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. CHAPTER I • . INTRODUCTION 

A. PURPOOE1 SOOPE 1 AND ~ OF MANUAL 

1. mose and Scope 

~e . Ur~um·. Recovery Technical Manual bas been prepared to provide 
a docuinentation o£ the .f\lndamental technical bases and general features 
of . urani:um. nconry-.£ acili ties , (i.Ilcluding · uranium· removal ·facilities, 
the TBP .Y'~t,.and. the .U03 ,Pl.U1.tJ at. -liutord -Works. The manual is 
intenJed for use as .a :means for training and educating personnel unf'e.mil-
1~ with the processes and as a reference handbook for the use of 
personnel ,reapgmible .fo.l' tae ·ope7ation•of the plant. 

. The material centaia.ed -in this •manual wu auembled by Che!llical 
~lCllpROnt,.Sepa»ations -Technology ·un1t; between December 1950 and 
Octob@. l9Sl •... , •, ~, • · · • · , • • · • ··' ·· · · -· · · · · · · · ·. · ·· ·· · · 

• ... , • •• • . ••#>trio -• llo .1 4-•'J•• · · • ._. , ,. . . ...... . . . 

2. Hrangement 

The manual .:is -divided -into ~:t;ive parts as· !ollowe: 

.. • , . . . . . . • , .Bai:t , .. 
. 

• • • .. •t • .. • • .......... ,. , -. Ill ~ • • • ,, ... .... ,. • I • ~ ' 

I 
II 

.. •.: m . 
IV 

,· • ,';l. , 
• • • j ~ , . . ... .. - •• • • 

" - ... " •• • ' • .. • ,I • 

: Titla 

Introduction 
Process 
Pl'ant i:nd 8quipnent 
Process Control 
Safety 

P.art. I .co.nt.una .a aunmaey of. aene.ral .in!cmation about the plant l!nd 
pr.oceaa. and .is. d~d .to. pr.ov1de ,the -reader with a synoptic view as an 
aid in .understand:1.ng the aubaaquent parts. 

. . \ ... t • . • , ' • • • • ... .. ! • 

. · Part. ll contain& -a atep,.by-etep deecription ot the processes with 
s:tateilijmts. and d:J acu.a&.oM .of . .the. acientif',c and·. engineering principles 
inYolved-> nnd DUtllnea, of. procedure I including remedies for ~ off­
stendard condition1. 

Part, Ill. daacribes, the. plnnt.-ley.out, equipnent urangement, and illdivid­
Wll equipment pieces. 

. . . . . . . .. ~ ., ~ 

Part IV. p.escribes thi!,. instruments end analytical methods used· for 
process control. 

Part .. V describes .. process hazuds and,· the . methods· used · to snfeguard 
against them. 

Each pert contains one or more chapters. A total of twenty-.f our chap.. 
tars ia . ~n~~u97.d in the .five part.a. · · 

' .,_ _;_~~:< . . :,--:;· .. ~ -~t . l~- DECLASSIFIED 
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P_ages are numbered to designate the c,hapter m.unber (i.e., Chapter r 
page numbers begin ~th · -~1, Chapter II . w1 th ~l., etc.)• A table of· .. · 
contents is listed on -the first page of each chapter. Tables and figures 
are located at ·the e'nd of ·each chapter, the tables preceding the figures. 
The tables are mnnbered in one separate series .f'or each chapter, as are· 
the figures (c.g._f -:Ta,ble II~.,. Table n-2, f<?llowed ~ Figure II-1., 
Figure II-2, etc.J. Re!erences to material containing more deta1led 
information ·on specifi:c-·points are· li-sted at ·the end of chapters to which 
they are ~11:ient,· just·-be.rare· the -tables and figures. ·• . . . . . . ~ . ~ ~ :' . . . . 

.It subject ·index; in alphabetical order-., is included in the back- r,f , 
the manual for quick referenci ~~ spe~ific points • . 
B. FUNCTION OF THE PLANT 

• 1. · General · . . : : · .. 
• • .. •, j ,\ • 

• The · function of. · the Urru.rl.mn lkcavory ... PJ..ent is. to produce, a rela.. 
tiv~ pure.. urani,mr triax:i.ce· powder fro:n the ur~um irradiated ·1n .the 
Hani'm-d piles and processed., .for· plutor.d.um recovery., through one of 

- the· Bismuth Phosphate, Plants or .the Red.ox Plant. . . 
The uranium f.ran. the Bismuth Phosphate Plants is stored .in under- -

ground tanks in the form ·ot a uranium-bear1ng ·waste, conaisting 0£ 
sludge and supernatant liquor- which c,,ntain a large f'ractfon of the . 
radioac.tive fission products and trac<H of .the plutonium formed in the 
pile-irradiation of the urmµlll!'l. Facilities for removal of th.is 
uranium waste £ram 'WlCicrground storage constitute one or the ;!,hroo majo.t" 
components· of the plant. 

The second major canponent of the Urani-um Recovery- Pl.ant is tho TBP 
Plant., in which the uranium in the waste removed fran un4erground . -
storage is deconteminatcd from the fission products and residual pluto­
nium by· a solvent-ex"'~ac1;1or;i .prqc_cs~ • . · · 

The third major canponent of the- Uranium Recovery Plai:it is thG U03 
Plant, in which uranyl -nitrnte solutions produced by the TBP and Redox 
Plants, m~ting the required purity and -radioactivity specifications, 
are converted to uranium trioxide (003) powd~ 'by ·calcination. 

2. Desi,;n Production Cepacicy: and Yield 

2.1 Uranium removal facilitios and T.BP Plant 

_The uraniW11 removal facilities and the TEP Plant .:ire designed to 
process the approxi.Diakly 59()0 short tons of uranium in underground 
storage (ns _of January 1, i9S'2) at an average rate of 8 short tons/day. 
The max.imUiil instantaneous production rate used as the design basis is 
based on an ass~d 80'"...b operating time efficiency., i.e., 20% down t:iJne 
for repairs, meintenance, etc. Thus the maximum instantaneo'U8 design 
production capacity is 10 short tons of uranium per day. The removal 

,.,,, -DECLASSIFIED 
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t acilitiea· ·anc1 trut TBP Plant are designed to recov-er at l eaat 9'% ot the 
uranium 1n underground storage. The estimated urani~ loss 1n the 'l'BP 
_Plant alone, at a lo.ton/dq inatantaneous urnnium prcoe~sing ra-t;e1 1s 
about~. .. · .• . • . _ . . . . . 

·. Uranium ~al and FOC88aing through ·the TBP Plant at 1natantaneoua 
rr.tea as low as 2.S tom/dq 1a !easible (vit.h onq one of two parallel 
'l'B'?-Plant processing 11.oee operating)• Oporation at rates exceeding the 
iriF.ximulll inatantaneoue cleeign production cap110ity 1a also f easible, with the 
sacrifice. o!. a few per cent llOr8 uranium loss 1n the waste atremas. The 
estilne.ted 'l'BP.J'J.ant uranium loas at. l2 torJS/diq. (instentaneaua ro.te) is 
abou~? to~, as conpared vit.h aoout 1% at lD ton.s/da;r. 

2.2 U03 Plan; 

The U03 Plant 1s designed far nn oerage production rate o! up to 10.$ 
short tons of uranium per da;r - 8 toM/dq from the TBP Plant and l to 2 • .5 
tona/dq trca the Redmt Plant - with an estimated 71,eld ot: onr m. The 
ma.x1,mwn . inatantaneOWJ production rate uaed BB the· design basil is baaed 
on an ··SSt'Wlled 8a,C operating time efficiency 1 . tho samo 08 ,or the . r eet ot 
the Urruuum Recov-ery Plant. Thwr: the max1mum instcntaneoue design produc­
tion capacity is 13.:,.2, short tons of uranium per dq, The U03 Plant mq 
be operated .et~ :;::·oduction rate below full. capacity-. The extent to 
llhioh the produc.tio.1 rate u;r be increased above the inaxilmall inatantaneoua 
design capacity 1a aubject to technical conside!'ationa discuaeed 1n Chapter 
VIII. and cannot- be. reliab~ eetimated· at the time of this writing. 

3. Feed Material. 
. . . 

Tha .foed to the Uranium Recovery Plant consists of UI·a.u.um wutee 
b-0111 the Bismuth Phoapnate Plants and the uranium product of tbe Redox 
Plant. . 

3.l ,q,-am.um waste.a .trom Bi.Bmuth PhOfPh!tfl Plan~ 

The Bismuth Phosphate Plant.a have been used ainoe start-up of Hanford 
Worka in 1944 for recOTering plutonium .i'rOJll uranium slugs irradiated in the 
Hanford piles. The uranium ti.CCtJIIPanied b;y the bulk ot th~ radioactive 
fission pr~cts-is discharged trmn the Biemuth Phosphate Plante .in a 
slightly alkaline metaatcl>le vute solution (with a pH of about 10.5), 
COJ!r90eled of the following ingredients in the approximate proportiona 
indicatad: 

·-,· . 

., . · _- :~ · 

Lb1/Short Ton U 
4220 
170 to 210 
700 to 810 
730 .to UlO 
130 to 210 
1$60 to l6vv 
3960 to 4o6o 

about 271000 to 28,000 
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The waste volume associated with 1 ton of uranium is about 4000 gal,. 
• , " - • • • • , ... ,. . - • , ... . • • ~ I • ~ • •• • • • • • • • 

The metastable waste solution is stored in imderground tanks, wheJ'e 
solida....;. mninJ.t complex sodium uracyl phosphocarbonates - separate and 
settle · d01m, forming • a sludge. About 75% of the uranium is contained in 
the sludge and the remaining 25% in the supernatant liquor. The feed to 

· the ·uraniUJ11 ·Recovery Plant comprises both the sludge and the supernate • 
. •, .. . \ . ~ 

The fission-product radioactivity associated with tlie uranium iB a 
function of':the iITadiation history of the parent slugs and of the time 
elapsed since irradiation. The ranges of radioactivities involved are 
approximately as follows: 

Irradiation 
Age, Level, 

Years Mw1...Days/Ton 

2 
2 

200 
4oo 

Fission-Product 
Radioactivity 

(Theoretical) 
Curies/G. U 

Beta Gamma - -
6.x10-4 

Remarks 

Oldest, least radioactive 
waste available. 

This is approximate~ the 
most highly ~sdioactive 
feed thot can be success­
i'ully decontaminated !ran 
fission products in the 
TBP Plant to meet speci.fi­
cations for recovered 
uranium. 

The plutonium content of the uranium wastes is about 2 to 4 grams 
per ton o.f uranium. · 

. 
For more detailed information on the nature and canposition· of the 

uranium wastes the reader is re.forrc'd to Chapter II. 

J.2 Uranium product of the Redox Plant 

The uranium product of the Redox Plant, as received for proceesing in 
the U03 Plant, is an aqueous solution of' a:pproxim:!tezy 6o weight per 
cent UNH (uranyl nitrate hexahydrate). This UNH solution is su:f'ficicmtly 
!ree of both radioactive end non-radioactive contarninimts to require no 
purification before concentration and calcinntion. A typical anacysis 
is as follows: 
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; ..-. ··. ' 
' ~ ~~ ; ! · 

Constituent 
. . . .-; 

~t~tting fissi~ ~ta 
- ~- , . . ., ' .... : . 

' ! .•, :... • • 

. Gm:rr cm! tting fis·siaa pmducta , 
'. 

Approx:lniate"doncentrntion 
. . . 

Less th.an 10-.7 (theoretical) 
,curi~s/g. U' (.30% of natural 
uranium beta) - · · . · · 

. . . . - ~ ~ 

Les-s tht.ul ·, x io-8 (th<;l~et ioal) 
c:uries-/ g. U (300% of natural 

, . uratlium _gamma) : 
. · .L, ,Pu -- , ; 

. ·, .. . ·. ;tn- . 
· • ·; · . , ·· .. a11V_}, 

Na 
Al 
Fe 

*) Bued 011, u. 

. . . . ,. :~ .. · . :. ' . 
•. :--~.. . .. 
~- .:":' .. -: .. 

f r \ • • • 

. 4. _ trrani1a Product. (U0-3 }. ~-.. 

. lO. parts/billion parts U • 
10~000 p.p.m.* . .· 
. 1,000 p.p..m.* 
~000 p.p.m.* 
l,000 p.p.,m.* 

~ ......... , .; . . ... , ( . , ... ,~ ' 

. · . ; . -.. :- ~ :,'~ · t'he· Ill ~·irbceaai 1a dry" powdered ·urahium trioxide 
· (Jl>J). ~ quali.t,r ;::lncation.s ar& ~~-~ available -at this writing. 

:~:· Uia_apec:tc··cmposit~ and'.~ o! the recovered uranium tri-
.-: _: aiclde: ,are -•~te~--• :tollawa. {baaed on uran:i:am fran the Redo.x and 
·\ .• ~ ~:·.~;:~:~~~~~~ : 2.S. tol1a· to _8 tons)t 

_·. ~;r~-:~~'.~t~-w·~·P;ppa&:-;·'.::(: ~ ~ .·. ,. 
~;~ _-. ·~,·'.~~-~~~\~~an~~t4-_ 
:~~ - ~ -_--: · Ga1ti •itttttnt ~n -lR'.faa · pradacts, 

·.·:;: . : . .. : -:· .! .... , . .... ... . . _ , - - ' .: · - • :- •-~ ... ..:. . •. : 

:· ;·-·-- ~ ' 

.. - ·.'•. 

. -· 
. . . ~ : 

. •'•\ -~ 
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1. Bismuth Phosphate (B1P04) Process 

The bismuth phosphate process separates only plutonium fran the 
pile-irradiated slugs. The uranium; still associated with the bulk 
o! the .fission products, is stored in underground tanlcs to await 
recovery. 

'lbe primary principle upon whi.oh this process is based 1B that 
plutonium in the .0IV valence state may be carrier-precipitated on a 
B1P04 or LaF3 cake, while when in the VI valence state it remains ~ _ _ 
the supernatant liquid when BiP04 or LaF3 is · precipitated f'rom s·olution. 

A brief description of the process is given belows 

(a} The irradiated uranium elugs are dllsol.ved in nitric acid. 

(b)- Pu(IV) is carrier-precipitated with B1P04 £ran the metal . 
solution. The uranium-bearing supernate 1S neutral.ued arid 
sent to underground storage tanks as the BiP04 Process first · 

_ extraction cycle waste. The Pu--B1P04 cake is dissolved ~ HN03. _ 

(c) The fission-produce radioactivity still associated with the 
plutonium 1s .further reduced by processing the plutonium · 
through two "decontamination cycles". Each ~cle consists 
of .two Bif04 precipitatioM; the first from a Pu(VI) solution 
so that the plutonium remains in solution, the second fr~ a 
Pu(IV) eolution so that Pu ie carried on the BiP04. 

(d) The Pu from the last "decontamination cycle11 product cake· is 
dissolved in HN03 and oxidized to Pu(VI). B1F04 and LaF.3, in 
turn, . are then precipitated to achieve additional decontamina... 
tion of the p~utonium. from fission produc~. 

(e) The Pu 18 reduced to the (IV) ,:valence state and carrier- · · 
precipit~ted with LaF.3. The LaP'3..J>u cake, now decontmninated 
trom· all _ but slight traces of the fission produots, is 
metathesized to the eydroxide 'with KOH and then dissolved in 
HN03 to obtain ~ product solution suitable for the f1na1· 
isolation proce5:9. · 

A complete description of the bismuth phQSphate process is contained 
in Section C of the H.E.W. Technical ManuaJ.llJ, 

The neutralized supernate ~am the first BiP04 precipitation,•'Whioh 
contain.a the uranium and about 9(11,· ot the f'ission,.product :radioactivity 
trcmi the irradiated slugs, is one of the feed materials to be processed 
in the Uranium Recovery Pl.ant. 

· 2. Redox Process 

The Redox process recovers both plutonium and uran1UJ11 from pii.le­
irradiatad slugs. Redox is a solvent-extraction process, employing an 
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- immicible . organic solvent, hexone (methyl· isobutyl ketone), as an axtractant 

for both pl.utonium and uranium. The primary prinoipJ.es upon which this 
process is based are: (a) uraeyl nitrate and the nitrates of plutonium in 

· the ,IV or: VI valence state can be made to diatribute preferenti~ from an 
aqueous phase into hexona by the addition of a salting agent (aluminum . 
nitratel .. to the aqueous phase and (b) plutonium in them val.ence s t ate and 
the fission: products alwa;ya tavor the aqueous phase, even when the aqueous 
phase contai.M }11.gh concentrations of salting agents!' . 

A brief description of the Redox proc~ss . ia. given· below:. 

(a) 

(b) 

The irradiated uranium slugs are dissolved in HN0.3•· The metal . . · 
solution is . then partially decontmninated !rem the i'ission produdts 
Rµ, Zr, and Nb by "head..end11 ,treatment proc.edures (oxidation of Ru 
to the vola:tlle oxide, Ru04, which is removed by' spargingJ ahd 

· scavenging ot the solution with coformad Mn02,· which carriea Zr 
·and. Nb · and is removed by centrifugation) • . 

. . . I . . 

The metal solution is . s.eparated into three aq,.u,ous streams 1n the 
First Solvent-Extraction Cycle. These stremns contain respective'.cy' 
eaeenti~ all the plut~nium, essentially all tm uranium, and the 
bulk of the f18sion products .. The separation is effected as 
follows: U and Pu are- extracted into hexo.ne in the first extraction 
oontactor ·(IA . Column) while .the bulk of the fiBsion products are 
can-i_ed into the squeow, ·vaate stream. The hezone..phase ef nuent 
1'roll · thiS column nows to a second conti:.etor (P3 Column) where 
plutoni'Ull is reduced· to the III valence state and · thus leaves in 
the aqueous e~nuent libile the uranium le11Ves in the hexane. The 
Ul_'anium 1S then stripped into an aqueoW!I stream (poeaible because 
the aqueous phase contains no salting agent) . in a third con tac tor 
·(re Colunui). . · . . . · 

(c) B~th the uranium and plutonium streams from the .First Solvent.­
Extraction C:,Cle are then given their final decontamim. tion treat­
ments in the :Second and Third Uranium and Second and Third Plutonium 
Soi vent-Extraction C:,Cles • Each cycle contains an extraction 
column for the separation of the u· or Pu t'r0111 fission products and 
~ stripping column .to place the U or~ back into an aqueous phase • 

. After passing~ the third Redox solvent-extraction cycles (or, 
possib~, after the second cycles) the urani'Ulll solution is decontani.nated 
sut.t'iatently to be fed directly to the U03 Plant and the plutoni'Wll e olution 
is suitable as feed toe final isolation process. 

' A con;>lete qefcription of the Redox process ms.r be found •in the Redox 
Technical Manual ( 2 J. · · · · · 

D. PRINCI~ AND Otn'LINE OF THE URANIUM RECOVERY PROCF.SS 

The uranium recovery process is designed to rocover the uranium fi-0111 
the uranilm\ooobearing. e!'.f'luents of the Bismuth Phosphate and Redox Plants in 

_;s!"?JI. . .. .,.' ' .,·· .. ··' .. ·• ::.. ~r• 
... .... . . · .. 1,1;~ ~ 
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a fom suitable for shipment off-site. The uranium recovery process is 
cOJDposed o! three canppnent processes: the removal of bismuth ~osphate 
process uranium wastes :fx-om underground storage, the decontamipat1on of 
the uranium from the plutomum and fission products with 'Which it 1s 
as,sociated in- this waste (TBP· process), and the conversion of the decon­
taminated uranium from the TBP and Redox proces·ses to uranium trioxide 
powder (U03 process). In the following subsections the basic principles 
of these _processes ~e briefiy explained and· the steps which make up · 
these processes are outlined. This ·section is int.ended only as~ 
introduction to the uranium recovery process, more complete inf'o::rmation 
being contained in Part n (Chapters II through· lll). 

l. Basic Principles 

l.l. Uranium removal from underground storage 

The uranium waste from the. BiPOh process is removed frm the under- · 
ground storage tanks by sluicing the uranium-bearing precipitate with 
its awn supernatant liquid. 

The uranium we.stes from the B1P04 process are stored in a number 
o! underground cascade storage tanks. Each cascade contains 3, 4, or 
6 tanks, connected . at -the overnow points., in series. The neutraliZa­
tion o! this uranium waste to a slightzy- alkaline condition_ (pH about 
10.-5), to prevent corrosion of the mild..steel-lined tanks, has reeulted 
in the precipitation o! a sludge, which contains approximately 7S% of' 
the urruu.um, mostly in the first tank of each cascade series. This 
sludge is re~ dissolved in nitric acid, but, because of the rapid 
corrosion rates of the steel-lined tanks when in contact with acidic 

_solutions, the sludge must be removed before acid dissolution. It is 
expected that the sludge will be essentially lll.l. removed by sluicing 
with recircull?ted supernatant liquid to fom a pumpable slurry, an 
operation silllilar to placer mining. An alternative method for sludge 
removal. is dissolution in water and/or solubilizing agents, such as 
sooium bicarbonate. 

l.2 TBP process 

The TBP process utilizes the ~referential extractability of uranyl 
nitrate by- tributyl phosphate (TBPJ to sepe.rate uranium fran the 
plutonium and .fission products with which it is associated in the B1P04 
process wastes. 

The s'!t,ts of uranium consist chiefly of two classes, (a) the 
uranous, U " and the uranyl, U02+2. UraniUJll is capable of existing 
in other val.ence states, but only the tetravalent .Jfd hexavalent forms 
are comparatively stable in aqueous solutions. U is a strong reduc­
ing ?!,ent; it therei'ore follows that it is difficult to reduce uo2+2 
to U • U02{003)2, the product of the dissolution 0£ uranium in 
nitric acid, is very soluble in aqueous solutions and forms an organic­
soluble ?omplex with tributy-1 phosphate (U02(N03)2•(TBP)2). When 
aqueous solution are contacted with organic solutions of 'l'BP (i.e., 
solutions 0£ TBP in inert organic diluents)., the uranium can be · made .. DECLASSIFIED 
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to distribute preferentially into the organic phaae by adding a salting 
agent- (nitric acid or a: nitrate- salt) to the . aqueous phase. Under these 
corulitions, . -the plutonium7 when ?'.educed tp the III valence state I and the 
fission products still tavor the aqueoua~ase-. , This preferential distri­
bution, nnc1. the non.reduoililility of U02 . under conditions: where plut onium 
is r~uced to them valence state, makes possible the separation of 
uranium frca plutonium. and the fission ·products- in the TBP process. 

· l • .3 £Cl e;ocese 

Tha U03 process utilizes high temperatures to convert concentrate4 
uranyl nitrate!ram the Redox and TBP processes to _the solid trioxid~, U03. 

. .UrtU'.\V"l nitrate, U02(:r2~, may: be converted to uranium trioxide) 0031 
at high temperatures (appr tely 400DF.) by the following reactiom · 

heat 
00 3 + nitrogen oxides + ox;ygen . · · 

The exact PJ"oportions of the several CC111Ponents of the effiuent gsBes are 
dependent upon the conditions o! the react1on, tempefature being the moat 
important c:Jetemining !actor. This reaction ·is utilized 1n the U03 process 
to ·convert uranium to a form suitable for s~pnent o.f'f-site. · · 

1.4 S19?11!1ed ,fio1fsheet 

· Fig~ I-1 is a ·eimplif1ed fiOVBheet for the entire Urnnium Reco!er:T Plant. 
, The path · of uranium· from the underground storage tanka and· frClll Redox to 
• the tinal urani:um product is shOllll across the top of the figure, and is 
labeled "Uram.uin. Recove;ry". The operations illustrated are conducted in 
three locations: in the reznov.al facilities at the verioua B1P04 process · 
tank farms,. in the TBP Plant~~ in the uo3 Plant. Also shown are the 
now diagrama for ·auxilisry processing operations1 HN03 recovery (003 
Plant), solvent treatment (TBP Plant) 1 and wa.ete treatment (TBP Plant ). 

Thi3 fiawsheet shows the code letters used to identify the process 
st.roans e:iter~ and leaving the TBP...Plant solvent-extraction columns. For 
oxample1 the three feed streams to the decontmuination column (the RA 
Column) are the RAS (scrub) stream, the RAF (feed) stream, and the RAX 
(extracta.nt) st.rean. The first letter, "R.11 ., identifies the uranium 
recovery process. The second letter., "An, "C", or non, identifies the 
colllJllll1 i.e., the RA (decontamination), RC (stripping), or RO (solvent 
recovery) column. The last letter identifies the stream. Influent. s tream 
abbreviations end in F I, ors, which sta.rxi for faed., extractant, and 
scrub, respective~_. E.fnuent stre8PIS end in u, w, or. o, whi.ch stand !or 
uranium, WBBte, and .organic respectively. Thus the RAF is the uranium­
containing feed stream to the RA Column and the ROO is the purified organic 
ef'fiuent £rem the RO Column. · 
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· l.5. .· Decontaminat-ion 

The main function of the TBP Pl$11t ·solvent..extraction batt,ery is 
to- decontaminate the urani~earing ,feed fran fission products and 
plutonium. The factor by whic;h· the concentrations of radioactive 
contaminants is reduced is termed the' 11decontmnination .rac~r11 (D.F. ),. 

_ which: mq be expressed mathE!ll)atically aa follows, 

n.F. • Radioactivity (or plutonium) initiallY present 
Radioactivity ( or plutonium) . present at step in question 

Ei tber the gamma or the beta radiations mq be used as an index of the 
-i'i.Bsion product radioactivity ·present, and the decontamination fact or 
thus determined is termed a "gamma D .F •" or "beta D .F •" The D .F. based 
on plutonium is- termed the 11Pu D.F." A logarithmic method of expressing 
dec·ontanination factors is_ also used, and. iB related to the D.F. bf· 
the following expression: 

dF • loglO (D.F.) 

Therefore a D-• F • o£ 105. is equivalent to a dF 0£ 5 ~ D-.F. 20 equals 
di' 1.3, etc •. 

2. Ur8:f11um Removal From Underground StorY! 

The purpose. oi the waste removal !acilitiee is to remove and·, a:s 
. much aa poesible, · h.:mogenize the waste uranium sludge and supernate 
from• theB1P04 process :underground storage tanks. This is acccxnplished 
by- sluicing the sl.udge with high-pres'su:re streams oi' supernate to form 
a removable slurry. 

The removal of uranium i'ran each series 0£ cascade tanks is carried 
out as follows: 

(a) The supernate . in each series of cascade tanks 1s circulated 
through each tank in the cascade until it attains a uniform 
c0Jl1)o&ition. 

(b) The supernate is pumped !ran the tirst tank 1n the .serj,es to 
a. storage tank, thereby uncoverizlg the precipitated .eludge. 

(c) The sludge is then slurried by a process of sluicing, using 
supernate pumped at 100 lb./sq.in.ga. pressure through 

· nciHles _inside the tanks. The slurry foz,ned in this manner · 
is pumped to an accumulator tank, lib.ere the soli<U'I partial..ly 
settle out. The supernatij, 18 continually reused for sluicing 
until the correct concentration of solids (about 1 pa:t't solids 
to 7 parts supernate) is reached in the accumulator tank• 

(d) The slurry- is then' transferred !rem the accumulator tank to a 
clissol.ver tank containing HN03• 

(e) Steps (c) and (d) are repeated until the waste storage t ank 
is nearq empty. A slight heel, ldlich cannot be reached by ... DECLASS\F\EO -
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the slurry pump because of the dished bottOOJ or the_ stQrage 
tank~ 1s removed via a steam jet. 

{.f) If 8J'.W' coc.siderable portion -of the sludge cannot be removed 
·. by the above slurrying procedure, it-. ma;r be diseolved by 

adding water or a solubilizing agent such as ammonium or sodium 
bicarbonate. The resulting sol11tion may- then be jetted to the 
accumulator tank. 

· 3~ Feed Preparation 

The purpose of the feed p.reparati~ step is to prepsre a- food solution 
suitable for the TBP Plant solvent-extraction cycle from the slurry re­
moved _fran underground storage • .. 

The . b_lended sludge and supernate slurry is slowzy: i' ed to an agitated 
dissolver . tank containing nitric acid. Thia tank c.ontains an excess 
<1'1er the alllount of acid required to dissolve the sludge. The excess 
nitric e.cid acts as a salting e.g~nt in -tha first column o! the extraction 
cycle (RA Column). The "reverse strikea procedure (addin_~ slurry to 
acid) is used to prevent excessive .i'oaming and an initinlly high gas 
evolution rate, which occurs if nitric acid is added to a tank containing 
waste slurrr. 

After dissolving, the acidified feed solution is adjusted in 
acidity, 11' required, and concentrated by evaporation to about 7o·per 
cent of its original volume 11' the WP Plant is operating at TBP-HW No. 4 
F.l.ovsheet (Fig. I-2) conditions. The concentrated feed solution is · 
then centrifuged for the removal of nn,y solids. The resulting solution 
is suitable as reed to the RA Column. A typical analysis (TBP.aw No. 4 
Flowshe(':t) 1s ae follows: 

C90nent 

UNH 
g _+ -
Na+ 
so4-2 
P04-3 
N03-
c1-

Molarig 

0.21 
2.96 
4.07 
o.26 
0.26 . 
S.71 
0.023 

It is also. poseible to. uae unconcentrated feed to the RA Column. This 
scheme is shown on the TBP-HW No.$ li'lowsheet (Fig. I•.3), 

4. Solvent-!xtraction 

4.1 Introduction 

The purpose of the TBP solvent-extraction cycle is to separate the 
·uranium feed solution into two aqueous streams, one contcl.ning decontmn­
inatad ur~l nitrate end the other containing the rac.ioactive fission . 
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products and other -undesirable ions which are associated with the 
. urani'UD'I in the underground. waste storage tanks. 

The solvent-extraction cycle has been designed to operate under 
the conditions of. either the TBP...HW No. 4 (Fig. I-2) or the TBP-BW 
No. 5 (Fig. 1.3) .rJ.owsheets or modifications of either which may 
include the processing of feeds made up f'.ran slurries containing SD,Y 
ratio of sludge to ai,q,ernate. Operation on dilute solution (ouch as 
supernate alone) may, however, necessitate a reduced uranium l)2'ocess-
1ng rate. The outline presented under 4.2, below, is baeed on the · 
TBP-HW No. 4 Flowsheet. {F1gure I-2). However, it aiso appliea to 
the TBP-HW No. S Flowsheet or other varictions which may possibly 
be used. 

4.2 Solvent-extraction flowsheet description 

The concentrated feed solution from the feed preparation step 
(RAF) is continuously pumped to the RA Column. It enters the column . 
ate. feed point intermediate between the top and bottcm of the 
column. A. countercurrent flow of. apprmdmately 12.5 per cent TBP 
dissolved in a hydrocarbon diluent (RAX), introduced at the bottan of 
the column, extrtlcts the uranium while the bulk of the fission pro­
ducts, plutonium, and other undesirable ions remain in the aqueous 
phese. An aqueous scrub stream (RAS) containing nitric ·acid is 
introduced at the top of the column to scrub residual traces of the 
fission products and plutonium from the rising uranium-containing TBP 
stream. This scrub stream also contains 1,.'le i'errOUB mnrnonium sulfate· 
and sulfamic acid necessary to reduce plut~nium and hold it in the 
relatively inextractnble Ill valence state. In this manner the bulk 
of the fission products, plutonium, and other undesirable ions 
(s04-2, P04-3, etc.) leave the column in the aqueous effluent (RAW) 
ai.,d the urnnium leaves in the TBP stream {RAU). 

The RAU stream,. containing uranium and a slight amount of nitric · 
acid, flows by gravity fraa ·the top of the RA Column into the bottom 
of the RC Column. fa. the RC Colwnn the rising organic stream is con­
tacted withe countercurrent downward.now.Lng stream of water (RCX) 
which, because it contains no salting agent, strips uranium back into 
the aqueous phase. The aqueous effluent (RCU), containing approximate~ 

.. 6 weight percent U02(N03)2•6H2') (i.e., UNH) is the product stream frcm 
the TBP Plant solvent-extraction cycle and is one of the feed streams 
to the ,U03 Plant. 

The TBP cxtTnctant stream to the RA Column (RAX) 1s diluted with 
an inert hydrocarbon diluent to form a lO to 15 volume per cent 
solution of TBP for the following reru:ione: 

(a) The density of TBP is approximately the smne as water, thus 
it must be diluted to a lower density to make countercurrant 
flow poesible in the solvent-extraction colwnn.s. 

(b) ltigher concentrations of TBP in diluent have less satisfactory­
physical properties (1.e • ., density and viscosity) than 10 to 
15% mixtures. 
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(c) It is more dif'i'icult · to strip tho urani'w1r from organic solutions 
containing higher percentages of TBP •. 

. ( d) Uso of . TBP in concentrations 'below 10 per cent· resul te in more 
dilute' uranium sol\J.tions· wch. require largor ·prooessing equip.. 
me_rit for a given rate ·. of' production. 

4.J Pulse ooiUD1DS . 

The RA. ·an<f RC. ·colUlWf employed 'in the 'l'BP Plant· are a relative:13' new 
type of aolvent-extraotiori cont actor. These columns are filled with per­
forated plat~s (1/8-in. holes, 23 percent freo aroa.) 1 spaced two inches 
apart parallel to each other and perpendicular to the axis of the column. 
The inlet stremcs to these columns are fed to the column at·. constant rates. 
However,. a cyclic pulse 1s superimposed on one of the streems by means of 
a marl.ng..piston pulse generator. This pulsing forces the organic phase 
through the holes in the perforated plates for about one-half of the 
pulse cycle end allow the aqueous stream to now 1n the opposite direction 
during the ·otherhGJ.:f' of the cycle •. This causes vigorous mixing of the 
aqueous and organic phases, which ·is-ver:, favorable for . solvent-axtraction. 
Because or the pulse now mechanism involved, these columns are termed 
"pulse columns". · 

The pulse column is. much more .effective per unit height than the 
usual .packed col1.1J1U1S used tor solvenwxtrect1o'n processes; for example 
in the Redox process. Thus the RA pulse column in the TBP Plant is only 
2l ft. 1n height aa canpared ·to a required height of about 5o ft. for 
a conventional packed column capable of the s_ame performance. 

Pulse columns were chosen for the 'l'BP · Piimt so that i.nstallation of 
the solvent-extraction equipnent in the. existing 221-U Building Caey-on 
could be made with only relatively minor structural revisions. Installa­
tion ·or packed RA .Columns would have necessitated deepening tho cells 
containing the two RA Columns ~ approxilnately 30 f_eet. · 

5. Concentration of Recovered· Uranium · · 

The purpose 0£ the recovered uranium concentration step is to reduce 
the volUJll8 and increase the concentration or 'th.o decontaminated UNH solu­
tions .fran both the TBP and Redox Plants to a UNH concentration suitable 
for feed to the calc1nat1on pots. The concentration is effected by 
avap~ating watar and nitric ncid .tran the canbined solutions. 

The ONH aolution.i'ran Redox (60% UNH) and from TBP (6% UNH) are blend.ad 
and held 1n heated storage tanks., before being .fed to the UNH concentrators. , 
This solution is continuousl:y' fGd to either one of two first-stcga concen­
trators, ldlere it is concentratod to about 55 to 65% um. It iS then 
concentrated to 31)proxime.tely 80 to loo% UNH in a singlej · small, final 
evaporator. This .concentrated UNH solution is the food to the caloination 
(UO) conversion) step. 

Tne two-stage concentration of UNH waa provided as a meana or com• 
batting the corrosive nature or hot concentrated mm solutions. The . , . 

-~ 
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first two, large concentrators are expected to withstand the corrosive 
effects of. boil.ing UNH solution up to 55 to 65% UNH. The single, small., 
final concentrator is considered expendable, am may easi.J.¥ be replaced 
'When required. 

The nitric acid in the overhead vapors :from the three UNH concen.. 
trators iS recovered for reuse in the process. These vapors, which 
average approximately 2: weight, percent. HN03., are fed to the two nitric 

· · • acid fractionating coltmUlB.. Aque.ous 40% HN03, recovered from thd · 
ca1cination step- (see Subsection D7, below)is also fed tothese­
columns. The bottom ernuent streams from these· frac.tionators are 
approximately 60 weight per cent .HN03. This recovered HNO.l is reused 
for slurry dissolution at the uranium removal facilities. 

6. Calcination 

The final step in tne llranium recovery process is the conversion 
(calcination) of the concentrated UNH solution to solid uo3• This- is 
accomplished in electrically heated decanposi tion pots at t.emperatur~ . 
of about 4oo°F. 

The eighteen electrically-heated 55-KW. decomposition pots (used 
in: parallel). are each filled with about So gallons · o! concentrated 
uranium solution (approximately 8o to 1.00% UNH} from the uranium 
concentration .!tep. The pots are heated for about two hours until 
the charge reaches a temperature ot 4oo°F. The temperature is th~.:i 
held constant until decomposition is ccmplete, a period o! about 
three hours., While heat. is supplied to a pot, it is constantly . 
stil'red to prevent eaking on the walls of the pot. Gases evolved 
.from the pots during the calcinatio.n step are fed to a nitric acid 
absorption column. 

The _U0.3 powder resulting from this step is unloaded fran the 
pots via a pneumatic conveyor system and loaded into drums for 
shipment. 

7. Nitric Acid Recovery From Calcination 

Nitric acid is ·reeovered !'ran the fi.unes evolved during calc~ 
tion and .frcan the overhead vapors fran the uranium concentratoi-s 
(see above). This recovered nitric acid is reused in the process 
for dissolving the uranium slurry in the feed preparation step. 

The off-gas fran tho calcination step 'is fed, after cooling, to 
an HN0.3 absorption column; where the N02 evolved during the conversion 
of UNH to 003 is absorped in water to form HN03. Air frC1111 the . 
bleacher unit (see below) is also fed to the bottan or the column to . 
oxidize the NO in ~e enterinft gas to r-102 and thus permit its absorp~ion. 

· The acid stream from the absorption column is then countercurrently 
contacted with air in the bleacher unit, which oxidizes SCllle dissolved 
NO to N02 and sweeps the rest out of solution, to be returnod to the 
absorption column. The bottom e:ffluent from the bleacher unit, 
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containing approximately 40% HN03; 1.s fed to · th~ HN03 i'ractionators.,. ·where 
it- join., the overhead vapor frCD the UNH concentretor21 and is- conce~trated 
to &:ti, HN03, suitable for reuse in the process. 

a.... Solvent Treatment 

· · The 10 : to lS per cent. 'l'BP in. ~drocarbon... diluent solutio~ ·q,l.oyed, aa 
the sol'vent in: the TBP solv_ent~act4on cycle must be reuse¢ ·for: econca­
ic reasons •. . : The purpOB_e. of .the .solv~nt treatment step is to treat the . 
spent solvent a-o that it iB suitable for rew,e · in the--prooesa. · 

The spent solvent stremn froin· · the RC. Column (RCW) . contains traces of 
the fission products and plutonium and also solvent decanposition products 
f'onned aa a result 0£ contact of the solvent with process solutions. 
Known . impurities in the solvent stream, which are deleterious to process 
performance~ result frCD _the .eydro'.cysis- ot TBP ~en_ in contact wit.h nitric 
acid solutions as follows: · 

.. (CJ)I9)3F04 _,. (Cl}i9)@'04 ~ _:_ Cl}l~~4 - HJF04. 
TBP DBP MBP 

Also, continued exposure- of the. hydrocarbon diluent to nitl"i~-acid eolu-­
ti0Jl8 may ·result. in the formationofnitrated ·bydrocarbone, which mq 
affect: process perfomance adversely.. . . : . . 

. ~.. ' .· . ., . . . . . 

The. spent. solvent 1s·. continuous:cy- treated. in the RO Column. '~ 
solvent, introduced at· the. bot tan of. the . c:olumn~ is countercurrent:cy' 

· contacted with. an aqueous scrub solution which removes .fission products, 
plutonium, and solvent impurities 1'r.C111. the ·solvent. The. most e.ffeotive 
composition !or the aqueous scrub stream is yet to be determined·. Dilute 
acids, salts, and bt:!Ses hsve all proven effective in •cold" pilot-plant 

· studies-· • . Tentatively, it has been. proposed that a dilute · solution of 
Na~~ be used .as the scrub sol.ution. The &q\leous etnuent (RCM) f'rClll 
the RO Column is sent to the· waste treatment step. Th~ organic - overhead 
(ROO) is returned to the pro.cess £or ~e as RAX. 

Facilities are also provided £or batch-wise chemical treatment of 
the solvent with aqueous chemical solutions U' additional treatment is 
necessary, tor -adjustment of the ·TBP concentration, and for the ~d1t1on 
of make-up solvwit to replaee lOBtsolv~nt. 

9 ~ Waste Treatment and Disposal 
. . 

· . The function of the waste · treatment step is to raduce the volume of 
wa,stes which, because . of their high levels of radioacti~t;r, mw,t be 
contin.ed in . und.erground storage tanks. Other. liquid wutes £ran the 
Urani~Recoverr_Plant, wich contain onl;v s-llght tracee of radioaotivit;r, 
are diacharged to underground cribe .(conoerltrator and fractionating 
column ·overheads) or discharged to open ditches or ponds (cooling water 
and steam condensates) and require no routine treatment • 

• 
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. The only two highly radioactive waste streams from the Uranium 
Recovery Plant. are the . aqueoua waste st.reams from. tba RA · and RO Columru, 
(RAW and RC:W). These two streams are canbined and neutralized with 
Na<ll before concentration. Neutralization is necessary to minimize 
corrosion in the waste evaporator and in the underground storage 
tanlcs. The neutralized waste is concentrated by evaporation and: 
returned to the underground waste storage tanks which original.ly 
contained the Bi.P04 process uranium waste. The volume of returned 
waste is approxilllatel,y the same as tb3 original uranium waste volume • 

.E";. THE URANIUM RECOVERY PLANT 

Two of the three major cooiponents of· the Uranium Recovery Plant -
the · TBP Plant and the U03 Plant are located in the 200 West Area of 
the Hanford Works,. approximately JO miles .from Richland, Washington. 
Parts of the uranium removal fa.cilitiee are located in both the 200 
West and 200 East Areas. A detailed map of the Hanf'ord Works and plot 
plans of tm 200 East and 200 West Areas are contained in Chapter XIII, 
Chapters XIII through XVIII of this manual contain .a detailed descrip.. 
tion of' the plant and its equipment. 

1. General Plant Layout 

The facilities for the removal of underground uranium wa.stel!I · 
are located at the tenk farms (2}.µ...J3, ..ax, ..J3Y., and ..C in the 200 

· Enst Area; 241-1', -TX, and ...U in the 200 ·West Area) filled £ran the 
"Bu and ''T11 Bismuth Phosph~te Plants. Fn.cilities for blending and 
dissolution of these wastes are located adjacent to the 241-BX and 
241-C tank farms in the 200 East .Area and adjacent to the 241-U and 
241-TX tank .ftJrm8 in the 200 · West Area. The l'BP end U03 Plants ere 
located in U Area, a part of the 200 West Area, in Buildings 221-U 
and 224-U respectively. .These buildin_,,"'8 were originally constructed 
to be used ~ a B1smu.th Phosphate Plant. All process solution 
transfers between these various processing areas of the Uranium 
Recovery Plant are made through pipelines enclosed in underground 
concrete encasements. Connections to and from these pipelines are 
made through reinforced concrete diversion boxes. . .·· 

There are two other buildings of interest to the Uranium Recovecy 
Plant in the 200 West Area: these are the 222~ Ls.boratocy Building, 
ltlich handles the an~ical requirements for the Plant; and the 
Redox Plant, Building 202..S, which supplies one of the feed streams 
to the U03 Plant. 

1.1 U Area layout • 

The layout of the U Area ( which is a part of the 200 West Area) 
is shown on Figure I-4. Thia layout draw:ing shows the relative locn­
tion of the TBP Plant (221-U~uilding), the U03 Plant (224..U Building), 
the 222-U Laboratory (which has no connection with the Uranium Recoveey 
Plant), and some of the euxiliary facilities. 

DECLA:SIFIED ·-
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·. · :The lqout· of the 'l'J3P and 003 Plants is discussed umer l.J 8lld 1.4, 
below. , ' · · · · · ·. · 

The !unctio.na o£ the· auidJ:1ary facillt~es shown on Figure L-4 are as 
.t'ollowss· 

Facilijl 

203-U Ulm· Storage 

·20J .. UX UN Storage -

2ll-U· and ..AU- Tank Farms 

2la..-WR Umerground Storage 
Vault 

. 2lu.-UX-l54· D1Yersion B~· 

270-J,l Cr1b Waste 
Neutralizer· 

27.5-UR WarehoU8e 

276-U Solvent Maka-Up and 
Treatment 

291-U Sand Filter, Fans, and 
·Stack 

2714 Warehouse 

-Function 

Storage of decontaminated UNH solu­
tions •f'ran the Red.ox and·TBP Plants 
for_ feed to the U0.3 Plant. 

Storage of UN feed to caloinat ion · 
step. Storage of off-standard 

. u:-anium solution· f'ran oalcination 
pota ·for recycle to TBP Plant or 

· U03 Plant •. . 

TBP Plant chelllical storage and 
aqueous make-up ·facilitiee. 

Storage of acidified feed tran the 
tank farms, concentrated high-

. radinactivity wastes and recovered 
HN03 ~-o be routed back to the tank 
farms, and lc,wadioactiVity 1f&9~S 
to bg sent to cribs. 

Di.version box for routing process 
streams to ·and from the TBP Pl.ant 
and. the 241-1-JR Storage Vault. 

Facilities for neutralization of 
condensates with CaC03 before 
cribbing. 

Contains of.fices and aqueous make-up 
facilities for _the TBP Plant. 

TBP Plant dry chanical storage. 

Facilities for the make-up and 
, awd.liery treatment of the TBP 

solvent. 

Disposal. of ventilation ·air t r m 
~. 224..U, and ~ot II tar.ks in 

Storage of U03 .product. 

.. ~ ...... _ 
i~ · ' • · 

-~ 

\ : 11,i;,,,.,;,f DECLASSIFIED .,. 



·"'--·-·- - ----· ~-- - ·- ·-·~ 
,....,,t -:_ .......... ;! .. .,..., ·""'"·:·.-°:4''""•·=·"'...:. ---.:,.,.::~c... .. -.. ""''~ ""'·-.~~, ............ :.'J"'. ~.•or..: .. :o"l"/Jl'bW-)4""2"!"'!*""~:~-· ~~""'/:."1911, ¢•~ . ... .; .. _ .... Cf?• . •• . .. ~ .... , _ .. '91'11?,!l!IIJJ..h"". '!!':· ·"""· _ .... QA _ _ .. , 19'\!~.f!"ll!~:f"".':'"1111441"P'_E. •+:~• ..... , •. ...,..,_ .... a~ .. ....,,F""'!"f>++ .... "" ... .,.._, ,..,.."!l'"J.'.>~,:-... • ~,~-7 ___ ,, ... ,,,,,,., ...... _ -¥""'~-~,:.,,:_F"" . . 'lll __ ~ .. -t'H-·1w-... 

,,, . 

·--
1.2 !:9:out of underground removal facilities 

~e I-5· is a sbnplified la,.vout drmd..ng of the 241-U tank !"'&rm, 
241-UR removal facilities, and 244-UR Process T.ank Vault where the -
uranium slurrJ from the tanks is blended and dissolved. The removal 
facilities in this area are sim:1.lar to those installed at the 
241-B, -BX, -BY, ..C, ... T, and -TX tank farms. · Process tank vaults 
24u-BXR, -CR, amt -TXR,. similar to 244,.UR·., . are also installed at the 
. 2!U-BX, ..C,. and-; -TX tank farms. 

Each uranium.-containing tank is equipped with a sluice pit for a 
high-pressure sluicing nozzle; a pump pit, for a slurry- pump and ~Qther 
sluicing nozzle; and a heel pit for a steam jet far removing the "heel" 
of solution from the bottom. of the tank. The .nine uranium-containing 
tanks in this area are connected through three diversion boxes to a 
master diversion box 241-0R-151, which in turn connects to the 244-UR 
Process Tank Vault. Returning concentrated waste from the TEP Plant · 
is also routed through this box. All _piping 1n this area is laid in . 

-. undergroucd concrete trenches. The underground waste tanks are 
vented through imividual_ vent exhaust systems, comprised of a Fiberglas 
filter, exhaust £an, and local stack. The tanks in the Process 'r.ank 
Vault are vented through Fiberglas filters to the 291-UR ventilation 
fan and :,ta.ck. 

l.J TBP Plan~ (221-U) l&out 
. ~ .. 

The TBP Plant., Building 221-U, is a multistaried, predOlllinantly 
teinforced concrete structure, ~roxilnately 810 ft. in length. 
Figure I-6 is n· simplified sketch of the building lay-out. 

The bui1ding has two major portions, the process portion which 
conta:inB the "hot" process equipment and the regulated work zones, and 
the service portion which houses personnel and equipment necessary for· 
remote operation of the process portion. 

The Canyon cells house the processing equipment for feed concen.,; 
tration and centrii'ugation, solvent-extraction, waste treatment., and 
solvent treatment. Piping connections between cells are· made through 
the cell wa:l.ls and the pipe trench. Because of the large volumes of 
solution 'Which must be handled to process uranium at the instantane0\18 
design rate of ten tons per day, two process linee have been installed 
in the building (each capable of processing five torus of uranium per 
dlzy') so that the smal:er equipment sizes necessary- to fit the Caeyon 
cells could be used. Also, the installation of two pra.cess lines was 
desircl>le to. give the TB? Plant greater ilexi.bility of operation and 
a greater range of f3asible processing rate. The function of each 
Canyon section (a section contains two cells) is noted on Figure I-6. 

The regulated work zones conai st of areas where limited contact 
of personnel with radiation and radioactive contamination is allowed 
under carefully prescribed and monitored conditions. The C~on 
deck level. and the Caeyon Crane Ga11ery are both classed as regulated 
work zones. The ~'P (regulated work) Lobby' (located at the northwest · 
end of the operating gal1ery) is the central point used for entrance 
to th~ Canyon. fll\l D DECLA~~~F IE - . --. '. 
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.. 
'!he· service portion o! the building . includes the Operating, Pipe, 4Jld 

Eleetri-cal Galleries. Other' service areaa are located adjacent to the 
221-tr. Building in -2n-u ... 

· ,· -

1.4 t7!?3 Plant (22!t:!O • layout · 
, . . . 

. The 003 Plant, ·Building 22h-U,. is a 00J1crete structure houairli the 
. _equipment tor tJNH concentration, calcination of tho UNH .to t!O)., ~ load­
ing of the U03 product as well as equipment tor the recovery of nitric 
acid !ran. the concentration apd oalcination steps •. . A simplified lqout 
of· the building ia· shown- as Figure I•7. . : · . __ 

2. · §gecial Features o! the Plant . 

2.1 Shieldin_g 

· · The high levels of redioacti'ri.ty aH1ociated with ' the process s treams 
necessitates that the undurground ·removal and '!'BP Plant facilities be 
shielded· to prevent personnel from · receiving excessive amounts · o! r adia-

. tion. · · 

The procsss equipment at the . underground removal facilities i s ·, 
shielded Vith earth Md concrete. Other outside facilities., such as 

·process solution storage vnults, diversion boxes, end pipe lines, are 
cl.so shieldod with earth and ooncreto. The TB~ Plant process equipnent 
is shielded bt the. concrete cell walls and cover blocks. The sluel ding 
reduces rndiation i.itonsiti~s· to less than O.l mr./hr~ 1n non-regulated 
zones and., 'nomslly, to less th~n 1.0 mr./hr. in regulatGd work zones. 

. ' , 

Process solutions end solids. in the UOj Plant clI'G essentially free 
frail ri.saion .products and tharef ore require no special shi~lding. How­
ever, process equipment a:eas in this building. are;t . cl~i,ed ca r.egulated 
work zones since the radiation levels mrq, in soma- cases, be as high as 
1 to 2 mr./hr. . · . . · 

2~2 .Remote operation . 

The location of the underground reraoval and TBP Plant process equip.. 
ment (underground and behind ·ooncrete shielding) req¢rcs thnt thi& 'equip.. 
ment be operated 'by ·remote control. The remote opero:tional contrpls ore 
s:lmilar to those employed 1ri the -Redox process and in hi~-autOIDtl.tic 
process industries. · 

.Processing operations are, for the most part, cOl'ltrolled from the 
Control llouses e.t the remov:al facilities and-from the Operating Gallery 
in the TBPPlant. Some .. of the processing operations at the .removal 
! acili tics, however, ere controlled from above the tanks. Some of the 
me.thods· end devices employed for remote operation are briefl1' described 
below. 

At ·the underground removal f~cilities, steam jets and ·e1ectrically­
operatcd pumps subznerged 1n the procees liquid are used £or solution and 
slurry transfers. A aystem o! interlocking controls keopa any pump ·fran 
overfilling rm:, of tho tanlcs. The slurry pumpe in the waste ~ are 
raised or lowered by remot~ly operated cables, to stay in _the correct 
position relative to the tank liquid level. The slurrying noszle!, 
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moved by en electrically-operated mechanism, my be pointed. to Spi,!y 
any pert at tbs tank bottom.. Progress at ~he slurrying operation may 
be viewed through a periscope. Differential pressure instruments 
are used to indicate the tota.l weight and Sl')ecific gravity at eolutio~ 
Solutions are sampled via vacuum Jets which draw the solut:tons into 

._ s~elded sampler bone. 

· In the TBP Plent,. solution.. trens:tera._ are also mde via steam 
jets end submereed pumpe. Flow rates at streams which must be c.losely 
regulated are controlled from tbe Opereting Gallery by recording­
controlling instruments which nceive an· impulse indicating tbe tlow 
rate from rotameters (solvent-extraction column streams) and orifice 
meters { other streems) and in turn actuate air-operated valves. The 
position of the organic-aqueous interf'ece in the columns is controlled 
by recording-controlling instruments which are actuated by eir­
bubblil:lg dip tubes in the column tops and in turn control tbe :tlow 
rate of the column aqueous exit st~am with an air-operated valve. 
Agitator, ·pump, and pulsing unit motors ere controlled electrically 
in the usual menMr. Weight f'actcr end specific gravity instruments 
end samplers a;re opereted in a memier similar to those at the removal 
f'ac111t1es. 

2.3 Remote meintemnce 

The process eguipaent used in the uranium removal facilities and 
the TBP Plant is designed to require a minimum ot servicing and mainten­
ance. However, when ma.11tenence is required, it cen be accomplished 
remotely with the aid ot sentry cranes at the Uilderground removal 
facilities or El 75-ton ceP3city crene in the TBP Plant canyon. Piping 
connoctions -ere mode vith jumpers· iitted vith special connectors which 
may be tightened or loosened with e crane-operated imp:1ct wrench. Agite·­
tors and pumps ere held in place with large nuts which may olso be re­
moved with an impact wrench. The TBP Pl.Elnt tanks are positioned by guides 
built into the cells end my be lilted out after piping jumpers have been 
removed. Rep.lo cement perts are pref'ebricated to fit 1n plece. The crone 
operetors, protected by shielding . or distance, view operations through a 
periscope or mirrors. 

Radioectivity levels in the U03 Plent are sufficiently low to permit 
contact. maintell8nce. 

2.4 Fire end explosion -protection 

The TBP process et:lJ?loy&· a mod.eratoly :fliu:r:eble orgenic solvent: 
TBP diluted with a kerosene-type hydrocorbon. While tho high flash 
point (about 150-P-. Tag closed cup) and low volatility of' this solvent 
tend to linit the flot.Dlbility bozo.rd, several protective features 
for the prevention of fire or oxplosion hove bean incorpol'f!ted 1n tbe 
Tl3P Plnnt. Aoong those are tho odeguoto ventilntion of the process 
tanks and. processing areas, to prevent tho build-up ot .any potentielly 
hazardous vapor concentrations, and the use of explosion-proof' or 
totally enclosed electrical equi];X!Jent ( conf'orm.ng to or excecd.1.ns 
Natioml Electrical Code Claas I, Division 2 spacii"ications) in solvent 

. areas. 

DECLAS~lFIED 

?PW 
... ,./: 



-. " 

Q"1 ~ , 
c::r 
c:J 
::!'.""' 
~ ;, 
~ 
r;.-,.._,! -t'.'J. 

' en· 

Details on . the tire ·and 'explosion safety · features o£ . the TBP Plant. 
mq· be f,ound · 1n· Chapter ~. . 

2.S -' Urani-tim oxide ·dust control 

· The fin~ ground U03 powder produced in the U~ Plant 1a toxic. · ·1n 
the case ot natural .uranium, re•p~ator:,_,protection ls required it th• 
concentration in air riaes above 3· x · ].()-,- mi_orogr11111,9/ml. · · · . ··. . . . . • . . •. . . . . . · ; 

. The exhaust . air qetem in the U03 Piant is designed to keep · the ~on­
centrat;J.on ot 1103 duat in the air below the ~ghest pe~~}?le ievel ~o . 
that_ JJia:sks will not be required 1n · normal·· operation. 
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A. ca1POSITION AND PROPERTIES OF STORED URANIOM .WASTES 

1. · · fb:iSP arid Nature 

1.1 Origin o:f the ·uranimn wastes 

-:_ ·. In · the · Bismuth Phosphate Plants plutonium and uranium are separated 

9l.1'o 

in the first extraction step. The plutonium is removed with the c~tri.tu.ge 
cake for ·further purit'ication. The centrifuge effluent containing the bulk 
ot the uranium (ca:. 99.9%) and fission products (ca. 90,t) along with excess 
IIJiio4., HN03., H2004, and NaP.02 is neutralized by 50% NaOH and .3°" Na.2C03 
solutions to fonn a metastable solution at a pH of 10.5 and temperature of 
appro.--d.mately 6ooc • ., which is then jetted (at approx. JS'oC.) via an under­
ground pipeline to storage in underground tanks arranged in cascades of 3 
to 6 tanks. , · 

OVer a period of 6 1/2 years of o:peration, .t'rom December 1944 to Jwie 
1., 1951, approximately 5160 short tons o.t'. uranim:1 have been trans!'e:rred 1n 
21.2 million ·gallona of waste to the underground storage tanke. At the 
present (June 1951) processing rate of 4 short tons of uranium metal per 
day, another 740 tons of uranium are e=q,ect.ed to be stored underground in 

-the remaining 7 months or ·1951, giv.mg a ·total of about 5900 tons ot ura­
. nilLll to be processed by the Ura."lium Recovery Plant. Uranium waste, ware 
stored at a rate of about 2 short tons/ca:r (700 to 800 short tons/yr.) 

· during the first 5 years of operation. This rate has been approx:l,mately 
doubled during the last yec.Z' (1951), to about l hOO short tons stored per 
year. The foll.owing is a chronological inva11toxy of uranium ,metal stored 
in underground waste storage tanks: 

Date - Total. Short Tons U 
Production Rate, 
Short · Tons/Yr.,_, 

Jan. l; 1946 700 700 
Jan. 1, 1947 1400 700 
·Jan. l, 1946 2150 750 
Jan. 1., 1949 29CX) 150 
Jan. 1., 1950 ·.3700 800 
Jan. 1, 195l 4.,00 800 
Jan. 1, 1952 5900* 14W 

*Estimated: .35'0 days x 4 short tons/day • 1400 short tons. 

l.2 Nature of wastes 

l.hen jetted from. the Bismuth Phosphate Plant waste neutralizer to 
underground storage, the waste_solution ~ an aver~ composition_by 
weight or 10. 7~ UNH, 1.96% so~, 1.94% PO ., o. W NO?, and 3.~ co31 and 
a pH of 10.5. Most of the insolubles., sue as Sio2,..,and NaU~4 (belieTed 
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to be the main component of soft sludge), and Nai,uo2(C0.3 )3 (believ-ed to 
the main COITlponent of !'lard sludge), separate frori the metastable solution 
and settle out in the first tank of a cascade. (Each cascade is ma~ e up . 
of 3, 4, or 6 tanks of 55,ooo, 530,0001 or 759,000 gal. capacity.) After 
the first tank in a cascade is full, some insoluble material in the super ... 
nate cascades to the next tanlc where additional separation and settling of 
solids takes place •. However, there are practically no solids in the third 

· tank of a 3-tank cascade. The approx:imate sludge levels in the 75...ft. 
diameter (16 .or 22.7 ft. deep) tank~ are indicated in Table ll-1 and sum,. 
mari.Hd belowt 

Type of Sludge Level, F't. 
Cascade let Tank 2nd Tanlc 3rd Tank 4th Tanlc $th Tank 6th Tanlc 

3-tanlc 4.o 1.9 0 -· .. 
4-tanlc 1.1 3.7 o· 0 - -6...tank ·9.0 4.o 1.0 0 0 0 

1.3 Ef_f_ec!s of a_[t;1;: on. ur~.E!:L!.ra_ste temp_eratur~ anq, c~osition 

Owing to the radioactive heating effect of the fission 'product s, the 
temperature o:t the uranium wastes :!.n underground storage rises until con­
ditions or steact,--state heat trans!'er from the storage tanks to the 
surroundings are ,:,9sentially established. At the time of the approximate 
establishment of t! :is steady sta'!:.c, Hhich occurs within two to three months 
after a cascade is filled, the temperature of the uranium wastes is at a 
max:1.Jnum. After this the temperature of the wastes gradually declines as 
the fission products decay to lower radioactivity levels. While the·max1-
nn.un temperature reached is subject to variations of about 10 to 200F. as 
a l'esult of sea9onal variations in the temperature of the surrounding 
ground, it is determined· l:1ainly by the radioactivity of the waste. The 
approxir.late maximum temperatures reached by uranium wastes resul.ting !rom 
slugs with an integrated exposure oi' 200 Mw."'1ays/ton and "cooled" for 
90 dqs are as follows: 

Typeof Ma::imwn T8q)8rature I OF. 
Cascade 1st Tanlc 2nd Ta."lk .3rd Tank • 4th Taruc i_t}i Taiii ;th• Tank· .... . 
3-tank 170~00 100-125 00-100 --
4-tank 175-100 100-125 100,..120 90-100 -· 
6-tank 190-200 95-105 90-95 65-90 80-85 7o..80 .. 

'lhe gradual decline o! the ter,,pe:r-ature after attainment of the maximum: 
_ may be illustrated by the following values for the !irst tank in a 

three•tank cascade under the above conditions: 
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Time After 

Filling of Cascade 

2 month# 
l year 
2 years 
3 years 
S years 

*) Maximum ter,rperature 

204 
~ 

- ~; ~ _., ~, I • 

..,., . , . 

Temperature, OF'. 

17~180 
130-140 
10>-115 

90-100 
8,-9.5 

.. 

On the basis of the .high ~erature of the first tank in a cascade and 
some. direct analytical data it is believed that about 7~- of all radioactive 
fission products are precipitated in the sludge of this first tank of the 
series. As the tan!~s cool., t10re and more Na4U02(C0.3)3 is dissolved by the 
supernate. Thus the chemical composition of sludge and the ratio .of hard 
to soft sludge are const.:url;,ly changing., tending toward an equilibriUlll · as 
the storage tank temperature approaches that of the surrounding; ground. 
Ast.he composition 0£ the :,ludge ohang~s cor:iplementary changes take placo 
in the ca11p0sition of the supernate .. 

The gross composition o.f the stored uranium wa.stosis discussed in 
Subaection.431. and the ef'!ect of aging on fission..product radioactivity in 
Subsection-A.4. . · 

1.4 !:fleet of apng on ~cal pi;gp!)rtic! 

As the canposition of the stored wastes change, their physical proper­
ties are also altered. A.decline in tank·temperature rOBUl.ta in: (a) a 
decrease in the amount o£ hard sludge and, thus., a decrease in the sludge~to­
supemate volmne ratio; (b) an. increase in the densit;y of the supernate and 
a deereo.so in sludge density; ( c.) a. decronec in the ratio of hard to soft ·· 
sludge. ·Tho properties of sludges .and supemates are discussed in more de­
tail in Subsootions A5 and 6 below. 

2, List of Stored Waotee 

A ·list o! all undergi.·~d storage tanks tilled with uranium wastes 
from the start of Hanford operations (1944) through June 1951 is presented 
in Table Il-1, along tdth data on date-a of :f'iiling., sludge and liquid depths, 
and uranium content. · 

Sunnation 0£ the· data in Table Il...J. indicates '~hat a tota1 0£ 21,200.,ouo 
gal. of tiraniUlll waste, consisting ot about 2,6oo.,ooo gal. of sludge and 
18,600,000 gal. of supern.::t3.llt liquid., have accumulated in underground stor­
aae to June 16, 19$1. Of t!·4e 5200 tons of urwu.um in these wastes about 
.3000 tons (or 73%) are contained· i."l the sludge. Thus the average uranium 
content·or the sludge is about 2.9 lb./tial., while that of the supemate 1s 

. about O.lS lb./gal. About halt' the uranium in ea.ch cascade ie in the first 

•u-~: of ~Cade. C1C' 11s5,c\CD • -- ,~~,.~,9!!.IW D". 11.J\ ff-~ ... ... 



- ---- ----- •-·•·•··· ··· . '''·' op:,, 
' , .... ~ . , •:(. j• ·.-x 

. '•'!· . . . 

. . ·• _:·, , . . . .. _.., -- .:·,, .. 
::·· 

• C 

Because of t he difficulty of outainine accurate measurements and re­
presentative samples on such lar~0 heterogeneous masses by remote-control 
methods, the data on sludge levels and distribution of uranium bet ween 
tanks and between sludges and supemates are subject to aome ' uncertainty. 
Their accuracy is est.ima.ted at about ±10% • 

.3. Bulk Constituents 

The chemical cor.:ponenta .from which the uranium wastes have been 
synthesized are reliab~ .. 1::nown from tho Manufacturing Divisions I oper­
ating records. However, the char.deal composition of the sludges and su­
pem£1.tes in the several tanks of tho various underground storage t ank 
cascades are known only imperfectly., from annlytioal investigations handj,. 
capped by the di.f'ficul t 3,. of obtaining by r emote-control methods repreaenta .. 
tive samples from large heterogeneous r.ms~es in the tanks. 

J.l SlP;thcsis d~a 

The proportions of chemicals from which the uranium wastes have been 
S)'nthasiied have cha:n : cd slightly .from t:uno to timo with modifications 
ot the B1P04 process first extrnotion cycla ·procedure. The most signifi­
cant of these changes, mado :in January l ?h6, involved an approxima-tely 
one-third reduction :.--i the amount of lI3P04 \ '.Bed per ton ot uranium. The 
proportions of chemicals which ent er ed :i nto the ur anium-wastes Et.c cord~ 
to the procedure largely followed from tba start through January 1946(6) 
and a~c~ing to that tollowed in the main from then to the present (June. 
·1951) l20 ) are indicated. in the table below . 

Constituent 

Lb. /Short Ton U 
Procedure Thr0tlgh 

January l~ 

4220 
177 
700 

U07 
137 

1673 
3~6 

ll,980 

Procedure Since 
JanUArY 1946 · 

4220 
210 
804 
736 
210 

1561 
4056 

11,797 

Final stored volume • about 4,000 gal./short '.t;on U. 

3.2 Analytical data 

The scant information an the c01:1p0s1tion of uranium waste sludge•· and 
supernates is· illustrated by the typical analytical data tabulated below 
and s~ized more t'ully . in Table II·l and II-3. 
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.Cqosit1on oi' T Cw;cade 3upernate(7) 

(Filled 1945, Swnpled 191,~8) 

Moles /_Lit er 
C an:p\lDent First Tank Second Tank -

u 0 . 008 0.090 
Na 3.1 2.9 .. - ~ ,, . : . 
?04.: - •- :· ... : 0.33 0.26 r · 

so~ ~ . 
0.25 0.18 

C°J o.45 0.51 . 
N03. 0.56 O. T{ 

.. '}; ,, ... C'ClapOB1t1on of Tank 101-T Sludge(7) 

. . ~Cascl!l,d.e filled 1945. Sampled 1948) 

.. 
·-· . Molsf!Js. of Slud§e 

Third -Tank 

o.u 
3-. 3 . 

0.27 
0.23 
0.91. 
0.60 

. · . . ,: . ;;:• .... : .': Iillet:,. . 
. . . !. . . • . . :·J ft-: t?:om . 

Inlet, Inlet, 
2 Ft •. from' l . Ft . frQll 

Olitlet. Outlet, 
1 Ft. f'raz:'l . Just ot-r 

COJIIJ?0:'!-m;t · Bottom · llottC1Jt. · Bottom Bottcm Bottom 

... ' .• ! :/·-;:t~ . o: .. 86 
~o 

/ 

P04-1 . : .: . ~x..§ .. 
sor... . <L.20' 
co 0~6 · 

l ·.07 
0.13' 

. Cl.43 J; . :· 
1'03.-.. . . ·• ... . -- -~------­

:· '.:: ~ :: . . .. ' .. 
,. 

Ji.. Ead.1cacti...-e ·C.cmatituenta 
. . ' 

li..l Ge~ ·. : , · · 

1.53 
6.9 . 
0.51 · 
o.o8 . 
l.92 

l. 45 l, •. 53. 
6.6 6.4 

· 0.11 o • .16 
o.oa· o.o6 
4.3 4.4 

Not reported---------

~~ ston4.urani\B-waste: contains most (mor~ ·tban ~) of 
tJla tiauCIII' ~ tormed aa. a resu1:t· ar exposure; ot uranium. slugs in the 

.· • .. ·100 ~ pflea.: '?he J:Edfoactive conce:atrnticm ac the umlersround stored 
. ·-' tu,miua, vaates is, sub,lec'I to consideni,'IUe Teortat1on sinca it is. dependent 

: . ·, ., .-upaa,; a mmaber"~ ·varla!,lea ineluding' the power level ma1nta1Ded in the pile, 
', •·:' the perlo&: ~ ~ ;. esposure, ~ .the elapsed time ("cooling") atter discharge 

. >t! ~~ - baa· 't.!w• pile-.. .Al.~. t:..e piles .have been operated. at various ~r levela 
··: -;::.:·/~ -gz:ee..teat ~ ; ~~ ~ ,:~~ at~:. uran:lull: 'VUU!·.Neultecl· tram the 
:;~~(i?t;im>aua:bJg. at •Juila which bad :tece'lved. eitber 200 megavatt-&t,ye/ton integrated 

. <~\'.3!~~:°~t~~~ cmar_ a __ .pafoc). _cd' 18o. ~ya ·or lioa· megayatt--da~/t~ integrated_ a-
. -::•;';J(frt»oaure-~CNer a;:~ .-~ 360 up . .. ~ 200· ~ ·-dapftca-•tertal vu 

<:(1~-~,~~~eeiled:• ~-~ ... ~ .: tf:>;J~.,1949~:.,tbe, ~ -•~tt-da1&/ton 
.~·.,, temaJ..·-. ~-~ lfoveiibe · · 1949:· w. June 19'1..' ·· The total. 1'11410-

. -~1;i.~·-.,;~~ -#md~:~b~-'ar .~ ·pile.~ta1·~90:&qa-.~ :. cti11cbarge 
:11~1llit.,. tta.-n-- -1s• _ __...........;.;..._~,.: 226 ·ooo.·w 2te ·~ · (tbeoret1ca1·r curies/ . ·· ·•,> . . . -~ . ----r~- ~- ,~ . 
:.-,!,;:fl.,; ··#, · .· Ull•~.,t.:.da:;r1--. material · rupectiveq 

· .. ,,, . ·. . J" .,,,,,, .. · . , ~• , --~1"">1.;,r;t}d-~f }~i1,ii½;;;itj-,;~~J!e,,.,:,;1''' 
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Decay curves for gross beta and gamma activity and far a number of 
the radioactive isotopes important to the Uranium Recovery process have 
been calculated and ere sbovn in Figure II-l (also see Table II-2 ) , The 
quantity ot fission products originally present ws based on & uranium 
exposure of' 400 meg,iwntt-day.s/ton over a period of 36o days. Theoreticiil 
or "absolute" curies as veil as "countable" curies are shown for t lut total 

beta and gatmna radiation. The activities of specific isotopes are pre­
sented 1n terms of "countable" curies . 

A theoretical (or absolute) curie is defined as the radioacti vity of 
a source ot radiation which decays~auch a rate that 3.7 z 1olO atoms 
change per second. It is almost exactly the radioactivity of the amount 
of radon in equilibrium with l gram of radium. Because of the limitations 
ot ordinary radiation counters, absolute curies are difficult to determine. 
The "countable" curies, in terms of which most of the data in Figure II•l 
are expressed, have the practical advantage of beil:lg subject to caapara­
tively easy and reproducible determination. Determination of the number ot 
"countable" curies, in the sense in which the term is used here, involves 
the flcounting" of ths· s~le under specified conditions with standard 
counting instruments, such as the B.G.O. counter 1n use at Rani'ord. Wo;~. 
The counting conditions are si,ecii'ied 1n detail 1n Document BW-l7QC)l \ • 
The cOW1tiJ:lg efficiency of the standard counters, and hence the ratio or 
absolute to "countable" curies, is a function of the particle (or quantum) 
energy of the •radiat10.1 measured. Although it 1s not possible to assign 
exact values to this ratio, the f'ollowir.g a.re approximate values f'or beta 
particles and sa.mma rays of some tn;i~cal energies: 

Particle or 
~uantum 

Energy, . M.e.v . 
Ratio of Absolute to "Countable" CUries 

Beta G8JDIDl!I. 

O.l 
0 . 1, 
o.6 
2.0 · 

QO (not counted) 
50 

4 
2 

10 
8 
3 
1.2 

The conversion of' 
8
11 i;.ountablc 1

; to e.bsolute curies is f'urther discussed in 
Document BW-17091 { J. 

4.2 Sludge and supe:!'!W.te radiochemical analyses 

The radiochemical concentrnt1ons in the sludges and superne.tes ot the 
various tanks in the underground waste storage cuscndes, like the chemical 
concentrations, a.re known onl1 imperfectly since analytical investigo.t1ona 
have been handicapped by tho difficulty of obtaining representative seJIG)les 
ot the lo.rge heteroseneous mo.sees in the tunks by remote-control sampling 
methods. 

The in:formc..tion on the r::idiocbemic.:.l. compositions or uranium vo.eto 
sludges a..nd superMtes is illUfltr sted by the typical ~ical data 
tabull.lted below and summc.rized more i'ully in T~blc II-2, 
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Radiochemical Concentrations Jf T C.::.scadc Superno.te(7} 

(Filled 1945. Sampled 1948) 

Rnd.iochemica.l 
· .Analysis 

Gross lrete 
Gross Gmm:na 
Gross Alpha 
Ce Beta 
Cs Beta 
Nb'Be:ta 
Ru Beta 
Sr Beta 
Zr :Beta 

Counts/(Minute) (Ml.) 
First Tank Third Tank 

1.4-5 X l•r . 
4.93 X 10 
7.85 1'. 1~ 
2.35 X lU'-~ 
8.59 x -l"rfi 
8.9~( x id~ 
3.53 X l(P 
1.85 X lo5 
1.9'.x 1o3 

2.82 X 107 
4.03 x· 1Q4 
5-2 X 1~

7 l.37 X 1~ 
7.39 X l~ 
3.67 :z: l~ 
5.o8 X 10':' 
3.04 X 1°' 
1.49 X 10 

Radiochemical C~ition of T~..nk 101-U Sludge(?) 
(Cascade fiiltid 1947. Sampled 1949} 

Counts L(Min. H?:!S. of Sl\ldge l -Inlet, Inlet, Inl.et, Outlet, 
: Radiochemical 4 Ft. frar. 3 Ft •. tr0111 2. 7 Ft. from 3 Ft. fran. 

Analysis BottOl.! Bot.tom Bottan Bottom 

Gross. Beta 3,13 X lcfi ,.15 X 105 l.-35 X lo6 2.93 X l(P 
Gross Gamma 8.6 X lo2 1.49 x 1Q2 4,35 X ld2 9.58 X 1~ 
Pu. Alplla 94.4 56.2 89.0 · ll2 
Ce Beta 2.11 X l<P 2,46 X 10, 9.35 x 10, 2.26 :x 1~ 
Cs Beta 7,74 X 104 1.39 X 1~ 5.38 X 10

3 
9.48 X 10 

Nb. Beta 1.78::: 1or_ 2.88 X 1 , l.~G x 104 4.07 X l~ 
Ru Beta 62 '-1- 8.97 X 104 S.48 X 104 l. x 104 3.bl X 10 
Sr Beta 8.80 X 10 4.26 X 10 7. 71• X 104 l.l.6 X lCY . 
Zr 'Beta 3.25 ~103 4.98 x

5
1rfl 1.46 ~1o3 4.03 ~103 

other Beta 8x1 · 2 :x lO · 2 X l 4 x l 
( obtai.Ded by 

difference.) 

5. Pr01)ert1es of Sludges 

A nuiaber of the phJ'sica.l properties of sludges believed to be of pro­
cess importance durina the removo.l and. processing of the underground stored 
uranium wastes have been . reporte1 f'or a sa:n:ple of 101-U aludge by ORRL. (23) 
Although the eond;ltions under"Ahich the sludge 1n the various tanka was 
produced .varies e.pprecio.oly, t~e physical properties discussed below tor 
101-U sltldge should prove applicable (for order-of-magnitude ai,»roximations 
at leeat} for other tanks containing slud,::es. 

5.1 AP?H:!nt density and consistency 

. . 'l'Ve.· _,.,..o~ sludge ·vere· found in the sample ot 101-U Tank sludges; :i. --.1:~4'?•1~ ,..-...., ~ sludge.s. Soft sludge (o.pproximately 60--weight per 
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cent at the sludge anelyzed} 1s an easily slurried solid consisti :28 chiefly 
ot sod11111 'U1"8n.Yl phosphate crystals having a definite needle-like struc­
ture. Bard sludge is a dense, bard agslomerate ot crystalline carbonate 
material (believed to be mainly Na 4uo 2( CO 3) 3) • The crystals are imperfect­
ly formed. 

The sludgo on the bottan of the tanks is pecked down and contains less 
liquor than· tbe sludge above. Samples taken at the bottom or Tank 101-U 
contain approximate~ 8o per cent solids while samples taken at l toot-, 2 
feet, and 3 teet tram the bottom contain approximately 70, 50, and 45 per 
cent aol1ds, respectively. 

Consistency meaih.irements were tll!lde on samples of tbe hard sludge using 
a "Precision" Universal Penetrometer fitted with a standard A.S.T~M. needle. 
Although considerable variation was noted in the hal'd sludge its consist­
ency is epproxitlately that ot blackboerd chalk. (A 400 s. loading or the 
needle gave penetrations varying fran 0.4 to 1.7 11111. for bard sludge com­
pared v1th 1.3 lll!!l. penetration tor blackboerd chalk.) 

The densit;y ot herd sludge wes found to be approximately 3.0 s~/ml .. 
The density was detel"'Clined at rooo temperature by supernate displacement 
1n a g?'8d\llted cylinder. The sort sludge density was found to be -approxi­
mately l .8 g. /mi. In determining sott sludge density, large lumps ot bard 
sludge were removed by passi!lg the sludge thro\l3h en 8 mah screen., the 
aample was centrifuged in_ an International clinicel centrifuge (30 min. at 
epprox1mate~ 700 G), end the sui:,ernate vaa removed betore the soft sludp 
vol\11!18 and weight were determined. · 

,.2 Sollll:>ility of prineipel el1.4dge cocponents 

As currently planned the sludges will be %'otl0ved troo the underground 
stored tanka as e e!~d.ge-supernate (or, perhaps, sludge-water) BlUJ'1"1'. 
lt, however, the sluicing nethods provo inadequate for the ret10vel ot ell 
the sludae (e.g., tank heel ret!lovel, local deposits not broken up by 
sluicing nozzles), technigues my oe adopted which will dieeolve the 
sludge in the underground storage tnnkS. Renee, the solubilities ot the 
sludges have been presented in the tallowing discussion. 

Since lfe.4U02(C03)3 and Na002P04 ero believed to be the min c.oapouenta 
ot the "bard" end "soft" lmdersround stored urenim sludge, respect ively, 
tbe solubilities at these c00pounds in different solvents have been stud1ed 
at various teoperotures and solvent concentretiona. The upper graph shown 
on Figure II-3 indicetes the retrograde solubility (Le., decNase 1n 
solubility with increase 1n teopereture) af Na-4t102 (co3)3 in water end 1n e 
solution ot o., ~ Na~04 and 0.5 ~ rra 2co3• As indicated, the solubility ot 
Na4U02(C03h is ccnsiderobly greater (4 to 6 :told) in water than 1n the car- · 
bcnate-sulf'ite solution. The solubility of Na4U02(C03)3 in various solwnts · 
at 3o•c. 1a tabulated below: 

Solvent 
B2') 

0.51 M Na2co3 
o.41 M NaHco3 

- 0.48 !! (l'm4) 2co3 

Solubility, G. Ne4U02(C03)3/Liter 
SBturated Solution 

--- 143.8 
73.6 
88.3 

200.1 
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On the lower grc.ph of Figi.;.re .iI-3 the solubility of !iaIJ0#Q4 1n sodium 
c;:irboMtc solutions at 28 o.nd 50°c. is shown. At 28°c. the solubility· in• 
crollScs. with ~co3 conccntro:tion from less thc.n l g. U/1. 21.t O f1 N0.:2co3 to 
approxiJDo.tcly 53 g. U/L c..t l.3 M, then decree.see a.t higher cnrbonate concen-
tro.tions • -

~-3 ta.borntory slge aolubilizati~n bc.tch dll.~(15)(1.6)(24) 

Frca the da~ presented 1n 5.2, o.bove, it may be noted that Na~U°'a(C03) 3 is more soluble in wnter th&.n in ca.rbonc.te solutions while the opposite is 
true for Bat1°'2P04. In the small scnl.e la.borntory experilllents far which dllta 
a.re tAbuloted below a.n effort wa.s made to determine the re~tive etfective­
nees of various solvents for dissolVing simula.ted soft (N£1I1~POI+) am hc1.rd 
(No.4U~(C~)3) sludges. For the experiJDents the synthetic sl\ld8e vc:.s aca­
poaed ar 90.6 veight per cont No.4U~(C~)3 and 4.o4 vt. per cent lfQU~4. 
The volume ot solvent llSed to dissolve ihe sludge ws the amount theoretically 
required to dissolve all the Na4U°'2{C"3)3 present in the sludge sample~ ·For 
a given sludge sample size, solvent volumes 1.9, 1.6 and 0.7 times the YOlume 
ueed in the water ·experiment were used for the N82co3, NaHCo3.8lld Jm4RC03 
experiments, respectively. (See solubil:.ty data In 5.2 above). 

Solubilization of Sludge 

Solvent ~o 0 •. 52 !! o.4o ~ o.45 M 
I-T82C03 NaHC03 NH41E03 

Sbaldng time, hr. 64.5 61~.5 64.5· 18.5 
'I, 0 dissolved 91.6 90.9 99.0 85.8 
~ 1Je.4U°'2(C03)3 97.2 92.3 99.7 86.46 
dissolved 
1, ?fatJ~P04 dissolved 0.0 68~5 . 88.8 74.68 
Grams Na4UQ.;i ( C<>3} 3 13.98 6.79 8.&; 17.29 
dissolved per 100 ml. 

Grams NeU°'2P04 dissolved 
per 1.00 ml. 

o.o 0.23 0.38 0.66 

The data in the above table indicate that Na.4U~(C°3)3 ma..,- be dissolved 
b;y 8ZQ' of the sol-vents while Ns.~03, NaRC03, and NH41IC03 are increasingly 
better tor the dissolut1on ·or Na0°'2P04. 

5.4 Pilot-plant sl~e solubilization stud1~s(l5)(l8) 

Pilot-plant studies were co:lducted by the Kell.ex Corporation in a 
l/&>-scale waste storage tank on incubated sinr..u.atcd wastes to develop_ 
a mathod of sludge solub111zat1on which woul.d ·oe applicable for use Yith­
in the Ranford "hot" waste tanks. In the studies incubated simulated 
sludge was placed ·in the tank, water wo.s added, and liquor was circulated . 
through the tank. When tho concentration of the liquor approached saturation 

~f:(1.a., furthe'l" dissolution could have been accomplished only with canaider-
·. • _ ~+~irculation) a portion of the: liqucr.- vas withdrawn and replaced ~-~- . . 
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w~th an equal volume of weter. When the greater portion of the water­
soluble Na4uo2 (C03) 1 ves removed, the liquor ws removed and replaced with 
NaRco3 which dissol\fed the NeU¥04 end eny Na4U02 (co3)3 remaining. 

The results from tvo runs, toll.owing the generel pattern out lined 
above, are shown on Figure II-4. Run No. 3 was conducted at approximately 
2,0 c. while Run No. 5 wea t111de at approximately 5o•c. Sludgos vero pre- · 
l)ered tor the runs by 1ncubetiDg sitlWlsted "cold" waste ot tho following 
composition tor periods or 3i. and 50 days at ao•c. before filtering tor 
Buna No. 3 and No. 5, respectively: 

ccsionent 

mm 
Na.N03 
DO 
S04~ :~ 
Na2co3 . 

Grams /Liter 

146.o 
4.7 
5.3 26., 

22.7 
54.o 

177.0 

Aa expected from the retrograde solubility data discussed under ,.2, 
above, 11ore concentrated urenim s~lutions were obteined taster at 2,• 
than at 5o•c. For l)xample, in Run !To. 3 et 25°c. liquor containing apprax1~ 
mately 4o g. U/l. was obtained a:f'tor only 150 hours of recirculation, vh1le 
in :Run No. , solutiQn containiDg epproximato~ 35 g. U/1. waa produced after 
250 hours ot recirculation. 

· During Ihm No. 3 dSScntially all ot tho sludge wes dissolved et the 
completion ot the run. or tho 320 g. ot uranium origill8lly present in the 
simuleted sludge 88tllple, ~ vea disaolvod bJ weter end tbe remaining ll$· 
ws diss~lved by NelIC03. 

Run No. · 5 ves terminated boforo au tho ure.ni\111 wea d1asolved (~ of 
the 430 grems ot 'Ul'0nium di&Solved atter 750 hr.). Bowewr, there was 
little doubt that complete solubilization would have been accomplished 
With additional opert:1tion. 

5.5 Sludge insolubles 

Silicon diozido is expected to bo the mo jor water and nitric acid in­
soluble component present in the Ullderground stor0d urenium sludges. It 
enters the bismuth phosphate ~ocess in tho slug bonding layor or es an 
impurity in the various chcmcols used in the procosa. To detormine en 
"order-ot-nmgnitud.a o.pproximntion ot the Si°'2 concentrot1on present~ the 
stored wastes, enclyses were modo on thr.eo Bismuth PhoepbDte Pl,Qnt ·waate 
acmplea (8-3-WS) by tho Hanford Works Analytical Division during .October 
and Novombor 1949. These samples indicated total S:l.02 concentrotioDS 
(both soluble silicates Dnd insoluble s102 ) fflnging from 60 to 220 111111-
grems per 11 ter. Insolublo Si~ 111n;y collect on the bottca of· the ~rious 
tanks during acidification and blending or it Wl"f be •eparated from aolu­
-tion 1n tho teed centrii'uge botore it ontore the solvent .. extrcction columns. 

DECLASSIFIED 
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6. Properties o'f Supernate~ (23)(J.1) (1) (7) 

The properties of m:.ntord stored uranium .:aste supernc.tes are subject 
to co11Siderable variation since the sludge-supernate ~quil1br1um is de-

-pendent upon the temperature existing in the tanks as well as the chemical 
composition ot the stored wastes. 

6.1 Supernate dens.ity 

The dellSities of the supernate in the 101-T, l~-T, and 103-T Tanks 
were measured in the waste storage tanks with a densitaneter. ~ de11Sity 
as well as the Na.4O°'2 { co3) 3 concentration ( see 6. 3 below) of the supernate 
ill the last two tanks of the cascade was considerably greater than that in 
the first tank. The densities existing 1n the tanks arc listed in the table 
below together with th~ ter.i;pcro.ture at which thoy ~.rare measured: 

Tank 

101-T 
l<X:?-T 
103 ... T· 

Supernato 
• Density; 

G. /Ml. 
1.14 
1.23. 
1.21 

8upcrnate 
Temperature, Op,_ 

144 
. 96 
86 

0R?ft investigations on "hot" S-'?.nJ1'les of 10~-U Tank\G3) and Bantord 
Works inYest1gat1ons on simulated supernate(ll) have 1n4icatod demities 
nmg1zlg from approzima.tely 1.13 g./r:il,. ~~ 70°F. to approximately 1.11 g./mJ. • 

. at 14o°F. _ . . - . . 

6.2 Supornato v1scosity(23) 

. 'l'hc temperature-viscosity rcl.atiou.ship for a. 101.•U supernate vas de­
termined by ORIL. The viscosities were measured with a Fenske-Ostwald 
viscoaimeter. As shown by the plots on Figure II-5, the viscosities- ranged 
frcm 5-9 centipoisc at 74•c. to 1.5 ccntipoise at 25°C. 

V1scos1.t7 measurements on a synthetic supcrnate prepared by the in­
cubation ot simulated we.ste solution for 6 mcmths at ao•c. at Banf'ord Works 

• gave c. viscosity ot 1. 77 ccntipoisc t.:.t 25•c. ( 9) The viscosity vns measured 
with a Saybolt viscosimeter. 

6 •. 3 Sol.u'bility ot Na.4092.{_co-:> )a in supcrnate 
~ -

· As indicated 011. Figuro II-6, the concentration ot Na.4U~(C03)3 in the 
hot · (sometim3s t18 high e.s 140 to 220°F. ) supcrmte of tho first toiik in a 
tilled co.scade -is less than the concentration presant in the second and 
third to.nlas of the cc.scnde ( 0 .• 025 M in the first tQZlk of the T ClUlcc.de as 
compared with 0.09 Mand 0.ll M respectively ill the second and third). 
Thi~ . phenanonon is cc.usoo by the rotrogro.de solubility of Na4U°'.2 ( co3), and 
incomplete precipito.tion in the first tank. Althoush during cascade filling 



most of the precipitation takes place under the high-temperature (pre­
cipitation~favoring) conditions present in the first tank, some of the 
waste solution cascades to the e.econd (and third) tank bef'ore preciptta-
tion 1s complete in the first te.:u:. · 

In the second tank, which 1s at a lower temperature since the major 
part of the fission products are left behind in the first tank, the super­
nate·holds more Ne.4U°'2(C03)3 when equilibrium is attained at the lower 

. temperature. 

7. fN!ioal. PrOI>erties of Slurries 

7.1 Apparent density(9}(24) 

The apparent densities of slurrieo prepared from both actual and simu­
lated metal waste supernate and sludse increased from about l.l to 2.0 g./ 
ml. as the sludge concentration increased from O to 100 per cent. 

Increased temperature slightly decreased the apparent density. Thus 
with en underground siurry vith a supernate-to-sludge volume ratio* of 8:1 
an incr~e in temperature from 25 to 65°C. decreased the apparent density 
of the slurry from 1.19 to 1.17 g./mJ... The effect of solids concentration 
on the apparent density of a tn,ical. simulated slurry is presented in 
Figure II-7. 

7.2 Apparent Viscos1tt(9)(ll)(l4)(24) 

Apparent viscosity or consistency of a slurry is its resistance to 
flow at any given flow or shear rate ·and is a measure of the canbined 
effects of adhesion and cohesion. The apparent viscosities of' waste metal 
slurries increased with increasing solid content and decreased with in­
creuillg shear rate, duration of agitation, and temperature. 

At a constant shear rnte, an increaee in sludge concentration t l'QG1 a 
supernate-to-sludge volume ratio ot 4:1 to 0.3:1 increased the apparent 
v1sc:oeity of a typical underground slurry from 4o to 2900 centipoises as 
measured With a BrooJcrield Synchroel.ectric viscaneter with a No. 3 spindle .. 
The apparent Viscosity of the slurry of 0.3:1 supernate-to-sludge volume 
ratio decree.aed f'rom 2900 to 1570 centipoises vith nn iucrease of' spindle 
speed frc.n 6 to 60 rev. /min. · 

The apparent viscosity of an actual underground metal waste slurry 
increased from 19 to 36 centipoises during 10 hr. agitation, while :further 
agitation produced almost no c.dditiono.l increase. The s~rnate-to-sludge 
volume ratio decreased from 7:1 to 2.3:1 during 23 hr. ot agitation due to 
comm1nution or recrystoJ.lizntion of the solid phase, vbich Bpparcntly 

*) It is noted thot the supe~tcMto-slud.ge ratios given in this sub­
a~ction co.nnot rendily be interpreted in terms of liquid-solid .rat ios, 
since the liquid content o~ the sludges is not ezo.ctly mown •. 

--· . . 
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resulted in an inc-ree.sed liquid content or the sludge. A similar test with 
a synthetic slurry of the same weight per cent solids content showed a sli8ht 
decrease in apparent viscosity (from 15 to 13 centipoises) duriJ36 pro1onged 
agitation and the supernate-to-sludge volume ratio did not change within-the 
limits of experimental error. ' 

Increased temperature reduces the apparent viscosities of slurries. 
For e:zample, a temperature increase fl-an 20 to 59•c. decreued the apparent 
vi~cosity or a slurry of 0.3:1 supernate-to-sludge volume ratio from l~O 
to ·970 centipoises • 

. , Slurries flowing in pipe line viscometers had apparent viscosities 
exhibiting the same trends as those observed using e. Brookfield viscometer, 
but the tlUCIOrical values were much lower. The apparent viscosities at a 
synthetic slurry flowing 1n a pipe ft.re plotted a.a a function of velocity in 
Figure n-8. As shown in Figure II•8, the apparent viscoeities 1n pipeline 
nov a,PPJ"O&.Ched the viscosity of the supernate at velocities above 3.5 e.n4 
7 ft./sec. in l•in. and l/2•1n. i.p.s. pipes, respectively. As the now 
rate decreased into the viscOWI ra.nge tbe apparent viscosity increased • 
sharply. 

7.3 Settling charactoristics(l.2)(14)(24) 

Settling rates of waste n,.etal. slurries vary vidoly, depending upon the 
concentration ot' solids, the ,ource ot the slurry, the degree of agitation,· 
~, to a lesser extent, tcmperaturt.. Reported settling rates range f'ran l 
to 60 in.far. of clear solution fc,r slurries ranging trail 3.6:l to 76:1 in 

• supernate-to-sludge volume ratio. · 

Simulated and actual. underground metal waste slurries, each containing 
the same weight proportion of solids and having an initial supernate-to­
sludge volume re.tio of 7:1, produced initial settling re.tea of 10 am 34-
11!./hr. of clears, respectively. After one hour ot agitation, the settling 
re.to of the aimulatod slurry increased to 25 i.n./hr. and the rate of' the 
actunl. metal waste slurry decreased to 6 in~/ar. of "clears", After 23 hr. 
of asitati<m, the settling rates were 13.5 and 1.2 m./hr. of' clears for 
'the s~ted and actual undergrown slurries, respectively, and the super• 
nate-to-slud89 volume ratio of the underground slurry cblmged tran 7:1 to 
2.3:l while the ratio of the simul.nted slurry- did not cbmlgeappreciably. 

The effect of temperature on settling ro.tes is negligible within tbe 
accuracy of the o.vaila.ble do.ta. 

7.4 Erosive cbnro.cteristics(l;) 

Synthetic met:11 wste slurries vith a superna.te-to-sludge volume rntio 
-of 8:l flowing in 1/2-ir.. ::..p.s. iron pipe o.t velocities of 12 to 15 tt./1ec. 
ho.ve been shown to produce less thfm 30 mils/yr. erosion 1n 90• short (1•5/8 
in.) radius bends, and a.lmost no erosion 1n straight sections. Scuewhnt 
greo.ter ro.tes wou.ld be expected at higher sludge concentrc.t1on.s and in• 
creased velocities. 
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slurries gave the relative index listed below. _The slurries were 9t 8:1 
superna-te-to·-s1udge volume ratio, except the concentrated RA'W, vhi ch con-
taine·d. about 1 w_eigbt per cent s,:,l1ds ·. ·· . 

• "!.· · • • • . . 
Betlative Erosion Index"'"· 

'. • · , .•.. 

_Diatomaceo~ Earth : 
Kaolin . 
Si~~d .Metal Waste '· . 
Concentrated. . Neutralized RAW . · 

16 . 
1.6 .. 
1.00 
o.4.4 

. •) The _"relativ~ eroeion inde~~ -is the ratio at penetration 
per unit time ot a •lu:rT'Y' to that . ot syntbe-tic -metal ·)Jaste 
slurry. The penet~tion _was measured as -the 11111zimum depth . 
ot penetration at neoprene rubbi?lg at e uniform rate on • 
caet bronze submerged in a slurry. 

B. Rl!MOVAL PROCEDURE 

1. General 

·· At th~ ·.time ot· the · projected etart-up date tor the uranium recovery 
process--, approximately 5,900 tona ot · uranium· in bismuth pbospbate proc~a 
waste form -vill• be stored in underground tanks. Duri?Jg · the storage l)eriod 
the neutralized homogeneous ·biamutjl phosphate waste solutions 11111 ~w 

• separated. into .a superutent liquid and a sludt;e layer which eettle•~ to 
-the· bottom at the storage tanks. · In· order ·to ~nsure a uniform uranium · 
solution teed to · the Ul"Bnium hecoverr process, · the waate· removal_ proceas 
involve.a ae'9eral principal .opereti'ona; (l)· homogenization ot eupernate, :_ 
(2) 1lu1ctng the ·sludge with supernete to obtain a slurry, (l) di-seolution 
ot the slurry- vith nitr.i·c eeid, (4) blending the acidified solution wfth 
hcmogeni•zed superna~ to obt.ain the desired uranium concentration, an4 . · 
C,) removing• the wste. metal heels in- the underground tanks. . . 

The :tirst equipment for the removal, blending, am ac1dit1cation at 
sto?'ed uranium wastes wia installed at the 241-U- 101 aeries cascade. In 
addition to the 241-U tecilitiea, atorege provisions for the acidified · 
waste removed- f'rom the U-101 cascade· are installed in a new UDdergroUlld 
voult (241-WR) located edJeeent to 221-U ::Building. The equipment. thus 
provided is · Jmawn as- construction Phase I and is intended to pilot oper­
ating techniques to bo employed 1n· subsequent vaste Nmoval inatallations. 
Cone-truction Pbese II includes the facilities necessarr for the removal 
ot the uranium wastes trom the remaining waste cascades in 241-U, T ,· 
TX, B, BX,, :er, and C Tank Farms. Throe additional slurry accumulation, 
blendlng,. and acid:iticetion units e.re provided in .Phase II. One is n~ar 
241-TX to sane the T end TX Jarma, a . aecond 1n the vicinity ot 241-B·, · 
BX, and BY to serve t..'iese ereea, and a third at 241-C •· 

· In order to transt"er material between the 200 East and West Arear a 
pipe line trensfer system with intra-area tributaries was constructed as 
Pbaae IIJ • . Add1tiona1 lines to cribs and intercozmectione between 241-WR 
Storage vault •nd the 221 ... U and 224-U operating f'acilitiee were also ,'1.n- · 
atalled as a psrt ot.. ~base III construction. 

4 • , .· • 

__ previous~ indicated, stored uranium wastes will 'be removed 
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initially from the 241-U-101 cascade. The emct sequence by vhich other 
tallk casca.des ·vill be processed cannot be de:fined clearly at the .present 
time, since the number of operating sluicing e.reas required to meet re­
covered metal production is highly dependent upon the success of initial. 
operations in the U-101 cascade. - The aluicing ·procedure followed tor re­
moval ot the uranium wastes, however, is essentially the same f'or all 
waste removal areas. The technique tor remeving the waste material employs 
the principal operations previousls- outlined, and discussed in more detail 
belov. Reference shou1d be made to Figure II-9, the engineer·•s now sketch 
!or 241-C ire.rm. 'l'he equipment shown schematically in Figure n ... 9 is typical 
ot the vaate removal installations located in both 200E and. 200l Areas with 
the a:ception o~ the 20-i"t. tanks · (11t.;.c-201, 202, 203, and 204 shown in 
Figure II-9) vhich are located in- 241-C 11'8:rm only. The procedure covers 
the proposed method at waste renaoval f'rom thasc ,me,JJer tanks in addition 
to the larger 7'-tt. die.meter cascade tanks. 

2. Process Description .... 75-f't. T&nlts(26) 

2.l. Mixillg at supernates 

The bulk ot the solids precipitated f'rom the neutralized bismuth 
phoepbate vaates lie in the first tank with small eunounts appearing 1n 
the. second tank in &Jl1' waste tank cascade. Consequent~, the eupernatant 
liquid in equilibrium with tbese solids---var1es :t'ran tank to tank 1n the 
series. In _order. _to insure a unifQl'Dl teed solution composition tor the 
Uranium Rec~ery ('MP) process., the supernatant liquid wq be ballloseDiZed 
by pumping t:1e. aol.ution fran tank to tank in series. This is acccmpliahed 
by using the submergQd 6oo' gal. /min. sludg'3- pumps suepended in each storage 
t&Dt.. The inter-tank circuit is .set up through jumpers in the cascade di­
version box-- Since the slud.p pumps are ot a low head· type vhicb cmmat 
tore~ a large solution volume throup tho sluicag nozzles, the supermte 
is admitted to-each- tank through a sepnrote inlet line. At a 600 8P,1./ 
:min. pumping ra.te it is ~stime.ted tbe.t 3,•l/2 days vill be required to turn 
over the total vol.ume of superne.te tvice to ensure adequate mixing. 

i 

2 .2 Tn:Lnster ~ superne.te . 

Arter the superna.tant liquid bD.a been homcgenized a port1on io'f the 
superna.te 111 pumped to Wl. empty ,mate ta.Dk tor temporary store.go · in order 
to expose-the sludge layer prior· to the sluicing operation. 'l'Jw trans:rer 
ot superne.te is made by· pumping trom the le.et cascc.de tank to an empty 
to.Dk ('M·'l!X-ll5 ·1n. tha -West Area, TK-BY-109 in the East Area.) via the 
Slurr:, Accumulator, TK-001. The auperne.t o f'ror.i the first co.scade tank is 
then (o.:tter proper . jumper· cbe.ngo) trc.nstc:rrea. to the last cnsccde tmik by 
graduall;r lovering the sl.Udac pump to tollov the 1iquid level until the 
sludge is ezpoeed·. At .tho end ot this trnnsrer., 35,000 gallone of 1uper~ 
nate tll'e allowed to remo.in in TK-001 tor initial sluicing liquid. 

2.3 SluiciJJg am re:movnl of sludge 

Sludge remowl. is accomplished by rocycling 35., 000-go.llon batches of' 
supermte t:rcu the Slurr7 Accumulntor imder about 100 lb./sq.in. pressure 
through either of two 1•3/8-inch f'irebose-tn,e nozzles inserted into the · 

-ot.C\!SS\f\tO 
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upper portion of the caocadc tank through existing 12-inch tank nozzles. 
Each nozzle .has a cape.city of about 500 gal./min. at 100 lb./sq. i n. inlet 
pressure and may be r~motely ad.Justed for azimut~ and elevation so that 
its streem may .'be directed for maximum sluicing e:t'fic.iency. A motor­
operator 1s provided which 11ay be attached to the azimUth_ed.Justment mech­
anism on either nozzle to cause it to scan slowly within a predetermined 
angle. 

As the sludge is broken up and slurried by the sluicing supe.rnate, 
the resultine suspension is removed from the underground storage tank by 
the sludge pump and . discharged to the Slurry Accumulator. The liquid in 
the Accumulator is then recycled back to the sluicing nozzle until a 
slurry is produced which contains suffic~ent solids for charging the ~lend 
Tanks, Tlt. -002 and 003. Liquid level control in the Slurry Accumulator is. 
maintained by opposed-action, air-operated diaphragm valves located in the 
sludge p_um:p discharge and by-pass line. The valve action is such that a 
throttling action on the pump discharge valve caused by high level in the 
Accumu.lat.or vill open the by-pass valve, and discharge slurry be.ck into the 
underground vaste tank 'being p-:-ocessed~ The sludge pump maintains a mini­
mum solution level above the sludge ·in the caeca.de tank tor optimum sluic­
ing efficiency. This operation mD.7 be observed by means of an ill uminated 
2. 5-power periscope inserted into the top of the tank. 

During the sluicing and removal oi sludga from the firat tank ot a 
cascade, the supernate. from the second and third tanks is consumed 1n 
slurrying and blending so that the layer of sludge _ in the second tan."" of 
the cascade is exposed. This sludge is sluiced and removed in a mann,,r 
similar to the procedure follO"-'ed for the first tank. During the later 
stages of sluicing 8.lld blending of the contents of the first or second 
cucade tanks, the supernate originally transferred to an empty cascade 
tank is returned to the last tank in the cascade being processed via the 
Slurry Acoumul.a.tor. It is expected that three tanks in a. cascade can be 
emptied in about 8o days, and four tanks in 120 days; thus maintaining a 
production rate of 5 tons/day of uranium -in acid solution per area . 

2.~ Transfer and dissolution ot slurry 

The 50,000 gallua Slurr:r Accumulator is eq~ipped .with battles and bas 
a hold up capacity of' about one hour. Dl.:.ring the sluicing operation some 
concentration of suspended miiterial wil:!. occur through residence time 
settling. When the solids in the slurry roach a uranium metal concentra­
tion ot 75 to 100 grams/liter, as indicated by weight factor and specific 
gravity instrumentatio~, r ecirculation is stopped. In addition to the 
bubbler type weight ~actor and specific gravity 1nstrumenta.t19n, a strain 
gauge which relat<.:s C:. -:; flection of the tank supports to weight of the tank 
and its contents is ~~ovidod to supplement weight factor measurements. The 
slurry is then ·agitated and transfurred batchwise to the. Bl$nd. Tanks by 
means of one or two steam jets, each discharging into a separate 1, ,000 · 
gallon dissolving and blending tank. 

Prior to the transfer of slurry from the Accumulator, the Blond Tanks 
are charged with nitric acid from Nitric Acid Tank, 'l'IC-004, in an amount 
sufficient to provide the proper acidity fer a batch of finished feed . _, 
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solution, and the -required amount o~ slurry is jetted into the acid. The 
addition of' · slurry 1s ma.de to the acid :!.n order to control. the rate ot 
carbon dioxide evolution resulting from the acidif'ication. Severe toazn:lng 
vould occur in the nlend Tanks if nitric acid wns added to a batch of 
slurry. Agitation and cooling through ·cooling coils 1s provided to insure 

.prQl[pt dissolution of the solids and remo~l or heat of reaction (ca. 24 
B. t. u./lb. of slurry). C6.::bon dioxide and otb~r gases released during dis­
solution are removed through gla.ss-vool filters and discharged to the atmos-
phere. through a stack~ · 

· When diasolut·ion is' canplete, clear supernate is added to the Blend 
Tanks from one of the cascade tanks to adjust the dissolved slurry to the 
required metal concentration. The finished blended solution is removed 
from the Blend Tanks by submerged pumps which discharge thraush the master 
diversion box into existinz underground piping in the West area f&rmS, or 
through lines provided frcm the East are& farms, to four feed storage tanks 
in tbe 241-WR diversion station. For e!".c:i vaste processing system in the 
East area (241-BXB, 241-CXR) ~ 50,000 gallon Process Pump Tank TK•Oll has 
been provided for surge capacity while pumpine the acidified solution at a 

· conatant rate to 2°41-WB storage facilities. 

The aciditicati~n step is treated in more detail in Cb.apter III. 

2. 5 Removing storage tank heel 

JU.>ter all of the sl:udge in a cascade bes been removed to the minimum 
pump suction level, e steam .Jet inserted through a hole in the c~nter or 
tbe tank dame removes substantially all of the remaining material reposing 
in the dished bottan af the tank. The jet discharges directly to the 
Sl\lZ'J:7 Accumulator, by-pas·si~ all diversion boxes. · 

3 • . Process Descri;etioll•• 20-l!"t. Tanks 
. . 

In tho case ot· the four individual 20-ft. diameter tanks in the 241-C 
Fam, the waste removal syst~m 1s designed· for n somevbat modified schedule 
ot .o,peration since jets are used instead of -~umps to remove the slur?7. 

3.1 Romova1 ot aupernnte 

The recovery or wastes from these tanks is scheduled between the·-c=­
plet1on of operutiona ·1n tho TlC-C-101 co.sec.de and the st.:.rt-up of opero.­
tions 1n the TK-C-104 co.sec.de. A '1heel" le.ft in the Slurry Accumulator 
trom tho preceding 'l'IC-C-10: cBscade oper~tion is used aa the prime mover 
for the liquid sluase jot in TK-C-201. The ~luicing nozzle Vlll.ve is 
closed eJld. supernate is Jetted to the Slu.r~y Accumul.ator. As the liquid 
·1evel in the Accumulo.tor reo.ches a nenr-mo.ximum level, tho Gdditioml 
aupenw.te is jetted f'ran the Accumul.Gtor into the Blend Tc.nks which bnve 
been c~gcd with nitric c.cid. The acidified supernate 1s tro.nsterred to 
the 50,000-go.llon Procoss Pump Tank and held tor blending with subsequent 
charges. 

.,.: ........ •· \ 

' ' 
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3.2 Sluicing a.nd removnl of slud13c 

,_1 1"":• ·· 
J•· ... 

After the sludge hc.s been mcovered, the vnlve to the sluicing nozzle 
is opened end the sluicing operc.tion. is carried out. Supern:.te is used 
in this insumce for both sluicing~ o.s the prime mover of the sludge . 
jet. • . .. 

3.3 Transfer and dissolution ot slm-ry 

Upon- completion of: the sluicing operation, the sludge-laden material 
in the Accumulator is jetted to the Blend. Te.nke tor dissolution in n1 tr:i:c 
acid. A heel is. left _ in the Accwnulator to prime the :P\lillP for supe.rnate 
removal frcm the naxt tank (TK-C-20'2·). The dissolved. material is. pumped 
to the 50,000 gallon Process Pump Tank where it is_ blended with @bsequent 

tg batches until. t~ P:wnp Tank · is tull. Transfer is made to the 241-WR stor-
c:r . age tanks vie. the Ee.et-West underground lines • . 
Cl 
=r-
:;r.;. The· r~ining. tenks (TK-C-202, 203, ~04) · ti.re processed 1n the some 
,"Y";; . 
':'...J mnnner. 

4. Possible Ditficultiee o.nd ne:medics · 
. . 

The d.ES°sign. of the we.ate removal facilities vo.s basod inainly on 
"know-how'' and ass·cmblnges of' equipment bciiovtld capo.blc of doing the job. 
Apart tran tho studius me.de on the prO".,)C.rtil'lS of sludges, aupcrnnt es, a.nd 
slurries· which a.re discussed in Section A of th~s Cho,pter, no closely 
appllcnble development work ws pursued upon which design could -be btl.scd. 

. Perbtlps the singlo most iJnpQrt.mt potential difficulty confronting 
the vo.ste removol operation 1s the:_ plugging o'l lines, nozzl~s,or pumps 
with nodules of 1lllrd sludg1J knovn to be present in thc .undergowid tanks. 
ThQ :fo.ct thc.t these hnrdor mntcric.l.a are soluble in wo.ter, or sodi um 
CD.rbono.tc solutions, will allow the _judicious use of these solubillzing • · 
agents to o.ttempt a. remedy ·fw o.n equipment st~c.ge cc.used by plugging. 
Tho erosive and cor_roeive properties of, the ma.tcrinls hllndled received 
consideration durina dosign. No difficulties ara a.nt1ci~at~d from erosion 
of pipe, since the penetrntion rate ~t the fluid volocitiee encounte~ed 
are sui'f1c1ently iov thc.t the pipe vill outlast the sluicing operation in 
'J.l1Y co.sec.de • . lmportc.nt_ known potential mecha.ni-cc.l ditficulties bnvo 
been precluded whGrcver possib1c in the tl~sign of agitators and pumps by 
the use of propor sea.ls c.nd bee.rings. The ,remodic.l mea&t.\l"eB to.ken for 
tho correction ·of mecho.nical fcil"Urcs will ho.veto be bo.ecd on field 
observrition. 

OECLASS\f\EO 
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Kon•Rad.loacUve. Caulltueata 

Dote 
llole• lt.Jter for ~rnat.ei Mo1e1z~. lor ii~ 

Source of Sample Sampled u Na PO• so. co, 1'103 Bl -----
= 101-T Supt"r,u,te 1•47 0 . 0111 0. 405 O,Ha < 1a·• = 101- T Supt>rnate 1·4T G, Ol:44 .. , .. = · lOl·T Supernate 11-u 0 . 0ZIIZ 3. 09 o. ss 0 , 141 0. 45 O. H = ::r lD.?·T Supernal~ '1··4'1 0.101 o.,s 0. Zll: < 10·• 
':n 
er. 10 · •T Supernate 8•47 0.0911 0 , 304 ~ lC..:•T Sup•rnate U-48 O,OIOl 1 . IZ a.us 0. 171 O. SOT o. 7'11 

~ 103-T SupuMte 'l-47 O,IU 0. 351 0.HO < 10·• 
tr>· JOJ - T Supnnat., 1-n 0 . I0S 0 . 341 

Ul3 •T Sup•rute l••I 0, IU l . SI 0. 111 o.ui 0.111 l , &03 

103- U Supernate z.41 0.014 1.41 0,lOI 0. 115 0 , 33 0 , 31 
10:S·U Superute Z-49 0.0H 1.81 0 , 105 p., .. 0.30 0.31 

IOl• T Sludcel - 17 1·48 o. 471 ..... l.lT 1.n 0, 05 0, 1.t 
IOl • T Slud1et·?! ..... 0.1513 l , T 1.41 D. 13 o. o.t o . u 

101-T S:ud1• 1•31(•} 11·41 0.811 4.5? 1,H o. zo 0. 113 
101-T Sludce 1-.t• 11-11 0.157 1 . 04 l.OT D. 115 D.tn 
101-T Sludp l•l1 11-41 1.53 5.91 o.sos .... 1,11. 

101- T Sludce 0 - l'(b) u-u 1.0 1. 5'1 0 ,110 O. OI 4. U 
lOl·T Sludc• O• Bottora u-u 1. ss 1 , H 0 ,11 .... 4. 31 

101- u S1uct1• 1-4' Z-41 1. 311 5 . 51 0 , H 0.0111 , . oz t.03 
lOl· U !a!Jdte 1-31 Z-41 1. 11 4 . 01 o.u 0,0114 1, 11 0 . 15 
101-U Shad1• 1-1' '1" 1.41 ·1.1s ILH G. llil 0.0ZII l. 10 0.H 

101 - U Slud1e 0- 31 1•41 1, 11 4 , 10 o.u 0, 0311 o.u 0,03 

101- U Sludp l·l" 1·41 0. 441 4. 14 l,tS O. OIU I.II 0,05 
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Upnd: 

<•l 1 • lni.t a• mple; dhn .. a.lon la dapt.11 al aample mea• ur-«t tram bottom at tank. 

(b) 0- OUtlet Hmple; dt&H• lon U deptb of •ample meQUT...t from bottom al tau. 

~-- . --
. ' 
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COMPOSITION or URAlfflJll WASTES IN UNOE'RGROUND STORAGE ·T.unc.s 
lou.rce of 0.1&1 H\W•l4151 

Radioactive Con• Utv.•nt• 
Count. 11111. Ml • ...... rnatu• Comta Min . .. 

MolllaUo Orou G.roaa ro•a ... 
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1.U • 10
5 
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'·" • 10

4 
S. 011 • 10
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Al~ SlmpaDil. proportional couater. az,, pometry. 
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FIGURED - 2 

VARIATION IN SLUDGE COMPOSITION WITH DEPTH 
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Figure II-3 

SOLUBILITY OF SLUDGE COMPONENTS 
SOLUBILITY OF N04 U02(CO,)3. 

EFFECT OF TEMPERATURE Ef OTHER IONS 
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Figure lI· 4 
DISSOLUTION OF SLUDGE FROM INCUBATED 

SIMULATED WASTE 

RUN N1 3 AT ROOM TEMPERATURE 
Incubation : Source of Data : INOC-3681 
34 Days ot so• c. 
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I VISCOSITY OF SUPERNATE AS A FUNCTION I 
' OF TEMPERATURE I n 
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SUPERNATE AS A FUNCTION OF TEMPERATURE 
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Figure II -7 

APPARENT D:l;SSITY OF SI?-1UIATED !~:STAL WAST.B SLURRIE~ 
E:'F3CT OF SOLIDS CO~tCE1-c"TF.ATION 

(:1£..ta :ro~ ~i-18367) 
Material: Su:pernate and sl~e froo simulated cetal waste 

(initial cottoosition; c.29 M Ul:H, o.40 M ?IaP04. 0.2'i H . ,,. - - _,_ 
N.:!S04, 0.07 M !1aCO~. 0.lo M KaNo3• O.'~h :.! NaHCIJ,), 
incubated, 6 ;onths· at 60 !-50 c. ·· -

Legend: 
250 @ c. 

X 4oo c. 
~ 65° c. 

- . ···-- -· ... -- ~ -
·-· ~ 

1.·4 

3: 

I! 
I 

~ 
l.l 

-. 

1.0 
0 10 20 3 0 4o 5 0 

Sludge Concentration, Volume Per Cent 

DECLASSIFIED 

0 



-~ 

Figure II-8 

APPAIGtr':' V!SCOSI~Y OF SY:rTffi:TIC !-mrAL 1,iAS':'::: Sltra3.I!S 
m'SCT O? v:::LOCITY I~ PI?.£5 

(Data fro~ HW-17775) 

Test Methol: Fi~eline visco~ete~. Apparent viscJsitics we~e 
calcO:.:ated fro:c pressure dl"O!J versus velocit:r ::2-ta. 1 u.sil'\€ 
a Reynolds ~ro. curve '!)re;-ared from s1.zperna.te ca11·::ratio:1 
da.!a, and assuming the su:pernate to have a co~stant 
viscosity of 1.77 centi~oises. 

Material: S'1%:)er..ate and slu.d.;;e fro.:i sit1ul.a.tec. netel ~\faste 
( ini tia:!. co~osi tion; O. 29 ~ U'.JE, o.l!c ~ :~a.POL:., o. 25 z.: 
?TaSOu., 0.97 M :race~, 0.16 M NeUC-:, 0.34 M !Ta:!CO~), 
incubated 4 ionths~at SO !-5° c.- - · 
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PART II: PROCESS, continued 
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A • ACIDIP'ICA'l'IOB 

l~ Generel 

<llAPl'ER III • FEED PBEP.ARATION 

Approz1mately 23 million gallona of waste eontainillg 5900 tone at 
urenim metal will haff been occumulated as at January l, 19'2, in the 
Underground Storage 'l'enka of the Bismuth Phoephate. Plant ·. Originally 
higbl.y- acidic, the1e Yll• tea baw been neutralized with NaOH and Na2C03, 
and during the · 1ub•equent period ot storage they have formed cC)'llpleX pre­
cipitates ot sodium urtuiyl earbcmate1 and phosphates, which have been de­
posited · in strata as a ~ction ot their relative solubilitiee. A ducus­
aion ot the ·origin, nature, and characteristics of these stored uranium 
waatea 1s presented in Cbepter II, 

In the proceaa ot re110v1Dg .the waste from underground etorese (pro­
cedure. diacuaeed also 1n Cbepter II). the sl~ and the supernatant 
liquid are mind to form a alurr,r or euepension representing as closely 
as possible hanopnization ot tbe contents at each tank cascade. This 
slurry 1a treated with So per cent nitric acid to dissolve the solida and 
produce a homogeneous solution, which Ull!lY then be used directl.7 as the 
aqueoua uranim teed to the. 1ol-vent-ertract1on bettery, or •Y be concen­
trated and turtber treated es desired. 

The atipulated tl0¥8beet cand1tions, e.g., F.lo\1she.et TBP-BW No. 4, 
are idealized coarpositicma repres•nting sludge. and supernate slurried 1n 
the· ratio 1n vhich they enst 1n the thderg:round storage 'Janka. (Tlle 
over-all sludge-to-supenMtte volume ratio is estiDlllted to be· about l to 

· 7). In actual practice, the compoeitions available 1111y very between the 
limita ·otall sludge to all 1upernate, depending upon the aucce• B of tho 
sluicing operation 1n the h0110genization of the liquid and solid pba•es. 
In the event it beccmee necessary- to use veter as the sluicing agent, feed 
1treams f'or the actdification procedure vill then consist of (a) aupernate, 
and (b) vater-·slUrried sludge. 

The following table presents the canpositiona (before acidification) 
of (a) sludge, (b) aupernate; am ( c) slurried sludge and supernate com­
bined 1n the proportion necessary- to 1'19et f'loweheet specUicetiona. The 
sludge presented 1n this table ·11 ·• mi,terial of high density (ca. 2.6 
·g./cu.- cm.), which when d.urried with supernate 1n the ratio at l volume 
at Bludse to 15.7 volumes of' supol'mlte, sives the combi.Ded compoeition, 
es shown. It is recognized that. eppreciablo de\fiations from these com­
positions will. be encountered 1n individual tepka (and cascades) as a 
rosult at' dit1'erencea 1n aging periods as well as the altoretiona 1n the 
b181111lth phoapbate proceaa flowaheets which haw been made from tima to 
tilllB, and which ha-.e thua offocted conosponding changes 1n the waste 
composition. (Seo Cbepter II tar 1110re comploto infarDtion,) 
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' Composition of Slurry, Sl'!!fje, and S3:Wernate 
Before Acidi1'1cation 

Combined 
Sludge and Supernate 

M ~l G.i.Lb./Ge.l. M 
su71nmte · 
d.L Lb .-/Ga1. ~ 

0.26 61.9 0.52· o.08 1.9;0 o.16 3.1 . 
3.93 90.4 0 •. 75 3.33 76.6 o:.64- 13.4 

;.0.25 23.7 0.20 0:.20 19 .. 0 . 0.16 . 1.0 
0.25 24.o 0.20 0.26 25.0 0.21 0.1 
0.70 43.0 0.36 o.49 · 29.3 0.24- 4.o 
o.66 40.9 0.34 o.85 52.7 o.44 6.3 
0.02 0.7 0.01 0.02 o.88 0.01 

*Estimated density of 2.63 g./~u. cm. 

~* G.I,.Lb • /Ga1. 

733 6.ll. 
307 2.56 

95 0.79 
13 O.ll. 

241 2.01 
391 3.26 

The aciditication step my be nccomplished either by the addition o~ 
acid to the &lurry (the direct strike), or the: addition ot slurry to the 
acid ( the reverse strike) • For reesons explained Ullder A4, below, the 
reverse strike was selected for the ac1d1!icat1on procedure. 

A tabulation of the composition of acidified teed 1s presented below 
as a function of the type ot uranium waste being processed.. The compo­
sitions are · based on acidii"ication W'ith. 60-per cent BN03 to produce a 
:tillal solution conta:fn1ng 2.01 M ~. The m:iount of nitric acid required 
is based on the absence ot hydroi;y-1 ions or be.sic salts in the ·original 
wste. 

Component 

u 
Na+ 
P04-3 
so4-2 
wo­
c13 
n+ 
Free 
IIN03 
Titre.• 
to.ble 
llN03 

Average COJil,POSition 
Ot Slurry, Sludge; and Superno.te After Acidification 

Combined 
Sludge and Supernate esp-:) 
0 . 20 47.0 
3.00 69.0 
0.19 18.0 
0.19 18.2 
3.59 226 
0.017 0.6 
2.01 2.01 

1.06 66.8 

1.&2 115 

o.4o 
0.58 
0.15 
0.15 
1.88 
0.005 
0.017 

0.56 

0.96 

* Su:rte 
M 0: Lb./Ge.l. 

O.l.4 33.3' 0.28 
5. 72 132 1.10 
0.34 32.3 0.27 
o.~ 42.2 0.35 
5.14 319 2.65 
0.034 1.21 0-.01 
2.01 2.01 0.017 

O.ll 6.93 0.06 

1.67 105 0.87 
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Water Sl~ied 

~e !1 . G.L. Lb. /Ge.J.:. • . 

0.38 90.4 - 0.75 
1.66 38.2 0.32 
0.12 u.4 0.095 
0.01 1.15 0.01 
3.78 234 1.95 -- -- ... 
2.01 2.01 0.017 

1.63 103 o.86 

1.89 119 0.99 

--
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*) Acidit1ed to-l.O Mir+ f'ollowed by e. two-.:fold coneontration · (to 
0.14· !<tr) · to··penidt a higher production mte. · This represents the 

· mximum degree ot· coricentration possible since t'urther evaporation 
produces e. solid phase. (See Cbnpter IV •. ) 

..,.) Slurried vith water to give a uranium concentra.tion of 0.50 M betore 
o.ciditieatioii~:-- Although not neceucr.11y the opt:ll:ium teed compo,. 
sition, thiif·represents nn s:ttaimble and d.esimble teed. The mz1,. 
mum u,raniuc cQncentrntion permissible v1ll b& determined l aolu­
bil.ity relationships which have- not ~en defined tor U:P04 rntioe 
tbtlt _a.re sigp.1!1cant.11'. sreater or leSB than unity.. (See Chapter IV. ) 

' . 
'l'he three cOl!lltonly- used methods ot expressing the acidity of dissolved 

~um. wo.ste are d.etilled as follows; · 

(a.) 

(b) 

('c) 

n+ 1s the total hydrogen ion concentration 1n solution, with 
M103,. :f½S04,. .~ ~P04 conaidered as being 100 per cent ionized. 

Free Blf0,1 . ~s t _he total hydrOG8?1 ion ooncentre.t1on·,. less twice the 
sultate l1nd three times, tlle phoephe.te concentration, and is baaed 
on ,the :tollowinG compounds 1n solution: 

RN03, ~SOJ.., H3PC>r., NaN03, and uo2(N03)2· 

Titratable Im01 is the total bydroSen ion concentration, lesa 
. the phoapbate i:!OllCentration, and is based on the f'olloring 

compound.a 1n eolut1ol· : 

BROy N"':2S°'4., Na
2
HP04, NeN03, and U02 (N0

3
)
2 

• 

. 2. Stoichianetrz 
;:-. 

Tbe 'molecular species ·existii::ig in the sludge e.re largely' canpla 
sodium \ll"anyl phosphates and ccrbonates. The foUCNin« typice.l reactions 
occur- on acidification: 

(a) Na4~(~03)3:+. 6BN03 ~ '4Ue.N03 + U°'2(N03)2 +}~O + 3C02 

(b) NaIJQ2P04 + 3BN03 - Na.N0
3 

+ uo2 (N03)2 . + n
3
P04• 

The nitric acid required (on the ba.ais of these reactions) and the 
amounts at CO2 evolved o.re preeeJlted 1n the_following table as n f!unc'tion 
ot the type or uranium waste beinG processed. The de.ta. o.re baaed on the 
recovery . ot 10 ehort tons of'· uranium per 24.hour d.o.y. The slurry diasolu• 
tion rate correspoms to 52· patmds o:r uranium per tlinUte, this vnlue being 
derived fran the hCIClogenized slurry a.ddition l'O.te to the Blend Tank at" 100 
gal.lone per minute. The final acidity 1e 2.01 Mn+ ~~r the resultant solu­
tion O't slurry o.nd wter-slurried sludge, and 1.0 ~ II tor the eupe~. 
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m«:)3 Bequire1DSnts end co2 Evolution 

1'ype of Uranium Waste Processed 

Rete- ~ l"eed Add1.tion, · 
Ga 1. /Min. · ~ar S .4. Hr .. /Dir. . 
Amount ar ·Sa,, HN0s Required 
per Dey, Gf!llons. 

C~ :holution During- Feed 
Addition. (Reverse- Strike), 
cu . J't./Min • . 

Slun-y . 
(0.26 ~ U) 

100 

12,500 

230 

SuperMte ·. 
(O.o8 ~ U) 

325 

20,500 

520 

' 

Wster-Slurri-ed 
Sludge 

( ¢ .50 M U) 

52 

6,000 

1.10 

The.: avolution of. ~ 1a unU'Qrlll under reverse strike conditions, but at 
tha same sltlr?!T. ·diasoiution rate under direct. strike conditions c~ 
a'V-Olution rt,e·chee-a ~k which. is estim:ted to be three times as high(!3f. 

- ·.'fl!~ ~t· ~~ ~~~1cation ot aJ;urry (7-to-l supernate-to~ 
el.udge-. volf,!~)r.atj.'.).-}t is about 13 gram-celoriea par gram at Sl.Ul'l"Y

0 
or· 23..lt. 

B.t..u./lb. _, · • This correspande. to- a- tempera..tur&. increase of 16 c .. under 
adiabatic cOl!d:tt:Lons- J • • 

.. . -.. 

4 ."'· Ml!thods-~ Ac!ctttum· am Course-. or Physical. Cba™5ea 

.:-As pre'ri.owrly- sta~, tvo: -tbods at aeid addit:to:n' were cons.:1.dered 
which vere: (a.). tha -dimct .atrille (addition:: a£. acid to the slurry), and: -
(b} tbll!t reverse-· atrllrlt. (ad41t1on c4 slurry to: tbe acid) • The serious. 
d'1.aadvantagea ~ - tha d1ffct. atr1lm are . (a)' the :tormti~ or a ; highly" 
viscous 1Dtermdiate state,. (bl the high. p,ak evolution of CO2 , am: · (c) 
a:ceu:1,• ·~.;;..-: flittt: UDlteat'iial:U& c0Dditi.cma-are avoided 1n tbe re-­
ver.M atrilia'~. ~ ._. ~ a&lected aa the opt:f.mum. · oper.ating 

----- - -----
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shown in Figure m-1. PrecipitD.tion of the urc.niun boeins at n pt! ot 9 
c.IJd results 1n a high.fy viscous suspension at a pII of l. The sbnrp break 
~h:l.ch occurs between the pH l.icits of l to 4 has 'been proposed as f ,up-

. plm:cntQl t1athod for controlling the finnl o.cidity of the solution 6 • 
Under reverse strike- conditions,. tbe solution rei:n1ns acid throughout the 
d1ss_olut1on period, decree.sing :f'rOC1 the ori{;innl 13 M (~) to 1.06 M 
tree m103. . - -

4 • 3 J' co.pil?fi 

Foo:oing is slicht under reverse strike conditions. At a slurry 
addition re.ta of 100 c,il./(c.tn.)(sq.tt.) ot a.cid surface area, the focm 
height is less than one ineh ll3). In contrast, on ro.pid addition of 
acid to slurry, the resultina J:lixture increases to 7 to _10 tiJ:lea its 
origiml volume o.s a result of fooo formtion. 

5. Method of Control 

5.l Introduction 

The dissolving step is so controlled thnt the · resultant toed solution 
for. the Bl. system cxb.ibits the i:eximum ate.bility vith the mnimn:l excess 
o.cid content. Too low o.n acidity (1.e., the addition ot too I:lUCh slurry 
to. c. given volume ot 60 per cent mro1 ) results in a. solution from which 
precipitates v1ll be :f'ormed c.s o. function of tice depandilJG upon the 
~1Ml nc~dity, e,.g.,. sl~ _ncidified to 1.8 J:1 r( is s:table only for a 
period 01 about 12 deya{l5J. Since· rnc1lltiea exist nt the 241-WR Diver• 
sion Ve.ult; end in the TBP· Pl.Bnt . (Building 221-U) for the detection and 

. adjustment o~ the a.cidtty, it is essentioJ. only that sutf1c1ent mro~ be 
·. ;-present during the initial acidification to cainto.in a. stable sclutlon 

ror the period o-r transfer :troc the Blend 'l'anks to the 241-WR Di version 
.Vault. On tho other hand, the uee o:f' excessive at1ounts ot acid (greater 
than the final 2 !! Ir" concentration required. to Bi,ve an indetinitely stable 

· •,~ '. solution) is econancally undesirable and has· also been shown to be un­
llecessary :tran both tho chemical and aperatiotlal. standpoints., 

... ... 
! . 
..... .. 5.2 Turbidity 

A turbidimetric method is used to control tho final acidity of the 
solution. · The ro.to of dissolution under reverse strike conditions is 
very rapid, and thus the change from c. sil:)glQ to a. two-pbo.se system at 
the end point pe?'Jlli.ts a. J:1Cthod of conti-ol (I7 J • Slurr,r is added to the 
cc1d in the Blend Tank until the forcation of c pcrmenent precipitate 
1a 1nd.1ca.ted by 11 turbidil:letor. The suspension is then back-titrated 
with ~nough mro3 to dissolve tho solids, and aupel'll&~ am HN03 are 
e.ddod,. if required, to o.dJust tho solution to the desired urnnl\D:l con­
contra.tion (0.18 M, denaitJ • 1.26 G•/cu. CD..). At the title of this 
vritin(;, 1ncaJP°lete .dntc. a.re a.vnilAble· as to the rela.tive ot1owxts of acid 
e.nd slurry :cecesaary to produce-the required turbidity as B function ot 
slurry eompoaition; however, tho do.ta. a.vo.ilable 1nclico.tc tbo.t o. so.tistac .. 
toey decree of control is possible. 

. ·J£1 DECLASSIFI.ED -
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Jul.. alternat1~• method~ cc:mtrol. is proVided Yith t~ inclusion ot 
:p1i electro.des in the Blend Tank, 1n addition to the turbidimeter. In 
the procedure emplcyillg pH control, slurry. is added to the acid iu tbe 
Blend Tank until the sharp increase in pH, occurring between pH l and . 
pH 4, is noted (see Figure III-l). Nitric acid is then aq,ded in an 
amount required to ·produce a feed cotitaini:ng 2.01 ~ n+. (Appronmately­
oae gallon of ~ BN03 1s required for· every five gallons of Blend Tank 
solution .to produce the desire.d ecidiey- starting vith a. pR or opproXi­
matel.y l.} The density at the solution is determined, and: acid and 
supernata are added, 1:£ necessar.y, to adjust the solution to the desired 
uranium. concentration. Tbe maJor disadvantage of this. method 1s tbe 
questionable reliability and reproducibility of the readings obtained 
with the gll.ass electrode in highly radioactive solutions, and in tbs 
presence of the suspended solids encountered near the end point. ( 2)(9)(17)· 

5.4 Laborat217 control 

Control. of the dissolution by means of laboratory analytical results 
is :t'eas1ble but undesirable because the time required for the analyses 
would cons1derebly extend the time cycle beyond that fixed for this step 
by process design. Although more time constmr.ing than the turbidity and 

__ pH metbods described in A5 .2 and 5 .3 above, the following analyti cal 
controI metbod. may be used to monitor sl'UlTY' dissolution. The t otal 
amount ·~t. ~ BN03 required to produce the pi-oper batch size is pumped 
into the Blend Tank. After al'Pl"Oximately bflli the sl.urr.r expected to be 
needed is added to the B1103, the Blend Tank ie sampled. From the uranium 
and BN03 analyses on the sample the volt"'\e of slurry which must be added 
to produce the required feed composition my be calculated. 

l, General 

The. aci~ied teed solution is very dilute in uranium. The exact 
cCl!JllX)sd.tion 'lle.yvary between vide limits (probably between 0.03 ond 0.7 
M)~OJ, de1)6nding upon the supernete-to-sludge ratio and the perticular 
Underground' Sto111ge Tank cascade tram which the nmteriol be1:ig processed 
ori.81nctes. Ultimately, the "bot" aqueous we.ates from which uronium has ·· 
been removed must be restored undergroulld. To occompl.1sh this operation 
in tbs most ecOllOIDical JJPmier, concentration ot the aqueous waste etrefllll 
is a virtu&ll necessity 1n order to avoid the ecoucmically disodventsgeous 
situct:Lou· ot requiring more storage ccp:icity tban ms been mde owiioble 
by removal ot uroniuzn .. bearing miterial trom the Underground Storoije Tflnks. 

TBP-J';o ~t~ ~!d ~BW1;~~c;f~)~r~1:::!8:u ~~~:. 7=~~ts 
concentration ot the dilute urcn1um teed stremll with the remci~r of the 
volume reduction occanpllsbed by concentration of the neutrali;ed.. o.queous 
"'1ste stream is· shaw by TBP-RW No. 4. An equivalent over-oU volume 
reduction occanplished entirel:, by concentrating the neutralised aqueous 
wste streom is show b)r TBP-BW No. 5. Tbe conditions specified in 
'l'BP-BW -~;nvolve the advantages ot reduced volumes to be. bClndled in 
the ste~equent to teed concentration, ond _aamevbDt mo~ e:tf1cient 
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solvent-extrnction column operation as a result o-r o.bout 10 per cent hiE;h• 
er nitric o.cid concentretion in the RA Colw:m. The :f'eed concentro.tion 
equipment design is based on the 'l!BP•IlW No; 4 Flowshaet, 'boco.use this 
represents a more conserV'll.t1ve o.pp~h •. It 1~ o.lso possible to operate 
tho pl.nnt on the ba.sis of' the m>:..nw No. 5 Flowshoet. 

, , 

. It should be empbD.sized thc.t the T.BP-:aw No. 4 nnd · No. 5 Fl'ows~s 
represent idealized conditions for a design basis. In actunl opemtion 
the superm:.te-to-sludec rntio my 'VfJZ'7 videly f'rom day to day, resultin{; 
in o: f'luctuatinc teed strcm:i. composition. Uowever, both the process and 
equ.ipme_nt are sutticicntly flexibl;e to handle o.n:, · rntio trcm 100 per cent 
sup·erno.te to 100 per cent slude;e with appropriate changes to :RA Column 
flow rotes and to f'eed acidity. 

The succeeding discussion is based upon the TBP-HW No. 4 Design Flow• 
sheet conditions. Methods ot handling variations trom this idealized case 
are presented 1n Subsection D2. 

2 •. Solubility Limitations 

The solubility relationships of the dissolved salts in the dilute 
uranium teed ·solution impose a definite llmitation upon the degree of cm­
ceutration_ which can be attained without solids precipitation • . Reterence 

· is made to· Chapter IV far· a. discussion of the properties of uraeyl nitrate 
so1utions containing nttric acid and sodium, su.l.:tate, phosphate, and 

·n1trate _ions; the effect. ot degree or ·teed solution concentration upon RA 
ColUDlll operation is a1so discussed in Chapter IV. 

· As discussed in Section A, above, the hydrogen ion concentration 
· (free hydrogen ion or hydrogen associated vith s·alt radicals) in dilute 
.uranium feed solution is such (about 2 'H) that_ all salts are in solution 
at rOClll temperature. The component of the solution nearest to a satura­
tion concentration at '11\P•BW No. 4 cmttions is a ~l hydrogen phos­
phate (believed to be u:o~4 ..l~~o) ! During vol'I.Ul18 reduction of the 
so.lution by evaporation, U~HP04.4~0 becomes less saturated in the solu• 
tion because of an increase in conce~ration ot the hydrogen ion ( up to 
abolrt 3 J:!). U the acidity were -increased above that shown on TBP-BW No. 4 
by additional. concentration,. sodium nitrate would eventually reach its 
solubility limit. However, aa discussed in Subsection 3, below, the cor­
rosion problem nay make it impossible to concentrate to acidities greater 
than about 5 to 6 ~. 

The se.lt (U°'2)3(P04)2 exhibits retrograde solubility characteristics, 
1..e., thP. solubility decreases with increc.sing temperature. All evidence 
to date indicates that solid phase t'ormation during concentration will ~ot 
'be caused by the tormation or the retrograde soluble salt (uo2 )3(P04)2. ll5) 

Other canponents of the feed solution (principally s04•) vill prob­
ably otter no important solubility l1lllitations to feed cr.ncentration, as 
cairpared to uran.y-1 -phosphate or sodium. nitre.te. 

& .-~'/:~ ................. 
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3- CorrosionLimitatiorut-

In addition to the limitations on degree of feed concentration 
imposed by solubility relationships, another practical limitation, 
corrosion of components of the Concentrator, exists. Stainless steel 
is corroded rather rapidly by the chloride ion. The ettec.t. increases 
vith increasing temperature,. chloride ion concentration, and nitr ic acid. 
concentration. The concentration o-r. the chloride. ion in the uranium 

· · wastes stored ulld.ergrOWJd bas. been determined to be fr0111 . 0. 5 to. 0. 8 
. . gram.jii~r.,. result'illg tram impuri.ties ·if process chemicals (chiefly in 

. sod.1~ :~de. ~ sodium carbonate,)-. l14J - , _ 
• : ~ l 

Under the concentration conditions specified in the 'l!BP-RW No. 4. 
Flowsheet,, the expected corrosion rates on the 3093 Cb tub~s ~ shell 

• . ~ the Concentrator are .on the order of l to :10 mi'ls/yea.r. (16) These 
· corrosion rates are .-not excess.ive, especially in view. of the short-term , 

_nature: ot the plant • . If acid concentration or chloride content vere to 
increase by a . factor of 2 or .3r the corrosi,on o:e the Conc.entrator might 
be :exc,essive under the operating. e;onditions employed .... 

C:. CLABIP'ICATION 

It is probable that sane undissolved solids \till· be present in the 
::ac-idiried ·uranium• :feed solution. The :.solids. will most likely consist 

, ., .. , · .. O'J:.· such :foreign.material:s as sand,, cpncrete,. bits o~ .glass-,. and larger· 
-- ·~ie~ar. such~ :pR electrodes.,, that may hav~ boe11 dropped into the -- tanks 

-. during~~ of' the.,'\ank contents .. 
0 • 0M 

.. . ,,,. :,·.• ~ All ~eed: .soluti~ -must ~ss:. thrOl.lgh. per:eorated plates .. in the sol­
vent-~on: pulse .C olumna. (See · Cha.ptera V and XV. for a desc~iption. 
~ the. equ:lpient .. ) The holes in the plates are l/8 inch in diameter, 

.. . •and.:the:,.-ue. sel.t;..purging. to .a.. .degree (due to .li~d velocity and cyclic 
- · ,. rffersai'. ~ .direction., of ·flow tlirough .tho. holes).;. nevertheless, an upper 

..11m1t. . '?!1- solid$ .. ~icle.- sj,ze . is imposed. . to. pr.event.- plugging the hoies .. 

:,-., . >-:· .. ::.:1~~t.ion·:may.1Mt ~ed. upon to accomplish vhat gross partic.J.:e. 
~---,•· .. _ ·l!elimai~ 1:s · requ1.red • . A. 40-inch. Bird CentrUuge. (similar to those used 
:: :'., .. : . #t-, ~ Bi~h... Phospbate :Pl,.ants) is · provided for . each. of. the two · paral­

···.n •. :tel:. prooesq1Ilg: line~... !lbe.:,c~rif\lge is . descfibed in Chapter. XVI. . It. 
1~·;-,ma.:r. operq:ta: _. a~. oith~i;:, 1'740:-re~ .. /min.,. prod~cing a , peripheral force o't 
· : .,.: 1.130- times gra.vi:ty·, . ar. . 87!J:~re<r ./min •. ,. producing a peripheral torce.,.of 

. : : . ~,> ~3~;_ ~~ grarltr .. · At:. the . "."'ff!1nal." feed f1ow rate ot 13 gal. /min.. , 
:\,r :. ~ each; C~rU'.Uge '.r~ · )loldup tilDe of liqui4• in. the ~owl . is . about 

~··::. J i.H . :tJJ!d~J¥.•'!:: _-.~ residence• :t;ime: .. µ .. sutficient . to. remove an;y:. particl.es 
.. ;:(i,. . ;~~~~.~ .. int:e#,~ .. 'ldth,. .c:(IJUmJ? Qper&tion • .. Righ solution, clarity 

.· - ·.n!?t.)·>: ~~a~~',1fr~ ~ .J:t .~~.~c.e.s~~ -r~. _the T.BP process. •. ... · . · . 

. · ,;;~;~.~~:~~1'.~~:: ~:;•:;:t;·~c,~ia~~~ t ·:·.: ~; ·~·,·;" .. : .:·:. -... , : ·.~ ~:. ·, .· 
... , ' __... '4.,.,A:f#.:Ht~-::i(H)- ,_;,l-1JT ·.:: • 1::-;:r'·.f'<•.>~~i-,.~. , '' :i ·~, - .. r. ·. .: I ~·- • · ••- - , 
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D. PROCEOUBE 

1. NOl't:181 Procedure 

l.l General 

310 

DECLASSIFIED ··· 

The norml operating :procedure· described here ia baaed:~ the 
stream !lows and coopositione ·1Jldicated in Chem.cal 1loweheet 'l'B,P.BW Bo. 4 
( presented 1n Chapter I) · end upon the· procedure a implied b)' the engineera ' 
f:!.ow sketches of the uranium •waste reDOflll operation ( Chapter II) and at 
tl·.e tU"Bnium recovery process (Chapter VI). 

It is recognized that urenium feed atreem compoaitiona V1ll very con­
_siderebly ·from ~ arbitrary norm!:J: as detined above, With a resultant 
variance · 1n the volumes involved tor a given production rate (no!'lllll.y 10 
tons uranium/day, instantaneous rate). Boveffr, with tew exceptions teed 
preparation procedures rems in the ·same. Vari.et ions trom nonal procedures 
caused by non-uniformity · ot :reed solution compositions are diecusaed 1n 
Subsection D2. 

l.2 Acidification 

. A• discussed in Chapter II, a total ot ~our slurry accumulation• 
acid1i'icat1on tank groups ere · provided tor procesaing the slurry removed 
trom the fOUl"' Underground We.ate Tank J'arms. The following diaouasicm 
applies to the equipment aa•ociated witb the 241-U Tank J'arm, but the 
general procedure description applies equally weU to other ':rank :ral'IIII · 
end their associated equipnent. The :t'ollowing diacuasion is baaed on the 
engineers I flow sketch on uranium veate• remowl in Chapter II. 

. Atter the contents of the Slurr)" Accumulator, TK-tlR••OOl, · have been 
recycled tbroush a 241-U cascade until. the uranium c0J1Centration baa 
reached 7' to 100 grams /11 ter aa described 1n Chapter II, about 5000 
gel. of slurry are Jetted trom 'l'K-UB-001 into about 3000 gal. ot 601, 
n1tr1o acid 1n ODe at the two Blend Tanks, TK-UR-002 or 'l'X-OR-003, depend­
ing upon which is available at the time. The qmntitiea quoted are baaed 
upon 5 short tone uraru.m/day since it 1• assumed that 5 additicmal toM/ 
day wiil enter the processing eyetmr from one at the other Underground 
Storeso Area• (241-B, 2i.1-c, or 241-T). An interlock between the Blend 
Tank agitator 'IDOtor circuit end tho slurry transfer jets in the Slurry 
Accumulator prevents aJ.urry transfer unleaa tlie Blend Tank agitator is 1n 
operation. ·eool.ing water is routed through the Blend Tank coil during 
slurry addition. About· 100 per cent treeboard 1s dintained in the· Blend 
Tanke to provide copacity tor contai.niDg the f'oem evolved during the dia­
solutian of the solids· from tho slurry. About 2000 gel. of clear, homo­
genized su.pern,tte is ad.dad t%'091l one of' the Underground Tanll:a being pro­
cessed to the sol1ttion 1n the Blend Tank to adJuat the uranium concentra­
tion -to the average '96lue of about li-5 greu/liter. This concentration 
figure, as well as the quantity at eupernate added, my vary considerably. 
In some inatances, Blend Tank aampliDS may be required to determine the 
am.cunt or a~rnat.e vhich is to be added. 
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The contents or the Blend Tank are pumped to the Feed Recei ver Tank, --? 
TK-WR-005, located in the 241-WR Diversion Station. This vessel (50,.000 
gaJ.. cape.city) has about J. ... 1./2 to 2 days capacity (5 ton be.sis) of 
acidified solution. (A duplicate Feed Receiver, TIC-WR-003, normally re­
ceiving n-om the 200-E Area cascades,, b.Bs the same capacity.) Acidified 
solution is normally batched from. the Feed Receiver to the Feed Sampler, 
TK•WR-004, where inventory is accomplished., and thence pumped into one 
of two Feed Receivers, TK-3-1, TK-3-6, in the 221-U Building. 

'·-· 

\ 

· f . 
·t'1~?; 

. All of the four process feed vessels (two Feed :Receiver Tanke, "\'(r-· 
. TK-wR-003 and 005 ~ and two Feed Samplers, TK-WR-00'2 and 004) in the 241-WR . 
Diver~ionStation. either are or can readily be interconnected; therefore~ 
a great deal of f'l.e.xibility as to routing of process feed solution is 
available in the Diversion Station. Each. vessel in the Diversion Station 
is provided Yi.th chemical addition lines '!err adjustment of solution con­
centrations~ if' required. 

.1..3 . Feed. concentration 

Each at the : tvo ll'eed Receivers, TK'~3-l a%ld TK-3-6; in the 221-U Build~ 
-1.na· contains, enough acidif'ied . uranium solution to provide 10 hours of 
apemting time at the rate ot 5 tans/day. (Since each receiver normally-

. _serves d.Up.licate processing lines continuously,_ a net production rate or 
lO tons of uranium per day is attained.) For purposes of'. this: discussion,. 

· ~ one-~ the duplicate teed concentration systems is described . In the 
tcllov1:ng discussion reference is ·made to. the engineers' f1ov sketch 
(Chapter VI), at. tha-uranium recovery process. 

. . . 

Dilute uranitm:t solution is continuOlJSl.y pumped f'ran Feed Receiver 
"A",. 'l!C-3-1.,. to .the Concentrator Feed. Tank, 'l'K-6-6,. at the rate ot about 
19 ge.l.. /mizJ... The ezact flow is · controlled. by the liquid level 1n the 
Concentrator :lead,· Tank. The solution is continuous·l.y pumped from the 
Concentrator :r~·1'ank to a Iong-tube evaporator, Concentrator E-6-1, 1n 
the same, cell,, a..t. a. ncu1nal rate of' 19 gal../rrdn. The Concentrator b~oms 

.. ,._.cverfi.ov into the Feed. Cool.er, TK-6-2 , . at t!\ · rate regulated· . by weight -
.tactor. 1natrumeutatian cm .the Concentra.tor so that a unUorm ef"f'ec.tive 
. Uquid level. esis:ta in the Concentrator, OYerheeds :f"rom the Concentrator 

. · are de-entrained. in. the- ve.por Sil&Ce ot the• Concent\"Ettor and then routed 
: · • '

1 

· into. a bubble-cap Stripping Column,. . T-6-4,. 1lhere' nitric aeid is scrubbed. 
:n-cm the: vapor (and: further deconto.m:tmtion. of the vapor is attained)· 
by._~ water: refiux added. at a manually-controlled. rate (3 gal./min., naai.­
mlly} tQ. the; top plate., The. ~id serubbed: from the Concentrator over­
~a; :·1n ~ ·stripping 9o.l:t.1!mr rejoins: the concentrated f'eed solution in 

... , . .., . the. lr~ Cool.el: . ..- • The. acid-tl!ee vapors are· cOZJd.ensed in Condenser l!l.-6-5 
··: ~.:: · .a.m: rQ'atod out .. CYr.· the, .221.-U Building to- one. ot. three- Comensa.te Receiver­

_: .i · ;; T~;_,'lX~...007r. 008.,, ·Uld. ~,. 1n~-the 241-wR Diversion Station. f'~ · 
. >. t ~~-to-cribs- U decontnm:lne:tion. tolermlCes:. are met. (See 
: ; : : ,: C¥~~ .. nrJ tor.- &:,_di.scueaioo• c¢. the . cribbable waste problem .. ) 

. Steam now,: rate to-: the· Con~~re.tor 1s controlled. by the rate ~ - . 
• :teed f".l:cnr to that· Concentra~ar in C'0?1.f'ol'mBDCe vi.th the degree of' concen-

, . trat1:cm- desired (abalt- 30 per· cant naninally) •· . . 
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Partial cooling ot the concentrated teed stream is effected 1n the 
Feed Cooler, but this vessel serves chiefly as a pump .. out tank to the 
Concentrated Feed Receiver, TK-6-7, located in another cell. Concentrated 
feed is continuously pumped there at a nomiml rate at 13 gal./min., but 
the exact rate is controlled by the liquid level of the ll'eed Cooler. 

1.4 Feed centrUUgation 

The Concentrated Feed Recei-..er, Tlt-6-7, alao: eerws as a feed tank 
tor the Centrifuge, G-14-1. The CentrUuge 1•· described 1n detail in 
Chapter XVI. · Uranium solution is pumped to the Centrituge at a nominal 
rate of 13 gal./min. Since hold\lll time in the centrii"uge bowl, at this 
rate, is only on the order ot 5 minutes, the Centrttuge rotates at its 
menmum speed ( 1740 rev. /min.) to produce a torce 1730 times that of 
gravity at the edge of the bawl. Clarified solution continuously over­
flows the 'bowl of the ·centr:Lfuge and is routed into the CentrUuge catch 
Tank, TK-14-2. The liquid level 1n TK-14-2 controla the . rate at teed to 
the Centrifuge. Chemical addition facilities t9 the Centrif'uie aJ:Jd a 
jet leading from the Centrii"uee to the Waste utility Holdup Tank, TK-4-6, 
provide a means- f:'or disposing {by dissolvins or slurrying out) ot solidi 
a-ccumulated in the Centrifuge during normal . operation. This material 
may be either reworked. or disposed ot to und.ergroUDd waste at0l"8ge f'acili­
tiea frcm the Waste trtili ty Holdup Tank. 

Clarified uranium soluti011 is co:ntinuoual.y pumped to the RAJ' Feed Tank, 
TK-19.6, at a rat<1 govofflBd by the- leve.l of 'tt-19-6 (nominally about 13 
gal./min.), tor ttJeding to the solvent-extrection battery. 

2. Remedy at Ott -Standard Conditions 

2 .l Wide tluctua tions 1n ur,nu.um content ot the teed 

It is recognized tbat conaidorable variation in uranium content ot the 
teed solution will occur. The combination at liquid •l.evel and weight-factor 
1n8trumentat1on (and· poHibly sampling) will indicate the approximte 
uranium concentration in the Slurry Accumulator; aamplea talcBn ot the acidi­
fied feed ill the Feed Sampl.er, TIC--WR-004,. will indicate tbe uraniUll caneon­
.tration more accurately. 

The teod concentration system bal tbe capacity for moro concentration 
than 18 nominally required.. If de81red., more-dilute-1:ben-normal teeds may 
be concentrated.f'urther than the nor!llll 3~ (within tho limitetiona 
described in Section B). The flexibility of solvent-extraction procodures, 

· which embles aat1st'actory o:rtraotion of uranium free teed solut1ocs wryiilg 
vidoly in composition, my el11:11nate tl-.e ~ed tar special remedies 1n the 
:teed preparation portion ot the proceaa.(6) (See Chapter VI tor a dis­
euaaian of the adaptation ot tho solvent-extraction better,- procedure to 
varying teed ureniuc· concentrations.) 
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2.2 Abnornel acid eoncentratio_p,n-teed 

- This- · condition will be detected. in sat:tpli.Dg f'roc. the . Feed Se??lp.ler 
Tank, Tit-WR-004. If the acid concentre.tion is too law-, riore- tlBY' be added· 
by mans of cheo1csl addition f'acilities to the Feed Saopler Tanks or 
the· Feed-Reoe-1:ver- Tank&·,. T!C-3-l. and TK-3-6. 

If the: a-cid ~oncentrat1on~ is toe high it- 'CB.Y be possible to hold--up 
the sol.ution either in the tanks of. the 241-WR Diversion Station or in 

.. _th& Feed Util.:1.ty Hol~ Tank, TK.-4-1,. until. it can-be blended vit ll lower­
ecid-content feed .. However, because- of the flexibility of solvent­
extraction procedures ( see Cbepter VI) higher-than-noroa1 acid concentra­
tion..my na'C: necessarily- be, detril:Jental. { except insofar asr teed concen­
treti_on _is limited):. 

2 .3 Failure of f'eed supply to the Concontrator 

In the. event ~ failure of feed supply·, as indicated by the weight­
factor a-larm on the Concentrator· Feed Tank, TK-6-6, water Cll:f be directed 
into TK-6-6 and ted. to t.he. Concentrator until the situation can be cor-

. ·rected or· the Concentrator slow}J shut dovn. This arrangetient all ows 
maintenance of the "on the line" status of the Concentrator 11' the toed 
~ly cep. be reatore_d_ vi.thin.- a , reasonable ti.Do .. 
:. . . . · - . - .. . . 

- 2.4- ~ce~ai~-~cid:1ty :~ re.dioact1vity 1n ·condensa,te 

. . .. _ 'l'h1B condi.tion my: be detected. by- i:£ t10nitoring and setxpling ot the 
condensate. street1 ..... I~ my ind:l.cste. too high a 'VBpor velocity- 1n tho 
Stripping Column, T-6Ji.,.· in wb!ch ·case cutting beck on th_e concentration 
rate .m.ght be required,. at lea.st. teapore.rily. Increesing-the .aoowit at 
rerlUX; wter _my aid 1n correcting, the otf-sttm&!rd ccmd:ftion .. 

. ' -

2.5 Total. failure o't an;y eguip:!nt piece 

Ir any- equ.ip:w,nt piece fa:1.ia•' ~ ia -renovod fron. service teo:porerily­
_:t'or_ rep!irs (f'or eal!lple., de-~cal:lng, evaporator tubes}, the total pro­
'duc.tt:on ·loed my:be tb:rovn upon tbe duplice't;e :(ee4-"preporetion line, 
since. tho, ocpe.ci ty · ot ell equi:p30nt · eissociewd vi tb. each line is au:tt1 .. 
qio~ .to. __ ay.ppl;i-bo1!h .solvent~r:ection .. ba1;-t;erios .. 

•. . . • . • ; • . . !. • - ~-. ·-~. • • -· . . •• . .. : .. . - . 

z:6 · l"aii~ ~ -the 'Yeed·~~l~; -, 9 ,_ . . 
. t : , _~_: • ~a _e.onditi'Qn :ia 'ctotected:. :1>r'.the hiF,~lovel wcight.:.:rnctor cl.om on 
· tbe Feed· Cooler. Becous(, o:r the ]4nited ho.ldup tioc in this pucip-out 
tank,, an. 1nte·r1ock tbot will Shut down the. ··concentrator Feed Tank pucp 

.. _,_. 

_, ;.,;.._.: , 
..,.~ .. ~-
·~·~ 

• ·:'' r 
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:; . ·-
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~ -provided_ ~twe~.,the _Concontn.t:o~-J'e~d ~nlt punp and Feed Cooler - :-, 
- veie;ht-tactor -~~ion .. Use. o~ the jet s}l8re tor the Feed Cooler _ ,:~ 
lUtP· will enable_ operit1ona to continue until the Feod Cooler puop can~- , J­
placed beck. in. service. . . · , • · _ /i-! · 
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F igure m-1 
VISCOSITY ANO pH ~ A FUNCTION OF SWRRY ACIDIFICATION 

DIRECT STRIKE- ADDITION Of ACID TO SLURRY 
SourH of Data : HW-t.367 
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( Final Acidity Of Solution 
Not 01termin1d ) 

Cclaf4""°"" Sr•fllltlcw.ete, 
111e111>cated for 0111 .,_. et ao•c. 

o.2t I u4>z++ 
0-401 PO.• 
o.2a 11 $04• 
I.II It C01• 
0.7411 N01-
2.••11 No+ 

~t of Nitric Acid Rtqured for Dlatolutlon 

-·- ······· ······-----

0 

400[ 
I 
I 
> 

200 

I 

;1 
C I 
"' -• u, 
l:t -.• -0 



1.27D 

L270 

1.2 

92123~140086 

Fitur• m-2 

P£NSIJY AN> y1soos1ry OF SLURRY 
DURING REVERSE STRU<E ACIDIFICATION 

Source~ Dot•: R.F. Moneu, 1Afor111cal Communicattoa, Julr 1951 · 
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PART II: PROCESS, continued 

CHAPTER IV. PROCESS CHE21ISTRY (SQLVENT .. EXTRA,CTION) 

CONrENl'S 

A. PRoc:ESs· DE.SCR'.I:PribN • ••!"•.•.••••~-•••••••••••••••••••. • •••• •••. 405 
\ . 

B. 

l, Basic Principles ~. ,, • . • •• ~ ••• , ••• • ••• . •. • •• • • ••••• • •• ••••• . 
· · l~l Introduction • •. •• • •• •• •••• • •••• •·•. •• •• •••••••• • • •. 

2. 

3. 

1. 2 Solvent-extrac:tion· princ~ples • ••• •·• •• .......... , •• , 
1.3' Choice o:r' solvent_ •• •••• •·• •••••·••••• ••••. • •• ••••••• 

l.31 · '!'BP . a.s a solvent •••••••••·•••••-•••••••••••••. 
l.J2' Diluents for· TBP •••••••••••••••••••••••••••• 

:i..4 Salting • •·••·•, • ••••••••-•••-••• ••••·••• • • •••••• ••• • • •• 
l .. 41 Sodium: n1 tr ate , ••·• •• •• • •• •-••.,, • , ,, • ,, ••••• •• •• 
1~42 · Nitric acid •••••••••••••••w••••••••••••••••• 

l.S Basis of the TBP' process •• • • • •• • •••• • • •. • •·• ••• • • •. 
. . 1.51 .· Oxidation state . • ............................. . 

1.52 · 1'-ributyl phosphate complexing ••••• •••• •••. •·• 
1~53 Sulfate .and phosphate in the TBP process •••• 

RA .Column •••••••••••••••••••••••••••••••••••••••••••••• 
2.1 General principle& •••••••••••••••••••••••••••••••• 

. 2~2 - -Uranium extraction •~••••• ... •••••• •·•••••••• ••••••• 
· 2.21 Effect of uranium concentration • ••••·•••• •. •• 

·· 2~22 '" Ef'fect of nitrate concentration ••••••••••••• 
2~23 · Effect of tributyl phosphate concentration •• 
·2;2q •Effect ·of tributyl phosphate decomposition 

2.25 
2.-26 
2.21 
2 •. 28 
2.29 . 

· products .~.;.~~;•••••••••••••••••••••••••• 
"Et.feet of . the diluent .•••••••••••••••••••• •·•. 
Effect of phosphate -and sulfate ions •••••••• 
·u.rect of temperature ....................... . 
Effect of aqueous-to-organic flow ratio ••••• 
Ef'fect ·or uranium extraction on stream 
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CBAPl'ER IV. · PROCESS CHEMISTRY (SOLVENT-EX'l'BACTION) 

A. aiOCESS DESCRIP.rION 

l .. Basic Principles 

1.1 Introduction 

The TBP ~cess utilizes the preferential extrectability of uranyl 
nitrate by tributyl phosphate (TBP} to separate ·uranium free the fission 
products end pl.utonium vith which it is associated int~ uranium-bearing 
wstes from the bismuth phospbate process. In the TBF 1"ocess the ureniw:i 
is recovered as an aqueous uranyl nitrate solution adeqUBtely tree from 
plutoniUCJ. and the fission-product elements. The present chapter deals 
with the chemical considerations governing this solvent-extraction process. 
The important eng1oeer1cg considerations involved in the process are 
treated. in Chapter v, while the actual plant procedure is described in 
Chapter VI. The present chapter covers only the solvent-ertrac.tion steps . 
of the TBP process. The a'U%iliary steps of feed prel)flration, aqueous 
make-up,_ sol.vent treatment, end weste treatment and dispos_al are dealt 
with in Chapters III, X, n, and XII, re~pectively. 

The TBP solvent-ertrectiou process is in certain respects both 
simpler and more complex than the Redox process. It is simpler •in the 
sense that only two ditterent solvent-extraction columns are involved 
( the BA and RC. Columns), as compared vith tll'elve in tbe Redox procress. 
Also, tbe TBP process recovdrs <;mly one product (uranium} vbile tvo se:pe­
rate products (uranium aud »l,utonium) are recovered in Redoz,. On the 
other hand, the_ TBP :process is more COJ!lPlex than Redox 1n tb.e sense that 
it employs· a two-component solvent .(TBP in e hydrocarbon diluent) ae com­
pared vi th a single-component sol vent ( haxone) employed in Redox. , Also, 
the TBP BA-ColUJlll;l system contains a larger number of solutes,which s1gnit­
icantly affect uranium extraction, than are present in the Redox columns. 
Besides BN03 and_NaN°3, which exert salting effects similar to those of 
BB03 and aluminum nitrate in Red.ox, the 'l'BP BA-Column system also contains 
s~icant concentrations of phosphate and sulfate iona vhich affect 
'llr8nium extraction· in an adverse (although surmountable} mnner. 

For a brief outline ot the TBP aolvent-extrection process, the reader 
is referred to Chapter I. "- more deta.1.led dj,.acussion of the process, its 
chemical variables, and their ettects follows in Section A. Section B 
summarizes the important physical and chemical properties of the process 
materials. Section C is a presentation cf equilibrium data for the mass 
transfer of .process components between the aqueous and solvent phases. 

l.2 Solvent-extraction ;principle,! 

For the recovery of uranium from the solution obtained by ac1d1f1ca­
t1on of tbe uranium-bear1Ilg waste trom the bismuth phosphate process, the 
use of solvent-extraction involves (a) contactiilg the aqueous feed solu­
tion vi th . an organic extractant to transfer the uranium t0 the organic 
phese while leav1ug fission products and plutonium largely behind, then 
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(b) strippiDg the uranium. back . into en aqueous phase, leaviDg the solvent 
phase available for recovery and re-:use. The extractant; consisting of 
about 12.5 per cent tributyl phosphate by volume in a hydrocarbon dil uent, 
is only spar111g~ soluble 1n the aqueous phase. · :Extraction ot uranium 
into the solvent phase is carried. out in the RA. Column; str1pp1Dg of the 
extracted U?'Elnium back into an aqueous phase is e:t'fected. in tbe BC Column. 

The extrection operation may be carried out in a l.aboretory beaker 
by m.ixing an. aqueous ursnium. :teed solution with a solution ot .. tr1butyl 
phosphate in a diluent, then 1!1llov1ng tbe two l)bases to settle or dis­
engag~. The mixing end settl.1ng operati9n represents an extraction 
"stage'', and it is an ideal or· theoretical staije U niass trensfer egui~ 
l1'br1um between · tbe . pbBses ( "phase equilibrium") is attained duritl8 the 
11u.:dt1g and settling operation. · 

Multiple-stage counter~urrent extraction Jlll!lY be effected 'by the use 
of an.additional veesel for .each addit.ional extraction stage desired • . The 
two-phase system is m:1%ed and settled in each vessel, then the_ phases are 
transferred .in opposite directions through the series of vessels. Contin­
uous-tlow column contactors ( such as · the RA and BC Columns) perform esseu­
tielly the same series of operetions·. However, discrete transfer stages 
are not apparent 1n the _peysicsl form ot the eguipnent and · are not a ctual• 
ly involved in the mechanism of the tronsfer (see Chapter V). The "Height 
Equivelent to a Theoretical St!lge" (R.E .T .s.) is the column height i n 
which ·the same :mess transfer occurs as in the above.:described beaker 
experiment·. The H.E.T.8. and the related "Height of a Transfer Unit" 
{R.T .U.), discussed in detail. in Chapter V, are measures of tbe mass­
transfer effectiveness of a solvent-extrcction column. The lower the 
H.E.T.8. tor a given system, the shorter will be ·the totel column height 
required to provide the number· of tronsfer steges necessary to .perform e 
given solvent-extroction sei;cretion. · 

Since the rate of trensfer of solute botween phases is limited by 
the area of contact of the two phases, solvent-extraction equipnent is 
designed to provide o · 1erge contact area. However, o:f'ficient operation: 
requires rapid separction of phases, as well es rapid transfer of solute, 
and is therefore dependent upon a canpromise between fi'ne dispersion to 
give m.ximum contact surface between phases, and coarse dispersion to 
give imximum rate of phase sei;erotion. Date on disengoging times may be 
:found in Subsection B7 of this chapter. The pulse column equipnont used 
for phase coutoct1ng in the uranium recovery process is discussed i n 
Cbopters V and rv. · 

When the aqueous teed soluticn is extrticted with tr-ibutyl phosphate­
diluent solution in the TBP BA Column, the aqueous pbose salting strecgth, 
the cation oxidation-state, ond the cqueotµi-organic phase flow reti o (L/V) 
are controlled to favor extraction of the uranium while retaining t he 
plutonium and fission products in . the oqueous pbose. However, some trans­
fer of Pu and fission products to tho organic pbose does occur. Such 
contamitiation of the orgcnic product stream is a·llevieted by contoct1?)8 
tbe organic extract with e·n aqueous nitric ocid solution ccntoin1ng 

·ferrous ion reducing agent,which returns most c,f the extracted plutonium 
and fission products to the aqueous phase. The lotter operation is 
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referred to as scrubbing, and . the transfer stages are referred to as 
scrub· stoges. Recovery-· of the uranium and the solvent involves contact­
itig tbe scrubbed orgenic uranium. extract with water under conditions which 
return the uranium.wholly· to the aqueous phnse in· the RC Column. Tbe 
solvent is ~h cou.ntereurrently wshed in the RO Column ror re-use. · · 

1.3 Choice 0£ solvent 

l.3l TBP os ·n solvent 

Tributyl. phosphate is · en excellent solvent for tbe uronium recovery­
process because it shows a relatively strong specific uranium solvent 
action, -which is only partly 1m~ired by sulfate er phosphcte in the 
presence ot excess nitric acid.{71) Moreover, TBP is stable towcrd nitric 
acid end the other components ot the uranium recovery process system; it 
is stcble on exposure to radiation, end a TBP-diluent mi.Xture shows Q 
sutficien.tly low mutt.ml solubility in conwct with an aqueous phllse. l9) 
Tributyl pbospbate is reodily cwilable, sufficiently inexpensive , non­
corrosive, n.cn-toxio, and shows a low vopor pressure and high 1'1.asb point. 
For o sut1111Dry of the speoitic properties ot tributyl phosphate see Sub-
section -Bl~ · 

The mechanism of uranium extraction by tributyl phosphtlte ts apparent­
ly dependent upon the rapid :formatiou of an organic-soluble coordin.oticn 
coml)+ez be:t)reen one DOlecule of uranyl ·n1trnte and two molecules of : 
TBP. (24)68)(71) The maximum, or- soturotion1 solubil "'.ty is then one mole ot 
uratcy"l nitl"Qte· it>. .tvo moles ot TBP, or about 436 gra ns of urcnium pe~-
11 ter of 100 per cent TBP. The uronium extraction reaction may be ex­
pressed by the t,ollowitig equations: . . 

-- · - - -(2) 

which may be silnpllfied to: 

U02 ++ (Aq.) -t 2N~ - {Aq.) · + 2TBP( Org.) --
neglectitig the possible presence o:f water of hydration and nitric acid in 
the coordiwtion complex. 

1.32 Diluents for TBP 

For use os a solvent. f or uranium recovery, tributyl phosphate r.w.et be 
diluted by an inert · liquid.(72) Dilution is either necessary .:ir benefici.ol 
for the :following reascns: (a) to alter the specific grov1ty of the sol­
vent phose, which for 100 per cent TBP is so nearly the same as thDt of 
woter thot phase disengagetient vould be difficult; (b) to decreQse the 
viscosity ·ot the TBP to favor c.ore rapid phase separation end high.er 
dif1"usion rete; (c) to reduce the tendency ot TBP to fo:rr:i an enulsion with 
an aqueous pbtlse; (d) to reduce the mutual solubility of the aqueous and 
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organic:: phases; and ( e) tc-1'acil1 tat e str_ippitlg the · extracted uranium 
back to en aqueous pbese. High TBP concentration in tbe solvent phase 
enrects more nitric acid in the RA Col\DDll which interferes with stri p­
ping the uranium in tbe RC Column.(29)(72) Low solvent TBP concentra t 1011 
gives an ~vorable· uranium distribution ratio at the dilute, or bot tan., 
end of the RA Column·, (23) which results in higher uranium. losses. The 
optimum TBP concentration range is 10 to 30 per cent by volume with a 
nominal 1.2., per cent speci:fied by the chemical f'lo'vsbeets(23)~) for the 
aqueous uranium concentrations and salti?Jg strengths available, as well 
as the phase f:tow ratio desired . (See TBP-RW No. 4 and No. 5 Flowsbeets , 
presented 1n Cbapter .IJ · 

The choice- of a diluent is dependent upon a number ot :fectors: 

(a) . It must be miscible vith TBP and shoV a high solvent action for 
the ureeyl nitrate-TBP complex. 

(b) It must be immiscible or only very s:paringly mucible with water 
end aqueous solutions • 

(o} It must be unreactive with all the components of the system in­
cluding ~ t ric acid and be adequately stable toward nuclear radiations • 

. (d) The diluent should baVII & low- .viscoaity and a specific gravity 
materially different :traa. that o~ water . 

(e) It should be non-corrosive , not highly tone, 11nd not highly 
:f'lemmable· • . 

· (f) It should be readily available and inexpensive. 

A number of organic liquids have been considered as TBP diluent s . 
These include petroleum :tractions, carbon tetrachloride , undecanes, and 
specific hydrocarbons such es n-be:mne. AlthOugh specific bydrocorbons 
are too expensive, various kerosene-type petroleum tractions bave b een 
~d generally satisfactory. Carbon tetrachloride shows promise a s a 
dilue-nt for tributyl phosphate and my actuelly be employed 1n some 
separations_ processes developed in the future, although demonstration 
is still required because of its potent:1.ally corrosive action (due to 
chloride ior,.). For a com:parison of the :properties of possible diluents, 
see Subsection B2. 

l .4- Salting 

A conmon method of reducing the solubility of a compound in a given 
solution is by the "salting'' effect Of a common ion. Thus the addition 
of a soluble nitrate to an aqueOU8 solutioi;r of uranyl nitrate will reduce 
the solubility of the ureeyl nitrate in the solution. It such en aqueous 
solution is in contact equilibrium vith a solvent pbaee, the solubi lity 
of the uranium in the aqueous phase is decreased· relative to the solvent 
phase, and distribution into the solvent pbase is thereby increased . For 
a more detailed discussion of salting, see the Redox Technical Manual. ( 47) 
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The salt1ng effect reQuired.,· in the TBP proce·ss is proVided by sodium 

nitrate suppl.emented by added nitric acid. The effects of these salti?lg 
.agents in-the TBP•process system are discussed below. 

1.41 Sodium nitrate 

The aqueous teed to tbe solvent-ertract1on system oontairui sodium 
nitrate (3 to 4 M) termed by caustic neutralization ot the uranium ves.te 
prior to storage-; and by ac1dit1eat1on of tbe e:i:cess caustic in tbe .waste 
on removel trom storage tor uranium, recovery. Thie sodium nitrate pro­
vides approximate~ one balf ot the selting strength needed in the RA 
Column system• ot the solvent•extrectioti pro·cess tor uranium recovery. 

l.42 Nitric: acid 

Supplementary aqueous salting strength in- tbe TBP process is obtain­
ed by increasing the coucentret1on ot. free nitric 13Cid in tbe system, 
since tbe initial inedequete sodium nitrate selti?l6 strength is fixed by 
tbe cbemicel composition of the slurry removed trom undersround storage 
and by the ·amount of dilution or concentration during feed pi-eparetion. 
It is not feasible to supplement the sodium nitrate salting adequately by 
the addition of metal nitrates from external sources because Of teed sol­
ubility limitations (although partial substitution ot a metal nitrate _., 

. e.g., aluminum nitrate .. _ for nitric ocid would be feasible). Nitric 
actd is therefore necessary as a salting supplement in or·der to make pos­
s1ble a desirably low organic-to-aqueous flow ratio (V/L). .Furthermore, 
iu spite of higher cost e.nd slightly- lower dec:ontaminetion, ( U:,f30) nitric 
ac:id is preferred to sodium nitrate as the salting agent in the RAS (~crub) 
st:ree.m because of possible sodium coutaminntion of the urenium product 
when the salt is used. 

Tbe salting effect of nitric acid differs somewbflt from that of 
sodium nitrate. The nitrate shows a si.J:1ple sclting effect on uranium, 
whereas the acid exhibits tbe added property- ot influencing the aqueous 
compleXing of urenium by sul.1'ate and phosphate (see under 1.53, below). 
However, at conceutratiena which provide sufficient excess acid to counter­
Dct the eul:fate and phosphate complexing (nomint:l process conditions), 
nitric ocid and sodium. nitrate are al>p;-oxii:lotely equiwlent in their sQlt-
1ng effect on a mole-for-mole bosis.l38) In Subsection Cl the. process . 
equilibrium dllta for uranium ·ore correlated on the basis of total nitrcte 
concentration. 

· The optimw:l concentration of tree nitric acid in the aqueous phase 
(l to 5 !!) is a canpromise between .opposing factors. Acid concentrcti~ 
above 5 to 7 !:! are not teosibla because of the tendency to precipitate 
salts, particularly sodium nitrate. Moreover, if the acid is not recover­
e.d, high acid salting requires mo.re 1l8Utrolizat1on of the wste, thereby 
yielding a lorger wet.a voluce. On the other bllnd, an increase in aqueous 
acid concentration oompensctes for the adverse effect of the sulfate cud 
phoapbote present in the reed. The excess acid eoncentrotion, however, 
oonnot drop below about 1.5 !:! because of the tendency for uranyl phosphate 
to precipitate. Low acid solti?l6 hos the odvontoges of decreased acid 
conaur:iption and decreased caustic consumption (in waste neutralization), 
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es tbs acid concentration is decreased.. The intermediate value of 2 to 
3 M nitric acid in the RAF · (feed) s.tream is a suitable canproti.ise. For 
the specific ef:tecte of' "t;J.itric {lCid concentrotion on the distribution of 
uranium, ~lutoniuo, and fission products, see Section c. 

l.5 Basis .of the- TBP process 

1.51 ·0naot1on state 

The . :rtmdtJcentol basis for the sepiration of urcniut;1 trom plutou1UD 
end fission pt"Oducts in the· TBP process is the fact . tlltlt tbs coordiuntion 
ot tbs urnu1UD, plutoniUCl, ond fission products 'With tributyl phosphate 
generally increases as the cotionic o:d.ciation stote is raised. Two ex­
ceptions to this general condition are the foot thct plutonium (V) i s 
organic- insol.uble and that under certain cond1tions the Pu (IV) valence 
s~te is I:lOl'e solubl,.e in T.8P tb(ln Pu (VI) .(72) However, by adJustoent of 
the oxidation-reduction potential o:r the aqueous l)hcse durillfJ solvent ex­
traction, the uranium IJDy be maintained in the extractable (VI) valence 
state vhile the plutonium -end fission products are bald in their lower, 
largely inextroc:table volence states. ActUDlly, with the exception of 
ruthenium, ·the fission-product elooents show little tendency to exist in 
a. valence stote above (III) under the process conditions. Any oxidized 
plutoniuc present is reduced to tbs (III) state by ferrous . ion added to 
the extraction systeo via the RAS scrub stream. The plutonium is win­
tained in the inertrcctoble ( III) state and the ferrous ion is stabilized 
in the systeo by sulfamte ion, vhich -destroys cny nitrous acid present. 

1.,2 Tributzl .pspte cocplexing 

An additional basis for the TBP process 1s the fact that the solvent 
action of tributyl phosphate for uranium is due to the formation o:f' o def­
inite · coordinfltion conplex. As noted before, the extraction of uranyl 
ni trote by TBP froc on aqueous solution rcy be · expressed by the fol lOVillfJ 
SUCl:lOry reversible equation: 

. -U02++ (Aq .. ) :+ 2N~-(Aq.) + 2TBP(Org.) = U~(N03)2·2TBP(Org. ) - -(3) 

Then for the reversible reaction the equilibriui:i II constautt•, K, m y:. be ex­
. :pressed by the followillfJ relationship in vhicb. concentrations are given 
in r:iolorities: · 

where TBP(Org.) represents the concentration of uncorlplexed tributyl phos­
phate in the organic pbose. Since two noles of !!'BP cocibine with each mole 
of uranyl nitrate extrooted, the value of the tero, TBP(Org.), tlDY be ccl­
culoted froo the following equation: 

TBP( Org. ) = TBP - 20N (Ore;. ) , - - - - - - - - - - - - ( .5) 

vhere TBP represents the initial total concentrntion of '!'BP in the organic 
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pbcse o.nd UN(Org.) represeuts the uranyl nitrcte concentration in the . 
organic phase. Frcm the definition of the orgcnic/ogueous distribution 
ratio far uranyl nitrate, assuming that all t~ uranyl nitrate in the 
aqueous phase 115 completely ionized, the following relationship a,.y be 
writ-t;en: 

U02(N03)2 •~ Org.) 

U02 ++ (Aq.) . . 
I - - - - - (6) 

where Eg • distribution ratio, (g./1. organic pbaae.) /(g./1. aqueous phase). 
'l'ben substitutiDS in the above 8Q\1,!t1on tor the equilibrium "constant", K, 
the -following express1on results:\24) 

·Jg K=---------------
~03-(Aq.}] 2 ( TBP - 2UN(Org.)J 2 

- - - - - - - - (7) 

By transposition, equation (7) may be expreHed as: 

~ = K~03 -(Ag .. )J2 :~P - 20N( Org. B 2 

or 
~ • [:Ao3~ (Aq.)J2 [TBP • 2UN(Org.)J 2 .• 

(8) 

.(9) 

This relatioushi:p 1s tbe baeis for . the .correlation of the uranium transfer 
equilibrium dBtal38) presented in Figures IV-24 through IV-27 (see under 
CJ..28, below). Since uranyl nitrate does nct form a perfect solution iu 
veter under process conditions, Xis not constant for the equilibrium ex­
pressed but varies ~th tbe conc.entrations o-r the various solution compo­
nents. Tbe :rector rt of EQu,ltion (9) is plotted as a function of sulfate 
ion, phosphate ion, tributyi ·phosphate, soclium nitrate, and nitric acid 
concentration, in Figure IV-24. The uranium phase equilibrium data are 
then plotted es e function ot x½ in Figures IV-25, 26, and 27, for use in 
predicting a'Qd. evaluating the ef:tectivenoss of the RA Column aolvent~ex-
traction performance. ·c 

Control o~ the decontamination achieved 1n the RA Column 1s accom­
plished-by control ot the degree df aatunt1ou of the TBP Yitb. uranium as 
well as by control of valence ~tates. While -it appears that nitric acid, 
plutonium, and fission products also extract· into TBP by a mechanism 
similar to that for Ur81'.l1'1 nitrate, tbe latter ·app1rently torms 1'!11Ch the 
stronger coordinatton bond vi th the tributyl phosphate. The uraeyl nitrate 
is· therefore capable of displacing the other process components from TBP 
when the solvent is at least about 50 per cent saturated with uranium. 
Thus the extraction operation must . be cotitrolled in such a way that the 
organic urani~ concentration is mainteined at a sufficiently high level 
(above about 50 per cent ot saturation) at the teed point of the RA · 
Column.(~)(?~) 1'1Us condition requires close correlation between aqueous 
-reed uranium concentration (RAF stream), solvent TBP c·oncentration (RAX 
stream}, and the aqueoue-to-organ1c phase f'lov ratio (t/V) • 
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1.53 Sulfate and RhospWte 1n the TBP. process 

Sulfate and phosphate ions both tend to re.act with uranyl ion to form 
complex ions which f'avor the aqueous phase.(10)(35) The effect ot their 
presence in tbe stored. uranium. wste must therefore be at least partly 
countenscted if the uranium is. to be successf'ully recovered by solvent­
extract1on. This is accanpl1shed in the present recovery process by the 
use ot tributy-1 phosphate sol.vent which, as a strong, organic comple:dng 
agent, .competes for the uranium vith the sulfate nnd phosphate oanplexing 
in the aqueous phase. Also, the use of nitric acid as a salting agent in 
the TBP process probably ms the effect of destrey-ing the sulfate and 
phosphate ccaplexes in the aqueous phase according to the following 
equations: 

- - - - - - - (11) 

assuming the uranium complex to be a simple association of two to four 
sulfate or phosphate anions. vithtbe uraeyl ion. The uranyl ion is then 
removed :1'rOm the reaction as uranyl nitrate by extraction into the organic 
phase. Under the BA. Column conditions-, the sulfate and pbosphflte reduce 
the uranium organic/aqueous distributi-on ratio about 5-fold, but sat is­
factory recovery is still eccanplished. For the specific data on the 
effect of sulfate and pbospbate on uranium d.istribution, see Subsect ion 
Cl. Phot.pbete ooncentro.tions up to o.6 M· and sulfate concentretions up 
to 2 M ce.n proQBb+T be tol.81'8ted in the process by adjustment ot operet­
ing wriables.(23) 

2. RA Column 

2.1 General 

The RA Column is tbe extraction ond decontcminot1on contector in 
vhi"ch uranium is tronsferred to o '!'BP-diluent phase, while leaving the · 
plutonium ond fission products largely in the aqueous roffiwto etream. 
The cont.actor is set up ae a compound column with the aqueous feed sol­
ut1'on (RAF) .entering at an intermecliflte point while the oqueous scrub 
(RA:$) and the organic extracttint {RAX) streams enter the column at the 
top, and bottom, respectively. Extraction of the uronium is ef1'ected in 
the lower portion (cxtroction section) of the column, while tbe traces 
of :fission products ond plutonium extracted along with the uranium ore 
scfubbed bock into the aqueous. pbDse in tbe portion of the column above 
ti. -. :teed point (scrub section). 

DuriDg the conversion of tbe bismuth phosphate process uranium 
wste to tha TBP sol-vent-extraction process feed, the solution mtJY or 
~Y n.ot be concentrated to yield a hi·gher uranium concentration (see 
C~pter III). Since the RA Column operation 1s sensitive to RAF uranium 
concentration, two flovsheets, TBP-HW No. 4 (concentrated) and TBP-HW 
No. 5 (dilute}, have been prepared. These two :f'lowsheets ~re compired 
in the following table of RA Column stream composi t1ons. The essential 
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difference in the. operation of the tvo flowsheets is the higher· flow· rate 
for the more dil.ute W', which is required to DlintD.in the uranium pro­
cessing rote ond the organic Ul"Qni'UDl -~oncentration. ·-· __ 

RA Column Stream Flowe .en4 Composition• 

Flowsbeet 

TBP-BW No. 4( 43) T.BP-RW No. 5( 45 ) 

RAS Stream·: 
Relative flow rote 50 ,,o 
Density, g./cu.am. l.078 1.078 
BNO , M . 2.0 2°.o 
Fe~4 •"(N114)2S04, M- 0.05 0.05 - 0.10 0.10 ¥80JR, !i 

RAF Stream:· 
Relative :flow rote 100 146.8 
Den.Jit:r, g ./cu.cm. 1.383 l.24o 

··.• . 
UO~ · M 0.27 0.184 

' - 4.07 2.78 Ne. , M 
g+ M- 2-.96 2.01 

. ' - -0.26 0.177 P04• ' ~ 
S04 • -M 0.26 0.177 - ' - 6.25 4.26 N?l_ ' ~ . 
·=1 , ~ 0.023 0.016 
Ru, ~ 6.1 X 10•7 4.1 % 10-7 

RAX: Stream: 
Relative ·r1ov rate 2,o 250 
Density, g./ou.cm.Co) 0.803 0.803 
T.BP, M -o.458 o.458 
TBP, Volume ~ 12.5 12., 

(a)Tbe e:mct dens~ty of the BAX depends on the diluent used. The 
given wlue :ts tor ~obase aa diluent. 

With the above feed . strefllll flow rates and compositions, the RAU product 
streem tran both flowsbeets 1¥:s tbe same uranium concentration (0.106 M), 
This uranium concentration represents about 46 per cent saturotic:in oftbe 
tributyl phoepbate. ·At the RAF feed point ~he degree of saturation is 

· obout 51 per cent ( the . excess over the uranium concentration in the RAU 
being contributed by internal reflux of uranium from the BA Column scrub 
section),, 

2.2 Urom.um extraction 

. . •. ,. 

The '!'BP :process sol'V'ent-extroction flowsheet specifies a maximum loss 
in the BAW of O .5 per cent ·of the feed uranium to the RA Column. This 
loss is affected and cont~olled by c. number of chemical and operating vori­
oblea which are discussed in the following paragraphs. lor o sUilllmry of 
the dato concerning tho effects -of . the wriables on urn pi um transfer 
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2 .21 Et.feet of uranium concentration 

Increasing the aqueous uranium. concentrotion under RA Colui:m extrec­
tion sect-1~ conditions lowers tbe organic/aqueous uronium distribut ion 
ratio, J!:8.(5'(58)(72) For e:mmp].e, in. Figure IV-20,\ it TJDT be seen tbot 
the uronilmt c11stributioil ratio varies tl'Cl!l appronmtltely l at the 0 .17 M 
Ul'0nim concentl'Qtion at the top of the e%tr0ction section, to about 10-
at' the o.ooor M uranium concentrotion at the dilute end, under 'l'BP-BW 
No. 4 J'lovabeet conditions. It it is considered tbot the ext:roction 
t:1ecbanism re~s the intermediate forzztion of molecular Ul'Qnyl nitrate 
!Ji the aqueous pbDse (see 1.31, oboVe), tben it may be seen thot a large 
increase in the concentration of bigbly ionized urtlnyl nitrate is neces­
sory to produce a mmll increase in the concentrotion of molecular uronyl 
nitrate in the aqueous pboae. Tbe result~ therefor~, is that o propor­
tionately. large increase in aqueous uranyl nitrate concentration ccuaes 
the trnns:ter ot only a sma.ll amount of uraey-1. nitrote to the orgcnic 
pbose, and the distribution ratio, F.8, is lowered. 

Tbe 0bove ettect is probably accentuated by the influence ot the 
degree of eoturotion of the tributyl phosphate with respect of uranyl 
nitrate., The saturation solubility ot uronyl nitrate in 12-• .5 per ce~t 
T.BP is about 0.22 M, much less than 1n ~ter or he.xone, and the organic/ 
aqueous distribution :rotio, Eg, decreases as organic saturation is · _ . 
approached (see Figure IV-20B). (In the Rede% process tbs saturction 
effect is not apparent c,w:tng to the high solubility of. uroey-1 nitrate 
in bexone.) 

Increosing the uranium concentrntion in the RAF stream tends to in­
crease the stage requirements to achieve a specified uranium wste loss. 
Rovever, the. tendency for increased loss may be counteracted by sliahtly 
increasing the BAX ertractant flow rate, or by decreasing the RAF f eed 
rate or the RAS scrub rate. Decrecsillg the aqueous-to-organic tlov retie 
(L/V) in the exti-action section reduces the nuober of stages required to 
nccccplish the desired ·separation. A lowered RAS now rate reduces the 
amount of uranium carried into· the extraction section by reflux trop the 
scrub section, and oleo increases the effective saltiIJg strength i n the 
ertrection section. 

2.22 Effect of nitrate concentration 

For a given uranium concentro.t1on, rcising the total aqueous nitrate 
concentr9tiou increases the distribution of tbe urcnium into the organic 
pbDse(9}~4)e5), i.e., produces c larger E8 (see Figure IV-21). For ex­
ample, a 1.0 M increoso in nitrete concentration over TBP-RW No. 4 Flow­
sbeet conditions mises the orgenic/agueous uranium distribution ratio, 
Eg, by about 10 to 20~. This b tnue whether the nitrote increase is 
effected within the range of flowsheet conditions by the addition of 
sod1tm nitrate, nitric acid, or both. However, tbe uroniuti distribution 
ratio re::1cheQ a moxi.:mm ot about 5 M nitric acid, and decreases at higher 
acid concentratioUI}~ FObobly due to the reduction of tbe activity coeffi­
cient of the flCid.l t2J The influence of nitrate sclt1ng on the uranium 
distribution rati~ decreases aB tJl.e uranium -- DECLASSIFIED -
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concentration increases and approaches saturation in the organic pbaee. 
(72) The ertre.ctiou of uranium is therefore less sensitive to nitrate 
salting strength (NaN03 or BN03) a.t tbs feed ·plate than it is at the 
bottom or waste end of the· RA Column {see Figure IV-21B) • 

Due to· the DBture of tbe starting naterial, the uranium concentra­
tion in tbe feed (RAF) to the aoivent-extraction. system is necessarily 
low. Then to achie.ve the per cent TBP saturation required at the i.eed 
plate for satisfactory decontamination, tbe ratio of the aqueous to tlle 
organic phase- (L/V) must be held to a maximum, or an appreciable amount 
of uranium- must be refluxed in the RA Clumn scrub section. The latter 
effect 1s achieved by using insufficient salting strength in the RA 
Column scrub stream (RAS) to maintain the uranium in the organic phese. 
However, a reduction in 'the scrub stream nitric acid concentration neces­
sitates increasing the acid concentration in the RAF (feed) stream in 
order to maintain the aqueous salting strength in the RA Column extraction 
section. Furthermore, increasing the uranium reflux in the scrub section 
may increase the uranium loss in the RAW ~ste) stream in spite of main­
tell&nce of the extraction section salting strength, if sufficient addition­
al extraction stages are not available in the column. It is appa:ient that 
increasing the relative organic :f'low rate· (decreasing the L/V ratio) to 
compeusate for increased losses would reduce the per cent saturation of 
the TB.P. Such a- change would thereby nullify the original purpose of re­
ducing the scrub stream salting strength(increesing the scrub re~lwc) in 
order to raise the organic uranium. concentration at the feed plate. 

l)'ranium losses in the RAW 4u,i to low nitrate salting strength in the 
RA. Column extraction section may ·ue counteracted by lowering the aqueous­
to-organic ratio (L/v). Lowering the ratio by increasing the RAX relative 
flov rate has the effect of decreasing tlla number of transfer stages re­
quired to accanplish the desired ertraction. Decreasing the RAS scrub 
stream flow rate reduces the rate of uranium reflux in the scrub section. 
It also has the effect of increasing the salting strength in the extrac­
tion section since the nitrate concentration in the RAS stream is lower 
than the total nitrate concentration in the RAF stream with which. the RAS 
stream is mixed at the :feed point. 

2.23 Effect of tribut-Jl phosphate concantrntion 

As ney be noted by reference to curves 1 and 2 o:f Figure IV-21B, the 
urenilJI.!1 distribution ratio increases slightly with higher TBP concentra­
tion.\9)(35) Thus an increase in TBP concentration from 12.5 to 15 volume 
per cent increases the orgenic/aqueous uranium distribution ratio;~' by 
approximately 30 to 5<Y-I,. 

If the TBP concentration decreases in the RAX stream while the volume 
flow rate remains constant, the effect on the extraction process is the 
same as a decrease in the RAX flow rate. In other words, the effect is 
the same as that of increasing the aqueous-to-organic flow ratio, L/V, 
and more· transfer stages are th.en required to accomplish the some &xtrac-· 
tion. A drop in TBP concentration in the BAX stream would then tend to 
increase the uranium vaste loss in the RAW wste stream. Raising the RAX 
flow rate compensates for a lowering of the TBP concentration. 
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2.24 Ei'feat of tributyl :pposphate deo,0!11J?oBition ;eroducts 

At the concentrations tobe expected in the process, the presence of 
monobuty-1 and dibuty-1 phosphates in .the solvent has little e.f'fect on ura­
nium distribution under RA Column conditions (see under Cl.26). High 
concentrations of DBP, however, may- produce a reduction o:£ uranium wute 
losses. Likewise high concentrations of 1'ffiP could. result in some preoip.­
itation of uranium. Some TBP decomposition products have caused emulsi­
fication in the RA system, as discussed in Section.F of Chapter v. 
2.25 Effect of the diluent 

Uranium distribution ratios are not appreciab~ aff§Qted ey vari ations 
in the composition of the hydrocarbon diluent for TBP.l.35H55)C72) Waste 
losses are affected only in so far as stage (or trana.f'er unit) heights may 
vary somewhat with the physical properties imparted by the diluent t o the 

, ('.J solvent phaae, as discussed in Chapter V. 
·ci 

2.26 Effect of mosphate and sul!ate ions 

An increase in the phosphate or sul.t'ate concentration in the aqueous 
phase reduces the organic/aqueous uranium distribution ratio (:Ei) and thus 
results in increased uranium loas from the RA Column. As indicated by the 
data presented under Cl.25., below,. and in Figures IV-21A and IV-22A and B, 
th.is effect is more pronounced for phosphate than for sulfate. Thw, , tor 
example, in the RA Column extraction section a o.J M increase in sulfate 
concentration or 0.1 M increase in phosphate concentration over the TBP­
HW No.4 Flowsheet values . decreases E~ by about 50% and increases RA Column 
uranium losses about 1.8-fold (on the basis of 7 transfer units in the RA 
Column extraction section). These anions appat-ently lower the available 
aqueous ooncentration of the urnni'Ulll. by formation of uran;yl phosphate or 
uranyl sulfate canplexes which are inextractable by tributyl phosphat e. 
The reactions may be expressed by the following equationss 

U02++ + Ztl~h = - - U02(HP04)2= - - - - - - - (lo) 

++ - -
uo2 + 2so4 • ~ uo2(oo4)2~ - - - - - - - (11) 

although the exact .number of anions associated with the uranyl ion is not 
positively known. 

Increases of sulfate and/or · phosphate concentration in the RAF s tream 
then would increase RAW uranium losses if' not compensated for by suff icient 
excess nitric acid (2 to J 1'" acid for about 0,.2 M sulfate and phosphate) 
or by increasing the RAX now rat\; (decreasing the L/V ratio). Lowering 
the L/V ratio decreases the number of extraction stages required to per­
fom the desired separation. 

. 2.27 Effect of :t9erature 

AB shown in .Figure IV-231 orgam.o/equeoua uranium distribution . 
r~tios, E~, decrease slightly as the temperature of the equilibrated 
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ertraction system is roised (Dbout tvo-fold or less ns tbe temperoture 
is roised from 20°c. to 50°c.) .(53)(72) However, it should be noted here 
that the rote ot: attainment ot phflse equilibrium. is probably controlled 
by the rote of difi'usion in the liquid phases rather thon by the rote of 
the extraction reaction indicated 1n equation (3) under Al.31.(76) 
Actually., the advantage in uronium. distribution ratio to be gained by 
extraction at lover temperatures iB nullified. by the adverse' effect of 
higher viscosity end lower diffusion rates - Iiroducing higher H.E.T.S. 
velues.(64) A higher operatiDg temperature alters the equilibrium line 
to r~quire more stages t.or n given seperotion but produces lower stage 
heights thereby making more transfer stages avoiloble 1n a given column 
ertraction system; the over-all effect favors the higher temperoture, at 
least up to the 65°c. studied. 

2.28 Effect of aqueous-to-organic tlow ratio 

In the tributyl phosphate process, J)flrticulnrly close correiation 
is required between the relative phi.lee flow rates, the feed u,renium con­
centration, . the tributyl phospbote concentration, and the nitric ticid 
salting strength. I:f' a rise in uranium wste losses appears in tl:ie RAW 
stream, the higher wste uranium concentrotion Tl!/JY be due to a .. higher 
Qqueous-to-orgcnic pbose flow· ratio (L/v), o higher aqueous urenium con­
centration. et the :feed point, a lower Tl3P concentration in the ' RAX,, or e 
lover nitrate concentrotion· in the aqueous phase of tbs RA Column extrac­
tion section. Compensction for these effects con be accomplished by 
altering the. L/V ratio or the salting strength. 

Losses fl"om high RAF uranium concentrations mflY be reduced by lower­
ing the L/v ratio in tbe extraction section either through lowering the 
BAF flow rate or rois-itlg the RAX flow rote. Such o cbonge decreases - the 
number or stages required to effect the desired extraction. Similarly, 
it losses EIPJ>eor to be due to a reduction of TBP concentration, then they 
mtJ.y be alleviateµ. by increasing the RAX flow rate. Losses due to de­
creased nitrate salting strength in the extraction section moy be counter­
acted by lowering the L/v retie either by raising the RAX flow rote or 
lowering the RAS flow rote .. 

2.29 Effect of U1'8nium extraction on streom densities 

The tolloving tllble gives the aqueous and organic phase densities, as 
determined by laboratory countercurrent boteh extr:::iction, for_ seven RA 
Column ertrection and three RA Column scrub stages .(.58) The feeds for the 
tvo runs simulated compost te uranium waste prepared by ocid.ificotion of 
combined sludge and supe~te. In one of the runs summarized, the teed 
simuloted a solution prepared by concentrotion after acidification of 
composite woste. The two runs opproximcted TBP-HW No. 4 and No. 5 Flow-­
sheet conditions except that .the e:rtractant in both cases ws 15 volume 
per cent TEP in Deobase. Plutonium ond fission products were absent. 
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RA Column Phase Densities 1 
di 

TBP-RW No. ·4 Flowsbeet TBP-HW No. 2 Flovsheet 
Stage ~ueous ()rgQnic Aqueous Qrgauic 

l 1.019 0.8609 1.1094 o.a&>, 
2 1.1085 o.8646 1.1105 0.8636 
3- l.U.03 0.8706 1.1130 0.8657 

4 (J'oed point) 1 • .2877 o·.8733 . . 1.1761 0.86,3 
5 1.2596 o.8604 i.16oo o.8486 

6 l.2496 0.8354 1.1,17 0.8266 
7 l.2422 0.8222 1.1516 0.8187 
8 1.2403 0.8203 1.1516 0.8170 
9 1.2365 0.8190 1.1509 0.8170 

10 1.2353 0.8180 1.1434 o.816i 

It is not fensible to ext:lmflte RA Column operating etticiency by 
moans of density "ftlr1ations ot the RAW waste stream. The strenm density · 
is not s~iciently 8ens1tive to variations in very dilute uranium con­
centrations; furthermore, due to vnriable feed make-up from sludge nod 
supernote, the stream density will nuctUC1te exclusive of vcritJtions in 
the MW Ul'Qnium concentration .•. 

2.3 Deconteminat1on from p;Lutonium 

The urnnium waste slurry contain.s. l to 2 per cent of the plutonium 
originally associated with tbe irradiated urenium. A Pu. decontominati'on 
fQctor at up to 40 is required to yield recovered uranium containing o 
lltlXimum of one part of plutonium in 10-7 parts ot uronium.(22)~) 

. . ~·-- - 1---:-::::-, 

D!econtominotion ot the recovered uranium vi th respect to plutonium 
requires either the preferential complexing of the plutonium in the aqueom 
phoae, or converting it to the inertractnble (Ill) wlence stcte. The 
letter oethod is employed 1n the TBP process •. 

Following the converison of the uranium w.ste slurry to a feed sol­
ution tor solvent ertrection, the plutonium is lorgely in the organic­
soluble Pu(IV) valence state which is the state most ertrnctcble by tri­
butyl phosphate (see Figure IV-32). Pu(VI) shows a somevhat lower dis­
trib~tion ratio, Eg, while Pu(III) end Pu(V) nre essentuilly inertract­
able. Both complexing and reduction to Pu.( III) hove been checked e:z::- • 
pa_rimentcl~ in connection with sirlple Pu decontamination of recovered 
uroniuo, . as veil as to detem.ine the process :teesibility ot recovering 
the plutonil.ltl by portition of ortl'Octed Pu. from urcniW!l in an operation 
comparable to the Red.ox IB ColUI!lll sep0rat1on.(9)(25)(l2)(75) 

, · . . . 

Sµlfate and phosphate show sace tendency to cocplex plutonium in 
the aqueous phose, but, as in the case of uranium, these cocplexes are 
destroyed in the presence of excess nitric acid thereby :peroitting eoo­
plete Pu ~rcction. Tho fluoride and fluosil1cate ions bcve been found 
to be po.rticulllrly effoctive 1n cocplexing Pu(IV) in the aqueous phase, 
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the distribution . rctio being of the sat1e order· of rnognitude as for, 
Pu(IIl} .(9)(25) However, these cocple:z:ing agents ore objectionable be­
cause o~ equipnent corrosion by the fluoride ion. 

Reduction o'! the plutoniuc. to the 1nertractable Pu(III) state is 
rec~ achieved by o. reduciDg agent such os terrous ion. The rate, of 
reduction is sutr1ciently rapid (less then 10 seconds) tbat the reaction 
my be carried out in. tbe course o:f' the uran:1um extraction. in the RA 
Column. Tbe reducing agent is therefore added to the solvent-e~racti on 
system by iley of the RAS scrub stream. 

Ferrous ion is unstable ,.in the presence of the RA Column n1 tric acid 
concentrations. 0Xid8tiou to the ferric state is apl)Srently catalyzed by 
nitrite ion, and the reduction system ma;y thus be stabilized by tbe eddi­
tion of a holding reductsnt which destroys the nitrite.(6)(7) The aul­
famate ion . serves. very e:f'tectively f'or this purpoS'e. Ferrous ion and sul­
fa• te ion are therefore used together in the · RA. Column to ensure, the 
existence of _all the plutonium in the Pu(III} state in the BA syei,tem. . 
Under these conditions the ::re(n) bas a bal:f'-11:te ot 30 to 50 hours. (9) 
(37)(75)(82) 

In the Red.ax F()Cess, where the presence of sul1'ate is detrimental 
to second ·cycle plutonium extraction, ferrous sulfamate · is used as, the 
reducing agent. In the Tm' process, where a small amount of eddi tionBl. 
sulfate is oot barmtui, ferrous ammonium sul1'ete is used as the reducing 
agent with sul.famic acid added. The latter system is simpler to handle 
and does not .require on-site _preparet1on as does :ferrous sulf8llllte. 

In the RA Column some reflux ot the plutonium occurs in the scrub · 
section since the Fe(II) is added via the scrub stream and some Pu is ex­
tracted at the teed point _before reduction is complete • The ertent of ex­
traction of Pu(IV) and Pu(VI) is 1n:fluenced bye number of column vari­
ables. The uranium sbovs preferential complexing w1 th the tributyl phos­
phate. Therefore, as saturation of the solvent by uranium is approache4, 
the plutonium.. distribution ratio, E~, is reduced (see Figure IV-33) and 
less Pu is carried in tbe extractant.(9)(75) As may be seen 1n Figure 
IV-32, nitric acid (or total nitrate ion concentration) tends to- salt 
Pu(III), (IV):, and (VI) into the organic phase.(72) The salting effect, 
however, is markedly reduced as the concentration of the uranium in tbe 
solvent approaches saturation.(72) An increase in TBP concentration also 
increases the plutonium distribution ratio, E~, although again the .effect 
1s limited by tbe uranium saturation of the solvent. Monobutyl and di­
butyl phosphate impurities in the organic phase increase the plutonium 
distrubution ratio, Ei, at)d.in so doing reduce the Pll decontamination 
:factor for the RA Column.~ 44 J · 

2.4 Decontamination :fran fission products 

The eese end ertent of fission-product decontamination in the Tm' 
process is dependent upon the age of the uranium waste being processed. 
For l to 1½ year old bismuth phosphate process waste :from uranium sub­
jected to 4oo mega-wett-deys/ton integrated exposure over a period of 36o 
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greater tban about 1½ years old, ruthenium is the limiting redioect1ve 
element.(31)(62)(72) Westes yoU118er than about 2 years cannot be ade­
quately decontaminated in the TBP Plant because radioactive ruthenium, 
zirconium, and cerium carry through Yi th the recovered uranium 1n con­
centrations which e:zceed specifications for recovered uranium •. 

Cerium and niobitml are extracted to a certain extent but are large-
. ly removed on scrubbizig the organic &%tract. In general, tbe decontam­
imtion. achieved in the RA Column is better tbe lover the fission-product 
organic/aqueous distribution ratio, and the higher the aqueoue/organic 
phase ratio (L/v-) or the higher the uranium saturation of the solvent · 
pbsse. 

Experimental data indicate en anomo~ in the effect of nitric acid 
on decontamimtion in the RA Column. As . in the ;aedox process, decontem~ 
ination in ~ll.e extraction section. ·is better tbs lower the free acid con­
centration. { 42) On tbs other hand, f1Hion-product decontemination in 
tbe scrub section is. better tbs higher the aqueous ecidity.(42) Nitric 
ecid does have a 11altizig e:tfect on. gross bets and gross gmmDB radioectiv­
ity ( see l'igures IV-35 and 36); the eel ting action 1s particularly strong 
for zirconium while shoving only slight effect on ruthenium and cerium. 
However, tbe salting action of increased Bli~ in the scrub section 1s 
apparently-· outweighed. by- sane other. effects,. pos1ibly cbemicel. For 
specific distribution ratio data see Subsection c3. 

M.8121' characteristics o:t fisaion-produot (J' .P.) deconteminlltion ere 
simil.er to those tor plutonium. Righer uranium saturation of the organic 
phase improves F.f. decontamination ptrticulsrly Yith respect to ruthenium 
and zirconium.(9){42)(72) Lowering the RAX tributyl phospbote coucentra­
tion improves deconteminfltion by decreasing the F.P. distribution ratio, 
EB. Low TBP concentrotiona (below 10 per cent), h.oWever, are unfavorable 
to uranium extraction ond seriously limit the c.olumn capocity. Complex­
ing agents such as sulfate, phosphcie{ and tluosilicete tend to hold fis­
sion products in the aqueous pbo.se.(9J The latter is true J:Crticularly 
tor zirconium vhile ruthenium is only slightly affected by such agents. 

Decontomination performance my be impaired ey reaction of the TBP 
diluent with nitric acid to produce eydrocarbon nitrotion products. 
Since the aromatic o.Dd olef1n1c 111drocarbons. react most readily vi.th 
nitric o.cid, these eydrooorbona ore limited to a m,.ximum of 2 per cent 
by volume as determined by a test 1nvolviDg absorption of these cc:mpon­
ents· t:ran the diluent into an 112504-J.>~ mixture (ASTM I>-875-46T). No 
success woe obt.oined in attempts to correlote the Ktluri-Butonol Number 
which has some relation to the aromatic content) with the effect of 
diluent on decontamination pertormcnce. When the olet1nic and oroanDtio 
hydrocarbons ore belov the 2 per cent specification limit, the TBP Plant 
solvent treatment should remove any nitration products formed. 

Dibutyl phosphcte (as an itlpurity in the organic stream) lovers the 
decontaminotion factor for the RA ColUJJn by extracting zire•onium portic­
uior~. ( 57) See Subsection C3 -£or specific dilto. 
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Ai'ter extraction and decontcminatiC)n in the RA Colw:m,. the uranium 
is recovered. as on. aqueous solution by stripping the RAU streac. in the 
RC Colut:1n. The contoctor is operated. os a simple countercurrent colUI:1%1 
with the organic and aqueous. phases entering and leaving the colucn at 
opposite ends. Tbe. toble below· sutltllrizes . the colw;m streDll cot1~sitions, 
vhich are identicnl for the TBP-llW No. 4 end No. 5 Flovsbeets .( 4~45) 

RC Colucn Strecm Flows and Conpoei tions 

RAU or RC7 Stream (Organic} : 
Relative tlow· roteta) 
Density, g./cu.cc.(b) 

. Uracyl nitrate, M 
Nitric acid, .M -
Chloride ion, M 

RCX StreW!l (Aqueous) : 
Rel.otive flow rote(o) 
Density, g./cu.cr:i. 
Nitric acid,!:! 

RCU Stream (Aqueous) : 
Relative flow rate(e) 
Density, g./cu.r::o. 
Uranyl nitrate, M 
Nitric acid, M -
Cb1oride ion, -M 
TBP, g ./1. -

RCW Stream (Organic) : 
· Relotive flow rate(a) 

Density, g./cu.CJ:l.(b) 
uronyl nitrate, M 
Nitric o.cid, M -

co. 

ca. 

255 
o.84o 
o.1o6 
0.10 
O.OOGl 

200 
1.0 
0.01 

205 
l.C4l 
0.132 
0.134 
0.0001 
0.2 

250 
0.803 
0.00054 
0.001 

•. ·:.' .· . 

, ·~· ·. ' 

(o)Bosed on RAF = 100 for TBP-RW No. 4 Flowsheet; 
RAF = 146 .8 for TBP-BW No • 5 Flowsheet • 

(b)The organic stream densities depend upon the 
d.il.uent used. . The values given are for the 
use of Deoboee as the TBP diluent. 

3.2 Uranium striPJ>ing 

Uranium stripping is accom.plished in the :RC Colur:m by means of a 
0 .01 ~ nitric acid strem:i. The trace of acid is oddcd to the aqueous 
streao in order to inhibit et1Ulsificnt1on at the dilute end of the column,.· 
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since the nitric ecid. is essentially completely stripped frail the organic 
stream 1n the lower portion ot the column. Just as the tr1butyl phosphate 
shows more affinity tor uranyl nitrate tban far nitric acid in the RA Col­
umn, 1n the RC Column the uranium is more difficult to strip than the 
nitric acid. . ll'urthermore, the-acid. stripped. into the aqueous phase makes 
uranium stripping more ditticul t. Operation. of the· RC Column is therefore 
handicapped 11' high concentrations ot nitric acid· are carried over tr0111 
the PA Column. Thus a O.l M increase in the nitrio acid content ot the 
RAU stream increases -the uranium concentration 1n the RC Column wate 
stream (Bew) by approzimlltel.y ~ per cent ( on the baeia of 7 transfer 
uni ts in · the RC Column) • 

The amount of nitric acid c:ar?'.ied in the organic RAU-RCJ' stream is 
directly proportional to the concentration ot the tributyl phosphate aa 
vell l!JS being influenced by the extent of uranium saturation of the TBP. 
The upper limit ot tbe '1'BP concentration which my be used in the RA-RC 
system 1B thus :partly controlled by the RC Column operation, which must 
acca:nplish complete stripping ot the uranium within a reesomble length 
of column. Uranium stripping in the column is :tavored by the fact that 
at low ecid oonceutretious the uranium distribution. ratio, Ei, becomes 
much smaller at the dilute end ot the column. 

The presence ct dibutyl :phosphate in the organic stream greatly in­
creases the· uranium. distribution .ratio,~' under RC Column conditions, 
(30)(60) and therefore bas the effect ot increasing uranium waste losses 
in the RCW stream. Monobutyl phosphate :toms a uranium complex vhich is 
inao.cJ.ble in both phases, and promotes tbe formation of stable organic­
aqueo:is emul,sions at the dilute (Ul"Bnium) end o:ttbe RC Colunm. 

Nitration products of hydrocarbon diluents have been found to i n­
crease greatly · tbe uranium distribution ratio under RC Column condit ions. 
(60) D1luents high in aranattc or olefin content nitrate on proloJl6ed 
contact with nitric· acid solutions at room temperature. SodiUD1 carbon­
ate end cau• tic 'Vl!lsbea have been found effective in reducing the RC dis­
tribution ratios f~ sol.vent mixtures containing nitration products to 
more fa\'Oreble values, but,. they are still higher than tor tresh d1luent. 
Diluent& ot low arCID!ltic and olefin content are stable to nitration ex­
cept at elevated tempentures. A.s the specifications for TBP process 
diluent limit tbs arcaetic and olefin content to less than 2 per cent by 
volume, no difficulties resulting trom diluent nitration products are 
anticipated. 

The st:ripping ct u.renium into veter is accompanied by the absorption 
ot heat.(53) Raising the tempcreture of the transfer system favors the 
stripping operation both by lowering the distribution ratio, F.B, and by­
decreasins t~ stage height by lovering viscosities and increasing dif­
fusion rates.,{64) although with a temperature change tram 77°F. to 110°F. 
the affect in a 3-in.-diameter pilot-plant column was not signiticant.(56) 

Increasing the 6queous-to-organic flow ratio (L/V) reduces the number 
of transfer stages required to ecc0Dlpl1sh the stripping operation, but 
also produces a more dilute uranium product streem. The phase flow rates 
are about tbe same for both pboses in the RC Column. 5pec1t1c data on 
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the effects o-t variables on uranium stripping are presented-undet- c1.3. 

3.3 Decontamination 

The purpose o~ the- RC ColUJIDl is to strip the uranium beck into en 
aq.ueous pbase, and little additional- decontamina-tion is accanplished in 
tbe operation. Plutonium. and fission products ertracted- in the RA- Column 
are largely stripped in the B.C Column. However, any loss of decontom­
i?W.tion due to the presence of dibutyl _pbosphote in tbe RA sy-stem, ten~ 
·to be alleviated in the RC system by the fact tbot the but1l acid phos­
phate ca:nplexes. tbe :t:tssion products· in the organic phase. In such e 
case they are at least partially removed 1n the RCW stream. The same is 
true for treces of plutonium. 

B. ~OPERTIES OF PROCESS MATERIALS 

l. Tributyl l'bospbate 

1.1 Introduction 

Tri-n-butyl phospm:.te(TBP} is c: viscous, colorless liquid which is 
produced by the reactio~ of. n-butyl alcohol with .either phosphorus oxy­
chloride or phosphorus pentOJC1de with subsegueot caustic treatment ond 
distillation. It· is used &s· tbe extroctant ' 1n the uranium recovory sol­
vent-extroction process becouse of the specificity of the strong canpla% 
it forms with ·, !l"Onium. In order to produce an orgo.nic phase with the 
optimum pbysiet.l and chemicol properties, TBP is diluted with o chemically 
inert petroleum hydrocarbon frection. boiling in the .kerosene range. (See 
Section A of this chapter for more complete 1nformt1on~) 

L2 Specif ice tions 

The specifications for TBP are given in the following toble: 

Tributyl PhosRhate SP3cifiCEltions(90) 

Buteno1 content 

Acidity 

Color 

Weter 

Suspended solids 

SpecUic grovi ty 

·-

~educing normfllity lees than 0.05 

Less tbtln 0.01 ! 

Colorless 

No turbidity when 1 volume is mixed 
Vi.th 19 volumes of 6o0 Be. gasoline 
ot 20°0. 

0 

0.973 to 0.983 (20/20°c.) 
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The ~ical propertiea ot TBP are presented in Toble IV-1. Those 
PZ"QP»1,1es-a~ listed vhich. are. considered to be of 1.'un<klmental interest 
in the 'l'BP process. 

l .32 Solubility in :procesa -solutions. 

The saturation concentration at TBP in wter ~an a 1, volume per 
cent TBP-~rbon. muture ia 0.23 g./1. at 25°c.{61) The solubility 
increases as tbe concentrntion of TBP in the diluent increases, re0ch1ng 
a value of 0.39 g./1. for 100 per cent TBP. The- solubility of Tl3P in 
aqueous solutions decreases rapidly with increasing electrolyte concon-

c:,. tration in the aqueous phase, as my- be · seen tran tbe tollowing table: --,,, 

Solubility ot TBP in Process· Solut1ons · ot ?,°C • . 

Org,snic Phrlse Tm' Cone·., Solubilitz of TBP in ~ueous· RJaae 1 G. /J.:. • 
·Volume· Per Cent lle9 RCO- RA.WM 7 3 !l•~ 2!! ~2(1103)2 - - -

33.3 o.28. 0.19 0.0097 0.21 

16~6 0.24 0.17 0.0097 0.17 0.01 

.. 

... 2.6 .! BN03, l.9 !! lfo.B°J, 0.2 ,! lia~4, 0.2 !! Na3ro4, 0.03 ,! lmt.1'03, 

0.02 !! FeCl3, 0.03 ,M ~03H• 

The solubility o-r pure TBP in nitric acid solutions decreases to a mini­
mum ot about O.l g./l. as the -acid concentration is increased to 10 !! BB03. 
At this concentration the TBP solubility begins to increase rapidly, 
reaching a value of about 1.3 g./1. in 1; ,! BNO3• 

1.33 Radiation stability 

The exposure af TBP and of TBP-diluent mixtures to o l.3-M.e .v . 
electron beam at an intensity level of about 1.3 micr<Xlml)eres per ml. 
of TBP for l second {ap~tely equivalent to 0.75 curies of irradi!l• 
tion per ml. tor !j ttl.nutes) did not seriously affect the TBP, as evi ... ·•: 
dancpd'b7 the fact thtlt the distribution ratios ot uranium, plutonium, 
cod. beta-emitting fission products ~re e11Bentinlly the same os into non­
exposed solvent.~ 78) When the total irrodiction vcs increased to 300 
cJ.oroe.mpere-sec. per w.. of solution (opprozimtely equivalent to 170 
curies of irrtldiation per ml. for , cJ.nutes), the plutoniwa Qnd beta­
ez::dtting fission pz,oduct holdup in the solvent wee increcsed by a factor 
of 2 to 20.(79) 
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The roditltion stability ct TBP should· be no problem 1n the TBP Plont 

es the gross beto ond gncn::xl rodiooctivi.ty of the RA Column feed is o'Jllf 
about 6 curies per gnllon, or roughly 5 x 10-4 curie per I.11.. of RAX a~d 
the ti.I:le required for the solvent to_pase through the RA Column is less 
than 5 minutes. .. 

Ove~-all bete and gctlllO decontnc1netion-factors . of 104 to 10' obtain­
ed with Rtinford slugs in O .R .N .L. semi-vorkB runs, together 'With over-all . 
urenium losses of only 0.01 to 0.02 per cent, further confirm the rodin­
tion stobility of TBP. 

i.4 . Chemical e:operties 

l • 41 Genera 1 

The chemical properties of TEP are those typicol of esters derived 
troc. inor~nic acids. Hydrol;ysis, the reoction of princiJ)fll interest in 
the TBP process, is discussed in the :following section. Tributyl phos­
phate bas no active hydrogen atom end. no pronounced surface active prop­
erties. The butyl ao1d phosphates, however, are agents capeble of :form­
ing strong complexes ( notably w1 th · ura.nium) which, in turn, my exhibit 
unfavorable distribution coefficients end emulsifying charecter1stics. 

1.42 Hydrolpis 

The hydrolysis products of TBP adversely a:f'tect fission-product decon­
tamination and uranium losses in the ' .. $P process, as indicated in Section 
C ot this chapter.. The hydrolysis prCJceeds through the d1butyl (DBP) and 
monobutyl phoepbates (MBP) to ortbophosphoric acid, tbe first step being 
rate determining.(6o) _ Representative hydrolysis rates for a two-phase 
system are given in the table below tor TBP in the presence of 3M BN~ 
with an aqueous-to-organic volume ratio of l. The hydrolysis 1s tint­
order with respect to Blf03, and zero or first-order with respect to TBP. 

:Rote of Hydrolysis of TBP in Contact With 3 ~ Kitr1c Acid(61) 

Temperature, Fraction of T.BP Hal.:t-Lite 
~cani22sitel{a) 

Induction 
Period 

(a) 

(b) 

(c) 

OC • Decom.~sed E!r Dezz k 

25 0.00001(b) · 50 to 100 yr. 

76 0.00045 3 yr.(c) 

105 0 .0023 7 mo. 

Calculated on tbe basis o~ zero-order kinetics. 

Celculated value. 

The half-lives of dibutyl and monobutyl phosphates under 
similar conditions are 8 and 18 days, respectively. 
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The tqdrol.ysis ot. pure TBP in 3 .!:! BN03 (equal. volumes). my be estimat ed 
at any te~rature by the equa't>ion.:.· · 

logiok = - 3210 
T 

+ ,·.86 - _; (l) 

where k a · the traction o:r TBP deccapoaed par .da7", and T • temperat~ in 
degrees · Kel vi~ 

A cc:xnpNhel'lSi va plot of the rat.es of eydrolysis tor the series from 
tributyl phosphate to ortbopboapboric acid 1s g1veu 1n Figure IV-1. From 
an extrapdl.ation. of tbe data, it- is apparent that tba eydrolya1s of TBP 
st 2'°C. 6ver a 30-day interval is ilmneasurabl;r smali. . 

The rate of h1drol711i1 in the aqueous phase as compared to the or­
ganic . pbaae, is greater by a factor of about 230. However.,· this 11 oft-

. - set by, the lov solubility ct· TBP in aqueous solutions (see under Bl -32) 
so- that liben the two pbaaea are· eompsrable 1n volume tbs ''e:ttective" 
~drolys1s takes •·place- 1u the orsanic: pbase ~- The rate ~ons~nts for 
hydrolysis in either· pba1Je are &Ullll:ll8rizec:l in the tolloviDg table': (60) 

Jc .. . 

Hydrolysis Constants of TBP 

TemJ2!ra ture i oc. 1rtt!A9. • l kit ~!2!:S·l 
2' 0.004 0.00002 

76 0.06 0.0002 

105 o.28 . 0.0012 

*)Fraction deoompoeed per day per_!! n.1tric ·ac1d • 

. The -application of the rate of hydrolysis of tributyl phoapbet e to 
a system 1n vh1ch a d1luent is employed is uncertain, However, 1t may 
be e_asumed tbat a ra.te calculated rraii the data in tbs pr&ced1Dg tables 
vill; g1ve the upper ·limit. 

2. Diluent 

2.l Introduction 

The inert diluent for TBP in the TBP process ia a highly i;mrU1ed 
saturated.-eydrooer'bou mixture, boilitl6 in tbs kerosene range (190° to 
270°c.). Solvents meeting spec1:t'1cet1ons tor tbe diluent are commercial­
ly a1111ilable under trade mmea such as DeoQ&se, Bese Oil C, end Shell 
Deodorized Spray Base. 

2.2 Spec1t1catione 

The speci~icetions tor the tiluent are given in the toll0'Ving ~ble:<89) 

~ ••. :·. z= .. -.•.• .. -~ DECLASSIFIED - · 

I : ff ,-:. 



• .r· ....... 

-

_,..~ ~':~~-<11:;#!''~"f_,ff!,f::t'; ~ '.::t:.1'.:,..-:~....-7"~~~ ...... c~~-~~":"';' ~)'-"...:;.,'o(I .;,~•~• . ...,':";'. ·•!.•.,;-".,. ~• ·• --c, •: '' • • ,. '• '• 
.. ~· r--'~.:.-

427 DECLASSIFIED -
Diluent Specifications for the Uranium Recovery Process 

Viscosity 2.0 cent1poises .or less at 25°c. 

Flash point. 14o0J'·. or higher (Teg or Pensky-Mertens closed cup). 

Combined o.lefin . 
end aromatic aont&nt 2 per cent by volume or less (ASTM D-875-46T). 

Specific gravity 0.8 or less at 25/4°c. 

2.3 Physical properties 

The pby'sical properties of some comnercially available kerosene 
fractions ere given in Table IV-2.(54) Some of these diluents do not 
meet the specifications in regard to flesh point and/or aromatic content. 

The following physical properties apply to commericel grade kerosene 
and are compira 'b le to those of the diluent employed in the TBP process : ( 3) 
(6) . 

f!Vsicel Pro3rties of Commercial Grede Kerosene 

Heat at vaporiz8tion 
Surface tens.ion 
Interfacial tension ( oil-woter interface) 
Upper explosive limit in air 
Lower explosive limit in a 1r 
Ignition temperature 

60 cal./g. 
28 dynesJcm. at 20°c. 
48 dynee/cm.. a ·; 20°c. 
6.o volume per cent 
1.2 volume per cent 
490°F. 

The boiling range of three ccmmercial d.iluents ore given in Figure IV-
2. The vapor teil!ll0rature is plotted against the percentage of the total 
volume of each solvent distilled. The curves for Deobase and Shell De­
odorized Sproy Base are similar, indicating that they ere composed of 
hydrocarbons in opproximately the same molecular weight renge. The norrov 
boiling range exhibited by AMSCO l25-90W indicates th.et it is the result 
ot a more selective refinement than either of the other two d.1luents. 

The vapor pressure of Deobose as a :function of tempereture is shown 
in Figure rv-3. Curves ere given for three approx~tely equal distilla­
tion tractions of commercial Deobase. 

2.4 Chemical pro;perties 

Inertness toward chemical reaction with process materials ws a major 
consideration in choosing the diluent. The diluent is composed mainly of 
p;lraffin hydrocarbons, the oromatic and olefin hydrocarbons having 
been olmost entirely removed by the manuf'octurer' s trectment. The per­
centcge of na:phthenes Illfly vary somewhat depending on the source of the 
crude oil. The iodine numbers given in Toble IV-2 ere a measure of the 
olefin content. At an assumed average molecular weight of 150, the :per 
cent of olefins is approximately 0.7 of the iodine number. 
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Except for -the traces of. ar~tic and olefin · hydrocerbous, the 

diluent used in tbe TBF process 1s chemically unreoct1ve in contact vith 
process solutions at ambient temperetures. The diluent, AMSCO 149-92 Br, 
which contains about 7 end 1 weight per cent ot aromatics and olef'i.ns 

. respectively, undergoes nitration when contacted with a 3 !! Bll03-0.0l 
!! mo2 solution at 6o0 c. Following o 5-bour ezposure period. to these 
conditions, this diluent is found to contain 0.98 weight per cent nit­
rogen after one wter weeh as canpar-,d to O .2 per cent tound in TBP 
when treated in an ident1ccl manner.\,5) AMSCO ~90W, which meets the 
specificetion.s in r~rd. to aroniJtic and olefin content, vill react vith 
3. ! ml03 at 105°0.(60) A two-phase system composed of an eqWll volume of 
RAX (15 volume per cent TBP in AMSCO 125-90W) and 3M nitric ccid reacts 
QS soon. cs: the boiling point is reached ( 105°c.) ,. end the reaction pro­
ceeds until the -nitric acid concentration in the orgonic phase hf>s chang­
ed after 6 days tran 2.0 M to 0.07 M, and .1n tbe aqueous pbose fran 1.5 M 
to 0.5 t!· Bo decanposition is noted under s1m11or co!Jd1tions et 70°c. -

· - 3. Sol vent-Phase Solutions 

3.l Tributzl pbospte-diluent syst&m8 

3,ll Introduction 

The organic extractent used in the TBP process is a 12 .5 volume per 
cent solution · of tributyl phos:pbDte in an inert hydrocerbou diluent. The 
~sical properties ot TBP-diluent mixtures, 0$ well as those of sol u­
tions of U02(N~)2 and RN03 in the TBP-dilueni:. system, ore presented below. 

3,l2 Pb:Ysical :prol)&rties 

The density o'f TBP-diluent mixtures my be oelculoted trom the 
toil"'(1ng equation:(54) • 

~ure • 0-972llrBP + NDiluent dniluent 

where d • density et 25°c ., g./cu.am. 
lfiiBp • volume trection of TBP, end 

ND1luent• volume traction of diluent. 

- (l} 

Values deri~d from this_ eguction are compared vith experimental values 
in Figure IV-4-, in vhiol_l density is presented as a :tunction of the con­
centrntion of TBP in Shell Deodorized Sprc.y- Bose. 

The refractive index of o TBP-Shell Deodorized Spray Base miXture 
1s a !inear function of the concentration of TBP oa shoim in J'igure IV-4. 
(84} As the concentrot1on of 'l'BP incr&"lses frot110 to 20 voluiae per 
cent, the refractive index decreases from 1.4426 to 1.44o3. 

The viacosity, 7) (in m.ui~1ses), of TBP-diluent mixtures may be 
colculoted from the equction: {,~, 

·k _ -~ .. -,r 
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-- 429 btc1.4~ 
vhera "'rBP • vol,- frnction ~ TBP, ··end · ~!b 

NDiluent =- voluoa f'roction o'! diluent. 

, . ' . ..... ..... 
The change in viscosity of the extroctant with temperature is illustrated. 
in Figure IV-5, vhere the viscosity 1s seen to decrease fra:,. 2.3 to 0.5 
cent1po1ses os the temperature is increased from 15° tc 90°c. The temper­
ature eoeff'icicnt is shovn to be approxil!IOtely equol for ext.ractant and 
teed. 

· The flash··point of the solvent increeses as the concentration of 'l'BP. 
inc~eases (:Figure IV-6), and may- be esti.Jmted from the equotion:(54) 

where T0 = flash point of pure diluent in degrees Kelvin, and 
N • mole fraction of diluent. 

- - (3) 

Figure IV-6 shows the cloee cgreement between expermentcl and calculated 
values. ' 

3.2 TBP - diluent - 002(N?3)2-: BN03 eystem 

3.21 Physical F9128rties 

The theoretical seturotion concentrotion of 'lll'!lnyl nitrote 1n 12.5 
volume per cent TBP in diluent is 0.22 M, corresponding to one mole of 
uranium for ecch two moles o~ TBP. -

The densities of solutions o! uro'D3'l nitrate and/or nitric acid in 
TBP-diluent mixtures may be calculated from the following eguotion:(69) 

vhere d25 • density of solution at 25°c., 
ds = density of TBP-diluent solvent at 25°c. (for method of 

cclculation see under B3-12), and 
M m concentrotion in moles :per Uter. 

The 1'ollow1Dg equation my be used to calculate the density of TBP-dilu.cnt 
U~(N03)2-BN°3 solutions at temperotures between 30° end 70°c.~(70)· · 

dtoe. a de + (3 .• 20 - 0 .005 t - 0 .oo8 TBP) 10-2 !1 BN03-

where de 
t 

TBP 
M ... 

(7 .4 + 0.01 TBP + 0.0045 UNH) 10-4 t 

+ 2.l x 10-3 TBP 

+ (6.30 - 0.005 t + 0.009 TEP) 10-4 Ulm, - - - - - - (5) 

= density of the_ d.i.luent at to°', 
• temperature in °c., 
c concentration of tributyl phosphote in volume per cent, 
= concentration in moles per liter, and · 
• concentration of uronyl nitrate hexnhyd.rote in grno.s per liter. 
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A density-we~t per- cent-molarity conversion. chart ia. given i n Fi.6- . 

ure IV-7 for U02(N<>J)2 in a 1.2.5 volume per cent TBP solution in Deobaae. 
(34-H 4o} Di!'terent seta . o1: cunes ar8 required tor different diluents and 
for concentrat1o?UJ ot TBP other than 12 .5 per cent. 

The ef:tect.a of temperature· on the deneitiea ot teed and ertl'lictant 
. are compared in 11.gure IV-8. ·The temperatUN ·coefficient 18 -a'DtlrOZimate• 
ly equal tar. the tvo pbasea over the temperature range tran 25~·to 75°c. 

The-viscosities of solut1ona· ot urenyl nitrate in .'l'BP-diluent mixtures 
e.re shown in Figure IV-9 aa a function of the concentration ot U~(B03)2. 
Curves are presented tor 15, 23, and 46 volume per cent 'l'BP in Deobaae, 
and for 15 volume per cent TBP in AMBCO l25•90W. The rate ot change of 
the viscosity. nth uranium coucentration is seen to increase Yith in• 
creasing TBP concentration. 

4. Agueous Uranium Nitrate Solution. 

4 . 01. Introduction 

Subsequent to tbe acidU1cetion ot tbe · unnuum. wate slurry, tbe 
properties ot · the TBP aqueous ·teed atreem are those ot a solution of urevl nitrate.and nitric acid containillg tbe additiom_l ions lfa +, 
P04 , and S04 · • .Minor components, such as fiaaion products, pluton­
ium, and. chloride· ion, nave uo significant ettect on the propel"ties 
diacua•ed iu. thia eection. The pb;yaical propertiH ot this uranium 
•~ as presented bel ·e are ot concern primarily in·· .the tinal teed 
adjuatment step.. The &ttect ot these properties on BA Column perfor­
mnce are.discussed in Section A ot this chapter. 

. . The aqueoua system containiDg only uranyl nitrate and nitric acid · 
~ "'\' 1.8 encoun.tered . as the aqueoua effluent (RCU) frcn tbs atr1pp11J8 col umn, 

and its ~ical properties are ot importance in the final RCU concen­
tration step ( see Chapter VII) as well aa 1,n. their effect on.· column per­
tormsnce itself. 

Also included below are aqueous &J"8tems conta_iuiDC 118 1'03 in addi­
tion to the c<Dponents indicated above. 

4.02 Solubility 

U02(N0:3h~ - B'.:2<) ayatem 

A saturated solution of uranyl nitrate at 2'oC. rei;reaents about 72 
per cent b:yveight 0~ u~(No3 )2 •6R~ or 2.6 moles per liter.(4) The solu­
bility- ot uraeyl .uitrate is presented as a f'unction ot temperature in . 
Table IV-3 and thil temperature-solubility phase diagram is included in 
Figure IV-l0.(12) 

U°',?(?103)2 - BN"3 ·- H2') system 

Nitric acid markedl.7 reduces the solubi:Uw or uranyl nitrate in · 
water as illustrated in tbe following table;(4J 
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Com.position ot Sa-turated. Aqueous Solutions at 25oC. 

In Rquilibrium with ;rn lq\lillbri\llll \rith In Equilibrium with 
0()-,;?(l'f~ •6R2() as 
Solid ae . · 

U02(N~ • 3Ji20~ae 
Solid . se 

UOflN~•~ as 
s2 d ae 

. Wt. j Wt. ~ Wt~ 'I, . Wt.;, Wt.~ Wt. 1, 
~(1'°3)2 BN03 . q9-2(N~3)2 BRO ' U02(N~)2 BN03 - ~ 

56.08 0 36.28 32.21 27.24 55.24 
4o.36 12.35 27 .18 46.12 23.65 6o.3d 
30.29 25.14 25.79 50~43 22.29 66.71 
29.65 28.67 26.77 ,3;20 22.49 68.83 
31.27 29.84 27.49 53.71 

· 36.72 30.43 
37.99 30.15 

~be tempera~-solubilit:r pbafe diagrams for the U~(N03)2 - BN°3 -
R2<) sl"9tema are given in F1gure IV-10 for O~O, 0~3, 1.0, and 3.0 M nitric 
acid conceutrstiona.(12)(17) -

Mul.ti-canponent aYatenis 

The solubility relationahips at 25oc~ tor aqueous solutions contain­
ing phosphates and sulfates as well as ml2(N03)2, Ell~, and NaN03 are 
tµven in l'1,8u:'e IV"."14~ Uranyl acid phosphate is seen to be the limiting 
c_a:nponent _for low· acid solut~ona, whereas NaN°3 limits tbe solubility at 
the h18her n.1.tric acid concentrations. 

._ ,., .• '"! ;',."7 

The normal sait (U02h(P04)2 ex.'tlbits retrog:tede .- s olubility, 1.e ., 
the solubility dec;,reases with en increase in temperature. However, lab­
oratory experiments designed to simulate plant conditions for the evapora­
tion of acidified ureniUDl -waste soiutions ha~ sQOVU no conditions und3r 
which the so~ ;.:-.'bility is li:.nited br this salt.l5l) 

4~03 Density 

'002.(NOJ) 2 7 lI~ system 

Tbs densities of aq,.l&ous solutions of. uranyl uitrate tran O to 90 
weight per cent u~(N03)2 are presellted in _Ta·ble· IVM~. Fran O to 55 per 
cent UC2(N03)2 , the densities are given for 25°0.; from 56 to 90 weight 
per cent U02(N03)2, ,the d.Onsitiea are gi'Ven et the saturation temperature 
of the solution,;(12) 

U~(N?3)2 "". HN'O; - y H20. syst.ems 

The density o't the U02(N03)2 - .BN03 .- R:2<) system (corresponding to 
the ECU stree~) is presented in Table n"-4 as a f\mct1on of 1ncreasillg. 
tJ02(N°3)2 concentretiou and decreasing Bl(¾ concentretion as determine¢ 
at tbe saturetion temperatures of the solutions .(50) The deustties r:t 
the boiling points of the solutions are given in Figure IV-U,Cl2) ....... 
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and WJ.y be calculated for 25 C •· by means of' ·the· equation in the folloving 
. pare.graph. 

·Y22(NO}k ·- HN03 - NaN03 - H O· system 
~ . 

. ,'• . 
The densities of t~i§)system at 25 C. are given in grams/cu. cm. by 

the following equation: (l . . · 

T'Ais equation gives an accnre.cy of :t l per cent up to a concentration of 
5 M BNO~. The effect of t~rature on the density of this system is shown 
in - the following equation: (le,} 

dt.,. 1 •. 0125 ~ 5•c. + o.qoo145 t - · 0 •. 000500 ta 25•c. - 0.0036 ---(2) 

• where t , temperature 1n C • 

Multi-component systems . . 

The .densities . at 25 c. for aqueous solutions containing phosphates 
and. sulfates 1n addition to uo2 (N0~)2 , BNO ., and Na.NO , are given 1n 
Table IV-5. These compositions correspond3to the e.pp~oximate concentra­
tions of the aqueous feed, RAF, to the extraction column (see Chapter III). 

4.~ Viscosity 

UQ,; (.N03,k - BN03-=-1½ 0 system· 

· The viscosity of the U~(N03 )2 - HN03 - ~0 system (correspondillg 
to RCO during the final concentrition step) is given 1n Table IV-4. The 
viscosity shows a regular increase vith incree.sing U02 (No3 )2 concentration 
and e~i\)its a 20 to 40 per cent increase vith a. two-fold increase 1n shear 
rate.(50) 

. . 
· The viscosities of thj.s. system at 25 C. may be calculated by means of 
the toliowing. equation: (l8) 

log10"<\ • 0.9527 + 0 ~2426 ~~(U03)2 . + 0.0100 !:ru~(N03)2 

+ ro.0089 - 0.00'23 !;bo.-,(NO )7!1Jm~3 . ._ . <;. 3 ~ 

+ ~.025 + 0.015 lli~(No
3

)2 + 0.005 ~ 03 ± o.oo~ !:!NaNo
3 

- - -(3) 

vhere l\. • viscosity in millipoises. 

\; ·:_.: ·-~--.rir-
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Multi-component systems 

The viscosities of multi-component solutions corresponding to RAfl' 
so1utions are given es a function of temperature in Figure IV-12!1+6) ( 88) 
The viscosities at 25°C. are given in the following table for (a) RAF 
corresponding to Flowsheet TBP-BW No. 5, (b) the corresponding aqueous 
phase at the column aqueous feed inlet, and {c) this sem& aqueous phase 
near the bottom of the extraction section. (2o) 

0 

Viscosities of' RAF·, RAFS, and RAW at 25 C. 

Composition, N 

Phase 

RAF, TBP-BW 0,188 0.16 0,18 2.65 
No. 5 

Aqueous phase 0.152 0.10 0,]2 1,75 
at. reed 
inlet, RAP'S 

Total 
HN03- !Q::,:_ 
3.0 5.19 

3.2 4.71 

Density, Viscosity, 
G. /Ml. Milli poises· 

l.2cl26 16.4 

1.21~07 14.3 

Aqueous pbaae 0.015 0.10 0.12· 1.75 3.1 4.34 1.1976 13.2 
a.t bottom.,.. o'f 
ext'n. section 

4.05 Hydrogen ion concentration, pH 

0 

The pH's for this system at 25 c. a.re glve~ in Table r1-3 for solu-
tions from O to 4 3 weight per cent U°'2 (no3 )2 ~ 12 J 

~ (N03b - RN03 - ¾O system 

The pH values of solutions f'rom -0.2 to +.0.6 ~ HNO are §iven at four 
levels of uranyl nitrate concentration in Figure IV-13. (L.O) Sodium 
nitrate has little effect on the pH of acid solutions of U~(N03)2 . ­
Neutral or acid-deficient solutions of U°'2(N0~)2 , ~ow~ver, show a lower­
ing of pH by about 0.12 pH units per mole ot Ra.503~20) 

MuJ.ti-component systems 

The effect of acid concentration on the stability of ~lti-component 
systems (RAF solutions) is illustrated in Figure rv-14!33)01) In the 
range of RNO~ concentrations required to maintain stable RAF solutions, 
the pH is ap~roxinately zero. 

DECLASSIFIED ... 
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4.06 Saturation temperature 

~ (NO,.l2~0 system 

The te .. r~ture-aolubil.ity phase d_iagram for this system is given in 
.Figure IV-lo~l2J 

U02 (N03,k - HNO~O system 

The temperature-solubility phase die.gram for this system is given in 
Figure IV-10 for HN03- _concentrations ranging fr~ O to 3 !1• 

The uo2 (N03 )~ - HN03 : R,_,O system{2J.1 vhich constitutes the aqueous 
uranium effluent (RCU: 0.2b !f'U~•(N03)2 , . 0.3 !1 ENO?) :from the RC Column, 
is illustrated in· F1gure IV-15A, vhere saturs.tion ~en:perature is given as 
a. function of the degree of concentration. Figure IV-15'B gives a. curve :::-; ., 
showing· ·the· per ' cent removal. of the ENO~ during the concentration · operation. 
The saturation temperature and composition of RCU are presented in Table 
IV-4 e.s a function ot degree of concentration from 50 to 89 weight per cent 
U°'2 (N03 )2. 

~ ~(NO}k - BN03 - Ne.NO~ 

Segments of e. phase diagram for this. system are 'shown ·1n Figure IV.J.6.. In 
the concentration range covered, the effect of uranyl nitrate is seen to 
decrease with increasing nitric acid concentration. The component freezing 
out a.long the O.O and l.O t1 curves is ice vhile the CClml)gpttnt free:?iDg out 
along the 2.0, 3~0, 4.o, and 5.0 ~ HN03 cur-~es is Na.N03~ 5) 

Multi-component systems 

Mul.t1•C01'.1POnent solutions, approx1mating the composition of aqueous 
feed to the RA Column,are listed 1n Table IV-5 vhere saturation tempera­
tures are given as a function of the concentrations of the various constit­
uents over a range of uranium ·concentrations from 0.15 to 0.37 M• 

The saturation temperat,u-e of an RAF solution corresponding to Flow­
sheet 'ffiP-RW No. 5 (T.BP-RW' No. 4 before concentration} is shown in Fi gure 
IV-15A as a :f'unction of the degree of concentration, and in .Figure IV-14 
the solubility of this Ill\llti-component system as a function of acid content 
is presented for varying Ua-to-U ratios when tho phosphate, sulfate, and 
uranium molarities e.re a:;,pro.x1Im3.tely equal; ae sti~ted 1n the flowsheet. 

4.07 Boiling points 

Y2e (N03Je~O syste:ns 

· The boiling points of aqllij~ · sotutions of uo2 (No3)2 are given i n 
Table IV-3 and 1n Figure IV-11~12) (59 

~(NO}k - HN03 - II
2

0 system 
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The boil~ -points of tllis syste:n.· from O to 80 per ~en1 U°'2 (N03)2 

and tram O to 90: per cent HN0
3 

are given in ~igure IY-lU12 . · _ · 

. .. The -~iling points of. the uo2 (N03)2·.·- •HN0
3 

- ~0- system, correspond-
ing to concentrated RCU, are given in Tnble ri-4 as a function of" the 
degree of concentration :from 50 to 89 weight l)er cent uo2 (NO~ )2 .' . (See 
Chapter VII for a detailed description of the RCU concentrat!on procedure.) 

4.08 SP2cific heat 

· - The : ap~cif~c h~ts of uranyl ni~rate solutions :fr9111 O to 4 M ( 71 
weight per cent U02(N03)2) are given in Fig'Jre IV-rr~-91) Since the sat­
uration concentration la 2. 6 M ( 56 per cent) at 2, C., specific heat · 

. values e.bove that concentration include solid uo2 (No3 )2 · 6)½0 whic-h
0
has· -

crystallized out. ~e specific heat of solid -U~(No3)2 •6~o at 2·5 c. _is 
0.23 -cnl.orie/(gram.)( c.). Figure IV-17 includes, nlao, specif'ic heat 
curves . for BN03 and Ne.N03~ .. 

4.09 Refractive index 

uo2 (No3l 2__:_.!½ o system 

The refractive indices for this rMrem from O to 55 weight per cent 
U02 (N03}2 are included 1n Table IV-3) . · 

4.10 Molarity - weight per cent conversion 

U02 {NOJ.k~O ststem 
Conve~s!ori curves for U~(No3)2 and U<1-i(N01 )2 .6~0 are giv-en in 

Figure IV-18~ l2) In ~-r1ew of the very Sl'llflll"-contribut'ion which n1 tric 
acid makes towards the density of solutions of moderate uranyl nitr.e.te 
concentre.tio~ ·(s_ee equati,on (1) Ul'.lder L1 •• 03, above), the conversion curves 
of Figure rv.:.1s- my be ·wsed for solutions containing up to 2 !1 HN0

3 
with 

an error o'f only a few pe_r cent. · 

If the den,sity of e.ny system is known, tho conversion of concentra­
tion units for e.ny of the components mny be obtained from the general 
equation: 

Weight per cent • Molarity x Formula weight 
10 X Density 

vhere the density (in grams/cu. cm.) and molllrity are · determined at the 
same temperature~ 

5. Aqueous Mixed S.odium Salt Solutions . 

5.1 Introduction 

DECLASSIFIED 
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The highly acidic aqueous raffinate from the RA Coluz:m is neutralized 
vith sodium hydroxide and is then concentrated· e.nd stored underground. The 
degree of concentration possible is directly governed by the physical prOl)er­
ties of the resultant concentrate as discussed in the. fol.lowing paragraphs. 

5.21 Composition 

The estimated flowsheet (e.g,, TBP-HW No. l~) compositions for RAW are 
based on the assumption that the aqueous. feed to the RA Column is prepared 
from a. slurry o:f' sludge and supernate combined in the ratio existing in the 
u.'"lderground storage tanks. However, aqueous feed streams prepared f r om 
sludge· slurried ,rith vater, or prepared directly from concentrated superna.te, 
are conceivable and, as such, represent limiting c~ses. The composit ion of 
RAW may thua vary over wide ranges of concentration as the RAF compos ition 
fluctuates between these limits •. The variation in RAW composition wi th 
flowsheet conditions is ~hovn 1n Table IV-6 e.s e. ~.mction of the RA Column 
aqueous feed compositioni43)(45)(56) These compositions do not include 
any contribution from the RO Column aqueous we.ates. 

5.3 Neutre.lized RAW 

5.31 Composition 

The compositions of neutraliz~d RA Column aqueous 'Wl},zt~ for ~lowsheets 
TBP-RW No. 4 and No. 5 are given in the following table~l -8) 

Composition and Saturation Tenwerature of neutralized e.nd 

Concentrated RAW as a Function of Degree of Concentration 

Per Cent of RAW Volume 
TBP-RW No. 4 T.BP·HW No. 5 Saturation N8?/04 Na,P04 NaN0

3 Flowsheet Flowsheet Te!Ji:!. z •c,, G. L. . G./L. 
100 77 14 31.0 25. 9 332 

8o 62 18 38.e 32.4 415 
63 49 26 49.2 41.1 o/2 7 
47 37 36 65. 9 55.1 7o6 
45 ~,::, 39 68,9 57.6 738 ..,.,, 
44 34 Bo 70.5 ~-8 . 9 755 

5.32 Physical properties 

5.321 Effect of deGree of concent!"8.t1on 

The physicaJ. properties of neutralized ~te are given in Table rl-7 
as a function of the degree of concentre.tionl'~OJ which is expressed ~s the 
percentage of the volume of RAW and of the origincl volume of the waste re­
moved from the underground storage tanks. 

~·~:·~---~ . . ,. , . . , ... .. DECLASSIFIED 
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5. 322 Saturation temperatures 

The relationship between saturation temperatures and degree of con-· 
centration. ia shown in Table N-7 and Figure IV-19. The optimum volume 
of concentrated we.ate has a saturation temperature of 36°c., representing 
about 4-7 per cent of the volume of the RAW (Flowsheet T.BP-RW No. 4) and 
75 per cent of the volume of the parent stored uranium wastes. Concen­
tration below this point greatly increases the freezing point without 
materia.lly decreasing the waste volume. 

An increase in the sul.fate concentration of up to three times the 
nominal TBP-HW Uo. 4 Flowsheet RAW concentration of 0.21M does not appre­
ciably change saturation temperatures. However, an increase in the phos­
phate concentration (O.l~ under Tl3P-HN Ho.l~ Flowsheet conditions ) 1 
either in the presence or absence of a corresponding increase in sulfate 
concentration, ~;k~dly raises the saturation temperature as shown in the 
following table: to31 . • 

Uotes: 

.. 

Saturation Temperature end Boiling Point of NeutraliZ€d 

RAW Concentrated to 50% of OriGinal Yoli.une (TBP .. filiT No •. 4) 

Effect of Aided S~lts 

Salt Added 

None 
~(e) 

3-fold P04 

3-fold S04::(b) 

3-fold PO i(a) 
plus 4 

3..fold s04 • (b) 

Saturation 
Temperature, 

74 

0 c. 
Boiling 

D 

Point, C. 

ll1 

111 

ill 

111 

(a) N¾PC,. added to make the PO,= concentration 0.54M (i.e., 
3 til!:es t ~e 'l'BP•fili' No. 4 Fl'5wsheet Po4• concentration of 
O.lSr_i) • 

(b) N82so4 added to mke th~ 30/ concentration o.6~ (i.e., 
3 tunes the TBP-HW No. 4 Flowsheet SO;~• concentration of 
0.2J.!1). 
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5.323 Boiling points 

The boiling points of neutralized, concentrated RAW 4-te shown i n the 
table below as a :runction of the degree of concentration:lb3) 

Boiling Point of NeL,tra.J.ized RAW (TBP-BW' No. 4-) 

Waste Volume 
Per Cent of Per Cent of 

Neutralized RAW Stored Uranium Waste 

100 . 

70 

60 

50 

45 

40 

159 

111 

95 

79 

71 

63 

:Bo11111f· 
Point, C. 

102 

105 

107 

ill 

112 

114 

See under 5.322, above, for the e:ffect of added salts on the boiling point 
of RAW concentrated to 50 per cent of its volume. 

5.324 Density 

The density of concentrated, neutralized aqueous waste ~s given in 
Table IV-7 as a :function of degree of concentration. 

.... . ... .. -\1' ~ 

Wa.stes neutralized with 50 per cent NaOII solution'(~)accordance with 
:f'lowsheet requirements, exhibit pH's of ll.5 and above • .:> The subsequent 
concentration

1
~g~P affects the pR of the concentrate. only sl1ghtly,aa shown 

in Table. IV-7~ J The slight effect o_n pH is due to the liberation of 
some NH3 during the concentration step, as discussed in Chapter XII. 

5.326 Viscosity 

The viscosity of neutralized, concentrated RAW is given in Table IV-7 
as a function of degree of concentration. 

5.327 Sl)ecific heat 

T'ue specific heat of neutralized, concentrated RAW is also given in 
Table rl-7 as a function (Yf temperature at two degrees of concentration. 

. ..... , . . -• 
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6. . Bcduc1ng. A.s,nts 

6.1 Ferrous ammonium sulfate 

6.11 Introduction 
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Ferrous ammonium sulf'a te hemhydre.te is a green, crystalline compound 
which is introduced as a 0.05M aqueous solution in the RA scrub stream 
for the purpose of reducing plutonium to the organic-insoluble Pu(III) 
state. The role of the reducing agent in the RA Column is discussed in 
Section A of this chapter, 

6.12 Physical properties 

Formula 

Molecular weight 

FeS04.(Nli4)2S04.6~0 

392.15 (as the hydrate) 
284.0 (e.s the anhydrous se.lt) 

0 

Melting point Decomposes at about 100 C. 

Te~re.ture, 
c .• 

0 
15 
25 
40 
50 
70 

Solubility in Water(4) 

G. FeS04.(NH4)2SO~ 
Per 100 G. !bO 

12.5 
20.0 
30.0 
33.0 
40.0 
52.0 

FeSO~. (NH4-)2s04, 
'Weight Per Cent 

11.l 
16. 7 
23.1 
24.8 
28.6 
34.2 

Density of Aqueous Solutions(?) 

Fe.S04. (NB'.1~)2S04, 
Weight Per Cent 

2 
4-
6 
8 

10 
12 
14 
16 
18 

't . 

dl6 .5 
4 

1.015 
1.032 
1.048 
1.065 
1~082 
1.100 
1.118 
1.136 
1.154 

i5 
4 

1.013 
1.029 
1.045 
1.o62 
1.08o 
1.098 
1.116 
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6.2 Sulfa.mic acid 

6. 21 Introduction 
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Sulfamic acid, or rather the suiranate 1o:n,. NJ½SOf, is used 1n the 
RA Column as a holding reductant, where its function is to destroy nitrite 
ion, and hence prevent the oxidation of Fe(Ir) to Fe(III) by nitrite ion 
before. the ~lutonium ts compl:etely reduced to Pu(III). Section A of this 
chapter contains a discussion of the chemistry of reducing agents in the 
RA Column. 

Sulfa.mic acid is introduced into the RA Column ·as a O. la.1 solution 
in the aqueous scrub stream •. 

6.22 Phyeice.l properties 

Formula 

Molecv.lar weight 

Appearance 

Melting point 

llee.t llb<•re.ted upon 
dissolution in .water 

White crystalline solid, n::m­
volatile,?~on-hygroscopic, 
odorless~~) 

205° C., ,rith decomposition(2) 

5800 ca1ories per mole 

Solubility of Sulfe.mic Acid in Water<1) 

Temperature, 
0 

G, Su1famic Acid 
Per 100 G. IJ.,,Q_ 

Sul!amic Acid, 
Weight Per Cent c. 

0 
10 
20 
30 
40 
50 
60 
70 
80 

14.68 
18.56 
21.32 
26.09 
29.1~9 
32.82 
37.10 
41.91 
47,08 

12.8 
15.7 
17.6 
20.7 
22.8 
24.7 
27.1 
29.5 
32,0 

All ordinary salts of sulfamic acid are extremely soluble in water, 
being in most instnnces more soluble tht:Ln the corresponding nitrate or 
su1fate. 
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6 .23 Chemical properties 

6.231 Acid strength 
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Su.l.fa.mic .acid is considered a strong acid, l}eµ1g 3tronger than 
phosphoric · acid, thcugh· weaker than nitrio acid.-l.2J ~ Its pH as a . 
i'uneti.on ·of conoentration. is given in the following table •. 

pH ot Aqueous Solutions of Sulfamic Acid 

Concentration of 
Sul:f."eln1c Acid,~ 

1.0 
0 •. 75. 
0.50 
0.25 
0.1.0 
0 •. 05 
0.01 

6.232 Hy'drolysis 

..1?!.. 
o.41 
0.50 
0.63 
0.87 
1.18 
1.41 
2.02 

Sulf'amic acid lcy'drolizes according to the equation:(1)(67) 

~so3• + ~o ....- mr4+ + so4• 

:.-~-- - --· - -: ·~ .~~ -
. . ·.-~-

The hydrolysis rate at room temperature is slow (about 0.l per cent per 
day for either a J.!'! su.l.famic acid or a 1,M sulfamic acid-J.!1 mm1 solu­
tion). A similar rate is found tor a. l M su.l.femic acid-~ Al. (No3 }3-:-
0~ 3H mro3 solution.. The hydrolysis is a :first-order reaction with rate 
constants at 8o c. of 0.0456 and 0.0825 per hour (i.e., 4.56 and 8.25 
per cen1; 4,9cpim,osed per hour) for lend lO por cent solutions, respec.i. . 
tively. tl)(li+) 

6.233 Other roo.ctions 

Su.l.!amate 191) :reacts rapidly, smoothly, and caapletely with nitrous 
acid to givo N

2
:lb7) 

mro2 + ~so3- - N2 + so4• + ~G + lr". 

W~ieynccntrntcd nitric acid reacts Yi.th sulfamic acid to produce 
N2o go.s. 

~i~}JJ'~te, pormaoganate, and ferric chloride do not attack sulfamic 
acid. llJll3H67 

A 0.l.M sulf'amic acid solution ozono.ted for su: h~~ at room tempera­
ture decomposes to the extent of only a few per cent.l2~J 

OEC\J\SS\f \ED -
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6.3 Ferrous sulfame.te 

6.31 Introduction 
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Ferrous ion is used in· the TBP process for the selective reduc­
tion of plutonium to the --orge.nic-insoluble Pu(llI) state , (see Section A), 
and is supplied by COllll18rc1ally available ferrous emnonium sUUate. 

An alternative to ferrous ammonium sulfate is the combined reducing 
agent and holding reductant, . terroua sulfa.mate. This ·substance is not 
commercially- available, and it required., must be prepo.red on the plant 
site. 

6.32 Preparation 

Ferrous sull"ame.te is· prepared i"rctn iro?} PQ"4Q.fr and an aqueous solution 
o-r su.lhmic acid by the f'olloving reaction: (19}{cSJ 

Fe+ 2 nso3~-Fe(so3N¾)2 + K + 24,GOO calories 
. 2 

6.33 Physical properties of' ferrous sulf'UBte 

Formula. 

Molecular weight 

Appearance 

Fe(S03~)2 

248.03 

The 2.5 M solution is greenish-blue 
:i.n color.(19) 

Solubility The -saturation concentration in wa~er(is) 
in the r&J:lge ot 3.6 to 3.8 Mat 25 C. 19 

6.34 Reactions and stability 

High pH contributes to the stability of su1f'amate ion towards hydrol­
ysis, while low pH is necessary for the stability of' ferrous ion towards 
air oxidation and consequent precipitation. The stability of ferrous sul• 
fuate toward ferric precipitation is satis!'actory upon maintaining tl}e pH 
at 2 or slightly less with a 2 to 3 per cent excess of sulfamic acid. (19J 
The over-all ste.bili ty of a ferrous sul!'amate solution maintained at a pH 
of 2 in a vessel containing an inert-gas blanket is limited by the rat e ot 
hydrolysis of" sulfa.mate ion. This rate, as reported in 6.232, above, is 
approximately 0.1 per cent per

0
day at room temperature, and incree.ses to 

over 4 per cent per hour at 80 C • The total amount of sUlfate ion in the 
solution due to hydrolysis will be the sum of that produced t'lu.ring the pre­
paration ot the ferrous sulfamate (appraximately l per cent of the ini tial 
sulfamic acid} plus that produced on aging. 

The reaction between sul.t'smate ion and nitrous acid, described under 
sul.!'emic acid (under 6.233, above), 1s the reaction which prevents the 
ax~dation of Fe(ll} to Fe(III) t.prough an autocatal.ytic mechanism involving 

DECLASSIFIED -
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nitrite 1on{67) In 5.0 ~ HN03, where oxidation of Fe(II)'to· Fe(Ill) is 
normally rapid, sulfame.~e ion !lla.intains the hal.f-life of Fe(II) in the 
range of 30 to 50 hoursi37J 

7. Interfacial Tension and Phase Disengaging Time 

· 7.1 Introduction 

The process of liquid-liquid countercurrent ertraction involves inti­
mate contact betveen two. essentially immiscible liquids, during which time 
the solute 1s transferred from one phase to the other across the phase 
boundary between the tvo systems. This desired contact is obtained in the 
:Redox process by dispers1Dg in the continuous phase fine droplets of the 
organic phase,. ~hich, owing to the specific gravity differential between 
the phases, rise vertically through th~ more dense descending aqueous 
phase. Intert'a.cial tension in such· a system, analogous to surface tension 
in distill.a.tion. and absorption processes, in:fluences the size of the drop­
lets of the discontinuous phase. Smaller droplets are more easily formed 
vith systems: of lower- 1nterfacial tension, the droplet die.meter being 
proportional to the interfacial tension •. Small droplet die.meters in turn 
mean increased interf'acie.l area, resulting in increased solute mass tra.ns­
fer rates: across. the interface. The final result is manifested in lowered · 
Jr .. E. T .. S' .. and: H .. T. U. values. 

Too r1ne. a dispersion, however, which may result in th.e'.. formation of 
e.n emulsion,. is. not de&~"":able,. owing to unduly incree:s.ed' 4ifficul.ties of 
phase separationw~1ch 01tveigh. e.ny advantages resulting f~om.the increased 
interracial.. area(5l . 

The determination of the emul.sion-~ormuig ~roper-ties of. a · sys~em is 
DBde by measuring· the time required for the pho.ses to disengage. The dis-

,,.· . engaging t:llna correlates .. approximately- vith ertraction column flooding 
capacity and. entrainment losses:.. There seems to be no: indireet.. method of 
determining disengeging times·, since. no- reliable experimental correlati:on. 
has been t'OWld. be.tween interfac.1a.l tension, den,µty, visc-asity·, etc., o:f• 
process· streums. e.nd their disengagi.Dg times. 

T.2 Intcrt'ac1a1. tension 

Interf~ai-tensions betlreen solvent (15 volume per cent ~p in Deo­
bl!Lse} e?ld aqueOWJ' process solutions have been determined at 25•c. Data on 

. typicaL system&-: correspond~ _t" TBP-RW No. 4 Flovsheet conditions are 
. ' given. 1n. the. ro-Uow:ing tab.le ,16 J . . • 

~ 0 . • 

.. ... 

·. •· 

.Colunm:: . 

Orgomc:..Aqucous 'rnterf'a~.ial Tensions 

Interf'ac-iaI Tens ion 
. Scrub Inlet . Feed Inlet 

- 15 .. I. 
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The variation in inter1'acial tens~on nth a change in temperature from 

15° to 75°c. was found to be negligible, falling Yithin· the limits of· ex-
perimental error. · · 

7,3 Disengaging time 

Disengaging time bas been arbitrarily defined e.s the time required 
for the separation of an organic from an aqueous phase, vhen the two have 
been combined in the appropriate ratio (usually the f'lowsheet ratio) to a 
total volume of 50 ml~, and inverted in a stopperedf 50-ml •. graduated cyl-
inder at the rate of once per second for 20· seconds 86) . 

No direct correlation bas been established amorig phase densities, 
1n~er:fac1al tensions, and disengaging times, but it has been observed that 
no appreciable aqueous entre.iilment in the orc;anic effluent occurs during 
RC Column runs when the organic ·holdup ~~,is greater than 7,5 times the 
d1sengae1ng time ('!BP-RW No. 4 Flowsheet).(5c, Since the organic res i dence 
time ill the RC Column phase disengaging section 1s about 11 minutes, aque­
ous entrainment in the organic phase is not expected to occur unJ.ess the 
disengaging · time markedly exceeds 90 seconds. · 

• Disengaging times measured on effluent stream se.mp+es from typical. RA 
and BC Column pilotwplant runs average 4o to 60 seconds{56) No significant 
effects on d1sengag1:1f times of an RA extraction system have be,;n )bserved 
when excess S04 •, P°4 , or N03 • were added to the aqueous phase> 39 

7.~- Emulsifying fmiurities 

'l'he presence ot emulsifying agents 1n minute quantities has been noted 
to cause vide variation in the disengaging times of systems of essentially 
~dentical macro•composit1on. The uranium•monobutyl phosphate complex 
·caus,.es stable. emulsions ·in the RC Column when present in the organic phase 
~ amounts of 0,01 volume per cent or greater(87) Monobutyl phosphat e ·1s, 

· 'however, quantitatively removed from the organic solvent by continuous 
,-. countercuiTent washing 1n the RO Column with a dilute carbonate or ot her 

wash: solution, as discussed in Chapter XI. Dibutyl phosphate does not 
produce an emulsifying effect 1n the RC system(87J -'!'here is some indirect evidence (based on Redox process e:z:perience) 
th$.t small amounts of siliceous ma.tter in the RAF (dorived from the Al-Si' 
slug. bonding lay(::r or from sand blown into the underground uranium waste 
storage tanks) IDl!y cause omul.sifice.tion in the BA Column. However, dis­
solving coating removal waste in the RAF so that the RAF contained approx­
imately 100 p.p,m. silica has (in one e:z:perimen~ e~1b!ted no significant 
effect on diseDgaging times in the RA Column sy-steml 86} 

8. Heats of Extraction 

In the ~ Col:~ _sys_tem at 25°C., a.bout 1 kiloca.lorie of heat is 
liberated per mole of U~(N03)2 transferred from the aqueous phase to the 
organic phase under eond.1t1ons approxime.tioo those found at the feed point 
urider TBP-RW No. 4 Flowshcet conditions{53) The tre.nsf~r of uranium from 
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an aqueous phase into a. TEP-diluent mixture in~olves the breaking of ura­
nium-phos.phate and uranium-sulfate complexes, the dehydration of uro.nyl 
nitrate, and the formation of TBP-urcnyl nitrntc coordination bonds. Tho 
heat effects or· bond breaking and formation arc cairPensa.ting so that the 
over-all heo.t of tmnsfcr of uranium into TBP is small. · 

In the BC Column systom, about 5 to 6 kilocalories of heat are ab­
s or bod per mole of uranium transferred from the orge.nic phase to the . 
aqueous phase, over the range of compositions given in Figure IV-23(5JJ' 

C. SOLVENT-AQUEOOS PHASE EQUILIBRIA 

·The solvent-a.quoous phase equilibrium date., vhich are the subject 
matter' of this section, arc :gresented largely in terms of the distribution­
ratio concopt. · ·The symbol E• , used throughout this section, stands for 
the organic/aqueous distribution ratio, defined as g./1. solute 1n the 
organic phase .divided by g./1 .. solute in the aqueous pbe.se. 

l. Uranium 

l.l Introduction 

The successful. separation of uranium from plutonium and fission pro­
ducts 1s dependent upon the distribution ratios of these materio.ls between 
the organic a.nd aqueous phases as a function oi -tho ca.aposition. of the 
phases involved 1n the transfer system. The following tables and figl.n"es 
illustre.te the dependency of urenium distribution upon the process vari.:. 
ables· end arc to be compared with pluton1UI11 and fission-product data as 
given under C2 end C3 of this chapter. For a discussion of the basic 
principles involved 1n the TBP process and the choice of optimUm operating 
conditions, reference is mde to Section A. 

l.2 RA Column szstom 

1.21 Effect of uranium concontretion 

The effect 0£ uranium concentration-on tho u.rnnium distribution ratio 
is a f'unction of tho degree of satura.tion of the organic pha.se with respect 
to uranium. Sc.turo.tion of the orgo.nic phase corresponds to complete ut1 .. 
lization of th~ ()ibutyl phosphate by complexing tvo moles of TBP with one 
mole of urcmium\2 ~ The theoretical rrmcil!lUm solubil.ity of uo2 (N0

3
)2 1n 

l2. 5 vol.ume per- cent TBP in diluent is 0.22 ll• _ 

The quantitative e:f'f'oct of uranium concentration on uranium distri­
bution ?lily be seen from the inter~sta.gc da.te. given in Figure IV-20A where 
the illustrated compositions apl)roximnte TBP-BW No. 4 Flowsheet conditions. 
The urc.nium distribution rotio, (', ia seen to incrense by o factor of 10 
on po.asing :from the concentration c.t the feed point (0.2 ~ uo2 (No3)2 ) to 
thnt at the bottan of the column. 
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U:mnium distribution in the scrub sect.ton va.ri"cs mm-ltodl:r with t he 
concentro.t1on of uro.nium present in the organic pho.so (F ig,-ire ·IV-208 ) . 
Scrubbing e.n orgo.nic extract, 40 per cent saturated vitn ·uronium; with 
3 !:! IINO~ givos a. uranium distribution ro.tio (org./c.q.) of 5.2; vheree.s 
for a solvent 109- per cent sa.turnted with u.rnr..ium, ·the d1str1bu.tion ratio 
at 3 !:! RN03 is l.O. As the solvent approa.ches urnnium snturo.tion, ure.nium 
dist;-ib\ltion becomes_ ;J.,ess highly dependent on the nitric acid. concontrn·- · 
tion~72J . . . ·• 

l.22 Effect of Iitric acid concentrn.tion 

In the absence of the · No.N01 produced·· by feed no1._1trc.lization, µranium 
distribution into the orse,nic pfia.sc increases as the D.qucous pho.se nitric 
acid cqnccntrn.tion- increD.scs, reaching o. maximum vc.luo o.t El.bout 5.5 M· 
mm3 (Figure IV-21A). At higher nitri~ ccid concentrations a. decrease in 
the urenium distribution ra~io (org./o.q.) is notod,prcsumably because of a 
decreose in the activity coefficient of HNOi •. The effects of sulf'nto and 
phospbo.te on uro,n.1um distribution, o.lso ill~stmtcd -in Figure IV-2lA, arc 
discussed under 1.25, bolov. As shown in Fiauro IV-21B, nitric acid in 
the range of l to 4 M has only a,slight effect on uranium distribution 
under Flovshcet 'l!BP-iiw No. 4 conditions. · 

1.23 Effect of tributyl .phospha.te concentration 

The crf ect of tributyl phosphe.to ·(TBP) concentmtion on uranium dis­
tribution under RA C.olumn conditions is ill.ustro.tcd in the f<1llowing table. 
As the T.BP concentration. is incree.sed from 10 to 15 v.oltmo per c.ent, the 
uranium· d+sttibution ro.tio (org./aq.) 1s seen to incroosc by a factor of 
ab9ut 1. 7P2 ) . . 

Uranium Distribution in the RA Column System 

E:ffoct of TBP Conccntmtion 

TBP Concentration, 
Voltl!ile P.:::r Cent 

10 
12.5 
15 

1.24 Effect of diluent 

Uranium Distribution Ratio, 
G.U~L. Orsru;ic 
G.U L. Aqueous · 

3 
3.6 
5 

. With ~he hydroco.rbons employed_ as dilucnts in the TBP process, 
verintions in \U.'C~~ ~ 4~tr1bution attributablo to the diluent employed 
e.re. negligible\ (5°H35) ( -~OJ_ . . . . 

l,25 Effect of phosEhntc and , sulfetc 

The effect of the presence of phosphate o.nd sulfote is to decrease 
uranium distribution into the orge.nic phase, phosphctc be ing more effective 
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than sulfate in this respect (Figures IV-21A, IV-22A, Md IV-22B). This 
is especially apparent 1n the dilute uranit'IIll region of the BA Column, vhore 
an illcreo.so 1n the phospho.ta concentration from O.l to 0 .. 4 M decreases tho 
uranium.distribution. ratio,~, by o. factor of about 3(35) -

1.26 Effoct of butyl acid phosphates 

Butyl acid phosphates,. u:w.es1;-o.by9 l:l.yd.rolysis products of TBP:, form 
very stroog- complcxcs with. 'I.U'0.Ilium~30 (60) The affects of these complexes 
on u.rnnium distribution under RA Column conditions arc not apparent due to 
the high ionic strength of the aqueous phase and the direction of uranium 
transfer. In. tho RC Column system, however, the stability of tbc complexes 
prevents the transfer of uro.nium bo.ck into the e.queOUB phnso 75 J (See 
u."'lder 1.34, below.) 

1.27 Effect of temperature 

· The effect of' tempero.turo on uranium distribution is · shown in Figure 
IV-23_. Over the tempornture range of 0° to 60°C., Ul"8nium distribution 
into the orgn..ic phase is f avored by a decrcnse 1n tempero.ture, the effect 
being greo.tcr e.t_ low uranium concontrs:tions(53) 

1.28 RA· Column equilibrinm diagrams 

Changes in feed composition resulting from variable sludge and super-­
nate can.positions and volume ratios (see Chapter III, Section A) requi?-,· 
chang~s in operating conditions_ in order to realize mwcimum processing 
capacity consistent vith acceptable uranium losses. The chemical process 
variables, R3P04, ~S04, HNOv NaNOv UOa (N03 \, and TBP concentrations, 
are correlated in Figures rv:::24 through IV-21. The correlations are 
presented on the basis of the equilibrium "constant", K, in the equation 
representing the mechanism for the extraction of uraniwn by TBP solutions. 
The extraction 1s represented by the reaction(24) . 

. U02 ++(Aq.) + 2No3-(Aq.) + 2T.BP(Org.) .... u~ {N0~)2.2TBP (Org. ),--(1) 

from which an equilibrium. "constant" may be calculated and expressed in 
the f ollowing form (see Section A} : 

Ea • [rlN03-(Aq.)J 2 [TBP - 2UN(Org.)J 2 , - - - - - - - - (2) 

where E6 ~ uranium -distribution re.tio, G.U/L. Org. 
G.U/L. Aq. ' 

K =- equilibrium "constant", 

NO -3 = total nitrate concentration in the aqueous phase,~, 

TBP .a total tributyl phosp~te concentration 1n the organic phase, 
M-· and -~ on ,. uranyl nitrat e concentration in the organic phase, M• 
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The curves of Figure · IV-24 permit the estimation of the equilibrium 

"constant~ K, . for varying concentrations of· so1t, P04•, · Na.NO,, e.nd IINO • 
The equil.ibriUJll curves of Figures. IV-25, IV-26, and IV-27, with pare.me~ers 
expressed in terms of K, nBY then be used- in deterrnining ·ura.nium equilibria 

. for an organic phase containing 10, 12.5, or 15 volume per cent T:QP in 
diluent. 

'l'he curves of Figu;re IV-24 agree closely with direct experimental. data 
for K~: 1, but for K.fve.J.ues of ' 0.5 or 2 an error in Y of about 5 per 
cent is found. at an ·X va.I.ue of 100 g./1. of uo2 (NO )0 .61:20. This error · 
drop~ to zero :per cent belova.n X value . of 10 g./1~tanc1 may be · neglected 
in most run calculations since the major part of the calculation invol·;es 
the range below 50 g./l. in the aqueous phase, 

As an emmple, the use of the f~gures is ill\.1.stre:ted for a run II8de 
under 'l'BP-RW No. 4 Flowsheet cond.itioDS. FrOLl the known composition of 
feed and scrub, the coe1centre.tions of P04~, S04 ::, Ne.+, and W, in the 
aqueous phase may be ce.lc'luated to be 0,17, 0.17, 2,71, and 2.64 molar, 
respectively. The use o~ these S04• and P04! concentrations in conjunc­
tion with Figure IV-24A gives a K1 value of 1.25. The value of K-;:, is de­
termined from Figure IV-24B using the aqueous phase concentrations of 
11 f'ree 11 HN03 and NaNo3• Converting their+- M to "free" ENO:> (tr+ M - 2$04° 
M - 3P045 R) gives a value of' l.79, which In conjunction ~1th the previ­
ously determined NaN03 concentration permits the value or ¼ (1.15) to be 
read :from the chart. The product of K1 and~ gives a K1" value of 1.44. 
The product of the rt value and ~e -~-"'tal N03· concentration in the aqueous 
waste stream (4.45 M) gives a (dlro,-; value of 6-.41. Interpolati2D, between 
curves 6 and 7 of Figure IV-26 (parl!metere expressed in terms of K~No3-) 
gives the deaired equilibrium line. 

1.3 RC Column system 

1.31 Effect of uranium concentration 

The ionic strength of the RC Column system is much lower than that of 
the RA system; consequently, the effect of uroniUIJ concentration on u.ra.~ 
n1um distribution is more pronounced. This is illustrated in Figure IV-22. 
In the absence of ENO:> the uranium distribution ratio (org./aq.) increases 
a thousand-fold as th~ uranium concentration is increased from 1 to 50 
g./1. rn ·the presence of 10 g. po3/1,, the effect is reduced due to the 
salting action of nitric acidl32) · (3°) (see l.3?, below). 

1.32 Effect of nitric acid concentration 

By referring to Figure IV-28 1t may be seen -chat BNO, increases ura­
nium distribution int9 the organic phase me.rl:cdly in the anute region of 
the EC Column. _At a 0,01 ~ uo2 (N03)~ concentration in the aqueous phase ti. 
uranium distribution ratio (org./nq.) increases n thousand-fold as the 
aqueous phese nitric acid concentration is increased from Oto 10 g./1. 
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1.33 Effect of tributyl phosphate concentration • 

Incree.sing the concentra.tion: ofTBP in the solvent incre~es ure.nium 
distribution into the organic phase. At 100 g./l. U~(NO'i)2.6l½O in tho . 
equilibrated aqueo'l..lS· phase vith no BN03 present, uranium distrioution into 
the organic phase is increased by a f'actor of 2 as the TBP ·concentl"8.tion 
is increased from 10 to 15 volume l)er cent{36) The effect 1ncreas~s 
slightly with decreasing uranium concentration. 

1.34 Effect or butyl acid phosphates 

The deleterious effect of dibutyl phosphate on uranium distr~tion 
in the RC Column me.y be seen from the following data in vhich an organic 
phase (EAX), consisting of 15 volume :per cent TBP 1n Deobase containing 
varying amount.a of dibutyl phosphate, was equilibrated vith an equal(,2) volume of aqueous solution containing 1 or 10 g./1. U~(No3}2 .6¾0• 

Uranium Distribution in the RC System 

F.ffect of Dibutyl Phosp~.e.te '(DBP) 

Organic Phase 
Dm>1 G./t. 

0.0 
0.2 
l.O 
o.o 
0.2 
1.0 

Aqueous Pho.Ge ·· 
mm, . G./L. 

1 
1 
1 

10 
10 
10 

Uranium Distribution 
Ratio, Ea 

0.002 
0.41 

21.0 
0.02 
0.07 
0.22 

The presence of small quantities of DBP thus prevents the stripping of 
uranium back into the aqueous phase, the effect incree.siog · with ·docreae-· 
ing uranium concentration. 

The comple% formed between uranium and monobutyl. phosphato is a 
precipitate insoluble in either phase e.ne., under dilute RC Column condi­
tion.3, results in the formation of stable emulsions or intorfacial scum{65) 

1. 35 Effect of temperature 

The ef'fect of an increase in temperature is to decrease uranium 
distribution i:lto the organic phase (Figure IV-23). · The effect is rela­
t 1 vely slight, an increase from 20° to 1:.o0 c. decreasing the uranium dis:­
tribution o~tl by a factor of nbout 1.5 at uranium concentrations of 
about 0.1 MP:,) 
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Equilibrium lines for· RC Column operation, . with 10, 12.5, and 15 
volume per cent 'l'BP in the feed, are. shown 1n Figures rf-29 through IV-31. 
The nitri_c acid concentrations which are given permit the . estimation of 
ura_nium equilibria under a wide .range of conditions. 

The slopes of the equilibrium lines decrease :f'rom &bout 3 to las 
the nitric acid concentration is increased from Oto 30 g./1. in the aque.­
ous .pbase. Similarly; a decrease in the slope ot each equilibrium line is 
found above appr0%imately 30 g./1 •. ~°'2(No3)2 .6~0 1l'i the aqueous phase. 

2. Plutonium 

2. 1 -. Introduction 

Although the bismuth phosphate process uranium waste contains only 1 
to 2 per cent ot the pl~tonium initially associated with the uranium, a 
decontamination factor of about 40 is required in the TBP process to meet 
the specifications of a uranium-to-pl~-tonium weight ratio of 107 in the 
uranium product. This degree of decontamination is attained by the reduc- • ·, 
tion of Pu(IV) in the P.A Column to the essentially non-extractable Pu(III). 
The -• reducing agent, Fe(II), is added to the scrub stream:·along with sulfa­
mate ion vhich acts a~ a holding reductant to prevent the prelllature oxida­
tidn of Fe(II) to Fe(lII} in the column. The small e.motmt of aw.fate ion 
introduced 1n+.o the scrub stream by the addition of !i'e (II) as ferrous am­
monium sulfate bas no appreciable del.eterious effect on uranium extraction. 
Consequently, chemical addition to the scrub solution is ma.de in the form 
of ferrous amnonium sulfate and sul.famic acid instead of the more difficult­
ly prepared ferrous sulf'amate, 

The folloving pru;agraphs show the dependency of plutonium distribu­
tion on the severa.1..process variables. !n many cases the data for Pu(III) 
are une.vailable ~oause of its low distribution into the organic phase. 

2.2 Effect of oxidation state 

A comparison of the distribution ratios of Pu(III), (IV), and (VI), 
as illustrated in Figure IV-32, shows the distribution ratio (org./aq.) 
.9t Pu(IV) from an aqueous phase containing 1~5 !1 mro3 to be higher than 
those of .Pu(VI) and (III) by f~ctors of 2 and 32, respectively. The dis­
tribution ratio of Pu(III) is of p~rticule.r interest in the T.BP process 
since it is the oxida.tion state encountered in the RA Column. Its distri­
bution ratio, Ei (org./aq.),is low -- on the ·orde; of 0.01 at an aqueous 
pha.ee concentratiori of o.o M U°'2(N03)2 and 1 M EN0,~75) However, s'lnce the 
presence of trace amounts o? the more easily extruetable Pu(IV) will give 
an apparent high Pu(III) distribution ratio, this experimentally measured 
value for Pu(III) distribution may be conside~ably in error. 

2,3 Effect of complexing agents 

The fol+owir;ig data show the e:f'fect of butyl acid phosphates on Pu(IV) 
distribution~27) ( 36) 
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Effect of Butyl Acid Phos;ehates oh Pu(IV) Distribution 

.Aqueous phase: 3 t! IlN03_.. Equal .. volume contacts at 25 8 C. 

Organic Phase Pu(IV) d, 

15 vol. 1,· '!!BP in Deobase . 
l . vol. 'fo B.AP¼, 15 vol. 1, TBP in ™abase 
O.l voL '1, :BAPM-, 15 ,vol. '1, 'I'.BP in Deobase . 
l vol. · 'I, BAJ>II' in benzene 
0.1 vol. '/; di butyl phosphate · in benzene 
0 .1 vol. 'lo monobutyl phosphate in benzene 

4.63 
237 

63 
274 
24-3 
2.1 ... 

· +--Equimol.ar · mixture of monobutyl and dib~tyl phosphates. 

..,.. Precipitate containing the bulk of the :plutonium formed 
at the , interface. 

In the presence of 0.4 t! U0:2(N03)2 , Pu(IV) distribution into the organic 
phase is increased on+Y by a factor of 6 by the presence of l per cent 
butyl acid phosphates~27) 

The distribution of Pu(IV) is greatly increased in ·iavor' of the .. e.que­
ous p.~e ~ the presence of fluosil+caie, the distribu~ion ratio being 
comparable to that found ror Pu(!II)~25) The effect of fluqri~e ion -on 
Pu(IV) distl'.ibution is very similar to that of fluosilicate. (9)(36).(81) 
In view o! the corroeive ·properties of fluoride · ion, however, neither 

. fluosi_i .1cates nor fluorides are contemplated for ple.nf use. 

·2. 4 Effect of UI'8llium concentration 

Plutonium distribution into the organic. phase is depressed in the 
prcse~ce of uranium due to the higher specificity of tho TBP-uranium com­
plex. { 77) With an aqueous phase 3 M in HNO.,, the Pu(IV) distribution ratio 
(org./aq.) decreases by a factor ot-6 as th5 degree of uranium saturation 
of the organic phase is increased ·:L'r~ 35 to 8o per cent (Figure '!V-33). . . ~ . . 

2.5 Effect ot nitric acid concentration 

The eff~ct. of nitric acid is to salt plutonium into the organic phase 
and, as illustrated in Figure IV-33, the effect is pronounced at low ura­
nium concentrations. With an organic phase i.o per cent sa·turated with 
uranium, the Pu(IV) distribution re.tio (org./aq.) increases from 0.7 to 
4~6 as the ~o3 concentration in the aqueous phase is increased from 1.5 · 
to 5.0 M• This cffoct, h~ever, is greatly suppressed as the uranium con­
centration in the solvent nears saturation. The relative salting ef~ect 
of nitric acid on Pu(III), Pu(IV), e.nd Pt~(Vl) is compared in ;.'igure IV-32 
for Pu distribution in the absence of uranium. 

~ -­
~ 
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2.6 Ef'f'ect of tributyl phosphate concentration 

Plutonium distribution into the· organic phase increases with incree.s­
ing TBP concentration. The f'ollowing data show the effect of '!'!BP concen-. . 

. tration on Pu(IV) and Pu(VI) distributionP5) . · 

Effect of TBP Concentration on 
Plutonium Extraction 

Aqueous Phase: L 85 !:! RN03I Pu tracer. 
Organic. Phase: TBP- Gulf' BT Mixtures. 
Temperature: 20°c. 

'l'BP Concentration, 
Volume Per Cent 

2.1 
5.1 

10.3 
15.4 

3. · Fission Products 

3.1 Introduction 

Pu: I>1atr1but1on Coefficient (Eg l 
Pu( IV) Pu{VI) 

o.o4 
0-31. 
1.45 
1.90 

o.o4 
0.21 

. 0.58 
0.95 

Successful operation of the TBP process is dependent upon the sep­
e.ration of uranium from fission products and plutonium. The following 
data show the effects of operating variables on fission-product di stri­
bution. (See ' Cl and C2, above, for uranium and -plutonium distribution 
data.) Fission-,Product distribution ratios were determined as the ratios 
of the co. /mi:D.. /ml. of the equilibrated phases. However, to make them 
c~. ble to uranium and plutonium distribution data, they are expressed 
as · ?rsan,i,g ~se and will henceforth be designated by the BYJDbol 

6. . a~ueous s~ 
Ei; It 1s -to be Uilderstood that e.ctual. fission-product concentrat ions 
. have not been determined · as g. /l. 

3.2 Tzyical fission-product distribution ratios 

Representative distribution ratios for gross beta radioactivi ty and 
the individual fission products ruthenium, cerium, zirconium, and nio­
bium at the feed point and second scrub stage under conditions approx­
imating thos~ 1:Q. the RA Column (POi..~ and sOJa_• absent) are shown in the 
table below: l 77 J 

Radioactivity 

Groos Beta 
Ru 
Ce 
Zr 
Nb 

Distribution Ratio, !i 
At Feed Point At Second Scrub Stage 

0.0017 
0.0045 
0.00035 
0.0064 
0.00035 

0.11 
0.22 
0.0058 
o. 0'22 
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.Feed - 0.5 !:! U°'2(1'io3)2, 3 MeHN0_3 

. 11::rtractant -

.. Scrub "".. 

15 volume per cen~ TBP in Varsol, 0.15 M HN03 

3 !:! BN03 
. Vol .. ratio - Feed:: Extracta.nt: Scrub • 3:,10:2 

3.3 Effect of· ure.nium concentration 

The fission-product distribution ratios are given in Fi~e :rl-34 
.as a :t\mc.tion of .the f-inal urani\lm concentration 1n the- organic pl'lase. 
The ert~ction of .· gross fission products into 'the organic phase (3.0 vol­
ume per cent .. TBP in Gulf BT) decrea.ses by_ a factor · ot 10 e.s the degree 
ot Ul"fffi1\UII sa.tur.ation of the solvent is increased r;-om 35 to 80 per . 
cent. l~lJ The· same. effect may be seen in Figure :;tV-35, where gross beta 
and ge.mne. distribution ratios are shown for en ei:tra9tant consisting of 
10. 7. volume per cent TBP in J!ethylcyclohemne. (9) A_s disc'U8sed under 
3.4, below, the 'distribution ratios are · lover by a factor of 5 to 10 
in the latter case due to the lower concentration of TBP. 

Ruthenium distribution and, to a lesser crtent, zirconium distribu­
t.ion are highly dependent· upon the degree of uranium s~tu,re.tion of the_ 
solvent as shown in. Figure ·rv .. 34. Thus, :from the standpoint of affective 
decontamination in the extraction section of the RA Column, 1t is de~ 
sirable to maintain the degr8" of eaturotion of ·the solve~t with respect · 
to uranium e.t 50. per cent or g:i ·eater at the feed point. TBP-HW No. 4 a.nd 
5 Flowsheets operate with 51 per cent uranium saturation of the solvent 
at the feed point and about 8 ·per cent ·ure.nfom reflux in the scrub section. 

3.4 . Effect of nitric acid concentration 

The distri'bution ratios of gross beta· and gamma radioe.ctivit1es into 
the organic phase from an aqueous phase containing only uranyl nitrate 
e.nd nitric acid, as shown in Figures IV-35 e.nd: IV-36, increase by factors 
of 5 and 21.,- respectively, with an increase in th~-)~~~ concentration of 
·the aqueous phase from l.O to 5.0 M. Rutheniuml7? corium(72) dis­
tribution ratios show onJ.y a smul-iz},crease vith increasine nitric acid 
concentration, whereas the z1rconium(75). d~stribution r.e.tio, ~, increases 
from 0.08 to 0.72 over the range of 0,0 to 5.0 M_HN03 when extracted·from 
aqueous solutions by means of 15 volume per cent T.BP. Concentrations of 
nitric acid in the feed as 1011 a~ 1.0 M, to take advantage of the high 
D. F. obtainable, are not permissible due to the possibility of uranyi 
phosphate precipitat~on in feed solutions _containine relativelJ high con­
centrations of urnnyl ion (sec Section B). Moreover, in the presence of 
pr~ess concentrations of sul:fatc o.nd phosphate ion (npproximately 0.26 
M 1n TBP-~ No.4- Flowsheet) o.qucous-aoluble uranium complc:z:cs are formed 
wllich mke high concentrations (up to 5 M) of nitric acid desirable in the 
aqueous phase in order to maintain the uranium distribution. ratio, Eg, at 
a value consistent vith allowable uranium vo.ste losses. The upper limit to 
the aqueous nitric o.cid concentration in the'. feed occurs in the range of ii. 
to 7 M depending. ·upon the sodium ion concentration, since acid · 
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concentrations appreciably greater than this result in the precipitation 
of sodium nitrate and the reduction of the ~ium distribution rat i o 
(see Section B). The TBP-RW No. 4 Flowsheetl4 3J specifies 2.0 M BlJ03 in 
the s:crub. This, vhen mixed with feed in the .f"lowsheet ratio, results in 
an ~queous phase- at the feed point approximately 2. 5 !:! in tree mro3• This 
conQentration is a canpromise which. takes into account (a) fiitsion-product 
deco.ntemination, (b) uranium waste -losses·, · {c) coiumn operability, (d) 
nitric acid consumption, and {e) final aqueous waste volumes. 

3.5, Ef'f'ect of T.BP concentration 

The distribution of fissi~ products: into the organic phase decreases 
as . the concentration of TBP j.n the di1uent decree.sea e.t constant uranium · 
saturation- ot. the solvent. (9) . This effect is illustrated in Figure IV-36. 
Despite thelower fis-sion-product · distribution ratio,~, with. a sol vent 
containil;lg 5 .. 4 per cent TBP as shovn. in Figure· IV-36, TBP•RW No. 4 Flow­
sheet ( 4-3 )_ spe.c-ifies0 l2. 5 volume per cen~ 'l!BP- as . the extractant, chiefly 
in. order to. make ~ssible a satis:factorily• l.Q'II RAX flow rate, which leads 
to bettercol.umn .operation am. higher processing cape.city. 

3·.6 Effect of diluent 

_ The a.vailable date: indi~te that · the choice of ·dil'uent, with t he ex--
. - ception. noted below, will have· no significant effect on fission-product . 

decontamination ... This conclusionf'ollows•fram the le.ck of correl&tion.be­
tve.en the. pbysic•l. ~ Ql).~cal properties · ot the diluent· and the observed 
d~ont.am:lnation ... lTTH53H55) tor instance·, no detrimental effect on de­
eontamillation is noted.· in the use: ~ -~ . ...cc14 miXturee cotrtaining ali- . 
phatic unsaturates,. cyclic unsaturatee, and '.aromatics. (55} However , ni-
tration products of diluents high in. aromatic a.nd olefin content are re­
ported. to have a . deleterious effect on fission-product distribution , de­
creasing the decontamination f'.actor of gamma radioactivity by a factor of 
15 am-beta re41oactivity by a factor of about 2 on the basis of' one ex­
traction. alJd 3 scrub stages. (57) Nitration products that may be formed . 
1n. the organic stream upon continued use of .solvent are removed by scrub­
bing with C&'1Sti~ am./o,: carbanate· solution fo;llowed by washing wit h . 
·vater, 6,ee Chapter" ll) . · 

3-.7· Ett~ct of dibutyl. ~te 
.; 

Small. concentn:tiona" of DBP· cause an "irreversible" extraction of 
· some. fission.. productg,,. principally zirconium..· Extractions from Hantord 
diBBolver solution vith 12.5 volume- per cent TSP in cc~, to which 0 •. 0, 
_0.01,.. 0.-1.., aJ:Jd.. l.O vol:ume:_;.per cent DBP were added,. gave over-af gamma- · 
emitting:_:r1ss1.on-product distribution .. ratioe, llf, of l. 7 x 10- , 0. 011., 
0 ·.070,.. &Dd._ 0.4-:i,. respectively·. Beta:.-emitting fission-product distr ibu-

. ~ion ratios_i ~~- were. 8;;,.4 x . 10~4-.,. 2.5_·. x. 10~3, 0.014, and 0.033, for the 
a-eme rw:is.C-;;i5) Cerium. and: ruthenium arc u.naffected by these cQncentra-

. ttons at.. DBP,; over-all decontem1mt·ton · f'i!lctors ot about 105 based on one 
· e:ictraction and 3 scrub stages·,. have been ·obtained for each at both zero 

and: one per cent -DBP~.. Ammonium rl.uosiiicate tends to nullify the dele-
. terious ettect. o-r. ~ on. !1ss1an-product decontamination, (57) but, dua 

.··,· -= . . . · . 
. ·,•, ,_: · 
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to the corrosion problems attending the nse of fluosilicate, the removal. 
of Dl3P in the RO Column is relied upori t? circumvent the pl"oblem. . 

3.8 Effect of complexing agents 

A comparison of the effects of various aqueous-soluble complexing 
agents on fission-product decontamination is illustrated in Table IV-8. 
The distribution of zirconium L~to the organic pbB.se upon extraction is 
decreased ab01,1t one hundred-foJ.d by 0.1 M P04~ t~n-fold by. 0.01 M: S1F67 
e.nd six-fold by 0.1 ~ S04•.(53) Little effect on ruthenium. distribution 
is noted. However, af'ter 3 scrub stages the ovcr-a.11 decontamination 

' -~ >' ; 
'' ~ 

factors appear to· .be only slightly improved by the canplexing agents. , 9) 
C>.zalate ion is as effective as fluosilicate foT zirconium decontamination. 

4. IU tric Acid 

4.1 Introduction. 

Nitric acid transfer occurs in a manner analogous to that of uranium. 
However, the Tl3P-mm3 complex is less stable than the TBP-U~ (N03 )2 compler, 
and as a consequence, uranium has a back-salting effect on nitric acid 
,mich may be interpreted as a competition bet-ween 1.ll"8llyl nitrate and 
nitric acid_molecu1es f or tho Tl3P • . The following data illustrate the· de-
pendency of -HN03 distribution on the process variables. · 

4.2 Effect of uranium concentration 

Nitric acid transfer into the organic phase decreases wit~ an in­
crease 1n uranium concentration. (Figures IV-37 and IV-38). A 3-f'old de­
crease in the nitric acid distribution ratio (org./aq.) is noted as the 
~um concentration is increased from 0.02 to O.~ M. The effect is · 
similar under both RA and RC Column conditions. (24 J (3'5) 

4.3 Effect of nitric acid concentration 

Inspection of Figure rr-37 shows that the RN03 distribution r6t1o, 
~, decreases with. increasing nitric acid concentration (at least up to 
4 M) under RA Column conditions. This ef'f'oct is similar to tho snture.tion 
effect noted for uranium (Figure 1V-20B). The RNO-, distribution ratio is 
independent ot nitric acid concentration under RC Column conditions 
{Figure IV-38). 

4.4 Effect of tributyl phosphe.t~ concentration 

A linoe.r relationship is fo'..llld between mm3 dist:i;ib\ltion ratios and 
TEP concentre.tions between 10 and 15 volume per cent. l35 J The following 
datn, 'Which were obtained under RA Column conditions, show a 1.5-fold 
incre~se in the RN03 distribution ratio (org./nq.) over the 10 to 15 
volume per cent TBP concentration range. 
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Ef:f'ect of 'l'BP Concentration on RN03 lliistr1but1on 

.RA Column System, Aqueous Phase Composition: 

Ulm 0.01 Mi P04~ c.22 Mi s04a 0.2.2 M; N03- ,5.7 ~; Na+ 3.4 ~-

5. Others 

Volume Per Cent TBP 

10 

12.5 

15 

5. ·1 Phosphate and sul.fate 

RN03 . F.2 
0.10 

0.13 

0,15 

The distribution of phosphate, as measurod by the transfer from acid­
ified uranium waste (5 M in HN03) into a 20 volume per cent 'l'BP solut ion 
in CCl4,(~~Jors the aqueous phase by a factor of about 1500 (i.e.,~• 
l/1500}. Analyses of uranium product solutions rc~overed by the 'l'BP 
process have shown no ph~phste or sul:rato prescnt.(73J 

5.2 Chloride 

Based on laboratory studies of a solution contain.ing 1 g./1. of 
chloride ion, the distribution ratios (org./aq.) for chloride, determined 
at points corresponding to the dilute extraction region and feed point of 
the BA Column ~er TBP-HW No. 3 Flowsheot conditions, are 0.04 and 0.1, 
respectively.{49) Approximately 4 per cent of the chloride in the f eed 
enters the scrub section vie. the solvent. The distribution ratio i n the 
scrub section is on the order of 0.03, giving a calculated concentrat ion 
of about 0.002 g./1. ot chloride -in the uranium product stream, on t he 
basis of one scrub stage. Comparable data have been derivacl ffam simple 
and compound column studies conducted at the Hoof'ord Works.{83J 

5.3 Meto.Uie 1ons 

The distribution ratio (org./aq.) of iron, os determined by contacts 
of plutonium-bearing slcg and crucible solutions with 15 volume per cent 
'l'BP in hcxe.ne, is on the order of 0.005. By the snme procedure, the dis­
tribution ratios of Al, Cn, a.nd Ms were found to be on the order of 
o.0003~15l The distribution ratios (org./o.q.) of Ni(II) and Cr(III) , 
determined by equilibrotions of pure TSP vith on aqueous PW9e containing 
1.6 M HN03 end. 50g./l. of the metal nitrate, ore about 10-. Under t he 
so.me ~~ditions,the distribution rotios of Fe(III) and Cu{II) o.re about 
10-j. lbo) 
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Purchase Specifications TBP Project. ll-30-50. 
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HW-19140 

PHYSICAL PROPERTIES OF TRIBUTY1 PHOSPHATE 

Source of Data: HW-15079, HW- 15172, H"w-17822 

Nomenclature 

Formula 

Molecular Weight 

Density, 25°c. 

Refractive Index, 

Melting Point 

Boiling Poi nt 

Flash Point 

Viscosity, 25°c. 

25 
nD 

20 
n D 

Latent Heat of Vaporization 

Solubility in Water 

Solubility of t ater in TBP 

Surface Tension, 25°c. 

Vapor Pressure, 100°c.* 

Tributyl phosphate, n.-butyl phospha~e, 
TBP 

(n..C4H9)3 P04 

266.32 

o.9730 g./cu. cm. 

1.4226 

1.4245 

-Bo0c. 

289°c. at 760 mm. pressure 
177°c. at 27 llll1. pressure 
121°c. at 1 mm. pressure 

295°F. (Tag closed cup) 

3.32 centipoises 

.14,680 calories per mole 

0.39 grams per liter at 25°c. 

6L!. grams per liter a~ 25°c. 

25 dynes per centimeter 

0.25 mn. Hg 

*) See Figure IV-3 for the variation of vapor pressure 
with temperature • 

. i . . 
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Table IV-2 I PHYSICAL ffiOPERTIES OF DILUE1ll'S 

Source of Data: Hvi-19005 

Density Refractive Viscosity Boiling Range Flash Point Aromatic 
at 25°c,, Index at 25°c., and Mid-point, Tag Closed Content, Iodine 

Diluent ~.cm, n 25 Milli poises oc. Cup, °F. % Number 
- - ·- - T 

0----

Union Insecticide Base 0.8037 1.4444 16,1 175-269, ( 229) 133 0,9 1,13 

Standard Oil Special 0,7918 1.4382 14.5 179-263, (217) 145 0.2 0.11 
Grade 11B11 

Standard Base Oil "C" 0,7933 1.!1)86 14.9 181-263,(220) 143 1.4 0.01 

Deobase (Sonneborn 0.7804 1.4344 17.3 198-269, ( 225) 162 1.0 0.02 
Co,, N.Y,C,) 

Deodorized Spray Base 0.8038 1.4435 19.0 19)-260,(232) 150 1.0 o.42 
(Shell Chemical Co.) 

}J.fSCO 149-92 Br 0,77hl 1.4339 11.7 172-242, ( 200) 119 1.0 1.22 

AHSCO 125-90 Vi 0,7570 1.1.226 14,1 186-199,(190) 133 1.0 o.49 

Super Sol 0.7543 1.4217 9.6 162-190, (165) 127 1.9 0,04 
(Penn. Ref, Co,) 

Gulf B.T. o. 76o6 1.4271 8,9 165-196, (177) 111 9.1 1.07 

Stoddard Solvent o. 7765 1.4295 9:2 160 ... 193,(158) 102 1.8 o.48 
(Shell Chem. Co~) .-,) g_l 

CCl4 1,58~1~ 1.4603 200c. 9.14 77 
~. 
I-' I-' 
Cl) '-0 

n-C1ofl22 o. 726 11.0 196 115 - -- ~~ 
I 

n-<Ji2H26 0.746 14.o 216 165 
I\) 
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l 
Table IV--l ._.f 

PHYSICAL PR0PERTms 1 ·· 

U9? (N03_k...:...!20 SYSTEM 

Source of Data: CL-697 and RW-19932 

Concentration of uo2 {IT03.12 Saturation Boiling 
0 * 

!:f Weight Per Cent 
Temperature, Point, Density, 25 C., n25 P~, 

0 c. · •c. G. /cu. cm. D 25 c. 

0.0 0 0 100.0 0.997 1.3330 7.0 
<..n 0.132 i:::, - 0.5 100.2 1.040 1.3372 2.5 / - 0.276 10 1.0 100.4 l.o66 1.3420 2.3 c:::> -
:::,- o.433 15 - 2.0 100.6 1.137 1.31n4 2.0 en 0.604 20 3.0 100.9 1.191 1.3532 1.9 ~ -
i:"J - · C'..,J 0.794 25 - 5.0 101.3 l.252 1.3597 1.7 er, 1.004 30 7-5 101.7 1.319 1.3666 1.5 -

1.237 35 - 10.5 10'2.3 1.393 1.3744 1.2 
1.499 4o - 14.5 103.1 1.477 1.3830 0.9 
1.680 43 {eutectic) - 18.1 103.8 1.540 1.3886 0.7 

1. 7911- 45 - 13.5 l0L~.2 1.571 1.3924 
2.120 50 + 1.5 105.4 1.671 1.4025 -2.491 55 20.0 106.8 l.785 1.4138 
2.91 * 60 35.0 110.3 1.91 * - -·3.38 65 46.5 113.8 2.05 - -
3.89 70 54.o ll8.2 2.19 - -4.45 75 58.5 120.0 . 2.34 - -4.9() 78.5 60.0 - · 2.46 - -5.10 80 70.a - 2.51 - -5-39 82 87.0 - 2 .. 59 

5.69 84 100.0 14-0.o 2.67 - -6.0'2 86 110.0 - 2. 76 - -6.39 88 118.0 l G0.0 2.86 -6. 76 90 160.0 - 2.96 - -92 167.0 178.0 - - -
94 172.0 188.0 (with decomposition) ... -

*)Above 56% {saturation), density and molarity are given at the 
saturation temperature. 
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Solution Composition, 
We~ht Per _CeJ:tL 

~~2.ll!q1~2 rree l~~.3 

So.1 14.97 
61.9 -64.1 8.18 
69.4 5.19 

73~3 5.69 
79.9 . 2~31 
80;9 
86.o o.48 

86S ..0.10 
86.5 o.36 
86.7 0.23 
88.4 o.36 
88.9 ...o.58 

92123940152 

Table IV.::!! 

PHYSICAL PROPERTIES 
-=• .... -----

.!!_q2(N03l2.... - HN03...:...!!e... SYSTllt* 

Source of Data: HW-184o6 

Viscosity,{Hf-_ 
Density, G./cu. Cm. at CentiEoises 
§!t2r.at~oJ1 .. !.82l?..a~~~ 100 Rfl1 50 RPM 

s-.a. ........ . .-.- ....,,.,,.,. • e 

- - --
2.26 25 18 

2.19 -2.50 -2;55 i~2 30 
2.92 -
3.11 45 33 
2~84 -2.92 -2.95 60 5o 
3.17 

* ) These data were obtained from a study of RCU concentration. 
*) Determined with a Brookfield Model RVF Viscometer, No. 1 spindle. 

I 
Boiling Saturation 
Point, Temperature, 
oc. oc. 

118 42.5 
120 48.1 

5o.5 
120 53.8 

I 
120 59.9 

I 
93.5 

130 96.o 
140 lo6.o 

145 lo6.0 fl 150 106.0 
150 110.2 
160 - --160 130 

ii;$, 
t1' r· 
...., I-' 
Cb '-0 

~& 
!-
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Table IV-5 

SATURATION TENPERATURE AND DOOITY 

RAF SYSTEM 

--Source of Data: ffi'i-17226 

Composition, M Saturation 
uo2++ - so4• Na·+ NO - Temperature, Density, ro4- Titratable 

Ac1d31° 3 
oc. 25°c. - ·- -

o.33 0.35 0~26 3.7 1.a 5.3 o.5 1.3332 
C"J"":) 0.32 o.33 0.26 3.5 2.3 5.7 2.0 1 • .3457 
l.n' o.26 0.26 0.26 3.7 1.3 4.8 -2.5 1.3077 ..... 

0.32 o.34 o.26 5.5 1.3 6.4 17 1.3913 c:::t 
:::r 0.32 0.30 0.26 5-.2 1.8 6.9 13 1.4065 en 
ir-r, 
~ 0.32 0.32 0.28 4.8 2.2 7.4 21 l.4JJ.5 -:::-,.J 0.33 0.31 0.28 5.1 1.9 1.1 1"2 1.4149 er, 

0.32 0.29 0.33 4.9 2.7 1.0 23.5 1.4325 
0.32 1.07 0.35 4.o 3.5 5.7 2.0 l.4oo6 
0.19 0.18 0-.19 2.6 6.3 8.5 38 1.4133 

0.15 0.15 0.15 2.2 8 • .5 B.5 50 1.4347 
0.19 0.18 o.1a · ~6 5.9 e.o 35 1.3961 
0.19 o.os 0.22 2.4 6.8 8.5 30 1.3973 
0.15 o.o4 0.18 2 .. 1 6.4 8.5 39 1.3776 
0.19 o.o5 0.20 2.4 6.3 a.a 26 1.3776 

0.37 0.29 o.64 4. 7 2.5 - 8 1.L.238 
0.33 0~27 0.27 3.6 3.2 6.6 -3.0 1.3729 
0.33 0.32 (l.26 J.5 4.4 7.8 20 1.4082 
0.35 0.32 0.26 5.2 2.2 - 17 1.4251 
0.32 0.32 0.25 5 .. 2 J.$ 6.9 34 1.4731 

0.26 0.29 O.Jl 4.01 J.51 6.5 16.7 1.3996 
0 .. 20 0 .. 23 0.23 2. 7 4.13 6.o -7.8 1.3269 

*) See Sect1on A-of Chapter III for discussion of methods 
of expressing acid concentration. 
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Table TV-6 

COMPOSITI ON OF RA COLUHN AQUEOUS WASTE 

Source of Data: HW-18169, HW-18232, and 

Run Books 3.00-29..RAU, 3.00-30..RAU, 

3.00-122-RAU, and 3.00-123-RAU 

Run No1 

-.. 

Constituent TBP.JiW No.4 TBP..J·IW No. , 30Cc) 

UNH o.47(a) 0.35 0.11 0.03 3.25 1.75 
P0, 5 

Li 17.0 12.a 20.64 31.8 29.6 30.7 

soi, • 20.5 15.5 5.27 16.7 26.19 29.5 
NO -(b) 

3 216.0 209.0 386.3 305.o 365.8 .358.4 
+ Na 64.L. J~D.B 3h.5 64.4 75.4 10.0 

it ·•. 2.60 1.96 - - -
(a) All concentrations given in grams per liter~ 

(b) N03 - represents total nitrate less that contained 1n the 
indicated UNH concentration. 

(c) These data are from runs in which the feed w~ simulated 
sludge slurried in water. 

(d) These data are from runs in which the feed was simulated, 
evaporated aupernate. ~or summaries of these runs see 
m;.19170. (56) 
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Table IV-.7 

PROPERTIES OF CONCIDTl'RJ.TED NEUTRALIZED RAHlf-___ , ---
Ii'L05HEEr TBP-HW No. h AND 5 -----------

Source of Data: HW-184oh, ffi'i-21273, 
See Figure ,IV-19 

Volume Per Cent ... . 
Meutr. Meutr. Stored Saturation Specific Heat 
m,-1! HW-5 Uranium Temperature, Density, 

25~t Viscosity, ff Cal.J.(G. )(OC.) 
R.A1-I RAW Waste oc. G.jr:l. ~t .. ipoises 25"0c.--39°c: - - ' . -- ~ 

- 100 204 h 1.211(2,oc.) 11~8 - -100 7C 159 14 1.250(25°c. ~ ll.8 

~g 62 127 18 1.5Gfi~25°c. 11;7 
49 100 26 1. i 30°c.) 11.2 20 0.16 0.74 

57 4h 90 29 l.J65(4o0c.) 12 • .5 -
50 39 79 .34 -- 12.6 JO 
47 - 31 74.5 J6 l.hoJ(42°c~) 12.2 -45 35 · 71 39 l.405 ( 4o0c. ) 12.2 35 o.87 0.1h 
4L.6 Jh.7 10.1 60 1.470(65°c.) 11.6 
44 .34 70 80 1.Soo(81°c.) 11.5 

*) The solutions were prepared to represent the approximate compositions corresponding to ;;;3~ 
concentration of nowsheet RAU wastes except for the omission of iron and uranium, ~~ 

if¾) 

lolhich are insoluble. The compositions did not include any contrihution from the ICM <1> ~ 
stream. Mole per cents on a water-free basis were: Na2S04, 4.70; Na3~, J.67; NaN03,91.6). ~o 

I 

Viscosity measured with a Brookfield Model RVF Viscometer using Spindle No. 1 at 100 RPM. 
.....J 
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Table IV-8 

EFFECT OF COMPIEXOO AGENTS ON DECONTAMIHA~IOU 

Feed: 0.2 ~ UNH, 3 t! HNOv indicated complexing agent 
Ertractant: L~.5 volume per cent TBP in cc14 

Scrub : 3 ~ IIN03, indicated complexing agent 

Feed/scrub/extractant volume ·ratio = J/2/10 

Source pf Data: HW-1888o 
0 

Radio- Distribution Ratio, E
8 

Over-all 
Decontamination 

Complexing Agent activity Extraction 1st Scrub 2nd Scrub 3rd Scrub Factor 

None 
II 

II 

0.1 M !l04 
II 

0.1 !1 ~so4 
II 

n 

Gross Beta 
Zr 
Ru 

Gross Beta 
Zr 
nu 

Gross Beta 
Zr 
Ru 

8.1~ X 10-~ 
-j 2.9 X 10 4 2.8 X 10-

3.3 X 10-; 
3.0 X 10-4 
3.8 X 10-

-4 7.1 X 10_4 
5.,3 X 10 4 
4.0 X 10-

0.01 !1 (NH4)2S1F 6 Gross Beta 2.5 x 10-t 
11 Zr 2.6 x 10-

4 11 Ru 3.2 X 10-

2.8 X 10-~ 0.16 
7.,8 X 10-

2 
0.31 

1.6 X 10- 4.1 Z 10-2 

4.2 X 10-~ 7.2 X 10-~ 
1.,6 X 10-

3 
2.7 X 10-c 

4,0 X 10- 0.12 

5.0 X 10-~ 0,11 
5.2 X 10- 9.2 X 10=~ 
1.3 X l0J2 5.2 X 10 

0.9'2 
0.09 
0 .. 37 

0.29 
0.12 
0.07 

0.07 
0. 52 
0.1,~ 

5 3.2 X 10
5 2.3 X l~S 

2.0 X llY 

3,0 X 105 
5 3. 7 X 105 

1.6 z 10 

9.1 X lo5 
J,3 X lo5 
2,9 X lo5 

I 
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Figure Ill - I 

RATE OF HYDROLYSIS OF BUTYL PHOSPHATES 
IN 3M NITRIC ACID 

EFFECT OF TEMPERATURE 
SOURCE OF DATA • HW-19959 

100~::~~!::!:~~?::~4=~=~~=~::~~- ~~-:-=-=-=-;-7 ,~ -- - .... ------ ·-----Z 

80 
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I. Ecauol ¥Oiullle 111i11t- of 3!4 HN01 GIid T1IP at7'1 
2.IOe,/1. MIP I• 3M HN01 ot 29• C. 
S.109,11. DIP ltt SM HN01 .t 25• C. 
4.109,11. M BP In Slif HN01 at 715• C. 
!5. IOt,11. D &Pin :Slil HN01 at n•c. 

....... , c1a11, ...... 

' ' ' ' 

\ 
\ 

\ 
\ 

--- --3 

' ' 

\ 
\ 

' 

\ 
\ 

' 

\5 

' '• 

'°!'-------l~---:1:::----~,------:!-:,-----:!-::---*-----d, 0 5 10 15 ZO H 30 SS 
Reaction Time, Days 
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Figure Ill:- 2 

BGILING RANGES OF DILUENTS 

ASTM DISTILLATION 
SOURCE OF DATA : HW-19065 

275------------------------------------
I. Shell Deodorized Spray Boc;e 

2 . Dc..bose 

. 250 
0 

3 A"1SCO l25-90W 

• 
.. 
C ·o 

a.. 

0, 

·= ·o 
en 

229 

20 

3 

11s---'""6'.'------...... --~---------~----------.A.---..._ __ _, o Io 20 30 •o eo eo 10 10 

Per Cent Distilled 
100 
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HW-I9140 

VAPOR PRESSURE OF TBP AND DEOBASE . ..,. 

EFFECT OF TEMPERATURE 
SOURCE Of DATA: HW·15172 

100,no.---.....--------------..-.......... --.------------__,.-,---,--

IE 
2 

I 
l 

• 
90 100 II) 120130 140 160 180 200 200 240 210 280 

T•mp«otw•, •c. 
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Figure .N- 4 
DENSITY AND REFRACTIVE INDEX OF THE SYSTEM TSP-DILUENT 

EFFECT OF TBP CONCENTRATION 
SOURCE OF DATA: HW-19065; F Clagett, Unpublished Dato, Morch 1950 

0.87 

0.86 

ci 0.85 
J I 

:n I 
N 0.84 ~ -C ' 

>,, 

-~ 0.83 
C: 
~ 

0 

5 10 15 20 

LEGEND 

0 Experimentcl values 
£ Calcu lot~c: from equation (I) 

under 8 3.12 ,n text. 

25 30 35 40 

Volume Per Cent TBP in Shell Deodorized Spray case 
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> -0 
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£: . ,tt ·· 

j 
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Figure N-5 
25 VISCOSITY OF RA COLUMN EXTRACTANT AND FEED 

EFFECT OF TEMPERATURE 
SOURCE OF DATA : R.F. Maness, Unpublished Doto, July 1950 
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• RAF: Per Flowsheet TBP-HW No.4 . 
RAX: 12.5 Volume per cent TBP In Shell Deodorized Spray Bose 
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Figure Ill- 6 
FLASH POINT OF TSP-DILUENT SOLUTIONS 
. - -- -·---- -- . ··-·------ ----.. - -- --- --- -~---

EFFECT OF CONCENTRATION 
SOURCE OF DATA; HW 19065; F. Clogett,Unpubtished Ooto,Morch 1950 

160--- ----· - - ------··- ----- ----·-·--- --- --·------ ·- ··--- - -----------

-0. 
~ 
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• ,. -.E 
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O Experimental values. 
• Cotculottd from equation (3) under B 3.12 

in text. Molecular weight of 180 assumed 
for diluent . 
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Figure m-• 7 

DENSITY -'NEIGHT PERCENT-Ml) ARITY CONVERSION 

TBP- DEOBASE -URANYL I\JITRATE SYSTEM 
SOURCE OF DATA: HW-I7295;HW-17838 

Weight Per Cent 
0 2 4 6 8 10 12 

0.20 · - -· · - · · · ~ · · · · · · · · · · - - -- - . - .. - -- --· --- . ~ . . .. . . .. - - . . . . . . . .. . . 

. . - · - . . • ·-4 • - . - - . - - . • •. •· • • . . ..• • . . • . ... 

14 

: ~ ~ ~~::.=~~-=~=:-~:-~ ::-~ ~-: :.-~:-~·: :· ~::: ~-:: : . -... .. . --·. . ... ..... -...... .... . 
----- . --- -.....~ - . - - - - - ... --- . - •· - .. .. - .. ------- t- ---·- ·- ----~---- -. . .. ........ . __ _. ____ ______ --r - -- · -·· ·- . . ·- • .. - .. . - - .• - • . - -

0.1 •-·---

0.81 0.82 0.83 0.84 0.8 086 0.87 
Density at 25•c., G.IMI, 
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DENSITY OF RA COLUMN FEED AND EXTRACTANT 
TBP·HW No. 4 FLOWSHEET 
EFFECT OF TEMPERATURE 

SOURCE OF DATA : R.F. Maness, Unpublished Data, July 1950 

..--------------- - -·· " -- · 
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•Fiyure 12-9 
\ ;scOSITY OF THE SYSTEM TBP-OILUENT-U~~NYL NITRATE 
---- ---- - - -- -- ·. -- - . ··- ... .. - - . - - - ... . . - -- - -
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EFFECT OF URAN1u :,i1 CONCENT9-4TION 
SOURCE OF o ... TA: HW-19065 

so-------------,.---------------

. I 

40 ~ 

I 46 Volume per cent TBP ir, Deooo-.e. 
2. 23 Volume per cent TBP in 0eobase. 
3. I~ Volu1T1e per cent TBP in 0eo base. 
4 . 15 Vol•Jme per cent TBP in AMSC0 125·90 W 
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Fig1Xe nr-10 

SATURATION TEMPERATURES UC1z(N~)2 - HN03- ~O SYSTEM 

SOURCE OF DATA: HW-8309 
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Figure Il[ -11 

BOILING POINT AND DENSITY 

U02 (N03)2 -HN~ -H20 SYSTEM 

SOURCE OF DATA: CL- 697, Chapter:II 

HW-19140 
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Figure Ill-12 
VISCOSITY OF RA COLUMN FEED 

EFFECT OF TEMPERATURE AND FLOWSHEET 
SOURCE OF DATA:HW-18367; R.F.Moness, Unpublished Dato, July 1950 
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I.RAF, TBP-HW No.3 Flowsheet. 
2.RAF; TBP- HW No.4 Flowsheet. 
3Dissolved Slurry, TBP-HW No.3 Flow1heet. 
4.Woter 
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HYDROGEN ION CONCENTRATION 

U02 (NO3)2- HNQ3- H20 SYSTEM 

SOURCE OF DATA: HW-14559 
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SATURATION COMPOSITION OF RA COLUMN FEED 
EFFECT OF ACID, SODIUM, AND URANIUM 

CONCENTRATIONS 
SOURCE OF DATA: HW-17226 and HW-18407 

Titrctable Acid, Moles/Liter 
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SATURATION TEMPERATURES 

HW-19140 

EFFECT OF CONCENTRATION OF RCU AND ACIDIFIED SLURRY 

SOURCE OF DATA : HW-I5I72 

IOQ..------.----.---...---...-------,----,---...--~r-----,----, 
Initial Compositions : 

Acidified Slurry· 1000 ml. 
U02(N03)2 0 .193 .M 
No2 S04 0.19314 
No3 PO• 0 .175 ,M 
No N03 I. 95 .M 
HN03 2 .0 .M 

RCU -975 ml. (Saturated with 
15 volume per cent TBP in 
Deobose ). 

U02(N03l2 0 .26 .M, 
HN03 0.3 ~ 

oa-...----
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NITRIC ACID REMOVAL BY SOLUTION CONCENTRATION 

U02(N03)2 - HNO~- H20 SYSTEM 

SOl.RCE OF DATA : HW· I5172 

Solution Composition : 

UC>z(N03 lt O.Z6 M 
HNO:, 0 .3 f! 
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( Satll"ated with 15 volume 
per Cfflt TBP in Dtobose) 
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SATURATION TEMPERATURES 
1J~(N03 ) 2-HN~-NaN03-H2

0 SYSTEM 
SOURCE OF DATA: M. H.Curfis, Unpublished Doto, July 1950 
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Figure Ill-17 

SPECIFIC HEATS OF AQUEOUS PROCESS SCl..UTIONS 
SOURCE OF DATA: Unpublished Data, C.M: Slansky, October 1948; 1.C.T. 
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Figure N-18 

AQUEOUS URANIUM MOLARITY -WEIGHT PER CENT CONVERSION 
SOURCE OF DATA : HW- 11276; CL - 697, Chapter Il. 
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Figure N-19 
SATURATION TEMPERATURES AND COMPOSITIONS 

TBP-HW No.4 AND 5 NEUTRALIZED RAW 
EFFECT OF DEGREE OF CONCENTRATION 

SOURCE OF DATA: HW-18404 

3 
ct 
a: 
"C 

Cl> 
N 

0 ... -::, Cl> 
z 
&O 
'-
0 

v 
0 
z 
3 
::J: 
I 

Q. 
CD 
~ -0 

-C 
Cl) 

u 
t 

Cl. .. 
Cl) 

E 
::, 

~ 
Q) -0 
'--C 
Q) 
(.) 
C 
0 
u 

Compositions For TBP-HW No.4 Flowsheet 
Volume P!r Cemt Saturation Na.so.,Na.P04 ,NaN01 , 

Neutralized RAW T~ature,~. G./L G./L G./L 
100 14 30.97 25.94 332.4 
80 18 38 .71 32.43 415.5 
63 26 49 .15 41 .17 527.6 
4 7 36 65 .89 55.19 707.2 
45 39 68.82 5764 738.6 
44 6 0 7 0 .50 5S95 755. 4 

cu 
E 
::, -0 
> 
CV -V, 

r"""':";:::""%"'110 -r---~"""'T"""~~---,.-~~~----,----,r--~~~ 2 0 0 ~ 

100 

70 

80 
60 

50 
60 

40 

40 
30 

0 

\ 
0 

~ Original Stored Waste Volume -----0---------------------- ---
\ 0\ 

-o 0-

E 
::, 

180 5 

"C 
160 ~ 

0 --(J) 

140 o 
.5 
Cl 
'-
0 

120 -
0 -C: 

100 ~ 
t 
a. 

80 

60 

-Q) 

e 
::, 
0 
> 
Q) -0 ... -C: 

20 40 60 80 100 120 140 Q,) 
0 
C: 
0 

<..) Soturot ion Temperature, °C. 

OECLASSIRED 
.. . r . .. .. , . . .. 



DECI.ASSIRED 
Figure ISZ'-20A 

URANIUM DISTRIBUTION 
RA COLUMN SYSTEM 

EFFECT OF URANIUM CONCENTRATION 
SOURCE OF DATA : HW-19696 

HW ·1914O 
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Figure ISl-20 B 

URANIUM DISTRIBUTION 
RA SCRUB SYSTEM 

EFFECT OF DEGREE OF SOLVENT SATURATION 
SOURCE OF OATA :ORNL-260 

40 50 

OrgQnic: Phase :15 Volume per cent TSP tn hexane 
Aqueous PhoH :2.0 to 5.0 M. HN03 
Vol. Ratio : oro.J aq. • 6/1 · 
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URANIUM DISTRIBUTION "lt:IJ . 
RA COLUMN SYSTEM 

EFFECT OF HN0 3 CONCENTRATION 
SULFATE AND PHOSPHATE PARAMETERS 

SOURCE OF DATA ; ORNL· 260 

4 

Aqueou, PhaH : 0.12 M U01(NO:sl1, Nldl• 
c• ted 0111ount1 of HNOs, 
N•1S04 end NosP04. 

Orc;ianic Phase: 1!1 ......... ,., Carll TIP 
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4. 0 ,2!!! No2 S04 ,0.1!!! No5PO4 
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Concentration of HN03 in Aqueous Phase, Moles/Liter 

Figure llr·21B 
URANIUM DISTRIBUTION 
RA COLUMN SYSTEM 

EFFECT OF HN0 3 CONCENTRATION 
URANIUM ANO TBP PARAMETERS 

SOURCE OF DATA : H W· 17339 

Phase Compo1ilion1: 
Agueo111 1 ~ Organic 

Curx• ~ e,gl ~; ~ Vol.\TBP plluHI 
I 0.0015 0.22 0.22 :S.:S 1& Slodderd Selwe11t 
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URANIUM DISTRIBUTION 
RA COLUMN SYSTEM 

EFFECT OF PHOSPHATE CONCENTRATION 
SOURCE OF DATA : HW-17339 
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Figure N- 22 B 
URANIUM DISTRIBUTION 
RA COLUMN SYSTEM 

'EFFECT OF SULFATE CONCENTRATION 
SOURCE OF DATA : HW-17339 
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.Ei,gure DZ-23 

URANIUM DISTRIBUTION 
EFFECT OF TEMPERATURE 

SOURCE OF Of.TA: HW-18880 
Ag~ M£_1artty__ Orqanic 

1w ,rve No. ~g2CN0 3)2 HN03 Volume % T8P 
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(a) RAF composition before t-qulllbration: 142 9- UNH/1. 1 126 ;.HN01 /L, 
27.5 ; . so:11., 28.7 g. POl/1., 93.7 g.Nat11., 342.79-t_otal NOi/1. 
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RA COLUMN PHASE EQUILIBRIUM 
CHART FOR DETERMINATION OF K

1 
SOURCE OF DATA : HW-1774 7 
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Elgure N -25 
RA COLUMN PHASE EQUILIBRIUM DIAGRAM 

10 VOLUME PER CENT TBP IN DILUENT 
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Figure N-26 

RA COLUMN PHASE EQUILlBRIUM DIAGRAM 

12.5 VOLUME PER CENT TBP IN DILUENT 

SOURCE OF DATA: HW-17747 
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Figure N - 27 

RA COLUMN PHASE EQUILIBRIUM DIAGRAM 

15 VOLUME PER CENT TBP IN DILUENT 

SOURCE OF DATA : HW- 17747 
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CHAPI.'ER V. PROCESS ENGINEERING (SOLVENr-EXTRAm'ION) _ 

A .. BASIC PRINCIPLES 

l.. Introduc.tion 

· Sol·sl~t-ertrection .operetions are defined in the Chemice.l Engineers' 
Hnndbookl J as -"those in -which &ep!I'l!tion of mu:tures of different sub­
stances is accomplished by ·treatment with e selective liquid solvent", 
Although · sol.vent-ertrection operations may include leeching and -weshing 
o:f solids, the tem es employed in this nenual: refers to liquid-liquid · 
ortrac:tion. In liguid-ligu1d extrect:lon the · lllinure treated is liquid 
and the two ph8ses or layers- resulting from the solvent treetment are both 
liquids- In · the TBP-processRA Column, for emmple, uranyl nitrate dis­
solved in. an. aqueous pbese is. selectively extracted into on or.genie pmse· 
when the two liquids are brought into contect. The effectiveness of the 
extraction 1s- dependent on the chomice.J. composition and :physical · prc;,per­
tiea ~ the tvo' pbeees- es. well as the· type of' extraction eguipnpnt. 

2. Solvent-E:rtract:lon Eguipnent 

2.1 General 

. . The: ~ica:l. conetruct1(}P, 9f,. l:1.<i\lld-ligu1'd extraction equipneIJt me.y-
aeaume mny different. !0%'1218. l 1, ( i ... H 29 J However, an erlrection process. 
c1 rnsiats ~ three Ol>8l'l!ltions .,_ as f'ollovs :-~ { ~ ) · mixing and bringing the 
nttertel. to be extrected'. i!lto- !ntimflte contect With the solvent, (b) nil.ow-
~ the solute to• dittuse .,_ and ( c·) seJ,E:reting tbe resulting phases or lay-

- era. In, oddition, equi'Jllient is usuol.ly provided to recover and ·purify the · 
solwnt.. ·The contact in. the extr.elction . equ1pnent ?Illy be oither of' o stege­
w1se or of' n .. ditterenticl miture. In a s.toge-w:!..sb systom, the two phases 
are intimeteiy contacted,.: C:Ousing the t?'flnefer ~ solute to the solvent 
phase to rec.ch or ct leos.t o:pproech equilibrium. The two phases ore then. 
se-pftrated o.nd tho procese ia repectod nth f'resh solvent, Ev.ch stage-
wise contact ·which atto.ins• oguillbrium is celled a theoreticel,: · stage. In 
dti':t'erenticl ope!"fl.tion, a large number o:f short contacts botve·on tho so1ute­
rich feecf phase· and, the ciDiy sparingly- m.1sc1bl.e so-lvent phose is· achieved 
by subdividing. ona imse and p!Hing it cou,ntercurrently through the other, 

_. ;: . 

continuoua pbese.. Settl.1Jlg ar di&c%188ging z.ones ere provided to sep!rato ,.·, 
the pbeses- after the required· extent o:f coimtercurrent contec1l. ..\mong · ·:·.( 
th& mey types- or equi.IJ1Snt e-vailable, ' those which have been 1nwstigsted , -:·. 
tor 'll1"fU1iu11t etnd pluton:1.um.. re~overy- systems- ere ( e) the_ multii>J;e-vessel. {~t.f 
mixer-ae:ttl:er ,,. (b ). the S .O·,D. (Standard. Oil. Deve1opnent) m1xer-settler, ~ ·l: 

· (c-1 the· pm:p ·m1Dr-aettler .{Se~retions Process Reeeerch ·Unit type), (d) · .. .$.,1i 
-Ebe, -horiEontal; extractor, (e) pacled columns, end (f') pu1se cclumna-. A ·· ·::~.:_:_:.:_:_~_, _::._: 
more· cCllllPle~ description-~ · eolvent.-ertrection• equip!lent end a dis-cussioii .. .,. 
of the adwntagoa end d!sain_,teges ot. -~ se~~k) ~• my be found in ·• :;mt 
the,. Red<x,c-Techm:cel Manufrl . end. e;i:se-wh'3re·. . · ... . : : <{·: ,; 

column ere. pulsed up 



end. down through a -aeries of· spaced .horizonte·l perforated pl.Btes. This 
pulsing movement is · superimposed on tho net · countorcurront flow. The 
upward and downward pulsing movement of 1;he column contents throush the 
plate perforations C8usos the perforated pletes to provide agitation re-· 
sult1ng in more or less intimate m1x1ng of the two countercurrentl.y flow­
ing phases. The functioning ot pulse columns UDder various conditions at 
flow rate and pulse frequency and amplitude is described in moro deteil in 
Subsection C2, . bolcn, •. 

• The pulsing operation also perto1'1118' enotber important end necessary 
function. in that it provides• the meens for countercurrent flow ar the 
aqueous and organic phases. Experience indicates tmt the specif 10. grevity 
dit"ference between.. the two phases is usually not •sutficient to cause an 
appreciable countercurrent tlov through tbe smBll ·bolee · in the perforated 
pletes. Consequently, the net flow of the :lighter phase up em the bee v­
ier pbaso down the column 1& caused el.most entirely by the actions of the 
pulse_ generator andstreem pumps. 

Based. on identical. 9xttactionduty, pulse columns have the adventege 
that they are ahorter(7hl6J then picked columns and the disadvantage that 
they are ·mechanically more cO?llPleX 8nd tharetore would be expected to re­
quire more 1111 intenence • 

Pulse columns have been selected as the solvent-extraction contectors 
tor the Urani\lll Beeovery Plant primarily becaua• they could be fitted into 
the short cells-. 1n the '?BP Plant Building (221-U) •. The height requirement 
for packed columns would blve· necessitated up to 35-ft. deep excavati ons 
to be made in tour of' the existing 221-U Buildillg cells. It wee realized 
that· these excavations would be costly and might prove structurally haz-

-ardous. 

The over-all heights at pecked and pulse RA and RC ColtDn.S required 
fc,r equalq good. pertormence are compared below: 

Col.umn 

BA 

RC 

3. Special Terms 

Extraction Column Tot.el Height, Ft. 
Pa cke.d Pulse 

50 

38 
21 

17 

The terms defined in this subsection are those frequently used in 
discussil:lg the operation or ewluatins the performnce of solvent-extrac­
tion cOlUDnS. !Dlmples, including colloquial terms which have coa into 
use fc,r the TBP process, are included in the following disousaion. 

3 .l Rrtraction1 stripping, scrubbing 

In coxmection with solvent-ertrection 1n the TBP process, the term 
extraction is ueed to describe mas transfer, notably of _uranium., :f'rom 
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the aqueous to the orsan1c pbeae·, as in the lower section ot the ·:a,(column. 
(See· the chemical :tlowa.beet in Chapter I.) 

The· term stripping ie used to describe man trana:rer at uren1um :trom 
the organic to the aqueous phase. · Thus-, 1n the RC Column uranium is said 
to be stripped from tbe organic f'eed to the equeous et:tluent stream.· 

The removal ot fission product• tram a urenium-beering orgenic stream. 
by contect1Dg it vi th en equaoUI atreem is reterrad to as scrubbing. Thus, 
1n the 'l!BP proceas scrubbing is cerried out in the upper plate section ar 
the RA Column, ebo~ tbe RAF feed point. ·.::. ·· 

3.2 Pulse empl1tude and· treguencz 

The term pulse amplitude is used to define the magnitude of the up­
end-down motion at the pu1se coluam liquid contents. Amplitude es used 
in this menuel is def'iJJed as the dist.ence between e:r:treme positions·· thet 
would be reached by the liquid duritlg eech pulse cycle if' tbere were . no 
net flow through the column. (The amplitude defined in this mzmer U 
twice the diatence- between one· extreme position end the meen position . ) 

The puJ.se :t"reguency is the time rete ot pulsing. It is 'lun.elly ex­
pressed in cyc!es per minute. 

3..3 S1,ml>le affii diel-purpoae columns 

As the muie implies, a simple column !a designed to carry out e 
single solvent-extraction function (eitl:ier ertract1on, or stripping, ~r 
scrubbing) • The TBP-procesa RC Coll.l!Dl is e simp1e column performing . onl7 
~ni um stripping. The RA Column is designed to carry out· two aep,re~ 
solvent-enraction f'\.1%1.Ctions and is therefore referred to 88 e dual-purpose 
or comEund column. In the lower portion ot the RA Col'llml, uranium and 
sane :r1sa1on products are extracted, while in the upper section fission 
products are scrubbed from the orsenic phase. · 

3.4 F1ooding 

Flooding (or caJll)lete f1oodj_ng) in e l.iguid-llgt.u.d extrect1on pulse 
co1umn designates a typical behe.vior of the two liquid l)bases when flow 
rates ere so high tbet the two pb.eses cennot :rese countercurrently and 
the dispersed phase leaves through the cont1nuous-pbDee exit line at the 
dispersed-phase entry end of the ·column. Flooding elso occurs if' the 
continuous phase leaves the column through the exit line intended tor the 
dispersed phase (e.g., . RAS accompanies the RAU in the TBP-process RA 
Coli.mm). The t:looding ce1;ecit:y: is the throughput level ( 1.e., flow rates) 
at which an infinitesit:lel increase in flow rates results in flooding. 

Loce.l t'loodipg in the column consists in en unusually lerge accU1?1ull1-
tion of dispersed phase nt sane locetion in the two-phase zone. It IDDY 
appear 88 an eccumulation ot closely-pecked dispersed-phase globules or 
as a single large globule filling the aptce between two er more pletes. 
If a locel flood minteins a given size (i.e., the increased effective 
"heed" of ·the dispersed .. phase ill sufficient to cause the dispe:rsed phase 
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to :tlow :rrom .. the local-flood zone at ·a rate egua::t.' to the dispersed-phase 
tlov rate .entering the zone), the coll.llm m7 be: opereted . indefinitely and 
give satis:tactor., per:tormance ea en extraction unit. 

9Zslic · local flooding consists. in tbe -format1on -elld· d1ssipation a£ 
locaJ. floods . Oil; a fairly f'requent schedule. . . 

3 .• 5 Reflux ( exterml end internal) 

In solwnt-ertrection, es- 1n other d1:ff'U81cmal processes, external 
re:flux·my be. returned to the solvent-e%f;raction: column: to enrich the 
extreot concentration. For example, the TBP-process RAU stream could be 
increased 1n uranium concentration by using a concentrated aqueous uranium 
solution 1n plece of an aqueous-nitric acid mixture for the RAS stream. 

In a dual-purpose column a portion. of the solute ma,- be ertrected 1n 
c:> one part Cit. a col\lDD. and -stripped in the other. '!'his phenomenon is r eferred 

. ~ _to·aa inter.cal reflux. For example,. 1n the upper section of the .. RA Coluan 
c:::J a portion Cit. · the uranium 1n the organic. phase is refluxed internally, s01!18 

; a; uranium being stripped from the organic· pbaae. by the RAS end carried back 
. ~ dowri the colm:m where it is agein ertracted. 
; ('-J. ·-~ 3 .6 F.quilibriuc and operating lines 

As used in this manual, equilibrium. lipes- refer to graphical repre"". 
sentet1ons of the equilibriun solute distribution between the phases for 

_ +.be chemical conditions expected 1n the counterc\JlTent solvont-ortraction 
•:911tactors. Phaso equilibrium lines tor ell. the TBP colUl:lllS bllve been 
determined troci either simple batch or countcrcurront batch laboratory 
studies conducted to a~imta closel¥ tho choaical conditions expected 
in the ertrection colucma. Tbese studies are discussed in Chapter IV . 

An oftating line 1.s a locus of points depicting the actual soiute 
concentratons of the aqueous and organic· phases at various heights within 
the colucm. Tho operating-line eqUDtion is dove.loped from a solute mtorial 
balance 1:IElde around either end or a packed or plate section. ~ical oper­
atillg and eqUilibrium lines and a discussion of their use in evaluating 
col.ucn :perl'o?"OBnce are presented in Section B of this chapter. 

3.7 Height eguivalont toe theoretical ·s.tea_o -· (H.E.T.S.) 

The mes-transfer effectivoness of ·solvont-extrection colUliltlB my 
be evaluated in toms of tho height of contrector which ia reguirod to 
portom tho saoe ortraction as e single theoretical stage. A theoretical 
~ is achieved in a colucn when two 1.nf'luent streeilS (not et oqu11i:.. 
br1uo), entering e section of tho colur.:m, oix end J;iroduce et'tl.uent stream 
which e.re in equilibriuo vith one another. For solvent-extraction coluons 
containing sevorel tbeorcticel stages tho H.E.T.S. my be obtaiDed by 
dividing the height of tho contacting section by the nuober of tbeoreticel 
stages required to eccooplish the seoe extroction being carried out by 
the co1ucm. 

. .. . DECWSIFIED 

. ,. .., 



. ·- ·- ... --· ... ......... . ;j , I '·' 

...... .. 507 DECLASs/RED 
, .. . 

Although the number of theoretical ste,r;es is generally obtained for 
the !:BP~process columns by the graphical or semi-graphical methods dis­
cussed in Subsection 33 of this chapter, when the operating and equili­
bri'..un lines are both straight the number of stages (?Ts) ma.y be calcule.ted 
from thE, followi.ng equation which is simi1ar to a form presented· by 
Colburn l2): 

log [ (1-P) M + P] • · (,) 
· Na • log (l/P) • • • • • • • • • • • • •••• • • • • • .,. 

where P • the extraction factor, L/mv for extraction and mV/L for 
stripping: 

Lfv • . slope of t,b.e operating lir.e, ( volume of aqueous phase 
per unit time)/(volume of organic phase per unit time); 

m • slope of the equilibrium line, (concentration,g./1., in 
the organic phase)/(concenttetion,g./1., in t~e aqueoua 
phase,); · 

H • x1jx2 for_ extraction and Y1/Y-::_ for stri;wing -- (if the 
extracta.nt contnins solute, tne values of M become 
(Xr - Y-r./ri) ,.A;..._, - Y:/m) e.nd (T1 - XJ:m) / (Y2 - Xr71) for 
extraction o.na stripping, respectively; 

X • the solute aqueous-phase concentrt tion 7 g./1. -- subscript 
l desli:;natea inlet (feed) concentration, subscript 2 
designates raffinate concentration, and subscript x de­
signates extracta.nt concentr~tion; 

Y • the solute organic~phc.se concentr~tion, g./1. -- subscript 
l designates the orgnnic feed concentration, subscript 2 
c.~signE.tes the organic ef!'luent concentre.tion, subscript 
x designates the organic extracta..~t concentration. 

For the ph;:;.se-equilib:-1um reletionshi~s fuvolved in the TBP process 
(see Figs. v-1 ruid V-2) the equilibrium lines are curred. Therefcre; 
the slope is not conste.nt e.nd the v~.iue of P vnries. However, a close 
app~oximation of the number of st8f'ea m.:iy be obtained from the above 
equation by using an approp:-1ate me£-.n v3.l.ue for the slope of the equ.ili­
brium lL"le. 

3.8 Height of~ tran:3fer u..~it -- (R.T.U.) 

Tr..e H.T.U. (~cigilt of a. tr~.nsf'er unit), like the li.E.T.S. defined 
above, is e. measure· of the mas~-transfer ef!'ecti-reness of a. solvent .. 
extraction column. As ca::pared vi th the !!.:::::: • T .s. , 1 t has certain 
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correlation advantages, notebly- in that in TBP-process systems. as 1n Red~ 
process systems, it is . less sensitive to wr1at10DS in the numerical. value 
ot" the extraction f'ector P. 

The number of' transfer units in the perf'oreted plate- sections ct TBP­
~oess columns ma;r be expressed by the integrals: 

/ X1 
. I dX =-;, X-f'1· 
~ 

N. . 
ow ••••••••••••••••• •·• .(2) 

or 
/ Yi dY 

Noo • /. y - i"' , 
., Y2 

•••.• ; ••• ~ •••••••• . . (3} 

where Now • the nunber ct "over-all wter-f'ilm" transfer units for 
transfer- from the aqueous to the organic pbase; 

N00 • the number ct "over-ell organic-f'ilm!' transf'er units f or 
trtmater- froci: the organic to the aqueous pse; 

X • the concentration of the diffualll8 c01:1ponent 1n tbe aqueous 
phase; 

r'° • the ooncentret1on of the dif:f'usillg COl!lponent 1n the aqueous 
phase in .equ1l1br1UCI. vith en organic phase at composition Y; 

Y • the concentretion af the diffuaiilg cocponent 1n the or ganic 
phase; 

Y"' • the concentration or the diffusing· component in the or ganic 
phase - in equilibrium with an egueous phase- at composit ion X. 

Thus, the n\l!l.ber at transfer units is an integrated ratio of the change to 
dUf'using-component concentration to the ooncentretion driving force which 
causes the tranaf'er between phases. 

The :a:.T .U. (height at a trenster unit) is calculated by di vi.ding the 
packed height by the nuaber of trensfer uni ts calculated troo one of the 
above integrals. 

When the equilibriUCJ. am operating lines are both straight, the 
nUCl.ber at trensf'er units {Nt) my be caloulatod frot1 the following eq~-
tion, developed. by Colburn: · 

Nt • · 2.3 log fil;P) M + PJ • •••• •••• •• • • ••• (4) 
-P 

If' the ertra.ction values f or Mend P given under 3.7, ebove, are substituted 
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in the above egi.ation:, ?tt becoces Now. SinilarJ.y, if stri'pping values 
are substituted for M and P, Nt becOl!les N00 • The equation is not rigorous 
tmless the operating and eql!ilibrium lines ai,e both stl'a1ght ( constant P) •. 
However, approximate Nt values my be obtained by using an appropriate 
mean •lue of P. 

The "ove~-all" nlllllber ot t~er units, Now and N00, include contri­
butions ot' bQth the individual aqueoua end orsen:tc-filc number ar traruif'er 
units which ere related by the following eg~tions: 

l/Now • 1/Nw + (L/mv) 1/N0 •··•··••••········(5) 

l/N00 • l/N0 + (~V/L) 1/Nw •••••··••·•·••··••(6) 

where Nw is the number of transfer uni't'B required for transfer across 
the aqueous fil.I:t and N0 is the number ot transfer units required for 
transfer across the organic :f'ihl. It is seen :f'rom these eqmtions thet 
if the indi vidual-filtl trensf'e.r-uni t values are largely independent of · 
P, as is arten believed to be the case, the over-all values will be like­
wise independent whenever the toms (L/r:N,.1/N0 and (riv /L)l/N.w in Equations 
(5) and (6), respectively, are negligible, viz., when P (i.e., L/nV for 
Equation (5) or r:tV /L for EgUtltion ( 6)) 1s less then about O .1. As P in­
c:ree·ses fror:i. 0.1 to 1, the tems (L/oV)l/N0 and (oV /L)l/N.., becOQS in­
creesitJgly sisnif1cant, so that nore significant variation ot over-all 
transf'er-unit -values with P tlight be eXl)ected in this region. 

3.9 Relation bet~een H.T.U. and H.E.T.S. 

By COClbining the integrated expressions for Nt (nuober of trensfer 
uni ts) and N8 ( nuober of theoretical stages) presented under A3. 7 and 
3.8, above, it is found that the 1!.E.T.S. end H.T.U. ere theoretically 
related by the equation below, which is rigorously correct only for 
atreight opereting and equilibrium lines: 

H.E.T.S. -2.3 log P 
H.T.U. • 1-P ' 

where the extre ction fe ctor P is, es explained under A3. 7, the slope of 
the operating line divided by the slope of' the equilibrium line for ex­
traction operetions end the reoiproClll for stripping or,erations. For 
operating end eguilibri\%1 lines which ere both straight end JSrellel, 
the 'Wllue of' P 1s unity and, although the above equation reduces to en in­
deteroimte torn, it my be deoonstreted that the H.E.T.S. eque.ls the 
H.T .u. As the relative slopes or the operating and eguilibriuo lines are 
changed so the.t these lines diverge nore end nore, the nu:ieric.el value of 
P becories progressively smiler then unity end the H.E.T.S. bccooes pro­
gressively larger thDn the H.T .U. For curved operating em./or eguilibriuo 
lines, the equation al)l'lies es an approximt1on provided appropriate neen 
values of the slOJ?eS ot those lines are chosen. 
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B. TB'.E OPERATING DIAGRAM (H.E.T·.s. AND R.T .U. r.AI.CTJJ.ATIONS) 

1. Introduction 

The purpose at this 19.ction is to discuss the calculation prcx,edures 
and operating diagrams used in eveluating the solvent-extraction pet'form­
ance or.. the BA and RC Columns. Ezsmplel at s:.x.T.S. and R.T.U. ca1c·Ul.e­
t10DB· are. g1 ven µi Subsection. B3. A sumaar,: at the ezpec:ted H .T .u. value& 
for the plant RA end BC Coll.llDS under TBP-BW No. 4. end No. 5 P'lov•heet 
conditions is given in Subsection C3. · 

The operating . diagrams discussed in this chapter ere X-Y plots (some­
whet similar to the. McCabe-Thiele diagram used ·1n distillation) with X 
and Yens values depicting agueous end organic pmse concentrations , 
respectively. F.e-ch at tlle diagrams includes en X-Y equilibrium line tor 
the diffusing uranium ( see the equilibri\111 data in Chapter r.v end HW-1774 7) 
atld en opel'flting· l,ine der.1-ved tram a materiel balDnce around the col\Uml. 
The opsrt1tiDg dis~. are used f'or celculeting the. number of equivel ent 
theoretical stegee tJ:niJ./ar the. number al tra~e:r umts required tor t he 
desired eztrcction. · 

~ From the opereting · diagram, qmntittltive or g'llfllitotive enalya!a IDBY 
be nede at the etfects which. chenging operatin6 wriablee· beve on thS ex­
trection etfiaieney ot the •e~l'.!ltion. On Figures V-l nnd V-2 i;arameters · 
which show tl)e effect ot nitrate ion concentrotion upon pbese equilibriUC1 
are included. · · 

2. Operating Line F.gmtions. 

The units · used tor cons.tructing the RA and· RC Column operating dia­
grams were chosen QS grems ot mm (uronyl nitrote .hexnhydrn.te) per .liter 
ot solution. By Deglecting the cbilnge 1n the voluce of solution f'lowing 
( L and V) due to the slight mutml solubility ot the or genie and wnter 
]:ilnses and the transfer of U1'6n7l nitrate end BN03, a mflteriel bclllnce 
aroUild the bottom end ot the colucm produces o strQight o~reting line, 
represented by ·the equation below, m:iploying the '._us\¥11 ncaenol.Llture 
(defined 1n Table V-l). . 

L(X - :fw) , ,;... V(Y • Y1) • • • • • • • • • • • • • • ~ • • • (7) 
or 

Y = ( L/v )X + Yx - ( L/v )'X.w • • • • • • • • • • • • • • ( 8) 

· A smilo.r bolcnce a:i.y be mde oroUDd the scrub section (top) of the 
RA Colucn end leoda to the equction 

Y = (t/v)X + Y - (L/v)X • • • • • • • • • • • • • • (9) u s . 

The operating line for the RC Colucn is developed in an nnologous 
mnner by a ooteriol bDlDnce 0round the top of the colur:m, yielding the 
equntion: 

.................. r ,· ·· ·-~•-. 

· Y '"' . (L/v )X + Y-w - ( L/v )Xz, • • • • • • • • • • • • ( 10) 
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The use o-r the opereting lines presented ebove is illustl'Qted in 

Subsection B3 end Figures V-l end V-2. For a derivtttion at the operating 
line eqtEtion reference is CDde to ChDpter V ot the Redox Techniccl 
Me.nual. ( 14) 

J. Ez.DE£le H.E .'l' .s. end R'.T .U. COlculntions 

3.l. Emsile B.E.T.S. calculation -- RA ertraotion section 

OUtlined below is an evaluation at the uranium neae transfer per­
formance at tbe ertraction section at a TBP BA Column ae indicated 'by a 
grelidcel stage step-ott computation of B .]!: 'l' .s. A discussion at the 
theory at the· method may be found- in Perry{ 4 J • In this emmple the column 
is operating- under conditions appronmating those shown on the TBP-RW No. 
4 F lowaheet, presented in Chepter I. 

The following data were obteil:led during the stead7-state period af 
a· typical pilot-plant run, J.6"-17-RAU, in a 16-inch-diameter column with 
a 12.l-toot•high pertore.ted-plate section. 

Vol'LltDS, mm Concentration, 
Stream Liters o.t.t. 

RAF . 4,650 134.5 
RAS 2,910 0 
BAX ll,7'0 0.0045 
RAU u,860 53.9 
RAW 7,700 0.16 

Substituting these .. ~ta 1n Equations ,. -(8) and (9) proaentcd in Subsection B2 
leads to the tollow.j.ng operatillg line equations: 

For the Scrul)' Section: Ya 0.24,X + 53.9 ••••••••·•••••· (ll) 

For the. Ertrection Section: Y • 0.65,x - 0.1003 •••••••••··•••(12) 

These equations are grephioally presented on F1gure V-l together 
with the appropriate equilibrium line, selected in accordance with the 
ureui\111 au,a-tra~er equilibrim illtormstion in ec.pter 'IV. 

Before the number of stages in the ertraction section can be calcu­
lated, the com,position ar the &Queous and oraenic pbaee1 at tbe top of' 
thie section must be determined. It should be recalled that because of 
the mcba:nioel. construction of' the RA Coli.mm, which 1s a dual-purpose 
colu:m, the organic effluent fr<X!l the ertraction eection is the im'luent 
to the scrub section and the aqueous effluent· from the scrub section mixed 
-with the RAF (feed) is the 1.n:rlusnt to the extraction section. For calcu-
1.ntion purposes it bfls been aaeuoed tbet sutf'icient ..-teges are present in 
the scrub section so that the organic am aqueous phesea at tbs bottom ct 
the scrub section are in equlibrium, i.e., the oi,a9nic phase cociposition 
at the bottom of the sorub section (or top of the extrection section) 1s 
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found et the intersection of the- scrub section operating and equilibri'U!ll 
lines • After the organic canP<?ai tion is determined, the stage step-off' 
procedure can either start or term:Lmte et this wlue of Y. In Figure V-1, 
the step-off is started at the waste composition, Xw (0.16 g./1.), using 
the RAW total N03 concentration to determine the correct equilibrium line. 
The BN03 concentration 1n the organic stream. leaving the bottom stase is 
assumed to be negligibly smell. (ExperiJ:lental calculations bave indicated 
that the total n'Umber of stages is relatively independent of this. value.) 
It my be noted that a- total of .3.21 stages ere needed, yielding an ll.E.T.S. 
w;ue of 12 .1/3 .21 • 3 .8 feet. . 

3 .2 _Emmple lI.T.U. calculation. -- PA extraction section 

The operating and equ111brium lines developed end shown in Figure V-1 
for the above H.E.T.S. calculation (Rtm 16"-17-RAU) will be used for the 
folloving H.T.U. example celculntion. 

The number ot trenSf'er mute ( "over-ell aqueous-film" basis) . in the 
RA Column my be: obtained by uti lizing the expression 

dX 
f - x* • .••••••••••••••••.•• (13) 

If both the opereting and equil1briUC1 lines ere etreight, analytical in­
tegration leeds to the expressi.on 

,, ,. I l '. r !x y 9'-
.N • i - \ lil I ( l-P) / 1 - x ~ 

ow ; l - P ; I · '-X2 - Yx tJ: 
\, I - \ ./ 

(See Table V-1, for nOl:il8nclature.) 

7 

+ P ! • • • • • • • • • ( 14) 
J 

Since the mm eguil1br1uc. l1ne (Fig. V-1) bes considerable curvature 
at the concentrated end when plotted on linear coordinfltes, it would be 
difficult to detemine an appropriato oean value for tho ertroction foctor, 
P, to be used in Colbm-n' s equation. Therefore, tho calculation is broken 
into two mrts with the nucber of transfer units in the concentrated region, 
from X • 2.5 g. UNH/1., to X = 89.8 g. mm/1., calcu.latod by grephicel 
integration of Equation (13) end ta, nu:lber -.af' transfer units 1n the -dilute 
region, from X • 0.16 g./1. to X = 2.5 g . /l. colculoted by Colburn ' s eg\ltl­
tion (Equation 14). 

(o) Concentrated-re ion tronsfer units b nhicol inte tion In 
graphically integreting Equation 1. , ve. ues of end ere obtained by 
drawing constant Y lines on tbs operating diegrem (Fig. V-1) and ;eading 
I end x* values at the intersections of the constant Y lines vi tli the . 
opereting and equilibrium lines, respectively. These data are tebulated 
below. 
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X 

2.5 
3.5 
4.5 
5.!5 
8.5 

12.5 
16 .5 
24.5 
32.5 
48~5 
64.5 
75.5 
89.8 
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0.2 
0,3 
o.4 
0.5 
o.6 
l.O 
L4 
2.5 
3.8 
7.4 

12.3 
16.7 
20.4 
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1/(x - rt) 

o.4347 
0.3125 
0.2439 
0.1667 
o.1266 
0.0870 
o.o.SS2 
0.0453 
0.0348 
0.0243 
0.0192 
0.0120 
0.0144 ' 

-· _, 

The gra:;;,hical integration may be performed by plotting l/(X - rt) v~rsus 
X and t1ndillg the eree under the curve by conventional methodsr5 J ( 1 I 
sueh as counting squeres. For this particular e:iannple, 

789.8 
Nov : 

_i 2.5 

(89.8 dX 
• j x -· r • 4. o4 

.. 2 .5 

(b) Dilute region trensfer tmits by Colburn' s equation Equation 
( 14) .:.'liO"le ls utilized for the dilute region trens:fer-unit calculations: 

Nov a 
2•f-~og ~(l-P) ~i~: ~~:~ + ;1 

L. ..J 

N -,
2

"
5 

• 2 •3 l~ r (l-O.o8187) f2 •f6- 0.0005S2 \ + 0.08187i = 2,90 
ov Jo.i6 i-6.68 7 L _ • ,o.. - o.00056~ J 

( c) R.T .u. The total number of transfer units 1n the RA Column ex­
traction section is found by addition o-t the result obteined under (e) end 
(b) 1 above: 

-12,5 -.89.8 
• Now I + Now 1 a 4.04 + 2,90 • 6,94 

Jo.16 J 2.5 

'l'he 11.T.U. is obtained by d1vid1Ilg the 12.1-tt. :perforated-plate section 
height by the number of transfer units: 

R,T.U. • 12.1/6.94 = l.'75 feet. 

3 ,3 Example H ,E .T .S. calculation -- RC Column 

OUtlined below is the graphical stage step-o:f't H.E,T.S. method used 
far eveluating the uranium stripping pertOX'IDl!nce of the PlCked section of 
a TBP RC Column operating et conditions closely approxiJmting RW No. 4 ,,. ... ,.., . 

.- . 
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Flowsbeet conditions. The following data were obtained during the steady­
state period of e typical. pilot-pls.nt run, 1611 -18-RCU, made in e 16-inch­
di.Bmeter co1umn with a 12.1-ft.-high perforated-plate section. 

VolUDS; umr Concentretion, 
Streem Liters G. LL. 
RCF 7690 50.2 
RCX: 8050 0.0030 
RCU 8210 48.2 
RCW 7440 0.23 

The X end Y values used on the uranium operating diagram (Fig. V-3) ere 
ex;;ireseed es g.UNlI/liter o'f solution. These units were selected so that 
a s-traight operating line (Equation (10), Subsection B2) results. Sub­
stituting the ebove deta in Equation ( 10) leads to the expression 

Y a l.o82 X + 0.227 

This operEting line 1s plotted on Figure V-2 with the appropri at e 
equilibrium line determined by the concentrati on of HN03 present. The 
variation of HN03 concentration es the egueous stream flows through the 
col.uc:n aff'ects tlie uranium equilibrium value for each stage. Investi ge­
tiona of RN03 ecid transfer indicate that ebout · 90 per cent o'f the RN03 
introduced 1n tho organic feed (RCI!') to the columl. is transferred in the 
tiret. theoreticol L tege. The rewini ng 10 per cent is assumed to be 
transferred in the second stage. 

!3ased on these :prenises, the stego stop-off is started et Yf .. 50.2, 
Xu .,. 48.2, using the eguilibritm line corresponding to the aqueous con­
centration of 8.43 g./1. For the second stoge, the equilibrium ll:le 
corrasponding to a nitric ocid concentretion of 10 per cent of' this value 
(o.843 g./1.) is used. Since 2.-03 extractionstcges hllve beer. stopped 
off on Figure V-2 and the extraction section height is 12.1 feet , the 
11.E.~.s. is 12.1/2.03 = 6.o feet. (Tho oguilibriuo line corrospond:!..ng to 
no n1 trio acid in the -aqueous phnse wee ertrnpolated in estiDeting the 
fractional stage.) 

3 .4 laanplo H .T .U. celcull!tion -- RC Colur:m 

The nunber of uro.niuo tranef'or units ('"over-ell orgenic-fil.o" basis) 
in tho RC Col'.ltl?l TY:l"'J bo o'btainod by us'ing e suit.able oothod for inte ­
grating the .basic equsticn 

dY 
y - y* 

discussed under A3.8, e~ovc. 
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In determining the. number of uranium tl'8nsfer units obtained in the 

column for :Run 15" -17-RCU, the eguil.ibrium end operating lines c;eveloped 
under B3.3 , above, and plotted on Figure V-2 are used. 

Since the UNR equilibrium line (Figure V-2) has considere'bie cur-veture 
at the concentrated end when plotted on arithmetic co0rdinetes, · 1t wo,.ll.d 
be dii"ficult to determine an appropriate value tor the extraction factor, 
P, to be . used in Colburn' s equation. Therefore, the calculation is broken 

•into two parts, with the number of trenster units in the concentrated 
region (Y • 6 to 50.2 g.U?m/1.) calculated by graphical inte~tion, and 
the number of transfer uni ts from Y • 0 .23 g. /l. to Y =- 5 g. /1. calculeted 
by classical integration. 

(e) Concentreted-region trensfer units by 
evaluating the integre 

ical integretion In 

150.2 
N 

. 00 .J 6 
/50.2 dY 

• / Y-r'' 
..15 

values of Y and r" are found from.Figure V-2 at the intersection of appro­
priate constant X lines with the operating and equilibrium· lines, respec-
tively . These data ere tabulated belov. · 

_,L_ _r_ lL!Y - y*} 

6 0.02 0.1672 
8 0.05 0.1258 

10 0.09 0.1009 
15 0 .30 o.o68o 
20 0.75 0.0519 
25 1.50 0.0425 
30 2.So 0.0365 
40 6.60 0.0299 
50 14.o 0.0278 
50.-2 15.0 o.02-S4 

The graphical integration may be performed by plotting 1/(Y - y*) vR-
1

sus 
Y end finding the area under the c,U"'\'e by conventional methods(5)(1 such 
ea counting squares. For this :particular example, 

f:) 0.2 -,50.2 / · dY · 
Noo : "' ;· y _ ytt = 2 .27 

-' 6 ., 6 

(b) Dilute re ion transfer ,mits bv class!cel integration For smaller 
velues of Y Y = 0 . 23 to J the value of becomes negligible in compari-
son with Y. Thus , 

,6.o 
Noa I 

J o.23 

/~6 .o dY 
:a : Y-f" 

../0.23 

/ '6.o dY 

= I :r- = 
Jo .23 
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(c) H .T .U. 

_.., 
DECLAssJRED . --

Total N00 = 2.27 + 3·.25 

The H.T.tr. is therefore 12.1/5.52 = 2.2 feet. 

C. VARIAl3LES AFFECTING COLCM?f" EXTRACT.ION PERFORMANCE AND FLOODING CAPACITY 

1. Introducti-:>n 

The purpose of this section is to discuss the influence of the various 
rrocess variables on the design. and operation of .the solvent -extrecti on 
columns in the TBP Ple.nt. The effects of these variables on waste losses, 
flooding capicity, and colU111D. rangeability will bo described. For clarity 
in presentation, a line of deuircetion has been dra'Wil between the variables 
whose values have been 'fixed by mecbflnicel factors during ple.nt design 
( design variables) end those vcriables whose velues can be changed by oper­
etwg condi tiona ( operating veriables) . 

Based .on data mere fu.l.ly e:zpla ined later i n this section, e summary 
table giving the orpected porf'ormence of the TBP-procese RA and RC Columns 
et the indicated processing rates, under the conditions of the T:BP-HW Uo. 
4 Flowsheet, follows. Details on tho column ond -pc!'forated :plate geometry 
are presented undor c4 end in Cha:ptsr XV. 

EA Column Extraction Section (Die.m. 20 In.; "Pocked" Height 12 Ft . ) (o) 

Short Volume Velocity, No. of U 
Trans:for 

(e) H.T.U. , T_,na Ge.l. /(Hr.)( Sq .Ft.) ' ~ U Lo.es R.E.T.S., 

~ Sum of Both Phases In Waste Ft. Units Ft . 

2.5 
5.0 
5.o 

2.5 
).0 
6.o 

700 
1400 
1700 

RC Column 

3-So 
720 
870 

(:Jiam. 

0.1 
o.4 
o.a 

30 In.; 

0.l 
0.05 
0.05 

3.4 
4.3 
5 .0 

"P8cked11 Roight 

3.8 
4.2 
4.2 

7.5(c) 
O .0( C) 
5.ic) 

12 Ft.) (b) 

7.o(d) 
8.o(d) 
8.o( d) 

l.6 
2.0 
2.3 

1 .7 
1.5 
1.5 

Notes: (a) Values selected at -pu.lse amplitude of 1.28 in. and e 
pulse froquency of 50 cyclas !X)r mi::11.1..te. Flooding volume 
velocity ot column is sbout 3500 gel./(lu·.)(si.ft.), sum 
of both phases. 

(b) Values sclcctod at pulse ~mplitude of 0.57 in. and e pulse 
frl:lg,i.ency of 90 cyclos por minute. Flooding vol ume ve­
locity of column is about 1000 gal./(hr.)(sq.ft . ) , sum of 
both :phese:e. 
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( c) "Over-all water-film" .trensfor units. 

( d) "Qver...all. organic-film" trensf'or units. 

( e) . On. the boeia of eveiloblo -dote, RA Column R.-T .TJ·. values 
under TBP-HW No. 5 Flowsheet cond!tiona ere only slightly 
(up to lo;t) higher then No. 4- Flovsheet RA Column R.T·.u.'s 
et the .~me urani\.111 processing retos. 

With the ·excepti~ ot the RA. Colum,n waste loss at 6 tons U/dtl-y-- . (20;S above 
design cepecity) the estineted ura:i,-ium losses cited above ere at or be­
low the o .5 per cent l.oss per column used es the basis of . design for the 
TBP Plent. 

The numbers of trenstor units or theoreticel stages· regu·1re!3. in the 
RA Column extraction section and in the RC Column under TBP-m:' ·No . . 4 Flow­
sheot . conditions to limi.t uranium losses to 0,51., l)8r colunm ere as follO\IB: 

Column 
Required 

No. of Stages 
Required No. 

cf Trensfer Units 

RA extraction section 
RC 

3.5 
3.5 

. . 
Notes: (a) "Over-all weter-film" t:renafer uni ts. 

(b) "Over-e·ll orgenic-f'ilm" transfer uni -cs. 

2. Tho Three Types of' Pulse-Column Operetion 

Obeorvoti0ns of a 3-inch I.D. glass pulao column in ope~tion b,ave 
roveeled a correlation beti.aen certain types of phase dis!)ersion, the 
renge of pulse frequency at any given amplitude, end the effect1voness 
of urnnium trnnsfor. Changes in the typo of phase dispersion resulting 
from chenges in the oporotiug veriablee (flow rate and pulse frequency 
at any fixed amplitude) · are 1nd1catod fn the figure below. 

.Flow 
Rate 

-~ '- ··; lllllllia• · .. ~ .. 

,,./ 

Pulsed .- -~ -~ -/ 
Vol\une - -· ··· _,,, - --,;---:--;-:-., Typical 

/ __..- · · .- 1 11 (t1 '-... . Flooding 
Velocity /~-----J-~ -~ --' ,.,:_~ble"-. . Curve 

.~f:,St--~·' . ·,,_ . "B" >-~";100·\ ,/ 
/ . _ --:-:----._~ --Emuls.ion \ / · .\ :~ · 

/ :,A;,- . . '··-,\~a:I\ __ .· /. _.·•\·"' 
· ·· · Mixer..; · · - - ,. · • ., 

/ ··· Settl-er ·- --·· ·-·- r·· ', -' \ 
,.-' . ... ... .. "Type·· . .. .. · · · · 1· . ··, \ , : ! 

· · Ol:>entt10-11 -· - · ·· ··- · \ ' · t · I 
Pulse Frequency 

DECLA.SSIFIED 
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This figure eppl1es gualitati~ely to both the RA and the RC Column. 

The chenges - in col.umn appeerance accompany1-ng chenges of frequency 
or flow rate involve graduel blending of one type of operation. into 
another. Operation· in the region labeled "A" (see graph) hos been desig­
nated es "mixer-settler" type, and operation in the intermediate region, 
"::e", "emuls-ion" t'Yl)e. The name "unstable region" applied to the right­
bllnd section, "C", is derived from the cb8rocter1stics of the oolumn when 
operated neer the :flooding point. The "mixer-settler" operation (for 1/8-·· 
in ... diameter plate perforotions) is characterized by large drop size, 
clear ngueoua layers be-tween plates at intermediate points 1n the pulse 
cycle, cleor organic-phase layers under tbe ·:pJ.ates during portions at the 
dowIIWQrd P'J..l.se, high etobility, and high. values of H.T.U. 

' 
The "emulsion'' region is cbtlrccterized by· smell drop size, unii'orm 

dispersion ot· phases,. end low ll .T .U. The "unstable region"· is cm1rocter­
izod by mu:tures.. ot· fine and coorse organic drops., formation of lorge 
drops of organic phase by coalescence, 1.n:f'reguent sudden reversals of con­
tinuous phase (loct2l. flooding) · 1n s,hort sections of column, build-up of 
one to two :reet or- colltinuoua organic pbose under the bottom plate of the 
cartridge, end. generclly eam,.,hot higher H.T .u. vnlues than for emulsion­
type operntion .• 

3. Effects ot Operoting Variables on E:rtrootion and COpoci ty 

This st1.bsoction _is designed to indicate tha effects of the sovorol 
operoting wriobl.es· on the ertroction effectiveness and throughput capocity 
of the TBP-process solvont-extrcction columns. For the most port the dote 
presented were ertropolated from pilot-plnnt doto obtained with 3, 5, 8, 
and 1S-inch-cliameter pulse columns. For this reason, the values at t he 
·varicbles shown are onl:y opproximote, but the vclidity of the trends indi­
cated 1a well established. 

3.1 Effect of pulse frequency 

In the ronge of o].)Elroting wri~bles 1nvest1gnted in pilot-plont 
studies it we found thtst chcnges caused by variation 1n pulse &m:plitudo 
and/or pulse t'requency my bo correlated by the use of the arithmetic 
:product of the pulse amplitude and pulse frequency. Since the pu:Lse 
amplitudes in the plont columns h.cve been fixed by the design of the 
pulse genorotors, the ompli tude-frequency product ccn be di vidod by t he 
fixed pulse Ctlllllitude (1.28 and 0.57 in. in the RA and RC Columns, re­
s-pectively) ond the corre'l.ntion ,resented with frequency as the independ­
ent variable. 

Figures V-3 and V-4 indicate the effect of pulse frequency variations 
in the RA end RC Columns o:percting at the fixed. pul.se ampli~udes t:!nd at 
volume velocities corres'.!;)Onding to instantaneous uranium processing rotes 
of 2. 5, 5 . O, o.nd S. O tons :per day. The ulots presented were obtained by 
axtropolttting data from pilot-plant studios in 3, 5, 8, end 16-inch­
diatDeter p'l:.lse columns • . 1h3se dDta indicate that H.T.U. values docroesa 
with i!lcreosing .pul.se ,frequency over the renge studied. For exem:ple, 

~ -• ...... , .• . 4 
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tmder the conditions of the TBJ?-.HW No. 4. Flowsheet, ·at a volume velocity 
of 1400 gel../(hr. )( sq .:ft.), sum ot both pb!lses, corresponding to n uranium 
:processing n:ite of' 5 tons/day, the plant-size (20-in~ di.nm.) BA Column 
H.T.U. decreoses from 2.4 ft. at 25 cycles/mi.nute to 2.0 ft •. at 55 cycles/ 
minute. Tbe. H.'l!.U .. 0£ the RC Column (30-in. d:!.cun.) at a volume velocity 
of 720 gal. . /( hr •. )( sq .ft.), sum of · both phases, ( corresponding to 5 tons 
U/dB.y) decreesea from about 2.6 feet at 55 cycles/minute to 1.5 feet at 90 
eye lee /minute • . 

Figures V-5 end V-6 illttatrete thf, ef:f'oct ot frequency on the flooding. 
ca-pacity of the column. As indicetod by these f'igurea, the Ol)ertltion of 
e. pulse column differs l!X'rkedl.y from that of a i:ecked column, in thct no 
measureble co'Ulltercurrent flow can be obuiined in e pulse column unless 
the column contents are !'ulsed. At low f'requ.enciee (up to about 30 end 35 
cycles/min., respectively, for the RA and :3C Columns at the respective 
plant amplitudes of 1.28 end 0.57 in.) the cap:icity of the columns is equal 
to the pulsed. volume velocity end thus increases in proportion to the fre­
quency. Accordingly, et low frogu.encies the pulsed volume velocity may · 
be COtll.Puted from the reletion 

where 

VV • 74.81 of, 

VV • volume velocity, gel./{hr. ){ sg .rt.), 
e c pulse ompll tude , inches , 

f = pulse frequency, c~c~os/min. 

Tb.a number 74.81 appearing in the above eqU8tion is e.. con~rsion tactcr 
for the units, {gel./(hr.)(aq.ft . ))/(in./min.). As the frequency in­
creases further, · the flooding ce~city becomes increasingly lowor then 
the ·pulsed volume vel.ocity. After 1)8Ssing thro\l8h a mximum. in the 
neighborhood cf 50 and 55 cycles/min. for RA and RC ,respectively, (at the 
plant emplituG.es) tha flooding cel)Boity decreases with further 1ncree.s~s 
in the :frequency, until, ebove e. certain limiting frequency, no counter­
current flow through the column 1s possibla. At tho plant amplitudes, 
these J.im.iting frequonc1ee for the RA end RC Coli.mm& ore in the neighbor­
hood of 75 end 105 cycles/min.,respectively. 

The rengos of' frequencies permitting plent column C!l?(lcitiee corres­
!'OndiIJG to instantaneous uranium :processing rntos of 2.5, 5.0, end 6.o 
tons par dey are tabulated below. 

OECLASSlFIED .., 
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U Processing 

Bete, Ton.s/Day 

RA Column: 

2.5 
5.0 
6.o 

RC Column: 

. ' 

DECt.ASSJFIED 
Flood!n5 Frequencies 

520 

Volume Veloc'ity, 
Gal.. /(Hr.)( Sq .Ft.), 
Sum of· Both Phases 

700 
1400 
.1700 

360 
720 
870 

Flooding Frequencies, 
Cycles /1:lin. 

Upper Lover 

72 
7l. 
70 

99 
94 
92 

7 
14 
17 

9 
17 
20 

Tbeso d!ltn, extrapolated from. pilot-plflnt detn :frOCI. 3, 5, 8, end lS-i nch 
:pulse columns, ep!,)ly to tho plant-size col.umns (20-in.-diam. RA, 30-i n.­
diam. RC). (It should be noted, however, that the frequency of the plnnt 
:pulse genere.tors ney bo varie·d only between 25 end 90 eye. /min., so t hat 
some at the f'loodillg frequencies tabuloted above cor.not actUDlly be 
ettoined in the TBP Plant.) 

3.2 Effect of' volume velocity 

The effect of' voluoe velocity on :S:.T .u. -mlues 1n the RA and RC Columns 
at selected pulse frequencies is plotted in Figures V-7 and V-8. The se dote 
indicate o gredml incroe.se in RA Colucn H.T.U. values as the volume veloc­
ity increases. This effect becOCJeS more r,ronoimoed at voluce velocities 
above 1400 go.l. /(hr.) (sq.ft.), SUCl at bot~ phosos. Typical values t'or the 
RA Column ~ta pulse frequency of 55 cycles/ni.nute are listed below . 

R.T .U. vs. Volume Velocity - RA Column Ertraction Section 
Pu.lso frequency ~-55 cyc.,ltrl.n. 

U Processing 
Rate I Tons /Day 

1.4 
2.5 ,.o 
6.o 
7.1 

Vol~'!tlC Velocity, 
00./(Br. ) (Sq.Ft. ) , 
SUtl of Both Phases 

400 
700 

1400 
1700 
2000 

H.T .U. 1 Ft . 

1.4 
1.5 
2.0 
2 .2 
2.5 

RC ColUl!lll H.T.U. values go through a mini.t1UI!l Yith incroosing voluce 
velocity. This Clinit:.UI:1· po:!.nt occurs at about 800 gal. /(llr. )(sq.ft. ) , 
sum of both phe.ses. TYJ?ict.l VBlues for the RC Column et e :pul.se frequency 
of 90 cycles /ninute ore listed bel.ow. 

..,., .. ·, ...... 
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Er .T .. U. va. Volume Veioci ty· - RC Column· E:rtrtction Section 
Pulse frequenq = ~o cyc./min. 

U ProceHing 
Rate 

I 
Tons /Day .. 

2.1 
2.5 
5.0 
6.o 
6.9 

Volume Velocity, . 
Oel. /(Rr. )(Sq.Ft.), 
Sum at·Both Phaeea 

300 
.300 
720 
870 

1000 

3.3 E:t"rect of alternative floweheets 

H.T.U. 1 Ft. 

l.8 
1.7 
1.5 
1.5 
) .• 6 

Pilot-plant runs i?ldicete no signi:ficant differences between the Tl3P­
RW No. 3 and No. 4 Floweheet lt.'r.u. wluee for either the RA ·or the RC 
Column. Although only tvo r,i1ot-p.lilnt RA Column runs were made under 
TBP-B.W No. 5 Flovsheet conditions it is expected that the increased aque­
ous flow rate end the increa·sed aqueo1..1S-to-organic flow retie would result 
in only a- slight (up to 1o,;) increase in the RA ·column H.T.U. values (for 
a given uranium· :production re~ over the T13P-mv No. 4 Flowsheet R.T .u. 's. 

·With the exception of the RAF streem, all column influent stream composi­
tions and f'lovs are the seme in the TBP-RW No. 4 and No,. 5 Flowsheets . 
(See Figures I-2 and I-3). In the TBP-HW No. 5 Flow-sheet, which involves 
no feed concentre.t::..on step, each ton of uranium· is contained in e 4~ 
greeter RAF volume than under the conditions of the .TBP-HW No. 4 Flowsheet. 

Operational changes from nominal TBP-HW No. 4 Flowsheet conditions 
to f'lowsheets em.ploying feeds pre:tared f'rom superne.te or sludge alone do 
ettect the RA Column H.T.U. ~ues. The lLT.U. values increase a.bout 100 
per cent when supernate feed is used. A· decrease in R.T ~u. values of 
a11Proximately 15 per cent accompanies a change to e. siudge feed. The 
?:lBjor portion of the fluctuation in H.T.U. val.ues is thought to be attri­
butable to changes in the aqueous-to-organic flow ratios plus a small 
effect caused by concentration changes. 

3.4 Ei'fect of aqueous-to-organic flow ratio 

Redox-process pscked-column eXI)eriments\indicate en increase in 
1i .T .u. values with increasing aqueous-to-organic volume flow ratios (L/v). 
A ·2 to 2.5-f'old 1ncreese in R.T.U. values wee noted with an increese in 
L/v from 0.2 to 5.0. It is believed that in a guelitative sense such a 
trend prevails also with TBF-process pulse columns. 

3,5 Effect of vh;rsical pro::,erties 

The physical properties of most importance in solvent-extraction 
coluran performance are (a) the density difference between .the aqueous and 
organic phases, (b) the viscosities of the phases, (c) interfecial tension 
between the phases, and (d) the diffusivities of the diffusing components. 
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These physical properties of the solutions in all TBP-process. columns ere 
sufficiently favorable, es evidenced by the adegustely low R.T .• U. values 
and adequately high flooding capacities at the TBP columns, though not 
quite as favorable as in the Redox process. Al.though not too well un4er­
stood quantitatively, the following semiquantitative statements illustrate 
the general: importance of the above physical. properties on pecked solvent­
·extraction column perf'01"118nce·. 

3 ,51 Density difference between phases 

For given column end plate geometry and materials of construction, tbe 
flooding capacity increases as approximately the first power · of the density 
dii'f'erence between the phases. This density dif'ference is generally 0,2 
to 0.35 g./mJ... for the TBP-prooees columns --. whereas column operation is 
feasible (generally. with lower f'loocling capacities, however) in systems 

u::>, with a density di£f'erence as low as 0.05 g./mi. -
3,52 Viscosity 

uiw . viscosity at the contiDuous pbase generally favors high. flooding 
ca:P9city, the flooding capacity being proportional. to about the minus 0.2 
power of the viscosity •. Viscosities in the TBP streams are relatively 
low, ranging from l.O to l.5 centipoises in aqueous. streams, and from l.8 
to 2.5 centipoisee in organic streams. 

3-53 Interfacial tension . . 

ww interfecial tension gene.relly favors high flooding capacity. 
(The. flooding cepacity is proportional to about the minus O.l power of 
the interfacial tension.) Intertacial tensions between organic and aqueous 
phases of the TEP-process systems are low, ebout 15 dynes /cm., though not 
as unusmlly low (5 to 10 dynss/cm..) as the interf'acial tensions in the 
Redox-process systems. 

3.54 Dti'f'usivity 

Individual-film H.T .U. values are generally believed to very directly 
with the value of the dimensionless Schmidt number re ised to appraz:imetely 
the o.5 power, 

/ \ 

\ 

p. 
. l 

tJ D ·' 
\ / 

o.6 

where any set of consistent uni ts may be used, such as: 

/J. = viscosity, lb./(hr,)(ft.); , 

f • de!lSity, lb./cu.ft.; 

D = dif'f.usivity of· .;he diffusing component, sq .ft./hr. 

, •••• ll, 
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Hence 1n41 viduel aqueous-tilm. or· organic-f'ilm0 H .T. U. value• should be 
sui!ller for lai,er viscoeity and higher diffusivity- '18lues. Smaller value•; 
at the Schmidt number: undoubtedly account, in part, tor the lower R.T.U. 
wluea obtained in· Redox coltmiS than · 1n the Tl3P uranium recovery or Purex• 
process columns. · 

3 .S Ett'ect- ot diluent 

T1"8naf'er unit-• heights and flooding capeo1t1es my wry somewbet with 
the· physical properties imile,rted by the diluent to the solvent phase, . 
ea discussed under 3.5, above. · 

Scouting rune in a 3~1noh pilot-plent column indicate that H.T.U. 
values obtained with Amsco 12,-.90'1 as diluent ara. about the B:Bme es those 
obtained with Shell Deodorized Spray Base. (For the properties of these 
diluenta reference ia made to Cbe.ptor r.v.) 

J.7 Effect. ot r.oltmin temperoture 

'l'hree-inch-dillmeter pulse-column, pilot-plant runs indicated no 
signi1"1cant difference ben•een the Ul'Elnium losses at TI~. end ot ll09F. 
for either the BA or the RC Column. 

4 . . Ei"fects of Design Vcriebles on Extroction end Cepecitz 

The studies of· pulse column _vcriables in nomin£ll 3, 5, 8, end 16-
inch-diameter columns led to the following certri~ and column geometry 
spec1f1ceti :ms for tho TBP-procoss· RA end RC Puls,,. ColU%!111s. 

Column Geomotry 

RA Colucn 

Inside dietJeter 20 in, 

BC ColUI:ID. 

30 in. 

17 ft. Over-nll height, including dis~ 21 :ft. 
engaging sections but not 
connectors 

Pert"ore.ted-plcte sect-ion height 3 .l 7 ft. (scrub) 
l2 f't • ( axtn • ) 

l2 ft. 

RA end RC Col·.mm Pert"oreted-Pl.oto Cartridge Goooatry 

Plate spacing 

Hole size 

Pertoreted ere!! 

Plate n:eteriel 

Plate thickness 

Diametric cleere.nce (plate to well) 

2 1n. ( center line to 
center line } · 

O.l25-1n. diameter 

Stainless steel (Type 347) 
n o6?.5 in. 

O. l25 1n. meximum 

Ill: 
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cartridges of the geometry s:pecif'1ed in the. above table were also 
used in the msjor portion of the pilot-plent TBP-process pulse-column 
studies. A cartridge of' this geometry is often referred to ae a "standard 
cartridge." 

The following table summerizee the apprOD.l!Xlte ~gnitude of' the effects 
on col.umn H.T.U. o.nd COPlcity of those variables which are fixed by the de­
sign of the columns ond cannot be c.bnDged in. the course of regular opera­
tion. These etfecta vere considered 1n arriving at· the design specifications 
of the plant columns. The selected values of the variables are generally 
near optimum. · 

. Effect of Design Variables on. Column Extrection end capecity -

Variable 

Pulse atll!)litude 

Plate hole dia­
me"ber 

Plnte free (per­
forated) .. area 

Pla-te siiecing 

Column c".iemeter 

Plate surfacing 

Relative Impprtance* 

First-order effe.ct on both 
ertrection end coplcity ( in 
the renge 0.25 to 1.5 in.}. 

ll'"irst-order effect on CCIXtc­
i ty; second-order effect on 
ertroction (in the renge 
o.o4-in. to 3/15-in. diame­
ter) .. 

Second-order effects on 
both extraction ond capac-
1 ty in the range 10 to 4o;'. 
free nrea. 

Second-order effects on 
both ertrnct1on and ca-pccity 
in tho range l in. to 4 in. 

Second-order effect on ox­
traction 1n tho RA Col.umn 
in the range 3 to 20 in.; 
third-order effoct on ex­
troction in the RC Column 
in the rcngc 3 to 30 in. 
Third-order offects on 
column ca:P(lcitics. 

Thi::::-d-c,rdar effect. 

Generel. Effect 

As amplitude increases 
H .T .U. -vclues ere reduced 
to a minimum end then in­
crease. The capicit y in­
creeses with ompl.itude to 
c maximum then decrecses. 

1/8-in.-diometer· holes give 
good all-around performnnce. 
H.T.U. and ca:POcity increase 
vith hole diameter. 

II.T.U. end flooding cc:Pflc­
ity increase vith increase 
1n free area in the 10 to 
4~ renge. 

H.T.U. and flooding cc::;incity 
increase with increoae in 
plntc s~cing. 

H.T.U. increases with 
column diometar. Super­
ficial throughput capacity 
not significantly o:ffectea. 
by diameter • 

The best porformnnco 1n 
stainless steel plates is 
com~rnble to the best in 
~lastic-foced plates. 

-
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Veriable 

Wall cleerence 
(between plates 
and column wall) 

Disengagement 
section 

Influent stream 
distributors 

Continuous. phase 

,. ' -DECLASSIFIED 
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* Reletive Im;,ortance 

Third-order effect for clear­
ence up to 1/8-in. on the 
diameter 1n a . 3-in.-diameter 
column. 

Third-order effect on cepec­
ity. 

Third-orde1' ei'fect on ex­
traction and capacity. 

Second or third-ordor 
effect. 

Generol. Effect 
I 

The B: .T .u. increeses. with 
increasing wall clearance. 

The ce:pacity is not sig­
nificontly affected by 
disengagement section 

·design if the residence 
time to ae~to ,the mixed 
phases 1s above about 5 
minutes. 

Colu:nn performance with 
simple distributors is 
egut1l to that with multi­
holo tYl)e. 

Limited date indicate 
superior porfo:rmance with 
the aqueous phflae con­
tinuous for both RA and · 
RC Columns. 

*) The above comparisons reflect a:pprox1m8tely the following 
differences: 

First order greeter then 3-fold effects on H.T.U. 
and/or cepecity. 

Second order -- lasa, thtln 2-fold effects. 
Third order -- effects less then approxiimto'.cy ± 3<:Jf,. 

The comparisons in the tablo ero minly based on data obtained in a 
3-inch-diemeter· puJ.ee column and a few runs in 8 end 15-inch-diometor 
columns. Beca1lSe of the limited number of pilot-:;,?le.nt runs mde to study 
these offects and tha omission o~ numerous qus11fy1ng details, the com­
parisons ere only epp?'O%imete. Raterence is made to DocUI!lE:lnt RW-19170 for· 
complete dateils at the pilot-pl.ant studies which ere the bElsis for these 
comperisons • 

D. DECONrAMINATION OF URANIUM FRCM FISSION PRODUCTS AND PWI'ONIUM 

l. Introduction 

This section deals with the decontooirntion porfol"IIJl'lnce o'f the TBP 
_Plant sol.vent-extraction bflttery. The function of this battery is to re­
duce tho concentro.tions of the fission products end plutonium assoc1eted 
with the ureniUCl recovered from. underground stort1ge to levels low enough to 
perm.it further processing of the uroniuc et Ranford end at off-~1te ~ec1l1-
tiea with no more eleborate radiation protection procedures than era needed Mr1f18 naturel ureniUl:1. · 
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.. Virtually ~ll ar the decontamination is achieved in the BA Column, 

where the product uranium 1s puri.i'ied by extracting it into the organi c 
(TBP· plus diluent) phase while the bulk ot · the fission products and pl u­
tonium renain in the aqueous phase. A BmBll additional amount of decon­
tamination is also effected 1n the RC Column ( over-all· D :F. 1 8 in the range 
of 3) when "irreveraibly ertracted" fission products (see b&low) are pre­
sent. 

Th&bulk ot the BA Column decontamination is e:f'tected at the top of 
the extraction section, vhere less than l per cent .at the f'isaion products 
and 10 per cent of t2le plutonium (reduced to the relatively inextractable 
(III) valence state by ferrous ion 1n the aqueous phase) are extracted 

-into the organic stream along with the uranium. This organic stream then 
pesses into the scrub section where additional decontamination is carried 
out by scrubbing the ascending organic stream with a higb.ly salted (2 M 

· nitric acid} aqueous stream which also contains the ferrous ammonium sul­
fate end sul:f'amic acid required for the reduction of plutonium. The scrub 
stream 1s highly salted to mi?;Limize stripping {and hence interml reflU%1ng 
in· the column) of urani\.111. 

Thered1oect1ve 1'1esion-product constituents associated with the 
ureniun feed are· discussed in Chepter II. The chemistry of these fis sion 
products and· plutonium, and their phase distribution ratios et TBP-process 

•. c.ond1t1ons ere· discussed in Chaptet IV. The relative inextractabilit y 
. into the· organia phase of i:,lutonium (III) end the fission products (organic/ 

aque011S<liatribut1on ratios below 0.1 -ror .most species) is the f''.Jlldamental 
property which. enables their- el.most quantitative sepsration from uranium 
in the . RA Column. 

Decontamination ot uranium: from plutonium and fission products by 
. · the TBP solvent-extrect1on process has been succes~ully demonstrated by 

many experimental studies, including (a) laboratory betch-e:rtraction 
studies conducted at Ranford and Oek Ridge end (b) "hot." pil.ot-pla:it pecked­
column studies at Oek :Ridge ( :processi?lg approximately 3-1/2 year old Ranford 
sludge and su:pernate}. In add1t1an, decontat11Dfltion or uranium on. e. pilot­
plant see.le bas been succiesstully demonstrated in miXer-eettle:rs, pecked 
columns, and pulse col\lmna for other processes (Purex and "25") utilizing 
diluted TBP aa the solvent. These studies were conducted at the Argonne end 
Oe.k Ri~'""f! Nat1oml Iaboretories and at Knolls Atomic Power Iabonitory. 
8al:1ent performance data :t'rom TBP-process decontar,inetion studies and the 
Purex-process decontamnetion studies utilizing pulse colllllllS are presented 
in Subsection D4,below. 

2 •. Design Basia for Decontatiinetion 

At the time of the eXI>9cted start-up of the Uranium Recovery Plant 
( January 1952) the radioectivi ty levels of the combined sludges end ~uper­
nates ft'ot!l 'lmderground storage will range from epproximately 8 x 10- . to 
7 x 10-2 "countable" beta curies and from 2 x lo~ll- to 3 x 10-2 "countable" 
gt,.lDDIB curies :per greo of ureniut1. The actual combined redioactivity level. 
ir.. each series · of cascade . tanks is dependent upon the irradiation and 
'~cooling11 history of the uranium~ Tentative speci:fications for the re­
cdlvered urenium allow a ~dioactivity level of l x 10-7 beta curies end 
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5 % 10-8 ~ curiea per gram of' · uranium (approximately 3~ and 3~ ~ 
the rad1oectivit7 at natural uren1um, respectively). The TBP proceas baa 
been designed to recover uranium aged at leest two years or longer. The 
2-year, or lODger, "cooling" time is necessary to allow the :f'iHion-pr-oduct. 
radioactivitie..a __ {notably Ru end. Zr) to decay to lower levels. The decon­
ten1netion factors required to meet. the tentative speci:f'ications when pro­
cessing two-year-old west.a containing urenium which has · recei~d ... ~n inte­
~ted exposure at 4oo Mw.-deys/ton over 360 deys are 7 .5 x l~ and 2 x 
io4 tor beta end gamma respectively ( countable curie 'basis) • Tb.fl required 
D 3. '• ere smaller for· wastes· aged over a longer period. 

The UDdergro,md storage tenks also contain up to appranmately 4 x 
10-6 grema. of plutonium per gram of ureniuz:i.. Since the mzimuc permissi­
ble concentration of plutonium in recovered uran1Ull1' is tentatively set 
et l. x 10-7 grema. per gret:1 of ureniu:?1, the over-ell plutonium decontstl1-
nst1on factor nust be appro2:imetely 40. 

E:i:peril!lentel studies heve shown srt uranium !J8Y be decontat:11.Dated 
froc. fission products by es high as 10 to 105 and froc p,l.u~QniUCl by a 
factor of' et leest 4o in one TBP. solvent-extraction cycleC2°J. 

3. Mass Trenst'er (Scrubb3) of Fission Products end Plutonim 

Normal. mess-trensfer concepts my be used to explain the functioning 
of. the. RA Colur:m in the removal of plutonium. end fission products with 
known, reproducible distribution coef':fiaionts. Principles of mss trans­
fer mey elao be used to calculate the nUl!lber of equivalent Jteges or 
transf'er units required to ettein any deaired D.F. for a fission product, 
group of fission products, or plutoniUI:1. 

Laboreto17 end pilot-ple.nt docontenination perf'o:mance dete show that 
such an idealized approech is actually applicable to nearly ell of the 
fission products. Thus, es would be predicted on the basis of cass­
trensf'er theory, decontetlinBtion factors for tho RA Colucn ere of the 
order of 1o4 to 105 (99.99 to 99.999f. reooval) for fission products and 
50 for plutoniuci. Renee, behavior of fission products and plutoniun in 
accordance with classical caes-trens:f'er concepts is tho rulo rether then 
the ·exception. From 0.001 to 0.1? of the fission products in the RAF 
ret:mL"l in the RAU beceuee 01': 

(a) insufficient height at the scrub section;. 

(b) distribution coef'f'icient Vf!l.ues unfavorable fc,r stripping 
(~ in the range 'from 0.2 to o.4); and 

( c) the so-called "1nextre.ct8ble" (or, more correctly, "unstrippeble" 
or "unscrubbable") behavior of certain fission products, due to 
complexillg in the organic phase or formation of organic-
favoring forms. In these cases, E~ values for the fission. 
~roducts are greater than 0.5. 
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Although the _. fraction · ot the totel :fisaion products in· the BAF which 
exhibits 11ine%trectable" performance- 1s small (generally O.l~ or· lesa ), 
1 t is nonethelees high.J.y- important because D 3' • 's for recovered· u ( :tram. 
fission products) must be · on' the, order of 1o4 .. 

3.l D.F. es- a :function ot the distribution ratio am the· number ot 
scrub stages. or trenster units 

The Colburn ·equations, 

- log i-c1 - P) M + p 7 /log(l/P) 
'- . . .J 

end 

Nt =- 2 • 3 log j( 1 - P) M + ~j / ( l - P) , 

( discussed in Section A, above) my be used to estimate the stage and 
transfer unit requirements for fission . product end plutonium removal . 
Figure V-9-, which is. a graph of th& number of "over-all orgenic-tilm" 
transfer uni.ta in the RA Column scrub-section versus decontsminetion 
factor, has been, constructed on the basis of·the· Colburn equations · end 
the assumption that the distribution ratios of the 1'1ss1on products and 
the plutonium remain constant -throughout tbe scrub section and et the top 
of the extraction section. This assumption is approximately correct for 
most individual f'isaion products end for plutonium. Thus, Figure V-9 may 
'be used to -estimate the number -of RA Column. scrub-section stages or t rans­
fer units for· an individiel fission product or. plutonium if the distribu­
tion ratio· is lmcnm, Conversely; the graph may be employed to calculate 
the decontaminBtion · factor for· et'n. individual fission product or plutonium. 
in the RA Column Uthe distribution ratio end number of stages or trana­
fer units ere movn. The essum:ption required for the use of Fig. V-9 
(:trust the distribution ratios of· the fission products remain constant et 
the ·top of the ertrection section end throughout the scrub section) is not 
correct f"or groups err fission products end individual "inertractable" :fis­
sion products vhose epparent distribution· ratios increase et each stage 
in the scrub section. Figure v.10 contains two graphs, also based on the 
Colburn equations, which are ~lots of the extraction-section and scrub­
section D .F. 's versus the distribution ratios for an RA Column with a 
scrub section equivalent to one theoretical stege or three "over-ell 
organic-fUm" transfer units. These gral)hs me.y be used to estimate the 
over-ell RA Column. decontamination rector for individual "inextrectnble" 
fission products or groups of fission products whose apparent distribution 
ratios are mown tor both the ertrection section ond for one scrub stage 
or three scrub transfer uni ts. Sample celculetions for both Figures V-9 
end V-10 e.re g! ven below . 

It will be noted that some decontaminetion occurs· with no stages or 
· trens:fer units in the scrub section. This initial decontamination is o 

conse<j°uenoe of. the fe.ct that the organic feed to the scrub section hes been 
contacted with an e.gooous phase, RAFS, containing approximately two thirds 
of the RAF concentrations of fission products and plutonium. The orgenic 
feed to the ecrub section bas therefore elreedy undergone considerable de­
contamimt1on due to the highly aqueous-favoring distribution coefficients 
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ot the fiaaion products· end. plutonium: (most of the f'iasion products. an,t 
plutonium remin: in. the aqueous pbeae) in this • :pert of the ertrao-t1on 
section. 

= The use ~ Figure V-9 mey be Ulustreted with t't~o oelculetions show­
ing the determ1Dat1on of {a) the number of "over-e.ll orgen1c.:..r11m" trnns­
fer unita or stages required to nttein e given D.F. far· l!lll individi.el .· 

. f:1:aaion px-oduct of known d1atr:tbution retio (~); l!lnd (b ). the D .]'. etttU.ned 
with e. nt number· ~ trenat'er units 'for a given f'1sa1on product with a 
known(. · · · . . · - · 
. :· . . . . . ' , . . 

(a) Iat- ·:tt .be asaumed that the {isaion -product bes rm~ of 0,01, 
the required D .F. ia 2 x 10 , e.nd 1 t is desired to determine . 
both the number· of stages o·nd number of tl'flnsf'er \mita :re­
qUired. Reodillg on,, the left-bDnd verticel scoJ.e (Fig. V-9) 
up to D.F •. • 2 x l<r' end across to ~ = 0 .01 (radie,l pa~meter 
line) , 1 t ie f'oi.md · ( on the obscisirll) thet opproxinltely 6 
transfer units ore required. Aa uxy be reed from the theoreti­
cal stage J;iircmeter line, this correspond.a to about 2 theoreti-
ee.l. ateges .. · 

(b) Lat it· be nsa·.:aned thct the f'tssion product bBa on ~ - of· 0.01, · 
there are 5 trensi"er units in the scrub section, ond it is 
desired to dotermino the D.F. attained. Reeding on the lower 
horizontal acele over to 5 transf'or units and :following the 
vertical 11m ct 5 up to its interce:pt with the ~ ~ o·.01 line, 
one tinda the intercept to ~ 7 x 103 (D.F. scelfl). The D.J". 
ottci?led is theroforo 7 JC 10'·. Similar 00lculntions may Cl.so 
be.made when the number of stages ia known. 

The uae of Figure V-10 may be illust·reted withe. celculation ahowi~ 
the determi!letion of the D.F. attained with one theoretical stase for a 
group of beta-emitting t1aa1on products whose e%tr&ction section and 

. ocrub· section apparent distribution ratios (~) are known. · 

Iet it be aesum.ed that ~1& group Cl! beta-emitting f1Hion products· 
he~ an apparent ~ of 8 x 10· . in the &%trect1on section end 7 x 10-3 
in the scrub section and 1t ~s desired to determine the DJ'. atteined. 
Reeding up from Ei = 8 X 10- on· the extrec~ion-section greph, one· f1nd.S 
.the intereept on the extraction section D.F. scale to·.be 750. J\eeding 
up fran Eg • 7 x lCr-3 on the scrub-section greph to its intercept with 
the one theoretical stage Una, one fintls the intercept to be 29 ( scrub­
section D 3 • scale) • The ovor-all RA Column D .F • , as determined by the · 
eqU!ltion given on the Figure, .. is then (750)(29} - 29 + l • 2.2 :z: 1o4. 
The lest two terms of this egtietion, which correct for fission-product • · 
reflux i"rom the scrub soction, were nogl:!.gible in .this .08se. Similar cal.­
cul.ations may elao be made for throe scrub-section trenstor units. 

3·.2 .The "1rrovorsible" extre.ct1on of soma fission Foducts 

It has -been obaervod in laboretocy end pilot-J?lllnt studies that cer­
tain fission :products, or -- es is mere often the case -- stDBll trections 
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of certain fission . products, U?lder some conditions extract initially into 
the ·organic ine.se end .. cannot. be subsoquently scrubbed back into en aqueous 
stream. Such "irrevorsible" ertrection behavior bes been explained i n 
terms ot two mechanisms, both ot which undoubtedly occur to some extent 1n 
the Tl3P process ~ 

. . . 

One ot. the possible maoheniem& 1& the formation ot an. organic-favor­
ing canplor · compound. ot the fission product in question with some other 
solute • Zirconium my be thus. ooapla%'8d by DBP ( dibutyl. i;:ilospbate ) , 
formed by tbe. hydrolysis or 'l'BP·. other complexes may be attributable to 
unknown impurities. l3eceuse ot the extremely · 1aw. concentretions in wh ich 
the 1.Ildividml fission products are preaerit (on the order o'f 10-5 to 10-7 
~ ·1n the RAF strem:i) a very lov concentration of. complexing agent could 
be effective • 

Another possible mechanism is, the presence o'f certain fission products 
in. more. than . one chemical form, some with low and some vi th high dist r i bution 
ratios. While · it has not been proven that this is the reason. why a small 
fraction of ruthenium 1s "irrevers.iblyn- extracted under·'l'BP :process condi­
tions·, it hes been found 1n the Redox · process thet ruthenium uists 1n 
several solute . species, at least one of which. bas a distribution rati o 
greater than l. and thus is ertrected into the organic phase -with uranium • 

. Amlytical results-from Oak Ridge pilot-plant runs (see Table V- 2) 
indicate that small fractions of both. the Ru and Zr present imdergo 11 irre­
versibl.e" extraction 1n the· '!'BP process.. Sol.vent treatment procedures 
used. 1n the T3P Plant should, however, help to minimiZb this phenomenon. 

4. IBboretory and Pilot-Plant Decontamination Performance 

4 .l Iaboratory betch studies 

''Hot" laboratory-scale batch e:z:perit:l.ents, under conditions simulating 
those at the process, beve beene:r:tensively used in the study of the do­
contamination perfortmlnce of the TBP. process. · IBboratory co'lmtercurrent 
batch studies have given good checks ot column perfort!Ence and thus have 
provided a useful means of obtaining quantitative indications of the 
ettocts of -wrious independently controlled factors on process decontami­
nation performance. Some illilBtrative laboratory countercurrent bat ch dF 's 
for simuleted RA-RC Coli.mm cond1t1ons ·are tabulated below: 

Sourco of 
Feed 

Sludge( 22 ) 

Slud8e(24) 

Simula.tad cur-
rent waste(24) 

Supernato (24) 

1r':~~ .,··--1 . ' 
. .; ,.; ·~· . ·• 

Awrox. 
. Ago of 

Foed 

4.5 yr. 

3.5 yr. 
90 days 

No. 
E:tn. 

4 
5 
5 

5 

of St.a10s dF 

Scrub StriE. Ileta Gau:um Pu 

l 4.5(a) ) 3.3(e) 1.4.(e) 

4 5 5.5 4.8 o .3(b) 

4 5 4.3 4.o 1.o(b) 

4 5 4.5 (c) ( c) 

DECUSS\f\ED ... 



..... . .. ......... - ... _· ·- ..... 

Notes·: (a) RAU d]' 'a. (All other dF 's 1n above ·table ere for RCU.} -
(b) No pl.utonium reductant was used in these experiments. 

· ( c) · Not reported.. · ·· •· 

In all ceses the :product streams :from the above extractions met the· 
tentative apec1f'ications for beta and gamma :red1oectiv1ty. -i-. _ 

4.2 Pilot-:plant studies 

. Pilot-plant studies of the d.ec:cmtemination perfort:ll!nce of the TBP 
precess were carried out 1n J;mcked columns at Qak Ridge National labora­
tory. No :pilot-plant data on the decontemnation perforoence of pulse 
columns operating under TBP process conditions have been obtained. How­
ever, "hot"· pulse column runs bBve been I!lBde et Qak 'Ridge on the Purex 
proces~. The Purex process is designed to recover both u.ranium and plu­
tomum :from }?ile-ir1'6diated uram.UC1 and, like the TBP process, utilizes 
a TBP-6nd-diluent extract.ant. '!'BP :procesa decontamination pertorl:l!mee 
may be expectod to be roughlJ equivalent to that of the P\lrex first cyclo. 
EQUipnent sizea for these studies were as follows: 

'l!ype ar 
Process Col.u:m Runs 

TBP Paclcsd RS-3~ 5 

Tl3P Pecked ~-8,. ll 
mr-l,. 2 

Paclmd HS-16· 

Pulse: 

.. . 
' ~~,;; . ·• •. . , ' ~ 

\ ·• . 
.. 

-.. . • . 

~ ,-.t • • 
I • ~ .. • •: ; 

., : .- -~ · 

Cclui:m 

RA scrub 
extn. 

RC 

PA scrub 
extn. 

RC 

BA scrub 
extn. 

RC: 

IA scrub 
extn .. 

!B. extn.: 
scrub 

IC: 

IA. sanm 
extn. 

I:B enn. · 
s.crub. 

IC 

r . 

Packed(8 ) 

Diam., In. Reight 1 Ft. 

1.6 10 
l.6 12., 
2.5 18 

1.6 5 
J..6 17.5 
2.5 l8 

l.6 0 
1.6 22.5 
2.5 18 

2 12.5 
2 7.5 
2.5 11.5 
2 6 
4. 12 

2 l8 
2 12 
2.5 lB 
2 8 
4 12 . 

".-.. 

;: 
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Th& decontamination factors obtained. in some of these studies are sum­
marized briefly below. A somewhat more detailed slll!lDllry is presented i n Table 
V-2. Table V-2 includes some dF 'a for those individual fission prOducts (Ru, 
Zr, Nb, Sr, and Cs ) which are important because one or more of them generally 
control tho gross fission-product decontamillation factors obtained. 

TBP Process PUot-Pl.ent dF's 
(Age of feed approximately 3.5 years) 

RA Coltmm 
Scrub Sect. 

Run 

Type 
of 

Feed 
Pecked 

Height, Ft. 

RS-3 HW Supen:iate 

:HS-8 RW' Supernete. 

HS-5 Sim.uleted 
Sludge end 
Supernete 

RS-ll Simulated 
Sludge end 
Supernate 

HS-16 Si~ulated 
Sludge and 
Su:perncte 

HW-1 HW Sludge and 
Supernate 

HW-2 HW Sludge 3nd 
Supernate 

10 

5 

10 

5 

0 

5 

5 

Initial Feed 
Red.ioectivity(c) 

13ete Gemne. 
C.o • kµn. Mv. RCU Stream 
Mg. u

5 
Mg. u dF • s 

1 :z: 10- ) Beta Ga"Jmm 

3 .. 5 

2.2 

1.3 

1.2 

1.1 

8.5 

6.4 

145 4-.5 

100 4.5 

59 4.S 

52 4.4 

61 3.5 

4.5 

5.0 

4.4 

4.o 

49 5 .o(b) 4.0 

57 4.5(b) 3.6 

Piirex Process Pilot-Plant dF's 
'{Age of feed npprOJCir:etely 0.4 yoors) 

Source 
Of 

Run Feed 

IEP-5 ORNL Slugs 

IHP-8 HW .Slugs 
IHP-9 BW Slugs 

IA ColUDD. 
Scrub Soct. 

"Pecked" 
Height I Ft. 

12.5 

18 
18 

In1 tial Feed 
Rodioectivity(c) 

Beta Gatnl 
Co. /ffin..! _!I.!.!_ RCO' Streat1 

Mg. U Mg. U dF's 
(:z: 10-5) _ ~ ~ 

8.l 685 4.4 3.5 
140 l.25x1o4 4.4 3.a 
162 1.5x104 4.6 3.9 
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Product Ureniut1 
Radioectivity, 

% of the 
Radiooctivity 

of Na tur!ll 
Uranium 

10 

10· 

5 

40 

50 

50 

10 

40 

120 

1o(b) 230 

RCU Re.dio­
acti vi ty, 1, of 
Radioectivity 

of Natural 
Urcniuc 

Bets Gom:11 

35 3.5x103 

700 3.5:z:104 

500 4xlo4 

-
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Notes : ( a ) Pu dl!' 's ronged :f'rOlll· l.6 to 2 • 4 for all runs in which 

a Pu reducing agent was added to the RA ColU!!IIl scrub 
or -feed streoM • 

.· "'··~--. @!<-~ 

(b) The bete· rodioectivity level of tbo RCO str~tl ws 
higher · than for the RAU strown during runs BW -1 end 
BW-2. This is _believed to heve resulted fran -entroin­
cent of" aqueous pbese a1ons vith the RAU. Betn dF 
and. product urcniur:t beta redioectivity figures are ­
based on tha RAU insteed of the RCU . 

( c) Beta counting geo:wtry was approximately ll~ . The 
rodioectivity of neturel uranitll.!l under these counting 
conditions is ·approxmetely 80 bate co./(oin. )(cg. U) 
and O. 005 gfltd mv. /mg. U. 

Results of the TEP-process i:ecked-column runs te.b\!lated ebove indicate 
little edventage in increas1tl8 the RA Column scrub section i:ecked height 
over 5 ft. 

It is believed that the Purex process gamma dF's ere lower then for­
the TBP process because the feed contained higher concentretions of dif:ri­
cul. tly-extroctable short half-lti'e getllml-emitting fission products (such 
as 45-day Rul03), due -to the much shorter feed "coo11llg" time. 

The Purex process IA Column requires a greater scrub section height 
than the TBP prl·cess. RA Column taainly because of the higher TBP content 
of the extrectaLt stream ( 3a{, TEP for Purex ae COI:11J!.red 1io ewroximately 
12.5'1, TBF for the TBP process). Th,is increese in TBP content of the ex­
treotant effectively reises the fission-product diatribut1on _ratioe to a 
desrt:,e where a much greater scrub-section height is required for ~he Purex 
process to achieve a decontamination perf"ormance equal. to the TBP process . 

The urenium product (Retr stream) from the TBP process rune was vithin 
· the tentative Sl)&Cifications for beta end gamma activity, except for RlmB 
RW-1, HW-2, and IlS-LS. The RAU streams were within the specifications for 
both R..na RW-1 and RW-2, and it is believed the BCU -was oontamineted vith 
entre ined aqueous phase. Run as .. 16 demonstrated that adeguete d.econtami-

- nation is not quite ette1nebJ.e without e _ scrub section. The tentat i ve 
allowabla plutoni1.m content spec1ficetions were met in all runs listed, 
exce:pt for :Run RS-3, where no reducitl8 agent (to reduce plutonium to the 
relatively inextrectable (III) valence state) ws added. 

RAU dF 's fqr the TBP runs, as tabulated on Teble v .. 2, increase with 
an increase in feed activity. Thie is believed due 'to the facts thet the 
radioactivity- of the RAU f'rom the low-activity runs we close to back­
ground leve1s and that there is an ap~rent di:fficu1ty of removing the 
last traces of -redioectivity re~rd1ess of starting activity. 

It tll!y be noted from Table V-2 tbst EA Column Zr dF 'a for the TBP 
runs renge -in the neighborhood o-r l. 7, while Purex process IA Column dF 's 
are in the ronge of 3 .2 to 3. 5. The higher Zr dF 's for the Purex rune 
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ar.e believed due to em.ploj'?!!ent· ore ~odium carb0118te solyent--waahing pro­
cedure during the Purex runs (i.e., it is believed ~t Zr was complexed 
by a solvent impurity during TBP process runs) • . These date. empbesize the 
intportance of maintaining effective solvent treetl!lent procedures in the 
TBP Plant-

For Hem"ord -aged urenium-wastes the dF 'a required 1n the TBP Plant 
sol.vent-extraction btlttery 1n order· to meet the tentative product radi o­
activity spe.c1ficat1ons vary vith age and irradiation history BS follows: 

Age ot 
Waste, Years 

0.25 (i.e., 90 days) 

1 

2 

4 

8· 

APJ,roximl!te dF's- Reauired in Solvent-:E:lctract ion 
For 200 Mw .. -Dafa'$1 U For 400 Mw. -DBp/l'on U 

Beta Ga~ Beta GBtmlD Pu -
5.8 5.8 1.6 

5.0 4.7 l..3 5.2 4.8 1.6 

4-.6 4.1 l.3 4.9 4.3 1.6 

4.2 3.7 1 .. 3 4 .. 4 4.o 1 .6 

3.9 3. .. 5 1.3 4.2 3.9 1 .6 

The Tl3P process pil.ot-plant data Summ!!rized above end 1n Table V-2 
indicate tbflt the required dl:"'a cen be met in the TBP Plent if' the f'eed 
solution is at least four yeers oid. It is believed th.et with adequate 
solvent ·;reattnent procedures and good ateady-stato operetion the decontami­
nation perfon:ence · of tbe TBP Plent aolvent-extrection 'be.ttery· will be good 
enough to met the tentative specifications when processing 400 Mw~-day7ton 
urenium ·"cooled" for BS little os two yeers. Possible cbenges to the TBP 
process which moy help to iaprove decontatrl.mtion porformnco but are not 
presently plannod for plant use ero (c) addition of selective :f'ission­
product conplexing agents, ('b) operetion with the TBP extroctant at e 
higher per cent uroniuc. saturction, and ( c) addition of "bead-end" or 
"tail-end" troatnont facilities for zr and Ru removal. 

5. Developcent of tho RA Col\Cil Scrub-Section "Packed" Height 

The spec11'fod plate-section height ( 3 .2 ft.} o-f the TBP Plant RA 
Pulse ColUl!lll scrub-section is based primrily on the 5-ft. pockod s cr ·tlb­
section height found satisfactory on the Oek Ridge TBP process :pilot -r,lant 
'RA ColUI!lll. Scale-up datn indicate that the 3.2-ft. scrub-section height 
in e 20-in.-diemeter pulse colucm should egool or exceed the mas-transfer 
perfori:ence . of 5 ft. of 11aschig-ring picking in a 1.6-in.-diacater !X}ckcd 
column. 

Consideration of tho stage reguiretients for representative scrubbing 
duties etiployed in conjunction with fission-:product R.E.T.S. estimates 
for the RA Column scrub section supports the edegtl!lcy of the 3.2-ft . 
SCI".tb-section height arrived at as described above. The tablo below 
lists distribution reties for conditions a~oxi.J:leting those of the TBP 
process of the important fission products and plutonium, es estimat ed 
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:f'rOI:? ae·t.e 1n Chapter IV. These ve.lues are intended ae representative 
onl-:;r, because, as indicated in Chapter r.v, the values vo:ry considerably 
with changes 1n per cent saturation of the solvent with unmiUiil and HN03. 
Also listed in the table ere the dF 'a which can be achieved in e.n RA 
Colucn containing one eguivnlent stage in the scr..lb section, os obtained 
1'r0t1 Figures V-9 ond V -10. 

Estitlflted ~ dF for RA Coluc:n 
Extraction F·irst with One-Stage 

COt!ll)Onent Section Scrub Stage Scrub Section 

llu 0.00028 0.019 4.4 
Zr 0.0029 O.Oll 3.6 
Nb 0.0004 0.0004 5.9 
Ce 0.0004 0.0004 5.9 

All other fis,- · < 0.001 < 0.001 >5,0 
sion products 

Pu(llI) 0.0'5 0.05 1.7 

A '!'BP-process. extrection cycle realizing the dF's listed above wou1d 
decontei:u.nate 400-Mv.-day/ton uraniuc wastes aged 2 and 4 years to the 
following fission-product :radioactivity levels and plutoruLUI!l concentra­
tions: 

Per Cent of the 
Radioactivity 

"Countable" Curies of Nature.1 
Age of Feed, Per Gren U UraniUl:1 Pu, 

Years Beta GatICB .Beta Garn:.18 G. !_G. u 

2 6xlo-8 1%10-8 18 60 1x10-8 

4 2Xl0-8 5:xlo-9 6 30 7xlo-8 

Values in the above table exceed the tentative specifications for recovered 
uraniuc. Purex process studies conducted et 08k Ridge beve indicated that 
the 2-in.-diaoeter pulse coluz:m H.E.T.S. for decontao.itl8tion fr0t1 fission 
products ie appro:ximtely 2 f .t.(28) Thus the 3.2-ft.-high scntb section 
in the T13P Plsnt 20-f't. -diao. EA Co-lucn should be equivalent to one or 
oore scrub stages provided the scale-up factor for the 1LE.T .S. doos not 
exceed 6Cf'/c as the scrub-section dianetor is ir.creased f'ron 2 in. to 20 
in. 

E. LOCATION AND USE OF EXTBAcrION CClllMN STATIC AND DIFFERENTIAL 
PRESSURE INSTRUMENTS 

l • Frmction of Pressure Instrlltlents 

A bubbler-type pressure inatruc.ent bas :Jeen provided on each RA end 
RC Colur:m for the purpose of measuring the ep:perent densi ty of the column 
contents. The dip tubes of a three-tube bubbl.er-type dif'f"erent i al 
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pressure instrucent are located neer the top in. each col.ucn ~or '11188&urement 
and· control of the interface position (between the lower p!ir of tubes) 
and meaeurecent of the organic .. effluent straam density {between the upper 
two tubes). 

The ate.tic preaaure instl"Ullents serve to provide an indication of 
incipient tloodj.ng. 

Interface oeeei.irenent !!nd control are treated in Chapter XIX. 

'rhe organic effluent. density- gives, under certain conditions, an in­
dication at the epproxioete ureniuc concentrl!!tion present in the organic 
effluent, thus providing an indirect clue as to possible high ureniut.1 
losses without the necessity of awaitillg a laboratory anel.ys1s, Such oon­
tim.10us detection pemits early correction of the offendine off-standard 
operatillg conditions. 

2. Locetion of Dip "ri.lbes 

The static and differential pressure dip tubes . are connected to in­
struc.ent air by connectors on ~e tops· ct the RA and RC Coluona ( see 
Chapter XV). Froc. the connector the three differential pressure dip 
tubes extend through the top ot the col.ucm·· t6 teroimte at 6-in. depth 
intervals et the top of the colucn. The top d1p tubes of tho RA e.nd RC 

. Col.ucma te::mim.te 30-5/16 in. and 29-11/16 in., respectively, below the 
connector- nozzle on the top of the colutm. ThEl static pressure tubes for 
tho- RA· and RC Colucna, which extend :tl'otl e connector- on the top of oach 

, · colucn • dawn tho outside st.ell of tl:e colt.on, temil:late in the en.l.Elrgcd 
bottot1-end sections. The tubes for the RA and RC Colucms teminato ~ in. 
and l in. above the bottoc. of the enlerged bottoo-end sections, respec­
tivel.y. 

3. Ettect of Flow Bate on Colutm Al?l!rent Density 

Studies have been mde in. packed Redox p11ot-plant solvent-ortrection 
colucns to detertline the effect of increesing countercurrent flow on the 
pressure measured at. the bottom of the collll!mB. These studios (see 
Chapter V or · the Redox Technical Ienuel, BW-18700) indicate that the a1>­
parent density of the column contents greduelly decrocsee with increases 
in the colunm throughput (sum of both phases) until incipient flooding 
conditions are roached. At this point the e.pperent density decreases 
more rapidly with increeses in flow rates. 

Trends smilar to those exhibited by~ Redo:r; columns h!lve been ex­
hibited in simple TBP process pulse column studies. In Han:fo?"d Works 
pil.ot-pl.8nt studios on an 8-in. sim:;>le RA Bu.lse COlunn,the eppe.rent den­
sity ot the ertraction soction wee :found to decrease from an average 

·density of ·e.pprOJCioetely l.20 g./ml. ate. col'l.lt'll1 throughout of 500 ge.1./ 
(hr.)(eg.ft.), suo of both phases, to e.n e.verege density o-r approxicetely 
l,15 et appro~tely 2000 ge.1./(hr. )(sg .ft.). For the reported runs 
the aoplitude~frequancy product varied from a-ppro:X1Iiiltely 50 to 70 
(in.)(cycles/m1n.), with et1plltudes varying from 0.5 to 1.0 in. In 8-in. 
and 16-in. pilot-plant BC P\'llse C()lucn runs the average app!lrent density 
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decreased froct approxioetely 1.0 at 500 gal. /(hr.)( ag .ft.) to epproximtely 
0.90 to 0.95 at 1000 scL/(br-. )(sq ,:f't.). For the reported RC Colucm runs 
the ecpli tude-freguency product wried froo 35 to 56 (in. )( cycles /oin. ) 
with amplitudes -varying from. 0.5 to l.O inch. 

Studies were not mde on dual-purpose BA M.se Colmns to determine 
the effect of increased flow rates on e-pparent column densities. 

4.. Detection of- Flooding 

As indicated in the preceding subsection1 e sudden decrease in the 
appsrent density of the Bed.ox packed columns bas been demonstrated as 
the columns epproech incipient flooding. · In three pilot-plant runs 1n 
an 8-in.-diameter RC Pulse column, the average column apparent density 
decreesed below 0.90 g./ml.. when floodillg occurred. Direct studies de­
monstrating the RA Column apparent ~nsity-flooding relationship have not 
been mde, but the RC experience is qualitatively applioeble. 

5. Ef':f'ect ot Uranium Losses on Organic Ef'f'luent Density 

The urenium concentration of the organic phase at the top of the 
colUDlnS, mee.sured by the top tvo differential pressure taps, may be used 
to detect gross differences in uranium extraction within the columns 
Cf!used by tDBjor changes in o:perating conditions (e.g., column streams 
shut crtf or· considerably out of specificetions) . However, since the 
minimum detectable· cha~ readable on the differential presstlrf'! instru­
ment (0.02 in. of water) correspcnds toe uranyl nitrate compos~tion 
change of approxiJ!mtely 0.01 Min the organic effluent, the density dip­
tube reeding8 provide an indication of only ver-:, unusually high uranium 
losses (about 1~ or more). 

F • SPECIAL PROBI»tS 

The expectation of continuous satisfactory performance of the TBP 
Pl.ant sol.vent-extraction columns over long periods is based on htmdreds 
of hours of trouble-free o:peration in pilot-plant studies. This section 
summarizes experimental illformation on "inextrecteble" uranium, "red 
oil" (an oily residue from solvent decomposition), and emulsification 
di:f'ficulties encotmtered in early pilot-plant runs. In exce:ptionel 
circumstances, such effects my give rise to anomalous column behavior. 
Norml.ly, however, such effects occur onl;y to a harm.less extent. 

1. "Inextracte.ble" Uranium 

"Inextractable" uranium ( or more properly, "unstrip:pable" uranium) 
is urenium which is retained in the organic phase by complexing agents 
not r,reeent in pure solvent. In the leborator; the presence of "1nex­
trectable" ureni"'..ltl in solvent 1s thus reveeled by dilute RC uranium dis­
tribution ·coeff'iciente (~) e.s high as about 0.05 or even higher, whereas 
the distribution coef:ficient of pure solvent is below 0.002. In the plant 
operation the presence of "inextrflctable" uranium would ceuse higher .,. DECLASSIFIED -
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waste losses f'rom ·the RC Column then would be obtained using pure solvent. 
In eddition to this effect, in. the RA Column the c~leX1.ng agents my 

.increese the extraction ot plutonium end :fission products bytactora which, 
on the §Vidence. of some O.R.N.L. laboretory studies, my be· as high as 10 
to 20{ 2? J. 

Such distribution-coefficient and loss . effects were noted 1n the early 
pilot-plant runs made with solvent which had been. contaminated by solvent 
deca:ipoeition products ( in the :form of "red oil"). The siniler adverse 
effect of "red oil" (disc1.1Saed under F3, below) and dibutyl pb.oa:phate (a 
docanpoa1tion product of- tributyl phosphate) on the dilute RC uraniu:n dis­
tribution coe.fficient ind1cetes tlmt this compound is probably the min 
agent responsible for the formetim of "inextractable" uranium. 

In the TBP Plant undue losses and low decontamination factors result­
ing from complexing agents are avoided by. the solvent treatment :procedures. 
outlined 1n C?:iapter XI (washing out solvent impurities which are complexing 
agents) . 

2. EculsUicetion. • 
An emuJ.s.ion tiiy roault frm the intimte intem1x1ng of two pbe·s e s of 

lat-1 intsr:f'acial tenaion. 

ln the TBP system etlulsU"ting tsndenc1os have been shown by solvent 
deca:iposition products end, in the Redox syat8t!1, by silicious mterials 
derhed froo the Al-Si slug-bonding leyor. Thus ·in t he early TBP pilot­
plent 1"\mS it wes observed that introduction of solvent decOD.pOsition pro­
ducts. {as "rod. oil") into the systet:1 wea toll,.oved by reductions in the 
colur:m flooding capeoitiea of as much es 30%, which wore related to in­
creeses in the e1:1ulsif1cetion tendencies of RA and RC syste'C.8. In the 
Red0% systet1, reduction in the 1nterf'ec1Bl tension between the phases 
sufficient to ceuse e1:1ulsi.1'ication resulted froc. e IAF silicon concentl"8-
tion. of ·50 p.p.ci. but not f'ro::i 30 p.p.c.. A single TBP pulse colucm run 
wee cerriod out with approxioatel.y 9 p.p.o. of' silicon (:f'ron slug coeting­
renovel solution) in the RAP'S without eey increase 1n enul.sifying tenden­
cies ~i!lg observod.(20) The resu1ts of this test do not exclude the 
poss:i.bility tbet eouls:ifying properties would be shown by silicon in the 
TBP system 1n concentretions on the order of 60 p.p.n. in the RAF. 

The 1.cClediete effect of e severe eoulsion on colucn operetion i s the 
carry-over of equ.eous pbese in tho orgflnic eff'luont and erratic operation 
of the interface control instrucent. If sufficiently sovol'e, such condi­
tions could increase fission-product contecinetion of the organic effluent 
of the RA Colu:m and could also increase uraniuc waste losses. 

Provision bas been r.iede in the TBP Plant to ninioize or avoid the 
effects of the two enulsifying Tillteriala centioned above. Soall at:1ounts 
of sil1cious mteriel 1n the form of particles, derived fr01:1 the Al-Si 
slug ·bonding layer or froc se.nd bl.own into underground tenkS, ere removed 
in the feed (RAF) centrifugation step. The solvent treatwent procedures 
outlined 1n Gmpter XI prevent the acc\ltlulation of eo.ulsii"ying itlpuri ties. · 

OECUSS\f\EO 
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3. ''Red 011" 

· "Red oil" is a coc.pler tlixture of nitrated organic cO!lpOunds, uraniuo 
butyl .. phosphete cooplexes, organic residues frot1 RAX, and probably oono­
butyl, dibutyl, and tributyl phos-phates. Physically it appears as a 
brown or red layer· of organic nateriel. ''Red oil" was foroed during con­
centration procedures peculiar to operations in tho pilot-plnnt studies 
conducted in the 321 Building, viz., concentrating RAW end RCU solutions 
to conserve uraniun end inorgenic snlts for re;.uso in RAFS. 

The. conditions of the fol.'tlBtion of "red oil" excnplify in extreoe 
fom the conditions under which solvent deccx:iposition my be er.;,ected 
to take place. Those conditions were tenpcraturos in e:z:coss of 105°c. 
in the presence of relnti vely large nuounts of boiling aqueous phase, 
relatively highly- concentl'8ted 1n nitric acid (l to 5 ~). 

The ad-verse effects o:f "red oil" on ureni1.10 stripping 1n tho RC 
Column and eoulsions in both colurms wore tJ.entioned above 1.mder F2 and 
F 3. As discussed in Chapter XI, no coopletely satisfactory oethod of 
rei:ioving "red oil" f'rom contamnetod solvent has been ·d.evoloped to date. 
However, "red oil" is not expected to be encoimtered in TBP Plant opera­
tions beceuse the solvent is not exposed to the deleterious ~ffects of 
high a?id1ties at high. teaperot-ur&s. 
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Fi g u re Jl - 3 "'1'/F/f !} 
H.T.U. vs. PULSE FREQUENCY 

RA COLUMN EXTRACTION SECTION 

Source of Doto : Extropotot1d from HW·t9170, Figs. 6, 7,8, IO. 

• Diffusing Component : UNH . 

Flowsheet Conditions : TBP·HW N• 4 . 

H.TU. Calculations : 011er·oll Aqueous-Film Basis . 

Column Inside Diameter : 2 0 In 

Plate Section . Plates with 1/8 In Holes, 23 '- Free Area. 

Pulse Amplitude : 

Legend : 

Plates Spaced ot 2 In . (Face to Face). 

Height • 12 Ft . 

1.28 In . 

V V • Volume Velocity, Gol. /( Hr.)(Sq. Ft.). Sum 

of Both Phases . 

T.10. • U Production Rote, Short Tons U Per 
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Figure ~-4 
H.TU. vs. PULSE FREQUENCY 

RC COLUMN 

Source of Data: Extrapolated from HW-19170, Fios. 11, 12, 13,15,16. 

Oiff usin9 Component : UNH, 

FlowshNf Conditions : TBP • HW Nt 4 , 

H.T.U. Calculations : Over-all Orgon,c -Film Basis , 

Column Inside Diameter : 30 In . 

Plot• Section : Plates with 1/8 In . Holes, 23,.. Free Areo . 

Pulse Amplitude: 

Legend : 

Plates Spaced at 2 In . ( Face to Face) . 

Height • 12 Ft . 

0 .57 In. 

V.V.•Volume Velocity, Gal./(Hr.l(Sq.Ft. ), Sum of Both Phases. 

TIO.• U Production Rote, Short Tons U Per 24 Hr . , 

Per Column , 
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Figure V.-5 
FLOODING CAPACITY vs. PULSE FREQUENCY 
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::;ource of Doto . Interpolated from HW-19170, Fig. 18 . 

Flowsheel Conditions : TBP-HW Nt 4 . 
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Figure ~- 6 
FLOODING CAPACITY vs. PULSE FREQUENCY 

RC COLUMN 

Source of Doto : lnte,poloted from HW-19170, Fig. 21 . 

. Flowsheet Conditions : TBP- HW NI 4. 

Column Inside· Diameter : 30 In . 

Plate Section : Pf oles with 1/8 In Holes, 23"• Free Area . 

Plates Spaced at 2 In . ( Face to Face). 

Height• 12 Ft. 

Pulse Amplitude: 0 .57 In . 
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H.T.U. vs. 
Fiture ~-7 
V LUME VELOCITY 

RA COLUMN EXTRACTION SECTION 

Source of Date , Extrapolated from HW-19170·, Figs. 6, 7, 10. 

Diffusing Component : UNH 

Flowsheet Conditions : TBP • HW N• 4 . 

H T.U. Cotculat,ons : Over-all Aqueous - Film Basis 

Column Inside 010meter : 20 In . 

Plate Section : Platea with 1/8 In . Holts, 23'- Fret Arte . 

Pulse Amplitude : 

Platea Spaced at 2 In . (Face to Fact) . 

Height• 12 Ft . 

1.28 In 

U Productron Raft, Shor! Tons/ 24 Hr. 
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Fioure 17:-8 DECLASSl~~D 
V LOME VELOCITY . 

_8_C COLUMN 

<;our~ .. vi Doro : 

D1l lus1ng ComJ;)onenl : 

Extropololed from HW- 19170, Figs . II, 12, 13, 16. 

UNH 

F lowsheet Cond i llons . TBP - HW N!4 

H T.U. Calcu latrons : Over - all Organic - F i lm Basis 

Column lns ,de Diameter . jQ In . 

Plate Sec11on Plores w1lh 1/8 In Holes, 23o/., Free Area . 

Plates Spaced ot 2 In (Face ro Face) 

Height • 12 FI 

Pulse Amp li tude - 0 57 In 

u Production .Rate, Short Tons/ 24 Hr 
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FIGURE :2:-9 
DECONTAMINATION IN THE RA COLUMN 

Effect of Fission-Product Distribution Ratio 

Basis, (a) FHd: scrub: eatractant voluma flow ratios• 1: 0.!5 :2.!!. (b) Fl,slon­
product dlatrlbutlon ratio• In the portion of the eatroctlon section 
just below the feed tu equal to those in the scrub section. (c)•over­
all organic- film" transfer units in the scrub section. 

Nomenclature: E: • Distribution ratio in the scrub section, g. of f.p. per liter of orvanic 
phaH divided by g. ot f. p. per ~t• of aqueous pha.e. 

tr! 
' 

V• Or9anic phase flow rate, volume per unit time 
L• Aqueoua phaH flow rote In th• ,crub Hetion, volume per unit time. 
P• extraction factor • E;V/L . 

I / , I 
, 

8 
6 

'I V / : /-" 

4 / V I / 

2 

uJ 
a 
6 

4 

2 

1<! 
8 
6 

4 

I I V / 1 ·~ /, 
I _~// /~ // . I 

..... ,-... ,, , / / I , . ~/ J ./ / : / 

~ , .... ~y I / V j y 

@ V I / / / ' z • 

~ &;1/' I /2'/ V I/ V . 

•• y t / , , / 

'?' .!:J ... / / / ./ / 

V II / / V /./ / I 
I 

V V 
:. 2 

)✓ lie v/ V I/ i,.,O .~ Cl~ J pv r ✓ VJ 

2 

d 
8 
6 

4 

t 

10 
8 
6 

+ 

2 

.,, 
./ 

/ 
/ 

../ 

/ 

V 
/ 

/ 

~ 

✓ - 1 
, 

_.. I 

I 0 

J I ~ 
~ ,I I "'✓ 

, _,,,,... 
../ I / I_// / t,./ ----

.# VI I ,.V' 1/ / / ~ 
..,-

i 

/ I / 7J I ~ V 

V / .. ~ V;' In~ l-r" I 
.7 ,I ,I -

, , 
JV ,I , / , 

A JD~ I I / v; ~ I I I 
~ I fo,.) !/ /no 

I ,I - ' 
, 

I _ i:.-- I / / - I / / / 

I / V /1 
V 
-.04) ,.,. 

I 
, / / 

2 3 4 5 · 8 7 e 9 10 
Number of TrOMfe, Uflita in th Scrub Section 

DECLASSIFIED 
't ' ' 

I 
I 
I 
I 

' i 

I 



... 
- -·--·- - --- - - - - - - - - - -----------

HW-19140 
Fig. V..-10 

. DECLASSIFIED FIGURE II. - 10 
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PART ll: PROCESS, contillued 

CHAPrER VI. SOLVENT-EXTRACTION P.ROCEDtT.RE. 

CON'IENTS 

A. 

B. 

.. , . , : 

ENGINEER'S Fim SXE':OCR ·~·-~·-································· 
l. 
2. 

Introduction . ............................ -............... . 
Interpretation of the Flov Sketch ························· 

···········~······························~··· 
l. In.trod.uct ion. • ••••••••••••• , • .... .. • •. .. • •. . ..... .................... ~ .... ... 
2. Steady-State Operation ...................................... , 
3. St·ar-tllv . -. · •.• •••• •. • • •. • • •• • • .. • • • •. • • • • • • • • • •• •• •. • • • • • • ... • • 
4... Shutdow. · ...................... • ••••.••. • •••• , ................... .. . . 

REMEDY' OF· OFF-STANDARD CONDITIONS · ....••.....•..•.......••.. ... 
l .. 
2-. 
3~ 

4 .. 

Spec·if'icistion.s-· • ., •• ~ .............................................. . . . 
Detect-ion of Of'f'-Statldard' Conditions· ••••• _ • , •• , ............ . 
Use- or Co1umri. Sta.tic: and Differentia1 Pressure Rea.diilga • •• 
3.I Detection and remedy- ot· flooding •••••••••••••••••• • · •• 
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CRAP1$:R VI. SOLVENT-EXTRACTION P.ROOEDUEE 

~ ~ ENGINEEB Is Fu:M SKE'.roH 

l. IJ;;troduction 

-
A brief over•all. .description of the uronium recovery process 1s 

presented. in-Chapter I in connect1'on with the discussion of the chemical 
floweheets: .The .purpose of this chapter is to describe normal and off•: 
sta.Jldnrd operetiDg procedures for the solvent-extraction portion of the 
process. An engineer's now sketch will be utilized in this description, 
as veil cs ·to indicate the process streams ®d equipment employed. The 
reader is referred to Chapters rl, v, rv, a.nd XVI for detailed background 
information on solvent-extraction process chemistry, process engineering, 
am equipment. 

2. Interpretation of the Flow Sketch 

The engineer's flow sketc°Ji .presented a.a Figura VI-1 schema.ticolly 
shows the :process streams and e~uipment for the solvent-extrnction portion 
ot. the urnnium recovery process·. Th13 fig.ire indicates more of the de­
tails ot the process than tho chemical block dio.gro.ms of Chapter I, but 
less detail than the eDgi.neering nov diagrams of Che.:pter XIV. In order 
to iDdicate. the connections betvoen the foe\i concentro.tion,.solvent-ex­
tra.ction, and wnstc concentro.tion steps, the equipment c.ssocio.ted with all 
three steps is shown in the engin,eer.'s flow ~ketch. It will be noted that 
the flow po.ttern is such tbo.t tvo po.rallel strenms (each nomino.J.ly hmldl1og 
5 tons of uranium per dfly) proceed through the feed concentrction nnd sol­
vent•c:ttro.ction ·equipment. The streo.ms then join o.nd. nre processed through 
one ot ·three o.iterno.tive we.ate concentration bo.tterioa. The tonks, columna, 
control equi:.xnent, end stream flow rotes necessary to process 10 tons per 
d.o.y ot uranium are noted. · Additioml in:f'ornntion covering such items as 
lubrico.tion lines, electrical lines, connectors, and ape.re connectors mAY 
be obtnined fran the e~neeri.Dg flow dic.grnn.a 1n Chapter Xrl. Exact 
dilllcnsions of process equipment may be found in the detailed mechanica.l 
design drc.Yings tor the specific equipment pieces. 

B-. NORMA.L P.ROCEOORE 

l. Introduction 

The principo.l equipment items of the solvcnt-extro.ction cycle ere tvo 
po.ra.licl. pairs of pulse columns, RA a.nd RC, for countercurrent liquid-
liquid C%tr6ction. The compositions c.nd flow r~tcs shown on Figure VI-1 
corre~ond very closely to those p:rcscntcd in the TBP-HW No • . 4 Chamical PJ.ow­
shect (see Cllc.pter 1) at e. urc.nium production ro.te of 5 tons per dc.y 1n 
ec.ch of the tvo po.ro.Uel processing lines. The s r!tisfactory oporc.ting 
ro.Dge cf the µista.lled equipment, howovcr, covers o. much brol'.der ro.ngc of 
conditions ~ c. result of the flexibility dosi@ed iato the pl::mt. Thus 
it is possible to oporc.to the vc.riou.e processing units, ir..cluding the 
pulse solvent-extraction columns, over c. range of uranium production rates 

P.Pt.JI . ....,. __..,....~ 

DECLASSIFIED - · 



. .... ... ,... - I 

---,·-: "'i:' ~~ F?#:+4~1. ••~~Wk.449:¥-#f Pk ·:<1 :1¥♦.'l- ••❖-*-ti.J/14/" -~ -*,»
11

· .. ,~ •cs -~.' .. ;;;- -· .... , , .. . XJ++t.Q,W: 

• . . . ~ · . . 'OECLASSIAED 
603 

• 

from -2 to 5 tons per day.without exceeding the allowable uranium waste 
losses .. . 

2. Steady-State 0-;;,eration 

The- first (RA) extraction column is e. comp_ound colW!lll consist ing of 
en extraction and a scrub section. In the extraction (lower) secti on of 
the- ce>lumn, uranium and some fission products am plutonium are ertracted 
f'rom the continuous aqueous phase into the ris1ZJ8, dispersed. organic phase 
(RAX).. In tM scrub (upper) section of the column, tbe rising uranium­
laden extractant is countercurrently contacted by' a scrub ·solution (RAS), 
which scrubs-the bulk of the fission products am plutonium 1'rcm the dis­
_persed extractant.. The infl.uent and effluent streams involv~ in column 
operation are ae follows: · 

The aqueous uranium-bearing t'eed (RAF) is pumped throush a record-
ing and controlling rotameter from the RAF Feed Tank, TX-19-6, to an inter­
mediate feed point,. betveen. the scrub and extraction sect10ll8, · of t he .RA 
Column, ET-19-8. The aqueous scrub stream (RAS), containing ferrous am­
monium sulfate as a · reductant, sultamic acid as a holding agett'.f; tor the . 
reductant,. and. nitric acid as a salting a.gent, is :fed through ·a recording 
and controlling rotameter to 1:11.e top of the RA Column. The aqueous waste 
effluent :frau the RA Column (RAW) should contain not more tb.an .O.~ ot 
the entering urani\llll. The rate at vhich this stream leaYes the· col umn 
is controlled by the interface dip tubes located .at the top of the column. 
Af'ter bei:ng collected in the RAW Receiver Tank, TK-~1-7, the aqueous 
waste is pumped under liquid-level control to the Po)led RAW-BCM m,ceiver 
Tank, 'M-13-6. . 

The- organic utractant (RAX}, T!P-hydrocarbon mixture, is pumped 
tran the RAX ll'eed Tank, TK-20-6, through a recording and controlline 
rote.meter to the bottan inlet of the RA Column. The organic e:ttluent, 
RAU, leaves the top of the column and contains the built of the uranium 

. !ro.m the RAF, together with a small fraction ot the original .quanti ty at 
fission products. It flows by gravity to the bottom ot the RC. Column, 
ET-19-2. 

The f'unction of the RC Column is to strip· the uranium from the or­
ganic into an aqueous phase. This is accomplished by contacting the 
dispersed organic phase (RCF) vith a slightly acidified aqueous str el!Lm 
(ECX) introduced a.t the top of the column through a record1ng-con-t;r ol-
11ng rotameter. · The e:f:fluont 'l!BP .. hydrocarbon organic phase (acw·) l eaving 
the top or the RC Column should contain not more than o.~ of the uranium 
contained in the RAF. 

The RCW stream, after leaving the column, flows to the :RCW Receiver 
Tank, TK-9 .. i, and is then processed in the RO Column. The flov rat e of 
the e:ftluent aqueous stream (RCU) f'rom the RC Column 1s controlled by 
the column interface dip tubes located at .the top of the column. This 
stream flovs by gravity (through a flooded jet, which may be used t o 
empty the column) to the RCU Pump-Out Tank, TK-19-3, and 1s then p,.mped,. 
,ma.er liquid-ievel control to the RCU R~ceiver Tank, 'l'lt-l6•l. 
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All non-radioactive aqueous-· inf'luent streams t .o the solvent~extrac­

tion battery are gravity fed fronitanks situated in the "cold" section 
of the TBP Plant (Bu:Udi.Dg 221-U). The "cold" organic influent stream to 
the solvent-extraction column is- fed directly frOJll the RAX Feed Tank, 
TK-20•6 ( located in Cell 20 in tlie canyon) • 

It will .be noted that fl.Ow rates of the RAF, · RAS, RAX, aild RCX streams 
are controlled by recording-controlling rotameters .. The tlovrates ·of the 
RAW and RCU streams are controlled by interface dip tubes located at the top 
o-r· each column. A~.l these instruments are aut0l!Bt1c, but . can be· operated 
manually when· required, e.g., when . the equipment is started up or ali~ 
down.. Differential and static pressure recorders a.re also provided on each 
column a.a a means ot detecting flooding conditions in the columns and..-&& an 
aid in the early determination of any excessive uranium losses. A tunc­
ticmal descri:ption of the instruments is given in Chapter XIX. 

Auxiliary equipment shown on .the sketches, such e.s strainers, s~lers, 
jets., . and pumps, is· described 1n Chapters XVI and XVII. 

3. Startup 

The preceding discussion bas dealt Yith steady-state operation of' the 
columns. In order to avoid unnecessary waste losses or an oft-standard. 
uranium stream in establishing steady-state operation, a startup procedure 
similar t~ the f'o1lovi?lg is employed: 

(a) The '!'BP-hydrocarbon organic extracta.nt (RAX) flow to the RA 
Column is started. 

(b) As soon as the· RA Column 1s filled vi th the organic extractant, 
the pulse generator 1s started, and the "cold" aqueous flow 
(BAS) 1e ·eetabl1shed. 

(c) 

(d) 

(a) 

The orge.nic overnow from the RA Column fills the RC Column while 
correct· interface cODditions a.re bei?lg reached in the RA Column. 

When the :RC Column is filled with the organic phase, the RC pulse 
generator- is started, and the "cold" aqueous flow (:ROX) is estab­
lished. 

After the interfaces 1n the tvo columns have been· established, the 
introduction of the •, radioactive feed (RAF) to the RA Column 1s 
started. 

The control instruments are :manually operated vhile flows are being 
incre(lsed or decreased, but vhen flows become steady the instruments are 
ahi:t"ted. to automatic control. 

4. Shutdown 

Whe~- the TBP Plant solvent-extraction columns are to be shut down, a 
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-reve~al of . the above-mentioned. stai-tup proc.edure ,. as · outli~ belov, 
. :18,-.:f'Ollowed. . · _-; ; 

(a) 1'he feed (MF) to the.RA Column is ' shut off. 

(b) Stripping ur~\UII. ficmi the columns is then carried oot tar a. 
period. _i,t a~out - lO to. 1, minutes_. .It is estimated that about 
JOO .. g&Uona of organic extl"actant will be requir~ to extract 

. . · the, ~ - from the aqueous phase in the-p~-size RA Column. 
With· the f'low rates sho,,n OD Figure- ·VI-1, appradmatel.y 300 to 
500 gallons ot RAX will be g,aed U stri1JP1ng 1• carried on tar 

-l.O_. to . 15 mimltes.. Increasing strippi::lg time will there~ore be 
.. ·. roqµired. .11' the solvent-extracti9n battery. is - operating at a 

· uranium production rate lower than 5 -tons per day (~, alter­
natively,. the RAX flow may be-increased at the begjnn:1ng of -t;he 
stripping operation}. 

(e) After the column stripping is canpleted, the RAX now is dis­
continued,. but pulsing and the addition of RAS is colltinued,.. 
When the RAX flow ceases, the orga.nic phase normia1ly dispersed 
1n the column gradually rises to tbe top. 'Ibis 1a acc~ed 
by a temporary decrease 1n the aqueous effluent (RAW) flw · 
rate aa the aqueous . feed takes up the volume pl'.ev:iQUSly· oc--

. cup.ied by the dispersed organic globules • . As soon. aa the -dis­
placed organic phase .is repla.ce4~the - interface level returna to 
its nqrmal position and the RAW flow rate resumes a val."'8 equa:;.. 
to .the BAS nov :rate. 

(d) The organic phase above the 1nter1'a.ae 1n the RA C.olumn is dis~­
placod. by the continued addition ot BAS. '!'his requires -.nual 
.operation of' tbe interface controller 1n order to ·allow the­
aqueous level to rise above the _normal .control point. · Top 
phase d1seng861,ng section specific gravity readings, be.aed on 
the, d-Uferent1al pressure between . the top tvo ot the three 
diff~rential•pressure dip tubes, provides an indication~ 
when eaaentially allot the organic pbase has been displaoed 
from the column. 

(e) RA :Column pulai.ng and the addition ot BAB e.re. discontimled. 

(f) Norme.l operation of the :BC Column 1s continued until the flow 
of RCF(RAU) ceases. -The sequence of events ·in the RC Column 
durillg this poriod is very s:iJnil.ar to the operation ot.· the RA 
Column when the organic feed was shut oft. That 1s, the orgo.uic 

, material normally-_ present in the column gradually rises to the 
top. Simultaneously, the OrlJEUlic phase is replaced by the 
aqueous _1.nfiuent (RCX). During this period the interface level 
drops and the tlow of aqueous effluent (RCU) decreases. After 
the orgnn;Lc replacement has been completed, the organic-aqueous 
interte.co level. resumes its normo.J. position. The near~•normal. 
RCU flow, .. equal. to RCX flow, is then reeeto.bl1shed by the auto .... 
me.tie controller. 
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(g}, The organic phe.se nbove the interface 1n. the RC Column 1a d~s­
pl.aco<! by continued.- addition or.··RCX~ This is accanpllshed; by 
manual. operation of the interface controller in the same manner 
as described under (d), above. · 

(h) Pulsing of the RC Column alld the addition of RCX are discont:t,nued. 

· (i) At this· stage, both the-·RA and· RC Columns contain only "cold" 
· aqueous -solutions. These- solutions may be drained into the RAW 
• or ·RCtl Receivers, respectively, by mnuc.l :manipulation ot · the 
e.utane.tic interface oontrollers. 

· If• direct :ma.1ntemnce is required" in the col.umn cell areas, it 1s 
possible · to introduce special. decontemimtion solutions into the bead tanks 
for decontmn:tootingthe inside of a particul.a.r column or othor "hot" equip ... 
ment piece. Wall spro.ys are also available for cleaning the cell and the 
outer surfaces of the equipment~ 

l. Speciticntions 

Parity spec.Uications for the product of the 1!BP Plant and the per• 
missible losses to,mste ·streams-have not been firmly established. and. prob-

. o.'bl;r· will nat be unt11 operation ot · the plant. hes mo.do it possible to de­
termine the performance under norma1 rnnn1ng cond1t1w.~s. ll'irm product 
spoc1t1cations llJ2d the decisions as to when an of'f'-stcndard stree.m is to be 
reworked will be ba.sed on a bnlc.nce amoDB sovcrnl considerntions. The poa­
·s.ible deleterious ef:t.'octs· of' the o:f'f'-spoc1:f'icntion material .on subsequent 
l)rocesaing., theva1ue of the uranium in o:ff'-standard wo.ste streams, and the 
coat of· m.eetillg the specifications by normc.1. operation or by rework will be 
major factors in the decision. 

At: this writing,. tentative speciticntions for decontamino.ted uranium 
(BCU). are: 

Impurity 

Beta ro.diooctiv1ty· tran 
fission products 

Gamma radioactivity from 
fission products 

Plutonium: 

Iron 

Sodium 

Ni, S, Mo, Cr, W, Si, B 11: .... 

Ml'.l:Jtimum Concentration 

l x 10-7 absolute curie/g.U 

. -8 I 5 x 10 absolute curie g.U 

l pa.rt/107 parts of U (0.1 p.p.m.) 

1 pcrt/1o3 perts of U (1000 p.p.m.) 

1 purt/lo3 :parts of U (1000 p.p.m.) 

2 pnrts/103 parts o:f U (2000 p.p.m.) 

l part of oach/104 pa.rte of U (100 
p.p.m.) 
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· ·The max:hnrua: pel'Jllissible toto.l ure.nium loS11es 
1
to' 1:1h, sol~ent•ext~1on 

battery waste str881118 will be f'iDe.lly set after the pl.int ·1s 1n operation, 
but will probably not exceed about 2.01, o'! the uranium in the RAF feed • 

. , . . ' . ,. . . 

, . . ... .. ... . 
During rout'1ne pl.ant operation, it is expected that . ~ t~e . 

streams leaving· the ·soivent-extro.ction cycla- vill be monit~red l?Y anal­
ysia ·.tor- o:tf .. riandard, conditions. These streams e.re .the uranium effluent_. 
stream· trom-the :RC Coluimi · (RCU), the fisdon~product-laden vaate &tr~- , · 
:tr.an the M Column ·(RAW), ··an4 ··the organic effluent (BCW') :t"roli1 the RC · · 
Column~ Arter detect·ion o~ otf'-stamard conditions in e.n et'.'f}.uent ijtreem~. 
it =wil1 be necessary to check systmt'ically be.ck' through the · poi.sible .. . 
s ources of.. en-or until the sped.fie cause 'is discovered ~ c_orrected. 

• :p '· . 
• • • • • • I ~ t I 

Generally, detection of an ·ou~stMdarcf uranium ·or ·.wate· ;e~lue~ .. i. 
stream calls far nn ilIIDediate check ot recdings supplied. by ths wtru~ 
menta for each column. These reedill88 include: 

• •.P: • . • : • 

-·· (o.) flow· ro.te'S or· all influent streams; · . . .. . . . ' : ' . 
: .. 

·• .·.: · ·: (b) · · pressure• readings· !'ran· the dU'f'orential 'and, static pns~· 
' -taps (to,• detect possible · flooding, or in some cas~s; high 
· . . ::. . uranium-loss); · · · · 

. !.-
. .. . . .·• 

·· : (c) • spiec11'1c: gravities of im'luent stree.mi!I; 
. ' . 
(d) · radiation r(Jeorder readings (i:f required). 

Flow ro.tes ot o.U in:f'lueat process streszm, t<>· the TBP •columns e.re 
controlled by Hammel-Dahl diaphragm-operated motar ve.lves positioned by 
l'oxbor~:'. recorder-controllers. Nonno1 · control ot · :flow rates is autcmit1~ . 
~xcept dur.ing-;poriods· of st&rtup and shutdown. ,· If' the· flow rate · of a · .·· . . 
particuJAr: ·stree.m, as 'indicated by the recorder, is suspected ot· beillg 
ineorr.ectj it is .. poasible to obtain a cross-check by· the .. use Qt f eed · 
tank. :veight-f"c.ctor roo.dings·. : · · · · · 

r: .. 
. The flow ·control, a-,;o.tie and d1£'ferential pressure, EUld rMiat~c;m ' 

lllStrumenta are described in Cha.pte1' XIX. · Thero a.re f'9\ll' dip tubes on 
ench at. the-:RA and RC ·:Co):umna for 1Ddico.ting sto.tic ···imd, d1tterentie.i 
pressures•· . . Ona ot thee 'dip tubes ( the static pressure tap) ts . located 
below. tha perforated-plate certridge. The other three tubes 1n· dnch 
column are loca.ted in n cluster (6~1nch vertico.1· ·spo.cing between ·t he 
top ·o.nd center tubeB ·nnd 6--inch verticnl spacing between the .eent~~ -~d . 
bot-tom · tubes·) just .:i.bovo the porf'oroted-plnte cartridge. The d1~er- . · ' 
entio.l pressure -meastll"'cd' ncross the ·t ·op two ·of the three dip ·tubes is · · · 
influenced primarily by the density qt the orgo.nic _effluent f~om t he ... 
pc.rticu.la.r column ip question. During ·nonni cperntion the· -cqueowt--· • . 
orgc.nic intorfaco · lcvel in the column is between the bottom two ot the 
three· dip . tubes· • . Thus; · vor1at10Il8 1n the 'di:fferentinl pressure ·across 
these two tubes will ·1nd1Ga.te · a cbnnge in the 1.nterf'o.ce levci. · The ' · 
location of' the static and differentio.l pressure tnps on the solvent• 

.... . , ~ ·· '.'I 
~ ..• . ·.• .. ·J 
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ertraction columne amt the .technical basis ot their use are discuaeed 1n 
Chapter V. 

3. Use at Column Static am Differential Pressure Readings 

3.l. Detection and remedy of flooding · 

P'looding in the solvent-extraction colunms is detected by the use ar 
remote instruments, because ot the high radiation. ievel ot the procesa 
solutions. Chief' reliance tor the detection. ~ flooding 1a placed 011. the 
static: pressure readings tor the column. under consideration. At f'loc:xliDg, 
there. will be a drop 1n the. static presstu"e readi.DS as the lighter organic 
(d·isperaed) phase tends to fill the. columns. A secondary effect will. be 
erratic changes in aq:ueous ettJ.uent rate as the controller attempts to 
steady a chacging interfa.de by regulating the aqueous eUluent now rate. 
The normal roadings of the instruments vill be known f'ran calibration 
during initial column operation •. 

General.ly , . a flood i:l a col.umn 18 dissipated by reducillg the influent 
·stream flow rates and/ or the pulse frequency and then waiting until the 
operation ot. 'the column is restored to norme.i. It· should. bo noted 1n this 
cormection that if the pulse. frequency is reduced too tar (i.e.~ to a point-­
at. vhich the· pulsed. volume _velocity is less than· tho volume velocity ot the 
canbined column in:tluent streams) the flood will not be dissipated. After 
normal. operation is established,· the fl.av ratese.Dd/or pulse trequency m7 
be returned to operating level:. If non-standard conditions (such as emul­
sification ot- plugging ot the Pf.eking) are the cause of floodtng, it may be 
necessary-to shut the plant dovn until these conditions are remedied. 

3.2 Detection ot high uranium .loea 

The arsenic phase. effluent density, as determined. by pressure measure­
ments, gives an indication at groas uranium losses :from the columns. In 
the RA Column, a decrease in the organic ei'flueJit · (RAU) phase density will 
uaually indicate that uo.eSBive losses are occurril:lg. In the RC Col.umn an 
increase 1n the orgo.nic effluent·-- (RCW) :pbase density-., or an increa.se 1n 
the static pressure at the base -of the column, .m.y give warnillg that ez­
ceB&ive uranium losses are occurring. It should be borne 1n mind, that 
these pressure moasurements also reflect changes 1n other va.rio.blee, such 
as uranium concentre.tion 1n fced.s, flow rotes, HNO concentrations, am 
salt concentrations. However.,. under normol steedy~state operating condi­
tiona,e. fluctuation in the above pressures mo.y give we.ming that uranium 
losees bzl.ve ma.rkedl.y increased. A normal. or spocinl. semple tran the pool­
ed RAW-RQrl strecms will. provide e check on column operntion. A more do• 
tniled discussion of the technical. background f'or interpreto.tion of column 
d11"terentitu. pressure mea.surcmcnts is conto.illed in Cb.Apter V. 

4. Rework of Off'-Stnnda.rd Process Strer..ms 

Arty required rework ot off-st~ndn.rd process streams in theT.BP Plnnt 
will n.ormlly involve one of the 1'ollowing tvo streams; 
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(a ) . the pooled RAW•BCW· waate · streem--to recover excessive uranium 
losses;. or 

(b) the f1no.l uranium product streom (RCU)•-to dec~te the 
uro.niwn :t:ran o.n excessive plutonium and/or tisai011,prcduct 
content. 

Methods or reworking these ott- sta.ndard strooms are discussed below. 

4.1 Ott-atcndo.rd wste streams 

Excessive uranium losses in the waste streams ot either ~he RA or 
the BC Columns are ultime.to~ detected and corrected in the sue m:.nner. 
Due to the process tlow inVolved in the TBP Plant, uranium lost in the 
colUJllll8 is canbined in the Pooled RAW-ROW :Receiver, TK-13•6 • · Uranium 
1n the RAW waste stream flows through an RAW Receiver to this 'l'a,nk. 
Fc.ulty operation of the RC Column co.uses n uranium buildup in the RCW 
(organic vnete) stream. The urmlium 1s thence transferred in the RO Column 
to· the R~ ( aquo0\18 wste) stream. Tho RCM stream flows throug!l an :Rai 
Receiver to· the Pooled RAW-ROW Receiver. The combined RAW-BOW stream 
flows to one ot tour Wo.ste Samp.ler 'l'cmks (T!C•ll-1, 12-l, 12-6, OZ" 13•1) ., 
The RAW Becoi vcr, ROW Recei vcr, Pooled RAW-ROW am 'Waste Sampler 'l'ollks are 
o.ll provided with samplers. Under nor:mo.l oporo.ting conditions, the fol­
lowing ure.ni.UJD dotorminations v-ill be mde • 

• Spg,le 

RAW Becoivar 
BOW Roceiver 
Pooled RAW•BOW Receiver 
Waste Sampler Tttnk 

Freguency 

2 per week 
4. per week 

21 per woek 
Uranium determinotions made onl,- U" 
Pooled RAW-ROW Receiver e.mlyses 
indicc.te high losses 

If' tho samples 1.Ddicate an excessive quantity ot uranium in the 
Waste Sampler Tanks, the waste is routed to the Wnstc Utility Holdup Tank, 
T!t~4-6, and thence is reworked via tho solvent-extraction cyclo Feed 

'l'clnks. The RAW and ROW streams cOJ:mat be reworked separately. 

No rework prcwisions aro made directly for excessive quantities of 
urc.nium in the RCW. Should this s1tua.t1on develop, the uranium is strip• 
pod from the orgo.nic pht'.so in the BO Column, c.nd the wcstc stream (R<J,l) 
is reworked, if dosira.blc, in. tho we.etc rework system described above. 

4.2 Off•sto.ndnrd uranium product {RCU) 

Ott-stc.ndard uranium stroa.ms thc.t do not meet spocificationa with 
respect to )lutonium content or d~contmnimtion from fission products -ore 
detected 1n either tho RCU Receiver, TK- 16-l, or the RCU Sampler, nt-15-l. 
Disposition of this mc.tario.l is made to the Foed Utility Holdup Tank, 
TE-4-1·, -tram which the ott-sto.ndnrd bc.tch my be rovorked through t he 
ez:tro.ction cycle by blending with norm:i.l feed. · 
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PART II: PRCCESS., continued 
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CBAPI!!R VII,'. COfiC.ElfmATIOlf · OF RECOvERED UlWUOM 

A. PBCCESS p!SCRIPTION 

l. General 

It baa been specified that the uranium cmd-product ot both the Redcm 
aZ2d ~ -procesacs· (3EU· am. BCtJ, respectively-} \)e transformed to the uranium 
tr1azide (U?3) state tor ~t-plallt shipment.C3) The concentration ot these 
milted ~l nitrate· (U?m} sol.utiona tct a· degree· aatiatactor,- for charging 
to the mm Calcinatim Pots· {see Chapter VIII) · is described 1n this chapter. 

Redox ;i3UJ is normally- concentrated to about 6<11, UNB by weight betore 
leavillg the Red.oz Plant. In order to· avoid contusion between COZlCentration 
states during discussion ~- the· addi ticmal concentration• applied before this 
mm solution 1s suitable for charging to the Calcination Pots, the :partial• 
l:y concentrated 3W' IJOlut·ion 1-eeLving the- Rodox Plant ia designated. in this 
_chapter as 3111' ( conc-entrated:. to 6~ tmal •. · 

RCt1 am: 3J1%1 ( concentrated: to 6<11,• mm) are· mixed and concentrated to 
a uranyl nitrate- ·concentration eorrespQDd.il:lg to about 80 to l~ mm. As 
discussed: 1n Cha-pter. VIII, the concentrated product stream is fed to the 
Calcim.tian POtlr, vtiore_ the _ mm is calcined to uo3• 

In th11 cbapter· urazJ1l nitrate concentrations jt'l. solution are expressed 
as· per- cent \11"8eyl nitrate hezah1drate (mm). This m3tbod is merely a con­
venient convention am. implies· that it the solution were cooled to its 
treezillg point, mm would separate fran solution as e. solid pbaae. 

2·. Concentration 

The urm concentration of BCU Yill probably range from about , to 71' mm, 
ref'lectiilg variations in uranium concentration 1n the solvent-extraction 
battery: feed and the manipulation of other Column 1n1"luent stream f'l.ov rates 
to ccmpensate partiall:y tor theae variations. The design of the concentra­
tion system is based upon o. ,lo U?m :RCU since this represents the more con­
servo.tive apprce.ch. The tnm concentration ot 1ncaning 3EU, which mixes with 
the RCU~ is about 6tl/,. 

The final mm concentrntion ~enched 1n the system is nbout l~ mm 
(exact figure to be dctorminod durlJI8· c,peration). During such a large 
volume chmlge the physicnl propcrt1os o'f the solution emu:ige markedly. Be­
terence is made to Cho.pt er IV ~or dntn on -tho uro.nyl nitrate pbfl.ae die.gram and 
and on donait;y, viscosity, apecU1c hent, D.lld at:ber properties, as a tu.nction 
ot temperature and mm con.contrction. 

'rhe Product Eve.pore.tors (E•B•l, E-D•l, OJld E-D-2) o.re long-tube, vertical, 
no.turo.l circulation type concentration units. Th(3}' are described. 1n detail in 
Chapter XVI.. A schematic dravi:og ot one of the Ew.pore.tors is presented on 
Figure v:rr-i and fl'IJ.Y be referred to for a.dditional clarity in the following 
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description. Briefly, dilute mm solution entering the Evaporator mixes 
vi.th recirculeted, more concentre.ted solution. and rises tbrOUgh the ver­
ticnl. tubes as- heat 1s traruiferrcd to the solution- fro111 condensing steam . 
on the outside of the tube wells. The ef'f'ective liquid level 1n a down~: : 
ccmerexerts c. static- pressure on the· liquid at the bottom of the tubes. 
As· the liquid rises in the tubes some is vo.porized, th.Us reduciilg the den­
sity ot a · unit volume ot· liquid-vapor mixture. As long ns the total 
pressure (duo to the weight of the contents ot a tube and the velocity 
pressure drop of tho mixtUro risi~ through the tube) does not exceed the 
static pressure avc.ilabl.e- at tho base of the -tubes, the vapor-Uquid mss 
jets · upwo.rd into the vc.por· space of the 3wporo.tor. The vapor is sepo.­
rnted from the · concentrated liquid, which returns to the bc.se of the Evap­
orator through a downcaner for recycle by bl.ending with dil~te feed or for 
vi thdra.vo.l a.s product .. 

Liquid dcentrninmcnt trom vnpor is accomplished both by interception 
of the liquid particles. on on impingement plate (which also acts as a. focm 
breaker) and by reduction of va.por velocity, due to vapor e.xpc.nsion, to a 
point where settling of samo of the liquid droplets . can take place. Addi­
tional decntra.inment is gn!nod by the cbrupt chnnges of direction ot the 
vnpor as it pcsscs through e Peerless Mist Sepe.rater (which consists of a 
series of "Z". :pl.c.te ba.:t:tlcs) in order to rea.ch the vc.por exit line of the 
Evaporator. 

3. Nitric Aci·d Frnctiomtion 

· The tote.! a.mount of deentrainod wntcr vnpor from the Product Evo.po ... 
rntors (E-B-1, .E-D-1, and .E-D-2) contains. approx:tmntoly 1.5 to 2. weight 
per cent nitric 0.cid... Evaporators E-B-l. nm. E-D-1 nol"JDfllly contribute 

· about CJ(:11., of the totc.l vo.por volume, but only o.bout 5~ of the total vapor­
ized nitric acid. Evo.poro.tor E-D-2 contributes the remo.ining ~ of the 
nitric acid in only a.bout 4i of the total vapor volume. Two Nitric Acid 
Yro.ctioootors (T-B-4 and T-D-4) a.re provided for separo.ting the two chief' 
components of the vapor mixture (nitric c.cid o.nd wtor vupor). The Froc­
tiO?lll.tors are described 1n detail 1n Chnpter XVI. 

The Frc.ctionntors my bo . operated vith several varia.tions 1n the 
methods of feeding them. lfornnlly, bovever, the entire omount of vc.por 
produced. 1.n Evapora.tor E-D-2 will be routed to Fro.ctionator T-D-4 (th.rough 
o. connection into tho vnpor spa.ce of Evo.porator E-D-1), and o.ll of the 4~ 
nitric acid produced by the obsorption of nitrogen oxides evolved 1n the 
U?m co.lcinc.tion rco.ction (See Chapter VIII) will be routed to either fra.c­
tionntor unit. As described in Bl, below:, the vnpor from Evapo:rotors 
E-B-l nnd E-D-1 vill bo apportioned about 3~ to the fo.ctiomtor unit re­
ceiving the ~ acid c.nd a.bout 62$ to the remaining unit 1n order to m.!J.in­
tnin a.pproximc.tely the same heat loo.ding on the reboiler of each fra.ction­
o.tor unit. 

Eoch Fro.ctiono.tor consists or two sections, mi upper 8-1/2 ft. diam­
eter section and a lower 5-ft. dio.motcr section, ea.ch of which contains 
bubble-cnp trays. 
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· A typical operatillg diagrom far one of . the Nitric Acid J'ractio:cators 
-1s ·· presentod in Figure VII-2. Tbe. operating conditions Ulustmted b7 
J.l'igare vn-2 ditter f'rQll .those presently conceived of as "normal" 1n the 
discussion above; however, an ope:mti.J:lg dio.grnm. ~1m1Jcr to that illustrat­
ed ~Y be comtructad. for a.ey desired mothod ot Fractiomtor _aperation. 

SpecUical.ly, the opemting diagram ot Figure VII•2 illustrates the 
follov1ng: . 

(a) vapor feed to tho Fra.ctiono.tor o.t a re.to ot about 21,700 pound 
moles per clay consisting ot · l. 7 ve_ight per cent nitric acid 
(vupor teed rate correspaada· to processing the vapor evolved 
when , tons ot uranium per day 1n the torm at a dilute ~ UN! 
solution a.re concontre.ted to l~ mm), and 

(b) liquid feed to· the Fractiane.tor o.t a rate ot about 1350 pound 
mo1es per da.y consis.ting at. ·40 wight per cent nitric acid 
(liquid :teed rnte corresp02:lds to procossing the 4C1, acid fOl'llled 
by e.bsorption ot al.t of' the nitrogen arldesevolved dllriJ:Ja the 
col.cination ot tnm at a rate of 13 .. 1/8 tODS of uranium per day). 

Reforri.l:l6 to ll'igure VII:..2, the ft.per composition (y), e%preesed e.a 
moles of' BN01 per mole ot vapor, am the liquid composition (x), ezpreaa .. 
ed as moles ot ~ :per mole of liquid ore plotted on J.ognrithmic sea.l ea. 
The equilibrium lifie tor the. mro3~o system is shown e.& curve A-B. 

The descriptive legend · oz . Figure VII-2 1llustre.tea thnt vepor feed 
(Yr, o.0049 moie traction m,o1) enters the F-ro.ctiormtor at the juncture be­
tween the tvo sections (betveen the 8th and 9th plates from the bottom) e.:Jd 
thD.t liquid f'eed (zt, o.l.6 mole traction BN°J) enters on the 4th plate trom 
~ bottom. (However, under the specific ccmd1tians illustrated by the oper­
ating d1ngre.m it is appnrent tlmt . plate 2 1s the optimum plate tor intro­
duction ot liquid teed~) Vapor rising through bubble co.ps or the . 9th plate 
comes into contc.ct vith the liquid an this plate and pnrt1o.ll.y comenses with 
the 11berot1on ot enough heat to vaporize an BN03~o mixture richer in ~O 
tho.l. the vapor comlensed on the plate. The same phen0111tnon occurs an ffery 
plc.te, i.e., vo.por paa• :tng up through the bubble caps ot a pla.te contacts 
liquid which ia richer in the more volatile canponent (vator) than is the 
liquid an the plate below it, and a new vapor, correspondingly richer in 
~O, is evolved trom the pln.te. 

Condensed O"lerhee.d vo.por (Xl,) 1a uaod as reflux to the top (17th) 
plo.te of the P':mct1ono.tor. The design of tho Fracticmator is such tbo.t the 
overhee.ds a.ro substantinlly' tree of nitric ncid {vapor overhead composition, 
YQ,• 0.00018.mole :trcction BNo3, corresponding to a pll ot 2 or o.bout 0.06 

_ u'1ght per cent 1mo3) • 

A reboiler 1n the base of the Fro.ctiono.tor :furnishes the hec.t required 
to attcun the desired trnctiono.t1on in tho lower section of the unit o.nd to 
vaporize the reflux liquid. Tho nominal composition ot the bottom liquid 
product (Zp • 0.30 mole fraction BN03) is~ nitric ncid • 

........ ,. _. , ... 
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The operatiilg line on:Figure VII-2 consists of three distinct por­

tions. The portion of the Fractionator between the vapor teed inlet point 
and the vo.por product outlet is represented by curve y0 -C, the operotii::ig 
line with the equation 

y ~ 0.168 X + 0.00015 

The portion.between vnpor feed inlet and. liquid feed inlet is represented 
by' curve C-D, the oporati:cg line with the equc.tion 

y • 0.92 X - 0.022 

Tho portion between liquid feed inlet and product outlet is represented 
by curve D-~, tho operating line with the equation 

y s 1.21 x-0.063 

'l'he slope of the "q" line YrC vhich locates point C, the intersection 
point between the operating· lines above and below the vc.por feed inlet 
point, is. slightly less than zero (although not d$.acern1ble from zero) 
since the vapor teed is samewhnt superheated. The slope of "q" line x-f-D 
which locates point D, the intersection point between the operating lines 
above o.nd belov the liquid feed inlet point, is o.bout ll since the in­
comillg liquid feed is cold. (For emct methods of det~rm;lning the loca­
tion and slope of operating lilles and "q" lines see reference 2). 

The theore· :ical plate requirements for each section of the Fraction­
«tor are indicalied in the conventioml stepwise manner for McCabe-Thiele 
diagrams on Figure vn-2. The figure indicates a theoretical plate re­
quirement ot between land 2 for each of the three sections of the Fre.c­
tionator. However, there are actually 4 bubble-cap trays plus the re­
boiler belov the liquid teed inlet point, 4 trays between liquid and 
vapor feed inlets,•a.nd 9 trays above the vo.por feed inlet. A possible 
actual operating condition is illustrated by steps drawn in solid lines 
(which represent the actual bubble-cap trays) with the following assumod 
tray efticiencies: 

(a) 5<:11, Murphree vapor efficiency for plates in the section below 
liquid feed inlet and for the reboiler, 

(b) 4~ Murphree vo.por plate efficiency in the section between 
liquid ond vnpor feed inlet, o.nd 

(c) 3~ Murphreo vnpor plc.te efficiency in the section nbove vapor 
feed inlet. · · 

It is notod thc.t with the nssumed tray efficiencies neither point C 
nor point D corresponds exnctly to the specific plate where feed nnterial 
111 actually added. The condition vhere the actual feed :plc.te does not 
correspond to that co.lcula.ted to be the optimum (in this case plate 2) is 
not unusual and me,ms that i~teo.d ot shi:rting 'from one operating line to 
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another e.t point D or c, the -old operating line is toll.owed until the 
actual teed plate is reached. · At the actual teed plate location (plates 
4 and 8), the operating line tor- the section above the teed plate is tol­
loved. Since the teed to plate 4 is liquid, the vapor rising from plflte 4 
has a composition corresponding to line E-F. Since the teed between 
plates 8 and 9 is vnpor, the liquid on pl.Ate 9 hAs a compos-ition correspom­
ing to line G-H. It my be noted that with the arbitrar11y-·assumed etti­
ciencies a somewhat grentor tlmn required nitric acid aepo.re.tion tran the 
overheads is atte.ined(i.e., the mole fraction HN03 1n the ovorhee.ds 1a leas 
than the y.0 at O. 00018). . 

Trace quantities (o.bout 0.002 to 0.008 g./l.) ot chloride ion my 
enter the organic phase of the RA Column and eventually appear in the Nitric 
Acid Frnctiomt9rt Since the chloride ion ta.vors a solution consisting of 
about 2'1, BN01 llJ, it is expected that bubble-cap. trays conto.ining liquid 
of approximately this composition (nbout the 6th tray- from the bottom) will 
contain this ion. am will, in fact, tend to accumulate it. Since Rel ia 
more volatile than mro~ it is boiled up from the concentrated solution, and 
since it 1s veey soluble 1n water, it 1s dissolved in-the retlux liquid 1n 
the top of the · Fractionator. Because the chloride does not tend to pass 
out ot the Fraetionator in tho overhead vupors or concentrated acid bottOJIIB, 
most ot it ac~umul.e.tes in the Froctiomtor until purged as a side stream. 

As discussed 1n Cho.pter III, corrosion ot stainless steel by strong 
nitric acid solutions containing chloride iQn concentrations greater than 
about 200 to 500 p.p.m. may be excessive. (5J A remedy for this condition, 
shou. .d it occur, is discussed 1n Subsection B2, belov. 

~ B • . PROOEJXJD 

l. Nonal Procedure 

1.1 General . 

'rhe facilities tor concentration of recovered uranium are designed on 
the basis of the ability to process the maximum instontnneoua capacities 
ot both the Redox Plnnt (o.t 3-1/8 short tons U /day) and ~ .' Uranium Re­
covoey Plo.nt (o.t 10 short tons U/dAy) too.. f'orm suitable tor chargill8 to 
the mm Col.ciDo.tion Po-cs. The succeeding discussion is based upon these 
capacities. Reference is mde to the Engineer's Flow Sketch presented as 
Figure VII-3 for a tunctiolllU sche::ntic presentation of the processing 
tccilitics provided. A portion ot Figure VIII-2 presents a Mfl.terio.l Bo.lo.nee 
J'lowsheet for the concentration operation. 

l.2 Concentration 

Tho RCU stroam is received from tho 221-U Building in either Feed 
Trmk X-1 or X-2, where it mixes with 3EU' (cor,.sentroted to 6(1f, utm) from the 
Red.ox process. Each vessel bas c. holdup capQ,City of o.bout one day. The 
mixed U?ra solution is pumped fraii either 'l'IC-X-1 or Tlt-X-2 by monif'olded 

tn· ...-.t1..::.&. 
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cezrtr1i"uga.l pumps· to the Feed Prehee.ter, E'-B-6. Two pllmp8 1n parallel. 
are- provided. Normally', they are used· altenmtel.y. The total tlow- rate 
through tbe pump is about 66.5 gal./min. This now rate corresponds to 
a 51>-UNH-RCU and a. 6~-Ullll-3EU ( concentrated to 6<11, urm) mixed solution 
am, ll8 discussed UDder-A2, nbove, prooobly represents a slightly greater 
~lov rate than avercge. Durillg :passage· through the Feed Preheo.ter· the 
solution. tempero.ture is raised from nbout- 700-,., to about l,O°l". · 

· TVo identical, pnral.lel concentro.tion liDes are provided tor concen­
tmti.Dg the dilute UllJI solution. Each line· hes been designed tor e. c:a­
po.cit:r ot' about 6 to 8 tons ar- urmdum por cm:r if' the solution is con­
centro.ted tram 6.4 to a-bo\lt 55 to 6'1, mm. Because ot the expected in­
crco.sed mte. of" eVtJ.pbrfltor corrosion ot higher utra concentro.tions- ond. 
elevnted temperatures, a sepo.rnte, smll, more-conveniently-replD.ceable 
Eve.pore.tor, E-D-2·, is· provided to concentmte the solution from 55 to 6':l,o 
mm up to about looj umr. Normnl.l.y, teed will be apportioned between 
the tvo lille11 so that tbe heo.tillg loa.d on the mo3 Froctionator reboilera 
is a.pproxim1:ely equal. If lUl the 4~ nitric acld tram the gns absorb­
ing systet1 (note nov sketch, Figure IX-l) euters one Fractionc.tor, as is· 
the nol"lml cnse, the uro.niu::i-benring Concentro.tor feed will be distributed 
a.pproximD,tely 3$ to the line receiving the ~ acid nnd appro.xilmtel.y 
621, to the ·reuni.ni.ng line-. The co:ocentro.tion-fmctionation system re­
ceiving the~ acid is described below-. 

Dilute feed {0.t o. naniml rn.te of 25 goJ.. /r:rl:D.., 3~ of total feed 
rn.te) enters the bnse of the Evuporn.to"", Ji:•B•l, and mixes with recycle 
material. · (The inlet point is bnfned :'ro1:l the concentmte outlet, which 
is oJ.so 1n the base of the unit.) ~e solution po.sees up the inside of · 
the vertical tubes, absorbing hca.t o.nd po.rtio.lly vaporizing a.sit rises, 
and jets up from the open ends of the tubes •. The vopor-liquid m1rture 
strikes impingement baffles, Wich c.id in sepo.rntillg the pbc.ses. The 
vnpore expa.nd. into n low velocity zone a.nd are then directed through a. 
po.th requiring a.brupt c?mnges in direction before fino.lly reachitig the 
va.por exit line. - Liquid sepa.mted f'rom the vnpor returns- to the base of 
the Eva.pore.tor through a. downcomer line (vhich. is sepo.ra.te fra:i the hoot 
transfer portion of the unit) CUld is either mued o.nd recycled vith · 
fresh, dilute teed or witbdrown a.s pa.rt1a.lly-concentrated product to the 
UN To.nk, TIC~-l. 

The portio.lly-concentroted solution (55 to 6':J{o mm) 1n T!C-C-l is 
pumped to the feed inlet of Eva.pore.tor E-D-2. The opera.tion of E-D-2 is 
similllr to tbo.t ot E-B-1. Vc.por :froc. E-D-2 is nolUllly routed to the 
vnpor exit line from Eva.pore.tor E-D-l. The concentro.ted (approxil:ntely 
l~ Ulm) bottccs :f'roo E-D-2 flow by grovity into Stora.ge T.:.uk X-19. A 
veight-fo.ctor controller t9r ea.ch Evo;poro.tor tnintains o. constant head 1n 
the down-ca:ior (o.nd n c.ore or less \ll11:fort1 effective liquid level in the 
Evnpora.tors) by n~tuating o. control vnlvo in the concentrated product 
liZJC.: 

A pressure 1.ndico.tor-controller regulAtes steam pressure {hence 
teq,ere.ture) in ench Eve.pore.tor stec.m chest. The entire unit is canpcri­
tively i?laensitive to va.ri~tions in fGed composition and feed rote. , .. ~ ..•. 
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A l~ concentration, or flow ra.te vuriD.tion ot. the :teed results fn:· -~y · 
about a. 1i variation in the, eanposition: ar· the ·product. stream. · 

l.3 Nitric acid tractiomtioo 

Approrlmately 4ooo · std. cu. tt./m.n. of. wtor vo.por containing. about. 
0.9 weight percent .BN03 passes tra:L lvnporo.tor. E•B_.l. iJ11;o 1'1tr1c Acid J'rcc• 
tionntor· T-B-4. These tigurea o.re bnaed upon the o.torementicme4 bo.sis ot 
3$ of totnl retr :f'eod. flow to Evo.poro.tor E-B-1. As described in Subsection 
A3,. nbove-, the vapors o.re depleted in .nitric acid. o.s they rise tbroUgh the 
bu'bble-eo.p plates·~· am. tho l1q'11d ·1s. enriched 1n. nitric. ccid o.a it over­
rlows· trOD pl.Ate to plate. Pro.ctico.lly a.cid-t'ree wtar vnpor issuil:Jg tram 
the Jracti.onntor o.t a.b011t: 5000 atd.cu.tt./JDin •. 1a co:cdensed in Condenser 
E-D-3 Qlld routed to. the Cond8tl8nte Tank, 1!C-C•5. A portion at the conden­
snte is returned o.s. ref'luz (by tlov control tran o. pres&Ul'.ized hea.der) to 
the top.· plate. or the Fro.ct·ionntor o.t o. rote ~ about 5 gnl./min. Conden­
sate not used o.a re:Clux is pumped o.t a rote. o! about 65 gal./min. (totnl 
f.ram both Frc.ctiomtors) to cribs vio. the 241-WB Diversion Stntion tlnd 
C.ondenso.te Tanks,. Tlr-007,--,008, o.nd 009. · · · 

Stoom. nov rote to the re boiler in the · bo.se at the J'ractiomtor is 
controlled thro\13h moosurement of the specit.ic grc.vity. ot Fro.ctiomtor 
bottoms cm 'tJtA7 be oojustod to produce the desired degree ot product acid 
concentration. (normlly ~). 1bo ~ mvo3 tr0t1 ·the ~ mro1 Receiver, 
'l'K-C-3,. is a.c1dod to -the _l+.th tra.y up -f'rol:1. tfle 'bottan ot the Ffact1omtor at 
a nom1Ml rate of about 2.3 go.1./min • . Normll.7., all ot the ~ acid 1a 
routed to one ot the two 1dent1cnl Froctiomtor~ ( in this CQ.Se !-B-4); 
however, lines a.re o.vnilo.ble to oo.ch unit. . 

· •· The 6<11, o.c1d ~oduct overtlowe tran the re boiler ot tho lmctiomtor 
t~ o. heat e%Cl:mlgero.nd. into the 6o1, m.o

3
.Receiver, m-c-4. The o.cid 

is puJllpOd continuaualy (cit a.rate governed by veigbt-ta.ctor ·control_instru­
mentotion 1n the tonk) tran m-c-4 to- tlu3 Nitric Acid Store.go Tonk, m~006, 
1n the 241-\.lB Diversion Stntion tor eventual reuse in sludge dissolution. 

1.4. Steam use .. ··• 
Beca.use ot the very large concentration loo.d of Eva.pomtore E•B-l, 

E-D-l, a.nd E-D•2 (together with lessor hooting duties of vnrious other 
equil)IDent pieces), the GJ'8Cteat possible steam economy ie required in ordor 
not to exceed the steam production ctLpo.01t7 of the 200 West Areo. :Boiler 
Bouse. Excessive steOJ!l demand on the boiler hoW!le J:1D.Y neceasito.te curtnil­
oont of the uro.ni1.1JD. recovery prograti (rather tho.n to curto.11 production). 
Thus the tata.l plrult opemti.Dg period required tor urnniuc recovery might 
be lengthened, ra.ising unit recovery costs ot uro.niUJn out ot proportion to 
the vnluc ot the steom causing tho curto.illilent. 

As an aid 1n conserving steru:i, n themo-ca:q,rosaor system (see J~e 
VII-3) extrnots usa.ble hoot from Evaporc.tor Qlld Frcctiono.tor steao conden­
sates; a.nd the te?:?pera.ture grndient "betveen effluent condensa.te (4t a.bout 
212•J'.). tr01:1 the the:rmo-cocpreesor syatm:i ncd inca!ling dilute teed. (at about 
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70-,,. ) 1s· utilized: in· tM Feed- Pl"ehco.ter, E-B-6, to increaee teed 
temperature to about 1.50°? . 

During peak capacity opemtion, atem;i. pressure 1n the steco chest 
or the Eva.pora.tor is about 60 l.b./sq. 1ri. gn.(307°F.). Fra.ctionntor re­
boiler steo.ti. is ct about 1.00 lb./sq. in. go.. (338-Y. ). SteoJ:1 condenso.te 
f'roc. both. sources passes through stoao trcps connected to Flash T.:.nk B-2, 
which is J:Jaintained <1t a."bollt 30 lb,. /sq •. in. ge.. A portion ot· the con­
denso.te flashes to steQ.tl as it passes its trnp; the rema.1nder collects.. in 
B-2 nm is disc.b<lrged through a, steec tro.p to Flaah To.Dk B-2-A,. which is 
cainto.ined at about 5 lb./sq. in. gci. ~in, part ot the 30-lb./sq. in. 
go.. condensate tle.shes to steam a.t 5 lb. /sq. in. ga. as it pe.sses the trap;. 
the remainder collects in B-2-A o.nd is · discharged through a steom tmp 
to Flash Tank B-3,vhich operates at atmospheric pressure. Cornensate 
from B-3 is discbnrged through a stecm trap to the Feed Prehee.ter for 
extraction. ot· part of its sensible heat by incaniDg cold teed bef'ore · · 
eventually :finding its w:y to the Retention Basin. 

Steam. 1n Flnsh T:lllk B-2-A (at a.bout 5 lb./sq. in. go..) is cacpressed. 
to about 30 lb. /sq. in. gB. by a . thermo-compressor jet fed by 225-lb. /sq. 
in. 88•· steam. The Jet discharges. into tho vspor space of Flash Tank B-2. 
Steom in. Fl.Bah ~nk B-2 (a.t about 30 lb./sq. in.ge..) 1s compressed to 
abollt 6o lb./sq. in. ga. by a secOlld thermo-compressor jet. This jet 
discbo.rges into the steam chest or ·Eveporntor E•B-l. A -presaure indica­
tor-controller on the discharge line f'rom eo.ch thermo-compressor jet re­
gulates high pressure steam now to the Jet 1n order to -r:iaiJ:rtnin a con­
stant-pressure d1scbo.rge. Flnsh 1'.mk B-3 is vented to tbs atzi?:,sphere. 

The overall steam sn.viIJg o.ttuimble bT use of' the thermo-caiJpressor 
o.nd reed preheo.ting syatoms 1a estimated to be 10 to 1~ ot the total · 
steem .tbflt vould be required for Evo.porators E-B-J.,. E-D•l, o.nd E-D-2 if' 
these heat~saVing s:ysteos vere not used. 

2.1 Fouling of' Evaporator tubes. 1 · 

Pa.rtio.l loss of evo.porntion cape.city, ns evidenced by amore-dilute­
thnn-normnl product or increased steam :pressure required to m.intnin a 
given product composition, I:IBJ be an indication of reduced overo.11. heat 
transfer coefficients due to sec.le :formation in the tubes. If this 
condition proceeds to the point where it cannot be compensated for by 
increo.sing the steam pressure, the ott'ending Evnpora.tor mAy be shut down 
slowly, dmined, nushod, and scoJ.o-dissolving nitric o.cid solution 
(nomimUy 601,} :mny be sprayed into the top o-r the unit o.nd recircu1.c.ted 
by boiling. After heo.t transfer rotes llove been reestD.blished, toed is 
reodmitted to the Ewporator without removing the a.cid solution. 

Dependillg Ul>On the processing rote at tho tice, :pnrt or all of the 
load rrny be thrust upon the other Evaporntors during the shutdown. When• 
ever possible, the inventory in Feed Tanks X-1 nnd X-2 should be reduced 
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prior to shutdown,. to provide ndditioMl dilute :feea. surg~ co.Pl,city during 
the period vhen one Evaporator is off the line. 

2.2 Failure· ()f feed supply to Evaporo.tora 

This co?ld1t1on mcy·be detected by t!.11 ~la.rm light !ran the pressure 
av.itch:, which vnlves in condenao.te to replace the interrupted :teed supp~, 
or by a. drop intcttpero.ture in the Eva.pore.tor overheads (reflecting the 
entronc.e of condenso.te into the unit). 

. As 1ndico.tcd a.bove, when feed supply fD.ils, o. pressure switch 1n the 
feed line o.utomnticol..l.y opens fl vclve which admits condensc.te trom Roof 
Tc.nk x ... 14 .to the Evaporo.tor. Tbo- Evaporator poUs off the coZldensa.te f ed 
to it without excessive~ diluting the concontrc.ted product until such 
til:le- o.s restora.tion of the feed S\ll'l1ly can be mde or the unit cmi be 
slowly shut down. Supp1y of condensate to Roof To.nk. X-14 is mniIIt:Ained by 
connection of this vessel. to the pressurized condensc.te header sy-stem. 

2-.3 Too high differential pressure flaross Fra.ction!l.tor 

· This · condition roo.y be- detected (a) by differential pressure instru­
mentation e.crosa the _Fra.ctiono.tor, (b) to some degree by the pressure in­
dicator on the vo.por feed line to tho Fro.ct ion.a.tor,. or ( c) by the blowint5 
of'. the Seal Pat, B-4 ( or D,.4) •. The phenomenon is. usuc.ll.y indicative ot 
too high" a vc.por velocity in. the F.rnctionator (most like~· to occur when 
starting up) •. _ Thia- ott-atando.rd condition my be. remedied, a.t lecet 
tesq>orarily, by roduci?l3 feed tlow to the Eve.pore.tor or steam flow to 't. ':le 
Fractiomtor reboil.er in order to reduce vc.por velocity. 

_2~4 Dropping ot effective liquid level in Elvapora.tor 

The Eva.pore.tor is designed to opero.te with an effective liquid l evel 
which would halt-till the tubes if concentration were not being c.ccanplish­
ed. If' ' the ef'f'ective liquid level to.lls. Ill.\rkodly due to c. ta.ulty discho.rgo 
vnlve, which pa.sees solution nt toi:., ro.pid a rate, or due to ~rtio.ll.y ·­
plugged. illstrument di~ tubes, which ha.vo the effact of' oponillg the control 
va.lve t'urther, the reduced hea.d c.t th&bnse of the tubes 't!ny not be grant 
eno'qGh to induce a .:coturo.l ciroulntion through the unit, am the desired 
product concentration mt tLOt be attained. The of':f'-et-andnrd condition 
ml!J.Y be detected by (o) woight-fnctor inetnuaeutation in Receiver Tonk C-1, 
('b) the tlow recorder on tho condensed Frnctiona.tor ovcrhoods l1nc which 
1.Ddicot~s n less-tbrul-normo.l quz:mtity of condonso.te, or (c) the weight­
tactor llldicator for the Eva.pore.tor (if' o faulty discharge vo.lve is causing 
the unusual. comition). The of'f'-standa.rd .condition my also be pointed out 
b:y a ina.teriol. bo.l.a.nco o.rouncl the Evo.poro.tor-Frc.ctiona.tor unit. Such o. ma­
t oria.l bo.laneo my be derived fl'OI:l voight-rc.ctor roadillgs in the Evaporator 
Product Receiver, and fl"OJ:l tho readings of flow recorders indic~ting (o) 
the dilute feed to the Evc.porotor, (b) condensed overheo.ds f'ron the 
Frnctiomtor, (c) ncid bottOI!lS. tram the Fra.ctionc.tor, (d) liquid acid feed 
.to the Fro.ctionc.tor, Clld(e) reflux to the Fra.ctionntor. As o first step in 
attempti.Dg to remedy the ~ituo.tion, the Evo.porotor liquid effluent control 

DECLASSIFIED .. 



,,._ 

-- 711 DECLASSIFIED 
vnlve should be opened o.nd cloBed rapidly several times {in case vnlve 
stickiness or sluggishness is co.using the difi"icul.ty) and the ve1sht-1"o.ctor 
instrument nir supply should. be checked o.ncl.. the o.1.rpressure incrensed 
ropidly seveml ti.I:les within the. limitations ot the illatnulBnt (in co.so 
blowing out. of. rm:,- Sll8ll obstructions 1n the dip tubes -r,;ny Alir;,1no;t.e the 
dif:f'iculty). If' both ot these. potential reoedies foil, the ]mipora.tor my 
be shut down slowly in order- to replo.cc tho control vclve or unplug the 
clip tubes. 

2.5 OvercOllC'entmtion- of mm 
If the mm teed ro.te to an Evnporntor is reduced considerably :f'ram 

o nornnl nw without a campenso.ting roduction ot stew:i chest pressure, 
overccncentrntion (uraniUJ:1 concentration groa.tcr tbtln l~ Ulm) my to.ke 
plc.ce a.nd, if' not corrected tor, might ultimD.tel.7 result in "treezing11 

of tbe Ew.porntor contents. OVerconcentra.tion cay be detected by on in­
creasing vcpor teap_ere.ture as indica.tod by the tempernture recorder in the 
Evaporator or by a· :reduction in the :feed flow ra.te as· indicated by the 
feed :nov· recordor-cantroUer. The condition my be corrected, it· it . has· 
not proceeded too fo.r, by reducing steam. pressure or increasi.Dg f'eed f'low·. 
I:f overconcentrntion bns proceeded to tho point where sCD.11.ng of the tubes 
or freezing. of' the solution ha.s taken pla.ce, the unit must be cleaned Ottt 
o.s described Uilder B2.l, a.bove. A preventive measure for the condition 
would be to inter-connect the vapor tenperature recorder nDd the steam 
pressure indicctor-controller. 

2.6 Reduction of' condensate header pressure 

'l!ho cut-in of the duplicate, parnl.lel pump which pressurizes the 
com.ensate heo.der indicates not on1y that the above condition hns occurred, 
but nlso that it bns been corrected. The spa.re pump 1s o.ctivated by o. 
pressure switch set to start the pu:;ip when hco.der pressure drops below 
some predeterm.ned vnlue. The ot':f'-sto.ndo.rd. condition my be cnused by 
check va.lve f'nilure o.s well os pump failure. 

2.7 Increc.se in acidity ot condensnte 

This occurrence imy ·be detected by menns of the pH inclicator in the 
Sample Cooler (E-C7) line. Normally a portion of the canbined condensntes 
from both Fro.ctionc.tors 1s routed through the Sm:Iple Cooler. However, by 
nppropr1'l.te vnlViDg, the condonso.tes mny bo routed through the Cooler 
separately in order to determine which is the offeoc.1ng Fro.ctiono.tor. In­
crca.se in the supply of reflux condensate to that Frc.ctionc.tor m.y remedy 
the ott-stondo:rrt condition. The degree of correction of the condition 
by increasinC reflux has ns its limitation the o.ttc1IU:JOnt in the Fract1on­
ator of n vo.por i.relocity tMt my be hiG,h enough to blow the Seal Pot (due 
to boil-off of the a.dditiono.l reflux liquor). If cunderuri.tes with a pH 
equo.l to 2 or higher co.nnot be produced, it ooy still be feasible to crib 
the liquid. An alternative procedure woulc1 be the neutro.l.1zntion o~ con• 
donsates before cribbing. 
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2.8 Chloride ncc'Utllllntion in HN03 Froctionator 

As discussed 1n Subsection A3, o.bove·, there is a. possibility of on 
accUI:1Ulo.tion of chloride ion on one arc.ore of the bubblo•cO.p troys. This 
condition, should it occur, will be. detected by- routine ·scopling of the 
various plntes below the vnpor iruot point to tho Fmctiomtor. .. If 
chloride accUl..°'Ullltion is dotcctod, tha contonts of the pl.a.to or pla.tes in­
volvod will be purged (either cO!"Jpletcly o.nd poriodico.ll.y or by smll con• 
timlous withdrawnl of liquid) f'l'Otl the systoo through the sample ports. 
The frequency nnd ortent of such pureing will be dotemined. on the basis. 
of experience. · · 

2.9 Excossive corrosion in Evaporator E-D-2 

Evaporator E-D-2 is desiancd. to· concontrotc uraeyl nitrate solution 
frOiil about 55 to 6';1/o mm up to a.bout l~ UNH. As t:1entioned. in Subsect ion 
Bl.3,above, it is. expected that proctictllly e.11 Evaporator corrosion· vill 
occur in E-D-2 •. · If E-D-2 fails due t .o excessive corrosion, it 1s planned. 
to replace the unit.. During the period -when replo.c-m:i.ent is being c.ade, 
either or both Product. Evnparntors, E-B-1 or· E-D-1, can. be D.djusted to 
produce ter.ipornrily a l~ UNH product' in order to maintain production 
co.po.city. 

(1) Maness; Unpublished work,. Chemical Devclopi:e~ Section, Technical 
Divisions, Han:tord Works, Ausust 19'0. 

(2). Perry:, Chemical Engineers .' Hambook, Third Edition, McGraw-Hill 
Book c~, Inc., (1950~ 

(3) HDC-1837 Project Proposal C-361, MetnJ. Conversion Fncility. 1-28-50. 

(4) BDC-1853 Project Proposal - Waste Metal Recovery Facilities -
Project c-362. 8-21-50. 

(5} nw-18405 Chloride in-the Wo.ste Metal Recovery Process. 
R. F • Mo.ncsa, M. K. Ha.mon, and V. R. Cooper. 7-24-50. 

(6) RW-20942 Concentration Studies f'or Metal. Wa.sto Recovery Process 
Solutions. A. W. Allen. and L. C. AI:los. 1951. 
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A. PRODUCT SPECIP'ICATIONS 

l. General 

Uranium tria.rtde produced at Hantord is shipped to the IC-25 site at 
Oa.lt Ridge, Tennessee, i"or f'urther processing. Eecauae ot the singular 
nature or both the Ban:f'ord andlt-25 operations (1nvolv1ngaspecte affecting 
tJ03 specifications that may be determined only upon tuU-eoaJ.e operation), 
it. is imposs:ibie-at the time ot writing to list more than tentative U03 · · 
product specl"tications. Operational or equipment modUications made at a 
f',.1ture · date by either site may modify the f'ollowiDg tentative· specifica­
tions. 

Although at the time of vriting it is contet1pl.ated that aU 003 pro­
duced at Ranford will be converted. to tlF6_at K-2.5, it is also possible to 

• convert U03 into urer.ium metal.. . 
.. (21)(23)(24) 

2. Chemical a.nd Radi03.ctivity Specifications of 003 · 

Tentative che111ical sp,:3c1ticatione forU03 a.re presented in the fol­
lowing table. For· purposes of comparison, the corresponding expected ca:n­
poaition· or· property ot 003 produced at Banf'ord ·is also included 1n the 
table. 

Constituent or 
Pr0perty 

Beta activity 
~rom :fission 
products. 

Gamma activity · 
1"rom f'ission. 
products 

Plutonium 

003 (purity) 
Na+ 

-P04• 
Iron 

:1, 
Mo/ 
Cr ;.. 
w ! 

Sil 
.B) 

R20 

RN03 

u3oa 

Tentative Specification 

Not more than 3°" of the beta 
activity of natural uranium. 

Not l1l0N than . 3~ of the gamma 
activity of natural uranium. 

lOO p,p'.b. 

9~ min. 

Not more than 1000 p.p.m. 

Not more than 2000 p.p.m. 
Not more than lOOO p.p.m. 

Not more than 100 p.p.m. each 

Not more than 0,1% 

Not moro ~-ODtcLASS\f\ED 

I.xpected (a) 
uol Composition 

2~ . (b) 
(8.3 x 10·8 curies/g.) 

251 {b) 
(4 x lO- curies/g.) 

<80 p.p.b. 

97'1, min. 

200 p.p.m. 

l50 p.p.m. 

1000 p.p.m. 

100 p. p .m each 

O.l'f, ('c} 

0.1 to 0,31, (d) 

-



---------

(a) 

-----

The a;pected U03 canposition . ia baHcl upOD the assumption that 
3-l/8 tons (23.,;) out at a total instantaneous processing 
rate af 13-1/8 tons ot uranium. per day is .trca current metal. 
production (Red.oz ~ees) . As the proportion of' uranium in 
U03 :f"r0m current metal production increases toward l~, tlJe 
beta activity, gama activity, plutonium content, sodium con­
tent, and phos.pbate content cbimge toward l~, l~, lO p.p.b., 
500 p.p.m., and zero, reapectiv~ly. A• the proportion of 
uranium in uo3 :fr0m aged metal. wastes (TBP process) incr-.•es 
toward l~, these figures becaDe 3~, 3~, < 100 p.p.b., lOO 
p.p.ll., and 200 p.p.m., respectively. 

(bf The contribution at U-237 (6. 7-day half-life) to the total 
radioactivity of tbs uranium .product is discussed under 
A2 .l, bel:ov • 

. ( c) ?-'Bllinckrodt process results •. 

(d) Mallinckrodt process results. (HCl-inaoluble natter is taken 
to be U30,'3.) I1' the tJNB'. aecomposition time cycle is shortened 
by iDcreaeing. ·operating temperatures, the proportion of U308 
may rise to l to~- . 

2.l g-237 radioactivity in ·t.he_J)toduct 

In addition to fission products, · the uranium product of the Redoz. 
Plant DB:"' contain sign11'1cant amounts at another radioact1ve conetituent 
t'ormad 1D the pile -- 6.r,-clay- bal:f-life uranium isot~ u .. 237. U-237 is 
termed in the piles predominantly by the nuclear · ~action: 

0-238 + neutron ~ U-231 + 2 . neutron• 
Since U-237 is chemically identical wtth the ras.t of the uranium, it is 
not remowd in the Bedox procete or in calc1nation. Its concentration 
in the uranium product is t.'t,.te entirely a function. .. of' the irradiation 
history and 11age" (since pile diecbarge or the material processed). 
A:f'ter uranium bas been ir;radiated ror approxima.tel.y 70 days (about 10 
U-237 half-lives), the radioactivity due to U-237 reaches · essentially a 
~turation value, i.e., contiDUed irradiation doee not appreciably· in­
crease U-237-activity. The saturation activity r;,f U-237 at an7 point . 
in the pile is. a :function ar the neutron flux at that point, and neutron 
flux is, in turn, proportional to the pile .paver level. Thus a particul.er 
neutron flux may be attained ·through the centrally-located tubes in a 
pile opera.ting at a specified total power level or through "fringe" tubea 
in a pile operating at a scaavbat higher total power leTel. 

The U-237 radioactivity of Redox process uranium under some selected 
conditions is as follows: 
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Paver~vel, 
Mega'watts/Ton 

. Uranium 

l 

2 

3 . 

4 

:•· . .,Age" . c's~e l'ile 
· - Diacbarga),. Days. 

o. 
.74. 
96. 

a 
' 81. .. , 
_l03. 

0 
.84 . 
106 

0 . 
88 

uo 

Beta Radioe.ctiv~ty Due to 
U-237, 1, at Natural 

U1"8nium l3eta1 :t: About 3~(a) 

200,ooo(b) 
100 
10 

. 400,000(b) 
100 

10 

6oo ooo(b) , . 
100 

10 

800,000 (b) 
100 

10 

(&). , Activities. measured with G-M tube allowina 10 me./sq.cm. tor 
window, air, and Scotch tape. (b) Saturation activity, calcu.:. ·· .• 
lated. 

The distinction between the beta re.diooctivity due to U-237 and that 
due to-.fiae-ion. products. in Redox process urenium product lesa than about 

• 100 to u, daya "old" cODStitutea. an amlytical problem. P:reswmb~, if' 
the act1vitt is- due to. U-237, tb.4 ~ mm can oe converted into UO~_, , p1elraged, 
am.. shipped since· 1.h• U-237 acti\1.ty will have deca~ to negllgible values 
b,- the time the UO is ree.z:ial.yzed at X:•2'.5, On the other band, contirmat:lon 

: ot ezcesa1ve beta ~tivity as due to tisaion products would be cauae tor 
nnrort ot the ure.m.1.111l. At the t1ms ·ot thi:3 writing analytical methoda are 
being developed for detei.,.,,,1n1ns the radioactivity due to fission products 
~. One ~hOd .being conaidered. involves "counting"· ot· product solution 
trcawhich all isotopes of uranium have tirst been remcwed by chromato­
graphic techn1que11. 

3.• Physical SpecU1catiom ot uo
3 

(21)'(23)(24) 

The following table Uati -tentative :physical pi-operty spec1!1cat1cma 
tor uo3 and., . tor purposes ot c~ison, tlle ::orrespond.ing expected value 
tor Bantord produced uo

3
_ · · 

Propertz 

Particle size 

Bulk density 

S~ace area 

Tentative 
Specification 

&:11, through So mesh 

.3.2 g./ml- (200 lb./ 
cu.ft.) min. 

1.6 sq. m./sm. {nitro­
gen adsorption) min. 

. Expected Value 
For Hantord U03 

~r:S!~a ~ through 

3. 5 to 4 g. /ml. cif O to 
2,0 lb./cu.tt.) 

OECUSS\f\ED .._ 
--------------------~ -·-----------------
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(e) Because at security restrictions, the U03 Mikro-Pulverizer · 
was ordered on the. be1is at grinding a heavy, dry', alumina 
clay--like material to 100,, th.rough 80 mesh. There is no 
assUl'flnce that the mill will produce an identical size re­
duction with U03. {Actuall7, the screen to be supplied vi th 
the Mikro-Pul verizer baa l/16-in. perf oretions. ) The approxi­
mate llize aml711s at U03 milled by the Mallinckrodt Chemical. 
Company on a· No. 1,a Mikro-Pulverizer· fitted with a 3/64-in. 
Rerrillgbo:ae screen ( 4200 rev ~/awl-) is: 

Meah No. 

20 
30 
4o 
50 
70 
80 

100 
140 
200 
325 
through~ 

Per Cent Betained 

o.o, 
0 •. 5 
1.7 
3.5 
6.1 
3.9 
6.6 

10.2 
9.2 

15.1 
42.8 

15.7,I, retai?led 
on 80 mesh 

(b) Mallinckrodt process results. 

B. PROCESS CH.l!Mlet'RY 

l. Process Description 

Concentrated uranyl nitrste. he:zahyarete (UNR) solution is converted 
to uranium triozide {U03) by therna.l decomposition ot the UNH solution in 
batch-charged, externally heated celcinat~on Pots. As discussed in 
Chapter VII, feed aolut1-on concentration will correspond in compoai tion 
to 80 to 10~ mm. The chemical reaction occurring during the conversion 
ot UNR to U03 (under the operating conditions contemplated) may be 
summarized as: 

The emct proportions of the gases evolved during the decanposition step 
are dependent upon the operating conditions employed, the operating 
temperature being the most important determining :factor. The degree ot 
agitation is also an important variable. The interaction o'f the verious 
nitrogen oxides from the urm decomposition reection with water and oxygen 
or ·a1r is treated in Cbeptor IX. 

The design temperature of the decomposition reaction 1s 4oo to 450°F. 
The reaction rate increases with increasi.cg ~t temporature. However, 
the illlllOrtant influences or other variables (notabl7, type and degree ot 
agitation end teed composition and temperature) bave prevented any 
adeguato correlation at reaction · rate with pot temperaturo. 
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The· totai heat. requil'9Dlent tor the UNH conversion is. dependent upon 

the feed solution canposition. The theoretical amO\lnt Of heat required 
to form uo3 from an 8($ mm feed · solution is about l700·B~t.u./lb. uranium, 
vhile- for al~ mm reed it amounts to· about· 1100 B.t.u./lb. (decomposi­
tion reaction carried out at about 4.5<1F.). The heat requirement for cal• 
cination is needed both ·to euppJ.y NDSible hat to brlllg tbe reactants to 
the desired temperature -and DB1ntain them there, and to provide for the 
heat absor~. in• tha calcillation: reaction. 

Data on the specific heat· of' uranyl nitrate solutions at 25"C. as (l2) 
atunction or weight percent uranyl nitrate are found in the literature. 
Baaed upon the data available,· the specific heat ot a l~ mm solution .at 
its freezing point, 6C1c. (l4<1F.), is estimted to be 0.31 B.t.u./(lb.) 
(•F.). ( See Chapter IV.) The average specific heat of a 1~ mm solution 
between 23<1 F. ( pot cha...-ge temperature) and 260'F. ( the approxime.te boiling 
temperature of the solution) is estimated to be about 0.32 B.t.u./(lb.) 
(°F.). From 26CfF to 400'F. the solution loses water and the specific b.ee.1" 
drops rapidly, approaching that of~ (0.08 B.t.u./(lb.) (•F.)) at about 
4<:X:rr·. It is notod that, f'rom an operational. standpoint, use of as highly 
concentrated a feed so1ution as possible may Offer a process advantage 
through the reduction of the quantity of beat to be transferred through 

. the walls ot the reaction veseol. Bowever, due to the complex nature of 
the solution and its corrosion properties, a complete economic be.l.ance can­
not be arrived at without additioDSl· experimontal information. 

At temperatures on the order of 85C1'F. o:c higher, some U308 ( a greator 
amount thB.1 O.l~) may be formed either by rodu,ction of U03 or directly fran 
UMI. Thus, temperature control of the conversion reaction is essential if 
the U3<)8 content or the U03 product is not to exceed a specified value. 
The reacti~ producing U308 at olavated temperatures may be summarized as: 

3U°'2(NOJ)2 .>850'~_. U308-+ 6N~ + 2~ 

6003 > a,crF · 2u3oa + o2 

These reactions are essentially complete at l(X)() to 150C1F. (5)( 2o) At a 
U1'f[ decomposition tomperaturo of 400 to 45(1F. (as C1Casured in the centor 
of the reacting mass), the production of u3oa is hindered so effectively 
that only on the order ot O.~-of' the product consists of U30a. 

Severo.lot tho properties of U03 depend to BOC?e extant upon the re.te 
of Ulm reduction to 003. Uranium trioxide produced in a rapid mm cal­
c1nat1on (such as UN1I spray drying) is considerably less dense (bulk den­
sity of 50 to 150 lb./cu.~.) than U03 :f'omed by the slower, Mallinckrodt 
caJ.cination (bulk density of 200 to 250 l.b./cu.ft.). It appears al.so that 
a slower Offll decomposition favors larger crystal agglt,meration of the uo3.(7 

When the ee.J.cination renction is cnrried out on a batch seal.e, the 
physical state ot the mixture in the reaction vessel ll8Sses through several 
stages. The liquid ure.nyl nitre.te solution first charged rem.ins clear un­
til the evolution ot brown nitrogen cxide& ce.n be detected. There is n 
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rather det.inite· appenrance-- change- of. the solution at . this point., e. change 
trom a clea·r to a turbid solution. Aa decomposition proceeds ... as evi­
denced by continued evolution ot. nitrogen oxides, tlut solution .first be~ 
canes increasingly viscous and finally a plastic,doughl.ike state is 
reached juat. betore the tmnaition to the sol.id,. powder:, state. The 
evolution. of nitf~t,)oxides. practically: censes with. the formation of 
the solid phc.se •. . . . . . 

It ho.a been de111onstratedtbnt the extremely viscoqs, plastic ste.te 
may be by-po.seed by continuous· or semicontinuous decomposition methods. 
Sprny decomposition techniques, wherein a concentrated mm solution is 
atociz~d 1n a heated chnmber with a resulting fl.ash dec91DP0sition t o U03, 
h.o.Te(~uti~ly elil:1imted iDtermediate physical states botween UNH and 
U03. l.O}l ll) A semicontinuoue process, wherein concent~ted UifH solution 
is added into a heated rooction vessel contoining a prepapd,~09e Qf U03 
powder, has by-pe.ssod n.t lenst the extrOTilely plc.stic state.\ i, J\.2 l J 

The spra;y decompoeition technique&, by virtue at the relatival y- high 
chamber tempe!'ature required to :fl.ash-decompose the mm: solution, 1Dher­
·eptl:y co;in:rt more of the ,.iranium to the U308 state than does Q. bat ch 
proces-s.\ J Since the operations at producing UF6 or· uranium metal. tra:i 
U03 .both mnuf'c.ct~e 002 as en intemediate step, 1 t a-ppears that the · 
presence o:f U308 (2U03 ·002) would not be objectionable for these o~re.­
tions. 

Usually- a U03 product drJing period is required in order to meet 
speciticntions on residual moisturo o.nd nitrate in the powdtr. Such a. 
-drying- involves hoatil:g at an elovntod tompemturo, with sU11"1cient 
agitation, until.. tho ooisture or nitmto content is reduced to the· speci-
fied values. · ' 

2. Properties or uo3 

2.l Chemical propertioe 

Uranium trioxide (U03) is a powdery solid ranging in color from 
bright yellow through orange-yellow, orange-brown, o.nd even red. The 
product C1f the Ro.ntord uo3 PJ.m:rt is- oro.oge-yoUow. Unlilre elements 
ot low atomic veight, vhich form a lim1 ted number ot oxides, uraniua 
c:an term a series of oxides in which the c:ccygen content varitts in a 
continuous teshion.(18) Sewrel all0'tropi~ varieties at U°3 e:dat. 
An allO?'Phous form· seems uaually to have an orange .. red color. In addi­
tion. to the amorphous :tol'Dl, a number at cryatalmoditicetions eziat. 
At leest one at these crystallimmodifieationa bas been identified as 
having a hexagoMl cryste l stru~ture·. Ditterenoas in c.llotrop'ic form 
probably account tor the eppeerence ditterences noted above, 

Decomposition o:f ~l nitra-te to U03 gives a product that has 
been observed to be m1.eirocrysteUille, whereas U03 pretared by thermal 
decomposition ct the ~ted uranyl peroxide in air is predom.1Matly 
the f1111orphoua var1etyJl9) The heat at formation of either the amorphous 
or erystalline -varieties 1a 1840 B.t.u./1b.(17) 
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Uranium trioxide· shows aniphoter1c cllaracteristic• and- will react w1 th 

minerel aqidS' to produce uranyl salts and nth metallic· oxides· to tora 
uratJates-. { 12) _ _ 

The UO J powder 1& very- hygroscopic; am tend& to cru,rt-- ove~ upon ex .. 
:posure to a·ir-. It hydrates rapid17 to '003 •H~, the rate increesins vith 
temperature.(4.)(20) Data are ~ qualitathe but U03 exposed to air at 
room temperature gailla weight at the, rate of about 0.l~ peJ: ho'!lr according 
to data taken at the· Mallincla-odt Cbemieal Company plant in. St. Louie 
(relative humidity at air not given) .(20) . 

At a temperature ot between 850 to- l3009F. noticeable thermal dacom­
pos~t-ion· toward the compound U3°8 begina in air at atmospheric pressure. 
The- 'reaction 1·s, for practical purposes, irreversible, but 1 t is poHible 
to co~vert- U)OS to U03 by heating 1n about 30 etmoapheres ot ~gen.(18)(19) 
Both _the thermal · stability- and eea-,J.fft reduction at uo3 depend upon the 
cr,11tel structure o-t the 11111terial.l 1 · 

, GaseoU11, 0'03 may exist under certain conditions. However, the vola­
tility at tbe solid is very small,. and, 1n general, high temperature 
(above 115o•c.) end reduc~d ozygen pa?"tial. pz-e••ure (about 4 x 10-4 atmos- -
pheras}- ia required tor gaseous U03 f'orat:lon.(17) 

2.2 ni,e1eal properties 

Uranium. trioxide is a powdery: solid vitb an. absolute density o~ 
a bout: i..,o lb./ cu .ft . ( 7 .2 g. /ml. } .. The bulk density of' the powder depends 
upon a number·' 01' factors, the most important ot vhich 1a.- particle a ize. 
The bulk density may range f'ran about ,o lb ./cu.tt. for the veey fme and 
fluffy product ot uranyl nitrate spray decomposition techniques, up to 
about 250 lb./cu.ft. tor powder produced by batch deccaposition ot(~mrl 
nitrate in externally heated reaction pots (Mallinckrodt proceBB) • 7 J l ll) 

The particle size of U°3 grains depends upon preparation methods. 
Spray decomposition methods ba~_~oduced graina which have a diameter o 
the order of 0.02 to 2 microns.tllJ Tbe Mallinckrodt process produces 
:pe.rticlee of U03 generally l micron and larger 1n diameter. The lla?If'Ol"(, 

product is generally aiJli.ler in particle size to Mallinckrod~ U03. (See 
Subae.ction A3, ilbove.) Tbc Mallinckrodt , product bee a aurf'aee area of 
app~tel.y 44oo sq .:tt. /lb., while the spray dec~,1 tion product 
baa a surface area about 5 to 10 times this :tigure.l~UJ 

·-The bardneBB of U03 is about 3 .O on Mohs' ace le ( c~reble in 
Mrdnees to calcite) .(-8) 

t ~ specific heat ot U03 powder is approximately 0.072 E.t.u./(lb.) 
( 4T;_., .. -9:wr the temperature ranse 70 to 2lf l j It increases slowly to 
abo~. l) .. o83 :B.t.u.7(lb.) (°F.) at 1100°F. 

lto noticeable electrical conductivity is shown by U03 up to about 
57091. Above this tempereture the conductivit:r inoreeaea elovly; it is 
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presUDmd to be due to slight reduction of uo3 toward U308. The · epec1tic 
conductivity of uo3 at 750°F . is. less tban 5 : 10-8 mho cm. ( 4) The 
conduct!.vity 01? UO~ often detected at ordinary temperatures (which d1s­
appe?t, at 200 to 300°F.) is attributed to absorption of water f'ran the 
air. 

Finely powdered U03 ca'Wd;lt up by a vigorous eir blast carries a 
positive electrica1 charge. on 
3. Prt!lpertiee of U3Q8 

3.1 Chemical .properties 

Triursn.ium octonde (U308} is a solid ranging 1n color from oli ve 
green to dark green to black. It is found 1n nature· as the mineral 
pitchblende and in other uranium minerals. The color ot the compound 
seems to be inf'l.1.1enced by the bulk density, teml)erature ar ~pe.rati on, 
and BDllll deviations 1n the oxygen content. ( 4) 

Among other methods, U-3°8 may be pre:pared by thermal ~uction of 
U03. . 

The crystal structure ot 0308 18 orthorhombic.(19) 

The decomposition temperature of U308 ia about 3J,OO-P-. under one 
atmosphere of oxygen. It decanpoees to uo2 25 solid and 10-3 atmospheres 
of uo3 ges.(7) The heat of formation ot u3oa is l.810 B.t.u./lb. at 
~~.(12} . . . 

The compound is not }lygroscopic. The observations that the green 
oxide prepared at low temperature slowly hydrates in air without changing 
outwardly, -whereas the black mod11"1cetion prel)ered at high tem~~ture does 
not, is :Probably due to the presence ~ uo3 in the green oxide.< ) The 
lover the temperature . or preparation, the higher the proportion of U03 
present in the mixture • 

3.2 Physical properties 

The absolute density of U308 is about 480 lb./cu.ft. (7.7 g./ml..). 
The bulk density of U30a ·po-wder depends upon particle size end methods 
of preparation, but it is in the range of 150 lb ./cu.ft. (l2) 

The bard.noes of U3°8 1s about 3 .5 on Mohs' see le (between calcite 
and fluorite -- about tho same as aluminum.) .(8) 

The s-pecific heat of U308 ;la approxinately 0 .. 075 B.t .u./(lb.) (-P,. ) 
over the temperature ra?l8(! 70 to 210°F • ( 0 ) 

The compound is a1t eloctrical non-conductor at ordinery temperatures. 
However, the speci'!ic conductivity slowly increases with temperature and 
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18 considerably greater tban the epecitic conductivity c,t. · 003 powder at 
ti1gher temperatures. For wmmpl.e, at 4o0°C. the specific coilduct1nty at 
u3oa is 7 x 10-4- mho cm., While tor• uo3 it is lesa than 5 x 10-8. At 
loo 0·c. ~e speci!ic conductivity of Uj)S 1s 9.0 x 10-7 mho cm. (Ieta are 
lacking for the. conductivity at 003 et this tcmporaturc.) 

. The , thel'Jlllll. col'Jducti vi ty- ot U~Of3 ranges from O .14 to· 0 .31 B_, t 1 u. /(hr.) 
· (.sq. tt.}(°F,/ft,) dopending upon the physical state at the solict.\12) 

l. General 

A U03 product 11111y be obtained from several types ot uranyl. nitrate 
decomposition processes (batch, semicontinuous, or eont1nuous) end with 
the employment at a wide variety at types. at calcination or c1ryi?J8 equip­
ment •. Batch decomposition at uranyl nitrate· in calcining pots me been 
chosen as the method at U03 production because ot the successful, long­
term experience. of ·tb.e Mallinckrodt .Chemical Company with similar types 
of equipnent and methods of operation • . Alth0lJ8b other procesees .have 
been developed on a laboratory eoale (and in some instances on a semiworka 
scale), their !'ull;..scale practicability bas not yet been demonstrated. 

The tentative- chemical end pbyaical form of the U03 product has been 
spec11'1ed in Section A.. In genarel, chemi.cal and physical properties may 
be: al.tared by tbe m1!l11jpulation ot several proceH variables, among them 
being decomposition temperature and time, speed' o't agitation, · concentra­
tion ot feed, and the length and type ot a drying period. 

2. Batch calcination. Pot Procese 

2.i Design basis 

The uranyl nitrate calcimtion proceH is deaied to produce a 
U03 product at a mnmum instantane0US rate at 13-1/8 tons at uranium 
per day. (This figure reflects the cocibined tJUimum. inStantaneoua de- · 
aign capacities of the :Redox and TBP Plants.} The average production 
rate over a long period is expected to be about 10-1/2 tons of uranium 
per day . 

Eighteen Calc1nation Pota are provided for the uranyl nitrate therm.l 
deca:i.position reaction. The notli?l8l be.tch size per pot is 58 gal., re­
presenting 462 lb. of U03 per pot ate feed solution. concentration corres­
pcnd11:lg to 8~ UNH;or 50 gal., representing 600 lb. of U03 per pot et a 
teed solution concentration corrosponding to 10~ mm. 

The approx1.cate pot cycle (for design purposes) is:(16) 
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8ll 

Charging 'pot 
Preheeti.og to 390 to. 400~., , -
Decomposition at the charge 
Cooli.Dg ·and unloading 

Total. 

15 minutes 
143 minutes 
l.8o minutes 
105 minutes 

7 hours 23 minutee 

This cycle- has been demonstrated by Mallinckrodt operations and represents 
e conservative operational cycle. The design cycle is approximately the 
sam for either 801, or l~ mm feed, . since the 801, um batch size i s 
slightly larger than the l~ UNH batch. size although containing leas ura­
nium.· It 1s anticipated that the decomposition and cooling and unloading 
operations. can be Shortened considerably. 

It may be econauically advantageous to reduce the concentration ot 
:reed to less tban 1~ mm (perhaps 90 or~ mm); the lower salt con­
centration would reduce corrosion end, thereby; prol·ons Feed Concentrator 
u:re > The probability ot reducing the time cycle and the ability at the 
Calcimtion Pots to process a less concentrated uranium feed solution 
tavor this plan. 

2.2 Oenenl description·ct r?t and ttirmlce 

· Reference ia made to Chapter XVI for a detailed description ot cel­
cimtion equipnent. Each ot the eightoen Calc1?18tion Pots is e cover ed, 
1-inch thick cylindrical. steinless steel vessel with a bemil.lIX18rie&l 
bottom. The pots are 30 in. in diameter by 32 in. deep. An individual 
electric t"urnace aurrouDds eech pot and tunliahea the heat necenary to 
accomplish the caloimtion reaction. Each. f'urnace ( 55 kw. et 220 vol ts, 
2-phaae, 60-cycle) is dosigood to produce a 'llll%1mUlll chamber temperature 
ot 1600°F. measured 1/4 in. f'rom the exterior surface. of the pot.(3) 
Based upon experience in e simil.er inste.ll8tion et the Mallinckrodt 
Chemical Works, e design heet-transf'er coefficient of l2 through the 
walls of the pot during the 'U,1"8D~rl nitrate decomposition portion ot t he 
cycle bas been eSB\DBd. 

2.3 Agitation 

Agitation durillg uranyl nitrate decomposition is required in order 
to maintain etticient heet tten.eter to the reacting mss, to aid in the 
formation ot a uni:torm-dzed pX"Oduct, and to m1D1mi~e high local beat 
eoncentretiona et the well a! tbe pot. 

A sweep-type agitator (illuatreted in Chapter XVI) mointainS o 
cleoronco between ~ blade and the walls and hemispherical 'bottom ot the 
pot of about l/8 inch. · The blades ot the agitator ere positioned so thnt 
the reecting moss is displaced from the edges towari the center af the pot. 
With· o relatively lltllll pot-to-ogitntor clenrence, the 'llflgnitude at the 
U03 scnling or co.king problem on the walls of the pot 1s reduced (although 
not elimimtad) • 

Lood regu1rements ~ the agitator very coneiderebly during the CSlci­
nntion Pot cyc1e (reflecting phyeicel state obflnges in the reacting mass --
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see Subsection Bl). . The· og·1tator 'tor eech Calcimltion Pot 1n the uo3 Plant 
is powered by a 7-1/2 hp. (5 .. 6 kw. i olectrtc· motor. The agitator power 
requiremont tor ~: Mallinckrodt-type batch decomposition (cbllrae equivalent 
to 600 lb. U03) is repreeente.d scbematice.lly by tbe following. figure; . 

...... 

I 

I 

Peak Paver Requirement 
During Doughlike State, 

450-i,· • . 
• . ' I 

{Preheat, 240· ·j Decompose, l.,i.....! Product Drying.,! 
to 4oo~~ · . 4oO to 4'9°FI 7 450 to 600°1. . . 

I 

,I 
:• .. 

f 
'·i; 

I I 

I I 
I • 

I i 
!· 

I i 

1 

l 
I 

i 
._ __ -·---·----

b-' --
0 1 2 3 4 5 

Time, Hours 
6 

The speed of agitation hoe an important effect on tha properties of 
the U~ product. Tho design speod at agitator rototion is 40 rev./min. 
Laboratory experiments 1ll which a eem.continuoua procesa was emp1oyod in­
diel)te a correlation of :f'ineneee and lmiformi t:y ot pi-9(iuct vi th ogi tetion 
speed. At speeds of 100 to 150 ·rev./min., generally o tinor·end more 
uniform product was obtained ( other '98riables romnining oonstont) thnn et 
40 rev.,lmin.(21) (Tho plent ogitotors will hove a t1p speed of about 
5.3 tt./sec. which is about 2-fold· greater tbDn tho loboratory egitctor 

. tip speed when the laboretory egitotor oporotes ot 150 ro~-./min.) Although 
quontitative dota oro lacking, it ia claar that with higher egitction Sl)Oeda 
a ~e unit'orm tem:pe1"1ture exists throue;hout the reaction mus. 

2.~ Pr~uct re?!10vnl(1) 

The U03 product ot the celc1DDt1on recction consiets, prepol'.lderently, 
o:t very fine powder (nbout ~' or moro tbJ'ough 80 mesh). However, caked 
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-..a .. · .. 
_ or encrusted 093-my adhere to tbe s_ide_~: of the: pot or to . the agitator, 

and· ~CJIDll!t --lumps may exist in the -~deey ma_ss-. 

The- product is- re1110ved: by. a. vacuum. auction system . which . dre.we the 
powder· through e tlenble stainless steel hose at.tached to a pipe .which 
is. inserted into the pot. Th& vacuum unloading system discharges through 

. .. & p:ae.uaatic unl,oading Cyclone-,.Separator and Bag Filter into a Mikro-
. Pulverizer. (Ret'er to Chepte-~ ·XVII.) · · · · 

' . . ~ - . 
• F . .. .. . ! ' • •, : • • •• • • • .. - • .. • • :•• ,'1 '' 0 . .. ; 0 • • : •• ' 0 • > • 

Tbe Mallinckrodt Ccini;_ani :.~ :~ved .encrusted U03 1n their .~ts_ ,, • 
b;r mecbanica1 means such as chipping out the erust. In the Ran:t~rd 
operet10D8.,-. such methods Will ,1.ways be. a.va~ble,. ~ut, in- addition, 

_ fac.ilitiea a~- ~ _ided.. :tor. adding_ :nitric _.a·eid . to t.be. pgts to dissolve . . 
residual encrustation am. .to d1s:pose at . . the solution.(16) It 18 e%pect'4 . . . ' . . 

that a.cid dissolution o-£, UOJ encruatat-im will be- required non.-routi.nely. 

.. . The vaciuum., unloedillg SJStem. is designed on the basiS ar bt\ndliDg, 
3200 lb. ~ uo3 per hour (total figure. tor all _pots)'~ To accompllsh . · 
this end, about 500 standard cu~ft.,/mi:i. of' air are pulled tl\i-ough the 
-vacuum ~Qading header.: 

. . 
2 .5 C8lc1.nation Pot vent system 

., ~1r. trcm.-1.n. .. leakege, nitrogen. oxidea., :· and water wpor ere evol-ved at 
a f'airl,- unii"orm. rate fa bout 250 standard, c.u,.:tt ./min. total f'rom all pots 
at · l3,-l/8 tons/day)- during tbe decomposit.1~-period. Since pot operating 
schedules overlap, the overall vapor evolution rete remina, esnntiall.y 
C0118tant. . 

• · • I _. . 

The Galc.inat.ion -Pote a':re : each de~igned w~th a valved vent line which 
18 opened during .the decomposition C]'Cle so that vapors Ul:Y be routed to 
the ·gee absorption system-. (Sea chapter IX.) The vent t, val~ed closed 
d,p.-1.ng _pot _chargi~ or _unloading. operations (w~en the pot _lid _is removed) 
in order · to avoid air loading ot the gas absorption sYBt,m.. The pots are 
4esigced to opere.te at a wcuum of lO inches of wter oa malntai.ned by a 
pressure-oontrolled bleed-in velve which admits air to the -.ent_ line to 
uaintain the lO-inch vacuum. Tbe vent system 18 des-igned ·-to maintain · 
10 iJlehea of water ~gati!9 preasure ~th air in-leelm~ .to the pot of' 
up to 4o- standard cu.ft./m1n. · · · · , . . · . 

2.6 Methods for ·cont1ning U03 dust(l} 

One of the important-design considerationa tor the uo~ proceBS i s the 
el1m:1net1on o-r the dust bezard in breathing air to es great a degree as 
practicable. A special system tor neintainiDg cleen air is provided tor 
those U03-handling erees where air coz:rtem1:netion would otherwise be likely. 
The system consists at providing a limiting air· velocity that will prevent 
p!lesage or 003 dust tran the normel \lontaining voasel or cquipnent piece 
into the air ot the operatillg area. 

The physical aspects of the ventilation sup»l.y end.. exhausting system 
are described 1n. detail 1n Cbapter XVII. Tho design bases for the system 
arc: 
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· ·(a) Itemcwl at 003 ·to a degree such tbart operating.area: a-ir almll 
not contain more tban 1.·.4 x 10-6 g?'81118' of uranim per cu.:tt.; 

· (by-: ·Ro,DIO'Val ~ : tbe a1_r : ~ : all :~rt±c~es ~ -~ 3 ~ micron or . 
· :~rgor in. diameter. . · · .· ... · . 

. · ·'.~e method ·at atteiniDg: the ·:.a~ .aiu 1~ to sweep air at . high veloc-
1 t,' (400 linear tt .. /min.) acroea the 'location 'at the ·,ource oi the poten­
tial eontnmiDation. followed b,- .i;me•se at this cOD'tllmimted air thro\J8h 
!ag J'fl.tere. before. discbarging 1~ riam • · .J.ocai •tack. • . · ~ · · · . 

. . . . ~ : : . : ' . . ' ~ . -·· . 

~ ·the ~ccnpo•1t1ozi··ree7ct1an tbe pota are ·· ·totally e11e·l0aed, and 
any-Slight air l.ealsage Vhich my occur ·(through the agitator sbatt seal 
or under the pot lid) will be'' tnward • . '(See ~r 02.5, a'bo~.) During 

· the, pot charging or unloadiDg optl'tltiona, on tbe- other ' ban,i', the pot lld 
· 1-iJ"". ·otr_ _and the poasibility ot 003 duat entering the air at the operating 

area.::lK>Ulcl e:JC_ist · ezcept that' ·at· thia time the special 400-f'.t. /min~ air 
neep.· 1a dhiwn across. the top ~ the pot. · · 

' . . . - . . • . •. .. 

In like mamier, the DrtD Filling Assembly Hood·;. E~l9, is provirled 
with an air sweep system whioh can be dampered into operation when the · 
shipping drums ere charged with 003 powder ... · . .. 

-:;.~ · A standard· "aawwwrc:tal-t:rpe ve·cuum· clemier ai,atem baa · been prottded 
. tar. use in. the case at· powder' lpilla . .. Thi-a , syatein will be used a• required 
-ror· clean-up in the Pot Room·· and ·aro,.u:x1 product-handl,ing· tacill tiea • ( See 
Cblpter XVII,. ) . . . . . . . . . 

.. It is expected that the quant1 ty _r:4_ ~ ~uat pesa~ per _da)" to the 
Bag Filters- will range tl°Q'.l1 l to: 10· 'lb~ :· The ~ JustUication tar re-

.. ., CO"f917' ot such: a Bllllll' a.mount ~t :~3 ta the ' elimi;9t1cm_ Cit _·~ ~1th 
hazard due to, 003. 1n the breathing ·a1r. Since onl.7 2 or 3· drum8 of ~•­
covered U03 are ~c~cl to· be collectecl per year, stc;,re.ge tor. eventUll1 
recovery will pl'eHnt DO problem. . . . . . · . ' 

2.7 Size adjustment .of' .. p:oductCl} 

The 003 product remowd frOl!l tbe pots b,- the : vacuum. unl.oading syetem 
is preponderantly a very tine powder, but acme particle · agglomeration 
into Sllllll lumpa matma :necessary a a1ze. adJuatment operation to meet the 
particle size requiremnt ot about ~ or·t!l0r'8· through 80 cesh. Manmum 
lump size ia about 1/15 inch. .,,hen the Mikro-Pulveri.zer screen with l/16-
inch perforations is . used~. The e:r:pected particle aue .amlyais, betore 
the sizing opefftion, _ ia approlCi::.,at~ly the f'ollowing: 

20 to 3o,; through. 325 oosh sieVG 
80 to 901, throUSb, 8o oeah sieve 
95 tom through 40 besh sieve 
1~ leas than 1/2 inch 1n diaceter. 

. . Although the entire · sizing Ol)01'11ti.on ia obscured by the :}Ack a£ 
.• :fOliable · data, 1 t vould · seen that the chief · purposo of the operation is 

·'·'·to reduoe the aize of the relatively few large particloa {greeter 1n· 
•1zo than about 4o mah) ao that a a.ore lmitomly sizod product is obtained 

·~
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although the· proportion of the total solids passing 8o oesh may not be 
changed appreciably. 

A Mikro-Pulverizcr 1s provided f'or the sizing operation. It is 
described 1n detail 1n Chapter XVII. The larger particles of U03 enter­
illg_ the Pulverizer are. reduced in size by i.J:Ipect (and by attrition with 
each other) with a· series of hermers attached to a shaft rotating et high 
speed (ebout 3500 rev./mn.). Close cloersnco is t111intained between the 
bamlers and a screen through which the tli.lled particles nust pass to 
leave the Pulverizer. 'l'he ent1t"8 product-nilling systea is totally en­
closed to tlinitlize the U03 duet hazard from this source. 

2.8 Prod.uct-pac~ging systea(l) 

The physical aspects of the product-paclcaging syst0t1 are descri bed 
in detail 1n Cbepter xvn. The oothod of paclmging, briefly, is· to re­
ceive U03 1n t8rod 30-gal. druos f'roo a batch-type weigh hopper. The 
drucw are located on a s-cale ?laving en accurecy of ±0.l lb. and the f'1I18l 
weight is recorded. Facilities are provided for seopling m.ei.ter1al es it 
enters tho dr..zc. A spacial hood is located above the paclcaging station 
a~ is doaignod to S'Weep potential contaw.nation. The contsrn1nert;ad air 
passes ,through :Bag Filters· before discharging f'r0tl a local stack. 

3. "other 003 Production ?roceeses 
. . 

3.1 SPf!Y decocposition of um(lO)(ll) 

.Spray . decocposition of mm, a continuous ceena of U03 production, has 
been det:lOnStreted on a smll scale. The process consists of atoI!liiing a 
concentrated uranyl. nitrate solution into a heated decooposition chenber 
m1ntained at such a teapereture that water and nitrogen oxides alaost 
instantaneously flash from. the radiantly heated UNR solution, leavil:lg U03. 
'l'h.4!1 003 drops to the bottom o't the reaction vessel and is continuously 
removed by a screw convey-er. 

3.2 Drum drying ot UNH(9) 

Conventional drum drying techniques for converting UMI to U03 have 
elf.Jo, been demonstrated on e emll scale. The process consists of tort:ling 
U03 on the outer surface• of' a stean-heated drum which dips into a conce~­
trated uranyl nitrete solution as it rotates. A blade scrapes U03 from 
the surface bef'ore that section of the drur:i rotates into the ONli solution 
again. The speed of drun rotation is such that enough tice is available 
for the cocplete dec0t1position of mm to U03 before the product is 
SCl'ftped off • 

3.3 B'.ani'ord set:licontinuous process(21) 

A aemcontinuous mm decoaposition process, wherein uranyl nitrate is 
added continuously toe Calcinetion Pot containing U03 until the pot is 
cocpletely charged, bas been denonst:i.-ated on a laboratory scele at 
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Hanford ( 21) and on a production scale-by the· Malllnckrodt CO!:!Jany. { 15) By 
maintaining a preponderance ot U03 in. the reaction ·pot at all times, it has 
been demonstrated that the ertremely viscous stage encountered in the straight 
batch CelciD8tion Pot process can be by-pe1aed. 

As antioned in Cl above, none ~ the abovEHDentioDed, continuous or 
semi.continuous processes: have been chosen as the production process since 
none were in a suN'icient state · ot developnent at the time timl design 
effort was required. · 

D. PROCEDURE( l3 )( 14 )( 16) 

l. Nol"IDl!l Procedure 

. l .J. General 

In the toll.awing discussion. at· operetillgprocedure, re:t:e~e ie made 
to Figure VIII-1,. a soheatic- a234 functional presentation. ot ~be unnyl 
nitrate decomposition and U03 product-hand11ng. facilities. A Me.:t,erial 
Balance ll'lowaheet for the· calcimtion procedure and other related ope~t1ons 
is shovn· in Figure VIII-2. As indicated. under C2.l the nOQillal instantaneous 
production rate of the calcimtion _facility 1& 13-lia abort tona. o! uranium 
per day. 

1.2 Concentrated feed storage 

Concentrated UNR feed solution for the C8lciDBtion Pots is received 
in the utm Melt Storage Tank, TIC;..X-19 (working volume about 4200 gal. ) , fr0r.t 
Product E-vaporetor E-D-2. - As discussed 1n Chapter VII, Evaporator E-D~2 
is nonally fed with about 6c:,f., mm solution• by pump from the Ulm Receiver 
Tank, TX-C-1 (working volume about 3000 gel~). However, the- process piping 
of TK-C-1 is such that it ay also be used es e teed vessel ~or the Celcina­
tion Pots if 10 desired. 

The calcination Pots are supplied w1 th feed trom a loop. heeder which 
receivos teed, via pump, from TK-X-19 (or TK-C-1). The hee.der' d.iscbarges 
back into the vessel feeding _it; it is sloped so that ·1t dre1ns into the feed 
vessel when feed flow 1& discontinued • . 

Since the mm feed to the Clllc1net1on Pots bas a high froezing point, 
both _TK-X-19 (b:r meens of a tank coil) and TK-C-1 (by meeus of e tank 
Jacket) _ are equipped to 1DBintein the solution at an elevated temperature. 
Tbe loop haedor :i.s steam traced or jacketed. 

1.3 Uranyl nitrate docOC1p0s1tion 

The loop header supplying tho pots is pump.fed at. about 20 gal./min. 
trom TJt .. X-19. The pot schedules are overlapped ao that a pot i~ charged 
tram the teed loop header about every 25 ·m1nutea . 
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The lid is opened (pot vent valve closed and specie.l dust vent 
-opened) so tbet the. level of liqUid charged to the pot my be observed. 
Atter approximtely 50 gal. (liquid height ebout 10 in. below the pot 
edge) of solution ere added, teed flow from the loop heed.er is valved 
o!f, . the pot _lid replaced; · the dust vent dampered off, and the pot vent 
valved into· operation. Tho temperature of the incoming feed solution 
is ebo'ut 230°F. It should be emphasized· that the e:mct batch sfae speci­
fied is 1n doubt due to uncortainty as to tbc most desirable ureni'um 
teed concentration. ·- · · 

Two- controlling thermocouples are used in the electric-f'\ll'D8ce C8Jcina­
tion Pot cycle. The first is located at the outer vaU of the pot (between 
pot end furnace) - end measures pot "skin" temperature. Tho- s-e_cond is lo­
cated within the hollow agitator shaft end more nearly measures the 
tempereturc of the reaction mess et the center of the pot. During ope~~ 
tion, tho pot skin thermocouple is set at 1400°F. and automaticall y mair­
tains this temperature (by S"Witching the furnace full on or full off) 
until _ the tcaporaturo measured by the agitator themocouple reaches -400'\ :'. 
At this point both thermocouplos aro automticelly reset: the pot skin 
temperature therooconplo to 800°F.,, and the agitator sheft thel'I!I.Ocouplc 
to 600°11'. An intermediate cooling peTiod (as t:lBBSured by the pot skin 
thermocouple} occurs af'ter the reset, dtlr'-ng vhich the tetipereture drops 
fl-om 1400°11'-. to 800°F. At38·!n, the 800°F. tempereture is :ieintained et the 
pot wall until the agitator thermocouple neasures 600°F. The f'urmice is 
automatice·lly turned off by the agitator therr.1ocouple . at this point -of 
the cycle. · 

Froi::i a physicel point of view, the period during which the reactine 
maee ts being heated from feed teopereture to about 400°F . represents the 
preheating of the charge. The urenyl nitrate decocposition itself is 
substantially eccocplished between 4oo end 450°F. in a oaxitnltl of t hree 
hours ( the pot well te~reture -is minteined et about 800°F. during this 
}?eriod). After dec01:1P0sition, the powder te?:lpereture slowly rises until 
the she.ft. tbel."t:locoµple registers 600°F., the teoperature -which represents 
the end of tlle drying period end the end of the heating cycle. It nay be 
possible to operate at higher teripereture levels than those indicat ed 
above. If so, the overall tioe cycle nay- be shortened appreciably belov 
the 7-1/2 hour period indicated under c2.1, above. Agitation at about 
4o rev./mn. is provided during the entire preheating, decocposition, 
end drying period for the ch8rge. 

After the hoeting cycle is cocplete and the furnace hes been t urned 
off, the pot walls ere cooled by drawing rooc-tecporatime air• through the 
annular S-plce between the fur.naco heating eleoent and the pot by appro­
priate danpering of the 8-in . ventilation duct. The special dust vent 
is opened, the pot lid rcno"ied, and the unloading pipe inserted into the­
powder mss. Opening of tho slide valve between the unloading pipe and 
the negative pressure in the product reooval hee.dor allows the povder 
to be drevn into the product handling systcn via the header. As ouch 
ceke cateriel es possible 1s knocked or chip_pod loose and reo.oved via the 
header. The total tine rcguirencnt for the cooling and unloading portion 
of the pot cycl.e is oetitmted to bo about 60 to 105 llinutes. 
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. If usual cethods of retioving powder .prove inadequate, a ~ll aDOunt 
o'f _nitric ecid ti!Y be added to tho pot via a flexible tubin& Une troti an 
acid header in order that the accuc~ted U03 encrustation my be dis­
solved and reao:ved· es coapll)tely as desirable. Hovevor, it is oxpected 
that acid dissolution of the oncrusta.tion lrill not bo required routinoly. 
{ See under C2 .4, above. ) The uranyl n1 trate solution produ~od is Jettod 
to Tank TK-X-20 through the sece tlexible tubing line. which; e.ftcr eppro­
printe ·w1:v1ng, serves es the suction leg for a steao Jet. 

_ 1.4 Product bendling end J!CkeS:IlJ 

.. About 31,oOO lb./dBy ~ 003 et a density of about 250 lb./cu.ft. ere 
received froa the "8cuut1 tmloeding header i n tbe Pneucatic Unl011d.1ng 
Cyclone aoo.· Bag Filter, X-3. ·An electric-noto~--dri ven shaking oecbaniBt:l 
is provided for the Bag Filter and is actuated automtically for a short 
period each t ·1oe Ezhauster :X-4 is stopped. A rotary valve discharges e · 
mxiouc 1"low at 3000 lb./hr. ot OP3 powder fr<n the Cyclone into a ~o­
Pulverizer,., X-6. (The ncrcal flow will be about 1300 lb.Jbour,) 

The Mikro-~verizer d1ec:harges· powder di~ctly into Storage-- Bin 
X-7. -'!'he Storage Bin hes a 3-dey capacity;. its botton is cone shaped with 
60 degree · sides (tieasured. fl"Otl the horizontal) to o1n1nize the bridging 
actioD, .of. powder, The bin discharges. into S~ Convey-er X-8 which trans­
ports tbe powder to the DruCl Filling Assecbly, E-19 • . Powder is added to 
tared 30-ge.J.. capacity drucls, which rest c,n a scale -while being tilled 
(ebout 1000 lb. ot '003 l)er drull). Atter i:.-eing filled, dl··u:JS are trans­
ferred to anothe?" scale which oakee a . pe1TBnent record of the weight of 
the drµo. The upward sweep of ventilation air past the :filling cecbanim 
~nd into a hood tlin1ohes the U03 dust r.u·.ard, 

The _product in the sealed 30-ga.l. drucs ie conveyed by Gravity Roller 
Conwyer E .. 20 to a loading_ dock. There the dr\lDS are arranged on pellets 
(4. to a pallet) end are COllveyed to a -storage wuehouse by a f'ork-illt 
truck. . . 

l.5 Uraniuc oxide dust-hendlipa nethods 

The special exhausting a11teo (for the Calcimtion Pots and drucl­
t"illing aseeobly) , designed to p;re-vent :?!I.Ssege of largo quantities of 
U03 dust into the breathing air, is e.ctilBted by Exhaust Fan X-13. The 
dust-containing air is passed into Continuous Ventilation Bog Filter 
X-ll. at a rate of about 7000 stenaard cu.ft./nin. The _Bag Filter is 
of the two-coopertnent type to p13rclit roplooaoont ot bflgs in one coopart­
ODnt while the. adjacent coo:portoQnt is o:poroting. Filtere!l air is drewn 
throusb Glllsa Wool Filter X-12 bcf'oro being dischorgod f"roo a loca1 s~ck. 

Each coope.rtnent of the :Bag Filter has its own dust collection hopper. 
The dust can be dischnrged through -rotor:, vnlves to speciol containers, 
e.nclyzod, and disposod of e.ccordingly. 
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2. Recedy af Oft .Standard Conditions 

2.i Excessively high. concentrations af U398 in product 

· The mzitlUCl peroissible concentretion ot U:3°8 in U03 has not been 
esteblished positively-~ A1ly such of't-steDdard condition vill be detected: 
by routine aeopling ot eech druc1 bef'ore sh11D9nt. Above.tole~nce acounts 
of U!~ indicete too high a reaction or product-drying teoperature in tbea 
Cele tion Pots. (Conversely', below-tolerance- amounts .indicate that re­
action ~retures and,. hence, reaction rates may be increased i f' 
desired .. ) 

It'. the U~ content at, the powder is too. high·, the CBlcinati on Pot 
operational cycl:es must be adjusted to operate at lower temperatures. 
There 1& i:ao, convenient remedy tor lovering the U308 content af batches 
alreedy processed. l11gh-U308-content material 1111.y- be (a) dissolved in 
nitric- acid and tm resulting uranyl nitrate sol.ution redecomposed at ,a> 
lower temperet:ure: ~ - (b) blended with material. having a low 0308 concen­
tration to yield a mixture that meets- specif'1cat1ons. Both ot these 
method& are, incon'.Venient. to em.ploy, especially if' appreciable quantities 
of powder are, involved:. 

2.2 bcessiveq high-nitrate or moisture content in l)l'Oduct 

These-acmd:Ltions vill.. be. detec.ted:. b,- routine sampling af each drum. 
before oti"-plant. shipment. Too high a proportion of nitrate or moisture­
·indicate• an :lmdequate product-drying cycle after the decomposition 
reaction. Drying temperetll?'e. may not be high enough or deying time •Y 
not. be long enough .. . 

Tbe condition 1111.y 1)e,' remedied by increaai'Dg· the drying- temperature 
or the- length of the· dr:,1ng period. Batches already proceased my be 
recycled to the. Cslcination Pots: for another drying cycle, or they my 
be: clis•olwd 1n nitric: acid and routed "buk to Storage Tank X-19 t or 
eventua1. reproeessi.J:lg .. 

Thu: cond1t10111'. 1llltY be.. detected by oc·caaional determination o~ 
· particle· etze during the· routine anal.ya is of the. Mikro-Pul verizer pro-

. duct as :tt-: is loaded into drtaa. The condition •y· be corrected by 
replace:ment at tbe .. Mill:zo~Pul:toerizer screen .. ·Batcbee. already proceased, 
tr- tar out.~ apecff'1ciiticma,. JIily be. recycled to the Milera-Pulveri zer 
after tbe screen hea been.. re:pleced. 

~ ·. . . . ; . . -·- . . . -~ ... .. .-· . ·- . . . . ·,. - • :·.-~"'· -·1 -:-~ :- ':·_ . .- &·~-- ·-· 

,-. - - - . . ..... .. _ _..,. __ . 
, . . 

· ,..._: 



"' en 
. (".J. 

c::> 
:::r-m 
m. 
t;'.',,J· -~ 
Ct.'") 

.-.•-.:·•:~, i~ -~ ~ ~ ~-~~·:'~~ ·~ !~ ~~~~~~rt.t--~ .... ~.~ •!!1'~ .. ~ ::·;~"':\j;t<t~· ....... ~ ........ ....... -

.· - . , . . .. .,,,: · eeo DECLASSIFIED;.~·•r"+9140 

(1) Fro.me fllld Kent, Project C-361 .. DcsigJl _Instruction 
Letter No. 7, _DacOJ:IPosition Auxil1o.rics, 8-7-50• 

(2) Frw:ie and Kent, Project c--361 Design Instruction 
Letter No. 8, Shippixlg !'e.c1lit1es, 8-7-50. ·_ 

(3·) Frame and Bblt, Project C-361 Design Instruction 
Letter No. 9, Decomposition Pots, 9-15•50. 

(4) Gmelin , 
. S7st •. 55: 

(5) ?-CW-6 

(6) c-36 

(7) ~-1'6 

(8) 2:8-196 

(9) y.3,1 

(10) lt-389 

(ll) K-444 

(12) CL-697 

(13) BDC-1780 

(14) BDC-1837 

(1,) m>C-1957 

B.culdbuch der Anorgnnischen Chemie. 
Uran, Vorl,Qg Chemie, G.M.B .H •. , Berlin, (1936). 

The Prepc.rc.tion of Urc.eyl Trioxide from U~l Ni tro.te 
Solution. 11 .. . Yeager. 4-l.-46. 

Meta.Uurgico.J. ProJoct, Report for Woek EndiDg April 17, 
191'-2; .A:,c··.o. Mitchell et · a.l. 4-17•42. 

'rhe Efi"oct ot Tim Roquired· tor tho Decomposition ot 
Uroeyl Nitrate Romhydrato on tho Yield ot Crude Metal 
Produced fra:n tho Uranium 'I'ctrn!'luor1d.c Obtc.ined There­
from.. W'. JI •. Kell~r et e.l. 12-9-48. 

Interim Report, Columbia. University, Division ot War 
Besearch. F. B. Brown •. 4--30-43. 
Drum Drycir o.nd ::'a.lcining Furne.ca for the Proparation of 
U03 f'r0t1 U~l ·utmto SolutioDS. G. R. Smith, J. F. 
Lo.Imcr, c.nd J. S. Roeco. 2-22-49. . 

Ur~um Recovery from DecontcrniiJOtod Solutions by Spr~y 
Decomposition. A. L. Allen ot o.l. 4-27-49. 

Spr:.y Decomposition of Ul'tl.cy'l Nitro.te Solutions to Urani­
um. Trioxide. A. L. Allen et al. 1-1,-49. 

Project llo.ndbook, Vol.I,. Chapter n. w. K. Crone. 
m:i.ntord Works. 194 7. 

Engineer's Flow Sketch o.nd Process Doscription-•UNH Con­
version P'o.cilities. J. M. Frame a.nd C. G. Bragg. 6-1-50. 

Project Propoac.l--Project C-361.Author not stated, 1950. 

Invostigo.tion into the ll'onsibilitY of Incorporating n Con­
tinuous Calcino.tion Operation 1n Project C-361--Interim 
Report. J. M. Frtme. l.2•1•50. 

(16) BDC-2094 Design Study cmo-14--Segrogo.tion of Redox alld TBP U°3 
Production, J. M, Fro.me ond J. o. Ludl-~. 3. 31-,1. 

(17) cc-3234 The Thcrmodynami.c Properties and Equilibria. o.t High Tem­
pero.turee o-f Urnnium Re.lidos, 0-Eides, Nitrides, and Car­
bides. L. Brewer et al. 9-20-45. 

DECLASSIFIED 
----· -- . ---- · ... ·-· ·--- -· 

I 

I 
I 

I 
I 
I 
I 
I 



I 
I 
i 

I 

PART II: PROCESS, c ont1ntlod 

C!IAFTER IX. ACID RECOVERY 

A. l'R~ Dl!'!.SCR!Pr'ION •••••••••••••••• ••• ............... .. ........... 9()'2 

l. Gene.ral •••••.••••••• ~ ......................................... • .... 9()2 

2 • Nitric Oxide. Oxidation ••.•••••••••.••• ~ •••••••••••• , • • .. • • • • • •. • • 90'2 

3. Nitrogen ·Peroxide Absorption ••••••••••••••••• ~ •••••••••• ,,, .; •• 903 

4. Equipment Design Ccnsidcrotions ••••••••••••••••••••• ✓ ...... ;. • 904 

5. Gas Cooli.ng ...................................................... -; •-· 9(), 

B • l'ft()(:]sIJ(JRJs. • • • • • • • • • • • • • • • • •. • • .. • • • • • • •. • • • • • • • • • • • • • • • • • ... " • ..-. • · • •. • • 9()6 

1. ff o-rDll!Ll Proccdttz-c ................................... , -• • • • • •. • • • • . ~ 

2. Remedy of Of'r~Standard Cond1tions .......................... . ... 907 

2 .l Bigh chloride content 1n Absorber •••••••••••••• ,, •••• ·•• • • 907 

2 .2 .High nitric oxide c ontcnt in &c id ••••••••••••••••• ,, . ..-· •••• · 907 

2.3 High. h'itric oxide. c:antent in stack gas ••••••.•. ,. . ..- ',••: .• 908 

..£(18'.itRBM.!J!S • • .. .. • . • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • •• - • .. • • • . 908 
I 

DECLASSIFIED 
F 

I 



I 
I 

A. PROCl!SS DESCRIPTION 

l. General 

Th• ~1 nitrate calcination. process, prev1~11 deacribed in 
Chapter VIII, is act'!anpen1ed by the evolution of large quaut1t1a ot 
nitrogen. ozidas., Caleilla.tion. <:If .Red.ax am-TSP Plant Ul'8J11Ulll product 
streams at~ rate equivalent to 13 tons ot meta:. per da7 will evolve 
about 58,000 cubic feet. per da7 (STP) . ot nit::-ogen oxides which are re­
coverable. Cooling ot these oxides and abso~ion :in water results in 
a recoveey ot 17 tons per day of 4o to 4~ oitrie acid. Thia weak acid 
is introduced into the nitric acid :f'ractiom.tors (Chapter VII) and. con• 
centrated to about 60 .to 6l'li imo3 tor event\lal reuse 1n waste metal; dis­
solution. This recovery of nitrogen·. 0%ides as nitric acid reeuits in a 

.raw -.teri&l cost saving ot e.ppro:nmately $l.Sc,ooo per year (300 days) 
a.t current acid prices of cbout $48/ ton (6~ mro1 ). 'l'his chapter covers 
the description am operating procedure of t h£1 acid-recontry process. 
Equipment details are described in ~pter ::-=v::. 

~ 
CT')- 2. Nitric Oxide Oxidation 

:Recovery of .the nitric acid is' accariplis~~ i;n the Oas Cool.er, 
X-A-2, am the Nitric Absorber, T•A-l, which !lre located in A Cell of 
224-u Building. (See Figure IX-1.) The gesea handled by the acid­
recovery system are liberated during the ti-.ermal decomposition ot ure.ny-l 
nitre;te to uranium trioxide, which proceeds t-..ccording to tl1,e equation: 

275• .. 5oo°P. 1" U°'2(N0
3

)
2 

______ uo
3 

+ 1.86~?t + o.14NO, + o.510
2
t .... (1) 

Aa the Sfl&eOUS products c.re cooled, nit::ic oxide (NO) begins to re­
act with exceaa ~gen (frau r.ec.c.tion plus pat leakage.} to :torm the per­
oxide. 

2NO + °'2 ~ 2l'fo,a ................ ( 2 ) 

Beaction (2) 1a nQt eensibl.y reversible e.t t .£mperatures under l,0°C. The 
rate at reaction betwen D:f.tric oxide and ~:;,sen is unusual in its tam• 
perature dependence in the.t it ·bas .e. · negati••e temperature coetficient; 
i~e., the cooler the gases the f'aater the:r react. ~1,2) This •reaction 
rate is._ ez:preesed me.thematically b;y · the e•iuntion . ·· 

- dJ!:O) • k Uro)2 
(02 ), 

1n which k is a constant at or~ fixed ten-.pcraturc. The equation etAtes 
that the rate or convorsion of n1 tric oxi.,k to · nitrogen peroxide is pro­
port1omil to the square of the nitric oxi d(c concentration and the tirat 
paver ot tho oxygen concentre.tion. As s't.o.ted above, the ra.te increases 
with decl'O(lse of tempcrnture. The ve.luc 01' the rooction rate conatGtlt, 
k, 1.ncreaaos nbout 10 per cent for each 10°c. drop in t~rature. lb} 

..-~~ ~ ~ ~-:• ~_ .. , .. ~ 
~ ~.:~_~· ,::~.:_._> .. 

DECLASSIFIED 
---------------

I 



The, folloving 1;;'11.c lists several approxil:1::lte vnl.ues of _k· at typical 
temperatures: ( 8)., ;~ 

:~,,-.. . 
~.1.: . 

Temperature, <c. k, tMrn.ng)-2•{M1n. )-1 -

. * I 25 
50 
86 

·m~trogenperoxilc .formed by the- oxidation of nitric oxide exists as f1 
two molecular species, :ro2 and N204. These two species come to practicc.ll.y- /3 
instauta.neous equllibriurl, c.a expressed: ,:-m 

The equilibrium. constant, i:%,,. ,:s a f'unction of the temperature. 

The f'cllowing to.bl.a lists sevcrel c.ypro:dme.te vnlues of K4 at typico.l 
tempero.tures: (3) 

'l'e!R!rature, •c. 

10 
25, 
50 · ... ·;,-

. ,·. ' . 75,'. · ' ' .• . . 

)'. ll'itrogen I'eroz::l.de· Absorption 

· .. ' _ The; reaction 

26 .. 5 
7'.8' 
l.J 
o.28 

. . . . ' .. 
• ~ ' l • • • ; 

.· : ~-- .... , ·.: .:. ' ! ··.:. ~ j ': . ~ ·. 

,. 31'{0"2 ,.. -~O ~ --21m0:3 + NO~ •••••.•• ( ~ ~-..... (4) 
. . . -· 

bet:nen ~~ peroxide · md vcter·to- f'orm nitric ElCid !Mlsumes that the­
aC'tive species, ia If'"'-'2. ::.nd the. ~~4-ia, inert. 1T204 dissociates to restore 
~ -_(Beactiaa.: (J):o.s ~ - clioo.ppears by reaction to f'orm ~• . 
Beocticn;. (.~)r.·1a .. rewra1bl.e a:id: the: oquilibrium &y be expressed as . . 
. ·. -... . ~ ~ =-! .r .. .... . :-" .... !·~~ .. ::. . ·-.~ :. _ •. : : _: . - . . .. . . . . t- ·• 

-r ~ _.;i i'. ·, ·.d· ·~-;' , ~.r!:i:- .0~ , \~~ -: ~- (~3)2 · {NO) · 
Ir,. 

.. , . , . (N~J3 (~O) • . 
. :. ) ... .: 

l 

-~..--~ 

. .. · ' 
•. ,. \• I 
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pressures. of nitric acid and vc.ter vapor are obviously constant, 10 that 
the equilibrium between nitrO{;en or.t,d~s and nitric acid solution my be 

. expressed by the partial constant l3 J 

K3 .. (NO) 
(No._a)J • 

The vulues of K3 are such that the lower tho temperature the more the 
equilibrium is aisplc.ced towc.rd RNO • The veJ.uas of~ also decrease with 
extrema ro.pidity as the c0ncentro.t1Jn of nitric acid in the liquid. phue 
increases. 'l'he following table, listing e.tav It§ values as a function at 
telJl)erature and D.Cid concentration, illustre.tes oath ot theao points: (3) 

Weight! RN03- Temporature, •c· •. K3 (Atmospheres t 2 - , 
5 25 79,500,000 
5 50· 7,9'0,000 
5 75· 851,000 

25 25 178,000 2, 50 12,300 2, 75 1,070 

50 25 456 

'° 50 4o 
50 7' 5.1 

At ordimrytemperatures the partial. ~rc:3sure of nitric 0%ide 1n e"uilib,­
rium with nitric acid much above 4o to 50 per cent strength is so small. 
that Reaction (4) praatica.ll:;r stops unless a high putie.l pressure ot 
OJqgen is maintainecl and a long time. all~ed tor the reactions. The rate 
o~)~ absorption to form :HN()~ ts so rc.pid that the nitrous snses ere at 
0.ll tunes substantially in equ!librium with the liquid, a.m the absorption 
may proceed only as the nitric 0%1de present in the sc,s reoxidizes. The 
NO ~ ~ 02:ida.tion proceeds E1.t o. rate of about . 1270 nm. 'Hg/min. ( o.t 4o•c. 
~ an ozysen piirtio.l pressure of 150 mm. Hg} it the initwl BO pdrtial 

· pressure is about 65 DIil. 'Hg . , and o.t only a.bout o. 3 Jllll.. Hg/min. a.t o.n 
initial NO partial pressure of l s.Hg. By use ot the equilibrium con­
etazrta IC3 and 114 tor Roc.ctione (4) aDAi (3) OJld tho rato oonatant, k 1 tor 
Bea.otion (2) it ie possible to co.lculAte equ1pment sizes required. f~r

7
,b­

sorption of o. known quo.ntity of nitroscn oxides per unit ot time. , 
Vo.lues ot K3 have been determined for o.U)c.cid. strengths up to 65 percent 
mro3 am tomperc.tures :from 10° to 75•c.l3 

4. Eguipment Design Cons1dcrotio:-.s 

Theoreticnl considera.tions show tbD.t o.t ~tmosphoric pressure Blong 
residence time for the gas volume is required to produce hish strength 
acid; i.e., Reaction (2) is controlling instead of Reaction (4). '!'he 
equipment must be designed, therefore, . to o.llov time for the reoxidAtion 

· ot the nitric oxide libere.tad during · the absorption ot the nitrogen per­
oxide, Early absorption prc.ctice mo.de use o'f as many a.a eight, 
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or !11!01'8,. pa.eked- ceramic acid circulation towers in series in order to 
achieve .the desired gas holdup · time required for tbis reaction,.. Modern 
&bsarpt1onmethods however, use bubble-cap columns made i"rom aci d-r.esiat--:­
ant stainless steel.s. The -bubble-cap unit provides a series of graded 
acid strengths essential tor efficient absorption. In addition,. cooling 
can be e.pplied on each plate and s.u:f!'icient volume holdup- between plates· 
can be designed into the column to suit the conditions of time and temper­
ature req~ for the nitric, oxide reoxidation·. 

The :pl.ant Nitric Absorber, , 11-A-l, is a 2.0-bubble-cap tray:, 4-1/2 
~- ·diameter tower with plates spaced on 18-in. centers_, The unit is 
described in more detail in Chapter XVI. The Nitric Absorber- is design­
ed so that the gaseous-phase residence time between plates is about 8 
seconds, unde~ the conditions illustrated by Figure IX-1. If' a 3~ con­
tacting efficiency per plate is assumed, the proportion o-t nitrogen 
ox.ides in the gases leaving the absorber is about 0.2 veight per cent. 

The liquid holdup time, per ple.te· at design now n.te ~ - condensat'} ·. 
to the Absorber (1.25 ge.1./min.) is about 10 minutes per· plate. · .:. 

.. 
: _. 

The total. heat ~volved in the absorption of N02 in wa,ter to f'orm 
nitric acid .is about 18,000 B.t.u./l:lOle of N02 {about lo4,000 B. t .u./hr. 
on e. · 13-1/8 tans of uranium/day be.sis). The neat is removed by cooling 
coils provided for somfl of the plates. The coils pass through the liquid 
held up -on the plates. Water enters the coils o.t about 75°F. and leaves 
at about 85°11'. Sufficient coil area 1s provided so that the temperatur.e.i 
~ the liquid on~ tray does not exceed l00°F. {'\ctually, tray liquid 
temperature varies f'ran abolrt 75°F. at the topmost tray to l00°F . on the 
bottom trays. ) 

'l'he rate at N02 absorption in the Nitric Absorber under tlowsheet 
conditions, or. illustrated. in Figure IX-1 ( except that no N02 is assumed. 
to be removed 1n tho Gas Cooler, E-A-2), 1s. sumznarized, approximately, · in, 
the following table: 

Plate Number 

1 (Bottan) 
2 
3 
4 
5 

10 
15 
20 

5. Gas Cooling 

Per Cent of Total Acid 
Formed in Nitric Absorber 

About 30 
20 
15 
10 

7 
l 
0.1 
o.o, 

Before the gaseous products frca the co.lcinat1on process enter the 
bubble-cap column they are cooled from a te~emture which may range as 
high o.e 500°F. to about 85°F. 1n the Gos Cooler, E-A-2. 'l'he hot entering 
gases consist o~ about ;5· volume 'I, water -.rapor; 11fo N~. l.~ NO, 5•2% ~, 

~ -.. --
~ ;c~. - • 
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2~ air, and l.~ Btf03, During the cooling operation ID08t Cit' the water ~• 
condensed am 1101119 nitrogen peroxide is absorbed. in the oomeued moilt\ire. 
The condensate oonsiata ar about~ nitric acid. It leeft8 the Gas Cooier 
and e-ve:atuallJ'· joinS the acid stream issuing trom the base at the lf1tric 
Absorber, T·A-l. The nit gases leaving tbe Cooler oona1st ot about , 
volume 'Is water wpor, ~ ~, l6'1a 1'204, 91, ~, leH tmn ~ Bo, · encl ~ au-. 

· The Gas Cooler ia a water-cooled, tilmed-tube' heat exchanger Vith the gaaee 
in contact with the erternal longitudinal t1n8. htel'Dlll toulillg o? this 
type at. heat exchanger bes less ettect on the beat-trenater capacity at the 
filmed s,afaces as compared to bare tubee • 'l'he timt also proVide turbulence 
to tha gas tlow in the lamimr-tlow region and increase the f1n-•1de beet• 
transter coefficients. (4) . · 

About 2'00 1q. tt. at cooling suri'eoe (incluling the timl) are provided 
in the Ou Cooler. Estimation or owrall heat-transt"er ccetticienta (U) 
to be expected 1n the. Cooler ia difficult because at the •ll1' opera-t1om 
(coolillg at a gas or 1'Brying composition, condensation of same at tm sa•e­
ou ~~nta, am cool.iDg ot the conde?1Ate) involved. Bovewr tbe t1 
tactor tor the aaa. aool.iDg may- range from 4 to 10 B.t.u./(hr. )( sq .tt.) 
(-P.), while tor tbe eondenation it •1' l'llfli8 :t'rODl 150 to 2'0 B.t.u./(hr.) 
( sq .:tt. )(..,. • ) • . 

B.PROCKIXJRB 

l. lforml Procedure · 

Thegaa troll the uranyl nitrate decompvsition pot• is carried through 
a duct. to the acid recovery s;ratem by- meena at a duct-pnissure-controlled 
atum: Jet loc:ated at the to:p at the Nitric Absorbar, T-A-l (see Figure IX-1). 
Initial cool.ins at the gas to about 859!' ., before absorption, i1· accanpliah­
ed.. in the · Gu Cooler, I..A·-2, where water is condemled and rellO'led a1 dilute 
nitric acid • . 'rhe .oae Cooler also. l)X'Ovides space and time tor the oxidation 
at· nitric ozide to Ditrosen peroxide (Reaction (2)) to •pi,rofach oampletion. 
Contraction ot the gases in the Gae Cooler under 1teady-etate conditions 
sweapa. the acompoa1tion gases towards the roco'9'8ry system, am the nitric · 
absorber Jet rela,.a the ga• volume free. tbe cooler thro\lgh the absorption 
col1.11m. Tbe cooled sa• is introduced at the bottom at the Nitric Absorber 
and paaeea upward tbrougt1 the bubbl.e caps located on the plates in the 
Absorber. Proceas steam coDdenaete is added at a can-trolled rate to the 
t01> plate ot the Absorber am tlows downward through the Absorber oounter­
current to the direction at the ges flow. The nitrogen peroxides are thua 
aboorbod in the water to form dilute nitric acid 1n the topaost plates, 
with the concentration increasing incremontally to a°b9ut 40 to 4"-' on the 
bottca plato • Acid tlOW1S from the battcm at the AbeoN>or into the Bleacher,· 
'l'-C-6. Tho weak acid condenB8tos :from the Gas Cooler, which/ contain trace• 
ot uranium nitrate :t'rom decomposition pot antreinmD?Jit, Join with the Ab­
sorber Acid before entering the Bleacher. Atmcsphorl.c air is a4citted to 
the Bleacher to scrub out dissolved nitric oxide in; :tbe acid stream. This 
air ma7 be used to make up any- ~go~--dotic-ioncy reqUired in the· Bi tric 
Absorber tor nitric oxide oxidation, -or by-passed around .. the Aba'Orber to 
the stack, SboUld the volllDB required for bleaching ezceod that :required 
tar ondation. The bleached acid t:lova to the Nitric Cool.or, TX:-C-3, t1'01l 
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which. tank it.-is pumped st. e .controlled_ rate to the nitric acid Fraction­
. atore, T-B-4 and T-D-4., for c.onccntretion to 6o to 63$ strength. This 
acid 1a, sent to the waste metal removal. :raoil1t1es and used to diaaol:ve 
metal vastes. Water-cooled coils are 1ooated on the bubble-cap pl.8tea. 

· in the Nitric Absorber to . remove the beat of tormat1on at the nit ric acid 
(ca. 18.,000 B.t.u. per 1b •. mole N02· absorbed). The water fran ~ese coils 
is. reused in tbe- 04s Cooler before being sent to the retention basin. 

A mterial balance .flowsbeet tor the acid ree0ve17 operations 1a 
shown as part or Figure VIII-2. 

A smell amount. or entrained uranium (about 3 lb./da:y as mm) 18 ex­
pected to enter tbe acid recoveey system vie the decomposition pot gases. 
( See Figure vnI .. 2.) About 2 lb. enters the dilute acid formed i n the 
Gas Cooler; the remaining l lb. 1s ·:round in the dilute acid product from 
the lffl03 Absorber. As shown in Figure VIII-2, the tnm content i n the 
6~ acid product (:t'rom. both product concentration and nitrosen azide . 
absorption sources) is about O .12 vt. % • This 60,, acid is utilized in 
d1Holvtng uranium slurry removed f'rom umergrotmd. 

2.. Remedy of Ott-Stemard Condition.a 

2 .1 H18h chloride content in Absorber 

The trace quantities of chlorides, introduced to the Nitric Absorber 
through the condensate teed water or by way at the decompoeition pot saeee, 
viU accumulate 1n tbe Absorber due to a diatilletion am reabeorption 
pbenomeD011 which occurs in the nitric acid. These ch1or1dea exist in the 
eyatem aa hydrochloric acid and are uaua~ :toUD:1 at their greatest con­
centration in nitric acid of' a strength botveen 22.0 and 23.~ D03. _A 
build-up at chlorides· µi the Abaorbor will result in serious corrosion 
to the stainless steel in contact with the nitric acid which contaim 
the hish loca.l concentration at chlorides. The recommended practice is 
to purge the column whenever the chloride concentration reaches o.o,1, 
ill nitric acid at tbe atorementioned concentration. 'l'hiS is accomplished 
b,- eamplillg tbe Absorber at those plates .containing nitric acid ct this 
critical concantretion range and datemin1ng the ehlor1.de content . Should 
the chloride content indicate a tlush to be nece11ea17, the water t eed rate 
my be increased to decrease ·the mke acid strength to about 2~ and F.88 
the chlorides out. through the bottom at the Absorber. This method result• 
in a momenta17 surge at veek product ecid, but the Abeorber can be brougbt 
beck to normll comitions reedily by reducing the water feed until the 
desired acid etrength is attained. An alternate flushing method, which 
lllly be uaed., consists of purging, through the eamplers, the indivi dual 
Absorber plates on which high local concentrations ot chloride are tound. 
'l'hia method 11 lengthy and does ~ot give poaitiw assurance ct C011Plete 
chloride removal, since tbe plates are not completely dreinable. 

2 .2 High nitric oxide content in eeid 

The preaenca ot di88olved nitric oxide in the Absorber acid is made 
evident by the o:renge-yellaw or greenish color at the acid. It is desir­
able to mintain the diHolved ozidea at • minimulll, since they represent 
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. e loa& and caws. subsequent :f"uming -whenever the acid 18 12aL· .. A dis­
solved oxide content ot o.~ (belmt which the acid 1& aubstantie·l.17 cO'lor­
less) or lesa 1s not considered ob,jectionable. The concentration ~ die­
solwd oxides is a function ot the quantity end temperature at the air 
entering the Bleacher. This air :flow should be regulated', aa required, to 

· maintain about '1, excess oxygen in the Absorber exhaust. Should 1101'9 air 
be required to ettect good bleach:1Dg, the bypaea line trom the Bleacher to 
the stack may be used so as to prevent overloadi:ag of the Absorber· with ez­
cesa lllaecher air. 

The~ content of the 401, acid is small (probably oonlidarably leH 
than o.]$). The greater portion ot. ·tbe 8111111 concentntion ot ~ passee 
overhead (either disaolwd in condensate or out with non-cond.enaibiea in 
'the Pre ctiomtor} • ffll>2 concentrations up to O .l~ may be tolerated in tbe 
recovered acid. 

2.3 High -nitric oxide content 1n stack gas 

The presence ot exceea nitric oxides in the 1tack e;es, as evidenced 
by orange-red coloration, represents a recovery loss and a hazard to per­
sonnel working 1n the 1.Daediate aree. The several poHible causes and 

·reaed1ea tor this condition are discussed' belov. 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

(a) Inlutticient air admitted to the absorption system, either 'b7 
vay of the ·decomposition. pote ortbe Bleacher, will result in 
high stack loaaes. Since ozygen is required tor the ett1c1ent 
abaoz-pt:a. ~ of the Di trogen peroxide, . an oxygen deficiency- will 
result in nitric oxide being discharged to the stack. 

(b) The tower end condensate :teed water temperatures 1D:tluence the 
atack loea to a large extent. Inautticient cooll:ag water 
through the plate cooling coils results in en adverse condi­
tion tor nitric oxide oxidation and absorption. Warm toed 
water introduced at tho top plate of tbe Absorber will baw 
the same effect. 

( c ) Inauttic1ent teed water to the coltmL will result 1D · a rise 1n 
acid concentzoation with a correeponding decrease in absorption 
etticieDCY. and increased stack loH • 

Bodsnatein, z. Pbyaik Chem. 100, 68 (1922). 
:Bodenate1n, Ibid. 100, lO'Y (!922). 
Burdick am 7reea,T,. Am.. Cbem. Soc. ~ .. 518-30 {1921). 
Gunter and Shaw, Trans • A • s .M .1. 6!t., 79, ...soi. ( 1942) • 
Schreber, z. Pbysik Chem. 24, 665\1897). 
Ta7lor, Ind. Ing. Chem. 12-;-1250-2 (l927). 
Wourtzel., Compt. rend. ~, 1397 (1919). 
Wourt.zel, Ibid. 170, 229-231 (1920). 
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FIGURE lX-1 
ENGINEER'S FLOW SKETCH 

NITROGEN OXIDES RECOVERY SYSTEM 
BASED, ON SK-2·6220 
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