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Il!VEST IGAT ION OF llPLOS IVE C-dA.RA CTER ISTI CS OY PUREX SOL 
D"KCCNPOSITIOH PROOOCTS RKD OIL, 

I. IN7RODUCTI07i 

It nas long bee~ re~ognized t~at cont acti!'.lg ICU vit~ Purex solvent over prolonged. 
periods of time vill produce a ~omplex mixture of uranium-containing decomposition 
products. !'-18 mixture is movn by us as "red o~l" exd by t~e Brit is~ as "third 
p~ase". ~is mixture, ~ile not completely characterized, is knovn to contain ur­
anium salts of TBP decom!)Osition products and/or uranium salts of nitrated fragmenta. 2 
of the hydrocarbon dilue:ct ( l}. Continued recycling and concentration of '··or con­
tacted solutions produces t~is ,-,,eavy tl)irtl ~ase very readily. ~is t~irci ::;,ase is · · 
believed to be th~ unstable n1 trated mixture found in t~e equipment af'ter the in- ,'· .. :., 
cident at t~e Savanna11 River Pilot Plant (2, 3). . 

Current design for t~e Ranford Purex Plant is such t,-,,at t~e conditione obtained at 
Savanna; River are not approximated at any point. Uranium nitrate solutions are 
continuously concentrated e.t lov temperatures -.n,icloi favor steam distillation of .. 
solvent. Uraru.~ solutions -.n,ici, are to be calcined are steam stripped of solvent ·} 
prior to concentration. ~e waste concentration-acid ~covery system is designed cf, 

to remove t~e organics continuously wit~ t~e over,,_ead ex~ept for small quantities 
-~ic; are continuously removed vit~ ~he acid vastes. . .' 

·--~ '\: ... 
i:,.· 

- ~ ~ 

'!'lie studies outlined belov vere made to estat-)J 6'°\ t'l-.~ nat\rre 
f e r reactions of violent natur~ to demonstrate t'l-\e magnit~'<le 
in t'l-\e Purex and Metal Reco'"!lry production ple.nts. 

and required condi t1~ ~ ~ ­
of t"-e margin or safety- · 

II. SUMMAI{Y Alm CONCLUSIONS 
,;-::• 

A. A rspid reaction of erp:.osi ve violence is obtaine.~le fl ·an mixtures or "red oil" ,~?~ 
and uranii.I!'ll solutions onl;z: under conditions or inci:9ient calcination ( ca. 150• - _( 
16o•c). 

B. Ei~t erpericenta under reflux conditions ( for 6-8 ~ours duration) to simulate -~J 
t~e Purex uranium concentrators and t"n,e e.dditio~l reflux experiments simu­
lating tl-[e Purex vaste concentrat"O"N .(UXR - O.lM) resulted in slov evolution 

c. 

D. 

of N02 but~ uncontroll~d reaction o! explosive violence. 

The residual solutions free t~e reflux studies, -.n,en combined and evaporaterd, 
s'l,oved rapid decompositio::i otly e.s calcining conditions Vdre approaCl,.ed. ~e 
violence or t~e decomposition appears to be~ f'Unc~ion ot l) t,,e absolute 
a.mount or •red oil" present, and 2) a secondary function or the ratio of Olll{ 
to "red oil". 

.. ·~ 
-:~.r: . 
• • • y 

. ,. ,t, .,,...,_ 

,·.'l ·-! 

From the nature of tl\e deeigrA of t~e Purex Plant, conditions necessary to ob-_---~--­
ta.in violent erploa1v-e ~ac'c:ions ~t~n "red oil" and uranium eolutions L'"1t : ·r 
eN'ecti vely ainimir.ed fo:- IDulford o-pere.tions. 

III • F.XP!RIMDTAL 

-~ : !"' 

Since none of tne 321 Building "red oil" vas still e.~le.ble for these ~per1menta;_-
t~e 1n1tial. laboratory er-!'o~s \.-ere directed to tlte syntl\eais of t~is mirture. One: 
l\undred ml cf 3~ TBP - ~ S"ell Spr!!iy Base vere added to 8oo lll or ~ IAV-~ I 
(resultant aq. cone. • 0.1 !! Ul{! e.nd l.l ~ mro3) and refluxed tor 72 hours before .',~: 



.. ..,., 
tl.1,rd heavy p'l-tase of 1.14 Specific Grtlvi.ty vas observed in tl-ie renu ai.rture. 1°)it' .'. __ .,­
mixture vas th~n concentrated to ca. 1/3 volUID6 and the specific graTity of the 
yellov-orange third l)hase reached 1.36. TJ.iis third ~ase (75 ml) vaa the •red 011• . · 
used ·in the various experiments described belov. ····• 

A. Vapor :>;as~ Reactions 

1. Conditions Simulating Uranium Solution Concentrators 

In the rolloving ei~t experiments UNH cryst.als and varying amounta or 
a ol vent, red oil and 9<:11, Hli03, vere refluxed to perm! t vapor Ph&ae re-

• action or butyl alcOl-tol (formed from solvent decomposition) v1t~ iro2 
fum~s. Dac~pv&lt10n occurred but in no ease did the reaction approael\ 
erpl,,ei n conditions. The e.x~rimental data for the ei~t experiments 

~ are shovn in Tabl~ I and Table II belo~. 

• 

All reflux experiments -were conducted in 500 cc ro-.1Dd bottom. tlaaka 
fitted vith etandard-ta~r 24/40 jointed bulb condensers, and ~Mt vas 
applied vith Glas-Col mantle~. The investigation vas conducted vith 
safety shield precautions. 

Data in Tables I and II indicate that red oil is readily formed ~en TBP 
is vigorously attacked by concentrated nitric acid in the presence o! 
UNH under reflux conditions. Spray Base, in a nitric acid-UIIH a:,-atem, 
is only slightly attacked, and little if any "red oil" is formed . 

This confirms previous &tudies Vh.ich indicated "red oil" is f'ormed 
primarily rrom TBP deco::iposition and its deco::pos!tion product• (re­
acting vi th UNH). The be"li_avior in Experiment 8 confirms t~at Ull'R 1a 
not required for the nitration of "red oil". 

2. Conditions Simulating ~x Yaste Concentntors 

In these experiments concentrated acid solutions containing lov concen­
trations or UNH, NaNo3, and l"e804 • (1'H4)zS04 were refluxed tor eight hour 
periods vit"ll eitl,.er Purex eolv<!nt or "rec oil". 

Compooitio~ of solutions and experimental be~avior of thee~ reactions &re 
ShOVD in ·fable III . 

In t-.,e above described ~xperiments, V.,.iCh app~oximate vast• trentment 
conditions, it ie evident tl,at, v.,.en orgi1nic was preaent to tYO per cent '.f ': 
by volume, t"lle amount of decomposition was very sll~t. Under plant · ·.·­
conditions or opeffltion, ~ere tl-ie organic vill be continuoua]J eteam 
stripped duri:-.g concentration, t-.,1s t-vo volume per cent repreaenta a 
large inc~Me over v.i_at 1• expected to be preaent ( l). 



I 
I 
!Xp. -

l 
C 

3 
4-

' 6 
7 
8 

X • 

l 
2 

3 
~ 

' 6 

7 
8 

• 

TABLE I 

COMPOS IT IOII OF' REF WI SOLUI'IONS 

· \It.of UNH, Vol.m Hr.J3, Vol.of 30'.{, TBP Vol. TBP, Vcl. S:;:-:i.y Vol. 
(gme) (ml) in Srray Base, (ml) (ml) Base, (ml l 

200 3 ... .,, 
200 3 
200 10 
200 25 30 
100 25 30 
100 25 15 
100 0 15 30 

12 

HU:H..lS 11 

BEHAVIOR OF RKFUJX REACTIONS 

Fumes of N02 after 15 minutes. None for fin~l 4 hours. Rea oil formed. 

Copious N02 f\Dlles !or entire period, 

Heavier tum,u than Xxperiment 2 for entire period. 

Heavy fumea after l u.our. Oradu.a.lly dccree.s8<!. Red oil !or.::ed. 
Slight tumes after 20 11.inutee. 

• 

Red on, 
(ml) 

' 20 

12 

Copious fumes after k mi~utea and !or entire reflux period. Bed oil fonned 

Slight f'uMa at'ter 4o Blinutea "'ti~ ceand a!te"t" 5 lainutea and remained negligible. 

1'u11ies at onco and ~ontinued for entire period. 

Reflu"'t Time, 
(hrs) 

8 
6 
6 
8 
8 
8 
8 
8 

· Red oil tol'Md. 
:-t. ··· 

' ~-·, 
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Volume 
Volume 
Volume 
Cone. 
Cone. 
Cone. 
Cone. 

of 
of 
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TABLE EI 

PUREX WASTE SYS'I'D! STUDIES 

Exp. 9 

Solution charg~a (ml) 200 
3oi TBP 1n Spray Base (ml) 4 

of red oil (ml) 0 
of RN03(~) 8 
of UNii (!i) f • A ~ .. ' • .l 1 • .1.u !:!,mJ 

of Ne..'i03 (M) -5 
of .1 F~S04·l~4)2S04(~) 

Reflux D-.u-atlon lhr) 8 
Fume Evolution (a,* 

* 
(a) No fuming for , rioura ;. t.11"ln very sli~t. 
(b) No fuming for 1 ~our, then very sli~t. 

Exp. 10 Exp. 

200 200 
4 0 
0 4 

10 10 
.1 ('" gm) \.i.U .1 

0::: 
• .,I .5 
. 1 .1 
8 8 

(b)* (c ~* 

(c) Fumed aft er 15 minutes; fUllied for 4 hours and then ceased. 

B. Calcining React ion Studies 

ll 

Sinr.e none of the vapor phase react ion studies gave either an explosion or an 
extremely rapid nitration react ion of the type experienced at Savannah River, 
it vas decJded to combine the residual reaction mixtures from the vapor phase 
studies and evaporate them to dryness. 

E:q,eriment 12 ~ ~c ,. 

~-t11: 
The reaction mixtures from Experiments 1-3 vere combined using ,00 Ill. of flush 'f-.· 
vater and concentrated in a 1L tvo-neck flask equipped vith pot tMtrmameter ;­
and take-off ~ondenser. Solution vas taken off ove~ead and collected in a 
·receiver. Fu~s occurred at 140"C. ~en the pot temperatu~ reached 150•c 
and the over11ead t~mperature reac~ed 125•c, an explosion of mild intensity 
occurred ~1ch blev the pot th~rmometer from the flask. 

Foo.ming alDo occurred "'which forc~d ~- &:11, of the flask contents into the re­
ceiver, but vith such force and rapidity that the condenser vas left ~lear or 
solids. Examination of t~e pot after the explosion shoved 
black crystalline sub8tance9 on tl\e vall ot the pot. Tltis indicat&e tbat 
cination hnd started to occur at th~ time of foaming. 

:!rpertment 13 

In this experiment the residue from Experiment 4 plus 300 ml of flue'h veter 
val!I used. The evti.poratton proc,if'l,jed routinely and fumes of R02 vere observed ·~·.:· 
at 13o•c. \/hen 1~6"C ~s rea'"ried in t~,., pot, foaming occurred, and tlJ.e flask ~:;:_ 
contents vere ejected to the receiver as in Experiment 12; hovever_ there vas · ~ 
explosion, and tl-(e thermometer r-em.e.1ned secuNily in the flask although the tem.::'il 
peraturo rose to 21o•c. The ejected material contained 5~ uranium., vas &t1ckir 
in nature and tcMlled strongly or organic. Tl:ia experiment differed from h- -·:1 
peri.mllot 12 in that "1-tere a l\igher ratio of organ1c,'u:NR 1n the reeidual msa ·. ·\~"k< 
c'!-iarged to tl\e pot vaa uiied. ,·:-··,:,{~.)'. --.. -·~"'~"' . • ' >-''l ' ·: :.:;~ 

-·-ri~. 
SbCBRT -
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!~r1m.ent 14 

This erperi~nt utilized t~e mixed residues from Experiments 5-7 and 300 ml or 
flue~ w.ter. 

It d!fferod f:-om Experiment 12 in that, at 1.2o•c (pot temperature), red fumes 
appeared and continued to be evolved until, at 152•c, an explosion occurred. 
The force of the explosion blev the ther.nometer out of the pot but ejected no 
pot contents. 'Aen the flask cMled, tht! contents, ~1~ vere easily removed, ·: 
vere found to consist of black, dry, odorless, coke-like material. They analy-y.ed -
74.~ U and 2 . 71, C, lfrt!Ch vould indicate a U308-C mixture. The difference in i~ . 
character betveen Experiment 12 and Experiment 14 is thou~t to be due to the 
difference in U1iR content. 

Experiment 15 

The residues from ExP"rim~nts 8-11 vere used for evaporation in this reaction. 
No foaming .or explosion Vl\B noted in this ces6. The evaporation proceeded un­
_eventfully and prod v~"'d, after calc1.nat1on, a mixt1Jre of iron and uranium 

· oxides. T"mperature vas re.1 sed to 34o•c vith no explosion or foaming. •~e 
smooth calcination ob~erved in ExPo'riment 15 pointo up the validity of present 
Purex revork tre1\t~ent, ~ic'li, 'f\ydrolyzes TBP dl'!compoaition products to harmleH 
inorganic fragments. 

E.xperiml)nt 16 
:, · 

One 1i,undred grams of U1iH and 35 ml of 30,, TBP-70,, Spray Base and 700 ml of water r 
veri, concentrated. During the concentration the crganic steam distilled to the if 
extent of~ by volume. 

W'li,en tne pot reached 14onc, red fumes of incipient calcination vere observed, 
and at 15o•c, foaming and calcination occurred, vith a temperature rise to 
220•c. Reaction vas of sufficient vigor that ca. 20,, of the pot contents ve~e 
ejected to the receiver. This experiment confirms the fact that only a trace 
of TBP decomposition produGt~ is required to produce foaming in calcination. 

~:.:periml9nt 17 ( 
' · 

Tvo hundred gramJ1 of UNH and 10 ml of ''red oil" \l'ere heated slowly, b-:.r"'aaing :· 
the temperature at the rate or 3o•c/hr. Red fumes wre observed at &.i•c, and -~ 
t'>\ese contimJed until 14o•c Vhen tl-\ey became very l-\&avy. At 14a•c the reaction · 
became exothendc, and external 'hi,e.ting ve.s stopPf!d. Foe.ming became auddenl1 
violent at 1~•c, and the temperature rose to 165•c. 

The reeults or hperimenta 12-17 confirm the vork or V. J. Reilly(~). 

RMW:ltb 
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tetveen UNH and "red ~il" under calcination · ,:.; :,: I.o.boratory production or an explp sion 
- .·conditions hal!I ~een accomplish"¢ • At t e'llpt ed production of a vapor Phase exploeion 

was unsuccessful belov 150-16o•t . Sine~ su~ severe condition.a are necessary to 
obtain an explosin reaction , ,,:i.t appears t-.,_at present Purex plant design is ad~uate t 
to aToid exploe1Te condit!.ons:~ ·• .. 
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