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UECllSS\flD - RW-36717 

DECOHT~;:tNATIOll OF. URr\NIUM RECO-mY. ?RPCESS 
sffiREb WASTES - !RTERIM ORT 

I• INTmUiJCTION 

Nickel. t'errocynnide scavenging or Uranium Recovery Plant aqueous waetes to 
reduce the radioactf.ve cosi'Ulll content t,o cribbing levels was incorporated 
in the plant operating procedure in late 1954. · Prior to this date, the 
squoous l:.-nstos usre noutrslizoo, concentrated, ar,.d stored in underground 
tanl~:1. l1ore than eight million gallons of these wastes are now stored. 
Nickel ferrocyanide scavenging of the stored 'vastes and subsequent cribbing 
0£ the supernatant liquids has beon proposod '..as n me.ano o.r prov:l.ding stor
ac;e capacity £or other process wastes. A pr9gram to_ dete:rmino pertinent 
physical characteristico and suitable scavongl.ng procedures is- now in pro
gre3s. Although the study i~ not complete, ~ata so .far obtai~ed _are pre
sented at this time to assist in the design of plant facilities needed .for 
scavenging and cribbing the wastes. • 

II. SU?-MARY 

Physical and chemical properties and scavengi.ng be~av:l.or 0£ store.d Uraniwn 
R~oveey Plant wastes from six underground ta,nks (r~presenting about 3 x 
10 gallons) have been ~tudied. In all cases, scave!lgi.ng of the wastes 
Vith nickel terrocyanide (0.002'J mole~ per liter 'ot" waste) at pH9 i-educe.l 
~e radioacti.ve cesiUJll content to less than p.2 uc/ml~ Residual. _radioactive 
atror.':.iUJn content ranged frol'l 0.007 to 1.S uc/ml. Scavenging vtyi a com-
1:nnat.ion of nic~1 · .f~rro~ytlnide t1nd r,al,,"\um nitrate, 0.0025 nnd 0.01 mo1es 
per liter respectively-, produced supernatant liquids containing, in all 
cases, less than 0.1 uc/ml 0£ eHhcr cesiwn ~r strontiwn. . 

In· ~ost oases, the ni.ckel !errocyanide precipitate settled (unhimared) 
from one to four .feet per day. One sample stu:iied contained an appreciable 
ar.iount o.f al,uni.num which p1·edpi t ated when the pH was adju.s ted for scaveng
ing. 'lbe :1olld produced settled mu.:-h slow13r than when alundnum ,ro.s absent. 

Clear point tenperatureo of tho wa:3tes after adjusucent to pH 9 ranged .from 
14· to 19°C. Dilution of the wastes (Lt pH 9) \llt-h wate~ reduced.=. the clear 
roa..nt tempe:--.:.tures, altho\t!3l1 ,300 per cent dilut:;1.on ~s necessary to obtain 
r:lear point te."lperatu:.·es o f nbout lOOC. Rcp'roducib~ e r~ezing point data _ 
·.::l::-:1 dt£1'inul t tc obtcin. Values of 4-5°C. 't'rere observed .for clari1"'ied 
w~ tc ... ,,lttion!: at. pH 9. Al~-hcucn tJ-.e clear points of these wastP.:i, f'lven 
;ri t:: ·.!.ilutic-n: t>.:::•= rol.:t.l ·1.el;r hish 1 wi.nterti.r .. e- -':" r .:ns.fer_ through overl-'lnd : . 
pipinc of Has: i:? r.· cf ::l.'.rdlar _cor.:!'osi tion has bcon -!Cir.a without line plugging 
ir.. cc.,nnocticn 1-li th current .r.ista s~avengi r~c: at. "':~e 'lJraniu::-. noco.,~ry Plant. 

l'hosphr.r.te -eooncentrations of_ the stcrerl woste soluti~ns vari.od fr~n O.lu to 
".' .27 1 o:ar. .i: ;~\•vsti.ga1.:i,.ons. l"!ane by th,3 Soll . Scienc.e.~~ Unit :3hcw J;hnt a _ 
;-!K•.:;TJhat--J c on,· m !;r .:!t i on 0 1· abo\~":. o. ~ :. !.s nec o a: s ~ / - ·.t,o ns :-:ure gi:>J~ retent ion 
o:· :.:t::-ontiur. ~:.- ... ,he 0"il. () rent.er t,hau ·1 00 1.i.~'t' -.Nff'-dj l uti on o~the .·1~01•ecl 
•m::-t;cs ,tL•Ul<1 :re ·'-,1ce phosph.i',..- to cone m~:rc7fti<!':1s lowe1" ·than d,;,sirJlble f o:::-
~1 .. l ubins . 
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A. Cailpoai tion of Stored Wastes I! th: properties ~an· .. -d~ _

00

mpo- _ i ·:· =i_-[I'._ 

It should be emphasized -thet dnta with resp3~t to y • 

sition of stored wastes have bean obtained so_ 1 far £or samples i'rom onl.y- si.X 
0£ the tanks conoiderec\ for scnvang'l.ng. Also~ aach ot . theso samplos repre-
sents onl.7 500 m11Ullters f'rom a tank conta#i,ng ab.Qut. $00,000 gallons. 
In vie~. of the probc.bi.li ty that solutions in t-heso lar&o tanks are strati
fied, it must be ·admitted that the sa~lcs tJst~d may not represcnt -- an ad
equate cro:m-secti'on of the totnl ·.rol.ume of waste to_ be processod. It is 
enoouraC1ng, therefore, to find that solutions from t.ar.ks tjelected at ran
dom are all low in strontium 3.0tivity and have accop-t.able pho~hate con
centrations. .Scavenging results nll:io indicate thnt each sol.utiolf can be 
odequately- doconuurd.nated by- ona set of scnv~pgi.ng c~nditions._ ~ese tacts 
tend to irininbe the dancer involved in extrapolating- .from results obtained 
with only' !Ji:~ oair.ples of stored waste. - . :=_ _ .: ~: 

Tabl~ I sho\o:o tho conpositior. of samples (sup'ernatant liquid) .t'rom six tanks 
Uraniun Recovery Plant stored waste. 'Ihe tanks !'ror,1 'Which these sanpl.es 

, I . -
war<1 tnken wre so ohosen as to reflect dii'.f'ercnccs"'in plant neutraliza-
tion procedure, and include solutions ranginc· in pH fron 9.2 to 12.o. 

I". . . --. ' -
Snmples or stored waste e::n::-.inecl to date are ''characterized by high cesium 
nnd low stront!urn actiVity- levels. 'Ihe low strontium activity levels are 
the resul.t of the scavenging notion 0£ hytlro)d.de and phosphate precipitates 
fo:nned during neutralization of the wastes prior to _ storage. With the ex
cept.ion 0£ so1ut.ions f'rom tanks 112 C and 109 BX, st.rontiuin levels are above 
the provisional O.l. uc/r.11 SJ>"#~tf'ication £or cribbing at 6,000 ga'I./.rt.2 by 
factors of' only ono to i'ive. \. ) Solut,ions 112 C and_ 109 BX are in the pH 
ran&e 10.4 - 10.6. 'lhe poor stontium scavenging by hydroxide and phosphate 

. carriers in this pH range has been ob!lerved previously in connection w.J.th 
current in-line scaven&f.ng in the UraniUM Recovery p1ar.t. 'Iha reason £or 
it is not known • 

ot 

Phosphate concentrations .for thesa ::innplos r.ange from o.lli to 0.27 molar. 
Recent uorlt by the Enrth Sciences Unit indicntes th~:t a phosphate concentra-
tion of at, l~ast 0.1 r.:olar is needed for ef.f,ci)ctive soil reten~ion, o_£ .stron- _ 
tiWil. 

n .... erystalli~ation and Clear Point Tcr:peratures 

Cry:itallization nnd clear point temperatures were measure<\ for waste sam
ple:: from four ~toragc t.!lnks. This in..forrr.ation is ·of int.er~st since it ie 
planned to pump scavengoc· ~olutions about tw mile~. 11(:1"!,)6$ country through 
n contour pipe Une which will have rninirn.un provisi_on for renova'l -of 
ob3tacles. It iz desirable, there.fore. to ihsure ·~'gainst plug&t~g the line 
thrcuch deposition of solicis: _wh.i.ch rtl.ght be frozen...out of the _ s-::_av~nged 
uas~~ . :-"rlor to 11en~tt.rinc crystalllzo.t:!cn e.ncl clear point temperatur~s, 
c~1ch !:iolution was nc'ijust.ec to rH 9 .o sinr.:e i-t is probablA that scav.eneing 
w:tll 't-.e p.erfoni:ed at or near. thi's pH and si~ce it ia lcnown that the clear 
poi:,it. o;;:' --thenc ~_olutions is pH t1ependent. 'i'.he :;olu.J,ion ·war, thet:i stirred 
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Caato11iia• 
SolutiCID, Ceaiua St.rhotiua ~te Sal.tat. Sodia 

~erk !Ylbc t ~ uo/,i pqJ.l . N I JI I 
106.C 9.2 '4.2 0.'4 0.19 - -- 108 BX 9-3 132.4 0.26 0.22 0.18 '1.8 

l.09r° .10.4 56.3 1.08 0.14 - 6.7 
. 112 C l0.6 25.8 1.2 0.1'1 - 5.1 

10; C ll.2 40.? 0..46 0.19; 0.02 6.3 
lllC 12.0 34.s 0.10 o.:rt O.ll 4.9 

• Supernatant Uqu1d -~. 

.. h'Nl"ed vitb. BeokmeJ? Type 1190-80 ~~• and ~nat--:-ooneoted tor_ 80Clia 
error • 

... Soluticn u received. oonta:lnecl aboQt 50 volume percent blact aollda. ValuN 
~ reported here. are tor clear aupernataat liquid :aboft aolida. \ I ;. 
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and oooled slowly in a dry ico hath until crystd::i .first appeared. '.ihe DI1.x
tu.re or crylltala and solution w .. ,: +.han wnx,nod sl9wly until a clear s§lution 
was obtained. Tor•1pentures woro noted o.t bo't,h ~o pc.i::i! _or ~ppo:irSI1'!a ... 
(oryntallization temperature) and <liaBppeiiranne (clero. .. -point tenperature.) or 
crystals. 1hia snme pro~eduro was r~ponted al'l;qf dilu~_ng th~. wa~te_so~ut1.on 
at pH 9 w.L th tra tor to 125, 150, 200, and JOO pet cent", ;'.~spec ti vely, of the 
original volwr.e. Data obtained for tl1e .fo'll!' solut,ion .. "I are sho,m in Table II. - -· -- -. -
Small amount3 of a y~llo~ precipitate fomed wh~n solutions 109 and 112 c 
,rere :-t<?utralized to pH 9 .o. 'lhis precipitate has not been identitio.d.. but is 
thought to be en iron phosphate. ~ 

'He-:itrslizo.ticn of solution lll C to pH 9 .o produced a white precipitate. 
qualitlltive nnnlyses or a solution or t~.is material in nitric acic snowed 
the pres".mce or large ·amounts or aluminum and phosphate and traces of iron. 
'Ibis DUf.gests t,hat the.precipitate is aluminum phosphate' olurrdnwn hyi:lrox:Lde, 
or a mt,:ti-.re o-:: these tw compounds. '!ho presence o!: a1wm.n'Wll 1n ·thl.s solu
tton rr.ay be accounted £or in the .folloVing rnann~):-. Several or the tanks of 
storod TDP wastes, including tank 111 C, original~ contained B.Lsmuth Phos
-phate Pl~nt coating removal and First Cycle wastes. Neutralization ot these 
wastes prod\lOed a sludge containing alumin'Wll h)'tlrox:ide. When tank lll C was 
.filled ldth Uranium Recovery- Plant waste at pH 1'2.0, evidentl7 -some, of this 
alUJ:d.nun hydroXide was dissolved. • ~" ::!. 

C.ryntollizat:Lon and __ clear point ter.,peratures could not be accurately deter
r.lined in the pro::;ence or these precipite.tes. Shlce onl,- solld-J."ree super ... 
natant liquid will bo pwnped throUf.h the pipe line, moat or the meaoure
J'!lents mndo in'lolved filtered solutions~ The phosphate oonoentration or 
.solu~ion lll C was 0.12 molar after removal or the aluminum precipitate. 

For the undilui.ed solutions clear point temperatures ranged from 14 to 19°0. 
C;t.ear point t~peratures tor these solut.i.oru; r,~7 '!.>e norrelated with phosphate 
concentr.attons. Thus, solutions 106,109, nnd. 112 C, m.th phosphate ooncen
trations or 0.17 - 0.19 molar, hnd esoentio.lly~denticnl clear points. Solu
tion lll C had a lower phosphate concontr&.t,ion, ·0.12 mo"J.ar. and oorrespond
ingly a lo'l«lr clear point. 'Ibis behavior i=i consiotent with the hypothesis 
thnt• the cr-Jotollizinc oubstnnca i-; a oodiwn phosph:?.tc ._ 

' ' 

Cr:,-~!.i~llizei;ion temperaturos for these solution~ were t"ound. to be 5-15 dagrees 
louC"r th::i.--i rJorresponding clear_ poi,1t temperatures. However, these solutiona 
e::hibi.t :;uper~nturntion and- c:cyst,clliv..a-tion ter:iperatures observed depended 
on ~w;h. ~t-.d.o:..~s F.3 th3 degree oJ.' .1gi tation ,·~uri,:,.g cooling and tho presence 
or nbsenc•~ 'l.f....foreir.n particles. ·'lbe affect or, :thc latl.er variable is illu.s
tra1;od by t.lie difforonce in nrystallization tcriiperat.ur~·s for solution 112 C 

·b'!li"oil:'c ar.~' n.fte1· r.lnrification. 

CI"T-,ttll::..t;e.t~o,'i an,~ cloar poiri:t temperatures ar'o both lowered by dilution. 
'rhe dilut~.r.m~ effect :ts not lar~e, how•YIE:r. :-< •r : · thnoe z,:,}_utJ.ons approtimately 
0. ;:- r.itJl~::.--· in pho·:..,,:r. t,i:? 200 to 3.00 pc: :.· '"!Ollt ~lih{f.fori iG= r~qulrod to lower . 
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CRISTALL;J:ZA.TIOt-t A?ID CLEAR POllJT 1m-iPERATUHES OF srofiED WASTE SOLUTIONS 

Procoduro I Solution pH was ndjusted to: :9 .o. @ution was io-o~ed 
'Hi th cir:, ice until cr;ystals1 :torined _and then slow!y . . 
wumed until solution clearod. 'lhe toraperaturo was 
noted £or both appoaranoe &.nd disappearance of crystals. 

SolutLon, 
Tnnlc Nwnbe:

# ' , 
lo6 C 

112 C 

109 C 

111 C 

Dtlution, 
I>ar Cent-If. 

o.oo 
125. 
1$0. 
200. 
300. 

o.oo 
o.oo 

12;. 
1,0. 
200. 
300. -

o.oo 
o.oo 

12s. 
150. 
200. 
)00, 

o.oo 
12~. 
150. 
20'). 
.300. 

~ 
~: 

Clear Point · Cryatnlllz,rtign 
Temperature z . 0. Temperature z 0c. 

5. 19. 
1. 17. a. 16. 
3. 13. 
l. 10. 

1.3. ,ff 17." 
3, 17. s. 16.-
4. 14. 
) .. 12. 
l. . 8. 

7.ff 16.8 

4. 16. 
4. 15. 
4. 14. 
1. 11. 

-2. 11. 

5. J.4.- -
o. ,, 14. 
2. - 12.· . 

.., 9. 
-5L 

t• . rtopros::mt:? t!:'3 :-..:t.io of final volume to irJ.. tial vol'll!le. 

:i-i~ Iiensu:-ad in the preoenca of a procip.L. tate whi~h i'ormod when the 
Golu-¼9n \ltlS adjust9rl to pH 9 .o. 

- -· OECLASSIF;~ED ::-
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clear point temperature to 1000. A dilution or this nrder has the dia ... 
ad.vantae;o or decroasing phosphate conoentrationo ';,elow 1"4e value ( > O.,_l !!) 
dosired £or soil retention or strontt'Uli\. • . : - - . - . 

l3\1cau:.:e of the uncertainty of ury:.tallization temperaturii~, prediction of 
tho bohavJ.or or scavell6ed storec. "i'st, solutions : ~t low _iempe:-ature~ is 
di.f£icult. 1ft this conne:ction, howavor, recent 1£tnl necover:r Plmt exper1-
once 1n winte:-tiJn1;1 pi.pine of current oca·,cn~d ltatltes iJ - of !.nterest. _ Dur
ing the po1-,.oc. Dccomb~r 19$4 t.o April 1955 the t-:etal Hecoveey Plant p'UIJ!)ed 
sav3rol million g&llorls o.r scavenged wastes throUJ!l an o·vorland pipe line 
app:r.'OY.:!.mately one~.t'i.fth ntl.le long td thout any plugging di.!'.ficulties. 1he 
chern:f~al. silTlilarity of: current scavcn&ed . waste ti?: fhg :Jolutions wh:l.ch.~wiµ 
be produc8d when stored .tastes are scavenged inc)j,cntes that the latter can 
bo transferred through a buried line tdthout pl~ging dii'i'icW:,ti.es. 

' ' 

c. Nickel Ferrocyanido ScD.venging of Storod Wastes 
I • 

In the Urani.Wll R.?covory Plcnt: nickel ferrocyanide scav~gfng' of waste ool
ution~ is carrior.' out at pH 9 ± l. s~nvencLng agent concentrations of' o.oo, H 
K4Fe(C:06 an!! O.OOS !: tf~C,4 are used. These some: conditiontJ were use9 to -
test n:J.of:el forrocyafiidEi scavenging 01" Gtorod uai:,te ~ol-ut,ions. Dat_a Q!,tained 
£or each ot the si>: 13amples or stored waste are presente1 in Tnble nI. 'lbey
show ·that oasi\lJll is rornoved et.rectively- undor Uu;t'.se scavj).nging conditioni,. 
()):rl.um 4Ctivity levelo af'ter scavenging were O.l uc/ml or less for .five or 
the colutions and 0.2 uc/rrl fc,r tho sixth. . - · _ 

Ztronti'Ur.1 act.in ty leva1s .for the scavenged solut.iono uere generally lil'gher 
tha."l corro::ponding c0:1iun lr::7al:;. Houo'"IOr, l:ith tho exception or :;oluti.ons 
109 BX and 112 C, the high•wt strontium acti. vi t,y' level wa~ a :f.'antor ot only 
tJ1ree above 0.1 oo/rnl. ?':':.utiona 112 C ;md 109 BX, ns al.read7 pointed out, 
are initiall7 in tho ph .:-:.J1g9 10.4 - 10.S and have highe:r;- initial stronti'l1m 
levols .. than wastos stored at either higher or lo11er pH. Nickel ferro.cyanide 
~cnvenginc of_ th13so two solutiona at pH 9 did not lower appre.:iably- the 
stron ti UT,'\ lev.ela • 

Strontiun wa:;_· no:::t effectivel::, rcroovec from solu.:tion 111 c. 'J.ho improvod 
:trontt..um tlocon+.,a;itnati<:>n ~-3 nttributed to tho p!l9:.on-:o o~ tho alumi1lWll pre
~i{:':t. ·l:.ut.e clurin~ 3caventp.ng. ::outrnliz&•J;_on to pU 9 .o an.a retf!oval 0£ ·the 
r.lur.1inum precipitate reduc~(. th'3 !:tr.ontiun level ,,f .;olu-Eion lll C b~,.-a 
::'c.ctr.,r of th.rec. Convernll.:;r, thq yall::iw p:-u~ipi.1j:i. te forf1ed when solu~iono 
::!/'" ~•.nd 112 :j_ wore n~utro.l.'.:;i,~~ t.: !>:I ') carrier. l.little or- no ~trontiU1n. 

i!~ncnt, o~1)crincn~~3 ul th cur1:~::1t U1·rul5.UJ11 I:v::.:i·:or;r '?lent mi-;+.,cn ahow that the 
,:.,1.tli~1.l..:,n o! ®l,;:i::.1Jh ni-!-;.. .. .it,'l ;w-1.n& :lic!p•l ~>rroc;,.1m.r.1o s_2aven&1.nc imp~ve3 
..;tror~-t.i.u:1 r~ccon1~t'Jt'i.:1r.ti?n C1F,: i:--?a.i:1bly. ,'>., r: .'ll~iUJ"· ;>ho::;plv.tt ... ~ i::; proclp:i.tated 
:-.:1f tha i:a1'!"?Vr1r' :;tror£:·.:.lU-. ·,•-:;c-nt:.o: l:'.,:'lr•/~::.n1~ ::..:, l!t:;~r:.bu~ed... to the soavoftr;i.ng 
.ict-lou o ::.· t.hi ~ ccr.-y.,und. :m:Y.n.er~ i1.1.o':'1:.~l ·.::01•r0-::t1;,::,3.,fo aJ'ld "')t>:1-::iuu phoophn+.o 
:;ca~rengin1, wns trie0 on .~i-;c 3e.I:pl'3.:.. of :;t.or13-~ ua:.t.c. ":+:rperi:::e!"_ ... ..sl _ · 
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TABLE III 11 

:.. -

ffICREL FERROCYANDJE SCAVENGING OF S'lORED WASTES 

. Experimental Cond1t1onss Solution .pH waJ :adjuste~ t.l.> -9.0 _: 9/3. -. 
While stirring t,he solution, 0.00$ m9les 
per liter of K4Fe(CN~ and NiSOfto were 
addod. SJ.U1"17 was s rred one ur at 
23 - 2S°C. and thon oentri.tuged. . -

Activi.tz: Level After Sc11Vftng1nd, 
Solution, Cesium , , = Stron U111 
Tanlc N\Uli>er ~ bt ™ fit - -

J.06 C 0.10 540 
,, 

0.21 2.0 ' 
106 C · o.04~ 1200 1i' 0-:17 2.6 

,. . 
1-:s 108 BX 0.037 .3600 ii .t"f.17 

108 BI 0.022 6000 ,, 0.1s l -.8 

109 BX . o.lh 400 -=-
" . ~ -~ --109 BX 0.19 300 I! ~16 .1.4 

" 
112 C 0.053 490 I! 0.96 1.2 
112 .C 0.060 4.30 iS 1.0 
112 ~ 0.036 700 0.77 1.6 

1.09 C • o.oos 8000 · 0.11 • ·4 
1, .2 

'109 C 0.001 41000 0.12 . f.8 
109 ~ o.ol4 • 2900 ,. o.049 9 .• 4 

I .. 
lll C 0.009 3600 ,, 0.003 . 33. 
lll C· 0.003 11000 -~001 · -1.4. 

* Preoipi tate lfhich .t'ormed when th
1
e sol.ution was adjust"id -·to 

pit was ramo·.red be.fore scavengtng :with nickel .t'errc;,cyanide • 

• 

I; 

' 

' 
\:· - I 
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conditions and nsults are f;i.ven in Table IV. 
obtained ui thout co.lcim are ~lso llswrl. 

- -··· 

HW-;36717 

For comparison, reoults 
ti ~ ._. .: 7 

Addition ot calcium 1Jli)roved strontium decontaminiition in evory- case. 'lhe 
resul.t3 for solution lOS' BX and 112 t:; Vore particul.ar"ly- ·encauraging~ Al
thoua.'l scavenging was slightly morg effective at 0.03 M Ca(fT03 ) 2, the ad
dition 0£ o.ol 1-f Ca(z.J:>3)2 waa sufficient to reduce strontium levelB ror 
these two solutfonn to 0.1 uc/ml. Strontium levels for the other sol'lt.ions 
were woll below 0.l uc/ml for both 0.01 and 0.03 H Ca(m ) • '!he lower 
calcium concentration has the advantage of decreasing th~ ~l'ID'll8 of pre-
cipitat.e to be Jtored. · -

Cec;ium levels ~or e;1 solutions were below 0.1 uo(pil at lx,+h o.oi and Q.0J !! 
Ca(N01 ~? addition. 'lhe addition of calcium apparantly imp•oved cesium .de
contaru.na:t,ion f'or sol.ution l()C) BX. The validity of_ this ;i.nprovement is 
questiont1.ble, howevor, since r'lesium decontaminati9n for the other aolu_tiona 
wns not a.i"fecte<l appreciably- by the addition of c~_lnill!'l• _ 

r· . .. 
A point o'f: interest in these., experiments in that addi,.tion of calcium nitrate 
reduced tho pH. For solutions initially at pH 9.0, addition of calcium 
nitrate to a concentration 0.03 molar caused a change in pit from 9.0 to 
ca. 8.2. At 0.0l li. Ca(N0 ) the change was from ~·H 9 .0 to pH a.a. - 'lhe de
crease in_pH is accounted3r6r by the fact that th~. concentrations o_t ~04 2-
and H2P04 at pH 9 are large in compnri::ion ~ the concentration or P04 - • 
iJhon calcium nitrate is added, ca3(P04) 2 is precip~ta~d -~ hytlrog~n ~ons 
are rolesased. · · ·' .,,,. · 

i 

In tho present. experiments no pl-I adjus~ont was made after a~ tion or-::. -
caJ.ci-um. !3cnvr:nging wa~ thus carried out at pH 0.2 and QI{ 8.8 for o.oJ 
and 0.01 M Ca(N03) 2 , respectively-. 'Ihe fact that .. strontiym removal wae im
proved at'"'both pH's suggests that combined nick~l/errocl8nide - ca~cium 
phospho.'te scavenging is effective .over a rnnge of pH valuos. Experiments 
to define this range are now in progress. 

B. Settling Rate Studies 

Experiments were porformod '!f' ... th •three stored wnst'r
1 

solut"!-__.2ns. t.o d~t~I'l1'4ne 
settling :;,•ates o~ -nic}:el ferro::~nide precipitate~. In eltch experiment. 
0.0025 moles/li·ber of nickel ferrocyanide wore p~:cipi.tated from 20 -m1.ru:.. 
litors 0£ Eito ... ·od waste at pH ~.o. · 'i'lie· sl~y •-:a:s ;:stirrod, ·one hour and~ 
tran:J.ferred to a 25 Jllillili tsr :;raduat.erl cylinder in a water bnth main
taino~ at tho dccire<~ temperatUl·c. .:..·cttl:j.ng "WaJi. P):>~arvod_-as ~ function of 
time. ,_ __ _ 

Sottl.ing :t•r.tes :-:1ere dot.enrd.ncc.l by plo~ting th'= h0t~1t o! -iett,led preci_E?.-
tato a:; a iunction of settUnc tir.te. _ 'i'hQoe plots . \tora es·sentially atrllgl1t 
Jj_1u..i :; :for the por:..o( of un!tlndaro~ =- ~-1:-1:.1.ini.:. The · olopos -:or the s.trai&ht-: 
l 'i.r.c re-:," ... ·. ~:i.: m:ii .. ,J t.n!:c:i. ~:o ::-.::~rcc.e-:.'!', 3ottll!lr, rat4'j fo;;:o utlhln(~erod sctµinc. 
::~:~o:. ,\ :!;-~rr.:inoC: "..>~.· thl.3 procet·uro .:.re =ho1m in ·ri,iblo Y. 
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·nECUSSIFIEH :i 
TABLE IV 

'K 

COMBDmD llI(;'lCEL. FDROCYAU"!DE - · CALCIUH POOSPBA'IE SOAVEltomo 
011' Sroi&b wls'iEs 

I 
I 
I, · . , 

Experil!lental Condition.sa Solution pH ~ a~usted to 9 .o. While solution.:. 

Solution., 
Tank NuJJ'.her 

106 c* 
106 C 
106 C . 

108 W 
108 BX 
108 BX· 

1.09 Br" 
109 BX 
109 BX 

112 c* 
ll.2 C 
112 C 

1.09 c* 
lQCJ C 
l()() C 

was stLrre~., o.ooS moles/liter of 1C4P9(CN)6 and •; 
NiS01r were added. Ca(ll>3) was added to tlie in-: ·; 
dioa~d conce~tration. Sl~ was etirred one ~ 

. hour at 23 - 2~0. and then oentrituged. · 

~ctivit~evel .U~r .Scavenmg ,.., ~ 
·; besi'Ulll . Stron UZll 

™ J!.. ·™ ..m:.. 
Ca(IK>3)2, 

• !! 
o.o 
0.01 
0.03 . 

to13 ::__ 140 0.19 2.3 -·~ 7 o.0S4 1000 0.01.8 2s. · ;j 
R.031 ~1aoo ;.020 22 . .. lJA 

o.o 
0.01 
0.03 

o.o 
0.01. 
0.03 

0.030 
0,061 
0.029 
I' 

• I, 
0.1.7 ·o.oso 

4800 
2200 
sooo • 

. )SO 
J.lOO 

1200 

0.-16 
-9.007 
o.oai 
-0. 76 
o.u 

-~ 
1 

.. 7. 1:···. "' . 43· • ~:{:~ 
16,. .. -~ _ 

·0.047 o.069 10. ·~:, 

o.o o.o,o - Soo 1.1 1.0 ·,· 
0.01. e0.092 JOO .O.ll 1.0.· 
0.03 o.063 ~ 400 •:o.oss 20. 

i ' ];. 

o.o ·6~010. "4100 -0.091. s~o 
• 0.01 0.014 2900 ._-0.011 42. 

0.03 .o.ol.4 2900 0.009 Sl. -

* Average of duplicate rasuits. a 
.:. 

I• 
I 
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TABLE V 

• · -• 

Solution, 
'l'ank No. -
ll1 c-lHl-

106 C 

112 c~~ 

106 C 

1.12 c-rH~ • 
106 C 

112 c-MI-:!-

Settlie§ 
Te5>. c. 

2$. 

2$. 

2$. 

JO. 

JO. 

40. 

4o. 

I . ,, 
Settling Rate During 
Unhindered Settling, 
. in./hr. ,, 

0.19 

o.;1 
1.8 

4.S 

! I 

. -

" 

• 

J ... 
. -Settled Volume 
· of Precipitate,* 

Per Cent 
-:.: . 
~. .32. 

9. 

is. -
1$'. . 
ll • 

--= 14. 

ll. 

* Represents per cent of total volume occupied b;r. precipitate af'ter 
sat.tling for 24 to 72 hours. ! i ~ : .; _ •· 

•* 1-lrl.te al.llfflin'Wll preoipi. tate Mhich f'ormed when .sol.ut.1.on wac adjusted 
to pH 9 .o also present. • · • · · -· · 

• 

~ Yell.ow precipi.tate which formed when solution was adjusted ~ -- pH 9.0 
also present. . 1' : '~--:- : T . . .... 

Settling rates or nickel .f'errocyanide precipi:tates will V8:r'Y' f'rom tank to tank 
of'. stored wastes. · Settling rates and settled pretiipi tate volwres.ror those 
slurries uhich al.so contain alUJltlnum or iron pracipi tates depend on the ~et
tling properties 0£ these .foreign ·precipitates. Particu1arly slow _settling 
may- be e,-;pected _.f'or those slurries which contain almin'Ul!\ precipitates. Rat..es 
observed ·at 25°C. and in the absence o.f a1uninwn corrA3t>Olld to one - tour !"eet 
per ~ay. At tllest., rates two to three weeks woul<1i 1be suf'ficient foi;- settling 
in 7501000 gallon tanks. Settling rates at JOOC.:: and 40°Q_. were abou~ two 
~"td 2.$ times, respectively', as high as those at 25°c. E_?cperiments to de
te:rm1ne· Gettling rates · o.f' combined nickel i'errocyanide - ~cal.oium phosphate 
pre~ipi ta.tes have not yet been performed. The settled volumes oi' the_J>re• 
cipitates indicate qualltativel.y the di.f'.f'erences 

1

8J!lo-ng tne various sol.utions. 
'me:, shou1d not be tnken to repr1n:1Pnt. ultiir.ate pr'~ci'pitaTe_ volumes in_J,he 
t-Jaste settling tanks• 11 ' - -=-:. - • ·" - · 
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