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introduction

During the daveiomment of the present seperstion-decortamination process,
some consideration was given at various %imes to the possibdbility of uaing a decon-
teminsating wash for the rasoval of ty-product activities Iram BiPOg product presip-
itates ap¢ soms exploratory experiments were carried out,but in genersl, the re~
sults obtained were not rar-icularly pramising. Some preliminary work at Site X
(CN-2029), however, indicsted that washing of BiPQ4 extraction precipitates with
KH4HF2 sclutions was sufficiently effective to justify further investigstion of
precipitats washing as a means of irproving decontamipa.ion. If a eufficiemntly
effective Qecontaminating wash of the extraction step BiPUg precipitate were devel-
oped, it aight make possibie the eliminatisn of the second decontaminationm cyole
or of operating without scavangers in a two-cycle process: Removal of a larger
portion of the activity early in the procees would also be sdvagtageous in that

loas activity would te carrisd down the canyon, and waste activity levels would
be lower sxcept for the axtractiom step.

s\uag_and Camclusions

1) Very effective removal of rircomium-columbium activities fram EiPO, ex-
traation atep Dreciniiatas waa ohtained hy whshing with MR, pelubicns Wy
& mltiple wush procedure at volume ratios which could be } led in the
plant centrifure bowl. A 10% solution was found to be the most effective
but the.s wasz little differqenoe detween 10% and 20X.

2) A siggle cerrosion test om 25-12 stsinless steel at Site X had indiceted
That a concentrated eolution of MNEF, (5 or about 277) was not partiocularly
corrosive hut more sxtensive teets here showed that MH HP, solutions (§%-20%)
wers sufficiently corrosive to make their use in stainloyes steel equipsent

questiomable. Sare recent axperiments onChorrosion irhibitors have indicated
that eorrosizn by NN T2 solution ia eignificantly dscreased by the addition
of YaplrCy:. Data ortained from one experimaent indicated that the effective-

neas of the wash waa decreased by tas presemce of NazCr{g but this has not
been fully satablished and further experimental work may be justiriasd.
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3} In washing of BifC, with NH4AF2 solutions conversion of BiPC4 to BiFg
takes nlace tc a Jarge extemt. Such & precipitats, however, is readily
cenverted to Bi(CE)x and fluoride effectively removed by s wash with a
197 KOH solution.

4) Soze removal of rirconium-columbium activity fram extrmotion step RiPO,
precipitates was obtained by washing with HgFO; solutions (&) but the
procedurs di3 no~ appear attractive becsuses rather extensive washing
with large vaolumes of wash solution was required. Furthermore, such ex-
tensive wushing resulted in significant product losses.

§) A awmber of organic acid solutions were also svaiueted in & preliminary
way, but of those tested, inscluding oxalic, acetic, tartario, citric and
bensoic {alooholic solutiom) only oxalic ecid was ut all effective. In
waghing with oxslic acid BiPOg is partially convarted to the oxalate.

The dulk of the nxalate, however, can be rencved by washing with a 15%
R solutiom.

Experimental Details

In this study most of the exper mental work on.the decontaminatiom of BiFOg
product precipitates by washing dealt with the use of flusride solutions and of HyPO4
solutions as the washing reagents. Same 1 mite? axploratory experiments ware also
carriod out on the evaluation of a mmber of organic acids. In all cases the BiPO
extraction precipitates on which the washing expsriments were carried out wers pre-
cipitated from 20% UNH solutions under ths sonditions epecified in the October §,
1944 flowsheet. Unless otherwlse indicated, insstive isotopes of fission elaments
(equivalemnt to 260g Fu/ton of metal) were added along with Zr-Cb tracer activity.
Washincs were mede by slurrying the extraction precipitate im the wash sclution,
the volume of which is expressed as r percemtage of the vclume of the extraction
solution. For washes simulating the washing of a precipitate in the centrifuge
bowl, the moet attractive procedure fram the standpoint of plant operstion, a wask
volume equivalent Lo 2% of the extrasiion wolume was used.

In the presemtation of the experimental dete.ls only ths most significant re-
sults are given along with with notebook references plus a summary of the findings
from experiment- which served only to expwnd and substantiate prim:ry findinrs.

A W¥ashing of Extraction Step BiFO4 Precipitates with Fluoride Solutions

Composition of Waek Solutiom. lost of the washing experiments with fluoride %
solutions were with NENTp solutloms which were shown to te more effective in :
ramoving Zr-Cb activities than IF soluiions or then solutions in which the mole i
ratio of MHy ¢o iF was greater than 1:2. Data given helow snow the effect on 4
gmma decoutamination >f variations in the composition of the wash solutions. 5
In these experiments the extraotion precipitstes were waehed three times with fe
ssparate portions of the wash solutica, each wash being equivalemt to 20X of the
volume of thr sxtrection solution. The wnashinge were cade by ¢1frrying the pre-
olpitate in the wash solution for one minute followed by centrifuging, pouring

"ffhthe supernatant and repeating the procedurs with a fresh portion of the wash
solutiona.
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agh TRercent of total |Gemma decontaxination Fectors. Ex-
Bxperizent{c 1usion {  product in traction plus three l-minute washes,
- washes oach at 20% of extraction volume.
A B0 (control) 0.3 5.8
B BF Q.5 S.¢ Tk
{¢ g iFalad] 0.0 2T .8
! D ms&n?tltz. 001 .7
g By (EF=S 14 149 .3
( F Wiy BFal:1" 4.1 6.8
3 Tole ratic. ¥~ concsntration 1o &ll ceses O-3M:

Sxperirents (I, and (D} were repeated but the washincs were made by atir~

ring for three ZJ-minute instead of the l-minute periaods: MNore effective wagh-
ing was obtained with the longer contact time and the data given below show that
the bulk of the activity was reroved iz the firgt wash.

Distributlion of Actiwity’ - £ of total in the starting UNI solutiom
Hon| Weter | Fire CSONSET T TRIA ] Veahed Total | Overaly v .

Solutiom Waste | Wash P F P Precip~ in decortwrinetion
HFg :EF Was Rash Wash itate Washes factor, extreo-
mol ret3ol G A 3G 1A 10 A VG ‘A 10 ta VG la G__ 1A | tn

114 58.9 0.6 {0.7{¢C.2| 50.5{1.1| 2.6/0:1 | 0.3{0.1{2.1{110.3 | 54.1} 0.8

12 $7.3 0.6 {0-Aj0-21 4¢.27 0.2 | 8.8{0.2] 0-4{0.2} 1.1}102 .8 | 52.010:8
* G = gwmma ectivity

A = alrta ectivity

Same camperative expomdtc wers Rlso carried out in which a master extrac-
tion we3 pade, the extraction DiPOg precipitate dried, ar aliquot of ths precip-
itate washed with 5% solutioms of the r agents tested. Data givan below are for

one X7-mimnte wash with a volumes of wagh sclution equivalent to 10X 5f the ex-
traction volume-

Wesh Solution £ of Camma fotivity

(Concent retion~5%) Removed(one 20-xin.wash)
EF 8.6%
REGER, 56.0%
Ha? 5.

Bffect of Corcentraticom of sn,gg. Data pressnted in Table I show that a
10% aclution map the most

=otive although the differsnce betwssn 10% and 20%
WS not great and may not be significant. In these tests wash volumes equiva-

last to 2% cf the extractlion solution volume were used t> simulate washing in
a plant centrifuge bowl,

Other experimerts indicated that at a specific comcentration & higher pere
cemtage of activity was removed in a wagh if the wash volume were larger bdbut
fraa the standpoint of plant spplication washing in the ceptrifugs bowl 1a wuch

»ore attractive cporatiorally than washing in & tank. Further supporting data
ars recorded in notsbook 142-T.
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.:.‘nble 1

Effect of Concantration of NI HFp Wash on Removal of Ir-Ch Activity
Frem s BiPOg Ext4aotion Precipitate

TSoncentretion (%) " B3 10 20
['_1'5;;:.,” oF Washes S % —X 13
T Contaot Time 1n Mimutes | 20-10-10 | 20-10-10 | 20-10-10 | 20-10-1J |

Cimuletive gemee
decontamination factors

(1) Extraction Te?

8.6 6.6 9.1
(2) After one wash 8.4 8.7 17.2 24.0
(3, After two washes 8.8 13.8 66 28.-2
{4) After thres wash 9.2 17.5 i2s 1.4

plue a water wash |

R
Improveazent in decontamiration
. {fastor) due to washses-. L 1.2 3 22 15.6

Ef'fect of zirooniux @mgno recipitation prior to extractica on decontam-~
iration of the Bi%, extraction precipitate i_:z 4fiF> wasbes. A series experimsats
was carried out to determine the decontamination of a EiPQ4 extraotion precipitate
by waghing as related to the concentretion of tlrconium in the extractiorn scluticn.
It was felt that the effectivences of the wash night be increased by precipitatiom
of snall amounts of zirconium phosphate prior to the precipitation of the NiPQ4
carrier. Such a precipitats might not be as fimly held or pleked up by the BiPOs

precipitate in the same marner as sotivity carried by the BiFOy precipitate fram

& solution containing zirconium et concentrations low encugh that precipitation
of girconium phosphate would not occur.

The dets given in Table II show that the addition of esirconium in amounts
greater than pormally present, and the precipitatio: of zirconium phosphate prior to
BiFO, was of questionable signiffcance. The resulis, however, are samewhat erratic

but illnstrate the effectiveness of the !HgHFp wash in the removal of Zr-Cb astiv-
ity frax the BiPO; extraction precipitate.

The above exrerimerts, with the sxception of the two im which Clinton metal
solution was used, ware carricd out with product concantrations equivalent to
250 rrams per ton of metal. The data on product losses siiow that relatively
dlttle product was last iz the vmshes and avnapt for Ara axperipent wera consis-
tently low. Details of these experiments are recorded in notebook 86-T.

Conversion of BiPQg to awa‘ !a;z nshiﬁ with fluoride solutions. In weahing
BiPC4 precipitates wilh NH HF, also soluticns, the Bif0g4 is converted
to a greater or lesser sxtent to [iFy, the degree of sonversicn depending upon
the extent of washing (volume used, tire of contavt, mmber of waghes, and conven-
tration of the wash solution). It appears guite probatle that the derree of decon-
tamination achieved is related to the extemt of conversion although no specifio
data to substantiate this point are available. This means then that {f a washed
procipitate were dissolvad in HHOy folluwed by & sterderd desontemination sycle
sufficisnt fluoride would be present to interfere with =sroval of residual zire
csmivm and eclmbimg activity 4o the by-produot pracipitailoa steps. Furthemmore,
the fluoride concentratian duriag the oxidation atep nizht be high enough to in-
oreais 20rrvsion during oxidetiom. No epscific sorrosion tests to eheck this

peint have Doon made. However, the fluoride is readily removed by a K(H wash of
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Effect of Ziroorium Corcentration in the Uxtraction S_o_llntion Prior to Extration o
Doc intemiaation of the Sxtraction Precipitats by Washing ﬁitfx@
Solutione

(In the cases viiers tho extraction precipitate was given two washes, the total volume
of the waghos was 3C% of ths volume of the extraction solution and the length of time
of the first and second washes was 20 minutes and 10 minutes, respectively. In ths

casss Whare three washes wers employed, the volumes were 2(f;, 107, and 10%, of the

volume of the extraction solution, respectively; und the length of time of the waghes
were 2C minutesz, 10 minutes, and 10 minutes, respectively. 1In all cases the washing
wes don> at room temperature, the comteatration of ammonium bifluoride was O-5¢, and
the péacipi*e.tes wore stirred during washing with a mechanical stirrer;.

ORRIGIEIO)

- 2xpt. No. )

: 2 2) 1605 | gla) [ 708) [o(8) { o(%) [10(5) [11(5)

E_:'.onc~ of Zprll)

| (»g /13 163 ; 103! 3 5 3 53 3 0. 0.0 | 0.0 | 26

. Fractiem Amount of Froduct (%)

i Ry

' w‘n:v wasts 7,3 14 I»»Z 2.3 4.1 306 3»8 703 - - bl
Firet wash 1C.4 1 0.3 0.2 Q.2 0.2 | 02 0.2 a.1 — - -
Second wash 1.0 0.2 2.2 -l 001 o3 Q.1 001 - - el
Third wash -~ - - Q.32 0.02] 0.05 Q.04 0.05 - -- -

: Final sx**n.Prt. Bl.4 | §5.2 { 98.5 o4 a5 96 96 93 o - -—

Amount of Zr-Cb Aotivity (%)

“xt 'n- waste 25 29 37 50 20 33 50 87 70 83 51
First wash e 68 59 45 $ 60 8 22 20 14 45
Second waszh 2.8 2.9 2.0 4 1.4 3-9 1.2 10 8.8 1.5 2.7
Third waash - - - Q.2 c.1 0.2 ¢-1 0.5 0.66 0.3 0.2
Final Ext'm.Ppt. | 1.3% 2.1 i:85 Q.56 0.37} 2.2 0-26 0.6 0.97 0-86] 1-656
Overall D.F, | 800 48 69 106 270 45 384 67 103 108 6l

]
-

\

~

ths estimetes concentration of Zr at "¥" product levels (2amg Pu/l) is Sag/l. In the
experirents where the concentration of Lr was greater than 3mz/1, additiopal Zr was added
In experivents 8 nnd 5 less ir was added in ordar to study the effect of Zr conoemtretiomn
In experirents 1T arnd 11 Clinton plant material was employed.

f2) Solutloms were pre-dicested 1 hour at TE°C, after addition of Zr cud Bi, with an HyFOq
consemtration of U-1¥ ir order to precipitate zirconium phosphate befors BiPOy- The
roncantration of HyPO, was then increased to 0.6 and given an additional digestion af
2 hours a*t 76C.

(3)

Regular flowsheet prrcedurs; that 1a, no pre-di

gestion prior to precipitation of BiPO
by makipg the soluilon C.5M in EzPQq. ) ¢

As (2] emcept the corcent=atior of IxrQq was J.05K durlng the pre-digeet .on-
.7, #ash

. frocedure testad with Clintom plant metal solution whioh had cooled about 90
aye:

Th~ regular flowsheet procedure of difestion was empluyed. Im this case, the
activity .ae that of the fission product olements present in ths Clintom metal solutione
The -azra dsconrterination therafors s for ths totail garca activity present and not for
that of J~-Cb aotivity only as in the other experiments.
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the precipitate. Dstails on tho KOH washing or metathesis of extraction preoipi-
tatas following washing with [l AFs solutions are given ip memorundum report
SE-PC 426, file mmbar 32529, Dats givem in this rerort indicate that product

losse : in the YN wastes were slightly higher fram en Nilglifz washed preoipitate
than 'rom sn untreated precipitate but were not sxseasive.

Jurrosion of Stainlese Steosl HF» Solutions. Although washing of BiPQg
precipitates with s solutions 1a a very eflective method for removing eircon-
iwm exd columbium activities, the use of such solutions in plant equipment appears
very questionable in view of the corrosive nature of such solutions. This 1w
particularly true st a point early in the decontsmination process where it is
very importent to keep maintenance at s minimum due +o5 tho high levels of sotivity.

Date on the corrosion of 26-12 stainless stee) by NH; HF2 solutions are given
in Table III1. In thess tests a sample of Merck's M HF; was used. The selt con-
tains some copper as an i-purity whioh deposited on the stsel test strips forming
e procective layer which tended to desrease the attech of the metal. No sdventegs
can bs takan of the protective effect of such a deposit besause it would be re-
moved when the pracipitate is subsequently dissolved in nitric mcid. Tests mnade
invol7ing such a cycle showed that the corrosior rate wag higher when the test
strips wero cleaned with HNOs and re-exposed to a fresh aclution then during
the originel exposurs. In all cases, the pemetration rates wers saloulatsd by

welghing the samples aftar the copper deposit on the test strip had besn removed
by treatment with nitric acid.

Table 11T
Corrosion of 25-12 Stainless Steel by NH4HFs Soluticns
Conoantration Hours ;am'!‘n'ﬁoﬁu
of mtnpz Tmpgrature Added of _ per momth. o
Solutiocn c Rengente ® | axposure |IDIEIAY  |We-Exposurs
Exposure
5% 40 Hone 72 0-0008 0.0022
75 Yone 72 0.0038 0.0096
10% 40 Nore 72 0.0009 0003
75 None 72 0.0073 0.0149
40 1% Ca(NOg)23Ho01 72 0.0004
‘40 lox Nﬂéllos 72 0.003-0.0081
45° 5% NepCrog 72 0.0002
20% 40 None 72 0.0006 0.0013
78 ¥>na V72 , C.0048 0.0014
* See discussion in text.

Sane tests on the use of various corrosion irhibitors were esarriad out and it
was foupd thet the addition of Ne2CrQq to HF solutions was gquite effective in de-
creasing the corrosion reate. In gimilar tests made with [HgflFg soluticne, a very
strongly adhoring costing wes deposited on the surfese of the steel and the teat
speoimens increased in weight. This deposit wae not removed by heating in con-
centrated ENO3 and appeared to be Quite effective in protectin_ the steel frum
attack. The NH4HF, used in these tests camtained same copper as an impurity.
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Corros.on tests were respeated using & sample of 2 free of copper and the
result given in Table 1Ii (marked with an asterisk) was obtained. The apparemt
effsotiveness of NapCrO4 es an inhibitor suggested that further washing experi-
nents be carried cut using NIGHF» solutions containing NazCrOgq. Only one such
test has been made and the results were not emoouraging in that less sotivity
was removed by this wash than obtained in a control wash with NIgHF2 solution
containing no added NapCrOqc Further tests are necessary, however, to detemine
with certainty thet the presance of :agCrQ4 has an udverse effect since this ome

test waa made using & somparatively dilute NHglIFs solution (0.25l1) and it has
been &nown that more concentratead solutions are more sffective.

Mashing of Extraction BiPO4 Precipitates with Fhosphoric Acid Solutions

For the experiments on washing of BiPQq extraction precipitates with zPOy
sclutions, the extructions were mmde under conditions deserided previously- In
additisn, two series of expsriments wers made in which varying amounts of either
Cha0g ar tirconium phosphate were precipitated pricr to the precipitation of
BiPO,. Im all sxperiments in whish columbium was used, a solution of potassium
cohmbate was added slowly ..ith good agitation followed by digestiom for 1 hour
at 759C prior to precipitation of BiPO,. When zirconiiw was ndded prior to ex-
tracticn, the metal solution was made O.1M in HzPOy to prscipitate eirconium
phosphate prior to the addition of B1(I1I) and the precipitation of BiPQq umder
standard flowsheet oonditions. It was felt that the precipitation of a amall
ssount of carrier (columbium or a sireomium compound) which would be expected
to plok up the active isotopes of these elmments and the portiom cf the precipi-
tste cerried down with the BiPOg might be more esslly remcved by a wash. Both
Ch20g snd zirconium phosphatos are samewhat solubls in phosphoric acid and it
was on this basis that it was selected for evalustion as a washing reegent.

Appreciable decontanination of BiPOg precipitates waz obtained by weshing
with UyPO, solutions (&) tut severel washes of Cairly larges volume wers required.
The resultas odbtained indicated thst with wash volumes tha* ocould be handled in a
sextrifuge bowl relatively minor improvement was obtainsd. Furthemore, although
deta weres samewhat erratic, the extenaive washing required to obtain signi-
ficent decontaminstion resulted im appreciable product less in the wash solutions.

I significent improvamsst in the desoatarinotisa ctiained with a HgPO, wash

was observed in rums in which CbyUg wes precipitated in the metal solutlon prior to
precipitation of BiPQ,. Some evidenne was obtained thet presipitaticn of ZrPQ,
prior to extraction was advantageous dut this may be open to scme question in view

of the finding thet there appeared to be no significant change in decontamination
as the mmount of LrPOy precipitated wes inoreased.

Heshing of BiP04 Precipitates with Organic Acids

]

Of the various wash solutious tried, which included 10X solutions of acetie,
tartaric, aitric and oxalic scids snd alooholic solutions of tartario and bemzoio
scids, oniy oxalic ecid was found to be ut all effective. In washing e B1POg
precipitete with oxalic acid considersble ocomversion to b.smuth oxalate ocours,
but the bulk gf the oxalate can be removed by a wash with EOH solutionm {15%).
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