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PROGRESS REPORT FOR NOVEMBER, 1950

. CHEMICAL RMSEARCE SECTION

T. METAL PRODUCTION PROCESS STUDIES (W. H. Reas, Group Leader)

S - . —

A, ISOLATION BY THE PRECIPITATION OF PLUTONIUM(IV) ARSENATE (P, M. Brown,
K. M. Harmon)

Previously (EW-19503), the results of a 5 gram (0.5 liters F-10-P solution)
plutonium(IV) arsenate precipitation were reported in which incomplete precipitation
was observed even after several hours of stirring, heating, etc. Since this effect
was not noted in the laboratory on the ca. 2 ml scale, it was thought thet the
surface to volume ratip and the type and efficiency of stirring might be quite im~
portant, Thus, further laboratory work has been performed on the 25 ml scale to
investigate these effects, Experiments were performed to determine the _Aeffgct of
using a stainless steel precipitator under the conditions and with the results

‘ given in Table IT The results of expeériments performed at room temperature indicate
that lower plutonium losses are obitained with more vigorous stirring and with a
precipitator fabFicated of stainless steel. One additional experiment at room
temperature is contemplated using a stainless steel precipitator and employing o
vigorous stirring. At 80°C., the rates of precipitation of plutonium arsenate in
stainless steel and glass vesgsels are comparable; bhowever, fewer fines are formed
in stainless steel.

The hydrofluorination of the cake from the second 5 gram-scale precipitation
of plutonium(IV) arsenate from F-10-P golution (reported HW-19503) geve a bulky
but normel appearing fluoride. Unfortunately, the solid. woighed 25% more than it

. would have were it all Pul). Since continued HF treatment gave no weight reduction,

it has been agsumed that the fluoride is highly contaminated by a foreign olement,

probebly lanthanum, and no attempt at reduction to the fietal has §§%‘ﬁ
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ISOLATION BY THE PRECTIPITATION OF PLUTONIUM(III) FLUORIDE (K. M. Harmon)

An interesting possibility for coupling the Reddx and Metal Reduction

Processes lies in the precipitation of Puli‘3 from a concentrated IIBP stream, follow-

ed by dehydration and reduction of the product cake. A brief preliminary investiga-

tion of the properties of PUF3 precipitates formed at room temperature and in 1 or

2 M nitric acid,  has shown such precipitates to settle quite rapidly and to exhibit

gsolubilities of the order of 0.01-0.

02 gm Pu/l.

Solubilities and precipitate _

volumes for 22 mg samples of plutonium as the precipitated fluoride are summarized

in Table IT,

0.0%5 ml (bulk density = ca, 0.87 gfem).

The precipitates, when centrifuged, all oCcupied & volume of about

Hydroxylamine hydrochloride was used to reduce the stock plutonium solution

(90% plutonivm(IV) and 10% plutonium(VI)) to the plutonium(III) oxidation state.

In 0.93 M HNO3 , the reduction was 1epid at room temperature; in 1.9 M EZN03 , the

solutions required heating to complete the reduction reaction; and in 3 M HNO, the

reduction could not be made to go to completion. .

The laboratory work so far indicates this process to be of promise, pro-

vided sufficient separation from corrosion products and aluminum can be obtained,

and provided ‘b}ia.t the metal reduction can be made to work satisfactorily.

Table II

SOLUBILITIRS AND VOLUMES OF PuF3 PRECIPITATES

Total plutonium present: 21.9 ng .
Final slurry volume: 0.6 ml = -
Plutonium ‘
Expt. No, = M ENOg M Ppt. vol., ml¥ — Soly., g/l % Loss |
3-8-1 = 0,93 0.k 0.10 - 1.9 5.2 ° ‘
3-8-2 = " 1.3 0.15 = 0.018 0.05 )
, 3-8-3 - " 2.1 0.15 0.010 0.03
3-8-4 . " 3.0 0.19 0.01k 0.0k
3-9-1 1.9 1.3 0.10 = 0.019 0.05
. 3-0-2 R 2.1 0.1.0 0.011 O'OE
3-9-3 x ¢ 3.0 0.11 - 0.014 0.0
3-9-k - 3.8 0,14 _ 0.023 0.06 .
‘ 3-9-5 = " L,7 0.15 z 0.015 0.0k4

¥ After settling one-half hour

u
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C. RECOVERY OF PLUTONIUM FROM SLAG AND CRUCIBLE WASTES (W. W. Schulz)

. Further consideration has been given to the feasibility of utilizing a
solvent extraction process to recover plutonium from the nitric acid leachings of
glag and crucible. |

Experiments were first carried out using ten milliliters of'leachiz}gs from
slag and crucible and three contactings with an equal volume of hexone. At the
complotion of the extractions the three organic phases were combined and gtripped

once with an equal volume of O.0L M HNOz. The results obtained are listed in

-

J

Table III. D ‘ -
Table TII = :
IEXONE EXTRACTIONS OF PLUTONIUM FROM LEACHING SOLUTION
Aqueous: Leaching golution (0.375 M HNO,
and made 1.M4 M ANN) ) — e
Organic: Hexone (0.5 M HNO3) 2
‘ Expt. . Eg Values# % Pu left in B velus for
No, - lst Extr, 2nd Bxtr. 3rd Extr. final Bqueous stripping
1 b5 ca. 9 ca.l ; 01 . 0.007
2 39 ca, 6 ca, 1 0.1 0.003

¥ Analytical difficulties necessitate reporting only approxime.te values of the
extraction coefficients,

The results indicate a 99.9% recovery of plutorium for three extractions.
Stripping with 0,0L M HNO3 gave satisfactory recoveries of plutonium from the
hexone phase ag the E; velues indicate.
The favorable results obtained in the first cxtraction experiments suggested
the pogsibility that leaching solutions might be recycled to the ITA column in the
* Redox Process, j\ccordingly s experiments were carried out using a 100:1 dilution
of leaching solition with IIAFS solution and three contactings with an equal volume

of hexone. The Fesults of these experiments are shown in Table IV.

¢ DECLSHEED
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Table IV

—

EEXONE . EXTRACTIONS OF PLUTONIUM FROM LEACHING SOLUTION AFTER
. PILUTION WITH ITAFS SOLUTION _

Agueous: Leaching solubion diluted 100:1 with TIA¥S
- solution (0.375 M HNOg and 1.3 M _ANN)

Orgenic: Hexone (0.5 M HI\TO3)

By Values
Expt. No. 1let Exbtr. ond, Extr. 3rd Bxtr. -
3 5.5 1.5 0.21 L
h 4.8 1.2 0.25
5 6.5 1.5 0.19

The rosults obtained for aistribution ratios of_ plutonium(IV) wnder the

conditions given above agree woll with previously reported values (HW-18353)

Experiments have also been carried out using TBP as the ex‘l'racta.n‘b Ex-

tractions with TBP using CCly as the diluent offer the aa.van‘bage of o’otainmg a

s

large volune rcd.uctz.on of the fmal plutonium solu’c:.on. As in the exper:l.ments wi’ch
0 hexone, distribution ratios were qb'tained, for 'bhree ex‘bractions of 'bhe leaching ‘
solution and ‘the results obtained are given in Table V
The results of Experiments 6 and T indicate t;w:b a ten—fol_gi volume o
reduction and recoveries of greater than 99% nay be obta.inea. for three contactings
of leaching solubion with TBP-CCllL phase, The composi'blon of the white scum which
formed at the interface of the agqueous and organic phases durn.pg the second con-
tacting in Experiments 6 and 7 end the reason for its_ :E‘orma.tion have not as yet |

been determincd, However, as can be seen from the resul‘bs of Expcrlmen’bs 8 and 9, _ B

formation of this layer docs. not occur when the 1each1ng solution 1s 5 M in HNOs.

= e

The low dlstribution ratios obtained in I.‘Lperiments 8 and 9 point ’co “bhe desirabn.llty

n present in ‘the leaching o

Il i;;_g (R

of having Al(NO3)3 present to complex the fluoride 1o

e  DECLASSIFIED
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II, BISMUTH PHOSPHATE PROCESS STUDIES (R. E. Burns, Grolp Leader)

A. EXTRACTION AS A FUNCYION OF THE BISMUTH T PLUTONIUM RATIO (H. S. Gile)

The volume of dissolver solution used per run in the canyons is determined
by the grams of piutonium per ton of irrajiated metal, since the batch size is
based on a given Bmount of plutonium, Obvicusly, as the g/T level increases , the
volume of dissolver solubion used per run decreases. Alfhough for some time the
plant has been processing material of increasing g/T levél, no change has been
made in the amount of bismuth phosphate precipitatod rer_run in the extraction step.
With & view to a possible reduction in the amount of bismuth phogphate precipitated
per run a study is being made of plutoniwm loss in the extraction step as a function
of g/T while }:eeping the initial bismuth concentration cc;nstan'b. Present studies
involve precipitating 2.5 grame of bismuth per liter of solution in the extraction
step. = *

Experimentally, simulated dissolver solution wag spiked with an appropriate
amount of plutonium and carried through the reduction and bismuth phosphate pre-
clpietion steps. - Plant conditions were approximated with respect to reagents and
digestlon times, However, in some instances times for the addition of reagents
were ghor’ter then employed in the plant. Analysis of the supernatants was by two
methods, viz., the Ca~-3b procedure used in the plant to determine total plutonium
in metal waste solution and a recently described cerous fluoride procedure (HW-18697)
for detormining plutonium and americium separately in process solutions. In most
cases the Ca-3b procedure gave results close to the values Tor plutonium plus
americium as obtained by the cerous fluoride procedure, Plutonium losses obtained
at 370, 565, end T40 g/T levels are given in Table VI. =

Although: the data are somewhat scattered, the dégres of scattering is not
wexpected for laboratory-scale carrying of plutonium on bismuth phosphate. There
appears to b’e no incréase in plutonium loss up to the THO™ g/T level., In fact, to

OECLASSIFIED




the extent that the average values are meaningful y there is a slight decrease in
. the perceontage plutonivm loss with inci‘easing g/T in the _;r'ange studied. Future
work will include—extension of the present studies to higher g/T levels and a
similar series of experiments in which the initial bismuth concentraetion will be .

1.8 grams per litev,

Table VI

FLUTONIUM LOSSES IN THE EXTRACTION PROCESS AS A FUNCTION
OF GRAMS PLUTONIUM FER ‘[ON METAL

%_Plutonium Loss

g/t = . Ga-3b Procodurc  Corous Tluorids Procolure
370 = 2.8 B 2.6
1.2 - 0.95
1.5 = 1.3
0.1k 0.28
’ J.0% - 5, 0%
_Q;Ué - — ?:..:.IL.
Av. 1.36 s Av, 1,31 '
‘ 565 1.0 : 0.95
0.58 0.3L . _
1‘.2 B - 0081
0.75 = 0.%6
2.3 - ln8
1.8 = L2, -
Av, l1.27 Av. 0,97
O - 0.84 = 0.55
Oo_t).z" = Oo32 )
047 0.25
1.5 - 1.2
1.3 = 1.0
2.1 ST
Av, 1,13 TAv. 0.7h
% WNot included in calculating the averages shown
B. REMOVAL OF IODINE FROM DISSOLVER SOLUTION (C. H. Holm) .
. ‘ Exporience in the operation of the radiocactive icdine production unit at

. Oak Ridge heas showiT"bha‘t;_ the presence of very small amounts of mercury in dissolver

solution renders the iodine very difficult ’b&gove

b Pargin In view of the

2 L DECLASS‘FIED s - - _ miigrs
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poor results obtaimed in recent attempts to remove iodine from simulaeted dissolver

|c

solution by sparging it was felt that an investigation of means of insuring that
the active iodine remains wvolatilized wntil disposed of as waste was warranted.
Since mereury 1s not the only cation mentioned by Osk Ridge as inter-
fering with the sparging of iodine, several catioms known-to form complexes with
iodide we:re tried in & preliminary survey. Simulated dissolver. solution (1.5 M UNE--
0.3 M HNO3 - 1077 M I”) was made 10“4 M in the cation under study. The solution
was then air sparged at 45°C. at a flow rate corresponding to 575 CFM on a plent
scale, Teble VIT Shows the per cent of ective iodine removed when Hg't, ca™™,
zott, Pott or Bittt was present in the sclution. The data presented show that, of
these iong, only mercury has an apprecieble retarding effcct on the sparging of

iodine.

Table VII . -

REMOVAL OF IODINE FROM SIMULATED DISSOLVER SOLUTION 3 :
CONTAINING VARIOUS IODIDE-COMPLEXING CATIONS

Simulated Dissolver Sclution: 1.5 MUNH - 0.3 M HNO3 -
1070 M I” traced with I3l 3s 1 _ o

Concentration of complexing agent = 10"1’ lllu

Sparging temperature = 45°C.

Time Activer Io&ine 0&“
Complexing Ion, Sparged, Min, _ Removed, % Iflm

Hgt+ 60 0,06
ca*t 60 - 57.0
Zntt 30 : 6123
ptt 30 67.6
Bittt 1o : 69.4
None -control 60 77.0

Tor any procedure involving retention of active iodine in solution to be
successful in prevénting contamination of the canyon air,—it must insure that —
iodine ig not volatilized in any succeeding plaent operation. Although actual

sparging is done only in storage cells (to insure proper mixing of successive
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dissolver cuts), all solution transfers are by steam jetting. These jetting
. operations may represent a certain amount of sparging. The degree to which iodine
is removed from simuleted dissolver solution containing 3.0;‘:"IL M Hg (N03)2 by air
sparging after cach process step from dissolution to the bismuth phosphate ex-
traction was studiea. Table VIII shows the iodine removed at each step when the
iodine was added to the initial dissolver solution as I",;g or Iogf Tyese results
indicate that, cved with sparging considerably more extreme than would be_encounterh
ed under actual plént conditions, a negligible amount of iodine originally present
as I and small amdunts originally present as I, and IO% are likely to escape from
tho solution boﬁweén the conclusicn of dissolving and the extraction step if
mercuric ion is present.

Assuming that the escape of iodine from dissolvel solution is small prior
to the extraction step it is then desireble that the ilodine not be carried on
bismuth phosphate in order that it can be removed in the metal waste. To check
‘ this point, the extraction procedure wae performed on each of the three solutions

resulting from the studies reported in Teble VIII. In the case where the iodine

waeg added to the dissolver .sélution as I7, about 10 per cant of the lodine was
carried by the bismuth phosphate; for iodine added initially as I, two per cent
and as Iog, three Por cont was carried, Since some iodine does follow The bismu@h

phosphate it will be desirable to determine the behavior of the_io&ine'du;ing a

bismuth phosphate by-product precipitation. - =

These experiments will be repeated omitting the mercury to determine how
much of the-ioainé“behavior noted mey bte ascribed to the presence of mercury. The
results so far obtained are sufficiently promising to warrant Investigation of the
effects which the presence of mercury in the feed mey have on the TBP process.

The fate of iodine when complexed by mercury in dissolver solution prepared for

DECLASSIFIED
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EVOLUTION OF IODINE ON SPARGING PRE-EXTRACTION SOLUTIONS ST

Sparging rate = 8.5 cc/m/ml = 575 CFM plant scale .
Hg M = 10 L . —-
IM =107 inert. Traced with T+31

i

C. YVARIATIONS IN THE CONCENTRATION CXCLE (H. L. Bré?dt)

. B 131 o i
Composition Sparging Time, Min. - %A T Rcmgved - -
Dissolver 1,52 M UNH %0 60 180 2.3 0.7
0.31 M HNOg - '
Disgolver Wesh water 30 30 30 = 0.0 0.1 A
4-8 1 05 M UNH 30 30 60 = 0.2. 0.3
48 1.05°M UNI 30 40 40 - 1.9 0. |
) 0.209 M HNO ‘ =
0.99 M S0,
6-3 0.6 1 Ung 30 30 30 . 0.9 ° 0.0k
0.13'M ENO4 :
0.88 M H,50y, '
6-3 ©0.58 M UM 30 30 30 = 1.7 0.5
0.126 M HNO ‘ = ‘ '
0.56_ M HA80% _
0,115 ¥ NaNO,, _
Total: 0.5 7.0 1.7

Efforts to conbine the bismuth phosphate and lafthanum fluoride by~ sm—

rroduct precipitation steps of the concentration process have not been successful,

In the three runs shown in Table IX , the current flowsheet was followed except that

the lanthenum fluoride by-product precipitation was made without removing the -

DECLASSIELED
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Table IX

M

PLUTONIUM LOSSES IN THE CONCENTRATION PROCESS

% Plutonium Loss

Run I Run 11 Run 111

Combined BilOj and LaFy cake after . i
rework 2.92 1.53 0.09%

Rework solution 0.12 0.16

LaFy product cake , .. 97.65 . 96.2 103.13

Supernatant from LaF3 product pre- : g
cipitation 7.32 k.39 11.51

¥ Cake not-reworked

As the data show, plutonium losses to the combined by-product precipi-
tates have been of the same magnitude as those to the lenthanum fluoride by-product
cake in the plant; but efforts to recover this plutonium by the rework procedure
currently in plant use have failed. The high and erratic losses in the subsequent S
lanthenum fluoride product precipitation are difficult to explain since the com-
bining of the two by-product precipitations mekes very little change in the composi-
tion of the solution which procceeds to the product precipitation.

For the immediate future, efforts will be centéred on altering the
rovork procedure to make it effective in recovering plutonium from the combined

by-product cakes,

III. TRIBUTY!, PHOSPHATE EXTRACTION STUDINS _ = o -

A. EFFECT OF ALUMINUM NITRATE ON PLUTONIUM(IV) EXTRACTION (R. L. Moore)

Extraction studies previously reported (HW-18646) showed that very high
uranium distribubtion ratios are obtained when Al(NO3) 3 is substituted for BNO3 as

salting agent in TBP extractions, A distribution coefficient, Eg, of nearly

UECLASSIFIED s
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10,000 was obtained for uranyl nitrate from 1.8 M Al(N03)3 into 12 1/2 volume per
cent TBP-CCly compared to an By of only eight from HNO3 of the same total nitrate
conce‘n'bra'bion. In view of these results it seemed worth while to determine
whether or not plutonium(IV) behaves similarly. It was anticipated that such data
mey prove valuable in connection with the recovery of plutonium from slag and
crucible material as well as in designing a plutonium second cycle in a Purex-
type process, particularly if fluoride complexing agents are employed in the

partition columm s-

The data so far obtained are presented in Teble X. It will be noted

that the distribution coefficients approach or exceed values of 1,000 for Al(NO3)3
concentrations of 1.5 M in the case of 30% TBP or 2.0 M for 10% TBP. In actuality,
the numbers may be substantially larger since part of the activity remaining in

the aqueous phase may be due to americium. Analyses for americium in the aqueous

phase are as yet_.incoinplete. 7
When the distribubtion coefficients of Table X dHre plotted versus the

total aqueous nitrate concentration (on a log~log scale), the 10 and 30% data are
found to lie on very nearly parallel curves which have an average slope of about
four for total niltrate concentrations ranging from one to six molar. The displace~
ment between the:-curves corresponds to a ratio of about ten (or approximately three
squared) .for ‘the distribution coefficients into 10 and 30% TBP from solutions of
the same nitrate concentration. These properties of the curves might be inter-
preted as indicating a fourth power nitrate and second power TBP dependence for the
extraction of plutonium(IV). However, it shonld be pointed out that failure to

maintain e constant ionic strength renders such an analysie questionable.
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DISTRIBUTION BEHAVIOR OF PLUTONIUM(IV) AS
A FUNCTION OF ALUMINUM NITRATE CONCENTRATION

fqueous: 0.3 M HNO~
Indicated A1 (NO,) _
ca, 17 ,ug/mh..Pu%IV) tracer .

Organic: Indicated TRP-CCly

Teiwperature = 25.0°C.,

Ep_for Pu(IV)

Al(NO3) pu! _Total Nitrate M 10 Vol.% TBP 30 Vol.% TBP B
0 0.3 - 0.0078 0.1 ;
0.2 - 1..05 0.10 = 1.69 '
0,3 1.8 0.72 ~ 8.8 e
1.0 3.3 7.7 = 138 e
1.5 = 4.8 127 ) 1192 - )
2.0 - 6.3 9716~ 7075

Iv. IRTBUTYL PHOSPHATE METAL RECOVERY ITOCESS STUDIES (Co M. Slansky, Group
, : Loader)

A. BUTYL ACTID PHOSPHATE CIEMISTIY (R. M. Wegner)

The hydrolysis of tributyl phosphote is pertinent in “the metal recovery
process since certein of the products of hydrolysis can cause poor fission product
decontemination and also high uranium losses. The hydrolysis is expected to go
through the sories: TBP -y DBP oy MBP .. . 331:’@;' Because of the
analytical difficulties involved, the hydrolysis has been ;’studied by stéa.r‘bing at
the cnd of the chain of reactions. The rate of hydrolysis of DBP and MBP in 3 M
HNO3 has been desc¥ibed (HW-18880 and HW-19503) with half lives at 76°C. of 7.9
and 18 days, respeftively. The tempernture dependence of MBP hydrolysis leads to
a calculated &\ B of hydrolysis of 11,500 cal/mole which ig_comparable to the A E

of hydrolysis of m8thyl acetate. The hydrolysis of MBP in 3 M HNO3 can be summarizd

as follows:

. n s el ey
25 0.0022 l E e I
76 0.0385 o
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. The rcaction in a two phase systom of equal volumes™of TBP and 3 I HNO3 was

followed for 25 days by moasurcment of the free Pof; in the aquéous phzise and the
titratable acid €6 tho secori breck of H3P0) . The titratable acid was found
oguivalont to the free Poi walch indicates thet any MBP fE_Sund decomposed at a rate
ropid in comparison to its rate of formation. =

A tempereture cf 76°C. was usod in these uxperiments in order to get
measureable decomposition alihough plant-wise tae tompcerature is not cxpocted th>

excecd 35-40°C. The results ore given in the following table:

Table XI _ :
Time, ders % %2 Decorposad

8 0.00 = ‘ ' '

9 0.07 . .

16 0.28 - ) -

- 19 0.4%9 : ) ‘
25 0.7h

’ From thesc data a linear plot of time versus por cent décgmposed wag obtained which

hed a slopc.of 4.35 x 10-2 %/day, following en induction period of cight days.
This rate is a factor of 100 slowor then the hydrolysis ¥ate of DBP or MBP,

indicating that the first stop in the hydrolysis of TBP, i.c., TBP —~-> DBP, is

rate~dotormining,
Bxporimontal conditions in this study involved s daily stirring, In o
columm with better mixing the rate of Jdocomposition would _f;crhaps be slightly

higher thon obsorved here and in storago tanks it would be lower.

Further purification of butyl acid phosphatos hes 108 to revised values for
somo of the physical propertics. In the accompanying table are listed ;thé density
{ and viscosity at 25°C. of TBP, DBP, and IBP. A plot of apperent molar volume

vorsus numbor of bubtyl groups 1s lincor and gives o valuc of T4 n
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DENSTTY AND VISCOSITY AL 25°C, OF BUTYL ACID PHOSPHATES

OFH:PJL:dsn

mEP
WBP
MBP
H3P0),

0.9760
1.0650
1.2190
1.8700

3! ?(mill_ipoises)

33
520
4260

o))
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