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1.0 ABSTRACT

Laboratory development studies leading to a
taibutyl phosphate extraction process for recovering
U 35‘frqm irradiated enriched uranium--aluminum
alloy reactor fuel elements are described. The fuel
is dissolved in excess nitric acid, and the solution
is digested to eliminate emulsion-forming substances
and then extracted with tributyl phosphate, aluminum
nitrate being the salting agent. The uranium is
stripped with dilute nitric acid, and, after evapora-
tion, is re-extracted in a second cycle. Nitric acid
is used as the salting agent in the second cycle.

The solvent diluent is pretreated to remove im-
purities. Procedures for recovering the solvent for
process reuse and for reducing the volume of the

radiocactive aluminum nitrate--containing waste are
proposed.

2.0 INTRODUCTION

Although the hexone solvent-extraction processl for recovering

1235 was proved successful by plaﬁt experience, tributyl phosphate
extraction technology has advanced sufficiently that the developmeﬁt
and design of a U235 recovery process based on this solvent could be
undertaken with confidence. Considerable experience with Purex,2
Thdrex,3 and (ORNL) Metal Recoveryh processes had shown that U937 and
other fertile and fissionable iﬁterials can be recovered mbre effi-
ciently and with less cost by”TBP extraction than by other methods in
use.

Laboratory-scale development work was conducted batch-counter-
currently and in Mini mixer settier units to establish the chemical

flowsheet conditions for quantitatiVe recovery of uranium adequately



decontaminated from fission products and nonradioactive impurities
for reuse. Numerous test runs, with both nonradiocactive and radio-
active feeds, were conducted in 3/4-in.-dia pulsed columns to
determine the mechanical operability of the flowsheet in plant-type
equipment. Flowsheet performance was demonstrated at 10% of full

process radioactivity.

Laboratory-scale investigations were also carried out on batch
and confinuous dissolution of uranium-sluminum alloy fuel elements in
nitric acid. A feed treatment designed to eliminate emulsions in the
first-cycle extraction column, a solvent-diluent pretreatment, and a
solvent recovery.procedure were investigeted. The small-scale
turbine-mixer units of Savannah River design were evaluated for
solvent recovery. Radiation damage to the solvent was studied in re-
lation to process performance, and a method of reducing the volume of

the aluminum nitrate=-containing waste was scouted.

The“process development work reported is applicable to any
uranium-aluminum alloy fuel, but particular emphasis was placed on the
processing of the Savannah River aluminum-clad uranium-aluminum alloy
tubular fuel elements. These elements contain approximately 10 wt %
uranium, the alloy itself being approximately'lB'wt % ursnium. A high
burnup of the >90% enriched uranium fuel followed by 150 days' decay
was envisioned for the process. Under these conditions the required.
overall decontamination factors for gross beta, gross gamms, and.
plutonium alpha of 4.6 x lO6

assumed. The permissible uranium loss was specified as no more than

s L x 107, and 1 x 10”, respectively, were

0.01% to each waste stream.

Sufficient data were accumulated to permit design of a full-scale

chemical processing f’acility,5

Appreciation is expressed to the ORNL Analytical Chemistry Division
for their cooperation in this program. Special thanks are given to




L. T. Corbin, W. R. Laing, and G. R. Wilson for routine chemical
anslyses, to E. I. Wyatt and C. E. Lamb for radiochemical analyses,
to J. H. Edgerton and P. F. Thomason for nonroutine analytical
problems, and to Cyrus Feldman for spectrographic analyses.

3.0 PROPOSED 25-TBP FLOWSHEET

In the 25-TBP process (Fig. 3.1) for recovering and decontemi-
nating U235 from spent Savannah River enriched uranium fuel elements,
the aluminum-clad uranium-aluminum alloy fuel is dissolved in 8.25 M
HN03--0,005 M Hg(1\103)2° The resulting solution, which is 1.8 M
Al(NO3)3-=l.O M HNO3--O.005 M Hg(NO3)2 and contains about 3.8 g of
uranium per liter, is heated to the boiling point for 4«6 hr to
dehydrate and coagulete silica and other emulsion-producing impuri-
ties. The impurities are removed by filtration, or other suitable
meens. From the clarified feed the uranium is extracted counter-
currently with 6% tributyl phosphate (TBP) in oleum-pretreated
hydrocarbon (Amsco). Any extracted plutonium and fission products are

scrubbed from the solvent with 3 M HNO, containing 0.02 M ferrous sul-

famate to reduce tetravalent plutonium3to the trivalent state. The
uranium is stripped from the solvent in & second column with 0.01'M
HNO;. The feed/scrub/extractant/strip volume ratios are 100/20/40/15.
In laboratory studies plutonium alpha, gross beta, and gross gemma de-

contamination factors were 3 x 105, 5 x lOu, and 1 x lOu, respectively.

The first-cycle product is evaporated and adjusted to 3 M HNO3 and
164 g of uranium per liter, end the uranium is extracted with 18% TBP
in Amsco, The organic solution is sgrﬁbbed with 3 M HNO3--O.02 M
ferrous sulfemate, and the uranium is stripped with 0.01 M HNO3. The
feed/scrub/extractant/strip volume ratios are 3,06/2.0/9.6/9.6. 1In

laboratory studies gross bete and gross gamms decontamination factors
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were 3.3 X lO2 and 2.5 x 103, respectively; zirconium and niobium
were the chief product contaminants. These results indicate. that
further purification will not be needed; however, if it is, the

zirconium and niobium may be removed by sorbing them on silica gel.

The various redioactive waste streams are neutralized, evaporated,
and stored. Used solvent is washed with sodium carbonate solution

and water and is recycled.

In the first cycle 4 extraction and 4 stripping stages are ade-
quate to keep the urgniumAioss;at 0.01%. The HETS values estimated
from 0.75-in.-dia puised column demonstratidn'rﬁnéiare b and 2.k ft,
fespectively, for the extraction and stripping stages. Batch counter-
current tests showed that in the second cycle 3 extraction and b
Stripping stages were more than adequate to reduce the uranium concen-
trations in esch waste stream to less than the design value of 0.01%.
The estimated HETS valuesg, based on previous experience, were roughly
2.5 and 5 ft for the extraction and stripping stages, respectively,

No excessive uranium losses are:anticipated as & result of radiation
damage to the solvent.

The volume of the first cycle extractant may be adjusted when

| processing fuels havingldifferenﬁ irradiation histories in order to
compensate for varying uranium concentrations in the feed and thus
maintain the uranium concentration at 9.55 g/liter in the extraction-
column product. Likewise, the stripping solution volume would have

to be increased proportionately in these cases.

.0 DISSOLUTION STUDIES

Maximum batch dissolution rates of 185 and 140 mg/min/cm? for

extruded and cast uranium-aluminum alloy, respectively, were obtained



vith about 8 M m\ro3 catalyzed with 0.005 M Hg(N03)2._ The dissolution
rate was independent of the uranium concentration of the alloy up to
at least 15 wt % but was affected by the metallurgical history ofuthe
metel. In continuous dibsolutlon, return of the condensate to the -
midpoint of the column increased the dissolution rate 124 over that
vhen the condensate was returned to the top. The column product was
stable with regard to aluminum nitrate precipitation above 20°Cov The
studies were all made with natural uranium—alumimm alloy.
DissolutionS'in caustic and caustic-nitrate systems6 were consi- '
dered early in the 25—TBP process development progiram, but the work
was dlscontinued, largely'because of the many engineering and eriti-"
cality problems encountered in sepdretlng the uranium solids from the

caustic dissolver solutions.

4.1 ILaboratory-Scale Batch Dissolution Studies
Effect of Nitric Acid Concentration. The dissolution rate of_both~
extruded 15 wt % ard of cast 5 wt % uranium alloy increased as the con-

centration of the nitric acld, vwhich was catalyzed with 0.005 M Hg(NO )2,>
increased from O to about 8 M and then decreased as the acid concen~

tration was increased further to- 12-16 M (Figs k. l) The optlmum nltrlc :
acid concentration of about 8 M differs from HBanford's results, 7,8 fn_g :
which the optimum dlssolvent for cast 705 wt % uranium alloy was h M

mvo3-=o »002 M Hg(NO. )2

A twofold increase in the ratio of dissolvent volume to alloy area
had no perceptible effect on either the_dissolution_rate or the -optimum
acid concentretion.f.In actual process application, the use of excess
acid in the fuel dissolution step, which would lead to feed solutions
containing 1 E-HNO3, is desirable from the standpoint of elimination of
interfacial solids (Sec. 5.2) in the first-cycle extraction column.,
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Fig. 4.1. Dissolution Rates of Uranium=-Aluminum Alloy in Nitric Acid.



©  Effect of Mercuric Nitrate Concentration. In batch studies with R
extruded 15 wt % uranium—85 wt % aluminum alloy, the dissolution -
rate in 8 M HNO3 increased from nearly O to 185 mg/min/cm as the
mercuric n1trate concentration was increased from 0 to 0,005 M. Above
0. 005 M Hg(NO )2 the rate 1ncreased only slightly (Fig. b4.2). Under
comparable conditions the dissolution rate of cast 5.37 wt % uranium
alloy was about 75% of this, i.e., 140 mg/min/cm in 8 M HNO3-O . 002
M-Hg(NO. )2° Extruded 15 wt % uranium alloy dissolved in 4 M HNO3-V
0,002 M Hg(NO )2 at a rate of 130 mg/min/cm , Wwhich was about four
times the rate for cast 7.5 wt % uranium alloy in this reagent. The
dissolution rates were calculated from the known average dimensions
of the metal dissolved “the diséolution time, and the weight loss.

These results are to be contrasted with results of similar.
studies7’8 at Hanford, where cast 7 5% uranium-aluminum alloys dis-
golved at a rate of 5 mg/min/cm in 5 M HNO; with O, 0005 M Hg(NO )2
present and at ~0.5 mg/min/cm with no catalyst, and at a maximum .

of 35 mg/min/cm in b M HNO3 with 0,002 M Hg(NO )2 o | A

The mercury catalyst action is explained as follows: Before the
dissolution begins there is a brief induction period, during whicn it
is postulated that the protective ox1de film on the metal surface,
which prevents attack of the alloy by the nitric acid -is destroyed.
Small smounts of mercuric ion near the slowly reacting aluminum surface
are reduced to metallic mercury, which during its transient existence
in nitric acid, amalgamates the metal surface and so prevents further p
formation of the tenacious oxide film. The area amalgemated in this'“' }
way reacts vigorously w1th the nitric acid, leading to production of } . »: . L
more metallic mercury, vhich perpetuates the cyclic reaction until a ' |
‘balance is reached between the mercury reduction by the dissolving ._' y - i?l'

alloy and dissolution of the mercury in n1tr1c acid.

o av01d ‘the induetion period in the batch dissolution studies,‘

“the metal_was pretreated in a separate portion of the nitric acid— .
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Fig. 4.2. Effect of Mercuric Nitrate Concentration on Dissolution Rate
of Extruded 15 wt % Uranium—85 wt % Aluminum Alloy in 8 M HNO3.
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mercuric nitrate experimental solutions to preform the amalgamated
surface. Tne amalgamated alloy thus fOTEEd was quite reactive, and
rapidly formed s bulky oxide coating in air, To avoid handling
difficulties caused by ‘this coating, ‘the specimens were . weighed in
:tared bottles of . 2-propanol to exclude air. ' ' ‘ '

i num Nitrate‘ConcentrationQ The dissolution rate

'jvdecreased rapidly as the aluminum nitrate concentration of the solu-

tion increased (Fig. h.3)° This was true for 1nitial nitric acid

concentrations ranging from 2 to’ lO M.

Effect of Ccmg;sition and Metallurglcal History of Metal. Therei:,.
~ was no difference in the dissolution rates of the 5, 7.5, and 15 wt %
'Vuranium alloy, but extruded metal dissolved much more rapidly than '
‘casts Different regions of a single piece of metal dissolved at very
different rates, especially in the case of cast alloye The repro-
ducibillty of rate data for cast -alloy was poorer than for extrnded.

Small-scale batch dissolvings of aluminum-clad 15% alloy in-
' mercury-catalyzed nitric acid solutions showed that there is no marked
preferentlal dlssolution of the alloy or the claddinga.

b

4,2 Large-Scale Batch Dissolutions

In three dissolutions of sections of fullasized aluminum-clad 15%
natural uranium tubular fuel elements with T,4% M HN03-0.005 M Hg(No; )2,
.10-12 hr was required for complete dissolution, In a fourth run, disso-
lution was essentially camplete in less than 2 hr. The reduction in
dissolution time is attributed to improved eqnipmentshandling techniqpes
'develo_ d through experience. The dissolution progress as a function

To produce l.8 M Al(N 3 product, 8¢25 M HNO3 is required, -assuming no
reflux, ‘ . R
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8.0M HNO3

6.0 M HNO,

0.16 |-

4.0M HNO3

0.08

DISSOLUTION RATE (g/cm?/min)

0.04

Total No3' (M)

Fig. 4.3. Dissolution Rates of Extruded 15% Uranium—85% Aluminum Alloy in
Aluminum Nitrate—Nitric Acid Containing 0,005 M Mercuric Nitrate.



of time wvas obtained in the final run by periodic analyses of the
dissolver solution for uranium, sluminum, and nitric acid (Table 4 1)
In each run ~ 2500 g of fuel and 50 liters of dlssolvent were used.
The reaction was started by heating to 90 C, the initial, almost
violent,‘réactibn was controlled by applying cooling water for about
1l hr. Steam was then reepplied to maintain'the dissolver temperature
et approximately lOSOC° 7

4.3 Continuous Dissolution Studies

In continuous dissolution studies of miniature extruded 15 wt %
uranium-=85 wt % aluminum alloy slugs, the dissolution rate was 12%
higher.when'the cold condensate was returned to the column in the middle
of the slug bed than when it was returned at the top. Heating of the
condensate prior to returning it to the column, to elimlnate the
quenching action of the cold solutiOn, did not increase the dissolution

rate further.

The experiments were made in a trlckle-type glass column (Fig. L. h)'
with a l-in. diameter and a slug bed height of 6 in. The dissolvent was
6 M* HNO;~0.005 M Hg(No3)2, and the fuel was extruded 2.l4-in.-long by
0.2-in.-dia slugs of 15 wt % natural uranium alloy. In this case an

acid-deficient 1.8 M Al’(NOB)B-iproduct' was obtained.

4.4 Product Stability

Any product containing excess acid obtained from acid feeds of
10 M HN03 or less should be completely stable to precipitation of
aluminum nitrate above 20°C (Fig. 4.5); The stability should not be

affected by up to 11% varlatlons in feed acid concentrations or by

*
See footnotevon p. 10.
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Metal Organic Compounds. "
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_ unusually low dissolution rates in the dissolver. ‘All'realizable .
product Al(NO3)3/HNO ratlos in the mole ratio ranges 0/9 to 2/25/0
are thermodyngmically stable to aluminum nitrate precipltation dovn
to avout 1°. '

Table u 1. Dissolution of . Aluminum-Clad 15% Natural Uranium -
' Alloy in Boiling 7oh M Hmoa--o,oos M Hg(N0312

Dissolution | - o Amount
Time Bt Conc. | U Cone.. | Al Conc. . Volume | Dissolved
(hr) (M) (mg/m1) (mg/m1) | (1iters) | (wt %)
0.5 : ~1.76 2.89 36.7 50 84,5
1.0 ' ' 3.80 40.9
2.0 0.7k 4,12 42,7
2.5 : 3.97 43.7
3.0 0.79 - .01 | bk
3.5 | | 4,05 47,2 |
4.0 . 0.83 4,01 i .3 48 99

L, 5 Behavior of F1551on Product Iodine

F1ssion product I 131 present in the dlssolver off-gas from mercury-‘.
catalyzed nitric acid dissolution of spent short-decayed uranium-
:'aluminum alloy fuels must be removed before the off-gas is released to
the atmosphere. A minjmum iodine removal factor of lOlL is required
under the proposed process conditions for 90-day-decayed fuel° "This



Table L.2.

Jodine Evolution Durlng Acidic Dissolution of Uranium-Aluminum

Alloy as_a Function of Todine and MErcury'Concentrations

'“.ﬁun

Total ié

Material

98.71

alloy weight. _

v'éonditions L Iodine[Diatribution iﬁl»' o Evolved |. ‘Balance
- No. | LT | I® “Pot_| Condenser d Trap [ Ist NaOH | 2nd NaOH | AgNOx (ﬁ) - |D.F. (%)
1 fo5 | 1 102.79] 0,093 | 0,051 | 0,037 | 0.067 | 0,018 0.27 [376 | 103.06
201 ] 1 | 98.79] o0.123 0,070 | 0.106 [ 0,051 [ 0,061 0.kl |243 199.18
3 e 1 99:38( 0,177 0.0s2 [ 0.460 'o,l_p_61 ©0.139 | 1.28 78.2 | 100.63
Chfa )1 100.75|  0.196 0.081. [ 0,10k | 0s026 | 0,087| 0.49 {202 | 101.23.
o5 |1 | 0.5 97.35| o.2b5 0,124 | 0.1k9 | 0.058 | 0.104 | - o. 68“_ 14649 98.02
: 6> 2t_' 1 51-.“_2'3 ~ 0.736 3_,505"‘ .__3é.'923 | 0.258 | 0,080 | 375 -h8 9 <2_.;.7 88.69 . .
7 le | 1 [100.63] . 0.216 0.090 | ~0.0k40 0.246 | 0s06k 0.61 |164.5| 101,24
8 | 1 95.27| 0,120 06175 | 00158 | <0.021 |~0.0u4 |  0.51 |193.4| - 95.77
9% 1 ]| 983 04135 0,045 | 04065 | 0,018 [<0.009 | 0.27 [36846
' 4aUnity " normal process concentration, i,e.,fI/Utweiéht ratio 5-36/29,000, Hg(NO )éc=‘5% of'total

COndenser not functioning, tygon tubing 1ines were contaminated with activxty that could not be
recovered, which accounts for the poor material balance. .
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'decontamination‘was not achieved by mercuric iodide complex formation

in the dissolver (Table 4.2).

In previous studies with simulated dissolver'solutions, 2,2°M
. lAl(NO )3--0 5 M HN03, the ‘presence of 0. 01 M Hg(NO )2 prevented ‘
j;significant lodine evolution when the solutions were heated at 95-
| 100°%¢ for 1 hr, provided the iodine concentration was no more than"
10 =5 M°9 Similar results were obtained at Hanfordelo 1 However,
these experiments ‘do not completely represent process conditions

since no oxides of nitrogen were ;mesent, and in the actual dissolution.‘

‘Q-process aluminum competes with the iodine for the mercury

Nine laboratory-scale dissolvings were made to determine whether
sufficient iodine would be complexed by the mercury under process
conditions to eliminate the necessity for additional 1odine-removal
:eqnipment, The slugs were of 5.37% uranium-aluminum alloy and weighed

o approximately 3 5 g each, The dissolvent was 5 M HNO3, containing -

mercuric nitrate catalyst equivalent to either 2.5 or 5% of the total

" alloy welght. The HNO /Al mole ratio was 4.25/1., The 5% value is the
normal process level., The iodine was added to the system in amounts
varying from 0.5 to 4 times the normal process level, the I/U weight
ratio being 36/20,000. A stock solution of 0.2 M NaOH--O. 0036 M Na2SO3
Acontaining dissolved molecular iodine and 1131 tracer was usedo. The
'dissolv1ngs.were made in a glass pot equipped with a 30-in. glass
reflux condenser followed by & series of gas traps. The first was a’
dead trap, containing nothing but air. The next two traps contained

8 M caustic, and were cooled in an ice bath during the dissolutions.

. The final trap contained a 1 M AgNO, solution. Air was used as & sweep =~

3 3 v _
gas to oxidize NO to N02° After each run the pot; traps{ lines, ard
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condenser were washed with caustic, water, and acetone, and the wash .
.'solutions, pot solutions, and trap solutions were analyzed by gross B
‘counting. The ‘calculated decontamination factors ranged from 78.2 to
'376 for the conditions studied, with the exception of one case in which

the condenser was not functioning and the decontamination factor was .

<3.

5.0 - FIRST-CYCLE EXTRACTION-COLUMN EMULSIONS AND TWTERFACTAL SOLIDS °

When the rav feed uas.extracted, fine, stringy solid msterial<
'collected in the column at thée phase interface and/or'organic emulsions
formed. As the solids built up, smooth column operation was impossible
and decontamination factors were poor as a result of radioactive fission
products being carried over into the stripping column Wlth the solids.
When . the aqueous phase acid concentration was less than 1 M during the
‘extraction, a yellow mercury precipitate formedg .The.emulsions and
interfacial solids ﬁere reduced in amount or eliminated by pretreat-
ment.of the solvent diluent, dissolution in excess acidvfollowed by feed
digestion, amd control of the acidity of the solution at the feed pl'ate'ag
With the higher acid concentration in the aqueous phase, the yellow-_
mercury precipitate was also eliminated. '

5.1 Solvent Pretreatment

Oleum pretreatment of the Amsco diluent allev1ated interfacial
solids formation but did not eliminate the problem altogether. The -
recommended procedure is given in the appendix (Seca llo2). '
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5.2 Dissolution Conditions

Dissolution of elumimm-cled 15 wt % uranium--85 wt % aluminum
_alloy in the presence of excess acid——to give 1 M HNO3, 1.8 M |
_Al(NO )3; and 3.82 g of uranium per liter-——followed by feed digestion
(Sec. 5. 3) ellminated or greatly reduced the amount of interfacial
‘solids.

5 3 Feed Pretreatment

, Dissolution in the presence of excess acid eliminated the inter-
facial solids problem, the effect being attributed to the decreased
isolubility of silica in the stronger acidc' However, feed prepared
‘under these conditiOns formed organic emulsions, although these had
never been encountered with feed prepared under acid-deficient dis-
solution conditions. The emulsions were eliminated by digesting the
1M HN03 dissolver solution at the boiling point for 4-6 hr, then
‘ filtering through a coarse glass filter and finally adjusting to the
'fsolvent extraction flowsheet feed conditions. The laboratory-scale
equipment required for this head-end.treatment is shown in Fig. 5.1.
This treatment was more than adequate to prevent precipitation of

white mercury sulfamate in the extraction column (Sec. 5.6).

A more drastic treatnent; digestion with 2 M acid followed by
evaporation to a relatively high boiling point to drive off the water, .
| was necessary to eliminate organic emulsion formation with similar |

| feed prepared by dissolv1ng 25 aluminum parstock and adding uranyl
‘:nitrateo ‘The only obvious difference between the two solutions was
the silica content, which was approximately 1% of the sluminum bar-
stock weight and was negligible in the actual alloy samples dissolved.,
The effectiveness of thfs procedure was independent of both the acid
"ﬁ*and aluminum concentration (0.6-1.7 M) when the initial acid concen~
‘tration was 2 M or higher.  Since conditions are rather corrosive
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' during the evaporation, this more drastic treatment should be used
only 1f organic emulsions or prohibitive amounts of. interfacial :
solids persist after the milder b to 6-hr digestion with 1 M EN03.

.Batch equilibrations were used in the laboratory development
work on adaptation of the Thorex procedure3 for dehydrating silica
to 25-TBP. process conditions° ‘The feed was prepared by adjusting
aliquots of the barstoek solution to acidities ranging from 1.5 to
11 M vy adding concentrated nitric acid. ‘The aluminum concentrations'
waried‘from 1.74 to 0.6 M. The solutions were refluxed at the
boiling points (110 to 120 C).for 0,25 to 3 hr and then evaporated
until a boiling point of l3O°C<was'reached'° This eorresponded to a
reduction in volume to approximately half that of the original bar-
-stock solution: When this was diluted back to the originel volume
with water, the scidities ranged from 0.5 to 0.6 M for the 1.5 and
2.0 glﬁ+ digestions and from 0.86 to 1.0 M for the digestions at 4 M
~acid and greater. The acid initially present came off in the dis-
tillate and was reclaimable.

Solutions were tested for emulsion formation by figorously

: stirring, for 1.5 min, 100 volumes of the unfiltered solution and.20

: volumes of. neutral 0,75 M Al(NO3)3=mO .02 M ferrous sulfamate with Lo
volumes of 64 TBP in oleum-treated Amsco diluent. The phase ‘disen- -
-gagement times were used as a measure of the effectiveness of the
treatment, the longest time being indicative of the least dehydration.
Disengagement times of up to 90 sec were considered satisfactory for
'smooth column operation. The barstock solution digested at an acidity~
of 1. 5 N for 3 hr- produced a. stable organic emu181on in the batch-
equilibration test. In all other cases, essentially clear organic
phases were obtained in 50-90 sec and completely clean interfaces in
3-3.5 min., Digestion times ranging from 0.25 to 3 hr gave phase V
,bdisengagement times of 30-2#0 sec, shOW1ng no apparent correlation
"with digestion tim.e° Possibly, variations in acid loss during the



digestion periods because of condenser inefficiency and fluctuations
in the agitator speed during the batch equilibrations are factors

‘contributing to the erratic results.

Effect of Aging,"Apparently,"aging'the'l'M HNO3 dissolver solu-
tion at room temperature for a long period of time also gradually
dehydrates and coagulates the emuIS1on-forming contaminants. This~
effect was shown by applying the emulsification test to an untreated

portion of the barstock dissolver solution appraximately 2.5 months
after the initial test had been made on the freshly prepared un-
treated solution. The aged solution showed a significant improvement
in emulsion-bréaking'tenﬁencies with 1:5-2 hr being required as’

| compared %o overnight‘for the fresh solntion injthe'earlier,experif

ments.

5.4 Effect of Extraction Column Aqueous Phase Acidity

A scrub solution of 3 M HNOS——O -T5 M Al(N03)3 containing 0,02 M
ferrous sulfamate is recommended for eliminating organic emulsions
and preventing excessive uranium reflux 1n the 25-TBP process: ex-
traction column. = This provides an aqueous acidity at the feed plate
- of 1.33 go No organic emulsification or excessive uranium reflux
was noted in pulsed column runs with this scrub when digested and
filtered natural uranium tubularielement dissolver solution containing
1M HNO3 was used as the extraction column feed. It was necessary to
-maintain the acidity at the feed plate at a minlmum of 1 M in nitric :
‘acid to prevent the yellow mercury precipitate observed in early o

experlments (Sec. 5.6).

In a series of 0.75-in.~-dia pulsed column runs with the
'emnlsion-producing 2S5 aluminum barstock dissolver solution (Sec. 593),
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scrub solutions of 0.75 M Al(NO ) with acidities ranging from -
neutrality to 1 M HNO, am of 2. 5-& 0 HNO, alone were investigated. -
The organic phase was 6% TBP in oleumntreated Amsco diluento - The
proposed flowsheet flow ratios of AF/AS/AX = 1100/20/40 were used in
all rugﬁgﬁmﬁﬁgblg organic emulsions were obtained with all acidities
up to 1.0 M when the scrub stream vas 0,75 M A1(NO )3 With 2.5 M
HN03 alone ag scrub, there was a faint, hazy emulsion layer; but there
was none with 2. T5-4.0 M HNO3 Because of exce581ve uranium refluX,
owing to insufficient salting strength (sec. 6. 1), when the scrub was
nitric acid alone, the mixed Scrub was recommended°

Laboratory batch—equilibration studies, in which 81mulated feed-
plste solution was prepared from. chemically pure reagents, corro-' -
borated the pulsed column data in that phase dlsengagement times varied
inversely as the nitric acid concentration. Stable emulsions were not
obtained in any case, The simulated aqueous phases, containing 1.6 M
A1(wo; )3, 2.7 g of uranium per liter, O. 004 M Hg(NO )2, 0.003 M
ferrous sulfamate, and 0. 1 to 2.0 M HNO3, were digested at the boiling.
point for 15 min prior to addltion of the sulfamate (Sec. 6.1), and
were subsequently batch-equilibrated for 1.5 ‘min with 1/3 volume.of
6% TBP in oleumutreated Amsco. The disengagement times, which varied
from about 50 sec with 2 M acid to 290 sec with 0.2 M, showed a trend
(Fig° 5. l) vhich mey indicate inverse correlation with the solubility
of mercury, as a function of acid concentration, under simulated '
extraction column. ‘conditions (Sec° 5.6). In an equilibration with 0.1
M HNO3 done separately, about 24 hr after the rest of the series, the
disengagement time dropped back to 90 sec. ‘

When digested and filtered tubular element dissolver solution was .
substituted for the simulated feed in a similar batchwequilibration ,
experiment, the phase disengagement times increased from 70 sec to 145

'sec as the aqueous phase acidity increased from 0.8 to 2.0 M. Also,
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Fig. 5.2. Phase Disengagement Time as a Function of Feed Plate

Acidity.
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_clear, bubbly organic emulsions, which were stable for more than '“'
18 br, were obtained in every case° . The disengagement t1me was con-'
sidered as the interval required for efférvescence to cease 1in the |
organic phase° 'The discrepancy between these data and those obtained
with the simulated fuel solution (see Fig. 5.2) suggests that either }
the actual fuel solution ‘contains different emulsion-producing
impurities, or the emulsion formers exist in different forms in ‘the
two solutions. - The dissolver solution used in this experiment

. contained 1.4 M Al(No3)3, 0.94% M HNO3, 0,00k M Hg(NO. )2, 15 ppm of
3102, and 3.97 g of uranium per liter. The scrub solutions were all
0.75 M A1(NO )3»eo 502 M ferrous sulfamate and contalned nitric acid
'in emounts such that when the AF/AS ratio was 100/20, the aqueous
'_phase acid concentration was adjusted to the desired molerityo_

| solvent phase was again 6% TBP in oleummtreated Amsco, and 1/3 the -
volume of -the total agueous phase° The batch-equilibration time used -
in the experiments was again 1.5 min. '

5, 5 Effect of Phase. Mlxing

The method of phase mix1ng very likely has a bearing on organic
emulsification, as is evidenced by the anomslous behavior of natural
uranium tubular element dissolver solution in the pulsed column and
laboratory ‘batch studies (Sec. 5.4), but more quantitative data are
i req_uired° In the pulsed column runs no emulsification was noted with
8 feed-plate acidity of 1.33 M. However, stable emulsions were. ‘

obtained in laboratory batch equilibrations under identical conditions
of volume and concentration at aqueous phase acidities of 1025=l°5 M.
In the.former case, the column was filled with aqueous phase and the.
solvent'WES gently dispersed by means of sieve plates and the applied
pulse, But‘in betcheeQuilibrstion_very intimate and intense phase
'mixing was ecconplished in a widemmouth‘sepexatory funnel equipped
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with a high-speed impeller Whlch pummndthe aqueous phase upward and
dispersed it into the organic phase., ' B

5.6 Behavior of.Mercury under Extraction Column Conditions

The study of the behavior of mercury upder 25-TBP'process IA
column conditions was undertaken since little or nothing was known of
its chemical properties 1n 8 TBP solvent extraction system utilizing -
serub solution containing ferrous sulfamate~~—the Purex prOcess

aqueous feed contains no mercury catalyst.

In a preliminary experiment it was found that a nitric acid con~ i
centration of at least 1.5 M is required to prevent precipitation.of
mercuric ion in the presence of ferrous sulfamate at their feed-plate
concentrations of O. 004 and 0.003 M, respectivelye At lover acid
concentrations, 0.08 to <l.5 M, a fine, white crystalline precipi-
tate is formed. Mercurous ion, however, under identical conditions

is soluble over the entire acid concentration range studiedn

. The addition of feed-plate concentr ations of reagent aluminum
and uranyl nitrates, i.e., 1.6 M aluminum and 3 to 6 g of uranium per~-
liter, to 0,08 M nmo3¢ooool+ M Hg(l\I03)2 solution, followed by either
boiling for 5 min or aging'at'room temperature for approximately one
‘week,.. converted the mercuric ion to a form which did not precipitate
upon’ addition of the ferrous sulfamateo A negative test_obtained on
the boiled or aged solutions upon addition'of chioride ion'indicated o
© that the mercuric ion had not been reduced to the soluble mercurous state. 7
When either the aluminum and uranyl nitrates or the nitric acid wes |
omitted from the simulated process solution, boiling or aging failed
to ;mevent mercuric sulfemate precipitation, Eence, it is apparent
that both high nitrate concentration and . the presence of free hydrogen
ion are required to effect the conversiona ’




_ Batch equilibration studieSnﬁaaeiunder IA column conditions: ~
showed that. the free acid concentration of the dquecus phase must -
be st least 1 M or mEercury - precipitation of ‘a second type occurs ,
upon contact with the solvent, The chemical composition of this
precipitate,; which is flocculent and pale yellow in.color,'wes not
determined, but it was establlshed that it did not occur in the
absence. of ‘mercury and that the presence or absence -of ferrous sul-
famate had no ‘effect. It was. therefore concluded" that the precipi-
tate wes a mercury compound, other than & sulfamate, which reqpired
excess free acid to remain in solution° The occurrence :of such a
precipitate was -considered to be a possible cause ‘of organic
emulsion - formation - (Sec° 5.4). In these experiments, digested feeds,

- containing 3 to 6 g of uranium per liter, 0,005 M Hg(NO, )2, 1.8 Mo

Al(No3)3,and varying amounts of,nitric acid, were prepared‘either

from chemically pure reagents or by actual dissolution of uranium-

eluminum alloy. The scrub solution was reutral 0.75 M Al(NO3)3ee

0,02 M ferrous sulfsmate,and 6% TBP in oleum-treated Amsco diluent

was used as the organic phase. A feed/scrub/solvent volume ratio

of 100/20/40 was used in all equilibretionse

6.0 FIRST-CYCLE URANTUM LOSSES AND. DECONTAMINATION. .

It is expected that in process the uranium firstucybleﬂextraction
and stripping losses can be limited to the design values of 0,01% each
with I extraction and L stripping stages, Uranium loss resulting
fram radiation decomPOSition of the solvent will be negligible after
exposures up to lh times - the radiation dosage expected in a single :
pass through the first extraction column, Plutonium in the uraniun :
_product can be reduced to specifications, 10 ppb with about. 4 scrub
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stages, Gross. beta and gamma decbntamination factors of 5 x 1oh and B .
1 x 1oh, respectively,-may be expeetea in. the first solvent extraction f' RN
’.cycle, the. principal fission product contaminants in the product being

zirconium and niobium

601 Uranium Recovery

. Batch-countercurrent runs. made under the proposed first solvent
::extraction cycle flowsheet conditions (Figs 3;1) showed that the |
. urenium loss specification, i.e., a maximm of 0401% in’ ‘the extraction |
'column'aqueous”waete end'the same in the stripning column organic
waste, can be met with b extraction and h stripping stages (see McCabe-'
Thiele ¢ disgrams in Figs. 6,1 and 6,2), " HETS velues estimated for a
0, 75~1n -dia pulsed column were 4 and 2, h ft for the extraction and

qtripping sections, resPectively.”_ . o R , - -

_ .Effect of Total Nitrate Concentration. The'efficiencj of urénium R ;ﬂ Lot
- extraction depends on the salting strength, i.e., the total nitrate ' e
concentration, and the hydrogen ion concentration. In the.preSence of
. 1.0-1.8 M A1(NO )3, the extraction of uranium by 6% TBP: decreased with
increasing nitric acid concentration (Table 641). This effect is the
reverse of that observed in Purex type systems over a limited range
 of nitric.acidISalting Strengthj“hOWeuer, results of homogeneous

reactor chemical processing studies have shown that uranium extraction‘
by 30% TBP passes through a maximum at approximately 8 M HNO3 '

~ While such behavior-iS’not well understood,-it had to be consi-

» dered in the design'of the first'aoivent extrection cycle flowsheet, .
where a high nitric acid concentration is needed to minimize the |
collection of interfacial solids and to prevent organic emulsion

formntion;and“mercury4preci§itation.' Column runs in which the:equeoun:
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phase feed-plate aluminum nitrate concentration was 1, Swl 6'ﬁishovedn,

- that neither 3-h M HNO3 nor 0.5 M Al(NO )3 scrub solutions alone

_ provided sufficient salting strength to prevent excessive uranium B ‘
© reflux in the scrub sectlon. A mixed scrub, 3 u HNO3«w0 75 M Al(N03)3, e

'i_was therefore recommended (see p.,39)

LG

‘Pable 6.1. Uranium Extraction Coefficient at Various
Concentrations of Aluminum Nitrate and Nitric Acid

Aqueous phase. 2 g uranlum per liter + Al(NO )3 and HN03
-~ - shown .~
Equal—volume batch eqnilibrations

- Al(N )3 .‘ ' ‘: Uranium Extraction Coefficient, org/aq”
: (m 0.0 M HNO; [ 0.3 M HNO; méngS_lloMm%
o5 b 25 | 32 |0 ka2 o '.:f74,72_5 .
10 | oo | s | 26 . 196
1k o330 | 83 o8 | e
1.6 1150 432 138 - 83.5°
1.8 . | 2320 s | 26 | 986

Uranium concentration in organic phase & uranium concentration 1n
aqueous phase under eqnilibrium conditions.»;r_rﬁ __:;‘_; .

Effects of Radiation Damage to Solvent. Uranium retention in“

" solvent samples that had received up to 1 times the radiation dosage -
expected in a single pass through the extraction-scrub column indicated
'that uranium losses to the organic waste ‘stream from the stripping |
‘column attributable to radiation-induced decamposition of the solvent
'will be.negligible. The uranium-retaining decomposition_products »
present in solvent irradiated to 14 times the IA column process level -




”
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were adeqpately removed by intercycle washings with sodium carbonsate,-
nitric acid, and water. Therefore no gradual'ihcrease in uranium
loss 1s expected as the number of solvent recycles increases. A more -

vdetailed dlscussion of the radwation damage sfudles is given in Sec,-

s 2."

Effect of Citrate 1n Str;pplng Solution.' Stripplng with aqueous f
citrate solutlons under proper DH conditlons gave hlgher product con-ff
centrations becauSe of the uranyl citrate complex formed However,
the low’ solubility of sodium citrate and the 1nstabillty of the uranyl
citrate product solution made this method unattractive. The potassium d

citrate was more soluble: than sodium and the product was more stable, -

but the permlssibln operatlng range ‘was still too narrow for practlcal
applicatlon on a 1arge scale. Ammonium citrate was coneldered un—_
fde51rable because of the hezard of evapOratingAammonium~nitrate_solué
tions for flnal waste ‘storage. A cost analysis on the sodium'citrate
system indicated that the process would be uneconomical because of

reagent and waste dlsposal costs. (See Sec, 11.1 for deta1ls¢)

HETS Calculatlons "In the HETS sbudles in the O 75-1n -dia
pulsed column, the heights of the extractlon and str1pping sectlons
‘were 6 Tt each and the serub was 8 ft. Uranium loss specifications '

were approached but not met'owing to insufficient column heights.‘

6.2 Uranium Decontamination*

To attaln the plutonlum spec1fication of not more than 10 ppb in

'the recovered uran1um product a decontaminat1on factor of lO

s

ST AU

-

* . .
The decontamination factor is defined as AfUP’ where A is the acti-

N o . Tpf - o
vity in c¢/m/ml, U is the uranium concentration in g/liter, and -the sub-
scripts f and pjdesignate the feed and product streams, respectively.
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"required in the process. In batch countercurrent runs under recom-

mended flowsheet conditions, with 6 scrub stages the plutonium decon-ph gf

’ tamination factor was 3.3 X lO5 indicating that very likely plutonium N f-:;.,f'

‘will be eliminated in the first cycle with approximately 4 serub
stages. The 0. 02 M ferrous sulfamate used in the scrub was: satis-
rfactory for reducing tetravalent plutonium to the nonextractable
trivalent state. In two Mini mixer-settler runs (Fig. 6. 3), gross
beta and gamma decontamination factors averaged T X 1oh and 1 x 10 5

_respectively. In four 0. 75 ino-dia pulsed column runé (Fig, 6. h), gross__

"beta_and'gamma decontamination factors averaged 5 x 10 and 3 x 103

»respectiuelyo

Decontamination from Plutonium. The plutonium decontamination g
experiments were made with synthetic feed containing 3. 9 g of uranium ﬁ,A
'per liter. It was prepared from natural uranium fuel elements, and
was spiked with Pu(IV) to 9.2 x 106 ¢/m/ml. '

In earlier work 0,02 M sulfate ion had béen ineffective for

" forming a nonextractable plutonium complex in the presence of the '
'high nitrate concentrations required in the process solutions for e
adequateruranium recovery. - The highest plutonium decontemination
factor with the sulfateisystem in pulsed column runs was 200.

Decontamination from F1551on Products. The gross beta and gamma
decontamination factors in the Mini mixer-settler runs, 7 X lO and
;'l X 1ou, respectively, are averages of values obtained in Tuns 2 and
3 (Table 6.2). In the first run the values were high, 3 x lO5
l’il.7 x 1ou, and were not reproducible. The discrepancy between these

and

and later values may be accounted for by adsorption of radioactive
fission products on equipment surfaces, 'Analysis‘of'organic samples
‘from each scrub stage ghowed that maximum decontemination requires 7
mixer-settler scrub stages. Preliminary runs with feed containing
no fission products showed that one Mini mixerwsettler stage was






...35-

UNCLASSIFIED

Dwg Nol7022

Organic Exit -

. To Interface Controller
Which Controls Aqueous
~" Effluent Rate

Interface

Plate Spacer over
Support Rod

(~ 23% free area)

HIlIW

Organic_o oy
Inlet

Pulser

Deentrainment

/ Section

———> —~ Aqueous Exit

JEF

| Fig. 6.4, Pulse Column for Extraction-Scrub Operation,



Table 6.2,

Mini-Mixer-Settler Flowsheet Test RunﬁéeFirstholvent Extractibn Cycle'Decontamination

L)

Irradiated Jhslug oF LITR element dissolver solution adjusted to contain.
1.8 M A1(NO3)3, 1 M HNO and 0,005 M Hg(NO3)2, gross B =
_ = O. 55-2.36 x 109 e¢/m L
"+ Serubs 0.75 M Al(N03) » 3 M HNOg, O. 02 M Fe(NHpSO3 )2
Extractant: 6% TBP in oleum-treated Amsco diluent
Strip: 0,01 M HNO
AFP/AS/AX/BX = /éo/uo /15
- 8 extraction stages, 8 stripping stages

"Feed:

2

cadm

005e1e5 g u/1,
2.,24,3 x 109 c/m/ml, gross

Dﬁfation'v

Run. No. of - Noe. Of Scrub. of Run _ Decontamination Pactors _ )
No.' Scrub Stages | Volume Changes (hr) Gross B ~Gross Zr-Nb_z TRE B " Ru B
1 6 T 6 |3.0x10° | 1.7x16% | 11 x 0% | 1.1 x 107 | No sampie
. 8 ~12 10 8.k x 101*b 1;,,5 X 101* 8,0 x 103 | 1,0 x 10° 1.9 x 10°
3 8 | -8 ~T |5.8x 10* 642 x 107 | 49 x 103 | No semple | 1.6 x 106

aFiBBiOﬂ products were still being removed in last stage.

bEstimated on the baeis of IAW stream analysis.

. <o bt mrmipn, e s+ ot

R o e

o
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approximately equivalent to 50% of a theoretical stage. This value
is lower than the normally expected T5 to 80% stage efficiency and
was probebly caused by insufficient mixing, or diffusion, during
sampling operations. Steady-state conditions with respect to fission
product scrubbing were reached after the seventh volume change, or

6 hr of operation.

- In the column runs, when 8-ft scrub sections were used, gross
beta decohtamination factors were generelly in good agreement with
those in the Mini mixer-settler runs, but gross gemma were 2- to~3-
fold lower (Table 6.3). In the fourth column run (run 7), in which
the scrub section was cut in half, the gross beta decontamination
factor was decreased 20-fold while the gross gamma was decreased only
L-fold. This indicates that the gamma emitters (zirconium and
niobium) are not removed from the organic phase as readily as the
beta (rare earths) in the IA column scrub section. In the first
column run (run 4), as in the Mini mixer-settler runs, decontamination
factors were very high and were not reproducible. In both mixer-
settler and column runs, zirconium and niobium were the chief product

contaminants.

The mixer-settler runs 1 and 2 were made with Hanford J-slug
wafers which had been irradiated 1 year and had decayed 1 year
after shutdown. For the third run, portions of a LITR element
which had been irradiasted 377 days, and had decayed approximately
225 days after shutdown were used. In each case the fuels were
dissolved, and the solution was digested and adjusﬁed to approxi-
mate flowsheet feed acid and aluminum nitrate concentrations.
Uranium concentrations were low, 0.5-1.5 g/liter,»and could not be
adjusted without dilution of the U235 with natural uranium.
However, it is felt that this condition had very little influence

on decontamination. The gross beta and gross gemma activities



Ta.ble 6.,3.,

Pulse Column Plowsheet Test Runs-eFirst Solvent Extraction Cycle Decontamination

. Feed:

alloys .
ml; gross ¥ =

Scrubs
Extractants
Strips

3.8 g U/1, 1.8 M A1(NO3) 3,

0o94=3,75"x 107 &
0.75 M A1(NO3)3; 3 M HNC3, .02 M Fe(NHpSO3 )2
%% TBP. In olem~treated Amsco diluent
0.01 M HNO

AF/AS/AX/BX w 1oo/go/ho/15

Length of extraction section =

6 £t

Length of stripping section = 6 ft

m.

tubular fuel” element dissolver solution spiked with fission products from irr'adiated UvAl

and o,oos M Hg(NO3)2, gross B = 1°u7=5 o9 X 1o c/m/

97% of- gross Y in product was accounted fo:r by Zr-Nb, decontamination factor no‘t calcula'ﬁed because '

these elements were not determined in :f.'eed solutiono L

: Length of: B Du_re:ti;on S ,

" Run | Scrub Section | Nowo:oOf Scrub | of Run. S Decontamination Factors S

Now (££) Volume Changes | (hr) [ _Gross B Grose 7 7 ] TREB |  Rup_
bl .8 ~9 T 7;87vx 1oh | 1.0k x 10" | | e R
5 8 ~9 T {252 x 1o#i 5.33.x 105 | 4,93 x 105 | >20° | 3,01 x 10
6 8 ~1l 11 |5.08 x 10* | 2.70 x 103 1.79 x 103 | >10%8 8.25 x 10*
7 Y ~16 6 | 2Tx 103 642 x 102 B B
a“Es't::!.ma:t:edo

-sg;
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were 2,2 x 109’snd 5e 5 b'd 10 ’ respectively, in the J=slug solutions o
and b3 x 107 and 2. 26 x 109 c/m/ml, respectivelx,in the LITR element

solutionof

Feeds for the coiumn runs were prepared by dissolving sections
of natural uranium—ualuminum tubular fuel elements, digesting,. :
‘filtering, and spiking wit h fission products obtained from irradiated
:uranium-aluminum alloy. The uranium concentrations in the feed solu».
tions varied from 3.72 to Boll g/literq Tission product activities
" ranged from 1,47 x 107 t0 5.09 x 107 ¢/nfnl for gross B, and from
9.42 x 106 to 2,28 x 10" for. gross 7.

‘ MisceilaneOus ‘Stu.dies° Mention should be made of some of the :

_ preliminary decontamination studies which had direct bearing on the
development of the recoumended first solvent-extraction cycle flowe
sheet. In a series of 0.75-in.-dia pulsed ¢olumn tests, fission
product decontamination factors were determined as'functions of the

| aluminum nitrate concentracion in neutzal scrub and of feed and scrub .
acidities. The feeds used in these experiments were prepared by
'dissolving portions of irradiated Hanford J slugs and subsequently
adJusting the feed golutions to contain 1 8 M Al(NO )3, 0.005 M
Hg(N03)2, and 0,1 to 2 g of uranium per liter, with acidities ranging
from 0.15 M acid deficiency to 0,86 M HNO3 The feasibility of each

of these systems with respect to uranium recovery was first deteru

- mined in laboratory batch countercurrent runs with nonirradiated
material, These runs were made under conditions s1mulat1ng the

conditions eventually uSed in the column runs.

In the first set of runs, with a 0.1 M HN03 feed and neutral
scrub solutions containing 0.5 to 1.0 M Al(N ), vs a 6% TBP-Amsco
' organic phase, the gross: B, ruthenium ﬁy and rare earth B decontami~
tion factors varied inversely with the salting strengtho However,
with a 0.5 M Ai(mo3)3 scrub, urenium reflux was prohibitive, and
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therefore 0.75 M Al(NO3)3 scrub was chosen as a compromise between
maximum decontamination and most efficient uranium recovery. Sube-
stitution of 3 M HNNO, for 1 M Al(NO3)3
ficantly increased the ruthenium B decontamination factor, but

as the scrub solution signi-

lowered the zirconium-niobium ¥ decontamination factor. This latter

observation is not consistent with Purex experience.

The second set of ekperiments consisted of two pulsed columm
runs in which neutral 0.75 M Al(NO3)3 and 6% TBP-~Amscq were used as
the scrub and organic streams, respectively. The first run of the
set used a feed which was 0.15 M acid deficient, whereas an 0.86 M
acid feed was used in the second run. In both cases, the ruthenium
.p decontamination factors were significantly higher than the value of
lO3 obtaimed under the same conditions with a 0.1 M HNO3 feed. In the
acid-deficient system the ruthenium P decontamination facﬁor was
1.3 x th, and in the high-acid system it was'3 X 103° The behavior
of ruthenium in these pulse column runs is in agreement with obser-
vations made in earlier laboratory batch equilibration studies.12
' The anomalous behavior of zirconium and niobium in these solvent ex-
traction studies is attributed to their colloidal nature and their

tendency to adsorb and concentrate on particles of interfacial solids,

7.0 SECOND SOLVENT EXTRACTION CYCLE

The proposed second-cycle flowsheet conditions (Fig. 3.1) were
demonstrated in laboratory batch countercurrent runs to give the
desired uranium recovery and decontamination. The fifst-cycle
product is evaporated to a uranium concentration of approximately
195 g/liter, and subsequently butted to 3 M HNO3 by addition of con-

centrated nitric acid before being fed to the second cycle.

.-
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7 1 Uranium Decontamination

. Overall gross beta and gemms decontamination factors of k4, 6 X
106 and 1 x 107, respectively, are specified for the 25@TBP processo‘
Since decontamination factors of 5x 10 and 1 x 1oh for groes:beta
and gamma, respectively, are expected in the first solvent extractionf;
eyele, corresponding second cycle decontamination factors of 92, and
103 are required. The single radioactive laboratory batch counterw
current run which was done under conditions approximating the recome,
mended second cycle fiowsheet conditions, using 6 serub stages; - -
indicated that these decontamination requirements probably willlbe
meta A silica gel tireatment of the second cycle product stream,
which is expected to yield a minimum Zr-Nb gamma decontamination
factor: of'lL;nmw'be necessary The feed for this run wvas prepared
from the slightly radioacUive first solvent extraction cycle product:
. obtained :m pulse colum run No. 7 (Sec. 602), in which only L £t of
scrub section was used, The first cycle product was evaporated and |
adjusted to contain 157.2 g of uranium per liter in 3.17 M ENO3
Radiochemical analyses of the adJusted -feed showed gross B, 2,50:%°

10° c/m/mi, gross 7, 1.11 x 106 c/m/ml; Zr«-Nb 7, 1.0% x 106 c/m/ml, R

total rare earth B, 2.81x 103 c/m/ml, Ru s, 780 ¢/m/ml. Results of
the experiment indicated that the ‘radiocactive fission products were
. not extracted to any great extent; meximum decontamination was
attained in spproximately h scrub stages.

- Decontamination factors were difficult to calculate because of
the low residual activity and the U235 background However, assuming ?A

that all the activity in the second cycle product stream was attri- S

.butable to fission products, decontamination factors of 3 30 x 102

~and 2,50 x 103 were obtained for gross beta and gamma, respectively,

. The product stream analyses—gross B, 210 c/m/ml; gross ¥, 124 c/m/

‘ml; Zr-Wb 7, 115 c/m/ml, total. rare earth B, <50 c/m/ml, and Ru B,
<25 c/m/ml-—-show that in the second cycle, as in the first,:ﬂ.ﬂ;::



zirconlum and nlobium are the limitlng product contaminantso"

Plutonium decontamination in the second solvent extraction cycle
is not expected +to be a problem, since first aycle studies (Sec, 600)
indicated:that plutonium is approximately 100% removed in 4 scrub
stages in the TA column, The use of ferrous sulfamate in the second A
cycle scrud is merely a precautionary measureq o

T2 Uranium Recovery,

As in-the.firét golvent extraction cycle, the permissible uranium.
loss specification for the seoond.cyole is 0.01% to each waste stream.
A laboratory batch ceuntercurrent run, made under the_proposed_seoond
cycle flowsheet conditions, using 5 extraction, 6 scrub, and 6 strip
stages, showed that'the ﬁranium loss'specification can be met with
3 extraction and 4 stripping stages (see McCabe-Thiele diagrans, Flgs,_
7 1 and To 2)

“No column Tuns were made under the recommended second-cycle flow-
‘sheet conditions and therefore no estimates of EETS values for the
’eﬁtraction or stripping sections were obtained. However, previous
hydraulic studies of a 81m11ar system, where agueous feed contalning
approximately 140 g of uranium per liter and 3 M HN03 wBs extracted |
wlth 15% TBP in Amsco diluent, yielded average HETS values of 2Q5 and l:
5 ft in a 2= ino-dlqmeter pulsed column for the extraction and strip-' o
ping stages, respectivelyq

8.0 SOLVENT TREATMENT

Impurities present in ﬁhe Amseo diluent, as shipped, were re-
sponsible for some of‘the_interfacfai solids. Radiation decamposition
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products could cause: high uranium losses, and residual radioactive’ .,
substances in. recycled solvent would present health hazards. - Methods'_ ‘
for pretreatment of the solvent and diluent and for intercycle cleanup-,~u

were therefore developedo

8 1 Solvent Pretreatment

Intense solvent discoloration from water—white to orange-yellow
and the bulldup of gray to black 1nterfacial solids were noted when o
untreated Amsco diluent was used in early 25-TEP process pulsed . column
test runs with material containing radioactive fission products. The -
s0lids built up in.the column and interfered with operation and

resulted in poor uranium decontamination° -

A significant decrease in interfacial solids buildup and elimi-
nation of solvent discoloration were noted when the diluent was pre- e
treated Wlth oleum3 and the solvent with calcium hydroxide before they‘tj
vere combinedo_ The oleum treatment (Sec° 11.2) sulfonated the aro- .
matic and unsaturated components in the diluent, making them water-
soluble so that they were removed by washing with water and caustic.
The calcium hydroxide removed acidic constituents from the TBPo
Uranium decontamination vas also improved, presumably because entrainn
ment of the highly rsdioactive solids in the TA column product stream }
was substantially decreased when less solids accumulatedo ﬁo 1131 was
 pregent in the test runs because only long-decayed irradiated fuel -
was used in feed preparation, It is expected, however, that oleum
pretreatment will improve iodine decontamination when iodine is
present since the unsaturated compounds with which iodine combinesfare"
removed by this methodo_vBetter decontamination from residual activity -
| in the used solvent was also realized in the. solvent reconditioning
step when the Amsco had been pretreated with. oleum than ‘when untreated -

diluent vas usede
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8.2 Solvent Recovery

Radiation.decomposition products and residual radioactive'sub-'lf
.stances must ‘be removed from the strip column waste streams prior toh.p
:recycling of these as extractant, A buildup of radiation decompo~A.:1 X
sition products in the solvent phase could result in excessive

urenium retention in the waste streams, and hence intolerable

- uranium losses, ‘The accumlation of residual activity to & high
- ‘background level would eventuslly present health hazards which would -
necessitate installation of additional shielding snd remote~handling
~ equipment in the Bolvent mskeup aree, inereasing the‘plantscapitaln

- and operating costs, . The'prodedure‘reCommended for removing both' _
Tfradiation decomposition products and residual fission. products from ., )
'.solvent that is to be recycled is washing, successively, with two _
1/3 volumes of 0.2 M Ne,CO;, and finally one 1/3 volume of deminera-j.b
lized water in a turbine mixer,. :
Removal of Radiation Decomposition Products, Previous workl3’lh
had shown that radistion induces the hydrolysis of TBP to dlbutyl
~ phosphate (DBP), monobutyl phosphate (MBF), and ‘phosphoric acide The
Aamounts of MBP, and phOSphoric acid formed under reasonable 1rrad1ation
'.'condltions are very small, but the smount of DEP formed is significa.nto"'t
' Since the uranyl nitrate forms with it an organic-soluble complex

which is even stronger than the one formed with TBP, its. presence

could result in retention of large amounts of uranium in the organic
phase, Experiments on Co6o 1rrad1ation of diluted solvent alone and

of 1nt1mately mixed solvent and aqueous phase indicated that radiation '
damage to the solvent in process will not be a major source of uranium -
loss, and thet buildup of decompOS1tion products can be prevented by '
intercycle washing. ;." ' : '

In the set of experiments vhere only the organic phase was
irradlatEGgﬁsamples of 185 TBP in oleum~-pretreated Amsco diluent were
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_exposed to 0.175, 0.7, 3.5, 17.5, and 35 B watt-hr/liter radiation.
These values correspond, respectively, to approximately 0.7, 3, 1k,
70, and lhb times the 0.238 watt-hr/liter expected in the separation
process for a single pass through the IA column. Aliquots of the
irradiated solvents were batch-equilibrated with equal volumes of

3 M HNO3
uranyl nitrate. The phases were separated and the organic layers

solution containing 40 g of uranium per liter added as

were stripped several times with double volumes of demineralized
water or l/h volumes of 1.5 M trieammonium citrate. Control samples

of nonirradiated solvent were treated identically.

When the solvent had been exposed to radiation of 3.5 B watt-
hr/liter or less, three strip passes were sufficient to reduce the
uranium concentrations in the equilibrated organic phase to 0.001
g/liter (0.01% uranium loss) or less. With solvent that had been
exposed to 17.5 and 35 B watt-hr/liter radiation, uranium retention‘
was 0,08 and 0.4 g/liter (0.2 and 1% loss), respectively, after
four passes of either water or citrate strip solution. The back-
ground uraniumlretention_in the nonirradiated control was 0.0002 g/

liter.

The solvent that had been exposed to 35 p watt-hr/liter
radiation was washed with two 1/5 volumes of 0.1 M Na2003, then 0.1
M HNO3, and finally water. When this washed solvent was equilibrated
with an equal volume of the uranyl nitrate--nitric acid solution and
then stripped four times with double volumes of dehineralized water,

the uranium retention in the organic phase was only 0,00l g/liter.

In the mixed-phase studies, the liquid received 3.3 B watt-hr/
liter of solvent, in one case as a continuous 50-min irradiation and
in two cases as five lO-mih irradiations. In one of the intermittent
experiments the solvent was washed with two successive 1/5 volumes

each of 0.1 M N32003, 0.1 M HNO.,, and water just prior to each

3)
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irradiation° The organic phase wBs 6% TBP in oleum—pretreated >'“_'
Amsco. The aqueous . phase was made from a natural uraniume=aluminum
alloy tubular fuél element ard contained 1.8 M Al(NO )3, 1 M HNO3,

0,005 M Hg (N0, )2, and 3.8 g of uranium per liter., A 0,75 M Al(NO3)3--

3 y'HNO3-~O 02 M ferrous.sulfamate scrub'wss usedo, To simulste IA
column feed-plate corditions as neesxrly as possible; the AF/AS/AX

ratio was 100/20/40. The phases were mixed by means of an electric
‘stirrer during the 1rradiat10n,_ After each 1rrad1ation, the phases

‘-;were separated and the ‘organic phases were eyhsustively stripped

.Ttwith five consecutlve double volumes of watero _Nonirradlated‘control'

samples were given the same treatment.

L The,continuously.exposed solvent required four strip passes to
reduce the uranium loss to 0001%. These results are in good agree-
ment with those Obtained when only the solvent phase was in?'adiated°
In the lntermittent experiments, without intercycle solvent cleanup,
‘;three strip passes were adequa e for a 0,01% uranium loes after the
'ﬁfirst, second and th1rd lO-min exposures, but. four. strip passes were

'needed after the fourth and fifth exposures. to achieve this. There.,

vas & gradual buildup of uranium in the organic phase, amounting to’

" a factor of 3 from the first to the fifth irradiation (Fig. 8.l)o
With intercycle solvent cleanup, only three strip passes were
required after every exposure period, and there was no uranium

buildup in the organic phase, even sfter the lest 1rradiation°;,

.'TGenerally, ‘all the uranium retention values from the 1nterm1ttent run

‘ W1thout 1ntercycle cleanup were a factor of 2 to 10 higher than those
obtalned on corresponding samples from the run which included inter-
cycle solvent cleanup. The uranium retention values were determined
by subtracting the uranium retained bycnonirradiated controls from
that retained by the irradiated sample,
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Removal of Residual Fission Products. The treatment that was .

successful in the removal of radiation decomposition products,
gamé@ygﬁ%ﬂb successive 1/5 volume vashes each of 0.1 M Na2003, 0.1 M
HNO3, and demineralized water, was investigated for removing
residusl fission products. Results of batch-washing experiments
(Table 8.1) showed that most of the solvent decontamination from
gross P activity, which was essentially all ruthenium, was accom-
plished by washing with one 1/5 volume of 0.1 M Na, 003 which yielded
8 gross beta decontamination factor of 4 x 102° Three additional
carbonate washes, i.e., four total, plus two nitric acid washes,
resulted in an additional decontamination factor of 37.5, giving an
overall value of 1.5 x th. With four carbonate washes and only

one acid wash instead of two; the overall decontamination factor

was l.7 x 1oh._ It is therefore seen that little is accomplished by
~using more than two carbonate washes, and that the nitric acid
washes have little effect on the grbss beta decontamination. However,
in batch washings, interfacial solids formed, and the nitric acid
helped eliminate them.

Continuous operation of a turbine-mixer (Fig. 8.2) with con-
taminated first-cycle solvent, using two 0.2 M Na2003 stages énd a
third demineralized water stage, yielded gross beta and gross gamma
decontamination factors of 1.4 x 103 and 3.6 x 103, respectively.
Contacting phases in the first two stages were emulsified by high-
speed mixing. The emulsions were broken by addition of Yorkmesh

packing in the solvent effluent lines between stages.

[ 1]

The initial turblne-mixer shakedown tests were made with 6% TBP
in oleum-treated Amsco diluent, containing 1.24 x lO7 gross ¥y c/m/hl.
. The solvent was cascaded through three stages containing successively

0. ].bdNa2003,0 1M HNO3, and deminerslized water at a flow rate of
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40 ml/min, which corresponds to the flow fate'used in the 0,75~-in,
'pﬂlsed column first eyecle solvent extraction runs, A gross gamma
decontamlnation factor of 6 was gttained in the initial turbine-‘
nixer run, vhereas a gamma decontaminatlon factor of 88 was obtained
in the comparable laboratory batch-washlng control run .in which the_ »
organlc/squeous volume ratio was 1/3. Modification of the equipment

. to provide increased recirculation bf the organic phase and also de=-
ehtraiﬁment of contaminated aqueous droplets from the solvent effluent
streams ingfeased_the turbine-mixer décontemination efficiency to 50%
of the laboratory batch control result in the third shakedown run
with material containing radioactive fission products.

Table 8,1, Effect of Washing on Deconﬁam;gstion of Used Sblvéht'

| Tnitial | Overall.
Solvent | Gross B Activity goi ;?Nl/5 Volgmi zs;;oPasseg Gross B.
Semple |  (c/m/ml) ' % 31%°] b F,
1 2.2 x 107 1 0 - 2 b x 10°
2 E 5 x 106 ' 2 } 1 - 1 |5 x102v(low?)’ :
Recyele | 1 x 10 (high?) o2 L o 1 1,7 x 10%
3 1.5x10° | 2 b | 1.5 x 10*

The equipment was further modified to provide a still greater
 solvent recycle rate and increased miking speed. A series of runs
without fission products made unfer these conditions indicated that it
was possible to oﬁerate the turbinesmixer with the aqueous andvorganic .
phases in an emulsified condition, thus ensuring maximum phase contact.
A -de~entrainment section filled with Yorkmesh packing (stainless steel
‘wire interwoven with fiberglas) was used to brea.k the emulsione




A final demonstration run with material containing radionctive
fission products was made in the revamped eqpipment. For this run,

. the concentration of the sodium aarbonate wash solution wes increased
to 0.2 Mo Furthermore, -the turbineqmixer eqpipment was get up- to
provide two carbonate wash stagaa, rather than one carbonate and one
nitric acid stage,; since under the new operating condit10ns the
-presence of interfecial solids or emulsions was not & problems The- |
third wash stage wes again demineralized vater, 'Fhe. feed wes contemi-
nated 6% TBP in oleum-treated Amsco, obtained fram a pulsed column
run with radicactive fission products which was mmde under, the
proposed first cyele flowsheet eonditions° Radiochemical analyses

of the feed for gross B and 7 agtivities were. 8. Qﬁ X 1,0h and 7,16 x
10° e/m/ml, respectively, Deecntamination factors for the run ave-

* raged l.b x 103 for grasslﬁ and 3.6 x 103 for grogs 7. The solvent
effluent streams were sempled at. each stage after having passed through
the Yorkmesh packing de-entrainment section. Centrifugatiqn of these
samples failed to separate out any detectable solids or :agqueous phase.
These results indicated that the modified turbineémixer'was.capable

. of reconditioning solvent with efficiency equal tothat attained in a
1aboratory bateh-washing control experiment msde under the same
conditions. '

9.0 - WASTE STUDIES

T
e

The cost of waste Stbrage is one of the major items considered inm
the evaluation of a process from the economiec standpoint. Both the

‘volume and the chemical and physieal properties of the waste affect .the®.

storage costs. For example, nitric acid waste muat be stored . in
stainless steel tanks because of ecorrosion, vhereas basic or neu=

Jtralized.wastes may be safely stored in 1ess-expensive_vessels. Since

y

S
B :4.1_'7;:: .
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sodium nitrate resulting from neutralization is not very soluble, it
is desirable to remove the nitrate ion before the waste 1s neutra-'
lized to prevent storage of 8 slurry of precipitated sodium nitrate
vhich msy pose engineering problems and require sPecial transfer

equipment. Studies ‘on evaporation and neutralization of aqueous

aluminum nitrate--nitric acid solutlons indicated that evaporation of ~”'_
.the 25-TBP extraction column waste to dibasic aluminum nitrate (diban)lBu

followed by addition of caustic is a prom151ng method of reducing

storage costs.

In laboratory studies -on distillation of simulated IA column
waste, diban was formed when the pot temperature reached approximately
60 C. The semisolid diban residue was readily soluble in excess 50%

caustic solution, and - clear, stable solutions were obtained which
contained up to 3 M dibvan, This represents a 1l.7-fold reduction in
the waste volume as compared to the original volume of the acidic '
waste. It is expected that the radioactivity of the distillate will

be low enough to gllow. recovery: of the acid for reuse in the processo .

The diban residue was also readily dissolved in water by refluxing
at the boiling point for approximately 12 hr. The solutions so formed-
were very stable toward precipitation. Solutions 3 M in~diban appeared
to be stable indefinitely, and 6 M solutions were stable'for‘several_
weeks, showing that a volums reduction’factor of 3 or h may be ‘
possible. These solutions are milky white because of a small amount
of suSpended solids; which are apparently highly charged since they
settle very slowly. The solutions are nonv1scous and boil at about
lOOOC, even when concentrated to 6 M diban, Apparently as a result
of the characteristics of these solutions, bumping during evaporation f.
will not be as serious a problem as it is in equally'concentrated
:-caustic-aluminate-systems formed by'the usual method of waste neutra-
lization, No -engineering problems associated with tranSfervof the -
solutions are anticipated. It should be mentioned, however, that, in




any neutralized umte,irony mereury; and many of the fission products
will exist as hydroxide solido which will represent between,l and _
' 5¢ of the total neutralized wnste ‘volumee L

- Evaporation of the acidie vaste eolutions to diban leads to
-”extremely oorroeive conditions, Im laboratory corrosion tests,
specinens of type 3QhL Btainless steel were- corroded at rates. of hol,
13, and 44O mile/year et 107, 130, ‘and 144° Cy reepectivelyo Similar
specimens welded with type 3h7 stainless steel wvere corroded at a '
rate of 6.9 mile/&ear at 107 Gg For the teets the specimens were
immersed in a simulated TAW solution which initially contained 1.67
‘M A1(NO )3 and 1.5 M HNOgs
nitrate or'mereuric nitrate were present; The specific gravity was
1.290 at 25 Cw _ The boillng point of the simulated waste solution
~was 107 C, and, as the deatrtctive distillation proceeded, the
'boullng point graduslly rose to. 214° Cg at which point 1t was assumed
that the pot residue was approaching molten dibane®

HNo extraneous materials such as Perric

When the simulatéd IAW was neutralized with caustlc, the boiling
point remained at 107 C, but. the .corresion rates for both the welded
and unvelded specimens dropped fharply, to 045 and 1,1 mils/year,
respectively° '

. These reeults indicate that although the stainless steel corrosion'
encountered in evaporation of acidic waste solutions to diban may be
prohibitlve if oonventional, gimple distillation methods are used,
the problem ‘may pogsibly be eliminated by the use ‘of flash evaporators.
Otherwise, it may be necessary to construct thevevaporator of a more
resistant metal,‘or to neutrelize'the wastes prior,to boiLdownq

, ‘vEl .

Temperature measurements on the molten semisolid ‘were erratlc, and
analysis of the distillate for the total amount of nitric acid removed
was found to be a more reliable indication of the completeness of con=
version of the aluminum nitrate to diban.




In view of the corrosion test results, further 1aboratory'experi-'£glv
ments were conducted to detenmine ‘the maximum waste volume reduction
attained when simulated JA columh waste solution was neutralized prior |
to evaporation, A 1,33 M AL(NO. )3”1 08 M HNo3 solution, _added to
excess 50% sodium hydroxide yielded a clear solution when the , .
neutralization temperature vas held below 28 Cu- The excess of sodium ,.
hydrox1de was %, based on the tstal caustic equivalents required to
satisfy the reactions - - o ) o

hAl(Noj)3.+ hNaQH»—e-—t-NaAlOQ + 3N§m93.l'2H20
and ' '

HNO3 + N&OH -"'—""-P NaNO +. H200

The specific gravity of the resultant neutralized solution was 1,256
at 25 C. No precipitation occurred vhen this solution vas tumbled
end-over-end for 20 hr at room temperature or upon reflux at the
boiling point for 8 hre Upon distillation, a volume reductiog‘of

more than l.41 but less than 14,79 was attained without precipitation
upon subgequent cooling to room- temperature. Addition of the portion
of distillate whose removal caused room temperature precipitation ' h
back to the pot did not result in redissolution of the solids upon l.x
~ further reflux,. This behavior indicates the metastability of sodium .

aluminatejSolutions which have so 1little excess caustic.

In another similar experiment'made under neutralized conditions,
the solution was found to be saturated with ‘aluminum at room tempera-
ture when the composition of the clear solution wase 0, 86 M NaAlO -

2 C
4,33 M NaNO3——O.72 M NaOH. At these concentrations, solid aluminum',v S .
 oxide, which only partially dissolved upon heating, 1ay on the _ o ’
bottam of the vessel., The specific gravity of the slurry vas l 296 ';__f-' =‘A. Lo

at 25 Co
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11.0 APPENDIX

11,1 Stripping of Uranium from TBP with Aqueous Citrate Solutions

When an aqueous solution of uranyl nitrate is equilibrated with
the orgenic TBP in inert Amsco, the uranyl ion is distributed between

the phases according to the reaction

(Uo2 aq

++) + 2(No3")aq + 2(TBP)or—————‘ (U02)(N03)2(TBP)2 org

g

Iﬁ extraction, & high aqueous nitrate concentration is used to shift
the equilibrium in the direction of the organic phase. Then, in sub-~
sequent stripping with water or very dilute nitric acid, the equili-
brium shift is reversed. The 'uranium shift to the aqueous phase is
not as favorable as is desired; however, even with water stripping,
because of uranyl nitrate self-salting effects. It is therefore ad-~
vantageous to add an agent to the strip solution to complex the uranyl
ion and thus further shift the equilibrium to favor the aqueous phase.
By this means, a more highly concéntrated'uraniumproduct is obtained,
meking possible in process an approach +to the meximm concentration
faétor of 4 or 5 which is imposed by engineering limitations on pulse
column operasbility. Organic to aqu;ous flow ratios of more than 4 or
5 to 1 are generally not suitable. For this reason, the use of a com-
plexing agent in 25-TBP process strip streams was considered advane
tageous only for cases where the uranium concentration in the organic
phase was at least 40 g/liter. A uranium concentration of 160 to 200
g/liter in the aqueous strip column products would eliminate the need

for intercycle and final product evaporation.,

Investigators at the University of Rochesterl6'l8 found that

uranyl ion combines with citrate in a mole ratio of 1 to 1 to form
stable, water-soluble dimer complexes involving the @=hydroxy and

‘two carboxyl groups of the citrate molecule. The complex form is pH
dependent and has one, two, or three hydrogen bridges. At the reagent



PH of uranyl nitrate solution, the uranyl ion exists as (U02)(hH2O)
The sequence of steps in urenium citrate complex formation (Fig. ll 1)
with increasing pH iss '
Step_l: Complez bonds are formed by the splitting out of three
‘ water molecules for each uranyl ion combining with a
citrate molecule, At pH 2w3,_the first hydrogen bridge
of the dimer forms with the loss of one Ht for each
two uranyl. citrate molecules combining; in additionm,

ions are also lost by each uranyl. group (total H&
ions furnished = 5)0 '

Step 23 At pH 3-6; the second and third hydrogen bridges of ,

: the dimer are formed by the splitting out of two more
Ht fram one of the uranyl groups (total H* ions
furnished = 2)°

Step 3: At pH 6-8, the hydrogens on the two remaining citrate

. -carboxyl groups of the dimer are ionized off (total H+

ions furnished =2), . B

',On.the_basis of these studie39 citrate was investigatedﬂas urenium com-
plexing agent in the'25~TBP process chemical development programs ‘
‘FUrthermore, since the complex formetion as a function of pH is a
reversible reaction, simple neutralization to pH <2 was the only
~required intercycle adjustment,. '

The criteria for defining a suitable system for the process strip

 columns were: (1) a uranium distribution coefficient,'

uranium concentr-ationorg

 uranium concentrationaq ’

of 1072 or less, ~2.5 x 107 being the calculated mximm value which
would permit'single—stage stripping with a uranium loss of not more
than OQOl%, (2) a stable uranium product solution containing at. least.
160 g of uranium per 1iter,vand (3) a citrate stripping agent solu-

bility greater than 1 M at roam temperature to ensure that a reasonable'

excess of citrate over uranium would always be present. Thése condi-

tions were met by using l.25 M sodium‘citratenul.o M=sodium acetate,4

4 “'A.
Ay
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1.0M potassium citrateael to 2. M potassium acetate, .25 M. potassium : ?_,
citrates-l M potassium acetate, or- 1.5 M potagsium citrate--0.5 M . -
potassium acetate strip aolutianﬂ vhen the organic phase was 18% TBP

in Amsco eontaining nvSO g of uranium per liter and —4001 M nitric '

acid. Under conditions where metastable aqueous uranyl citrate - »

products were obiminmed, immediaie aeidification with -excess nitric

acid would probably prevent precipitation,

Preliminary batchuequilibration scouting runs were mgde with O to

2 M ammonium. citrate agueous phases Vo 15 to 30% TBP=Amsco organic
phases.v The aqueous phase equilibrium pH’s ranged from <0.12 to

369; the initial uranium conoentrations ‘in the- organic varied from
approximately 55 to 125 g/liters ‘Organic to aqueous volume ratios
of O,33-~9a5_to 1 were;nseda The’ séltingostrengths of the systems,
here defined as the nitrate concentration other than that contributed
by the uranyl nitrate ltself, were varied from O to I M by the addi-
tion of nitric acid or ammonium nitrate, The initial and equilibrium
conditions and the distribution coefficients obtained in each run are o .
sumarized in Table 11,1, The great dependence of the citrate com~ _ ' I
Plexing upon pH is evident, the lowest distribution coefficient being'
obtained at the highest pH in ‘any given system, With E.M ammonium
¢itrate at pH 3=4, distribution'cOefficients of 10"5--10"7 were
obtained as campared to 10° l—l»for'Similar systems when the pH was
less than 2. The latter results are comparable to those obtained
" with pure water or o,oz'y HN03 stripping with no citrate p;esent.
The distribution coefficient was also found to be relatively inde-
pendent of the citrate concentration ss long as the citnate/nreniumA
mole ratio was 21/1. It should be noted that unstable aqueous - | _
phases were obtained‘when the citrate concentration was,leesnthan 2 M ' '_'
and /or the uranium concentration exceeded 190 g/liter-ovef the‘pH
range investigated. Further development work with the ammonium system
was sbandoned because of the explosion hazard involved in evaporating
emmonium-nitrate waste solutions prior to'etorageé' '




Table 11.1., Stripping of Uranium from TBP in Amsco with Agqueous Ammonium Citrate : ,

' Initial Conditione

Uranitm

Equllibrium Cenditicns. '
— Agueous ____Organic Agueous ~_Organic Distribution
o/a Citrate[NO3 & [ Uranium [TBP| Granium [HNO3 | Ursnium Uranium - Coefficient
Vol. Ratio] (M) | (H) |(g/1iter)](%)i{g/1iter gg} &gfliter) H (g/;iter) () {o/a}
- 9e5/1 | .0.96 0.76] oo 15 %2,3 |0.05] 157 1s3 42,0 R 0.268 -
© 9.5/1 Lo | 0s76] - =e= |15 62,3 |0.05| so1P 17 370l | ee= 0,186 -
9.5/1 1.9 | 0.78] === |15 62,3 |C.05 138 1.1 4315 coe 0,301
)oS/l 1.9 | 0.76] === |15 6223  [0.05 $9L 1:5 3545 cou 0,186
9»5/1 1.9 0.T6 e i5 62,3 |0,03] 19kP 1.7 302 oo 0,156
9.5/1 1.9 | Qo7 wee |20 83.1 |0a07{ 317°" 1.8 1.5 cme 00131
9.5/1 1.9 | 0.76] o= {25 | 103.,8 [0.08 27cb 1.5 6805 — 0o254
9°5/1 19 | 0a76] === 130 | 125.6 [Coii| 275° 1.5 8008 oo 0029k -
L/1 ~1.2 | 0.27| 22% |30 oos -] 188 058 102:0 [0.02] - 0.543
B/1 0 o421 336 |30 ooe =ee | 297.5 [0628 K E¥] 113.0 Jo.02 0.380
- 3/i 0 0% cee 130 | 1203 | eee| 105.8 1.82 | 88,4  jo.01 00835
3/1 0 b Q% o=e 30 102 G.1l1] 28,2 263 102(2) 0,17 3.62
o 3/1 2 l"oO Aadashd 3@ 102 noll 3301 007 X 5105 0c12- .1056 .
3/1 2 ool eee . |30 | DA | -] 177.0 1.12 5803  |0.05]  0s329
3/1 2 woo| ese 130 | 202 |C.lif 278 203 | 19,0 < |0,06| - 0,068
1/1 2 . o= |30 1 1204 | -e=]| 52,9 0e12. 67.5 - |0,07 1.28
1/1 |~1o7 | 0.02] 11863 {30 cos coal  112,0 1,72 3099 |0s12 00036
1/ |2 | e| o= [30| 1208 | -ee| 1113 | 203 0.21 [0,10 | 1,88 x 1073
i/1 2 ===| == 130 | 1204 | ===] 111.3 309 1306 x 1077|0. 3,23 x 107
1/1 0 0.02] 11863 {30 | ec= | eoo 5608 |0.04 NEHY ~ 55  10,02f{  0,970-
0933/1' 2 cse| === 130 | 120.4 soe 35.6 | 2.9 |4.3 x 10°%]0.05 1921 x 10“5

'aUOéNO ), excluded.

Precipitated on standing., -

Ry

: %mhmo instead of HN03o '

.@'59‘”
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Later studies were d.evoted to the ‘sodium and potassium citra:be .
systems, with respect to aqueous, product solut:.on stability and:
attainable uranium’ distr‘ibutlen coefflcients ; a8 functions of pH and
citrate concentra.ticm both in the p"esence a.rxi absence of corres- -
ponding acetaf;e salt bufferse ’ ' ’

The results of initial batch.- equlllbratlons with s volumes of
184 TBP in Amsco Ve 1 .volume of aqueous ~0.T'M ura.nyl nitrate
solution containing sodimn citrate indicsted again that the distrl-
‘bution eoefficient was almost entirely pH-dependent and relatwely
'inde:pendent of citrate coneentration over the- ra.nge 0. 75 to, 2 0 M, ‘
The distribution coefficient vax‘ied inversely fran >8,5 x 10 1
PE <0 to ~1.5 x 10 7 ‘&t pH slightly over 5, In: a];'l. ca.ses where
the equilibrlum PH was >3, distribution coefflcients of <10 2 were
obtained., Furthermere, it was observed in these experiments that A
" the stebility of the uranyl ertrate ‘solutions was also largely pH
’ dependent. At equilibrium pH's 1ess than 3, i.e., the reagent pH's
of the solutions wvith citrate coneentrations of 1- M or less, yellow:
crystalline precipita:ﬁes formed. However, addition of sodium hydro= -
xide pellets to the slurries, in an NaOH/citrate mole ratio of 4/1,
reaélly redissolved the preciplta‘bes with resulﬁhing equilibrium pH's
in the range 4.5<5. 5; From these results, it was. evident that |
high=pH eltra'be strip solutions not only gave the best uranium dis- |
tribution coefficients but also showed greater stability toward '
precipitatiom '

The minimm axnoup‘bs of cit_ra.te-é.:ﬁ caustic -'tha't_ would ‘lead to
stable uranyl éitrai.témgoliiti_dns at process uranium concentrations
vere determined by titration with standardized bage of 0,85 M

(NO )2--0 8'M. mvo3 containing 1,0, 1. 25, -and’ 1.5'M sodium. citrate
_(see_ Fig 11,2). The range of stability was found to lie between pH
b2 and 5_.60 On the bagis of these results, 1s 0, 1.25, a.nd l 5 M
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TOTAL (mmoles)
L UO2(NO3)2 8.5
HNO3 8.0
Citrate e 10.0
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— o 15.0
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0 10 20
: NaOH ADDED (mmoles)
Fig. 11.2. Titration of Simulated [IBP Solution with 1.0 M Sodium Hydroxide.

* Precipitation noted.
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et Ve

sodium citrate strip solutions containing the proper amounts of

V caustic to.produce stability were prepared° However, since the pH”
of all thése strip solutiong WEre >11, temporary local precipitation i
of sodium diuranate wes noted upon batch-equilibration with L volumes
of 184 TBP-Amsco containing ~50 g of uranium per liter and ~0, l M

‘ HN03 - The disgributign coefficients obtained, <lO , were generally

a factor of 10 t0 10” higher than those obtained by the reverse

_ procedure under identiecal conditions,'i,eo, aqueous uranyl citrate
solutions containing the caustic vs. pure 18% TBP-Amsco, in which
cases-no precipitation occurred Apparently the precipitate formation .
 and redissolution required more than the 2-min equilibration time, and
steady-state conditions were never reached. Although,in actual
countercurrent pulse column operation diuranate precipitation may

never occur, because the aqueous phase pH gradient from ~k4 to >11
would take place gradually in the stripping section from the. bottam
plate, where the uranium concentration in the organic is greatest, to.
the top plate where the organie wranium concentration is very low, “the
condition is recognized as undesirable. The optimum caustic-sodium
citrate conditions for uranium stripping from the standpoint of strip
solution BOIUbllityg aqueous product stability, and distribution
coefficient were found o be 1,25 M sodium citrate—»l 3 M sodium
hydroxide, which gave reproducible distribution coefficients of'<10¢5o
~The use of 1.25 M sodium citrate alone gave agqueous stability,withOut}
diuranste preeipitation, but the distribution-coefficient vssssomewhat .
higher, 4.7 x 107h, because of the lower pH. When saturated 1,72 M
sodium citrate'uas used, temporary sodium diuranate precipitation

was noteds Apparently the presence of uranium increases the sodium
citrate solubility, since a 2 M sodium citrate concentration was
bpossible.in the earlier experiments in which simulated sqpeous‘product S
solutions were equilibrated with pure solvent. Also, the sddition of
sodium hydroxide to the strip solutions lovwered. the solubility of the
sodium citrate. ' ' o '
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* The hope of achieving maximum product stability and minimum
uranium distribution coefficients without the risk of sodium diura-
nate precipitation, prompted the substitution of sodium acetate for
sodium hydroxide in the high-pH sodium citrate system. In the buf-
fered system, the reagent‘sodium citrate strip solution pH's were
<8, making diuranate precipitation less likely, and the attainment
of product solutions with pH's falling within the stability range
more‘probablé. The optimum stripping conditions in this system were
determined to be 1.25 M sodium citrate-1l.0 M sodium acetate which
gave a uranium distribution coefficient of ~4 x 10-5 with no evi-
dence of diuranate precipitation. The stable aqueous product had a
pH of 4.39 and contained 184 g of uranium per liter, However, when
the acetate concentration was increased to 1.25 M at 1.25 M citrate,
precipitates formed eventually in both the strip and product solu-
tions. When the citrate concentration was reduced to 1.0 M at
acetate concentrations of 1.0 to 2.0 M, unstable product solutions
‘were obtained. Increasing the citrate concentration to 1.5 M gave

insoluble strip solutions at acetate concentrations as low as 0.75 M.

The=very narrow safe-operating range for the sodium citrate
systems, as defined by the limited solubilities of the stfip and
product solutions, led to the study of the potassium citrate system.

" The potassium salts of weak acids are known to be more soluble than

the corresponding sodium salts.

The potassium citrate strip solutions were soluble over the
entire range studied, thus eliminating one of the factors which
limited the sodium system. The strip solution compositions investi-
gated were 1.0, 1.25, 1.5, and 2.0 M potassium citrate containing
0-3.0, 1.0-2.0, 0.5, and 0-0.5 M potassium acetate, respectively.
These strip solutions were batch-equilibrated with 4 volumes of 18%
TBP in Amsco containing ~ 50 g of uranium per liter and ~ 0.1 M HNO3.
Evidences of potassium diuranate precipitation and aqueous product

instability were recorded.

o~
{7
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, In the 1.0 M potassium citrate system, unstable aqueous prodncte-i
were obtained in the presence of 0-0:5 and 2.5=3 M potassium acetateo7f
At acetate concentrations of 1.0-2.0 M, product stability‘was |
achieved. '

At 1.25 M potassium citrate, a stable aqueous product was ob-
tained in the presence of 1.0 M potassium acetate, but instability

occurred at acetate concentrations of 1025—206*Mo

1When the potaesium cltrate concentration.was 1.5 M, the aqueous
product stability region was limited to a maximum potessium acetate
concentration of 0.5 M. ' ' :

TIn the 2 M potassium citrate system, temporsry, local potassium .
diuransate precipitation was observed in the absence of acetateqs The
addition of 0.5 M potassium acetate eliminated the diuranate precipi-

tation but yielded an unstable aqueous product.

A1l the uranium distribution coefficients obtained in the po-
. tassium system were in the range 10-6-10"ho The golubility data for
the potassium citrate-acetate system are summarized in the plot
presented in Fig. 11.3, which also shows the safe»oPerating range for

the sodium citrate-acetate systeme

The versatility of the potassium system with respect to possible
variation in process conditions was investigated by batch equilibration
methods using strip solutions containing 1 M citrate and 1é2 M
acetate, .25 M citrate and 1 M acetate, and 1.5 M citrate in tne

- presence of 0.5 M acetate.

When the 18% TBP organic phase contained ~50 g of U per liter and
~0.1 M HN03, as in previous experiments, but the organic/aqneous -

volume: -ratio was increased from 4/1 to 5/1, precipitation occurred in
the aqueous product in a1l cases, Increasing the uranium concentration

of the organic phase to 60 g/liter, and hence lowering the nitric acid
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A
v llf\g AQUEOUS PHASE: trisodium citrate +
— o= trisodium acetate, or tripotassium citrate +
-S":( potdssium acetate; vol = 1 .
o= ORGANIC PHASE: 18% TBP,~ 50 g U
6 O per liter, ~ 0.1 M HNO3; vol = 4
o
—a
v
UNSTABLE AQUEOUS
PRODUCTS IN Na*
SYSTEM
UNSTABLE AQUEOUS PRODUCTS
IN K* SYSTEMS; INSOLUBLE
STRIP SOLUTIONS IN Na*
SYSTEM
)
UNSTABLE AQUEOUS PRODUCTS
IN K¥ AND Nat SYSTEMS
. | |
0 1 2 3

ACETATE CONCENTRATION (M)

Fig. 11.3. Solubility Limits for the Citrate-Acetate Stripping of Uranium

from TBP, Using the Sodium or Potassium Salts. ---Safe operating range of
sodium system; 77 safe operating range of potassium system.
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'concentration to 09003 M, and again using an organic/aqueous volume:';v_.
."atio of 4/1, gave stable aqneous products in all cases: except the g
1 M citrate—e2 M acetate system, in which a slight precipitate

' formed updn 2% hr standing. The uranium concentrations in the

aqueous product solutions ranged from. 222 to 227 g/liter, while the'-:

distribution coefficients. ranged from 2x 10 5 to 3 x 10
- A

, From the - results of thele experiments, in whioh the volume

'ratio and the organic uranium concentration were varied, it 1s evi-‘-v
'dent that an 1ncrease of the solvent Plow. rate in the strip column -
- egould be critical.in process, presumably owing‘to thevresultant S
' lowering of the pH in the aqueouslproduct stream by the combined
qeffects'ofiincreased uranium and nitrie acid concentrations under

this condition, However, an increase in the uranium concentration
.in the solvent phase would have no deleterious effect in process,_

A cost analysis, comparing 1¢25 M sodium citrateh-l 0 M-
sodium acetate and 0.0l M nitric acid as 25=TBP process stripping
- agents, shoved that the citrate could not’ compete’ with acid strip
Ping, which. requires intercycle and final product evaporatione ;In
xaddition to higber reagent costs, the- -cost of citrate-acetate waste
storage-wes prohibitive since the volume reduction of neutralized
-.waste is limited particularly by the solubility of sodium nitrate,
Waste storage costs for the potassium system would be even higher,
Ksince potassium nitrate is a factor of 2.5-3 less soluble than sodium
nitrate on a molar’ basis. Further work on citrate stripping systems
- was: abandoned at this pointo ‘ -

ll.2_”Solvent Pretreatment

Treatment of Diluent

- la Set up vessel and agitator capable of holding 22 liters of
' diluent and_reagent. Must be’ able to separate phasea.

i sl
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2. Put 20 liters of Amsco, as shipped, into vessel. Take
2 ml of Amsco, add 2 ml of chromyl chloride reagent, and mix. DNote
reaction (clear, precipitate, or color change). If precipitate

forms and color changes, thie following steps should be performed.

3. Add 2 liters of oleum to Amsco, and contact for 1 hr.

Separate.
k. Contact with 2 liters of water for 45 min. Separate.
‘5. Contact with 2 liters of 1 M NaOH for 45 min., Separate.
6. Contact with 2 liters of water for 45 min. Separate.
T. Contact with 2 literé of water for 45 min. Separate.

8. Take 2 ml of Amsco, add 2 ml of chromyl chloride reagent,

and mix. Note reaction (clear, precipitate, or color change).

9. If precipitate forms and color changes, repeatsteps 3-T7
and test again with chromyl chloride.

Treatment of TBP
1. Contact 1500 ml of TBP with 500 ml of water to saturation.

Separate phases; discard water.
2, Add L45 g of Ca(OH)2 and agitate for 1 hr. Settle,
3.. Filter through filter paper to remove solid material.

4k, Make up 20 liters of 6% TBP in the oleum-treated Amsco
(1200 ml of purified TBP in Amsco). Allow dissolved water to settle

out and separate.

5. Take 10 ml of saturated Ca(OH)Q solution, put into 50 ml
cylinder, add 40 ml of solvent, and shake for 30 sec. Allow to settle.
Good solvent has rapid phase separation and no interfacial solids or
f£ilms., Poor solvent has very slow disengagement of phasés, interfacial
solids or skin between phases, hazy appearance in one or both phases,

or a stabilized emulsion layer.
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