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1.0 Abstract

This report presents the progress sn development of a solvent extraction
process for the recovery of urantum from radicactive wastes. This process
employs tributyl phosphate, diluted with sm inert liquid; as the extracting

solvent, and nitric acid as the salting agent.
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A
2.0 Introduction

The increasing accumilation of uranium in the stored radioactive waste
solutions at variocus AEC installaticns and tha relatively limited supply of
this metal demard that an sPficient and ecomomlcal process be devised for
the recovery of this material.

Solvent extraction, where applicable, iz a desirable methoed for urenium
recovery, because of high yields and low operating and maintensnce costs; and
bécause it easily leads t+aelf +o remchte combtrol operation. The extensive
regearch and development applied to cther yranium recovery processes by solvent
extraction (23, 25, and Redox) provide an axcellent background in technology and
experienced personnel.

The use of tributyl phosphate 85 & solvent Por uranium, therium, cerium
and other rare earths has been investigated in separaticns processes for these
metals at Iowa State College(l) and at Battelle Memorial Institute(e’B)o The
specificity of the strong complex between yraniam and tributyl phosphate, and
the marked stability of the golvent to nitric acid, made this a promising
aolvent for the extraction, separation and decontamination of wranium metal
from waste solutions h?

There are toth chemicel and physical reassns {dfscussed in section 4) for
requiring a diluen® Por the tributyl phosphate. Hexere was arbitrarily chosen
for use as diluent in these studies, although obher irert compounds are now
being examined.

Although a feasible procese for uranium recovery from metal waste has

been demonstrated, a number of points remain to Ye established befors the

optimum procedure cal we cublined. Among these are +the investigation of other

L
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solvents to secure a more satisfactory diluent for tributyl phosphate, the
determination cf the most econcmical and Peasible method of feed preparation,
and the investigation of the nature, and means of reducing, the uranium losses
observed in the runs involving Eanford sludge. Additional effort must also be
devoted to methods for sclvent pretreatment and solvent clean-up. |

The design and construction <f lml/Q inch-semi-works columms for a 50 gellon
scale demonstraticn of the process using Fanford yaste sclutions will be completed

by September 1949.



3.0 Summary

A gimple and feasible solvent sxtraction process has been developed through
the laboratory stage at ORNL for ﬁh@ recovery of uranfum from metal waste.

The procedure involves extraction of the waste scluticn, mads 3.0-5,08 in HNO3,
with 15% tributyl phosphate - 85% hexene, and subsequent stripping of the uranium
from the solvent with water.

Uranium from ORNL waste sludge, Hanford supernatant waste solution, and
Hanford waste sludge has been reccvered in one counter-current batch solvent
extraction cycle with resulting decontaminaticn of the uranium to 3-T% of the
natural uranium beta activity and to 20-40% of the matural uranium gamma activity.
In the initial experiments, the uranium losses were 0.1% for ORNL sludge and
Hanford supsrnatant, and 0a7% *oyr Hanford sludge. The process was operated
’successfully cover a wide rangs of HNO3 concentrations (3.0 to SDQQ)S and cover a

range of uranium concentraticms from 70 g/1 (or less) teo 140 g/1, No difficulties

L]

[

were caused by the concentrations of (soh>“ and PO” +that were sncountered.

=

Analyses have shown no traces of phosphatss or sulfates in the uranium product
soclutions.

The mechanical operability of this comtinucus extraction prosess has been
demonstrated satisfactorily with ORNL wasts sludgs in a 1 inch column. The
uranium icsess and fission product decontamination factors obtained were compar-
eble with those obtained in the laboratory batch WOrko

A fundamental requirement for maximum decontamination of the uranium from
fission products is that the process be operated under conditions such that the
solvent phase approaches uranium gaturaticn since the extraction of fission

products is then at a minimum.

N



’_ -8 ORNL~260

4L.0 Experimental and Reaults

The wide variation in composition of any sample of waste sludge (see
Table 4.0-1) indicated the neceseity of making coumtrolled studles of process
varisbles on synthetic waste scluticms. These data were then cenfirmed in
counter-current batch eguipment uzing actual waste sclutions from ORNL axd
Hanford Works. stly, the feasibility and mechapical operabllity of the
process was established in contirmous, one inch laboratory column operation.
(A schematic flowsheet is presented in the Appendix, page 49).

4.1 Mechanism of Uranium snd Fission Predust Extraction by Tributyl

Phosphate

Within experimental errcr, the meximum solubility of uranium in
tr3butyl phosphate was 0.5 meles of uranium per mole of tributyl phosphate
(410 mg U/ml. BuBPOh)° This wasz determined by egquilibrating saturated
UOO(NO3)’ solutions with variocus concentrations of tributyl phosphate in
hexane at 20°C for 22 hours and analyzing bhoth phases for uranium (see Teble
4.1-1, and Fig. 1).

The high extractive power of tributyl phosphate for urenyi ion indicated
the Pormation of a compound betwser the uranium and tributyl phosphate. The
ratio of uranium and ritric acid to ]'-.h;sfi?()g+ in the saturated mixture was found
to be about 0.5 moles of uranium and sbout 1.0 mole of mni itric acid per mole
of BuSPOA, indicating a complex of *he gsmsral formula UOQ(NO3)2°2 Bu3P04°2 HNO3°

Although tributyl phosphate iz a highly spscific golvent for uranium,
fission products began tc extract es the‘conc atration of urasaium in the solvent
wae dscreased from the poinmt of saturaticz. In the absence of uranium, the
distribution ratio of PuIV was greater than 1 (see section k.3-1), and it was

affected by the same variables that foflusncs vreanlum extraction. The extraction
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Uranium Solubility 1n Tribubyl Fhosphete-Hexane Mixtures

“Qe

Tabl@ h‘ o 1"1

ORNL-260

Agueous Phase:

Orgenic Phase:

Egquilibrium Times

mixbture

~ o Q
20 hours at 20°C % 0.2

Saturated (558 mg/ml) T0s(NO3)z, 0.16N HNO3(pH 0.3)

Ops equal vol. DaSE tributyl phosphate hexane

Run Concentration of U Distributios
¥o. Tributyl Phosphate arde Agueous | Moles Bu3P0
M/L Mg /ml M/1 Mg /m1 Mole U

1 1 0.036 bo12 0.0172 480 2.1
2 5 0,180 20,75 G.08TL 520 2,08
3 10 0.360 41.0 0elT22 498 2,11
L 15 0.540 63.5 0.267 460 2,02
5 20 0.720 84,0 0.352 Lho 2,05
6 30 1.080 116.0 0. 487 h10.k 2,22
7 50 1.80 195.0 0.819 326,0 2,2
8 100 3.60 360.0 1.512 191.0 2,48




(1)

of CetV was also governed by thsse ssme varishles. Consequently, the
mechanlsmg whereby fissilon prolucts are extracted. is probably similar to
that for uraniume.

With equal volumes of organic and aguecus phases, the emount cof uranium
obtained in a 3N HNO3 solution ~f ORNL waste sludgs (100-150 mg/ml) was Jjust
sufficient to maintain a 15-20% solubloz of tributyl phosphate (0.54=0.T2M)
3n hexane near saturation (80-90%), At this concentration the meximum de-
contamination from fission products was chtained.

Tn addition to this ccmslideraticn Por using this concentration of B“3P°h’
rather stable emilsions were ensourtersd in experiments employing solvent
concentrations greater than 30%. Alzc, ascceptalble yranium distribution co=
efficients in strippling with water were ohtained only below 20% tributyl phos-
phats. Hence, the need for a dilusnt is obvlous. Hexane (density 0.66) was
arbitrarily chosen as 2 diluent for EU3POM {(density 0.97), although a nunmber
of other inert compounds of Low density would also be satisfactory and are
being investigated.

L.2 Chemicel Studies on Synthetic Waste Solubions

The effects of BugPOhB salt, HN03 and vranium concentrations, and of
temperature and equilibration time, on yrenium, plutonium, and fission product
extraction were studied {ndividually in 1atoratory batch equipment. Tre degree
of ursnium complexing to be expeched ab the concentrations of sulfate and
phosphate ions encountered in wasts solubtions was slso investigated.

At ursnium concentraticns guPPiatently low to prevent gaturation of the

ey

solvent (lese than 0.5M) a linear welatiomship existed between the amount of

uranium extracted and the concentration of Bu,POy in the hexeans (see Table

Lig ’

4.2-1). Consequently, studies made with a given BHBPOh concentration may be

easily extrapolated to othisr solvent compositicns.

e



Teble b.2-1
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Bffect of Bubtyl Phogphate Comcentration on Uranium Extraction at

Aquecus Phase:

Organic Phases

Equilibration Time:

Tow Uranium Concentration

0,124 UO(NO3)p; O-01M ENO,

One equal vclume pass of tributyl phosphate - hexane

mixturs

22 hours 8t 20 + 0.29C

Uraniue Distribution U Dist.

Bua POk Cone. Organic Agusous Coeff . Moles U
% M mg/ml M mg/ml Org./Aq. | Moles Bu3FO
1 0,036 0.04 G.00017 26,5 0,0025 0,005
5 0,180 1.04 0,004 26,5 0,039 0,02

10 0,360 2,77 00,0116 23,3 0.12 0,03
20 0,720 5.6 0.0235 22,0 0.25 0.03
30 1.080 8,28 0,038 20.h 0.kl 0,03




Although these initisl experiments wers carried out using hexane as a
componsnt of the solvent mixture, the adoption of ancther diluent would not
alter the conclusions drawn.

4,21 Effect of Temperature and Equilibfation Time

The extraction of wranium by tributyl phesphete was not
appreciebly affected by temperature changes in the range of 10-5000o A series
of reagent acidity, 0.1M UOQ(NOS)Q sclutions was contacted in batch equipment
with 20% Bu3P0h=80% hexane mixtures at various temperatures. The two phases
were analyzed for wranium after s 5 minuta equilibratian pericd. At 10°C the
uranium distribution coefficient {crgo/ag.) was 0.375 at 30°%, 0.2k, and at 507,
0.16 (see Table Lk.2-2, Fig, I1).

Table b,2-2

Effect of Temperature onm Uranium Extraction with Tributyl Phosgphate

Aquecus Phases 0,1M UOQ(N03)Ey G.05N HNoso
Organic Phase: One equal vol. pass of 20% tributyl phosphate-
‘ 80% hexane

Equil. Time: 5> min, batch extraction.

Temp. U _Concentration (mg/ml) “lU Dist. Coerf.
of [ Aquecus (org./aq.)
19 7010 19.15 T 0.37

20 6,40 22,0 0.29

30 4,90 20,48 N 0.235

50 3.62 23.00 ‘;jP' 0.157




— oR- 250

ents was only a factor of

Although the dscrsase in dfebtrilubion oo
two in this temperature rangs, *his fach may b uged to advantage In stripping
the ursnium from the orgenic solvent. Higher tenparstures wers noh investigated
becauss of the high velatility of +hs hexane componant.

The equilibrium hatwesy . vhosphate was established ex-

Tbution coefPicients were chserved when

tremely rapidly. No varisebi-m
equilibration pericds were extendsd from 10 sseconds to greater than 20 hours.

4,22 The Effect of Nitric Acld on Urani “m Extraction

With the organiec phase ab or nesr satursabion in uranium, little

effect on wraniur sxtraction was

upcn varyling the nltrice acid comcentration
of the agueous phases from L.0=T7.5 molar. Zowever, &b Low uranium concentrations,
and in the abasence of othier ealts snd complezxing andons, changing the nitrs

29

2 molar Insreaped uwranium dissritution eo-

W
°

acid concenbration from 0,32 %¢
efficients (@rga/aqa) from C.22 4o 12,0, Nitrie scid comsentrations higher

than 5.2 resulted in a decrsase in extrachtion coefPlcients {ses Tsble k., 2=3,

Fig. III),
The concentrations of nitric asid permiseitls in the rrocezs have an

o

upper and lower limit. The lower Jimit Is spproximately 1.0 M since this is
the lowest scidity at Lich eclution of the waste sludge can be obbained.

The maximun permissible acidity corresponds to 5.0=T.0 M since concentrations
apprsciably greater than this began 4o salt out 4he components of the aqueous
feed. Because of the ability of nitric acld to decrease uranium complexing
by sulfates and phosphatss it is desirabls to mairtain the acid concentration
as high as possible in crder to minimizes wranium losses Prom this effect and
cbtain maximum distribubticn cocefficlents, Anglysez shewed that the sulfat
and‘phmspbate content of ORKNL wasts sludge s from .05 %o 0.1 molar, while

total Hanford wasts may contain twics this guantity of these aricns.



2 Table 4.2-3

Effect of ENOB Conesntration

on

Uranium Extraction

Aqueous Phase: 28 mg/ml U. (0.12 M) varying acidities, indicated
amounts of Na,S0) and NagzPOj

Organic Phase: 15% Tributyl Phosphate in Hexane
One Equal volume extraction

Time of Equilibratiom: 2 hours at 20°C + 0.2°

N

HNO3 in Feed U Digt. Coaff, (O/A) 1, Q.1M POy,
M Control® 0.oM 80 | O.1M FOf 0.2M 80y,
0.02 0.22 0.039 s i
0.1 0.39 0.097 e 5%
0.5 1.11 0.49 it e
1.0 2.%0 1.37 1.12 0.66
2.1 5.77 - 3.49 | 2.6 2.01
3.1 8.83 6.50 3.96 3.48
5.2 12.8 9.17 6.26 4.97
8.0 7.90 5.91 4.63 B .25

* No S0, or POZ present

## Complete solution was not obtained at these acidities.
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e olnate oo

In the absence of complexing anions the urenium distribution coefficients
(org./aq.) varied from 0.4 at C.1N ENC; to a maximum of 12.8 at 5.2N, to 7.9
at 8.0N. In the presgence of POE aznd SOZ the distribution cocefficients also
reached a maximum at 5.0N znitris asid but were lewer by factors of 2 to 3, the
phosphate showing greater inhivdting of uranium extracticn than the sulfate
(see Table k.2-3, Fig. III). However, five successive batch extractions on
all those feeds at least 5.0N i ENG  were suffieient to remeve 99.9% of the
uranium.

This data was obtained from four series of bateh extractions made with
15% Bu3POh-85% hexane. The sguscus feeds contained 0.1M uranium, and varied
in acid concentration from 0 to & molar. One series of feeds contained 0.1M

-
&

NaBPOA, the second contained G.1M Nagsohﬂ the third contained 0.1M POh and
0.2M SOZ, and the fourth feed contained nsither anion.

The distribution of nitric acid between the solvent and agueous phases
was determined at several dirferemt acid and tributyl phosphate concentrations.
The saturation solubility of nitric acid in the organic layer was ca. 1.0 mole
of nitric acid per mole of tributyl phosphate (see Table Lo2=k.5, Fig. V). 1In
the presence of appreciable guantitises of uranium the amount of nitric acid

transfer was not readily determined because of analytical difficulties.

L.23 Effect of Salt Conmcentration on Uranium Extraction

Uranium distributiocn coefficients were merkedly improved by
increases in the concentration of wuranium cr scdium nitrate in the aqueous
phese when the uranium concentration wes low. Upcn equilibrating a series of

aqueous feeds, 0.1M in UOE(NO?)ﬁ°6HGO containing varying concentrations of
e e



Jy ~16- © ORNL-260

sodium nitrate, with 20% BugPO), -80% hexene at 20°C.the resulting ursnium
diatribution coefficieni‘inéreased-from C.2% when no sodium nitrate wzg present
to greater than 200 when the salt concentration was 5.CN {see Table h.2-6

Fig. VI). In the sbesence of other salts, increasing the uranium concentration
(reagent acidity) from G.0L 1o O.30M increased the distribution coefficients Ly
& factor of six (see Teble 4.2-7). Since the solvent was nearly saturshed

at thls concentration, further incresses in uranium concentration caused an

apparent drop in distribution coefficients.

Table 4.2=6

Effect of NaNO3 Concentration on U Extraction with Hexane-Tributyl Phosphate

i o # - &N
Ad. Phases 0.09M UOE\NO3)3
Org. Phase: One eq. vol. pass 20% tributyl phosphate-80% hexane

Equil. Time: 18 hours at 20°C.

NeliG3 Conc. U Conc. {mg/ml) U Dist. Coeff.
M Org. Ag. (Crg./aq.)

0.0 boo5 16.75 0.24

0.1 6ok5 14,30 O.45

0.25 10.05 11.10 0.91

0050 12.88 769 1.67

1.0 17.25 I L.15

2,0 20,0 1.18 16,5

3.0 20,9 0.45 46.8

5.0 20,5 0,062 > 260.0
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Table 4.2-7

Copee On U Extraction with Hexane-Tributyl Phosphate

Org. Phase

Equilibration Time:

One equal vol. pass. 20% tributyl phosphate - 80% hexane

18 heurs ateh extraction

[a)

Temperature: 200 + £,2
Initial U Cong, U I ~4tributicn ml) |U Dist. Coeff.
Mg /ml M Orgo Ag. Org. Aq.
10.€ C.ou%5 1.02 9.62 0.1
21.0 0,088 3.80 17.20 0.23
Lok 0.181 12.90 3000 O.l3
85.0 0.3%6 33.50 5l.3 0.65
127.0 G.50 LE 60 720k 0.6k
212,0 0.93 78,0 1h2.5 0.56
Lok o0 1.87 51.6 354,06 C.26
542.0 2,28 50, L52,0 C.20
The high dependence of uranium extraction on nitrats concentration
indicated that the nitrate low formed a conpomsnt of the uranium oomplex
in the organic phass. Results of uranium and nitrate analyses indicate
that twoe moles of nitrate extract with sach mcle of wranium, excluding
the nitrate from nitric acid transfer, fzalyses of gtripped product
scluticns have shown no traces of phosphates or sulfates.,
L,3 Plutonium apd Individual Figgion vduet Studie
A study of the variables affecting ths solvent extraction of
individual figsisn products and Pu by vritutyl phosphate wag initiated. The



Effect of Salt (NaN0,) Comcemtratiom on Bu,PO, Extraction of GeIHJ, Zr,
-’ 2D g T

18-

Table L.3-1

ORNIL-260

PuIV

Aquecus Fhase:

Orgeniec Phasss

0.IM UOQ(N03)39 3.0M m\l()yNaM)y tracer

One equal-volume pass 15% Bu3P©h in hexone

NaNO- Conco _ Distribution Cosfficlente (org./aq.)
ﬁ CGHI Beta Zr Beta Pul? Alphs
0 0.003% 0,16 2,0k
0.0% 00003‘ 0,17 202
0.1 Q.003 0,17 2.1
0.3 0,003 0.25 2,7
0.6 0,003 0.25 k.1
1.0 0.003 0.26 b b
3.0 0,003 0,61 9.7
k.o 0.003 0069 16.6

¥This value is probably low.
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affect of nitric acld concentration in the range of 0.1-16N and the effect
of salt (NaNO.) in the raumgs of L-ON were srvestigated for CeIII, Zr and

3 .
Pul?,

Tre extraction coefficlent {0.001) of CeIII was not appreciably changed
a+ all concertraticms of HN03 a;d galt (NaN03>y while the extracticmn of PuIV
and Zv was markedly increased Ly inCreases in salt (NaNO3) and acid (HNO3)
concentrations in the presexce of small emoumbs of uranj.umo In the absence
of uranium and other galts the distribution coefficient for zirconium (org./
aq.) (ueing 15% BUBPOM) was 0.00h at an acid concemtraticm of 0.2, 0.16 at
3.7N, aod 2.83 at 16N, The dlstrivution cosffictents for Put’ (crg./ag.)sin
the presence of low uraniu. concentration, were .05 at an acid concentration
of C.2N, S.44 at 6.1N, and 1.4 gt 16N, The addition of 100ﬁ NaNOg increased
the extraction of PuIV by a fastor of 2 while L.OM NaN03 increased the
extraction coefficient by a factor of 8 (see Tabls 4,3=-1,2). Howsver, as the
concentration of urenium approached thet znecessary to saturate the solvent the
Py digtribution coefficlents decreased sharply. For jnetance, & change in
the degree of solvemt saturaticn from 20% to 100% decreased the Pu distribution
coePficients by factors of 5 to 10 (sé@ Table 4.3-3). Ancther series of
experiments wasg made to dstermine the extracticn ccefficients of +the different
valence states of plutonium. However, the resulbs were in eonciusive since
the sulfates of the oxldlizling and reducing agents were used and the effect
of charging the valence state of Pu was sascured by the complexing action of

the sulfate.
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Teble b.3-2

Effect of Acid Comcsmtration om Bu,PO, Extraction of Ce™, zr, Pul'

Aq. Phase: 0.1M ﬂDQ(NDB)QQ tracer,

Org. Phase: Ome equal vol. pass 15% Bu3P©h in hexans

HNO3 Come. Distribution Coefficients (orgo/aqi%

M Celll Beta Zr Beta Pu ' Alpha
0.2 0,001 0,00k | 0.05
0.3 0.001 0,00k 0,05
0.5 0,001 0.005 0.09
1.1 0.001 0.007 0,23
2.7 0,001 0.16 2,0k
6.1 0,001 0,267 5o lth
10.2 0,001 0.716 4,38
12.4 0,001 = =
16.0 - 2,83 L.k




Table 4.3-3

Effect of Uranium Concentration oz Plutonium Distributicn Coefficients

Aq_o Phaﬂe loON NENO = 300M MO
= 3 3

Org. Fhase = 15% Bquoh in hexane

Plutenium Dist. Coeff.(org./aq.) at
| ] Cony nLry T O 1
Pu Oxidatior State Varving Concentration of Uranium
shg U/1 70g U/1 120g U/1
Pulll (note 1) 2.0 0.50 0.2k
Pul’  (note 2) 3,5 0.7 0,26
PulV  (note 3) = 0.7 =
Pu'l  (note 4) 1.0 0.2 0.06

Pulll Digtribution - tracer reduced with Fe(N.’Hﬁ)Q(SOL&)2 and
ENHEOH“HESOhg soluti@n 0005M=ENH20H°HQSOh

pul? Distridution - Pul? Tracer as received in IN - HNO.; no
cxidizing or reducing agents addsd, 3

Solution made 0.IM in NaNO

S
=t

Pu'l Distribution - Tracer cxidized with Ce(SOh)2°(NHh)QSOh3
solution 0005MwNaECrOO7
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bbb Solvent Stulies

Ir early work with tritutyl phosphate a d3luent was fournd recessary
because of its high specifi: gravity and viscosity. Alsc; by using lean
mixtures { 20%) of solvent, saturaticn of wraniumr is more easily cbtained
at the uwranium concemtratl:us encountered, and the extraction of fission
preducts is at a minimum. In addition, the uranium. distridbution coefficient in

(aq./org.) stripping is lesz %han 1 for Bu PO, c

~

cncentrations greater than

1)
13

20%,_, A mixture of 15% tritutyl phosphete - 85% dlluent was ¢hosen as optimum
for the proosss.

In this experimental work hexane was arbitrarily chosen as the diluent,
although any solvent stable in #h@ pregence of HN03 and having a low viscosity
and a specific gravity of 0.8 ar lower should be sabis? actory. The cost and

pertinent physical propertiss of Pive hydrocarbons that have been tried are

glven belows

cost per gt | SCIFIC | Bl | mam
N-Hexane 0.28 0,56 £9 60
N-Heptane 0,28 CoH8 38 £0
N-Octane 12.00 0.70 126 ' 61
Methyl Cycichexane 1.26 0.77 w01 €0
"Varsol" 00,24 0375 1567-180 120
Heptane and hexane are inexpensive, but Lazardous because of their low

flash points. Octane is excluded by high cost. Methyleyelochexane is alse
relatively expensive and not significsntly less volatile then heptane, Bazed

on physical properties, "varsol® or a sirmilar petroleum Praction is satia-



factory and will be tested as a diluent for tributyl phosphate in future
work. Results of laboratory experiments under controlled conditions in-
dicated that there was no significa@ﬁ difference in uranium losses or de-
contemination with the use of any of these five diluents.

Since some coler was cbzerved in thé used solvent; a single batch of
solvent was repeatedly used for extractions on solutions of ORNL sludge to
determine the extent to which the sclvent could be reused. With the feed
solutions 3.0M in HNO3, the sclvent was reused through fiveréomplete column
extraction cycles without evidence of dsterioration. Uranium losses were
consistantly 0.1-0.2%, and little change in separation from fission products
was noted due to deteriloration ¢f the solwent. This used solvent was treated
by washing with loQQ,NaECOS and compared with samples of untreated used
solvent and fresh solvent in countercurrent bateh extractions. On the basis
of decontamination and urenium yislds the results indicated that the Na2003
wash was sufficient to restore the solvent to its initial quality. .

4.5 Countercurrent Batch Experiments

Uranium from ORNL waste sludge, Hanford supernatant, and Hanford
metal sludge was recovered in ome counter-current batch solvent extraction
cycle with s decontaminaticn of the uranium to 3-7% of the natural uranium
beta activity and to 20=L0% of the natural uranium gamme activity (see Table
4.5-1). The uranium losses were 0.1% for ORNL sludge and Hanford supernatant.
For Hanford sludge the uranium loss was 0.7% in the initial experiments.

It had been found in countercurrent batch studies that with the solvent
near saturation with uranium (0.5 moles of uranium per mole of BUBPOH) the

extraction of fission products and HNO3 was low (the reliability of HNO3
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analytical methods is somewhat in doubt (Table 4.5-4). In the last stage

of extraction the solvent contained 0.5N HNO3 and 9 x 103 beta ¢/m/ml. This
was reduced to 0.2N HNO3 and 800 beta ¢/m/ml at the feed point. This drop in
HNO3 concentration and beta activity was attributed to the "salting out” effect
as the solvent reached 70% saturation with uranium. The uranium distribution
coefficients also varied from stage to stage, being approximately 2 at the
feed plate while in the second stage it was 10. The lower distribution co-
efficient at the feed plate 1s likewise due to the degree (70%) of saturation
of the solvent with uranium. The uranium remalining after the 5th stage (about
0.1% in the case of ORNL sludge) was not extracted with additional batch
extraction stages and was constant from run to run regardless of run conditions.
Thus; in the case of HW sludge 0,55 g/l of uranium (0.7% of the initial
uranium concentration) was pressnt in the agueous in the Lth ard 5th stages.

An effort was made to determine ths nature of this inextractable uranium
in the raffinate from this run. Since it was found that the sclution of HW
sludge was about 0.5N reducing, the raffinate was split into seven samples
and each sample given the oxidation treatment described in Teble 4.5-2.
Subsequently, each aliquot was extracted twice with a double wvolume of 85%

hexane-15% BuyPO), and again analyzed for uranium.
35,
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Teble 4.5-1

ORNL-260

Iributyl Phosphate Extraction of Uranium from Metal Waste -

Feed:

Counter-current Rateh

3

Runs

3.0 to 4.5N ONO, soluticm of waste as indicated.
Solvent: 85% hexaze = 15% “ributyl phosphate

Scrub:  3.0N HNO3
Strip: Water
Equipment:

Flow ratio:

Countercurrent batch sxtracter; 5 stages of strip
Sclvent: Fsed: Serub: Strip=10:3:2:10

Beta Activity [y Activity o
Source of Uranium of Product Product Beta Decontami- |
Uranium Processed Loss % B c/m/mg U Mv/mg U nation Factor
ORNL Sludge 0.1 2 C.001 1°5x10h
HW Supernatant C.1 2 0,001 33:10)+
HW Sludge 0.7 5 0.002 3%107
Simulated HW current| 0.4 2 0.00L 2;:.101l
waste(90 day activity)
70 9.005 | cecew

Activity of natgfal U
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Table 4,5=2

Effect of Oxidation of Hanford Siudge Soluticn on Uranium
Extraction Losses

Aqueous: Aliquots of raffinate from countercurrent batch
extraction of HW waste sludge (0.55 mg U/nl)
treated ag indicated.

Solvent: Mixture of 85% hexane - 15% tributyl phosphate

Procedure: Two suczessive double volume extractions with

solvent,
U Concentration
Sample Treatment Given Raffinate Sample Mefare in aguecus after
No. Extra@tion extraction-mg/ml
1. No treatment 0.55
2. Heated for 1 hour at 100°C 0.55
3 Added C.2M Naﬁuro'7=qeaﬁed for 1 hour 0,34
100°C
L, Added O.4M Wa Cr O =hested for 1L hour 0.08
'looc)c
50 Added 0.5M AL(NO:)y~heated for 1 hour 0.55
100¢¢
6. Added 0.5M Co™ ¥ _neated 1 howr 100°C 0.30
7o Let stand at room terp. Por 48 hours. 0.36

From the results 1t wae concluded that the inextractable uranium was
+4
either U or a uranium complex falrly stable under reduclng conditions,
and that the uranium could be exbtrechted 3f ths feed solution were oxidized
before extracticn., However, the desirebility of such treatment is
questionable.

The feed and product soluticns of both the BW sivdge and "90 day

activity" runs were analyzed for specific fission products. These data

v



y -27- ORNL-260

TABLE 4.5-3

Solvent Extraction Recovery of Uranium from HW Waste Sludge and Simulated Current Waste

Counter-Current Bateh Extraction

Feed:
Run A 8
Solution of HW Waste sludge in HNO3 - 130 mg/ml U, 4.6 N acid, 2x10° B8 ¢/m/ml
Run B
Simulated current BW uranium waste: Spiked with full HW level activity from
ORNL Hot Pilot (cocled approximately 90 days) 3.6 N ecid - 130 mg/ml U - 4x100
B c/m/ml

Scrub: 3.0 M HNOj3

Solvent: Mixture of 85% hexane - 15% tributyl phosphate

Equipment: Counter-current batch extractor: Extraction - 5 stages, scrub - L& gtages,

gtrip - 5 stages
Flowratios: Solvent:Feed:Scrub:Strip = 10:3:2:10

Lixtrac‘ti@n U Decontamination Factors B activity
Run Loss (%) Gross B Gross 7y Ru Ce Sr Pu Zr Cb | of product
¢/m/mg U

A 0.7 3%10” 6x10" 2x10% | 1.6x10%1.3:10%| 2| | 5
Hanford Sludge _

B O.h 22(1.0}4 'lxloh 1;5X10h leOh 10 3X103 3.‘Kth 2
Simulated "

Waste
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Teble h' o 2"

Ef;gct of HNO : Concentration on U and F. P, Extraction from Metal Waste
Solutlon

Aqueous: Solugion of ORNL Waste Sludge in HNO, 140 mg/ml U
: 4x10° beta c/m/ml

: Bolvegt:. Mixture of hexans end BugPO)
-riifvev‘,minute batch equilibration of equal volumes of solvent end feed

HNO $ BugPOy Extraction T’
Conc. -In Solvent] Aq. )T oef
Feed N ‘ Mixture U Gross Beta J1ebs .Sj!'-’.'l’.. 2nd Strip
1oo=+ 1 10 0.5 -7 8x107? 5.3 14
1.8 | 10 0.6 4x10™7 5.0 17
2.6 10 0.5 3x1077 bk 20
3;# 10 0.5 4x10~2 4.8 20
b2 | 10 0.5 3%10™7 4.8 20
5.0 10 0.5 4x1079 - 20
5.8 10 0.5 4x107 k.2 19
1.0 20 1.1 62107 1.7 3.5
1.8 | 20 1.4 3x10™" 1.5 3.1
26 | =0 1.k 1.5x10"* 1.3 3.1
3.4 20 1.5 1.1x10"" 1.3 3.2
- 20 1.7 8x10™° 1.2 2.3
5.0 20 1.6 7x10™7 1.2 2.2
5.8 l 20 1.6 7x10™7 1.1 2.1
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are presented in Table 4.5-3 as individual fission product decontamination
factors. It was noted that zirconium had the lowest beta decontemination
factor (3 x 103) end wes the major beta activity associated with the product
uranium in the case of the "90 day activity" run. Ruthenium was essentially
the only beta activity in the product uraniim from the HW sludge (decontami=
nation factor of 2 x 10”), In each case the beta decontamination factors for
other fission products were at least a factor of 10 greater than Zr, for "90
day a;tivity", and a factor of 10 greater than Ru for two year metal waste.
Thus, if this process were used to recover urenium from current HW metal
waste, zirconium would be the limiting actlivity, and for the two year metal
waste ruthenium would be the limiting activity.

4.6 Column Demonstration

The mechanical operability of this process was successfully
demonstrated on a five gallén scale in a column one inch in diameter. Runs
were made with both synthetic feeds and solutions of ORNL sludge.

The columns were first packed with 3/16 inch Fenske rings. This packing
plugged repidly with the undissolved solids in the feeds and was replaced
with 1/b x 1/4 inch Raschig rings. With this packing the process was found
to have the same high degree of mechenical operability as for example, Redox.

The extraction column used consisted of 10 feet of extraction section
and four feet of scrub section, packed with 1/ x 1/4 inch Raschig rings.

In six column runs, uranium wes recovered from ORNL sludge with losses of
less than 0.1% and decontaminated from beta fission products to less than

5% of the beta activity of natural uranium.
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The strip column was ten feet in length and also packed with l/h X
l/h inch Raschig rings. With this length of column, uranium lcsses were as
high as 0.5%; however, it is Pelt that additiocnal column height would reduce
this loss to 0.1%, since succeszive batch strippings yielded complete re-
covery of the uranium from the solvent,

4.7 Uranium Distribution Coefficients in Scrubbing and Stripping

The uranium distribution coefficients in the scrubbing section
-varied merkedly with the comcentration of urenium present in the organic
phase. For example, or scrubbing am organic extract, 48% saturated with
uranium (30.5 g/l), with 3.0 M nitric acid the distribution coefficlent was
T.2h (org./eq.). However, on scrubbing with a 3.0M HNO3, an organic extract
that was 100% (63.5 g/1) saturated, ths distribution coefficient was only
1.15 (see Table 4,7-1, Fig. IX).

As the solvent approschsd saturation in uranium, the uranium distribution
coefficients became more independent of the HNO3 concentration ¢f the aqueous
scrub.

As was expected, the uranium distribution coefficients increesed with
successive batch scrubbing steps since the uranium concentration of the organic
phase was decreased (see Table L,7-2 Fig. X and XI). Uranium distribution
coefficients in scrudbing es a functicn of tributyl phosphate concentration
showed essentially the same dependence that was demonstrated in extraction

(see section 4.2).
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Table L4.7-1

Effect of Urarium Concertration in the Solvent
on Uranium

Distribution Coefficients in Scrubbing

Solvent: 15% Bu3P0h=85% hexane, uranium

Scrub: 1.0 M to 5.0 M HN03

Conditions: Equilibration feor 15 minutes with
1/6 volume scrub at 20°C.

Solvent Uranium Concentration Uranium Digt. Coeff. (0/A) in S@rubbingr
in Scrub Section Nitric Acid Concentration (M)
g/1 % of Saturation T 2 3 L 5
30.5 4L8.0 2.90 5.16 T2k 8.50 G4
43.0 67.7 1.96 3.20 L.23 5.26 5050
47.2 Thols 1.502 2,81 3,72 4,70 4.80
50.0 78.8 1.45 2.18 3.02 3.4k 3.48
55.8 87.9 1.23 156 2.06 2.53 2.68
63.5 100.0 0.76 0.97 1.15 1.18 1.26

The back extraction of wranium fror tributyl phosphate was affected
by the same variables that controlled the initial extraction and scrubbing
operations; i.e. as the HNO3, BugPoh end wraniur concentrations were de-
creased the uranium extraction favored the aguecus phase. Five successive
batch strippings with water were sufficient to remove 95.9% of the uranium.
This operation was studied batchwise with a series of organic extrécts that

contained uranium end had Yeen previously scrvbbed with 3.0M HNO3o After the



~32-

ORNL-260

removal of the nitric acid present the distribution coefficient (org./aq.)

decreased from C.9 on ths first strip to

b.7-3).

about 0,03 and the fourth (see Table

Table 4,7-3

Effect of Bu.P(C), Concentration cr Uranium Distribution

Coeffigient inm

Stripping

Org. Phase: BuQPOL - hexans 2.3 mg U/ml BU3P04

Aq. Phase° Equal volume passea of Hy0
Conc. BusPOy in Uraniw Distributicn Cosfficients
Solvent, Mixturs (rrg./ag.)
(%) 1zt Strip 2rd Strip 3rd Strip L+h Strip
5 .00 oo oo coms
15 0.49 0,01 <0.01 <0.01
20 1.06 0.48 0.06 0.02
25 0.97 0.18 0.17 0.03
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Table 4.0-1
ORNI. Metal Waste Analysis(a)
Tank Phase
No. Sampled Tonic Radiochemical
Gross Gross Ru Ce Ce Sr
U Na NO3 CO3 POh SOM B V4 B B B B
y cts/ml/min(b)
mg/ml - - - - ok -
x107 %1070 10 4 x10™" 107 %102
W=3 Supernatant 0.02 110 13.7 33.8 2.4 10k 1.9 0.58 8.3 0.06 ik.3 0.52
W“h- 8:79 203 11"05 Oa‘hb Ool 8-:3 1207 201 2@-00 5050 209 1900
W=7 0.02 54,2 i5.9 29,3 6.0 132 | 26.0 0.58 9.6 3,2 17.2 1.7
W-10 0.02 Th.1 2oL 33.0 8.7 ok | 29.8 C.9 8.1 LT P6.9  L.2
W=8§C> 16.1 39,9 15.4 27.8 Te2 207 8.5 1.k G.4 50,3 1%.9  7h.1
mg/ml. cts/g. /min
x10°° 31073 x10°5 x10° x10™0 x10°6
W-3 Sludge 539 43 22.8 60 12.5 8.6 | 19.1 4.0 T4 11.8 3.1 1.2
W=k 326 190 ko.5 51 218 146 k.5 1.3 0.9 1.3 1.2 1.3
W=7 L5 170 34.9 67 90 21k 3.2 1.2 7.8 0.7 1.6 0.7
W=10 485 164 43.5 Lo 90 105 8.2 2.4 2.0 Lo 2.5 1.5

(a) The samples were taken 11/23/48 by P. B. Orr.
chemical results were reported 1/26/49 by C.

(b) Counting done at 10.18% geometry with no adsorber.

(¢) This tank is used as a collection tank, and no uranium is precipitated here.

S. Burros.

Ionic results reported 1/4/49 by P. F. Thomason, and radio-
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Table 4.0-2

Radiochemical Analyses of Hanford Waste Samples

(Counts Per Minute Per Gram of Uranium)

Supernatant Sludge
Gross B 0.62x16° = 2,2x109 0.59x109 - 2.14x107
Groge y 1.53x10° - 6.435108 3.682105 - 5,80x10°
Zr B 2.91x10° - 5.64x10” 3.56x10° - 4,76x10°
Ru p 0.81x108 - 5.27x10° 0.52x107 - L4.25x107
Cb B 0. 14167 - 1.34x107 0.51x10° - 1,46x10°
TRE B 2.32x16% - 5.64x10° 0035x10° - 1.28x109
Ce 8 3.51x108 - 5,19x108 7.23210° - 9,11x10°
sr p 0.86x107 - 2.,76x107 0.58x108 - 3.92x108
Cs B 0.28x10° - 1.28x10° 0.51%10 - 8,24x107
Pu o 0.16x10% - 1.17x10° 0.98x10° - 1.51x10°

*Beta Geometry = 10.2%

Alpha Geometry = 5%
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Table bo2-4
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HNO., Distribution in the System Bu,P0) - Hexane ~ ENO_ - H.0
~ ) 4 3 =

Moles

gg? (%gon@ B@3£pu ___ig§§§;gi§to iq;ﬂmo D&ggooczéffo
1 5 0.18 0,190 9,640 0.019
2 | 10 | o0.37 0.365 9.595 0,038
3 15 0.55 0.558 9.210 0.060
4 20 0.73 0.675 8,952 0.075
5 25 0.91 0.880 8.925 0,098
6 50 1.83 1.755 8.775 0.200
7 75 2,Th 2.510 8.295 0.302
8 100 3.65 3.105 7.140 0.434

1.038
0.997
1.010
0.922
0,961
0.959
0.910
0.848

TWo. ]
Mole Bu3P3
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DWG. #7734

URANIUM EXTRACTION QX;TRIBUTYL_PHOSPHATE
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FIGURE II

ERA N EX CTION
WIT NE -« TRIB P
Aqueous Phase: 0.1) UO2(NO3)2 reagent acidity

Organic Phase: One equal volume pass with
20% BusP0, - 80% Hexane

Equilibration Time: 5 minutes
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TEMPERATURE ©C




DWG. #7736

O
[ ]
B S s gt e same e M se Jgan o Uﬁ%_TﬁiW T ; o
i L e e A Y ] R
h fnl_%u SRE=m S Tk F —
it (Sanq §Eeaq SSpts emmm ikt Sisdssoe " — o)
ESE1 SENRE Anunt dund BRNAE R T <t ——— *
L1 tand ) ransy ENRNN SR RS AE - H NO - o
" 8 1 O A <<t < <t I -
5 H i - 171 =1 QO OO =
. fan; m.. Qnu/_P [Fpo N . I — AUo
. 1] NN N 0 - —
saungam I m,w‘l.l[, = 11 - T O O @ [ - @
i — 4 __v,r s :,rJiW T M -4N =Z A O4m 0 A.m —————
- T e aes oy s3d by Saand SaSE. e o
H,,le\ st HE e ladea thaRd NEAES S pane] mw M_M_M_1M.__ D««qm % B et s nw
; ; T ERa) MERas sumn e . T —
& = EESH il it foesn 6 k Sl NHN - 3020 E= o~
- t t IBER EREY & - — J O o ¢ «O m =] ——
; HiH o8 ans 1 - WieRoloXe] [ORS| - ~
£ S R s Ra s dannang WREE - HElo 3
gE=== B Iy s Eaaga et O O04Bg ~H R N W
—1 T Tt .
H -] (6 (5810 tanes annl SRS mm e on P O
ESESE i el sEes hease . e "
- TR e Q g H (@)
F q wuu — % uﬁua mwwm . “
T T t - @]
44 THRETEH < A THO
- N R A O~ O
fiEsaag===ang o oo
8 Sl . -
: ﬁﬁ SSEENSES o HOg o
1] jam ﬁ SREn -1 (@) O o
- ]

ﬁlﬁ
i

]

|

]

!

Ll

1
M

HN

1.0 2.0 3.0 4.0 5.0

EFFECT

- + SIS o - S
LD B SR LT T . o Al g T
— P [
S —
N 0 j B \L :W .
T . LIFJ [ ‘I_Jl EEE z
1 —— JEm R
H N~ HHHT\T! 0
~ e ; !
T
HTH =i T i F——
| i t i
Bae 8 ; i =SS
e T - v L5 05 0y s s Bl
H IR 1 T 1
: S =17 R s I O i e i Bl
A L T
i " . R + —1- ]
-4~ - i N D “‘ 1 T T 1 - -
] imm i . » o

(*be/°330) *J4W0D °*ISTA MAINVYA



- D —

FIGURE IV > DWG. #7737
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FIGURE V DWG. #7738

HNO, DISTRIBUTION IN THE SYSTEM
HEXANE - BuPO) - HNO; - H,0

Organic Solvent:
15% BugPO), - 85% Hexane Mixture

Aqueous Phase: Varying Conc. of BNO3
Equilibration Time: 10 minutes
Temperature: 20°C. + 0.2°,
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FIGURE VI DWG. #7739

Aqueous Phase:s 0.09M UO,(NO3),6H,0, NaNO3 reagent acidity

Organic Phase: One equal volume pass with 204 tributyl
phosphate - 80% hexane

Equilibration Time: 18 hours at 20° C.
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Water Saturated Tributyl Phosphate
Technlical Grade Hexane

Specific Gravity taken with Westphal
Balance at 209C  0.5°

AR

0.68 0,69 0.70 0,71 0,72 0.73 0.74 0.75 0,76 0.77 0,78 0.79 0.80
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DRANIUM DIST. COEFF., IN SCRUBBING (org/aq)
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FIGURE IX

SFEECT OF

DISTRIBUTION COEFFICIENTS IN SCRUBBING

Solvent: 15% Bu3PO, - 854 hexane containing 002(N03)2
Serubs 1.0 M to 5.0 M HNO,

Conditions: Equilibration for 15 minutes with 1/6 volume
serub at 20°C in water bath.

o
: = ©=5.0M
g g 5 V=4 ,0M
2 X=3,0M
+=2.0U
©O=1.0M
: aas EaEE
H :
T = i -
T
A
i
3 adl
I 1
I
- T
| I T L
RRARARANRREARRRRRNA AR T 3
: | ™ 18 ! N
M bbb
i : ﬁ “_4 *Eh,g;\ ] - N
T ] ! _MHJK,‘ N
T T i
4 'Y A\ :i
AN
A
N P
N N
N
N 1
N N
13 I 1
40 90 100

URANIUM SATURATION




URANIUM DISTRIBUTION CORFFICIENT (org./aq.)
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FIGURE X

URANIUM DISTRIBUTION COEFFICIENTS IN SCRUBBING -

EFFECT OF Bu3P04 CONCENTRATION

Organic Phase: Bu:,)PO4 - Hexane - 2.3 mgU/ml Bu3PO4
Aqueous Phase: Equal volume 2.0M HN03
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UBANIUM DISTRIBUTION COEFFPICIENT (org./aq.)

DWG. #TT44

Aqueous Phases: Equal volume 5.0} HNO4

Organic Phase: BujPO4 - Hexane - 2.3 mg U/ml BujP0O,
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Figure XIT =g
Waste Metal Recovery By Solwent Extraction
Key
1. Flowrate-liters per day
2. Uranlum concentration-g/l
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2k kg of Uranium process per day - Colurm size IA=
IB=2-1/2 inches ID.

Note 1. The Optimum feed prepsration method has not been determined.
flowsheet presupposes the preparstion of the feed in such a manner

Note 3., The IBW will “e wash
reused as IAX.

a8 to reach a uranium concerntration of 1
Note 2. The IAW can te evaporated to 135 1it

1-1/2 inches ID-

This

35 g/l with 3-5N excess acid.
srs without crystallization. The

IAW volume can be reduced to 35 liters with one NalNO., crystallization.

sd twice with 1M NaECO?uonce wit 0.1M HNO3 and
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The laboratory data includsd in this report is recorded in secret Notebook
CL-1484%;, 78, 1939, 2072, and 11i8.
We extend our apprecsiation to L. T. Torbiz and P. F. Thomason for their

assistance in supplying the nscsssarv analytical data for this report.
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