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0.0 ABSTRACT

The amine extraction (Amex) process
can be used effectively for the extraction
and separation of uranium and thorium from
sulfate liquors in which these metals co-
exist. With proper choice of reagents,
either uranium or thorium can be extracted
‘first and the other extracted in a second
cycle. Reagent costs are estimated to be
low for both the uranium and thorium recovery
cycles. '

1.0 INTRODUCTION

Extensive studies on the recovery of uranium and other -
metals from acid liquors by extraction with long chain amines
in hydrocar?on diluents (Amex process) have been reported
previously. 1-6) The present report describes further studies
on the Amex process with regard to its application for the
separation and recovery of uranium and thorium from sulfuric
acid ore leach liquors in which these two elements coexist.

Since the known occurrences of thorium in appreciable
concentration in domestic uranium ores are relatively rare,
the processes used or being developed for domestic applica-
tion have not been faced as yet with the problem of separat-
ing and recovering both metals. This problem, on the other
hand, is of considerable importance in the processing of
certain Canadian ores. Large bodies of uranium-thorium ores,
recently discovered in the Blind River district, are now
being; treated by a process which includes sulfuric acid
leaching, countercurrent decantation and filtration to obtain
a clear leach liquor, and sorption of uranium on anion
exchange resins in columns.{7) The sulfuric acid leaching
step dissolves almost all the uranium and an appreciable
amount of thorium from the ore. The anion exchange step is
effective for achieving complete uranium recovery from the
leach liquors, but it is not efficient in separating the
uranium from the thorium. The thorium content of the uranium
concentrate is sufficiently high to cause serious problems in
existing refining plants where these products are further
processed into pure uranium compounds and metals. 8) Also,
provision for recovering thorium as a valuable, or potentially
valuable, by-product from the Blind River ores has not been
made. -

In the course of previous studies on the Amex protess,
the extractions of numerous metals, including thorium from




sulfate solutions were investigated. It was found that cer-
tain amines which possessed high uranium extraction power

“had negligible extraction power for thorium. Also, it was
found that certain other amines were -effective extractants

for thorium, 'the -extraction coefficients being higher, in
some cases much higher, than those for uranium. The variation
in extraction performance of the different amines could be
correlated with variations in the compound type and structure.
On the basis of these observations a promising process was
developed for the recovery of thorium and uranium from
sulfuric acid ‘digests of monazite -sand. (3) Preliminary
studies were also made on liquors of the composition that
might be derived from Blind River type ores, and effective
thorium-uranium separations were demonstrated.

The intent of the present studies has been to evaluate
more -closely the feasibility and economics for applying the
amine extractants to the recovery and separation of uranium
and thorium from liquors of the Blind River type. Two
general process possibilities have been considered: (1) the
extraction of uranium in a first cycle with subsequent ex-
traction of thorium and (2) extraction of thorium in the pri-
mary-cycle with subsequent extraction of uranium. The
results. from this work may also be used in evaluating a
combination of solvent extraction with present ion exchange
practice wherein thorium is recovered from the liquor prior
to or after the uranium separation step.

Several amines which were expected from earlier work to
possess favorable properties for the intended application
were selected for study along with, for purposes of compari-
son, several compounds which were expected to give relatively
poor performance. Numerous batch extraction tests .were made
to compare the extraction abilities of the different reagents
and to evaluate the importance of several process variables.
‘Since samples of uranium-thorium ores or plant liquors were
not available, all tests were made on synthetic leach solu-
tions. Preliminary evaluations of three different methods
for stripping thorium from the organic extracts were also
made by -batch testing. . Uranium stripping was not examined
since several effective methods have been developed in
previous work. 1,4,6) Finally, a bench-scale run was made in
small mixer-settler equipment to demonstrate a two cycle
Amex process for thorium and uranium recovery under conditions
of continuous countercurrent operation. Reagent consumptions
for both the uranium and thorlum cycles were estimated from
the data obtained.

- Discussions of several topics of general pertinence to
the use of amines as extraction agents have not been within
the scope of this report, e.g., availability of different
reagent types, reagent stability, diluent compatibilities,
extraction selectivities with regard to other metals, probable
reactions taking place during extraction and stripping, phase



separation, etc. These topics have.been treated in consider-
able detail in previous reports. (1,2,4,6) 1t is suggested _
that these reports be reviewed as background material for the
present d1scuss1ons L }

2.0 . SUMMARY

Preliminary bench—scalé studies have been completed on
the use of the amine extraction (Amex) process for the
recovery and separation of uranium and thorium from sulfuric
acid ore leach liquors in which these two elements coexist.

_ ~In batch extraction tests on a liquor of typical thorium
or uranium-content,; excellent separation of uranium from
thorium was. achleved by selectively extracting the uranium
with a tertiary amine such as tri(iso-octyl)- or tri- n-octyl—
amine. If scrubbing stages were provided, or if the organic
phase -was loaded to near saturation with uranium, good
separations could also be obtained with secondary amines in
which the -alkyl chains were branched in close proximity to the
nitrogen. Of the secondary amines tested, Amine S 24 was
superlor in .performance.

- Thorium was eff1c1ent1y recovered from uranium-barren
liquors by extracting with a branched chain primary amine or
a secondary amine with branching at a distance from the
nitrogen. . For example, Primene JM-T (pr1mary) and di(tridecyl P)-
amine (secondary) were effective extractants in this respect,
with the latter reagent preferred because of lower losses to the
aqueous liquors and greater selectivity with regard to other
metals such as iron(III). Extractions of thorium with these
reagents would be equally possible from liquors that had been
processed previously for uranium recovery either by Amex or
anion exchange. Complete thorium extraction isotherms. were
determined for typical liquors with 0.1 M di(tridecyl P)amine
in kerosene as the extracting solvent. At this reagent concen-
traction, the indicated maximum loadlng of the solvent was
approx1mate1y 3 g Th per liter.

. .The possibility of f1rst separating thorium from .the
original leach liquor, leaving uranium.for subsequent recovery,
was .investigated with two amines which had demonstrated
greater than average thorium extraction power, i.e., Primene
JM-T and di(tridecyl P)amine. . Favorable separations were not
obtained with the latter reagent, the ratio of thorium to
uranium extraction coefficients being too low for the desired
purpose. However, with Primene JM-T; reasonably effective.
separation and recovery of thorium were shown to be possible.
Thus, analysis of batch test data in terms of a contlnuous
countercurrent process indicated that essentially complete
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thorium recovery and -adequate separation from uranium could
be accomplished by operating under conditions which would
load the organic phase to near saturation with thorium.
Similar -end results should be attainable when operating at
lower loadings by scrubbing the solvent with dilute sulfuric
acid. '

Thorium can be stripped from the organic extract by
methods similar to those developed earlier for uranium pro-
cessing. 4) For -example, 1.0 M solutions-of nitrate -or
chloride salts containing 0.05 M -sulfuric acid have given
efficient removal of thorium, providing pregnant strip
liquors ‘containing 20-30 g of thorium per liter. Sodium
carbonate has also shown promise as a stripping reagent.

Using data from the batch experiments as a guide, a con-
tinuous countercurrent test of the Amex process for separation
and recovery of uranium and thorium was made in bench-scale
mixer-settler .equipment. The composition of the synthetic
leach liquor used in this test was, in grams per liter, 1.2 U,
0.2 Th, 1.0 Fe(III), 1.0 Fe(II), 40 SO,; pH 0.9. Recovery of
greater than 99.9% of the uranium and greater than 99% of the .
thorium was achieved in a two-cycle operation. 1In the first
cycle; uranium was recovered by extracting in 3 mixer-settler
stages with 0.1 M tri-n-octylamine in kerosene plus 3 v %
tridecyl alcohol. The uranium was stripped from the extract
with an aqueous slurry of magnesium oxide, yielding a product
containing only 0.03 - 0,05% ThO,. In the second cycle,
thorium was extracted from the raffinate of the uranium
recovery operation in 3 mixer-settler stages with 0.05 M
solution of di(tridecyl P)amine in kerosene. The thorium was
stripped from the extract with 1.0 M NaCl - 0.05 M H,SO,
solution and precipitated with ammonia. The product
precipitate thus obtained contained only small amounts of
other metal impurities. Based on the data from the continuous
countercurrent test, it was estimated that total reagent costs
might be as low as ~ 7¢/1b U;03 for uranium recovery and
~13¢/1b ThO, for thorium recovery.

Continuous tests have not been made on recovery of
thorium and uranium in reverselorder to that described above,
e.g., recovery of thorium by extracting with a reagent such
as Primene JM-T and subsequent recovery of uranium by one of
several suitable amine reagents°(496) Since excellent sepa-
rations are so easily obtained by extracting uranium with a
tertiary amine in the first chle,'it is believed that this
reverse sequence would be a less favorable process arrange-
ment. On the other hand, mills using anion exchange resins
for uranium recovery from uranium-thorium liquors are already
in existence. Installation of a primary thorium recovery
cycle in these mills should be profitable since it would
eliminate the problem of thorium contamination in present ion
exchange uranium concentrates and produce;, at the same time,



a valuable thorium by-product. Further attention will be
given to .this possibility-as a part of a continuing develop-
ment. program -on applications for the Amex process. '

- Although the experiments described in this report were
made with liquors of a particular composition (~1.2 g U and’
~0.2: g Th per liter) and the continuous tests have been
restricted thus far to one of several process arrangements,
-the data -obtained can be extrapolated to considerations.of
other liquors and process modifications. Also; only a limited
‘number of specific amine reagents were selected for study. It
. would be expected, however, that other reagents generally
'similar in type and structure to those tested would give
similar performance. ‘

3.0 'BATCH TESTS

3.1 Extraction of Uranium and Thorium

3.1.1 Separation of Uranium from Thorium by Selective
‘Uranium .Extraction. The extraction ol uranium (and thorium)
Irom a 0.5 M sulfate solution at pH 0.9 containing 1 g U and
0.5 g Th per liter was investigated with four different
~‘amines; i.e.; Amine S-24*, tri(iso-octyl)amine, R&H Amine
9D-178*, and tri-n-octylamine. Uranium-thorium separations
with the latter two compounds from sulfate solutions contain-
ing 1 g U and ¥ g Th per liter have been reported previously.(z)
-Extractions were performed at two different ' phase ratios to
determine in a preliminary manner the degree to which uranium-
thorium separations might be improved with the various amines
by increasing the uranium loading in the solvent. -

Very effective separation of uranium from thorium was
achieved with tri-n-octyl and tri(iso-octyl) amines (Table 1).
In.all tests with These compounds, even in .those with lower
uranium loadings, the thorium reporting to the organic phase
was below the limit of detection by the analytical methods
used. Appreciable amounts of thorium were extracted by the
two secondary amines when the uranium loading was relatively
low (32/19).  However, when the uranium -loading was increased
(62/1°), thorium contamination of the extract was only 0.5%
of the uranium content using Amine S-24 and 2% using R&H
9D-178 amine. More effective thorium decontamination would

r*Structufes givén in Appendix B.



TABLE 1. URANIUM-THORIUM EXTRACTION WITH AMINES
FROM 0.5 M‘SULFATE SOLUTION

Aqueous: 1 g U and 0.5 g Th per liter; 0.5 M SO, ; pH 0.9
Organic: 0.1 M amine -

Contact time: 2 min

.Temperature: Room

1 Extraction

Phase | Final Concentration, g/liter | Coefficient| Thorium
_ _ : | Ratio [~ Aqueous - [ Organic (ER) Decontamination
Organic* (a/o) [ U Th U Th U Th Factorx*x*
R&H 9D-178 Amine in kerosene | 3 | 0.047 | 0.41 2.8 0.25 60| 0.6 6
+ 2 v % capryl alcohol SR SRR N : : '
' o 6 0.29 0.46 . 3.7%%x¥ 0,072 13 0°16v 26
" Amine S-24 in kerosene . | 3 |o0.024 | 0.41 | 3.0 0.26 |125| 0.63 | 6
6 lo.26 | 0.50 | 4.5 |o0.021| 17| o0.04| 110
.:Trl n—octylamlne in kerosene 3 ,0;011- - 0.47 | 2.8  |<0.02 |250 |<0.05 >70.
T+ 2TV % capryl alcohol R : ' : - » - .
}6”v? 0.13 -0:40***_j 4.5 <0.02 35 | <0.05 - >110
'jTri(iso—bctyl)amine in ‘ : 3 10.019 1 0.49 1 2.8 <0.02 150 | <0.05 >70
- kerosene + 3 v % tr1decy1 ' C : - '
alcohol : : 6 0.18 " 0.51 4.8 <0.02 27 | <0.05 2110

'*Amine structures are given in Appendix B.

**Th/U in head liquor
Th/U in organic

***xpoor material balances. This does not have an important effect on the s1gn1f1cance of
- the data; however; since both phases were analyzed for uranium and thorlum ‘
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be expected at st111 h1gher uran1um loadlngs * Further
decontamination might also be obtained by scrubbing the
organic extract with dilute sulfuric acid. 1In process
practice; the scrub solution thus produced would be recycled
to some su1tab1e p01nt 1n_the process stream.

.The differences observed in the effectiveness of uranium
and thor1um separation with the different amines are in
agreement with those anticipated from earlier studies on the
selectivity of amines for uranium over other metals as a
function of amine type and structure. As stated in ORNL-

1959, "the efficiency" w1th which uranium can be separated by
amine extractants from ‘the various metal contaminants is
dependent on a number of factors. 'The .type and structure of
the extractant is of primary importance, the primary amines
being generally the least selective and the symmetrical ‘
tertiary amines** generally the most selective of the reagents
tested. With secondary amines, branch1ng of the alkyl chains
on the carbon adjacent to the nitrogen improves the selec-
tivity over that of amines with no branching or with branching
farther removed from the nitrogen. Thus, compounds such as

C&C 16F27 (now Amine S-24) and R&H 9D-178 amine, are superior
in select1v1ty to compounds such as dilauryl, d1(2 butyloctyl) -
and di(tridecyl P) amines. Also, it has appeared that C&C:
16F27 (Amine S-24), in which both chains are branched atithe:
first carbon, has somewhat- bcttcr select1v1ty properties than‘
R&H 9D-178, in which only one chaim ' is branched at the first
carbon " : ' o

o

Pr1mary amines and secondary am1nes with no branch1ng or
branching distant from the nitrogen were not included in the
tests shown in Table 1. As, suggested above, the preferentlal
extraction of uranium with these compounds -would have ‘been
poor. As a matter of fact, as descrlbed below and as also

*It should be noted, however, that at a phase ratio of 62/1°
uranium loading of the organic phase was not far from the

~maximum loading achievable with this liquor. Also it: ‘should
be noted that, in a countercurrent extraction system, loading
is increased at the expense of increasing the number of ex-
traction stages required for complete uranium recovery. In
addition; ‘and possibly mere important; operation of the system
in such a manner as to accomplish essentially maximum uranium
loading of the organic phase requires extremely careful con-
trol. The organic and aqueous feed rates must be accurately
measured and the uranium content. of the feed liquor and the
amine concentration accurately known. ~In view of these con-
siderations the more selective tertiary amines described
above would be‘operationally superior for this application.

**Unsymmetrical tert1ary amines with three alkyl chains of
reasonable length should behave 51m11ar1y For more complete
discussions of effects of reagent structure see ORNL-1734,
-1922, -1959, and -2099. :




indicated by previously reported thorium coefficients, (1)
some amines of these types can be used effectively as extrac-
tants for thorium from. the sulfate liquors after the uranium
has been removed. - In addition, primary amines: may be used to
separate thorium selectively from liquors containing both
uranium and thorium. Such separations are described in

Sec. 3.1.3 for sulfate liquors and have been previously
described in ORNL-1859 for sulfate-phosphate liquors obtained
by sulfuric .acid digestion of monazite sand.

-3.1.2 Extraction of Thorium from Synthetic Sulfate
Liquors. Extraction of thorium from synthetic leach liquors
containing 0.2 g Th per liter by three different secondary
amines ‘and one primary amine has been studied at pH 0.6 and
1.0. The results (Table 2) show that effective extraction of
thorium (E >130) was achieved with the primary amine (Primene
JM-T) and with di(tridecyl P)amine at both pH values.
Extraction coefficients with Armeen 212 ; although somewhat"
lower, were still sufficiently high for potential practical
application. As expected,; much weaker thorium extraction was
observed with R&H 9D-178 amine (branchlng close to the
nitrogen). Had they been tested, still weaker extractions
would have been shown by secondary amines with even greater
branching close to the nitrogen (e.g., Amine S- 24) and
tertiary amines such as tri- n—octy1 and tri(iso-octyl).

The extraction efficiency of Armeen 212 and R&H 9D-178
amines decreased markedly at increased aqueous acidity. In
the tests with Primene JM-T and di(tridecyl P) amines no
dependable data on the effect of pH change was obtained
‘since,.in all cases, the’ concentratlon of thorium remaining
in the aqueous phase was either close to or below the limit
of determ1nat10n by . the analyt1ca1 methods used

Appre01ab1e amounts of iron were extracted by di(tri-
decyl P)amine at pH 1.0 and still greater amounts by Primene
JM-T at both pH levels. In tests with Armeen 212 and R&H
9D-178, iron extractions were rel?tive1¥ low. These data are
in conformance with previous datal™: on the dependence of
Fe(III) extraction on reagent type and structure.* From a
process utilization standpoint, it should be pointed out that
the thorium loading of the extract in all the tests in
‘Table 2 was low, and consequently the iron extraction
approximated that which would be expected in the raffinate
end of a countercurrent extraction system. In regions of
high thorium loading (extract end of the system) the amount

*As described in previous reports(2?4’6)'the presence of
alcohol in the diluent markedly decreases,extraction of
ferric iron. Thus the selectivity with respect to iron
-exhibited by Armeen 212 in these tests is better than would
be expected :



‘TABLE 2. EXTRACTION OF THORIUM FROM A SYNTHETIC o -
LEACH LIQUOR WITH AMINES

Aqueous: 0.20 g Th, 1.1 g Fe(II), and 0.9 g Fe(III) per liter;
A, 0.4 M SO, , pH 0.9; B, 0.6 M SO,, pH 0.5
Organic: 0.1 M amine in kerosene -
Phase ratio: 7Z2/1°
" Contact time: 5 min
.Temperature: Room

: o .Thorium
: _ . ’ _ Fe in 1 Extraction
_— , Final | Th, g/liter Organic, | Coefficient
Aminex*. Aqueous pH Aqueous | Organic | g/liter | = (ER)
R&H 9D-178 - A 1.0 0.027 | 0.34 | 0.11 13
Armeen 212%* | A | 1.0 0.004 | 0.40 0.03 | 100
Di(tridecyl P) |- A | 1.0 0.003 0.42 | 0.35 140
Primene JM-T | A 1.0 | <0.003 | 0.39 0.91 | “»130
. R&H 9D-178 B 0.60| 0.097 | 0.19 | 0.026 2
‘Armeen 212%x B 0.60| 0.014 | 0.36 | 0.016 26
Di(tridecyl P) B 0.60 | <0.003 0.40 0.047 >130
Primene JM-T B 0.60 | <0.003 | 0.39 0.81 - >130

*Amine structures are given in Appendix B.

**xDiluent was kerosene modified with 5 v % tridecyl alcohol.
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of iron in the extract would be expected to be considerably'
lower, *

This expectation is borne out by the isotherms for
extraction of thorium at pH 0.5 and 0.9 by 0.106 M di(tri-
decyl P)amine (Fig. 1). Data from which the isotherms were
plotted, including analyses for the amount of iron extracted
into the organic phase, are presented in Tables 3 and 4. At
both pH levels very high thorium extraction coefficients
were observed with this reagent even at relatively high
thorium loadings in the organic phase. The isotherms indi-
cate a maximum thorium loading from these solutions of about
3 g per liter, corresponding to about 8 moles of amine per
mole of thorium, Slightly higher thorium loadings were
indicated at pH 0.5 than at pH 0.9, but it seems possible
that the small difference could be attributed to analytical
uncertainties. As noted previously;,; the amount of iron
extracted with this amine was low at pH 0.5. At pH 0.9,
although iron extraction was appreciable at low thorium
loadings (Table 4), only relatively small amounts of iron
were: present in the organic phase when it was loaded to near
saturation with thorium.

3.1.3 Separation of Thorium from Uranium by Selective
Thorium kxtraction. The possibility of selectively extract-
ing thorium from a synthetic sulfate liquor containing 1.2 g
U and 0.2 g Th per liter was studied with kerosene solutions
of Primene JM-T and di(tridecyl P)amine. .Both these amines
‘have previously been shown to be good extractants for
uranium(1:2,4), Thus, achievement of an effective separa-
tion of thorium from uranium, out of a liquor in which the
uranium concentration is appreciably higher than that of the
thorium,; requires that the thorium extraction power of the
reagent be extremely high, i.e., considerably higher than for
uranium. If this condition is met, it should be possible to
keep the uranium extraction at a low level by loading the
solvent to near saturation with thorium.  To determine the
degree to which separations would be affected by thorium
loading in these particular solvents, the extraction tests
were carried out at several different phase ratios.

" With di(tridecyl P)amine .the uranium and thorium
separations obtained were quite poor even under the most
favorable experimental conditions, the ratio of thorium to
uranium coefficients evidently being too low for the

desired purpose (Table 5). With Primene JM-T, however,
effective separations and recoveriés were shown to be possible
(Table 5 and Fig. 2). For example,; .in a single stage contact,

90% of the thorium could be extracted while removing at the

*Iron extraction can also be yrevented by reducing to the ‘non-
extractable ferrous state.
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TABLE 3. DATA ON EXTRACTION OF THORIUM FROM
A SYNTHETIC LEACH LIQUOR AT pH 0.5 BY DI(TRIDECYL P)AMINE

Aqueous: -0.20 g Th, 1.1 g Fe(II), 0.9 g Fe(III) per
liter; 0.6 M SO,; pH 0.5
Organic: 0.106 M di(tridecyl P)amine in kerosene

Procedure: Organic cascaded against fresh vdlumes.of
liquor and phases sampled after each
contact; phase ratio was 22/1° on all

contacts except the last which was 52/1°

Contact time: 2 min per stage

_ _ —Thorium
L Final ' |- Fe in Extraction
* Cascade | Aqueous Th, g/liter Organic, | Coefficient
No., pH Aqueous | Organic | g/liter (ES)
1 0.6 |<0.002 0.40 | 0.076 >200
2% 0.5 |<0.00z |- 0.80 | 0.052 | >400
3 | 0.5 |<0.002  1;23 0.046 %600
4 0.5 0.002 | 1.58 | 0.033 800
5 0.5 | 0.004 1,99 0.026 500
6 0.5 | o.ooé 2.4 | 0.036 | - 300
7| 0.5 0.011 | 2.8 | o0.019 | 250
8 0.5 0.026 | 3.1 | o014 | 120
9. 0.5 | o0.14z2 | 3:3 | 0.009 N P

*Phase separation was very slow (5-10'min) in the first
two contacts, . ' ' : '
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DATA ON EXTRACTION OF THORIUM FROM

A SYNTHETIC LEACH LIQUOR AT pH 0.9 BY DI(TRIDECYL P)AMINE

Aqueous: 0.20 g Th,

liter; 0.4 M SO,; pH 0.9 .
Organic:
Procedure:

1.1 g Fe(II), 0.9 g Fe(III) per
0.106 M d1(tr1decy1’P)am1ne in kerosene-

Organic cascaded against fresh volumes of

liquor and phases sampled after each con-

tact;

phase ratio was 22/1° on all con-

tacts except the last which was 52/1°

Contact time:

2 min per stage

'Thoflum
: Final S Fe in Extraction
Cascade | Aqueous Th, g/liter Organic, | Coefficient
No. pH Aquéous [Organic g/liter "(EQ)'
1 1.0 | ¢0.002 0.40 1 0.36 >200
2 0.9 <0.002 0.80 0.28 >400
'3 0.9 <0.002 1.2 0.22 >600
4 0.9 £0.002 1.6 ogzo > 800
5 0.9 |<0.002 2.1 0.17 >1000
6 0.9 <o.odz 2.4 0.13 >1200
7 0.9 0.003 | 2.8 0.092 930
8 0.9 0.042 2.9 0.030 70
9. 0.9 0.193 3.1 0.019 16




TABLE 5. SELECTIVE EXTRACTION OF THORIUM
"FROM A SYNTHETIC LEACH LIQUOR

Aqueous: 1.35 g U, 0.20 g Th, 1.0 g Fe(III), 1 g Fe(II),
.and 45 g SO, per liter; pH 0.90

Contact time: 5:min

' Temperature: Room (~ 240()

' .Extraction
Phase,j . . Concentration, g/liter . Coefficient - Uranium
Ratio Oorganic Phase Aqueous Phase | - (ER)  Decontamination
Organic . | (a/o0) Th 0 Fe Th U Th U Factorx
0.046 M Primene JM-T 5 1.0 0.117| 0.030} <0.003 | ~1.3 |>330| 0.090 60
in keTrosene 6 1.2 0.078 --- | 0.007| ~1.3 170 | 0.065 100
7 1.3 | 0.056| 0.007 0.028 | ~1.3 46 | 0.047 140
8- 1.3 0.042| 0.006 0.046 | ~1.3 28 | 0.035 190
9 1.3 0.033| 0.006| 0.062 | ~1i.3 | 21| 0.027 . 230
10 1.3 0.033}| 0,003 0.072 | ~1.3 | 18 | 0.027 230
11 1.3 0.028| 0.003f 0.084 | ~1.3 15 | 0.023 - . 280
0.05 M di(tridecyl P)- 7 0.61 {1.21 - .0.004 0.116 | ~1.2 5.3 | ~1.0 3.0
amine in kerosene 8 0.58 1 1.20 0.004 0.124 | ~1.2 4.7 | ~1.0 2.9
9 0.58 | 1.23 0.005}| 0.131 | ~1.2-| 4.4 | ~1.0 2,8
10 0.61 |1.21 0.004 | 0.139 | ~1.2 4.4 { ~1.0 3.0
- 11 0.61 | 1.19 0.003 0.144 | ~1.2 4.2 | ~1.0 3.1

U/Th in head liquor

*Uranium'decontamination factor =
U/Th in organic
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same time only about 0.8% of the uranium. In -single stage
"contacts under conditions of higher loading of thorium in
the extract* (lower thorium recovery) the uranium:extraction
was reduced to < 0.3%. By proper operation of a multistage
countercurrent system,; very high recoveries of thorium and
very low-extractions of uranium could be achieved simul-
taneously. :

A process of this type might be useful for removal and
recovery of thorium from uranium-thorium liquors prior to
uranium recovery in instances where the existing uranium
recovery method does not give satisfactory uranium-thorium
separations; e.g., the ion exchange plants operating on Blind
River ores. Several different arrangements of-extraction,
stripping, and scrubbing operations could be used in a process
of this nature and some of these will be examined in bench-
scale -countercurrent tests. Preliminary results have shown
that certain stripping methods might give thorium-uranium
separation in addition to that obtained in the extraction
system, and further ‘studies along these lines are indicated.

3.2 Thorium Stripping

3.2.1 Stripping with Nitrate or Chloride Salt Solutions.
Experimental results on stripping of thorium from pregnant
di(tridecyl P)amine - kerosene solvent with acidic chloride
and nitrate solutions are presented in Table 6,.** In con-
formance with previous studies on uranium,(1;4) effective.
removal of thorium from the organic phase was obtained with
both stripping solutions, the stripping efficiency being, as
expected, considerably higher. when nitrate rather than
chloride was used as the stripping anion. -The data of Table 6
are presented in the form of stripping isotherms in Fig. 3.
Using 1.0 M NaCl - 0.05 M H,S0,, the maximum loading of thorium
into the aqueous phase is indicated to be approximately 20 g
per liter. The indicated maximum thorium loading with the 0.1 M
HNO; - 0.9 M NH,NO; strip solution is of the order of 30 g per ~
liter. - , .

*In tests at organic/aqueous phase ratios above 6/1, the
loading of the organic phase was close to maximum in .all
cases. The .small changes in loading that occurred at in-
creased ratios above this point were not detectable from
analyses of the organic phase and can best be followed by
observing the thorium concentration in the aqueous phase.

**Tests on the stripping of thorium from Primene JM-R with
sodium carbonate,; sodium hydroxide, nitric acid, and nitric
acid-ammonium nitrate solutions were described in ORNL-1859.



TABLE 6.

STRIPPING THORIUM WITH ACIDIC NITRATE AND CHLORIDE SOLUTIONS

Organic:

per Titer from a synthetic leach liquor

Contacf time:

Temperature: Room (28°C)

2 min

0.05 M di(tridecyl P)amine in kerosene loaded to 1.6 g Th

'Strlpping>

2.0

L 0.67

Phase Phase
' Ratio | Final | Separation Th, g/liter Coefficient .
Stripping Solution (o/a) pH Time, sec | Aqueous | Organic (S%)
0.1 M HNO; - 0.9 M NH,NO, 1 1.20 50 1.6 <0.005 > 280
- 4 . 4 1.25 60 6.1 | <0.005 >1200
8 1.30 60 12.5 0.028 450 :
12 1.40 65 18.2 - 0.072 250 :
15 1.50 75 22.4 0.100. 220 |
20" 1.45 40 30.2 0.20 150
255 11,45 70 30.3 ‘0;52 60
1.0 M NaCl - 0.05 M H,S0, | 1 1.15 45 1.5 0.08(?) 19(?)
T o LT 1 5 1.25 45 7.3 0.11 65
10 | :1.35 55 13.6 0.23 60
15 1.40 65 17.3 .0.44 40 .
1.40 55 19.0 - 28
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3.2.2 Stripping with Sodium- Carbonate. Solutions. Pre-
liminary studies have been made ‘on thorium stripping with
sodium- carbonate solutlons° In- the tests described in.
‘Table 7;:a thorium loaded d1(tr1decy1 P)amine - kerosene
solvent was- contacted with 8 w/v % . sod1um carbonate at
various phase ratloso ;

At a phase ratio of 9°/1a, 95% of the ‘thorium was .
stripped after 2 'min contact time and 99% after 10 min con-
~tact timé, yielding in each case a clear aqueous strlo :
solution. At higher: organlc/aqueous phase ratiosi: iiéy,
~ higher thorium ‘loading in the aqueous and a- smaller excess of
sodium carbonate;, thor1um removal from the -organic phase was
less complete but there was some 1nd1cat10n ‘that better
recoveries. m1ght ‘have been realized with longer contact"
times. ** Prec1p1tat10n of thor1um occurred in all these
latter experlments, the amount of prec1p1tate formed increas-
ing with increased’ contact . time. Over ‘the range of conditions
studied in these part1cu1ar tests . the degree. of’ prec1p1tat10n
varied from 7 to 99.9% of the:total thorium stripped. In
tests where precipitation. occurred the - phase separation was,
nevertheless; rapid and clean w1th a11 the prec1p1tate C
settling into. the aqueous phase ' : :

As a result of these pre11m1nary batch stud1es it is
believed that sodium carbonate str1pp1ng could be operated
successfully in a: multistage system. where more efficient
utilization of ‘the str1pp1ng agent would ‘be ach1eved
-Further tests: will be made to better def1ne the optimum com-
bination of such condltlons as. sod1um carbonate concentration,
flow ratios, contact tlme, temperature, etec. .

4.0 CONTINUOUS CQUNTERCURRENT TESTS

Pre11m1nary demonstratlon of the appllcablllty of the
Amex process for separation and recovery of uranium and
thorium from sulfate leach .liquors has been made 'in continuous
countercurrent bench scale equlpmenta .The: de51gn of the
equipment was generally similar to- that used in Dapex process
tests which are described in Appendlx ‘A- of ORNL-2172 with the
exception that pumps were not used for transferrlng the
organic phase from stage to stage.‘ .Instead, advantage was
taken of the hydraulic head developed by the mixer impellers
to provide interstage flow of organic. The synthetic leach
liquor treatéd in these tests (see Table 7) conta1ned uranium,

*8 W/V % sodlum carbonate = 80 g NaZCO3 per'liter

**Better recoverles mlght also be obta1ned at hlgher tempera-
tures , . :



TABLE 7. STRIPPING THORIUM WITH SODIUM CARBONATE SOLUTIONS

'Organic:' 0.05 M di(tridecyl P)amine in kerosene loaded
to 1.5 g Th per liter from a synthetic liquor

 Strip solution: 8 w/v % Na,CO, solution

ATemperature: 'Room (289°C)

Phase | Contact |. e Phaée o “Thorium ~— Thorium
Ratio | Time, “Separation | Th, g/liter Stripped** | Precipitated
(o/a) | min Time, sec Aqueous | Organic | (% of total) | (% of stripped)
9 _7 2 8.8 . 10 |13.3 0.072 - 95 - 0
9 | 10 8.0 | 40 15.1 0.018 99 | o
BT P 8.4 10 ': 'f14;4*'_ 0.19 | 88 | o .7 o
s |2 V"813 | ::<1o . ., 8;8*; 0.31 | 81 -f» EPTES N
13 ) 10 1.7 <10 | 1.sx | o082 | 95 | 9
'_115  ' 2 8.4 C <0 | 6.0 0.48 - | 70 | 64
18 | 2 | s.a | <0 | 6.1% | o0.65 59 | 6a
18 | 10 | -—— | <10 0.024% | o0.44 72 9949

;*Thdriumvprecipitation occurred; aqueous phase was filtered befqre analysis.

**Based on the extract and stripped organic.analysés.
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thorium, iron, and sulfate at concentration levels approxi-
mating those which have been obta1ned by  leaching ores from
the Blind River district of Canada. (7) A two-cycle extraction
process employ1ng tri-n-octylamine for uranium recovery and
di(tridecyl P)amine for thorium recovery was utilized. The
overall flow d1agram for uran1um thor1um recovery is shown in

4.1 Uran1um Recovery Cycle

Operatlng cond1t10ns for the uranium recovery cycle are
listed in Table .8. Uranium was extracted in three mixer-
settler stages with 0.10 M tr1—n octylam1ne in 97% kerosene -
3% tridecyl alcohol dlluent at a phase ratio of 4a/10
Stripping of the extract was accomplished in a single stage
using an aqueous slurry. of magnesium oxide* at a phase ratio
of 59/12 (~12% excess MgO over calculated stoichiometric
requirements .- see ORNL-2099). A description of the design
and method of operation of the magnes1um oxide str1pp1ng
system is presented in Append1x A

Results from the uranium recovery cycle, show1ng the
distribution® of uranium between the aqueous and organic phases
in the extraction system and the concentrat1on of uranium in
the stripped organic phase at various periods throughout the
run, are listed in Table 9. The run proceeded for 7 hr, which
was equivalent ‘to approx1mately seven complete cycles of the
organic .phase. Based on the rafflnate analy51s, uranium
recovery. was essentially complete (>99.9%). ~The thorium con-
tent of the uranium-loaded extract was below .the limit of the’
analytical determlnatlons (1 €.y <0 005 g Th per liter, or
<0.1% Th based on uran1um) : o

Uran1um stripplng from the loaded extract was incomplete,
with the str1pp1ng efficiency falling in the range 94-99%.
However, in spite of the relatively ‘high recycle of uranium
to the extraction ssystem, uranium recovery results were not
substantially affected owing to the very. favorable uranium
distribution occurring in the bottom extraction stage. Some
of the stripping inefficiency in this run is attrlbuted to a
decrease in .the amount of magnesium oxide supplied to ‘the
str1pp1ng system during one period as the result .of partial
clogging of the slurry feed line. When this s1tuat1on was
remedied, the stripping eff1c1ency improved but was never
greater than 98-99%. Fallure to achieve more efflclent
stripping was somewhat surprlslng 51nce batch tests with the

*Other str1pp1ng agents would also be sultable Various methods
for stripping uyranium from amines have been discussed in pre-
vious reports.{1:3,4,6) pPrevious information relating to the
magnesium ox1de str1pp1ng method 1s presented in ORNL 2099.
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TABLE 8. OPERATING CONDITIONS FOR. THE URANIUM RECOVERY CYCLE

Extraction System

Number of mixer-settler stages: 3

Organic{@hase: 0.10 M”trian4octy1amine in 97% kerosene -
3% tridecyl alcohol
Leach liquor: Synthetic liquor with 1.2 g U, 0.2 g Th,
: 1.0 g Fe(II), 1.0 g Fe(III), and 40 g SO, per
liter; pH 0.9 ” :

-Feed rate: Aqueous 100 ml/min
Oorganic 25 ml/min

Residence time in each mixer: 1.6 min "~

Residence time in each settler: Aqueous 1.5 min
: Organic ‘6;minr_

Stripping System (see Appendix for further information)
Number of stripping stages: 1

Stripping agent: Aqueous slurry of Michigan Chemical Co.
: No. 15 calcined magnesite, 0.467 M MgO*

Feed rate: Extract 25 ml/min
MgO slurry 5 ml/min

Operating temperature: Room (32°C) .
Resideﬁce.time in each of two cocurrent mixers: 10-12 min

.Residence time in settler:AbAqueous (single pass) 7.5 min
' .Organic 14 min

*A sample of the slurry was titrated with acid thus .giving
"the total base strength of the slurry which 1s expressed
here as .equivalent MgO.



TABLE 9. URANIUM RECOVERY CYCLE DATA

_ Uranium
.} Th in Extraction
e U, g/liter “| Organic, | Coefficient
Matezi Time of Sampling,* hr [ Aqueous | Organic | g/liter (ER)
Extraction System
Stage 1 . - 2 0.36 5.0 <0.005 14
..Stage 2 0.016 1.9 . <0.005 120
~-Stage 3 0.0017 0.47 . <0.005 280
Stage 1 7 0.23 4.9 0,005 21
Stage 2 . . , 0.008 1.0 . <0,005 120
Stage 3 0.0006° 0.11 j <0.005 170
. : n : - ; I
"Total raffinate collected 0.0011 - -- o -— o - .
I
Stripping System

Stripped brganic _ 2 | - 0.055 . - -———
» 4.5 - 0.31%% -— -—
5 - 0.24 — -
6 - 0.10 v | - -
7 - 0. 11*%x% —— -

*One complete cycle of the organic phase required approﬁimately 1 hr.

**A decrease in the MgO slurry flow rate occurred owing to a partial clogging
of the feed line. The line was purged and the run continued. :

***xA sample of organic taken from the first of the two cocurrent mixers at the
same time had a uranium concentration of 0.38.g/liter. .. Hence, about 92% e s
stripping was accomplished in .the first mixer and the balance (~ 6%) in the
second mixer during this particular period of operation.



same magnesium oxide-organic combination had resulted in
essentially complete (>99.8%) stripping using similar con-
tacting conditions. A longer contact time and/or more
vigorous mixing would probably have given improved efficiency.
Also, other tests. (results not presented) have shown that
increasing the temperature of the stripping system by as
little ‘as 10°C appreciably increases the rate of reaction
over that observed at room temperature. Further study of the
magnesium oxide stripping method is being made in a two-stage
. countercurrent -system as contrasted to the single stage
operation used in these tests. .The importance of mixing
variations, contact time, temperature,; and excess magnesium
oxide will be evaluated.

-Physical operation of the extraction and stripping cir-
cuits with respect to phase separation; etc. was satisfactory
throughout the run. The organic overflow from the stripping
settler was clear and completely devoid of precipitate. It
should be emphasized that the residence times in the extrac-
tion and stripping mixers and settlers as shown in Table 8
are not meant to represent those that would be used in actual
process practice. The particular conditions used in this
test resulted from a choice of convenient flow rates as
dictated by the size of the contacting equipment and pumps
available. Other work on the Amex process by the Process
Test Section has shown that much lower residence times,
particularly in the mixer,* ?re possible with proper optimiz-
ing of the mixing variables.

The magnesium "diuranate'" slurry discharged from the
stripping system was collected in three increments, which
were filtered, washed with water, and dried at 400°C. Fil-
tration rates for all these samples were rapid. The uranium
content of the filtrate (not including the wash solution) was
0.008 g per liter, equivalent to 99.95% recovery of the con-
tained uranium in the product precipitate. The U0 content
ranged from 75-78% and the ThO, content was only 0.03 - 0.05%
(Table 10). . '

Measurement of the amount of organic .entrained** in the
uranium precipitate slurry discharged from the organic

*As described above; this does not necessarily apply to the
mixers in the magnesium oxide stripping system where an in-
.crease in residence time would presumably have been bene-
ficial. Even here, however, more efficient mixing might be
used as an alternate to increased re51dence time or might
permit .a decrease in time.

**The organic content of .the slurry was determined by scrubbing
a volume of the slurry exhaustively with benzene, evaporating
the benzene scrub solution to a relatively small volume, and
titrating its amine content. Previous studies (unreported)
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TABLE 10. ANALYSIS OF URANIUM PRODUCTS

L.oss on
Ignition .

, ] at

Product Analysis, % 1000°C,
Fraction | U; 05 | MgO CO; SO, | Tho, %
1st 78.3 11.8 | 0.56 0.05 0.04 6.4
2nd 74.8 | 14.3 0.40| 0.05 0.03 7.7
3rd 77.0712.8 | 0.28 1} 0.05 0.05 6.4

recovery chamber (see Appendix A) showed a loss of 0.002 1b

of amine and 0.007 gal of diluent per pound of U;04. Such
losses would be unimportant costwise. Since the slurry dis-
charge from the settler contained 0.019 1b of .amine and 0.067
gal of diluent per pound of U;04, the recovery efficiency in
the organic recovery chamber was about 90%. In process
practice the operation of the organic recovery chamber may not
be necessary since these losses also would not be prohibitive.
Furthermore, it is probable that some of the organic entrained
in the slurry could be recovered from the filtrate following a
product filtration.

- 4,2 Thorium Recovery Cycle

Thorium was recovered from the raffinate of the uranium (
recovery cycle using di(tridecyl P)amine as extraction agent.
This amine was selected since it provides a favorable combi-
nation of high thorium extraction power (see Tables 2, 3, and
4) and low amine distribution loss to the aqueous phase.*

have indicated that there is no preferential adsorption of
amine on the uranium precipitate. Thus, determination of the
amine content of the slurry offers a convenient method for
estimating the volume of organic entrained.

*The loss'of amine through distribution to the aqueous phase

on a 1lb amine/1b Th basis is inversely proportional to the .
thorium content of the head liquor. "Hence, since the thorium »
content of this liquor was low (~ 0.2 g per liter) it was

particularly important to choose an amine with a low distri-

bution loss. The steady state distribution loss of d1(tr1— : *
decyl P)amine to a 0.5 M. su%fate liquor at pH 1 has been

measured to be .about 5 ppm The loss of Primene JM-R (re-

distilled Primene JM-T), the only other amine of those tested

thus far which showed comparative thorium extraction power,

was measured to be about 50 ppm (not previously reported).
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Operating conditions for the run are listed in Table 11.
The. . thorium was extracted with 0.05 M di(tridecyl P)amine in
kerosene, using three extraction stages and an aqueous/organic
" feed ratio of 7/1. Thorium was stripped from the extract with
an acidic chloride solution (1.0 M NaCl - 0.05 M H,SO4) in
three stages.* The run proceeded for 8 hr, which was equiva-
lent to about 5.5 complete cycles of the organic phase. Here
again, as in the uranium recovery cycle described above,; the
residence times of the aqueous and organic phases in the
system (Table 11) have no relation to those that might be
possible in actual practice. The conditions chosen for this
test were simply those that were convenient to use in the
available small bench-scale equipment.

Samples of the organic and aqueous phases from the
settler of each stage were taken .after approximately 3, 4,
and 5 complete cycles of the organic phase. .The thorium con-
tent of the final raffinate was <0.002 g per liter (Table 12),
and thus thorium recovery was greater than 99%. .Although-an
appreciable amount of iron was extracted in the bottom ex-
traction stage, most of this iron was rejected from the
organic phase as it loaded to a higher level with thorium, so
that the final iron contamination was unimportant.

Thorium stripping was not complete  in -this test, with
the recycled organic phase containing 0.08 - 0.10 g per liter.
Nevertheless; as just described,; this level of thorium was:
sufficiently low to allow essentially complete thorium
recovery in the extraction system.

The pregnant strip solution contained 18.1 g Th and 0.1
g Fe per liter. Thorium was precipitated from th1s solution
by raising the pH to 7.0 with ammonium hydrox1de * Ammonia
requirements were approximately 0.24 1b NH; per pound ThO,.
The precipitate, which filtered readily, was washed with water
and dried at 110°C. The thorium product analyzed 65.5% ThO, ,
0.22% Fe,; 0.07% C1, and 24% SO, . Weight losses after ignition
at 200, 500, and 1000°C were 7.9, 11.6, and 31.8%; respectively.
The high sulfate content of the product may be undesirable,
and methods; other than calcining, for eliminating sulfate are
being studied. '

Physical operation of both the extraction and stripping
circuits was satisfactory throughout the run.

*As suggested earlier for uranium, other stripping methods
could also be used as outllned in previous reports and other
sections of thls report. .
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TABLE 11. OPERATING CONDITIONS FOR THE THORIUM RECOVERY CYCLE

Extraction System

Number of mixer-settler stages: 3
Organic phqse: 0.05 M di(tridecyl P)amine in kerosene

Leach liquor: raffinate from uranium recovery cycle +
synthetic uranium-barren liquor;* approximate
composition, g/liter, 0.2 Th, 1.0 Fe(II),

1.0 Fe(III), 0.0004 U, 40 SO,; pH 0.95

Feed rate: Aqueous 160 ml/min
Organic 22.5 ml/min

_Residence time in each mixer: 1.3 min

Residence time in each settler: Aqueous 0.7 min
Organic 5 min

Strippihg System

Number of mixer-settler stages: 3

Stripping agent: 1.0 M NaCl - 0.05 M H;SO,

Feed rate: Extract 22.5 ml/min
Strip solution 1.7 ml/min-
Residence time in eéch_mixer: 10 min
Residence .time in each settler: Aqueous 16 min
' ‘ : Organic 8.5 min

*A larger volume of 1iqu0rzfor thorium recovery was desired

for the tests than was available as raffinate from the uranium
recovery cycle. Hence; additional uranium-barren synthetic
liquor was prepared with similar composition. This was com-
bined with the raffinate from the uranium recovery to give the
desired volume of feed liquor for the thorium recovery cycle.



TABLE 12,

THORIUM RECOVERY CYCLE DATA

‘Thorium CoelIicients .

- Time  of Fe 1n
Material | Sampling,* | Aqueous Th, g/liter Organic, [ Extraction | Stripping
Sampled hr pH - Aqueous | Organic |.g/liter (ER) (85) .
“Extraction ‘System
Stage 1 5 0.90 -0.18 1.57 0.005 8.7 -
~ Stage 2 0.92_ -0.041 1.55 0.015 38 -
Stage~3 0.95 <0.002 0.57 0.063 >280 -
Stage 1 6.5 0.90 0.18 "1.55 0.004 - 8.6 -
Stage 2. .0.92 0.035 1.45 .0.021 41 -
Stage 3 0.95 °~ «0.002 0.44 0.065. >220 -
Stage 1 8 0.90 0.12 —_—— 0.006 - -
Stage 2 0.92 0.01 1.02 0.048 100 -
Stage 3 0.95  <0.002 0.16 0.075 >80 -
Stripping System
Stage 1 5 1.45 16.3%% 0.90 - - 18
Stage 2 1.25 7.1 0.26 — - 27
Stage 3 ) 1.10 1.1 '0.098'- - - 11
Stage 1 6.5 1.45 20.6%x 1.10 - - 19
Stage 2 1.25 9.5 0.34 - - 28
Stage 3 1.10 1.9 . 0.098 - - 19
-Stage 1 8 1.45 22.6%% 0.97 - - 23
Stage 2 1.25 9.6 0.26 - - 37
Stage 3 1.10 2.1 0.08 - - 26

. ©¥0One complete cycle of the organic phase required

**Precipitate formed on standing overnight.

approximately 1.5 hr.

- 67 -
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5.0 ESTIMATED REAGENT COSTS

3

Using the data from the continuous countercurrent runs
described above, reagent costs have been estimated for ~
recovery of uranium and thorium from these sulfate liquors
with amine extractants. The following assumptions were made:

1. The uranium and thorium ¢onteﬁts of the head liquor
are the same as in the liquor tested; i.e., 1.2 g U and 0.2 g
Th per 1liter. :

2. The loss of the organic phase through entrainment and
spillage is 0.05% of the raffinate volume. This estimate is
based on results of process tests by the Process Test Section
which have actually indicated lower losses. However, this
particular source of reagent cost might vary considerably in
large-scale operation and would best be checked in a pilot
plant which is operating continuously on the actual liquors to
be treated. _ . : : :

3. Loadings of the extract and the strip solutions are
exactly the same as obtained in the countercurrent tests.

It should be emphasized that the estimates made here are
for only one set of process circumstances. Other processing
arrangements are possible, for example, choice of different
stripping methods or type of liquor treated, which could lead
to different costs than those presented. :

5.1 Ufanium'Recovery Cycle

The estimated total reagent costs (Table 13) for the
uranium recovery cycle are about 7¢ per pound of U,;0; recovered.
"Approximately half this cost is for the magnesium oxide
utilized for stripping and the balance for losses of the amine
and diluent. :

5.2 Thorium Recovery Cycle

For the thorium recovery cycle, the total reagent costs,
including the cost of ammonia for product precipitation, are
estimated (Table 14) to be about 13¢ per pound of ThO, re-
covered. Fifty-four percent of this cost is contributed by
estimates of entrainment and spillage losses of the organic »
solvent, the amounts being relatively greater for thorium
than for uranium owing to the lower concentration of thorium
in the head liquor. The sensitivity of overall costs to these
losses with dilute. liquors again points up the need for pilot-
scale studies of this factor. It would be equally important to
determine whether the actual losses might be higher than esti-
mated or whether they could be held lower by, e.g., providing
sufficient hold-up time for the raffinate prior to discard.

a




.TABLE 13. ESTIMATED REAGENT COSTS FOR URANIUM RECOVERY

_ ‘ ' , A Consumbtlon, Unit Cost, Cost,

- Chemical ' .Consumption . 1b/1b U,;04 £/1b ¢/1b U;04
Mgo ' Uranium precipitation o 0.66 " 5.5 3.6
Tri(iso-octyl)amine* Dlstrlbutlon to rafflnate . 0.017 | 8o 1.4

i o (~25 ppm) _ | |
Total organic phase .Entrainment and spillage** | 0.043 gai/lb'Uéog 45¢/gal*** | ~ 1.9
Total 6-9
. , |
*Tr1—n octylamlne, rather than tr1(1so—octy1)am1ne, was actually used for the -demonstra-

tion run. However, since the supply potentlal( ) of tr1(1so—octy1)am1ne appears -con-

siderably better than :that of tri-n-octylamine, and since the extraction performance-of

these two compounds have proved to be almost identical, the use of tr1(1so—octy1)am1ne
was postulated for this estimate. The listed cost of the amine (80¢/1b) is an estimate

'by the manufacturer of a reasonable se111ng price for -the compound, assuming that it
-would be produced in large quantltles ‘At .the present time it is available only in
experimental lots, and until quantlty productlon is realized, cost of the amine would,

of course, be substantlally hlgher. ‘However, it is ev1dent that ‘assumption .of a cost
even double’ the .above value, i.e.,. $1. 60/1b, would not ra1se the- estlmated cost of the
amine loss to a proh1b1t1ve valueg«

**Organlc loss by entralnment and splllage estlmated at 0 05% of the rafflnate volume. _

***Based on kerosene cost of 14¢/ga1 and tr1decy1 alcohol cost of 23¢/1b .No charge is

made for the tridecyl.alcohol lost through distribution to the aqueous phase. The.
loss of tridecyl ‘alcohol from di(2 -ethylhexyl)phosphoric acid - kerosene solvent has
been measured to be <10 ppm(1 ), suggesting that the loss from the amine-kerosene
solvent is also very low and neg11g1b1e costwise.

1€ -



_TABLE 14. ESTIMATED REAGENT COSTS #OR THORIUM RECOVERY

A

» ' . , Consumptlon; V Unit Cost, Cost,
Chemical : ~ - Consumption : 1b/1b ThO, ' ¢/1b ¢/1b ThO,

" NaCl | Thorium_strippihg S 2.9 0.8 2.3

H, SO, - | ;_Thorium_stripping o ' 0.25 | 1.5 0.4

NH, . o | Thofiﬁmvpfecipifation,_. 0.24 5.8 | 1.4
‘Di(tridecyl P)amine | Distribution to raffinate | 0.022 - 80% 1.8

- (5 ppm) o . | ‘ '
Organic phase R Entralnmenf‘éhd.Spillagei* '0.26 gal/lb Tho, 27¢/ga1**# 1.0 . |
| . | | gTotaﬁ'_lz.é |

*Di(tridecyl P)amine is now available only in experlmental quant1t1es «As with - .
tri(iso-octyl)amine (see footnote, Table 13), the selling price of the compound would
be sensitive to the level of production. .The price listed is that estlmated by the
manufacturer for 1arge—quant1ty productlon -

**Organlc loss by entralnment and splllage estimated at 0.05% of the rafflnate volume,_

*x*¥Based on kerosene cost of 14¢/ga1
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APPENDIX A

Design and Operation of the Magnesium Oxide Stripping System

The magnesium oxide stripping system used for the uranium
recovery cycle (see p.2l) consisted of two cocurrent baffled
mixers, .a settler, and an organic recovery chamber connected
together as shown in Fig. A-1. In operation, the organic ex-
tract and the magnesium oxide slurry were fed to the first
mixer- (A) from which they passed to the second mixer (B) and
then to the settler (C). Residence time in each mixer was
approximately 12 min. The stripped organic phase overflowed
from the settler and was recycled to the extraction system.

. The settler was provided with a very slow-turning stirrer,
which aided in disengagement of organic from the slurry. The
" magnesium "diuranate" slurry was pumped from the bottom of the
settler and fed to the top of the organic recovery chamber (D).
Slurry was pumped from the bottom of the organic recovery
chamber to a filter. Both the C and D chambers were equipped
with conical-shaped bottoms to ensure proper discharge of the
slurry solids. Slurry was pumped from C to D at a consider-
ably faster rate than it was pumped from D. Operation in this
manner allowed continuous overflow of aqueous* (and recovered
- organic) from D which was recycled to C. The level of the
interface in C was controlled by the rate at which slurry was
pumped from D.

Success in avoiding emulsion formation while contacting
the magnesium oxide slurry with the extract depends on main-
taining the organic phase continuous in the mixers. Since
the organic/aqueous feed ratio to the system is high, i.e.,
~5/1, this condition. is not difficult to maintain, although
. some care should be taken in start-up to ensure that the
" opposite condition, i.e., aqueous phase continuous, does not
result. This is best accomplished by filling the mixers with
the organic¢ phase and starting the stirrers before beginning
feed of the magnesium oxide slurry.

The'magnesium oxide slurry used in this run was prepared
by dispersing Michigan No. 15 calcined magnesite** in water.

*Since the uranium precipitate settled fairly rapidly in D,
the aqueous overflow contained essentially no solids.

.**The source of the magnesium oxide used for stripping uranium
from . amines can be an important variable since .various
samples have shown different degrees of reactivity for this
purpose. .In addition to No. 15 calcined magnesite (Michigan
.Chemical Co.),; other commercial magnesium oxide samples 'in
the same price range which have given satisfactory stripping
results include No. 5 calcined magnesite (Michigan Chemical
Co.),; calcined magnesite No. 2665 (Westvaco),; and synthetic
magnesite calcined L-2-65 (Dow Chemical Co.).
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Prior to use the slurry was "hOmogenizbd" in a Waring blender.
This procedure was adopted since, in preliminary tests, :some
difficulty had been encountered in pumping a uniform slurry
because of settling out of the larger sized particles in the
feed line. The problem of pumping a uniform slurry is un-
doubtedly much more difficult in the small-scale experimental
equipment used where the slurry feed rate is only 5 ml/min
than it would be in plant-scale equipment where the flow
velocity in the feed line would be:much higher. 1In large
scale operation, it is doubtful thét "homogenlzatlon" of the
slurry would be necessary.

. APPENDIX B

Description of Reagents

Amine S-24: bis(l-isobutyl-3,5-dimethylhexyl)amine

CH3 : CH3 B . CH3

CH, —~CH~CH, ~CH- CH, ~CH-CH, ~CH~CH,
CH, ~CH-CH, ~CH-CH, ~CH-CH, -CH-CH,
T, t 1]

'CH;  .CHy CH,

Amine 9D-178: dodecenyl Primene 81

CH, CH, ‘ 5 R
1 3 o . ) o
CH, ~C-CH, ~C-CH, ~CH=CH~CH, -N-C-R '

CH, CH, . R"

where R + R'" + R" = 11-14 carbon atoms
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.Di(tridecyl P)amine: .éIkyl group derived from tetrapropy1ene

) CH, CH,
CH3—¢—CH2fg—CHZ—gH-CHZ—CHZ,-NH

CH; CH; CH, »

Primene JM-T: mixture of primary amines

-
 R-C-NH,

SR

where R + R' + R" = 15-21 carbon atoms

Armeen 212: mostly dilaurylamine; structure self-evident
Tri-n-octylamine: stfucture self-evident

Tri(iso-octyl)amine: .branching reported .to be no closer to
the nitrogen than the third carbon

For further information on sources of the reagents,
their purity levels, their potential availability, etc., see
ORNL-1734, p. 103 (AECD-4142, p. 103), and ORNL-1922, pp. 65
and 87.




