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URANIUM METAL INVESTIGATIONS

THE PREPARATION OF PURE URANIUM OXIDE

ABSTRACT

A process has been developed for purification of
South Australian Uranium Oxide. The freshly
precipitated crude oxide is leached in 5 percent
ammonium carbonate solution, and the uranium
recovered by boiling the filtered leach solution.
Some impurities may be precipitated as phosphates
before boiling. The product contains some boron
but should be suitable for electrolytic production
of reactor grade uranium metal.

1. SUMMARY

An ammoniuvm carbonate leaching procedure was investigated
for refining South Australian Crude Uranium Oxide. It was found
that freshly precipitseted crudec oxide was readily leached 1n
5 percent ammonium carbonate solution, 95 percent extraction of
uranium being achieved in a single stage and 98 to 99 percent in
two stages. Drying of the erude oxide before leaching made ex-
traction difficult.

The uranium was precipitated completely by-boiling the
leach solution to destroy the ammonium carbonate. The ammonia
‘was recoverable but some loss of carbon dioxide was indicated
by its presence in the precipitate.

The product was a mixturce of uranyl carbonate and uranates
of the alkali and alkalinc ecarth metals. Introduction of a sub-
sidiary purification stecp, using phosphatec or oxalate as precipil-
tant reméved some calcium and magncesiuvm from the solution, and
gave a higher grade product which after ignition contained up to
95 percent U308‘ Varying the strength of ammonium carbonate -
solution from 2 to 10 percent did not improve the product purity.

The principal iwmpuritics in the ignited product were cal-
cium, magnesium, sodium, and up 1o 100 perts per million of boron.

It is believed that thecse elements would not interfere in an
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~an electrolytic process for metal manufacture, and the
purified oxide should be suitable for production of reactor

éradc metal.

2, INTRODUCTION

Investigations by Canning (1957 a,b) and by the.author
(1957) demonstrated that production of reactor grade uranium
metal from South Australian’crude oxide was not easily accom;
plished by simple processes. This led to a search for a suit-
able process for refining fhe‘crude oxide prior to its use in
metal production. |

The conveniional large scale process forAuraniﬁm metal
production involves the preparation of a pure oxice by a solvent
extraction techniqus. When considered in the light of its
application to South: Australian crude oxide, this process has a
nunber of diSad&antagesr Capital cost for a small plant te
treat the whole of this State's ciide nay nof be prohibitive,
but redgcnt costs are very much higher than those overseas and
the procecs may not be economic, It was felt that some effort
to develop an alternative process was justified.

Canning {loc.cit) studied a partial chlorination process
which produced a purified uranium dioxide. While this product
was suituble for use as a feed for an electrolytic process, it
was not ideal for any wet process since the dioxide is not
soluble in acids except under  strongly oxldlslng conditions.

A refining process. which could produce a tr1—ox1dc would have
somc advantage in that thls product would be morc recadily soluble.

The crudc oxide itself is freely soluble in any mlnerql
acid but purification by a selective acid leach is probably not
practicable. A carefully controlled precipitation from acid
solution is unlikeiy to give o high'purity‘product since co-
precipitation of other elcmcnts'occurs. An alkaline carbonate

leach is wmuch more selecfivc and should separate most of the
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, iron which is the major impurity iﬁ the crudé oxide. For this
reason a carbonéte leaching procedure was chosen for investige-
tion.

It ié well known thet ammonium carbonate solution is a
gelective solvent for dranium tri;oxide and forms the basis of
an anglytical separation. Precipitation of the diSsolved
uranium can be brought about by neutralisgtion bu% not by
addition of ammonium hydroxide. However, ammonium carbonate
decomposes in bdiling water, and it was expected that precipitation
would occur oﬁ boiling. and that the volatilised ammonia end

carbon dioxide would be readily recoverable.

3 RAW MATERIAL

31 Crude Uranium Oxide
A large batch of crude oxide producéd from‘Radium Hill
concentrates during Pilot Plant operations was used as raw
meterial. Table 1 gives o complete analysis of this oxide,

jncluding the distribution of lanthanons.

TABIE 1
COMPLETE ANALYSIS OF CRUDE OXIDE

U03 70. 96% ThO, 0. 21%
COp - 1.22 Scp03 0.21
HpO0 : 9.38 : Y503 0. 053
Fep0g 5.32 Ca0 3.96
Alp0 0.03 MgO 3. 69
7102 0.7  Nay0 © 1.90
Cro0- . 0,04 : KoO 0. 08
V05 0, 04 ~ 8105 1. 20
Cuo 5. 01 NiO 10.025
PbO 0.18" MnO 0. 04
Ccl 0,03 F 0. 02
P05 0, 04 504 0.42
L1,0 2.5 p.p.T. Bal 3 P.p.f.
Co0 20 BiO <10
Cdo 3 ZnO <50
B0 - 60 CAsg0z - <1
Sb203 «50 'MoO3 <10
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TABLE 1 (Cont%)

WO 5 . <75 p.p.m - Tay0y 1500 p.p.m
Ce203 - 500 Pr203 30

Nd 504 70 , Smy0z 15

Buy04 0.7 ' Gdy0 25

Tb,04 17 - Dy 05 65

Hog05 55 Er,03 150

Tnp0z 130 ' Tb,07 150

Lu,0z 17 ‘

| Total reported 100.09%
Less O gdwivalams

to CL&F 0.01%

Total 100, 08%

3.2 TFreshly Precipitated Crude Oxide

For much of the experimental work a freshly preciﬁitéted
oxide was required. This was prepared by dissolving the crude
oxide in a mixturé of sulphuric end hydrochloric acids, neutra-
lising to pH2 with sodium hydroxide and precipitating at pH 6.5

with mognesia slurry. The suspension was filtered and the washed

precipitate used without drying.

4. ANCILLARY MATERIATLS

4,1 Ammoniun Carbonate

Al1l amnmonium cerbonate wazs of analyticel reagent quality.

Three different batches were used at different timés and the ‘
composition of each is given in Table 2.

T.BLE 2

COMPOSITION OF AMMONIUM C/RBONATE

Source Form % NHz %C0,  Pp.p.m.Boron
British Ixrug Houses Lump 32.1 47.5 2l

" " " Granular 3l.4  48.6 n. d.
Hopkir & Williams Lunp 4531 n.d. 2

n.d. = not determined

4,2 Magnesia
B.D.H. Laborztory recgent light magncsium oxide was used.

It was activeted before use by soeking overnight in distilled

- water.
CONFIDENTIAL
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4.5 Other Reagents

All other materials were of analytical reagent quality.

5. EXPERIMENT AL PROCEDURE

5.1 Leaching of Crude Oxide

The oxide was stirred for some_hours in an appropriate
volune of ammonium carbonate solution. Initial tests were
cerricd out &t room temperature, but 1a$ér a thermostatically
confrolled water bath was used to‘maihtain the solution at a
constant temperature. 10 ml samples of the suspension were
token as required and the vashed solids dricd and analysed for

uranium by-the method of Canning and Dixon (1955).

5.2 Eurification of Solution

This step was not used in the initial experimenﬁs.

When phosphate was introduced to precipitate impurities
a 10 percent agueous solution of diammoniunm phosphate was added
to the filtered leach solution until a definite excess was
detectable by the stannous chloride-ammonium nolybdate method.
The solution waé then allowed to stand for at least four hours -
before filtration.

When other anions were used as precipitants they were
‘added as their ammonium salts in amount equivalent to the
quéntity of phosphate normally used.

5.3 Recovery of Uranium

N

The solution was boiled for a prolonged period to des-

troy the anmonium cafbonate. A heavy pr@cipitmté'formed soon
after boiling commenCed and "bumping" was troublesone when
boiling on a hdt plate. Tbis wes minimised by filtering off the
precipitate at intervals. When no more anmonisa waé being
ovolved from the solution and the pH value of the condensed
vapours had. fallen to 7, boiling wes discontinued. Each pre-
cipitate was washed, dried, and ignited atA8OOOC for not less

than one hour.
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5.4 Recovery of Ammonia

One test was carried out to determine the proportion of
ammonia recoverable, |

25 grams of ammoniﬁm carbonate was dissolved in 500 ml of
wateniand a smalllsample of the solution taken for analysis. The
bulk of the solution was stirred.for one hour with 50 gfams of
| crude oxide then filtered and the residue washed well.

The uranium solution and washings .were placed in a flask
which was part of a "Quickfit" assembly for steam distillation.
The solution was boiled by Steam injection and the distillate
absorbed in water. At the end of the test the distillate was

made up To a suitable volume and sampled for analysis.

5.5 Standard procedure for Preparation of Purified Oxide

" The procedure as outlined in the preceding paragraphs was
modified in the light of the results ébtained. The finél pro-
cedure which Was adopted for preparation of purified oxide is
described below.

200 grams of crude oxide were dissolved and reprebipitated
as in 3.2 above, The wet filter cake was divided into two equal
parts .and each was leached for 5 hours at 40°C in 2 litres of
5 percent ammonium carbonzte solution, using stainless steei
equipment; The leach solutions were filtered and the residues
combined and .leached for 5 hours in a fﬁrther litre of fresh
- carbonate solution. This secpnd'solution was filtered and com-
bined with the previous 4 litres.

The combined solutions were purified by addition of phos-
phete as in .paragraph 5.2.

4 litres of the purifiedvsolqtion were boiled in a lgrge
stéinless steel beaker by "Vitreosil" immersion heaters. The re-
maining solution wés addéd as required to maintain a constent vol-

ume. When all the purified solution was added, distilled water

CONFIDENTIAL
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was used as"make-up" until the vapours eleved were.neutral to
litmus. The precipitate was then filtered washed, dried and

ignited at 800°C

6. REsUms
6.1 Test No,2

210 grams of crude oxide was stirred for one‘hour in one
litre of 5 percent carbonate solhtioﬁ. Analysis indicated that
34 percent of the uranium was extracted. Thé filtered solution
was élternately boiled and filtered to recover the uranium.
The first precipitate was a bright yellow colour, the others
being'progreésively darkerluntil the last oﬁe was orange.
After ignition, the difference was more marked, the first pre;
cipitate being nearly black, the others being orange and un-
changed. The weights of the ignited products and their uranium

content are listed in Table 3.

TABLE 3

OXIDE PRODUCTS FROM TEST 2

No. Weight U0
3,5
[F— _._g_'__. .._72...._.
1 39, 2 94
3 2,8 91
4 4,0 75
5 1.2 -

The first precipitate was anzlysed for some other clements
with the results shown in Table 4. The figures for iron and

titanium are from a spectrographic enzlysis.

TABLE 4
PRODUCT FROM TEST 2
U308* 95. 2% Ca 1.20%
Fe 0.% Mg - 0.24%
T4 0. 02% Na 0.29%

*¥ By cellulose column method.

CONFIDENTIAL
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The resulﬁs of a spectrogra:hic determination of scandium,
yttrium and the lanthanons in this precipitate are shown in
Table 5. All figures arc expressed as parts per million with
fGSpect to uranium. The corresponding values for the cruée
oxide are also given together with the ratio

-concentration in crude oxide -
CONCINTRATION IN PRoDUCT  Lor each element

"~ TABLE 5
LANTHANONS IN REFINED OXIDE FROM TEST 2

Element Refined Oxide Crude Oxide Ratio

——ee DRe«D.1, _DePo.Ma
Ce . 0.7 720 1000
Eu < 0,04 1 > 25
Ga - . €¢0.,2 36 . d180
Ho 0.17 8L - 470
Lu 0,17 25 150
Tb 0.7 25 36
Yb 1.7 220 130
Dy 0.9 95 105
La | 14 2200 150
Pr 0.5 44 90
Nd 0,2 100 500
Sm < 0.2 - ' - 22 ~ »110
Br 0.9 . 220 240
Sc 13 - 2300 170
Y 3¢5 - 710 200

Total 36.4 5800 - 160

6.2 Test No.3

210 grams of crude oxide was leached for one hour in
one litre of 5 percent -carbonate solution at room temperature.
To the filtered solution, phosphate wes added. in slight excess
(7 ml) After standing overnight, the precipitate was filtered
off, washed and_examined'qualitatively. Calcigm and magnesium
were detected. |

The uranium was recovered as before. Anzlyses of the
first preciéitate are given in Table 6 with the corresponding

figures from Test 2 for comparison.
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TiBLE 6
COMPARISON OF PRODUCTS, TEZATS 2 and 3

Test 2¢ Test 3

U,0 ‘ 95, 2%k 946%

378 _
Ca 1.20 0.86
Mg - 0.24 0,24
Na 0. 29 0.20
Fe _ 0, 04 - 30 p.p.m.
i ~0.02 ¢ 2 p.p.m.
Sc 13 p.p.m.15 "
Y 3,5 p) "
- Total Lanthancns | ig- 10 "

6.3 . Test No.4
‘This test was an ammonia recovery distillation. Titra-
tion of the samples (paragraph 4.4) with acid indicated that

94% of the ammonia was rccovercd.

6.4 Test No.5
. 300 grams of crude oxide were stirred for one hour at
room temperaturc in 2 1itreé of. 5 pcrcent carbonaté solutidn.
. The leach 1iquor Wi S filtefed and divided into four ecoual
portions.
Portion 4.
Phosphate in slight ekqess (2.5 ml) was added to this
solution.’ Affqr standing overnight, the.solution was
filtgred and the product rccovered as before.
Portion B. |
0.25 grams of ammonium oxalate dissolved in water was
used in place of phbsphate.
Portion C. |
0.2 grams of ammonium fluoride, dissolved in waterAwas
added to this splufion but no precipitate formed.
Portion D.
To this solution 1.5 m71. of phosphatc solution and 0.1

~

grams of oxalatec were added.
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The produchts were recovered from these solutions and a

small amount of cach was taken before ignition to give a compo-

site samplec.

An analysis of this matcerial is listed in Table 7

and the calculated composition in Table 8, Most of the water

was probably prescnt as water of hydration but no information

is available on the degrec of hydration of the uranate.

TABLE .7

ANALYSIS OF COMPOSITE PRODUCT TEST 5

Uo3 81, 98% Cald 2.24%
Co, 4.51 . MgO 0.03
Hy® 10.80 Na,® 0.42

Total 99.98%

TABIE 8

CALCULATED COMPOSITION OF COMPOSITE PRODUCT

Ca.O-ZUO3 (CaU207) 25.12%
MgO.ZUO3 (MgU207) 0.46
N320.2UO3 (Na2U207) 4.29
U0,005 ' 3%.82
H,0 . o
Total 99. 98%

Analyses of cach of the ignited products.are given in

Teble 9. All values other than uranium are from spectrographic

analyses,
TABLE 9

ANATYSES OF PRODUCTS, TEST 5

- 5A 5B 5C 5. 5D
Us0g  93.25  93.9%  93.1%  94.T%
Te 200 p.t.m 10 p.p.m.400 p.p.m.100 p.p.m

o Ti 10 5 40 40

Mn 15 4 10 5
Cr 50 50 120 60
' <10 <10 20 40
B 60 40 40 60
cd 0.4 0.6 0.4 0.6
Mo 4 3 8 10
Ni 60. 60 60 60

CONFIDENTIAL
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6.5 Dest No.¢

Part A

60 grams of crude oxide werec leaéhed for an hour at room
temperature in one litre of 2 pcrcenf carbonatc solution. The
product was recovered'after‘phosphate treatment.

Part B |

300 grams of crude bxide were leached for an hour at
room tcmperaturc in one litre of 10 percent carbonate solution.
Phosphate treatment was carried out before recovery.’

Analyses of these products, after ignition, are given in
Table 10 with figures for product 5A. In éach of these three

- tests the ratio of crude oxide to carbonate was the sanc.

TABLE 10

COMP..RISON OF PRODUCTS, T&STS 5 and 6

5A . 6A 6B
U0  93.2% 89.7%  90.8%
Fe 200 p.p.m. 300 p.p.m. 150 p.p.m
Ti | 10 5 5
Mn - 15 5 15
Cr : 50 50 . 50
' & 10 410 < 10
B 60 10 40
cd 0.4 0.2 : 0.4
Mo 4 2 4
Ni 60 0 . 40

6.6 Test No.7

Four contrdlléd leaches of crude oxide were carried
- out under different conditions.

Part 4

25 grams 6f crude oxlde were stirfed with 500 m.1l. of 5
percent carbonate solution at 20° . for 6 hours. Samples wore
taken at imbtervals to determine the percentage of ﬁranium ex-
tracted.

Part B

This test was carried out at 50° but was otherwise the

same as A.
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Part C .
In this case 1 gram of ammonium per sulphate was added
at the start of leachinv. - The procedurc was identical with B
in othef respects.
Part D
This tést wa.s identical with B exoépt that'BO grams of
oxide was used.
| Table 11 gives the uranium extractions as percentageé at
various times during.each test. These figures were calculeted
from residuc assays, assuming that the soluble material contains
90% UBOS’
TABLE 11

URANIUM EXTRACTIONS, TEST 7

Time TA 7B 7C 7D
15 min 20% 59% 58%  52%
30 " 27 66 68 52
45 1 .- 70 T3 52
1 hour 52 71 7% 52
2 52 73 79 60
3 .- 77 80 58
3% 50 - - -
5 m - 80 83 61
6 " 57 - = - -

The weight of uranium extracted in each case was:-

TA 10.0 grams UBOS
B ) 14_ . 0 n "
o 1'4 .5 i n
D 21. A n » 1"

6.7 Test No.8
70 grams of crude ozide wore dissolved and reprecipitated
as in 3.2Aabove.--ThQ wet filter cake wes halved. One part was
dried at 110° overnight, while the other was kept wet. After
sampling cach half was'leached for 5.hours at 350 in 500 ml of 5 ::¥wau:.

percent carbonate solution. Table 12 shows the results obtained.

CONFIDENTIAL
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TABLE 12

URANIUM EXTRACTIONS  TEST 8

Time 8A(undried) 8B (dried)
15 min 6% 4.8%

30 " 82 46

45 87 52

1 hour 90 53

2 " 95 57

3 " 95 57

5 96 65

The residue from leach BA was releached with fresh
carbonate solution. After a furthcr 5 hours at 35OC 99% ofAthe'

uranium was extracted.

6.8 General

A number of batcheé of oxide was prcpared‘by the stan—-~
dard procedurc described in paragraph 5.5. The leaching effi;f»Ap
ciency was 98 poercent and the recovaory of the dissolved ursnium
was-virtually complcte. The liquor after prolonged boiling
(usually about 12 hours) containéd less than O.lgU308 per litre.
The phosphate precipitate ffom onec of these preparations wes
examined spectrograpﬁically, and found to be magnesium phosphate
containing smail amounts of calcium, aluminium, manganesec and
iroh.

A further modification was fhe addi%ion of 20 grams of
ammonium chloride to the solution befﬁrg boiling. This gave a
product higher in uranium with less éalcium and magnesium.

A spectrographic analysis of a typical product 1is Ziven
in Table 13, all figures being expressed as perts per million

with respect to uranium.
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TABLE 13

SPECTROGRAPHIC ANALYSIS OF PURIFIED OXIDE

Fe 100 p.p.m.- Ti 15 P.D. M.
Cr <2 v 10
Mg 5000 Mn 5
Pb 50 Ccad 0.5
B 100 | Cu 30
Be < 0.5 ' Ni 35
Co .5 Ao <05
Bi. < 0.5 Mo &1
In < 0.1 Ge al
Ga & 2 si 100 .
Al 50 Sn « 10
Sc 32 Y 21
Ta 11 Ce 9
Pr < 0.5 Nd 0.5
Sm «0.,17 ’ Bu < 0.18
Gd ' <0.18 Tb 0.44
Dy ' 1.5. Ho 0.42
Er 2.4 Yb 4.7

In 1.1

1. DISCUSSION

The. first test demonstrated the feasiﬁility of the tech-
niqﬁe and gave some idea of the scequence of precipitation of the
various elements from the boiling solution. The precipitate
which formed at thg start of the recovery step was probably
pure, the alkali and alkaline earth metals being precipitated
later as uranstes or di-uranates which were stable after ignition.
A product of higher purity-could probably be obtéin@d by ﬁréc—
tional precipitation.

The major impurities in the first products were calcium
and magnesium and it Was thought that addition of a suitable
precipitant for these elements would purify the sélution. Phos-
phate was added to solutions of éroduct and its effsct was shown
by the reduction of the calcium cont snt. Examination of a sub-

sequent phosphate pfecipitate;indicated the prescnce of more

CONTFIDENTIAL
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magncsium than calcium But this was probably due to the
different leaching technique employed in later tests.

The economic value of the procoss'must depend largely
on the case of reccovery of the ammonium carbonatec, or éinpe
cafbon'dioxide is relatively checap, on.tho ease of recovery of
the ammonia. Test 4 indicated that the ammonia is readily
rccoverabla,

Alﬁhough ammonium phosphéte removed some of the impuri-
ties from the carbonate solution, other precipitants wore also
- studied. Test 5 showed that there was little advanfage in using
oxalate while fluoride was incffective, conscecquently all later
work was done with phosphatc. The presence of calcium, magne-
sium and sodium in the product is not a serious disadvantage,
since these elements are eaSily removéa in any mctal production
process. The chicf objection to their presence is that they
consume chlorine when used in the chlorination process as
studied by Canning.
| The optimum strength of the leachiﬁg solution was not
determined but the use of 2 and 10.percent ammonium carbonate
-solutioﬁ showed no advantage over the usual 5 percent. This
latter strength was used in all subsequent tesfs.

The\extraotidn of the uranium from the crude oxidec was
invéstigated in Tests 7 and 8, Poor fesults were obtained even
at SOOC and in the presence of an oxidant, although there was
40 percent cxcéss ammonium carbonate over that-rcquired to com-
plex all the uranium as (NHy)y U0z (005)3. The increascd amount
" of uranium dissolved in part D of this cxperimsnt sgggested that
concéntraﬁed liquors would be obtained from é counter-current
.Asystem.» Tost 8 established that freshly precipitated, undried
oxide was leached Quité rcadily. and all subsequent preparations
,wére from undried raw ﬁaterial. This is not a serious limitation
sinée.a process of this nature bbuld be used at the site of the

crude oxide production.

" O NF IDENTIAL



=6z
CONTIDENTIAL

i

The releaching of the rosidue from test SA resulted in
99 Apercent total extraction and was a further indication of
the advantages of counter—current operation. This tost was
- conducted at 35°C to minimisec loss of ammonia dﬁfing leaching.
It is also apparent that the leaching rate is low after the
first two hours and réduction of the leaching time would not
seriously affect thé.extraction. With a leachiﬁg operation
such as this, in which the major portion of the solid dissolves,
the residuc may be quite rich in uranium even though the extrac-
tion is high. It is interesting to note that even 99 percent
extraction of the uranium from the crﬁde oxide leaves a residue
which contains about 3 pcrcent UBOS‘

One‘impﬁrity which might be troublesom is boron which
has been as high as 100fp.p.m. in some cases. Boron has a very
high neutron absorption cross—secﬁion and 1s & most undesirable
contaminant. It was at first thought that most of tﬁo boron
came from Pyrex glaSSWére, and lator preparations were carried.
out in stainiess steel equipment. The product which was
analysed to give the figures in Table 13 had not beén in contact
with glass, and the boron content was still high. Samples of
the ammoniun carbonate‘wpfé then apalysod and although an
appreciable amount of boron was found in one sample (paragraph
4.1)_it was not sufficient to account for the 100 p.p.m. in the
product. Apparently all fhe boron from both the crude oxide
and thg carbonate appcars in the product. The results reported
by Canning suggest that this impuarity is removed in the
electrolytic chloride process. | N

The addition of phosphate to the solution did not remove
a.s many impuritics as was expected and this stop may not bé
worthwhile.

| If the boroun present is considored to be removable in

metal production,.reactor grade metal would result from rcduc-

tion of the oxide product from this process., If an oxidc of

CONTIDENTIAL
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higher pufity wore requilred, further development of the prbcesé
would be desirable.

At the time this work Waé commencéd, no information. was
available relating to any similar proccss. Reccntly, however,
a report has been published (Hollis, 19575 describing a similar
process under developument in the U.S,A. This report is not yet

available in Australia.
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