CHAPTER IV

RESULTS AND DISCUSSIONS

4,1. Alkaline digestion of monazite

4.1.1. Effect of temperature and effect of alkaline-to-sand

weight ratio on the decomposition of wonazite.

In the investigatioh of the effect of temperature and effect

of alkaline-to-sand ratio /on the amount of monazite decomposed,

the procedure described/in 3«2 was followed. The temperature of

the oven varied between 120°C to 180°C whereas the sodium hydroxide-
toesand ratio varied between 1°to 5:  The amount of undigested
monazite was obtainediby weighing the residue ofter the dissolution
of unchanged sodium hydroxide, trisodium phosphate and hydroxides

of thorium, uranium and rare earths. The per cent digestion was

evaluated as:

Por cont digestion:welght of monazite - weight of undigested monazite X 100

weight of monazite

Actually, the residue should compose of two fractions, one
with rutile, zircon and silica as main constituents and the other
which is the actual fraction of undigested monazite. Attempts to
separate the two fractions had been tried but without success.

Based on the contents of thorium in monazite, S. Srisouta et al.(21)



calculated the content of the undigésted monazite in the residue.
They found that the amount of rutile, zircon and silica which are
called gangue as a whole increases with increasing completeness of
digestion. Under optimum conditions the per cent digestion which
is based on the thorium content will be 20 per cent higher than the
one which is based on the total weight of residue. This shows that
the residue composes of 20 per cent gangue and 80 per cent undigested
monazite. Since thorium 48 closely bound in the monazite crystal
structure (22), the method of ¢nlculation of S. Srisouta et al. is
justified. Consequently the per cent digestion that are reported
here in the alkaline method wmust be higher since the contents of
gangue in the residue were not corrected. The results on the study
of the effect of temperature and the effect of alkaline-to-sand

ratio are given in Table 4-1,

Table 4=1 Effect of temperature and effect of alkaline-to-sand

weight ratio on the amount of sand decomposed.

Conditions: Monazite 0.5 g
Alkaline concentration 4o % (w/v)
Alkaline : sand 1:1«5:1(w/w)
Oven temperature 120°%¢ - 180°¢

Heating period 3 hours
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i Temperature | NaOi | NalH : S;né>' Digested Sand Digestion
120 1,25 2 0,1811 2343k
140 1625 T : 1 0.33%62 67423
160 1,25 1 3 1 0.3861 7724
180 125 121 0.4240 84,80
120 2.50 2 )l 0,1663 33.26
140 2450 e/ 0 0.3759 75.18
160 2.50 2808 0.3927 78.56
180 2.50 e 0.4361 87.20
120 3.75 SACS 0.1167 36.21
140 3.75 A 0.3679 73.54
160 3.7€ 3 : 1 A 0-4000 79.97
180 520 3 & 1 0,4245 84,92
120 6.25 NG 0,113k 22,68
140 6-25 5 21 0.3477 69.53
160 6.25 51 0.3479 69.57
180 6.25 521 0.4147 82.91

The per cent digestion: as a function of temperature using

various sodium hydroxidc to sand ratios are plotted in Figure b,

from which it is obvious %irt the per cent of digestion increases



with the increase of temperature. Above 18000, however, the reac-
tion mass becomes too dry and thick to handle conveniently, and the
high temperature adversely affects the solubility of the thorium
cake when the cake is dissolved in a mineral acid in a later step.
On the basis of handling considerations, Cuthbert (7) gave a maximum
temperature of 220°C at which the reaction should be allowed to take
place. Since the digestion was performed in an open vessel and the
water lost by evaporation could/net be compensated exactly though
water was added in portioms during the reaction time, it is diffi-
cult to distinguish betweer/the effect cf temperature and the effect
of the concentration of the sodium hydroxide.

The per cent digestion as a function of soda-to-sand ratio
is plotted in Figure 4-2._  The ratio of the stoichiometric amount
of sodium hydroxide to the sand is -about 0.5 to 1 by weights 1In
practice,; however, the stoichiometZic amount is not sufficient to
prevent complexes from forming which may gcelude excessive amounts
of phosphate within the precipitate(?7); thercfore, an excess of
caustic soda must be used. Increasing the ratio of sodium hydroxide
to monazite should increase the amount of sand decomposed. Bearse
et al. (22) found that by ircreasing the soda-to-sand ratio from
2 to1 to 3 to 1 and finally to 5 to 1, the amount of sand decom=-
posed increased from 85 per cent to 92 per cent and finally to 97
per cent respectively. In the prcsent investigation, little dif-
ferences could be observed by changing the ratio from 2 to 1 to

3 to 1« The per cent digestion using 5 to 1 soda-to-sand ratio
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gavé a slightly lower yield than expecteds Since the mixture was
not agitated continuously during the reaction, the lower yield may
be caused by the formation of local concentrated or solidified
sodium hydroxide, leaving smaller amount of caustic soda for the
reaction.

Since a ratio greater than 2 to 1 may not recover
more thorium to compensate for the additional cost of the caustic

soda, a soda-to-sand ratic of 2 to 1 was chosen.,

4.1.2. Effect of digéstion time on the decomposition of

monazite.

In the study of the effect of time of reaction 0.5 g monazite
was mixed with 2.5 ml 40 per cent, sodium hydroxide which corresponds
to a sodium hydroxide-to-sand weight ratio of 2 to 1 and the reaction
mess wae heated at 1607¢ for times varie¢d from 10 to 360 minutes.

When the time was reached, the reaction was stopped iumediately by
dissolving the reaction mass in 40 ml water and the undigested
monazite were separated as described in 3.2. The undigested monazite
were weighed and the per cent digestion was evaluated as described

in 4.,1.1. The results are tabulated in Table 4=2.
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Table 4=2 Effect of digestion time on the decomposition of monazite.

Conditions:

Monazite
Alkaline concentration
Alkaline : sand

Oven temperature

Heating period

0.5 g
4o % (w/v)
1 (w/w)

160°¢C

2 ¢

10 = 360 minutes

Digestion period Digestion

min. %
10 9.02 PR i
20 13,98 :t¢{/ﬂ;w§ ‘
30 21.60 A "
40 30450 ™/
50 36471 '
60 40,20
70 45.63
80 47,58
90 k9,40

120 56. 3k

150 62.72

180 70,12

210 69455

240 77420

270 82,32

300 76452

330 8142

360 8la32
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The per cent digestion as a function of time is plotted in
Figure 4=3, from which it is obvious that the rate of reaction
increases rapidly in the beginning and comes to saturation after
L4 hours of reaction. Under severe reaction conditions, for example,
higher temperature, the time required for the complete digestion
may be shorter. Since slurry produced under mild reaction conditions
is more reactive, severe conditions are avoided. For digestion at

160°C with a soda-to-sand ratio, 4 hours reaction time is needed.

4,1.3. Effect -of sodium hydroxide concentration on the

decomposition of monazitge.

In the study of the effect of sodium hydroxide concentration,
0.5 g monazite was digested with sodium hydroxide which concentra-
tions varied from 20 per cent (w/v) to 400 per cent (w/v). The
amount of undigested monazite was weighed and the per cent digestion

was calculateds The results are presented in Table 4-3,

Table 4-3 Effect of sodium hydroxide concentration on the decomposi-

tion of monazite.

Conditions: Monazite 0.5 g
Alkaline concentration 20 % (w/v) = 100 % (w/v)
Alkaline : sand 2 1 (w/w)
Oven temperature 160°¢C

heating period 3 hours
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Alkaline NaOH NaOH : Sand. Digestion
concentration ml w/w %

% (w/v)
20 5,00 2 1 75452
30 3.33 2 : 1 76.70
40 2,50 2 21 70484
50 2.00 2 ¢ 1 76.48
720 1 43 2: 1 73.50
80 A/425 Rxn: 1 70,74
100 1.00 2u: 1 72.08

The effect of alkaline concentration on the decomposition
of monazite with so@ium hydroxide is shown in Figure U4=4. The
alkaline concentration is expressed in per cent by weight of soda
to the total volume of the solution. No distinguish effect of the
concentration of sodium hydroxide on the decomposition of monazite
could be observed. The slight decrease in per cent digestion by
increasing the concentration of the sodium hydroxide might be caused
by experimental error, since the concentration of the sodium hydro-
xide solution could not be controlled exactly.

In the case ofalarger scale digestion in which the reaction
mixture could be stirred continuously and the concentration of the
solution could be controlled . S. Srisouta (21) found that the

concentration of sodium hydroxide used should correspond to its
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boiling point, since the efficiency of mixing at the temperature
of the boiling point of the sodium hydroxide solution will be
highest,

The preparation of sodium hydroxide solution as was
performed in this investigation caused a large experimental
error. In a large scale operation the sodium hydroxide solution
should be prepared at its boiling piont and to prevent the
crystallization of the sodium hydroxide crystal, the solution
at high concentration shoild be warmed at 70°¢ before using.
The Dﬁhring lines for /the sodium hydroxide-water system in
which the boiling p6int” of the sodium hydroxide solution as a

function of concentration are plotted is given in Figure -5,

bo1.h, Effect of particle size on the decomposition of

monazite,

In the study of the effect of particle size, monazite
with the grain size ranging from minus 100 to minus 250 mesh
were investigated. Sodium hydroxide of 40 per cent was mixed
with 0.5 g monazite at a weight~by-weight ratio of 2 to 1 and

heated at ?80005 After the reaction, the per cent digestion was

calculated,
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Table 4=4 Effect of particle size on the decomposition of monazite

Conditions: Monazite 0:5 g
Grain size - 100t8-250 mesh
Alkaline concentration Lo % (w/v)
Alkaline : sand 2+ 1 (w/w)
Oven temperature 180°¢
Heating period 3 hours
Particle size Digestion £ \
mesh % | ‘,X
- 100 73426 :
-150 8 -200 78,87
- 250 92.87

The per cent digestion as a function of particle size is

plotted in Figure 4~6, Reducing particle size to as smallad value

as possible may increase the per cent digestion.

ing particle size of the monazite may not recover -

However, decreas-

more

thorium to compensate for the additional cost of grinding.
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L,2, Acid digestion of monazite

4o2.1, Effect of temperature and effect of acid-to-sand ratio

on the decomposition of monazite.

In the study of the effects of temperature and acid-to=-sand
ratio, monazite in 0.5 g per batch was treated with 96.5 per cent
sulphuric acid for 3 hours, The¢ volumes of sulphuric acid varied
between 0.5 and 1.4 ml whereas the temperature of the reaction was
allowed to vary between 86°C to 210°C. - It should be mentioned that,
throughout the small scale acid/digestion of monazite, it was not
possible to measure the temperature of the reaction mixture directly.
After mixing sulphuric acid with sand at room temperature, the mass
was placed on the hot-stirréd plate which was previously set at the
approximate temperature of the experiment. When the reaction started,
the temperature of the reaction mixture might rise considerably
higher than the bath temperature. The temperatures reported here
were the temperatures al the end of the reaction which were believed
to be stable for over an hour. When the reaction time was over, the
mass was cooled to 70°C and 9 ml cold water was added into the mix-
ture. The resulting monazite sulphate solution was filtered through
za‘hatman number 42 filter paper and the residue after washing with &
small amount of water was dried in an oven at 100°C for 1 hour, and
the per cent digestion evaluated.

It was observed that the residue could be separated into two

fractions with different densities. The color of the lighter fraction



48

was greyish white and contained only 0;8 per cent therium. It was assumed
that this fraction should compose mainly of zircon, rutiie, silica
etc. and was represented as a whole as gangue, whereas the heavier
fraction was identified according to its density and thorium content
to be undigested monazite. Experiments were also performed to
separate the two fractions in order to find out the exact per cent
of monazite decomposed. The results which are presented in Table L-5
show that the amount of gangue in the residue increases with the
completenegs of digestion and under optimum conditions the residue
contains upto 75 per cent gangue. When the thorium content in the
fraction of undigested ménazite was analysed and the amount of
extracted thorium evaluated, it was observed,as can be seen in
Table 4-6,that the percentage of thorium extracted nearly equals
the percentage of sand dissolveéds This confirms the theory of
Bearse et al. (22) that thorium is closely bound in the monazite
crystal structure and is not present as a separate entitye.

The effect of temperature and the effect of acid-to-sand
ratio on the per cent digestion are plotted in Figure L-7., The per
cent digestion based on the amount of total residue, curve a, and
the per cent digestion based on the amount of real undigested monazite,
curve b, are plotted separately. The two curves show the same
general form that the per cent digestion increases with increasing
temperature and acid-to-sand ratio. It is apparent that fairly com-
plete decomposition was obtained at 140°¢C to 210°C for a weight ratio

of 5 to 1 and 3 to 1, and at 170°C for a weight ratio of 2 to 1.
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Table 4=5 Effect of temperature and effect of acid-to-sand ratio

on the decomposition of monazite.

Conditions: Monazite | 0.5 g
Acid concentration 96.5 % (w/w)
Acid : sand 2 :1=52:1(w/w)
Temperature 86°c - 210°C
Heating period 3 hours
% Digestion ; EG Content |Th
! . , Digestion | Gangue Content Thorium
Temperature B S0, H,S0,ssand | (Bangue WOt reor sepgration|in the residue extracted
o w/w separated) % . ,
C ml _ of gangue) % % | %
1 2 | Average |
86 0454 2:1 _175:56|75.86| 75.71 | g
140 0o 54 2371 87.36 188,40 87.88 ;
166 0454 2:1 8Li%2(91,78, 88.10 !
210 0¢54 2:1 89.30191.121 90.21 ,
| 86 0454 211 73,40 | 78,98 21,00
1 140 Q.54 231 87470 5 90.92 26454
166 04 5k 231 88,50 ! 97406 76456 |
210 0.5k 231 92.00 98400 75.00
86 0.81 3 72,00,64,061768,03
140 0481 321 89.14188. 481 88.62
186 0481 34 91.80{91:70}191.75
210 0,81 331 92.34{91.42] 91.88 ,
86 10481 3:1 76.63 80.88 18.14 85.85
1k 0481 3:1 93.00 ' 96.86 5514 99.19
166 0481 3:1 92.75 | 98.02 72.65 9 n 0y
210 {0481 3:1 92,82 | 98.62 80.63 i
| 86 1435 521 68,96|71.32| 70.14
g 140 1435 521 92.06|89,08; 90.57
| 166 1435 5:1 91+80{90.40, 91,10
| 210 1435 5:1 90.98|88.90| 89.94
| 86 1435 581 89.00 ! 92,98 35424
140 1e35 531 93.76| j 97.08 53.21 g
166 1435 5:1 92.35 C 98,30 7775
210 1435 5:1 91.95 98.88 86.10
| i
: ]
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4.2.2 Effect of acid concentration on the decomposition of

monazites.

Monazite, in 0.5 g per batch, was heated at a constant acid-to-
sand ratio of 3 : 1 with various concentrations of sulphuric acid
ranging from 10;tﬁiﬂ'&lwmt-'rhe temperature of the heater was kept
contant at 210°C and the procedure described in 4,2.,1, was followed.
After digestion and separation of the gangue, the residue was dried,
weighed and the per cent digestion evaiuated. The results of the
experiment are shown in Table L.6 and the per cent digestion as &

function of acid concentration d's plotted in Figure 4.8,

Table 4=-6 Effect of acid eoncentration on the decomposition of

monazites.
Test conditions: Monazite 0.5 &8
Acid concentration 10% = 96.5% (w/w)
Acid : sand 3 3 1 (w/w)
Temperature 210°%

Heating period 3 hours
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Acid concentration Acid Digestion
% nl (After separat;on of gangue)
10 13,60 | 47.26
30 3.84 l 49.98
50 2.00 51494
70 1025 91.16
90 0.93 98,70
92 0,91 98,85
ok 0,88 98492
5 0,87 98.60
96.5 0. 8% 98.62

Diluting concentrated sulphuric acid with water has two
effects: the reactivity of the acid is decreased, and the fluidity
of the reaction mixture is increased, providing better agitation.
The first effect decreases and the second increases the over all
rate of reaction. Sulphuric acid with concentration higher than

90 per cent gave fairly complete digestion at 210°¢.

L,2.3, Effect of time of reaction on the decomposition of

monazite.

In the investigation of the effect of time of reaction, 0.5 g

monazite were treated with 96.5 per cent sulphuric acid with an
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acid=to=sand ratio of 3 to 1 and the temperature of the heater was

set at 210°C. The reaction was allowed to take place.for = pericd vary-
ing from 10 to 330 minutes. When the reaction time was reached,

the reaction was stopped immediately by adding cold water into the
reaction mass. After the gangue was separated, the undigested

monazite was dried and weighed. The results of this experiment are

shown in Table 4=7.

Table 4=7 Effect of time of reaction on the decomposition of

monazite.
Conditions: Monazite 0.5 g
Acid concentration 96.5 % (w/w)
Acid : sanu Z 1 (w/w)
Temperature 21OOC
Heating period 10 = 330 minutes
! . . . Digestion
Dlgest;zﬁ.perlod (After separation of gangue) E
10 92.53
20 97.46
30 96.73
Lo 97.7k
50 96,72
60 98.04
70 98,45
80 98,56
90 98,38
120 98434
150 98.46
180 98.71
210 98.25
2ko 9841
270 98.16
300 98,12
330 98.47
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From Figure 4=9 in which the per cent of monazite decomposed
is plotted as a function of reaction time, it would be secn that
the reaction between monazite and sulphuric acid takes place very
rapidly. Under the given conditions, the reaction was completed

within 20 minutes.

4,3, Chemical yield and purity of the extracted thorium.

The standard monazite, NBL=7A, was used for the investigation
of the yield of each chemical processing step. The general digestion

procedure described in 3.2, with the optimum conditionswhich are

summarized in Table 4-8, were followed. The crude thorium precipi-
tate was dissolved in 4 ‘N nitric aéid and then subjected to purifica-
tion by solvent extraction with conditidh;, sequences and number of
stages tabulated in Table-3«@. The amount of thorium' lost
in each processing step was checked by analysing the thorium content
~in the discarding fraction. Thorium was precipitated from the
stripped solution in the form of thorium oxalate, after which was

converted to thorium oxide by ignition at 1000°C. The results of

the experiment are presentlin Table 4-9.
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Pable 4=-8 Optimum conditions for the decomposition of monazite

Tew erature* Acid Acid -to=sand | Heating
Method P & or concentration or ratio period
C Alkaline % Alkaline (w/w) hr.
Acid 220 96.5 3 31 2
Alkaline 140 40,0 2 : 1 L
|

*
The oven temperature used in 4,3 for alkaline digestion was 160°C.

L
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TABLE 4-9  CHEMICAL YIELD AND PURITY OF THORIUM FROM' EACH PROCESSING. STEP .

CONDITIONS ! MONAZITE NBL-7A (8.5 PER CENT THORIUM.)

GRAIN SIZE ‘= 250 MegH

DIGESTION CONDITION SEE TABRLE 4-¢8 ;
5 s SN ‘////,/ :
SOLVENT EXTRACTION SEE TABLE 3-8 i
R —
70\ N : /
= //,//»/"',f" \.\_.- e ‘f
UNDIGESTED : ' Z ) /g i / .
CRUDEPRECIPITATION SOWVENT EXTRACTION RECOVERY
MONAZ(TE MONAZITE : /7 "5}(‘/; L /
. OXALATE HER VD M teEeats DRO | OF TRISODIVI
A THOR) M ~\':‘1f‘;f,-_};-<ﬂ¢“?‘Y ROXIDE | | THoRriUM THORIUM OXI|DE  OBTAINED
9 WEJGHT| PER | PRECIPITATION F ZVPPRECIPITATION |IN , FILTRATE :
i S— : PHOSPHATY
THOR\UM k — NElGH T| THORILM YI1ELD PURITY
q CENT Y SR j TOTAL
& SR TOTAL ‘Zi/ il BeTaLl 9/ a
i ¢ a o3 WEIGHT PER THORIOM OXIDE [N
3 lpreciem| 2 T | O e 9 -
% m\‘&- ) <, %Y CENT TOTAL OX\DE ¥}
ALKALINE DIGESTION
0.50 0.0244 4% 0.csaa | a.18 Nsl‘ NJ o.3b14] 233.75 Nip .’il" 0.0l1a2 | do-o 81.01 7 873
1.00. 0.0729 7-3 4.2740 112,89 Nij Ni.P 0-7372 | 97.00 Niji Nil’ o.0odaz | 51.0 85. 10 )
AC|D DIGESTION
3 *
0.50 0.0043 | 0.8L — - - — 0.4110 | 2229 | 0.04 <:.9024 0.0276t | 570 q4. 00 =
L

Not avalyged

> ﬂppyox'»ma\:e total wvolume

of solution
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bk, Monazite processing for thorium in scale of SO*QAPer batch,

In order to obtain more reliable data on the yield of
each chemical processing step and also to investigate the prnoblems
one wo. 1d face in the large scale processing; experiments: as
described in 4;3 were repeated using 50 g monazite per batch;

The condition for digestion and for solvent extraction presented
in Table 4~8 and 3-2 were applied: It should bementioned that;

the number of extraction stages was larger here than in the small
scale investigationj Since it was found that the filtration of
crude thorium hydroxide  from the alkaline digestion was very
timenconsuming; 80 in/“he e:periment which was marked with a, in
Table 4-10, the hydroxide was dissolved in dilute sulphuric acid
and thorium was precipitated at sulphate, Consequently the weight
of the crude tﬁorium precipitate waslarger in this case: From the
resulis which are shown in Table 4-10, the detrimental effect of
the sulphate ion to the extraction of thorium is obvious: The
thorium in the raffinate rises from 1.9 per cent for the extraction.
in the absence of sulphate ion to 2046 per cent for the extraction
in the precence of sulphate ion;

Using minus 200 mesh monazite; sulphuric acid gives under
optimum condition a higher yield of digestion than caustic soda:
However; as 4% siown in section 4,71.4. the per cent digestion can
be increased to 90 per cent by decreasing the particle size to

.
about minus 250 mesh,
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TABLE 4A-10 CHEMICAL YIELD AND PURITY COF THORIUM FROM EACH PROCESS\NG STER
CONDITIONS ¢  MONAZITE CONTAIMING 8.5 PER CENT THORIUM WITH A GRAIN S|ZE OF = 200 MESH
DIGESTION CONDITIONS SEE TABLE 4-8
SOLVENT EXTRACTION SEE TABLE 3-2
114, =
N E : | IMPURITIES
. Nl RIUM  OX1 o
UNDIGESTED e {/,// ; FHRRI DE k. RECOVERY
CRUDE PRECIPITATION. _oid= 7 SS0LVENT EXTRACTION . Sl ie IN oR ; .
MONAZITE MONAZITE -, 70k — ] ,“' S
/ //./; , | TRI SODIUM.
@ ~ I 'r}%omum CONTENT | THORIOM CONTENT. ) '
% CRUDE THORIUM | THORIUM IN F:LTrzAffg,E ’LN gcgy%BED SOLUTION. |  |N RAFSINATE . YieLp, |PURITY | CERIUM [LANTANDM o ocppaTE
' WEIGHT | PER CENT 7 71 VR ‘ S Bkine '
e THORIN o TOTA/L/ Amum* 4 TOTAL [|AMOUNT|  TOTAL  Iwewent| pER e iy (Lo.0) %
g, IN TOTAL /{ Z A /@ I 2 ' OXIDE IN | (Cu 0, 23
L ! ) g PE] IWEILWT | PER CENT
/ WE|CHT PER‘ s wEerT 2 L T—
% PREEIHTATE ¥ % @ “g./. _{;,-r/ 4 CENT. 3’/ 9 |cent & o/s %’ 3
i = 2 |
- - W o1/ !
/8 . g 5
_ALKALINE LU"]\ b
DIGESTION \ -
- . - - ' n ( 4 L'_,'z 31
50 8.5 17.0 8.4 — 0154 | 015 | 2.b - - S 0.28 | 0.08| 1.9| £:5 | 6O ~ 100 Nii 0.2
a :
50 9.8 19.5 5(:,01 85 |0.128 | 013 3.1 0.{8%5 <0-’-’.>8 <-~01..‘l‘ o.47 | 059|139 94 | 5O ~ 100 ot 2% 54.99
ACID DIGESTION ] J |
50 0-93 uE fwei | = | rel N M =1 = oo 0.%% | 071 18.2 | B. b | 116 | V490 Nix 0.9 -
50 soa | 24 |07 |asa | aid [Nkl il loomsn{Coat] | sa: | 024 | oi5a |10.0 |43 | a0 | ~ 42 56 | 2. =
50 0.76 | 1.5 |7e.2 | 147 nid Nii‘ N:if. 0:063% | (01 | (457 087 |0.87 [206 | 4.5 | 24 | ~ Al 1.3 o b e

P L



61

Remarks a) The crude thorium precipitate in the acid digestion
is believed to be in the form of phosphate and sulphate
complexes. The crude thorium precipitate in the
alkaline digestion is normally in the form of hydroxide.
In‘the case marked with o, the hydroxide precipitate
was converted to sulphate by tle sdditien of @tlute
sulphuric acid, (see text).

b) Approximate percent ‘of thorium content in scrubbed

solution is given since the total volume of solution wag
not accurately measured.

- Not analysed

The gamma spectrum of the final thorium oxide powder from
alkaline processing is shown in Figure 4-10 in comparison to.the
spectra of monazite 'sample prior to processing, the crude thorium
nitrate solution and spec pure grade thorium oxide. The contamina-
tion by cerium oxide and lanthanum oxide was determined using the
Ge (Li) detector. Since P&.233 which is built up by the decay of
im233 gives strong gamma-lines in the region ofzob-éoo Kev; the
determination of the rare earths contents are difficult and the
results might not be accurated. The spectra of the thorium oxide
powder from alkaline digestion measured by Ge (Li) detector at one
and seven days after irradiation are shown in Figure 4211 compared
to the spectrum of spectpure grade thorium oxide

Comparing the results of alkaline digestion from Table L-g

and Table 4-10, it is apparent that it is not essential to precipitate
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thorium as oxalate and then convert the oxalate to hydroxide prior
to solvent extraction. The purity of the final products can be
increased by increasing the number of scrubbing stages.

The difference in the yields of thorium from the two processes
is insignificant. It should be mentioned that experiments onalarger
scale must be performed to obtain more reliable data on chemical
yields. From the present investigation it is obvious that the number
of scrubbing performed in this experiment is not sufficient to pro-

duce high purity thorium oxide.
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