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ABSTRACT

The factors that influence the rate of dissolutiocn
of sluminum-canned irradiated ThO, were quantitatively
asgsessed. Conditions were establlshed that provide
dissolutlion rates acceptable for a plant-scale process,
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DISSOLUTION OF THORIUM OXIDE

INTRODUCTION

Thorium dioxide (Th0,) i1s a useful reactor target material
for the production of 2337 pesirable properties of ThO, are its
radiation stability, high density, and high melting temperature.
In addition, reactor-grade ThO, can be produced at relatively low
cost by several processes, A dlsadvantage to the use of ThOg,
nowever, 1s its low dissolving rate in conventlonal acldic
dissolvents,

The purpose of this investigation was to determine sultable
dissclving conditions for processing irradlated ThO; targets in
existing Savannah River Plant equipment. The effects of reactor
irradiation, particle size, and egitaticn on disselving rate
required evaluaticn. In additlon, a ¢holce had to be made between
chemical removal of the aluminum cladding before dissolving
the ThO,, and codissclution of the cans and ThO,. Rates of
dissolutlon were determined for reactor-grade ThO, from several
different commerclal sources.,

The tests perfermed in this investigation were made on a
small scale in the laboratory. Subsequent dissclving teats on a
seniworks scale are to be reported in a separate document,

SUMMARY

Laboratory studles were carried out to develecp a methed for
‘the dissclution of irradiated ThO, targets as the first step in
separaticn of the *®°U product by a solvent extractlon process.
‘The most satisfactory dissolvent composition for plant use weas
getermined to be 13M HNO5;-0,025M HF-0,1M A1(NO5)a. The dissolution
rate of thoria was affected by the particle size, the method of
thoria preparation, and the degree of agitation, but not by reactoer
ipradiation. Moderate agitation of the thoria-dissolvent mixture,
such a8 that obtained by heating the dissolver vessel at the
bottom, produced dissolving rates as high a8 thcse cobtalned with
vigorous mechanlcal stirring.

Codissolutlon of the aluminum can wlth the ThO, was mecre
satisfectory for plant operation than separate removal of the can
by chemlcal decladding.
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EXPERIMENTAL PROCEDURES

In general the laboratory-scale tests simulated plant con-
ditions as closely as possible. Dissolutlons were made in
stainless steel vessels, from one to four liters in volume, that
were fitted with weter-cooled reflux condensers to minimize loszs
of dlssolvent by evaporation, The vessels were heated to the
bolling temperature of the dissolvent by electric hot plates or
heating mantles, or with electric heating tapes wrapped around
the vessels, Heating the vessels from the bottom with hot plates
gave reproducible and repld dissolving rates because of the con-
siderable agitation produced throughout the sclution by boiling;
this method was used for most studles., Heating the vessels from
the side with heating tape more closely resembled condltions 1n
conventional plant dissolvers; but less agitation was produced
and dilssplving was conseguently slower.

ThO, used in these studies included: (a} material prepared

by the Sol-Gel process(2) by Mallinckrodt Chemical Works (MCW)

and by Nuclear Fuels Services (NFS), (b) material prepared by
arc-fusion at Oak Ridge National Laboratory {ORNL), and (c) pellets
prepared by an extrusion and sintering process by the General
Electric Company (GE). MCW samples were used in most studles.
Resctor-grade aluminum tubing was used for decladding studles;
chemlcals were reagent grade.

In the dissolving tests dry ThOp, and cecld dissolvent solution
were added to the dissclver, in the ratlo of one mole of ThO; per
liter of dissolvent. Usually the thoria test batch was dlssolved
almost completely within four to seven hours, during which time
four to silx one-milliliter analytical samples were remcved. After
complete dissolutlon, the final econcentration of thorium found by
analyslis was 0.98 - 1.05M, depending upcn evaporation loss, Loss
of dissolvent by evaporatlion was generally less than 5%.

During a series of tests all conditions were reproduced
except the variable being investigated, Thorium analyses were
made by the thoron colorimetric method.

Dissolution tests of irradiated ThO, were made 1n shielded
cells with samples irradiated to 1200 and to 2000 g 223U/ton, The
experimental equipment was similar to that used in the other
studies,
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RESULTS

EFFECT OF DISSOLVENT COMPOSITION

Previous work at ORNL, {3:%) with Th0,-U0, targets contalning
b yranium, showed that the most effective dissolvent was concen-
trated nitric acid (~13M) containing HF. In the present studies
solutions of this type only were tested for the dlssolution of
ThO,.

The ThO, used 1n these tests was MCW Scl-Gel type, with the
particle size distribution shown in Table I.

TABLE I

Partlicle 8ize Distriduticn of Sol-Gel Thoria
(MCW Lot T-2)

V.8, 8td, Screen Weight ﬁ
+16 17.8
-16 +20 7.7
-20 +40 14,4
-ko +50 3.1
-50 +60 2.1
-60 +80 6.2
-8¢ +100 8.3
-100 39.4 !

Samples of the test oxide were dlssolved to determine the
optimum concentraticns of HNO, and fluoride, andéd the optimum
ratio of oxide to dissolvent. 1In each test 26.4 g of oxide was
dissolved with 80, 100, or 120 ml of dissolvent. The samples were
heated on an electric hot plate,

The results in Table II show the effects of concentraticns
of nitric acid and fluoride, and of dissoclvent wvolume on the rate
of dissclution. In general, the dissolution i1s charecterized by a
relatively rapid rate in which 80 to S0% of the oxide 1s dissolved
in about 6 hours, followed by & significantly reduced rate for
dissolution of the remainder, as illustrated in Figure 1. This
behavior 1s attributed to rapid dissolution of the relatively
large fraction of fine particles, and much slower attack on the
coarser particles as the acid strength is reduced and the fluoride
catalyst is complexed more completely by Th*+,
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TABLE IT
Effect of HNOs and HF Concentrations
on_the Dissolution of ThO.

26.% g samples of ThO, from Lot T-2
Dissclvent boiled under reflux

(a)

Dissolvent
HNO~, HF, Volume, ThO, Dissolved, & Th(NOn )., M
M M ml 4 hr 6hr Bhr 4% hr 6 hr 8 hr
13 o.2 8o 80.3 B9.0 93.5 1.00 1.11 1.17
13 0.1 100 85.0 93.5 96,0 0,B5 .94 0.96
13 0.1 120 92.0 97.3 98.8 0,77 0.81 o0.82
13 0,05 120 86.5 93.8 96.4 g.72 0.78 0.80
16 0.05 120 84,3 92.5 95.5 0.70 0,77 0.60
10 0.05 120 73.0 82.1 B6.0 ©.61 0.68 0,72
10 0.05 8o 64,3 T7.0 82,5 0.80 0.96 1.03
10 0.1 go 70.8 84,0 B89.0¢ 0.88 1.05 1.11
10 0.1 100 75.8 87.2 92.1 0.76 0.87 0,92
10 0.1 120 82,8 91.3 95.2 0,69 0.76 0.T79
{a)} Each dissclvent also contains 0.1M AL(KNOg)g.
T
100 HNO3, M+
=0 13
i 018 _{5 80
90 510 —10.75
r”"ﬁ,_——"
no.mE
3 c
. 80 ' =]
® -lo6s 5
= o
g L 0
2 e
3 -10.60 g
£ 70 E
[= o
£
|..

—0.55
- 26.49 ThO,
120 m| Dissclvent
containing Q.03 M HF,
60 0.1 M Al(NOy}y, ond —0.50
indicated HNO,
- -{0.45
50 >

[ 8 o 12 14
Time, hours

o
n
F

EFFECT OF HNO; CONCENTRATION ON DISSOLUTION RATE
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The lakcratory tests showed that the optimum econcentration
of nitric acid is ~13M. Concentraticns of fluoride >0.05M increase
the dissclving rate, but as dissolution proceeds ThF, will precipi-
tate for concentraticns of F- >0.1M. In subsequent work an HF
concentratiocn cf 0,025M provided adequate dissolution rates and
no ThF, precipitation. O0.1M Al (NOs)s was added to the disscl--
vent to complex the fluoride during the early stages of dissolu-
tion and to limit corrosion of the dissolver vessel; no adverse
effect of aluminum ion on the dissclving rate was cbserved.

EFFECT OF PARTICLE SIZE

As expected, the rate of dissclution of ThO, was highly
dependent on particle size; this is illustrated in Filgure 2. 1In

: paladpr
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2 70
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iy Curve Mesh Range
[= &-~-¢  Full Range
65 | -100
J 2 -80 +100
3 -60 + 80
4 =50+ 80
8a } 3 - 40+ 50
8 -20+40
1 T -16 +20
' 8 +16
a5 26,49 Soi-Gel ThOp, MCW Lot T-2 |
100 mi 13 M HNOy-0.025 M HF-
O.1M AL{NOy),
50 y
45
e 2 r [ [] 10 12 7 16 8 20

Dissolution Tima, hours

FIG. 2 EFFECT OF PARTICLE SIZE ON THE DISSOLUTION OF
SOL-GEL ThQ,

-5 -

3 ng e s LR 2



these experiments, MCW Sol-Gel thoria from a single batch was
sieved Into fractions using standerd screens, and samples from
each fraction were dissolved under good agitation, with other
condltions reproduced as closely &s possible. The data show that
very fine subdivision 1s desirable for rapid dissolution, but a
Iower limit to particle size 1s imposed by handling and packing
corngiderations in target fabricaticn, The correlations in

Figure 2 emphasglize the necessity for fixing particle size range
in any test series deslgned to compare dissclving rates for
different types of thorila.

EFFECT OF AGITATION

The results of early tests suggested that agitaticn adequate
for dissolving the ThO, at experimentally reprcducible rates
could be obtained in the laboratory thrcugh boiling the hetero-
geneous mixtures by heating the bottom of the dissolving vessel.
Iater tests showed that violent mechanical stirring during bolling
by this type of heating caused no increase in rate; typical data
are shown 1ln Figure 3, Normal bciling induced by bottom-heating
does not greatly disturb the bed of thoria itself; it therefore
appears that the relatively rapid dissolution rates are due to
efficient circulation of the dissolvent through the thoria, rather
than by suspension of the thoria in the liquid.

T | | I

0.6 —
&
.
<+
=
= 04— —
264 mg ThOp /ml disscivent
Dissolvant: |13M HNQx~0.025M HF -
0.2+ Q.M AKNOg)y

I | | I
o [ 2 3 4

Dissolving Time, hours

O Vessel heated from bottom, vigorous mechanical stirring
A Vessel heoted from bottom, no stirring
O Vessel heated from side, no stirring

FIG. 3 RATE OF DISSOLUTION QF SOL-GEL ThQ, UNDER
VARIOUS CONDITIONS QF AGITATION
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In conventional plant dissolvers, heat 1s supplied by steam
colls arranged 1n vertical rows inside the dissolvers near the
walls; these conditlons were simulated in the laboretory by heating
the cuter walls of the dissolving vessel with electrical tape.
Dissolving rates obtained in these experiments, shown in Figure 3,
were much lewer than those cbtained by heating from the bottom;
bolling tock place near the walls of the vessel, and apparently
circulaticn of the dissolvent to the theria in the center of the
vessel was lnefficient., Under the condition cf side-heating, &
small amcunt of additlonal agitation produced a ccnsiderable
increase in dissolving rate; for example, the addition of small
amounts of aluminum metal tec the thoria greatly accelerated
dissoluticn of the ThO, (Figure %), Codissolution cf aluminum
produced nc slgnificant effect in well-agitated sclutlcns, thereby
indicating that the effect of adding aluminum derived solely from
the increased agitation produced by gases evolved from the slowly
dissclving metal.

The beneficial effect of bolling the dissolvent by heating
from the bottom of the veéessel was substantiated by large-scale
tests in a dlssolver with a diameter of § feet, These tests, to
bte described in a separate report,‘l’ showed that improvement by
a factor of three or more could be obtained bty adding steam ccils
across the bottom of the dissolver.

2.5
Vigorous
mechanical
5.0 e, stirring
J No mechanical
stirring
1.5 Y 75g Al co-dissalved]
No mechanical
stirring
r No Aluminum
1.0 [ I
/ All Tests:
) Beaker heated of side
€ Lot T-20 Thoria
0.5 P Dissolvent
[3M HNO3-0.025M HF -
C.IOM AI(NO3)3
1.069 ThQz/m! dissolvent
0 [ 1
0 | 2 3 4 5 6 7 B8

Dissolving Time, hours

FIG. 4 EFFECT OF AGITATION ON DISSOLUTION OF SOL-GEL ThO,
WITH SIDE HEATING
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TESTS ON DIFFERENT TYPES OF THORIA

Dissolution rates of thorla of varicus types and from
various sources were compared. Laboratory dissolving tests
were run on the following materials: MCW Sol-Gel thoria (several
different lots}; NFS Sol-(el thoria; CRNL arc-fused thoria; and
GE extruded, sintered thoria. For all materials, a size fractlon
of -16 +20 mesh (U, S, Standard Sieve) was used, Typleal results
are shown in Figure 5, with additlonal date in Table III.

- Dinwodvant: (3M HNO3 - C.025M HF ~0.10M A1{NOy}
«Alt Thy samples - 16+ 20 meth, 284mg ThOp /mi dissclvent
v Vasuel heoted from Bortom

I T T T I I

{nucw T-20
WBNFS 8-A

1LO— Sol-Gel

0.8

GE Extrudad patlets (crushed)

C.2p—

Dissolving Time, hours

FIG. 5 VARIATION OF DISSOLUTION RATE WITH TYPE OF ThO,

TABLE III

Dissclution of Sol-Gel Thoris

Time required for 35% dissolution of Sol-Gel ThO,
(-16 +20 mesh). Dissolving conditions as described
in Figure 5,

Batch Time, hours
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S01-Gel thoria dissolved much more readily than arc-fused
material, as illustrated in Figure 5. Crushed GE pellets dissolved
slightly slower than Sol-Gel thoria,

In genersl the widest variations observed hetween different
lots of Sol-Gel thorie were due to differences in particle size
distribution; but a number of batches of Sol-Gel waterial were
found to have intrinsically poor dissolving properties, as shown
in Table III. These batches (MWC T-28, T-3%, and T-38) appear to
have contained about 25% of poorly dissolving thoris, and about
75% of more rapldly dissolving materisl resembling lots T-18B, T-20,
and T-21. Batch T-2 also dissolved relatively slowly. The
variations in manufaecturing conditiocns were not known well enough
toc allow correlation with dissolution rates, but tests of samples
of thoris prepared in the laboratory by the Socl-Gel process showed
that an important parameter that affected dissolution is the
sintering temperature. The NFS thorie samples that were tested
dissolved at rates comparable to the better lots of MCW material
{T-18, T-20, and T-21).

EFFECT OF REACTGR IRRADIATION

Two dissolving tests were carrled out with reactor-irradiated
thoria to defermine whether lrradiation has a significant effect
on dissolving properties. The thoria used in these studies was
irradiated to either 1200 or 2000 g 223y/ton, Unirradiated
samples from the same lots of oxide were dissolved in control
tests; the thoria irradiated to 1200 g 23%U/ton was dissolved in
the same vessel as that used for the control. This vessel con-
sisted of a four-liter stainless steel beaker, fitted with a
Pyrex water-cooled condenser on top and wrapped with hestling tape
to simulate conventional {(side-heating) dissolver conditilons,
Control dissolvings on the 2000 g/ton ThO, were made in l-liter
laboratory beakers.

The results are shown in
' T ! ' ' Figure 6. The differences in
disseclving rates between 1irra-
diated and unirradiated samples
were not significant. The data
indicate that dlssolving ratea
of oxlde irradiated to <2000 g
233y /ton can be determined by
tests with unirradiated materilal.

Vesssl .hInlld

trom sice
o2l ¥ 1204 79 ThOs /0 disvotent -1 FIG, 6 DISSOLUTION OF IRRADIATED
£ s 3W WNO3-0.025W F-0.10N AIINGyly AND UNIRRADIATED ThO,
— = = — Unirrgdighe] Coatral
I R R R

Dissolving Time, hours



CHEMICAL REMOVAL OF ALUMINUM CANS

Three methods were tested for chemically dlssolving the
gluminum cans used to contain thoria for irradiation, The methods
were (1) mercury-catalyzed nitric acld decanning; (2) decanning
with NeOH-NeNOs; solution; and (3) codissolution with the thoria.
The first two are standard procedures developed for other types
of fuel elements and were intended to allow the rejection of the
aluminum (in selution) from undissolved ThO,. The third produces
a solution containing both the aluminum and the thorium; thils
method had not been previously investigated.

The procedures were simulated in laboratory tests by adding
pieces of reactor-grade aluminum tubing to the ThOp; 1in the
dissolver vessel at an Al/Th ratic of 1.4, 1In the case of the
mercury-catalyzed acid and the alkaline dissolutions all of the
gluminum was dissolved, then the decanning sclutlion was removed
and analyzed, after which the thoria dissolvent was added, In
the test of codissoluticn the dissolvent wes added to the vessel
contalning Al and Th end the ccneentration of each in solution
was determined from periodic samplings. An evaluetion of the
results showed that

(1) Neither the acld decanning solutlon [€M HNOg, 1073M
Hz(NOs)2] nor the alkaline decanning solution (4,3M
NaOH, 3M NaNO,) dissolved thorium oxide appreclably.
However, in one test in which irradiated ThOp was holled
for 24 hours in the acid decanning solution, about 20%
of the 23°J was leached from the ThOp, indicating that
acld decanning 1is probably unsuitable when the decanning
sclution is to be discarded. '

(2) The alkaline decanning solution was falrly viscous and
tended to entrain fine ThO, particles. The subsequent
dissolution of ThO, was retarded after the exposure to
the alkeline decanning sclution. This result may have
been the result of compaction of the finely divided
thoria or of aggregation of the grains by sluminates,

(3) Codissolution of the aluminum and the ThO, appeared to
be the most satisfactory method for plant use. In
laboratory tests, aluminum metal present with the ThO,
dissolved in the standard dissolvent [13M HNO,-0.025M
HF-0,1M Al(NOa)s] before the thoria dissclution was
complete. 1In the case of poor agitation, the dissolution
of the aluminum metal accelerated the ThO, dissoclution;
the rate of dissolution cf the aluminum was controlled
by addition of Hz(NOs)z.

- 10 =

}




The codissolution method was developed further in semiworks
tests. () In that work, a cyclic decanning and dissolving pro-
cedure was developed in which thorias 1is dissolved 1n fresh
dissolvent to ~1M Th(NCs ).,  then Al-canned thoria siugs are added
to the dissolver tcogether with a small amount cof Hg(NOs ), toO
promote dissolution of the aluminum, The resulting solution is
removed, leaving a "heel" of ThO, for the next cycle, In this
procedure the dissolution of the aluminum decreases the nltric acid
concentration to ~1M, which is desirable for subsequent processing.
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DP-1044, Dissolution of Thorium Oxide, by M. L. Hyder, W. E. Prout,
and E. R. Russell
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