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SUMMARY 

The effect of thorium oxalate precipitation conditions on derived oxide 
sinterabi1ity was investigated with the objective of producing Th02 powder that 
could be sintered to high density without premi11ing. Precipitation conditions 

examined were temperature, digestion time and agitation method which were 
employed in a two-level factorial experimental design to delineate "their effects. 
The two levels for each of the factors, respectively, were lOoe and 70 0 e, 15 
min and 360 min, and mechanical stirrer and a homogenizer that imparted both 
mechanical and ultrasonic agitation. The Th02 derived from each of the pre
cipitation trials was characterized with respect to morphology, surface area, 
and crystallite size as well as sinterability. Only precipitation temperature 
had a significant effect upon all the properties of the derived oxide powders. 

The most sinterab1e oxide was derived from an oxalate precipitated at 10 0 e 
with mechanical agitation and 15 min digestion. Pellets formed from this oxide 
sintered to 96% TO. Physical property data were determined also for mixed 
oxide derived from coprecipitated thorium-25% uranium (IV) oxalate and thorium 
oxide from continuously precipitated oxalate. 

iii 





CONTENTS 

SUMMARY iii 

TABLES vii 

FIGURES vii 

INTRODUCTION 

PREVIOUS WORK 3 

EXPERIMENTAL 5 

RESULTS 7 

THERMOGRAVIMETRIC ANALYSIS 7 

MORPHOLOGY. 8 

SURFACE AREA AND CRYSTALLITE SIZE . 8 

SINTERABILITY . 9 

COPRECIPITATION. 14 

CONTINUOUS PRECIPITATION 16 

DISCUSSION. 19 

PRECIPITATION . 19 

DECOMPOSITION AND CALCINATION . 19 

SINTERING . 20 

COPRECIPITATION. 21 

CONCLUS IONS 23 

ACKNOWLEDGMENTS. 25 
., 

REFERENCES. 27 

v 





TABLES 

Precipitation Trials. 

2 Th02 Surface Area and Crystallite Size 

3 Th02 Sinterabi1ity . 

FIGURES 

1 Weight Loss vs. Temperature For Thorium Nitrate and 
Thorium Oxalate, 2°C/min in Air. 

2 Scanning Electron Micrographs of Thorium Oxide Powder 
Derived From Thorium Oxalate Precipitated With The 
Following Conditions: (a) 10°C, 15 min Digestion, 
Mechanical Agitation; (b) 70°C, 15 min Mechanical; 
(c) 10°C, 15 min, Po1ytron; (d) 70°C, 15 min, Po1ytron; 
(e) 10°C, 360 min, Mechanical; (f) 70°C, 360 min, 
Mechanical; (g) 10°C, 360 min, Po1ytron; and (h) 70°C, 
360 min, Po1ytron 

3 Transverse Section of Thoria Pellet Fabricated of 
Powder Derived From Oxalate Precipitated at 10°C 
With Mechanical Agitation and 15 min Digestion 

4 Scanning Electron Micrographs of Thorium-25% Uranium 
Oxide Powder Derived From Thorium-25% Uranium (IV) 
Oxalate Coprecipitated at 10°C With Mechanical Agita
tion, 15 min Digestion, and Decomposed and Calcined 
in (a) air, (b) He-6% H2 . 

5 Scanning Electron Micrograph of Thoria Powder Derived 
From Thorium Oxalate Precipitated Continuously at 10°C 
With Mechanical Agitation. 

6 Scanning Electron Micrograph of Thoria Powder Fused 
Together As A Result of Rapid Heating of Thorium 
Oxalate Hydrate. 

vii 

5 

9 

12 

7 

10 

13 

15 

17 

20 





OPTIMIZATION OF THORIUM OXALATE PRECIPITATION CONDITIONS 
RELATIVE TO THORIUM OXIDE SINTERABILITY 

INTRODUCTION 

Thorium, primarily in the form of Th02, has been investigated and used 
experimentally as a nuclear fuel component over the past twenty years. In the 
Light Water Breeder Reactor at Shippingport, Pennsylvania, itis the fertile 
element, in solid solution with 233U02 in the core and as 100% Th02 in the 
blanket. More recently, thorium has been considered for use in a proliferation 
resistant fuel cycle as part of an alternative fuel program. In support of 
this objective, the Department of Energy's Fuels Refabrication and Development 
Program supported work at PNL (Pacific Northwest Laboratory) to develop sim
plified thoria fabrication procedures amenable to remote operation. The work 
reported here was part of this program. 

Of prime importance in the development of a simplified thoria fabrication 
procedure is the sinterabi1ity of the starting powders. In the past, commer
cially produced thorium oxide powders have required extensive milling before 
they could be fabricated into dense pellets. These powders were produced pri
marily by the oxalate precipitation process. Thorium nitrate and oxalic acid 
solutions are reacted to precipitate thorium oxalate which after filtering is 
decomposed and calcined to produce thoria powder. The objective of this inves
tigation was the refinement of the oxalate process to produce oxide power that 
sinters to high density without milling. The approach was to determine on a 
laboratory scale the effect on the derived thorium oxide sinterability of three 
oxalate precipitation parameters: precipitation temperature, agitation method 
and digestion time. This report describes the experimental precipitations and 
characterizes the derived thorium oxide powders with respect to sinterabi1ity, 
particle morphology, surface area, and crystallite size. Also included are the 
properties of Th02-25% U02 derived from coprecipitated thorium-25% uranium (IV) 
oxalate and of Th02 derived from continuously precipitated oxalate. 





PREVIOUS WORK 

Past investigators of the thorium oxalate precipitation method for making 
thorium oxide have been interested in oxide powder properties related to catal
ysis or slurry formation such as surface area, particle size, and particle 
morphology. Only one investigation has reported on the effect of a precipita
tion parameter on the sinterability of the derived thorium oxide powder. 

Breysse, et al. (1) investigated the effect of various oxalate precipita
tion parameters on the surface area of the oxide powder after decomposing the 
oxalate at 350°C. They concluded that the larger the precipitated thorium 
oxalate crystal, the larger the surface area. The results were interpreted by 
assuming that an oxalate crystal decomposes into an aggregate of thoria crys
tallites separated by dislocations on which gases can be adsorbed. During the 
investigation, they observed the decomposition on a hot stage microscope. 

Allred and coworkers(2) determined that the particles of the derived oxide 

powders increased in size with increasing oxalate precipitation temperature, 
being 1 ~m cubes from a 10°C precipitation increasing to 7 ~m platelets from 
a 100°C precipitation. Calcination of the decomposed oxalate at 400° to 900°C 
had no effect upon the size or shape of the oxide particles for powders from 
the same precipitation, but the thoria crystallite size increased with increas

ing calcination temperature in all instances. Oxide powder surface areas 
decreased with increasing calcination temperature with the maximum rate of 
change occurring between 500° and 700°C. Surface areas were less than 10 m2/g 
for all oxides derived from oxalate precipitated at temperatures from 10° to 
100°C and calcined at 900°C. 

Becket and Winfield,(3) D'Eye and sel1man,(4) Moorehead and McCartney,(5) 

among several, have investigated the thermal decomposition of thorium oxalate. 
Upon heating in air, the oxalate loses water and forms the dihydrate below 200°C; 
the dihydrate decomposes at 270°C to form the anhydrous oxalate. At 330°C, 
oxalate decomposition proceeds by the formation of oxide directly or by the 
formation of carbonate which decomposes to the oxide. There was also evidence 

of CO disproportionating to form carbon and CO2 in Th02 formed below 400°C. 
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Kantan, et al. (6) investigated the effect of oxalate precipitation temper

ature and calcination temperature on the sinterability of the derived oxide 
and concluded that the optimum combination of the two parameters was precipita
tion at 20°C followed by calcination at 900°C. Using this set of conditions, 
they produced thoria powder which sintered to 94.7% TD. 
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EXPERIMENTAL 

All precipitations were direct strike using 1M oxalic acid and 1M thorium 
nitrate prepared by dissolving the respective salts in distilled water. Enough 
oxalate was precipitated in each trial to produce 40 g of oxide. The precipi
tation variables in the two level factorial experimental design were tempera
ture, agitation, and digestion time. The trials are listed in Table 1. 

Precipitation temperature control was effected using a seven liter Forma 
Scientific bath(a) that circulated ethylene glycol through the double wall of 
a one liter glass reactor. The bath had a temperature range of -5 to 100°C. 
Actual temperature of precipitation was measured with a thermometer submerged 
at the point of oxalate addition. Precipitation temperature and agitation were 
continued for the duration of digestion. 

Two types of agitation were used, a conventional mechanical stirrer with 
a three-blade propeller turning at 350 rpm and a Brinkman POlytron(b) running 
at 17,000 rpm. The Polytron imparts both mechanical and ultrasonic agitation. 

TABLE 1. Precipitation Trials 

Trial Temperature, Digestion, Agitati on 
Number DC Minutes Method 

1 10 15 Mechanical 
2 10 15 Polytron 
3 70 15 Mechanical 
4 70 15 Polytron 
5 10 360 Mechanical 
6 10 360 Polytron 
7 70 360 Mechanical 
8 70 360 Polytron 

(a) Refrigerated-Heated Bath and Circulator, Forma Scientific, Inc., Marrietta, 
OH. 

(b) Model PT-45, Brinkman Instruments, Westbury, New York. 
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The precipitates were filtered using a Buchner #2 funnel with Whatman #42 
filter paper. Air was pulled through the filter overnight to achieve maximum 
filtrate removal. The thorium oxalate was dried at 115°C, decomposed at 350°C, 
and calcined at 900°C, each for 24 hr in air. 

After sieving through a 40 mesh screen, the thoria was sampled to provide 
material for SEM examination, BET surface area measurement, and x-ray crystal
lite size determination. 

Sinterability tests were done on the remalnlng thoria. 
compacted at 276 MPa (40,000 psi) from the as-sieved powder. 

Pellets were 
Pellets also 

were compacted at 276 MPa (40,000 psi) from powder that had been precompacted 
at 69 MPa (10,000 psi), granulated through a 25 mesh sieve, and blended with 
0.1% zinc stearate. All pellets were sintered in flowing He-6% H2 at 1650°C 
for 3 hr. Pellet densities were calculated using the pellet weight and 
dimensions. 

Thermogravimetric analyses were done on the thorium nitrate to determine 
molecular weight and on dried thorium oxalate precipitated at both 10° and 70 0 e 
to confirm the oxalate decomposition temperatures. 
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RESULTS 

THERMOGRAVIMETRIC ANALYSIS 

Thermogravimetric plots for thorium nitrate and thorium oxalate are shown 
in Figure 1. Weight loss for the thorium nitrate was equivalent to 6.86 water 

molecules per molecule of thorium nitrate which gives a molecular weight of 
603. Duval(7) reported that commercial thorium nitrate is a mixture of tetra

hydrate and hexahydrate, therefore, a portion of the weight loss indicated 
may be adsorbed water. The arrest at 110°C is equivalent to a loss of two 
water molecules but the second arrest did not correlate with either the loss 
of the remaining water or the initiation of the nitrate decomposition. Con
version to thorium oxide was complete at approximately 625°C. 
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FIGURE 1. Weight Loss vs. Temperature For Thorium 
Nitrate and Thorium Oxalate, 2°C/min in 
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The weight loss for thorium oxalates precipitated at both 10° and 70°C 
was closely equivalent to a monohydrate. The anhydrous oxalate decomposition 
commenced at approximately 250°C and was complete at 425°C. A constant weight 
was achieved at approximately 600°C. The temperature of precipitation had no 
appreciable effect on the weight loss temperatures of the two major decompo
sitions. 

MORPHOLOGY 

Figure 2 shows scanning electron micrographs of thoria particles derived 
from the eight precipitations. Temperature of precipitation had the most graphic 
effect upon morphology. Oxide particles derived from the oxalate precipitated 
at 70°C are essentially square platelets, though the particles from oxalate 
precipitate digested 360 min and agitated by the Polytron are in some instances 
rounded. The platelets vary in size from 1-3 j..1I11 along the square edge. Par
ticles from 10°C precipitations with mechanical agitation approximate cubes 
whereas those with Polytron agitation are mostly anhedral with the three axes 
near equal. In each instance, the particles are less than 1 ~m in size. The 
effect of Polytron agitation at 10°C on morphology was to inhibit the formation 
of euhedral crystals. However, the Polytron had no discernible effect upon 
the particles from the 70 0 e precipitation with a 15 min digestion. The effect 
of digestion time on morphology was slight. There does appear to be more uni
formity in particle sizes from mechanically stirred precipitations digested 
360 min compared to those digested 15 min. 

SURFACE AREA AND CRYSTALLITE SIZE 

In Table 2, the surface area and x-ray crystallite size are listed for 
oxide powders derived from the precipitation trials. The surface area corre
lates strongly with oxalate precipitation temperature as well as digestion 
time. Oxalates from 10°C precipitations converted to oxide powders with more 
than twice the surface area of those from the 70 0 e precipitations and the 360 
min digestion time increased the surface area of the derived powder by approxi
mately one third over the powder from 15 min digestions. The surface areas 

8 



TABLE 2. Th02 Surface Area and Crystallite Size 

Conditions{a) 
Trial Surface Crystallite 

No. Area m2/g Size ~ 

10M15 1 8.69+.18 201+20 
10P15 2 9.26+.12 263+21 
70M15 3 3.00+.14 432+49 

70P15 4 3.57+.14 421+33 
10M360 5 12.63+.28 266+24 

10P360 6 12.63+.12 228+20 
70M360 7 4.54+.14 326+48 
70P360 8 4.32+.12 270+18 

(a) First two digits temperature, M or P for mech
anical or Polytron agitation and last digits for 
digestion time. 

also had the normal inverse relationship to the primary particle sizes. The 
smaller crystallite sizes occurred in powders with smaller particle sizes. 
These results are similar to those reported by Allred, et al., although the 
surface areas and crystallite sizes are not exactly the same. In the present 

° work, crystallite sizes are smaller (200 to 432° vs. 500 to 700A) and surface 
areas encompass a broader range (3.0 to 12.6 m2/g vs. 3.5 to 9.0 m2/g) than 
the previous work for the same precipitation and calcination temperatures. 
Their precipitations were direct strike with dropwise addition of oxalic acid 
solution to the thorium nitrate and a 1 hr digestion. The oxalates were decom
posed at 375°C for 4 hr followed by 16 hr at 400°C. These small variations in 
preparation procedure might account for the small differences in results. An 
additional source of difference would be the disparity in equipment used in 
making the measurements. 

SINTERABILITY 

The green and sintered densities for pellets pressed from the oxide powders 

are listed in Table 3. The highest green densities, 62-64% TO, were achieved 

with powders from the 70°C precipitations. These powders were composed of 
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FIGURE 2. Scanni ng Electron Micrographs of Thorium Oxide 
Powder Deri ved From Tho rium Oxalate Precipi
tated Wi t h The Fol l owing Conditions: (a) 10 °C 
15 min Digestion, Mechanical Agitation; (b) 70°C, 
15 min , Mechanical; (c) 10°C, 15 min, Polytron; 
(d) 70 0e , 15 min, Polytron; (e) 100e, 360 min, 
Mechanical; (f) 70 °C, 360 min, Mechanica l ; 
(g) 10°C, 360 min, Polytron; and (h) 70°C, 360 
min, Polyt ron 
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FI GURE 2. (con td ) 
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TABLE 3. Th02 Sinterability 

Trial As-Sieved 
% Theoretical Oensit~ 

Pre-Pressed & Granulated 
Conditions No. Green Sintered Green Sintered 

10M15 1 56.0 92.1 56.0 96.0 
10P15 2 58.8 94.6 59.0 94.8 
70M15 3 64.0 85.1 63.0 89.2 
70P15 4 63.0 82.3 64.0 86.6 
10M360 5 57.0 91. 7 57.0 93.4 
10P360 6 56.5 94.6 56.0 95.9 
70M360 7 64.0 88.9 63.0 94.0 
70P360 8 62.0 81.4 63.0 93.0 

1 arge, square platelets and had lower surface areas; both are properties that 
would have a positive effect on the green density. All of the pellets made of 
powder from 10°C precipitations had green densities of 56-59% of theoretical. 
This reflects the smaller particle size and higher surface area of the powders. 

The most significant precipitation effect on the sinterability of the 
oxides was again temperature. All of the pellets made from the 10°C precipita
tion powders sintered to densities above 90% of theoretical. The only 70°C 
precipitated material that produced sintered pellets above 90% TO were powders 
which had been digested for 360 min and also were preslugged and granulated 
before pressing. Although there was an increase in density with preslugging 
and granulation for each of the powders, it was larger for the 70°C precipi
tated powders. This result undoubtedly is associated with the platelet mor
phology of the powder. Preslugging would prealign the short axes of the 
platelets with the pressing direction which, after granulation and final press
ing, would produce overall a more intimate contact of the particles. 

Figure 3 is a photomicrograph of transverse sections of a sintered pellet 
made from oxide powder derived from oxalate precipitated at 10°C with mechan
ical agitation and a 15 min digestion. Grain sizes range from 5 ~m to 40 ~m 

and are fairly evenly distributed. There are two populations of pores, very 
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fine ones which are evenly distributed and coarse ones which appear to be 
mostly at the boundaries of the pressing granules. A longer time at sintering 
temperature possibly would eliminate some of the fine porosity. 

COPRECIPITATION 

A mixed oxide powder of Th02-25% U02 was prepared by coprecipitating the 
mixed oxa1ates. The procedure was the same as for the thorium oxalate precipi
tated at 10°C with mechanical stirring and 15 min digestion except the uranium 
in the mixed nitrate solution was prereduced(8) using a two-fold excess of 
sodium formaldehyde su1foxy1ate (NaHS02oCH20 0 2H20) and was held at room temper
ature for 24 hr. Half of the mixed oxalate was decomposed and calcined in 
air, the other half in He-6% H2. The decomposition and calcination tempera
tures were 350° and 900°C, respectively, as with the thorium oxalates. 

The morphologies of the particles from both powders, shown in Figure 4, 
are identical and are similar to the morphology of thoria particles derived 
from oxalate precipitated at the same temperature, agitation, and digestion 
time. The color of the air calcined powder was an orange brown whereas the 
powder calcined with a reducing atmosphere was a bluish green. X-ray diffrac
tion patterns of each of the powders contained only reflections for a single 
face-centered cubic phase. The air calcined powder had a smaller unit cell 
size indicating a higher uranium oxidation state than in the powder calcined 
in a reducing atmosphere. Cohen and Berman(9) concluded from their work on 
oxidation of Th02-U02 solid solutions that at anyone uranium-thorium ratio, 
the unit cell size decreases linearly with the addition of excess oxygen. 
One method they used for determining the degree of oxidation was polarographic 
analysis for U+6 in the oxidized samples. 

Chemical analysis of the two powders for carbon content showed the air 
calcined oxide contained 27 ppm carbon compared to 5550 ppm for the oxide 
calcined in He-6% H2. This, along with the lower oxidation state of the ura
nium, would account for the blue-green color of the reduced powder. The sur
face areas were 7.18 m2/g and 6.12 m2/g for the air calcined and the reduced 

° ° powders, respectively, while the crystallite sizes were 246 A and 134 A. 
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FIGURE 4. Scanning Electron Micrographs of Thorium-25% Uranium Oxide 
Powder De rived From Thorium- 25% Uranium (IV) Oxalate Copre
cipitated at lODC With Mechanical Agitation, 15 min Digestion, 
and Decomposed and Calcined in (a) air, (b) He-6% H2 



Although there was some line broadening that could have resulted from lattice 
distortion, the relative sizes of the crystallites are probably accurate since 
the residual carbon should interfere with the growth of crystallites. 

Sinterabilities for these powders were determinep in the same manner as 
with the thoria powder except all pellets were pressed from preslugged and 
granulated powder. The as-pressed densities averaged 50% of theoretical and 
the sintered densities 94% of theoretical for the air calcined powder but only 
70% of theoretical for the powder calcined in He-6% H2. The carbon must have 
strongly interfered with the sintering since both of the powders were derived 
from the same precipitation and had similar particle morphologies, particle 
sizes, and surface areas. 

CONTINUOUS PRECIPITATION 

Thorium oxalate was precipitated continuously using the same double wall 
reactor employed in the direct strike precipitations. A 1M solution of thorium 
nitrate and a 0.75~ solution of oxalic acid were added simultaneously through 
separate dip sticks near the bottom of the reactor and the propeller of the 
mechanical stirrer. The precipitation was maintained at 10°C by the same cir
culating bath used during the direct strike precipitations. Metering pumps 
were calibrated to provide the necessary flow data for maintaining accurate 
molar flow ratios of the two solutions during the precipitation. To initiate 
the precipitation, a known volume of thorium nitrate solution was put in the 
reactor vessel and oxalic acid was added by the metering pump with mechanical 
stirring until all of the initial thorium was precipitated, whereupon the other 
pump was started and the two solutions were added simultaneously with continu
ous stirring. Intermittently, the precipitation product was withdrawn using 
a vacuum slurp line. Filtering, drying, decomposition, calcining, and testing 
for sinterability were done as for the previous precipitations. 

The morphology of the particles produced by continuous precipitation were 
quite different from those produced by direct strike at the same temperature. 
Figure 5 shows SEM photomicrographs of thoria particles from precipitate taken 
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FIGURE 5. Scanning Electron Microg raph of Thoria Powder Derived From Thorium 
Oxalate Precipitated Continuously at lODC With Mechanical Agitation 



from the last quarter of the run. Individual particles are agglomerates com
posed of intergrown platelets. The individual agglomerates range in size from 
5 ~m to as much as 15 ~m. However, the platelets range in thickness from 
0.1 to 0.3 ~m and 1 to 3 ~m along the exposed platelet edge. The thoria 

° crystallite size for this material was 205 A and the powder surface area 12.36 

m2jg. These two attributes were 201 A and 8.69 m2jg for the thoria derived 
from oxalate precipitated at 100e by direct strike, mechanical stirring, and 
a 15 min digesti~on. Pellets made from the continuously precipitated product 
had green and sintered average densities of 60% and 95% of theoretical, 
respectively. 

18 



DISCUSSION 

PRECIPITATION 

Duplicate precipitation trials were run at 10°C with 15 min digestion. 
The precipitation with mechanical stirring was easily duplicated producing 
material of similar sinterabi1ity as well as other properties. However, the 
precipitation with the Po1ytron agitation could not be duplicated in two 
attempts. The oxide powder produced in the duplicate trials was composed of 
large rectangular particles and had a low surface area and a poor sinterabi1ity. 
This inability to duplicate the initial precipitation was not definitely 
explained. However, the Po1ytron during the course of earlier trials had 
become coated with a thin layer of oxalate and precipitation temperature con
trol became progressively more difficult. Both conditions could have affected 
the seeding rate for the precipitation resulting in particles with a different 
morphology. The Po1ytron design would not permit easy disassembly to perform 
complete dissolution of the oxalate coating. These results indicate that the 
precipitation equipment should be of simple design that permits complete removal 
of precipitate residue and should be made of material that resists oxalate 
adherence. Metal coated with a fluorinated hydrocarbon meets these requirements. 

DECOMPOSITION AND CALCINATION 

Thorium oxalate precipitated at 100e was initially decomposed and calcined 
by inserting the dried oxalate monohydrate directly into a furnace at 900°C. 
In the SEM photomicrograph, Figure 6, the particles obviously have fused 
together. This is thought to have resulted from the very rapid heating which 
caused the oxalate monohydrate to melt before it had time to decompose. Pellets 
made from this oxide sintered to densities of less than 90% of theoretical. 
When the dried oxalate monohydrate was decomposed first at 350°C before cal
cining at 900°C, the melting did not occur. Therefore, it is important in the 
production of sinterable thorium oxide powder from the oxalate that the decom
position and calcining heat cycle include enough time between 300 and 400°C 
to thoroughly decompose the hydrated oxalate. 
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FIGURE 6. Scanning Electron Micrograph of Thoria Powder Fused 
Together As A Result of Rapid Heating of Thorium 
Oxalate Hydrate 

Of equal importance is that the oxalate decomposition atmosphere be strongly 

oxidizing since traces of carbon remain even during decomposition in air. As 

was demonstrated, a sizable amount of carbon can be formed during decomposi-
tion in a reducing atmosphere and the presence of the residual carbon in the 
oxide strongly interferes with sinterability. In a production size calcining 
operation, even the slow removal of the CO and CO2 evolved on decomposition 
could cause reducing conditions in the powder and result in the retention of 

an unacceptable amount of residual carbon. 

SINTERING 

The results of these oxalate precipitation studies indicate that thorium 

oxi de powders which will sinter to 95% TO without premilling can be produced 
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by controlling the precipitation parameters and the decomposition and calcining 
conditions. The most sinterab1e thoria was derived from oxalate precipitated 
at 10°C with mechanical stirring and 15 min digestion. Although these condi
tions would be impractical to duplicate with a large batch production operation, 
similar production rates, with the same degree of control, could be achieved 
with a continuous precipitation reactor. The difference in the particle mor
phologies of the powders derived from the direct strike and the continuous 
precipitations had little effect upon their relative s;nterabi1ities. It 
might be possible to duplicate the particle morphology of the direct strike 
with continuous precipitation by mixing the nitrate and oxalic acid solutions 
immediately before they enter the reactor. 

COPRECIPITATION 

The fact that the coprecipitated thorium and uranium (IV) oxalates can be 
decomposed and calcined in air and converted to a single phase oxide solution 
makes this an excellent method of producing the mixed oxide fuel. Formation 
of solid solution from the individual oxides can be accomplished only with 
extensive co-milling and reaction at 1700°C or above. (10) The degree of 
homogeneity achieved with the coprecipitation undoubtedly would be superior 
to that achieved with the reaction of the separate oxides. 
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CONCLUSIONS 

• Of the thorium oxalate precipitation variables - temperature, agitation, 
and digestion time - temperature has the most effect upon particle mor
phology, surface area, crystallite size, and sinterability of the derived 
thoria powder. 

• Among the thorium precipitation parameter combinations investigated, a 
10°C temperature, mechanical stirring, and 15 min digestion are the com
bination that produces oxalate from which the most sinterab1e thorium 
oxide powder is derived. Pellets of 96% TD can be fabricated from this 
powder without premilling. 

• Coprecipitated thorium-25% uranium (IV) oxalate can be converted to a 
single phase mixed oxide solid solution by heating in air. 

• The necessary parametric control can be achieved with continuous precipi
tation to produce oxalate that converts to sinterable thorium oxide powder. 

• Simultaneous separate introduction of the oxalic acid and thorium nitrate 
solutions into the continuous precipitation reactor produces precipitated 
particles which are agglomerates of intergrown crystals distinctly dif
ferent from the particles precipitated by direct strike. 

• In the production of thorium oxide powder from oxalate, the decomposition 
and calcining heat cycle must include enough time between 300° and 400°C 
to thoroughly decompose the oxalate hydrate. 
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