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RESIN FUEL PARTICLES FOR HIGH-TEMPERATURE GAS-COOLED REACTORS. M. D. Silverman and |
C. B. Pollock, Metals and Ceramics Division, Oak Ridge National Laboratory, :.|

Oak Ridge, Tennessee 37830 :ij

Fuel particles for high-temperature gas-cooled nuclear reactors have been prepared
from weak-acid exchange resins. Loading with uranium is accomplished by using UO3 in
slurry form and heavy metal loading ensures stability of the microspheres during subse-
quent carbonization and beat treatment, which is performed under an inert gas in a fluid-
ized bed. Water is largely removed endothermally between 100 and 200°C, and breakup of
the polymer occurs in the 300 to 350°C range. Carbonization along with decarboxylation
takes place e^othermally from 350 to 450°C, with appreciable formation of carbon monoxide';
and carbon dioxide. Carbonization is largely completed by 600°C, with minor loss of
hydrogen* and CO on additional heating to 1000°C, yielding spheres of approximate overall
composition U02+x + 5C. Heat treatment above 1200°C ±3 used to remove oxygen and gradu-
ally convert the fuel phase from UO2 to UC2. The ratio of oxide to carbide and the amount
of excess carbon in the kernels can be adjusted by varying the time and temperature of the
heat treatment. The major advantages of the resin-prepared kernels over those prepared
by conventional methods such as the sol-gel process and high-temperature fusion techniques \
are (1) inexpensive raw materials available from several sources, (2) excellent control
of sphere size, shape, and quality established before fuel loading, (3) good reproduci-
bility of heavy metal loading, (4) relatively easy remote loading 2 3 3U, (5) reduced impor-
tance of variations in buffer coating thickness, and (6) potential improved resistance
to thermal gradient-induced kernel migration.
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FUEL PARTICLES FOR HIGH-TEMPF.RATURE GAS-COOLED REACTORS. M. D. Silverman and
Pollock, Metals and Ceramics Division, Oak Ridge National Laboratory,
tennessee 37830
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lizacion and heat treatment, which is performed under an inert gas in a fluid-
feter is largely removed endothermally between 100 and 200°C, and breakup of
occurs in the 300 to 35C*C range. Carbonization along with decarbosylatioa
exothermally from 350 to 450°C, with appreciable formation of carbon monoxide
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CO on additional heating to 1000°C, yielding spheres of approximate overall
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High-temperature gas-cooled nuclear reactors1 contain a graphite core
cooled by high pressure helium. The fuel elements, located within holes
drilled into hexagonal graphite blocks, contain the fissile material in the
form of coated microspheres, which are bonded with various materials and
heated to form the solid fuel rods. Heretofore, the kernels of these coated
particles have t en made by conventional methods such as the soi-gel process
(where sol drops are gelled in an organic solvent) or by high temperature
fusion techniques. The uranium oxide or carbide kernels produced in these
processes tsually have a high density (approx 10 g/cm3} and a low surface
area (approx 0.5 m z/g), and thick carbon buffer coatings are required to
accommodate fuel swelling and fission-gas release. By contrast, resin
derived particles have been prepared at ORNL in which the kernels are much
more porous (p = 3.5), and have a much higher surface area (approx 100 m z/g),
thereby lessening the restrictions en coatings. In this paper the prepara-
tion of these porous kernels from polymeric organic cation exchangers and
the advantages of this type of vnicrosphere over that produced by conventional
methods for use in nuclear reactors are discussed.

The major requirements for a satisfactory fuel microsphere are proper
size range, size uniformity, good sphericity, and internal integrity. More-
over, control of impurities and availability from numerous vendors at
reasonable cost are also important considerations. For resin derived kernels
most of these requirements can be net at the manufacturer's level, thereby
reducing costs and chemical problems during the later processing stages.

The resins used in this work are addition copolyiaers prepared from vinyl-
type monomers. These polymers have a much higher chemical and thermal
stability than the older condensation polymers such as the phenol-formaldehyde
types. Moreover, addition polymerization has the advantage that the degree
of cross-linking and particle size of the resins can be adjusted more easily.

Strong-acid cation exchangers such as Dowex 50 and Ambarlite IR-120
have been loaded with uranium, carbonized, and heat treated to form fissile
misrospheres. The strong-acid cation exchangers that have been used are
polystyrenes cross-linked with divinyl benzene. Sulfoitic acid groups are
introduced after polymerization by treatment with concentrated sulfuric acid
or chlorosulfcmic acid. Carbonization and subsequent heat treatment can
produce uranium carbosulfi.de or uranium carbide spheres. The resins are
thermosetting since they are formed from aromatic compounds and they yield
fine-grained spherical microspheres on heating, whether in the acid or
uranium-loaded form.

In contrast to the strong-acid type, the weak-acid resins are thermo-
plastic and the acid form fuses on heating. However, after loading with
uranium the resin becomes thermosetting on heating, yielding porous, coarse-
grained microsphcrcu with high surface area. Uranium has been loaded on
weak-acid cation exchangers such as Amberlite IRC-72 and Relite CC (Ionac).
These type exchangers, also addition copolymers, are prepared from acrylic
or tnathylacrylic acid with divinyl benzene as the eross-1inking agent.
Carbonization and heat treatment of these uranium-loaded resins can be
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I adjusted to yield kernels which are uranium oxide, carbide, or a mixture of
[the two phases, each in a matrix of carbon. Because the presence of sulfur
• is undesirable in process systems and is not easily eliminated from the
uranium-loaded strong-acid resins during fuel preparation, recent work has
concentrated on the weak-acid ion exchangers.

The process for loading uranium on a weak-acid ion exchanger is summa-
rized by the following equations:

Step 1: 2RC00H + UO2(NO3)2 -»• (RCOO)?UO2 + 2HNO3

Step 2: 2HN03 + U03 -> UO2(NO3)2 + H20

Net Reaction: 2RCOOH + U03 •* (RC00)2U02 + H20 .

Since nitric acid is liberated by the reaction between the resin and the
uranyl nitrate, I/O 3 (acting as a base) in slurry form is added to the system
to neutralize the acid formed and thus to obtain maximum loading of uranium.
A detailed study of this system2 indicated that Amberlite IRC-72 gave the
best results of all the commercial weak-acid resins tested. The carboniza-
tion of the loaded uranium microspheres was investigated, using three differ-
ent types of instruments: the differential thermal analyzer (DTA), the
thermal gravimetric analyzer (TGA), and the gas chromatograph. The data
obtained were interpreted as follows:

1. Most of the water present is removed endothermically between 100
and 200°C; small amounts entrapped within the particles and any water formed
by decomposition are not removed completely until temperatures of about
4O0°C are attained.

2. A minor endothermic reaction in the 300 to 350°C range is probably
due to breakup of the polymer (carbon-to-carbon bonds), yielding allyl
radicals which subsequently form light unsaturated hydrocarbons, such as
ethylene, acetylene, and propylene.

3. Broad exotherms in the 350 to 450°C range indicate carbonization
takes place along with some decarboxylation and carbon monoxide and carbon
dioxide are both formed in appreciable amounts.

4. A small endotherm in the 475 to 525°C range may be due to depolym-
erization of heavy organic fractions.

5. Carbonization is largely completed by 600°C, since there is only
a minor loss in weight upon additional heating to 1000°C, ths loss probably
resulting from the elimination of residusil hydrogen and carbon monoxide.
The overall composition of the carbonised inicrospheres, after heating to
1000°C, is approximately U02+x + 5C.

Carbonization and subsequent heat treatment at 1000 to 2000°C of the
uranium-loaded resin are both performed under an inert atmosphere in
fluidized-bed equipment. Conversion of uranium dioxide to uranium carbide
occurs readily above 1300°C. The reaction which takes place3 is:

U02 + 3.86 C ** UCJ.BG + 2 CO .

The extent of the reaction is time and temperature dependent. Since
CO is removed by the fluidizing inert gas stream, the reaction will proceed
to the right unless the CO pressure is fixed in the fluidizing gas.

Kernel migration into the coating, the "amoeba effect," a reiult of a
temperature gradient imposed across the particle, is occasionally observed
1 during irradiation. This type of attack has been observed with either
or UCa prepared as the dense fuel phase, but the rate of migration appears:LJ



[lower for the carbide at- tempsratures expected in a large reactor. A model
(for the "amoeba effect" involving UO2 kernels, discussed by T. B. Lindemer,"*
'is based on the 2C0 —CO2 + C equilibrium, which provides a mechanism for
carbon transport from the hot to the cold side of the fuel kernel. It is
believed that the addition of some carbide to an oxide kernel will lower the
rate of carbon transport as a result of fixing the CO pressure in equilibrium
over the carbide phase. Approximately 1% carbide is produced per 10% burnup
of the fissile atom under irradiation, and since the desired burnup is > 90%,
it is believed that particle attack by the above mechanism can be alleviated
by preparing resin-derived oxide kernels in which the initial uranium carbide
content is controlled at > 10%, by adjustment of the appropriate variables
during the heat treatment. This transformation of uranium oxide to carbide
has been studied by following the changes in composition analytically and by
x-ray diffraction powder pattern analysis.

The advantages of the resin-prepared kernels over those produced by
conventional techniques are the following:

1. The raw materials are inexpensive and available from several sources.

2. Control of particle size and shape, as well as sphere quality, is
established before adding the fuel.

3. Good reproducibility of heavy metal loading.

4. Remote loading of 2 3 3u is simplified for recycled fuel.5

5. Thick buffer coatings are not needed, thus eliminating a major
source of undesirable variations in coating thickness.

6. Kernels up to 300 ym are easily prepared, making fuel rod fabrica-
tion easier.

7. This fuel foi-ir. promises to be more resistant to the "amoeba" effect.

Thus, it is clearly evident that microspheres prepared from uranium-
loaied weak-acid cation exchange resins show considerable promise for use
as fissile fuel particles in high-temperature gas-cooled nuclear reactors.
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