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ABSTRACT 

The carbonization, conversion, and coating processes in 
the manufacture of HTGR fuel particles have been studied with 
the use of a time-of-flight mass spectrometer. Non-condensable 
effluents from these fluidized-bed processes have been monitored 
continuously from the beginning to the end of the process. The 
processes which have been monitored are these: uranium-loadad ion 
exchange resin carbonization, the carbothermic reduction of UOg 
to UC2, buffer and low temperature Isotropic pyrocarbon coatings 
of fuel kernels, SIC coating of the kernels, and high temperature 
particle annealing. Changes 1n concentrations of significant 
molecules with time and temperature have been useful 1n the 
interpretation of reaction mechanisms and optimization of pro-
cess procedures. 

1. INTRODUCTION 

The reference recycle fuel for the HTGR consists basically of two types 

of microspheres: a Triso-coated f issi le particle and a B1so-coated fer t i le 

particle. Triso-coated particles contain a kernel of U09, U(C, 0) , 

•Metals and Ceramics Division. 
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and UCg finely dispersed in a carbon matrix. The kernel is surrourded by 

a porous buffer coating of pyrolytic carbon to provide void spaci for gas-

eous fission products and to prevent damage to outer coatings by high 

energy fission fragments. The coatings over the buffer are a layer of SiC 

sandwiched between two layers of high density pyrolytic carbon (low tem-

perature isotropic-LTI). These layers are more dense than the buffer 

coating and give needed strength for retention of fission products. Biso-

coated particles containing the fer t i le Th02 kernels have only buffer and 

LTl coatings of pyrocarbon. Preparation of the f issile kernels for coat-

ing and deposition of the coatings on the particles 1s done by a fluid-bed 

technique (1_, 2). 

A tlme-of-flight mass spectrometer (TOFMS) has been added to the 

faci l i ty to monitor, in-Hne, the effluent gas stream and to study the 

fuel preparation reactions. The purpose of these studies 1s to optimize 

conditions for the production of sound HTGR fuel particles and assure 

occupational and environmental safety from possibly hazardous pollutants 

which are produced. From these TOFMS analyses, i t may be possible to 

determine reaction mechanisms and kinetics that will better define the 

processes and aid in the elucidation of the reactions. When any hazardous 

chemicals in the effluents are specifically identified, one may be able to 

devise schemes for their disposal. 

2. EXPERIMENTAL EQUIPMENT 

The fuel particle coating faci l i ty and I ts auxiliary equipment have 

been described previously (1_). Sampling lines have been attached to this 

faci l i ty so that gas samples can be pumped continuously with a Model 4K 

Neptune Dyna-Pump (Neptune Products, Inc., Dover, N. 0. ) to the TOFMS from 

any one of three sampling points (A, B, C) as shown 1n Figure 1. The 
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sampling lines are 1/4-inch (nominal O.D.) stainless steel tubing wrapped 

with heating tape and maintained at 200°C to prevent condensation of the 

volatile reaction products. 

The inlet and manifold systems of the TOFMS were modified. The 

original gold foi l leak was replaced with a 3-foot section of crimped 

0.003-inch (0.076 mm) I.D. nickel tubing to form a capillary leak. Argon 

flowing through this fixed leak produced a pressure of about 1.0 x 10"6 

Torr in the TOFMS. The inlet tube was extended into the cavity of the ion 

source to increase the sensitivity. The fl ight tube was heated to about 

100°C with a flexible heating cable. As shown in FVgure 1, the f i l ters 

F̂  and Fg were nickel disc f i l ters which were added to prevent plugging of 

the capillary leak. The sampling lines were heated ana purged with argon 

for at leasi. one hour before process samples were analyzed. 

The TOFMS was operated either in the scanning or sequencing mode. 

The scanning mode permits scans from mass 1 to 1000 or any segment thereof 

at a rate up to 20,000 spectra per second. The sensitivity 1s rated at 

about 1 ppm for hydrocarbon gases; this will vary depending upon the 

particular analysis. The resolution (M/AM, where M is the maximum mass 

which can be resolved from the neighboring mass M + AM at 10% from base-

line for positive ions) was measured to be 420 for Hg+, and this varies 

according to the scanning procedure. The sequencing mode can monitor any 

six selected masses by jumping from one mass to another in a repeating 

cycle. Two readout systems are used: an oscilloscope and an LCR Telex 

recorder (Midwestern Instruments, Tulsa, Oklahoma) with three sensitivity 

levels. 
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3. EXPERIMENTAL MATERIALS AND PROCESS PROCEDURES 
The starting material for microsphere fuel particle preparation is a 

weak acid ion exchange resin (WAR) loaded with uranyl ions 4). T?is 

resins usad were Amberlite IRC-72 (Rohm and Hass) and Duolite C-464 

(Diamond-Shamrock). These resins are acrylic acid polymers crosslinked 

with divinylbenzene and ethyl vinyl benzene. The loaded resins contained 

about 47£ uranium when fully dried. 

The f i rs t step in the fuel particle preparation is carbonization of 

the uranium-loaded UAR. H bed of WAR microspheres fluidized with argon 

is heated at a programmed rate to carbonize the resin and form a micro-

sphere of essentially UO2 in a carbon matrix (2). Usually 1-2 kg of 

uranium-loaded resin was fluidized with 1-3 scfm (0.028-0.085 m3/min) 

argon and heated at a rate of 2°C/min jp to 600°C and then at a faster 

rate (7 l/2°/min) to 800°C, at which temperature the furnace was held for 

15-30 minutes. Gaseous pyrolysis products were monitored from sample 

ports A and B (Figure 1), and mass spectra were recorded from m/e 2 to 

184 every three minutes throughout the heating period. The mass spectral 

scans were manually converted to graphs of relative concentration of 

specific ions versus temperature. The profiles of these graphs gave 

indications of the temperature at which reactions occurred during the 

carbonization. Approximately one-third of the weight of the loaded resin 

is lost during carbonization. 

Reaction temperatures for the carbonization process and other process-

es were measured at the outer surface of the carbon liner of the furnace 

by optical pyrometry. Therefore, the recorded temperature was somewhat 

higher than the actual resin bed temperature, and this temperature 



5 

differential varied depending on the argon flow rate, size of the resin 

batch, temperature, and rate of temperature rise. 

The nominal reaction during resin conversion (2) , the second step in 

fuel particle preparation, is essentially U02 + 4C UC2 + 2C0+. This 

reaction was carried to various degrees of completion. The product of the 

conversion step is a mixture of U02, U(C, 0 ) , and UC2 with an excess of 

carbon. The oxygen content or extent of conversion of the converted fuel 

kernel influences the irradiation performance of the fuel particles 6}. 

The percent conversion can be regulated by argon flow rate* batch size, 

and heating time at a given temperature. Batches of carbonized WAR, 

fluidlzed with argon, were converted by heating the particles for various 

lengths of time at 1600-1800°C. During the heating the TOFMS was repeti-

tively scanned from m/e 2 to 50 at 25-sec intervals. The sequencer mode 

of the TOFMS was also used in some experiments. M/e's 2, 18, 28, 32, and 

44 only were monitored in this mode. These data were converted to relative 

concentration of a specific 1on versus temperature graphs as previously 

described in the carbonization step. 

After the desired kernels are prepared, they are encapsulated 1n a 

series of coating processes (7_). The coating processes are deposition 

processes Involving pyrolvsis of selected organic compounds (chemical-

vapor-deposition, CVD) in a fluidized-bed of microspheres. The innermost 

coating next to the converted kernel is a buffer coating of porous pyrocarbon 

made from the pyrolysis of acetylene. The density of this carbon can be 

varied by dilutfon with helium or argon in the gas stream, by changing the 

deposition temperature, etc. This carbon coating process is completed in 

a short period of time (1.5 to 4 m1n); therefore, the speed of TOFMS is 
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useful in monitoring the masses repeatedly. In a typical buffer coating 

run, 572 g of carbonized and converted WAR material was heated to 1350°C 

in a bed fludized with argon. The gas flow was switched to 4 scfm (0.113 
3 3 m /min) acetylene plus 1.6 scfm (0.045 m /min) helium for 1 minute and 42 

seconds. Mass spectra were taken repetitively at 9-second intervals from 

mass 2 to 47. 

The second coating (LTI) is a pyrocarbon coating of more dense carbon, 

the purpose of which is to retain the fission products. One coating gas 
3 

mixture which we monitored was 1.1 scfm (0.031 m /min) acetylene, 0„9 scfm 
3 3 (0.026 m /min) propylene, and 2 scfm (0.057 m /min) helium. The elapsed 

time for coating was 6.8 minutes and the temperature was 1275°C. The same 

monitoring procedure was used as that for the buffer coating process. 

For Triso-coated fissile-bearing particles, a coating of SiC is added 

over the inner LTI coating to give enhanced retention of metallic fission 

products. The CVD reaction for the deposition of SiC is the pyrolysis of 

methyltrichlorosilane (CHgCl-jSi) in the presence of hydrogen. Only one SiC 

coating run was monitored with the TOFMS. Meaningful mass spectral data 

were not obtained because the HC1 evolved in copious quantities reacted with 

the stainless steel sampling lines and TOFMS metal surfaces. Until a better 

sampling procedure can be devised, no further in-line monitoring of SiC 

coating wil l be performed. 

The outer LTI coating process was also monitored, and the spectral 

data were very similar to those of the inner LTI coating. 

The final step in the fuel preparation process is particle annealing. 

The particles are fluidized with argon and heated at 1800°C for 30 minutes. 

There was no observable evolution of material in this step. I t has been 
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noted that there is a 0.3% weight loss during annealing which is presum-

ably hydrogen (8), but because of the insensitivity of the TOFMS to H2» 

this small amount was not detected. 

4. RESULTS AND DISCUSSION 

4.1 Carbonization 

Resin carbonization has been repeatedly monitored under various 

heating conditions. The pyrolysis of polyacrylic acid, which is the basic 

polymer in IRC-72, has been studied by several investigators (9., 10., 11). 

The consecutive steps of degradation of polyacrylic acid include the fol -

lowing: dehydration to the anhydride, the formation of cyclic ketones and 

unsaturated compounds, evolution of C02, and fragmentation of the polymer. 

IRC-72 loaded with uranyl ions would not necessarily be expected to decom-

pose in the same manner. The presence of uranyl ions may eliminate the 

possibility of anhydride formation, and possibly act as a catalyst for 

more random fragmentation. The thermal degradation of Amberlite IRC-50 

which is similar to IRC-72 has been studied by Marinov and Mitov (12). 

Their data confirm in many respects the work of the above investigators. 

In the present work, water was the f i rs t compound detected in the mass 

spectral scans. Water was very di f f icul t to monitor because the surfaces 

of the equipment tended to adsorb water, and as a consequence there was 

a continual memory of water in the spectrum. There were no sharp changes 

in water concentration with increased temperature throughout the carboniza-

tion process. In Figure 2 the water peaks (m/e = 18) cover a large temper-

ature range, and there is no profile sharpness due to the memory effect. 

However, the data suggest that water is held within the matrix by different 
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modes of attachment, perhaps including absorbed and adsorbed water, 

occluded water, and anion and cation hydrated water. In addition, some 

water may be liberated by dehydration of polymer molecules. These studies 

can be improved by decreasing the surface area upon which water can be 

adsorbed, especially carbon surfaces, Future studies in al l metal systems 

should sharpen the mass spectral profiles and help to distinguish the water 

types evolved by different mechanisms. 

The most voluminous effluent from the carbonization process was carbon 

dioxide. The rate of C02 evolution maximized at about 295° and again at 

365°C (Figure 3). This suggests that there are two types of bonding 

between uranyl ions and the carboxylic acid ligands in the resin. This has 

been shown to be true in a study on the mechanism of the sorption of metal 

ions on carboxylic acid cation exchange resins (13). The infrared study 

by Chuveleva and coworkers revealed the appearance of two bands at 1640 and 

1540 cm"1, and they attribute these bands to the presence of two types of 

bonds between the carboxy! group and uranyl ions. The band at 1640 cm-1 

evidently characterizes the covalent bond, and that at 1540 cm"1 corre-

sponds to a more ionic bond. As the concentration of uranyl ions increased 

in the resin, the ratio of 1640 cm"1/1540 cm"1 decreased. Cheveleva and 

coworkers suggest that the f i r s t uranyl ions were bonded covalently to the 

sterically more favorable carboxyl groups. As the uranyl concentration 

increased, only the more remote carboxyl groups were available, and 

consequently, this bonding was more Ionic. This may account for the two-

step decarboxylation of WAR. Yufryakova et al_., continuing the study of 

the mechanism of the sorption of metal ions (M) on carboxylic acid (A) 

cation exchange resins, have shown that two uranyl complexes were formed, 
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viz. [M(A)3]~ and [M(A)2] (14). The stability constant for [M(A)3]" was 

8 x 10^ and for [ M ( A ) ^ x however, as the degree of uranium loading 

in the resin increased, the relative amount of [M(A)3]" decreased. The 

stabilit ies of these complexes may affect the rate of decarboxylation and 

result in the maxima noted at the two temperatures. 

Carbon monoxide was another major effluent monitored from WAR degrada-

tion during carbonization (Figure 3). Carbon monoxide was evolved simul-

taneously with C02 at about 295° and 365°C; since m/e 28 has a fragment 

contribution from C02, the intensity due to CO alone was less than appears 

below 400°C in Figure 3. Above 400°C the CO intensity remained greater 

than COg. At these higher temperatures there may be some contribution to 

m/e 28 by ethylene and alkane fragments but not from N2 (from air ) since 

no 02 was detected. M/e 12 was also monitored for CO detection, and its 

peak height versus temperature profile was similar to m/e 28 but less 

intense. There was a significant CO peak at about 650°C and another at 

1000-1100°C, which wil l be discussed later relative to conversion. 

Immediately following the second C02 and CO peaks (375-400°C), there 

was rapid evolution of many degradation products. We deduced from the 

mass spectra that the following compounds were evolved: acrylic acid, 

methane, acetylene, benzene, toluene, isopropylbenzene, methyl styrene, 

styrene, naphthalene, and many hydrocarbon fragments. Also, hydrogen 

evolution began after 375°C and persisted until i t peaked at about 650°C. 

Other effluent peaks at about 650°C were small and included the following 

m/e's: 28, 16, 15, 2, 9'i, 128, 130, and 152. The compounds pyrolyzed at 

650°C were probably compounds formed during the dehydrogenation, such as 

aromatic hydrocarbons. 
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The principle reaction during conversion is nominally U02 + 4C ^ 
UC2 + 2C0+. This carbothermic reduction of U02 to produce UC2 is not a 

straightforward stoichiometric reaction (1_5, 16,). The phase diagrams for 

the system U-C-O are complicated and controversial (17, 18). Nevertheless, 

during the conversion reaction at 1700°C, the only significant effluent was 

CO. A graph of peak height of m/e 28 versus time is given in Figure 4. 

Heretofore, the carbonization process has been considered complete at 800°C; 

however, with these TOFMS studies, i t has been established that further 

decomposition occurs in the ran^e of 1000-1200°C (Figure 4). The most 

significant effluent peak in this temperature zone was CO. Other compounds 

found here were H2, CH ,̂ C02, and HgO. The higher masses were not moni-

tored in this range. I t was significant that water was evolved at these 

high temperatures, and i t was probably a product of a Fischer-Tropsch type 

reaction, which coulu also produce CH ;̂ i . e . , nCO + (2n + 1)H2 •* CnH2n + 2 

+ H 2O. 
This preconversion reaction or final carbonization which occurred at 

1000-1200°C has been studied to determine the nature of the reaction. 

Many of the process experiments were terminated after carbonization at 

650°C, and the particles removed from the faci l i ty and stored under argon. 

Later the same particles were reintroduced into the furnace and converted 

to UC2. I t was speculated that perhaps the reactive particles could have 

picked up surface water contamination during storage preceding conversion, 

and with further heating a "water-gas" reaction occurred producing CO and 

H2 peaks at 1000-1200°C. This was disproved by two different experiments. 

First, experiments have been performed in which the carbonization and 

conversion reactions have been done sequentially 1n one operation without 

removing the particles from the furnace or cooling between the two 
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processes. Evolution of the same compounds was observed at the same 

temperatures in these experiments as In those In which the processes were 

interrupted. In the second experiment, conversion was stopped at 1170°C 

after the preliminary evolution of CO and accompanying compounds at 1000-

1170°C. The particles were cooled in argon and removed from the furnace 

by the usual procedure and stored under argon. At a later date the same 

material was introduced again into the furnace, reheated in argon, and the 

conversion continued. No Increases 1n CO or other compounds were observed 

this time at 1000-1200°C. Therefore, i t was concluded that the reaction 

at 1000-1200°C was one which was Inherent to the chemical composition of 

the particles and not a reaction caused by surface water contamination. 

The reaction at 1000-1200°C was found to receive some oxygen from 

the U0g and was not simply a degradation of the organic components. 

In the experiment 1n which the reaction was stopped at 1170°C, an analysis 

was made for the 0/U ratio in the starting material which had been car-

bonized up to 800°C and again for the material after heating to 1170°C 1n 

argon. The mole ratio was 2.05 before heating and 1.93 after heating. 

Thermodynamic data for U02 + x (19) indicates an enormous change in oxygen 

potential between UO-j and UO2 0 1 . For ratios of 0/U > 2.00 the excess 

oxygen assumes interstit ial lattice positions while for 0/U < 2.00 oxygen 

1s bound in anion sites. Interstit ial oxygen reacts more readily with C 

than bound oxygen to form CO and C02, and 1t may be that reduction of 

U02 + to U02 accounts partially for the reaction at 1000-1200°C. 

4.2 Conversion 

The width of the broad CO peak during conversion 1n the range 1600-

1800°C (Figure 4) was-dependent upon the flow rate of argon and the size 
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of the batch of carbonized uranium resin particles. A series of conver-

sion experiments were made 1n which the batch sizes were 0.5, 0.85, and 

1.2 kg U. Each batch was fluidized with 1, 2, and 3 scfm (0.028, 0.057, 

and 0.085 nfVmln) argon. Figure 4 is a typical curve from one of these 

nine experiments. The completeness of conversion is Illustrated by the 

abrupt decrease in CO concentration before the heating period was completed. 

For 3 scfm (0.085 m /min) argon flow, all three batch sizes were completely 
o 

converted to UC2 in less than 25 minutes at 1695°C. For 1 scfm (0.028 m / 

min) argon flow, none of the three batch sizes reacted completely in 25 

minutes. 

4.3 Coating 

The TOFMS studies of pyrocarbon and silicon carbide depositions on 

fuel kernels ara stUl in preliminary stages. The experiments which have 

been monitored reveal that useful information relative to the mechanism of 

CVD reactions will be forthcoming. The fact that the TOFMS permits one to 

monitor fast reactions in real time makes the analysis of precursory species 

feasible. In some preliminary studies, we have observed that the copious 

quantity of soot produced during acetylene and propylene pyrolysis has 

produced some analytical problems. Partial plugging of f i l ters and sampling 

lines has caused erratic results. Also, many of the products from the 

pyrolyses were adsorbed by the deposited soot, causing "memory" problems 

and slower response times. 

In addition to the TOFMS monitoring of pyrocarbon and silicon carbide 

coating reactions in situ, samples of soots and tars taken from the 

interior surfaces of the coating furnace have been analyzed by gas 
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chromatography 1n combination with mass spectrometry (GC/MS). Two soot 

samples taken from the crossover pipe between the furnace and the perclene 

scrubber (20), which is used to remove soot and pyrolysis products from 

the effluent gas stream, were extracted with methylene chloride, and the 

extracts analyzed by GC/MS. Several polynuclear aromatic hydrocarbons (PAH) 

were identified. Lower molecular weight hydrocarbons were nut found, 

undoubtedly, because the soot samples were taken from a high temperature 

region of the furnace. Among the compounds present, the following were 

identified: naphthalene, diphenylene (or acenaphthylene), fluorene, 

anthracene (or phenanthrene), methylene phenanthrene, pyrene, fluoranthene, 

benzopyrene, perylene, methylene perylene, and coronene. These compounds 

were also found in perclene scrubber solutions (21), and the l i s t was very 

similar to that given by Wolfrum et al_. (22) for their soot and pyrocarbon 

analyses of acetylene and propylene pyrolysis by-products. 

The iji situ TOFMS studies of the pyrocarbon CVD reaction were 

monitored for only low masses (up to m/e 50), but even there i t was obvious 

that complicated pyrolytic reactions were taking place. Some typical TOFMS 

data are shown in Figure 5. Only five masses were monitored here, but 

other low molecular weight compounds which were evident from other scans 

were hydrogen, methane, acetylene, ethylene, ethane, propylene, propane, 

diacetylene, butadiene, and fragments of many others. The fact that CĤ  

(m/e 16) and (m/e 28) appear almost simultaneously with acetylene 

(m/e 26) indicates the rapid rate of the pyrolysis reaction. I t 1s 

interesting to note that hydrogen (m/e 2) appears slightly later. The 

"memory" problem due to adsorption on soot deposits is Illustrated by the 

persistent concentration of m/e 28 and m/e 44 after the coating gas 1s 
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turned off. These are only preliminary data, but they do indicate what 

; -an expect as we study these reactions in more detail in the future. 

The mechanism by which carbon is formed in the pyrolysis of gaseous 

hydrocarbons has been studied extensively by others (23-29). Not all of 

their studies are applicable to the fluid-bed coating process that we are 

studying, but their hypotheses and experimental -'esults will provide 

groundwork from which we can look for precursors and reaction products to 

establish the reaction mechanism. A study which has been made and which 

most nearly coincides with our study was that of Wolfrum et al_. (22). 

Their analyses were made only of products collected after the reactions 

were complete and not of species as they were formed. Egloff (30) gives 

an extensive review of the reactions of acetylene hydrocarbons including 

acetylene pyrolysis. The pyrolysis of acetylene produces aromatic hydro-

carbons by polymerization. Bard et al,. (31J have established that pyroly-

sis of hydrocarbons 1n fluidized beds involves dissociation into small 

fragments which then repeatedly polymerize and dehydrogenate until carbon 

is deposited. They studied seven hydrocarbon-helium mixtures; no matter 

which hydrocarbon was used the resulting reactions and products were 

essentially the same. This supports the hypothesis of Porter (32) that 

acetylene 1s a precursor 1n carbon formation from any hydrocarbon. Gordon 
et al_. (33) have proposed that carbon particles are most likely formed via 

free radical addition to unsaturates, ultimately forming a polymer. There 

1s evidence that vinyl acetylene 1s one of the f i rs t species formed during 

the thermal decomposition of acetylene and that a triplet excited acetylene 

was the in i t ia l state for this reaction (34). Benzene may be formed by a 

Dlels-Alder reaction of these species. Benzene molecules are readily 

converted to phenyl radicals, or phenyl radicals can be formed from an 
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acetylene radical and two acetylene molecules. The continued reaction 

of phenyl radicals, benzene molecules, acetylene radicals, and acetylene 

molecules followed by dehydrogenation will produce progressively larger 

polynuclear aromatic hydrocarbons and finally the structured carbon matrix 

proposed by Grisdale et al,. (35). 

The structure of the deposited carbon can be varied by the choice of 

hydrocarbon gases and their concentration, the type and amount of diluent, 

the flow rates of gases, reaction pressure, and temperature. Bokros (36, 

37), Bard et al_. (31), and Lackey et a l . (38) have described the effect 

of coating variables on density and microstructure of pyrolytic carbon 

deposits. Further experiments are planned to correlate these variables 

with the reaction products in fluidized-bed coating procedures with the 

TOFMS. 

5. CONCLUSIONS 

The feasibility of using a TOFMS for in-line monitoring of effluents 

from HTGR fuel particle preparation processes has been demonstrated. The 

results of these preliminary experiments indicate that a better under-

standing of reaction mechanisms can be anticipated. The speed of data 

acquisition and the sensitivity for low concentrations of volatile com-

ponents makes the TOFMS a useful tool for these kinds of analyses. The 

TOFMS is also useful in detecting malfunctions 1n the operating equipment, 

such as air and water leaks, plugged lines, improper gas flows and con-

centration mixtures, and faulty valves and pumps. I t can demonstrate the 

effectiveness of the scrubbers to remove certain possibly hazardous by-

products, such as carcinogenic polynuclear aromatic hydrocarbons. 
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The thermal decomposition of WAR produces two distinct COg evolutions 

which indicates differences in uranyl ion to carboxylic ligand bonding 

within the resin matrix. The peaking of certain masses to more than one 

temperature indicates that as the matrix decomposes, secondary reactions 

occur and new polymeric compounds are formed which are more stable than 

the starting materials. The evolution of such compounds as hydrogen, 

methane, and water at 10Q0-1200°C helps to define the reactions occurring. 

Monitoring of CO evolution during the conversion reaction can be used 

as a measure of the completeness of the reaction and the stolchiometry of 

the UOg/UCg formed. These data will be helpful in determining which batch 

size of carbonized particles, argon flow rate, and temperature are optimum 

for conversion. 

Although not many coating experiments have been monitored with the 

TOFMS, we are optimistic about the possibilities of helping to define the 

widely studied mechanism for pyrolytlc carbon deposition. This will be 

useful not only for HTGR fuel preparation but also for understanding 

diffusion flames, combustion processes, the formation of carcinogens from 

hydrocarbons, and the manufacture of carbon-carbon composite materials. 
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Fig. 2. H2O Evolution in Carbonization of 
Uranium-Loaded Weak Acid Resin. 
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ORNL-DWG 76-4160 
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Fig. 3. Carbonization of Uranium-Loaded 
Weak Acid Resin. 
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Fig. 4. CO Evolution in Conversion of 
Uranium-Loaded Weak Acid Resin. 
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Fig. 5. Evolution of Some Acetylene 
Pyrolysis Products during Buffer Coating. 
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