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DEPENDENCE OF SILICON CARBIDE COATING PROPERTIES ON 
DEPOSITION PARAMETERS: PRELIMINARY REPORT 

R. J. Lauf and D. N. Braski 

ABSTRACT 

Fuel particles for the High-Temperature Gas-Cooled 
Reactor (HTGR) contain a layer of pyrolytic silicon carbide, 
which acts as a pressure vessel and provides containment of 
metallic fission products. The silicon carbide (SiC) is de-
posited by the thermal decomposition of methyltrichlorosilane 
(CH3SICI3 or MTS) in an excess of hydrogen. The purpose of 
the current study is to determine how the deposition variables 
affect the structure and properties of the SiC layer. Twelve 
SiC coating batches have been deposited on Biso-coated 
UO2 microspheres under systematically varied conditions to 
yield a variety of microstructures. These coatings have been 
characterized by several techniques to determine their proper-
ties and to study the effects of deposition parameters on 
coating characteristics. The grain size and shape depend on 
coating rate and deposition temperature. The fine structure 
of the coating, observed at the submicrometer level by trans-
mission electron microscopy (TEM), has been found to vary in 
the same way as does the general microstructure observed 
optically. X-ray diffraction has shown the presence of one or 
more polytypes of a-SiC in coatings deposited at relatively 
low temperatures and/or relatively high coating rates. The 
coating density and surface morphology are strongly dependent 
on deposition temperature and coating rate. The best surface 
appearance is observed in those coatings that have the highest 
density. 

INTRODUCTION 

The fuel system for the High-Temperature Gas-Cooled Reactor (HTGR) 
consists of fuel microspheres coated with layers of pyrolytic carbon 
(PyC) and silicon carbide (SiC), as shown in Fig. 1. The low-density 
buffer PyC layer provides void volume within the, fuel particle for 
fission gas retention. The inner low-temperature isotropic (LTI) PyC 
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Fig. 1. Coated HTGR Fuel Particles 
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coating provides mechanical strength to resist the fission gas pressure 
of several hundred times atmospheric developed during fuel burnup. This 
layer also provides a barrier to the diffusion of certain fission pro-
ducts that move rapidly through the buffe. layer. The SiC layer acts as 
a structural member (literally a micro pressure vessel) and, more 
importantly, is the primary containment for several fission products, 
namely, strontium, cesium, barium, and certain rare earths. These pro-
ducts are the dominant solids from the fission of 2 3 5 U under standard 
conditions. The outer LTI layer protects the SiC-coated particles from 
damage during handling and fabrication into carbon fuel rods. 

Before 1977 the HTGR was assumed to utilize fuel of relatively high 
2 3 5 U enrichment (HEU). However, recent concern about the possible 

i! 

diversion of fuel materials for the clandestine fabrication of nuclear 
weapons has resulted in greater emphasis on low- (LEU) and medium-
enriched uranium (MEU) fuels. Although fuels of relatively low enrich-
ment are feasible from a neutronic standpoint, they pose a special 
materials problem in the SiC layer. The fission yield spectra for LEU 
and MEU fuels are different from those for HEU fuel because of the 
greater amount of 2 3 8 U conversion, leading to an increase in 2 3 9 P u 
fissions. The most important consequence is the greater yield of noble-
metal fission products, especially silver and palladium. These elements 
are particularly aggressive toward the SiC at HTGR operating temperatures. 
A major goal of the current SiC development program is the optimization of 
the SiC coating in silver and palladium retention. 

To understand the modes of fission product attack and to aid in 
quality control, SiC microstructures must be thoroughly understood and 
meaningful characterization techniques developed. The current work 
involves 12 SiC coating types that were systematically deposited under 
varied conditions (temperature and coating rate) to yield a variety of 
microstructures. To evaluate the coatings with respect to noble-metal 
attack, each of the 12 coating types was deposited on three types of 
kernel: UO2, UO2 + 1 wt % Ag, and UO2 + 0.5 wt % Pd. Samples of coatcd 

*Nominal enrichment levels are: HEU, 93%; MEU, 10 to 20%; LEU, 
<10% 2 3 5 U . 
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particles from all 36 resulting batches are now being annealed at typical 
HTGR operat lg temperatures in a thermal gradient of approximately 
275°C/cm. After annealing for 1000 h, the particles will be sectioned and 
examined to evaluate their performance with respect to noble-metal 
retention. 

This report describes the results to date of the characterization of 
the 12 coating types by various methods and the relation between SiC 
microstructures and their deposition conditions. The results of annealing 
studies on Ag- and Pd-doped UO2 particles will be presented in a future 
report. 

SILICON CARBIDE COATING PREPARATION AND CHARACTERIZATION METHODS 

Deposition Parameters Investigated 

The chemical vapor deposition of SiC was accomplished by the thermal 
decomposition of methyltrichlorosilane (CH3SiCl3 or MTS) in an excess of 
hydrogen. Details of the fluidized-bed coating system and batch charac-
teristics are given elsewhere.*-

Previous studies^'^ showed that high-density SiC can be deposited at 
temperatures of 1450 to 1700°C and at coating rates at least as high as 
0.5 pm/min. The current study involves coatings deposited at four 
temperatures: 1500, 1550, 1650, and 1700°C. T"hree ranges of coating 
rates were examined: 0.2 to 0.4, 0.5 to 0.7, and 1.0 to 1.5 pm/min. The 
experimental matrix of deposition parameters investigated is summarized 
in Table 1. From each matrix element, coating specimens will be studied 
by several methods. Those that have been completed at this time are noted 
in Table 1. For some measurements, for example, x-ray diffraction, the 
studies were supplemented by measurements on additional coatings that lie 
outside the matrix given in Table 1. These findings are noted in the 
appropriate sections of the text. 

The ratio of hydrogen to MTS in the coating atmosphere typically 
ranged from 75 to 90, which is well above the minimum needed to produce 
dense coatings but was necessary to achieve good fluidization of the bed 

i 

with the small batch sizes used. 
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Table 1. Experimental Coating Parameters Investigated 

Observation for Each a 

Deposition Temperature (°C) 

1500 1550 1650 1700 

0.2 to 0.4 D,X,M,S D,X,M,S D,X,M D,X,M 
0.5 to 0.7 D,X,M,S,T D,X,M,S,T D,X,M,S,T D,X,M,S,T 
1.0 to 1.5 D,X,M,S D,X,M,S D,X,M D,X,M,S 

a D = density, X = x-ray diffraction, M = optical 
metallography, S = scanning electron microscopy, T = trans-
mission electron microscopy. 

Coating thicknesses were measured by microradiography. The coating 
rate was determined by dividing the SiC thickness by the coating time. 
Table 2 gives the pertinent data for the 12 experimental coating 

Table 2. Experimental Conditions and Results 
for SiC Deposition 

Run Temperature 
(°c) 

Coating Rate 
(lim/min) 

Dens.itya 

(Mg/m3;) u 
SC483 1500 0.42 3.208 
SC484 1550 0.40 3.212 
SC485 1650 0.43 0.218 
SC487 1700 0.42 3.197 
SC472 1500 0.70 3.190 
SC476 1550 0.75 3.207 
SC477 1650 0.71 3.203 
SC475 1700 0.50 3.195 
SC479 1500 1.20 3.156 
SC473 1550 1.01 3.195 
SC480 1650 0.95 3.207 
SC481 1700 1.06 3.206 

aStandard deviation of coating density 
by the gradient column method is typically 
±0.001 to +0.008 Mg/m 3. 
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runs, arid shows that the ranges of coating rates actually obtained 
were somewhat narrower than the nominal values given in Table 1. 

Property Characterization Techniques 

The SiC coatings were studied by a variety of techniques. The 
characterization techniques are described in detail in a previous 
report1 and can be briefly summarized as follows: 

1. To observe the overall microstructural characteristics and to 
measure grain size, whole coated particles were mounted metallographi-
cally, ground and polished to midplane, and etched in accordance with 
Procedure MET-CER-TS-39 (Appendix A). Grain sizes were measured on 
micrographs at 1000x. 

2. Microstructural characteristics of the coatings at the sub-
micron level were studied by transmission electron microscopy (TEM). 
Coating fragments were prepared for TEM by mixing with aluminum powder 
and hot-pressing into a pellet. The pellet was then sectioned with a 
low-speed diamond saw, and the resulting slices were thinned by mechani-
cal grinding, followed by ion milling. This method is outlined in 
Procedure MET-CER-TS-45 (Appendix B). 

3. Phases present in the coatings (i.e., specific polytypes of 
SiC) were studied by x-ray diffraction, selected-area electron 
diffraction, and lattice imaging. 

4. Surface morphology was studied by examining whole coated par-
ticles iii the scanning electron microscope at magnifications of 300, 
1000, and '3000 x. 

5. The density of each sample of coating fragments was measured in 
a liquid density gradient column according to Procedure MET-CER-TS-18 
(Appendix C). 

*These were all deposited on Biso-coated UO2 microspheres. Duplicate 
runs, using Ag- and Pd-doped spheres, had similar characteristics. 
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RESULTS AND DISCUSSION 

General Microstruetural Characteristics 

Optical Metallography 
The grain size of each SiC coating in the experimental test matrix 

(Table 1) was determined by light micrographs taken at 1000f. Because in 
most cases the grains tended to be columnar (i.e., elongated in the growth 
direction), a novel method was used to describe grain size. For coatings 
having small grains (<4 Vim), a 20-mm-long line was drawn on the micro-
graph parallel to the growth direction and designated the "y-axis." A 
second 20-mm line was drawn perpendicular to the first and designated the 
":c-axis." The reciprocal of the number of grain boundary intercepts along 
the 20-mm lines in both the x- and ^-directions was used to calculate the 
grain size in each respective direction. Both quantities were then 
plotted graphically. For coatings with larger grains, ten separate 
grains were measured on each micrograph in both the x- and ^-directions 
and averaged arithmetically for each direction. 

The advantage of this bidirectional approach is that the shape of 
the grains can be represented as well as their size. That is, equiaxed 
grains will have x~ and z/-values that are nearly coincident, whereas 
columnar grains will show a divergence between the two values. 

The results of grain size measurements are plotted in Fig. 2. At 
the lowest deposition temperature, 1500°C, the grains were equiaxed with 
an average diameter of about 1.5 Mm. Their size and shape changed little 
with increasing coating rate. At 1550°C equiaxed grains were formed at 
the lowest coating rate of 0.4 ym/min but were columnar for higher 
coating rates. These latter coatings had grains that were approximately 
twice as large in the growth direction but were nearly the same size in 
the tangential direction as the coatings deposited at the lower tempera-
ture. Deposition at 1650 and 1700°C yielded SiC grains that increased in 
size in both directions, with an increase in either temperature or coating 
rate. The grains were always columnar, with the z/-dimension 2 to 3 times 
the a>-dimension. 
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Fig. 2. Silicon Carbide Grain Size Versus Coating Rate for Different 
Deposition Temperatures. Solid figures represent grain size in the growth 
direction; open figures are grain size normal to the growth direction. 

Transmission Electron Microscopy 
Figures 3 through 6 show a series of transmission electron micro-

graphs of SiC coatings deposited at intermediate coating rates (0.5 to 
0.7 ym/min) and at temperatures from 1500 to 1700°C. In each figure, a 
representative optical micrograph at 1000x is included for comparison. 

Equiaxed grains deposited at 1500°C are shown in Fig. 3. The 
electron micrograph, Fig. 3(b), shows as reported previously* that the 
fee 3-SiC grains are heavily faulted. Figures 4, 5, and 6 show the 
corresponding microstructures of coatings deposited at 1550, 1650, and 
1700°C. The fact that increasing the deposition temperature tends to 
encourage the growth of large, faulted, columnar grains is clearly shown 
in the micrographs. 

Structural defects occurred during the deposition of virtually all, 
the coatings deposited at 1500 and 1550°C and are visible in Figs. 3(a) 
and 4(a). In the optical micrographs the defects are visible as thin, 
dark, wavy lines extending circumferentially within the coating. The 
electron micrographs in Figs. 7 and 8, at two different magnificationsp 



Y-162404 

Fig. 3. Silicon Carbide Coating SC472. Coating rate = 0.70 ym/min, 
deposition temperature = 1500°C. (a) Optical micrograph at 1000x; 
(b) electron micrograph at ^SjOOOx. xKe grains are approximately F ym in 
diameter and more or less equiaxed. A few small voids are present. 
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Fig. 4. Silicon Carbide Coating SC476. Coating rate = 0.75 ym/min, 
deposition temperature = 1550°C. (a) Optical micrograph at 1000x; 
(b) electron micrograph at 75,000x. Grains are larger than those in 
Fig, 3 and slightly columnar in shape. 
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0.2 ym 

Fig. 5. Silicon Carbide Coating SC477. Coating rate = 0.71 um/min, 
deposition temperature = 1650°C. (a) Optical micrograph at 1000x; 
(b) electron micrograph at 75,000x. Grains are very large, with pro-
nounced elongation in the direction of growth. 
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0.2. um 

Fig. 6. Silicon Carbide Coating SC475. Coating rate = 0.50 ym/min, 
deposition temperature = 1700°C. (a) Optical micrograph at 1000x; 
(b) electron micrograph at 7 5 , 0 0 0 x % The coating is somewhat thinner than 
the others, but the grains are larger and not so heavily faulted. 
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YE-11772 

» • 

1 ym 

Fig. 7. Electron Micrograph of Structural Defect Found in Coatings 
Deposited at 1500 and 1550°C, Composed of Small, Equiaxed Grains and a 
Local Concentration of Porosity. The defect is shown here at relatively 
low magnification ("10,000*). 



Fig. 8. Enlarged Micrograph of Area Shown in Fig. 7, Showing Details 
of Defect Band at ~36,000x. 
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show that the defect Is composed of very small, equiaxed grains combined 
with a local concentration of porosity. The exact source of this defect 
is not clear at present. It might result from fluctuations in the 
coating process caused, for example, by the particles momentarily 
adhering to the furnace wall before rejoining the circulating bed. The 
adverse effect of this defect on coating integrity cannot as yet be 
quantified. 

Phases Present 

Table 3 lists the results of x-ray diffraction for the experimental 
coatings listed in Table 2 and for additional specimens, including some 
coatings made in the large (130-mm) furnace. Free silicon was not 
detected in any of the samples, nor was elemental carbon. Coatings 
deposited at relatively low coating rates and/or at relatively high tem-
peratures consisted of only the cubic or beta phase of SiC. Coatings 
deposited at lower temperatures or at higher coating rates contained 
traces of what appears to be one or more polytypes of a-SiC. Coatings 
deposited in the large coater exhibited behavior consistent with that of 
the coatings from the small (25-mm) furnace. The relation between depo-
sition parameters and phases present is illustrated in Fig. 9. 

Some confusion exists in the l i t e r a t u r e c o n c e r n i n g the true 
nature of the alpha phase in coatings of this type. The 0-SiC is 
usually heavily faulted, and it is only the stacking sequence that 
distinguishes one polytype from another. Thus, it may not always be 
possible to differentiate with certainty between a heavily faulted beta 
phase and a true alpha phase. This phenomenon is particularly 
interesting when one recalls that high coating rates (which encourage 
stacking faults) yield coatings that are most likely to show traces of 
oe-SiC in their diffraction patterns. Although preliminary results 
using lattice imaging to identify the polytypes* are encouraging, more 
work is clearly needed before the phase relationships are completely 
understood. 
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Table 3. Coating Specimens Examined 
by X-ray Diffraction 

Run Deposition Temperature 
(°C) 

Coating Rate 
( pm/rain) Phases 

SC207 a 1575 1.36 a + 0 
SC483 1500 0.42 3 
SC484 1550 0.40 3 
SC485 1650 0.43 3 
SC487 1700 0.42 3 
SC472 1500 0.70 a + e b 

SC476 1550 0.75 3 
SC477 1650 0.71 3 
SC475 1700 0.50 3 
SC479 1500 1.20 a + 3 
SC473 1550 1.01 a + 3 
SC480 1650 0.95 3 
SC481 1700 1.06 3 
SC525 1600 1.19 a + 3 
SC524 1600 1.37 a + 3 
SC526 1650 1.33 a + 3 
SC497 1700 1.29 3 
A742 c 1475 0.15 a + 3 
A736 c 1475 0.37 a + 3 
A508 c 1475 0.45 a + 3 
A739 c 1675 0.37 3 

aRun SC207 is from earlier work, using the same 
coating furnace. 

^Presence of a-SiC in this specimen was also indi-
cated by transmission electron microscopy. 

°Runs made in the laige (0.13-m) coating furnace. 
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Fig. 9. Phases Present in SiC Coatings as a Function of Coating 
Parameters. Circles indicate small coater; squares indicate large coater. 
Triangle point is from earlier work, small coater. (Open figures: 
100% B-SiC; solid figures: $-SiC with some ot-SiC.) 

Surface Morphology 

Previous r e p o r t s * h a v e shown the relationship between the surface 

appearance of the SiC layer [examining whole coated particles by scanning 

electron microscopy (SEM)] and the deposition temperature. Specifically, 

we noted that the appearance of coatings deposited at 1550 to 1650°C 

suggested a more dense, crystalline structure than did the appearance of 

coatings deposited at higher or lower temperatures. The current work has 

expanded these observations to include the effect of coating rate. 

Figure 10 shows the surfaces of three coatings deposited at 1500°C. 

At the lowest coating rate, the surface has a slightly crystalline 

appearance. At the intermediate coating rate, the surface becomes globu-

lar, with just a hint of crystallinity. At the highest coating rate, the 

surface is totally globular and disordered looking. The latter coating 

had very low density (3.16 Mg/m 3). 
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Figure 11 shows the surfaces of coatings deposited at 1550°C. At 
this temperature all three coatings have a crystalline appearance. 
However, as the coating rate increases, the grains do not appear to fit 
together as closely. Thus, with increasing coating rate, the surface 
becomes rougher. The grain boundary gaps seen at the highest coating 
rate, Fig. 11(c), do not extend more than a few micrometers intc the 
coating. Nevertheless, the surface appearance of this coating (SC473) 
indicates a lower quality than do the two that were deposited at lower 
rates. 

Density 

Coating densities were measured for all 12 experimental coating 
types deposited on Biso-coated U0£ microspheres. In addition, we 
measured the densities of several coatings deposited on microspheres 
containing the simulated mission products silver and palladium. This 
measurement served to verify the assumption that the coatings deposited 
on doped kernels were identical to those deposited on pure UO2 kernels 
under similar conditions. 

The results of all density measurements were reported previously,* 
but for completeness are presented again in Fig. 12. In general, 
densities reach a maximum at a deposition temperature of about 1600°C. 
As the coating rate is increased, density generally decreases. An 
exception seems to occur in coatings deposited at 1700°C. Here, the 
coating deposited at 1.0 um/min has greater density than those deposited 
at lower rates. Comparison of the coating surfaces, Fig. 13, appears to 
confirm this tendency. The origin of this anomaly is not understood, at 
this time. 

Current fuel specifications require that SiC coatings have a mini-
mum density of at least 3.18 Mg/m 3, which corresponds .to 99% of theo-
retical density. Figure 12 shows that all but one of the experimental 
coatings are above the specified minimum density. 
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Fig. 11. Scanning Electron 
Micrographs of SiC Coatings 
Deposited at 1550°C. Coating 
rates are (a) 0.40, (b) 0.75, and 
(c) 1.01 ym/min. 
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TEMPERATURE,*c 

Fig. 12. Densities of SiC 
Coatings as a Function of Depo-
sition Temperature and Coating 
Rate. (Coating rates are given 
in vim/min.). Open points indi-
cate UO2 kernels; solid points 
indicate kernels containing both 
UO2 and fission product elements. 

Fig. 13. Scanning Electron Micrographs of SiC Coating Surfaces. 
The deposition temperature for both was 1700°C. Coating rates are 
(a) 0.50 ym/min and (b) 1.06 pm/min. 



22 

CONCLUSIONS 

1. The grain size of a SiC coating is strongly dependent on depo-
sition temperature and coating rate. As deposition temperature is 
increased, grains become larger and more columnar in shape. Grain size 
Increases almost linearly with coating rate for deposition temperatures 
>1350°C. At 1500°C, grain size is independent of coating rate. 

2. The effects of deposition variables on coating microstructure 
are best understood by comparing optical and transmission electron 
micrographs. The two characterization techniques complement one another 
and provide details of the overall microstructure as well as of the fine 
structure at the submicron level. 

3. Coatings deposited at temperatures of 1550°C or lower have a 
defect that appears optically as a wavy dark band at 1000*. Higher magni-
fication by TEM has shown the defect to be a band of very small equiaxed 
grains intermixed with a local concentration of porosity. 

4 - Coatings examined in this study consisted primarily of the cubic 
or beta phase of SiC. At relatively low deposition temperatures and/or at 
high coating rates, coatings have tr^._es of what appears to be one or more 
polytypes of a-SiC. The relation between this apparent alpha phase and a 
highly faulted beta phase is not completely understood at this time. 

5• The surface appearance of the coatings depends strongly on 
deposition variables. At low temperatures (~1500°C) the coatings have a 
globular or botryoidal appearance at all but the lowest coating rate. 
At intermediate temperatures (1550 to 1650°C) the surface consists of 
well-formed, dense, interlocking crystals. Surface quality decreases 
slightly with increasing coating rate in this temperature range. At 
1700°C the coating deposited at the highest rate has a more interlocking 
structure than that deposited at the intermediate rate. This finding 
agrees with density measurements that indicated higher .density for the 

* 

coating deposited at the higher rate. 
6. From earlier work in this program, density was found to depend 

strongly on deposition temperature and coating rate. In general, den-
sities reached a maximum at about 1600°C. Coating density is independent 
of kernel composition. Generally, density decreases with increasing 
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costing rate. An exception occurs at 1700^2; at which the highest coating 
rate yielded the highest density coating. reason for this phenomenon 
is not known at the present time. 
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Ceramics Development 
Metals and Ceramics Division 
OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 37830 

Procedure No. MET-CF.R-TS-39 
Revision No. 0 
Date August 12, 1975 
Page 1 of 2 

TEST SPECIFICATION 

TITLE: Metallographic Examination of SiC Coatings on Particles 

9 / / Q / 7 S 

(date) 

(date) 

(date) 
1. SCOPE 

This specification outlines procedures to be followed for sampling, sample 

preparation, and the examination of SiC-coated particles. 

2. SAMPLING 

All batches to be examined will be riffled to a sample size sufficient to 

cover a 0.5-in.-diam circle as a monolayer. 

3. MOUNTING AND POLISHING 

3.1 Mount particles in epoxy resin using conventional metallographic 
practices. 

3.2 Scribe the mount to identify the particles. 

3.3 Grind to near the equator of the particles on a 15 pm Motalbond 
Diamond Disk (3M Company) using either water or a water-free silicone 
oil, depending upon the compatibility with water of the material to 
be ground. 

3.4 Pour a small amount of epoxy on the ground surface and place the 
mount in a vacuum desiccator. This step is to fill any macro-
porosity in the particles with epoxy and to hold the kernels of 
coated particles intact during the polishing operation. 

3.5 Grind to the equator of the particles by the procedure given in 
paragraph 3.3. 

PREPARED BY : (/T Vfc/ A C> ft £ rtJ 
I. Federer 

APPROVED BY: 
W. P. Eatherly 

DQAC APPROVAL: 
R. Jf Beaver 
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3.6 Place mount on vibratory ..olishi.ng bowl using a pellon cloth [0.3 ym 
A1J0 3 Linde-A)]. The vehicle used depends upon the type of material 
(i.e.j water used for some oxides, water-free silicone oil used foi 
carbides) . 

3.7 After the grinding scratches are removed by step 3.6, complete the 
polishing by vibratory polishing with a 1/2 ym diamond paste on a 
nylon cloth using either water or silicone oil as a vehicle. 

4. EXAMINATION AND PHOTOGRAPHY OF THE POLISHED PARTICLE COATINGS 

4.1 Examine with a Leitz bench microscope at 100 to 1000* for porosity, 
cracks, second phases, etc. 

4.2 Photograph representative coatings at 750* using bright field illumina-
tion on Polaroid film and Kodak Royal Pan film. 

5. ETCHING THE POLISHED PARTICLE COATINGS 

5.1 Preparation of the etchant. prepare saturated solutions of potassium 
ferricyanide [K 3Fe(CN) 6] and sodium hydroxide (UaOH). Mix equal 
parts of the two solutions together at room temperature, then heat 
to boiling (^115°C). 

5.2 Agitate polished sample in the etchant for 1 to 2 min, or as required, 
to produce a suitable etch. The etchant degrades in about 10 min. 

5.3 Rinse with water and alcohol and dry immediately after etching to 
minimize staining. 

6. PHOTOGRAPHY OF THE ETCHED COATINGS 

6.1 Examine the coatings with a research metallograph at 100 to 2000* 
under bright-field illumination. 

6.2 Photograph representative coatings at requested magnification, 
typically 750 and 1500*, using bright-field illumination on Polaroid 
film and Kodak Royal Pan film. 

7. DISPOSITION 

Send Polaroid prints to the responsible engineer. Retain permanent negatives 

for printing upon request. Retain .mount in the archives of the Metallographic 

Laboratory. 



APPENDIX B 

Preparation of Particulate Samples for TEM Examination 
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TEST SPECIFICATION 

TITLE: Preparation of Particulate Samples for TEM Examination 

PREPARED BY: (SSLqX. /2)$J ?f 
R. J. Lauf and H. Keating 

APPROVED BY: 

(date) 

/ ^ m ^ y r W i h f 
(date) 

R. L. Beatty 

DQAC APPROVAL: 
R. J. Beaver 

1. SCOPE 
This specification outlines procedures to be followed for the preparation of 
fragmented, granular, or particulate ceramic materials for examination by 
transmission electron microscopy-

2. SAMPLING 
A representative sample is to be obtained which shall occupy a bulk volume 

•3 

of at least 0.1 c m . This is necessary to provide enough fragments to 
study conveniently after dilution with metal powder. 

3 • MOUNTING 
The sample particles are mixed with an equal amount of metal powder (silver 
or aluminum) and hot-pressed into a pellet in a graphite die. The conditions 
of temperature and pressure used must be such that a strong, homogeneous 
metal matrix is formed that will hold the particles securely and will not 
fracture during diamond sawing. 

k. POLISHING 
Slices of the resulting pellet are mechanically ground and polished on both 
sides to a final thickness of 0.001 to 0.002 in. A precision grinding jig 
with removable piston is used to maintain flatness and parallelism of the 
polished surfaces. 

5• THINNING 
Final thinning of the specimen is accomplished using an ion micromilling 
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instrument. A 3 mm disk is punched from the polished specimen and mounted 
in the specimen holder. Milling parameters are set in accordance with 
manufacturer's specifications. The condition of the specimen is monitored 
periodically using a stereo microscope. When a hole appears in the specimen 
and there are areas that appear to be thin enough for electron-transparency, 
the specimen is removed and is ready for TEM examination. 



APPENDIX C 

Determination of Particle Coating Density by 
Gradient Column 
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TEST SPECIFICATION 

TilLE: Determination of Particle Coating Density by Gradient Column 

PREPARED BY: v C z / / 'it? O _ A ^ l J 3 J S 1 2 £ 
R. L. Beatty arfd J. I//Federer (date)J 

i/ 
APPROVED BY: 

DQAC APPROVAL: 

(,). . U] Atw, K W 
wl^T. Eatherly (date) ' 

R. J./Beaver (datey 
1. Scope: This specification outlines procedures to be followed for gradient 

column density determinations including sampling, sample preparation, column 
preparation, and data reporting for pyrocarbon (PyC) and silicon carbide (SiC) 
coating fragments removed from microspheres. 

2. Request: Request for control analysis shall be submitted on forms MET-CER-D-16 
and UCN-1910. Examples of these forms are appended to this procedure. 

The original investigator will indicate on form UCN-1910 any special pre-
cautions to be taken with the sample (e.g., enriched-fissile and fertile, SiC 
and/or pyrocarbon coated, pyrophoric, disposition of samples, etc.) 

3. Sampling: All coated particles to be tested are to be selected by riffling 
in accordance with ASTM Standard E 300-70. 

4. Specimen Preparation: Individual coated particles are to be cracked using a 
device which employs a micrometer head to force each particle against a glass 
plate while the particle is viewed with a low-power microscope. At least 30 
fragments of each type of coating layer must be obtained. Care is to be taken 
that each PyC fragment contains only one layer. Duplicate samples of each 
layer are to be collected, bottled, and labeled. Fragments from SiC layers 
will be heated to 1000 ± 25°C for 3 ± 1/2 hr in air while contained in a 
platinum or alumina (Ala03) crucible to burn away adhering PyC. Any residue 
from this treatment shall be removed by ultrasonic cleaning for 5 min or until 
all residue is removed. During ultrasonic cleaning the SiC fragments will be 
contained in a vial or test tube along with a volatile liquid such as benzene 
to conduct the ultrasonic vibrations. The completeness of cleaning will be 
assessed by viewing the fragments at a magnification of at least 30x. 

5. Column Preparation: The density gradient column shall be prepared by any estab-
lished technique which produces either a constant gradient or a curve whose 
first derivative does not change sign within the working range. Any pair of 
completely miscible liquids having respective densities suitably above and below 
the required working range may be used. A set (specified number) of density 



36 

Procedure No. MET-CER-TS-18 
Revision No. 2 
Date August 18, 1975 
Page 2 of 2 

standards shall be placed in the column either before or after filling. 
After the column is established, the standards shall be counted to ensure 
that the complete set is loaded. Standards shall be positioned in the column 
working range at increments <0.10 g/cm3 for carbon and <0.025 g/cra3 for SiC. 
Each standard must be a spheroid with aspect ratio <1.5 and density cali-
brated to ±0.001 g/cm3. The column gradient shall be such that the gradient 
across the vertical dimension of each floating standard is <0.003 g/cm3. 

6. Specimen Loading: The coating fragments will be placed in a chamber which will 
be evacuated to a pressure <L torr for at least 5 min. The sample will then 
be submerged, without allowing exposure to other atmospheres, in a mixture of 
the gradient column liquids having a density 0.10 g/cm3 less than the esti-
mated density of the fragments. After readmitting atmosphere to the chamber, 
the liquid will be decanted and the wetted fragments placed in the gradient 
column. A cap (rubber stopper or other device) shall be placed on the column 
after all desired materials are loaded. 

An acceptable alternative method of loading SiC fragments involves ultra-
sonic wetting. The fragments are placed in a small vial or test tube along 
with a few cc of liquid drawn from the top of the gradient density column. 
The container is placed in an ultrasonic bath for about 30 sec to promote 
wetting of the fragments. Then, the liquid containing the wetted fragments 
is drawn into a medicine dropper and discharged into the top of the gradient 
density column. 

7. Data Recording: After checking to assure no specimen-standard interactions, 
positions of all standards and specimens shall be observed after a 2-hr 
settling period for PyC and after 6 hr for SiC fragments. Position measure-
ments shall be made on a scale with smallest division (not interpolation) 
corresponding to a column density increment <0.001- g/cm3. Readings shall be 
taken on all objects, including standards and fragments, consecutively from 
top to bottom of column to minimize relative shifts due to temperature fluc-
tuations. Data including the density of each fragment and the density mean 
and standard deviation for all fragments of each batch shall be reported on 
form MET-CER-D-35. In addition, the complete column density data with posi-
tions shown for all standards will be reported. 


