




















































































































































































































EXPERIMENT TPB-11 
Sample I nit Wt Final Wt Loss Nodules 

1 0.0037 0.0057 n n 
2 0.0037 0.0051 y n 
3 0.0036 0.0054 n n 
4 0.0036 0.0059 n n 
5 0.0034 0.0046 y n 
6 0.0034 0.0051 y n 
7 0.0037 0.0061 n n 
8 0.0035 0.0059 n n 
9 0.0034 0.0047 y n 

10 0.0038 0.0064 y m 
11 0.0039 0.0051 y n 
12 0.0037 0.0061 y n 
13 0.0037 0.0054 y n 
14 0.0037 0.006 y n 
15 0.0037 0.0056 y n 
16 0.0038 0.0054 y n 
17 0.0036 0.005 y n 
18 0.0036 0.0065 y m 
19 0.0035 0.0054 n n 
20 0.0036 0.0073 n m 
21 0.0036 0.0063 y I 
22 0.0038 0.0073 n m 
23 0.0034 0.006 n n 
24 0.0036 0.0056 n n 
25 0.0037 0.0075 n m 
26 0.0038 0.0058 y n 
27 0.0036 0.0048 n n 
28 0.0036 0.0048 n n 
29 0.0035 0.0066 n m 
30 0.0035 0.005 n n 
31 0.0035 0.0076 n m 
32 0.0035 0.0072 n m 
33 0.0035 0.0081 n h 
34 0.0036 0.0057 n n 

average 0.003612 0.005912 
avg. gain 0.0023 

Table 2: Deposition data from experiment TPB-11. 
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EXPERIMENT TPB-12 
Sample lnit Wt Final Wt Loss Nodules 

1 0.0037 0.0041 n n 
2 0.0038 0.0044 n n 
3 0.0036 0.0042 n n 
4 0.0036 0.0039 n n 
5 0.0036 0.0041 n n 
6 0.0037 0.004 n n 
7 0.0036 0.004 n n 
8 0.0035 0.0042 n n 
9 0.0036 0.0039 n n 

10 0.0037 0.0041 n n 
11 0.0036 0.004 n n 
12 0.0036 0.0041 n n 
13 0.0036 0.004 n n 
14 0.0037 0.0041 n n 
15 0.0037 0.0046 n n 

average 0.00364 0.004113 
avg. gain 0.000473 

Table 3: Deposition data from experiment TPB-12. 
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LAMINATED MATRIX COMPOSITES 

Objective 11111111 

The objective of this project is to fabricate two types of ceramic composite samples: 1) 

"toothpick"-like samples consisting of multiple thin (0.25 J.tm) layers of alternating carbon and 

silicon carbide deposited onto 2'' long SiC monofilament fibers, and 2) disk-shaped samples 

containing a laminated C+SiC matrix where the reinforcement is carbon particles. Fabrication of 

the first type of samples has been completed and the samples shipped. FabricatiDn of the disk 

samples is in progress. These latter samples are of several types, i.e. differing layer thicknesses, 

and two of the samples are to have a SiC, rather than the laminated matrix. One of the SiC 

matrix samples has a carbon interface coating, while the other has no interface coating. 

Accomplishments 11111111 

Our effort is currently focused on fabrication of the disk-shaped composite samples. To date, 

fabrication of five of the seven types of disk composites has been completed. These samples and 

the run conditions used are identified in Table I. Note that two samples (instead of the one 

required) were prepared from the "all SiC matrix" type material. The six successful runs 

are summarized on the next page. 



Table I. Run Conditions for Disk Composites 

Run Type all SiC all SiC C int, SiC EquaiB Equal A EquaiC 

Run# K-1 K-2 K-3 K-4 K-5 K-6 

C cycle time (min) n/a n/a 1@10min 3 1.5 4.5 

SiC cycle time (min) n/a n/a completion 6 3 9 

propylene flow (seem) n/a n/a 200 200 200 200 

C-diluent (H2) flow (seem) n/a n/a 200 200 200 200 

target MTS flow (seem) 50 100 50 50 50 50 

actual MTS flow (seem) 53.0 96.2 48.1 42.2 42.5 43.5 

MTS-diluent (H2) flow (seem) 500 1000 500 500 500 500 

total run time 8 hrs 7h, 45 m 11 h, 1Om 18h, 18m 17h, 19.5m 15h, 45m 

# C layers 0 0 1 122 231 70 

#SiC layers 1 1 1 122 231 70 

final back pressure (psi) 0.1 9.2 10.0 9.5 10.7 9.5 

average bottom temp (C) 1100 1100 1100 930 930 930 



K-1 was an all SiC run. However, it was terminated early due to a lack of increase in back 

pressure. The total run time was 8 hours. Despite the fact that the run was terminated early, the 

sample had a relatively low porosity of 17°/o. 

K-2 was another all SiC run. However, the flow rates of the MTS and the H2 diluent were doubled, 

with the attempt at making the run time shorter. The run time was terminated at a back pressure of 

9.2 psi. The reason for the early termination was the increase in system back pressure (above the 

preform) from 795 to 990 torr in the time span of only 8 minutes. The porosity was again l 7o/o. 

K-3 was a SiC run, with a single C interface layer between the reinforcement particles and the 

matrix. The temperature of the preform during the interface deposition was 930°C. During the 

SiC deposition, the temperature was increased to 11 00°C. 

K-4 was the first successful lan1inated matrix run. The target layer thickness was 0.30 ~m, as 

specified by the equal B conditions. 

K-5 was the equal A, or 0.15 ~m layer thickness, run. 

K-6 was the equal C, or 0.45 ~m layer thickness run. The back pressure at termination was 

9.5 psi. The reason this run was stopped early was because of the continuous and rapid increase in 

system pressure, which was 816 torr upon termination. 

A polished cross section of Sample K-4 was thoroughly examined via SEM. Micrographs were 

taken in four areas, from the hot to the cold side of the sample. In each of the four areas, three 



pictures were taken. The first area was the region closest to the reinforcement particle. The second 

area was the region closest to the pore that was associated with the periphery of the coated particle. 

The final area was the area in between these two features. The information below provides further 

identification of each micrograph; a copy of each is attached. Note the desired layered 

microstructure was achieved. The layers are rather uniform in thickness and continuous. There is 

very little debris evident in the micrographs. Detailed measurements of layer thickness remain to 

be made. 

HOT region: Photos 1-3. Photo 1 is the area closest to the reinforcement particle. The partie le 

can be seen in the lower left hand comer. Photo 2 is the area between two particles. The dark 

line near the top of this micrograph is the region between two reinforcement particles. Photo 3 is 

from the area in between the two regions. 

WARM region. Photos 4-6: Photo 4 is the area closest to the reinforcement particle. The 

particle can be seen in the lower left hand comer. Photo 6 is the area closest to the pore .. Photo 5 

is the area in between the two regions. In all photos, the particle-to-pore area goes from left to 

right. 

COOL region. Photos 7-9. Photo 7 is the region closest to the sphere. The particle can be seen 

at the bottom of the photo. Photo 8 is the region closest to the pore. The pore can be seen in the 

upper left hand comer of the photo. Photo 9 is the area between photos 7 and 8. 



COLD region. Photos 10-12. Photo 10 is closest to the particle, which can be seen in the lower 

left hand region. Photo 11 is closest to the particle. Photo 12 is the area in be_tween the two 

regtons. 



Sample K-4, Micrographs Nos. 1 and 2 



Sample K-4, Micrographs Nos. 3 and 4 



Sample K-4, Micrographs Nos. 5 and 6 
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Sample K-4, Micrographs Nos. 7 and 8 



Sample K-4, Micrographs Nos. 9 and 10 



Sample K-4, Micrographs Nos. 11 and 12 




