
vi 

 

TABLE OF CONTENTS 

LIST OF FIGURES ..................................................................................................................... viii 

LIST OF TABLES .......................................................................................................................... x 

CHAPTER ONE: BACKGROUND ............................................................................................... 1 

Current Launch Pad Configurations ........................................................................................... 1 

Commercial Launch Vehicles ................................................................................................. 2 

NASA Launch Vehicles for Manned Missions ...................................................................... 2 

Current Materials in Use ............................................................................................................. 5 

Future Launch Pad Requirements ............................................................................................... 8 

A New Launch Pad Structure Material ..................................................................................... 10 

CHAPTER TWO: LITERATURE REVIEW ............................................................................... 11 

Polymer Derived Ceramics ....................................................................................................... 12 

Continuous Basalt Fiber ............................................................................................................ 15 

Thermal and Mechanical Testing of PIP CMCs ....................................................................... 19 

CHAPTER THREE: FABRICATION ......................................................................................... 20 

Panel Cure and Pyrolysis .......................................................................................................... 20 

Reinfiltration and Pyrolysis Cycles .......................................................................................... 25 

CHAPTER FOUR: MATERIAL TESTING METHODS ............................................................ 27 

Scanning Electron Microscopy ................................................................................................. 27 

X-Ray Diffraction ..................................................................................................................... 33 











28 

 

   

Figure 8. SEM of Biaxial Basalt (Left) and Plain Weave Basalt (Right) 

 

 

 

Figure 9. EDS of Plain Weave Basalt Fiber 

 

Figure 10 shows cross sections of polysiloxane panels. The image on the left shows good 

penetration of the resin into the fiber tow and although this panel only received one pyrolysis 

cycle, there is a suitable amount of ceramic around the fibers. The image on the right shows the 

interface between a longitudinal layer and a transverse layer of fibers. Again, we can see an 

adequate quantity of ceramic around the fibers. EDS of a fiber in the panel, shown in Figure 11, 

shows all the elements contained in basalt; the gold is due to the gold spattering applied to the 
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sample to provide electrical conductivity necessary for EDS. Figure 12 shows EDS of the matrix. 

The main elements are silicon, oxygen, and carbon, which are expected for the temperature at 

which these parts were pyrolized. The aluminum and calcium are artifacts of the basalt fiber. 

 

  

Figure 10. SEM Images of Polysiloxane Panels: LBF105 (Left), LBF107 (Right) 

 

 

 

Figure 11. EDS of Fiber from Panel LBF105 
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Figure 23. Torch Test Setup 

 

 

Figure 24. During Test 
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Flexural Testing 

Bend testing was performed referencing ASTM C1341. This test is specifically for three 

and four point bending of continuous fiber reinforced ceramic composites. Testing was 

performed on an Instron machine in the Mechanical Engineering Lab as shown in Figure 25. 

Panel LBF214 (Table 10) was cut into (8) 19 mm wide specimens and three point bending was 

performed on those specimens with a span to thickness ratio of 24:1. Panel LBF215 (Table 12) 

was cut into (5) 15 mm wide specimens and three point bending was performed with a span to 

thickness ratio of 32:1. The flexural strength is calculated using equation (1), where PU is the 

maximum load, L is the support span length, b is the specimen width, and d is the specimen 

thickness. 

 

  
    

    
 ( 1) 

 

 

 

Figure 25. 3 Point Bend Test Setup 
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CHAPTER FIVE: RESULTS AND DISCUSSION 

Oxyacetylene Torch Testing of Baseline Panels 

Figure 26 and Table 13 list the results of the polysiloxane panel testing. Burnthrough 

occurred approximately 30-35 seconds into the test. The maximum temperature that was seen by 

the back face prior to burn through was 180°C. LBF106 and LBF107 had the thermocouple 

slightly off center, which resulted in lower measured values but still followed the general trend. 

Figure 27 and Figure 28 show examples of the panels after testing. The front of the panel 

demonstrates melting and ablation due to the flame. From the back of the panel, a small hole is 

shown where burnthrough occurred; the region around the hole is melted adhesive that was used 

to hold on the thermocouple. The side of the panel shows delamination; this is due to lower 

strength in this direction. 
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Figure 26. Torch Testing Results of the Polysiloxane Panels 
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Table 13. Recession Rates for Polysiloxane Panels 

PANEL ID

Erosion Rate 

(mm/sec)

LBF103 0.1868

LBF104 0.1814

LBF105 0.2117

LBF106 0.2048

LBF107 0.1924

AVERAGE 0.1954  

 

 

Figure 27. Panel LBF103 Post Test 

 

 

Figure 28. Panel LBF106 Post Test 
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Figure 29 and Table 14 list the results for the polycarbosilane panels. Only panel LBF203 

burned through at the impingement point; it took 40 seconds and the backface reached a 

temperature of 500°C. The other panels were tested until the adhesive holding the thermocouple 

melted. Because these panels were slightly bowed, there may have been heat intrusion in the gap 

between the metal frame and the panel. This may have allowed heat to reach the back of the 

panel from the sides rather than through the panel, which prematurely melted the adhesive. Also, 

because the panels bowed outward, the impingement point was slightly closer than ¾” which 

may have changed the heat flux seen by the front of the panel. Even with the early thermal 

termination, the testing continued for 40-60 seconds, outlasting the polysiloxane panels. Figure 

30 shows the panel which did burn through, and Figure 31 is an example of the other panels. 

These panels cracked through the thickness very early into the test (may be seen in the back face 

and side views); this is most likely due to the stress on the bowed panels in the frame. The 

ablation appears to be slightly different than what was seen with the polysiloxane panels and  this 

may be from the bowing in the panel which made the impingement point closer to the panel. 
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Figure 29. Torch Testing Results of the Polycarbosilane Panels 

 

 

Table 14. Recession Rates for Polycarbosilane Panels 

PANEL ID

Erosion Rate 

(mm/sec)

LBF203 0.1411

LBF204 0.1323

LBF206 0.1351

LBF207 0.1270

LBF208 0.0635

AVERAGE 0.1198  
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Figure 30. Panel LBF203 Post Test 

 

 

Figure 31. Panel LBF206 Post Test 

 

Oxyacetylene Torch Testing of Reinfiltrated Panels 

 Figure 32 and Table 15 contain the results for the second set of polycarbosilane panels 

which were reinfiltrated. LBF216 cracked immediately due to the sudden stop of the frame as it slid 

forward on the rail towards the torch nozzle, which allowed the heat to go through the panel 

instantly. All of these panels had burn through times of only 10-13 seconds, which is much less than 

even the polysiloxane panels. Figure 33 shows one of the panels after the torch test. All the panels 
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cracked through the thickness, but these did not show interlaminar delamination. The posttest 

condition of these panels appears similar to the condition of the first set of polycarbosilane panels, 

except the hole at the impingement point appears bigger on these panels.  

 

 

Figure 32. Torch Testing Results of the Reinfiltrated Panels 

 

Table 15. Recession Rates of Reinfiltrated Panels 

PANEL ID

Erosion Rate 

(mm/sec)

LBF216 0.5773

LBF222 0.3735

LBF224 0.3342

LBF225 0.3175

AVERAGE 0.4006  
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Figure 33. Panel LBF224 Post Test 

 

The decreased burnthrough time could have been a result of the change in the fabric form 

(the first set was biaxial, the second set was plain weave), or it could have been due to the interface 

between the fiber and the matrix after reinfiltration. Changes in the test setup, such as the 

thermocouple attachment technique and a possible slight variation in the heat flow from the torch, 

could have also affected the results. 

 

Flexural Testing of Baseline Panel 

The first panel tested received only one pyrolysis cycle and no reinfiltration. It was then cut 

into (8) 19 mm wide specimens. The specimens were 6 mm thick and tested at a span of 152 mm, 

which results in a thickness to span ratio of 24:1. The specimens were loaded at a rate of 

0.041mm/min. Figure 34 demonstrates an example of a failed specimen with a crack through the 

thickness. Figure 35 shows the load vs. the displacement for all 8 specimens. There is very little 

displacement before failure, which is common for ceramic materials. The fibers in the part allow 

for more flexure which increases the overall strength. Table 16 lists the calculated flexural 

strength in each specimen; the average strength is 33.2 MPa 
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Figure 34. Panel at Failure 

 

 

 

Figure 35. Bending Load vs. Displacement for Polycarbosilane Panel 

 

 

Table 16. Flexural Strength Data for Polycarbosilane Panel 

TEST
MAX LOAD 

(N)

Flexural 

Strength 

(MPa)

1 113.88 33.98

2 85.59 25.54

3 148.60 44.34

4 109.52 32.68

5 126.12 37.63

6 104.33 31.13

7 106.34 31.73

8 95.49 28.49  
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Flexural Testing of Reinfiltrated Panel 

The second panel tested was reinfiltrated and pyrolized twice to increase the ceramic 

content. This panel was then cut into (5) 15 mm wide specimens for testing. The specimens were 

4 mm thick and tested at a span of 128 mm, resulting in a thickness to span ratio of 32:1. The 

specimens were tested at a rate of 0.0594 mm/min. Figure 36 shows the displacement vs. load for 

each specimen. Table 17 lists the flexural strength results with an average of 16.3 MPa.  

 

 

Figure 36. Bending Load vs. Displacement for Reinfiltrated Panel 

 

Table 17. Flexural Strength Data for Reinfiltrated Panel 

TEST
MAX LOAD 

(N)

Flexural 

Strength (MPa)

1 18.09 14.36

2 21.00 16.66

3 19.26 15.29

4 20.52 16.29

5 23.79 18.88  
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The reinfiltrated specimens have approximately half of the flexural strength of the 

pyrolysis only specimens. This could be due to differeing span to thickness ratios, or the 

increased crosshead speed used for the reinfiltrated panels. It could also be because a different 

fabric form was used, or the reinfiltration cycles strengthened the bond between the fibers and 

the matrix causing the fibers to fail in a brittle manner.  

  



49 

 

CHAPTER SIX: CONCLUSIONS 

Ceramic matrix composites are becoming available in more forms. By using a polymer 

derived ceramic, panels can be fabricated, cured, and then pyrolized to obtain a ceramic matrix in 

a bulk, structural component. The material characterization showed that the polycarbosilane resin 

did transform to silicon carbide during pyrolysis. Basalt fiber was chosen for reinforcement due 

to its thermal and mechanical properties and its availability.  

The only available data for a launch environment is for the Space Shuttle. This is a much 

more extreme environment than what this material is being designed for. The torch testing was 

performed at a lower heat rate than what was experienced by the Shuttle Launch Pad, but the 

heat rate at the pad only lasts for a few seconds. During the torch testing, the panels which 

received only one pyrolysis cycle did not detect heat at the back face of the panels until 10-20 

seconds into the test. The reinfiltrated panels had a much shorter burnthrough time. The flexural 

strength of the reinfiltrated specimens is half of the strength of the specimens which only went 

through one pyrolysis cycle; both sets of specimens had higher flexural strength than the 

refractory concrete. 

The testing performed show that basalt fiber reinforced ceramic matrix composites are a 

viable option for high temperature structural applications. The decrease in thermal resistance and 

flexural strength of the reinfiltrated panels is an area that will require further investigation. It may be 

because of changes in the basalt fiber or changes in the bond between the fibers and the ceramic 

matrix. The SEM images show a stronger bond, which causes the fibers to break in a more brittle 

manner and does not increase the strength of the ceramic. More testing will be required to fully 

understand the phenomena taking place.  
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APPENDIX A: PANEL FABRICATION DATA 
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PANEL LBF103 

Table 18. Materials for LBF103 

Resin

Resin 

Weight (g) Fiber Layup

Fiber 

Weight (g)

Total 

Weight (g)

SPR-688 61.00
Biaxial Basalt 

Fiber
[0/90]11 190.00 251.00

MATERIALS

 

 

Table 19. Cure Cycle for LBF103 

Ramp Up 3°C/min

Hold Temp 100°C

Hold Time 90 min

Vacuum -28 inHg

Pressure 20 psi

Post Cure Temp 275°C

Post Cure Hold 24 Hours

CURE CYCLE

 

 

Table 20. Post Cure for LBF103 

Weight 

(g)

Fiber 

Volume 

Fraction

Resin Content 

by Weight

248.20 56.15% 23.45%

POST CURE
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Table 21. Pyrolysis Cycle for LBF103 

Ramp Up 1°C/min

Hold Temp 650°C

Hold Time No Hold

Ramp Up 2°C/min

Hold Temp 850°C

Hold Time 90 minutes

Ramp Down 5°C/min

PYROLYSIS CYCLE

 

 

Table 22. Post Pyrolysis for LBF103 

Initial 

Weight 

(g)

Post 

Weight 

(g)

Resin 

Retained 

(%)

245.20 232.10 76.27%

PYROLYSIS
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PANEL LBF104 

Table 23. Materials for LBF104 

Resin

Resin 

Weight (g) Fiber Layup

Fiber 

Weight (g)

Total 

Weight (g)

SPR-688 81.60
Biaxial Basalt 

Fiber
[0/90]12 219.80 301.40

MATERIALS

 

 

Table 24. Cure Cycle for LBF104 

Ramp Up 3°C/min

Hold Temp 100°C

Hold Time 90 min

Vacuum -28 inHg

Pressure 20 psi

Post Cure Temp 275°C

Post Cure Hold 24 Hours

CURE CYCLE

 

 

Table 25. Post Cure for LBF104 

Weight 

(g)

Fiber 

Volume 

Fraction

Resin 

Content 

by 

Weight

273.00 52.55% 19.49%

POST CURE

 

 

 

 


