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ABSTRACT: Highly ablation resistant carbon nanotube (CNT)-phenolic composites were fabricated by the addition of
low concentrations of CNT nanofiller. Tensile and compressive properties as well as ablative resistance were
significantly improved by the addition of only 0.1 and 0.3 wt% of uniformly dispersed CNTs. An oxygen-kerosene-
flame torch and a field emission scanning electron microscope (FE-SEM) were used to evaluate the ablative properties
and microstructures of these CNT-phenolic composites. Thermal gravimetric analysis (TGA) revealed that the ablation
rate was lower for the 0.3 wt% CNT-phenolic composites than for neat phenolic or the composite with 0.1 wt% CNT.
Ablative mechanisms for all three materials were investigated using this TGA in conjunction with microstructural
studies using a FE-SEM. The microstructural studies revealed that CNT acted as an ablation resistant phase at high
temperatures, and that the uniformity of dispersion of the CNT played an important role in this resistance to ablation.
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Fig. 1. Schematic of the ablation test
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Fig. 2. FE-SEM photographs of fractured surfaces for CNT-phe-

nolic composites with CNT concentrations of: (a)
and (c) 0.3 wt%

0; (b) 0.1

Table 1. Tensile and compressive tests on CNT-phenolic composites

Test Concentration | Maximum | Maximum |Modulus
€8 of CNT (%) |Stress (MPa)| Strain (%) | (GPa)
Neat phenilic 135 4.2 32
resin (2.3) (0.3) ’
. 145 3.5
Tensile 0.1 (3.4) 0.4) 4.1
141 3.1
0.3 4.5
(3.8) (0.4)
Neat phenilic 122 7.4 16
resin (1.4) (0.5) ’
177 6.4
i 1 2.
Compression 0 (1.6) (0.7) 8
0.3 221 4.6 48
' (2.1) (0.8) ’

*Standard deviation
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Fig. 3. Results of TGA analysis for CNT-phenolic composites in:
(a) air and (b) nitrogen
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Fig. 4. Ablation test results for CNT-phenolic composites
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Fig. 5. Proposed ablation mechanisms for the ablation process:
(a) CNT-phenolic composites; (b) neat phenolic resin
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Fig. 6. FE-SEM photos of post-burning surfaces of CNT-phenolic
composites: (a) 0; (b) 0.1 and (c) 0.3 wt%
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