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ABSTRACT

The thermal properties of carbon/phenolic and silica/phenolic ablative composites were investigated by
measuring the heat capacity, thermal diffusivity and thermal conductivity. The heat capacities of
carbon/phenolic and silica/phenolic composites were calculated from differential scanning calorimeter
curve. The thermal diffusivities of carbon/phenolic and silica/phenolic composites were measured by the
laser flash method with varying laminated direction, i.e., with laminar direction and across laminar
direction. The thermal diffusivities decreased with increasing temperature. The thermal conductivities of
carbon/phenolic and silica/phenolic composites were calculated using the heat capacity, density and
thermal diffusivity. The thermal conductivities increased with increasing temperature. The thermal
conductivity of with laminar direction is two times higher than that of across-laminar direction in
carbon/phenolic composite due to the directionality of thermal conductivity of carbon fiber. The thermal
conductivities of two dimensional fiber reinforced composites were analyzed using the conductivities of
constituents and volume fraction of each constituent. The thermal conductivities of carbon fiber and silica
fiber were calculated from thermal conductivities of carbon/phenolic and silica/phenolic composites. The
thermal conductivities of carbon/phenolic and silica/phenolic composites at RT were predicted from
thermal conductivities of fiber and resin with varying the volume fraction of fiber.
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Fig. 1. Schematic diagram of laser flash equipment
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Fig. 2. Schematic diagrams of specimens of carbon/phenolic
and silica/phenolic composites for thermal diffusivity
measurement. (a) With laminar direction, (b) across lam-
inar direction
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Table 1. The density, weight fraction and volume fraction of carbon/phenolic and silica/phenolic composites

Fig. 3. The specific heat capacities of carbon/phenclic and sili-
ca/phenolic composites
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Fig. 5. Thermal diffusivities of carbon/phenolic and silica/phe-
nolic composites with varying temperature
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Fig. 6. Thermal conductivities of carbon/phenolic and
silica/phenolic composites with varying temperature
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Fig. 8. Calculated thermal conductivities of fibers from thermal
conductivities of carbon/phenolic and silica/phenolic
composites with varying temperature. (a) carbon fiber
and (b) silica fiber

Kyot K & 3¢ 4 itk Silica d/9) B4 A+
o] utgkol] el ALES Wakygo] gleng Ky9
Ki, 7 @okn 7HgstaL, carbon 4f2l 7= A4A4
Zolureat gwdke) dAxwyl d2eg Kys Ko
2 ztz} g} olu phenolic resin® AEEE
W.A.Claytone] ZA#20]E °]&stsicth. 4 (13)3#

2.5 T T T T T T
Carbon/Phenolic Silica/Phenolic
— With laminar With laminar
204 Across laminar -~ Across laminar]

Thermal Conductivity, W/mK

0.0

T T 1 L T
0.0 0.2 04 0.6 . 0.8 1.0
Volume fraction

Fig. 9. Predicted thermal conductivities of carbon/phenclic and
silica/phenolic composites with varying the volume
fraction of fiber at RT

2] (14)o ol&] AAHR carbon A9} silica 472
JHAEEE Fig. 8o Yepiich

Fig. 804 BE uie} o] £ APozRel Ard
silica A1 g2 gAxsE J. T. Mottram3 R. Tay-
lor[19]7} 24 & pure silica 4f-2 Gd=x9 €4
e RAE 4 F vk 2ejn, B A o Add
carbon &9 A fde WP dAERe
W.A.Clayton[20]4]] ¢J8] 2% rayonAl carbon
fo dAEse dASEe oz veyt. Fig. 99
carbon/phenolic#} silica/phenolicol|A] laminar$}
B 88k3} laminars} 42k GAETE A9
Bo g wek Jelddoh Fig. 99 EAi=ke
Fig. 8914 A4t 4#9 QAz=s 7179 dix
T olgsldd 4 (11), 4 (12)2%H ALHAT
Carbon/phenolice] 7% silica/phenolice] 77l
)3} laminars} %3yaz} laminarsl £2Wake] d
AEE W3pge] AA vehted), Fig. 8d1M verd
ulo} Zro] carbon AR e HolEde] dAEE
7b Bge] dAER HlEHA 27] EoE AE
th

.73 £

B dFod e ZAE =579 d g3 A8E &



82 2319

g RGO

W g HEESMERaR

4=+ carbon/phenolic 2 silica/phenolic WA
EgARe] st 79 A3 da vg, ¢
g4 A, ddxxE $431%t)h Carbon/phenolic
2 silica/phenolic ¥&A 59 vjde DSC curve®
5&l Z33tgi}. Carbon/phenolic ¥ silica/pheno-
lic B3tAl g9 H|EE 2571 S/l what 2718t
on] Ao 290Te x¥YM 59 4=
21318l k. dlo]A 4@ (Laser flash method)S
o]-8-3t] carbon/phenolic 2 silica/phenolic &-3}#)
g9 A2 &8t Carbon/phenolic &
g 82| 74 laminarst B3 EaFo] laminars} 47
WHFEDG =& 484445 JYeu Y.
Carbon/phenolic ¥ silica/phenolic A8 948
Mre 27t Z7stel wel sty o], 4ed
A 120C7H] Exo) mE IEMAFE &5
2l A|Alstglch Carbon/phenolic 2 silica/pheno-
lic 53A89 EAEEE Ux, 43S 2 g g
o] &3t A 4dl ¢ th. Carbon/phenolic ¥
silica/phenolic £l 52 AT E H Sk o}
2t ZstAet 71xe] AETE o] gl 34 stod
carbon 419 silica Adfo] FAEEE Artstych
Carbon/phenolice] 73-¢-3= silica/phenolice] 7]
H)8) laminars} P3433} laminars} 424are)
A=k ol AA Jehged), carbon 4R 4
o] Zojwidkel dAEE} Fwtske] AT T b
X =27l fEoz AT AMd A4 ddEE
2578 4d#e FaEge] ©E carbon/phenolic 2
silica/phenolic £ 89 GHAEEE o 2390

FaEd

1. Schmidt, D. L. Ablative Plastics for Re-entry
Thermal Protection, WADD TR 60-862, USAF
ASD, Wright-Patterson AFB, Ohio, 1961.

2. Schmidt, D. L. Environmental Effects on
Polymeric Materials, John Wiley & Sons, Inc.,
New York, 1968, pp.487-587.

3. Sutton, G. P., and Ross, D. M. Rocket
Propulsion Elements, John Wiley & Sons, Inc.,
New York, 1976, pp.107-122.

4. Weisshaus, H., and Engleberg, 1. High Tem-
perature Properties of Ablative Composite-I, J.

Advanced Materials, Vol. 28, No. 2, 1997, pp.16-
27.

5. Goetzel, C. G. High-temperature properties
of some reinforced phenolic composites, High
Temp. High. Press., Vol. 12, 1980, pp.131-146.

6. Clayton, W. A. and Fabish, T. J. Effect on
Ablation on Thermal Conductivity to 5000R in
Phenolic-Carbon and Phenolic-Graphite, Techni-
cal Report AFML-TR-67-413, 1967, pp.48-56.

7. Stokes, E. H. Kinetics of Pyrolysis Mass Loss
from Cured Phenolic Resin, J. Thermophysics and
Heat Transfer, Vol. 9, No. 2, 1995, pp.352-358.

8. Powell, R. W. and Taylor, R. E. Multiproper-
ty Apparatus and Procedure for High Temperature
Determinations, Rev. Int. Hautes Temp. et
Refract., Vol. 7, 1970, pp.298-304.

9. Paker, W. J., Jenkins, C. P., Butter, C. P., and
Annott, G .L. Flash Method of Determining Ther-
mal Diffusivity, Heat Capacity and Thermal Con-
ductivity]. Appl. Phys., Vol. 32, 1961, pp.1679-
1684.

10. Arai, T., Baba, T., and Ono, A. Thermo-
graphic Investigation of Laser Flash Diffusivity
Measurement, High Temp.-High. Press., Vol. 19,
1987, pp. 269-273.

11. ASTM D792, Standard Test Method for
Density and Specific Gravity(Relative Density) of
Plastics by Displacement, pp.152-155.

12. ASTM D3171, Standard Test Method for
Fiber Content of Resin-Matrix Composites by
Matrix Digestion, pp.109-111.

13. ASTM E 1269, Standard Test Method for
Determining Specific Heat Capacity by Differen-
tial Scanning Calorimetry, pp.787-791.

14. SHZA71E9, 39718 ey 43R
3A, BRI, 1995,

15. ASTM C177, Standard Test Method for
Steady-State Heat Flux Measurements and Ther-
mal Transmission Properties by Means of the
Guarded-Hot-Plate Apparatus, pp.20-41.

16. Engelke, W.T., Pyron, C. M., Jr and Pears,
C.D. Thermal and Machanical Properties of a
Nondegraded and Thermally Degraded Phenolic-



Ei24 H39.199. 6

Holal ABHE o148 Cabon/Phenolic D SilicaPhenolic AL FARY FAZE B4 3

Carbon Composite, NASA Contractor Report,
NASA CR-896, National Aeronautics and Space
Administration, Washington, D. C., 1967, pp.23-
32.

17. ADD Report, AD780531.

18. Mottram, J. T., and Taylor, R. Thermal Con-
ductivity of Fibre-Phenolic Resin Composites.
Part I : Thermal Diffusivity Measurements, Com-
posites Science and Technology, Vol. 29, 1987,
pp-189-210.

19. Mottram, J. T., and Taylor, R. Thermal Con-
ductivity of Fibre-Phenolic Resin Composites.
Part II : Numerical Evaluation Measurements,
Composites Science and Technology, Vol. 29,
1987, pp.211-232.

20. Clayton, W. A. Constituent and composite
thermal conductivities of phenolic-carbon and
phenolic-graphite ablators, AIAA/ASME 12th
Structures, Structural Dynamics and Materials
Conference, 1971, pp.1-17.



