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Design and Preparation of Carbon/Carbon Composites
with High Thermal Conductivity

FAN Zhen', YU Ligiong', LI Wei', KONG Qing', WANG Xiaodong®, FENG Zhihai'

(1. Key Laboratory of Advanced Functional Composite Materials, Aerospace Research Institute of
Materials and Processing Technology, Bejing 100076, China )
(2. North China Electric Power University, Beijing 102206, China)

Abstract: Because of its excellent properties, such as lightweight, high thermal conductivity, high specific modulus, low
heat expansibility and all excellent properties of traditional C/C composites, the high thermal conductivity C/C composites
(HTC - C/Cs) have become research focus in recent years and have broad application prospect in the fields of aerospace,
electronics, nuclear industry and so on. In present study, effects of key structural parameters on the thermal conductivity of
C/C composite were quantitatively analyzed based on the analytical model of thermal conductivity, which was defined as a
function of the microscopic structure parameters of C/C composite with typical architectural feature. Based on the analysis
results, HTC — C/Cs with different textures and dimensions were designed, prepared and characterized. As a result, the
thermal conductivities of prepared unidirectional, 2D and 3D HTC - C/Cs were more than 700, 400 and 350 W/ m -K at
room temperature, respectively.
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Table 1 C/C composites thermal conductivities by experimentally measuring and model predicting
Aeiit o (W/m - K) Aeiro, o (W/m - K)
C/C composites
Measured Predicted Relative deviation Measured Predicted Relative deviation
T300/AR 324. 40 323.08 0.41% 47.50 50. 90 7.16%
P25/AR 419.30 420. 16 0.21% 59.70 59.92 0.37%
XN60/AR 510. 90 510. 88 0.003% 63.90 63.99 0.14%
P100/PitchA 320. 06 322.57 0.78% 93.12 92. 14 1.05%
T300/PitchA 253. 86 252. 86 0.39% 74.25 72.00 3.03%

Note: The relative deviation is defined as | A, —=A,. | /A, where A is the measured value, and A, is the predicted value.
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Table 2 Effect of structural parameters on thermal conductivities of C/C composite

Composition Structure parameter

Changes Predicted

Microcrystallite orientation ()

Microcrystallite width (La)
Carbon matrix
Microcrystallite thickness (Lc)

A, decreased by 16. 7%
A decreased by 8. 5%
A, decreased by 3. 7%

0°—18°
decrease 20%
decrease 20%

Porosity in matrix (¢)

Fiber Thermal conductivity (A;)

Interface thickness (h)

Interface

10. 34% —13. 56%
52080 W/m - K( //)
20020 W/m - K( 1)

A, decreased by 14. 63%
A. decreased by 23.07% ~56.25%

0.2 pm—0.4 pm
A;=80 W/m-K (/)
0.2 wm—0.4 pm
A =520 W/m-K (/)

A. decreased by 42. 8%

A, decreased by 6. 8%

Note: Where A, is the thermal conductivity of carbon matrix,

and A, is the thermal conductivity of C/C composite.
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Fig.2  SEM and OM images of MP carbonized with short time (a, ¢) and long time (b, d)
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Fig.3  OM and SEM images of MP carbonized at high pressure
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Fig.4 TEM images of the MPCFs heat treated at different temperatures
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Fig.5 XRD (a) and Raman (b) patterns of MPCFs heat treated

at different temperatures
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Table 3 The characteristic parameters of the MPCFs treated at different HTT

HTT/°C dyp/nm G/ % Le/nm La/nm z/° ID/1G A/ (W/m-K)
1000 3.461 —_— 3.7 4.6 23.2 1. 14 86
1500 3.435 5.8 10. 1 5.6 21.3 1.08 165
1800 3.427 15.1 13.0 6.0 18.1 0. 86 212
2000 3.422 20.9 15.2 6.7 13.4 0.49 265
2300 3.376 74.4 18.1 42.29 9.1 0.28 388
2500 3.366 86.0 21.2 47.05 8.1 0.22 427
3000 3.360 93.0 21.6 48.32 4.2 0.16 518
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Fig.6 OM (a~b) and SEM (¢ ~d) images of prepared 2D HTC - C/Cs
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Fig. 7 (a) HADDF and (b ~d) TEM images of transverse morphology of MPCFs
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Table 4 Properties of high thermal conductivity C/C composites

with different dimension parameters

Properties 3D C/C 2D C/C 1D C/C
Density/ (g/cm’) 2.05 2.08 2.09
XY 385 443 740
A/ (W/m-K)
85 55 56
Tensile strength in XY
150 264 -
direction (MPa)
Tensile modulus in XY
direction ( GPa) 182 300 N
Flexural strength in XY 135 133 135

direction (MPa)
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