Anisotropic Thermal Behavior of
Porous Carbonized Wood
Based Composites for
Thermal Management
on the Space Solar Satellite




Introduction

Contents:
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Heat problem, the need of thermal management on the SPS

Carbon based thermal conductive material: graphite and the
necessary improvement in the anisotropic thermal behavior

Carbonized wood, a turbostratic carbon

Composite with alternate layers of graphite and carbonized
wood for anisotropic thermal behavior improvement
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Heat distribution of the solar cell side
(URSI white paper, 2007)

Heat problem in the SPS: when temperature increase exceed 100 °C,
the electric generation efficiency will be dropped.



Thermal Management in the SPS

Solar Power Satellite

Thermal management is necessary
to keep the high efficiency of
electric power generation of the
SPS by keeping the temperature
below 100 °C

A thermal conductive material to
discharge the heat to radiators ,
retaining the increase in
temperature




Thermal Conductive Materials

No Material KT Modulus SG
Wim.K)  (GPa) (g/cm?)
1 Aluminum 230 69 2.7
2 Cooper 400 117 8.9
3 Silicon 150 - 2.3
4 Graphite* // 140 - 1.9
1 225

D.D.L. Chung and C. Zweben, 2001; *A.l. Lutcov et.al. 1970

A preferable material:
High thermal conductivity, considerably strength, lightweight

(low SG) and anisotropic behavior




Graphite
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Planar structure of ABA stacking sequence of hexagonal graphite (klett et al., 2004)

Graphite consists of carbon layers (graphene layers) with covalent bonding within
each layer and are linked by van der Walls interactions.

Graphite is anisotropic, good electrical and thermal conductor within the layers
and a poor electrical and thermal conductor perpendicular to the layers.




(b) \ (Oberlin et al., 1980)

The High temperature treatment (HTT)
improves the crystallites size (Taylor,
2000) and increase the thermal
conductivity.

But the anisotropic behavior is not
influenced

Graphite
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Crystalllte orlentatlon of Non raphltlzable
Carbon (Frankliin,1951)

Random orientation of the crystallites are
present in non-graphitizable carbons.

K. /Ky, or H/V ratio of natural and commercial

graphite = 1.15 7 3.2 (Slack, 1962)



Carbonized Wood

/ Compound
middie Bamella

Dark field TEM image

(Ishimaru et al., 2007)

Turbostratic structure of carbon
with local molecular orientation
SEM images of cell wall | 1T ke ncrumpl ed p
of wood before and (Oberlin et al., 1980)

after carbonization at

700 °C (Ishimaru et al., 2007)



