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INTRODUCTION 

During the last 30 years,  there has been a 
rapid growth in the use of carbon fibres and 
their  re la ted composites,  and in part icular ,  
these materials have found an ever-widening 
use in s t ructural  applications. Carbon-fibres 
a n d  the i r  c o m p o s i t e s  a re  p a r t i c u l a r l y  
n o t e w o r t h y  and  are c u r r e n t l y  p laying  a 
leading role in the creation of a whole range of 
new mate r i a l s  for cons t ruc t ion .  Carbon 
materials,  in general,  are highly resistive to 
hea t  and fire, and are ne i ther  melted nor  
softened unde r  a red heat.  These materials 
glow slowly with mild oxidat ion at high 
tempera ture  but  their thermal deformation is 
ra ther  small due to thermal conductivi'ty. 

In o r d e r  to deve lop  advanced  mater ia ls  
ut i l izing res idues  and wastes from wood 
industries, forestry wastes, and unused wood 
species, a research and development on carbon 
composites from charcoal of wood materials 
was conducted .  Effects of the carboniz ing 
tempera tures  on the electrical and thermal  
conductivities of the carbon composites with 
their applications were discussed. 

EXPERIMENTAL 

The raw material  of the carbon composites 
(abbreviated to CPS) was made from charcoal 
powder coated with 5 - 40 % B-stage phenol- 
f o r m a l d e h y d e  c o n d e n s a t e .  The charcoa l  
powder  with an average particle size of 2 m 
was p repared  by carbonizat ion of the wood 
mater ia l s  in an iner t  a t m o s p h e r e  u n d e r  
normal pressure, employing a heating rate of 4 

°C /h r  up to a temperature of 3000 °C followed 
by 3 - hour  heating at constant  tempera ture  

up to 3000 °C at 200 °C intervals.The raw 
materials for charcoal  product ion  were the 
powder of Sugi (Cryptomeria japonica D. Don), 
Ubamegashi (Quercus phyllinaeoides A. Gray), 
Mousou -ch iku  (Phy l lo s t achys  p u b e s c e n s  
Mazel ex Houzeau de Lehaile) and their barks. 
The powder  of cellulose, graphites ,  and a 
charcoal of phenol - formaldehyde  resin were 
also used as raw materials in manufacture  of 
other composites. 

The CPS with particle size from 5 ~ m  to 
1200~lm, of course, have the advantages of 
carbon-composi te  materials ,  and have also 
good moudabil i ty  and glueability due to the 
phenol- formaldehyde resin. Various kinds of 
the CPS were used as surface materials in the 
manufac ture  of a non-electr if icat ion board,  
and  of e l e c t r o m a g n e t i c  shield  and  fire 
resistive boards.  The electric resist ivi ty of 
the carbon composites was tested by JIS K 
6911 and electromagnetic shielding proper ty  
was measured by a DUAL chamber  method in 
accordance  with a ASTM ES-7-83. The fire 
res is t ivi ty  of the ca rbon  composi tes  was 
tested by a burn- through method (exposure in 

high velocity flame stream at 1130 to 1300 °C 

with 2.0 kg/cm 2 of steam pressure) and by a 
method in which the cutting rate by oxygen- 
acetylene torch at a t empera tu re  of 2750 - 

3200 °C was measured and by the oxygen 
index method in accordance with JIS K 7201. 
Full scale tests of the e l ec t romagne t i c  
shielding efficiency and fire durabi l i ty  of a 
CPS over la idwood particle boards were done 
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in accordance with U. S. MIL STD 285 and ISO 
834 (JIS A 1304), respectively. 

RESULTS AND DISCUSSION 

The electric resistivity of the CPS boards was 
found to decrease with a rise in carbonizat ion 
t empera tu re  of the raw wooden materials.  It 
was par t icular ly  found to decrease severely 

in a t empera tu re  range  of 600 - 800 °C. The 
electric surface resist ivity of the CPS boards 
p repa red  f rom the charcoal  powder  of Sugi 
c a r b o n i z e d  at  a t e m p e r a t u r e  less t han  

approximate ly  600 °C, a temperature  range of 

6 0 0 -  800 °C, and higher than 800 °C were 10 ~2 
- 10 8.fL, 10 8 _ 10-1./'/. , and lower than 

10 -2JL, respectively. 

The e lec t romagne t ic  sh ie ld ing efficiency of 
the CPS boards  was found to increase with an 
increase  in th ickness  and  dens i ty  of the 
boa rds .  The sh i e l d i ng  ef f ic iency  of the 
compos i t e  boa rds  p r e p a r e d  with charcoal  

carbonized at 1200 °C was found to increase 
in the dec l in ing  o rde r  : b a m b o o  charcoal  
(Mousou-chiesu) ,  wood charcoals  (Sugi and 
Ubamegash i ) ,  ce l lu lose  cha rcoa l ,  n a t u r a l  
c rys ta l l ine  g raph i t e ,  and  the charcoa l  of 
p h e n o l - f o r m a l d e h y d e  r e s i n .  T h e  
e lec t romagnet ic  shielding efficiency of a 3.5 
mm thick CPS board  p repared  from charcoal  

powder  of Sugi carbonized at 1200 - 1400 °C 
was the same as or superior  to that  of a control 
metal  (3.0 m m  thick a luminum)  plate. The 
high e lec t romagnet ic  shielding efficiency of 
the boards prepared  from charcoal carbonized 

at 800 °C or above was due to the high electric 
• conductivi ty of their charcoal. 

The ignitabil i ty and f lammabi l i ty  of the CPS 
boards  measured  by oxygen index decreased 
with a rise in ca rboniza t ion  t empera tu re  of 
wooden raw materials.  The low combustibi l i ty 
of the CPS boards from charcoal carbonized at 

800 °C or above was due to high carbonization 
of  the w o o d e n  raw mate r i a l s .  The non 
combust ib i l i ty  of the CPS boards carbonized 

a t  2 0 0 0  ° C  or  above  was due  to the 
g r a p h i t i z a t i o n  of  the  c h a r c o a l .  Fire 
e n d u r a n c e s  of the compos i t e  boards  were 
improved by the time delay in the burning 

through of the board  which is due to the fire 
resis t ivi ty,  high the rma l  conduc t iv i t y  and  
slow oxidation of the charcoal  carbonized by 
high temperature.  ~ 

The res i s tance  of the g raph i t i zed  ca rbon  
compos i t e  boa rds  to cu t t i ng  by oxygen-  
acetylene torch were be t te r  than tha t  of a 
stainless steel plate. The electric resis t ivi ty 
and electromagnetic shielding efficiency of 30 

m m  th ick  and  0 .60 k g / m  3 d e n s e  wood  
part ic leboard overlaid 10% CPS was less than 
10.fL and was over 40 dB agains t  electric 
f ields,  wh ich  sa t i s f i ed  a s t a n d a r d  for  
s h i e l d i n g  m a t e r i a l s  for  p a r t i t i o n s  and  
enclosures of office buildings and  compu te r  
aids. 

CONCLUSIONS 

The e lec t r ic  c o n d u c t i v i t y  a n d  t h e r m a l  
proper t ies  of the carbon composi tes  made  
from charcoal in relation to the carbonizat ion 
t empera tu re  were measu red  and  discussed.  
Results show tha t  the electric conduc t iv i ty  
and  t h e r m a l  p r o p e r t i e s  of  the  c a r b o n  
c o m p o s i t e s  we re  c o n t r o l l e d  by  the  
c a r b o n i z a t i o n  t e m p e r a t u r e .  The c a r b o n  

composites from charcoal carbonized at 800 °C 
or above should be available for a wide range 
of new mater ia ls  in the fields of bui lding,  
a u t o m a t i v e ,  e l e c t r i c a l  a n d  e l e c t r o n i c ,  
ae rospace ,  e n g i n e e r i n g  a p p l i c a t i o n s  and  
others. 
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