
PREPAMTION AND ELECTRICAL PROPERTIES OF GRAPHITE FIBER NITRATE

M.Endo  and  T .Koyama ,  Facu l ! y  o f  Eng inee r i ng ,  Sh inshu  Un i ve rs i t y ,  Nagano ,  380 ,  Japan
M. Inagak i ,  Facu l t y  o f  Eng inee r i ng ,  Nagoya  Un i ve rs i t y ,  Nagoya ,  464 ,  . I apan

The intercalat ion compounds of  graphice have re lat ively
h i gh  e l ec t r i ca l  conduc t i v i t y ,  The  í n te r ca la t i on
compounds  o f  ce11u1ose  p recu rso r  ca rbon  f i be r  w l t h
po tass ium (1 )  and  n i t r í c  ac i d  ( 2 )  have  been  repo r t ed .
A f t e r  i n t e r ca la t i on  w i t h  po tass i um,  t he  e l ec t r i ca l
conduc t i v iEy  o f  t he  f i be r  was  i nc reased  by  a  f acEo r
o f  abou t  20 .  Bu t  t he  t empe ra tu re  dependence  o f  t he
conducr iví ty  between room and l iquid hel iu in
tempe ra tu res  r ^ ras  Ehe  same  as  t he  s ta r t i ng  f i be r t s  one ,
even  a f t e r  sa tu ra t i on  ¡ ^ r i t h  po tass i um,  v i z . ,  t hey
showed  nega t i ve  t empe ra tu re  coe f f i c i en t  o f
r es i sE i v i t y .  The  abso rp t i on  o f  t he  agen t  d i d  no t
des t roy  t he  f i be r  s t r uc tu re .  By  n i t r a t i on  o f  t he
f i be r  t he  conduc t i v i t y  a l so  i nc reased ,  and  t he
mechan i ca l  p rope r t i es  we re  changed .
The  ca rbon  f i be r s  ob ta i ned  by  py ro l ys i ng  benzene
have  been  i nd i ca ted  t o  be  one  o f  t he  mos t
g raph i t i záb1e  ca rbon  (3 )  -  ( 6 ) .
The  p resen t  pape r  dea l s  v / i t h  t he  p repa ra t i on  and
e lec t r i ca l  p rope r t l es  o f  g raph i t e  f i be r  n i t r a t e ,
be ing  so -ca11ed  as  a  r es i due  compound ,  by  us i ng  t he
ca rbon  f i be r s  t h rough  benzene  decompos i t i on .  They
have  h i gh  e l ec t r i ca l  conduc t i v i t y  and  do  no t  show
any  l owe r i ng  o f  mechan íca1  s t r eng th .

The or ig inal  graphi te f ibers r rere prepared by heat
t r ea tmen t  o f  ca rbon  f i be r s  a t  3000 'C .  wh i ch  we re
g rown  on  a  subs t ra te  a t  1100 "C  by  py ro l ys i ng  benzene
d i l u t ed  w i t h  hyd rogen .  The  g raph i t e  f i be r s  cons i s t ed
o f  concen t r i c  g raph i t e  l aye rs  a round  t he  f i be r  ax i s
l i ke  t he  annua l  r i ngs  o f  a  E ree .  These  f i be r s  r 4 /e re
cu t  í n t o  1  -  2  cm  l eng th ,  and  had  a  cons tan t  d i ame te r
of  10 -  80 pm. The f iber samples were immersed in
f u m i n g  n i t r i c  a c i d  k e p t  a t  2 0 o C .  A f l e r  2 4  h r s .  o f
immersion they were taken out  into the ai r  and kept
i n  t he  con ta i ne r  w i t h  sod ium ca rbona te  f o r  mo re  t han
24  h r s .  By  t hese  p rocedu res  t he  i n t e r ca la ted  f i be r s ,
so-ca11ed as a residue conpound, were formed (hereaf ter
d e n o t e d  a s  G F N ) .

The  e l ec t r i ca l  r es í s t i v i t y  i s  dec reased  rap id l y  t o
7% o f  s t a r t i ng  va lue  a f t e r  10  rn i n .  o f  immers i on  i n
n í ! r i c  ac i d ,  i nd i ca t i ng  t he  f o rma t i on  o f  an
in te r ca la t i on  compound .  Subsequen t l y  t he  res i s t í v i t y
decreases much gradual ly  and remains almost  unchanged
a f t e r  24  h r s .  o f  n i t r a t i on .  The  f i be r  t hus  f o rmed
seems  t o  be  a  s t age  I I  i n t e r ca la t i on  compound ,  I t
cou ld  i nd i ca te  t ha t  n i t r a t e  d i f f uses  i n t o  f i be r
t h rough  t he  su r f ace .  hhen  t he  f i be r  i s  t aken  ou t
i n t o  t he  a i r  and  kep t  i n  t he  con ta i ne r ,  t he
res i s t i v i t y  i nc reases  g radua l l y .  A f t e r  seve ra l  hou rs
i t  becomes  s tab le .  a t  wh i ch  t he  va lue  1s  abou t  15%
o f  t he  s ta r t i ng  f i be r ' s  one .  The  res i s t i v i t y  changes
that  occured dur ing the procedure are shov¡n in
Tab le  1 ,  The  f i be r  n i t r a t e  (GFN)  t hus  ob ta i ned
showed no appreciable resist iv i ty  change in the ai r
o v e r  l o n g  p e r i o d s  o f  t i m e  ( F i g . 1 ) .

Though  t he  f i be r ' s  d i ame te r  i nc reases  s l i gh t l y  a f t e r
n i t r a t i on ,  t he  f i be r  s t r uc tu re  i s  no t  des t royed .  The
c ross -sec t i on  morpho logy  o f  t he  annua l  r i ng
s t ruc tu re  i s  s t i 11  r e ta i ned  i n  GFN.

shown as a funct ion of  ambient  temperature in
compar i son  w i t h  o r i g i na l  g raph i t e  f i be r .  The  f i be r
n i t r a te  exh ib i t s  a  me ta l l i c  cha racEe r i s t i c .  wh i ch
m igh t  be  a t t r i bu ted  Eo  a  mechan i sm o f  t he  sca t t e r i ng
o f  t he  cha rge  ca r r i e r s  by  t he rma l  phonons .  The
tempera tU re  coe f f i c i en t  o f  t he  res i s t i v i t y  i s  abou t
2 .28x IO-J / "C  a t  273K .  The  va r i a t i on  i n  r es i s t i v i t y
is  a lmost  unchanged at  temperatures below 40K. This
t r end  i s  nea r l y  t he  same  i n  d i f f e ren t  samp les ,  and
r r i gh t  be  l he  resu l t  o f  impu r i t i e s  and  de fec t i ve
lat t ice.  htren the ambient  temperature is  increased
by  t he  ra te  s l owe r  t han  4K /h r ,  an  anoma ly  i n
res i sE i v i t y  i s  obse rved ,  wh i ch  may  co r respond  t o
the  o rde r -d i so rde r  t r ans iE ion  o f  g raph i t e -n i t r a te
(7 ) .  A t  t empe rá tu res  above  330K ,  t he  res í s t i v i t y
i nc reases  s i gn i f i can t l y  because  o f  t he  decompos i t i on
of  the compound.

Magne to res i s t ance  e f f ec t ,  measu red  bv  app l y i ng  t he
magne t i c  f i e l d  pe rpend i cu la r  t o  t he  f i be r  ax i s ,  i s
shov rn  1n  F ig .3 .  They  show  a  pos i t i ve  e f f ec t
throughout the temperatures examined.
The  magne to res i s t ance  an i so t ropy ,  .measu red  by
changing the angle bet !üeen the f iber axis and the
magne t i c  f i e1d ,  i s  a l so  r e ta i ned ,  These  resu l t s
sugges t  t he  ex i s t ence  o f  t he  g raph i t i c  l aye rs
una f f ec ted  by  n i t r a te .

The var iat ion of  thermoelectr ic  po\^/er  Í / i th
t empe ra tu re  i s  sho rnm i n  F i g .4 ,  i n  compar i son  w l t h
o r i g i na l  g raph l t e  f i be r .  The  t he rmoe lec t r i c  power
c h a n g e s  c o  a  p o s i t Í v e  s i g n  a f t e r  n i t r a t i o n ,  a n d
inc reases  mono ton i ca l l y  w i t h  i nc reas ing  t he
tempe ra tu re .  The  phonon -d rag  e f f ec t  obse rved  i n
g raph í t e  f í be r  d i sappea rs ,  p resumab l y  because  o f
a  d i s t u rbance  o f  t he  c r ys ta l  l a t t i ce  and  sho r t en ing
o f  t he  mean  f r ee  pa th  o f  ca r r í e r s .

I n  summary ,  by  n i t r a t i on  t he  f i be r s  w i t h  me ta l l i c
p - conduc t i v i t y  a re  ob ta i ned  f r om the  g raph i t e  f i be r s .
The í r  mechan íca1  s t r eng th  i s  a lmos t  t he  same  as
the  o r i g i na l  f i be r ' s  one .  They  cou ld  a f f o rd  p rom ise
o f  be ing  used  as  e l ec t r i ca l  conduc to r .

Tab le  1 .  The  e l ec t r i ca l  r es i s t i v i t y  o f  f i be r  samp le
at  room temDerature

o r i g i na l  g raph i t e  f i be r  Bx10 -5  (a . cm)

N i t r a ted  f i be r  ( í n  n i t r í c  ac i d )  0 .6 "10 -5

N i t r a ted  f i be r  ( i n  t he  a i r ,  GFN)1 .2x IO -5

fn  F i g .2 ,  t he  e l ec t r i ca l  r es i s t i v i t y  o f  cFN  i s
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