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l : : :  ¡duc t  ion

Carbons and polycrystal l ine graphi tes shoi t  Er^7o
l-ru1 l i ¡ss at  1580 cm-l  and 1360 crn-1 whlch or lg inate

: : : . n  t he  i n -p1ane  v i b ra t i ona l  mo t i on  o f  ca rbon  a toms
r - : : l i n  g raph i t e  l aye r  p l anes [1 ] .  The  1360  cm- l  Raman

l : - e  d i sappea rs  i n  na tu ra l  g raph i t e  and  s t r ess -

¡ c : ea led  py ro l y t i c  g raph i t es  wh i ch  possess  a  pe r f ec t

: r ' : r :gonal  lat t ice belonging Eo the space group Ds¡.
i - . . '€ver,  che 1360 cm-I  v ibrat ional  mode becomes Raman
¿ : : : ve  shen  de fec t i ve  s t r ucEu res  a re  p resen t  i n  t he
- : oe r  p l anes ,  i . e . ,  a  de fec t - i nduced  Raman  mode .
ae :e fo re ,  i t  can  be  cons ide red  t ha t  t he  i n t ens i t y  o f
: : e  1360  cm- l  l i ne  i s  s t r ucEu re -sens i t i ve  and

: - : J?o r t i ona l  Co  t he  amoun t  o f  s t r uc tu ra l  de fec t s  i n
: . - -e hexagonal  layer p lanes.

Inagaki  has reported f rom his X-ray works that
: : - e  e f f ec t i ve  Debye  pa rame te r  Be f f  i s  sens i t i ve  t o  a '
sn¿11 amount of  deformat ion of  crystal  s t ructure and
:a: :  5e used as a measure of  imperfect ion of  the layer

;  i a res  f o r  po l yc r ys ta l l i ne  g raph i t es  [  2  ]  .  The
: : r aEe te r  Bg f f  r ep resen t s  t he  d i sp l acemen t  o f  ca rbon
eaoos  f r om the  i dea l  pos i t i ons  o f  hexagona l  l a t t i ce
a long  t he  d i r ec t i on  o f  t he  c -ax i s  wh i ch  may  resu l t
: : o n  l a t t i c e  d e f e c t s .

The present study has been made Eo f ind the
:ehavior  of  the 1360 cm-a Raman l ine rrhen structural
:¿ fecEs  a re  i n t r oduced  i n t o  Cey lon  na tu ra l  g raph i t e

:r '  gr inding and to compare Raman resul ts wi th th 'e
¿ : : ec t i ve  Debye  pa rame te r  Be f f  ob ta i ned  on  t he  same
s a n p l e .

lxper imen ta l

Ceylon natural  graphi te was pur i f ied in a f lowing
:a l ogen  gas  a t  2700 "C .  Abou t  2  g rams  o f  t he  g raph i t e

;anple was ground in an agate mortar  in a i r  at  room
:e:nperature for  var ious t imes extending over 200 hr .
Saman spectra of  the ground samples of  graphi te were
: 'ecorded on a JEOL Raman spectrophotometer JRS-51
equ ipEed  w i t h  a  pho ton -coun t i ng  de tec to r  and  a
loherenE Radiat ion argon- ion laser CR-2.  Most  of  the
:easurements were carr ied out  on pressed powder pel lets

using the 488 nm argon l ine provid ing 400 nW at  the
sample.  Ihe intensí ty of  the 1360 cn- l  l ine was
:easured r^r i th i ts  l ine height  re lat ive to that  of  the
l-580 cm-I  l ine and is  expressed by R.

The ef fect ive Debye parameter Bsf f  was determined
f rom the  obse rved  s l ope  o f  t he  p l o t s  o f  X - ray

d i f f r ac t i on  i n t ens i t i e s  o f  ( 00L )  l i nes  aga ins t
s i n2g / f 2 [3 ] .  The  Cs  spac ing  and  spec i f i c  su r f ace  a rea
of  the ground graphi te were measured according to the

o rd i na ry  p rocedu res .

Resu l t s  and  D i scuss ion

Fig.  1 shows Raman spectra of  the ground samples

of  Ceylon nalural  graphi te for  var ious t ímes up to

200 hr.  The or ig inal  samgle exhib i ts  an intense
graphi te l ine aE 1580 cm-l .  The 1360 cm-r Raman l ine

also appears very weakly in th is sample,  suggest ing
rhe existence of  st ructural  defects which may have

been introduced in the course of  sample preparat ion.

When the natural  graphi te is  ground for  several  tens
o f  hou rs ,  t he  1360  cm- r  l i ne  i nc reases  g radua l l y  i t s  _
intensi ty and becomes much sEronger than the 1580 cm-1
l i ne  a t  200 -h r  g r i nd i ng .  Th i s  i nd i ca tes  t ha t  de fec t i ve
sE ruc tu res  i nc rease  i n  t he  g raph i t e  samp les  as
g r i nd ing  t ime  i s  i nc reased  and  t ha t  t he  c r ys ta l  l a t t i ce
o f  g raph i t e  i s  r emarkab l y  des t royed  by  g r i nd ing .  As

is obvious in Fie.  1,  another Raman l ine appears
around 1620 crn-r  which is  c lear ly seen in the sample
ground for  200 hr .  lhe exact  nature of  th is Rarnan

l ine can not  be explained at  present but  may be

assoc ia ted  w i t h  t he  ex i s t ence  o f  f i ne l y  g round
pa rE i c l es  o f  g raph i t e  con ta i n i . ng  ex t r eme l y  de fec t i ve

s t rucEu res .  Howeve r ,  a l l  t he  spec t ra l  l i nes  o f  t he
sample ground for  long t ime are st i l1  sharp compared

to Raman l ines of  var ious carbons obtained at  heat

t r ea tmen t  t empe ra tu res  be low  2000 "C  [ 4 ,5 ] .  One  o f

the possib le expanat j -ons is  to assign the 1620 cm-l
Raman l ine to the stretching v ibrat ion of  conjugated
carbonyl  groups at taching to the edge carbon atoms
o f  t he  g raph i t e  l aye r  p l anes ,  because  f i ne  g r l nd ing

leads to an increase in surface area of  the graphi te

part ic les and oxygen in a i r  is  easl ly  chemisorbed on

the  f r ee  va lence  bonds  o f  t he  edge  ca rbon  a toms  [ 6 ] .
Fíg.  2 shows changes of  the re lat ive intensi ty

rat io R for  two Raman 1ines,  ef fect ive Debye parameter

Be f f ,  Co  spac ing  and  spec i f i c  su r f ace  a rea  o f  t he
ground graphi tes wi th gr inding t ime. Al l  but  Co
spacing increases gradual ly  wi th increasing gr lnding

t ime up to 30 hr .  For gr inding t imes more than 30 hr ,
a l l  the values of  these parameters lncrease very
rapid ly.  The C6 spacing of  the ground samples remains

cons tan t (6 .708  A )  up  t o  30 -h r  g r i nd i ng .  F rom the

ana l ys i s  o f  t he  X - ray  d i f f r ac t i on  p ro f i l e s ,  t he  f i r s t

30-hr gr inding leads to a t ransformat ion of  the
hexagonal  form of  the graphi te lat t íce to the rhombo-

hedral  form, and the amount of  the lat ter  form reaches

abou t  30  w t% o f  t he  g round  g raph i t e  [ 7 ] .  Du r i ng  t h i s
t ransformat ion proeess in which Co spacing remains

unchanged, the values of  both R and Beff  increase
g radua l l y ,  sugges t i ng  a  pa r t i a l  des t ruc t i on  o f  t he
g raph i t e  l a t t i ce  w i t h ín  t he  l aye r  p l anes  by  g r i nd ing .

This indicates that  the parameter,  C6 spacing is  less
sensi t ive than R and Bsf f  to a smal l  s t ructural  change
in  t he  g raph i t e  l a t t í ce .

As  men t i oned  i n  t he  f i r sE  sec t i on ,  bo th  t he
pa rame te rs  R  and  Bs ¡ ¡  a re  assoc ia ted  \ t i t h  s t r uc tu ra l
defects and íncrease in proport ion to their  amounts
p resen t  i n  t he  g raph i t e  l aye r  p l anes .  I t  i s ,  t he re fo re ,

expec ted  t ha t  t he re  ex i s t s  a  ce r t a i n  r e l a t i onsh ip
bet \^ /een R and Bs¡¡ .  Plots of  R and Co against  Bef f

for  the ground graphi te are showrt  in Fig.  3 where for

compar i"son the same plots are also included for  var ious
g raph i t i zed  cokes  [ 8 ] .  As  í s  ev i den t  f r om  the  f i gu re ,

a 1ínear re lat ionship exists between the parameters R

and Bsf f  for  both the ground graphl te and the
g raph i t i zed  cokes .  The  d i f f e rence  i n  t he  s l ope
be tween  two  cu rves  i nd i ca tes  t ha t  s t r uc tu ra l  de fec t s
introduced into the natural  graphi te in the gr inding
p rocess  a re  d i f f e ren t  f r om  those  wh i ch  a re  p resen t

or ig inal ly  in the cokes and can be gradual ly  rernoved
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in  the graphi t izat ion process.  A s l rn i lar  d i f ference
between both the processes is  seen for  the plots of
Cs spacing against  Bg¡¡ ,  showing a rapid decrease
ín the Co spacing of  the cokes and a gradual

increase in the Co spacing of  the ground graphíte
as each process proceeds along the di rect ion
indicated by arrow. In other wards,  the Ce
spacing of  the cokes decreases very rapid ly as
the structural  defects are removed by graphi t izat íon,

whi le that  of  the ground graphíte increases gradual ly

as the defects are lntroduced by gr inding.

For the same value of  Bs¡¡ ,  dí f ferent  values of
R and Ce are obtained betr¡een the gr inding and
g raph i t i za t i on  p rocesses .  Th i s  i nd i ca tes  t ha t  bo th
the parameters R and Beff  can be used along wl th C6
spacing to character ize graphi te and carbon mater ia ls,
Var ious types of  st ructural  defects need to be
invest igated fur ther for  the structural  character izat ion
o f  t hose  ma te r i a l s .
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