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::€ paper is concerned hrith characterization
c.i commercially important carbon materials
: !  X-ray o i f f ract ion analys is .  As wel l -known
-ere ex j .s t  carefu l  invest igat ions on the
ei fects of  microstructure of  homogeneous car
: .€r .s  on thei r  d i f f ract ion behaviourra l though
-- :e object ive valuat ion of  the d i f ferent
s-- ¡uctura l  modeLs used for  in terpretat ion of
e*per inrenta l  average d i f f ract ion data is
st r11 d i f  f  icu l t .  Ac id i t ional  problems ar j .se
:rca the heterogeneity of carbon and gra-
;c,¡te samples as far as the degree of order
: i  the d i f ferent  par ts  wi th in the specimen
:s concerned.  This problem of  quest ionary
s:gni f icance of  exper imenta l  data for  cha-
:acter izat ion of  heterogeneous s¿rmples is
:aro l .y  s tudied systemat ica l ly  unt i l  now, and
:o in ternat ional  agreement  ex is ts  about  gui -
:e l ines for  pract ica l  appl icat ion.  The pre-
sent  work should contr ibute to the ef for ts
: i  IUPAC commission on "Character izat ion of
3a¡bon".

-nder  the same exper imenta l  condi t ions in te-
; ra l  i n tens i t y  o f  d l f f r ac t i on  l i nes  o f  o r -
:ered and d isorderecl  carbon can vary wi th in
: rc iers of  magni tude.  As in  carbon technolo-
; ¡ 'most ly  heterogeneous mixtures of  var ious
:arbons must  be character ized,  for  example
i r l ler  and b inder  carbons wi th in one sample,
- j re superf ic ia l  in terpretat ion of  sharp d i f -
: ract ion l ines as representat ive average can
¡e nr is leading and can s imulate a h igher  de-
gree of  graphi t izat ion even i .n  case of  minor
contents of  wel l  graphi t ized par t ic les.

L i terature

Already 196o i t  was t r ied to analyse mixtu-
res of  non graphi t iz ing carbon wi th natura l
graphi te by the in tensl ty  rat io  of  (OOl.  -
l ines,  at  var ious angles (H; tsEUtULL et  a l ,' l 973 ) .  A l t hough  th i s  me thod  l s  su i t abLe  i n
p a r t i c u l a r  c a s e s  ( W . W E I S W E I L E R  e t  a l . 1 9 7 1 ) ,
pr inc ipal  l imi tat ions ar ise f rom the use of
a non graphi t iz ing matr ix  in  such reference
aater ia l .  Therefore the present  exper iments
are based on graphi t izable coke wi th var ied
heat  t reatments as mai .n const i tuent  of  the
sample.

Exper imenta l

Sample material $/as prepared by mixing
pre-heat t reated powder of  coal  tar  p i tch
c o k e  w i t h  a d d i t i o n s  o f  O  ( O . 1 )  2  ( 1 )  ' l O  ( 5 )
50  v r t . - t  o f  na tu ra l  g raph i t e  f l akes  (Cey lon ) ,
é ¡ 2  =  3 . 3 5 4  8 ,  p o : . y ó r i ó t a l l i n e  g r a p h i r é ,
é /2  =  3 .359  X ,  and  m ic roc r i ¡ t a l l i ne  g raph i t e
( K a i s e r s b e r g ) ,  c / 2  =  3 . 3 5 7  X ,  a s  l i s t e d  i n
tab .1 .  N i - f i l t e red  Cu-Ko¿  - rad ia t i on  w i t h
BRAGG-BRENTANO-arrangement and planar sam-
ples rere used for  the d i f f ract ion measure-
ments.  Sample th ickness was opt Ímized by
exper inrents (5o mg, /cm¿, corresponding to a

sample  th ickness  o f  o r25  ¡n ¡n) ,  because nus 'e r i -
ca l  cor rec t ion  o f  the  absorp t ion  e f fec t  i s
too  d i f f i cu l t  in  case o f  he terogeneous ta r -
g e t s .

The e f fec t  o f  s.=.-
o l l l r a c t l o n  l . l n e s

t "  
" ra"r '  

a"  a." . r ibe the ef fect  of  the thro
di f ferent  carbon types wi th in the var ious
sarnples we wi l l  d is t ingulsh bet$reen three l i -
m i t i ng  cases  as  shown  i n  f i g .  1 .

Case A:  The appearance of  two c lear ly  sepa-
ra ted  d i f f r ac t i on  l i nes .

Case B:  Superposi t ion of  both l ines wi th the
possib i - I i ty  of  easy separat ion for
evaluat ion of  the s ingle d i f f ract ion
prof i les

Case C:  Superposi t ion of  both l ines wi thout
the possib i l i t .y  of  v isual  separa-
t ion

The exper j -menta l  resul ts  are compi led in  f ig .
2.  The added amount  of  wel l  graphi t ic  com-
ponent  is  ind icated as abscissa.  No d i f fe-
rence in d i f f ract ion l ines between mixtures
wi th natura l  graphi te f lakes and wel l -graphi-
t ized ar t i f ic ia l  carbon was found as far  as
samples wi th addi t ions up to 10 wt . - t  are
considered.

In the case of  g lass- l ike carbon smal l  addi -
t i ons  o f  g raph i t i zed  samp les  (abou t  o ,18 )
can be detected a l ready.  In  the case of  tar
and pitch coke as main constituents of sam-
ples the lower l imi t  for  semi-quant i ta t ive
est imat ion of  wel l  graphi t ized par ts  is  found
to  be  i n  t he  o rde r  o f  o ,2 t .

The upper l imi t  o f  the addi t ion causing sepa-
rate l ines according case A is  found to be
lo t  app rox .  f o r  t he  (OO2) - i n te r fe rence .  The
I imi ts  for  the second order  of  the (OOI)- in-
ter ference are indicated by dot ted l j .nes be-
i n g  b e t w e e n  o r 3  a n C  1 2 - 1 5 9 .
The ord inate of  f ig .2 indicates maximum heat
treatment temperatures of the pitch coke com-
ponent  of  the samples.  In  a l l  cases a heat
t reatment  t ime of  one hour was used.  Al ready
heat  t reatment  at  1 TOOoC causes superposi t j .on
of  the d i f f ract ion l ines accordj .ng to case B
at  every percentage of  the addi t ion.  Easy se-
parat j -on is  s t i1 l  possib le 1n sanples wi th
graphi t ic  addi t ions between o.2 and 1o$.  gf i th
increasing heat treatment temperature the com-
posi t ion sui table for  easy analys ls  by (OOf)-
l ines ls  sh i f ted to h igher  contents of  addi -
t ive,  i .e .  for  19OOoC heat  t reatment  tempe-
rature between 1 and 2o v¿t . - { .The same ef-
fect  is  va l id  for  the analys is  of  the (OO4)-
l i n e s .
If heat treaünent temperatures above 22OOoC
were appl ied,  complete superposi t ion of  both
l ines was found in a l l  cases according to
case C,  however,  wi th the possib iJ . i ty  to
est imate the content  of  wel l  graphi t ized
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additions by the as)¡¡n¡netry of the base-line
l f  addi t lons between 3 aná 2ot  are conside-
red.  I f  h igher  contents of  wel l  grapht t lzed
parts  are present  there ex is ts  no possib i l i_
ty  for  est imat ion by analys ls  of  tñe base-
l i ne .

As known modulation of two-dimenslonal re-
f lect ions of  non graphl t ized carbons ls
caused by heat treat¡nent above 2OOOoC.
T h l s  i s  v a l i d  f o r  ( 1 0 ) -  a n d  ( 1 1 ) - r e f l e x -
ions.  (10)  two-dlmensional  ref lex lons are
strong enough to be found in nearly all
t ypes  o f  samp les ,  whe reas  (11 ) - l i nés  can
hardly  be seen in non graphi t lzed carbons.
The re fo re  (11O) -  and  (112 j - l i . nes  y re re  se -
lected for  lnd icat ion of  graphi t lzed par ts
because  no  supe rpos i t l on  by  (11 ) - l i neó  i s
to,be expected.  Three-dl .menslonal  (110)-
a n d  ( 1 1 2 ) - l i n e s  c a n  b e  s e e n  i n  c a s e  o f
non heat  t reated matr ix  mater ia l  i f  addi -
t ions of  at  least  10 l r t . - t  are used.  Below
thls  l iml t  no quant i ta t tve evaluat lon is
possib le.  According to our  exper imenta l
resul ts  quant i ta t lve est imat ión of  at
hást  5ot  wel l -graphl t ized carbon ls  possi -
l le  by cal lbrat tng the in tensl ty  of  three-
dimensional  in ter ference against  the ln-
tensi ty  of  the base- I ines wi th an accura-
cy ln  the order  of  t  St .  As can be seen
f rom f i g .  2  t he  eva lua t i on  o f  t hese  (1 jO) -
and  (112 ) - l i nes  can  be  rega rded  as  a
supplement  to the resul ts  f ron analys is
o f  t he  base - l l nes .

l{ith increasing heat treatment tempera-
ture the guantltative evaluatlon oi the

_three-dimensional  d i f f ract ion l ines be-
comes more diff icult and is compl.etely im_
possible if heat treatment températures
above 19OOoC were applied because of the
graphi t lzat lon ef fect  of  the p i tch coke
and  the  resu l t l ng  modu ta t l on  ó f  ( 11 ) -
l lnes of the maln part of the samples (see
r a n g e  I I  l n  f i g . 2 ) .

The area I I I  in  tLg.2 covers composi t j .ons
of samples in whlch the content ót a¿Oea
wel l  graphl t ized par t  is  too low to enable
a d ls t lnct ion between the addi t lon and the
ef fect  of  matr ix  graphl t izat ion.

Conclus ions

The appl icabi l i ty  of  the methods descr ibed
above for  character lzat ion of  heteroge-
neous carbon and graphite samples wil l be
discussed in deta l l .  Industr ia l  samples
wl th var ied types of  f i l ler  and b ináer  car-
bons,  or  f i l ler  carbons of  or ig inal  h igh
sulfur content after heat treatm"r,t abóve
puf f ing temperatures,  non graphl t ized car_
bon wl th s t ress graphi t lzed b inder  con-
tents.  and f ina l ly  the ef fect  of  cata ly t ic
graphi t izat ion In var j .ous sample mater ia ls
wi l l  be descr ibed in ¡nore detá i l .
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Tab.  1:  Compl lat lon of  coke-HTT and X-ray
lnter ferences

F ig .1 :  Pos i t i on  and  shape  o f  X - ray
inter ferenses as funct ion of  the
graphite content and HTT of the
s a m p l e s  ( s e e  f 1 9 . 2 )
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F ig .2 :  App l i cab i l i t y
in ter ferences
ter izat ion of

of  the d i f ferent  X-ray
( s e e  f i g . 1 )  o n  c h a r a c -
heterogeneous carbons
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