
I ntroducti on

Part ic ' le  s ize ls  cr i t lca ' l  wherever  there ls  a par t -
ic le  packing problem. In graphi te,  maximum densi ty
is  obta lned by us lng a spectrum of  par t lc le  <t is t r i -
but ions,  because graphl te nay shr ink dur lng proces-
sing but not deform. Surface area is ltnportant
becáuse lt may affect the amount of pltch needed to
obtaln good wettlng and na¡lmun strength. Graln
anlsotropy ratlos are crlt lcal because they affect
such propertles as thernal expanslon and other para-
meters 

' l lke therma'l conductlvlty and ablatlon rates.
The rnethod described below may also be used for
corre lat lng d lmensional  changes wl th par t lc le  s ize
changes that  occur  dur lng calc ln lng.

' Experlnental Methods

0pt lca l  s tereology was used for  analyz lng par t ic le
s ize ln  the range 0.5 um to 50 nm. For  th ls  purpose
a powder mount tras produced uslng epoxy as the dis-
oeislon med'lum. Phototnicrographs were nade Yith
iragnlflcatlons at 200X, 400X, or 4000X. fhese were
utl ' l ized to deteñnlne (a) t lre dlameüer of a clrcle
encompassing the maxlmum particle dlmenslon drut
= I ,  th€ dfameter  of  a c l rc le equlvalent  ln  area to
the proJected area d" = w; and (b) the diameter
of  a c l rc le equlvaleni  to  the min imum part lc ' le  d la-
meter drin = t.

Sur face area and sur face volume could be obta ined
from the laws of geometry. Volume and surface
coefficients cou'ld be calcul ated by the nethod
descrlbed by Heywoodl, Stockham and Fochtman2,
and Herndan3.  Spher!c i ty  and roundness have been
descr ibed by Wadel I4.  For  analyt ica l  purposes,
par t lc ' te  s izes were separated ln to 48 ln tervals .
i¿tttr the methods described by Stockham2, this
informat lon could be used to calculate the ar i th-
metic mean dav, the surface mean ds, the volune
mean dv, the vo1ume surface mean dys, and the
weight mean diarneter d*.

I f  the data represent  a t rue Gausslan d is t r ibut lon,
a  I i nea r  p lo t  on  1og -p robab l1 i t y  pape r  as  I | ' l us t ra -
ted in  F ig.  I  can be obta ined.  The geometr ic  mean
dn is  read d i rect ly  f rom the graPh.

llaxima and minima were detennined. A maxinum was
equivalent  to  the length of  the par t ic le .  A min imum
was taken as the smal Iest  breadth observed.  l ' lhen
more than one minimum mode occurred, they v'rere taken
as represent ing a th ickness and a breadth.  The
geometr ic  s tandard deviat ion of  any populat ion oO
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i s  t he  va lue  ob ta ined  a t  84 .1  pe rcen t  (F i9 .  l r
d iv fded by the value obta ined wi th 50 percent  of  the
oa r t i c l es .  i . e . .  35 /16  =  2 .L9  fo r  t he  mean  s tanda rd
bev ia t i on .  Fo r  -1o .  t he  va lue  i s  ca l cu la ted  f rom
the value obta ined at  50 percent  d iv lded by the
v a l u e  o b t a i n e d  a t  l 6  p e r c e n t  i . e . ,  1 6 / 1 1  =  1 . 4 5 .
Anisotropy = 29.8/9.5 = 2.84 at  50 percent .
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Fig .  I  Combined Eva ' lua t ion  o f  Coke Par t i c les

Shape fac to rs  were  ca lcu la ted  f rom dmax =  f ,  dared  =
?

w, and dmin = t ;  k  = the volume coef f ic ient  = r i ;

f  =  sur face coef f ic ient  = rd! ;  m = breadth/ thíckness

= w, / t ;  the f la tness rat io  n = L/w = length /breadth '
f . e . ,  t he  e longa t i on  ra t i o .  A  shape .coe f f i c i en t  C
can be calculated by^the method desc^r ibed by Stock-
h i l  unJ Fochtmañ2 and Herndan3.  Spher ic i  ty
/  i s  g i ven  by  (dv lds )¿  o r  nay  .be .  es t ima ted
from thé projecled aiea- diameter and ttre maximum
dimension by a method descr ibed by Wadel l+.
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Resul  ts

Ana l ys i s  o f  Coke

Propert les calculated for  coke are shown in F lg.  l .
Two batches were sampled per month. The average
coke  pa r t i c l e  has  the  d lnens ions  31 .6  x  17  x  9 .5
lu t l 3 ,  whe re  o l  =  2 .5 ,  02  =  2 .0 ,  and  03
1.45.  The averáge d lameter  

- is  
19.4 ¡m, where-  d.

= 16 urn, and the range of average partlcle diameteri
i s  f r om 7 .5  t o  55  um (F lg .  l ) .  K ,  t he  vo lume
coef f ic lent  = 0.359 *  0.027,  whlch value ls  charac-
ter ls t ic  of  f lue dust .  F,  the sur face coef f ic lent
= 2.347 r  0.078,  which value ls  character ls t ic  of
coal .  ! r r ,  the -specl f lc^sur f^ace per  unl t  welght ,
is  equal  to  0.25 x l0ü vnz/9.  Sv,  the spécl -
f l c  su r face  pe r l n l t  vo lume ,  i s  equa l  t o  (0 .1113  *
0.012) x  19-4 u¡27ur3.

Superfi nes

Superf ines are s imi lar  to  coke,  but  smal ler
(F ig.  1) .  The average pqr t ic les have the d imensions
(Z . t  ¡ _  3 .69  x  1 .62 )  ¡ rm3 .  Fo r  t he  pa r t i cu ' l  a r  sam-
p le  i l l us t ra ted  o1  =  1 .90 ;  f o r  a l ' l  o f  t he  l o t s  i t
is  1.27 um. The average par t ic te d iameter  ls  (4.08
r 0...68.) rm., where {q : _3.69 uF_ anc the range of
par t ic le .  dfaneters-15 1.5 to l5  r ¡m.  The av-erage
volume -ls 33.3 rm3, and the average surface area
i s  58 .2  ¡mz .  C  =  5 .08  ( i . e . ,  t t r ó  pa r t l c l es  a re
tet rahedral ) ,  f  = 2.21 U.e. ,  the sui face coef f l -
c lent  ls  character ls t lc  of  coa ' l ) ,  and the volunre
coe f f l c l en t  k  l s  0 .3167  (1 .e . ,  cha rac te r l s t l c  o f
tetrahedral particles of coal or f lue dust). Round-
ness  , . 1s .0 .524 ,  f / k  l s  6 .98 ,  and  the  an i so t ropy
factor  is  4.38.

0 l scuss lon  o f  Resu l t s

The method is comparable wlth other methods such as
the Elzone method (Fig.  2)  which uses e lect r ica l
conduct iv i  ty  of  a suspension of  I  lqu id passing
through a known orlf lce, and wlth other methodi
such as a laser  l ight  technlque,  and sedlmentaf ion
ana l ys l  s5 .

0pt lca l  microscopy can be used to analyze s lze d is-
t r lbut lon ln  par t lc les ranging ln  s lze ' f rom I  to  50
rm. The method is reproduclble from batch to batch
and there is  no s igni f lcant  deviat ion f rom lot  to' lo t .  

For  smal ler  par t lc les,  scannlng or  t rans_
miss ion e lect ron mlcroscopy may be used.  Both coke

p a r t i c l e s  a n c l  s u p e r f i n e s  a r e  s i m i l a r  i n  t h a t
are  i r regu la r ly  shaped,  h igh ly  a r r i so t rop ic ,
resemble  coke par t i c les  o r  f lue  dus t .

O I A M € T E R  ( ¡ m )

Fig.  2 0pt ica l  l ' l ic roscopy Compared wi th
Electro ' ly t ic  Elzone Method

Conc' l  us ions

Optical stereo'logy can be used to analyze particle
s lze d ls t r ibut ion in  coke par t lc les and superf lnes.
It is reproducible and conparab'le to other tech-
nlques-.^ In additfon to size factors, shape factors
and effectlve surface area may be áetenirlned fron
the sane analytlcal data. The method has been
ut l l ized for  other  par t ic les inctuding BeO and
si l  ica spheres.
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