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Abscract .  The phenooenon of  puf f ing is  re lated co raEes of  gra-
phi t fzat ion,  che nature of  the gas evolved,  porosi ty and structu-

.  re ¡y i th in the coke.  Evolut ion of  gases concaining sulphur and
nicrogen appea¡ Eo be Ehe cause of che probleú. Cokes of 1ot¡ ClE
with large-s ized opt ical  texture are most suscept ib le to puf f ing '

Addi t ives can reduce extents of  puf f ing.  Analyses of  h igh reso-
lucion lat¡ ice inage electron micrographs in Eems of  the detai l
of  atom movemenc suggest  the cause of  puf f iog.  Rigid convoluted
structures are forned 1200-1700 K in needle-cokes.

In!roduct ion

The phenomenqrof  puf f ing.  The i r revers ib le volume

expansion on heat ing of  coal- tsr  p icch cokes and
petroleum cokes around 1600-C is knonr¡ as "puffing".
Because i t  is  aseociated s i th a decrease in coke
density and coke strength it is a phenomenon detri-
mental  to coke qual icy for  e lectrode nanufacture.

The cause of  puf f ing is  l inked to sulphur and ni t ro-
gen contentr¡  of  che cokes,  a bui ld-up of  gaseous
products evolved dur ing che heac t realmenE ni th in
'c losed porosi tyt  evencual ly  being explosively re-
leased causing damage to Ehe coke strucEure.

I t  is  thoughE thac di f ferences in the volune
distr ibut ion of  sulphur r ¡ i ¡h in coke are coo snal l  to
create these pressure di f ferent ia ls.  Sirn i lar ly '
differences in behaviour betr¡een sulphur bourld to

carbon and to oxygen do not correlate closely with
sulphur content but the correlation can iryrove if
the puffing behaviour is linked to the totel of sul-
phur and nitrogen contenls. During heat treacnent
of  cokes,  sulphur renoval  appears^to accelerate in
rhe teoperarure ranges 1400"-1600" and 1800o-200Qoc.
Nitrogen removal océ,rre in the raRge l20ooc-1600oc
and is v i r tual ly  conpléte at  1600-C.

It ¡¡ould appear Ehat non-graphicizable carbons
are less suscept ibLe to puf f ing than graphi t izable

carbons (1) .  References which diEcugs puf f ing stress
Ehe role of  coke structure,  but  f ind i t  d i f f icul t  to
use speci f ic  uodels.  I t  is  suggested by Suginoto
et  a l .  (2)  thac heteroatom relnoval  causes disrupt ion
óTEñ'e relative alignoent of neighbouring crystalli-
tes.  Puf f ing can be reduced by keeping Ehe Eeoper-
ature betr¡een 1400-1600-C for  a fer¡  hours dur ing
graphi t izat ion (Fuj iuoto et  a l . )  i .e.  by s l .orr ing-
dor¡n rates of gas evolution. Conversely, rapid hea-
t ing of  the ca¡bon a¡ tefacc increases the extenE of
danage by puf f ing.  Let iz ia and l , lagner (3)  eqhasize
that  puf f ing is  due to a strucEural  change in the
coke. An inportant observation is that for a range
of cokes,  as the CfE value decreases.  so puf f ing in-
creases despite the fact that eokes of los¡ CIE
have a porosicy adequate to accomodate the thernal

expansion of  Ehe coke¡ I t  is  suggested tha¡ the
nain difference between cokes of low and high CTE
(high and low puf f ing character is t ics)  is  associa-
ced r¿i th che larger s ize of  const i tuent  molecular

las¡el lae ¡¡ i th in cokes of  low CTE (Fuj inoto et  41.) .

The expression is  inEroduced inco the l i ter f f i
that  a i  abouc 1800oC the carbon body sof tens (4) .

HeinEz (5) ,  in a sc.rdy@lC or-
der ing in the pre-graphi t izable range reports thaE
puff ing ternporar i ly  d isrupcs cryscal l i te growrh be-

f o re  t he  f i na l  s cage  o f  g raph i t i za t i on  i s  i n i c i a t ed
at  lemperaCures in excess of  2I00-C. An observed
decrease in the hel iu¡n densi ty dur ing puf f ing is  an

TñffiTion of a significant increase in closed pore

volumes of  che expanded cryscal l i tes,  so introducing
iurperfect ions.  Fi tzer  et  a l .  (6)  using diLatoneir ic
in s i tu Beasurements dur ing heat ing of  pegroleum

cokes,  recorded pore vo).ume and pore s ize
d i s t r i bu t i on  da ta .

Puff ing behaviour can be inhib i ted or  at  leasc
oodera¡ed by the addicion of inorganic conpounds of
high cheruical  af f in i ty  for  sulphur.  Fiuzer ec al .
(7) foun¿ che inhibition effect was almost iñIEñ-en-
den¡ of  the grain s ize of  the coke.  The i r revers i -
b le puf f iug is  caused nain ly by sulphur in f ine-gra-
ined parc ic les such as the f lour of  the carbon nixes.
These authors (8)  d iscuss the af f ín i ty  between inhi-
bicors and sulphur, including their ¡nelcing behaviour,
¿nd theE of  inte¡mediates.  The di f fus ion co grain
boundar ies of  sulphur appears co be Ehe rate
con t ro l l i ng  s tep .

The imrediate problem in explaining the pheno-

mene of  puf f ing is  to re late th is behavidur to the

detai l  of  a l ignnent and structure of  the const i tuent
r lamel laer of  the coke r¡ i th in the crystal l i te to the

porosi ly  of  ¡he coke.  Al though the nethod of  X-ray

di f f ract ion c lear ly idenci f ies the phenomena of

puf f ing (5) ,  th is nethod is  not  suf f ic ient ly  ref ined

io pro'riae infornation at the level of the constitu-

ent  laoel lar  p lane.  The only technique avai lable

for  th is is  h igh resolut ion,  phase contrast  t ransmi-

ssion electron microscopy (HREH) whict¡ via an inter-
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ference procedurg can provide fringe inages which
are re lated co lhe s ize,  shape and stacking arran-
gements of  che const i tuent  laurel lar  p lanes.  The
object ive of  th is paper is  Eo consider Ehe in6ña-
t ion ¡¡h ich is  avai lable f ron publ ished studies of
HREl,f and Eo asaess if an explanation(s) of puffing
can be developed therefron. The use of scanning
electron microscopy of  a gr is t  coke part ic le could
also be inforoat ive.

High reeolut-ioo electron nicroscopy (HREM). Crar¡ford
and Marsh (9) indicate ho¡¡ HREM nay be used to study
scruccure in carbons.  Mi l l ¡ ¡ard and Jef ferson (10)
revie¡r  che avai lable l i terature co 1978. l larsh and
Crar¡ford describe r¡trr¡c¡ural changes on heacing a
coal-rar  p i tch 477-875oC (1f)  s i rh Marsh and
Gri f f i ths (12) i l lustrat ing changes in structure on
heacing pi tch cokes 827-L727oC. Auguie et  a l .  ( I3)
l ikewise gho¡s lat t ice f r inges in p icch cóI t
HTT <2OOOoC.

Dlscuselon of puffl.ng. Flgure I ls a SEM nlcrograph
of a surface of a grist coke partlcle and Llluatra-
tes aspects of  puf f lng refe¡red to 1n the Introduc-
t lon.  Posl t lon A ls  a sect lon of  quÍ te r ¡ r l foru
sEruccure,  -50 

Uñ'acros8,  r r lCh lhe basal  p lane s l ruc-
ture paral le l  to the surface of  the nlcrograph. I r
fs  f ree of  Dicroporosl ty.  Posl t lon B ls  a rnacro-
pore -20 ¡rn dlareter rrlth Posltlon C shodng a
stacked or alooet s-edlrencary nacurE to structure
of the pore nal1 (14), agatn rlthour obvlous poros-
{ty. Tt¡e needle-llke co4onent, transverse croaa-
sect foo Posl t lon D, e:dr lb i ts  porosl ty 1-2 un dla.
Should gaseor¡a produccs be creaced r¡lch1n the bulk
of the carbon, then the problen of egress of these
gases fs apparent.

,  2 0 u n ,
Figure 1. SEU nlcrograph of a surface of

grlst coke.

Figure 2 is  a oodel  s¡ructure (12) based on
=y lat t ice inaging micrographs,  of  che changes on

rcar ing nesophase HTT <827"C (1I00 K) to graphice
*.  >1727"C (2000 K) .  The centra l  porc ion represe-
r . r i  srrucrure HTT 1227-1723oC (1500-2000 K) depicc-
::.g a coovoluted arrangeoent of lamellae within the
srbon. This convoluted structu¡e could restr ic t
bcrh separat ion of  the lauel lae and also the displ-
r :*nt  lateral ly  of  the lamel lae.  I t  is  wi th in
:5cse arrangenents of lanellae that gaseous products
E. generated stretching over d istances of  tens of
r icrooeters wi thout  grain boundar ies,  as in Figure l .
ii¡h increasing IITT, gaaeoua products are generated,

Figure 2. llodel structure based on ulcrographa.

pre!¡sures are bui lc-up and the t ransforoat ion f rom
the convotuced co che paral le l  (graphi t ic)  sErucrure
occurs.  The locking- in ef fect  of  the convoluted
structure nainta ins pressures for  a r ¡h i le unt i l  re-
leased eiuher by exploeive expansion s ideways of
lanel lae or  by displacement of  the paral le l  (unpin-
ned) structures;  i .e.  che for¡oar ioh of  p last ic  .or  so-
fE carbon which develops wi th increasing HTT (4) .  fhe
closed porosicy can be creaced by rh is mechanissr  (5) .

For che cokes of  h igh CTE si th snal ler  s ized
opt ical  cextures,  tno factors n ic igate against  pufF
ing.  Di f fusion of  gases could occur f ron a greater
area of  coke surface at  the inter faces between the
cextural  unics.  Also,  there does not  appear co be a
urechanism for fornation of convoluted struclure. The
carbons of  snal I  s ized opcical  texture shorr  Lat t ice
inages of  srnal ler ,  i r regular ly  shaped and scacked
lau re l l ae  (15 ) .
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