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Structure in Shot Coke

Abstract .  A ser ies of  shot  cokes and sponge cokes f rom-industr ia l  
delayed cokers was examined uy scanning elect¡on

rnicroscopy (SEM) and opt ical  ur icroscopy (OU) of  external ,
f ractured internaL and pol ished surfaces.  Calc ined cokes nere
etched s ich chronic acid solucion and etching behaviour re lated
to che opcical  lexture of  che cokes.  The shot  coke spheres have
an inner structu¡e of fine-grained mosaic and a smooth exEernal
skin,  -50 Uo th ick,  of  coarse-grained noeaic and snal l  domains.
Structule of  cokes f roo delayed cokers is  st rongly dependent
upon lhe conposition of the feedetock PLUS the associated
roanipulat ion of  the systern by the volat i le  evolur ion wi th in rhe
coker.

Introduct ioo

Delayed coking is one of che co¡mercial coking
processes used to convert  petro leum residues to
sol id coke (1) .  I t  is  a semí-cont inuous Drocesa
operat ing at  abouc 480 to 50OoC shich p.oi , r """  

"¡o ixcure of  gases,  d ist i l la te l iquids and carbon-
aceous sol ids (2) .  The operator  of  the delayed
coker has l in i ted contro l  over the f inal  propert ies
of the coke. Overall cheuical conposicion of Ehe
feedstock and in i t ia l  chenical  react ions are
inportant factors determining the type or texture
of coke forued on carbonization.

Selected aromatic feedstocks nay be used in
the delayed cokíng p¡ocealr to produce high-quality
needle-cokes for graphite production. These feed-
stocks are usually of high eronaticity and are low
in sulphur,  n ineral  &rt ter  and quinol ine- insoluble
oeter ia l .  These needle-cokes are chbracler ised by
ehei.r large'-sized (up to 500 U¡n dianete¡) oprical
Eexture uni ts .  ( isochronat ic areas),  as studied by
opt ical  microscopy.

Cokes nore usually produced by the delayed
coking process are the ¡tole porous carbonaceous
sol ids or  Eponge cokes.  These are used - . in ly as
solid fuels or in the manufacture of carbon anodes
for  che electro lys is of  a luminium. The opt ical
texture of sponge coke is smaller than that of the
needle-cokes.

An undesirable product of the delayed coker
which is sometimes produced along rrith the sponge
coke is shot coke. This type of coke has the
appearance of  lead shot  i .e.  exists as spheres
1-10 un dianeter. Individual spheres can eggregate
into large c lusters of  15 cn diameter or  more,  or

¡r,ay occur dispersed r¡ich the sponge coke !o various
extents (3) .  Shoc coke is  undesirable because on
opening t .he delayed coker iE nay pour ouc in an un-
contro l led way f rom the drum, i ¡  is  of  re lacively
lor¡  e lectr ical  conduct iv i ty  and ic  usual ly  contains
large amounts of  sulphur and uetals.

The processes which occur in the delayed coker
ere not  fu l ly  understood.

Obj ectives

1.  To examine st¡ucture in ehot  cokes by opt ical
and scanning elecEron mícroscopy.

2. To corment on ghot coke formation in the
deLayed coker.

Haterials Used

A series of shot cokes and sponge cokes froqr
indust¡ ia l  delayed cokers sere examined.

Experiuental

External ,  f ractured- internal  and pol ished
surfaces of the cokes sere exanined by scanning
electron microscopy (SEM) and opt i .cal  n icroscopy
(OM).  Calc ined cokes ¡¡ere etched ¡¿ich chrooic acid
solut ion and etching behaviour re lated to the
opt ical  texture of  the cokes.  The calc in ing to
1273 K rras undeltaken to enhance the etchint
behaviour. Ecching with chror¡ic acid allo¡¡s
preferent ia l  gasi f icat ion of  the more ordered parts
of  the anisotropic c¿rbon and is  usefut  to
demonstraEe Ehe extenc and di rect ion of  or ientat ion
of anisotropic carbon ¡dthin a carbonaceóus
na te r í a l  ( 4 ,  5 ) .
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Resul ts and Discussíon

Point-count ing analyses of  the shot  cokes
indicate that  mosaics const i tute about 91 co 96Á of
che opt ical  texture.  0vera11 the sponge coke has
larger opr ical  texture than shot  coke.

Al l  shoc cokes had che norphology of  Figure 1,
i .e.  a lnost  spheroidal ,  r ¡ i th a smooth external  sk in.
The surfaces of  che spheres were pi t ted wich pores,
f00-200 ¡g d ia.  enter ing into Ehe sphere.  The
fracture surface acloss an equat ional  p lane is  geen

in Figure 2.  Pores or ig inate 0.5 m from Ehe sur-
face and have s¡oooth surfaces. Inner shot coke
structure is  of  f ine-grained oosaics,  the external
skin consist ing -of  coarse-grained nosaic and sual l
douains. These observetions suggest that the
spheres were plast ic / f lu id pr ior  to their
foruation and lhat volatile oÁtter was being re-
leased in s igni f icant  qu¿nt i t ies to creace the
nacroporosi ty vhich did not  col lapse af ter  lhe
pessege of  the bubble.

Figure 3 shorrs the uorphology of clustered
shot coke.  The external  surface is  again smooth
and cont inuous over the surface,  even where par-
! ic les are fused.  The internal  st ructural  con-
st i tuents of  f raccure surface of  che fusion br idge
are s i rn i lar  in texture to che bulk part ic les i .e.
nosaics.  The evidence suggests chat  the indi iF
dual  parc ic le!¡  were formed f i rs t ,  fo l lowed by
fusion to clusters to¡¡ards the end of the coking
procesr¡ .  The sponge coke scructure of  Figure 4
repreaencs a half-way stage between the non-
porous fluid phase and the individual spheres
o f  F i gu re  1 .

I ¡  r ¡ould appear,  thac at  a c¡ ic icel  s tage of
the coking process wi th in the delayed coker,  the
i lu id petro leun residue feedscock,  because of  the
format ion of  re lat ively v iscous gronth unies of

Flgure 1. SEU uicrograph of external
surface of shot coke.
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Ffgure 2. SEM nicrograph of lnternal
. surface of shot coke.
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l iquid crystals (nesophase) has assumed a "paste-
l ike" qual i ty .  I t  would appear Eha! Ehese feed-
stocks produce s igni f icanc proport ions of  vol ,at i le
nacter ,  which forces i ts  way through lh is paste-
l ike,  p last ic  natr ix .  Inc lusions observed in
sponge-coke oay ar ise f rom a lack of  rocal  n isc ib i -
l i ty  of  feedstock componencs.  The dist inct  cotpo-
nencs apparentLy carbonize separaCely and Eheir
indiv idual  resul tant  cokes become incorporated into
the sponge-coke as disc inct  ent ic ies.

Conc 1us ions

1.  The feedscock leading co shot  coke in the
delayed coker forus a high viscosity fused
pi tch/uresophase syscem ¡¡h ich is  subject  to
disturbance by volat i le  evolut ion.

2.  Fragnents of  t tshoc coke" are too v iscous Eo
pernit coalescence and reform to a continuous
systeü.

3. Scructure is dependent upon :the che¡nical
conposi t ion of  the feedstock gg.  N,  S,  0,
asphal . tene content  and aromacic iEy,  p lus the
associated nanipulat ion of  che systen by the
vo la t i l e  evo lu t i on  w i t h i n  Ehe  coke r ,
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Figure 3.  SEM micrograph of  excernal  surface of
c lustered shot  coke.
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Figure 4.  SEM nierograph of  ínEernal  ( f racture)

surface of  sponge coke.
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