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Introduct lon

Delayed coking is coononly used Eo produce a
roixcure of  gases,  d lst l l lace l igufds and carbona-
ceous solÍds by the ¡her¡al Ereatmenc of hfgh-boil-
lng petro leun feedstocke. l  Tt¡e foruatLon of  carbon-
aceous sol1de 1s of  lnterest  ln th is study.  Apart
frou the productlon of prenlun graphltlzable cokes
(needle cokes) f roo eelected aronat lc  feeds,  che
cokes ueual ly  produced are poroua sol ids ( tsponge'
cokes).  A lese desfrable foru of  solJ.d carbon,
occaslonally co-profuced r.1th sponge coke, 1a knorfir
as 'ghotr  coke and conslsts of  sr0a11 hard spherules
of  low porosl ty,  Eyplcal ly  about 5 m dfar¡e¡er  r ¡h1ch
can aggregete fnto large c lusters and can occur d ls_
persed wiEh sponge coke to vary ing excents.2 The
studLes descr lbed 1n th1s paper were conducced ln
order ¡o obtain c learer lndlcat ions of  the facEors
which conEl lbute to shot  coke forma!1on.

Experinental

T\¡o vacuuu distillatlon residua VRl , VM, a
.coker feed coqprislng VR2 nlxed ulrh 5-lOZ coker
recycle o i l  and a c lar l f led s lurry o i l  (CSO) f rou
cacalyt lc  cracking were uaed a8 baslc feedstocks.
The resldua r¡ere further separated lnto pentane-
soluble and pentane-l-nsoluble fractlons us{ng che
procedure suggested by t { iua et  a l .3

The vacuuo resldua, thel¡ solvent separated
fracElone and the c ler l f ied s lurry-ol1 neie carbon-
lzed 1ndlv1dually and 1n dlfferent conblnallons
uaing conventlonal tublng bomb apparatus. Reac_
tlona nere conducled lsotheroally ac tenperatures
of  400-500'C for  up co 8 h under an arro-phere of
nl t rogen (2 atn cold pressure).  The excent of  semi_
coke foruatlon durlng .carbonizatÍon ¡ras deternlned
by Soxhlet  extract lon of  the reáct lon produc¿s wi th
pyrldine. The experlnental procedures have been
descr lbed ln deta11 elsevhere.4 The mfcroscrucrures
of the seml-cokes produced ln the carbonlza!1on ex_
perlnents and samples of sponge coke and shot coke
produced 1n coEnerclal unlEs r¡ere examined by optl_
cal ulcroscopy 1n reflectance uslng polarlzed_
Ught. The vacuum resldue and thelr fractlons and
the clallfled slurry oLl r¡ere analyzed for element_
al  conposLt lon.

Resul ts and Discusslon

Eleuencal  Analvsls

Eleuental analyses of VR1, VR2, thelr sol.vent
f ract lons and the c lar Í f led s lurry-o1l  are glven
ln Table 1. The pentane lneoluble fracclon con_
stlrutes 332 r¡ and 437 w of VR2 and VRl, respec-
t lvely.

Table 1.  Eleoental  Analysls of  Selected Mater la ls;
Pt I :  pentane Insolubles,  pcS: pencane
So1ubles.

Z I'Ielght
M a E e r l a l C H O S N

vRl 82.9 9 . 6  1 . 1
VRl PTI 82.5 8 . 0  1 . 5  7 . 0

5 . 6
L . 2
0 . 5
0 . 4
r . 0

vR2 83.8
84.2
8 3 .  5

9 . 8  0 . 7
r 0 . 8  0 . 7vR2 PcS

VR2 PTI

4 . 8
3 . 6

7 . 9  1 . 0  6 . s

The carbon contents of  the Ewo residues and thelr
solvent  f ract fons are s iu l lar  and s ignl f lcancly
lor¡er  chan lhat  of  rhe c lar l f ied s lurry_of l .  I t
should be noted thac rhe pentane fnsoluble fracclons
of both VRI and VM contaln oore heteroatone (0, S,
N) and less hydrogen conpared to lhe respectlve
perent reeidueg and Ehe pentane soluble irectlon of
VR2. The lo¡¡ heteroatou contents and II/C ratlo of
the CSO are conslsr .ent  e l th th ls m¿ter1a1 posaesalng
a greaEer proportlon of arona!1c conponenta than ¡hÁ
resldual  o1ls.

Optl.cal Texture of. Cokes

lhe appearances of Ehe sponge and shot coke
samples and of the cokes produced by carbonlzatlon
of the various precursors are sumarlzed ln Table
2 .

The differences 1n optl,cal texture and the
long-establlshed dependence of coke propertlee upon
the chen1cal nature of the precursor (5) tn¿tcate
Ehat Ehe co-productÍon of sponge and shot cokeg
arises from the carbonlzatlon of specles whlch d1f_
fer substantially in their carbonlzatloo react].vlty
and chenical  st ructure (6) .
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table 2. Optlcal Texture of Cokes Obtalned by
Cerbonizatlon of Vacuum Residua and Thelr
Fractlons; IüR: llhole Residuun' (PtI:

Pentane Insolubles,  PtSs Pentane
So1ub1es,  RO: RecYcle O11).

Feedstock Fractlon DescriPtloo
VRI WR Donains, 25 un

PtI  Dooafns,  15 Yn' 
PtS Dooains, 30 Ym

VR2 IIR Hoealcs, 5 vo
P E I Flne l losaics,  1.5 ¡o
PtS Doualns' 30 un

VRI + 102 nt CSO Flor¡ dooelns, 60 Pn
VR2 + 5-102 r¡t RO MosaLcs, 10 um
Sponge Coke
Shot Coke

Extensive f 1on-cype coelegcence
Mosalcs,  5 uu

The appearances of the cokes produced from the

solvent fractlons of VR1 and VM furche¡ eophasize

the dependence of coke structure uPon Ehe feedetock

composlllon. For both feedstocks the nost develop-

ed nesophaae was obsenred for  the Pentane solubles,
follor¡ed by the ¡¡hole feed, follor¡ed by che Pentane
lnsolubles.  The pr incipal  d l f ferences between VRI

and VR2 lrere seen 1n the cokes produced fron their
pentane- lnsoluble f ract lons.  These observat lons

ecrongly suggesB that  shot  coke ls  produced f rom

reacELons lnvolvlng the asPhalt.enlc Portlon of the
feedstock.

Ihe spherlcal morphologT of shot coke nay be

due to che segregat lon of  a rapld ly hardenlng (1.e. '

rapld ly carbonlz lng) phaee of  h lgh v lscosicy and

hlgh surface tenslon under the dynaulc condflions
prevalllng ln the coker drum. Ttre random lncorPor-
atlon of shot coke ln the sPonge coke oacrlx along
lrlth the unifornlty ln the slze of indlvidual shocs

suPPorc !h1s suggest lon.

Klnetlcs of Serol-coke Foroatlon

The relat ive ra les of  carbonlzat fon of  the df f -

feren!  feedstocks were deten¡ lned by neasur lng the
amount of  pyr Íd ine lnsolubles (PI)  forned (ac 450'C)

as a functÍon of tlne, Flgure 1. A croas-exaolna-

rlon of Flgure 1 and Table 2 lndlcates rhat the

1. Relat,lve rateÉ of carboni.eatroq of
petroler:m feedstocks; tTT:723 K, O VR2
pentane insolubles, E VR1, A VRI + CSO
(f5Z w),  a VR2 pentane solubles.

rate of PI formaclon durlng carbonlzatlon 1s ln-

versely re laÉed to che average s lze of  anlsocroplc
struciures observed in Ehe resultlng seui-cokes.
fhe benef lc ia l  ef fects of  CSO addi t lon to I /R1 Ln
enhanclug uesophase developnent are seen to be com-

aensurate with 1rs lowerlng the rate of carbonlza-
tfon. For r¡1de ranges of converslon (up to 702 Pf>
an apparent  f l rs t -order k inet ic  behavior  nas ob-

served for seml-coke fornation frou VR2 and lts
penEane lnsoluble f rac¡1on.  The calculated race
constants Cogether wlEh the associated act ivat lon
energLes and pre-exponentlal facEors are presented

ln Table 3, and compared to thoae obcalned for
Ashland 240 pltch whlch forus flor¡-donafn anlso-

t ropy (> 200 un 1n length)  1n cokes (7) .  The act l -

Tab1e 3. Calculated Race Paraneters for Carbonl-
zatlon of VR2 and Its Pentane Insoluble
Fract fon

Ea, kJ/oole A,  
" - l

r95 z . l x1o lo

1 8 2  8 . 0 x 1 0 9

L67 5 .9x107

vatlon energles calculated for VR2 and lts pentane

lnsoluble fractlon are hlgher than that obtalned
for  A 240 plcch.  I t  should be noted,  however,  that

both VR2 and 1ts pent.ane lnsolr¡ble fractlon carbou-

lze uore rapld ly than A 240 pi tch does,  as can be
lnferred f ron the reported ra le constants ac 723 K.
This lndlcates lhat  a conslderaElon of  the a¿Efva-

t lon energles alone,  wl thouE taking lnto consl .dera-

t fon the pre-exponentta l  faccors,  can be ur ls leadlng
ln conpar lng re laclve rates of  carboolzat lon.

References

1 . R.  DeB lase ,  J .  D .  Eu io t ,  and  T .  E .  l l a r t ne t t ,
P rep rLncs ,  D l v .  o f  Pe t ro l .  Chem. ,  ACS,  29 (2 ) '
4 1 2  ( 1 9 8 4 ) .

NPM/Questions and Ansúters, The 011 and Gas
J . ,  l l a r ch  1971 ,  p .  64 .

M. J.  Müna, H.  Schul tz,  and I , l .  E.  McKlnstry '
[Analytical Methods for Coal and Coal Prod-
uc t s , "  ( ed l t ed  by  C .  I b r r . ,  J r . ) ,  Vo l .  I ,  Ch .
19,  Acadenlc Press,  NY (1978).

A.  W. Scaronl ,  P.  L.  Walker,  Jr .  '  and R. G.
Jenklns,  AbstracEs,  15ch Conference on Carbon,
Amerlcan Carbon Soclety,  140 (198f) .

E.  Fl tzer ,  K.  l fuel ler ,  and I , I .  Schaeffer ,  1n

"Chemlstry and Physlcs of Carbon," (Ed1t.ed

by  P .  L .  Wa l ke r ,  J r . )  Vo l .  7 ,  p .  237 ,  Ma rce l
Dekker,  NY ( f971).

J.  L.  Hhi te and R. J.  Pr lce,  Carbon, !2,  32L
( 1 9 7 4 ) .

S.  Eser and R. G. Jenkins,  AbstracEs,  lóch
Conference on Carbon, Amerlcan Carbon Soclety'
98  (1983 )

t laterial T,K

698
vR2 723

748

673
vR2 Prr 70f

723

A 240 723

kxlo4, s- l

o . 4 7 2
1 . 5 6 8  

-

4 . 4 9 8

o . 4 6 9
1 . 9 2 0
4 . 4 5 9

o . 4 2 7

2 .

3 .

4 .

70

E 5 6
al

950
a:
3{0g

.É so
'E

izo
10

6 .
Time, h

Flgure

254

7 .


