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INTRODUCTION

l,'la.ny investigators have found that the physi-
cal propert ies of petroleurn coke are very much
dependent upon the composit ion and characterist ics
of the feecl stocks used to make the coke.

In order to cleter¡nine the relat ionships be-
tween the characterist ics of the raw materials and
the physical propert ies of petroleu¡n cokes d.erived
therefrom, investigations were undertaken to stucly
the carbonization and graphit izat ion processes for
various petroleurn fract ions.

EXPERII,,ENTAL

Sumatran Light vacuum residue (S/l  Vn), su-
¡natran Light vacuum dist i l late (S/f VD) and le-
cant Oil  from a catalyt ic cracking process were
used. as sarnples. S/t VR was fract ionatecl into
saturates, aromatics, resins and asphaltenes by
the alunina aclsorption method.. S/l  VD and Decant
OiI were separated. into saturates and aromati.cs by
the solvent extract ion nethod.. Each fract ion ras
sub jec ted  to  de termine the  da ta  o f  c lens i ty ,  Con-
radson carbon, elementary analysis, nolecuLar
weight a¡d. lifuclea¡ ],:¿gnetic Resonance (NliR)
neagure¡nent. Antl then, the chemical structuial
parameters were computed.

Each fract ion was carbonized in an autoclave
under a pressure of 20 kg/cn2 (gauge) at j .ncreas-

Íng ternperatures. f ,he f luidity of each fract ion
cluring the mesophase transformation wag monitored
by a Gieseler-type pl.astometer. The coke products
were examinecl by a scanning electron microsoope
and a polarized l ight nicroscope.

The coke protluct frorn each sample ras
graphitizert by heat-treating a+, 2ríOOoC for JO mi-
nutes under a nitrogen atmosphere. The graphit-
ized coke ras characterized by l-ray dif fracto-
netrT. The peak intensity I(002) ras deternined.
from (002) dl i f fract ion pea*, rhich was norrnal ized
by the internal stanalard mcthod.

RESULSS A¡'¡D DISCUSSION

The conpoeit ion antl  propert ies of petroleun
vacuurn residue, vacuum tlistillate, clecant oi1 ar¡d
their fract ione are shown in Table 1.
Íhe hyd.rogen tlistributions d.eterr¡inecl from MúR
data ancl structural parameters are sunmarized. in
Table 2 (procetlure baeed upon lamada et af (I)).
As can be seen f¡om Table 2, there were consid.er-
able dif fe¡ences in chernical structural parameters
for the various fract ions.

Fron mic¡oscopic observations, the col<e d.e-
r ivei l  from satu¡ate fract ion showed, a general ly
f ibrous texture. On the other hand., coke derived,
from resin arrtt asphaltene f¡actions prinarily ex-
hibited. a nosaic texture, eometimeg r i th pores.

The flutdity curve¡r for S,/L Tn, fractiong
during calbonizetion are sho¡n in Fig. l. lhe
saturate fract ion sol idlf ieal at about 5tBoC, the

aromatic f¡act ion at JJJoC, the resin fract ion at
5L4oC, a¡d the asphaltene fraction at lOtoC. F;;
saturates, the l iguid. state was maintained suf-
ficiently long tluring the stage of nesophase
transfornati.on such that a neetlle-like coke was
formed, as observed microscopical ly.

'ifith 
regard. to asphaltenes and resins, on tbr

other hand, owing to the relat ively low sol idif i -
cation temperature, the growth of mesophase would
be euppreseecl ancl consequently a mosaic-l ike tex-
ture rould. be observed. l'rhite an(I plice (2) pro-
posecl that i t  woulcl be convenient üo interpret tbc
mesophase transfosnation reaction by dividing i t
into fast-reacting and slow-reacting components.
That is to eq¡r, the former may corresponcl to
asphaltenes ancl resins, while the latter would be
attr ibuted to saturates.

. .Tbe-eaturate fract ion fron S/L VR was heat-
trgated in an autogLave und.er a p'ressuré-ót--26-U9ll
cm2 (gauge) at {!OoC, at various residence t imee
from 1! to Jl ninutes. The eaturates heat-treated
fo t  ]S .minu tes  were  in  an  iso t rop ic  l iou id  phaee
unti l  the appearance of spherical bodiás. Fro¡n
the component a^nalysis ttre fa value increased f¡o¡
0.12 to 0.54 anal the moleculat weight decreaged
from 880_tg 420. The nucleation a.ntt growth of
spherical bodies occuned progressivefy vtth in-
creasing residence t ine from {t ninutes to.f !  mi-
nutes. 0n the basis of these observatione i t
would be postulated. that the nesophase system was
converted into a neetl le- l ike coke by further heat-
treating.

Figure 2 shors the relat ionshipg between the
X-ray peak intensity I(OO2) for each graphit izecl
coke and the C/H atomic rat io of the feed materi-
als. 'Ihis figure ghows that the clegree of
graphit izabi l i ty of the fract ions couelates with
the C/H rat ios; that is, in d.ecreasing order of
graphit izabi l i ty, saturatee > parent iesidue >
aromatlca > resins > asphaltenes. This tendency ie
sini lar to that of the f luidlty behavior previous-
ly shorn in tr'ig. 1.

To further clari fy the relat ionships bet¡yeen
raw material characterietioe ar¡d coke quality,
tr ials rere conductecl to relete the chemical--
st¡uctural paraneters shown in Tab1e 2 anil X-ray
peak intenslty I(OO2). I t  ras general ly found
that the smaller the value of R (the number of
aromatic rings) or the smaller túe value of CAI (
the nunber.of alky1 sfd.e chains), the higher the'
value of I(002). From thege results, i t  is hy-
pothesized that, if ar¡ Sronatj.c ring has too many
a1ky1 side chains, during cond,ensation pol¡rmeri-
zatlon-the product becomes croesl inkeal ¡at i¡e¡ tha¡¡
stacked, thereby causing the clegree of orientatión
of the c4¡stalt i te to be poor.
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