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I ntroduct i on

The tendency for coke formation durinq
the upgrading of  Canadian b i tumen at  e levaied
temperatures is  wel l  known and th is
phenomenon cou'ld lead to some technical
d i f f icu l t ies in  processing.  I t  is  therefore
important  to  gain some ins ight  ln to the
mechanism of coke fonnation fron bitumen.
Thls coke fonnatlon process is very
complicated as the bitumen ls composed of a
mixture of  many orqanlc and lnorqanlc
compOunds ( l ) .  Thé Broport ion o l  these
compounds vary conslderably according to the
source of the rnaterial. An attempt has been
made to separate the bitumen into different
f ract ions which are fur ther  subjected to
physlcal ,  chemical  and petrographic s tudies.

The k inet ics of  coke format ion and i ts
re lat ion to the development  of  mesophase
dur ing the pyro lys is  of  b i tumen and i ts
var ious f ract ions at  d i f ferent  temperatures
are the object ives of  th is  s tudy.  The
kinet ic  s tudies have been repor ted e lsewhere
(21.. Only the development and nature of the
mesophase is  d iscussed in th is  paper.

. Experlmenta'l

(a)  Separat lon of  Fract ions

Athabasca bitumen fron Alberta, Canada
was used for thls study. The bltunen was
separated in to f lve f ract ions:  asphal tene,
sof t  res in,  hard res in,  aromat ics and
sa tu ra tes .  ( 2 )

Asphaltene vúas separated according to
the ASTl.l method and the maltenes were further
separated lnto hard and soft resins on an
act ivated Al tapulgus c lay column. 0 i l  was
fract ionated in to aromat ics and saturates on
an act ivated a lumina-s i l ica co]umn. The
relat ive percentage of  the f ive main
fract ions are shown in Table 1.

(b)  Elemental  Analyses

- Analyses for carbon, hydrogen, nitrogen,
sulphur and oxygen w-ere carried out on all
these fÉactlotls and the results are given in
Tab le  2 .

(c) Oevelopment of l.tesophase

Pyrol ¡n is  of  the f ract jons f rom the
bitumen was performed in a spec.ial furnace
using a quartz  boat  suspended in an
atmosphere of  n i t rogen f rom 390'C to 510.C at
var ious res idence t imes f rom 3-15 min.  About
200 mg of sample was introduced into the
furnace at the required temperature and
malnta lned for  the requi red per iod of  t ime.
Ihe p¡nolyzed residue was then cooled by a
strean of nitrogen and was further extracted
wi th to luene and f i l tered.  The insoluble
res ldue is  termed coke in th ls  work.  A
pel le t  was made in epoxy res in and was
examined microscopical ly  . for  mesophase
format i on .

D i scuss ion

The rate constants and the act ivat ion
energies were calculated f rom these resul ts .
I t  was found that  the rate of  coke format ion
ls  greater  wi th a h igher  degree of
aromat lc i ty  of  the feedstock (2) .

For  asphal tene the rate of  coke
format ion is  very rapid and was h ighest  of
a l l  the f ract ions.  This f ract ion possesses
the h ighest  aromat ic i ty  (H/C 1.18) .  A
mlcroscoplc examinat ion of  the res idue
(py 'o lyzed at  420'C for  5 min.)  shows
coalescence of spheres and formation of f low
type mosaic structure shown in Fig. 1.

The aromatic fractions separated from
the whole b i tunen (H/C i .46)  produced coke at
a considerably lower rate than that  of  the
asphal tene f ract ions.  Af ter  15 dr in.  of
pyro lys is  at  450'C,  very l i t t le  carbonized
residue was obta ined.  Spheres and i r reguler
masses of mesophase were observed in thé
p roduc t  (F i9 .  2 ) .

There are practically no differences in
the arcrnaticit ies of hard and soft resins.
Eoth resins were heated to 450'C for 5
min. The carbonized residue from the hard
resin shows formation of small mesophase
spheres and eventual ly  g ives a very f ine
grain coke st ructure as shown in F ig.  3.
Conversely,  sof t  res in under ident ica l
conditions of pyr.olysis forms isotropic char
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Fig.  l .  Coalescence of  spheres and Fig.  2.
flor type msophase fron
asphal tene.

Spheres and irregular ÍEso-
phase fmm ammatics fraction.

Fig.  3.  F ine coke st ructure
fron hard resin.

Fig. 4. Isotropic coke from
soft resin.

Fig. 5. Coarse grain coke structure
f rom bi tumn.

Table l .  Analys is  of  Athabaska
Bi tumn.

Table 2.  Elemntal  Analys is  of  the
Fractions of Asphaltene.

Table 3.  Coke Yie ld.

T Tine' C  M i n .  I
Asph al tene
Soft resin
Hard res in
Aromat l cs
Saturates

1 8 . 2
L9.2
4 . 3

3 6 . 5
2 I . 8

Bl tumen
Asphal tene
Sof t  res in
Hard res ln
Aromat i cs

Asph al ten e
Sof t  res in
Hard resi n
Aromat i c s
Saturat es

420 24.0D

5
5
5
5

79 .7
79.8
7 8 . 6
8 9 . 5

7 . 9  1 . 2  1 . 8  7 . 9  1 . 1 8
9 . 7  0 . 9  3 . 6  4 . 7  1 . 4 6
9 . 8  0 . 7  4 . 7  7 . 8  1 . 4 9

10.9 1 . 4 6

450
450
450
465

20.0
20.4
3 . 6
0 :3

I

as shown in F lg.  4.  The mlcrostructure of
the pyro lysed whole b i tumen is  shown in F ig.
5 for cornparison.

Conclus lons

From the k lnet lc  s tudies i t  was observed
that the rate of coke or char formation
lncreased wi th the degree of  aronat lc i ty  (2) .

Thls is  conslstent  wl th the mlcroscoplc
st ructure of  coke (as lndlcated by the
fonnatlon of mesophase) from the asphaltene
r rac t l on .

The aromatlcity of the other three
fractions such as aromatlcs, and soft and
hard resins are very close but they form
dlfferent types of mesophases.

The presence of lndlvidual spheres of
mesophase from the pyv.olysis of the arornatlc
f rac t i on  (F i9 .  2 )  poss ib l y  i nd i ca tes  t he

presence of  saturated s ide chains or  the
opt imum proport ion of  aromat ic i ty  and
al ' lphat ic i ty  as suggested by Ubbelhode (3) .

For  res in f ract lons,  the hard res in
produces very small mesophase spheres whereas
the sof t  res in produces an isotropic  char .
As these two f ract ions have s imi lar
arooat ic i t ies,  thei r  behaviour  must  be
re]ated to other  d i f ferences in  chemical
composi t ions.
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