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Introduc t ion

Coke format ion dur ing thermal  hydrocracking of

bi tumen f rom the tar  sands reduces the y ie ld of  use-

ab le  d i s t i l l a t e  f ue l s  and  i s  one  o f  t he  p r i nc i pa l

causes  o f  f ou l i ng  o f  t he  reac to r  du r i ng  t he  c rack i ng

p rocess  (1 ) .  The  chem ica l  comp lex i t y  o f  t he  f eed

s tocks  has  made  d i f f i cu l t  any  a t t emp ts  t o  r e l a te  t he

phys i ca l  cha rac te r  o f  t he  coke  t o  t he  va r i ous  c l asses

-. f  compounds present.

The use of  working def in i t ions of  coke,  such as
' ¡enzene- insolubles (2) ,  tend to be some\^7hat mis lead-

ing.  A s i .gni f icant  port ion of  the benzene- insoluble

residue produced dur ing thermal  hydrocracking of

-¡ . thabasca bi tumen has been found Eo be soluble in a

stronger solvent  such as quinol íne (3) .  The i rnpl1-

cac ion  i s  t ha t  t h i s  | t coke r tmay  pe rhaps  be  more  accu r -

ately termed a coke precursor.

This paper of fers microscopic evidence to sup-

?o r t  t he  f o rma t i on  o f  a t  l eas t  two  d i s t i nc t l y  d i f f e r -

ent  coke sEructures dur ing thermal  hydrocracking of

bi tumen. These cokes wi l l  be sho\^tn to form lndepend-

ent ly  of  each other and to correspond to speci f ic

i ract ions of  the bi tumen.

Exper imental

Athabasca bi tumen used in these studies r^7as

suppl ied by Great  Canadj-an 0i1 Sands of  Fort  McMurray

Alberta.  Deasphal t ing of  the heavy oi l  product  ob-

ta ined f rom thermal  hydrocracking of  the bi tumen was

carr ied out  according to the ASTM method ( for ty vol-
' :mes  o f  pen tane  t o  one  vo lume  o f  o i l  ( 4 ) ) .  The  de -

asphal ted heavy oi l  was subsequent ly d ist i l led under

vacuum (40 mm Hg) at  260"C.

Carbonizat ion of  asphal tenes and deasphal ted

heavy oi ls  was carr ied out  under a contro l led rate of

reat ing.  The sample was placed 1n a horízontal  quar-

¡z tube (15 mm dia.  and 50 cm length)  in a Kanthal-

eound tube furnace which was heated at  l0oC/min.  The

iube r^¡as in i t ia l ly  evacuated and then f i l led wi th

a rgon  a t  a tmosphe r i c  p ressu re .

Carbonizat ion exper iments involv ing deasphal ted

:reavy oi ls  \^r i th addi t ion of  sulphur r^ /ere carr ied out

in a vert ical  tube furnace.  The mixture of  DHO and

sulphur was poured into a p lat inum crucib le and in-

se r t ed  i n  t he  f u rnace  a t  400 'C .  The  t empe ra tu re  i n  ^
the furnace was then gradual ly  ra ised to 550"C aE f0"

C/nin.  This procedure was adopted to mlnimize loss

of  sulphur dur ing heat ing.

SarnpJ-es for petrographic examiriation vTere pre-

pared by embedding the cokes in luc i te p last ic  and

pol ishing the surface.  A Lei tz ref lected l ight

aicroscope was used to examine the opt ical  s t ructures

o f  t he  coke .

Resul ts and Discussion

Typical  exarnples of  the structure of  the coke

forned during thermal hydrocracking of Athabasca

bi tumen are shown in Figures \  a¡d 2.  This coke was

col lected f rom the outer  surface of  the thermocouple
sheath in the reactor  subsequent to a 21-day run
ca r r i ed  ou t  a t  460oC  and  13 -89  MPa  (5 ) .  Two  d i s t i nc -

t 1y  d i f f e ren t  coke  s t r uc tu res  a re  d i sce rnab le  i n

these photographs;  a grain mosaic type and a f low

type.  The presence of  spher ical  agglomeraEes of  a

grain type coke wi th in the matr ix  of  the f low type

coke  i s  obse rved  i n  F i gu re  2 .

I n  o rde r  t o  i den t i f y  t he  o r i g i n  o f  t hese  cokes ,

asphal tenes and deasphal ted heavy oí ls  (DHO) f rom

hydrocracked Athabasca bi tumen were indiv idual ly  car-

bonized under condi t ions descr ibed in the Exper iment-

a l  sec t i on .  The  res i due  f r om ca rbon i za t i on  o f  t he

vácuum dist i l la t ion bot toms of  the deasphal ted heavy

oi ls  showed a character is t ic  f low-type anisotropic

coke  ó t r uc tu re  ( 6 ) ,  F l gu re  3 .  0n  t he  o the r  hand ,

ca rbon i za t i on  o f  t he  aspha l t enes  a t  35OuC resu l t ed  i n

a f lne-rnedium grain-mosaic coke structure '  F igure 4.

On  f u r t he r ' hea t i ng  t o  450oC  a  g radua l  t r ans i t i on  t o  a

coa rse  g ra ín  mosa i c  s t r uc tu re  occu r red ,  F i gu re  5 .

Carbonizat ion exper iments at  h igher temperatures (up

to  1000 "C)  f a i ] ed  t o  a l t e r  t he  coa rse  mosa i c  s t r uc t -

ure of  the rrasphal tene eoket t  to a f lo\^¡- type struct-

u r e .

Based on these f indings,  i t  is  evident  f rom

Figure I  that  the format ion of  t tasphal tene-coket t  on

the thermocouple wa11 preceeded the deposi t ion of

coke formed f rorn che heavy oi l .  This observat ion is

consistent  v/ i th the fact  that  the asphal tenes polymer-

ize more readi ly  than the oi1 f ract ions,  and tend to
p rec i p i t a t e  ou t  o f  t he  b i t umen  f l r s t  because  o f  t he

increase in molecular  weíght .

I n  a  r ecen t  pub l i ca t i on  (7 )  i t  was  repo r t ed

that  laminar stacking of  asphal tenes occurred on

ine r t  pa r t i c l es  p resen t  i n  t he  f eed  s tock  (e .g . ,  coa l )

r ^ / i t h i n  t he  l i qu íd  phase  o f  t he  reac to r .  I t  i s  poss i -

b le that  these spher ical  agglomerates are incorporat-

ed into the matr ix  of  the coke formed on the surface

of  the thermocouple sheath as shown in Figure 2.

To  exp la i n  t he  d i f f e rences  i n  coke  s t r uc tu re

resul t ing f rom carbonlzat ion of  asphal tenes and de-

asphal ted heavy oi1s,  a ser ies of  exper iments using

elemental  sulphur was carr ied out .  The presence of

sulphur is  expected to induce cross- l inkage between

the  heavy  o i l  mo lecu les  ( 8 ,9 )  and  may  t he re fo re  a l t e r

the f lo l r - type coke structure obtained f rom carboniza-

t ion of  the heavy arornat ic  o i ls .

Var ious quant i t ies of  sulphur were mixed wi th

the DHO and the mixtures heated wi th st i r r ing for

several  minutes to ensure proper homogenei ty.  The

mixtures were then carbonized under condi t lons de-

scr ibed in the Exper i ,mental  sect ion.  The resul t ing

coke structures are shown in Figures 6-9 fot  52,

7 .52 ,  I 0 . 22  and  20 .57 "  su l phu r ,  r espec t i ve l y .  A  p ro -

g ress ion  f r om f l ow - t ype  (F i gu re  6 )  t o  coa rse -g ra i n
(Figures 7 and 8)  and f inal ly  to f ine-grain (Figure 9)
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was apparent  r^7i th increasing sulphur content  in the

DHO. The presence of  sulphur would aPpear to have

therefore induced cross- l inkage in the heavy oi l

f ract ion dur ing carbonizat ion.

The addi t ion of  sulphur to samples of  asBhal t -

enes and subsequent carbonizat ion at  about 500"C re-

sul ted in a f ine grain mosaic-coke structure '  F igure

10. Cornpar ing th is micrograph wi th Figure 3 suggests

that the presence of sulphur increased the extent of

cross- l inkage in the t tasphal tene-coket t .

The impl icat ion of  these f indings is  that  the

di f ference in structure betr , ¡een the "asphal tene-coket t

and ttheavy oil-coke" arises prirnarily from the extent

of  cross- l inkage between molecules dur ing the carbon-

izat ion stage.  I t  seems l ikely f rom the resul ts re-

ported that  the asphal tenes contain certaín funct ion-

al  groups and aromaEic structures which resul t  in

cross- l inkages duríng carbonizat ion,  whereas the

heavy oi ls  contain fewer such groups.

Speight  (10) invest igated the oxygen funct ional

groups in bí t r ¡men by infrared spectroscopy and con-

" lnd.d 
that  the major i ty  of  the oxygen in the asphal t -

ene f ract ion existed as hydroxyl  groups (mainly phen-

ol ic) ,  whi le the najor i ty  of  the oxygen wi th in the

heavy oi ls  occurred as carbonyl  groups (pr imar i ly  as

esters (11)) .  The pyrolys is of  phenol ic  compounds

has been shown to induce cross- l inkage (12-14) '  Car-

bonyl functional groups may, on the other hand, tend

to spl i t  of f  as carbon monoxide or  carbon dioxide

under hydrocracking condi t ions,  thereby leaving a

free radical  that  is  quickly stabi l ized by react ion

with hydrogen before a cross- l ink can be formed'

Conclusíons

The di f ferences in the coking propert i 'es of  the

asphal tenes and the heavy aromat ic o i ls  of  hydrocrack-

ed bi tumen may be at t r ibuted to the extent  of  cross-

l inkage formed dur ing carbonizat ion.  Asphal tenes

gíve a f ine mosaic grain structure on cokir ig which

transforms to a coarse grain structure as the coking

temperature is  increased. Deasphal ted heavy oi ls  on

the other hand, g ive a f low-type structure on carbon-

izat ion.  The f low-type structure obtained f rom the

deasphal ted heavy oi ls  could be t ransformed to a

grain- type structure by inducing cross- l inkages by

addi t ion of  sulphur pr ior  to carbonizat ion '
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FIGURE 1 - Coke collected froú lhe therEel

hydrocracker ; A-graln-noeafc ; B-f lor,-tyPe

FIGURE 2 - Sane aa Figure 1; contlnuation

of upper part (B) of previous figure

SURFACE OF THERMOCOUPLE SH€ATH
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FIGIIRE 3 -  Coke formed f rom DHO carbonized
ar 5000c

F IGURE 4  -  l n i t i a l  s t ages  o f  coke  f o rma t i on
f rom aspha l t enes  a t  350 "C ;  uPPer  Pa r t - f i ne

tg ra i n ;  l owe r  Pa r t -med ium g ra Ín

FIGURE 5 -  Coke formed f rom asphalrenes
ca rbon i zed  a t  450oC ;  

"o . r " " - g tá i n

FIGURE 7  -  Coke fo rmed f rom DHO and 7 ,57 .
su1 ohur

FIGURE 8 -  Coke formed f rom DHO and 10.27"
sulphur

F I G U R E 9 - C o k e f o r m e d
su lphur

I T O M  D H U  A N d  ¿ U . ) A

t ' IG l , ' l { l :  10  -  Cokc  fo rmt 'd  i r . rn r  : t sP lu I t .  n . ' s

a t  5 2  s r r l  ¡ r l t u r  i  f  i n ( ' - ¡ l r i ¡  i t l  s t r u c  t u r ( '
FIGITRX 6 - Coke for¡ned from DHO a¡d 5.OZ
eulphur
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