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Heavy aronatics are produced as by-products
f rom the  the rma l  and  ca ta l y t i c  c rack ing  o f
petro leum dist l  l  Ia tes and the carbonlzat ion,
g a s i f i c a t i o n  a n d  l i q u e f i c a t i o n  o f  c o a l .
Examp les  o f  heavy  a roma t i cs  a re :  t he
ca ta l y t i c  c racke r  bo t tom (CCB)  f r om the
ca ta l y t i c  c rack ing  o f  pe t ro leum d i s t i  l l a te ,
the steam cracker tar (SCT) produced from the
steam cracking of naphtha or gas oi l, and the
c o a l  t a r s  ( C T )  f r o m  c o a l  c a r b o n i z a t i o n ,
l iquef icat ion or  gasl f icat ion.

Heavy aromat lcs produced f rom petro leum or
coa l  p rocess ing  va ry  i n  t he i r  chemlca l
s t ruc tu re ,  mo lecu la r  we lgh t ,  a roma t i c  r l ng
dlst r ibut ions,  thermal  and cok ' lng character-
is t ics.  The var iat ion ln  the character is i lcs
depends  on  the  feed ,  t he  p rocess ,  and  the
condi t ions used for  processing.  Table 1 g ives
t h e  k e y  c h a r a c t e r i s t i c s  o f  v a r i o u s  h e a v y
aromat ics.

Table l. Characteristics of Heavy Feedstock
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Table 2. Compositions of Heavy Arcmatics
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l {e  used n-heptane to quant i ta t ive ly  determine
the C7-asphal tene content  in  heavy aromat ics.
Our  me thod :  re f l ux  a  m ix tu re  o f  t he  heavy
aromat ics and n-heptane for  one hour,  f i l ter
us ing Whatman f i l ter  paper,  wash and dry.  The
aromat ics/solvent  rat io ,  the type of  so lvent
and  ex t rac t i on  t enpe ra tu re  a re  imoor tan t
parameters in  the extract ion of  asphal tenes
from the heavy aromat lcs.  Table 3 i l ' lust rates
the ef fect  of  feed/solvent  rat . lo  on asphal-
t ene  y ie ld  and  Tab le  4  i  I  I  us t ra tes  t he
effect of the carbon nurber of the paraffinic
solvent  on the asphal tene y ie l r ! .
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Table 3. Effect of Solvent: Steam Cracker Tar
Ratio on Asphaltene Content
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Heavy aromat ics are composed of  two main
f r a c t i o n s :  a  l o w  m o l e c u l a r  v r e i q h t  o i  I
f ract ion ( ! ln  = 150-200),  and a h igh mólecular
w e i g h t  s o l i d  ( M n  -  6 0 0  - 1 , 5 0 0 )  f r a c t i o n
i n s o l u b l e  i n  p a r a f f i n i c  s o l v e n t s  ( a s o h a l -
t ene ) .  Tab le  2  g i ves  t he  ave rage  md ' te tu la r
we lgh t ,  ca rbon /hyd rogen  a tom ic  ra t i o  (a ro -
ma t i c  r i ng  condensa t i on ) ,  cok ing  cha rac te r -
i s t l c s ' a t d  a n o m a t i c i t y  o f  t h e - o i l  a n d  t h e
asphal tene f ract ions of -SCT.
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Tab'le 4. Effect of Solvents: Carton Nunber on
De-Asphal tenation of Steam Cracker
Tar (SCT)

The  con ten t  o f  C7 -aspha l  t enes  i  n  heavy
aromat ics var ies f rorn 1 to 25f  depending on
the feed and the process conditions used when
É ' r o d u c i n g  t h e  h e a v y  a r o m a t i c s .  l a b l e  5
il lustrated the effect of feed and process on
the  aspha l  t ene  con ten t  i n  t he  heavy
aromat ics.

Table 5. Effect of Prccess and Feed on
Asphaltene Content

Table 6. tt lolecular t ' leight Distribution of
Asphaltenes Present in Heavy Aromatics
GPC, THF Solvent, Room Temperature.
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Table 7. l i , lolecular lJeight Distribution of
Asphaltenes of Naphtha Steam
Cracker Tars

1¿49 296 t61 t¡l7O 2mO 9779 63.a9a
MOLECULAR WEIGHT

(a l i pha t i c  and  cyc l i c  a l i pha t i c )  p ro tons  and
the aromat ic  carbon atom. Table 8 g ives the
ave rage  a roma t i c  ca rbon  a tom and  p ro tons
d i s t r i bu t i on  o f  aspha l t enes  ex t rac ted  f rom
SCT ln compar ison to that  of  the tota l  SCT
( asphal tene and oi 1 ) .

The rmo-g rav ime t r i c  ana l ys i s  (TGA)  and
d l f f e r e n t l a l  t h e r m o - g r a v i m e t r i c  a n a l y s i s
(0TG)  a re  used  to  de te rm ine  vo la t i l i za t i on ,
d e c o m p o s i t i o n  a n d  c o k i n g  c h a r a c t e r i s t i c s .
Heavy aromat ics conta in ing a large quant i ty
o f  aspha l  t enes  have  a  ve ry  b road  DTG
thermogram. Al l  asphal tenes decompose at  a
h ighe r  t empera tu re  range  (a round  400 'C )  i n
compar ison to the o i l  par t  which decomposes
a t  a r o u n d  2 5 0 ' C .  T a b l e  9  g i v e s  t h e  D T G

Tab'le 8. The Aromatic Carton and Proton'Dist r ibut ion 
of  SCT and i ts  Asphal tene
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C7-Aspha l t enes  l n  heavy  a roma t l cs  va ry  i n
thei r  average molecular  weight  and molecular
d is t r ibut lon ( f410) .  l {e  used t ro gel  permea-
t  i  on chromatography (  GPC )  methods to
determine the l. l1{0 of the asphaltene fraction
of  heavy aromat lcs.  The f i rs t  mthod requi re
1 , 2 , 4 - t r i c h l o r o b e n z e n e  a t  9 3 ' C  w i t h  a
UV-spectrophotometer at 400 nm as a detector.
In the second mthod, we use THF as a solvent
a t  20 'C .  Tab le  6  g i ves  t he  mo lecu la r  we igh t
d i s t r i bu t i ons  o f  aspha l t enes  ex t rac ted  f rom
gas o i l  and naphtha-der ived SCT, CCB and Cf .
Table 7 gives the I ' iUD of three asphaltenes
ex t rac ted  f rom SCT (naph tha  c rack ing  )
Droduced at  three d i f ferent  s team crackers.
The l l l lD of  the three C7-asphal tenes is
s i m i l a r .

The  chemica l  s t ruc tu re  o f  aspha l t enes  i s
masured by us ing carbon and proton i luc lear
l{aijnetic Resonance Spectroscopy. lle masured
the aromat ic ,  benzyl l ic  and tota l  parraf f in ic
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Table 9. Differcnt' ial Thermo Gravirctric Analysis
(DTG in Nitrogen) of Steam Cracker Tár,
Asphaltene and Asphaltene-Free 0il

have  l ow  cok ing  cha rac te r i s t i cs .  Tab le  11
g i v e s  t h e  c o k i n g  c h a r a c t e r i s t i c s  o f  t h e
C7-asphal tenes of  SCT, CCB and CT using the
two coking n¡ethods.

Table l l .  Coking Character is t ics of  Var ious
Types of Asphaltenes
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t he rmograms  l n  n i t r ogen  o f  t o ta l  SCT ,
asphal tene and o i l  f ract ions.

Although the C7-asphaltenes compose bettreen 5
and 30f of the heavy aromatics, they play a
major  ro le in  determin ing the coking character-
i s t i cs  o f  t he  t o ta l  heavy  a roma t i c .  The
cok ing  cha rac te r i s t i cs  o f  t he  C7 -aspha l t ene
and  the  heavy  a roma t i cs  va ry  s i gn i f l can i l y
depending on the feed, process and cond.li loni
used to produce the heavy aronat lcs.  Table
10  i l l us t ra te  t he  re la t i onsh ip  o f  t he  heavy
a roma t i cs  . p rocess  and  the  C7-aspha l t ené
characteri sti cs .

Table l0.  Relat ion of  Heavy Arcmat lc  and Process
to C7-Asphaltene Characteri stics
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Data  i nd i ca tes  t ha t  C7 -aspha l t ene  cok ing  i s
respons ib le  f o r  t he  cok ing  behav io r  o f  t he
to ta l  heavy  a roma t i cs .  Ac tua l  l y ,  a  d i rec t
re lat ionship ex is ts  between the C7-asphal tene
con ten t  and  the  cok ing  y ie ' l d  (a t  550 'C )  o f
the tota l  heavy aronat ics.  This re lat ion is
presented in Table 12.

Table 12. The Relation of C7-Asphaltene Content
and Coking Value of Aro¡rntic Feedstock

PROCESS .660C lArc.n,Xl a6@c wbiór

T

a

23

2a

z2

m

It

1a

la

l?

t0

t

a

a

2

0

STEAM CRACKING

NAPHTHA FEED 0.94
GAS OIL  FEEO I . I2
OESULFURIZEO GAS

OIL FEED I . f '

cAfALYfrccSAcKrNG 0.96

COAL CAFBOilIZAÍION

coALLroutFtcATtoN o.ga
HIGH fEMPERATUR€ COAL

CARSoN|ZAT|ON 1.33

r.2a

r.26

58

00

GI

&¡

0.96 6.0 t80
'f .at t3.o x20

'r.(x¡ 3:¡
l . t9 ¿t5

9.9 68
21.0 70

23.9 11

10.0 &t

r.000
700

E90

670

27

3.1

l Je  measu red  the  cok ing  cha rac te r l s t i cs  o f
aspha l t enes  us lng  two  me thods :  a )  a  g rav -
imetrlc coking method at 550'C (SilTPP ilethod
PT-10-67) ;  and b)  a thermal  balance,  where
the coke is  determined quant i ta t ive ly  at  any
temperature between 500 'C to 1000 'C C7-asphal
enes  o f  SCT  (gas  o i l  c rack ing )  and  CCB have
v e r y  h J g h  c o k i n g  c h a r a c t e r i s t i c s ,  w h i  l e
aspha l t ene  o f  SCT  (naph tha -c rack ing )  and  CT
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