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Introductlon

Carbonlzatlon of petroleum ls a hlghly
complex process lnvolving a large number
of chemlcal reaction interrnedlates. To
understand the reaction mechanlsm of
carbonLzatlon of aro¡natlc compounds like
naphthaléDQ r dirnethyl naphthalener'
anthracenez, and phenanthrenej the
studles have al.ready been carried out,
Klnetics and rnechanlsm of anthracene
carbonizat lon ls welL lmown.+.5ro

In the present work, klnetlcs of
carbonlzat ion of  model compounds l lker
toluene' ethylbenzene and n-butylbenzene
were camied out, to examine the dlfferent
types of interrnediate reaetions that
taking place towards the formatlon of coke.
These-studles l l lustrate the role of
aronatic nucleus and the effect of side
chain substltuents on the early stages of
carbonlzation.

Experlmental

Pyrolyses of pure toluene' ethyl-^
benzeñe añd n-butylbenzene, were car"rled
out ln presence of nltroS€h, in a quartz
tubular reactor. fhe tenperaturg of thq
reactor wag nralntalned between ó00-750'C.
fhe flow of the aronatlcs was controlled
by a dosslng pump and that of nltroget! by
a- flow-netei.Arornatic vapour was mixed
with ni t rogen ln the molar rat lo 1¡1r
before entering the reactlon zone of the
reactor.

At the exit of the reactor Products
were cooled lnrmedlately wlth dry lce. Both
the gaseous and liquld.products were
coll.ected and analysed by gaschronratogra-
phtc method.

The reactor was taken out of the
furnaoe, cooled and the tar forrned on the
walI of the reactor was extracted wlth
toluene. the toluene soluble portlon of
the tar was aLso analysed by chromatogra-
phl.c nethod.

Material balance calculation was
done to deternlne the exact amount
of tar formed due to the carbonization
react ion.

Resul ts

[he dlstribution of the Products
show that, toluene pyrolysls produces
about 5 to LO wtfr gabeous product,consls-
tlng nostly of hydrogen_and methane.
nthllbenzeñe and- n-butytbenzene produees
aUout lO to 20 wtÍ gaseous products'mostly
consistlng of hydrogen, methane añd
ethylene.-Flom the toluene pyrolysis-  the
maJór l iquid products obtained were¡benzene'
biÉenzvl, sti lbene and smaLl anounts of
diphenil, alpnenylrnethane, anthracene and
ptrénantnrene. Ethylbenzene a1! nlbutyl. i
benzene pyrolyses- produced all the produets
obtained from toluene and also styrene'
tetraline and naPhthalene.

Some part of the alkYlbenzenes is
converted- lnto thernall 'y stable solld
products eal1ed tar, whlch remain on the
wall of the reactor. Part of the tar ls
sotu¡te in toluene. The insoluble portion
ls  ca l , led  coke.

Upto 6oOoC, tar formation I 's not of
much Stgnlrteanee. Toluene pyrolysls
produeeé about 5 wftr of theproduct-s as-tar
it ?sooc. Fbon éttrylbenzene and n-butyl
Uéniéne about 5 to- LO rt1É of tar is forned
between 65o-?oooc.

Large sPectra of the Products show
that beiore- the carbonizatlon reaetion
(tar forrnat ion),  four maJor types of
lnternedlate reactlons take place. At
6oooc, deconposltion (fornation of free
radicáIs)  aná dehydrogenat lon (speclaUy
formation of styrene) are favoured. As
thé iemperature- increases, condensatlon
and dehydrocycllzatlon reactions are more
promlneirt.Thó latter is partlcularLy
ñotieabLe for n-butYlbenzene.
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It is found lhat flom n-butylbenzene
pyrolysis at 700oC, the total añor¡nt oi
tar obtained is almost L0 wtft of the
!.ot"l.products. Ihe yield of styrene is
th9 hlghest for the óttrytUenzené and
n-butylbenzene pyrolyseb.

Table 1 shows that the rate of st¡mene
fornration decreases with the increasás
of t ime and temperature of the reác{ióñ.
0n the other hand, the rate of formáifón
of. polycondense<l products increases. The
rate of tar forrnatlon also increases
with the"conversion leve1 of  the fááA.

Tlug-r polyraerisatlon of styrene is
one of the irnportant reactlons, under
the present reactton conditloná, *nión
leads to the forrnatLon of large'"rornatfc.
noleculesrwhich ultlnately ooñverts inió
tar.

n-butylbenzene pyrolysls shows that,
the dehydrocyelizatión réactlon i l
followed by various polycondensation
reactlons to form polycyclie aromatics.
The above ser ies of  róaót ions is
responslble fon carbonization reactlon.
f$: is_supported by the fact thatr-r"i"
of tar formation fbóm n-butylbenzeáe-
is .2_ to  3  t imes h igher  than- the
ethylbenzene.

Table 1. Klnetic data for the pyrolyses of

lhe rate of tar for¡natlon is almost
double for n-butylbenzene than ethvt_
benzene and about four tlnes than iolu"ne.
rt shows that, as the length of the Jt¿e
chain inereases the rate óf tar formation
also increases. It can be eoncluded ifr"t
i) the ehernicat condensátion ói-iñ;
aronatic nucleus to polyaromatles and
il ) cross l inktng to' foi.m- iriJóru¡re-'-
earbon rich residue are mostly responsfble
for the carbonization reactioñ
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allrylbenzenes.

3r

¡ed

Ioluene

Temp . /oc

70a
700
700
?50
750
?50

Conv. /wt*

8 .3
1 0 . 1
16.7
L2.3
20.2
32 .3

35 ,L
4 3  . 3
50.8
5 7 . 3
6g .z
85.5

42.o
66,9
?9 .7
52.2
63  . 6
75 ,4

Tar/w116

3. 5t+
3 .Zo
4 .54
4  , 66
4  .99
5 .Og

5 .36
6 .oz
6 .29
6 ,65
6 .go
? .35

6 ,?o
? .68
7  , 82
8.49
8 .83
9 .57

ks

:

0 . 2 3
o . L 2
0.  10
o . 2 L
0 .  l g
0 . I 0

o . 2 3
0 . 1 6
0.  14
0 . 0 8
o . 0 7
0 . 0 ó

ke.  103

0 , 0 2
0 . 0 5
0 .  0 ó
0 . 0 4
0 .  0 ó
0 .  0 g

o .2
0 ,5
0 .6
1 . 1
L , 5
1 . 8

2 . 2
2 . 9
3 . 6
8.  ¿ l
9 , 2

1 0 . 1

-Iug3
I . 0
I . 2
1 . 3
2 . 3
3 . 0
3 . 2

2 . 2
2 , 4
2 . 9
3 . 8
4 . 1
5 . 2

7 . O
? . 1
? . 6
8 . ó
8 . 9
9 . 2

Bttrylbenzene 65O
650
65o
700

i33
n-Butylbenzene650

650
650
700
?oo
700

ks

kc

ktr

Al1 the

rate constant for styrene formatLon

rate constant for total amount of eondensed products forrnation

rate constant for tar formation

rate constants are in r¡in-l.
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