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Kinetic Modeling of Coke Formation During Steam
Cracking of Gasoil in Pyrolysis Microreactor

G. Rahmani, R. Karimzadeh, J. Towfighi, M. Hosseinnia

ABSTRACT

In this paper, a kinetic model for coke formation during steam cracking of gasoil has been developed
in a pyrolysis microreactor. A laboratory tubular steam-cracking reactor was designed, built and tested in
order to study coke formation. Developing a coking model in gas oil cracking reactors requires a
mathematical model of the reactor based on a reliable kinetic model for gasoil cracking. For this purpose,
a molecular kinetic model was used and tuned by experimental data. Experimental design methods are
widely used in research as well as in industrial settings in wide purposes. Central composite design

(CCD) approach was used to reduce the number of experimental costs and times.
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Pyrolysis temperature, flow rate, and steam ratio, at five different levels were selected as main factors
in the experiments. The experiments performed at atmospheric pressure, temperatures of 1073.15-
1173.15K, steam ratio of 0.5-1 and total feed flow rate between 1-2 gr/min. The results show that the
temperature and the flow rate have the most effective impact on Ethylene and Propylene production and
the coke formation. Moreover, the minimum rate of coke formation obtained at operating conditions of
temperature, steam ratio and mass flow rate values of 820 °C, 0.9and 1.8gr/min respectively. Moreover,
the maximum rate of coke formation obtained at operating conditions of temperature, steam ratio and
mass flow rate values of 900°C, 0.75 and 1.5 gr/min respectively.
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‘ Gasoil — 0.74H, +1.18CH,, +0.34C,H, +1.94C,H , +
11 2
4.04x10 2A3XI07 0 053¢, Hy +0.87C, H, +0.087C, H,, +0.42C, H, +0.36C, H,
\ 2.75x10" 2.73x10? C,H, & C,H, +H,
¥ 6.73%10" 2.75% ]0? 2C2H6 - C3H8 +CH4
¥ 1.4x10° 2.53%x10° C,H,+C,H, —» C,H,+CH,
8 7.87x10" 2.147x10? CH;, & C,H, +H,
? 2.83x10" 2.118x10? C,H, — C,H, +CH,
v 3.63x10" 247x10° C3H3 +C,H, — C2H6 +C3H6
A 4.14%10" 2.68x10° 2C,H, - 3C,H,
: 3.87x10"  2.08x10° 2C,H —>0.3C H, +0.14L(C;) +3CH,
' 9.54x10" 2.95%x10° CH, < 2C,H, +H,
" 1.55%10" 2.56x10° C,H, —C,H, +C,H,
2
3 7x10" 2.61x10 C,H, < CH, +H,
" L19x100  2.12x10° C,Hy —0.41C i H, +0.19L(C,")
T 174x10" 2.09x10° CH; »CH+H,
' 3.59%10* 1.03x10° C,H, +C,H .~ Benzen+2H,
' 4.7x10* 14x10* C,H+CH; — Toluene +2H,
' 6.41x10" 2.46x10* C,H +C,Hy, — EthylBenzen +2H,
YA 5.17x10" 2.63x10° 2C,Hy — MethylBenzen+2H ,
" 1.55x10" 3.08x10? C,H, - 0.15C,H, +0.233C,H, +0.1C,H,
v 5.07x10" 2.91x10? C,H,+C,H, - C,H, +CH,
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