


In the Name of Allah Wiy
0

Chemical Engineering Department
Tarbiat Modares University, Tehran, Iran

»"/fr-
e

o

AL L T Xe
s . L

Suppression of Coke Formation
in Thermal Cracking by Coke
Inhibitors

BY

Aligholi Niaei

Supervisor: Prof. J. Towfighi

A Thesis submitted to the Faculty of Graduate Studies and
Research 1n partial fulfillment of the requirements for
the degree of Doctor of Philosophy

February 2003

s




Ty
/f/ ~
4

obgle obd 4uwl

Suppression of coke gl e b 1) 555 Sl ¥E (6 15 dluy U ke BT
NSRS P SVARVARS =)L > formation in thermal cracking by coke inhibitors
Sl BT Gipds 5l ngbu;(aﬁjiéjjlb dloy ot Slg aend 0lysls Wl glael

oorndiiS o slgiy T8 51 Sl o aitig A5 dm s JoSS

eL2al L;.:i_}.‘.b‘- el 5 f-U Obils ola sLasl
/iw b g xS o] el slzal 2y
al—ds pbleaiy
% ele s S T
| A5 BT

[PTes olabeaiy

:on__?J._..__i.,u-F

(GM;'-J_U;.:J.’%L«I [5)




T
~e

=

T

" G

J L P v ©

- g.
NN

5 e a3 oLkl lagzutiils (sLa(allun y) Aellels sty dobipyssT

3t pfn b e a7 WL Bl tsls ass (sUa(dley) BOLY SLisl 5 Ol 4Kl 4 s
ol O ol 23l cal&til Gy ey 5 AT ) gl 4 cplples o oKl a5~ odo st
g e dgaze J13 5500 Cule ) 4 s o85S
(oSBT 85 300 4 8 )3 4 S | Gl 0 5 s(AL)) Lol Gl 4 el e 55 V83U
' | AA E:B\H K ssts
_ WS Ol 1) b3 o)be (el Sy 5l ) ulfr yom dmiao 53 Y 3L
Eel é,wavy/ 4.-.:, PYYRTAL PP ,::, JL. j%fi,«l..,!fububb Jool il S
UL,/l,s‘- Jl.f,.-"dh.nbo I S 5 o K851 Og,,z@ oS8l 4 \VAN Jle o a8
A islin g p dx,sadut i/ S §y gLt G,s,a),o,.s,_;w
i J.!: sGT ‘,:La,-/‘.ul’
g A 53) S DS dys K sl calitils SLLiS] slaa ja I ki Ol jshu g ¥ ESL

. g..-lo.l.ucb: (JIJI

2 555 55 m s 431 555 5L 35l L5l 5 e oLty S Tal ol tsls € gale HUT L5 zon | (Sl
s 13 Ay b e

St 7 oLty 4y @ ls Olyee w0 a3l OS5 sl 100 o B3L cyle, phe Sy s 3L
| PG Lo

sl 5 e o815 b (slgy oy 5 (8,103 Sy 3 S e JpS e patils 0 83U
Sliszael 5 late 4 as o G ol8t3l> 43 0538 4 80 sy g allan LS worl e 3o b 51y
010,85 024 e SlelsS iy e 51 F 33U L5 5 80 domy dobas calSals Gob 5l s g5 G yim
Al el o2 3 sl

| R g/) s Oxw'cf,u/ 42y 6 gmatils (jly dwlﬁ il £ 830
i fy‘,.f,hmm.a;d,.obul‘,sftuw,

j U)U,d;']“ u:a'_,:lrrbg fl"
" ‘ Ll y b
[»'

A\}




Dedicated to:

My Mother and Memory of My Father

&

My Wife
and My Kindly Childs, Parvaneh & Peyman




Acknowledge

e Professor J. Towfighi for his supervision and support through
the course of this work

e Dr. M. Sadrameli for his co-supervision

e Mr. Zahmatkesh, Amir Kabir Petrochemical Complex for his
financial and scientific support

e Dr. Taeb, Head of Research and Development of Petrochemical.

e OQOlefin Research Group Members ( Mr. E. Masoumi, Mrs. G.
Saedi, Dr. Karmzadeh, Mrs. Hosseini, Mr. Aalizadeh) for helping
in my work

e Arak Petrochemical Complex for the preparing the H.C. feed
and utility of experiments.

e Tabriz Petrochemical Complex for the preparing the
organosulfurous compounds.

e Varian Chrompack Co. for preparing valuable suggestions in
analysis system

e Dr. Shahrokhi, Dr Pishvaei,... for stimulating, discussions in
construction of control system

e The Department of Chemical Engineering

o My Family for their helping and grateful cooperation.




ABSTRACT

The main purpose of this research was to: 1.Develop a coking model for thermal
cracking of naphtha. 2. Study coke inhibition methods using different coke inhibitors.

Developing a coking model in naphtha cracking reactors requires a suitable model of
the thermal cracking reactor based on a reliable kinetic model. To obtain reliable
results all these models shall be solved simultaneously. For this purpose ORG
reaction network was used and tuned by experimental data. The detailed mechanistic
kinetic scheme in this network, involves over 542 reactions and 91 molecular and
radical species. Finally, a coking model with 24 coke precursors in five groups was
obtained.

Regarding coke inhibition, different additives were studied. These compounds
chemically interfere with the surface and gas phase reactions, thus preventing the
build up of coke in the reactor. Our experiments showed that the organosulfourous
compounds such as DMDS and Disulfideoil can inhibt coke formation and CO
production. Also results obtained from our experiments in thermal cracking of
naphtha in the presence of Triphenyl phosphine and Triorto-tolyl phosphine showed
that using these compounds results in lower coking rates in comparison with

organosulfourous compounds.

Key Words: Thermal cracking, Coke Formation, Modeling, Coke inhibition
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NOMENCLATUE

G Concentration of coke (mole/m?)

Cp Heat capacity ( J / mole. °K)

d¢ Tube diameter (m)

F Molar flow rate (mole/hr)

Fr Friction factor

G Total mass flux of the process gas (kg / m? .5)

h, Process gas convection coefficient (W/m2 ’K)

h, Outside convection heat transfer coefficient (W/m‘2 °K)
h; Inside convection heat transfer coefficient (W/m2 °K)

-AH Heat of reaction (J /mole )

I's Thermal Conductivity of tube (W/m2 °K)

m Mass flow rate (kg/h)

M Average molecular weight (kg / mole)

Njj Stochiometery factor

Nu Nusselt number

Pr Prandtle number

P; Total pressure ( bar )

Q Heat flux (W / mz)

r Tube radius (m)

Te External tube radius (m)

I Internal tube radius (m)

Tei Coking reaction rate of precursor i (mole / m’ s )
Re Reynolds number

te Coke thickness(m)

t Time ( hr)

T Temperature (°K)

U Overall heat transfer coefficient (kJ/kg.‘)K.rn2 )
Z Axial reactor coordinate (m)




Greek letters
o Coking factor

£ Parameter of tube bend

pc  Coke density (kg/m*)

Abbreviations

ARPC  Arak petrochemical complex
EOR End of run

FID Flame ionization detector
LHA  Light hydrocarbon analysis
ORG  Olefin research group

PIONA Parraffins, isoparraffins, olefins, naphthenes and aromatics

TCD  Thermal conductivity detector
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