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Research subject: Ethylene is a very important material in petrochem-
ical industries, whose producing polymers such as polyethylene is its
main application. The steam cracking of naphtha or ethane is usually
applied to produce ethylene. A small amount of acetylene is produced
in this process. The amount of acetylene in the product stream should
not exceed 1 ppm, because it is harmful to polymerization catalysts in
downstream units. The acetylene hydrogenation unit is designed for
acetylene removal in industrial plants. In this unit, the removal of acet-
ylene up to 1 ppm in the final product as wll as the ethylene’s selectivity
are of great importance.

Research approach: In this paper, the modeling and the dynamic sim-
ulation of acetylene hydrogenation reactors of Marun petrochemical
complex with considering catalyst deactivation are presented. Then, ef-
fect of the operating conditions such as temperature, pressure and flow
rate of the reactor feed on the amount of outlet acetylene as well as eth-
ylene’s selectivity is investigated.

Main results: The simulation results showed that in order to compen-
sate deactivation of the catalyst, it is important to gradually increase
the reactor inlet temperature. With a linear increase in the inlet tem-
perature of the reactors from 55 to 90 oC in a period of 720 operating
days, the amount of outlet acetylene and ethylene’s selectivity are de-
creased. The reactions of acetylene to ethylene and ethylene to ethane
are increased by increasing the inlet temperature of acetylene hydroge-
nation reactors. By increasing the feed flow rate from 50 to 100 kg/s,
the amount of outlet acetylene and ethylene’s selectivity are increased.
By increasing the feed flow rate, the residence time is decreased and
thus the conversion of acetylene to ethylene is decreased, increasing the
outlet acetylene in the product. The amount of outlet acetylene and eth-
ylene’s selectivity are decreased by decreasing the inlet pressure from
40 to 33 barg.
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Table 1. Kinetic parameters [22]

Parameter Value Unit
k, - 1.96 10° m®/molkg_ .s
EAcety]ene 30.90 J/mol
kO‘ ST 1.02 107 ms/mol.kgcat .S
EEthylene 2512 J/mol
ko' N 1.38 10° m®/molkg_ .s
Epmpyne 48.88 J/mol
ko‘ i 2.63 108 m°/molkg_ .s
E propadiene 43.93 J/mol
K| 1 3 butadiene 1.87 10° m®/molkg_ .s
. butadiene 25.25 J/mol
km_Butene - 1.33 10° m®/molkg_ .s
E biiene 4yne 49,17 J/mol
L. P 5.01 10* mol/m?
E arogen 84.57 J/mol
K, o 2.00 10° mol/m?
E, 43.93 J/mol
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Figure 1 The simple schematic of acetylene hydrogenation unit of Marun petrochemical
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Table 2. Comparison between simulation results and plant data

Component Plant (ton/h) Simulation (ton/h) | Deviation %
Ethylene 144.15 144.09 -0.042
Ethane 78.28 78.34 +0.077
Propylene 26.32 26.33 +0.038
Propane 17.47 17.47 0

Hydrogen 9.015 9.021 +0.067
Pressure Plant (barg) Simulation (barg)

Pout (R1) 34.65 34.73 +0.23

Pout (R2) 33.7 33.68 -0.06

Pout (R3) 32.75 32.68 -0.21
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Figure 2 The amount of outlet acetylene (a) and ethylene’s selectivity (b) at the various feed temperatures

r
.

ra
ra ra

-
o0

-
'S

-
]

Acethylen concentration (ppm)
(53]

1] 100 200 300 400 500 800 700 300
Time (day)

o8 ile 4z ;0 B0 Cub (699,55 sled ;o oy CBdS L 29,5 ol Jlade ol Y IS
Figure 3 Increasing the amount of outlet acetylene versus time with constant inlet temperature at 55 oC

QY sk - ooeh e 30 o gl ol Ay oo (kg (oole anlibad



v Shos p Sllos sl el 53U o)

078

o . o o o
o h =] =] =]
w0 -~ + o

Acethylen Concentration {ppm)

e
o
=1

=4
o
ks

.
300

N L L
400 500 GO0

Time (day)

1.8397

1.83896

1.8385

18394 |

1.8383

Selectivity

1.8382

1.8391

1839

1.8389

1.8388 - -
0 100 200 300

400 500

Time (day)

15551, a5 35,5 STys> slalos as 2alsil b (D) (Ll 6wy lieil 5 @) s> bl yolie ¥ IS
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Figure 5 The amount of outlet acetylene (a) and ethylene’s selectivity (b) at the various feed flow rates

Oy Bl ;565 }—.t-‘ff‘)ﬁ—é ol e el
ol am sl s ol cemge a9 jies o] clil
ol Gul ol U el e i (0) £ S 5l as

Sabge Gl Gt as L]

il ol e el o (1 A ksl g lnals
alS U g0l 30l sl as hial i STy
Al ales iy cader sl laae (ol o al
3O Og—>90 ul..»_..u‘ w_bls l_u 9 aalol BN ‘Jl_‘> u_b‘ l_v
ey as cad Ll as Lol Joas e de «STye s
S GiealS A ;e ol aS col Al gl ol
29 W Lib)}.s‘)).»_m.v Jj—"’ B U_L"" e cs

Acetylene (ppm)

3500 T T T T
B0 kgls
———-Tokgis
— - 100 kgls |
3 4 5 & 7

Reactors length (m)

1q

ooy = (ool (qwiiten (68 7)1 Sl gy (o dihy (o by Sy (oole dolilad



v Shos p Sllos sloyzall 3l o)

(b) 0.441

044 |
0.439 H)
0438 |

0.437 |

Ethylene massfraction

0.436

0.435 |

50 kg's
TSkals
e 100 kgss |7

0.434 . : :
0 1 2 3

4 L] [ T

Reactors length (m)

0242 T T T

(c)

0241 ¢
0.24 ¢
0239 +
0238

0237

Ethane massfraction

0236 -

0235

S0 kpis
TSkpis
———-100kg's

0234 = . - .
o 1 2 3

4 5 3 ¥

Reactors length (m)

Shgs iz laglh o a6l baygST) fws Jsb 50 (@) OBl 5 ) sl @) pheosl ol 7 JSCo
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Figure 7 The amount of outlet acetylene (a) and ethylene’s selectivity (b) at the various inlet feed pressures
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Figure 8 The amounts of acetylene (a) and ethylene (b) along the reactors for the various feed pressures
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