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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
Ky acetyiene 1.96 10° m¢/molkg_, s
E, cetytene 30.90 ]J/mol
Ky, sitytene 1.02 107 m¢/molkg,_ s
Ehyiene 25.12 J/mol
Ko propyme 1.3810° mé/molkg, .5
B opymne 48.88 J/mol
5 e 2.6310° m¢/molkg_ s
E propadiene 43.93 J /mol
e 1.87 10° me/molkg_ s
E, 3 butadiene 25.25 J/mol
LT 1.3310° m®/mol.kg_ .s
E | butene 3.yne 49.17 J/mol
Ky, tyarogen 5.01 10* mol/m?
E,yarogen 84.57 J/mol
K, o 2.00 10° mol/m3
E, 4393 J/mol
9509w &S B 51 G-AY € (5 L0 ol Loy L 95T, E.
2 =9 0 gasSTy ogn ile F 4 a gl .cul kj = kg exp (_R_';") )

29515 A (639)9 sloes p oS sl 6555 5T,
0350 al) o wloal ad S L s o
sy 0 s s ladl g il Npams st (3,5
Lo,955T, 5l 205 Ol gl 5l og—ie sl
walsl )3 g 35 V By L 0lg fw (189, (53l sl
S gyl amly ol 5SS Sl e Sl ey
595l culled ials ¥y

38 Ly 55Ul e Jled pals (sl adolas S
sl el ,oolie [V ] il sai solaul ol
a8 5 alie (rpon 5l 5 5B it Sl
]

da Ea

Fria —anC¥ ko exp (— ﬁ)

M
] L € 518 e b a o5 adolen 4o
$3lwdld 65—l g b Ey g kg )9S, 4 (6395
L Llie slaplsi B g n o gyl clus ioals ST,
tla)lf ez i R )5 dllS e b ials L

)95‘) ‘S)Lnxjv\-o Y-¥
0 )y sl B Le et ol il sl

Oiga—p sloacdle C o g € (558 slodsls o
Loyl piSly cue pw B K 9 Ky 0 yS 0 uSgio
el 53l iy M U S S 5,55 IS

Sl £ Y-
OO S Llocyse 0 o lg aalllae a s a Jae ol yo
olad v Sl jo azly ol 5l gleslw °)‘9C)—,a el
Jols 5l e amlg ay (609, Sygz .l oai ools
oimle S sl ey, Sl (o9 P Jgame L o)l
OSeS 3y ol 9551, 4 6099 slos i 5 it
69959 lood 0So IS nly jLid (Lou L a S suls
g ol 5 sl a0 00 (gilaslely g9,i yo e ST, 4
el ol F il az 0 A dga > gilaslal, LoL o
69250 )9Sy a3 (53,5 g e 0 STy
ploml wsleid 51,3 (s rw S jg—ot a5 Cl s
Al o Lo ,gST) ol ol an a>gl 0yt

oy = (o (ciien (69,1 S Gag sl ah) o (A (oele allad QP


https://arcpe.modares.ac.ir/article-38-48878-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-11-27 ]

E:Exclengsr

R R eac ioe

V Vessel

LIS Lo Presswre Sieam

W LCooling Wase

w8 Sles p Slles oyl b f"’l‘ s

Fead
e

Green Gil
sperzior

O9le (eordg it Gletal (03557 5l3059,008 a2y 5l slaolu ol yko ) JSCs
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 6 The amounts of acetylene (a), ethylene (b) and ethane (c) along the reactors for the various feed flow rates
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