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Research subject: Synthesis gas is a mixture of gaseous hydrogen and
carbon monoxide, which usually contains carbon dioxide as an additive.
This gas is the raw material in the production of many basic materials of
the petrochemical industry such as methanol. Various raw materials have
been used to produce synthetic gas, including natural gas (methane),
hydrocarbons, and coal. This gas is also very suitable as an intermediate
material for the production of industrial products, and depending on the
reaction conditions and the used catalysts, different chemicals may be
produced in large industrial units. Simulation of a synthesis gas reactor
as the heart of an operating unit in the petrochemical industry is of
particular importance. Simulation of refinery units is always associated
with many problems due to the complexity of the processes and the lack
of proper kinetics. In recent years, softwares such as Aspen Plus have
been used to simulate and study refinery processes, which have yielded
possible and accurate results.

Research approach: In this research, the synthesis gas production unit
Synthesis gas is simulated with two methods namely steam reforming and partial
oxidation using Aspen Plus V8.4 software.

Main results: By examining parameters such as conversion rate,
hydrogen to CO ratio, reactor temperature and pressure during the
) ) production process and other variables, the simulation results showed
Vapor reforming reaction | that after adjusting the reaction coefficients, parameters such as inlet
feed temperature, reactor length and residence time affected the
Simulation production of desired products. During the partial oxidation process the
maximum ratio of hydrogen to carbon monoxide which was achieved
at °450C was 3.38 while it was 3.90 during reforming process at °650C.
Based on the achieved data, the efficiency of steam reforming process
in terms of synthesis gas production is higher than partial oxidation
system.

Partial oxidation reaction
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Table -1 Catalyst properties in Hu and Hughes study [12].

properties Value

NiO content (%) 17-15
Contact level (BET. M2 / g) 30-14
Physical density (g / cm2) 20-3
Geometric density (g / cm2) 79-1
Empty volume (cm3 / g) 0.246
Porosity (cm3 / cm3) 0.44
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Table 2 Some of the most important methane reforming reactions and equilibrium constant and its

dimension

NO. Reaction Kpi Constants Unit
1 CH, + H,0=CO +3H, 1.198 * 10"7exp(-26830/T) (kPa)?
2 CO+H,0=CO,+H, 1.767* 10%exp(4400/T) (kPa)°®
3 CH, + 2H,0 = CO, + 4H, 2.117* 10%exp(-22430/T) (kPa)?
4 CH, +CO,=2CO + 2H, 6.780* 10'®exp(-31230/T) (kPa)?
5 CH, +3C0, =4CO0 + 2H,0 2.170* 10%%exp(-40030/T) (kPa)?
6 CH,=C+2H, 4.161* 107exp(-10614/T) kPa
7 2C0=C+CO, 5.744* 10'%exp(20634/T) (kPa)*
8 CO+H,=C+H,0 3.173* 10%exp(16318/T) (kPa)?
9 €O, +2H,=C+2H,0 1.753* 10%exp(12002/T) (kPa)!
10 |CH,+2C0=3C+2H,0 4.190* 10'%exp(22022/T) (kPa)*
11 | CH,+CO,=2C+2H,0 0.730exp(1388/T) (kPa)°
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Figure 1 Schematic representation of partial oxidation reactor feeds
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Table 3 Conditions input feed to the mixer, prior to partial oxidation reactor

Parameter Feed Oxygen Vapor

Temperature(°C) 620 200 360

Pressure(bar) 28.013 27 28.013

Vapor fraction 1 1 1

Molar flow (kmol /hr) 10260 1842.278 134.385

Mass flow (kg/hr) 156322.568 |53798.376 |2420.991

Volumetric flow (m3/hr) | 27241.631 2650.967 239.134

Enthalpy (Gcal/hr) -285.942 -19.014 -7.145
Molar flow (kmol/hr)

Co, 400 0 0

Co 260 0 0

H, 2200 0 0

CH, 3200 0 0

0, 0 1473.822 0

H,0 4200 368.456 134.385

I R-OUT I—

REFORMER

S b Jeds 95, 4 (599)9 SThes 5l o)lsz sl ¥ JSs
Figure 2 Schematic of the input feed to the steam reforming reactor

Q ol - ool i @31 b g (gl Ay o (B9 (oolde aoliliad



wodliinl b s 5 adg 59551, (5l o D —

AiS Lead )eS1, 4 (5999 SThs> sla s T Jsor
Table 4 Characteristics of input feed to reformer reactor

Parameter Value
Temperature(°C) 600
Pressure(bar) 22

Vapor fraction 1

Molar flow (kmol/hr) 11986.982

Mass flow (kg per hour) 204430

Volumetric flow (m3/hr) |39127.914

Enthalpy (Gcal/hr) -452.107
Molar flow (kmol /hr)

Co, 453.308
co 8.211

H, 967.319
CH, 3241.338
N, 10.709
Water 7216.096

REACTOR

("1 -

S5 oS 5, s S5 jloges ¥ ISS
Figure 3 General diagram of partial oxidation reactor simulation

REFORMER

DB b ead gl and and 55l s (IS el SLo ¥ S

Figure 4 General diagram for steam reforming
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Figure 5 The effect of reactor length on the hydrogen produced by the partial oxidation reactor
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Figure 6 The amount of carbon monoxide produced using partial oxidation reactor
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Figure 7 Variation of a) maximum temperature and b) minimum temperature of the partial oxidation system with the
length of the reactor
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Figure 8 Variation of H,/CO in partial oxidation process with the inlet feed temperature
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Figure 9 The amount of produced hydrogen by steam reforming versus inlet feed temperature

358 S

S b o by gy (o 2 S Y-Y
algi oo sl L s ailebos 4 (605,9 STy55 sleo
ol lsu b Joas ol ccnl 3 50 a8
L bl ol a5l Jlo ol Lol 5ls ol 8
e slas il i a5 sloul L e
= ogdle (6399 S|is5 slod jsd 5,5 05 (6399
o =yl g5, — 4—"3—‘6" —les =l

Al oSl e s
OS5 SeaS gige (ied g (Sdgs (g s Sl i
Slgs oo 75 895,5 SThss sles jwts 51 j0 gudss
Ve JSid 5 A USid o il Vb L el s
=S S sige 9 (y59,0m Hlade ekl o 5 A

S Sn St SThss les Al izmen ol
Sl ate sles il Ol g o)l ol yem 4 095> L
Bl Az 1) (St s gled 2l el
B e, S asles sl (8 L a5 gunl
Slaml sl 1y p3Y 65, ol oo Los il a8
B ey ol St s Bt Olg—e 4 0090
sloml el wilys oo 1503 ()b 5l aS wald s
wad YU sles U bl Uy o —les slapbol S

P s0 5S1) e P e
QoS gige 9 (e e )3 (Slimsd Les 2l L
) e wlgioo Jsle ol og S e szl S
Slonl S S sise dy 35,0 Sl Hlae 5o
ol oo ool plas A JSd s a S s bulan oS
4 590 S yo®l o Syg 3 Gl oS
Ol i sl ol Esload o )S S gige
Ols—iso 1y 5551, 4 (6395 Shhe—= sl (el )y

VY ool - oo (oo 3 sl g (sl iy o (S (oole aolilad



woslaiul b i 58 adgs 56351, (g5le Joe

2500

24895 4

2499 4

2498.5 4

2498 4

24975 A

2497 A

Carbon monoxide content (kmaol / hr)

2496.5

T T
400 450 500

T T T
550 600 650 700

Inlet feed temperature (°C)

0959 Sleo Ol sl com o b eas anl bl

P S S gige Glie Vo S5

Figure 10: The amount of produced carbon monoxide by the steam reforming process versus inlet temperature
changes
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Figure 11 variation of the ratio of hydrogen to carbon monoxide in the steam reforming reactor versus the inlet feed

temperature
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