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The study examines the operational lifespan and catalytic efficiency of
the acetylene hydrogenation reactor at Amirkabir Petrochemical
Company in Iran, a critical component in industrial olefin production.
Acetylene, an undesirable by-product in olefin synthesis, adversely
impacts profitability and polymer product quality. To mitigate these
effects, the acetylene concentration in the feed stream must be reduced
to below 0.5 ppm through catalytic hydrogenation. However, excessive
conversion leads to ethane production, thereby reducing ethylene yield.
This research uses a modeling approach, supported by industrial data,
to investigate the reactor’s behavior under various conditions. A major
focus is placed on the reaction kinetics to optimize operational
parameters and minimize ethane production, which is less desirable
than ethylene. The analysis includes key variables such as temperature,
pressure, and the hydrogen-to-hydrocarbon ratio. Moving average
method was used to smoothing 78 operational data in this work. Results
showed the average absolute selectivity is less than 10%. Additionally,
the study evaluates the role of carbon monoxide (CO) as a selective
agent that enhances ethylene yield while reducing operational risks. The
results showed that the main conversion takes place in the beginning of
the reaction (first 1 m of the bed). Additionally, findings indicate that
optimal management of these parameters can greatly improve reaction
selectivity and the efficiency of the hydrogenation process. The results
provide significant insights for refining practices in acetylene
hydrogenation, suggesting strategies for improving product quality and
operational efficiency in the petrochemical industry.
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1. Introduction

Olefin units are regarded as the backbone of
the petrochemical industry, where saturated
hydrocarbons (paraffins) or larger cuts such as
naphtha fractions are transformed into smaller
and unsaturated compounds known as olefins.
The global market for these compounds was
valued at approximately 213 billion in 2023,
with projections estimating an increase to 343
billion by 2032 [1]. It can be calculated, the
production of olefins worldwide is about 28
kilograms per person per year, highlighting the
significant role these compounds play in
industrial applications and daily life [2]. Given
the vast and competitive nature of the market
for olefin products, ensuring and improving
the quality of these products is one of the most
crucial  objectives  for  manufacturing
companies. In olefin furnaces, the formation of
olefin compounds is often accompanied by the
production of some amount of acetylene. The
presence of acetylene as a by-product not only
affects the profitability of sales but also leads
to a reduction in the quality of the end-
products, particularly regarding the polymers
produced [3]. To address this, various
strategies and technological innovations have
been proposed, the most widely adopted being
the use of a catalytic reactor to hydrogenate
acetylene and convert it into ethylene [4].
Amirkabir Petrochemical Company (a major
producer of polyethylene and polypropylene
polymers in Iran) operates an olefin unit
similar to other facilities in the industry. In
these units, acetylene is generated as an
undesirable by-product during the cracking
process in the furnaces. To eliminate acetylene
and prevent it from contaminating the ethylene
stream, which would degrade the quality of
produced polymers, the company employs
catalytic hydrogenation. This process involves
adding hydrogen to acetylene in the presence
of a catalyst to convert it into ethylene, thereby

maintaining the high quality of the final
polymer products.

The elimination of acetylene through
hydrogenation is not a straightforward process.
Although the primary reaction converts
acetylene to ethylene, a secondary, less
desirable reaction also occurs, converting
acetylene to ethane. The production of ethane
is unfavorable as it does not contribute to the
desired polymer production and represents a
loss of valuable feedstock [5]. The
performance of the reactor and the
effectiveness of the catalyst are pivotal in
minimizing this side reaction, ensuring that the
maximum amount of acetylene is converted
efficiently to ethylene [6].

Various parameters such as temperature,
pressure, cooling fluid, and catalyst lifetime
play significant roles in determining the rate
and success of these reactions within the
reactor [7]. An in-depth understanding and
precise control of these parameters are crucial
for optimizing the hydrogenation process,
which can lead to significant cost savings and
efficiency improvements for the petrochemical
industry [8]. Given the importance of this
process in maintaining the quality and
profitability of olefin production, this study
aims to analyze the acetylene hydrogenation
reactor at Amirkabir Petrochemical Company
and predict its behavior under varying
operational  conditions. This research
introduces the novel use of carbon monoxide
as a selective agent in acetylene
hydrogenation, improving ethylene yield and
reducing ethane production. By integrating
modeling with real industrial data, the study
optimizes reaction kinetics and temperature
distribution within the reactor. These insights
provide actionable strategies for enhancing
operational efficiency and product quality in
petrochemical processes.
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2. Process description

In olefin production units, hydrogenation
reactors play a crucial role in selectively
converting impurities such as acetylene to
ethylene, thereby improving product quality
and process efficiency. During the
hydrogenation process, acetylene (C,H,) is
strategically hydrogenated over a metal
catalyst, often palladium, to produce ethylene
(C;H,) under controlled conditions of
temperature and pressure. The challenge lies in
optimizing the reaction parameters to
maximize the formation of ethylene while
minimizing the over-hydrogenation to ethane
(C2Hg), which is less valuable. Achieving high
selectivity for ethylene involves maintaining
precise hydrogen-to-hydrocarbon ratios and
employing catalysts that favor the partial
hydrogenation of acetylene. This careful
balance not only enhances the purity of the
end-products, making them suitable for
polymer-grade applications but also preserves
the longevity and efficacy of downstream
catalytic processes by preventing excessive
byproduct formation.

The light product from de-methanizer column
(low temperature) which consists mainly of
methane and ethylene has some minor amount
of acetylene is directed to the “acetylene
hydrogenation reactor” (see Table 1 and Figure
1) This stream is then heated up by the reactor
product (i.e. 68°C at design and start of run
conditions) and is fed to the reactor. The
acetylene concentration must be reduced to 0.3
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ppm. Trying to further reduce the remaining
acetylene can lead to decreased selectivity and
an increase in ethane production. Therefore,
the  reactor feed temperature and
hydrogenation process temperature must be
controlled so that it does not fall below the
desired level. Like ethylene, carbon monoxide
also tends to undergo chemical reactions on the
active surface of the catalyst, which leads to
the production of green oil. The formation of
green oil is due to the oligomerization process
of acetylene.

The acetylene hydrogenation reaction takes
place inside the pipes of the reactor. The entire
hydrogenation reaction inside this reactor
follows a mechanism as illustrated below:

l. CoH2 + Ho — CoH4
IR CoHs + Hy — CoHs

The first reaction is desired, and efforts are
made to minimize the occurrence of the second
reaction as much as possible.

The heat generated from this reaction is
removed by methanol coolant that enters the
shell of the reactor. The evaporated methanol
is cooled in the methanol cooler in the vicinity
of the cooling water and retuned. The
temperature of the reactor is controlled by the
methanol pressure control, varying from
vacuum condition to 200 kPa, depending on
the catalyst conditions.
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Figure 1. Schematic diagram of a non-adiabatic acetylene hydrogenation reactor.

3. Kinetic Review

Acetylene hydrogenation is a crucial process in
the petrochemical industry for purifying
ethylene streams by converting acetylene, an
undesired  by-product, into  ethylene.
Understanding the Kkinetics of acetylene
hydrogenation and the associated side
reactions, such as the formation of ethane, is
essential for optimizing reactor performance
and catalyst effectiveness. Early studies on the
kinetics of acetylene hydrogenation were
pivotal in establishing the foundational
understanding of the process.

Bond and Dowden conducted pioneering work
on the adsorption and reaction mechanisms of
acetylene hydrogenation over palladium-based
catalysts. They observed that the reaction
kinetics were significantly influenced by the
partial pressures of acetylene and hydrogen,
establishing a crucial basis for later kinetic
models [9]. Boudart and Djéga-Mariadassou
were among the first to systematically develop
kinetic models for heterogeneous catalysis,
which included the acetylene hydrogenation
reaction. Their models incorporated adsorption

phenomena and reaction Kinetics, providing a
framework for subsequent studies [10]. Trimm
identified the complexity of reaction networks
and the necessity for more accurate Kinetic
parameters as key obstacles. He advocated for
the integration of experimental data with
advanced modeling techniques to refine
kinetic models [11]. Froment and Bischoff
developed detailed models integrating mass
and heat transfer with reaction Kkinetics,
essential for accurately describing the behavior
of industrial reactors. These models have been
instrumental in designing and optimizing
reactors for acetylene hydrogenation, ensuring
efficient and stable operation [12].

Bos and Bootsma extended the understanding
of reaction kinetics by analyzing the role of
different catalyst supports in acetylene
hydrogenation. They demonstrated that the
nature of the support could alter the adsorption
characteristics of reactants, thereby affecting
the reaction rate and selectivity towards
ethylene [13]. Schbib et al. examined the long-
term stability and activity of various
commercial catalysts, providing valuable
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insights into the practical aspects of catalyst
management and regeneration in industrial
applications [14]. Borodzinski provided a
comprehensive review of the acetylene
hydrogenation  Kkinetics, highlighting the
various reaction pathways and their
dependencies on operational conditions. His
work emphasized the complex nature of the
reaction network, including side reactions
leading to ethane formation, and underscored
the need for precise Kkinetic models to
accurately describe the system [15].

McCue and Anderson, reviewed the recent
advances in acetylene hydrogenation using
palladium catalysts. They explored the use of
bimetallic catalysts, such as combining Pd
with metals like Ag or Au, to limit hydride
formation and improve performance.
Selectivity maodifiers, both inorganic and
organic, play a crucial role in their
optimization. The need for aligning laboratory
research with industrial conditions was
emphasized, calling for ongoing work to
develop catalysts that meet industrial demands
for high activity and selectivity [16].
Khusainov et al. studied the hydrogenation of
acetylene using a mathematical model and
experimental data. They employed a
palladium-coated open cell foam catalyst in a
cylindrical reactor to study the effects of
temperature on acetylene concentration.
Findings indicate that acetylene mass content
decreases as the temperature increases from
30°C to 600°C. The research emphasizes the
importance of catalyst geometry and operating
parameters in optimizing fixed-bed reactors

for industrial use. Numerical simulations
showed a strong correlation with experimental
results, underscoring the potential of porous
materials in catalysis and the need for precise
thermo-fluid dynamics monitoring to enhance
hydrogenation efficiency [4]. Rotzer et al.
found that interactions between Pd and
modified amorphous silica can significantly
influence catalytic performance through
charge transfer, enhancing activity but also
producing unwanted byproducts. Their
research identifies different active sites for
acetylene and ethylene, with site availability
affected by stabilized dehydrogenated species.
By using an advanced experimental setup, the
study demonstrates that tweaking metal-
support interactions can selectively block less
desirable sites on Pd nanoparticles, thereby
improving  selectivity  for  acetylene
hydrogenation [17].

4. Modeling and Simulation

The reactor simulation has been accomplished
using Plug-Flow reactor with considering two
parallel reactions (ethylene and ethane
formation reactions). Peng and Robinson
equation of states has been used to predict the
physical properties of both process fluid and
methanol (as coolant) [18]. Aspen HYSYS
process simulator was used to predict the
performance of the plug flow reactor and
reaction conversions. The reaction Kinetics
proposed by Bos et al. was used to predict the
product formation [13]. Ethylene and ethane
reactions are given below:

A‘l exp(_-lE-lJ I:)CZHZI:)HZ

?

RC2H4 = 962 4378 1287 3 (1)
(1+1.129exp( j Py, +29.4x107° exp(T) + 300exp(Tj Pcoj
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E
Az eXp(_TZj PC2H4PH2

1732

Reane =
(1+ 6.74exp(T) P.,., +14.78x107° exp(_l_j PCOJ(lJr 3.95P,,)

In the above equation P represents the partial
pressure of each corresponding components.
A1, A2, E1 and E> have determined using
experimental data for each period of run
(catalyst life) and are given Table S1.

Reactor temperature is controlling via
methanol passing through the shell side. The
heat transfer coefficient in the shell side was
fixed at 700 kJ/(m?xhrxK) and the internal
coefficient was determined according to the
following equation [19]:

Nu =1.6 Re%>! pro% 3)

There are two parallel reactions in the tube
sides of the reactor, ethylene and ethane
formations. As the former is the desired reactor
the selectivity is defined as the amount of
consumed hydrogen for acetylene
hydrogenation per total amount of reacted
hydrogen.

4.1. Plant Data

The reactor data are shown in Table 2. The
tubes are loaded via catalyst (Pb based) while
methanol is passing in the shell. The feed and
methanol coolant conditions at design mode
are given in Table 3 (27 operating data set are
given Table S1).

10151 @

Table 2.
Flow Conditions Toward the Reactor — Design
Conditions

Process Feed Conditions

Flow Rate — ton/hr 118
Pressure — kPa 3570
Temperature — K 341.15
Methane % 25.5
Ethane % 114
Ethylene % 36.4
Acetylene % 0.6
Hydrogen % 26
CO - ppm 450
Methanol (Coolant) Conditions

Flow Rate — ton/hr 13.3
Pressure — kPa 103.1

Temperature — K (Reactor Inlet) 338
Vapor Fraction (Reactor Inlet)  Sat. Liquid
Vapor Fraction (Reactor Outlet) 50%

Table 1.
Reactor geometry and catalyst properties.
Properties values

Tube Length—m 4
Tube Diameter —m 0.0512
Number of Tubes 3100
Bed Voidage (%) 38
Catalyst Diameter — m 0.0045
Partcile Density — kg/m3 1300

To predict the Kinetics of catalyst, 78
selectivity data have gathered. Moving
average method was used to reduce the noise
effect. Data smoothing is a process to reduce
noise in data, making patterns clearer. The
moving average method achieves this by
averaging data points within a sliding window,

effectively ~ smoothing out  short-term
fluctuations. This technique helps in
highlighting  longer-term  trends  and

underlying patterns in the data. Figure 2 shows
the smooth data as a function of passing day of
fresh catalyst loading.
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Figure 2. The selectivity of catalyst after loading
— the graph shows the declining performance.

5. Results and Discussion

The reaction kinetics of the current catalyst are
shown as below. The parameters have been
tuned and presented in Table 3. Linear
programming was used to adjust the
parameters of the system.

Table 3.
Evaluated Parameters of Equations 1 and 2 - SOR,
MOR and EOR: Start of Run, Middle of Run and
End of Run

Ethylene formation — Reaction 1

Az E:
SOR 6000 1.01e4
MOR 2500 1.01e4
EOR 1500 1.01e4
Ethane formation — Reaction 2
Az E2
SOR 1.7¢6 2.6e4
MOR 5.5e5 2.5e4
EOR 4e5 2.45e4

Figure 3 shows the actual (calculated from the
plant data) and predicted selectivity. The
reported selectivity (by  Amirkabir
Petrochemical Company) is defined as:
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Predicted Selectivity

Selectivity
_ Reacted hydrogen for acetylene hydrogeneration

Total reacted hydrogen

(4)

It can be concluded that the average absolute
error is about 10% which is acceptable.
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Figure 3. Predicted vs real selectivity of catalyst

based on equations 1 and 2.

Figure 4 illustrated the well prediction of the
given equations of real operating plant. As it
can be shown, the given equation and
completed simulation predicts well the
behavior of the reactor and loaded catalyst.
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Figure 4. Predicted outlet temperature vs. real
outlet temperature of the reactor.
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To analyze and study the performance of the
loaded catalyst some case studies have been
conducted. All case-studies are based on fresh
catalyst and feed design conditions (Table 2).
Figure 5 shows temperature variation along the
reactor and heat removal rate from via
methanol as coolant. It can be observed that the
maximum temperature occurs in the first 60

centimeters of the reactor. In this section both
main and side reactions take place (reactions 1
and 2). Beyond this length, the hydrogenation
reaction of acetylene is nearly complete
(Figure 6), and only the conversion to ethane
remains observable. However, The reactor
design includes a longer length to reduce
acetylene concentration below acceptable.
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Figure 5. Temperature change and duty load through the reactor — predicted by simulation.
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Figure 6. Acetylene (desired) and ethylene (undesired) reaction rates through the bed - Predicted by
simulation.
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Figure 7 illustrates the changes in acetylene
and ethylene composition along the reactor
length. The results reveal that acetylene is
mostly converted to ethylene within the first
meter of the reactor. However, as the reaction
continues, ethylene concentration decreases

6.0E-03

due to the prevalence of secondary reactions.
If the reaction proceeds uncontrolled, a portion
of ethylene is further transformed into ethane,
reducing the overall ethylene yield in the olefin
plant.
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Figure 7. Acetylene and ethylene mole fraction through the catalyst bed.

In the acetylene hydrogenation process, carbon
monoxide (CO) is injected to improve
selectivity towards ethylene by selectively
poisoning catalyst sites that favor over-
hydrogenation to ethane, stabilize the catalyst
by reducing carbon deposition, and alter
reaction kinetics favorably. However, the CO
concentration must be carefully controlled;
excessive CO can excessively poison the
catalyst, reducing its overall activity and
ethylene yield, cause process instability due to
fluctuating product quality, and present
significant safety risks due to its toxicity.

Figures 8 and 9 depict the effects of varying
carbon monoxide (CO) content on critical
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reaction parameters. As expected, increasing
CO  concentration  enhances  ethylene
selectivity ~ while  reducing  ethylene
conversion. However, this also results in a
higher acetylene concentration in the outlet
product stream. If the outlet specification for
acetylene is set between 0.3-0.5 ppm, the
corresponding CO concentration in the reactor
feed is predicted to be around 420-450 ppm.
This suggests that, under design conditions,
the feed CO concentration must be
approximately 450 ppm to meet the required
outlet specifications for acetylene.
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Figure 9. Carbon monoxide effect on acetylene outlet concentration and reactor outlet
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6. Conclusions

The acetylene hydrogenation reactor’s
performance and the effectiveness of the
catalyst have shown pivotal importance in
minimizing side reactions and ensuring
maximum conversion of acetylene to ethylene.
The study highlights that a careful analysis of
reaction kinetics and operational parameters
can lead to significant improvements in

product quality and process efficiency. The
results of fine-tuning of reaction parameters in
this work can be utilized for other similar units
with different scales. Key findings indicate
critical aspects such as maintaining proper
hydrogen-to-hydrocarbon ratios, controlling
the temperature and pressure conditions, and
understanding the effects of carbon monoxide
on selectivity toward ethylene. These insights
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are essential for enhancing the understanding
of acetylene hydrogenation processes and
optimizing operational practices, promising
better outcomes for the petrochemical
industry. Increasing the amount of acetylene in
polyethylene products will cause a sharp
decrease in quality and, consequently, its price.
As a result, the use of appropriate modeling in
this field can lead to cost reduction and prevent
product disposal into the environment.
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