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Abstract

The maleic anhydride production via benzene oxidation is a highly exothermic reaction which causes the product
temperature will increase then it needs to be cooled down with a heat exchanger. The modification process is needed
to improve the purity of the maleic anhydride process by adding stage of distillation. Maleic anhydride with lower
purity from the first distillation is then distilled again in order to improve its purity. The process modification was
simulated using Aspen HYSYS and the comparison of maleic anhydride purity between the basic and the modified
process is shown in the form of table based on the material stream. The results obtained that the purity of maleic
anhydride for both basic and modified process is about 62.64% and 97.72%. This shows that the modified process has
higher maleic anhydride purity compared to the basic process as the purity is closer to 100%. Therefore, this
modification increases the maleic anhydride purity of the production through benzene oxidation process.
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characteristics make maleic anhydride very
suitable for various commercial applications, such
as surface coatings, water filtration systems, drug
carriers, food packaging, hydrogels for wound

1. Introduction

Maleic anhydride (MAN) is an organic
compound with the chemical formula C.H.0s
which has the form of a white solid in the form of

crystal or powder. Synonyms of maleic anhydride
is 2,5-Furandione, cis-Butenedioic anhydride,
Dihydro-2,5-dioxofuran, Maleic acid anhydride,
and Toxilic anhydride. Maleic anhydride is
hygroscopic, easily absorbs moisture from the air,
and reacts with water to form maleic acid. This
compound has a melting point of 53 °C and a
boiling point of 200 °C [1,2]. Maleic anhydride is
also reactive with amino groups, alcohols,
compounds that have double bonds, high acidity,
low melting point, abundant carboxyl group
content, and the presence of unsaturated bonds
after the ring opening process. These
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care, and biomedical applications [3]. In addition,
MAN is also widely used in the production of other
chemicals, such as polyester resins, food additives,
agrochemicals, and pharmaceutical products.
MAN can also be utilized in the synthesis of
polyurethanes, as a more environmentally
friendly alternative to petroleum-based materials,
as well as to improve the thermal and mechanical
properties of polyurethanes through
copolymerization with monomers such as styrene
or acrylonitrile. [4-6].

The maleic anhydride (MAN) production
process is based on two different technological
processes in the gas phase, namely benzene
oxidation and n-butane oxidation. Selective
oxidation of benzene results in the loss of two
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carbon atoms, reduces mass yield, and produces
heavy by-products such as phthalic anhydrous
and benzoquinone. In contrast, in n-butane
oxidation, lighter by-products such as acetic acid
and formic acid are obtained. The difference in
these technologies also lies in the operating
conditions which are influenced by several factors
such as feedstock conditions and process design.
The type of reactor used can be fixed, fluidized, or
a moving bed. The recovery of maleic anhydride
can be done in both aqueous and organic phases,
and the purification can be done through
azeotropic distillation or thin-film evaporation [7-
10]. In addition, MAN can also be produced by
converting biomass platform compounds such as
furfural and butanol [11].

The synthesis of MAN involves the selective
oxidation of benzene in the gas phase, at a
temperature between 350—450 °C. The reaction is
catalysed by mixed oxides of vanadium and
molybdenum (V205 and MoOQO3s) supported by inert
materials. It allows obtaining a selectivity of MA
equal to 74% with a conversion of benzene
estimated at around 96-98%. while the oxidation
of n butane uses a C4 alkane catalyst in the
presence of vanadyl pyrophosphate as a catalyst
(VO2P207). It consists of mixed oxides of
phosphorus and vanadium (IV). Depending on the
type of technology used for the synthesis, the
selectivity of MA reaches 53-65% and the
conversion of n-butane does not exceed 90% [12].

Maleic anhydride (MAN) is a chemical
product that has a wide market due to its
application as an intermediate to produce
unsaturated polyester resins, polymers, varnishes
and paints, as well as several other commodities.
In 2015, the global capacity of MAN production
amounted to 2800 million metric tons [13]. In
2017, the global demand for MAN was estimated
at 1.8 million tons and is projected to increase to
2.2 million tons by 2023, with a compound annual
growth rate of 3.69%. The global MAN market is
dominated by the Asia-Pacific region [14]. Since
1984, MAN market volume has shown a
significant increase, with annual global
production reaching 2.88 million tons in 2019.
Despite a small decline between 2020 and 2021
(approximately 2.76 to 2.79 million tons), most
likely due to the impact of the COVID-19
pandemic, it is estimated that total production
will increase to 3.40 million tons in 2029 [12].

Improving the purity of maleic anhydride is
essential to enhance 1its performance and
application in various industries, including the
production of plastics, resins, and
pharmaceuticals. One of the main methods to
achieve higher purity is through optimization of
the manufacturing process, specifically during the
oxidation of benzene or butane. Efforts to improve

the quality of MAN can also be made by reducing
color and improving thermal stability. In previous
studies, to increase the purity of MAN, a three-
stage distillation process was used. In a simplified
version of this solvent process, the waste MAN
from the reactor is brought into contact with
organic solvents in an absorber. This process
reportedly reduces solvent decomposition and can
increase the yield of MAN in the 97-99% range
[15]. The advantages of a solvent recovery section
coupled with a continuous distillation over an
aqueous and batch purification section are
elimination of the by-product formation of acids,
reduced steam consumption, reduced liquid
effluent, superior MAN quality [16].

In this case, the proposed innovation is to use
a two-stage distillation process to improve the
purity of MAN obtained through benzene
oxidation using Aspen HYSYS for process
simulation and modification. This modification
aims to produce MAN with higher purity
compared to the unmodified process. By applying
two-stage distillation, it is expected to increase
the separation efficiency and quality of MAN
produced, resulting in more optimal results in
production.

2. Methods
2.1 Oxidation

Oxidation 1s a chemical process where a
substance loses electrons, leading to an increase
in its oxidation state. This is often accompanied by
the gain of oxygen or the loss of hydrogen in a
chemical reaction. Oxidation is a fundamental
concept in redox (reduction-oxidation) reactions,
where one substance is oxidized, and another is
reduced [17]. One of the ways to produce maleic
anhydride is through benzene oxidation (Figures
1 and 2).

The oxidation of benzene to maleic anhydride
is an industrial process where benzene reacts with
oxygen in the presence of a vanadium pentoxide
(V205) catalyst at high temperatures (400-500 °C)
(Figure 1). The reaction produces maleic
anhydride (CsH20s3), carbon dioxide (COg2), and
water (H20) as byproducts, as shown in the
equation:

CsHe + 4.502 — C4H203 + 2C0O2 + HoO AH°298x = -
1377.9 kd/mol 1)

This highly exothermic process involves passing a
mixture of benzene vapor and air over the
catalyst, with the maleic anhydride recovered by
cooling or absorption [14]. While historically
significant, the benzene route has largely been
replaced by the more economical and
environmentally friendly oxidation of n-butane.
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2.2 Method to Improve Purity of Maleic
Anhydride

To obtain a high-purity maleic anhydride,
bottom product of absorber must be applied into
the distillation operation. Multistage distillation
1s proposed as an addition to the single-stage
distillation operation on the basic process. The top
product of the distillation (Stream 11) which
contains maleic anhydride and water undergoes
the second stage of distillation (T-102) to obtain
higher purity of maleic anhydride. Aspen HYSYS
V11 is used to simulate and modify the production
of maleic anhydride through benzene oxidation.
The results are then compared and analyzed to
conclude the effect of the addition of distillation
stage against the purity of maleic anhydride.

3. Results and Discussion

3.1 Comparison Between Basic and Modified
Processes

Mass and energy balances of the modified
process are reported in Table S1 (Supporting
Information). The simulation of maleic
anhydride  production through  benzene
oxidation process for basic and modified
process using Aspen HYSYS is depicted in
Figures 3-6. The basic process simulation is
shown in Figure 3, while the PFD of the basic
process is shown in Figure 5. In the basic
process, less equipment is used only a single
stage distillation. Whereas the modified
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Figure 2. Simplified block diagram of maleic
anhydride via benzene oxidation [14].

process simulation is shown in Figure 4, while
the PFD is shown in Figure 6. In the modified
process, more equipment is used due to
additional stage of distillation. The difference
between those two is in the number of
distillation stages which can be seen in the
modified process. On the basic process, there is
only a single stage distillation, therefore
resulting in relatively low purity of maleic
anhydride, which contains about 37.36% mol of
water, but for the modified process, there is an
additional stage of distillation which improves
the purity of the obtained maleic anhydride as
high as 97.92% mol.

3.2 Thermodynamics Review

Oxidation benzene to maleic anhydride
reaction can be expressed as:

CeéHe + 4.502 — C4H203 + 2CO2 + H20 AH°298¢x =
-1377.9 kd/mol 2)

For the determination of the nature of the
reaction (exothermic / endothermic) and the
direction of the reaction (reversible / irreversible),
it is necessary to calculate the standard heat of
reaction (AH°29sk) at 1 bar and 298 K based on
standard heat of formation of the reactants and
products. The value of AH* and AGt° can be seen
in Table 1 [18].

Standard heat of reaction at 298K (AH°29sk):
AH°298x = LAH{° product - ZAH° reactant

= (AH® C4H203 + AH® CO:z + AHf® H20) - (AHf°
CsHs + AHf® O2)

= (-398.3 + 2(-393.5) + (-241.8)) — (-49.2 + 0) = -
1377.9 kd/mol

Based on the calculations, we get the value AH298x
= -984.4 kd/mol, which is a negative value so that
the reaction is exothermic.

Gibbs energy (AG°29s8k):

AGo29sx = LZAGy® product - ZAGt°® reactant

= (AGt® C4H203 + AGs® CO2 + AG H20) - (AGs°
CsHs + AGS° O2)

= (-355 + 2(-394.4) + (-237.14)) — (129.8+ 0)
=-1510.74 kd/mol

Table 1. The value of AH and AGt° of compounds

Compounds l\l/fﬂzﬁzﬂf AH¢° (kd/mol) (kﬁ/G:rflol)
Benzene CeHs -49.2 129.8
Oxygen 02 0 0
Maleic anhydride C4H203 -398.3 -355
Carbon dioxide CO2 -393.5 -394
Water H20 -241.8 -237.14
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Figure 4. Simulation using Aspen HYSYS of the modified process
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Figure 6. Process flow diagram of the modified process
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Equilibrium constant (K1) at reactor temperature
T = 406 °C:

. —AH,9<1 1)

"o~ RrR \1, T,
AHeo9sx = Standard heat of reaction at 25°C
J
n K, _ 1377900 mol( 1 _ 1 )
6.579 x 10264 J 652K 298K
8.314 ——~
mol. K
K,
—301.958

In G579 % 10267 —
Ki=4.779 x 10133

Since the value of the equilibrium constant is
relatively large, the reaction is irreversible, only
the formation of product occurred during reaction.

3.3 Two-Stage Distillation of Maleic Anhydride
to Obtain Higher Purity

Maleic anhydride formed after the reaction
(PFR-100) is cooled with a heat exchanger from
1335 °C to 39.26 °C using cooling water (CW).
The output is then absorbed through an
absorption column (T-100) wusing dibutyl
phthalate. Subsequently, the absorbed maleic
anhydride is distilled with two-stage
distillation columns (T-101 and T-102) which
results in high purity maleic anhydride. Table
2 shows the difference of maleic anhydride mole
fraction obtained from basic process and
modified process.

Based on the comparation showed on the
Table 2, it can be concluded that an addition of
distillation column into the basic process
improves the maleic anhydride obtained. The
first distillation column focused on removing
the dibutyl phthalate from the absorption
process in order to be fed into the absorber
column again in the recycle stream, then the
added distillation column aims to separate
MAN from the remaining water contained.

4. Conclusion

Two-stage distillation improves the purity
of obtained maleic anhydride through oxidation
of benzene. On the unmodified process, maleic
anhydride only has purity of 62.64 %mole,
meanwhile the modified process results in
higher purity, that is 97.72 %mole.
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