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Reactor Modeling of Ethylene Oxychlorination for 1, 2 Dichloroethane Production
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Abstract: In this study a fluidized bed reactor for 1, 2 dichloroethane production from ethylene oxychlorination
was modeled by Computational Fluid Dynamics (CFD). The effect of catalyst amount was considered carefully.
It was concluded that modeled data in this work were in good agreement with the data obtained from the
experimental work. In order to this research, catalyst enhancement up to 6 m (height of the bed) increased the
products efficiency specially 1, 2 dichloroethane. 
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INTRODUCTION In this study, a fluidized bed reactor for 1, 2

1, 2 dichloroethane production from ethylene was modeled by Computational Fluid Dynamics (CFD)
oxychlorination reaction is an important commercial software. The data obtained from this work were
process. 85% of 1, 2 dichloroethane is used for vinyl compared with the data reported in the literature.
chloride production. 10% is used for production of
chlorinated solvent such as three chloroethane, three Modeling: The two phase model which considers the
chloroethylene, tetra chloroethylene and 5% is used in the fluidized bed reactor to consist of a bubble phase and a
various processes such as diethylene amin synthesis [1]. surrounding dense phase has proved to be most suitable
Vinyl chloride monomer (VCM) is produced by cracking model for this investigation [4]. There are a lot of
1,2 dichloroethane produced from ethylene chlorination or researches in kinetic of 1, 2 dichloroethane [5]. In this
oxychlorination. Poly vinyl chloride (PVC) is produced article, rate equation shown by Wachi and Asai [6] was
from VCM. PVC is a very applicable thermoplastic in the used.
chemical industries.

In the commercial reactors for ethylene (2)
oxychlorination production, gaseous HCl, ethylene and air
reacts with catalyst (CuCl ) at 473-573 K, 0.4-0.6 MPa to2

produce 1, 2 dichloroethane [2]. Its reaction generally is as
following:

(1)

This reaction extremely is exothermal. Deactivation of
catalysts occurs at high temperatures. Therefore, fluidized
bed reactors are suggested for this reaction because they
have a lot of benefits such as they can remove high
temperatures inside the reactor by internal coils [3].

dichloroethane production from ethylene oxychlorination

 (3)

Mass and Energy Balance: Mass balance for component
i and energy balance in the bubble phase in steady state
condition in a fluidized bed reactor are derived as
following:

(4)
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Table 1: Design and operating data used in the reactor modelling

Symbol Design and operating data Value

Bed diameter 3.4 mD

h Bed height 3-9 mm

P Total pressure of dense phase 400 kPa
Catalyst solid density 3075 kg/mñs

3

d Catalyst particle diameter 800 ìmp

Feed temperature 460 KTg

(5)

at h=0, T =T  and T =Tb f d f

In the compressed phase the mentioned equations
are derived as following:

(6)

(7)

where, =Kbd/Ub and =Hbd/UbñgCpg

Table 1 shows the modeled reactor and its catalyst
characteristics. Further, inlet velocity of gases, total
pressure,  input  molar  rate  of  Hcl  and  ethylene  were
51.7 cm/s, 400 kPa, 0.064 and 0.026 mole/s, respectively.

According to the mentioned equations and values, 1,
2 dichloroethane production reaction was modeled by the
Mfix software.

RESULTS AND DISCUSSION

Figure 1 shows the concentration of reactants and
products inside the reactor for reactor catalyst height of
6 m. As shown in Figure 2, reactants concentrations
gradually decrease to finish completely. Oxygen
concentration decreases up to required one and then
flows along the reactor. Nitrogen concentration increases
in the inlet of catalyst height due to space reduction, then
decreases due to space expansion and finally remains
constant. Due to the system hydrodynamic, 1, 2
dichloroethane production firstly increases and then
decreases.

Figure 2 (a-c) shows the effect of catalyst height on
ethylene concentrations. As shown in Figure 2, ethylene
efficiency increases (in maximum value) when the catalyst
height increases from 3 to 4 m. A partial enhancement in
ethylene efficiency is observed when the catalyst height
increases from 4 to 6 m. Ethylene efficiency almost
remains constant when the catalyst height increased up
to 9 m (from 6 to 9 m).

Figure 3 (a-c) shows the ethylene conversion versus
reactor height. As shown in Figure 3, the ethylene
conversion shows an inverse relation with the catalyst
height of bed in the reactor inlet. So, ethylene conversion
in the reactor inlet decreased with increasing the catalyst
height of bed.

Fig. 1: Concentration of reactants and products inside the reactor for reactor catalyst height of 6 m
C1: Ethylene concentration, C2: HCl concentration, C3: Oxygen concentration, 
C4: 1, 2 dichloroethane concentration, C5: Water concentration and  C6: Nitrogen concentration
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Fig. 2: Effect of catalyst height on ethylene concentrations (a): level 300 cm, (b): level 600 cm, (c): level 900 cm

Fig. 3: Ethylene conversion versus reactor height (a): level 300 cm, (b): level 600 cm, (c): level 900 cm

CONCLUSIONS oxychlorination reactions in a fluidized bed reactor,

According to this study, the optimized catalyst 3. Smallwood, P.V., M.W. Stephenson, M.W. Newman
height of bed in 1, 2 dichloroethane production was and  I.J.  Bunten,  1987.  Vinyl  chloride  polymers,
around 6 m. The catalyst enhancement up to 6 m Wiley Publisher, New York.
increased the products efficiency however more than this 4. Werther, J., 1980. Mathematical modeling of fluidized
amount (6 m) decreased the products efficiency. bed reactors, Int. Chemical Eng., 20: 529-541.

REFERENCES 1994. Studies on ethylene oxychlorination. Reaction

1. Nawroski,   J.S.   and   E.S.   Velez,  1983. 23: 421-425.
Oxychlorination of ethylene. Applied industrial 6. Wachi, W. and Y. Asai, 1994. Kinetics of 1,2
catalysis, Academic Press, New York. Dichloroethane formation from ethylene and cupric

2. Kang, S.G., K. Yun, R.S. Sung and D.K. Sang, 2010. chloride, Ind. Eng. and Chem. Res., 33: 259-264.
1,2-Dichloroethane production by two-step

Chemical Eng. Sci., 65(1): 499-503.

5. Fengqiu, C., Y. Yongrong, R. Shunni and C. Gatang,

mechanism and kinetics, Petrochemical Technology,


