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Heterogeneously catalyzed gas-phase ethylene oxychlorination by oxygen and hydrogen
chloride to 1,2-dichloroethane is one of the principal steps in the industrial production of the
important vinyl chloride monomer, needed for the synthesis of polyvinyl chloride (PVC). The
main by-products of ethylene oxychlorination are chloroethane, 1,1,2-trichloroethane,
trichloroacetaldehyde, tetrachlormethane, trichloromethane, carbon monoxide, and carbon
dioxide [1, 2].

Ethylene oxychlorination was performed over CuCla/y-Al,O; catalyst in a micro-channel
reactor and in a milli-tubular reactor. The microreactor used was a stainless steel equipment
designed for gas-phase reactions (GPMR mix) produced and purchased from the Institut fiir
Mikrotechnik Mainz (IMM). The channels of reactor were 90 — 100 pm deep, 460 pm in
diameter and 9.5 mm long. The fixed bed millireactor used for comparative experiments was
a quartz tube with a length of 30 cm and an inner diameter of 1 cm.

A coppermodified catalyst was prepared by a conventional evaporation-impregnation
method without any promotors (e.g. K, Na, La). Copper(Il) chloride dihydrate (CuCl,-2H;0,
p.a., Honeywell) was used as an cupric chloride precursor. The laboratory-prepared catalyst
was characterized by nitrogen physisorption, Fourier transform infrared spectroscopy using
pyridine, temperature programme desorption of CO., scanning electron microscopy, energy
dispersive X-ray microanalysis and transmission electron microscopy.

The reaction was conducted at 200 — 250 °C and under atmospheric pressure, with a
weight space velocity (WHSV) of 0.7 — 30 g(C,H,)/g(cat)/h and residence time 0.04 — 7.2 s
(Figure 1). The gasecus products were analyzed on-line applying Agilent GC 6890N
equipped with FI and TC detectors and HP-Plot/U Column (30 m x 530 pm x 20 pm),
molsieve/Column (60 m x 50 pm x 20 pum). Injection was performed a six-way valve.
Continuous GC analysis was applied with a sampling frequency of 65 min.
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Figure I Ethylene oxychlorination over CuClafy-ALOy: influence of residence time on ethene conversion at
200 °C

The time-on-stream behaviour of ethene conversion and selectivity to 1,2-dichloroethane
demonstrated a stable catalyst performance in the millireactor. These measured data were
steady and reproducible within the entire temperature range (200 — 250 °C). On the other
hand, in the microreactor, continuous deactivation of the same type of catalyst was observed,
accompanied by an decreasing selectivity to 1,2-dichloroethane, The results of the study also
revealed that the selectivity of the desired product, 1,2-dichlorethane varied with the ethene
conversion. In the microreactor, the 1,2-dichlorethane selectivities of 4.7% and 53.6% were
achieved with the ethene conversions of 1.6% and 6.4%, respectively. The other important
product was chloroethane. The formation of vinyl chloride by-product of 1.6% was observed
only at the highest temperature 250 °C with highest ethene conversion achieved (6.4%). No
other by-products were observed. In the millireactor, the I,2-dichlorethane selectivities
exceeding 96% were achieved at ethene conversions higher than 11% within the entire
experimental range. Chloroethane, vinyl chloride, 1,2-dichloroethylene (trans) were formed,
but only in minor amounts.
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Heterogeneously catalyzed gas-phase ethylene oxychlorination by oxygen and hydrogen
chloride to [,2-dichloroethane is one of the principal steps in the industrial production of the
important vinyl chloride monomer, needed for the synthesis of polyvinyl chloride (PVC). The
main by-products of ethylene oxychlorination are chloroethane, 1,1,2-trichloroethane,
trichloroacetaldehyde, tetrachlormethane, trichloromethane, carbon monoxide, and carbon
dioxide [I, 2].

Ethylene oxychlorination was performed over CuCly/y-AlLO; catalyst in a micro-channel
reactor and in a milli-tubular reactor. The microreactor used was a stainless steel equipment
designed for gas-phase reactions (GPMR mix) produced and purchased from the Institut fiir
Mikrotechnik Mainz (IMM). The channels of reactor were 90 ~ 100 um deep, 460 um in
diameter and 9.5 mm long. The fixed bed millireactor used for comparative experiments was
a quartz tube with a length of 30 cm and an inner diameter of | cm.

A coppermodified catalyst was prepared by a conventional evaporation-impregnation
method without any promotors (e.gz. K, Na, La). Copper(1l) chloride dihydrate (CuCl,*2H,0,
p-a., Honeywell) was used as an cupric chloride precursor. The laboratory-prepared catalyst
was characterized by nitrogen physisorption, Fourier transform infrared spectroscopy using
pyridine, temperature programme desorption of CO;, scanning electron microscopy, energy
dispersive X-ray microanalysis and transmission electron microscopy.

The reaction was conducted at 200 — 250 °C and under atmospheric pressure, with a
weight space velocity (WHSV) of 0.7 — 30 8(CoHy)/g(cat)/h and residence time 0.04 — 7.2 5
(Figure 1). The gaseous products were analyzed on-line applying Agilent GC 6890N
cquipped with FI and TC detectors and HP-Plot/U Column (30 m x 530 um x 20 um),
molsieve/Column (60 m x 50 pm x 20 pm). Injection was performed a six-way valve.
Continuous GC analysis was applied with a sampling frequency of 65 min.
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