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Abstract 
The process of co-production of vinylchloride and chloroprene by the 

hydrochlorination of acetylene in the gas phase has been studied. The parameters of the 
process obtaining of vinylchloride and chloroprene with high selectivity and acetylene 
conversion have been investigated. Also study some kinetic regularities of 
hydrochlorination of acetylene has been carried out. 
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 Introduction 
Vinylchloride and chloroprene are valuable monomer for preparing vinylchloride 

- of artificial rubber and other. Vinylchloride is currently produced mainly in two ways: 
hydrochlorination of acetylene with hydrogen chloride at 190-220°C in the presence of 
mercury chloride deposited on active carbon and dehydrochlorination of 1,2-
dichloroethane . Chloroprene mainly obtained from vinylacetylene hydrochlorination in 
the presence of mercury and copper (at 50-60°C in the presence copper polychloride) 
catalysts [1]. 

Joint catalytic synthesis of vinylchloride and chloroprene hydrochlorination of 
acetylene is an important task in synthetic organic chemistry. 

In order to simultaneously produce vinylchloride and chloroprene we studied the 
gas phase conjugated process hydrochlorination of acetylene in the presence of copper 
complex catalysts. 

  
Experimental 

Hydrochlorination of acetylene were performed in the reactor is a tube of 
stainless steel with an internal diameter of 12 mm and a length of 800 mm. 

The reactor was charged with 25 cmP

3
P of catalyst (composition (ZnClR2R)RxR ∙ 

(FeClR3R)RyR ∙ (CuCl)RzR // expanded clay) with a bulk density of about 0.4-0.45 g/cmP

3
P and a 

temperature of 150 ± 15°C was passed a stream of acetylene and hydrogen chloride. The 
reactor purged beforehand with hydrogen chloride until the HCl concentration is at the 
reactor inlet and outlet thereof not leveled [2]. 

 Liquid and gaseous products of the synthesis was subjected to a gas 
chromatographic analysis using a flame ionization detector under the following 
optimum conditions: stationary phase is 15% lestosil solution in Chromaton N-AW 
particle size 0.250-0.315 mm glass column of 2x0.004 m, column oven temperature 
from 40 to 150°C, with heating rate of 10°C/min nitrogen carrier gas flow rate -30 
ml/min [3-4]. 

Qualitative analysis of the products was carried out by "witnesses" and on the 
basis of structural-group components of the system "sorbent-sorbate," and quantitative 
methods of internal normalization. Thermal analysis of the compounds were  carried out 
on the derivatograph Q-1500D. The porous structure of the samples was investigated by 
low-temperature nitrogen adsorption to install NOVA 1200 e. The specific surface area 
of samples calculated by the BET method, average mesopore size-by BJH. 
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The phase composition of the prepared samples of massive catalysts was 
investigated by X-ray diffraction using a diffractometer "DRON-4" in the 
monochromatic CuKα radiation. 

Dispersion properties of the catalysts was investigated by the scanning electron 
microscope JSM -6510 LV. 

The catalytic activity of these samples was determined by the acetylene 
hydrochlorination reaction flow method. 

 
Results and discussion 

Research on the selection of the catalyst was carried out under standard 
conditions, characterized by the following parameters: temperature of 165°C, the 
volumetric ratio of CR2RHR2R: HCl = 1 : 1.1, the amount of volumetric speed V = 210 hP

-1
P. 

Investigated catalysts prepared by the "sol-gel" method. 
The effect of the catalyst content on the hydrochlorination reaction activity of 

acetylene  is given in the Table 1. 
As shown from the table, individual ZnClR2R has more activity and the sum 

conversion of acetylene 63.5%.  65.3%, for vinylchloride 43.0%, and the selectivity for 
vinylchloride 67.7%. Adding CdClR2R and AlClR3R to the catalyst decreases the yield of the 
vinylchloride production.   

Table 1. 
Effect of the catalyst content  on acetylene hydrochlorination reaction activity  

(T=165°C; CR2RHR2R:HCl = 1:1,1; V = 210 hr P

-1
P) 

 Catalyst content CHR4R conversion degree, % Selectivity, % 
Sum  for vinylchloride 

 ZnClR2 63.5 43.0 67.7 
 (ZnClR2R)RxR·(CdClR2R)Ry 39.0 17.0 43.6 
 (ZnClR2R)RxR·(AlClR3R)Ry 36.0 12.0 33.3 
 (ZnClR2R)RxR·(CuCl)Ry 68.5 47.8 69.8 
 (ZnClR2R)RxR·(FeClR2R)Ry 52.3 31.6 60.0 
 (ZnClR2R)RxR·(FeClR3R)Ry 77.8 56.0 72.0 
 (ZnClR2R)RxR·(FeClR3R)RyR·(CuCl)Rz 95.7 82.3 86.0 
 (ZnClR2R)RxR·(FeClR3R)RyR·(MgClR2R)Rz 75.0 61.5 81.7 
 (ZnClR2R)RxR·(FeClR3R)RyR·(BeClR2R)Rz 71.8 55.6 77.4 

 
Adding FeClR3R and CuCl  to ZnClR2R based catalyst found to be effective. For this  

reason we studied catalysts mainly containing ZnClR2R and FeClR3R mixtures. Experiments 
confirmaed that, catalysts with the content (ZnClR2R)Rx R∙ (FeClR3R)Ry Rand CuCl additive show 
the highest effectiveness. 

Volumetric rate amount also affects to the catalytic reactions. This amount was 
studied at 165°C with the ratio 1:1.1 of CR2RHR2R:HCl. Volumetric rate was changed by 
altering the catalyst volume in the reactor and the initial  CR2RHR2R:HCl mixture was sent 
continuously. Results is shown in Table 2.  

Table 2. 
Effect of volumetric rate on the catalytical hydrochlorination of acetylene 

(temperature 165°C, CR2RHR2R:HCl=1:1,1) 
 Volumetric rate, hrP

-1 Conversion rate, % Selectivity, % 
Sum Vinylchloride  

 120 99.6 26.6 26.7 
 150 98.2 37.8 38.5 
 180 97.8 65.5 67.3 
 210 95.7 82.3 86.0 
 240 89.3 71.0 79.5 
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In small volumetric rate acetylene conversion found to be higher. But there 
byproducts also exist. The optimal rate found to be  210 hr P

-1
P and there vinylchloride 

yield achieves 82.3% and selectivity 86.0%.  
Effect of the temperature on the catalytic hydrochlorination of acetylene can be 

shown in Table 3.   
Table.3. 

Effect of the temperature on the catalytical hydrochlorination of acetylene 
 Temperature, °C  CR2RHR2R conversion degree, % Selectivity, % 

Sum  Vinylchloride  
 135 75.0 40.5 54 
 145 80.4 55.0 68.4 
 155 85.6 63.8 74.5 
 165 95.7 82.3 86.0 
 175 98.5 80.1 81.3 

 
Temperature significantly affects to the catalytic hydrochlorination of acetylene. 

The highest  yield of vinylchloride is observed at 165°C. Further temperature increase  
worsens the parameters of the process. There the yield and selectivity decrease.  

Effect of partial pressure of acetylene (P) on the rate of formation of 
vinylchloride and chloroprene turned significantly different. Since the rate of oxidation 
increases rapidly with acetylene income, and the value of the rate of formation of 
vinylchloride changes slowly. 

A comprehensive study of the kinetics of the reaction of hydrochlorination of 
acetylene with hydrogen chloride in presence of a catalyst developed in the differential 
reactor allows us to offer the following scheme stepwise mechanism of this process: 

 
1. CR2RHR2R +Z →  CR2RHR2R ·Z 
2. HCl + Z →HCl · Z 
3. CR2RHR2RZ +CR2RHR2RZ →   CHR2R = CH – C ≡  CH ·Z +Z 
4. CR2RHR2R ·Z +HCl·Z →  CR2RHR3RCl·Z +Z 
5. CHR2R = CH –C ≡  CH · Z + HCl ·Z →  CHR2R =CH –CCl = CHR2R·Z +Z 
6. CR2RHR3RCl ·Z →CR2RHR3RCl +Z 
7. CHR2R = CH – CCl =CHR2R ·Z →CHR2R = CH – CCl = CHR2R +Z 
Z-active site of the catalyst. 
For the interpretation of the experimental data it is necessary to find a kinetic 

equation satisfying change parameters (reaction rate constant of the reaction rate 
coefficients and adsorption partial pressures) over a wide range. 

On the basis of ideas about the mechanism of the reaction can be obtained kine-
matic equation, which includes the rate constants of elementary steps and adsorption 
coefficients. Since accepted scenario about the reaction mechanism based on 
assumptions that, depending on the chosen mechanism for a reaction can get different 
kinetic equations. After determining the kinetic parameters of these equations can judge 
which one meets experimental data. In view of the above, select the following kinetic 
equation for the hydrochlorination of acetylene and appropriate calculated parameters. 
The equations are presented in Table 4. 
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Table 4. The kinetic equation for the hydrochlorination of acetylene 
  

 Kinetic equation Condition and constant 
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Adequacy selected equations presented in Table 4. As a criterion of adequacy of 

kinetic equations taken carrying out following conditions: 

 ∑
=

⇒−
n

i
erimentalW

1

2
ltheoreticaexp min)W(  

Since the proposed equations are non-linear, with mathematics, critical point of 
view, their decision could be endless. From the viewpoint kinetic found a solution to 
these equations based experimental data within the kinetic parameters change. The 
values of the proposed kinetic equations, i.e, the reaction rate constant of adsorption 
coefficients were calculated on the basis of W and with using program "NELIN-
NEWTZ" 

The values calculated for the determination of kinetic constants and the 
adsorption coefficient used to determine the rate of reaction formation of vinylchloride 
by a variety of kinetic equations. 

Analyzing the data from the literature, and it can be shown that the regularities 
found responsible following kinetic equation: 

HClHClHCHC

HClHCH

pbpb
ppk

W
⋅+⋅+

⋅⋅
=

2222

22

1
 

On the basis of a technology joint research in radiation vinylchloride and 
chloroprene (Fig. 1). 
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Fig. 1. Flow diagram of the production of vinylchloride and chloroprene: 1 - 

acetylene gas tank, 2 - flame arrester, 3 – calcium chloride tank, 4, 5 - reactors 6 - 
adsorption column 7 - the capacity for a 20% solution alkali -desorber 8, 9 - container 
for hydrochloric acid. 

Technological scheme consists of two lines: 
1. Line produce vinylchloride and vinyl acetylene. 
2. The line producing chloroprene. 
Acetylene gas tank of (1) through a flame arrester (2) is fed to the reactor (4), 

where the hydrochloric acid is fed from tank (9) through the container (3), wherein 
located anhydrous calcium chloride. Formed by contacting a gas mixture consisting of 
basically vinylchloride, unreacted acetylene and vinyl acetylene to the reactor (5). In the 
reactor (5) from the tank (3) enters hydrochloric acid. The gaseous products (the mixture 
vinylchloride, acetylene and vinylacetylene) directed to the lower part of coumn(6) 
where the top countercurrent fed to 20% aqueous sodium hydroxide solution from the 
tank (7). 

Products from the reactor 5 and stripper 8 are sent to distillation. This produces 
vinylchloride with a purity of 98.0-98.5%, chloroprene - 98.0-99.0%. The purity of the 
products obtained by means of gas chromatograms. 

Thus, by studying the liquid phase process for producing vinylchloride from 
acetylene and chloroprene, and installed some kinetic regularities of hydrochlorination 
of acetylene, as well as a technology of the process. 

Conclusion 
Original catalyst (ZnClR2R)RxR·(FeClR3R)RyR·(CuCl)RzR with high efficiency and activity for 

acetylene hydrochlorination  has been selected. Effect of different parameters (partial 
pressure, temperature, molar ration of reactants, contact time, catalyst concentration and 
etc.) have been investigated. Reaction path mechanism has been proposed according to 
studied kinetic relations. Kinetic equation for the reaction has been proposed on the 
basis of kinetic and chromatographic experiments. The technological scheme for 
vinylchloride and chloroprene synthesis has been developed using theoretical and 
experimental studies.  
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