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Abstract 

 

Infrared spectroscopy and X-ray diffraction analysis were utilized to investigate the structure of the γ-

Al2O3 carrier with CuCl2 catalyst on its surface. Catalyst structure effects on the mechanism of ethylene 

oxidative chlorination reaction into 1,2-dichlorethane were studied. СuСl2 catalyst interactions with γ-

Аl2О3 surface groups leads to [СuСl4]
2-

 and [СuСl2]
-
 complex compounds formation. Differential thermal 

analysis and mass spectroscopy were utilized to study the structure and the mechanism differences 

between the deposited and permeated CuCl2 catalysts. Permeated catalyst exhibits better performance and 

selectivity than the deposited catalyst. 

 

Keywords: structure, catalyst, oxidative chlorination, infrared spectroscopy, differential thermal analysis, 

mass spectroscopy, X-ray diffraction analysis, deactivation, compounds, iron. 

 

 1. Introduction 

 

1,2-dichlorethane (1,2-DCE) forms as a result of ethylene oxidative chlorination (EOC) on the γ-

Al2O3 surface with copper chloride catalyst. EOC reaction mechanism, qualitative and quantitative 

composition of reaction products can change depending on the catalyst. Ethylene oxidative 

chlorination into 1,2-DCE is conducted in the boiling layer of catalyst at 205-232 °С and 0.25-0.4 

MPa pressure [1]: 

 

С2Н4 + 2НСl + 0.5О2  С2Н4Сl2 + Н2О + Q     (1)                                                                             

 

Secondary ethylene burning reactions also happen along with the main reaction: 

 

С2Н4 + 3О2  2СО2 + 2Н2О        (2)   

           С2Н4 + 2О2  2СО + 2Н2О                (2a)                                                                                                                                                                                

 

According to references [2] the following reactions involving copper chlorides can occur: 

          

2CuCl2 + C2H4  2H4Cl2 + 2CuCl       (3)       

                                                                                    

2CuCl + O2  2OCl2          (4) 

 

Cu2OCl2 + 2HCl  2 + H2O       (5)     

          

*Manuscript
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          Yet no report describes how copper chloride is bound to the γ-Al2O3 carrier surface [3], for it is 

well known that copper chloride by itself, without a carrier, does not catalyze ethylene oxidative 

chlorination reaction [4]. Therefore, without γ-Al2O3 surface groups involvement, reactions (3-5) 

proposed in reference [5] are not exact [6]. At the same time satellite reactions can occur, resulting in 

tetrachlorcarbon, chloral, chloroform, trichlorethane and other by-products that account for 1-2 wt.% of 

the produced 1,2-DCE: 

                              С2Н4 + 8НСl + 3О2  2ССl4 + 6Н2О                                                                       (6) 

 

                              С2Н4 + 3НСl + 2О2  С2НСl3О + 3Н2О                                                                  (7) 

 

                              С2Н4 + 6НСl + 2О2  2СНСl3 + 4Н2О                                                                    (8) 

 

                              С2Н4 + 3НСl + О2  С2Н3Сl3 + 2Н2О                                                                     (9) 

 

 

2. Experiments 

 

2.1 Materials 

  

In order to study copper chloride effects on ethylene oxidative chlorination five samples were 

compared:  

1) Pure γ-Al2O3 as a catalyst carrier;  

2) Industrial X1 CuCl2 catalyst (5 wt.% Cu
2+,1+

, produced by Harshow Chemical Co, USA) 

applied from muriatic water solution on the γ-Al2O3 surface; 

3) Industrial MEDC-B (OXYMAX-B) catalyst (5 wt.% Cu
2+,1+

, produced by Montecatini Co, 

Italy or Sud-Chemie Catalysts) based on γ-Al2O3 permeated with CuCl2; 

4) CuCl2·2H2O – crystalline hydrate of the main catalyst component; 

5) CuCl2·2HCl – hydrochloride of the main catalyst component. 

 

2.2 Methods 

 

Obtained surface compounds were identified by means of Fourier transform infrared spectroscopy 

(FTIR, Thermo Nicolet Nexus 470, Thermo Electron Co, USA) in the 4000-400 cm
-1

 frequency range 

using diffuse reflectance attachment with 4 cm
-1

 resolution and 50 scans. KBr pellets were made with 

powder samples for analysis. Compounds thermal stability was studied using Paulic-Erday 

thermogravimetric system in the 25–1000 °С temperature range in air. X-ray diffraction patterns were 

obtained with a diffractometer using Cu-K radiation ( with Bragg-Brentano focusing and 

Ni foil filter. Goniometer scan rate was 1 degree per minute. Samples were prepared by applying powders 

to a petroleum jelly amorphous layer on quartz substrates.  

Mass spectrometry was carried out using monopole mass spectrometer (MX-7304A, Ukraine,1-

210 mass range) with electron impact ionization, converted for thermal desorption measurements. Sample 

(0.1-20 mg) was placed at the bottom of a quartz-molybdenum vessel and pressure was reduced to 510
-5

 

Pa. Samples were heated to 750 ºС at 0.15 ºС per second. Volatile products entered the mass spectrometer 

ionization chamber where they were ionized and fragmented by electron beam. Desorption rate 

temperature dependence helps identifying thermal transformation products and provides interaction 

energy between the copper chloride active phase and γ-Al2O3 carrier [7]. 
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3. Results and Discussion 

 

3.1. Infrared spectra of the carrier, catalyst and copper chloride 

 

Infrared spectra from γ-Al2O3 carrier, CuCl2·2H2O and CuCl2·2HСl main catalyst components, 

industrial MEDC-B and X1 catalysts are shown in Fig. 1. Most interesting characteristics of the catalyst 

surface groups on γ-Al2O3 are in the 1640-1377 сm
-1

 range. In this range triplet absorption bands are 

attributed to (-OH) groups vibrations of structured water in Al2O3·nН2О or Al(OH)3 [8], and water in 

CuCl2·2H2O. There are also (-OH) groups deformation vibrations of Al
+2

OН on the γ-Al2O3 surface at 

1518 сm
-1

 and Al
+
(OН)2 at 1377 сm

-1
, which coincide in intensity. At the same time there are hardly any 

(-OH) groups vibrations of Al
2+

OН and Al
+
(OН)2 on the γ-Al2O3 surface at 1518 сm

-1
 and 1377 сm

-1 
for 

MEDC-B and X1 commercial catalysts. This confirms the existence of interactions between Al
2+

OН and 

Al
+
(OН)2 surface groups and copper chloride or complex copper compounds [СuСl4]

2-,1-
. Moreover, X1 

catalyst shows residual absorption intensity due to Al
+1

(OН)2 type (-OH) group vibrations at 1377 сm
-1

. 

This may indicate that when CuCl2 is deposited on the γ-Al2O3 surface, it leads to two types of complex 

compounds formation between Al
+2

ОН and [СuСl4]
2-,1-

, and partially with Al
+
(ОН)2.  

For the MEDC-B catalyst there are absorptions at 1518 сm
-1

 and 1377 сm
-1

, which indicate that all 

Al
+2

OН and Al
+1

(OН)2 groups interact with [СuСl4]
2-,1-

 catalyst. However, MEDC-B and X1 catalysts 

exhibit another absorption band at 1277 сm
-1

, which is not found on the γ-Al2O3 carrier surface. This 

indicates restructuring in the catalyst surface layer due to the formation of new copper chloride complex 

compounds [СuСl4]
2-,1-

 with γ-Al2O3 surface groups.  

CuCl2·2H2O and CuCl2·2HСl spectra in Fig. 1 suggest the following. CuCl2·2HСl is characterized 

by dual absorption bands related to valence vibrations of the H···Cl hydrogen bonds at 3230 сm
-1

 and 

3196 сm
-1

, which are hardly found in the CuCl2·2H2O compound spectrum, where hydrogen bonds 

clearly manifest themselves at 3680 сm
-1

. 

At the same time CuCl2·2HСl infrared spectrum clearly shows deformation vibrations frequency 

of the H···Cl hydrogen bonds at 1595 сm
-1

, whereas CuCl2·2H2O spectrum reveals deformation vibrations 

of the O···H bonds absorption frequency at 1620 сm
-1

. Besides, these two compounds are characterized by 

a distinctive vibration frequency in the 1320-1277 сm
-1

 range, which can be ascribed to deformation 

vibrations of H···Cl in H2СuСl4 or HСuСl2 complex metal compounds. Interestingly, these compounds 

are also identified in the same 1277-1250 сm
-1

 range for MEDC-B and X1 catalysts, which prove the 

existence of complex metal compounds on the catalyst surface. However, due to their interactions with 

the carrier surface, vibration frequencies are shifted into a lower 1277-1250 сm
-1

 range of the infrared 

spectrum. This leads to an assumption that there are complex metal compounds with copper of the 

[СuСl4]
2-

 and [СuСl2]
-
 type on the MEDC-B and X1 catalysts surfaces, confirmed by the data from other 

sources [9]. Such complexes can form according to the following mechanism. It is known that copper 

chloride in hydrochloric acid solution forms complex di- and tetra- copper chlorides [10]: 

 

CuCl2 + 2HCl → H2[СuСІ4]       (10) 

 

Cu2Cl2 + 2HCl → 2H[СuСІ2]      (11) 

 

 

It is also known from literature sources that copper chloride deposition on γ-Al2O3 surface is conducted 

from CuCl2 solutions in hydrochloric acid [11]. Thus it is complex copper tetrachloride that is deposited 

on the γ-Al2O3 surface following reactions 10 and 11 [12], rather than CuCl2. Taking into account results 
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While [СuСІ4]
-
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Moreover, sp and sp
3
 complexes have external hybridization and thus are paramagnetic, while 

sp
2
d complexes are diamagnetic. Sp and sp

2
d complexes are linear, while sp

3
 complex has tetrahedral 

configuration. Sp and sp
3
 complexes with external hybridization are more reactive than sp

2
d complex 

with internal hybridization, which reacts at higher temperatures [10].  

Infrared spectroscopy results showed that Al2O3 surface is partly hydrated with aluminium 

hydroxyl groups formation. That is why it is assumed that the followings reactions between Al
2+

ОН
 
and 

Al
+
(ОН)2 carrier surface groups, and H2[СuСl4] and H[СuСl2] catalyst compounds are possible: 
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Three types of compounds are formed during ethylene oxidative chlorination catalyst surface 

reactions 12-17 between hydrated Al2О3 and copper complexes [СuСl4]
2-

,
 
[СuСl2]

-
 and [СuСl4]

-
, 

identified by wide absorption bands in the 1277-1250 cm
-1

 range. Absorption frequencies in the catalyst 

infrared spectra disappear for Al
+
(ОН)2 surface groups at 1377 cm

-1
 and for Al

2+
ОН at 1578 cm

-1
. 

Based on the spectral analysis it is possible to say that the intensity of interactions between CuCl2 

and γ-Al2O3 is higher for catalyst MEDC-B than for catalyst X1. This difference is presumably caused by 

their preparation methodology. MEDC-B preparation technology by mechanical chemical activation of 

amorphous γ-Al2O3 and crystalline CuCl2 from muriatic solutions forming 20-120 μm diameter catalyst 

micro-particles results in more intense interactions and in complex compounds formation on surfaces, in 

pores and catalyst microstructure (reactions 14, 16 and 17). At the same time during CuCl2 deposition 

from muriatic solution on the hard γ-Al2O3 particles surface (X1 catalyst) ordinary [СuСl4]
2-,1- 

adsorption 

happens. As a result of this interaction only partially coordinated bonds are formed between γ-Al2O3 

carrier (X1) and deposited catalyst (reactions 12, 13,15 and 16), while copper appears in the form of 

individual copper chloride compounds (reactions 10 and 11). That is why in 1-2 years of X1 service most 

of the [СuСl4]
2-,1-

 catalyst is gone from the γ-Al2O3 surface resulting in the catalyst efficiency loss for 

ethylene oxidative chlorination into 1,2-dichlorethane [6]. 

Oppositely, wear resistant hard surfaces of the MEDC-B catalyst cause wear of metal walls in 

industrial reactors, worm pipes and cyclones. As a result many plants producing 1,2-dichlorethane have to 

increase the thickness and durability of metal walls in reactors and other processing apparatus [13]. At the 

same time it is known that reactor walls and surfaces of cooling and heating worm pipes are covered with 

a thick layer of metallic copper [14], which is reduced from [СuСl4]
2-,1-

: 

 

Fе + H2[СuСl4] → FеСl2 + Сu + 2HCl    (18) 

 

 Fе + СuСl2 → FеСl2 + Сu      (19) 
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This results in quite severe MEDC-B catalyst contamination by iron chlorides and oxides which are hard 

to remove from the catalyst surface [15]: 

 

FеСl2 + H2[СuСl4] → FеСІ3 + H[СuСl2] + HCl   (20) 

 

                       FеСl2 + H[СuСl2] → FеСl3 + Сu + HCl    (21) 

 

2FеСl2 + 2НСl + 1/2О2 →  2FеСl3 + Н2О    (22) 

 

FеСl2 + СuСl2 → FеСl3 + СuСl     (23) 

 

2FеСl3 + 3Н2О ↔ Fе2О3 + 6НСl     (24) 

 

 

3.2. Differential thermal analysis of the carrier, catalyst and copper chloride 

 

For a detailed identification of the active centres, differential thermal analysis results of the γ-

Аl2О3 carrier samples with X1 and MEDC-B catalysts were interpreted [16]. These results are 

summarized in Table 1. 

Differential thermal analysis curves of the γ-Аl2О3 carrier have three distinct regions upon 

heating. The first region is γ-Аl2О3 drying, which begins at 25-50 °С and completes at about 120 °С. The 

highest drying rate is at 120 °С, which is characteristic of removing adsorbed water from the powder 

carrier surface at normal pressure, a highly endothermic process. Physically adsorbed water losses on the 

γ-Аl2О3 surface are about 4 wt.% with 2.34 mg/min drying  rate. Past 120 °С dehydration processes begin 

with γ-Аl2О3 catalyst surface structure and composition change, signified by the exothermic curve in the 

120-250 °С temperatures range. Obviously at these temperatures γ-Аl2О3 dehydration with partial loss of 

water and hydroxyl groups (-Аl-(ОН)n=1,2) from the bulk begins. Further heating above 250 °С leads to γ-

Аl2О3 structural transformations, sintering and sample destruction. The total weight loss of γ-Аl2О3 at 

950 °С is 12 wt.%.  

 

 

 

                                                                                                                             dehydration   (25) 

 

 

 

 

 

 

dehydrochlorination (26) 

 

   

 

 

 X1 catalyst consists of γ-Al2O3 surface with deposited [СuCl4]
-1,-2

 active phase, and its 

transformation temperature ranges are different (Table 1). Drying and dehydration happen between 20 C 

and 180 C. X1 dehydration and dehydrochlorination (reactions 25 and 26) start at 180 °С and end at 250 
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°С, higher than γ-Al2O3 high rate dehydration temperature. At the same time desorption rate of 2.23 

mg/min is lower, and total dehydratation and dehydrochlorination rate grows to 2.31 mg/min in the 180-

250 °C range. Reactions 25 and 26 result in γ-Al2O3[CuCl4]
2+,1+

 surface layer modifications with 5.72 

wt.% loss during desorption and 2.6 wt.% loss during dehydratation and dehydrochlorination. Further X1 

heating from 250 to 550 С results in more weight loss, up to 9.49 wt.%. The total weight losses at 900 

С are about 20 wt.% with 1.97 mg/min weight loss rate above 550 С. 

The difference between X1 total 20.55 wt.% weight loss and 8.32 wt.% desorption, dehydratation 

and dehydrochlorination combined losses up to 350 С is about 12 wt.%, which accounts for the most 

[СuCl4]
2-,1-

 active phase loses. Above 500 С copper chlorides decompose following reactions 18, 19 and 

21 causing weight loss in the 500-600 С range. To summarize, copper chlorides active phase is stable on 

the X1 catalyst surface in the 180-250 С range. Above 180-250 С [СuCl4]
2-,1-

 active phase is destroyed, 

and above 320 С there is СuCl2 and СuCl destruction resulting in Сu2(О)Cl2 (reaction 4), and СuО 

formation [5]. 

For the MEDC-B catalyst dehydration, dehydration and dehydrochlorination processes happen at 

higher temperatures compared with X1. The maximum dehydration rate is in the 21-200 °С range is 20 

°С higher than for the Х1 catalyst. The same can be said about dehydration and dehydrochlorination 

processes in the 200-250 °С range. At the same time dehydration rate reduces by a factor of two to 1.33 

mg/min, while dehydration and dehydrochlorination rate exceeds 3 mg/min. Dehydration weight losses 

are reduced to 3.93 wt.%, while dehydration and dehydrochlorination weight losses of 2.54 wt.% are 

comparable with X1 catalyst. 

The main conclusion comparing DTA results for X1 and MEDC-B catalysts is that dehydration 

and dehydrochlorination ranges are different. For X1 the range is 180-250 C (∆Т=70 С), and for 

MEDC-B catalyst it is 200-250 С (∆Т=50 С). Working temperature range of 215-220 С is narrower 

for MEDC-B catalyst compared with X1 catalyst, which is advantageous for ethylene oxidative 

chlorination into 1,2-dichlorethane, thus CuCl2 permeated MEDC-B catalyst has better selectivity.  

CuCl2 deposited X1 catalyst has a wide 190-210 C reaction temperature range, which in large 

scale production causes ethylene oxidative chlorination side reactions into trichlorethane, tetrachlorethane 

and perchlorethylene, as well as ethylene combustion. This is proven by the fact that X1 CuCl2 deposited 

catalyst selectivity does not exceed 95-97%, while with MEDC-B permeated CuCl2 catalyst it increases to 

97-99%. Industrial practice shows that ethylene combustion into СО and СО2 with MEDC-B permeated 

catalyst is reduced to 1.5-2%, compared to X1 deposited catalyst, where ethylene combustion reaches up 

to 3-5% [17]. 

Comparing catalyst selectivity of ethylene oxidative chlorination into 1,2-DCE and ethylene 

combustion, the amount of impurities (trichlorethane, trichloroethylene, etc. side products) is 1-1.5% for 

MEDC-B and 1.5-2.5% for X1 catalyst, which confirms DTA analysis conclusions. X1 deposited catalyst 

significantly catalyses the process of ethylene combustion due to the influence of the γ-Аl2О3 surface 

deprived of the active [СuCl4]
2-,1-

 phase [18]. In MEDC-B permeated catalyst the active phase is evenly 

distributed in the γ-Аl2О3 structure and reduces the carrier’s influence on the ethylene combustion 

reaction. These effects are observed in industrial processes of ethylene oxidative chlorination into 1,2-

DCE [22]. 
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3.3. X-ray phase analysis of the carrier, catalyst and copper chloride 

 

X-ray phase analysis of the carrier and the catalyst was carried out (Fig. 3). It shows that air 

exposure of copper chloride causes oxychlorides formation following reaction 4, as predicted in reference 

[5]. X1 catalyst diffraction pattern differs from that of the initial γ-Аl2О3 sample in Fig. 4 [17]. These 

differences consist of 25-27% decreased 36.65°, 45.9° and 66.9° reflection intensities. Decreased 

reflections intensities are due to the presence of other phases in the sample, namely [CuCl2]
-
, [CuCl4]

2-
, 

which interact with the γ-Аl2О3 surface groups and decrease the intensity. Furthermore, X1 catalyst 

sample exhibits a new reflection around 28.55° (Fig. 4). This reflection corresponds to the new CuCl2 

phase [17], although diffraction angle positions do not coincide with the corresponding reflections of the 

pure CuCl2 diffraction pattern. This suggests that copper chloride adsorption on the γ-Аl2О3 surface 

interacts with alumina and
Al

2
O

3 O Al
OH

OH

 hydroxyl surface groups. Comparing diffraction patterns in Fig. 

4, pure X1 catalyst does not contain copper hydroxychloride which corresponds to 32.4°, 36.65° and 

39.25° 2 reflections. After X1 catalyst air exposure its diffraction pattern shows an additional reflection 

at 16.1°, which is not found in the pure sample diffraction pattern, even after air exposure (Fig. 3). This 

can be explained by the formation of copper hydroxides and mixed hydroxychlorides Cu(OH)Cl or 

Cu(OH)2 and CuCl2·2H2O due to water vapour in air [5].  

MEDC-B catalyst diffraction pattern (Fig. 4) suggests that as with the X1 catalyst, copper chloride 

application onto the γ-Аl2О3 surface also proportionally decreases 37.1°, 45.75° and 67° 2 reflections 

intensity by 25%. Such intensity decrease indicates the presence of [CuCl2]
-
, [CuCl4]

2-
, and Cu(OH)Cl  

phases in the MEDC-B catalyst which interact with Аl2О3 surface groups. In contrast to the X1 catalyst, 

there is no crystalline CuCl2 reflection at 28.55° for the MEDC-B catalyst (Fig. 4). This leads to the 

conclusion that all active copper chloride is evenly distributed throughout all MEDC-B catalyst particles 

volume and bound to the Аl2О3 surface. 

From the diffraction data presented in Tables 2 and 3, it is clear that the structure of the CuCl2 

catalyst surface compounds on the γ-Аl2О3 carrier is different for the X1 and MEDC-B catalysts. Based 

on the MEDC-B catalyst similar 32°, 37° and 39° reflections intensity one can speak of the same structure 

of the catalyst and the carrier surface compounds, for example, [CuCl2]Аl(OH)2, [CuCl4]АlO, 

[CuCl4]Аl(OH) investigated earlier [6]. 

At the same time, X1 catalyst 32°, 37° and 39° intensities differ greatly (Table 2, Fig. 4). This 

indicates the presence of at least three, and possibly more different compounds between CuCl2 and γ-

Аl2О3 on the X1 catalyst surface confirmed by the literature sources [19]. Data presented in Tables 2 and 

3, which show the inter-planar spacing difference (∆d) for the catalyst carrier (dAl2O3), X1 catalyst (dХ1, 

Table 2) and MEDC-B catalyst (dMEDC-B, Table 3), suggest the following. 

X1 catalyst, if compared to the γ-Аl2О3 carrier, is characterized by the inter-planar spacing 

increase for the characteristic 28.55º, 36.55º, 39.25º, 45.9º and 79.7º diffraction lines, which is an 

indication of a wedging effect of the excess pure CuCl2+CuCl crystal phase [3]. In contrast, MEDC-B 

catalyst, if compared to the γ-Аl2О3 carrier, is characterized by the inter-planar spacing decrease for 

20.55º; 32.6º; 39.45º and 68.0º diffraction lines, which is an indication of homogeneity of phases of the 

catalyst and the carrier, in which the catalyst is present both on the surface and in the structure without 

CuCl2 crystal phase. 

 

 

 



 9 

3.4. Mass spectrometry of the carrier, catalyst and copper chloride 

 

X1 and the MEDC-B catalysts, the γ-Аl2О3 carrier, active CuCl2·Н2О and CuCl2·2HСl or 

Н2[CuCl4] phases were analyzed using temperature-programmed desorption mass spectrometry to 

identify individual thermal transformation products on the catalyst surface, the carrier and the copper 

chloride active phase. Mass spectrometry curves (Figs. 5-9) represent qualitative and quantitative 

compounds analyses desorbed from the sample surface. 

As predicted by DTA and infrared spectroscopy, maximum desorption of the physically bound 

water from the carrier (Fig. 5) and the catalysts (Fig. 6, 7) surfaces starts at 100 C, identified by the 

molecular weight of water H2O (МН2О=16-18). Besides, in the same curves one can identify small 

desorption peaks for carbon dioxide СО2 (МCO2=44), which are more characteristic of the carrier and less 

of the catalyst, with maximum desorption at about 80 ˚С. Products desorption from catalysts is much 

more complicated, however. 

X1 catalyst exhibits ethylene desorption at 100-150˚С (МC2H4=28), which is hardly found in the 

MEDC-B catalyst. Main transformations on the catalyst surface start above 150 C. With the MEDC-B 

catalyst, the maximum НСl loss (МHCl=35-38) is observed at 140 C, where several desorption peaks 

belonging to HCl can be identified. The difference between them can be explained by different desorption 

rate of HCl of different origin from the catalyst surface, which can be the result of its release from 

different places on the catalyst surface and from its internal structure, or due to CuCl2·2HСl or Н2[CuCl4] 

and CuCl2·Н2О decomposition.  

At the same time, similar HCl desorption peaks for both catalysts are observed again at a higher 

temperature. For the X1 catalyst this area corresponds to the desorption temperature of 260 C and for the 

MEDC-B catalyst the maximum is reached at 270 C. Obviously, in this temperature range ethylene 

oxidative chlorination reaction occurs: 210-260 C for Х1 and 220-270 C for MEDC-B catalysts. 

Besides, in this range water loss is also observed, produced as a result of CuCl2·Н2О dehydration reaction 

25 [15]. 

It is considered that copper chlorides catalyst active phase dehydrochlorination occurs according 

to reaction 26. Since the peak intensity of HCl loss in the 220-270 С range is almost twice higher with 

the MEDC-B catalyst (Fig. 6) than with the X1 catalyst (Fig. 7), one can assume a more intense ethylene 

oxidative chlorination reaction with the permeated MEDC-B catalyst. 

Desorption curves analysis of the active CuCl2·Н2О phase (Fig. 8) and CuCl2·2HСl or Н2[CuCl4] 

phases (Fig. 9) suggests the following. In the 100-200 C temperature range partially hydrolyzed 

CuCl2·Н2О active phase looses large amounts of adsorbed and structured water. Internally crystallized 

water release starts at 170 C, while adsorbed water release starts above 50 C, which is not observed 

with a pure CuCl2·2HСl or Н2[CuCl4] active phase. Intensive dehydrochlorination processes of the 

CuCl2·Н2О active phase occur in the 200-300С range identified by maximum HCl desorption peaks at 

260 С for both types of active phases. However, with pure non-hydrolyzed CuCl2·2HСl or Н2[CuCl4] 

phases dehydrochlorination processes intensity is higher and consists of 3 peaks, whereas with a partially 

hydrolyzed CuCl2·Н2О, it consists of only 2 HCl desorption peaks (MHCl=35-38). Still, the most 

interesting characteristic of the active phase decomposition products is the intense molecular chlorine Cl2 

desorption peak (МCl2=70), which is two times more intense with a pure active Н2[CuCl4] phase. This 

phenomenon has not been observed before with other analysis methods [5] and provides evidence of the 

active phase decomposition reaction with Cl2 release (reactions 27 and 29), which may be involved in 

ethylene chlorination reactions 1-5 [17]. 
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                           220˚C 

Н2[CuCl4]   →   Н2[CuCl2] + 1/2Сl2 + НСl                                                           (27) 

 

                           235 ˚С 

Н2[CuCl4]    →    2НCl + CuCl2                                                                              (28) 

 

 

Literature sources describe similar phenomenon of chlorine release from the catalyst active phase 

when copper dichloride turns into copper monochloride [10]: 

 

2CuCl2 = 2CuCl  + Сl2                                                                                                                                  (29) 

 

All of the above confirms the structure of active centres on the X1 and MEDC-B catalysts surface 

presented by reactions 12-17. Besides, HCl and Сl2 release according to reactions 27-29 in the processes 

of the active phase thermal destruction in the 210-235 C working temperature range confirms the EOC 

reaction mechanism described in [16] and presented below. 

 

3.5. Predicted EOC reaction mechanisms on the catalyst surface  

 

Based on the X-ray phase analysis and earlier presented electron microscopy results [16], infrared 

spectroscopy and differential thermal analysis of the Аl2O3 carrier samples with Х1 and MEDC-B 

catalysts, the following catalysis mechanism of the surface EOC process is suggested: 
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Based on the literature data indicating the existence of an independent CuCl2 phase [20] and 

complex [CuCl2]
2-,1-

 compounds on the X1 OCE catalyst surface [21], one can predict X1 catalysis 

mechanism represented by reactions 30 and 31. Since all copper on permeated MEDC-B catalyst is in the 

form of complex [CuCl4]
2- 

compounds, which evenly interact with the carrier surface groups shown by 

reactions 14 and 17, one can predict that prevailing MEDC-B catalysis mechanism is represented by 

reactions 32 and 33. 

These mechanisms are also confirmed by X1 and MEDC-B catalysts industrial use [6]. It is 

known that with the X1 deposited catalyst 1,2-DCE yield is 1.5-1.7 times smaller than with the permeated 

MEDC-B catalyst, evident from reactions 30-33. Besides, it also known from industrial practice that with 

the X1 deposited catalyst type the ratio of the main OCE reaction agents НCl:С2Н4:О2 is (1.9-2):(1):(0.7-

0.8), whereas with the permeated MEDC-B atalyst this ratio increases for hydrogen chloride and ethylene 

and decreases for oxygen НCl:С2Н4:О2 = (2-2.2):(1-1.2):(0.5-0.6), which contributes to 1,2-DCE yield 

increase per unit of catalyst area. This is only possible if the catalyst has higher production capacity in 

terms of 1,2-DCE yield per 1 ton of catalyst, which increases by 1.5-2 with the MEDC-B catalyst use 

[17]. 

 

4. Conclusions 

The following conclusions can be drawn. 

1. Structure of СuСl2 active catalyst centres used for ethylene oxidative chlorination on the γ-Аl2О3 

carrier was described, namely two types of catalysts were considered: deposited X1 catalyst and 

permeated MEDC-B catalyst. СuСl2 interactions with γ-Аl2О3 surface groups (≡Аl-ОН) lead to 

complex compounds formation with [СuСl4]
2-

 and [СuСl2]
-
. 

2. A new mechanism of metal-complex catalysis of the ethylene oxidative chlorination reaction into 1,2-

dichlorethane with Al2O3[СuСl4]
2-

 and Al2O3[СuСl2]
-
 surface metal complexes reacting with ethylene, 

hydrogen chloride and oxygen was proposed. 

3. It was shown that contamination and deactivation of the EOC catalyst occurs due to the accumulation 

of iron compounds on the catalyst surface in the form of Fe
3+,2+

nН2O (or nНСl), mainly caused by 

the reactor contamination in the course of chemical interaction of Cu(II), (I) with iron reactor walls. 

4. Differential thermal analysis simulates catalysts’ industrial tests. MEDC-B catalyst has higher 

dehydration and dehydrochlorination rate, and higher 210-220 С EOC temperature range compared 

with X1 catalyst (200-210 С). MEDC-B catalyst is more stable, but less active in the lower 190-210 

С EOC temperature range, thus its optimal EOC temperature range is 210-220 С. 

5. Lower total weight loss of 17% during MEDC-B catalyst heating compared with 20% for Х1 is 

caused by the smaller amounts of the adsorbed and structured water, and by smaller 

dehydrochlorination losses. 

6. MEDC-B catalyst dehydration rate increases as a result of [СuCl4]
2-,1-

 and Аl2О3 interactions. 

Modified [СuCl4]
2-,1-

 catalyst acts as chlorine transmitter during its reduction and dehydrochlorination 

in the 200-250 С range, which is within the 215-225 С range of ethylene oxidative chlorination 

catalyst working temperature. 

7. Х1 catalyst dehydration and dehydrochlorination temperature range is 180-250 С (∆Т=70 С), while 

for MEDC-B it is 200-250 С (∆Т=50 С). Working temperature range reduction by 20 С for 

MEDC-B compared with Х1 catalyst is beneficial for ethylene oxidative chlorination reaction into 

1,2-DCE and significantly increases process selectivity. Deposited X1 catalyst has a larger 190-210 

С working temperature range, which causes side reactions of ethylene combustion and oxidative 

chlorination into trichloroethylene. While X1 catalyst selectivity does not exceed 95-97%, MEDC-B 
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selectivity is 97-99%. Based on industrial tests ethylene combustion to СО and СО2 diminishes to 

1.5-2% for MEDC-B. For the permeated MEDC-B catalyst active phase is evenly distributed 

throughout γ-Аl2О3 structure, which diminishes carrier influence on ethylene combustion observed in 

industrial EOC technological processes. 
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Tables Captions 

 

Table 1. Differential thermal analysis of γ-Al2O3, X1 and MEDC-B catalysts. 

 

Table 2. Diffraction lines angular positions and corresponding inter-planar spacing, d, and relative 

intensity, I/I0, for the X1 catalyst. 

 

Table 3. Diffraction lines angular positions and corresponding inter-planar spacing, d, and relative 

intensity, I/I0, for the MEDC-B catalyst. 
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Figures Captions 

 

Figure 1. Infrared spectra from γ-Al2O3 carrier, CuCl2·2H2O and CuCl2·2HСl main catalyst components, 

industrial MEDC-B and X1 catalysts. 

 

Figure 2. a) Al2O3 and copper tetrachloride structures; b) CuCl2 and copper tetrachloride attachment to 

the Al2O3 surface, and CuCl2 linear structure. 

 

Figure 3. Diffraction patterns of CuCl2·2HСl or H2[СuСl4] main catalyst components before and after a 

few days of air exposure. 

 

Figure 4. Diffraction patterns of γ-Аl2О3, X1 and MEDC-B catalysts as-received and after a few days of 

air exposure. 

 

Figure 5. Thermal desorption curves of the γ-Аl2О3 carrier decomposition. 

 

Figure 6. Thermal desorption curves of the MEDC-B catalyst decomposition. 

 

Figure 7. Thermal desorption curves of the X1 catalyst decomposition. 

 

Figure 8. Thermal desorption curves of the CuCl2·Н2О active phase decomposition. 

 

Figure 9. Thermal desorption curves of the CuCl2·2HСl or Н2[CuCl4] active phase decomposition. 



Tables 

 

Table 1. Differential thermal analysis of γ-Al2O3, X1 and MEDC-B catalysts. 
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X1 
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Table 2. Diffraction lines angular positions and corresponding inter-planar spacing, d, 

and relative intensity, I/I0, for the X1 catalyst. 

 

 

No. 2θ, deg. Intensity І, a.u.
 

d, Å I/I0, % ∆d=dХ1-dAl2O3 

1 18.95 1109 4.68293 87.5226 - 

2 19.7 1114 4.5063 88.42676 +0.0778 

3 21.75 1108 4.08599 87.34177 - 

4 28.55 1071 3.12638 80.65099 +3.1263 

5 29.6 1080 3.01783 82.27848 - 

6 30.4 1069 2.94021 80.28933 - 

7 31.45 1087 2.8444 83.5443 - 

8 32.4 1105 2.76314 86.79928 -0.0167 

9 33.7 1124 2.65946 90.23508 - 

10 35.3 1080 2.5425 82.27848 - 

11 36.65 1175 2.45189 99.4575 +0.00318 

12 37.5 1141 2.39825 93.30922 - 

13 39.25 1074 2.29526 81.19349 +0.0056 

14 40.6 934 2.222 55.87703 - 

15 43.15 895 2.09641 48.82459 - 

16 45.9 1209 1.97701 105.60579 +0.0060 

17 48.4 852 1.88057 41.04882 - 

18 50.1 795 1.82068 30.74141 - 

19 52.25 763 1.75071 24.95479 - 

20 59.25 824 1.55949 35.98553 - 

21 60.45 817 1.53138 34.71971 - 

22 61.7 812 1.50332 33.81555 - 

23 66.9 1178 1.39854 100 -0.0027 

 



Table 3. Diffraction lines angular positions and corresponding inter-planar spacing, d, 

and relative intensity, I/I0, for the MEDC-B catalyst. 

 

No. 2θ, deg. Intensity І, a.u.
 

d, Å I/I0, % ∆d=dMEDC-B-dAl2O3 

1 16.95 1092 5.23071 73.39901 - 

2 20.55 1150 4.32179 82.92282 -0.1066 

3 23.95 1111 3.71541 76.51888 - 

4 32.6 1098 2.74664 74.38424 -0.0332 

5 37.1 1193 2.42318 89.98358 +0.0031 

6 39.45 1094 2.28408 73.72742 -0.0055 

7 45.75 1219 1.98314 94.25287 +0.00122 

8 60.5 860 1.53023 35.30378 - 

9 67 1254 1.3967 100 -0.0046 
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Figure 1. Infrared spectra from γ-Al2O3 carrier, CuCl2·2H2O and CuCl2·2HСl main catalyst components, 

industrial MEDC-B and X1 catalysts. 
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Figure 2. a) Al2O3 and copper tetrachloride structures; b) CuCl2 and copper tetrachloride attachment to 

the Al2O3 surface, and CuCl2 linear structure. 
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Figure 3. Diffraction patterns of CuCl2·2HСl or H2[СuСl4] main catalyst components before and after a 

few days of air exposure. 
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Figure 4. Diffraction patterns of γ-Аl2О3, X1 and MEDC-B catalysts as-received and after a few days of 

air exposure. 
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Figure 5. Thermal desorption curves of the γ-Аl2О3 carrier decomposition. 
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Figure 6. Thermal desorption curves of the MEDC-B catalyst decomposition. 
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Figure 7. Thermal desorption curves of the X1 catalyst decomposition. 
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Figure 8. Thermal desorption curves of the CuCl2·Н2О active phase decomposition. 
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Figure 9. Thermal desorption curves of the CuCl2·2HСl or Н2[CuCl4] active phase decomposition. 
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