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Catalysts of the type carrier-CuCI2, KCI differing in the tempera ture  at which they were 
ob ta ined  and af te r  the  e thcne  oxychlorination process were analyzed thermogravimetrically. 
Catalysts a f te r  the oxychlorination process differed in total  salt content  and in the molar  
ra t io  of CuCl2 to KC1. A number  of  endothermic  processes were observed in the DTA cu- 
rves, the extents of these varying with change in the t empera ture  at which the catalysts were 
obta ined and in the catalyst composition. 

It has been suggested [1] that the carrier surface takes part in the forma- 
tion of probably K2CuC13 in the active phase of ethene oxychlorination 
catalysts. It has been noted [1] that the interaction with the carrier leads to 
changes in composition in the mixture of CuC12 and KC1 after impregnation 
of the carrier. As concerns ethene oxychlorination, it is very important to 
recognize the structure of the active phase of the catalysts under the 
oxyehlorination process conditions. In the present work, thermal analyses 
were performed on the eatalysts of ethene oxychlorination which differed in 
the temperature at which they were obtained, and thermogravimetric 
analyses of the catalysts were performed directly after their use in the 
oxychlorination process. The catalysts after ethene oxychlorination differed 
in the mass of the active phase and in the molar ratio of CuC12 to KC1. 

Experimental 

The investigation involved catalysts obtained in a pseudofluid carrier sys- 
tem in the apparatus described in [2]. Constant impregnation conditions 
identical to those [1] were applied to all catalysts, which differed in total 
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content of CuC12 and KCI, or in the molar ratio of CuC12 to KCI. Three 
catalysts differed in the temperature at which they were obtained. The ther- 
mogravimetrically analyzed catalysts are listed in Table 1. 

Table 1. Set of thermogravimetrie data after impregnation (A) and after oxyehlorination process (B) 

Catalyst A B 
Number Salt Molar Impregnation Salt Molar Impregnation 

contents ratio temp., contents, ratio temp., 
% Cu/K K % Cu/K K 

4 22.10 0.768 423 
4 22.10 0.768 393 
4 22.10 0.768 378 

1 19.89 
2 25.42 
3 33.27 
4 22.10 

0.768 378 

5 0.691 
6 22.10 0.845 378 
7 0.922 378 

Catalysts after oxychlorination were earlier used in a concrete process of 
ethene oxychlorinatio~n at 623 K for 1.5 h, using the reactant flow method 
(C2H4:O2:HC1 = 1:0.5:2). The catalysts were heated at 673 K for 1.5 h 
before the reaction, in a continuous flow of HCI and 02 in the same ratio as 
used in the oxyehlorination process. The oxychlorination apparatus was 
described in [3, 4]. Catalysts after oxychlorination were quickly cooled to 
room temperature and thermogravimetrically analyzed. The same sample of 
catalysts No. 2 and No. 4 as in the first (after oxychlorination) ther- 
mogravimetrie analyses were again thermogravimetricaUy analyzed. Ther- 
mogravimetric analyses were performed with a derivatograph (MOM, 
Budapest, Hungary) within the temperature range 293-773 K. The catalysts 
uniformly weighed 1.328 g, with the same granulation (0.02-0.06 era) and de- 
gree of sample compaction. The measurement conditions were constant and 
identical to those in [1]. 
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Results 

The thermal curves of catalyst No. 4 after impregnation at 378 K were 
repor ted in [1]. Figure 1 shows the thermal curves of catalyst No. 4 obtained 
at an impregnation temperature of 423 K. Disappearance of the endother- 
mic effects with minima at 498-518 K and 573-593 K was observed in the 
DTA curve (Fig. 1) relative to the curve relating to 378 K [1]. The DTA 
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Fig. 1 TG, DTG and DTA curves of a catalyst number 4 obtained at 423 K 

curve (Fig. 1) also revealed an intensive endothermic effect due to the loss 
of water from the carrier [5] and a well outlined endothermic effect with 
minimum at 663 -'-5 K. Figure 2 shows the distribution of the peak areas in 
the DTA curves with minima at 498-518 K, 573-593 K and 663 ---5 K, as a 
function of the impregnation temperature of the carrier during preparation 
of the catalysts of the type carrier-CuC12, KC1. Figure 2 demonstrates that 
the areas of the endothermic effects with minima at 498-518 K and 573- 
593 K are markedly reduced in the DTA curves of the catalysts obtained 
above 378 K. The area of the endothermic effect with minimum at 663 ---5 K 
slightly increases with increase of the temperature of catalyst preparation. 
Figure 3 shows the thermal curves of catalyst No. 4 after ethene oxychlorina- 
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Fig. 2 Variation of the area of the endothermic effects at 498-518 K (Curve 1), at 573-593 K 
(Curve 2), at 663 _+ 5 K (Curve 3) as a function of  temperature  of  their obtaining 
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Fig. 3 TG,  D T G  and D T A  curves of a catalyst number  4 after oxychlorination process 
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Fig. 4 Variation of the area of the endothermic effects at 498 K (Curve 1), at 603 K (Curve 
2), at 663 ---5 K (Curve 3) as a function of summary salts contents in the catalysts after 
oxychlorination process 
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Fig. $ Variation of the area of the endothermic effects at 498 K (Curve 1), at 603 K (Curve 
2), at 663 • K (Curve 3) as a function of the molar ratio of Cu to K in the catalysts 
after oxychlorination process 
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Fig. 6 TG, DTG and DTA curves of a catalyst number 4 after oxyehlorination process 
obtained during seeondaxy thermogravimetric analysis 

tion. Above 473 K, the DTA curve revealed a slight endothermic effect with 
minimum at 498 K, a well outlined endothermie effect with minimum at 
603 K, and a very small endothermic effect with minimum at 663 •  K. The 
distribution of the peak areas in the DTA curves above 473 K for the 
catalysts after oxychlorination which differed in the contents of CuC12 and 
KC1 displayed an increase in the areas of the three endothermie effects with 
minima at 498, 603 and 663 --.5 K, together with an increase in the total con- 
tent of the two salts i n  the catalysts after oxychlorination. The areas of the 
first and third endothermic effects are minimal in the DTA curves of the 
catalysts which contain up to 22.10 % CuC12 and KC1. The area of the en- 
dothermic effect with minimum at 663 ---5 K quickly increases with the con- 
tent of the two salts above 22 % and the area of the endothermic effect with 
minimum at 498 K quickly increases with the content above 26 %. At the 
same time, in curves 2 and 3 the occurrence of inflexion points is observed 
for contents about 26 %. Figure 5 presents the distribution of the areas of 
the endothermic effects with minima at 498, 603 and 663 •  K in the DTA 
curves of the catalysts after oxychlorination which differed in the molar ratio 
of CuC12 to KC1. In the DTA curves of the catalysts containing 22.10 % of 
active salts with different molar ratios of CuC12 to KCI, there were practical- 
ly no endothermie effects with minima at 498 K or 663 ---5 K. Figure 5 

L Themml AnaL, 3(~ 1990 



ZUROWSKI: DTA ANALYSIS 953 

demonstrates that the area of the endothermic effect with minimum at 603 K 
(curve 2) is the largest at a Cu to K molar ratio of 0.845. Figure 6 shows the 
thermal curves of catalyst No. 4 after oxychlorination of ethene in the 
second thermogravimetric analysis. All three endothermic effects which oc- 
curred in the DTA curves of the catalysts after impregnation [1] are present 
(Fig. 6). 

Discussion 

The variation in the areas of the endothermic effects above 473 K in the 
DTA curves of the catalysts differing in the temperature at which they were 
obtained supports the suggestion in [1] about the probable formation of 
K2CuC13 in the active phase of the oxychlorination catalysts due to the inter- 
action of the carrier surface with the mixture of CuClx and KC1. The DTA 
curves of the catalysts obtained at 393 K and 423 K exhibit practically mini- 
mal endothermic effects, with minima at 498-518 K. For the catalysts ob- 
tained at these temperatures, the contact time of the aqueous solution of 
CuC12 and KC1 with the carrier surface is considerably reduced in com- 
parison to this time in the case of catalyst No. 4 obtained at 378 K. The area 
of the endothermic effects with minimum at 573-593 K, which is probably 
connected with melting of the eutectic K2CuC14-KCuC13 [6], also decreases 
markedly with increase of the temperature of catalyst preparation above 
393 K. This may result from the fact that at an impregnation temperature of 
393 K, and much" more so at 423 K, the mixture of CuC12 and KC1 without 
carrier forms the phase system KCuC13-KCI, and not K2CuC14-KC1-KCuC13 
[7, 8]. The non-parallel character of curve 3 relative to curves 2 and 1 (Fig. 
2) indicates that a phase change at 663 ___ K is not consecutive to changes at 
498-518 K and 573-593 K. The shape of the DTA curves of catalysts after 
oxychlorination suggest that there is significant unification of the active 
mass of the catalysts under the ethene oxychlorination conditions, and the 
endothermic effect with minimum at 603 K, in agreement with results in [6], 
may be attributed to the melting of K2CuCh. Unification of the active phase 
of the catalysts under the oxycMorination conditions is probably a result of  
consecutive reactions with chloride anion in accordance with the reactions 

described by Fontana et  al .  [6], CuCI~- being formed in the reaction: 

Cu2C]~- + 2 C1- -~ 2CuCI~- 
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The distribution of the areas of the endothermic effects in the DTA curves 
in Fig. 4 seems to confirm the occurrence of these consecutive reactions in 
the active phase of the catalysts after oxychlorination. The shapes of the cur- 
ves in Fig. 4 suggest that there is a decomposition of the last-formed com- 
plex under the oxychlorination conditions. Decomposition is possible during 
the cooling of catalyst samples and during thermogravimetric analysis. The 
variation in the areas of the endothermie effect with minimum at 603 K in 
the DTA curves of the catalysts after oxychlorination, which differed in the 
molar ratio of Cu to K, is identical in shape to the efficiency curve for the 
same catalysts in the concrete ethene oxychlorination process [4] and to the 
curve for the areas of the endothermie effect with minimum at 498-518 K for 
the same catalysts after impregnation [1]. It has been suggested [1] that the 
efficiency of the catalyst of ethene oxychlorination depends on the capacity 
of the carrier to produce K2CuC13 in the active phase of the catalysts. It may 
now be suggested that the efficiency of the catalysts of ethene oxychlorina- 

tion depends on the quantity of CuCI~- formed under oxychlorination con- 

ditions, and the quantity of CuCI~- depends on the capacity of the carrier to 
produce K2CuC13 in the active phase of the catalysts. The endothermic ef- 
fect observed in the DTA curves of the catalysts after oxychlorination with 
minimum at 603 K originates from the phase change of the complex formed 
under the oxychlorination conditions. At the same time, it is not the same 
endothermic effect (simply shifted in temperature) as occurs in the DTA 
curves of the catalysts after impregnation with minimum at 573-593 K. The 
thermal curves in Fig. 6 support these two sentences. The shape of the DTA 
curve (Fig. 6) and the temperatures of the endothermie effects indicate that 
complexes formed in the active phase of the catalysts under the oxychlorina- 
tion conditions must have decomposed during the first thermogravimetric 
analysis, the catalyst composition thereby becoming similar to that of the 
catalysts after impregnation. This would indicate that all reactions which 
lead to unification of the active phase of the catalysts under ethene 
oxyehlorination conditions are reversible in nature. 

Conclusion 

It has been supported that, due to the "Florida" carrier surface, probably 
K2CuC13 is formed in the active phase of the catalysts of type CuC12, KC1- 
carrier. 
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Increase of the impregnation temperature of the carrier above 393 K 
results in decay of the KxCuC14-KCuCI3 phase in the active mass of the in- 
vestigated catalysts, which undergo endothermic changes at 573-593 K. 

This investigation allows the assumption that the phase change of the ac- 
tive phase of the catalysts at 663 ___5 K is not consecutive to the changes at 
498-518 K and 573-593 K. 

Unification of the active phase of the investigated catalysts takes place 

under the ethene oxychlorination conditions. Probably CuCI~- is formed on 
the surface of the catalyst carrier during this unification process. Under the 
ethene oxychlorination conditions, the active phase of the catalysts decom- 
pose via the reverse reactions to those in which they were obtained. 

This investigation points to the dependence of the efficiency of the 
catalysts of ethene oxychlorination on the quantity of the active phase ob- 
tained under the conditions of this process, which undergoes endothermic 
change at 603 K. This quantity of the active phase seems to result inter- 
mediately from interaction of the carrier and the active phase of the 
catalysts under the conditions of their formation. 

The author thanks ProL dr hab. Zdzislaw Czarny for discussions and advice. 

References 

1 IC Zurowski, J. Thermal Anal., to be published. 
2 7_- Czarny and K. Zurowski, Przem. Chem., 65/3 (1986) 131. 
3 Z. Czarny, M. Repelewicz and J. Wolczko, Przem. Chem., 61/7 (1982) 187. 
4 Z. Czarny and IC Zurowski, Przem. Chem., 66/8 (1987) 377. 
5 Z. Czarny, IC Zurowski and M. Repclewicz, Przem. Chem., in press. 
6 C. M. Fontana and E. Gorin, Ind. Eng. Chem., 44 (1952) 363. 
7 W. Meyerhoffer, Z. Physik. Chem., 3 (1887) 336. 
8 H. Suga and M. Sorai, Bull. Chem. Soc. Japan, 38 (1965) 1007. 

Zusammenfassung m Bei verschiedenen Temperaturen hergestellte Katalysatoren des 
Types Carrier-CuClz, KCl wurden nach dem Ethylen-Oxychlorierungsproze8 ther- 
mogravimetrisch untersucht. Die Katalysatorcn unterschieden sich nach dem 
Oxychlorierungsprozel] sowohl in ihrem absoluten Salzgehalt als auch im Molvcrh~iltnis 
CuCI2 zu KCI. Anhand der DTA-Kurven wurde eine Anzahl endothermer Vorgiinge 
beobachtet,  dcren AusmaB yon der Katalysatorcnzusammcnsetzung sowie davon abh/ingt, bei 
wcleher Temperatur  dcr Katalysator hergcstellt wurde. 
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