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ABSTRACf. The kinetics of hete rogeneous catalytic conversion of cyclohexa ne (I) and 
cyelohexene (2) were studied over PtfAI,O, catalyst (A), using a fl ow technique under 
normal pressure. The industrially prepared catalyst was pretreated by a ir (AI) and/or 

with hydrogen (All) at 500' C 
The catalytic ac tivity was measured in the temperat ure range 360-430' C for (I) 

and 160-260' C for (2) at space velocity 13.70-33.39 x 10 - ' and 13 . 17 to 3210 x lO-' 
min-I for (I) and (2), respectively. The gaseous and liquid products of the conversion 
reaction were ana lysed using chroma tography. The kinetics of gaseous and liquid prod­
ucts reveal ed a zero order reaction in a ll cases with ( I ) and (2), respec tively. The 
apparent ac tiva tion energy was ca lcu lated to be 10.1 and 10 .6 kcal mol-I fo r ( I) and 

(2) independent of space ve loci ty . 
The se lecti vit y and activi ty o f th e cata lyst va ry with the p re trea tme nt co nditions 

and experimental temperatu re. The gain in the mass of the ca ta lys t after participation 
in conversion and the formation of prod ucts is not a stoich iometr ic process in case of 

(AI) and (A ll ) ca ta lyst a re expla in ed by polymolecul ar mech anism . 

The study of heterogeneous catalytic processes using a flow technique is one of the 
important aspects of industry from a theoretical and practica l point of view. The 
widespread use of platinum/a lumina as a catalyst stimulated investigator to study 
the nature of catalyst and the details of the mecha nism of catalytic processes. 
However , despi te intensive investigations of this subject , there is no general agree­
ment on the nature of the dehydrogeneration and disproportionation processes 
even on one and the same catalyst (Balandin 1969 , Krylov 1970, Karpinski and 
Koscielsk i (1980) and Ezzo et al. 1983) In the present investigation, an attempt is 
made to study the effect of pretreatment conditions of platinum/alumina catalyst 
on its activity and selectivity in heterogeneous catalytic conversion of cyclohexane 
and cyclohexene using a flow technique under normal pressure. 
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Experimental 

Material 

An industrially prepared platinum/alumina catalyst was RD150 0.6% Pt on 
y-alumina. Sinclair-Baker, Engelhard Industries Company, U .S .A. 

The cyclohexane and cyclohexene were prepared as reported by Ezzo et al. 
(1981), and they were chromatographically pure. 

Apparatus and Techniques 

The catalytic activity was measured using a flow technique. The reactant was 
introduced by a microdose pump (Unipan 335A) and the speed of feeding was 
varied in the range (13.70-33.39) x 10-2 min -I. The reaction teQ1perature was in 
the range 160-4300 C. The catalyst sample (of volume 1 ml) was introduced into a 
silica tube reactor with an internal diameter of 12 mm. The reactor was heated by 
a tubular electric furnace , the temperature of which was controlled to ± 0.10 C. 
The reactor and the furnace were mounted in an inclined position. 

The gaseous and liquid products were analysed in a programmed gas-liquid 
chromatograph with a heated dual flame ionization detector (Pye series 104) and 
2110 PEGA using nitrogen as the carrier gas. 

Activation of the Catalyst Sample 

Each catalyst sample was activated in situ by calcination at 5000 C for 4 hr in 
a current of dry air free from CO2 (catalyst AI) or in a current of dry hydrogen 
free from H20 (catalyst All). The activated catalyst was then cooled from the 
activation temperature to the catalytic reaction temperature. The activation temp­
erature was chosen to be 5000 C as required from its specification. 

Results and Discussion 

Effect of the Space Velocity of Cyclohexane and lor Cyclohexene on its Catalytic 
Conversion 

The results obtained from the experiments done without using a catalyst 
showed that the silica glass of the catalytic apparatus, catalytic reactor, and the 
glass wool had no catalytic activity on the conversion of cyclohexane and cyc­
lohexene under the experimental conditions. 

The reaction temperature was maintained and cyclohexane and/or cyclohexene 
was allowed to pass over Pt/AI20 J catalyst A at various space velocities. This 
experiment was repeated at different temperatures specific for cyclohexane and 
cyclohexene. 
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The kinetics of cyclohexane and/or cyclohexene conversion was studied by 
using 1 ml of Pt/AI20 J catalyst (A) pretreated with dry air (AI) and/or with hydro­
gen (All) at 500° C at space velocity from 13.70 to 33.39 x 10-2 and 13.17 to 32.10 
x 10-2 min-I and temperature ranged from 360 to 430 and 160 to 260° C for 
cyclohexane and cyclohexene, respectively. 

The gaseous products we re methane and hydrogen in both cases. The volume 
of gaseous products was determined at various intervals. When this volume is 
plotted against time a straight line is obtained, the slope of which gave the rate of 
formation of the gaseous products, which was then calculated at STP (yo in mil­
lilitres per minute). 

Figures 1 and 2 (a) and (b) represent the effect of variation of time of contact 
'[ on the rate of conversion of cyclohexane and cyclohexene on Pt/A1 20) catalyst 
(A) (a - forAl and b - for All). The curve designated by (1) in these figures 
represents the effect of variation of time of contact on the formation of gaseous 
products. Whereas curves 2, 3 and 4 show the variation of the % formation of 
benzene (as calculated from chromatographic analysis), % cyclohexane conversion 
Fig. 1 and % cyclohexane formation Fig. 2, and % conversion of cyclohexene, 
respectively, with time of contact '[ at 380 for cycJohexane 220° C for cycJohexene. 

The corresponding data for the dependence of the rate of catalytic dehydroge­
nation of cyclohexane and catalytic disproportionation of cyclohexene over Pt/ 
A 120 3 catalyst (A) on time of contact are given in Tables 1 and 2. 
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Fig. l. 	 The effect of variation of time of contact o n the convers ion of cyclohexane on Pt /A 120} A 
catalyst at 380° C. 
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Fig. 2. 	 The effect of variation o f time of contact o n the conversion of cyclo hexene on Pt/AI,O , A 
cataly~ t at 220° C 
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It can be seen from Fig . ] and 2 and Tables 1 and 2 that the rate of formation 
of gaseous products, % form ation of benzene, % conversion and formation of 
cyc\ohexane, and % conversion of cyclohexene are independent of the rate of 
flow, i. e. the reaction of conversion of cyC\ohexane and cyC\ohexene is a zero order 
reaction. This indicates that the catalytic reaction conforms to a Langmuir-Hinshel­
wood mechanism as reported by Kiperman (1964). The catalyst surface, or at least 
the active part of it, is saturated with chemisorbed cyC\ohexane and/or cyC\ohexene 
molecules. 

It follows from the analysis of the liquid products, given in Table 1, that 
cyC\ohexane is dehydrogenated to benzene, over Pt/A1 20 3 catalyst Al and All. 
However, the analysis of liquid products given in Table 2 shows that cyclohexene 
is disproportionated to cycJohexane and benzene over PtlA1 20 3 catalyst AI and 
All. The percent formation of benzene and cyC\ohexane depends on the nature of 
the catalyst and the experimental temperature. 

The mass of the catalyst is found to increase after its use in cyclohexane and 
cyC\ohexene conversion . The apparent gain in weight of the catalyst , after the 
course of rate determination, is given in Tables 1 and 2. It can be seen fro m these 
results that the apparent gain in weight of catalyst AI has an affinity to decrease 
with temperature in the case of cyC\ohexane and cyclohexene , respectively. How­
ever, on All , catalyst can be taken as constant value and has an affinity to increase 
with temperature for cyclohexane and cyclohexene conversion, respectively . 
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Table 1. The effect of catalyst pretreatment on the catalytic conversion of cyclohexane on 
Pt/AI 20, catalyst in flow system. 

Temp. 
°C 

F 
XIO- 2 

, 

min- I 

VO 
ml 

min-I 

E 
kcal. 
mol-I 

Weight 
Gain % 

Analysis of the liquid products 

AI All 

AI All AI & All AI All [) 0 [) 0 
360 1370 

19.69 
26.55 
33.39 
13.70 

19.9 
19.9 
19.9 
19.9 
19 .2 

28.5 
28.5 
28.5 
28.5 
28.5 

10.1 
10.1 
10.1 
10.1 
10. 1 

4.80 
4.80 
4.80 
4.80 
4.80 

1.20 
1.20 
1.20 
1.20 
] .20 

10.70 
10.10 
12.10 
13.30 
7.50 

89.30 
89.90 
87.90 
86.70 
92.50 

35.90 
35.20 
36.20 
37.90 
34.73 

64.10 
64.80 
63.80 
62.10 
65.27 

380 13.70 
19.69 
26.55 
33.39 
13.70 

28.8 
28.1 
28.1 
28. 1 
28. 1 

36.5 
34.2 
34.2 
34.2 
34.2 

10.1 
10.1 
10.1 
10.1 
10.1 

1.60 
1.60 
1.60 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 

36.94 
31.80 
29.70 
28.20 
29. 10 

63.66 
68.20 
70.30 
71.80 
70.90 

44.50 
17.60 
17 .60 
14.90 
13.89 

55.50 
82.40 
82.40 
85. 10 
86.11 

400 1370 
19.69 
26.55 
33.39 
13.70 

33.5 
31.6 
31.6 
31.6 
31.6 

38.7 
38.7 
38.7 
38.7 
38.7 

10.1 
10.1 
10.1 
10.1 
10.1 

2.20 
2.20 
2.20 
2.20 
2.20 

-
-
-
-

-

61.30 
42.60 
40.00 
35.60 
42.60 

38.70 
57.40 
60.00 
64.40 
57.40 

54.70 
54.70 
5110 
53.30 
51.10 

45.30 
45.60 
48.90 
46.70 
48.90 

430 13 .70 
19 .69 
26.55 
33.39 
13 .70 

44 .3 
44 .3 
44.3 
44.3 
44.3 

47.1 
13.7 
13 .7 
13.7 
13 .7 

] 0.1 
10.1 
10.1 
10.1 
10. 1 

-

-
-
-
-

-
-
-
-
-

42.70 
29 .91 
29.06 
27.30 
31.90 

57.30 
70.09 
70.94 
72.70 
68.10 

38.20 
11.90 
9.30 
8.90 
8.30 

61.80 
88.10 
90.70 
91.10 
91.70 

It follows from Table 1 that, at 360 and 4000 C, the catalyst All is more active 
than Ai in the dehydrogenation of cyclohexane to benzene and in the formation 
of gaseous products. However, at 3600 C, AI is more active in benzene formation 
than All under the same conditions. Moreover , at 4300 C, AI is more active than 
All in dehydrogenation and decomposition processes of cyclohexane . Indeed. at 
3800 C, AI is more active in dehydrogenation process than All , whereas the reverse 
is correct in the formation of gaseous products. 



50 	 E. M. Ezzo el al. 

Table 2. 	 The effect of catalyst pretreatment on the cat a lytic disproportionation of cyclo­
hexene on Pt/A I20 3 catalyst in flow system. 

Temp. 
°C 

F 
10-2 

min - 1 

VO 
ml 

min- 1 

AI All 

E 
kcal 

mor 1 

AI& 
All 

Weight 
Gain % 

AI All 

0 

Analysis of liquid products, % 

AI All 

0 0 0 0 0 
160 13.17 

18.93 
25.51 
32.10 
13.17 

8.7 
8.7 
8.7 
8.7 
8.7 

1.4 
1.4 
1.4 
1.4 
1.4 

10.6 
10.6 
10.6 
10.6 
10.6 

27.3 
27.3 
27.3 
27.3 
27.3 

2.80 
2.80 
2.80 
2.80 
2.80 

41.47 
39.85 
35.71 
36.09 
34.96 

32.28 
31.22 
29.85 
28.44 
31.80 

26.25 
28.93 
34.44 
35.47 
33.24 

23.60 
6.80 
3.76 
4.00 
5.40 

2.70 
1.40 
1.88 
1.70 
2.70 

73.70 
91.80 
94.36 
94.30 
91.90 

220 13.17 
18.93 
25.51 
32.10 
13.17 

13.3 
13.3 
13.3 
13.3 
10.0 

13.1 
11.6 
11 .6 
11.6 
11.6 

10.6 
10.6 
10.6 
10.6 
10.6 

12.0 
12.0 
12.0 
12.0 
12.0 

1.80 
1.80 
1.80 
1.80 
1.80 

47.00 
39.80 
40.19 
40.00 
37.30 

39.30 
25.80 
32.71 
27.27 
30.27 

13.70 
34.40 
27.10 
32.73 
32.43 

52.00 
46.00 
45.30 
43.00 
44.10 

32.00 
33.00 
30.20 
28.00 
28.30 

16.00 
21.00 
24.50 
29.00 
27.60 

240 13.17 
18.93 
25.51 
32.10 
13.17 

19.4 
19.7 
19.7 
19.7 
19.7 

2.9 
2.9 
2.9 
2.9 
2.9 

10.6 
10.6 
10.6 
10.6 
10.6 

5.70 12.40 
570 12.40 
5.70 12.40 
5.70 12.40 
5.70 12.40 

45 .50 
48.70 
48.80 
46.20 
48.20 

50.80 
43.50 
43.40 
46.40 
45.20 

3.70 
7.80 
7.80 
7.40 
6.60 

12.70 
4.70 
0.80 
0.80 
3.10 

2.50 
1.60 
1.60 
1.60 
3.10 

84.80 
93.70 
97.60 
97.60 
93.80 

260 13.17 
18.93 
25.51 
32.10 
13 .17 

11.9 
11.9 
11.9 
11.9 
11.9 

15.5 
15 .5 
15 .5 
15.5 
16.2 

10.6 
10.6 
10.6 
10.6 
10.6 

9.20 
9.20 
9.20 
9.20 
9.20 

6.30 
6.30 
6.30 
6.30 
6.30 

37.20 
29.50 
30.66 
26.50 
29.58 

30.80 
26.10 
25.94 
28.00 
28.17 

32.00 
44.40 
43.40 
45.50 
42.25 

28.80 
31.00 
30.00 
27.60 
27.50 

31.40 
30.00 
27.50 
28.00 
18.60 

39.80 
39.00 
42.50 
44.40 
53.90 

It can be seen from Table 2 that, at 220 and 260 0 C , the catalyst AI and All 
has the same activity, under the present experimental conditions, in the dispropor­
tionation process of cyclohexene. However, there are more condensating products 
formed on the surface of Al than that on All. Moreover, at 1600 C, Al is more 
active and more stable than All, since the latter loses its activity after the first run. 
The same effect was observed at 2200 C. 

The results obtained, the refore, indica te that the selectivity and activity of 
Pt/A1 20 3 catalyst vary with the pretreatment conditions and experimental tempe r­
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atures. It should be noticed that the formation of benzene and cycJohexane from 
cyc\ohexene is not a stoichiometric process in case of catalyst AI and All. 

The effect of Reaction Temperature (the Determination of the Apparent Activation 
Energy) 

The data on the rate yo of formation of gaseous products for cyclohexane and 
cyclohexene at different flow rates determined at various temperatures allowed us 
to calculate the apparent activation energy E of conversion of cyclohexane and 
cyclohexene Fig. 3 (a - for cyclohexane conversion on PtfA 120 3 catalyst AI and b 
- for cyclohexene disproportionation on catalyst All). This energy was also deter­
mined from data on the percentage conversion of cycJohexane and cyclohexene at 
various temperatures. The methods gave identical values. Table 1 and 2 includes 
the calculated energy of activation for cyclohexane and cyclohexene in contact with 
PtfA1 20 3 catalyst AI and All at each space velocity and different temperatures. 

It is evident from Table 1 and 2 that the apparent activation energy is almost 
independent of the contact time, working time of the catalyst AI and All, and the 
pretreatment gas. The apparent activation energy was found to have a value of 
10.1 and 10.6 kcal mol-I of the catalytic conversion of cyclohexane and cyc­
lohexene on PtfA1 20 3 catalyst AI and All, respectively. 

From the yo values given in Table 1 it can be seen that the rate of formation 
of gaseous products is generally increased with temperature. However, the rate of 
benzene formation increased with temperature until 400° C, then decreased in the 
case of AI catalyst. When using All catalyst the same behaviour is noticed only in 
the case of the fresh portion of the catalyst. If the catalyst All is kept for 0.5 , 1 
and 1.5 hr in cyclohexane vapour, different results are obtained, especially at 380° 
C. 

It follows , from Table 2, that the rate of formation of gaseous products is 
generally increased with temperature until 240° C and then decreased for AI 
catalyst. In the case of using All catalyst, the rate increased with temperature 
except at 240° C , where the rate decreased . The rate of formation of cyclohexane 
and benzene has different behaviours. The maximum yield of benzene was ob­
served at 240 and 220° C during the conversion of cyclohexene over AI and All 
catalyst. Moreover, the maximum yield of cyclohexane was noticed at 240° Cover 
AI and at 220° C over All catalyst , independent of the working time of the catalyst. 
It is evident, therefore, that the conversion of cyclohexene into benzene and cyc­
lohexane is not a parallel reaction, but proceeds through an intermediate com­
pound having different characters . 

We believe that the conversion of cyclohexane and cyC\ohexene over Pdf A1 20 3 
catalysts takes place through the formation of a polymolecular catalytic complex 
[(CnH2n)n]~ds which can be decomposed in different ways according to the kinetic 
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Fig. 3. 	 The effect of temperature on the catalytic conversion of cyclohexane (a) and cyclohexene (b) 

on Pt /A 120 1 catalyst 


a . AI at f x 10-2 min-II - 13.70; 2 - 19.69; 3 - 26.55; and 4 - 33.39). 


b. All (a t f x 10- 2 min-II - 13.17; 2 -18.93; 3 - 25 .51; and 4 - 32.10). 




53 The Effect of Pretreatment Conditions on the ... 

conditions to give various catalytic products as reported before by Ezzo and 
Rudenko (1979). The conversion of cyclohexane and cyclohexene over the Ptl 
A1 20 3 catalyst can also be described by a polymolecular mechanism. The 
polymolecularity of the process is indicated by the products obtained and by the 
gain in catalyst weight during the catalytic conversion of cyclohexane and cyc­
lohexene. 
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