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In the course of investlgatlon on hydrogenation of olafins, ParticularlY 

of ethylene, in the presence of such metals as nickel, the process of self- 

hydrogenation of olefin has been observed (l-6) . The authors reported that 

ethame was formed from ethylene even when no hydrogen was admitted into the 

reaction vessel. Their experiments were carried out exclusively in a static 

system at low temperatures ( In no case exceeding 200% > and low pressures. 

The object of our investigation was to examine the eventual transforma- 

tions of propylene and other oleflns in the presence of some metals and metal 

oxides supported on alumina at high temperatures in the range of 200 - 500'C 

at atmospheric pressure in a flow system. The catalysts were prepared by 

impregnation of J- Al203 ( surface area 137 m2/g 5 particle sise 0,3 - 0,5mm ) 

with the solution of metal salts, subsequent drying for 5 hours at llO°C and 

heating in the stream of air for about 6 hours at 530'0. The oatalysts were 

then reduced with hydrogen at 530°C for 6 hours. The suples of catalyst of 

the weight 2 g containing 3 - 10 $ of the metal were usually used. The experi- 

ments were carried out in a silica tubular reactor. 

It has been shown that under experimental conditions in the presence of 

molybdenum - alumina catalyst prepared as described above, propylene un ergoes 

some chemical transformation. The major reaction products determined by a gas 

chromatographic analysis were found to be hydrogen, propane and butenes 

( mainly isobutylene ). Similar reaction was observed when transformations of 

other olefins, such as ethylene, butene-l and isobutylene were studied. In 

each case, the main comPonents of the complex reaction products were hydrogen, 

1983 



1984 No.21 

paraffin hydrocarbon with the 8sme number of carbon atoms as in the initial 

olefin and higher olefins. It was established that on the surface of catalyst 

the complexes of some highly unsaturated products were deposited. The trsns- 

formation of olefins proceeds In a similar way when catalyst not reduced in 

the last stage of its preparation is used. In that case, however;somewhat 

smaller proportion of hydrogen is obtained, perhaps due to its participation 

in the reduction of metal oxides. 

Studying the effect of temperature on the relative amounts of reaction 

products formed from propylene, it was found that the ratios of hydrogen to 

propane and propane to butenes increased with the rise of temperature, With 

the rise of temperature the marked increase in the total yields of propane and 

hydrogen formed from converted propylene has been also observed. 

Transformation of propylene , as described above, proceeds not only in the 

presence of molybdenum - alumina catalyst. Many other catalysts, such as the 

oxides of Ti, V, Cr, la, Fe, Co, Wi, Cu. Ag, Cd, Pb, W and some others reduced 

in the hydrogen stream, supported on alumina have been used and showm to be 

active in this process, though to a very different extent. For illustration, 

the results of some experiments carried out in the presence of a few among the 

catalysts used are collected in table 1. The samples of the reaction products 

were withdrawn after 40 minutes of the reaction carried out at 350°C and 

contact time 18 seconds. 

Table 1. 

Yields of products of the transformation of propylene ( 35O'C , 18 sec. ) 

Catalyst V 

Conversion,% 5.8 
Yield, mol.% El2 16.3 
on converted CH4 2.4 

propylene C2H6 0.5 
C2H4 O-3 

C3H8 42*4 

C4H8 7*8 
Ratio II2 I C3H8 O-38 

Ratio C4H8:(H2+C3H8) O*ll 

ni cd 

6.6 6*8 

63.1 85.1 

3*6 2.5 

1*7 0.0 

6.8 o-0 

22*8 0.4 

6'5 17-l 

2.77 200 

0.07 0*20 

MO 

22*8 

19.9 

1.7 

O-5 
O-9 
32.8 

8.0 
O-61 

o* 15 

MO’ W 

28.5 46'5 

29.6 3'2 
3.3 0.4 

0.6 0.4 
l*O 1=5 
39.4 7-7 
6*8 14.2 
0.75 0.42 

0.10 1.36 

l - reaction temperature 380°C 
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Hydr-epd propane and butenas were in ea@h m aSBllg the @iOr rbpCtd.On 

produ6t6/ in 60me caaea relatively high ProPortFono of 6thyl6ne 6ndlbutane 

were al60 formed. The conversion of propylene and the proporf;iW .of the 

reaction products varied very much from one catalyst used to :aWther~ 

Fhe results of present work clearly indicate that the cheticil tr6116f0r6a- 

tion of propylene 6nd other olefdn6 into hydrogen, paraffin hydxocaxbon with 

the 6ame number of carbon atoms snd olefius Is a general reaction which occurs 

in the presence of nm~~ different metal8 and their orides. 

While the formation of paraffin hydrocarbon has already been observed by 

other authors, though under quite ddfferent reactionconditions s6d could be 

o@la&6ed in terms of 6elfhydrogenatlon , the generation of hydrogen and higher 

OlefiIk6 16 more ob6cure. 

lr6ki6g propylene a6 s6 example, the followl6g reaction 6Cheme which 

aCCoUlt6 8atisfactorily for the major product6, could be guggestedr 

'3*6 - (C3E6)ads - (C3H6-a)ad6 + a(x (1) 

- (C2hgb)ads + (Oh3)ads + b(If)ads (2) 

2(H)* + (C3H6)ads - '3II8 

2(H)6d6 - % 

(a3)ad6 + (C3H&6)6d6 + (6-l) (H)6d6 - c4H8 

(C3H6-a)ads a6d (C2H3-b)ads 

(3) 

(4) 

(5) 

Aacording to the proposed lschauisr 

- the complexes or polymeriza- 

tion products deposited on 

the surface of catalyst (6) 

olefins are adsorbed with the 

dissociation to s6 acetylenic or still more highly dlseociated residue and 

hydrogen atoms (reaction (1)) or hydrogen at066 a6d methyl radicals 

(reaction (2)) able to react with adsorbed olefins (reaction6 (3) and (5)) 

or with other adsorbed at066 or radIoal (reaction (4) and other not included 

steps leading to the rinor products, such as methane and ethane). 

The proposed mechsnlsm is undoubtedly an overslmpllficatlon and some 

individual reactions msy proceed in more than one step. 

me dependenae of the relative yields of reaction product6 on the 
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catalyst used could be attributed 

certain individual tieactions. 

to the change in the relative rates of 

In vieu of au increase In the total yields of propane and hydrogen formed 

from converted propylene with the rise of temperature it can be postulated 

that the number of hydrogen atoms abstracted from the &sorbed molecule 

(a and b) increases with the rise of temperature and thua more highly 

dissociated C3 species are formed. The increase in the amounts of molecular 

hydrogeu. produced in the reaction at higher temperaturea may d&rive from the 

growing desorption of hydrogen from the surface of catalyst, from the falling 

concentration of adsorbed propylene able to undergo the process of hydrogeno- 

tion and from the increase in the number of hydrogen atoms removed from the 

adsorbed molecule. On this basis a lack of hydrogen in the reaction products 

obtained by sore other authors studying selfhydrogenation process at lor 

temperature8 could be explained. 
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