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The transformations of olefins from C, to G, cyclopropanes CI and CL, diolefins 
C, and CL, as well as acetylene in the presence of Mo03/A1203 catalyst were studied 
in a flow system at various temperatures and contact times. All hydrocarbons under- 
went complex transformations and detailed analytical information about the prod- 
ucts has been given. The reaction products contained mainly hydrogen, hydrocarbons 
richer in hydrogen compared with the parent molecule, isomers of the reactant, and 
higher and lower unsaturated hydrocarbons. A detailed reaction mechanism has been 
postulated involving a process of surface fragmentation and interactions between 
adsorbed species. Some specific features of the transformations of individual hydro- 
carbons and the role of secondary processes have been discussed. 

INTRODUCTION 

In the course of investigating the chemi- 
sorption of ethylene, its self-hydrogenation 
to ethane has been observed (1, 2). A simi- 
lar reaction was noticed later with some 
other hydrocarbons. Until now there were 
reported the processes of self-hydrogenation 
of ethylene (3&G), propylene (5, 6)) cyclo- 
propane (6, 7) and acetylene (6, 8-10). 
Only metals were used as the catalysts in 
such processes. 

The other important catalytic transfor- 
mation of olefins is disproportionation, dis- 
covered by Banks and Bailey (11). The 
reaction occurs in the presence of metal 
oxides, such as MOO, on alumina, and on 
many other recently reported heteroge- 
neous and homogeneous catalysts as well 
(12, 13). Disproportionation leads to equi- 
molar quantities of the corresponding 
lower and higher olefins and, what is 
remarkable, only to some particular iso- 
mers, at least when conversion is low, such 
that the secondary isomerization and dis- 
proportionation reactions are still negligible. 

In our previous paper (14) we have re- 
ported that propylene passed over molyb- 

denum oxide on alumina undergoes a 
transformation yielding hydrogen, propane, 
butenes and a highly unsaturated surface 
residue. We postulated then a mechanism 
for this complex transformation, which 
included self-hydrogenation as a process 
responsible for the formation of hydrogen 
and propane, as well as some sort of redis- 
tribution of carbon atoms responsible for 
butenes and being quite different from 
disproportionation. 

Carefully reviewing the published re- 
sults of the studies on catalytic reactions 
of olefins, such as oligomerization, isomer- 
ization, disproportionation, etc., we have 
noticed a frequent presence among the 
reaction products of components suggest- 
ing the occurrence of a transformation 
resembling that observed by us with pro- 
pylene. Little attention has been given by 
the authors to the origin of such by- 
products. Some authors do not discuss it 
at all, others link those by-products wit,h 
cracking or disproportionation side-reac- 
tions (15-18). 

The object of our present work was to 
obtain detailed analytical information 
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about the products of transformations of 
olefins from C, to C,, cyclopropanes C, 
and C,, diolefins C, and Cq as well as 
acetylene in the presence of supported 
molybdenum oxide. It was hoped that such 
abundant information would be a sufficient 
basis to formulate the general scheme of 
the mechanism of such catalytic transfor- 
mations of various hydrocarbons. 

EXPERIMENTAL METHODS 

Materials. The catalyst used was 14.5% 
MOO, supported on y-Al,O,, the same as 
described previously (14), reduced in a 
stream of hydrogen at 500°C. Ethylene 
used was pure commercially available 
product containing 0.03% of ethane. No 
other impurity was detectable. The other 
pure commercially available reactants were 
propylene (0.08% C&H,, 0.1% C&H,, 0.1% 
CJL) , acetylene (1% impurities) and 
butadiene-1,3 (0.2% impurities), Isobutyl- 
ene (995% purity), pentene-1 (99.4%), 
2-methylbutene-2 (99%) and hexene-1 
(99%) were supplied by AG Fluka. Allene 
(99.5%) was obt.ained from Koch-Light 
Lab. and methylcyclopropane (99.4%) 
from K & K Lab. Inc. Butene-1 (0.1% 
C,H,, 0.2% trans-C&H,-2, 0.2% cis-C&H,-2) 
was prepared by thermal decomposition of 
n-butyl acetate (19). Cyclopropane (0.2% 
C&H,, 0.05% C&H,, 0.1% GH,-2) was pre- 
pared by debromination of 1,3-dibromo- 
propane (,?0). Commercially available 
nitrogen was purified and freed from traces 
of oxygen by passage through sodium sup- 
ported on alumina. 

In all experiments hydrocarbon-nitrogen 
mixtures of different concentrations have 
been used. 

Apparatus and procedure. The apparatus 
used consisted of a steel pressure cylinder, 
pressure regulating devices, a gas flow regu- 
lating system, a glass tubular reaction 
vessel inserted into a vertical electric fur- 
nace as well as the necessary controlling 
devices. The outlet of the reactor was con- 
nected directly with a set of gas chromato- 
graphs. The hydrocarbon-nitrogen mix- 
tures were prepared by admission of a 
strict amount of each component to a 
carefully evacuated pressure cylinder. The 

mixture was then admitted to the reaction 
vessel through a pressure reducing device 
enabling stabilization of the outgoing 
stream pressure independently of the pres- 
sure changes in the cylinder and then 
through a sensitive flow regulating system 
(accuracy -+ 1%). A glass reaction vessel 
was filled with a catalyst bed into which 
a thermocouple sheath was inserted. The 
temperature was measured and recorded 
to 20.1”. The temperature of the furnace 
was maintained constant within kO.2”. 
All experiments were carried out by a flow 
method at atmospheric pressure. After each 
run (l-4 hr) the catalyst was regenerated 
by calcining for 3 hr in a stream of dry 
air at 5OO”C, reducing for another 3 hr 
at 500°C with hydrogen and finally cooling 
to the reaction temperature with nitrogen. 
In this way its previous activity was prac- 
tically restored. 

Analysis. The gaseous reaction products 
were analyzed chromatographically using 
a set assembled from several units. The 
following columns and analytical condi- 
tions were applied: 

I. A column (length 0.7 m, diameter 4 
mm) filled with active charcoal (0.2-0.3 
mm) operated at 20°C. Carrier gas, argon; 
detector, katharometer. 

II. A column (length 1 m, diameter 4 
mm) filled with bis (2-ethylhexyl) sebacate 
(3%) on silica gel (Perkin-Elmer) operated 
at 20°C. Carrier gas, hydrogen; detector, 
katharometer. 

III. A column (length 4 m, diameter 4 
mm) filled with bis-2-methoxyethyl adi- 
pate and di-2-ethylhexyl sebacate on Chro- 
mosorb P, 13.5 : 6.5 : 80 (Perkin-Elmer) 
operated at 20°C. Carrier gas, hydrogen; 
detector, katharometer. 

IV. A column (length 4 m, diameter 4 
mm) filled with 1,2,3-tricyanethoxypro- 
pane (27%) on alumina (.%‘I) operated at 
25°C. Carrier gas, hydrogen; detector, 
katharometer. 

V. A column (length 2 m, diameter 4 
mm) filled with Apiezon L on Chromosorb 
P (Perkin-Elmer). The initial column tem- 
perature was 80°C (2 min) and then in- 
creased by lO’/min. Carrier gas, argon; 
detector, flame ionization. 
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The determination of hydrogen in the 
reaction products was carried out by sys- 
tem I. The other products of transforma- 
tion of ethylene were analyzed using sys- 
tems II and IV and of hexene-l using III 
and V. In all other cases systems III and 
IV were normally used. 

Calibrations were carried out using cali- 
brant mixtures of the compositions close 
to those of the reaction products. 

RESULTS AND DISCUSSION 

When passed over the catalyst,, all the 
hydrocarbons studied undergo some trans- 
formations. The experimental results, how- 
ever, indicated a decrease in catalytic 
activity with time. In order to eliminate 
the time-dependencies a special treatment 
of the experimental data analogous to that 
described previously (14) has been applied. 
The concentrations of the products after 
40 min of the run were calculated by 
interpolation of the experimental values 
using a plot of log (concentration) against 
(time)“. In a few cases the concentrations 
after some other time have been calculated 
as well. The concentrations were then ex- 
pressed as a percentage of the total reac- 
tion mixture without nitrogen. In the 
course of the investigation the reaction 
temperature and the amount of catalyst 
(cont’act time) were varied. 

In Table 1 are presented only the re- 
sults obtained with each hydrocarbon at 
such conditions where the specific features 
of its transformation are best exhibited. 
All other results, not included here, were 
perfectly consistent with the results pre- 
sented and the conclusions draun. 

The experimental results clearly indi- 
cate that in the presence of molybdenum 
oxide on alumina many unsaturated hydro- 
carbons and cycloalkanes undergo complex 
transformations leading to an extensive 
range of products. The reactivity of hydro- 
carbons in such processes varies markedly 
from one individual hydrocarbon to an- 
other. Thus, the reactivity of olefins in- 
creases with the number of carbon atoms 
in the molecule. The rate of disappearance 
of diolefins and acetylene subst’antially ex- 
ceeds that of olefins. Sometimes complete 

disappearance of reactant has been ob- 
served at the initial stage of the run, 
accompanied by a strong exothermic effect. 

Hydrogen was detected in all cases 
among the reaction products. It,s amount 
depends upon the hydrocarbon used and 
increases with reaction temperature and 
contact time. The reaction products con- 
tain also some components richer in hydro- 
gen compared with the parent molecule, 
i.e., alkanes forming by transformation 
of olefins or cyclopropanes and olefins as 
well as alkanes forming from diolefins or 
acetylene. The amount of such products 
also increases with temperature and con- 
tact time. The complex transformation 
includes, among others, the isomerization 
of the reactant. In the cast of cyclopro- 
panes, a very rapid irreversible isomeriza- 
tion to olefins occurs. Allene isomerizes to 
methylacetylene, butene-I to butenes-2; 
whereas pcntene-I or hexenc-1 isomerize to 
all possible isomers. Apart from other 
products, there are formed also apprecia- 
ble quantities of hydrocarb’ons with lower 
and higher number of carbon atoms than 
in the initial molecule, mostly of the same 
homologous series. In the most thoroughly 
investigated of the olefin transformation 
processes, all lower olefins down to ethyl- 
ene and higher olefins up to dimers were 
identified. Also, in the case of propylene, 
by using a better analytical method we 
recently found pentenes and hexenes not 
identified earlier (14). Though the total 
yield of olefins formed depends on the 
reactant,, those differing by one carbon 
atom from the initial alkene are usually 
produced preferentially. Nevertheless, as 
we demonstrated with hexene-1, all olefins 
are formed in comparable quantities, even 
when due to low conversion the concen- 
trations of all newly formed olefins in the 
gas phase are still low. 

The processes of hydrocarbon transfor- 
mation were in each case accompanied by 
a progressive deactivation of the catalyst. 

Reaction Mechanism 

On the basis of all the experimental re- 
sults the following reaction scheme can be 
postulated: 
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TABLE 1 

- 
Reactant l;tl?ylene I:l-O?JlelV2 “utc.n~-: 1so'Juty- rentme- 

lCne 

Initial cont., vol. $ 49 
cnta1yst, g 5.0 
FIWV rzte, cm3 . nin. -i 20 
Temps-ature, 52 300 
Cor;positinn of reaction 
nirture aithut X2, vol.% 

:1ycIrogen 2.2 
ll:c.aa F b 3.1 
Yt:lylHX 92.5 

?'rCll,Yll?Ih2 0.4 
mtenes 1.8 
Fentenes 

Composition of butenes, % 
iautene-1 IG 

trans-dutene-2 45 
cis-Dutene-2 35 

IEobutylene 4 
Composition of pcntcnes, % 

Pentcne-1 
tmns-:'entcne-2 

cis-rcntnne-2 
2-:.:et!~ylbut~no-1 
?-h.ethyl~utel?e-? 

49 43 

5.c 5.0 
20 20 

330 400 

4.2 7.0 

6.9 14.3 

87.2 7G.3 

0.4 0.6 

1.2 0.9 

19 17 3 5 8 37 22 21 

42 35 8 10 16 31 45 44 

32 32 6’ 8 il 32 31 30 
7 13 83 78 G5 0 2 5 

36 
5.0 

20 
200 

0.4 3.6 6.G 
2.1 6.8 '10.0 
0.2 0.5 0.7 

92.1 E4.6 78.2 
2.1 2.4 2.8 

:.7 1.s 0.7 
1.4 2.0 0.9 

3 3 7 
16 15 18 
12 IO 15 

30 30 25 
38 42 ? 5 

50 50 
G.0 5.0 

20 20 

300 350 

40 40 40 
0.13 0.60 5.0 

20 30 20 

350 350 350 

0.2 1.9 12.0 
0.2" l.iC 5.Ei" 

- 0.2 1.2 

0.1 0.7 4.1 

99.4 95.6 73.2 

- 0.5 2.7 

- - 1.0 

5 2 2 

10 9 9 
10 3 G 
20 20 21 

55 60 62 

50 
5.0 

20 

350 

12.2 2.1 18.0 32.0 

i4.6 1.5 i2.Gd 16.5" 
0.7 - 0.4 1.4 

3.7 0.6 2.0 3.5 

61.6 1.8 G.1 11.9 
5.3 80.6 56.0 26.1 
1.5 5.2 7.8 8.G 

4 9 10 i3 
9 47 35 A4 
G 23 22 31 

oi 21 33 31 

13 13 13 

5.0 5.0 5.0 
10 10 10 

152 250 300 

8 5 3 

53 23 9 
?7 19 s 

2 13 20 
10 10 5s 

o After 140 min. 8 Alkanes with the same number of carbon atoms as in the reactant. c Only n-butane. 
d n-Pentane, 5.6; isopentane, 7.0. en-Pentane, 8.8; isopentane, 7.7. ’ C&H,+ 9.8; CSHIG, 3.1; CPHIS, 1.2; 
GO, 0.9. Q Cyclopropane. Ir Methylcyclopropane. i Acetylene. i Butadiene-1,3. k Allene. 1 Methylacetylene. 

1. Chemisorption and fragmentation of have postulated also fragmentation yield- 
adsorbed species. ing methyls and now we are extending this 

GJLz (g) - CJL (ads) 
--f aH (ads) + CnHfm+ (ads) 

C,H,, (ads) - 
I 

where a = 1,2,3. . . . 
--) cb&+l (ads) + C,-aB2,-%-1 (ads) 

where b = 1,2. . 

(la) 
(lb) 

UC) 

Hydrocarbons chemisorbed on the cata- 
lyst surface (la) undergo fragmentation 
into chemisorbed hydrogen atoms, chemi- 
sorbed alkyl groups and adsorbed remnants 
of the molecules (lb) and (1~). The sub- 
stantial amount of hydrogen and of self- 
hydrogenation products in the reaction mix- 
tures is obvious evidence for the extensive 
surface dehydrogenation of the parent 
molecule. In our previous paper (14) we 

view to higher alkyl groups as well. Evi- 
dently, with larger molecules the adsorbed 
reactant may fragment at more than one 
G-C bond. 

The surface species formed in (lb) and 
(Ic) may participate as intermediates in 
the numerous reactions of addition (see 
below) or they may undergo further 
fragmentation. 

The relative role of the further fragmen- 
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TRANSFORMATION OF HYDROCARBONS 

?-! C-t,!:) l- &2:<cnc-i C~clo~ro~nnc 
lmtrcc-2 

21 
5.0 

j0 
cs3 

IF.5 
IF.5 

C.S 
1.7 

7.5 

‘44.2 

7.6 

10 
24 

17 

48 

2 
IO 

22 
59 

G 
2.0 

2” 
250 

I 
8 
r, 

25 

61 

13 18 

5.0 0.3: 

20 20 

200 CC50 

3.3 0.3 
2 G . 0. 3 
0.1 - 

73.2 IL.1 
1.R 0.5 
2.4 - 

‘1.9 - 

14.G 5".G6 

IG 
41 
2; 
n i 

18 
5.0 

20 
170 

:.5 
Il.1 

0.4 
lj3.z 

3.0 
2.6 
D . s 

0g 

6 
26 
1G 
>,cl 

:.:cthyl- 
rgc1o- 
;lrop<'ne 

Xlena ;utndiene-1.2 

20 
.; . 0 

20 
2 ‘j i‘ 

e . ; 
6.G 
0.6 
?.S 

G !I . 1 
7.2 

1.1 
o;’ 

20 

43 

50 

7 

1 

8 

G 

?? 

63 

60 SO 5” 
1.0 5.” Z.0 

23 ?G 2” 
3 j 0 350 :zc 

i 

3.2 10.1 !I , 3 
0.5 10.3 4.5 

GO.1 G3 . 3 71.0 
4.5 3.7 2.5 
6.2 3.6 ‘i . 3 

22.2 1 oi 2.0 i 

O.Zl .,j o.sJ 

17 17 47 

i.0 5 . 0 2.0 

23 20 “0 

330 350 3GO 

a 

1.0 i”..!: 3.1 

0.5 z..: O.n 

‘3. i 0.5 0.2 

G.O G1.3 21.8 

1 .o 5.2 2.7 

r.3 2.1 0.9 

O.? 2.i 0.4 

46.7:; 
oli 

31. oic 

il.5 1 01 !3,01 

l.i G.4 - 3.d 

0.2 3.9 0.1 

0.1 I.1 1.0 

0.3 ,.G 1 . 1 

13.5 30.3 Ci0.L 

0.3 2.8 0.8 

s.i.2j O.Sj .l.I.Oj 

Yj 3 13 7 

18 ‘! 2 3 10 

12 :‘j 6 8 

1s IG 20 li 

1’3 35 54. 54 

tation is substantial in establishing the whereas olefins and alkanes are formed 
final proportion between the lower and from diolefins or acetylene. The hydrogen 
higher hydrocarbons produced by additions. atom may also combine (2b) and (2~) 

2. Addition of chemisorbed hydrogen with the species formed by its previous 
atoms to the adsorbed species. abstraction. In (2b) the initial hydro- 

HWs) H (ads) 
CnHzm (ads) - GHz~+~ (ads) - C,,Hz,+z (ads) 3 . . (24 
H(ads) + C,H2,-, (ads) + C,H*, (2b) 
H(ads) + Cn--bH2m-Zb--l (ads) + C,_sHzm-za (24 
PH(ads) + Hz (24 

RI-CH-CH-CH~-RZ -H, R,-CH-CH=CH-Rx fH R1-CH2-CH=CH-R2 
I I I 

(24 

z z z 

The initial hydrocarbon is hydrogenated carbon is reproduced, though sometimes 
in (2a) by addition of 2 or, if possible, 4 double-bond isomerization occurs, as shown 
hydrogen atoms. In this way alkanes are in (2e). 
produced from olefins or cyclopropanes, It appears that the mechanism of a 
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double-bond isomerization (2e), based on 
a common intermediate with the fragmen- 
tation process (the species with one ab- 
stracted hydrogen atom) is the most rea- 
sonable to be assumed. One can suppose, 
however, that with the extent of reaction 
and accumulation of hydrogen an alterna- 
tive route of isomerization through alkyl 
groups may increasingly contribute. The 
high rate of isomerization indicates that 
the first dissociative step is rapid and 
reversible. 

In (2~) there are formed hydrocarbons 
of the same homologous series but of lower 
molecular weight. 

The surface recombination of hydrogen 
atoms (2d) or hydrogen abstraction by a 
hydrogen atom from the adsorbed species 
yield molecular hydrogen. 

3. Addition of chemisorbed alkyl groups 
to the adsorbed species. 

RI (ads) + Re (ads) ---t R,Rs 

fore, inseparable. Thus, relative ease of 
splitting off the alkyls from higher olefins 
is able to explain both the large amounts 
of skeletal isomers as well as of the prod- 
ucts of carbon atom redistribution. 

As a consequence of a higher rate of 
isomerization as compared with self-hy- 
drogenation, isoalkanes are present apart 
from normal alkanes among the products 
of transformation. 

4. The secondary reactions. The primary 
unsaturated products formed in the con- 
secutive processes occurring in a single 
residence of a molecule on the surface 
undergo desorption and readsorption and 
then the secondary transformation proc- 
esses, according to the same reaction 
scheme. Such processes occur intensively 
only at higher conversions of the initial 
reactant, and particularly at long contact 
times. Because of its high rate, the isomer- 

W 
CbH2b+l (ads) + CLH2,+-26--1 (ads) * GJL (3b) 

- CH, 
R-OH-YH-CHr-CHs 

+CHs 
- R-CH-CH=CHz - 

R-YH-cH=CH2 
(3c) 

I a: i i 

The interactions between alkyl groups 
formed in (lc) or (2a) and the species 
poorer in hydrogen, formed in (lb) or (lc) 
can account for higher hydrocarbons (3a). 
In particular, with case (3b) being the 
reverse of (lc) the initial hydrocarbon may 
be regenerated, but this may lead to a 
change in its initial structure and forma- 
tion of the skeletal isomers, as shown in 
an example with methyl groups (3~). 

The relative role of alkyl groups in the 
surface reactions depends on the ease of 
their formation (this being, in its turn, a 
function of the hydrocarbon structure, the 
reaction temperature, etc.), their stability, 
efficiency in addition reactions as well as 
ability to migrate on the catalyst surface. 

On t.his model, skeletal isomerization 
would simply be one of the results of the 
general scheme based on elimination and 
addition of the alkyl groups. The processes 
of skeletal isomerization and formation of 
lower and higher hydrocarbons are, there- 

ization of the products is the most impor- 
tant among the secondary reactions. Thus, 
the secondary isomerization of butenes is 
responsible for the equilibrium concentra- 
tions of n-butenes in the C, fraction of 
the products. Fractions C, and higher con- 
tain all possible isomers. The secondary 
transformations of olefins, being the pri- 
mary products of the transformation of 
diolefins and acetylenes, considerably en- 
large further the extensive range of pri- 
mary products. By analogy, the secondary 
transformations of olefins, being the prod- 
ucts of isomerization of cyclopropanes, 
lead to a change in the composition of the 
products. 

5. Deactivation of the catalyst. Exten- 
sively dehydrogenated surface species form 
the residues remaining on the catalyst sur- 
face and responsible for the progressive 
decrease in the catalyst activity. Such 
highly unsaturated species are accumulated, 
as we pointed out previously (14)) not only 
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on the molybdenum oxide surface but on 
the alumina as well. By polymerization, 
cyclization, etc., they are rearranged into 
the structures comprising the final surface 
deposit. 

The mechanism of transformation pro- 
posed above correctly accounts for all the 
products. The possibility of quantitative 
correlation is, of course, limited because 
of the multidirectional nature of this com- 
plex transformat.ion. 

Some Specific Features of the 
I’Tansformation of Individual 
Hydrocarbons 

Transformation of ethylene yields pro- 
pylene, apart from self-hydrogenation and 
dimerization products. Propylene is not 
produced by secondary disproportionation 
of ethylene and butene-2, in view of the 
evidence that its yield falls in time with 
the same rate as that observed for all 
other products. The formation of propylene 
from ethylene was recently noticed also 
by other authors (62). The formation of 
butenes from propylene cannot be ex- 
plained in terms of disproportionation, as 
they are produced in a great excess over 
ethylene and moreover, as the fraction C, 
contains considerable quantities of iso- 
butylene, unexpected from the point of 
view of disproportionation mechanism. We 
could not exclude, however, that some part 
of the et’hylene and normal butenes was 
formed by an accompanying dispropor- 
tionation (11). 

Our observation that the fraction C, 
obtained by transformation of cyclopro- 
pane at 200°C contains much less isobutyl- 
ene, compared with propylene transformed 
under identical conditions, favors the view 
about the migration of methyl group. By 
adsorption of propylene and cyclopropane 
the following species are formed corre- 
spondingly : C-C-C (I) and C-C-C 

I I I I 
x x X X 

(II). The addition of methyl to (I) may 
proceed as LY- or P-addition yielding 
n-butenes or isobutylcne. The results show 
that P-addition is preferred. On the other 
hand, the addition of methyl to (II) may 

proceed only as an a-process producing 
n-butenes. Only subsequent isomerization 
of the adsorbed species leads to the com- 
position of C,, resembling that observed in 
the case of propylene. The experiments 
with cyclopropane at 250°C have in fact 
indicated that this was the case. 

In the case of the butene-1 transforma- 
tion we have shown that double-bond 
isomerization occurs very rapidly. The equi- 
librium is reached before the self-hydroge- 
nation and carbon atom redistribution 
products are formed in reasonable amounts. 
Unlike pentene-1, 2-methylbutene-2 and 
hexene-1, in t’he case of butene-1 only weak 
skeletal isomerization has been observed 
(small amounts of isobutylene and a lack 
of isobutane). 

As a result of a rapid isomerization, the 
composition of n-butenes and of pentenes 
formed by transformation of hydrocarbons 
is close to equilibrium under the experi- 
mental conditions. 

The results of the experiments with 
cyclopropane and methylcyclopropane have 
shown that cyclopropanes undergo t,rans- 
formation not only through intermediate 
olefins. 

In case of acetylene, allene and but,a- 
diene, where because of their structure no 
splitting-off of alkyl groups may proceed, 
there are observed at first only the self- 
hydrogenation products. As a consequence 
of the high efficiency of the catalyst to- 
wards these hydrocarbons, large amounts 
of primary olefins (ethylene, propylene, 
n-butenes) are produced, being next trans- 
formed into a complex mixture of reaction 
product’s, The formation of butadiene, iden- 
tified among the products of transformation 
of acetylene, may be associat,ed with dimer- 
ization of the latter to vinylacetylene with 
subsequent self-hydrogenation. 

General Comments 

On the grounds of our present results 
and taking also into account our previous 
report (63) concerning the transformation 
of propylene over different oxides on alum- 
ina, we believe that the transformations 
described are a general phenomenon. The 
relative rates of the individual steps of the 
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complex transformation, and, therefore, the 
product distribution depend on the catalyst 
and the conditions. 

The processes of transformation of hy- 
drocarbons needing rather long contact 
with catalyst were mostly unnoticed by 
other authors. Under conditions where the 
rate of the basic process is very high, the 
transformations described here may play 
only a negligible role. On the other hand, 
when the basic process and the transforma- 
tions discussed here proceed at comparable 
rates the latter become the important side- 
reactions accompanying many real proc- 
esses using olefins, dienes, acetylenes, etc. 
Such processes are accompanying, among 
others, the reactions of disproportionation 
of olefins, but on the other hand one can- 
not exclude that the transformations de- 
scribed here are accompanied by dispropor- 
tionation. Their relative role may depend 
on the proportion of full fragmentation 
and formation of cyclobutane intermediates 
on the catalyst surface. 

The proposed mechanism of transforma- 
tion explains the origin of the formation 
of all by-products observed by other au- 
thors (15-18). When non-equimolar ratios 
of corresponding products are formed, they 
rather than disproportionation are the 
processes really responsible for the prod- 
ucts. Such transformations are often re- 
sponsible not only for the formation of 
side-products but equally for the change 
of catalyst activity with time. 
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