
ORGANIC CHEMISTRY 

COMPOSITION OF OLEFINS FORMED IN THE DEHYDROGENATION OF 

n-DECANE OVER ALUMINb~cr-PLATINUM CATALYSTS 

G. V. Isagulyants, O. D. Sterligov, 
A. P. Barkova, I. P. Yakovlev, 
M. A. Panfilova, L. K. Maslova, 
and N. A. Eliseev 

UDC 542.97:547.313 

A knowledge of the composition of the products of dehydrogenation of the higher paraf- 
fins is necessary to establish routes for the utilization of higher monoolefins [I]. Accord- 
ing to Bursian et al. [2], dehydrogenation of higher straight-chain paraffins over AI--Pt cat- 
alysts affords ~- and monoolefins with nonterminal double bonds. No systematic study has how- 
ever yet been made into the quantitative proportions of the isomeric monoolefins formed by the 
dehydrogenation of n-paraffins over AI--Pt catalysts, and the available information is limited 
to the dehydrogenation of C6--C~6 n-paraffins over Zn-q]r and Fe-Cr oxide catalysts [3]. 

We here report a study of the effects of catalyst composition and experimental conditions 
on the proportions of n-decenes in which the double bond occupies different positions, formed 
in the dehydrogenation of n-decane over modified AI--Pt catalysts. 

EXPERIMENTAL 

AI--Pt catalysts with added MnO, grain size 0.5-1.0 mm, were used. The Pt content of the 
samples varied from 0.i to 1.0%, and the MnO content up to 40%. All the catalysts were pre- 
pared by impregnation [4]. 

A stainless steel flow reactor was charged with 0.5 g (~i cm 3) of catalyst diluted with 
quartz grains, diameter 1-2 mm, in a ratio of 1:4. The catalyst was heated in a stream of 
hydrogen to 500~ kept at this temperature for 30 min, then brought to the reaction tempera- 
ture. The dehydrogenation of n-decane containing 1.1% of isodecanes was carried out at 430- 
500~ PH2 0.1-0.6 MPa, volume flow rate of hydrocarbon (v) 20-60 h -I, and at dilutions of 
the latter with hydrogen at molar ratios (PH2) up to 16. The catalyzate yield was close to 
100%. 

Liquid reaction products were analyzed by IR spectroscopy and GLC. GLC was used to de- 
termine the extent of conversion of the n-decane, and the total yields of monoolefins, dienes, 
aromatic hydrocarbons, isodecanes, and cracking products (<Cio hydrocarbons). 

The composition of the olefins in the catalyzates was determined by IR spectroscopy [5, 6]. The 
spectra were obtained on a Specord-751R at 2200-400 cm -~ in a KBr cell, optical layer thickness 
0.i mm. The reference cell contained pure n-decane. Optical densities were measured at the 
maxima of the characteristic absorption bands. The concentrations of the ~- and trans-olefins 
in the catalyzates were measured by reference to the optical density of spectra of reference 
samples. The compounds used for this purpose were l-decene of 96.6% purity, and trans-5-de- 
cene containing 20% of the cis isomer. The amounts of l-decene and trans-decenes were found 
from the -----CH2 (910 cm -I) and CH=CH (970 cm -I) bands, respectively. These frequencies coin- 
cide with the absorption frequencies of the dienes. According to GLC, however, dienes are 
formed to a much smaller extent than monoolefins (Tables 1 and 2), and consequently the ef- 
fects of dienes on the quantitative estimation of monoolefins was within the limits of exper- 
imental error. The accuracies of the GLC and IR analyses were within I0 rel.%. 

Since the content of cis-decenes in these multicomponent mixtures could not be determined 
independently, the amounts were calculated as the difference between total monoolefins + 
dienes and trans-decenes + ~-decenes. 
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Fig. i. Plots of the relative amounts of decenes in the olefin- 
ic fraction of the catalyzates versus temperature at PH2 = 0.i 
MPa (a), and versus pressure at 480~ (b). (Vn_C1oH22 = 20 h-l; 
PH2 = 8): i) trans-decenes; 2) cis-decenes; 3) l-decene. The 
plots show the relative amounts of the isomeric decenes in equi- 
librium mixtures, and the points represent the experimental data. 

DISCUSSION OF RESULTS 

It will be seen from Tables 1 and 2 that the principal products of the dehydrogenation of 
of n-decane over AI--Pt catalysts under these conditions are monoolefins (8-23%). Comparisons 
of the IR spectra of the products with those of l-decene and trans-5-decene showed the pres- 
ence of :olefinic Czo hydrocarbons with different positions of the double bond. 

Calculation of the relative amounts of the isomeric decenes in the mixed olefins formed 
showed that decenes with an internal double bond constituted ~95 rel.%, the proportion of l- 
decene being no greater than 6 rel.%. The trans forms of decenes with nonterminal double 
bonds usually predominated (47-64 rel.%) over the cis forms (35-47%). Changes in the composi- 
tion of the AI--Pt catalyst or in the experimental conditions had little effect on the propor- 
tion of l-decene in the monoolefins. The proportions of cis to trans forms of the monoolefins 
varied slightly in some instances, but the predominance of the trans forms was always main- 
tained. For example, an increase in the charging rate of n-decane from 20 to 60 h -I resulted 
in a slight increase in the relative content of the trans-forms and a reduction in the cis 
forms of the decenes (Table 2). Increasing the reaction temperature or PH2' or increasing 
the extent of dilution Of the n-decane with hydrogen under the conditions employed had no ef- 
fect on the proportions of all three forms of decenes. The ratios of concentrations of the 
isomeric decenes (Fig. la, b) were close to the values calculated by Eliseev et al. [7]. 

The observed proportions of the ~-cis and trans forms of the olefins differed from those 
reported in [3] for the dehydrogenation of higher n-paraffins over Zn-Cr and Fe--Cr oxide cat- 
alysts. Thus, the proportion of ~-olefins reported in [4] was 33-58 rel.% in the mixture of 
olefins formed, whereas olefins with a nonterminal double bond normally contained preferen- 
tially the cis forms, the trans forms in several instances being totally absent. 

CONCLUSIONS 

i. The amounts Of a-, cis-, and trans-decenes formed by dehydrogenation of n-decane over 
an aluminum-platinum catalyst corresponded on average to the proportions 1:8:11, and they were 
little affected by changes in catalyst composition and reaction conditions. 

2. Decenes with nonterminal double bonds were formed preferentially (~95 rel,%). 

3. The proportions of the different forms of decenes were close to the calculated val- 

ues. 
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We have recently carried out the selective reaction of a-olefins with Et2Mg under mild 
conditions in the presence of catalytic quantities of Cp2ZrCI2 [i] 

Et 
[Zr] ! 

R--/ / '~ + Et~Mg - ~  R- - /~ - -MgEt  

In order to expand the field of application of this method and to investigate the possi- 
bility of involving functionally substituted olefins in the reaction with alkylmagnesium com- 
pounds, we have studied the reaction of Et=Mg and EtMgBr with di- and triolefins with dif- 
ferent structures, and with O-, N-, S-, and Si-containing unsaturated compounds. The reaction 
of the selected olefins with Et2Mg proceeds with maximum selectivity and yield at 20-25 ~ at a 
Mg:olefin ratio of 1.5:1. However, regardless of the initial reactant ratio, only one of the 
ethyl groups of the Et2Mg molecule takes part in the reaction. Evidently, the asymmetrical 
higher dialkyl Mg derivatives formed in the reaction are less reactive. 

Only the terminal double bonds enter into the reaction, while the di- and trisubstituted 
unconjugated double bonds have practically no effect on the course of the reaction and do not 
undergo isomerization. 

Thus, 1,4-Z-hexadiene reacts with Et2Mg and is converted to 2-ethyl-4Z-hexen-l-yl-ethyl 
magnesium (I), the hydrolysis of which leads to 5-methyl-2Z-heptene (II). Under analogous 
conditions 1,5-hexadiene reacts with Et2Mg to form, depending on the concentration of the lat- 
ter, mono-(III) and the adducts (IV): 

~z~] (I) - -  (H) 
% 

iEt.~Mg ) 
~",/~//~ ~'\ ~MgEt H~+~.,~/~.\ [Zr] (V) / I 4Et2Mg (III) 

EtMg - / v  i x / ~ / \ ' ~  
(IV) (Via) (VIB) 

It must be pointed out that the hydrolysis of (IV) gave a mixture of approximately equal 
amounts of two diastereomers of 3,6-dimethyloctane (Via, b) which were identified by 13C 
spectroscopy. 
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