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Reactions of Alcohols Adsorbed on Montmorillonite and the Role of Minerals 
in Petroleum Genesis 

By A. I(. GALWEY 
(Chemistry Department, The Queen's University, Belfast BT9 5AG) 

IT has been suggested1.2 that catalytic reactions of organic 
substrates on mineral surfaces are contributory processes 
in petroleum genesis. This thesis is supported by observa- 
t i o n ~ ~ ~ *  on the behaviour of alkanes and alkenes on silica- 
alumina catalysts, which undergo complex reactions 
including polymerization, cracking, isomerization, and 
hydrogen-transfer processes, to give a complex mixture of 
hydrocarbon products. The systems studied in the 
laboratory have often involved synthetic catalysts and the 
products include appreciable yields of olefins which, how- 
ever, constitute2 a negligible proportion of natural petroleum, 
The present work was undertaken to extend the under- 
standing of catalytic properties of natural minerals, through 
investigation of the thermal desorption reactions of alcohols 
and of alkenes adsorbed at 20" on a sample of natural 
montntorillonite. The experimental techniques have been 
described ;6 mild experimental conditions ( < 250") were 
used. No detectable hydrocarbon was given by this 
sample of montmorillonite under reaction conditions in the 
absence of added organic compounds. 

Thermal desorption measurements, with continuous 
product condensation at - 195" during reaction, gave the 
following results. Chemisorbed n-hexanol yielded 4.0 
x lo1@ mol.g.-l of an equilibrium mixture of n-hexene 
isomers by a reaction with activation energy 24.0 kcal. 
mole-' (90---195") ; there was no appreciable cracking 
~ 2 0 0 ' .  The behaviour of n-dodecanol and n-octadecanol 
were both almost identical; significant cracking to form 
n-C,-n-C8 alkenes occurred 4200". Both reactants 
yielded (inter alia) 4.0 x l@7mol.g.-1 of an equilibrium 
mixture of n-hexene isomers by a rate process having 
similar kinetic characteristics ( 120-210") to that found 
for production of hexene isomers from hexanol. The 
products from the reactions of adsorbed heptadec-1-ene 
and ol  octacosane were closely similar to those found for 
the long-chain alcohols. All the reactants studied yielded 
mixtures of n-alkenes as the only significant products. 

Studies were also made of the thermal desorption reactions 
of adsorbed n-hexanol and n-dodecanol where products 
were not continually condensed at - 195". Here readsorp- 
tion of primary products of reaction and water vapour 
(conta.ined in the montmorillonite sample) was possible. 

Results showed that complex surface processes, including 
polymerization, cracking and isomerization, occurred to 
give a product mixture consisting predominantly of ]so- 
alkanes (C4 to at least c8) from reaction <ZOO". Only a 
small proportion of n-alkanes were formed and yields of 
n-alkenes were negligible. The rate of this reaction at 
-180" was comparable to that of alcohol dehydration, a 
detailed kinetic investigation has not yet been completed. 

The olefin production reaction can be explained by a 
mechanism in which the organic reactant was initially 
adsorbed at a Lewis-acid site on the largely dehydrated 
montmorillonite (aluminosilicate) surface. Subsequent 
reactions were limited to cracking and double-bond migra- 
tion. The reaction products were, however, different 
where water and product olefin removal was not rapid and 
the formation of isoalkanes may be ascribed4 to the activity 
of Brcansted-acid sites on the surfaces of the clay particles. 
We thus conclude that the reaction of water vapour with 
superficial acid sites on this mineral was more rapid than 
such processes on activated (heat-treated) synthetic 
silica-alumina. 

Extrapolation of kinetic data for o l e h  production 
showed that, assuming a zero-order catalytic reaction, the 
theoretical yield from this natural montmorillonite at 20" 
was 0.01 g .  hexenes from 1.00 g. reactant in 6800 (270,000; 
325,000) years from n-hexanol (n-dodecanol; n-octadecanol) . 
There was evidence that the rate of isoalkane production 
was comparable. The closely simiIar kinetic character- 
istics of hexene desorption indicate that product removal 
from the surface was the rate-limiting process. Under 
natural conditions, organic substances may be chemisorbed 
on the active surfaces of finely divided clay particles while 
these aluminosilicates are in contact with the biosphere, in 
the soil or during weathering. Furthermore, the organic 
complexes retained by the clays, during their residence in 
the soil, may become progressively enriched in those 
compounds which are most strongly bonded to the alumino- 
silicate surface. The present observations showed that 
montmorillonite retained alcohols while appreciable 
amounts of water were desorbed during evacuation at  20". 
Strongly bonded surface complexes may remain in the clay 
after burial in sediments and these are subsequently 
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desorbed through rate processes of the type described 
above, which were studied a t  100-200”. Thus, we may 
conclude that this widely distributed clay mineral possessed 
sufficient catalytic activity for hydroxy-group removal, 
with subsequent production of mixtures of isoalkanes, to 
explain the transformation of appropriate organic material, 
deposited in sediments, into petroleum constituents. 

Studies were also made of the thermal desorption reaction 
of a sample of iron-rich peat (14.6% Fe, from a remote site 
in North-West Scotland). Products identified included 
benzene, toluene, n-hexane, and n-heptane. The activa- 
tion energy for benzene production was 23.4 kcal. mole-l 
(170-270”) and the total yield was 4.0 x 1017 mol. g.-l. 
Extrapolation of these data showed that this reaction 
could also give an appreciable benzene yield in geological 
periods of time (1% in 2 x lo7 years a t  20”). The kinetic 
characteristics of benzene production were identical (within 
experimental error) with those found for benzene produc- 
tion from alcohols on ferric oxide6 and i t  is concluded that 

the rate-limiting steps in both processes were identical. 
The more stable constituents of the peat are expected to be 
incorporated in deposited material which may contribute 
to buried sediments. 

The present results show that desorption of adsorbed 
material from clay minerals and from ferric oxide yield 
alkanes and aromatic hydrocarbons, respectively. We 
suggest that organic compounds, chemisorbed on mineral 
particles while in contact with the biosphere, represents a 
significant fraction of the carbonaceous material which is 
ultimately incorporated in buried sediments. The rate of 
decomposition of these adsorbed species is sufficiently great 
to account for the production of petroleum deposits in 
geological periods of time, without the necessity of an 
external heat source. We conclude, therefore, that 
reactions at  mineral surfaces provide a significant, if not 
the dominant, route for petroleum production from organic 
matter contained in sediments. 
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