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Abstract −−−− The kinetics of the gas-phase iso-
merization of ββ-pinene over an acid-activated bento-
nite clay has been investigated in a fixed-bed con-
tinuous flow reactor, at atmospheric pressure be-
tween 58 and 90 oC. The major isomers produced
were camphene, αα-pinene and limonene. The reac-
tion rates of ββ-pinene conversion and the apparent
activation energy were determined. The kinetics of
ββ-pinene isomerization was described by zero-order
kinetics with an activation energy of 30-35 kJ/mol
for the major products formed.
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I. INTRODUCTION

Monoterpenes are widely distributed in nature, and oc-
cur in nearly all-living plants. They are used in the
pharmaceutical, cosmetic and food industries as active
components of drugs and ingredients of artificial flavors
and fragrances. α-pinene rearranges readily in the pres-
ence of an acidic catalyst to a variety of isomeric prod-
ucts such as tricyclene, camphene, terpinolene, li-
monene and others terpenes (Kirk and Othmer, 1983).
The industrially most desired compound among these is
camphene (Wystrach et al., 1957; Findik and Gündüz,
1997), an intermediate in the synthesis of camphor.
Camphene (and others terpenes) can be produced from
β-pinene too. Studies on α-pinene transformation over
various types of solid catalysts towards mainly cam-
phene production has been reported (De Stefanis et al.,
1995; Severino et al., 1996; Lopez et al., 1998). Several
works showing the kinetics of the liquid-phase isomeri-
zation of α-pinene has been reported (Wystrach et al.,
1957; Allahverdiev et al., 1998; Allahverdiev et al.,
1999), however there were not found works in the open
literature that treat kinetics data of the gas-phase β-
pinene isomerization. The aim of this study is to inves-
tigate the kinetics of the gas-phase β-pinene isomeriza-
tion on a acid-activated bentonite clay.

II.MATERIALS AND METHODS
A natural bentonite clay (from Mendoza province, Ar-
gentine) was used as the starting material in the prepa-
ration of a catalyst. The natural sample size is < 0.074
mm. The natural clay was treated under mechanical
stirring with solution of H2SO4 4 N at 90 oC for 3.5 h in
a glass flask. The mass ratio of clay to the volume of
acid solution was 1/10 (w/v). The obtained solids after
these treatments were washed until no SO4

2- anions
could be detected, dried at 60 oC and subsequently
ground to pass through a 0.074 mm sieve. Gas-phase
isomerization of β-pinene was carried out in a fixed-bed
continuous flow reactor made of glass, at atmospheric
pressure and loaded with 0.0028 g of catalyst. Before
catalytic tests, the catalyst received a pre-treatment with
nitrogen flow at 115 oC for 30 min. The catalytic reac-
tion was investigated in the range of 58 to 90 oC. Prod-
ucts were analyzed by gas chomatograph (Shimadzu
GC-14B instrument) with flame-ionization detector on a
CBP-1 capillary column. Chemical composition of the
catalyst was determined by X-ray fluorescence tech-
nique with a Philips PW 2400 spectrometer. The com-
position found was 73.08% SiO2, 14.70% Al2O3, 3.43%
Fe2O3, 0.18% CaO, 0.71% K2O, 0.64% MgO, 0.57%
Na2O, 0.42% TiO2 and 5.99% H2O (by weight). β-
pinene (99%) was obtained from Fluka.

III. RESULTS AND DISCUSSION

The main isomeric products obtained of β-pinene iso-
merization over the acid-activated bentonite were cam-
phene, α-pinene and limonene. These three isomers
were the aim of this study. The formation of minor
products were neglected. Figure 1 shows a high initial
activity of catalyst, with β-pinene conversion of 100%,
however the conversion shows progressive decreasing
with time, reaching the stationary-state after thirteen
hours of reaction. The selectivity towards camphene in
the beginning of reaction is about 60%. With the de-
crease of β-pinene conversion with time the selectity to
camphene decreases. After stationary-state the selectiv-
ity to camphene remains about of 40%.


