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Abstract

Polymerisation ofx-pinene using vanadium oxide (5 wt.% metal) supported on activated carbon was carried out at room
temperature and 9. Polymers of low molecular weight were obtained after 100 h of reaction and 30% conversion was
attained.

The presence or absence of light has an important role in the reaction, suggestingitherie polymerisation takes place
via a radical mechanism.

The role of the catalyst seems to be to increase the formation of radical initiator species such as peroxides.

For the bulk catalyst (1.25 g) 50% conversion was obtained after 2 h°&@,%Mhd only isomerisation products@fpinene,
such as camphene and tricyclene.

In situ XRD was carried out using the same experimental conditions of catalyst pre-treatment, and the phases identified for
the supported and bulk catalyst was a mixture O/ 013 and \Vb,Os. The nature of vanadium species seems to be related
to the catalyst behaviour.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction In a previous work, it was reported that cationic
polymerisation ofx-pinene is promoted by transition
Pinenesa- and B-isomers, are bicyclic monoter- metal oxides supported on activated carbon. It was
penes, and the main constituents of turpentine oil, also reported that the presence of oxygen surface func-
obtained from the distillation of pine gufta]. These tional groups on the carbon surface such as phenol or
cheap and renewable raw materials undergo cationic carboxylic acid groups, plays an important role on the
and radical polymerisation by ring opening of their cy- polymerisation reactior{8]. The decrease in the poly-
clobutane ring[1b-3]. Pinene homopolymers belong mer yield observed with the most acidic samples can
to the family of terpenic resins, that are low molec- be explained by the increase in chain transfer reactions
ular weight valuable commercial products used by or by the increase of isomerisation to camphggie
adhesive, sealant, wax coating and casting industries. The isomerisation ak-pinene over different hetero-
geneous catalysts leads to a series of valuable terpenic
products. These substances are used in the pharma-
* Corresponding author. Fax:351-21-2948385. ceutical and perfume industries, as final products or
E-mail addressiss@dg.fct.unl.pt (I.M. Fonseca). intermediate$lc,4-10]
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The acid catalysed isomerisation @fpinene pro- 2. Experimental
ceeds via two parallel pathways: one by ring ex-
pansion, giving rise to bi- and tricyclic products, A commercial granular activated carbon (Norit,

such as camphen@-pinene, tricyclene and borny- GCN, average diameter 2mm) was used as catalyst

lene and other yielding monocyclic products such as support for vanadium oxide.

limonene, terpinolengy-cymene o- andwy-terpinenes Ammonium vanadate was impregnated (5wt.%

(Scheme 1[4-9]. metal) on the as-received carbon by the incipient
Over solid catalysts such as clays, mineral oxides wetness method. Metal salt was dissolved in a small

and inorganic salts the main product obtained is cam- amount of distilled water and the obtained solution

phene, of particular interest as an intermediate in the was added dropwise to the carbon, mixing thoroughly

synthesis of camphor. and the obtained product was evaporated in a hot
The acid strength of the catalyst or catalyst support plate.

has a remarkable influence on reaction mechanismand The samples impregnated were pretreated in nitro-

selectivity [4-10]. gen (100 mImirm) at 500°C during 1 h with a heat-
The aim of the present work was to study the effect ing rate of 10C min~2, in order to decompose the

of catalysts consisting of vanadium oxide supported precursor salt.

on activated carbon, on-pinene polymerisation at The bulk catalyst, was obtained by thermal decom-

different temperatures. The catalysts were prepared position of ammonium vanadate in nitrogen using the

by impregnation of ammonium vanadate, followed same experimental conditions referred above.

by calcinations, being the transformations of the  The textural characterisation was determined using

vanadium phase followed by in situ XRD. a Micromeritics ASAP 2010 adsorption apparatus.
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Table 1

Experimental conditions

Experiment Catalyst Light TemperatureC) a-Pinene (ml) Toluene (ml)
Supported Bulk

EO No No No 25 25 125

El No No Yes 25 25 125

E2 No No Yes 90 25 12.5

E3 1.25 No Yes 25 25 125

E4 1.25 No Yes 90 25 125

E5 No 1.25 Yes 90 25 125

In situ XRD was carried out in a Rigaku D/max Table 2
IIIC (Cu(alfa) radiation 50kV, 30 mA) with a high Textural characterisation of catalyst and support

temperature cell. The experimental conditions were sample Surface area  Micropore volume
the same as those used for the catalysts pre-treatment. (m?/g) (em®lg)

The catalytic experiments were carried out on a Carbon parent sample 1248 0.28
batch reactor with magnetic stirring by adding 25 ml Catalyst supported 1053 0.24

a-pinene, 1.25 g of carbon sample (5 wt.% metal) and
12.5ml toluene. The reactor was heated at®@Qus-

ing a temperature controlled silicone bath. After pre-treatment in nitrogen, the phases detected
Blank experiments were carried out in the presence by in situ XRD were a mixture ¥Os/\gO13, as also

or absence of Iight. For the experiments performed in reported in literaturg14]. Under inert atmosphere,
the absence of light the reactor was covered with alu- ¢arhon reduces the catalyst to lower oxidation states
minium foil. Table 1shows the experimental condi- 14,

tions used. _ Fig. 1 compares thex-pinene concentration pro-

~ The experiments using the bulk catalyst were car- files for the uncatalysed and catalysed reaction (in
ried out in a batch reactor, in the presence of light, at e presence of the supported catalyst) at®@@nd
90°C during 2h. room temperature, in the presence or absence of light.

Samples were taken periodically and analysed | 5)| experiments the only product observed was a
by GC, using a KONIC HRGC-3000C instrument

equipped with a 30 nx 0.25mm DB-1 column.
After reaction, the polymer was recovered and 1.1
the average molecular weights were measured in a 1
low temperature SEC apparatus (Waters) at G0
in chloroform, using a column Styragel HR3 with
103 A porosity and the calibration was performed g 081
with monodisperse polystyrene standards. S 0.7 A

0.6 -
3. Results and discussion 0.5 1
0.4 T T 1
Table 2shows the textural characteristics of the car- 0 100 200 300
bon parent sample and sample after catalyst impreg- Time (h)

nation.
. . . Fig. 1. a-Pinene concentration profiles for the uncatalysed and
After impregnation, the surface area and micropore catalysed experiments in the presence and absence of light. Reac-

VOlume_ decreas_e& suggesting the presence of the catgon conditions according tdable 1 O, E0; [, E1; A, E2; @,
alyst dispersed in the pores. E3; &, E4; W, ES.
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monodisperse polymer, presenting an average molec- 0.0018 -
ular weight ranging from 700 to 900. 0.0016
The results obtained show that even in the absence

)L

of the catalyst and at room temperature the polymeri- 0.0014 ~
sation ofa-pinene takes place (experiments E1 and wg 0.0012 -
E2). However, the presence of catalyst strongly in- % 0.0010
creases the rate of consumptiornepinene, as can be g

clearly seen by comparing thepinene concentration g 0.0008 +
profiles for the uncatalysed (E2) and catalysed (E4) § 0.0006

experiments, carried out at 9Q. The increase of tem- 0.0004
perature also leads to an increase of reaction rate. In

the absence of both light and catalyst, no consumption ~ 0-0002
of a-pinene is detected even after 250 h (EO). 0.0000 AT
A common feature to almost all the concentration

profiles shown inFig. 1is a well-pronounced initial Time (min)
inductive period. This feature is common to the un-
catalysed and catalysed experiments, therefore Sug-Fig- 2. Concentration profiles for the isorr_lerisatiorbebin(_ene in
gesting a common mechanism. As it is well known, the presence of th'e bulk catalyst (experiment EB).a-pinene;

. L . A, camphene, tricyclene.
the light catalysed polymerisations take place via a
radical mechanism, corresponding the initial inductive
period to the formation of trace amounts of initiator of a-pinene oxidation leading to the formation of per-
species, usually peroxides or hydroperoxides, through oxides or hydroperoxides, which on their turn would
a slow autoxidation. behave as polymerisation initiators.

Vanadium pentoxide is a non-stoichiometric ox- Fig. 2 shows the concentration profiles of reagent
ide used in selective oxidations of hydrocarbons, and products for tha-pinene reaction in the presence
selective catalytic reduction of nitrogen oxides and of the vanadium oxide bulk catalyst at Q0. In this
oxidation of sulphur dioxidg11-13] It is known case the main product is camphene, being also formed
that the catalytic activity of vanadium oxides involves a small amount of tricyclene. There is no evidence of
a redox mechanism in which the catalyst supplies polymer formation.
oxygen to the hydrocarbon molecu[@2]. There- It is notorious that the reaction rate is much higher
fore, the polymerisation ofi-pinene in the presence  with the bulk catalyst (B0 x 10~/ mol/min g4 than
of carbon supported vanadium oxide, seems to take with the supported catalyst.@9 x 10~2 mol/min gat,
place via a radical mechanism, in contrast with the both reported to the amount of vanadium oxide). This
cationic mechanism observed in a previous work, observation suggests that the isomerisation reaction of
also in the presence of vanadium oxide supported on a-pinene to camphene and tricyclene takes place via
the same parent carb¢8]. Although in this case the  a very different mechanism than the polymerisation
catalyst was also impregnated by incipient wetness, reaction. The observation of a constant selectivity for
it was pretreated in air at 30€C for 30 min. Treat- both camphene and tricyclene,@pinene conversion
ment with oxygen increased the amount of oxygen increasesKig. 3) is a strong indication of a parallel
surface groups, mainly phenolic groups, which play reaction network for the reaction carried out with the
an important role omw-pinene polymerisatiof8]. bulk catalyst.

In the presence of a heterogeneous catalyst, the The «a-pinene isomerisation has been reported as
polymerisation ofa-pinene is likely to take place in  an acid catalysed reaction, yielding camphene, tricyc-
the homogeneous phase rather than on the catalyst surlene and menthadienes as primary reaction products.
face because, otherwise, the growing polymer would The formation of monocyclic products is favoured on
block the catalyst pore system and, therefore, the cat- strong acid siteflc,4-10] Severino et al[4] reported
alyst would be readily deactivated. Instead, the role that isomerisation of-pinene takes place also on the
of the vanadium catalyst is likely to be the catalysis Lewis acid sites. A terpene molecule adsorpted on a
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Fig. 3. Isomerisation o&-pinene in the presence of the bulk cat-
alyst (experiment E5). Plot of selectivity vs fractional conversion.
A, camphene$, tricyclene.

Lewis site would be a proton donor acting like a Bron-
sted site. As Lewis sites are weaker than Bronsted

201

With the bulk \bOs5 a change in the mechanism
occurs and only isomerisation e@fpinene takes place.
The vanadium species seems to have an important role
on the reactivity ofa-pinene, acting as Lewis acid
sites. As the isomerisation reaction is much faster than
the polymerisation reaction, in a situation in which
a very high number of Lewis acid sites is present,
such as what is verified with the bulk catalyst, only
isomerisation takes place.
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