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t— a-pinene is the main component of most turpentine oils.

In order to obtain more valuable products, a-pinene in the turpentine can be hydrated
in dilute mineral acid solutions to produce a- terpineol, which can be used as perfume,
repellent of insect, antifungal and disinfectant. This paper presents a study on
heterogeneous kinetics model for synthesis of a-terpineol from a- pinene. In this work,
the two kinetics models both the ideal and the non ideal solution assumption have been
developed to quantitatively describe effects of hydration process of a-pinene in
aqueous acid solution.

The results of this study show that the kinetics model of the hydration of a-pinene can



be approached by the heterogeneous model. A good agreement between the
experimental data and the model has been observed. Ke y wo rd s— a-pinene,
a-terpineol, hydration, kinetics I. | NTRODUCTION URPENTINE contains four major
classes of components which are hydrocarbon, terpene alcohols , ethers, and
sesquiterpenes [5].

a-Pinene (C 10 H 16 ) is the main component of most turpentine oils. a-Pinene and
B-pinene are the key compounds for the fine chemical synthesis and the important
intermediates in pharmaceutical industry and perfumery [2]. The acid-catalyzed
hydration and isomerization of a-pinene yields a complex mixture of monoterpenes,
alcohols, and hydrocarbons.

The main products are a-terpineol, limonene, and terpinolene. Minor amounts of
camphene, a and ?- terpinene, a and B-fenchol, isoborneol, borneol, ? -terpineol, and
1,8-terpine are also formed [3]. a-Terpineol (C 10 H 18 O) is the most important
compound of the monocyclic monoterpene alcohols.

Terpineol can be used as perfume, repellent of insect, antifungal and disinfectant [1].
The hydration of terpene via acid catalysis is an important method for alcohol synthesis,
and has several applications in the perfume and pharmaceutical industries. Aguirre et al.
(2005) used hydrochloride acid, acetic acid, chloro acetic acid and oxalic acid as catalyst
for the hydration of a-pinene.

Chloro acetic Herti Utami is with the Lampung University, Bandar Lampung, Indonesia
(corresponding author to provide phone : +62-0274-9232121; fax: +62-0274- 902170;
e-mail: hertie19@ hotmail.com). A. Budiman, is with the Gadjah Mada University,
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wbsrsby@indosat.net.id) acid was found to be a good catalyst for the production of
terpineol from pinene. After 4 h of reaction at 70 o C, the highest selectivity was 95.5%
with the conversion of 10%, whereas the higher conversion was 99% with selectivity of



69% [1]. Pakdel et al.

(2001) used sulphuric acid as catalyst to synthesize terpineol from tu rpentine, in the
presence of excess acetone as solubility promoter. They reported 67% of selectivity to
terpineol although the conversion was not reported [4]. ILF UNDAMENTAL A
heterogeneous kinetics model for synthesis of a- terpineol from a-pinene was
developed to quantitatively describe effects of hydration process of a-pinene in
aqueous acid solution. a-Pinene is assumed to be completely insoluble in water.

The following assumption were applied : the reaction takes place in the oil phase, the
liquid film thickness is very small, so the reaction takes place in the bulk of the oil phase
and the oil does not diffuse into the water phase. Kinetics Model The hydration reaction
of a-pinene using acid catalyst is schematically shown in Figure 1: + H2 O H + OH alpha
pinene terpineol Figure 1.

The reaction of a-pinene The reaction in figure 1 can be written as (1) A + B T (1) where
A = a -pinene, B = water, T = a-terpineol. The reaction rate can be written as (2) for the
ideal solution assumption. __



(2) In the reaction modeling for a liquid system where the mixture is non ideal,
correction must be made to the concentration.

Usually, a phase model such as the UNIFAC and NRTL phase equilibrium models are
used to predict this non ideality factor, the activity coefficient ( ?). The rate equation is
then written in terms of the activity of each component participating in the mixture ( _).
The reaction rate hence can be written as (3) for the non ideal solution.






_ (3) Herti Utami, Arief Budiman, Sutijan, Roto, Wahyudi Budi Sediawan Heterogeneous
Kinetics of Hydration of a- Pinene for a-Terpineol Production: Non-ldeal Approach T k 1
k 2 where and and For heterogeneous

model, the mass balance of water (B) in the water phase can be writtenas (4) ____ !"

#1$_

% _

& (4) and the mass balance of water (B) in the oil phase can be writtenas (5) _ _ _ _ _
__"'__(_)$_ _&/5) The mass balance of a-pinene (A) in the oil phase can be written
_____ (6) The mass balance of a -terpineol (T) in the oil phase can be written
as (7), with the bounda ry condition:t=0; m=mo;CBm=0;CAm =CAmo;CTm
=0.

The adjustable parameters encountered in the model are then (kcAc), k1Tandkd.__
$__&



(7) The kinetics model is then solved using Runge Kutta method. Evaluation of the
parameters were conducted by curve fitting method. The chosen values were the ones
which give the minimum values of the sum of squares of errors (SSE) for all runs, data
.The SSE was defined as equation (8).

++, _%_ 1 &

(8) Ill. E XPERIMENT Experiments were conducted using the batch reactor (three neck
flask), condenser, thermometer, heating mantle, vials, pippetes and other glass wares. A
0.25 mol of a-pinene sample was poured into a three neck flask (pyrex 500 ml) equipped
with condenser (pyrex), thermometer, stirrer and was warmed up to the desired
temperature.

In the other glasses, 0.6 mol of aquadest (the mol ratio aquadest to a-pinene was 2.4/1)
and the chloro acetic acid catalyst (the catalyst concentration was 6 mol/L) were warmed
up to the desired temperature. Once the desired temperature was reached, the
aquadest and the catalyst was loaded into the flask.

The mixture was stirred and the reaction time was started to be calculated. The
temperature was kept constant during the process. A sample was taken at every 60 min
time interval during the hydration and was kept in a small vial. The experiment was
conducted with various temperatures at 60 o C, 70 o C, 80 o C, and 90 o C. The samples
were analyzed using a Gas Chromatograph (GC).

The analysis was performed in a Hewlett-Packard model 5890 gas chromatograph. The
separation was performed using HP-5 capillary column and Flame lonization Detector
with helium as a carrier gas. The GC oven temperature was set at initial temperature of
80 o C, held for 5 minutes, increased at a rate of 5 0 C/min to 115 o C and then
increased to 280 o C at a rate of 20 o C/min. The injector and detector temperatures
were set at 280 o C respectively. IV.

R ESULT AND DISCUSSION The experiment provides data of temperature (T) and
conversion of a-pinene (x data ) at various time (t) for each variable of temperatures. In
the first model (ideal solution assumption), the values of C 12 % and K were
approximated from the experimental data. The stoichiometric equation implies: __% __
3% _%&(9)_



% __3__%(10)_
%

3 _3__% (1) whereKcan be writtenas (12) _ % _ % ___%(12) Based
on the approximated values of _ _ % from the experimental data, the values of _

% and K can be calculated by equations (9), (10), (11) and (12). The values of parameter
:(kcAc) k1andk d were determined by curve fitting method, where the sum of

squares of errors (SSE) was minimized.

The generated profiles are depicted in Figure 2 and 3. Figure 2 shows that the
conversion increases with the increase of reaction time. The a-pinene concentration
decreases with the increase of reaction time (Figure 3). However the study revealed that
the conversion decreased after 240 min (at the temperature of 80 o C) and after 180 min
(at the temperature of 90 o C).

The decrease of the conversion caused formation of by products. The constants of
degradation rate were found to be k d = 0.0002 ml.mol -1 .min -1 (at the temperature of
80 0 C) and kd = 0.0019 ml.mol -1 .min -1 (at the temperature of 90 o C). The constants
of the reaction rate, k 1 and k 2 are influenced by the temperature.

The constants could be correlated by the Arrhenius’s equation, and the equations can
be written as (13) and (14). The relative errors in equation (13) and (14) are 2.540 % and
2.326%, respectively. _ __2.632.10 _:; <=>=?.@A _(13) _

_1.829.10D; <>A>A.E> _(14) Figure 2 and 3 show that the kinetics model proposed
can quantitatively describe the hydration of a-pinene using chloro acetic acid as catalyst.

The constants of equilibrium and mass transfer coefficient are listed in table I. TABLE | C
ONSTANTS OF E QUILIBRIUM AND M ASS TRANFER COEFFICIENT ( IDEAL SOLUTION))
Temperature (K) Kk ¢ A ¢ (1/minute) 333 1.4097 1.5379 343 1.8268 1.0115 353 2.3951
2.4185 363 1.9032 1.0459 Figure 2. Conversion profile for the ideal solution assumption
Figure 3.

Concentration profile for the ideal solution assumption For the non ideal solutio n
approach, the activity coefficients were obtained based on the UNIFAC model. UNIFAC
group contribution method is based on a principle that the prediction of the activity
coefficient of a liquid mixture can be conducted by building each component from the
individual components that the molecule is composed of and then using this to predict
the activity coefficient based on the bulk mixture composition.

The UNIFAC model is a correlation for determining the activity coefficient uses the
contributions of the interactions between functional groups, such as -OH, -CH 3 etc,,



rather than the interaction between the molecules in the mixture. The UNIFAC model
has a combinatorial contribution to the activity coefficients, essentially due to
differences in size and shape of the molecules, and a residual contribution, essentially
due to energetic interactions.

The values of parameter : (k c A ¢ ), k 1 and k d were determined by curve fitting
method, where the sum of squares of errors (SSE) was minimized. For the UNIFAC
model, the similar trend also occurs on Figure 4 and 5. Figure 4 shows that the
conversion increases with the increase of reaction time. And the a-pinene concentration
decreases with the increase of reaction time (Figure 5).

The conversion has a tendency to increase by the increase of the reaction temperature.
For the UNIFAC model, the constants of degradation rate were found to be k d =
0.000108 ml.mol - 1 .min -1 (at the temperature of 80 o C) and k d = 0.000225 ml.mol -1
.min -1 (at the temperature of 90 o C).

The constants of the reaction rate, k 1 and k 2 could be correlated by the Arrhenius's
equation, and the equations can be written as (15) and ( 16). The relative errors in
equation (15) and (16) are 5.547% and 4.734%, respectively. __ _5.283.10G;
<H=>=._=_(15) _

~3.285.10

; <H@_A.H> _ (16) The constants of equilibrium and mass transfer coefficient are listed
in table Il.

In figure 4 and 5 show the similar results in which the kinetics model with non ideal
approach (UNIFAC model) proposed can quantitatively describe the hydration of
a-pinene using chloro acetic acid as catalyst. TABLE Il C ONSTANTS OF E QUILIBRIUM
AND M ASS TRANFER COEFFICIENT (N ON IDEAL SOLUTION ) Temperature (K) Kk c A c
(1/minute) 333 0.6730 0.4753 343 1.0464 0.1327 353 1.3691 2.2956 363 1.0428 2.3096
Figure 4.

Conversion profile for the UNIFAC model 0 50 100 150 200 250 300 350 400 450 0 10 20
30 40 50 60 Time, minute Conversion A, % T=600C, Model T=600C, Data T=700C,
Model T=700C, Data T=800C, Model T=800C, Data T=900C, Model T=900C, Data 0 50
100 150 200 250 300 350 400 450 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26 Time, minute
CAm, mol/ml T=600C, Model T=600C, Data T=700C, Model T=700C, Data T=800C,
Model T=800C, Data T=900C, Model T=900C, Data 0 50 100 150 200 250 300 350 400
450 0 10 20 30 40 50 60 Time, minute Conversion A, % T=600C, Model T=600C, Data
T=700C, Model T=700C, Data T=800C, Model T=800C, Data T=900C, Model T=900C,
Data Figure 5.



Concentration profile for the UNIFAC model The proposed heterogeneous kinetics
model for synthesis of a-terpineol from a-pinene could be approached with the ideal
and non ideal solution assumption (UNIFAC model). The ideal solution approach model
in Figure 2 and 3 fits the data better than the UNIFAC model in Figure 4 and 5.

In the other words, the deviations found for the UNIFAC model are greater than the
ideal equations model. The system consists of a-pinene (2,6,6-trimethylbicyclo (3.1.1)
hept-2-ene), water, chloro acetic acid and a-terpineol that they are polar compounds.
The slightly deviations of the UNIFAC model influenced by the group interaction
parameter values for polar compounds.

The system is thermodynamically deviating from ideal behavior due to several causes as
the strong polarity of component, their association behavior, etc. V.C ONCLUSIONS The
results of this study show that kinetics modeling of the hydration of a -pinene using
chloro acetic acid as catalyst could be modeled with a heterogeneous model.

The different kinetics models both the ideal and the non ideal solution assumption
(UNIFAC model) have been developed to quantitatively describe effects of hydration
process of a- pinene in aqueous acid solution. Evaluation of parameters for the
heterogeneous model were conducted. A good agreement between the experimental
data and the model has been observed.

N OTIFICATION A C = Mass transfer area = total area interface, cm 2 C Am = a-pinene
concentration in oil phase, mol/mL C Bm = Water concentration in oil phase, mol/mL C
Amo = Initial concentration a-pinene in oil phase, mol/mL C Bmo = Initial water
concentration in oil phase, mol/mL C Tm = a-Terpineol concentration in oil phase,
mol/mL C Bm * = Water concentration in equilibrium, mol/mL C Am * = a-pinene
concentration in equilibrium, mol/mL C Tm * = a-Terpineol concentration in equilibrium,
mol/mL k c A ¢ = Mass transfer coefficient, 1/minute k 1 = Constant of kinetic reaction,
ml.mol -1 .min -1 k 2 = Constant of kinetic reaction, ml.mol -1 .min -1 K = Constant of
equilibrium reaction m = Water mass in water phase, g/mL m O = Initial water mass,
g/mL M B = Molecular weight of water,g/gmol t = Reaction time, minute V. m = Total
volume of oil, mL x A = Conversion of a-pinene x A * = Conversion of a-pinene at
equilibrium x i = Conversion of i-component _ _ = Activity coefficient of a-pinene in oil
phase _

= Activity coefficient of water in oil phase _



= Activity coefficient of a-terpineol in oil phase _ _ = Activity coefficient of
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