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Abstract. Methoxylation is a reaction to produce of ether compounds using methoxy ions. The
a-pinene methoxylation using potassium alum catalyst was carried out using a microwave with
power variations of 320, 480 and 640 W, mass of the catalyst 0.3; 0.6 and 0; 9 g, and mole ratio
of reactants 1:15, 1:30 and 1:45 mole. Identification of the reaction results was performed using
GC, GC-MS and FT-IR. The product obtained in g-pinene methoxylation is mirtenyl methyl
ether (MME) and terpinyl methyl ether (TME). The conversion of a-pinene with the variation of
480 W microwave power, mass of catalyst 0.3 g and mole ratio of reactants 1:15 at 120 seconds
was 99.82% with the selectivity of MME and TME were obtained 32.0 % and 1.4%, respectively.

1. Introduction

Turpentine oil is an essential oil that contains monoterpenes. Monoterpenes and their derivatives are
used as basic ingredients in the flavor and fragrance industry. The development of turpentine oil in the
industrial world is carried out through the transformation of acid-catalyzed w-pinene compounds to
produce monocyclic and bicyclic compounds which have higher economic value [1-3]. Transformation
of o-pinene terpenes have been carried out using various acid catalysts, such as carbon-based catalysts
[4-5]; AP*ion exchanger clays [6]; acid oxides [7], zeolites [8-15]; HPW / SBA-15 [16]; TCA / ZrOs.n
H:0 [17] and Nanoparticles (SLN) [18].

One of the transformation of pinene compounds is through a methoxylation using a heterogeneous
acid catalyst. The methoxylation of w-pinene to ether compounds has been carried out by several
researchers with various catalysts such as mesoporous and micropore carbon [4], A’ ion exchanger
clay [5], NiO/Y-Zeolite [19], polyvinyl alcohol which contains acid groups [20] and H-Beta [21]. So
far, the production of ether compounds from pinene with various catalysts has not beefgfficient, low
quality, and not environmentally friendly. The compound o-terpinyl methyl ether can be used as flavors
and aromas for perfumes and cosmetic products, as an additive to pharmaceuticals and agricultural
chemicals, and is also used in the food industry [1-5].

The use of heterogeneous catalysis in the methoxylation is a Green Chemistry process. The
heterogeneous acid catalyst that can be used is potfium alum. Potassium alum / alum is an aluminum
sulfate compound with the chemical formula [KAI(SO4),.12H,0]. Potassium alEin [KAI(SO4),.12H,0]
is a colorless compound that has an octahed#] or cubic crystal form. Alum is soluble in water but not
soluble in alcohol, and it is stable in air [22-23].
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One method that applies Green Chemistry is the Microwave Assisted Organic Synthesis (MAOS)
method. The MAOS method is a chemical process that uses microwaves in the reaction. Microwaves
uses microwave radiation, which is in the electromagnetic spectrum between infrared radiation and radio
waves. The short reaction time and various reaction extensions are the advantages of Microwave
Assisted Organic Synthesis (MAOS) which are very helpful, especially in product improvement in an
industry [24-27].

The objective of this work is to study the methoxylation of turpentine, via heterogeneous catalysis
using potafflum alum catalyst [KAI(SOx),.12H;0]. Methoxylation was carried out under microwave
irradiation as an alternative energy source of energy.

Method
911 chemicals without further purification were acquired commercially from Aldrichffr Merck
Company. Crude turpentine oil, was donated by KBM Perhutani Pine Chemical Company. Turpentine
{1 compositions is: a-pinene at 54-55%, -pinene at 44-45% and camphene 1-2%. a-pinene, E-Merck
was used as intemal standard for conversios calculations. Microwave was performed in the ultrasonic
probe is a Q-Sonica (Q700W) in frequency of 20 kHz. The GCMS analyzes were performed in a
Shimadzu model GCMS-QP2010 ULTRA.

The material needed in this study is e-pinene obtained from the KBM Perhutani Pine Chemical
Industry Pemalang, Methanol for analysis (Merck, Mr = 32.04 g/mol), alum potassium
[KAI(SO4)2.12H50] (Merck, Mr = 474.39 g /mol). The catalyst preparation was performed by weighing
20 g sample of potassium alum [KAI(SO4),.12H,0], then sifted using 100 mesh, and dried in an oven at
108N

ﬁl samples collected were analyzed using a Gas Chromatograph (GC Agilent 6890 Series),
comparing the retention times of the compounds in the reaction mixture with those of standard
compounds. The analysis were performed in a Shimadzu model GCMS-QP2010 ultra gas
chromatograph. The separation was performed using Restek Rtx-5MS capillary column and Flame
Ionization Detector with helium as a carrier gas. The GC oven temperature was set at initial temperature
of 50°C, held for 5 min, increased at a rate of 4°C/min to 150°C and then increased to 240°C at a rate of
15°C/min. The injector and detector temperatures were set at 240°C.

The methoxylation of a-pinene was carried out in a microwave beaker glass at 320, 480 and 640
watt. The reaction was carried out by inserting 1 mL of o-pinene, added with 4 mL of methanol and 0£)
g of potassium alum [KAI(SO.),.12H,0] catalyst into the beaker glass. Sampling was carried out at 1
minute, | minute 30 seconds, and 2 minutes. Furthermore, centrifugation for 15 minutes to separate the
mixture into sediment and supernatant liquid. The reaction results were analyzed using GC.
Furthermore, it is done by using variations in the amount of catalyst (0.3; 0.6 and 0.9 g) and variations
in the mole ratio of reactant (1:15, 1:30 and 1:45).

3. Result and Discussion

Synthesis of a terpinyl methyl ether from alkene compounds in the world of organic synthesis is now
widely carried out. The synthesis of a-terpinyl methyl ether from a-pinene by methoxylation using acid
catalyst is a very important method used in the flavor and fragrance industry. The methoxylation of a-
pinene is a reaction to produce ether compounds using methoxy ions. The result of w-pinene
methoxylation is terpinyl methyl ether. In this study, the variations in microwave power, mass of
catalyst, and ratio of reactants was used. Each of the results of the a-pinene methoxylation was analyzed
using GC.

3.1. Effect of microwave power

Microwave power plays a role in the methoxylation of o-pinene which causes the reaction to produce
mirtenyl methyl ether (MME) and terpinyl methyl ether (TME). Figure 1 shows that the highest
conversion (99.8%) obtained with the reaction time of 120 seconds, mass of catalyst of 0.3 g, and at 480
watts of power, with the selectivity of MME and TME 32.0% and 1.4%, respectively. The highest
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selectivity of MME and TME was obtained at microwave power of 320 watt and 60 s was 60.4% and
40.5%, respectively, and conversion of 4%.
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Figure 1. Effects of microwave power on a-pinene conversion and MME and TME selectivity

3.2. Effect of mass of catalyst

The mass of the catalyst plays a role in the methoxylation of a-pinene which causes many molecules to
collide with each other in a faster rate. Figure 2 shows that the highest conversion (99.82%) was obtained
at reaction time of 120 seconds and mass of catalyst 0.3 g, with the selectivity of MME and TME 32.0%
and 1.4%, respectively. The highest MME and TME selectivity obtained at reaction time of 60 seconds
and mass of catalyst 0.9 g.was 96.7% and 47.5%, respectively, and conversion of 2.3%.
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Figure 2. The effect of catalyst mass on a-pinene conversion and the selectivity of MME and TME
3.3. Effect of Ratio of Reactants

The mole ratio of the reactants plays a role in the methoxylation of o-pinene. Figure 7 shows gt the
highest conversion is obtained when the reaction time is 120 seconds, mass of catalyst pf 0.3 g, and the
mole ratio of & reactants used is 1:15 moles, which is 99.8%. The highest MME and TME selectivity
obtained with the mole ratio of the reactants of 1:45 at 90 seconds, was 81.3% and 78.8%, respectively,
and conversion of 4%.
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Figure 3. Effect of mole ratio of reactants on a-pinene selectivity and the selectivity of dan TME

A schematic of the methoxylation reaction mechanism is presented in Figure 4.
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Figure 4. Scheme of reaction mechanism of a-pinene methoxylation with potassium alum catalyst
assisted with microwave power
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4. Conclusion B

Potasium Alum [KEJI(SO4).12H>0] has been proposed as active and selective catalysts for the
methoxylation of o-pinene with methanol. The GC-MS analysis offghe reaction mixtures showed that
terpinyl methyl ether (TME) and mirtenyl methyl ether (MME) were obtained with good selectivity over
the potasium alum catalysts. Reaction parameters, such as the microwave power, ratio of mole reactants
and mass of catalyst could be utilized to optimize the catalytic activity.
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