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Graphical abstract Abstract

An alternative way for saving energy and reduce emission in fuel consumption is
using oxygenate compounds as fuel additives that can reduce carbon monoxide
and soot that is created during the burning of the fuel. One derivatives of citronella
oil fraction, 3,7-dimethyl-1-octanol, is a potential alcohol compound for fragrance
and fuel additives producing efficiency energy and environmentally friendly. In this
research, the conversion of citronella oil fraction (containing> 60% citronellal) intfo
3.7-dimethyl-1-octanol was investigated using Ni based natural zeolite-Bogor (ZAB)
catalysts through hydrogenation process. The structure and properties of the Ni/ZAB
catalysts have been investigated exftensively using some of characterization
fechniques for solid materials i.e. XRF and TEM. Variations of weight catfalysts and
tfemperature reaction were conducted tfo determine the optimum conditions for this
reaction. The products were analyzed using GC-MS instrumentation. The optimum
conditions for the hydrogenation of citronella oil fractions using catalysts Ni / ZAB-
20wt% -HT were obtained at 300°C with 10% weight of catalysts produced 12% of the
3,7-dimethyl-1-octanol compound.
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1.0 INTRODUCTION fuel that have a chemical compound containing high
oxygen content. It is used to help fuel burn more

As crude oil and petroleum products will have a efficiently and cut down on some ftypes of

certain quantity and it is reduced day by day, hence
they are more expensive. There will be a great
demand for fuel in the near future because of
increases in number of automobiles and diesel
engines. Due to these reasons, alternative fuel
technology will become more common in the coming
decades. Many studies have been reported in saving
energy and reducing emission such as engine
modification and the use of additfives o increase fuel
properties. Oxygenated additive is nothing more than

atmospheric pollution[1] Thus, many fuel additives
have been studied to increase the fuel qualities and
reduce exhaust emission such as FAME (Fafty Acid
Methyl Ester) and MITBE (Methyl Tert-buthyl-ether).
Previously, these compounds have been commercially
used as oxygenated additives and raised the octane
number but they have critically environmental and
health concerns in many countries [2-4]. Some
essential oils as bio-additive could improve engine
performance by reducing fuel consumption as
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reported by Kadarohman et al. [5]. Terpene
compounds contained in clove oil were largely
and shorter ignition delay in engine fuelled by clove oil
fuel blend and gave the highest fotal heat release
with lower pressure at engine speed of 2500 rpm.
Utilization of clove oil was also carried out by Sutrisno
[6]. Performance of motorcycle was improved after
adding clove oil and it can reduced fuel consumption
by 30,07 % at road test through the distance of 2,5 km
and reach up to 30,30 % at 1500 rpm for stationary test.

Citronella oil known as one of the major essential
oils in Indonesia which has three main compounds i.e.
citronellal, citronellol, and geraniol. 3,7-dimethyl-1-
octanol (DMQO), often abbrivated as dihydrocitronellol,
is one of alcohol groups that can be obtained from
hydrogenation of citronella oil fraction [5]. This
compound has molecular formula of CioH220 which is
potential as oxygenated additive blended with diesel
to improve combustion and reduce emissions of peftrol
engines. Furthermore, the boiling point of DMO is 213-
218°C which is closer to that of diesel fuel (180°C-
360°C) compared to the three aforementioned main
compounds. Presence of a catalysts such as nickel
can increase selectivity of 3,7-dimethyl-1-octanol in
the hydrogenation process. However, nickel metal
does not have a large surface area, hence not all of
the active site can contact with the reactants. It
needs to be distributed on a solid acid material such
as zeolite. Natural zeolite is an abundant materials in
Indonesia and provides as green materials for support
catalysts in this reaction.

Extending our previous work [7-9], we will
investigated Ni based zeolite catalysts to synthesize
one of citronella oil derivatives compound, 3,7-
dimethyl-1-octanol, through hydrogenation process.
The effect of temperature and amount of catalysts will
be observed. Moreover, 3,7-dimethyl-1-octanol is a
promising alcohol compound for bio-based additives
reducing fuel consumption and emission.

2.0 METHODOLOGY
2.1 Catalyst Preparation

Natural zeolite was obtained from Bogor, Indonesia.
Activation of natural zeolite and preparation of
catalysts were performed as previous report [7]. In
brief, pretreatment of natural zeolite (ZAB) was carried
out using HCI T M under constant stirring for 1 h. The
sample was filtrated and rinsed with disfilled water untfil
pH: 6-7. Zeolite was dried at 250°C for 3 h and ready to
use as material support.

Nickel supported natural zeolite (Ni/ZAB) catalysts
were obtfained by impregnation method at 80°C with
10% and 20% (w/w) Ni loading from Ni(NO3)2.6H20 salt
using ethanol as solvent. The solution was stirred until
the solvent was slowly removed. After impregnation,
the sample was dried at 120°C for 2 h. Calcination
process was conducted at 500°C for 2 h and then
reduced with Hz flow at 300°C for 2 h. As comparison,

responsible to make a perfect solution between the
bio-additive and pure fuel, led to rapid combustion
other catalyst was directly reduced (without
calcination) with Hz flow at 300°C for 2 h.

2.2 Catalyst Characterization

The grain sizes of the samples were estimated from the
images observed by TEM (FEl type Tecnai G2 20S-Twin).
Elemental analysis of catalysts was measured by X-Ray
Fluorosence (XRF). The other characterization of solid
material such as surface area using BET method,
crystal structure by X-ray diffraction (XRD), thermal
analysis by TGA/DSC, and acidity properties were
analyzed in previous report [7].

2.3 Catalytic Test

In this experiment, citronella oil was obtained from
fractionational distillation process. Synthesis of 3,7-
dimethyl-1-octanol was carried ouft at 200°C in
autoclave 200 mL. Amount of catalyst was added
between 5% (w/w) and 10% (w/w) from reactant.
Citronella oil fraction was mixed with catalysts for 3 h
with constant stiring at hydrogen pressure of 2 MPa.
The products were analyzed by GC-Mass
Spectrometry (Agilent 19091S, column HP-5MS (30 m x
250 um, 0.25 um)).

3.0 RESULTS AND DISCUSSION
3.1 Properties of Catalyst

Presence of ions such as K*, Na*, Ca?* or Mg?* in the
zeolite surface can affect the activity of zeolite to be
used in the reaction. Pretreatment, such as milling,
heating and acidifying, is necessary to improve the
character of natural zeolite. In this research, activation
of natural zeolite by ion exchange method was
performed using HCI 1M at room temperature for 1
hour replacing several ions such as K*, Na*, Ca%* or
Mg? with H* (Lewis acid site) which is required for the
reaction. In addition, acftivation of zeolite will dissolve
inorganic ions on the surface of natural zeolite.

According to the results in Table 1, it can be
oberved that the concentration of Ni metal in the
catalyst was detected as much as 2.5% for Ni/ZAB
10wt% catalyst and 4.9% for Ni/ZAB 20wit% catalyst.
Concentrations of Al and Si decreased following the
increase of Ni metal content. This indicates that
dealumination process is not only influenced by the
activation process, but also with metal loading in the
surface of zeolite. Dealumination process occurs when
impregnation with Niis carried out by througn heating.
Additionally, ethanol used as the solvent can vaporize
some impurities in the pores thereby affecting the
crystal structure of the catalyst [10]. However, the ratio
of Si/Al increased with the addition of Ni metal.
According to [11], dealumination process can
increase the Si/Al ratfio improving stability of zeolite
catalyst in high femperatures.
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Table 1 Chemical composition of ZAB based catalysts

Component ZAB  Ni/ZAB 10wi%  Ni/ZAB 20wi%
(%) (%) (%)

Al203 14,7 4,4 38

SiO, 723 28,0 27,6

Ni - 2,5 4,9

Al 7.8 23 2,0

Si 33,8 13,1 12,9

Si/Al ratio 43 56 6.4

Figures 1 shows the TEM image of the Ni/ZAB-20wt%
catalyst. The Ni particles were well dispersed over the
ZAB support. This was shown by the observation of
black dofts with small grains, around 20 nm in diameter.
These particles should be exclusively localized on the
outer surface of the zeolite crystallites.

Figure 1 TEM images of Ni/ZAB-20w1%-HT with magnification at
(a) 100nm, (b) 50nm, (c) 10 nm

3.2 Catalytic Performance

The hydrogenation process was carried ouf in an
autoclave at reaction condition of 200°C for 3 hours
with 20 bar of Hz2. In this reaction, the reactant
(citronella  oil  fraction) was  produced by
fractionational distfillation process of Cymbopogon
nardus (P = 80 mbar, R = 20/10) and contained up to
60% of citronellal and other components such as
linalool (6.4%) and citronellol (6%). The specification of
citronella oil fraction is given in Table 2. and the
analysis results using GCMS instrumentation is shown in
Figure 2.

Citronellal has two active sides which are attached
to the carbonyl C atom (C=0) and double bond
(C=C) (Figure 3). The existence of carbonyl group in
citronellal allow hydrogenation reaction fo produce
citfronellol and 3,7-dimethyl-1-octanol (C-OH). High
acidic  catalyst  can  produce directly the
hydrogenation product of citronellal i.e. citronellol and
3.7-dimethyl-1-octanol as results of their interaction
with the ™ bond in Nisites [12, 13]. Hydrogen molecules
will be adsorbed on the Ni active site. The relatively
strong H-H sigma bond is broken and replaced with
two weak metal-H bonds. The ™ bond of the alkene
intferacts with the Ni metal catalyst weakening the
bond. A hydrogen atom is fransferred from the catalyst
surface to one of the carbons of the double bond. A
second hydrogen atom is transferred from the catalyst
surface forming the alkane. The alkane is released
from the catalyst surface allowing the catalyst fo
accept additional hydrogen and alkene molecules.
Finally, hydrogenation products are formed [14].
Conversion of citronella oil was performed by two
different amount of the catalyst to reactants, i.e. 5%
and 10%. Table 3 shows the product analysis of
hydrogenation process using various Ni/ZAB catalysts.
The highest vyield of 3,7-dimethyl-1-octanol was
achieved using Ni/ZAB 20wt%-HT catalyst (8%).

From these results, it can be observed that the
catalyst Ni/ZAB-HT with 20% Ni loading and 10%
amount of catalyst was able fo produce 8% 3,7-
dimethyl-1-octanol but also yielded 5% citronellol. On
the other hand, a decreasing yield of both 3,7-
dimethyl-1-octanol  and  cifronellol  was  seen
accompanied by decreasing the amount of catalyst
to 5%. In the cases of Ni/ZAB 10wi%-HT and Ni/ZAB
20wt%-CLHT catalysts, lower conversion of citronella oil
fraction were seen and only 1% of citronellol was
formed. On the conftrary, other citronella oil derivatives
compounds were formed such as isopulegol and
menthol. These products are results of the cyclization
of citronellal in the presence of an acid catalyst
continued with hydrogenation process of isopulegol as
the intermediate product of menthol. In our previous
study [7], the properties of these catalysts were
investigated. The result concluded that the acidity
decreased with increasing of Ni loading. According to
our finding, crystalline structure of zeolite with large
pores and high acidity, raised the ability of its
properties, leading to the success of reactions fo
convert citronella oil fraction. The Ni/ZAB 20wi%-HT
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catalyst had a larger surface area and higher ratio of
Si/Al compared to the other catalysts, which proved to
increase the cifronellal conversion to 3,7-dimethyl
octanol. The higher surface area of catfalyst will

enhance the ability of catalyst to make contact with
the reactants so the reaction become faster to
yielded the products [10].

Table 2 Specification Component of Citronella Oil Fraction Used in Reaction by GC-MS

Compounds RT %
Limonene 7.884 1.9
Melonal 8.326 3.3
Linalool 9.208 6.4
Citronellal 10.830 66.0
Citronellol 11.787 6.0
Citronellic acid 12.880 2.6
Others - 13.8
Abundance
10.830
10.181
5000000
4500000
4000000
3500000 11.787
3000000
2500000 1se
2000000 19355
1500000
1000000
500000
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
Time—>
Figure 2 GC-MS Spectra of Citronella Oil Fraction
Table 3 Results of GCMS Analysis
Amount of Yield of Yield of Yield of Yield of Yield
Catalysts catalyst Citronellol 3.7-dimethyl- Isopulegol  Menthols Others
(%) (%) 1-octanol (%) (%) (%) (%)
5 0 0 11 0 88
ZAB
10 0 0 0 0 100
5 0 0 36 2 94
Ni/ZAB 10wi% CL-HT
'/ Wi 10 0 0 31 0 69
i 5 1 0 33 9 57
Ni/ZAB 10wi% HT 10 0 0 13 14 77
5 1 0 58 0 42
Ni/ZAB 20wit% CL-HT
'/ Wi 10 1 1 18 18 62
Ni/ZAB 20wi% HT 5 4 1 4] 14 40
i w
° 10 5 8 7 50 27

Reaction conditions: 1 gr citronella oil, 200°C, 3 hours, 20 Bar. *CL = calcination, HT = reduction
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3.3 Effect of Temperature

The effect of temperature was studied by using Ni/ZAB
20w1%-HT at temperatures of 100°C, 200°C, and 300°C
for 3 hours at 20 bar Ho. Analysis results of temperature
variation are given in Table 4. At temperature of
100°C, 2% citronellol was formed over Ni/ZAB 20wt%-HT
catalyst, however, no yield of 3,7-dimethyl-1-octanol
was obtained. In this temperature, the energy was not
enough fo break the (C=0O) bonds and forming the
aldehyde bonds (C-OH). The percentage of 3,7-
dimethyl-1-octanol increased when the temperature
of 200°C-300°C were reached. The best performance
of Ni/ZAB 20wi%-HT catalyst was achieved at
temperature of 300°C vyielding 12% of 3,7-dimethyl-
octanol with 12% selectivity. It may be ensured that

not only Ni metal promoted the formation of 3,7-
dimethyl octanol, but also the reaction temperature
applied. The temperature of this reaction can play a
role in accelerating the hydrogenation process in
which the reaction occurs at the termination double
bond (C = C) into a single bond (C - C) and carbonyl
(C = O) info a hydroxyl group (C-OH) [15]. The
mechanism of hydrogenation process of citronellal fo
dimethyl octanol can be seen in Figure 3. It is threfore
necessary fo optimize the reaction condition and
contents of citronella oil fraction in order fo obtain a
maximum yield of 3,7-dimethyl octanol, in which the
condition should be based on a compromise between
its confradicting effects on the time process.

Table 4 The result analysis of citronella oil fraction conversion by using GC-MS

Catalysts Ni/ZAB 20wi% HT
Temperature (°C) 100 200 300
Conversion (%) 52 97 100
Yield of Citronellol (%) 2 5 5
Yield of 3,7-dimethyl-1-octanol (%) 0 8 12
Yield of Isopulegol (%) 0 7 4
Yield of Menthol (%) 0 50 6
Yield of Others (%) 98 27 73
Selectivity of Dimetil Oktanol (%) 0 8 12

Reaction conditions: 1 gr citronella oil, 3 hours, 20 Bar, an 10% of catalyst.

o} Ni, H,
—_—
AP

Citronelal

Citronelol

Ni, H,
A p

3,7-dimethyl-1-octanol

Figure 3 The plausible mechanism for conversion of citronellal fo 3,7-dimethyl-1-octanol

4.0 CONCLUSION

Impregnation of nickel on activated natural zeolite
with mordenite phase resulted a good catalytic
performance for the hydrogenation of citronella oil
fraction to 3,7-dimethyl-1-octanol and citronellol. The
higher vyield of 8% 3,7-dimethyl-1-octanol from
citronella oil fraction was produced at 200°C reaction
using Ni/ZAB 20wt%-HT, meanwhile no formation was
observed for Ni/ZAB 10wt%-HT. The increase amount of
Ni loading effected the catalysts properties such as
rasio Si/Al, acidity, and surface area which then
affected the hydrogenation process. The Ni/ZAB
20wt%-HT catalyst had a larger surface area and
higher ratio of Si/Al compared to the other catalysts,
which proved to increase the citronellal conversion to
3.7-dimethyl octanol. The acidity and content of Ni

metal in the surface of catalysts led to an increase in
interaction with carbonyl on citronellal or citronellol
structures internally. The optimum temperature for
hidrogenation using Ni/ZAB 20wi%-HT catalyst was
achieved at 300°C and yielding of 12% 3,7-dimethyl-1-
octanol. Furthermore, improvement in catalytic
performance is certainly expected by opfimizing the
reactant content (citronella oil fraction) and reaction
time. 3,7-dimethyl-1-octanol which is an oxygentated
alcohol compound with boiling point close to that of
diesel fuel have promising use for bio-based additives
reducing fuel consumption and emission.
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