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Abstract—Jojoba oil-wax is extracted from the seeds of the
jojoba (Simmondsia chinensis Link Schneider), a perennial shrub that
grows in semi desert areas in Egypt and in some parts of the world.
The main uses of jojoba oil-wax are in the cosmetics and
pharmaceutical industry, but new uses could arise related to the
search of new energetic crops. This paper summarizes a process to
convert the jojoba oil-wax to biodiesel by transesterification with
ethanol and a series of aliphatic alcohols using a more economic and
energy saving method in a domestic microwave. The effect of time
and power of the microwave on the extent of the transesterification
using ethanol and other aliphatic alcohols has been studied. The
separation of the alkyl esters from the fatty alcohols rich fraction has
been done in a single crystallization step at low temperature (—18°C)
from low boiling point petroleum ether. Gas chromatography has
been used to follow up the transesterification process. All products
have been characterized by spectral analysis.

Keywords—IJojoba oil, transesterification, microwave, gas
chromatography jojoba esters, Jojoba alcohol.

1. INTRODUCTION

HE world is confronted with the crises of fossil fuel

depletion and environmental pollution. The indiscriminate
extraction and consumption of fossil fuels have led to a
reduction in the limited petroleum reserves. Hence it is
necessary to look for alternative fuels, which can be produced
from available materials. Although vegetative oils can be fuel
for diesel engines, however, their high viscosities, low
volatilities and poor cold flow properties have led to the
investigation of their various derivatives. Among the different
possible sources, fatty acid methyl esters, known as biodiesel
fuel derived from triglycerides (vegetable oil and animal fates)
by transesterification with methanol, present the promising
alternative substitute to diesel fuels and have received the
most attention now a day.

The main advantages of using biodiesel are its renewability,
better quality exhaust gas emission, its biodegradability and
the organic carbon present in it. It is photosynthetic in origin,
non-toxic and essentially free of sulfur and aromatics. It does
not contribute to a rise in the level of carbon dioxide in the
atmosphere and consequently to the greenhouse effect [1].
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Biodiesel fuel has the potential to reduce the level of
pollutants and the level of potential or probable carcinogens
[2].

Biodiesel is defined as “a fuel comprised of mono-alkyl
esters of long chain fatty acids derived from vegetable oils or
animal fats” [3]-[5]. Transesterification (also called
alcoholysis) of triglycerides for biodiesel manufacture has
been extensively studied in the past few years [6]. The most
commonly used oils for the production of biodiesel are
soybean [7], [8], sunflower [9], [10], palm [11], rapeseed [12],
canola [13], cotton seed [14], jatropha [15] and jojoba oil-wax
[16]. As much as possible, the biodiesel source should fulfill
two requirements: low production costs and large production
scale.

Often the vegetable oils investigated for their suitability as
biodiesel are those which occur abundantly in the country of
testing. Therefore, soybean oil is of primary interest as
biodiesel source in the United States while many European
countries are concerned with rapeseed oil, and countries with
tropical climate prefer to utilize coconut oil, hazelnut or palm
o0il [17], [18] In the search for a viable vegetable oil as fuel for
Egypt, jojoba ranks high as the vast area of the Egyptian
deserts can be used for production the seeds are used to
produce the jojoba fuel [19], [20].

Unlike vegetable oils and animal fats, jojoba oil is not a
triglyceride but a mixture of long chain esters (97-98 wt %) of
fatty acids and fatty alcohols therefore is more properly
referred to as a wax. Many studies have been working on
jojoba as a promising vegetable oil fuel for diesel engines for
many years [19], [20]. These studies showed that the viscosity
of jojoba raw oil is high and that lead to blockage of fuel lines,
filters, high nozzle valve opening pressures and poor
atomization [21], thus warrants treatment of oil before it
becomes a viable engine fuel to solve the problems associated
with the high viscosity of jojoba raw oil.

Jojoba oil-wax contains minor amounts of free fatty acids
and alcohols, phytosterols, tocopherols, phospholipids and
trace amounts of a triacylglycerol which have been carefully
analyzed [22]. The jojoba oil-wax has a low chemical
reactivity and a very high normal boiling point (398°C) that
gives this product very important physico-chemical properties
and uses.

Transesterification of jojoba oil-wax has been investigated
[23]-[25] using sodium methoxide as a catalyst and the
transesterification reaction was carried in an autoclave at 60°C
for 4hrs. The present work is focused on using a more
economic and energy saving method for the transesterification
which is carried using microwave heating. The time of almost
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complete transesterification (>90%) using the alkaline catalyst
ranged from 3 to 10 minutes only. Another target is to
investigate the synthesis of different jojoba esters using four
different alcohols for the preparation of different jojoba esters
which could be of commercial use later on.

II. MATERIALS AND METHODS

A. Materials

The Jojoba oil-wax, a commercial grade, was purchased
from Egyptian Natural Oil Company NATOIL (Cairo, Egypt).
Table I presents several physical and chemical characteristics
of the Jojoba oil used in our experiments along with
corresponding Jojoba values reported in literature for
comparison purposes [26]. Ethanol, isopropanol, pentanol,
octanol, and petroleum ether (b.p. 40-60°C), sodium metal,
hydrochloric acid, all were commercial grade and used
without drying or purification.

TABLEI
PHYSICAL AND CHEMICAL CHARACTERISTICS OF JOJOBA OIL COMPARED
WITH LITERATURE VALUES

Value for this Corresponding value

Characteristic

study from literature

Specific gravity at 25 °C 0.860 0.863
Flash point (°C) 295 295

Fire point (°C) 338 338
Freezing point (°C) 10.6-7.0 9.0
Boiling point (°C) 398 398
Ash (%wt) 0.10 0.10
Moisture content (Yowater) Less than 0.05 **
Todine value (g/100 g) 81-82 82
Saponification value 92-95 92
Average molecular weight 606 oK

pH 6.7-7.0 7.0-7.3
Refractive index at 25 °C 1.460 1.465

B. Instrumentation

The evidence of the transesterification reaction of jojoba oil
to its corresponding derivatives was monitored using FTIR
and 1H-NMR spectroscopy. Infrared analysis was carried out
using a Perkin—Elmer 398 FTIR spectrophotometer between
400- 4000cm™. "H-NMR analysis of samples was carried out
on a Bruker AC-400 at 20°C in CDCl; solution. Pour point
measurements were carried out using SEAT cloud and pour
point cryostat (UK) according to ASTM method D 5853-97.
Viscosity of different samples was measured using Cannon
Fenske routine viscometer (ASTM D 446-93). High calorific
value (kJ g') was determined using Parr Calorimeter
according to the (ASTM D 240). GC analyses were
determined in GC-Agilent 7890A system, column, HPS, 30
meter, injector temperature 275°C Start at 80°C by ramp 8/min
to 300°C (15min), Detector-325 FID.

C. Transesterification of Jojoba Oil-wax to Ethyl Jojoboate

Commercial kitchen microwave oven was used to carry out
the transesterification reactions. 0.07g of freshly cut sodium
metal was added to 2.5ml ethyl alcohol over 30min period, the
solution obtained was poured over 10ml of jojoba oil and Sml
of ethyl alcohol, all in quick fit bottomed round flask [23]. The

flask was inserted in the microwave oven adjusted for time
and power. The reaction was investigated for powers (90, 360,
600 and 800 watt), duration time (3, 6, 8 and 10 minutes), and
alcohols (ethanol, isopropanol, pentanol and octanol). At the
end of the reaction the mixture was neutralized by adding
0.3ml concentrated HCI with vigorous stirring at room
temperature. The crude product was dissolved in petroleum
ether and cooled to temperature range of (-18 to -25°C)
overnight. The obtained white crystals of jojobyl alcohol were
filtered off on cold Biichner funnel using water pump. The
separated solid part (jojobyl alcohol) was left to melt in room
temperature and the liquid part (the ester) was concentrated in
a rotary evaporator.

D. Determination of the Conversion Rate

The gas chromatography analyses (GC) were used to follow
the conversion rate of the transesterification reaction. The
processes were followed by determination the area under the
peaks of jojoba oil and comparing it with the corresponding
peak after the reaction to determine the conversion rate using
the following equation.

A
CR = (1~ ) x 100

where A is area under the peak of Jojoba oil before
transesterification, A° is area under the peak of Jojoba oil after
transesterification

III. RESULTS AND DISCUSSION
A. Characterization of Jojoba Oil and its Derivatives

1. FTIR Spectroscopy

The FTIR spectra of the jojoba oil and jojoba esters Fig. 1
(a) clearly show almost absence of the broad band at 3342cm™
characteristic for the OH stretching vibration. However, in
Fig. 1 (b) the jojoba alcohol shows a clear band at 1731cm™
characteristic for the C=O stretching indicating that the
alcohol is still contaminated with either ester or unchanged
jojoba meanwhile, the esters seem to be in a purer state due to
absence of this wide broad band at 3342cm™. All the spectra
have the characteristic C=O band at around 1731-1739cm™
and the band at 1458-1460cm™ due to the double bond. All
compounds have one or two double bonds. This finding has
been augmented with NMR measurements.
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to jojoba and its alcohol. The spectrum of jojoba oil has small

' \ 2 - \ ) N band at 8.32ppm possibly due to some aromatic impurities.
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2. "H-NMR Spectroscopy (b
Fig. 2 shows bands for jojoba oil (DMSO) and jojoba Fig. 2 "HNMR spectra of (a) jojoba oil and alcohol (b) "HNMR

alcohol (CDCls) "HNMR 8 0.761-0.791 (m 6 H, CH3), 1.17 (- spectra for ethyl, isopropyl in (DMSO) pentyl and octyl in (CDCI3)

(CHy),-), 1.46 (4

C=0), 3.8-3.9 (O-CH,) and 5.19 (-CH=CH-) [23]. All the

NMR spectra of

show similar characteristic bands. However, it was difficult to
evaluate the exact numbers of protons from the intensities of
the individual spectra. The reason could be the slight

contamination of

The ethylenic protons of the double bond at 5.19ppm are
evident in all spectra. The rest of band assignments are similar

H, (CH,), 1.89 ( -CH,-C=C), 2.07 ( —CH,-
(CHy) ( ; ) ( : 3. Gas Chromatography

Jojoba wax was heated in a microwave oven with different
alcohols in order to perform alcoholysis. After separation of
the products they were analyzed by GC. Fig. 3 is a
representation of the GC curves for the products obtained after
alcoholysis for different time intervals. It is obvious that the
peak due to the original jojoba oil is decreasing in intensity
sharply after just 3min. Four new bands arise due mainly to
the ester, alcohol and probably to an array of esters and

ethyl, isopropyl, pentyl and octyl jojobate

separated components alcohol and esters).
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alcohols with different chain length as jojoba oil is actually a
mixture of several chains with different lengths. A small band
appears after 10min of heating in the microwave which could
possibly be due to slight oligomerization reaction.

10 min 90 watt
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6 min 90 watt
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Fig. 3 G. C. curves of jojoba oil and after heating in microwave at 90
watt for 3 min, 6 min, 8 min and 10 min

B. Influence of Reaction Conditions on the Conversion Rate

The effect of the time and microwave power on the extent
of the transesterification reaction can be seen in Fig. 4. It took
only 3min microwave heating to reach an extent of
transesterification around 90% even at 90 Watt, the lowest
microwave power. The extent of reaction also increases with
increasing both time and power of the microwave which is a
reasonable conclusion since higher power or time may lead to
degradation of the products. At constant microwave condition
(power and time), the transesterification process of jojoba oil
was studied with a series of alcohols. The conversion rate of
the transesterification of jojoba oil with deferent alcohol can
be seen in the Fig. 4 (b). It is obvious that the conversion rate
has a relation with the alcohol chain length which decreased
with decreasing the alcohol chain length. This can attributed to
the steric effect of long chain alcohol in the reaction.
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Fig. 4 Effect of (a) time, (b) type of alcohol on the extent of

transesterification of jojoba oil-wax

C.Characterization of Jojoba Ester Derivative as a Biofuel

The obtained esters have been characterized by some
physical measurements: Density, Kinematic viscosity; and
calorific value and were compared with the original Jojoba
wax. The physical data are depicted in Table II. Ethyl and
isopropyl jojobate have lower density and much smaller
viscosity than the original jojoba wax this finding could be
important for further applications of these esters as biofuel.

TABLEII
PHYSICAL CHARACTERISTICS OF JOJOBA OIL AND SOME DERIVATIVES
D“ensny :_t; Kmen.latlc High calorific
Sample 20°C (kg ™) viscosity at value (kJ g)
ASTM D 40°C (mm’s™) ASTM D 2382
4052 ASTM D 445
Jojoba oil — Wax 862.6 26.31 41.647
Ethyl Jojoboate 857.7 13.39 40.278
Isopropyl Jojoboate 858.7 13.45 40.155
Pentyl Jojoboate 861.1 15.85 40.044
Octyl Jojoboate 868.9 16.02 40.011

D. Pour Point Depressant

The obtained esters have another important characteristic
for their ability to be used as pour point depressant for crude
waxy oils to prevent the wax deposition on pipelines. The wax
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deposition on the surface of transportation lowers the
transportation efficiency of oil and increase manufacture cost.
A pour point depressant (PPD) is an additive used to lower the
wax deposition temperature (wax appearance temperature
(WAT) and usually composed of long chain hydrocarbons
which could interfere with the crystallization of the wax
molecules and hinder their deposition. [27]- [29]

Accordingly the obtained jojoba esters were tested in the
cloud and pour point cryostat to find out their effect as pour
point depressants and the results are depicted in Table III. The
pour point value of the untreated crude oil is 3°C. From the
table it seems that the isopropyl derivatives can act well as
PPD; it lowered the PP by 15°C, all other esters as well as the
original jojoba wax slightly decrease the PP.

TABLE Il
POUR POINT DEPRESSING VALUES OF JOJOBA OIL AND ITS DERIVATIVES
Sample Pour point (OC)
Conc. 100 ppm 500 ppm 1000 ppm 5000 ppm
Jojoba oil — Wax 0 0 -3 -6
Ethyl Jojoboate 0 -3 -6 -6
Isopropyl Jojoboate -3 -6 -9 -12
PentylJojoboate 0 -3 -3 -6
Octyl Jojoboate 0 -6 -9 -9

IV. CONCLUSION

Jojoba oil as a renewable resource has a big potential for the
production of biofuel with a low price. Biofuel production
requires the hydrolysis of the oil into alcohol and ester both
components could have potential applications in the petroleum
and cosmetic industries. The hydrolysis of jojoba has been
successfully achieved by heating in the microwave oven. GC
was used to monitor the reaction conversion rate; almost
complete conversion of the oil into its two components was
carried out in 3-10min. Ethyl, isopropyl, pentyl and octyl
alcohol were used in the transesterification reaction. All esters
and alcohol were characterized by FTIR and NMR techniques
to elucidate their structures. The physical characteristics;
viscosity, density and calorific values of jojoba and its
derivatives have been measured. The pour point depression
capacity of all investigated compounds was measured and the
isopropyl ester of jojoba shows the highest potential for
further applications.
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