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Abstract

The aim of this research was to study the pyrolysis oil production from Palm Oil Grade Il (POG-III) and
popular wood sawdust crude oil. Today, worldwide studies have been undertaken on the biomass usage and
co-conversion of biomass and coal to seek out alternative fuels for supplying energy in an environmental friendly
way. Substitute fuels have become more and more vital due to descending petroleum reserves, increasing
economic circumstances and awareness of the increased environmental penalties of emissions from petroleum-
fuelled engines. In this study, biodiesel fuel was manufactured by the nanocatalytic to elucidate their thermal
behaviour under pyrolysis conditions and to assess major decomposition products in terms of their yields.
Transesterification of Palm Oil Grade Il (POG-IIl) at 80°C temperature by using nano Co as nanocatalyst. The
prepared biodiesel was characterized by FT-IR and GC-MS. Results revealed the presence of esters, alkanes,
alkenes, saturated and unsaturated hydrocarbons with carbon chain in the range C-C,,. Prepared biodiesel is
cost effective and highly efficient. Besides Palm oil popular wood sawdust crude oil was also used. All products

were obtained at low temperature and at low atmospheric pressure.
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Introduction

In recent years, diminishing fossil fuel sources, growing demand,
cost of petroleum-based fuels, and environmental hazards as a result of
their combustion have encouraged researchers to investigate possibility
of using alternative fuels as new energy resource. It is necessary to
reduce consumption of the petro fuels due to the negative effects
on human life. As known fossil energy sources have been exhausted
rapidly nowadays, it is predicted that fossil fuel sources will be depleted
in the near future [1]. Waste energy sources were focused in different
research works presented in the literature as renewable energy source
[2]. Recycling is the applied process for advancement of petroleum-
based wastes by converting them into recyclable products such as diesel
fuel, gasoline and heavy oil.

Production of diesel-like fuel from waste oils such as industrial
and engine waste oils, wood pyrolytic oils, fresh and waste fats and
vegetable oils is an excellent way for producing alternative fuel sources.
Industrial and engine waste oils, wood pyrolysis oils, fresh and waste
fats and vegetable oils have been proposed as pyrolytic raw material
to produce gasoline and diesel-like fuels. There is plenty of the waste
engine oil in the world. Average amounts of used engine lubricating
oils are produced worldwide every year [3]. Municipal and industrial
wastes like Waste Cooking Oil (WCO), Waste Plastics Oil (WPO) and
Waste Lubricating Oil (WLO) which have a high calorific value are
considered as efficient source of energy production [4]. Among the
important substitute fuel sources waste lubricant oils and biofuel are
the best replacements for existing petro fuels, since waste generated oils
represent more than 60% of used lubricant oils.

It should be collected and re-used in order to decrease detrimental
effects on environment, and underground and surface water, since it
pollutes the atmospheric air as a result of burning, and has negative
effect on living organisms, underground and surface water when it
is discharged into soil or water. Conversion of the waste engine oils
into diesel like fuels by using pyrolytic distillation, and by utilization

of the product as a diesel fuel has positive effects on environment and
atmospheric air, and also has economic value [5].

A very large amount of used oils are disposed through dumping on
the ground or in water and land fillings [6]. Fuels or lubricating oil base
stock can be produced by refining and treating the used oils. Used oils
on the other hand are a severe threat to the environment as they contain
metal content and other contaminants [7]. Due to the hazardous
properties waste oils that are found in rivers, lakes are damaging to
the aquatic life. A single liter of that waste oil can be damaging to a
million liters of clean water. Soil pollution is one of the outcomes of
waste oil spill [8]. Several classes of heterogeneous catalysts, such as
supported enzymes oxides and Oxo salts impregnated oxides inorganic
complexes, layered double hydroxides metal carboxylates zeolites and
ion-exchange resins [9-16] have been reported in the literature as being
active for the transesterification (alcoholysis) of vegetable oils.

Currently, most of the biodiesel production processes are based
on the Transesterification of vegetable oils using heterogeneous nano
catalysts, which are known for their high activity and low cost, making
them suitable for large-scale industrial operation [17]. In fact, this class
of catalysts offers economical, ecological, and technical advantages,
which are critical parameters for improvement of the efficiency and
sustainability of biodiesel, manufacture [18]. Transition metal oxides
and oxosalts have also been investigated as transesterification catalysts
due to their elevated Lewis acidity, depending on the metal oxidation
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state and ion radius size [19]. In this sense, molybdenum- and
tungsten-containing solids have been extensively studied in a number
of reactions in which the acidity profile plays an important role, such
as isomerization. Cyclic alkene oxidation alcohol dehydration and
vegetable oils transesterification [20].

Transesterification is the chemical process between triglycerides
and short-chain alcohol in the presence of basic or acidic catalyst
to produce monoalkylester [21]. The long- and branched-chain
triglyceride molecules are transformed to monoalkylesters and
glycerol. Commonly used short-chain alcohols are methanol,
ethanol, propanol, and butanol [22]. Methanol is commercially used
due to its availability and cost effectiveness [23]. The subsequent
useful product is Fatty Acid Methyl Ester (FAME) commonly
known as biodiesel.

Palm oil grade III is the world’s cheapest waste vegetable oil,
therefore crude palm oil itself presents a promising alternative as
a feedstock for Fatty Acid Methyl Ester (FAME). Nevertheless, the
study on converting grade III palm oil to Fatty Acid Methyl Ester
(FAME) using heterogeneous reaction is still very limited and
only being explored in Asian countries, most probably due to its
availability [24].

Experimental (A)

Chemicals

The cobalt nitrate hexahydrate was purchased from Sigma Aldrich
USA and Sodium hydroxide was purchased from Fluka. All solvents
were of analytical reagent grade and were used without further
purification.

Synthesis of CoO nano particles through co-precipitation method

For the synthesis of CoO nanoparticles, 0.1 molar solution of cobalt
nitrate hexahydrate and 0.1 molar solution of sodium hydroxide were
separately prepared in distilled water. The sodium hydroxide solution
was taken in dropping funnel and very slowly dropped to the cobalt
nitrate solution with constant stirring at a temperature of 40-50°C. The
dark brown precipitates of cobalt Co(OH), appeared after almost one
third (1/3) of sodium hydroxide solution was added to cobalt nitrate
solution respectively.

The addition of the sodium hydroxide solution to the salt solution
continued till precipitates formation was complete in the reaction
mixture. The PH was plus 10. The precipitates were then filtered and
washed two times with distilled water to remove the un-reacted sodium
hydroxide and the salts. The precipitates were dried in oven at 250°C.
The precipitates were taken in china dish and placed in furnace.

The temperature of the furnace was raised to 500°C at a heating rate
of 0.5°C min™ and the contents were kept at 500°C for 24 h and then
allowed to cool to room temperature. The calcined product was ground
into powder and formed CoO nano particles. The nanoparticles were
studied at XRD, SEM and BET.

Sample collection

Palm oil samples were collected from Ferozsons Tank Terminal
(Pvt.) Ltd., Karachi Plot # 50, and Molasses and Edible Oil Area Port
Muhammad bin Qasim, Karachi. The following initial physiochemical
parameters were carried out; conductivity, organic matter, Free Fatty
Acids (FFA), Dirt content and oil content [25].

Determination of moisture and volatile content

A mass of 10 g of thoroughly mixed palm oil sample was weighed
into a known weight of clean petri dish which had been previously
dried and cooled in desiccators. It was placed in the oven for 4 h,
allowed to cool to room temperature in a desiccator for 45 min and
weighed till a constant weight was obtained. The moisture and volatile
matter content was expressed in percentage by mass using the formula.

% Moisture and Volatile content=((Mb-Md)/(Mb-M)) x 100 (1)

Where M=Mass (g) of petri dish;

Mb=Mass (g) of petri dish+sample;

Md=Mass (g) of petri dish+test sample after dying.
Determination of oil content

Dry palm oil sample (10 g) was weighed into thimble and extraction
was done for 6 h using 150 ml of hexane as an extracting solvent. The
oil extract was dried at atmospheric pressure at 103°C for 2 h, cooled
for 30 min and weighed. The oil content was expressed as percentage
by using the formula.

Percentage=((Mass (g) of oil in the flask drying)/(mass (g)sample))
x 100 ©)

Determination of dirt content

The dirt content of the sample was analyzed as 8.50 g of the sludge
was weighed into a conical flask, 100 ml of hexane was added, and then
mixture was filtered through glass fiber filter paper in a crucible and
dried in the oven at 103°C for an hour. Percentage dirt content was
expressed as:

(Mass of crucible+filter paper+dirt)—(Mass of crucible+filter paper/
Mass of sample) x 100 3)

Determination of free fatty acids (FFAs)

Sample (2.5 g) was weighed into conical flask, 50 ml of neutralizing
solvent was carefully added to the weighed sample in the conical flask,
placed on hot plate at 40°C mixed gently and titrated with standard
potassium hydroxide (0.5M). Values were calculated using the formula,

Free Fatty Acids=25.6x Molarity of KOH x Volume of KOH/mass
of sample 4)

Experimental set up for catalytic conversion of palm oil into
biodiesel

Experiment was carried out in around bottom flask, equipped
with L-shaped tube, connected with a condenser. About 50 ml of pre-
treated palm oil grade III was mixed with 10 ml of methanol was taken
in round bottom flask and 1 g of Co nano catalyst was added. The flask
was placed in the furnace at 80°C. The temperature was maintained at
80°C for 1 h. The liquid was condensed in L-shaped tube and collected
in a beaker.

Experiment (B)

Conversion of popular wood sawdust into biodiesel by using
nanoparticles during the gasification process

Cobalt nanoparticles were used during the gasification process
with the sawdust of popular wood.

Sawdust used=30 g;
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Cobalt nanoparticles=1 g;
Oil extracted after the completion of gasification=17.5 ml;
Mufile furnace temperature was maintained at 300°C.

Nanoparticles help the gasification to complete at a very low
temperature as compared to the gasification done without nano
particles. The oil obtained was much pure as compared to the oil
extracted without using nano particles.

Experimental set up for catalytic gasification of popular wood
sawdust crude oil.

As shown in Figure 1 the catalytic gasification of popular
wood sawdust was carried out in around bottom flask, equipped
with L-shaped tube, connected with a condenser. About 50 g of
pre-treated popular ash was taken in round bottom flask and was
mixed with 0.5 g Co nano catalysts. The flask was placed in the
furnace and started the reaction. The temperature of the furnace
was increased from room temperature to 300°C with a rate of 10°C/
min. The temperature was maintained at 400°C for one hour. Dark
brown oil starts vaporized in L-shaped tube which was condensed by
condenser and collected in a beaker. This oil product was named as
popular wood sawdust oil.

Crude oil after extraction was then treated with Methyl alcohol
in the ratio 1:6 respectively. 10 ml oil was taken in the round bottom
flask and mixed with 60 ml methanol. First methanol and nano catalyst
was mixed and allowed them to stir for 1 h at 45 °C till the methoxide
was formed. Placed round bottom flask in Muffle furnace. Condenser
was used to condense the gases formed during the process. 10 ml of
the crude oil was pour into the round bottom flask already containing
the mixture of nanocatalyst. After 2 h heating was stopped and the 2
layers are formed in the round bottom flask. Upper layer is of biodiesel
and the lower layer is of soap and glycerin. Solution was then filtered
with the help of Whatman filter paper. Biodiesel was separated and was
collected for the analysis.

Fourier transforms infrared spectroscopy

FTIR analysis was performed on a BRUKER VECTOR 22
spectrophotometer device. Table 1 shows the functional group
obtained from FTIR spectra.

The biodiesel produced from popular wood sawdust crude
oil were analyzed using FTIR spectrophotometry. The spectra as
shown in Figure 2. The broad band located at approximately 3383

Figure 1: Experimental set up for catalytic gasification of popular wood sawdust
crude oil.

cm™ are related to O-H vibrations of the hydroxyl groups The band
located at approximately 2967 cm™ are related to C-H vibrations
of the methylene groups and to stretching and contraction
vibrations of the methyl group. The intense peak located at 1708
cm corresponds to carbonyl radical and is characteristic of esters.
The band located at 1371 cm™ corresponds to the asymmetric
stretching of the C-H bond and the asymmetric bending of the
functional group. There was a set of bands between 1371 and 1288
cm™ that were associated with asymmetric vibrations of the C-C
(=0)-0 and O-C-C bonds. The high intensity peak located at 1009
cm™ was attributed to the symmetric angular deformation of the
C-H bond of olefins.

Results and Discussions

X-ray diffraction analysis: Generally, XRD can be used to
characterize the crystallinity of nanoparticles, and it gives the average
diameters of the nanoparticles. The precipitated fine particles were
characterized by XRD for structural determination and estimation of
crystallite size. Further, the formation of oxide could be confirmed
from the X-ray diffraction analysis of the samples. Figure 3 indicates
the X-ray diffractograms of the cobalt oxide nanoparticles obtained
by co-precipitation. Each diffractogram show the peaks characteristic
for the cobalt oxide of ~ 31.4° 36.1° and 65.7°. The crystallite size of
cobalt oxide nanoparticles were 46 nm. The crystallite size determined
by Scherer formula.

Scanning electron microscopy-energy dispersive X-ray
spectroscopy (SEM-EDX)

Figure 4 Support the microcrystalline nature of the particle after
calcinations with least degree of agglomeration. Particles seem to
have an irregular shape with chemical homogeneity with uniform
morphology and with good porosity due to an inter particle surface
connectivity. It was observed as the annealing temperature increases
the crystalline nature of the particle changes.

Frequency

(cm) Functional Group Assignment

3383 Broad symmetrical stretching vibration of hydroxyl OH group

2967 symmetrical stretching vibration of methylene group

1708 Stretching vibration of carbonyl and is characteristic of esters group

1371 Bending vibrations of the CH, and CH, aliphatic groups

1288 Bending vibrations of CH, groups
1049 CAO stretching

Table 1: FTIR results of popular wood sawdust biodiesel.
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Figure 2: FTIR spectra of Biodiesel obtained from popular wood sawdust
crude oil.
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Figure 3: X-ray diffraction of cobalt oxide nano particles.
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Figure 4: SEM image of cobalt oxide nanoparticles by co-precipitation approach.

Brunauer-emmett-teller (BET)

The surface area and pore volume was found to be 33.0715
m?*/g supporting the presence of limited porosity with a pore size
distribution. These values support their industrial applications as a
catalyst in organic reactions [26].

Fourier transforms infrared spectroscopy

The functional group analysis of pyrolysis oil was carried out by
using Fourier Transform Infrared Spectroscopy (FTIR). The FTIR
spectra obtained for pyrolysed oil was given in Figure 5. FTIR analysis
was performed on a BRUKER VECTOR 22 spectrophotometer device.
Table 2 shows the functional group obtained from FTIR spectra.

The biodiesel produced from palm oil were analyzed using FTIR
spectrophotometry. The spectra as shown in Figure 5. The band located
at approximately 2924 and 2852 cm™ are related to C-H vibrations of
the methylene groups and to stretching and contraction vibrations of
the methyl group. The intense peaks located at 1713 cm-1 correspond
to carbonyl radical and is characteristic of esters. The band located
at 1457 cm™ corresponds to the asymmetric stretching of the C-H
bond and the asymmetric bending of the functional group. There was
a set of bands between 1009 and 1374 cm™ that were associated with
asymmetric vibrations of the C-C (=0)-O and O-C-C bonds. The high
intensity peak located at 900 cm™ correspond to deflections out of the

plane of the C-O group and the one located at 1009 cm™ was attributed
to the symmetric angular deformation of the C-H bond of olefins.

Gas chromatography-mass spectrometry (GC-MS)

The chemical composition of the prepared biodiesel was
determined by Gas chromatography. For this purposeGC-6890N
model coupled with mass spectrometer; model MS-5973 MSD (mass
selective detector) was used. A DB-5MS capillary column (30 x 0.2 m?)
was used to separate the different compounds present in the diesel.
Helium was used as a carrier gas. The temperature of capillary column
was raised from 120-300°C at a fixed rate of 10°C/min. Biodiesel in
chloroform (0.1 pL) was injected as a sample using split mode with split
ratio of 1:10. The scan rate of mass spectrometer was set from 50-550
m/z. Electron Impact (EI) mode of ionization was used.

Fatty Acid Composition of Palm Oil Methyl Ester (POME)
was determined using gas chromatography. The study of chemical
properties of oils before the experimental work plays an essential role in
understanding the behavior and the structure of materials. This study
focused on using the Palm Oil Grade III (POG-III) as a renewable and
sustainable raw material for biodiesel production. Usually, Palm Oil
Grade III (POG-III) is traded based on the FFA content, moisture and
impurities. Table 3 Illustrates fatty acid composition of Palm Oil Grade
III (POG-III). The results showed that the prevalent fatty acids available
were oleic, palmitic, lauric and stearic acid. Saturated fatty acids in

Innov Ener Res, an open access journal
ISSN: 2576-1463

Volume 6 « Issue 2 » 1000170



Citation: Mahmood T, Malik M, Bano A, Umer J, Shaheen A (2017) Nanocatalytic Conversion of Waste Palm Oil Grade Il and Poplar Plant's Wood
Sawdust into Fuel. Innov Ener Res 6: 170. doi: 10.4172/2576-1463.1000170

Page 5 of 7

E R g 5 # 3 31 & i
NE § g 33 g 8
- 1
5 |
4 1
o
20 .-Jl
5 'I|'1|
g e [
17 N
| |
g 7 |I I| III" ”‘ 1 [
, . o ]
\ I\ | I,II}I \ I i Y
g e 1 NS VNV
i 3500 3000 2500 2000 1500 1000

Wavenumber o1

Figure 5: FTIR spectra of biodiesel obtained from palm oil grade IlI.

Frequency(cm™ Functional Group Assignment

Asymmetrical and
methylene group

Stretching vibration of carbonyl and is characteristic of esters

symmetrical stretching vibration of

2924 and 2852

1713
group
1457 Bending vibrations of the CH, and CH, aliphatic groups
1374 Bending vibrations of CH2 groups
1009 CAO stretching
900 =CH, wagging

Table 2: FTIR results of Palm oil grade Il biodiesel.

Molecular Mass

Fatty Acid | Structure = Formula (Wt%) Fatty acids
0

Lauric 12:00 C,,H,0, 200 0.209
Myristic 14:00 C,H,0, 228 1.497
Palmitic 16:00 C,:H,,0, 256 34.638
Palmitioleic 16:01 C,sH30, 254 0.314
Margaric 17:00 C,H,0, 270 0.106
Stearic 18:00 C,sH;0, 284 6.908
Oleic 18:01 C,sH,,0, 282 41.662
Arachidic 20:00 C,H,,0, 312 0.575
Eicosenoic 20:01 C,H;0, 310 0.209

Table 3: Fatty acid composition of palm oil by GC.

palm oil grade IIT (POG-III) were 44.02 weight % while unsaturated
fatty acids were 55.96 weight %. Due to its high percentage of saturated
fatty acids and free fatty acids, Palm Oil Grade III (POG-III) exists in
semi-solid phase at room temperature (28 + 2°C). Hence, Palm Oil
Grade III (POG-III) has higher pour and cloud points as compared
to normal palm oil. Higher saturated fatty acids in oils give a higher
cetane number, and the oil is less prone to oxidation.

The fatty acid composition of biodiesel from the Palm oil grade III
biodiesel is shown in Table 4.

Fuel Properties of Biodiesel

Biodiesel fuel characterization is done by the following parameters-
cetane number, cloud point, flash point, sulfur contents, density
and acid value, pour point, ash contents, kinematics viscosity. The
mentioned parameters are discussed below in detail [27].

Flash point

Flash point shows the flammability hazards of the fuel while in
the air presence. Flash point is important in a sense that it is useful

Carbon Type of fatty

Systematic Name of FAME FAME content/%

chain acid
Dodecanoic acid methyl ester C,,0 Saturated 0.19+£0.01
Tetradecanoic acid methyl ester | C,,:0 Saturated 0.90 + 0.03
Hexadecanoic acid methyl ester = C_ .0 Saturated 44.00 + 2.00
Hexadecenoic acid methyl ester | C, 1 Unsaturated 0.285 + 0.003
Octadecanoic acid methyl ester C,;0 Saturated 4.35+0.04
cis-9-Octadecenoic acid methyl C. 1 Unsaturated 40.40 + 2.20
ester 18
All-cis-9,12-Octadecadienoic acid C. 2 Unsaturated 0.44 +0.05
methyl ester 18
AII—C|s—9,1_2,15—Octadecatrlen0|c c. 3 Unsaturated 0.28 +0.02
acid methyl ester 18
Eicosanoic acid methyl ester C,:0 Saturated 0.301 + 0.003

Table 4: Fatty acid composition of biodiesel from POG llI; results are the average
of three replicates + standard deviation.

for storage, handling and safety purposes. Flash point of the prepared
biodiesel was 179.8°. It is a higher value than the ordinary petroleum
fuels which shows that the prepared biodiesel is less volatile and it is for
the storage and transportation purposes.

Kinematic viscosity

The flow rate of fuel is determined by the kinematic viscosity.
Kinematic viscosity also controls the atomization of fuel. Viscosity is a
factor that hinders the flow of fuel and the engine life is affected by the
high levels of viscosity as it causes knocking and poor fuel atomization.
Low levels of viscosity in the fuel are good because fuel will be easily
propelled and fine droplets are formed. High level of viscosity results in
the blockage of fuel injector as the fuel does not burn fully and deposits
are formed. Prepared biodiesel has viscosity within the limits.

Sulphur content

Presence of sulphur in the biodiesel should also be known because
if the sulphur is more in the diesel its burning will be effecting the
environment. In the prepared biodiesel the sulfur content is much less
as compared with the standard values hence the biodiesel made from
the palm oil is environment friendly.

Cloud point and pour

The temperature at which wax crystal clouds are formed in the
diesel fuel when it is cooled is said as cloud point and the temperature
at which the fuel flows is called as pour point. Cloud and pour point of
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Properties Biodiesel from PO Test method? Limit
Ester content/(mol mol™) 94% EN 14103 min 96.5%
Monoacylglycerols content/(mol mol") 0.06% EN 14105 max 0.80%
Diacylglycerols content/(mol mol") 0.03% EN 14105 max 0.20%
Triacylglycerols content/(mol mol-") <0.02% EN 14105 max 0.20%
Free glycerol content/(mol mol™") <0.02% EN 14105 max 0.02%
Total glycerol content/(mol mol™') 0.05% EN 14105 max 0.25%
Water content/(mg kg™") 412 EN ISO 12937 max 500
K content/(mg kg™) max 1 EN 14108 max 5.0
P content/(mg kg™) max 7.3 EN 14107 max 10.0
Density (15°C)/(kg m™) 858.32 EN ISO 3675 860-900
Flash-point/°C 179.8 EN ISO 3679 min 120
Cloud-point/°C 14.4 - -
Sulphated ash/(mol mol™") <0.004% 1ISO 3987 max 0.02%
Total contamination/(mg kg™") 0.0075 EN 12662 max 24
Acid value/(mg g™') 0.07 EN 14104 max 0.50
lodine value/(g g™") 60.20% EN 14111 max 120%
Copper-strip corrosion (3 h at 50°C) Class 1 EN ISO 2160 Class 1 rating

Table 5: Specifications of biodiesel.

-

Figure 6: Comparison of palm oil grade |l and biodiesel obtained after catalytic pyrolysis.

the prepared biodiesel are in the range of standards so the diesel can be limit. This can be rectified by optimising the transesterification reaction.

used both in moderate and high temperature climates.
Density

Limit which is favorable: While designing a fuel injection system
density is very important. Higher density causes the greater mass
delivery of the fuel and fuel is consumed in a large quantity which is
not good. Density of the prepared biodiesel is much less than the given
standard values and it is favorable for use.

Characteristics of Biodiesel

Table 5 presents the biodiesel specifications following EN 14214
standard [28-30].

Conclusion

The findings achieved in this work showed that the biodiesel
produced from the Palm Oil Grade III (POG-III)met the European
standard specifications but the ester content of the treated Palm Oil
Grade IIT (POG-III) was slightly lower than the international standard

The phosphorus value represents the phosphatide (gum) content in
the fuel and it was found at a very low concentration. The flash-point
and copper-strip corrosion tests were found to be highly suitable as
operational safety properties for biodiesel compared with petroleum
diesel. In general, the biodiesel produced achieved favourable scores
with reference to the EN 14214 standard [28].

The results of this study revealed that palm oil grade IIT (POG-III)
has the potential for use as a renewable and industrial feedstock for
biodiesel production (Figure 6).
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