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ABSTRACT

The study was carried out to produce biodiesel through direct transesterification of waste avocado seed. The method involves
solvent assisted in-situ alkali-catalyzed transesterification. Experiments were conducted to determine the selection of appropriate
solvent, effects of catalyst, methanol quantity, temperature, time, stirring rate and co-solvent amount. This process yields biodiesel of
94.4 wt% with respect to weight of total oil content of avocado seed. The optimum parameters observed were 0.05 wt% catalyst (KOH),
1.5 g methanol, 65 °C reaction temperature, 600 rpm stirring rate, 50 min reaction time and 30 g of Tetrahydrofuran for 10 g seed. The
process was scaled up to bench scale and the product biodiesel obtained was washed, dried and their fuel properties were compared
with ASTM D 6751 specifications. It was found that avocado seed biodiesel exhibits exceptional oxidation stability and low temperature
properties.
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INTRODUCTION

The supply of petroleum-based fuels is decreasing and we will one day run out of it. The trend of the high demand, decreasing
supply greatly affects the environment. One popular alternative fuel is biodiesel that is a diesel like product extracted from plant matter.
Biodiesel can be burnt in most diesel engines, either undiluted or mixed with petroleum diesel in any ratio, with little or no engine
modifications. The main drawback for the commercialization was due to the high cost of pure vegetable or seed oils, which constitutes
about 70-85% of the overall biodiesel production cost (Revellame, 2010, Mondala, 2009). Use of waste cooking oil for biodiesel
production results in other challenges of wide-ranging properties that may affect the biodiesel quality. The plants yielding non-edible
oils, such as karanja, jatropha, castor, neem, pongamia and algae may play an important role in providing new alternative source of
feedstock. But development of these alternative raw materials requires vast land and technology.

Transesterification is one of the most common methods used to produce biodiesel in larger scales. In this reaction fat or oil
combines with an alcohol to form biodiesel and glycerol. Both alkali as well as acid catalysts catalyzes this reaction. Recently, the
production of biodiesel by direct alkali-catalyzed in-situ transesterification of soy flakes was reported (Haas, 2004). Mondala et al.
(2009) conducted similar experimental procedure that was applied on dried primary and secondary sludge samples. In in-situ process,
lipids are simultaneously extracted and transesterified which eliminates extraction, separation and transesterification steps. Thus the
reaction time, solvent and energy requirement are reduced when compared to other process.

The global increase in consumption of avocado is due to its rich nutritious content. This attracted large fruit processing
industries where the edible pulp is separated and seed are left as residues. This study investigates in-situ biodiesel production and
process optimization of waste avocado seed as sources of fuel and fuel additive. The resulted biodiesel fuel properties were analyzed
according to standard methods and compared with ASTM standard. The avocado seed cake left as byproduct can be acceptable for
using as food due to the presence of 30 wt% starch (Kahn, 1987).

MATERIALS AND METHODS

Avocado seeds were obtained as a waste product from fruit processing industry (Chennai, India) with average moisture
content of 47 wt%. All solvents and chemicals obtained from Merk (Mumbai, India) were used without any further purification.
Co-solvent Selection: Selection of an appropriate solvent is important for in-situ transesterification. A preliminary extraction
experiment was done with different solvents such as MTBE, carbon tetra chloride, chloroform, THF and n-hexane to find out a solvent
suitable for maximum yield of oil extracted. Fresh seeds were cut down into pieces, sun-dried, pulverized and sieved through a 120
mesh. Avocado Seed Oil (ASO) was extracted from 30 g of avocado seed with 250 mL of solvent by Soxhlet’s method. The extraction
time was maintained for a maximum of 16 hours at the rate of 8 cycles per hour. Then, the solvent was removed with a help of
rotary evaporator. The oil yield obtained was expressed in terms of weight percentage of the samples and calculated from the following
equation:

Total oil yield we.% — L & 0f oil extracted (g) ,
o S Wt. of seed (g)
The percentage of oil extracted, un-saponifiable matter and Free Fatty Acids (FFA) content were used to evaluate the selection
of solvent used for in-situ production of biodiesel.
Characterization of ASO: Gas chromatography was used to analyze various fatty acids present in ASO. The data obtained were
collected by Win-Chrom software and compared with standards. The mean molecular weight of the ASO was calculated by using the
following equation:

Mwa“ = 3 X Z(MWI- > Xi:l —+ 38
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Where, MW, stands for average molecular weight of the ASO. MW; and X; stand for molecular weight and mass fraction of the i
fatty acid, respectively.
Preparation of catalyst: A stock catalyst solution was prepared by dissolving 15 g of KOH in 100 mL of methanol under cold condition.
The weight percentage of the catalyst required for the reaction was added in volume from the stock.
In-situ Transesterification: In in-situ transesterification, the oil was not extracted from the seed and reacted with the alcohol in the
presence of catalyst. The batch reactions were performed in a wide mouth triple neck flat bottom round flask. The seeds were charged
into reactor along with co-solvent. When a required temperature was attained, the catalyst dissolved in methanol was added. The reaction
was studied at different catalyst concentrations, weight of methanol, temperature, rpm and weight of co-solvent.
Downstream process: After the reaction was completed under prescribed condition solid cake and mother liquor were separated by
vacuum filtration followed by a solvent wash. After separation the filtrate was washed with water and extracted with petroleum ether
to remove residual co-solvent, unreacted methanol and catalyst. This was then dried under vacuum. The biodiesel yield from avocado
seed was calculated as shown in below equation:
Biodisel yield (%) = Mass of biodiesel (g)
tocisel ye */~ Mass of seed (g)X 0il content (wt%)

Finally the biodiesel properties were determined as per ASTM standard test methods and compared with ASTM D6751
standard.
RESULT AND DISCUSSIONS
Selection of Solvent: The co-solvent plays an important role in extractions as a reaction promoter and to accelerate the in-situ
transesterification. Five different co-solvents were investigated and their yield by MTBE, carbon tetrachloride, chloroform, THF and n-
hexane were found to be 11.1 %, 8.5 %, 10.1 %, 11.4 % and 11.3 % respectively. The ASO vyield by soxhlet method was lower (13.4%)
than expected (15%) from the findings of Rachimoellah et al. (2009) this may happen due to the geography and seasons of origin. From
the Table 1, it was observed that the oil extracted by THF and n-hexane yields high, without a much significant difference in FFA and
un-soponifiable matter content. THF had proved to be good in extraction and also the same can form a single phase to improve the mass
transfer of oil and methanol to intensify the transesterification of oil and aliphatic alcohols. From these above considerations THF was
selected as co-solvent for in-situ transesterification.
Characterization of ASO: The quantitative analyses of fatty acid composition of avocado seed oil were presented in Table 2. About
eleven different types of fatty acids were identified. Linoleic acid (40.93 wt%) was the principle fatty acid. The fatty acids in the seed
have higher levels of polyunsaturated acids (48.8 wt%) and 24.32 wt% of saturated acids. The last undetermined part of 2.36 wt%, may
consist of sterols, triterpenes phenols, tannins etc, which are of higher alcohol and hydrocarbons. The average molecular weight of ASO
calculated from the fatty acid profile was 938.31 g mol. The acid value was found to be 1.53 mg KOH g (Table. 3) that it facilitates
the use of alkali-catalyst, KOH for this study (Ghadge, 2006).
Effect of Catalyst: The catalyst is an important reactant used for transesterification process. Here, catalyst aims at speeding up the
process by aiding the rapid breaking of triglyceride bonds. The effect of different catalyst concentration (0.02, 0.03, 0.04, 0.05 and 0.06
wit% of catalyst with respect to weight of avocado seed) on the biodiesel yield was shown in Figure. 1. It was clearly observed that using
a lower concentration of the catalyst (0.02 wt%) led to an incomplete reaction and resulted in a lower yield of biodiesel. The yield
increased and reached apparent optimum level at a catalyst amount of 0.05 wt% with a yield of 89 %. But at higher concentrations
above 0.05 wt%, the yield slightly decreases; this may be due to the formation of soap.
Effect of Methanol: From the Figure 2, maximum yield of biodiesel was observed under experimental conditions with 1.5 g of
methanol. The yield was 86 % when 0.5 g of methanol was used but there was considerable increase in the yield up to 91.1 % on
increasing the methanol weight up to 1.5 g. On further increasing the methanol there was no shift in biodiesel yield. Higher methanol
amount may interfere with glycerol and drives the equilibrium back to the left side.
Effect of Temperature: The biodiesel yield was observed by varying temperatures from 45 to 65 °C. The maximum temperature was
set at 65 °C, which was the boiling point of methanol. Figure 3, shows an increasing trend in biodiesel yield with increase in temperature.
At the end of 40 min, the reaction showed a maximum biodiesel yield of 92.2 % was obtained at 65 °C.
Effect of Time: The effect of reaction time was investigated by keeping the optimal parameters obtained in the previous sections. The
time was varied as 30, 40, 50 and 60 min. The effect of the reaction time on yield of biodiesel is shown in Figure 4. It was observed
that at shorter reaction times the reaction did not reach completion. The yield was lower (88 %) at shorter time (30 min) and increased
(92.8 %) as the time was extended to 50 min. Thus the optimal yield was observed at the reaction time of 50 min.
Effect of Rpm: The agitation speed enhances the contact of the reactants during the transesterification process, causing the reaction to
be initiated faster. The yields were observed to be different at different stirring speeds. At lower stirring speeds, the yield of biodiesel
was lower than at higher speeds. Figure 5, illustrates the effect of agitation speed on the biodiesel yield. The optimal yield of 93.2 %
was obtained at the stirring speed of 600 rpm.
Effect of Co-solvent: The quantity of selected co-solvent that effect the performed of extraction and reaction were studied. The amount
of co-solvent (THF) is varied from 20 to 40 g with a regular increase of 10 g. Other parameters influencing the reaction and yield were
kept at optimum. Figure 6, illustrates the effect of co-solvent on yield. No significant change was observed in yield on varying the
amount of co-solvent beyond 30 g. A maximum yield of 94.1 % was obtained in 30 g of co-solvent.
Fuel Properties of Biodiesel: From the optimized parameter in the present work, the process was scaled up to a bench scale. The
product biodiesel was analyzed according to ASTM test methods and the results of the in-situ transesterification were presented in
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Table 4. The specific gravity of the product biodiesel decreased sharply from 0.922 to 0.8759. Lower value of the specific gravity of
the final biodiesel is an indication of completion of reaction and removal of heavy glycerin.
Concretely two of the excellent parameters for ASO biodiesel were the oxidation stability and the low temperature properties.
The cold soak filterability was measured according to ASTM D 7501-09b. The cold soak filtration time of crude biodiesel was 147.5 s,
and was significantly lower than ASTM biodiesel limit of 360 s. Cloud point is an important parameter for determining the cold weather
performance of biodiesel. The higher unsaturated methyl esters in biodiesel results in better cloud point than soy biodiesel.
Table.1.ASO yield, Un-saponifiable matter and FFA for different solvents extracted using Soxhlet’s method.

Solvent used Weight of oil extracted @ wt% of extracted oil wt% of Un- FFA (%)
(9) saponifiable matter
MTBE 3.93 13.1 291 0.69
Carbon 3.15 10.5 3.02 0.76
tetrachloride
Chloroform 3.63 12.1 3.10 0.75
THF 4.02 13.4 291 0.76
n-hexane 3.99 13.3 2.90 0.68
a Per 30 gram of seed by soxhlet extraction
Table.2.Fatty acid composition of ASO.
Fatty acid Carbon number Weight percentage
Myristic C14:0 0.52
Palmitic acid C16:0 21.2
Palmitoleic acid Cl16:1 2.20
Stearic acid C18:0 0.12
Oleic acid C18:1 21.37
Linoleic acid C18:2 40.93
Linolenic acid C18:3 7.87
Arachidic acid C20:0 1.06
Lingnoceric acid C24:0 1.12
Table.3.Properties of the raw ASO
Parameters
Specific gravity 0.922
Saponification value, mg KOH g 187
lodine value 131
Acid value, mg KOH g* 1.53
Average molecular wt of oil, g mol* 938.31
Table.4.Properties of ASO biodiesel
Properties Units Test methods ASTM Limits ASO Biodiesel
Specific gravity --- ASTM D4052 0.8759
Flash point °C ASTM D93 130 min 146
Cloud point °C ASTM D2500 Report -2
Pour point °C ASTM D 2500 Report -8
Oxidation Stability hour EN 14112 3 min >7
Cold Soak Filtration Time second ASTM D7501 360 max 147
Viscosity@40°C mm? s ASTM D445 1.9-6 3.94
Acid number mg KOH g ASTM D664 0.05 max 0.036
Cetane number ASTM D613 47 min 49.3
Water & sediments % volume ASTM D2709 0.05 max 0.041
Copper strip corrosion ASTM D130 Number 3 max la
Sulphated ash % mass ASTM D874 0.02 max 0.002
Phosphorous content % mass ASTM D4951 0.001 max 0.0009
Na & K combined ppm EN 14538 5 max 4
Ca & Mg combined ppm EN 14538 5 max 3
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Figure.1.Effect of catalyst on biodiesel yield Figure.2.Effect of methanol on biodiesel
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Figure.5.Effect of stirring speed on biodiesel yield Figure.6.Effect of;ic;-lzolvent on biodiesel
CONCLUSION

In the regions where large avocado cultivation and fruit processing units are located, huge volumes of seeds were produced.
These seeds are non-edible and considered as a solid waste. But by In-situ transesterification process a good quality biodiesel can be
produced from them. The methanol and co-solvent used in the reaction as combined removes terpenoids and tannins that make the
leftover solid residue as animal feed. The biofuel produced by this process showed good fuel properties. Finally, the product obtained
by in situ transesterification can be employed as a direct fuel or can be blend with other conventional biodiesel to improve cold flow
property and oxidation stability. As a conclusion, production of biodiesel from a cheap raw material by in-situ transesterification method
would produce fuel and convert them as food supplement that increases economic importance of avocado.
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