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Abstract: Feedstock with high free fatty acids (FFAs) content can be successfully employed for biodiesel synthesis once the high FFA
content is reduced to the desired levels. In the present study, the applicability of ferric sulphate as the solid acid catalyst for esterification
of FFA in waste coconut oil was evaluated at varying catalyst dosage and methanol:oil molar ratios. 1.25, 2.5, 3.75 and 5.0% w/w
Fe,(SO,); on oil basis was used at methanol:oil ratios of 3.81:1, 5.72:1 and 7.63:1 and at the reaction temperature of 60 °C. The FFA
reduced more with the increase in catalyst and methanol:oil molar ratios while the time requirement to reach the esterification
equilibrium reduced. Final FFA level of 2.00% w/w on oil can be achieved by esterification at a reaction period of 36.94 minutes in the
presence of 3.75% wiw of Fe,(SO,); catalyst dosage at 7.63:1 methanol:oil molara ratio and 60 °C reaction temperature, which then can
be subjected for trans-esterification process. At the end of the considering reaction period the solid Fe,(SO,); catalyst could be separated

from the reaction system.
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1. Introduction

Fatty acid methyl esters (FAME) i.e. biodiesel, is a
renewable alternative for petroleum based diesel fuel. It is
also environmental friendly as it reduces greenhouse gases
emission and hence solution for global warming and climate
stabilization. Biodiesel is a fuel derived from renewable
biological sources such as plant oils and animal fats through
esterification of free fatty acids and trans-esterification of
triglycerides. The main method of biodiesel production is the
trans-esterification of triglycerides using base catalysts, of
which the conversion efficiency is highly affected by the
FFA content and the water content in feedstock [1].
Unwanted byproduct formation, severe limitations and
inefficiencies occur during trans-esterification of FFA lipid
feedstocks via base catalytic trans-esterification [2].
Therefore, high quality, high purity virgin oils are required
to avoid the difficulties associated with trans-esterification
process of biodiesel production [3], which then results in
increased competition with food, cosmetics, industrial and
livestock feed demand, and hence much higher production
costs of biodiesel fuel [4]. To improve the economics of
biodiesel production, lower cost lipid feedstock such as
animal tallow and waste oils, and acidulated soapstocks can
be used as raw materials for biodiesel production process
[5]. The application of low value feedstock for biodiesel
production improves the viability of biodiesel production
process and also the competitiveness with other types of
fuels.

Homogeneous catalysis is the highly preferred catalysis
technique used for trans-esterification. But, it possess some
technical and environmental disadvantages such as high cost
of purification and wastewater generation. Therefore,
heterogeneous catalysis has been identified as a possible
alternative to overcome the issues relating to homogeneous
catalysis [6]. Heterogeneous catalysts enhance the
applicability of high acid value oils to be used as feedstock
for biodiesel synthesis. The main advantages of

heterogeneous catalysis are the easy separation of catalyst
from the product without the necessity of washing, and the
reusability.

The catalytic activity and reusability of different Fe-based
solid catalysts have been evaluated in several studies. It is
revealed that FeClz, and Fe,(SO,4); have better activity and
reusability for esterification of free fatty acid content in
waste oils for biodiesel synthesis [7], [8]. Kusakabe and
Guana [7] used 4, 8 and 10% w/w of Fe,(SO,); to esterify
the high FFA content of waste oily sludge at the methanol:oil
molar ratio of 10:1 and 60 °C. Above 86.0% fatty acid
methyl ester (FAME) yield could be obtained for the reuse
of two times of the catalyst without rapid decrease in the
catalyst activity [7]. Wang et al. [8] used 3% w/w Fe,(SO4);
for esterification of FFA in waste cooking oil, and achieved
97.22% FFA conversion after 4 h reaction at 95 °C at a
methanol:oil ratio of 10:1. The catalyst was found to be
suitable for reuse at least 10 times with 10% w/w of fresh
addition [8].

In the present study, the applicability of Fe,(SO4); for
esterification of high FFA content in waste coconut oil
(WCO) is evaluated at varying catalyst dosage and
methanol:oil molar ratios.

2. Procedure

2.1 Materials

WCO was collected from restaurants. Methanol, Fe,(SO4);
and all the chemical reagents used for determination of acid
value of the oil samples are of analytical reagents grade.

2.2 Determination of FFA

0.5 g of WCO was taken to a titration flask, and thoroughly

mixed with 12.5 g of iso propyl alcohol (IPA). Then, it was
titrated with 0.1 M NaOH solution at the presence of
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phenolphthalein indicator, and the consumed NaOH volume
at the end point was recorded (v). The blank titration was
repeated for 12.5 g of IPA and the consumed NaOH volume
was recorded (b). The acid value (AV) of the WCO was
estimated using (1).

(v —B) X Nygpy % B6.1 mgKQHf

Actd Falue (AV) = g 1)

Weo

The FFA content was then determined using the obtained
AV.

2.3 Pretreatment of WCO

The collected WCO from restaurant cooking was filtered
through a filter clothe to remove the residual food particles
and sludge. Then, the resultant filtrate was heated at 110 °C
for 15 minutes to remove the moisture in oil. The pretreated
WCO was stored in a container with an air tight cap to avoid
contact with atmospheric moisture and used for the research
experiments.

2.4 Reactor setup

A laboratory scale batch type experimental setup was
employed to evaluate the esterification of FFA in WCO. A
flat bottomed two neck flask was used as the reactor vessel
which was immersed in a water bath to regulate the reaction
temperature at a constant level. An opening of the flask was
used to insert a thermometer, and to take the samples out,
while the other was used to connect the reactor vessel with a
Liebig condenser. The Liebig condenser with a continuous
water supply condensed any methanol vapor evaporating
from the reaction mixture and fed back to the reactor vessel.

2.5 Experimental design

The present study was conducted to evaluate the
applicability of Fe,(SO,)3 as the catalyst for esterification of
high FFA content in WCO. The conversion of FFA in WCO
was evaluated with time for batch esterification process for
?)/arying catalyst dosage and methanol:oil molar ratios at 60

1.25% wiw of Fey(SO,); on oil was added to the flask
containing 200 g of WCO. Then, the flask was immersed in
the water bath and allowed the system to reach 60 °C.
Esterification of FFA was allowed by introducing methanol
to the reactor at methanol:oil molar ratio of 3.81:1. Samples
of 10 ml were drawn at 30 minutes intervals for 4 hours. The
drawn samples were then centrifuged at 2000 rpm for 5
minutes. FFA content of the oil was determined and the
percentage reduction of FFA was estimated using (2).

FFA Reduction (%) = % x 100% 2
nitial

The procedure was repeated for 1.25%, 2.5%, 3.75% and
5.0% wiw Fe»(S0,)s and methanol:oil molar ratios of 3.81:1,
5.72:1 and 7.63:1. The results were analyzed in order to
identify the optimum reaction conditions for esterification of
FFA in WCO at the presence of Fe,(SOg); for better
economical biodiesel synthesis process.

3. Results and Discussion

The FFA level of the WCO was estimated as 12.75% w/w on
oil. The samples from the reaction mixture produced three
layers at the end of centrifugation. The top layer contained
unreacted methanol and produced water during
esterification, the middle layer with produced FAME and oil,
while the bottom layer contained Fe,(SOy)s.

At the considering reaction conditions the FFA level of the
oil reduced significantly with time.

The time profile of FFA reduction for varying Fe,(SOy)s
dosage at 3.81:1 methanol:oil molar ratio and 60 °C, was
indicated in figure 1. At 1.25% w/w of Fe,(SO,4); dosage,
FFA level gradually reduced, and the percentage FFA
reduction reached a value of 58.1% at the end of 4 hours.
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Figure 1: The time profile of FFA reduction for varying
Fe,(S0,); dosages at 3.81:1 r(‘)nethanol:oil molar ratio and
60 °C

The FFA reduction rate was higher at the higher catalyst
dosage of 2.5% w/w of Fe,(SO,)s. At these conditions, the
system reached an equilibrium state of esterification of FFA
by the end of the 4 hours. The catalyst dosages of 3.75 and
5% resulted in similar FFA reduction. At 3.75 and 5% of
catalyst dosages, the equilibrium was achieved faster at
higher FFA reduction percentage. The maximum possible
FFA reduction has been achieved by each system at its
equilibrium state. The increase of the catalyst dosage
indicated distinguishing increment in FFA reduction at the
respective test conditions. Hence, the effect of Fe,(SOy)s
dosage on FFA reduction was significant at 3.81:1
methanol:oil molar ratio and 60 °C.
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Figure 2: The time profile of FFA reduction for varying

Fe,(S0,); dosage at 5.72:1 methanol:oil molar ratio and
60 °C
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Figure 3: The time profile of FFA reduction for varying
Fe,(S0O,); dosage at 7.63:1 ngethanol:oil molar ratio and
60 °C
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Figures. 2 and 3 indicate the percentage FFA reduction for
varying Fe,(SO4); dosages at 60 °C for methanol:oil molar
ratios of 5.72:1 and 7.63:1 respectively. At test conditions of
different methanol:oil molar ratios, the FFA reduction was
rapid. Considerable FFA reduction occurred within the
initial 30 minutes of the reaction. The FFA level reduced
further in a very small value for several more minutes, and
then the equilibrium state was achieved. The FFA reduction
didn’t indicate any distinguishing improvement with respect
to the increment in catalyst dosage. Hence, the catalyst
dosage did not affect significantly on FFA reduction of
WCO at the reaction conditions. At 7.63:1 methanol:oil
molar ratio the equilibrium reaching was faster than that at
5.72:1. The FFA reduction rate was higher for the
methanol:oil molar ratio of 7.63:1 than that of 5.72:1.

The maximum percentage FFA reduction at the test
conditions of varying catalyst concentration and methanol:oil

molar ratios at 60 °C was indicated in figure 4. The FFA
reduction at the methanol:oil molar ratio of 3.81:1 was
significantly lower than that at 5.72:1 and 7.63:1. At 3.81:1
methanol:oil molar ratio, the percentage FFA reduction was
58.1, 60.7, 64.5 and 64.8 at catalyst dosages of 1.25, 2.5,
3.75 and 5.0% respectively. The respective results at 5.72:1
methanol:oil molar ratio were 82.4, 82.8, 84.1 and 85.1. At
the higher methanol:oil molar ratio of 7.63:1, the percentage
FFA reduction was higher. The percentage FFA reduction at
this condition was 85.2, 85.8, 86.4 and 86.7% for 1.25, 2.5,

3.75 and 5.0% catalyst dosage.
ms
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Figures 4: Maximum FFA reduction for varying Fe,(SOy)3

dosage and methanol:oil molar ratios at 60 °C

The maximum possible percentage FFA reduction increased
with the increase of methanol:oil molar ratio from 3.81:1 to
5.72:1. But, there was no considerable increment in FFA
reduction for further increment of methanol:oil molar ratio
from 5.72:1 to 7.63:1.

The FFA reduction varies only within 82.4 — 86.7 for
catalyst dosages of 1.25, 2.5, 3.5 and 5% and methanol:oil
molar ratios of 5.72:1 and 7.63:1. Hence, the effect of
catalyst dosage was negligible at higher values of
methanol:oil molar ratios.

The reaction time required for 84.31% FFA reduction
varying catalyst dosages and methanol:oil molar ratios at 60
%C was indicated in figure 5. In the present study, FFA
reduction of 84.31% was equivalent to a final FFA level of
2.0% w/w on oil. The desirable FFA level for successful
alkaline trans-esterification is less than 0.5% - less than 3.0%
of FFA on wi/w basis of oil [9].
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Figure 5: Reaction time requirement for 84.31% FFA
reduction at varying Fe,(SO,); dosage and methanol:oil
molar ratios at 60 °C

Desirable levels of FFA reduction couldn’t be achieved by
catalyst dosage of 1.25, 2.5, 3.75 and 5.0% at 3.81:1
methanol:oil molar ratio and 60 °C. At the methanol:oil
molar ratio of 5.72:1, the system indicated satisfactory FFA
reduction only for 5.0% catalyst dosage at 69.43 minutes of
reaction time. For the methanol:oil molar ratio of 7.63:1, the
system reached satisfactory levels of FFA for all the
considering catalyst dosages. The reaction time requirement
to reach satisfactory results was lower at 5.0% catalyst
dosage and 5.72:1 methanol:oil molar ratio than that at
1.25% and 7.63:1 of respective reaction conditions.

72.63, 45.96, 36.94 and 35.80 minutes were required at
7.63:1 methanol:oil molar ratio and 60 °C for the catalyst
dosages of 1.25, 2.5, 3.75 and 5.0% respectively. Significant
reduction of reaction time required to reach the FFA level of
2.0%, can be observed with increasing catalyst dosage.

Fe,(S0O,)s is soluble in water though insoluble in methanol,
FFA and FAME [7]. Hence, water produced during
esterification may affect the catalyst performance. It could
shift the esterification equilibrium towards the reactants and
deactivate the catalyst [10]. The remaining micro scale
impurities in the WCO after the pretreatment stage could
influence the performance of the Fe,(SO,); catalyst during
the esterification of FFA in WCO.

4. Conclusion

The activity of Fey(SO,); as the solid acid catalyst for
esterification of high FFA content WCO was evaluated at
varying catalyst and methanol: oil molar ratios at 60 °C. The
equilibrium condition was reached faster with increasing
catalyst dosage and methanol: oil molar ratios. The effect of
increasing catalyst dosage reduced with increasing
methanol:oil molar ratios. The maximum possible FFA
reduction was not strongly affected by the catalyst dosage or
methanol:oil molar ratios above the methanol: oil molar ratio
of 5.72:1.

Significant amounts of Fe,(SO,4); was required to achieve
satisfactory FFA levels at the methanol:oil molar ratios of
5.72:1 and 60 °C to proceed the trans-esterification for
biodiesel synthesis. Favorable FFA levels can be achieved at
varying catalyst dosages at 7.63:1 methanol:oil molar ratio
and 60 °C.

The reaction time for esterification significantly reduced
with increasing catalyst dosage and methanol:oil molar ratio.
The reaction conditions of 3.75% w/w of Fe,(SO,); dosage
at 7.63:1 methanol to oil molar ratio and 60 °C can be
identified as the optimum conditions for Fe,(SO,); catalyzed
esterification for biodiesel synthesis.

The solid Fe,(S0,); catalyst can be easily separated from the
reaction mixture by filtration, and can be reused. Since, the
impurities containing in the WCO may affect the quality of
the catalyst, the collected Fe,(SOy4); by filtration may subject
to washing steps for better catalytic performance at repeated
use.

5. Future Scope

In this study, the applicability of ferric sulphate as the
catalyst for the esterification process of high FFA content
WCO was evaluated. The optimum Fe,(SOy4); dosage,
methanol: oil molar ratio and the reaction time requirement
to reach acceptable results at 60 °C can be obtained from the
study. The present study can be further improved by reusing
the separated Fe,(SO,); and determining the catalytic activity
of Fey(SO,); at the derived optimum reaction conditions.
Any required purification stages of used Fe,(SO,4)3, amounts
of fresh additions of Fe,(SO,); in order to obtain satisfactory
results can be investigated. The esterified WCO can be then
subjected to trans-esterification process in order to complete
the biodiesel synthesis process, and the properties of the
resultant biodiesel can be evaluated for various applications.

References

[1] C. V. McNeff, L. C. McNeff, B. Yan, D. T. Nowlan, M.
Rasmusse, A. E. Gynberg, B. J. Krohn, R. L. Fedie and
T. R. Hoye, "A continuous catalytic system for biodiesel
production," Applied Catalysis A: General 343, pp. 39 -
48, 2008.

[2] D. E. Lopez, J. G. Goodwin Jr, D. A. Bruce and E.
Lotero, "Transesterification of triacetin with methanol
on solid acid and base catalysts," Applied Catalysis A:
General, vol. 295, no. 2, pp. 97 - 105, 2005.

[3] M. J. Haas, A. J. McAloon, W. C. Yee and T. A. Foglia,
"A process model to estimate biodiesel production
costs," Bioresource Technology, vol. 97, no. 4, pp. 671 -
678, 2006.

[4] J. V. Gerpen, "Biodiesel processing and production,”
Fuel Processing Technology, vol. 86, no. 10, pp. 1097 -
1107, 2005.

[5]1 M. J. Haas, "Improving the economics of biodiesel
production through the use of low value lipids as
feedstocks: vegetable oil soapstock," Fuel Processing
Technology, vol. 86, no. 10, pp. 1087 - 1096, 2005.

[6] S. Baroutian, M. K. Aroua, A. A. A. Raman, N. M. N.
Sulaiman, "A packed bed membrane reactor for

Volume 3 Issue 10, October 2014
Www.ijsr.net

Paper ID: OCT14589

Licensed Under Creative Commons Attribution CC BY

2071




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

[7]

[8]

[9]

biodiesel production using activated carbon supported
catalysts," Bioresource Technology, vol. 102, no. 2, pp.
1095 - 1102, 2011.

K. Kusakabe and G. Guana, "Biodiesel production from
waste oily sludge by acid-catalyzed esterification,"
International Journal of Biomass and Renewables, vol.
1,n0.1, pp.1-5,2012.

Y. Wang, S. Ou, P. Liu, F. Xue and S. Tang,
"Comparison of two different processes to synthesize
biodiesel by waste cooking oil," Journal of Molecular
Catalysis A: Chemical, vol. 252, no. 1 - 2, pp. 107 - 112,
2006.

I. M. Atadashi, M. K. Aroua, A. R. Abdul Aziz and N.
M. N. Sulaiman, "Production of biodiesel using high
free fatty acid feedstocks," Renewable and Sustainable
Energy Reviews, vol. 16, pp. 3275 - 3285, 2012.

[10]E. Lotero, Y. Liu, D. E. Lopez, K. Suwannakarn, D. A.

Bruce and J. G. Goodwin Jr, "Synthesis of biodiesel via
acid catalysis,” Industrial & Engineering Chemistry
Research, vol. 44, no. 14, pp. 5353 - 5363, 2005.

Paper ID: OCT14589

Volume 3 Issue 10, October 2014

Www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

2072





