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Utilization of Waste Cooking Oil for Biodiesel
Production Using Alumina Supported Base
Catalyst |

Nyoman Puspa Asri 1*", Diah Agustina Puspita Sari 2. Bambang Poedjojono 3, And Suprapto 4°

Abstract--- Utilization of vegetable oil as feedstock of biodiesel
may compete with food industry and increase of the production cost.
Meanwhile, using homogeneous catalyst offer a huge amount of
waste water to separate and clean the catalyst from the biodiesel.
Therefore, for the environmental concern and to reduce the biodiesel
production cost, in this work, biodiesel was prepared from waste
cooking oil (WCO) which was transesterified using heterogeneous
base catalyst. WCO was collected from fast food restaurant of
California Fried Chicken (CFC). The experiments were conducted by
three step process that consist of treatment of WCO, synthesis of
catalyst, and transesterification process. The effect of treatments on
FFA content of WCO was investigated in the treatment step.
Meanwhile, the effect of reaction temperatures on yield of biodiesel
was observed in the transesterification process. The results reveal that
WCO very promising to be transesterified into biodiesel using
heterogeneous alumina base catalyst.

Keywords--- Alumina Supported Based Catalyst, Biodiesel
Production, Trasesterification, Waste Cooking Oil

I. INTRODUCTION

ORE than two centuries the world energy demand had

depended on crude fossil oil [1] [2]. Due to its non-

renewable nature, the use of fossil fuel continuously over
many years causes the limitation of fossil oil reserve.
Moreover, it has resulted to the rise in global temperature
levels which also known as global warming, as well as
increased others environmental problem [3]. Increased
awareness to the rapid depletion of energy resources and
environmental issues, has led researchers to develop an
alternative energy. Biodiesel is one of the alternative energies
has got tremendous attention over the last few years, due to its
ability of reducing pollutants associated with the environment
if compared to the conventional diesel derived from fossil oil
[4] [5]. Generally, biodiesel 1is produced through
transesterification reaction of vegetable oils or animal tats with
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short chain of alcohol. Methanol is more preterable, due %o
technical and economic consideration [2].

Nowadays, the use of vegetable oils as fuel feedstock nessds
to be considered seriously because they compete with fiead
production [3] [6].Therefore, in the future it is impossible o
rely on their existence for biodiesel production. Moreowves,
these oils would be more expensive to use as fuel, and it wili
be effect on biodiesel production cost [5]. It has been reported
that production cost of biodiesel are 80-90% depend on cost of
feedstock [6]-[8]

Currently, biodiesel was produced by conventional
process, which is the reaction conducted with presence of
homogeneous base catalyst usually hydroxide of sodium or
potassium. However, this process has several limitations. The
catalysts cannot be regenerated and reused. The recovery of
catalyst is difficult. It needs complex and expensive step to
separate the catalyst from the product, where the product needs
to be neutralized with mineral acid such as Sulfuric acid,
hydrochloric acid or phosphoric acid, and also should be
washed with a lot of water. This will produce huge amount of
waste water which leads to environmental problem as well as
addition in the production cost [3] [9]. These problems can be
overcome by using cheap raw materials, and an effective
catalyst. Hence, the contribution of waste cooking oil will be
promising to use as feedstock of biodiesel production due to
availability and its low cost [6]. Meanwhile, the emergence of
heterogeneous catalyst seems to be an effective solution to
overcome the weaknesses of homogeneous catalyst [3] [6] [9].

Heterogeneous catalyst offers several advantages such as:
it requires mild conditions, easy to be separated, it doesn't
need washing and neutralization, it can be reused and
regenerated [3] [10]. These advantages can reduce the
production cost of biodiesel, so the price of biodiesel can
compete with diesel oil. Various heterogeneous catalysts have
been applied in transesterification process by previous
researcher, such as zeolites [11] [12], hydrotaleites [13] and
metal -oxides [3] [6] [14]-[16]. Calcium oxide has been
reported as a potential solid base catalyst in trasesterification
process [3] [15] [16]. “Asri et al. [4] reported that a very good
result of 95% vyield of biodiesel at reaction temperature of
65°C, catalyst amount of 6%, reaction time of 5 h, and molar
ratio oil-methanol of 1:42 on transesterification of palm oil
with refluxed methanol using double promoted catalyst
CaO/KI/y-Al,Os. That catalyst, have been also introduced on
transesterification process of palm oil at sub and supercritical
condition. The same result (95% yield of biodiesel) was
obtained at reaction temperature of 290°C, catalyst amount of
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3%, and molar ratio of oil to methanol of 1:24 over treatment
only 1 h [3]. However, both of work was conducted with
refined palm oil as feed stock, resulting cost of biodiesel
production is higher than that of diesel oil. Instead of that,
waste cooking oil can be used effectively for biodiesel
synthesis, due to its low cost and sustained of availability.

Therefore, in this work we are focusing on introducing
double promoted catalyst CaO/KI/y-Al, 04 on
transesterification of WCO with refluxed methanol in batch
type reactor, Several factors were investigated, such as the
effect kind of treatment on FFA content of WCO and effect of
reaction temperature on yield of biodiesel.

II. LITERATURE REVIEW

A. BIODIESEL

Biodiesel is an alternative diesel fuel derived from
vegetable oils or animal fats [2] [8]. Nowadays, biodiesel
production has been drastically increased in each country over
the world. This was triggered by the depletion of fossil fuel
reserves and the increasing awareness of environmental issues
because the frequent usage of fossil fuels [3].
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Fig. 1 Biodiesel production over the world in recent years,

Fig. 1 depicts biodiesel proeduction over the world in recent
vears. It shown that world biodiesel production is*linearly
increases from 2005 to 2010. There is no significantsincrease
on biodiesel production in 2011 to 2012. However, it has been
predicted that in 2020, biodiesel production will be
contributed by Brazil, China, India and South East Asia
countries such as Indonesia and Malaysia as much as 20% to
total world biodiesel production [8]. Meanwhile, the
production of biodiesel from different feed stock is shown in
Fig. 2. It is clear that the soybean oil is in the first position,
while palm oil is in second position. However, in Indonesia,
palm oil is the main feedstock for biodiesel production,
because its availability is abundant. Nowadays, palm oil
production of Indonesia is number one in the world.

Direct used of vegetable oils and animal fats as a fuel in
compression engine was very limited, due to their high
kinematic viscosity and low volatility nature [8] [17]. To
reduce the viscosity can be done by converting vegetable oil
into methyl esters by transesterification reaction.

60

SunBloweer oil
T

" Lawric Acid
5%

Fig. 2 Biodiesel production from different feedstock [17]

B. WASTE COOKING OIL (WCO)

Currently, most biodiesel plant over the world especially in
Indonesia are using refined vegetable oils as their main
feedstock’s, therefore cost of refined vegetable oil contributed
as much as 80-90% on total cost of biodiesel production [6].
Compared to diesel oil, the high cost of diesel oil is the main
obstacle to its commercialization. It cost approximately one
and half time higher than that diesel oil [18]. In order to reduce
the production cost of biodiesel, the manufacturer of biodiesel
now focusing on using low cost feedstock. The most promising
one is waste cooking oil (WCO). The WCO price is two to
three times cheaper than vegetable oils [18]. The use of WCO
as biodiesel feedstock will reduce the cost of waste product
removal and treatment, as well as it can significantly decrease
the amount of farmland which is necessary for producing of
biodiesel crops [19].

The WCO has been categorized by the FFA content to two
groups are the yellow grease (FFA content <15%) and the
brown grease (FFA content >15%) [19]. The prices of these
two types of WCO are ($ 0.04 to $ 0.09) and ($ 0.004 to $
0.014) for yellow grease and brown grease, respectively [19]
[20]. Most of vegetable oil is used for deep frying processes,
because it improves the taste of the food. In the fraying
process, oil is heated under atmospheric condition at
temperature of 160-190°C in relative long period of time [8].
In developing country, frying oil is used for several times due
to economic reason. Some physical properties of oil will
change after it continuously used for frying. The two of most
important are an increase in viscosity and a change in colour
[8]. Furthermore, during frying process, the presence of heat
and water accelerate the hydrolysis of triglyceride, result the
increase of FFA content in the oil. The FFA and water-conten!
of WCO must be taken into consideration, because they will
give a negative effect to the transesterification process. Those
negative effects include: separation of fatty acid methyl esters
(FAME) from by-product (glycerol and excess of methanol),
the oil viscosity significantly increases due to the formation of
dimers and polymers, as well as the molecular mass and the
iodine value decrease [18]. Meanwhile, partly of soap formed
‘consumes the catalyst and reduces the vield of biodiesel. Until
now, there is no a systematic method for managing waste
cooking oils from household. It was simply discharged through
the drains, sewers or direct dumped to the lands, which leads
to environmental pollution. Moreover, more than 80% of
WCO is produced in households, Therefore, it needs high cost
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and huge amount of investment to manage its disposal [21]

[22].

11I. MATERIALS AND METHODS

A. Materials

Waste cooking oil was collected from California Fried
Chicken (CFC) in Surabaya, East Java. The properties of
CFC’s WCO have been analyzed, it consists of of: 53.01% of
palmitic acid and 46.99% of oleic acid. Meanwhile, FFA,
density and water content of CFC’s WFO were 2.82%. 0.92
g/em’® and 0.69%, respectively. Technical grade of Activated
Carbon and bleaching earth for treating WFO were supplied
by local supplier Bratacho-chem. Coconut coir, another cheap
adsorbent was obtained from local coconut processing mill in
Lamongan city, East Java Province. Analytical grade of y--
alumina was used as catalyst support, while KI and CaO as
promotor were purchased from Merck, Germany. Meanwhile,
NaOH, methanol, and acetic acid were provided by local
supplier Bratacho-chem.

B. Pretreatment of Waste Cooking Qil

Waste frying oil that collected from fast food restaurant
CFC (California Fried Chicken) was treated by adsorption,
esterification, and washing process. Adsorption was done by
several type of adsorbent such as technical grade activated
carbon (AC), bleaching earth (BE), coconut coir powdered
(CC) and mixture of activated carbon and bleaching earth, as
well as a mixture of activated carbon and coconut coir
powdered.

C. Preparation of Catalyst

Catalyst used in this work was y-alumina supported catalyst
CaO/KI/y-AlL,0;. Catalyst was synthesized by precipitation and
impregnation method. First of all y-alumina was precipitated
on.CaO with 30% of CaO loading (wt. % to alumina). As well
as 35% of KI solution was impregnated to the mixture of
CaO/y-alumina with 30% of KI loading (wt. % to alumina).
The formed slurry was drying overnight in an oven at 105-
110°C. Yellowish white crystal was milled into powder and
then calcined in the muffle furnace at 650 °C with flowed by
air for 5 h. The prepared catalyst was characterized by means
of three methods include . X-ray diffraction (X-RD),
Brenauwer-Emmet-Teller (BET) and Scanning Electron
Microscopy (SEM). The procedure of preparation and
characterization of CaO/KI/y-Al,0; have been described in
detail at the previous work [3]. '

D. Transesterification Process

Trasesterification was carried out in 250 mL three neck
glass batch type reactor,
condenser, water batch, temperature controller and magnetic
hot plate stirrer. Treated WCO and methanol with molar ratio
oil to methanol of 1:15 was pouring into the flask.
Subsequently, 6% of CaO/KI/y-Al,O; catalyst (wt. % to the
WCO) was added to the mixture. The flask was heated in
various temperature reaction of 35-65°C in 10° of range and
stirred at constant speed for 5 h. After the reaction, the mixture
was centrifuged at 6000 rpm for 10 minutes to separate the

which equipped with reflux’
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product biodiesel from the excess methanol, by-product
glycerol and solid catalyst. Three layers will be appeared
which consist of the excess of methanol, the biodiesel and the
solid catalyst CaO/KI/y-ALO; and glycerol are in the upper, in
the middle and the bottom layer, respectively. Eventually the
liquid was put into a separating funnel let it overnight until the
liquid separated into two phases. The excess of methanol is in
the upper layer and biodiesel in the bottom. Biodiesel
produced was analyzed by gas chromatograph GC-14B,
Shimadzu. Yield of biodiesel determined using the result of
GC analysis as according to the Equation 1.

Yield of biodiesel (%) = ? e (N
&

Where, wy, is the actual weight of biodiesel produced (mg),
w, is weight of oil used in the experiment (mg) and Cj, is
concentration of biodiesel in the sample (wt. %).

IV. RESULTS AND DISCUSSION

A.  The Effect of Treatment Methods on FFA Content of
CFC's WCO

FFA and moisture content are the two key parameters that
determine the success of WCO to be transesterified into
biodiesel using solid catalyst. Several Studies reported that
solid acid catalyst is ideal for transesterification of WCO for
FFA content more than 1% [18]. The advantages of using solid
acid catalyst are insensitivity to the FFA content of the oil,
esterification and transesterification could be occur
simultaneously and lower catalyst requirement. However, this
process was carried out at high temperature and pressure. Solid
base catalysts are also very promising to convert of WCO into
biodiesel, although its insensitivity was slightly lesser than that
of acid catalyst process (FFA content <1%). However, the
process is carried out at much lower condition compared to
acid process.

In order to reduced the FFA content of CFC's WCO,
several methods have been applied on pretreatment process
include: Washing with hot water (WHW), adsorption process
using (AC) of 2% + WHW, BE of 10%+ AC of 10%, CC of
5%+ WYV), esterification (Est.) and a combination between AC
of 10% with Est. Fig. 3 showed the effect of treatment methods
on FFA content of CFC’s WCO. It seen that the initial the FFA
content of WCO (WTR= waste cooking oil without treatment)
was 2.82%. Treatment with washing process using hot water
(WHW) can reduced the FFA content into 2.38%. The FFA
content reduced to be 1.52% using AC of 2%+WHW. There
was no a significant effect on treatment of BE of 10%+AC of
10%. Meanwhile, with esterification process (Est.) and a
combination of AC of 10% + esterification (Est.), the FFA
content reduced into 1.32 and 1.08%, respectively. However,
with 5% of coconut coir (CC) in vacuum condition, the FFA
content drastically reduced into 0.81%. This is possible
because the porosities of coconut coir are relatively higher
than that of the activated carbon or bleaching earth, and it will
lead the decreasing of FFA level of WCO. It was reported that
coconut coir to be composed of cellulose, pentosan, furfural
and lignin [23].
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Fig. 3 Effect of treatment methods on FFA content of CFC's WCO:
WTR = without treatment; WHW= washing with hot water; AC of
2%+WHW= treatment using 2% of activated carbon (wt. % to
WCO) + washing with hot water; BE of 10% + AC of 10% =
treatment using a mixture of bleaching earth of 10% ( wt.% to WCO)
and Activated carbon of 10% (wt.% to WCO); Est. = treatment using
esterification process; AC of 10% + Est.= treatment using 10% of
activated carbon + esterification process; CC of 5% wv = treatment
with 5% of coconut coir with vacuum condition.

In this work has found that adsorption process using 5% of
coconut coir in vacuum condition was the optimum ones for
treating WCO. Hence, treatment using 5% of coconut coir was
selected for further studies.

W

B. The Effect of Temperature Ttransesterification on
Yield of Biodiesel

To investigate the effect of reaction temperature on yield of
biodiesel, the experiments were conducted at several
temperature levels of 35-65°C with range of 10° C. The others
condition such as: reaction time, molar ratio of treated WCO
to methanol and amount of prepared CaO/KI/y- Al,O; catalyst
kept constant at 5 h, 1:15 and 6% (wt. % to WCO),
respectively. Fig. 4 shows the effect of reaction temperature on
yield of biodiesel. As expected, that the reaction temperature
of transesterification influenced the yield of biodiesel
significantly. This is in accordance with the Arrhenius law,
that the reaction rate constant is strongly influenced by the
reaction temperature. The higher of the reaction temperature,
the higher the reaction rate constant. The yields of biodiesel
gradually increase from 3.50, 16.34 and 26.33% at 35, 45 and
55°C, respectively, At 35°C the yield of biodiesel obtained was
very low due to the reaction was heterogeneous and the mass
transfer was low, causimg the low of rate reaction. However,
yield of biodiesel drastically increased into 83.08% at 65°C.
This might be possible du€ to the methanol was completely
boiled (boiling point of methanol 64.9°C), resulting in increase
of the kinetic energy and eventually increasing the rate of
reaction. The similar results also reported by the previous
researchers [4] [24] [25]. In contrary at 75°C yield of biodiesel
was decreased into 75.20% due to the evaporation of
methanol.

Therefore, it can be stated that the optimum of reaction
temperature was achieved at 65°C with high yield of 83.08%.
Meanwhile, the others conditions were fixed at 5h, 1:15 and
6% for reaction time, molar ratio WCO to methanol and
amount of catalyst, respectively.
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Fig. 4 Effect of reaction temperature on yield of biodiesel from
CFC's WCO

35 75

V. CONCLUSION

Waste cooking oil used in this study was collected from
California Fried Chicken restaurant in Surabaya. In order to
reduced the FFA content of CFC's WCO, a series of treatment
methods have been used include washing process, adsorption
process and esterification or combined both of them. The
result showed that the adsorption using 5% of coconut coir
with vacuum process has given the best result with the FFA
content of CFC’s WCO reduced from 2.83 into 0.81%. The
CFF’s WCO was very promising to be transesterified using
alumina supported base catalyst CaO/Kl/y-Al,O;. The
optimum of transesterification reaction temperature was
achieved at 65°C with biodiesel yield of 83.08%. Therefore,
instead of using refined vegetable oil, waste cooking oil can be
used as raw material for biodiesel production.

ACKNOWLEDGMENT

Thank you to Directorate of Research and Community
Services, Directorate General of higher education, Education
and Culture Ministry of the Republic Indonesia, for the
financial support through the competition grant (PHB) 2015
according to the Letter of assignment Director of
DIRLITABMAS No. 0100/E5.1/PE/2015.

REFERENCES

[11 A.R. Yacob, M. K. A. A Mustajab, and N. S. Samadi, “Calcination
temperature of nano MgO effect on base transesterification of palm
0il,” World Academy of Science, Engineering and Tecnology, vol. 56,
pp. 408-412, 2009.

* N. P Asr, 8. Machmudah, W. Wahyudiono, S. Suprapto,
K.Budikarjono, A.  Roesyadi, M.Goto, “Non Catalytic
transesterification of vegetables oil to biodiesel in sub-and supercritical
methanol: A kinetic’s study,” Bulletin of Chemical Reaction
Engineering & Catalysis, vol. 7, no. 3, pp. 215 —223. Jan. 2013.

Y N. P. Asr, S. Machmudah, W. Wahyudiono, S., Suprapto, K.
Budikarjono, A. Roesyadi, and M. Goto, “Palm oil transesterification in
sub and supercritical methanol with heterogeneous base catalyst.”
Chemical Engineering and Processing: Process Intensification, vol. 72,
pp.63-67, July 2013.

¢ N. P. Asri, S. Suprapto, K. Budikarjono, and A. Roesyadi, “Kinetics of
palm oil transesterificataion using double promoted catalyst CaO/KI/y-
Al:0; in refluxed methanol,” Journal of Engineering and technological
sciences, vol. 47, no. 4, 20135, to be publish.

(2]



[5]

[6]

(71

(8]

(9]

[10

[11

[2

[13

[14

[15

116

[17

(18

{19

[20

j21

[22

23

{24

]

]

]

]

1

]

]

]

!

]

]

]

3rd Interational Conference on Biological, Chemical & Environmental Sciences (BCES-2015) Sept. 21-22, 2015 Kuala Lumpur (Malaysia)

A. Gashaw, and A.Teshita, “Production of biodiesel from waste cooking
oil and factors affecting its formation: A review,” International Journal
of Renewable and Sustainable Energy, vol. 3, no. 5, pp. 92-98, 2014.

¢ N. P. Asr, B. Pocjojono, D. A. Puspitasari, 8. Suprapto, and A.
Roesyadi, “Biodiesel production using double promoted catalyst
CaO/Kl! y-Al:03 in batch reactor with refluxed methanol,” Springer
Procedding in Energy, Energy System And Management, Germany,
Springer Verlag, 2015, ch 15.

G. E. Diwani, N. K. Attia, and S. I. Hawash, “Development and
evaluation of biodiesel fuel and by-products “from jatropha oil,”
International Journal of Environmental Science and Technology, vol.
6, no. 2, pp.219-224, 2009.

M. K. Lam, and K. T. Lee, “Renewable and sustainable bioenergies
production from palm oil mill effluent (POME): win-win strategies
toward better environmental protection,” Biotechnol Adv., vol. 29, pp.
12441, 2011.

Y. C. Wong, Y. P. Tan, Y. H. Taufik-Yap, and 1. Ramli, “Effect of
calcination temperatures of CaO/Nb;Os mixed oxides catalysts on
bicdiesel production,” Sains Malaysiana, vol. 43, no. 5, pp. 783-790,
2014.

G. Baskar, and R. Aiswarya, “Biodiesel production from waste cooking
oil using copper doped zinc oxide nanocomposite as heterogeneous
catalyst,” Bioresource Technology,1-12 (article in Press), 2015.

A. Brito, M.E. Borges, and N. Otero, “Zeolite Y as a heterogeneous
catalyst in biodiesel production from used vegetable oil,” Energy Fuel,
vol. 21, pp. 3280-3283, 2007.

K.H. Chung, D.R. Chang, and B.G. Park, “Removal of free fatty acid in
waste frying oil by esterification with methanol on zeolite catalysts,”
Bioresource, " Technology, vol. 99, pp. 123-130, 2008.

C.C.C.M. Silva, N.F.P. Ribeiro, M.M.V.M. Souza, and D.A.G. Aranda,
“Biodiesel production from soybean oil and methanol using
hydrotalcites as catalyst.,” Fuel Processing Technology, vol. 91, pp.
205-210, 2010.

J. Jitputti, B. Kitiyanan, P. Rangsunvigit, K. Bunyakiat, L. Attnatho, P,
Jenvanipanjakul, “Transesterification of kernel oil and crude coconut oil
by different solid catalysts,” Chemical Engineering Journal, vol. 116,
Pp- 61-66, 2006.

M. Kouzu, T. Kasuno, M. Tajika, Y. Sugimoto, S. Yamanaka, and J.
Hidaka, “Calcium oxide as a solid base catalyst for transesterification of
soybean oil and itss application to biodiesel production,” Fuel, vol. 87,
pp. 2798-806, Jan. 2008.

M. Zabeti, W. H. A. M. Daud, and M. K. Aroua, “Activity of solid
catalysts for biodiesel production: A review.” Fuel Processing
Technology, vol. 90, pp. 770-777, Jun. 2009,

A.  Gnanaprakasam, V. M. Sivakumar, A. Surendhar, M.
Thirumarimurugan, and T. Kannadasan, “Recent strategy of biodiesel
production from waste cooking oil and process influencing parameters:
A review,” Hindawi Publishing Corporation Journal of Energy, 2013,
10 pages, Apr. 2013.

C.D.M. Araujo, C.C. Andrade, E.S. Silva, and F.A. Dupas, “Biodiesel
production from used cooking oil: A review,” Renewable and
Sustainable Energy Reviews, vol. 27, pp. 445-452, 2013,

A, T. Kiakalaieh, N. A. 5. Amin, and H. Mazaheri, “A review on novel
processes of Biodiesel production from waste cooking oil,” Applied
Energy, vol. 104, pp. 683-710, 2013.

Y. C. Sharma, B. Singh, and S. N. Upadhyay, “Advancements in
development and characterization of biodiesel: a review, * Fuel, vol. 87,
pp. 235573, 2008,

R. Alcantara, J. Amores, L. Canoira, E. Fidalgo, M. J. Franco, and A.
Navarmro, “Catalytic production of biodiesel from soybean oil,” Used
frying oil and tallow,” Biomass Bioenergy, vol. 18, pp. 515-27, 2000.
M. K. Lam, and K. T. Lee, “Renewable and sustainable bicenergies,
production from palm oil mill effluent (POME): win-win strategies
toward better environmental protection. Biotechnol Ad., vol. 29, pp.
124-41, 2011.

U. I. Etim, S. A. Umoren, and U. M. Ednok, “Coconut coir dust as a
low adsorbent for the removal of cationic dye from aqueous solution,”
Joumal of Saudi Chemical Society, xxx,xxx-xxx (Article in Press),
2012.

Z. Huaping, W. Zongbin, C. Yuangxiong, Z. Ping, D. Shijie, L.
Xiaohua., and M. Zonggiang, “Preparation of biodiesel catalyzed by

63

solid super base of calcium oxide and its refining process.” Chinese
Journal Of Catalyses, vol. 27, no. 5, pp. 391-396, May 2006.

[25] M. Zabeti, W.H.A.W. Daud, and M.K. Aroua, “Biodiesel production

using alumina supported cacium oxide: An optimization study,” Fuel
Processing Technology, vol. 91, pp. 243-248, Oct. 2010.



