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Abstract— Biodiesel is a biodegradable and non-toxic fuel
which can be produced through transesterification eaction.
However, it is impractical to use the refined vegetble oils as
the feedstock for biodiesel production due to its igh
production cost and priority for food products. Thus, low-
grade oil with high free fatty acids (FFA) content,typically
waste cooking oil has been a promising choice to prove the
economical feasibility of biodiesel. In the presénstudy,
superacid sulfated tin oxide catalyst, SE/SnO, has been
successfully prepared through impregnation method.
Bimetallic effect was also studied at which SnOmixed with
SiO, and Al,O3 respectively at different weight ratio in order
to enhance the catalytic activity of Sn@ The effect of different
reaction parameters such as calcinations temperater and
period, reaction temperature, catalyst loading, médtanol to oil
ratio and reaction time were studied to optimize tle reaction
conditions. It was found that SQ%*/SnO,-SiO, with weight ratio
3 exhibited an exceptional high activity with optinum yield
92.3% at reaction temperature 156C, catalyst loading 3 wt%,
methanol to oil ratio 15 and reaction time 3 hours.

Keywords- solid acid catalys, sulfated tin oxide;
biodiesel; waste cooking oil

l. INTRODUCTION

Rapid diminishing of energy reserves and fluctgatin
petroleum prices has intensified the search foewetle
energy sources, globally. Fatty acid methyl edt&iE) or
better known as biodiesel can be a potential rehlmwa
energy re-placing petroleum-derived diesel [1-dipdBesel
can be easily synthesized through transesterificadf virgin
vegetable oils, animal fats or even recycled grdasa the
food industry [1, 5-6] in the presence of shortichelcohol
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can simultaneously  catalyze esterification and
transesterification reactions, (3) easier catabeparation
and (4) easily incorporated into a packed bed oeafclr
continuous production of biodiesel [1,7]. Among ivas
solid acid catalysts available, many studies hagklighted
the application of sulfated metal oxides in biodles
production, especially sulfated zirconia &&r0O,) due to
its high catalytic activity [1, 6, 8, 9]. Sulfatéid oxide (SG
4SnQ) is another potential catalyst for transesterifara
reaction due to its strong surface acidity thaieforted to be
stronger than S®/ZrO, [10-12]. Nevertheless, study
concerning the usage of $#6nQ catalyst in biodiesel
production is still very limited.

Thus, this study is aimed to provide supplemeritriaal
information on the application of $QYSnQ catalyst for
transesterification reaction. Firstly, the effeofscalcination
temperature and calcination period towards the ti@ac
performance were studied. This is followed by oping
transesterification process variables including ctiea
temperature, catalyst loading, alcohol to oil ratiml reaction
period. The effect of using mixed-metal was also
investigated.

II. EXPERIMENTAL

A. Materials

Waste cooking oil was collected from cafeteria of
Engineering Campus, Universiti Sains Malaysia, Rgna
Methanol (purity 99.8%) and n-hexane (purity 99%grev
purchased from Medina Jaya Sdn. Bhd. Methyl
heptadecanoate which was used as internal stafalaghs
chromatography (GC) and sulfuric acid with purify-97%

and catalyst. However, high cost of the most commoRyas purchased from Fluka Chemie, Germany. Pureyieth

biodiesel feedstock, virgin vegetable oil, has bied wider
utilization and commercialization of future bioddégplant
[7]. Therefore, to overcome this limitation, cheafedstock
such as low-grade oil, typically waste cooking @ah be a
better option as this can reduce the overall bgalie
production cost significantly.

esters (references for GC analysis) such as methyktate,
methyl palmitate, methyl stearate, methyl oleaté arethyl
linoleate with purity more than 99%, tin (IV) oxid&nQ)
with purity 99.9%, quartzsand (SiOwith purity 99.8% and
alumina oxide (AlOs) with purity 98% were purchased from
Sigma Aldrich, Malaysia.

Recently, researchers in this field are focusing on

developing solid acid catalyst for
transesterification reaction, typically from lowagle oil [2,
6-7]. The advantages of solid acid instead of dgacid
catalyst are; (1) the catalyst is insensitive té\[eBntent, (2)
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heterogeneous

17



BIONATURE 2011 : The Second International Conference on Bioenvironment, Biodiversity and Renewable Energies

be able to stabilize the crystalline structure 0Og14, 15].
The weight ratio of SnE6iO, and Sn@AIl,O; were varied
at 1:1, 3:1 and 5:1 (hereafter refer to as 1, 3 @nénd
impregnated with 2.0 M }$0, to become sulfated mixed
metal oxide. Since 18C was found to be the minimum
temperature to achieve equilibrium conversion,ison in
this section will focus on the data trend for react
temperature above 1%80D. Furthermore, when the reaction
temperature was below 18D, no significant data trend can

B. Transesterification reaction

50 ml of waste cooking oil and a pre-determined @mo
of catalyst and methanol (parameters to be varieehe
charged into a 300 ml stainless steel batch reacfoipped
with thermocouple and magnetic stirrer. The reactas
then pressurized to 10 bars to ensure that altaetscremain
in liquid phase for the entire duration of reactiofhe

reactants were stirred at 350 rpm in order to raaint
uniform temperature and suspension. The
temperature was controlled by a heater with a @rognable
PID temperature controller. After running the réactfor a
desired duration, the reactor was cooled to roonpezature.
After cooling, the product was discharged out aittéréd
using filter paper to separate the solid catalysinf the
mixture of FAME-glycerol.

C. Method of analysis

The identity and relative composition of fatty acid
present in the methyl ester product were analyze@dvkin-
Elmer Clarus 500 gas chromatograph equipped wétndl
ionization detector (FID) and Nukdl column (15 m x 0.53

mm x 0.5 um). Helium was used as carrier gas. Oven w0 A

temperature were held at 130 (0.5 minutes) and was then
heated at a rate of ¥/min to 226C (8 minutes). The
temperature of injector and detector were set 8f@znd
250°C, respectively.

lll.  RESEULT AND DISCUSSION

A. Effect of reaction temperature and mixed metal oxide

Fig. 1 shows the effect of transesterification tieac
temperature (100 to 200) on the yield of FAME using
various bi-metalic catalysts at different weighticaWhen
the reaction was increased from 100 to °Ti0there is a
significant increase in the yield of FAME for allpes of
catalyst. However, beyond 18D, except for bi-metalic
catalyst prepared with ratio 1, the yield of FAM&ems to
level off as the batch of reactants had reacheehjitdibrium
conversion. On the other hand, the increase ird yidien
reaction temperature increased from 100 to°C5¢ould be
justified as follows. Waste cooking oil and methaace
immiscible, therefore reaction with heterogeneoatalgst
would create a 3-phase system at which the massféra
rate of reactant molecules between the three phasesy
limited [13]. As the reaction temperature is inced all
reactant molecules will gain more kinetic energgt thvill
eventually accelerated the mass transfer rate bette oil-
methanol-catalyst phases that resulted in the fioomaof
more FAME in a shorter time.

The effect of mixed metal oxide (bi-metal oxide) the
yield of FAME was also studied and the resultsgiven in
Fig. 1. SiQ and ALO; were chosen to mix with Sp@t
different weight ratio as both metal oxides wengoréed to
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reactdpe observed. From Fig. 1, it is obvious that théghteratio

between the bi-metal affect the yield of FAME sfgmintly.
For all sulfated mixed metal with ratio 1, the dielf FAME
was even lower than SOSnO, with exceptional at the
extreme end of higher reaction temperature. Howdwer
sulfated mixed metal with ratio 3 and 5, the yields
significantly higher than S@/SnQ, with ratio 3 giving
higher yield. These results showed that with appate
amount of Si@ and AbO;, acid sites on the surface of SnO
can be enhanced and therefore increases its conttrct
reactants that led to higher reactivity [16]. Thetimum
yield for SQ?*/SnG-Si0, (3) and SG/SnG-AlL0; (3) was
82.1% and 79.6%, respectively at 160
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Figure 1. Effect of reaction temperature on FAMElgiusing SG/SnG
and its sulfated mixed metal oxide. Reaction caomtitmethanol:oil ratio
10, catalyst loading 3 wt %, reaction time 3 houkd. samples were
calcined at 300C for 2 hours.

B. Effect of catalyst loading

Catalyst loading is an important parameter thatisde
be optimized to increase the FAME vyield. Fig. 2whdhe
effect of catalyst loading on the yield of FAME.&talue of
catalyst loaded into the reaction mixture was \ehfiem 1 to
8 wt% (based on weight of waste cooking oil). Frdm
figure, it can be noted that the yield of FAME ieased with
higher catalyst loading up until a value in whictgher
increment no longer increase the yield of FAME. sTH
because with more catalyst addition, the total nemndf
available active sites increased resulted in fasigetion rate
to reach reaction equilibrium [17]. However, funtivecrease
in catalyst loading beyond its optimum value wikhve
negligible increase in FAME yield. This might beedio the
immiscibility of waste cooking oil and methanol, i
causes the reaction to be rate limiting step ab#ggnning of
the reaction. However, as catalyst is introducedtha
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reaction mixture, it provides an external contacface area
that facilitates the formation of FAME. As more FAMs

produced, it eventually acted as co-solvent, byaiisng

both reactants to become a single phase reactisiensy
Subsequently, the reaction rate is being controligdthe

diffusion of the reactants to the active sites,téad of
catalyst loading. Hence, increasing the dosagetflyst in
the reaction mixture will have an insignificantexft on the
yield of FAME. The optimum catalyst loading for $O
1SnG, SO?1SNG-Si0,(3), and SF/SNO-AlL0; (3) are 6,
3 and 3 wt %, respectively.
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Figure 2. Effect of catalyst loading on FAME vyielding S@*/SnQ and its
sulfated mixed metal oxide. Reaction conditionctiem temperature 158G,
methanol:oil ratio 10, reaction time 3 hours.

C. Effect of methanol:oil ratio

Basically, for a reversible reaction like transefitaition
[1], reactants (methanol) are normally used in sxde push
the reaction forward for formation of products (FEM

However, care must be taken as to how much excess
methanol is to be used because too much methanpl ma a

dilute the system and eventually cause a dropadryitld of
FAME due to slower reaction [18]. Fig. 3 shows ¢fifect of
methanol to oil ratio on the yield of FAME usingek types
of catalyst. In the present work, methanol toratio were
set at 5, 10, 15, 20, 25 and 30 in order to optmtize
transesterification reaction as shown in Fig. Sonfrrthe
figure, the yield of FAME catalyzed by $0SnG increased
abruptly from 69.0% to 91.5% as the methanol toraiio

increased from 5 to 30. Nevertheless, the observdtr

transesterification reaction catalyzed by,&58nG:-SiO, (3)

D. Effect of reaction time

Fig. 4. shows that the yield of FAME increased dilga
as the reaction time was increase from 1 to 3 firsaction
time. After 3 hrs., the yield level off as near-gipuum
composition was achieved. This shows that sulf&ed; is
a very suitable solid catalyst that has a very hégtctivity to
catalyze transesterification reaction as typicdidscatalyst
requires more than 10 hrs. of reaction time. Theémapn
yield obtained for reaction catalyzed by $3nG, SO
/SnG-SiO, (3) and SGF/SnG-AlL0; (3)was 91.5%, 92.3%
and 87.4%, respectively corresponding to their ropin
reaction time.
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Figure 3. Effect of methanol to oil ratio on FAMEel using SG/SnQ,
and its sulfated mixed metal oxide. Reaction camtireaction temperature
150°C, catalyst loading 6 wt % for SBSnQ and 3 wt % for SE/SnQ-
Si0, (3) and SGF/SNQ-AlLO; (3), reaction time 3 hours.
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and SQ*/SnQ-Al,0; (3) showed a different pathway as the Figure 4. Effect of reaction time on FAME yield ngiSQ?/SnQ and its

yield of FAME decreased at a certain ratio, indigatan

mixed metal oxide. Reaction condition: reaction gemature 15,

optimum value. The maximum yield obtained by ,50 Mmethanokoil ratio 10 for SBISNQ-Al0s (3), 15 for SF/SNQ-SIO; (3)

ISnG-SiO, (3) was 92.3% at ratio 15 whereas for ,50

and 30 for SEF/SnQ, catalyst loading 6 wt % for SBSnG and 3 wt %
for SQ?/SnQ-Si0, (3)and 30 for SGF/SNQ-Al,0s (3).

1SNG-Al 05 (3) was 82.3% at ratio 10. It can be clearly seen

that due to the high reactivity of sulfated Sr&)O, catalyst,
methanol to oil of 15 is sufficient to achieve glhiyield as

compared to the original sulfated Sn@hereby this can E. FAME Properties

only be achieve at a ratio of more than 30.
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Table 2 summarized some of the FAME properties
produced from SE7Sn0-SiO, (3) catalyst. From the table,
it was found that all the listed properties met the
specification of standard En 14214.
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TABLE |I. FAME PROPERTIES [51 N. Boz, N. Degirmenbasi, and D.M. Kalyon,
“Conversion of biomass to fuel: Transesterificatioh
Property Unit Value EN 14214 vegetable oil to biodiesel using KF loaded nanih,0O5
Density at 18C | Kg/n? 8855 860-900 as catalyst,” Appl. Catal., B, vol. 89, 2009, pp0596.

[6] K. Jacobson, R. Gopinath, L.C. Meher and, AD@lai,

Viscosity at 40°C|  mnf/s 4.08 3550 “Solid acid catalyzed biodiesel production from teas

Flash point °C 201 >101 cooking oil,” Appl. Catal., B, vol 85, pp. 86-91.

[7] M.G. Kulkarni and A.K. Dalai, “Waste Cooking IO+

Sulfur mg/kg 05 <10 An Economical Source for Biodiesel: A Review,” Ind.
Sulfated ash % mass 0.01 <0.02 Eng. Chem. Res., vol. 45, 2006, pp. 2901-2913.
lodine value ; 709 <120 [8] S. Furuta, H. Matsuhashi, and K. Arata, Cdiodiesel
fuel production with solid superacid catalysisixetl bed
Methanol content % mass 0.1 <02 reactor under atmospheric pressure,” Catal. Commun.
vol. 5,2004,pp. 721-723.
[9] J. Jitputti, B. Kitiyanan, P. Rangsunvigit, Bunyakiat,
L.Attanatho, and P. Jenvanitpanjakul,
IV. CONCLUSION “Transesterification of crude palm kernel oil anaide

coconut oil by different solid catalysts,” Chem.dgzd.

The present study had open a new synthetic route in vol. 116, 2006, Pp. 61'56' 1
application of modified S§7SnG; as a promising catalyst in [10] H. Matsuhashi, M. Hino, and K. Arata, “Solidtalyst

biodiesel production, typically from low grade wilth high treated with anion: XIX. Synthesis of the solid
free fatty acid content. It was found that addipgrapriate superacid catalyst of tin oxide treated with selfian,
amount of SiQ or Al,O; to SQ?/SnQ, will eventually Appl. Catal., vol. 59, 1990, pp. 205'212”' .

enhance the catalytic activity of the catalyst iegdo higher ~ [11] G. Wang, H. Hattori, and K. Tanabe, “Acid-Based
yield of FAME with minimum catalyst loading and renol Catalytic Properties of ZroSnQ,” Bull. Chem. Soc.
to oil molar ratio. The highest FAME yield of 9298 was Jpn. vol. 56, 1983, pp. 2407-2410.

obtained by using SEYSn0O-SiO; (3) catalyst in which the [12] S. Furuta, H. Matsuhashi, and K. Arata, Appatal., A
catalyst was calcined at 3@ for 2 hours, while the “Catalytic action of sulfated tin oxide for ethécdtion
optimum transesterification reaction condition aag56C, and esterification in - comparison with  sulfated
3 wt% catalyst, 15:1 methanol to oil ratio and 3utso zirconia,” vol. 269, 2004, pp. 187-191. .
reaction time. [13] z. Yang and W. Xie, “Soybean oil transesteafion

over zinc oxide modified with alkali earth metals{lel
Process. Technol. vol. 88, 2007, pp. 631-638.
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