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Biodiesel Production from Palm Oil using
Heterogeneous Base catalyst
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Abstract—In this study, the transesterification of palm with
methanol for biodiesel production was studied bipgi€aO-Zn0O as
a heterogeneous base catalyst prepared by incivEmness
impregnation (IWI) and co-precipitation (CP) metkod@lhe reaction
parameters considered were molar ratio of meth@neil, amount of
catalyst, reaction temperature, and reaction tifflee optimum
conditions—15:1 molar ratio of methanol to oil, aalyst amount of
6 wt%, reaction temperature of 60 °C, and readfioe of 8 h—were
observed. The effects of Ca loading, calcinatiomperature, and
catalyst preparation on the catalytic performanesewstudied. The
fresh and spent catalysts were characterized bgraletechniques,
including XRD, TPR, and XRF.

methanol, ethanol, propanol, and butanol. The mosimon
used is methanol because it gives a proper viscasitl
boiling point and a high cetane number. In
transesterification of vegetable oils, triglycerideacts with
methanol producing glycerol and a mixture of fatgid
methyl esters (biodiesel).

In the transesterification process, biodiesel isiallg
prepared in the presence of homogeneous base dr aci
catalysts. The acid-catalyzed process often usdesoblyloric
acid or sulfuric acid as a catalyst [8],[9]; howeva high
molar ratio of methanol to oil is needed, and #&ction time
is very long [10]. So, the base catalysts are predeto be

the

Keywords—CaO, ZnO, Biodiesel, Heterogeneous catalyst/S€d instead of the acid catalysts because thitaagctivity

Transesterification

|. INTRODUCTION

I N the recent years, the world’s energy demandyeérirom
petroleum, mineral coal, and natural gas, is irgirgpat an

of a base is higher than that of an acid and aaidlgsts are
more corrosive [11].

However, in this conventional homogeneous methbd, t
removal of these catalysts is very difficult, anthage amount
of wastewater is produced to separate and clearcatadyst

exponential rate.The main reason that caused the fadind the products. Therefore, conventional homogeseo

diminishing of energy resources is due to a rapiddtyeasing
of population and a growth of industrializatiom order to
solve these problems, researchers are trying td fiew
alternative energy sources to substitute the foésél.
Therefore, biomass is increasingly gaining intaometl
attention as a source of renewable energy.

Biodiesel, a mixture of fatty acid methyl esterAKES),
has been developed as one of the most promisiagnative
fuel for fossil fuel regarding to the limited resoes of fossil
fuels and the environmental concerns [1]. It haghhi
biodegradability, low CO, SQ NQO,, and particulate matter
(PM) contents, renewability, and lack of aromatienpounds
as compared to conventional diesel fuel [2]-[5]. tha other
hand, biodiesel can be used in diesel engines witangine
modification because its characteristics are smtdathose of
petroleum-based diesel fuels. The production oflie®gel is
performed by transesterification reaction of treglyides using
alcohol in the presence of a catalyst [6].

Transesterification or alcoholysis, is a reactib@a ¢at or oil
reacts with an alcohol by using a catalyst to fasters and
glycerol [7]. Many types of alcohol can be used hsuas
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catalysts are expected to be replaced by envirotaihen
friendly heterogeneous catalysts. The replacemefit o
homogeneous catalysts by heterogeneous catalysis wave
various advantages such as the easy catalyst Sepaff@m

the reaction mixture, product purification, and teduction of
environment pollutants [12]-[17].

In this work, transesterification was carried osing CaO—
ZnO as heterogeneous basic catalyst. The effecteaution
parameters, such as molar ratio of methanol toredgction
time, amount of catalyst, and reaction temperatuvere
optimized for the production of biodiesel. The aptm
condition at 15:1 molar ratio of methanol to odaction time
of 8 h, catalyst amount of 6 wt%, and reaction terafure of
60 °C. In addition, effects of %loading of Ca on(Zsupport,
calcination temperature, and catalyst preparation tbe
biodiesel yield were also studied.

Il. EXPERIMENTAL

A.Preparation of CaO-ZnO Catalyst by Incipient-Wegnes
Impregnation (IWI) method

A Zinc oxide was dried in an oven at 110 °C for 20h
remove the absorbed water on the surface. This difiexd
ZnO was stored in a silica gel desiccator prioruse. To
prepare modified ZnO with different Ca loadinge #nO was
impregnated with an aqueous solution of CagN@HO.
Samples with various Ca loadings, given in weighicpntage,
were impregnated for 24 h to ensure that the Clasgifl and
dispersed thoroughly on the surface of ZnO. Thdilaa
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amounts of Ca were calculated on the basis of theuats of
the starting materials. The pretreated samples digee in an
oven at 110 °C for overnight and then calcined iffergnt
temperatures before being used for the reaction.

B.X-ray Diffraction (XRD)

The XRD patterns of ZnO and Ca-Zn mixed oxides
catalysts with the various Ca:Zn atomic ratios sinewn in
Fig. 1a) (CP) and 1b) (IWI). The high intensitidddfraction
peaks at 31.76°, 34.42°, 36.25°, 47.50°, 56.50°,762

B.Preparation of CaO-ZnO Catalyst by Co-Precipitation66.33°, 67.83°, 68.99°, 72.50°, and 76.91° repteskithe

(CP) method

Calcium nitrate tetrahydrate (Ca(N@4HO) and Zinc
nitrate hexahydrate (Zn(NQ-6H,0) were weighed for a
desired amount, and then dissolved in deionizecmatder
continuous stirring and heating at & The pH of solution
((B) was adjusted by adding 0.1 M J€&; then the mixture

characteristic crystallinity of ZnO substance, whievas
similar to previous work [18]. Along with the sartrends of
Ca0O-ZnO mixed oxides catalysts in both preparation
techniques, the intensities of CaO diffraction ealetected at
32.37°, 37.62°, 53.99°, 64.37°, and 67.49° [19tdme more
pronounced when adding the high amounts of Ca otsite

was aged for 1 h. The suspension was washed by wafifis could be implied that the CaO particles sthrte be

deionized water to eliminate the residue ions. Dieied

generated as a functional of Ca:Zn atomic ratidhihcase of

precipitate was dried at 110 overnight and calcined in air at ZnO diffraction peaks, the decrease in intensiti@s clearly

various temperatures for 6 h. After calcinatiore fample was
stored in silica gel desiccator prior to use.

C.Transesterification of Vegetable Oil

The vegetable oil was weighed and heated to 6@ 4€C500
ml three-necked flask. Then, the catalyst and nmethevere
added to a three-necked flask. A magnetic stires used for
mixing oil, methanol, and catalyst. The reactionsvearried
out until it reaches the desired reaction time.eAfthat the
reaction was stopped by cool down the reactor tomro
temperature. The catalysts were separated outtirerproduct
by using a suction flask. The products were plageda
separatory funnel overnight to ensure that the @lofisnethyl
esters and phase of glycerol are separated coryplétee 25
wt% of sodium sulfate based on weight of methy¢eptoduct
was added into methyl esters to remove water.

I1l. RESULT AND DISCUSSION

A.X-ray fluorescence (XRF) spectroscopy

The chemical compositions of the whole samples were

summarized in Table I. The synthesized catalystge hhe
values of metal concentrations closely to thoseexgected
values.

TABLE |
CHEMICAL COMPOSITION BYUSING XRF MEASUREMENT

Catalysts Calcination Synthesized Expected
Temperature (°C) Ca:Zn Ca:Zn
Ca0-ZnO (1:5)(CP) 800 (6 h) 0.25 0.20
Ca0-ZnO (1:3)(CP) 800 (6 h) 0.39 0.33
Ca0-ZnO (1:1)(CP) 800 (6 h) 1.02 1.00
Ca0-ZnO (3:1)(CP) 800 (6 h) 4.30 3.00
Ca0-ZnO (1:3)(CP) 600 (6 h. 0.35 0.3¢
Ca0-ZnO (1:3)(CP) 900 (6 h 0.34 0.3¢
Ca0-ZnO (1:5)(IWI) 800 (6 h 0.24 0.2C
CaO-ZnO (1:3)(IWI) 800 (6 h 0.5¢ 0.3¢
CaO-ZnO (1:1)(Iw1) 800 (6 h) 1.07 1.00
CaO0-ZnO (3:1)(Iw1) 800 (6 h) 4.10 3.00
Ca0O-ZnO (1:3)(IWI) 600 (6 h) 0.48 0.33
Ca0-ZnO (1:3)(IWI) 900 (6 h) 0.55 0.33
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observed with the addition of Ca, attributing te thew CaO
phase generating in Ca—Zn binary system.
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Fig. 1 XRD patterns of ZnO and Ca—Zn mixed oxid&tslysts with
the various Ca:Zn atomic ratios: a) CP and b) I¥¢hniques

As varying the calcination temperature, presemeeig. 2a)
(CP) and 2b) (IWI), the intense of ZnO and CaO bhexa
detectable after rising the calcination temperatyoréo 900°C
for both preparation techniques. Additionally, tbeystallite
structure of CaO and ZnO were definitely improvedthe
higher values. These results revealed that two ilpless
mechanisms could be occurred in the highest caloima
temperature in ordering; (i) CaO started to sepafiadm the
binary mixed oxides system, and (ii) the segregaf=®D
particles became sintering together to form largarticle
sizes. That was reasonable to explain the gengratin
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uninteracted ZnO (high intensities). Thus, the \dtidis of
these catalysts were diminished by this sinterfifece Similar
observation and explanation have been reported
Ngamcharussrivichai and coworker (2008) [19].
Interestingly, the very weak peak of Caf@0 = 29.56)
could be detected at the lowest thermal treatn@d {C) for
only CP technique, corresponding to the remainiadp@nate
group depositing on the surface of the catalystthi other
words, an incompletely changed form of Ca&@aO could
not be efficiently happened when performing withwlo
calcination temperature [19]. However, no peaksCafcQ
existed with applying high treating temperature Q&6C).
Thanks to the decomposition of carbonate modelingGa—zn
mixed precipitate at high calcination temperatuhe, CaCQ
was decomposed to CaO particle and,Ggas, and this
product gas then diffused out of the pore of thalgat where
the CQ film was still surrounding [19]. The high catalyti
performance could be achieved in 80C. This kind of
phenomenon has already been reported over MgRQ).

activity was then recovered when compared with plee
support.

byFocusing on the Ca-Zn mixed oxides prepared by CP
technique, the decrease in hydrogen consumptiea (@ander
peak of ZnO) in the Ca:Zn ratio of 1.5 was obsergate
some parts of Zn might be incorporated with Cactonf Ca—
Zn binary system. Then, the remaining ZnO to beiced was
lower than that of pure ZnO support. After incregsithe
Ca:Zn ratio to 1:3, the shifting reduction peak lawer
temperature (600 °C)—representing the change #raotion
and upgrading of CaO-ZnO reducibility—was obserwetie
the hydrogen consumption became much higher. Thiklde
implied that some of CaO registration could possibélp
promote the ZnO reduction sites during the preparastep.
Nevertheless, in the presence of high Ca loadirg4ic= 1:1
and 3:1), the slight shifting in peaks toward higteemperature
were discovered (608 and 61%C), indicating that the
separation of ZnO from Ca—Zn binary system becaweréd.
On the other hand, the strength of Ca—Zn interaatimuld be
disturbed when registering an excess Ca concemirati

That was the reason why the catalytic performane@s w(Ca:zZn>1:3). Interestingly, the lowest hydrogen suomption

improved at 800C thermal treating.
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Fig. 2 XRD patterns of CalZn3 catalysts at différ@icinations
temperatures: a) CP and b) IWI techniques.

C.Temperature—Program Reduction (TPR)

The TPR profiles of CaO-ZnO catalysts with vari@#sZn
atomic ratios were recorded in Fig. 3a) (CP) anyl (BWI).
Three broaden reduction peaks of ZnO were obseav&1,

was observed for the high Ca contents (Ca:Zn =abd 3:1),
indicating that the agglomeration or sintering @CCparticles
might inhibit or block the surface area of redustgites, then
the number of hydrogen adsorbed was low. As meation
previously, the Ca—Zn interaction at the suitalbdeZn ratio of
1:3 could play an important role for enhancing taalytic
activity. Likewise, the lowest catalytic performanof CaO—
ZnO catalysts was found in very high Ca:Zn ratiodo$ince
the CaO became separating to form the film coatingthe
ZnO surface, which could be evidenced by SEM tegmni
[19].

In the case of IWI catalysts, the shifting reductioeaks
toward lower temperature appeared for all Ca Ilagslin
compared to pure ZnO. This kind of behavior alsoficmed
the combination of homogeneous Ca-Zn interactiesylting
in increasing the reducibility of ZnO (reduced muedsier).
Interestingly, no significant differences among tieeluction
peaks of high Ca:Zn ratios (1:3-3:1) were obseresen the
width of the reduction peaks. In some cases, it Ibasn
proposed that the width of the reduction peak coeldte the
dispersion of metal briefln our results, we interpreted that
there was no change in dispersion of CaO particiethe
presence of high Ca contents. Linking with the lgéta
activity, the unchanged dispersion of CaO couldHhse main
factor which exhibited similarity in 80% biodiesgéld in the
Ca:zn range of 1:3-3:1. In addition, the hydrogen
consumption in all reduction peaks of high Ca logdiCa:Zn
= 1:3, 1:1, and 3:1) were also the same. This cbaldelated
with the unchanged in CaO particle sizes during @e
variation. Consequently, the similarity activity ubd be
provided with the unchanged patrticle size. We ssiggkthat
the size of CaO particle might be one of the maictdrs to
control the catalytic activity.

458, and 637C. When adding Ca to form the Ca—Zn binary

system for both CP and IWI techniques, the imprcammin
reducibility was observed noticing from the shiftirpeaks
toward lower temperatures, compared to pure Zn@. ifitial
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Fig. 3 TPR profiles of ZnO and Ca—Zn mixed oxidéthwhe various

Ca:Zn atomic ratios: a) CP and b) IWI techniques

From Fig. 4, the effect of calcination temperatore the
catalytic activity was also tested for the cataystepared by
CP (a) and IWI (b) techniques. For CP catalystsimad at
600 °C, the reduction of mixed CaO-ZnO peak shiftadard
higher temperature (close to ZnO region), comp&re’DO °C.
To explain this phenomenon using XRD techniques tbiv
temperature might be not suitable for the creatib@aO-zZnO

mixed phase due to the fact that the CaCO3 could no

decompose to CaO at this low temperature, so thleapility
of CaO formation, including interaction, might bet fiavored.
As mentioned above, the difficult in mixing ZnO WiCaO
could happen. That was reasonable for the high area
hydrogen consumption in ZnO without containing CADthe
highest thermal treatment (900 °C), the trend dtisg peak
was similar to that of 600 °C. Moreover, the aréayarogen

consumed was the lowest since the CaO would undergo

sintering at this condition. Similar to the prevgoexplanation
of Ca:Zn variation, the shift of reduction peaknfrd@max of
600 °C could be referred to the segregation of sGa@ from
the region of mixed oxides system to agglomerath amother
CaO particle. This CaO segregation behavior aléectgfd in
ZnO crystallinity, which was successfully in linatkvthe very
high ZnO diffraction peaks—representing the unitéed
ZnO from binary system—, as confirmed by XRD. Hahe
catalytic activity was well-inhibited by the effecof
inhomogeneous CaO-ZnO phase in the highest cadminat
temperature. In addition, the improvement in Ca@ratition
peak can be also used as an indicator for proviegGaO
sintering.

In the case of IWI samples (Figure 4(b)), the rssagree-
well with the XRD results that the sintering of Cg@articles
was more pronounced with increasing calcinationpenature
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according to the minute amount of hydrogen consiongh
the mixed CaO-ZnO reduction peak. Taking into antaf
the sintering effect, the lacking of significant echical
properties could be related with this phenomenoesides,
there were the shifts in Tmax reduction temperatwkthe
samples calcined at 600 °C and 900 °C, represeritiag
change in mixed oxides interaction in the CaO-Zfalgsts
during varying the calcination temperature. Thisuldobe
another main factor for providing inhomogeneous adix
oxides catalyst. Nevertheless, the reason why thaxTshifted
to higher or lower reduction temperature after ttngawith
unsuitable calcination temperatures (600 °C and WD0for
the catalysts prepared by both techniques wasustliear.

a) 724

900°C
600
7 \ 800°C

705

Hydrogen consumption (a.u.)

600°C

b) 585

900°C
603

800°C

569

600°C

Hydrogen consumption (a.u.)

100 200 300 400 500 600 700 800
Temperature (°C)
Fig. 4 TPR profiles of CalZn3 catalystsat differexacination

temperatures: a) CP and b) IWI techniques

D.Effect of reaction time

The effect of reaction time on the yield of biodiks
illustrated in Figure 5, was tested by using theD€anO
(atomic ratio Ca:Zn = 1:3) catalyst under the ctiods of
reaction temperature of 60 °C, 300 rpm of stirpgeex!, 15:1
molar ratio of methanol to oil, and amount of cggab wt%. It
is well-known that the transesterification of padih strongly
depends on the reaction time [21]. As varying #ection time
range of 0-12 h, the biodiesel yield seemed toebms®
proportionally with the reaction time for both pesgtion
techniques (CP and IWI). However, the yield became
steadily—nearly equilibrium conversion—when the ctém
time was higher than 8 h. According to the initighction time
(<8 h), the large difference between the sampl@grer by
CP and IWI was observed. Interestingly, CP samplebé&ed
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the rate of reaction faster than that of IWI catglyhile the
reaction rate of IWI sample was favorable at highezction
time than 8 h. To summarize, the reaction time di &as
suggested for being the suitable condition sinae réaction
time was not too high and also gave the 80% yiéhiadiesel
production for both preparation techniques.

100+

@®
o

[e2}
o

N
o

Biodiesel Yield (%)

—e— Calzn3 (CP)
20 d —O— Calzn3 (IWl)
0 |-
2 4 6 8 10 12

Reaction Time (h)

Fig. 5 Effect of reaction time on biodiesel yieRkaction condition:
60 °C of reaction temperature, 1:3 atomic rati€afZn, 15:1 molar
ratio of methanol to oil, amount of catalyst 6wtdsd 300 rpm of
stirrer speed

E.Effect of Calcination Temperature

The effect of calcination temperature (600-3D)0 was
investigated on the reaction time of 8 h, while thenaining
parameters were constantly fixed. Figure 6 inddtat both
activities of CP and IWI catalysts were improved ewh
calcination temperature was upgraded from 80Qo 800°C.
However, the highest calcination temperature of 90@ave

highest biodiesel (~80%), which was efficient erfodigr this
reaction.

100
I Ca:Zn 1:3 (CP)
[ Ca:zn 1:3 (IWI)
78.88 79.62
- 80 -
)
o
Q 60
=
i
5 40r
kel
4]
20 -
295 (65 0.27 0
0 L .
600 800 900

Temperature of Calcination (C)

Fig. 6 Effect of calcination temperature on biodlggeld. Reaction

conditions: 60 °C of reaction temperature, 8 heafction time, 1:3

atomic ratio of Ca:Zn, 15:1 molar ratio of methatwbil, amount of
catalyst 6 wt%, and 300 rpm of stirrer speed

F. Effect of Ca:Zn atomic ratio

In order to study the effect of catalyst composition
biodiesel yield, the various Ca:Zn atomic ratiosevstudied at
1.5, 1:3, 1:1, and 3:1. From Fig. 7, the resulteated that the
biodiesel yield was greatly effective on the vaoiatof Ca:Zn
atomic ratio. The highest biodiesel, approximaté8.88%,
was observed in CP catalyst with Ca:Zn of 1:3, evttile 80%
biodiesel yield belonged to the IWI catalyst wittetCa:Zn
range of 1:3-3:1. Focusing on the CP catalyst,bibeiesel
yield was slightly decreased at high Ca concewtnati This

the lowest catalytic activities for both catalystswas consistent with the appearance of CaO aggldimera
Ngamcharusstrivichai and coworker (2008) [19] ackievhe which has been reported in elsewhere [19]. The ipless
same trends and proposed that increasing calanatiexplanation might come from the combination of Cazixed
temperature up to 900 °C could significantly deseedghe oOxides, resulting in enhancing the surface arethefcatalyst
methyl ester content since the sintering of CaQigles could including the complete decomposition of carbonatecies (or
be possibly affected, as evidenced by XRD techniqugrecursors), generating more active CaO sitesomfirmed by
However, our results suggested that the incompledRD characterization (Fig. 1). The mechanism ofocaate
decomposition of carbonate species {€Oat the low decomposition has also been proposed in Mgf2Q), but this
calcination temperature of 600 °C might be the nfiaitor for work did not discuss in this part.
lowering the catalytic activity, which could be domed by
XRD pattern of CP sample. Even though, there was nc
carbonate detected in IWI sample, the authors wilidto
note that the suitable calcination temperatureGdf 8 might
perform the suitable Ca—Zn interaction in the bnsystem,
when compared to other calcination temperature (@@&nd
900 °C). The evidence of this type of interactiaruld be
attributed to the shift of Jax from 600 °C. However, the
reasons why the shift of i less or higher than 600 °C when
increasing or decreasing the calcination tempegaam 800
°C, were still unclear. Furthermore, the sinterifigct of CaO
particles should be another factor for deactivatimg CaO—
ZnO catalyst at the highest calcination temperatuae ) - o ] )
evidences from many previous characterization tegctes Flg...7 Effect of Ca:Zn aFomlc ratio on blodleseélgl. Rgactlon
(TPR and XRD). According to the results, the thdrmacond't'onsf 60 °C of reactlon‘temperature,8hera‘ct|on time, 15:1
treatment condition of 800C should be suitable for the molar ratio of methanol to oul,_amount of catalgst%, and 300
. . . . - rpm of stirrer speed
catalyst preparation’s condition since it could yde the

100 - . CP

78.8879.62

80 75.97

Biodiesel Yield (%)

13 11 31

Ca:Zn atomic ratio
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IV. CONCLUSION [18] Taufig-Yap Y, Lee H, Hussein M, Yunus R. “Calciuragsed mixed
. oxide catalysts for methanolysis of Jatropha cumihto biodiesel”.

A heterogeneous catalyst CaO-ZnO can be used alida s Biomass and Bioenergy 2011:35:827-834
based catalyst for biodiesel production via trareséiation [19] Ngamcharussrivichai C, Totarat P, Bunyakiat K. “@ad Zn mixed

; . ; : . ; oxide as a heterogeneous base catalyst for tramiestion of palm
of palm oil. The Ca:Zn atomic ratio 1:3 catalyst/gdighest kerel oil". Appl Catal A 2008;341:7785.

biodiesel yield of 78.88% and 79.62% for CP and IWjo] El-Shoba G.A. ky, AA. Mostafa, “Thermochim”. Ac2003:408:75—
techniques, respectively, at reaction temperaturé® °C, 84.

reaction time of 8 h, 1:15 molar ratio of palm milmethanol, [21] Xie W, Huang X, Li H. *Soybean oil methyl estersparation using
| f, 0 d f sti d ’ NaX zeolites loaded with KOH as a heterogeneousalysit.
a catalyst amount of 6 wt%, and 300 rpm of stisggzed. Bioresource Technology 2007:98(4):936—939.
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