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111: Ma and Hanna (1999)
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(}:.-:jo CH?.O— H+ +
“OR Ca O —Ca—0—
RO
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—sE ) — |
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(5)
(|)CH3 OCH,
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) _OCHj
Ri—CE=0"& R—C. + HOR (7)
ROH* 0
CH,O0CR, CH,0H R,;COOCH;
Catalyst ,
CHOOCR; + 3CH;O0H - = CHOH + R,COOCH; (8)
CH,O0CR; CH,0H R;COOCH;,
~OCH OH
2 OH" 4
R—C +H,0 = =Ry €+ HOCH; (9)
ko) 0

~ aan 4 Aa A @ d' S A %’ A v '
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aan I
Ugnsenilu cao

117: Ma and Hanna (1999)
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NV Waste Management and Research Center (2006)
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Yo ann . . . (% A Y 2 o
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H504 I
CHz—C—0—CHzCHz + Hx0 —=———=== CH3—C—0H + CHzCHx—OH

ethyl acetate acetic acid sthanol

~ aan an o
mwilszneui 2-7 Ugnseueamesindu

117: Khan (2002)
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3.3.8 MIvenUUUWHTIn VAU (Response Surface Methodology, RSM)
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14 1:15 6 600
15 1:11 3 217
16 1:15 6 360
17 1:15 1 360

4
a a a

Y IR o A A = o
F9YALANUUIANTUDUNUNAUDAIADTHIATUIUIINAUNITN (4-1) L?J@Llr%f]llﬁ/]fll]ﬂil

Q

9 (=1 Y A [ [ dl
GU’E)?;IJﬂiﬂﬂﬂﬁ%ﬂﬂ@\iWU’JﬁJﬂﬂﬂamEJQﬂHﬂQLLﬁﬂQiU@]”IiNV] f-2




79

A =} Y a £ a sA ¥ o
AT NN N-2 l!ﬁﬂ\?ﬂTiLlﬁﬂUlﬂﬂUi@Ela3ﬂ'J'liJ‘]Jiﬁ]fVl‘.ﬁGUfNLlJ°VIﬁl@ﬁl@l@ﬁﬂl’lﬂﬂ'lﬂﬂWﬁﬂﬂa@\‘]ﬂU
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ME(%wt) ME(%wt)
N1INAQD .
AMNNITINAADI MNLUUUVINADN

1 54.00 53.12
2 82.00 82.65
3 44.00 41.76
4 64.30 70.77
5 65.00 62.26
6 85.00 82.29
7 78.00 78.42
8 82.00 82.65
9 44.00 45.87
10 44.00 36.72
11 64.32 57.81
12 68.00 69.27
13 50.20 53.85
14 55.00 53.85
15 55.00 50.91
16 82.00 82.65
17 15.00 18.3
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P value Std Error -95% 95% t Stat VIF

b0 -33.84 0.05141 15.07 -67.94 0.257 -2.245

bl 19.76 0.000249 3.388 12.10 27.43 5.833 | 44.63
b2 0.244 0.00601 0.06820 0.08926 0.398 3.571 | 51.44
b3 -0.168 0.00847 0.05008 -0.281 -0.05467 -3.354 | 15.82
b4 -2.123 2.26618E-06 0.201 -2.578 -1.668 -10.56 | 20.09
b5 | -0.000522 | 4.17852E-05 | 7.06695E-05 | -0.000682 | -0.000362 | -7.383 | 29.71
b6 0.533 0.01559 0.179 0.128 0.939 2974 | 35.76
b7 0.00867 0.02733 0.00330 0.00122 0.01613 2.631 | 37.69
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Abstract

Production of biodiesel is greally increasing due to its clean burning, non-toxic
and biodegradable alternative fuel which comes from 100% renewable materials. However,
homogeneous catalysts in production process are still disadvantages. Introducing a solid
heterogeneous catalyst in biodiesel production could support the performance of reaction to
the higher yield. In this study, transesterification of palm oil using CaO as a solid base
catalyst was investigated. Four parameters are molar ratio of methanol to oil, addition of
CaO catalyst, retention time, and water content was studied in biodiesel production. The
preliminary results shows that at 15:1 molar ratio of methanol to oil, addition of 2% CaO
catalyst, 6 h. of retention time, 65°C reaction temperature, and 3% water content in

methanol produce 86.23% purity of methyl ester.
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FEASIBILITY STUDY OF USING CaO
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Abstract: Production of biodiesel is greatly increasing
due to its clean burning, non-toxic and biodegradable
alternative fuel which comes from 100% renewable
materials. However, homogeneous catalysts in
production process are still disadvantages. Introducing
a solid heterogeneous catalyst in biodiesel production
could support the performance of reaction to the higher
vield. In this studv, transesterification of palm oil using
Ca0 as a solid base catalyst was investigated. Four
parameters are molar ratio of methanol to oil, addition
of CaQ catalyst, retention time, and water content was
studied in biodiesel production. The preliminary resulis
shows that at 15:1 molar ratio of methanol to oil,
addition of 2% CaQ catalyst, 6 h. of retention time,
65 9C reaction temperature, and 3% water content in
methanol produce 86 23% purity of methyl ester.

Kev Words: Biodiesel/ palm oil/ heterogeneous
catalyst! homogeneous catalyst! Tramsesterification/
CaO

1. INTRODUCTION

The concept of biodiesel as an alternative
diesel fuel has been gaming great importance worldwide
for its good quality exhaust, sustainability
biodegradability and can be used m conventional diesel
engines without significant modifications [1, 2]. The
most common method for the synthesis of biodiesel
mvolves the use of homogeneous base catalysts such as
sodium or potassium hydroxide (NaOH or KOH) which
allow completion of transesterication with i a few
hours [3] as shown in figure 1.

However. the common method still has side
reactions such as

1. Sapomification: the reaction between free fatty

acids (FFAs)in oil feed, or methyl ester (ME)

reacts with the base catalyst as shown m the

following equation [4].

Tnglycenide + 3Base —» 3Scap + Glyceral (1)
Diglyceride + 2Base ———» 2Soap + Glyceral (2)
Monoglycenide+Base g Soap + Glyceral (3)
Methyl ester + Base ———# Soap + Methanol (4)

2. Hydrolysis: the reaction between ME with
water that 1s byproduct to from the fatty (FA)
acid and alcohol as shown in the following
equation (5)

Methyl ester + water —— Fatty acid + Aleohol (5)

Besides. the removal of homogeneous catalysts is
technically difficult, thus it increases the operation cost
[5]. To avoid these problems, several types of biodiesel
production process have been studied: heterogeneous
catalysts, Acid catalyst, supercritical process and
enzymatic process. Heterogeneous base catalysts have
many advantages: noncorrosive [3], stable, easy
separation and reuse.

CH, —00C -F, E, -COO-RB' CH,-CH
catlyst

CH-QOC-F, + 3R'0H =— R-COO-F + ?H—O‘H

CH, - 002 -, E,—CO0-F CH, - OH

(Hyoends Alechol Eazters Hpoerol

Fig. 1. The reaction of a fat or o1l with an alcohol to
form esters and glycerol

Calcium oxide (Ca0Q) 1s the heterogeneous catalysts.
To producing biodiesel using CaO as a solid base
catalyst, the reaction rate was slow and 1t required 6-24
h to obtain high conversion with their most active
catalyst [6. 7]. However. this process has many benefits
such as high activity, gentle reaction conditions, long
catalyst lifetimes and low catalyst cost [3].

In this work, the production of biodiesel using CaO
as heterogeneous catalyst was investigated. The molar
ratio of methanol to oil. amouni of CaQ catalyst



retention tume, and water content were parameter that
studied 1 biodiesel production.

2.MATERIAL AND METHOD
2.1. Material

In this study, palm o1l contamed free fatty acid
about 0.3-0.6 % and less than 1% moisture content
(from Specialized R&D Center for Alternative Energy
from Palm Oil and Oi1l Crop Songkhla, Thailand) was
used with a commercial grade methanol as reactants.
The AR CaO catalyst was purchased from Sigma.

2.1. Apparatus and reaction procedure

Transesterification reaction was carried out in a 250
ml two-neck glass flask connecting with a reflux
condenser. The reaction procedure was as follows: first,
the palm o1l was put to the reactor and heated to 65°C
while Ca0, methanol and water were mixed and stirred
at room temperature (30°C) for activation. After 0.5 h,
the mixture was added to the oil reactor and stirred at
rate of 750 tpm for desiwred time The experimental
conditions were showed 1n table 1.

At the end of the reaction, the product was filtrated
to remove the catalyst and evaporated under vacuum in
order to get rid of the excess methanol. After that the
product was washed to eliminate the remaming base
catalyst that 15 and evaporated the water at 120°C for 24
h.

Table 1. Conditions of wusing CaQ for biodiesel
production by transesterification of palm oil.

Exp | Time Methapol Mass ratio of Water
to o1l CaOtool  |conmtentm
&) molar ratio (Yowt) fettanol (Vewt)
1 0-14 12:1 4 3
2 | Optwmm [ 3:1-21:1 4 3
3 | Optomum | Optimum 0.5-14 3
4 | Optmum | Optimum Optimum 0-4

2.3 Product analysis

The content of Fatty Acid Methyl Ester (FAME or
ME) in product was analyzed by a GC-7890 gas
chromatography (Agilent 7890A). Its column was a
Select™ Biodiesel for FAME (capillary column, length
30 m x 320 pm ID. x 0.25 pm film thickness, Varnan
Part No. CP-9080). Imitial column temperature was
210°C and kept it for 12 minutes. Then the column was
raised to 250 C at the rate of 20 C/min and maintained
this temperature for 8 minutes. The temperature of the
injector and the flame ionization detector (FID) was 290
and 300°C. respectively. The FAME content was
quantitatively determined by using the concentration of
methyl heptadecanoate (C17:0, internal standard).

Sample Preparation:

Approximately 250 mg of sample was filled in a 10
mL vial. then 5 mL of methyl heptadecanoate solution
(10 mg/mL) was added.

&9

Calcnlations:
The ester content (C') expressed as a fraction in
percent, is calculated using the following formula:

C = A= Ay +Ea Ve 1000
Ag; m

Y A= the total peak area from the FAME Cyypto Cagy.

Ag; = the peak area of methyl heptadecanoate.

Cg = the concentration, in mg/mL, of the methyl
heptadecanoate solution.
VH = the volume. in mL. of the methyl

heptadecanoate solution.
M = the mass, m mgr, of the sample.

3. RESULTS AND DISCUSSION

3.1. Effect of residence time on purity of methyvl ester

The effect of reaction time as shown in figure 2 was
studied on tranesterification of palm o1l with methanol
and the presence of CaO catalyst with and without
added water. After the start of each experimental the
liquid product was checked for “ME by GC to check
the changing of reactant.

ME (%awi)
3

® without added water
A added water

0 2 4 6 g 10 12 14
Time (h)

Fig. 2. The effect of residence time on purity of methyl
ester. Ca0 to o1l mass ratio: 4%; methanol to o1l molar
ratto: 12:1; reaction temperature: 65°C; water content:
3%.

In the case of added water, the punty of ME
demonstrates slightly increasing within the first 6 h and
finally reached the steady state. Another case uses 12 h
for increased the ME content in the product. Beyond
this point, the ME decreased due to the long time of
reaction support the side reaction between products with
catalyst to become soap. The result showed that the
reaction with 3%wt water respected to oil produced ME
faster than the reaction without water. It because the
alkaline catalyst required water to dissolve and to
generates methoxide anion. Although this anion 1s weak
basic, 1t still has activity 1 transestenification [3].



3.2, Effect of water content in methanol on purity of
methyl ester

Figure 3 shows the effect of water content on purity
of ME. The ratio of 0. 1. 2. 3 and 4%wt of o1l were
mvestigated. The ME content in the product mcreased
from 50% to 82% as the ratio of water increased from 0
to 3%. After this point, the %wt of ME decreased by
side reaction. The result shows that the optimum ratio 1n
this study 1s 3%.

The anhydrous system of biodiesel process by
transesterification 1n the presence of CaO as catalyst has
low punity of ME as shown in Figure 3. This was a
result from methanol can not be converted to
methoxide. The active catalyst 1s generated from surface
0% of Ca0 extracts H from HO to form the surface of
OH. Then, the OH extracts H from methanol to
generate the methoxide anion which is the active
catalyst [3].

ME (% wt)

Time (h)

Fig. 3. The effect of water content in methanol on purity
of methyl ester. Methanol to oil molar ratio: 12:1;
raeaction temperature: 65°C; CaO to o1l mass ratio 4%.

3.3. Effect of molar ratio of methanol to oil on purity
of methyvl ester

Figure 4 shows the effect of methanol to o1l ratio on
purity of ME in the product. The ME content in the
product increases from 35.00% to 88.00% as the
methanol to oil molar ratio increases from 3.0:1 to
15.0:1. However the methanol to o1l ratio a higher than
15.0:1 given the lower punty of ME because of the
methanol-o1l phase separation.

3.4. Effect of mass ratio of CaO to oil on purity of
methyl ester and soap content.

Figure 5 shows the effect of the %wt of catalyst to
o1l on purity of ME m product. The result indicates that
the purity of methyl ester was significantly improved
with an increase of CaO. The purity of methyl ester
reached 85.00% when the %wt of CaO was 2%.
However, the ligher catalyst has negative effect on the
biodiesel production. This 1s result from the condition
with a high concentration of alkaline base support the
side reaction (saponification) as shown 1 figure 6.

90

100

801

ME (% wt)

Molar Ratio of Me thanel to Ol {mol:mel)

Fig. 4 The effect of molar ratio of methanol to o1l on
purity of methyl ester. CaO to o1l mass ratio: 4%;
reaction temperature: 65°C; water content: 3%; reaction
time 6 h.

100

80 1

ME (%awt)

CI T T T T T T T
0 2 4 6 g 10 12 14 16

Mass Ratio of CaO to Ol (%owt)

Fig. 5. The effect of mass ratio of CaO to o1l on purity
of methyl ester. Methanol to o1l molar ratio: 15:1;
reaction temperature: 65°C; water content: 3%; reaction
time 6 h.

175000

150000 -

125000

100000 -

Soap (ppm]

75000 4

30000 4

25000

0 T T T T T T T
1] 2 4 6 8 10 12 14 16

Mass Ratio of CaO to Oil (Yowt)
Fig. 6. The effect of mass ratio of CaO to oil to soap

formation. Methanol to o1l molar ratio: 15:1: reaction
temperature: 65°C; water content: 3% reaction tiume 6 h.

Figure 6 shows the effect of mass ratio of CaO to o1l
to soap formation The result shows that the quantity of



soap increased while the ratio increased since higher
catalyst support higher soap formation, corresponding to
previous work

4. CONCLUSION

The prelimimnary results shows that CaO
heterogeneuos catalyst process has been found to be
feasible for the production of biodiesel. Water has an
important impact on purty of methyl ester in the
transesterification of plam o1l to bidiesel using CaO as a
solid base catalyst. Furthermore, it was observed that a
small amount of water increased the reaction rates
compared to the anhydrous condition. The optimum
conditions of this process to produced 86.23% purity of
methyl ester were 15:1 molar ratio of methanol to o1l
addition of 2% CaO catalyst. 6 h. of retention time,
65°C reaction temperature, and 3% water content in
methanol .
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