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ABSTRACT

This research studied the production of biodiesel via transesterification of crude palm oil and
methanol using sodium hydroxide catalyst in a continuous tubular reactor. The preliminary data
were obtained by a batch experiment. For the continuous operation, the molar ratio of methanol
and crude palm oil was fixed at 6:1 with sodium hydroxide concentration of 1 % by weight of
crude palm oil. The reaction temperature was varied at 60, 70, 80, 90 and
100°C at the volumetric flow rate of the reactant of 20, 40 and 60 ml/min. It was found that the
optimum conditions were at the temperature of 90°C and the volumetric flow rate of reactant of
40 ml/min to obtain methyl ester 97.84 % by weight of crude palm oil.

In order to study the separation of methyl ester from glycerol, the centrifugal speed was
varied 50, 150, 300 and 450 rpm at the separation time of 5, 10, 15, 20, 25 and 30 min. By using
the centrifugal speed of 450 rpm and the separation time of 25 min, the product with methyl ester
97, glycerol 1.8 and water 1.2 % by volume was obtained. The properties of biodiesel were in
accordance with the biodiesel standards, i.e., the viscosity at 40°C was 3.5 cSt, °API gravity was

38.9, the specific gravity at 15.6°C was 0.83 and flash point was 162°C.
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Caprylic C 80 - 34-59
Capric C 10:0 - 3.3-4.4
Lauric C 12:0 - 46.3-51.1
Myristic C 14:0 0.1-0.4 14.3-16.8
Palmitic C 16:0 40.9-47.5 6.5-8.9
Stearic C 18:0 3.8-4.8 1.6-2.6
Arachidic C 20:0 0-0.8 -
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Linolenic C 18:3 0-0.5 -
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1/ 2548-2550 [17-18]

J iieRlianan @uls) NONBA (WHAH) NananAe s (nn.)
e 2548 | 2549 | 2550 2548 2549 2550 2548 | 2549 | 2550

oulatiige 23,063 | 25,750 | 28,625 | 64,255 | 70,000 | 78,000 | 2,786 | 2,718 | 2,725
WUALTY 22,188 | 23,000 | 23,688 | 75,650 | 75,400 | 77,700 | 3,410 | 3,278 | 3,280
uiise 20,938 | 19,219 | 19,688 8,500 8,300 8,500 | 406 | 432 432
Ine 2,026 | 2374 | 2,663 5,003 6,715 6,390 | 2,469 | 2,828 | 2,399
Tnduie 1,060 | 1,031 | 1,031 3,273 3,200 3,200 | 3,088 | 3,104 | 3,104
PnNAeY 803 813 844 1,930 2,000 2,100 | 2,403 | 2,460 | 2,488
MU 2,033 | 2,081 | 1875 2,025 2,097 1,900 | 996 | 1,008 | 1,013
Tnadds 1232 | 1,138 | 1,188 1,350 1,413 1,448 | 1,096 | 1242 | 1219
1hihiini 550 575 600 1,300 1,350 1,400 | 2,364 | 2,348 | 2,333
LHADY 363 363 363 1,300 1,300 1,300 | 3,581 | 3,581 | 3,581
oun 6,191 | 5850 | 5,899 8,687 8,514 8,635 | 1,403 | 1,455 | 1464
sautaTan 80,447 | 82,194 | 86,464 | 173273 | 180289 | 190,573 | 2,154 | 2,193 | 2,204
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L. R ls) irofl¥inanan ls) NaNan (A1) wanannels (nn.)
madania
2549 2550 2551 2549 2550 2551 2549 2550 2551 2549 2550 2551
5'33»1%\11]53!7]?[ 2,953,924 | 3,199914 | 3,622,778 | 2,374,202 | 2,663,252 | 2,872,836 | 6,715,036 | 6,389,983 | 9,263,784 2,828 2,399 3,225
MANaN 228,894 290,954 376,648 177,728 203,147 227,591 412,538 370,759 672,347 2,321 1,825 2,955
mala 2,725,030 | 2,906,671 | 3,246,130 | 2,196,474 | 2,460,105 | 2,645,317 | 6,302,498 | 6,019,224 | 8,591,437 2,869 2447 3,248
FUNT 5,936 10,458 14,360 4252 4,346 5936 5,457 4,876 11,597 1,283 1,122 1,954
fﬁzuﬁ’a 5,609 10,777 11,633 806 954 5609 1,002 1,008 11,694 1,243 1,057 2,085
unys 4,561 4611 5,080 2,846 3,786 4,561 4,386 4,967 8,455 1,541 1,312 1,854
TR 40,874 59,860 67,096 18,816 30,184 40,874 38,178 48,089 132,523 2,029 1,593 3,242
TN 14,092 19,928 20,965 12,934 13,843 14,092 27,536 23,812 36,357 2129 1,720 2,580
“Uﬁ']_ﬁ 75,305 77,495 81,848 65,269 71,229 74,023 161,998 137,812 230,607 2,482 1,935 3,115
ﬂ1i‘gi]u1ﬁ 2,342 2,342 4,641 1,207 1,342 2,342 859 905 3,541 712 674 1,512
!.‘W“]ﬁlﬁ 451 2,341 2,798 - - 451 - - 632 - - 1,401
ﬂﬁzmuﬁ%ﬁuﬁ' 79,724 103,142 168,197 71,597 77,463 79,631 173,122 149,290 236,941 2,418 1,927 2,975
YUNT 652,102 693,622 732,371 478,656 578,920 642,626 | 1,354,118 | 1,356,638 | 2,171,318 2,829 2,343 3,379
5YUD 48,041 63,923 73274 | 35483 | 41301 | 48,041 | 102,439 | 107,402 140,520 2,808 2,600 2,925
q51H§]§‘ﬁ1ﬁ 762,535 832,285 915,255 657,853 719,527 752,749 | 1,912,379 | 1,770,157 2429,963 2,907 2,460 3,228
Waa 81,964 | 89,531 | 102,158 | 66356 | 77,901 | 81,740 | 161,112 | 170,644 | 232,820 2,428 2,191 2,848
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iwenaudu (13)

ianvinanan (19)

NaNan (A1)

wanannels (nn.)

MAAIKIA
2549 2550 2551 2549 2550 | 2551 2549 2550 2551 2549 2550 2551
Hihtd 1,157 1,133 1,133 1,082 1,133 1,133 1,439 1,421 2,344 1,330 1,254 2,069
Nzl 834,254 | 834437 | 965809 | 693,424 | 763,884 | 806,721 | 2,117,375 | 2,049,589 | 2,755,306 3,054 2,683 3,415
A3 104,681 | 102,064 | 109,026 87,713 83,766 | 90,572 | 244,193 | 207,942 | 258,946 2,784 2,482 2,859
UATATBITUIY 90,345 | 117,164 | 149,164 | 45476 65,728 90,345 | 113,190 | 132,198 | 265264 2,489 2,011 2,936
NN 3,221 8,894 100,88 1,493 2,375 3,221 3,279 4347 8,252 2,196 1,830 2,562
ALY 19,707 19,588 24,022 16,982 17,938 19,232 41,029 37,052 50,660 2,416 2,066 2,634
aga 102,469 95,782 | 104,539 | 90,993 87,353 88,083 | 210831 | 148,681 | 225730 2,317 1,702 2,563
flaail 420 7,686 12,985 - - 420 - - 596 - - 1,419
pzal 2,444 4,732 7,031 898 898 944 1,611 1,439 1,890 1,794 1,602 2,002
UE N 21,690 35,830 39,275 19,065 19,381 19,490 39,503 31,714 47,828 2,072 1,636 2,454
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Abstract

The production of biodiesel can either be in a batch process or continuous operation. This
paper shows the production of biodiesel via transesterification of crude palm oil and methanol using
sodium hydroxide catalyst in a continuous tubular reactor. The molar ratio of methanol and crude palm
oil was fixed at 6:1 and the sodium hydroxide concentration was 1 % by weight of crude palm oil. The
reaction temperature was varied from 60,70, 80, 90 and 100°C at a reactant volumetric flow rate of 20,

40 and 60 ml/min. Methyl esters of 97.8 % (wt.% of crude palm oil) were obtained at the temperature
of 90°C and the reactant volumetric flow rate of 40 ml/min.

Keywords: biodiesel, transesterification, crude palm oil, continuous tubular reactor, methyl ester

1. Introduction

Biodiesel is currently the most widely
accepted alternative fuel for diesel engines due
to its technical and environmental advantages. It
reduces emissions from the combustion such as
carbon dioxide, carbon monoxide, nitrogen
oxides, and improves lubricity in comparison
with conventional diesel fuels [1]. Biodiesel is
produced from vegetable oils such as palm oil,
soy bean oil, sunflower oil, rapeseed oil or
animal fats (usually tallow) as well as waste oils,
1.e., used flying oils. Generally, biodiesel has
higher density, viscosity, cloud point and cetane
number, and lower volatility and heating value
compared to commercial grades of diesel fuels
[2-5].

Vegetable oils have too high viscosity
for use in most existing diesel engine, therefore,
four methods to solve the problems encountered
with high fuel viscosity have been investigated

by transesterification, pyrolysis, microemulsion
and blending with petrodiesel.
Transesterification is a chemical conversion of
animal fats or mostly vegetable oils to
corresponding fatty esters [6]. It is a reaction in
which triglycerides (TG), the main component
of vegetable oils or animal fats, reacts with
short-chain alcohols, mainly methanol (MeOH)
and proceeds well in the presence of some
catalysts to form fatty acid methyl esters
(FAME). Figure 1 shows transesterification
reaction of triglycerides. There are three
stepwise reactions with intermediate formation
of monoglycerides (MG) and diglycerides (DG)
resulting in the production of 3 mol of methyl
esters (ME) and 1 mol glycerol (GL) [7].
Biodiesel in most cases is therefore termed as
fatty acid methyl esters of vegetable oils or
animal fats.
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Figure 1: Transesterification reaction of triglycerides

The homogeneous -catalysts such as
potassium hydroxide (KOH), sodium hydroxide
(NaOH) and sulfuric acid, or heterogeneous
catalysts such as metal oxides or carbonates are
used [8-10]. Alkali catalysts are recommended
for transesterification of vegetable oils or animal
fats in which free fatty acids (FFA) and water
content less than 0.5 and 0.06 %, respectively
[11-12]. In contrast, if vegetable oils or animal
fats contain high free fatty acids and water
content, acid catalysts are selected. Among
alkali catalysts, sodium hydroxide is widely
used because of its low cost and high product
yield [6, 13].

Besides the type of catalyst, the molar ratio
of alcohol to vegetable oil, temperature, reaction
time, the effect of the presence of water content
and free fatty acid are reaction parameters of
interest to be investigated. Freedman et al. [14]
studied transesterification of vegetable oil using
sodium hydroxide catalyst. The best reaction
conditions were found at 60°C and 1 h by using
a molar ratio of methanol to oil at least 6:1. In
case of ethanol and buthanol higher
temperatures, i.e., 75 and 114°C, respectively
were required to achieve the highest conversion.

Palm oil is one of the potential choices of
raw material, particularly for the agricultural
countries. Jitputti et al. [15] studied
transesterification of crude palm kernel oil by
sulfated zirconia solid catalyst. Crabbe et al.
[16] used sulfuric acid catalyst to produce
methyl ester from crude palm oil with the molar
ratio of methanol and crude palm oil at 40:1.

Therefore, in this work the reaction
temperature and volumetric flow rate of the
reactant on yields of methyl esters of
transesterification of crude palm oil and
methanol using sodium hydroxide catalyst in a
continuous tubular reactor are investigated. The
obtained conditions are expected for a study of
the separation of methyl ester and glycerol.

2. Materials and Methods
2.1 Materials

The compositions of fatty acids in crude
palm oil (CPO) were determined by gas
chromatography. MeOH with purity of 95 %,
H,SO, and NaOH with purity of 98 % were
used.

2.2 Methods
2.2.1 Acid pretreatment [14]

Before transesterification by  alkali
catalysts, the free fatty acids of CPO must be
removed to less than 0.5% by weight of CPO.
Because high FFA cause the saponification
reaction parallels with transesterification [17].
FFA of CPO were first converted to esters in a
pretreatment process using methanol and
sulfuric acid. In the first step, CPO was
preheated to 80°C for 1 h to remove water then
kept at the ambient temperature. The second
step, methanol 20% by weight of CPO and
sulfuric acid at 1% by volume of CPO were
added. The pretreatment process was carried out
at 60°C for 1 h. FFA in the CPO moved into
methanol layer, and the pretreated oil separated
from the methanol layer. Subsequently, the
pretreated oil was used for alkali-catalyzed
transesterification.

2.2.2 Transesterification in a batch process
and continuous process

The batch process was used to
determine the preliminary conditions for the
tubular continuous process. The molar ratio of
methanol and crude palm oil was fixed at 6:1
based on the literature [14] as well as the sodium
hydroxide concentration at 1% by weight of
crude palm oil. The reaction was carried out in a
500-ml beaker equipped with a stirrer.
The pretreated oil about 200 ml was heated to
50°C in a water bath at 250 rpm for 15 min. The



reaction temperature was also investigated at 60
and 70°C while the reaction time was varied to
30 and 45 min. After the reaction, the methyl
ester layer was separated above the glycerol
rich-phase in a decantation funnel. The methyl
ester layer was purified. By using the same
procedures, the sodium hydroxide concentration
was checked by changing from 0.5, 1.25 and
1.5 % by weight of crude palm oil.

The reaction parameters that obtained
from the batch process were used in the

80

temperature of 60,70, 80, 90 and 100°C and the

reactant volumetric flow rate of 20, 40 and
60 ml/min were studied.

Figure 2 shows a schematic diagram of
the continuous process built in this work for
biodiesel production via transesterification of
crude palm oil. It is a 24-m stainless steel
tubular reactor with the outside diameter of Y4
inch. The products were kept at a steady state
and the glycerol was separated from the methyl
ester layer by a decantation funnel.

Continuous Tubular Reactor

continuous tubular reactor. The reaction
Pump
4
CPO +MeOH + NaOH

Methyl

Glycerol

Figure 2: Schematic flow diagram of a continuous process for transesterification of crude palm

oil

2.2.3 Purification of methyl ester phase

After separating the glycerol from the
methyl ester layer, the methyl ester layer was
purified by washing with hot water at 80°C to
remove the excess methanol, sodium hydroxide
catalyst and trace of glycerol until it was neutral.
The residual water and methanol were removed
from the methyl esters by heating at 120°C for
1 h.

2.2.4 Analytical method

The methyl esters were analyzed by the gas
chromatography equipped with a flame
ionization detector (FID). Helium was used as
the carrier gas. The temperature of the injector
and detector were maintained at 250 and 300°C,
respectively. Methyl heptadecanoate 99% and
heptane 99.5% were used as the analyzing

reagents. The 1-pl of the mixture containing
0.25 g biodiesel and 5 ml of methyl

heptadecanoate and heptane was injected into
the gas chromatography. A peak identification
was made by comparing the retention time of
the sample and that of the standard compound.
The content of fatty acid methyl esters was
calculated from peak areas over the reference
peak area by the following equation from
EN ISO 5508.

C= ( A)_AIS y Cis xVis
Ak w
where ZA is the total peak area from the methyl

x100 1

esters in Cy4 to that in Cyy,; Ays is the peak area
corresponding to methyl heptadecanoate; Cjs is
the concentration of the methyl heptadecanoate
solution (mg/ml); Vis is the volume of the
methyl heptadecanoate solution (ml); W is the
mass of sample (g).

3. Results and Discussion

3.1 Characteristics of crude palm oil



Table 1 shows the compositions of fatty
acids in CPO by the gas chromatography. The
free fatty acid value in the palmitic acid was
obtained by the titration according to
AOCS.Ca 5a-40 method. The free fatty acids of
1.56% by weight of crude palm oil was
calculated using Eq.(2) [18]. In this work, it is
necessary to pretreat CPO before the reaction
because the alkali catalyst of transesterification
is very sensitive to the purity of the reactant, and
the efficiency of transesterification is decreased
when the FFA content in the oil is greater than
0.5 wt.%.

(V X N><25.6)

% palmitic acid =
M

2

where V is the volume of the titrated sodium
hydroxide (ml); N is the concentration of
sodium hydroxide (N); M is the mass of crude
palm oil (g).

3.2 Batch process
3.2.1 Effects of reaction temperature and
reaction time

From Figure 3, the FAME of 89.5% was
obtained at 60°C and 45 min.
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Table 1: Characteristics of crude palm oil

Fatty acid PORIM" This work
specification (Wt.% of
crude palm
oil)
Lauric 0-0.4 0.42
Myristic 0.6-1.6 1.26
Palmitic 41-47 42.78
Palmitoleic 0-0.6 0.34
Stearic 3.7-5.6 4.46
Arachidic 0-0.8 0.24
Saturated fatty 45.3-55.4 49.06
acids (%)
Oleic 38.2-43.5 39.52
Linoleic 6.6-11.9 7.91
Linolenic 0-0.5 0.37
Unsaturated 44.8-57.3 50.94
fatty acids (%)

" Palm Oil Research Institute of Malaysia [16]

100
20 89.5
84.7 86.8
S 80 -
g 75.8
\g 70 - /-\- 69.8
= 60 1 55.3
50.4 52.5 —&— 15 min
50 A —=— 30 min
—&— 45 min
40
40 50 60 70 80

Temperature (°C)

Figure 3: Effects of reaction temperature and time on FAME content at a molar ratio of
methanol to CPO of 6:1 and 1 % NaOH

3.2.2 Effect of sodium hydroxide
concentration

The concentration of sodium hydroxide was
varied at 0.5, 1.0, 1.25 and 1.5% (wt.% of crude
palm oil) at 60°C and 45 min. From Figure 4, it
was found at sodium hydroxide concentration of
1.0% by weight of crude palm oil, the maximum

amount of FAME of 89.5% was obtained.
However, at sodium hydroxide concentration of
1.5%, the viscosity of product increased due to
gel formation resulting in a decrease of methyl
ester yield.

3.3 Continuous process



3.3.1 Effects of reaction temperature and
volumetric flow rate of reactant

From Figure 5, the amount of FAME
did not change much at different volumetric
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flow rates. The maximum FAME of 97.8 % was
obtained at the reaction temperature of 90°C and
the reactant volumetric flow rate of 40 ml/min.

100
90 | °

*— € 89.1

80 87.0
70 -
60 -
50
40
30
20 1
10

FAME (wt. %)

89.5

0
0 0.25 0.5

0.75 1 1.25 1.5

NaOH concentration (wt. % of crude palm oil )

Figure 4: Effect of sodium hydroxide concentration on FAME content at a molar ratio of
methanol to CPO of 6:1, reaction temperature of 60°C and reaction time 45 min

100
00 - M
S 80
.,
=
%
< 60
—o— 20 ml/min
50 1 —#— 40 ml/min
—a— 60 ml/min
40
40 50 60 70 80 90 100 110

Temperature (°C)

Figure 5: Effects of reaction temperature and reactant volumetric flow rate on FAME content
at a molar ratio of methanol to CPO of 6:1 and 1 % NaOH

4. Conclusion

The optimum conditions of
transesterification of crude palm oil and
methanol (molar ratio 1:6) using sodium
hydroxide catalyst in a continuous tubular
reactor were at the reaction temperature of
90°C and the reactant volumetric flow rate of
40 ml/min. Methyl esters of 97.8 % by weight of

crude palm oil were obtained. These conditions
will further be used to find the effects of the
speed of the centrifuge and time on the
separation of methyl ester and glycerol.
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