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ABSTRACT

Palm Fatty Acid Distillate (PFAD) is a by-product from refining crude palm oil
(CPO). PFAD is used in soap industries, oleo chemical industries, vitamin E extracted and as raw
materials for biodiesel production. In this work, PFAD having high free fatty acid (FFA) about
94.5% was used. Firstly, The esterification experiments were carried out in a batch reactor. The
four parameters were investigated as amount of catalyst to PFAD, different percent by weight of
catalyst loaded on activated carbon, molar ratio of PFAD to methanol, and reaction time. The
result showed that wood vinegar loaded on activated carbon as solid catalyst had low activity to
catalyze the esterification at 60°C, when amount of catalyst at 1:2.5 was added to the reaction
system containing PFAD to methanol in 1:12 (mole ratio) for 1 h. The optimum condition for
ferric sulfate [Fe,(SO,),] loaded on activated carbon as solid catalys was observed at temperature
of 95°C, 20 wt% of ferric sulfate loaded on activated carbon with amount of catalyst to PFAD at
1:2.5 , molar ratio of PFAD to methanol at 1:12 and reaction time 6 h. It provide 98.20 wt%
Methyl Ester (ME). Then, continuous esterification of PFAD was operated in Fixed bed reactor
with temperature at 70°C under it own pressure. It provide 90.74 wt% ME. The recycling
experiment results showed it had a long catalyst lifetime and could maintain activity even after

being reuse for 8§ cycles. The final FAME product met with the Thai biodiesel quality standard.
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Fatty acid Systematic name Structure’ Formula
Lauric Dodecanoic 12:0 C,,H,,0,
Myristic Tetradecanoic 14:0 C,,H,0,
Palmitic Hexadecanoic 16:0 C,H,,0,
Stearic Octadecanoic 18:0 C,H;0,
Arachidic Eicosanoic 20:0 C,,H,,0,
Behenic Docosanoic 22:0 C,H,0,
Lignoceric Tetracosanoic 24:0 C,,H,O,
Oleic cis-9-Octadecanoic 18:1 C,H,,0,
Linoleic cis-9,cis-12-Octadecadionoic 18:2 C,H,,0,
Linolenic cis-9,cis-12,cis-15-Octadecatrionic 18:3 C,H,,0,
Erucic cis-13-docosenoic 22:1 C,,H,,0,
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vihhay 02 | 45 | 45| 0 0 0 |402| 0 |101]| O
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SEPITRS 0 9 2 0 0 0 | 53] 0 |39 | 0
SN ETIC I 0| 12 ] 3 o] 0o | 0o |23 056
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Palmitic 45.6
Oleic 333
Linoleic 7.7
Stearic 3.8
Myristic 1
Tetracosanoic 0.6
Linolenic 0.3
Eicosanoic 0.3
Ecosenoic 0.2
Palmitoleic 0.2
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a1sisznou 997132N01 (%) f10814
Acetic acid 2.70 et - hdun 'l
Propionic acid 0.12 F:ﬁ!,ﬂi 199 FFPRI, Japan
Methanol 0.13 - 84.29%
Furfural 0.11 UNITBINY : 15.8%
Acetone 0.01
Cycloten 0.15
2-Cyclopinternon 0.03
Fulfuryl alcohol 0.02
Gulalcohol 0.04
Tetrahydro Fulfuryl alcohol 0.06
Para-Cresol & Meta-Cresol 0.09
2-Methoxy-4-Cresol 0.08
Ortho-Cresol 0.08
Nonan-1, 4-Olld 0.04
Ethyl-Gulalcohlol 0.01
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6. ANUKUA (Viscosity)
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Mndsznevi n.6 3 1/ Cannon Fenske Routine Viscometer for Transparent Liquids
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Size mm’/s’ , (cSt/s) Kinematic Viscosity Range
mm/s , (cSt)

25 0.002 0.5t02

50 0.004 0.to 4

75 0.008 1.6t0o 8

100 0.015 3to 15

150 0.035 7 to 35

200 0.1 20 to 100
300 0.25 50 to 250
350 0.5 100 to 500
400 1.2 240 to 1200
450 2.5 500 to 2500
500 8 1600 to 8000
600 20 4000 to 20000
650 45 9000 to 45000
700 100 20000 to 100000
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a d
7. MIIATIZHRINMIANNIOUVO WA UND AT (Copper Corrosion ; ASTM-D 130)
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Jet

Kerosine

NGL (Natural Gasoline)
Gasoline

Diesel

Gasoline

Lube

guUnQN (°C) a1 (2 139 = W)

100+ 1 245
100 £ 1 3+5
40 3+5
50+ 1 345
50+ 1 3+5
50+ 1 345
2100 Vary
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8. M3INTITHINYANAY (Distillation ; ASTM-D 86)

8.1 Hanms

NAUAI0819 100 Wa. Areganaui lauasgiua1y ASTM dunauagzaiuin
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d’ = a % 1 Aaan d‘
7113190 V.1 ﬁﬂ‘HTlJ‘ilﬂﬂ!sllfJ\W]’Jl‘i\‘]‘]Jj‘]ﬂ’iﬁﬂﬂmiﬂg’c’m

gangd | nalumath | dandiudalua | wlesindamlauuns | dusalfnse
(C) UAReN(¥.) | (PFAD /MeOH) | onudusiud (wi%) | (g/25g PFAD)
95 2 1:12 20 2
95 2 1:12 20 4
95 2 1:12 20 6
95 2 1:12 20 8
95 2 1:12 20 10
95 2 1:12 20 12

X, = U5mavesdus slgnse (o) nmanzau

A = sd @ S o /o o Vo o oA
M NN V.2 ﬁﬂ}ﬂlﬂﬂjlcﬁuﬁiﬂﬂu’lwuﬂ"]]@\?ﬂ/\l@jﬁﬂ%aﬂ/\l@‘ﬂuW\iﬂ']uﬂllllu@ﬂlwu'lgﬁll

gangd | nalumsih | dandiudalua | wlessndamlauuns | dusalfnse
(C) URn3en(su.) | (PFAD/MeOH) | aufmiiud (wi%) | (g/25g PFAD)
95 2 1:12 10 X,
95 2 1:12 20 X,
95 2 1:12 30 X,

J 3 o oy @ Ja o J v o Ja
X, = Lﬂ@ﬁl“ﬁuﬂiﬂﬂu’]ﬁuﬂﬂlﬂﬂﬂ@ﬁﬁﬂ“]faW‘I@]‘]JUN\‘]Q']UﬂiJiJu@WILﬁiJ']gﬁN
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gangd | nalumsih | dandiudalua | wlesindamauuns | dusalfnse
(°C) URn3en(su.) | (PFAD/MeOH) | aufmiiud (wi%) | (g/25g PFAD)
95 2 1:1 X, X,
95 2 1:4 X, X,
95 2 1:8 X, X,
95 2 1:12 X, X,
95 2 1:14 X, X,

X~ sandanufaluavesdundunsaluiuthdusemmueafiins au
M31af 1.4 Fnralumsilgasenfimmnzay

gangd | nalumsih | dandiudlua | wlesindamauums | dusalfnse
(°C) UfATeww.) | (PFAD/MeOH) | o1uduiiud (wi%) | (¢/25gPFAD)
95 0.5 X, X, 1
95 1 X X, 1
95 2 X, X, X,
95 3 X, X, X,
95 4 X, X, X,
95 5 X, X, X,
95 6 X, X, X,
95 7 X, X, X,
95 8 X, X, X,
95 9 X, X, X,
95 10 X, X, X,

X,= narlumsinlgase@ lu)nmmneawy
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dusalgnsen | wlesindanlavuns | dandinusalua | nalumsh | gungi
(g/25¢ PFAD) | o ufusiud (wi%) | (PFAD/MeOH) | 1Ufjisen(wu.) (°C)
X, X, X, X, 95
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MANUHIN A
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d Y] Y
1. ¥aM3UA31ZH % conversion VBIN3A IV UBAsTAIIMS IuAsnTian 1z q
= % \ aaa : v (% 9 v v o d
1.1 miﬁmslmmazmmm:usaﬂg]nimmaumu"luuummummuﬂ

A v 1 aaa g v [ 9 v v o d
1. ﬂsum&mLseﬂgnsmmaumu"lunummunuuum
q’ = a [ 1 Aaaa :1 9 @ 9 1 v W o
M3 9N A.1 WﬁﬂWiﬁﬂ‘]&lWﬂiM?ﬂ!@]’JLi\‘lﬂ@]ﬂifJ'I 100% manmu“lnuummuﬂnuml
P
% 1 aan o @ 1 v o J .
amae : @l’)t‘ix‘lﬂ@]ﬂiﬁﬂ 100% itag 300% uﬁumu‘lﬁuummuﬂwuﬁ (Gﬂiﬁ!ﬂ wetness point)
a [ [ 1 a 1 o % < 1
SIEFRL 5,10, 15 1ag 20 NTY ﬂ@l'ﬁ1ﬂ"JHLGINIll'ﬁ"ll’é)xiﬁ’)l!ﬂauﬂiﬂhlelmuﬂTﬁNﬁ@m‘ﬂWUfJﬁ 1:12

nanlumsinlgnien 1 su. uazgungil 60 oarmraltye

Usunavesdusalgnsen Run Run Run | Aunde | % FFA
(g/25g PFAD) ﬂ%ﬂ‘ﬁ 1 ﬂ%ﬂ‘ﬁ 2 ﬂ%ﬂ‘ﬁ 3 FFA conversion
5 85.87 85.01 84.51 85.13 9.92
10 84.12 85.02 87.23 85.46 9.60
15 85.29 86.94 86.06 86.10 8.90
20 85.22 85.50 86.02 85.60 9.42

d' = a [ 1 Aaaa :I 9 % 9 1 v W 4
7113199 A.2 Nﬁﬂﬁﬁﬂ‘HWﬂ‘iﬂﬂﬂ‘!ﬁ’JLi\‘lﬂj‘]ﬂiEﬂ 300% umumu”lwummuﬂwu@

1 ti'
ANY

Ysnavesdusalgnzen Run Run Run % FFA
(g/25g PFAD) ﬂ%ﬂ‘ﬁ 1 ﬂ%ﬂ‘ﬁ 2 ﬂ%ﬂ‘ﬁ 3 FFA conversion
5 87.54 86.30 85.40 86.41 8.60
10 84.90 84.88 84.02 84.60 10.48
15 82.19 84.51 84.80 83.83 11.30
20 85.78 84.60 84.75 85.04 10.96
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d’ = = a A o [l Aaan g’ 9 @ 9 U LYY 4
7113199 A.3 NaﬂTﬁLﬂﬁEI‘UW]EI‘Uﬂigﬁﬂ‘ﬁﬂWWﬂl'ﬁ)\‘lﬁﬁﬁﬂﬂaﬂﬁﬂWuWﬁ'iJﬂ'JuhlﬁJ‘UuNQinuﬂﬁJﬂJuﬂ

[ 1 aaan A
ﬂﬂﬁﬁlﬁﬂﬂj‘]ﬂﬁﬁﬂﬁ)u 9

[ L Aaana a 1Y [ 1 a 1 q'./ o 4 J
aniae @]’JL?Q‘IJ;]ﬂiEJ"I‘]Ji?JTﬂ! 10 N3U amwmuLGINT;Jasuaqmuﬂauﬂm“lwumamamm

woa 1:12 nanlumsinilfnien 1 ¥u. uazgungil 60 oarm At

Ysnavesdusalgasen 10 Run Run Run | Aunde | % FFA
N3 (g/25g PFAD) ﬂ%ﬂ‘ﬁ 1 ﬂ%ﬂ‘ﬁ 2 ﬂ%ﬂ‘ﬁ 3 FFA conversion
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ABSTRACT

The production of fatty acid methyl ester (FAME) from palm fatty acid
distillate (PFAD) having high free fatty acid (FFA) by using esterifacation
reaction was investigated. The esterification experiments were carried out in a
batch reactor with temperature at 95°C. The four parameters were varying as
follows; molar ratio of PFAD to methanol from 1:1 to 1:14, reaction time 0.5 to
10 h, an activated carbon loaded with 10, 20 and 30 wt% of ferric sulfate as a
solid acid catalyst and quantity of catalyst from 8 to 48 %(wt/wt of PFAD). The
optimum condition for this process was observed at 1:12 molar ratio of PFAD to
methanol, reaction time 6 h, activated carbon loaded with 20 wt% of ferric
sulfate at 40 %(wt/wt of PFAD). The convertion of FFA average was
98.22%.The final FAME product met with the ASTM D6751-02

INTRODUCTION

Due to the increase in the price of the petroleum and the environmental concerns
about pollution coming from the car gases, biodiesel is becoming a developing
area of high concern (Marchetti, et al. 2007).Thus, looking for an alternative
way to develop a substitute of diesel is an imperious task for humans. The main
advantages of using this alternative fuel are its renewability, better quality of
exhaust gas emissions, its biodegradability and, given that all the organic carbon
present is photosynthetic in origin, it does not contribute to a net rise in the level
of carbon dioxide in the atmosphere if all of the energy inputs for the biodiesel
production are non-fossil-based, and consequently to the greenhouse effect
(Wang et al. 2006, Barnwal & Sharma, M.P. 2005.). Biodiesel fuel can be
produced from oils/fats through transesterification of triglycerides (TG) with
methanol. At present, most of the methods in transesterification use alkali
catalysts (Freedman et al. 1984). In the alkali-catalyzed method, however, free
fatty acids (FFA) react with a catalyst producing undesirable saponified
products. Therefore, this process needs sophisticated purification steps for
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removal of the saponified products as well as catalyst, thus resulting in the lower
yield in FAME (Minami & Saka 2006). To avoid this problem. For feedstocks
having the high FFA content. The acid-catalyzed esterification of the oil is an
alternative has been studied. In this work, the direct esterification reaction of the
FFA present in acid oil with methanol and acid catalyst has been studies. The
acid catalyst is activated carbon loaded with ferric sulfate. The palm fatty acid
distillate (PFAD) is a by-product from the physical refining of Crude palm oil
(CPO) and contains mainly free fatty acids (Bahurmiz & Ng 2007). It consis of
94.49 wt% FFA to be used as feedstock for production of biodiesel was studies.

METHOD

Materials

PFAD was obtain from Chumporn Palm Oil Industry public company Limited. It
consis of 94.49 wt% FFA. All chemicals including 99% methanol (MeOH), 98%
sulfuric acid (H,SO4), AR.ferric sulfate and The Activated carbon used as a
support had a surface area 1,184.24 m*/g.

Catalyst Preparation

Prepare 10, 20 and 30 %wt ferric sulfate were loaded onto activated carbon by
an wetness point (wetness point of activated carbon is 0.55 ml/g) followed by
drying in oven at 70°C for 24 h. Then, The sample were then placed inside
sealed containers in a dessicator.

Esterification

Esterification reaction were in a three-necked batch reactor (total volume 500
ml) equipped with a reflux condenser to avoid alcohol vaporization. The three-
necked reactor was immersed in a constant temperature oil bath equipped with a
temperature controller. A plate type magnetic stirrer was used to control the rate
of the reaction mixture (Ozbay et al. 2008). Esterification reaction were carried
out in the temperature 95°C. The acid catalyzed process include 3 level of
activated carbon loaded with ferric sulfate as solid acid catalyst, 10, 20, 30 wt%;
6 level of amount catalyst, 8, 16, 24, 32, 40, 48 %(wt/wt of PFAD); 5 level of
methanol to PFAD in mole ratio, 1:1, 1:4, 1:8, 1:12, 1:14 ; 11 level of reaction
time, 0.5, 1, 2, 3,4, 5, 6,7, 8, 9,10 h, respective. Each 25 g sample mixed with
methanol and catalyst was heat at 95°C. The reaction mixture was stirred at 1000
rpm to increase the dispersion of the reactants. In our esterification experiment,
after each sampling of the reaction mixture. The new FFA concentration value
were analyzed by standard titration method (Ozbay et al. 2008). % Methyl ester
were determine by TLC. The fuel properties were determine by ASTM D6751-
02
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RESULTS AND DISCUSSION

Effect of %loaded of catalyst

FFA conversion may also be increased by the use of higher concentration of the
catalyst. To explore this possibility, the effects of the concentration of catalyst
on FFA conversion were investigated at 95°C, and the results are shown in Fig.1.
A feedstock to methanol molar ratio of 1:12 was used. Three different %loaded
of catalyst ( activated carbon loaded with 10, 20 and 30 wt% ferric sulfate as a
solid acid catalyst). Amount of catalyst is 24 %(wt/wt of PFAD) and reaction
time of 2 h were also used in the investigation. As shown in Fig.1. The
conversion of biodiesel increased from 64.66 to 81.12 % when the catalyst
loaded was increased from 10 to 20% within 2 h of reaction. Therefore 20% of
ferric sulfate loaded on activated carbon was assume to be optimal condition and
was used in further investigation.

100

80 4 <>
60 !/

40

FFA conversior

20 -
0

10 20 30
% loaded

FIGURE!I Effects of %loaded of catalyst on FFA conversion.

Effects of amount of catalyst on FFA conversion

Fig.2. shows the effect of the amount of activated carbon loaded with ferric
sulfate on FFA conversion. The operating parameter is temperature 95°C, molar
ratio of PFAD to methanol 1:12, reaction time 2 h and activated carbon loaded
with 20%wt ferric sulfate as solid acid catalyst. When 40 %(wt/wt of PFAD) of
catalyst was add, 88.55% of FFA was converted into FAME in 2 h. However,
when the amount of catalyst exceeded 40 wt% the rate of reaction increased very
lightly.

Effect of mole ratio of PFAD to methanol on FFA conversion

An excess of methanol is necessary for the esterification of FFA with methanol
because it can increase the rate of methanolysis [8]. In this study, varying molar
ratio (1:1-1:14) of PFAD and methanol were reacted in the precence of activated
carbon loaded with 20 wt% of ferric sulfate at 40 %(wt/wt of PFAD) at 95°C for
2 h and the result are shown in Fig.3. The percentage conversion of FFA
increase from 1:1 to 1:12. The more was the excess of methanol added, the
higher was the conversion of FFA to FAME in the same reaction time. However,
when the ratio was over 1:12, the increment of conversion was relatively slow.
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Effect of reaction time on FFA conversion

As far as the effect of the reaction time on FFA conversion was concerned, the
effect of reaction time on FFA conversion is shown in Fig.4. Ferric sulfate
loaded on activated carbon can catalyze methanolysis of FFA, so the acid value
can be calculated for the conversion of FFA. Ferric sulfate loaded on activated
carbon was used to catalyze the esterification of short chain organic acid with
alcohol and showed good activity as a solid Lewis acid (Wang et al. 2007, Peng
et al. 1999, Wen et al. 2001). The results show that the methanolysis of FFA in
PFAD. The reaction rate was increased during 0.5 to 6 h of reaction, over
98.22% of FFA was converted into FAME within 6 h, so the excess of boiling
methanol was easy to react with FFA. The reaction of methanolysis approached
equilibrium after 6 h, and prolonging the reaction time did not increase the
conversion of FFA significantly.
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FIGURE 2 Effects of amount of catalyst on FFA conversion.
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Optimal parameter of FFA conversion

The optimal parameters of ferric sulfate loaded on activated carbon catalysis of
PFAD obtained by range analysis are the following: reaction temperature 95°C,
molar ratio of PFAD to methanol 1:12, reaction time 6 h, activated carbon
loaded with 20 wt% of ferric sulfate at 40 %(wt/wt of PFAD). The conversion of
FFA was 98.22% when the reaction was performed under these conditions.
%Methyl ester were determine by TLC. It consists of 98 wt%FAME.
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In this study, a comparative study on preparation of biodiesel from PFAD by
different catalyst was investigated. One process was traditional acid catalyzed, in
which the synthesis of biodiesel was catalyzed by sulfur acid. When 20 wt% of
H,S0,4 loaded on activated carbon as solid acid catalyst was add, 98.33% of FFA
was converted into FAME in the same condition.
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FIGURE 4 Effect of reaction time on FFA conversion.

Fuel properties of PFAD biodiesel

The fuel properties of biodiesel obtained in this work are summarized in Table 1.
It can be seen that most of its properties are in the range of fuel properties
prescribed in the latest American standards for biodiesel, except Cloud point and
pour point. PFAD mainly consists of saturated FFA (>49 wt%) which results in
high values of pour point of PFAD biodiesel. However, a blend of diesel and
PFAD biodiesel is possible in practice (Chongkhong et al. 2007).

TABLE 1 Fuel properties of PFAD biodiesel

Properties Unit Test method PFAD biodiesel  Biodiesel
in this work standards ASTM

D6751-02
Density at 15 °C kg/m®  ASTM D4052 - 870-900
Viscosity at 40 °C ~ mm?*s  ASTM D445 5.55 1.9-6.0
Flash point °C ASTM D93 190 130 min
Cloud point °C ASTM D2500 14 -3t012
Pour point °C ASTM D97 12 —15t0 10
Copper corrosion ~ Number ASTM D130 1 3 max

CONCLUSION

Activated carbon loaded with ferric sulfate acting as heterogeneous acid solid
catalyst shows good activity to catalyze the methanolysis of FFA in PFAD.
Compared with sulfuric acid, this catalyst is environmental friendly, easy to
separate from the system, more efficient, reusable and does not demand high
cost equipment for anti-corrosion. The conversion of FFA in the PFAD reached
98.22% when the parameters are as follows: reaction temperature 95°C, molar
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ratio of PFAD to methanol 1:12, reaction time 6 h, activated carbon loaded with
20 wt% of ferric sulfate at 40 %(wt/wt of PFAD). The fuel properties of
biodiesel obtained in this work are in the range of fuel properties (ASTM D6751-
02), except Cloud point. and pour point. However, a blend of diesel and PFAD
biodiesel is possible in practice.
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