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Research Title: Improving of Sulfated Zirconia Using for Production of Biodiesel from Palm Fatty
Acid Distillate and Ethanol

Researcher: Assoc. Prof. Dr. Duangkamol Na-Ranong

Faculty: Engineering

Department: Chemical Engineering
ABSTRACT

Esterification of palm fatty acid distillate (PFAD) with ethanol over sulfate-zirconia (SO42- /1Zx0,)
prepared by impregnation method was investigated in this study. Composition of the catalyst was varied
as follows. Sulfate contents were 10, 20, 25 and 30 %wt. Additive was Al or Ce with the molar ratios
of Zr to additive were 20:1, 15:1 and 10:1. The reaction test was performed using an isothermal batch
reactor operated at 80°C, PFAD : ethanol = 1:6, catalyst amount = 0.5 %wt. The results showed that the
additives, Al or Ce, increased the fraction of Lewis type acid site and had negative effects on the
performance of the catalysts. Addition of Al with appropriate amount slightly enhanced performance of
the catalysts. The catalyst with sulfate content of 25 %wt and Zr:Al of 20:1 (20A1-Zr02/258042')
showed the highest performance amongst the prepared catalyst used in this study. Its performance and

stability were nearly equal to the commercial one.

Keywords : sulfate-zirconia, palm fatty acid distillate, esterification
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Characteristics Mean Range
Molecular weight 287 2

FFA — palmitic (%) 44.8 42.5-46.6
Unsaponifiable matter (%) 1.61 1.0-25
Saponification value (mg KOH) 209.5 200.3-2154
Titer (°C) 46.7 46.0-48.3
Specific gravity @50°C (g/cc) 0.8725 0.8640 — 0.8880
Water content (%) 0.104 0.03-0.24
lodine value, Wijs (g/100g) 54.8 46.3-57.6
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9197 2.2 Jevaznia lusiudasz lunsa luduidu (1]

Palmitic 44.8% Tetracosenoic 0.5%
Oleic 35.6% Linolinic 0.2%
Linoleic 7.9% Ecosanoic 0.1%
Stearic 3.0% Ecosenoic 0.1%
Myristic 1.2% Palmitoleic 0.1%

o
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2.6 NI fHeIteq
Xisoting Hu uazasz [11] Anwilffseneamesimduveensa ludu nu 1-damvea
Yo 1 aan Y = Y Ana 4 1w ' 14 o
Tealdauselfiserdamamn Tadonunsusuvesl§isnvusgnunaiueuazain i luduan

) v A oA t 4 = 43 ° Y Y o aas 3 ¢§' A -
vpan3a luiiy narafedie Tsmsveullanwerinniuezy il fasenldentu iileanind
annw lududage

= ! aan @ 4 = 2-
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aan aa w 1 YY) =Y i 1 I 1 s
UfAseneamesiinduszninnsalududy  1-Samusaiinnuenlegvesnueuuanaiany
@ 1 ann [ 4 - a LY
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M15191 2.3 wamshl s ereame I Nindusznensa lusiudy 1-Gamuea

Convert Convert
s 1o s

O A L = X

91329 1 qAN1IEN 2
Lauric acid Ci2H2402 286.11 1.39 99.51 96.17
Myristic acid C14H2802 254.07 237 99.06 95.88
Palmitic acid Ci6H3202 222.70 3.92 98.23 93.36
Stearic acid C1sH3602 196.98 4.19 97.87 92.62
Behenic acid C22H4402 163.83 4.62 97.17 70.99
Undercylenic acid C11H2002 304.98 3.84 98.73 95.33
Oleic acid C18H3402 185.16 2.94 98.40 87.18
Erucic acid C22H4202 168.71 1.71 98.98 86.44
Linoleic acid C18H3202 193.58 9.12 95.28 60.19

mnamg a1 1 ons1dad naludu-Damuea = 1:8, Auselffsennsa ludiu = 2 nfude 0.1 Tua,
rahUnsen 6 43 Tus, gungil 120 esrwaied
anzi 2 eamdau nialudul-damea = 12, Auseldiserasaludu = 1 nfude 0.1 Tua,

navhlnsen 6 43 Tus, gaungil 120 e9r AT
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19 =Y =4 v w0 ans { [ ] a a
fudremadin FTIR sngthediundusalfisoiebeoudin zroCL 81,0 sefidumiansafiba

Faun ATl aseinseuRe ZroiNO,),+2H,0
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Abstract

Catalytic performance of sulfate-zirconia modified with Al or Ce towards esterification of palm fatty acid
distillate (PFAD) with ethanol was investigated in this study. The reaction test was carried out in an isothermal batch
reactor at 80 ° C with PFAD:Ethanol molar ratio of 1:6. Catalytic performance was evaluated according to conversion at
equilibrium (X, ), time required to reach equilibrium (teq) and initial rate of reaction (r, ). Experimental results revealed
that sulfate-zirconia containing 25 wt% of sulfatc, (25)8-ZrO,, had the best overall performance and addition of Al into
the (25)S-ZrO, with the molar ratio of Zr:Al = 20:1 improved the performance of the obtained catalyst, Al-(25)S-
(20)ZrO,. The Al-(25)S-(20)ZrO, showed the best performance among the catalyst synthesized in this study and it had
stability higher than (25)S-ZrO,. Although the addition of Ce slightly affected the catalytic performance of the modified
sulfate-zirconia, the overall catalytic performance was not improved better than (25)S-ZrO,.

Keywords : Esterification, Palm Fatty Acid Distillatte, Ethanol, Sulfate-Zirconia
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Auativunanu (aiiude):

daduane luamlszyimmsssduunnand (RSCE2013)

Esterification of palm fatty acid distillate (PFAD) with ethanol over sulfate-zirconia (SO42' 1Zr0,)
prepared by impregnation method was investigated in this study. Composition of the catalyst was varied as
follows. Sulfate contents were 10, 20, 25 and 30 %wt. Additive was Al or Ce with the molar ratios of Zr to
additive were 20:1, 15:1 and 10:1. The reaction test was performed using an isothermal batch reactor
operated at 80°C, PFAD : ethanol = 1:6, catalyst amount = 0.5 %wt. The results showed that the additives,
Al or Ce, increased the fraction of Lewis type acid site and had negative effects on the performance of the
catalysts. Addition of Al with appropriate amount slightly enhanced performance of the catalysts. The
catalyst with sulfate content of 25 %wt and Zr:Al of 20:1 (20A1-Zr02/258042-) showed the highest
performance amongst the prepared catalyst used in this study. Its performance and stability were nearly

equal to the commercial one.
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