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Abstract Biodiesel has attracted great attention as an alternative renewable energy source for the replacement of petroleum-
based diesel fuel, yet its high production cost due to expensive oil feedstock remainsas the major economical
obstacle. In this study, we investigated catalysts and reaction conditions for the acid catalyzed pre-conversion of free
fatty acid (FFA) to fatty acid methyl ester (FAME) in cheap low-grade oils of high acid value. The NaOH base
catalyzed reaction of vegetable oil of the initial acid value of 2 mg KOH/g led to a high FAME conversion above
95.4%, but the conversion abruptly decreased at higher initial acid values. This base catalyzed reaction was
practically ineffective displaying the FAME conversion below 15% even at the initial acid value of 10 mg KOH/g by
the severe saponification side reaction. Among the various catalysts studied for the pre-conversion of FFA to FAME,
Amberlyst-15 was the most effective in reducing the acid value, and the optimum reaction condition identified was 65C
with oil to methanol ratio of 1 : 3 and catalyst concentration of 15% (w/w). As the results, great enhancements in the
overall biodiesel conversion were achievable via a consecutive reaction of the acid catalyzed FFA pre-conversion to
FAME under the optimal condition obtained with Amberlyst-15 followed by the NaOH base catalyzed reaction, far
above the extent which was obtainable by the single NaOH catalyzed reaction.
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A S Aol P8 A9 A= FEATARS AR
FAME (Fatty Acid Methyl Ester)@ S| 2<E| 23} A7]= &
Aol "ot weba] ofd ek AEo] U HaHA
o} [6-10]. Jeong & ferric sulfate V& ©]-&3}e] <F
80%2] frE|AHARS A AT B a1t o™ [5], Lin
T2 1%°] HaSO4 FVHE ARESI 80% 2] frejA4ke] A
A%t Ao 2 Busla ok [11]. T3 Tiwar 5 1.43%
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AAS A7 = 0.55% KOH Fu|E o83t dAE 34
B3l 99% ol HEE-S ATt [12].
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(St, Louis, MO, USA) A1E©.5 FAME Mix GLC-103}
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Fig. 1. Schematic of batch reactor: 1. water bath with pump, 2.
reactor, 3. stirrer, 4. condenser, and 5. sampling port.
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SRS ettt Ao APt Sl = S
AHAHS FAMEZ A3AZ 4= e Bloz E3igoz
22421 Amberlyst-15, Amberlite IR-120, DOWEX HCR-W2,

ZeoliteE AHEGE), ZeoliteZ A3 MR &= Ak
28715 Ad oleusle] Age] EZolt} [19-22].

H8-2% 65C, BFEQ Mekea} tFHe & 1) 31,
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HCR-W2& ZH2} 34%, 32%, 31%= AAZ 02 Amberlyst-15
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Fig. 2. Influence of catalysttype on the free fatty acid removal (%).
Reaction conditions: initial acid value, 20 mg KOH/g;
temperature, 65°C molar ratio of methanol to oil, 3 :1
catalyst concentration, 15% (w/w).
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Fig. 3. Influence of Amberlyst-15 loading on the free fatty acid
removal. Reaction conditions: initial acid value, 20 mg KOH/g;
temperature, 65°C molar ratio of methanol to oil, 3 : 1.
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Table 1. Influence of methanol to oil molar ratio on the free fatty
acid removal (%)

Molar ratio Free fatty acid removal (%)

(oil : methanol) 30 min 120 min
1:1 271 79.2
1:2 324 86.7
1:3 444 91.1
1:4 46.0 91.0
1:6 471 89.0

Reaction conditions: initial acid value, 20 mg KOH/g; temperature,
65°C Amberlyst-15 concentration, 15% (w/w).
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Fig. 4. Influence of reaction temperature on the acid value. Reaction
conditions: initial acid value, 20 mg KOH/g; molar ratio of
methanol to oil, 3 : 1 Amberlyst-15 concentration, 15% (w/w).
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Fig. 5. Reaction order determination plot using differential method.
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Fig. 6. Conversion of free fatty acid to fatty acid methyl esterin
various acid value oils. Reaction conditions: temperature,
65°C molar ratio of methanol to oil, 3 : 1 Amberlyst-15
concentration, 15% (w/w).
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Table 2. Conversion of fatty acid methyl ester after transesterification

Conversion (%)

Initial concentration

(Acid value; mg KOH/g) Reaction with

Reaction without

pretreatment pretreatment
2 95.4 96.2
10 14.9 91.5
20 8.7 86.8
40 41 72.3

Reaction condition: temperature, 65°C Amberlyst-15 concentration,
15% (w/w); NaOH concentration, 1% (w/w).
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