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Abstract — The esterification reaction of free fatty acid with methanol was investigated in the presence of catalyst,
Amberlyst-15, producing fatty acid methyl ester, namely, biodiesel. In this paper, the effects of the reaction parameters
such as reaction temperature, mole ratio of alcohol to oleic acid and mass of catalyst on the catalytic activity have been
examined. The results showed that the reaction rate increased about twice as the temperature increased every 20 °C in
the reaction temperature range from 333 K to 373 K. The equilibrium conversion rate of oleic acid increased with the
feed mole ratio of alcohol to acid ranging from 6:1 to 44:1. When the feed mole ratio was higher than 44:1, all the results
were similar to that of 44:1. As for the influence of the mass of catalyst, the initial reaction rate increased from 1.2 to 1.3
times as the mass of catalyst doubles in the range of the catalyst weight from 5 to 20 wt%. The experiment data obtained
were well described by the second reaction rate using a pseudo-homogeneous model.
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Fig. 1. Pressurized batch reactor.
1. Temperature controller
2. Stirring speed controller

5. Pressure gauge
6. Reactor

3. Motor 7. Nitrogen gas
4. Stirrer 8. Sample port
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Fig. 2. Effect of temperatures on the conversion of oleic acid. Reac-
tion conditions: 1 wt% oleic acid soybean oil, 200 g; feed mole
ratio(alcohol to acid), 88:1; catalyst loading of 10 wt%; pres-
sure, 300 kPa; stirrer speed, 200 rpm; catalyst, Amberlyst-15.
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Fig. 3. Kinetic plots for the effect of temperature.

Table 1. Reaction rate constant at different temperatures

T(K) 333 353 373
Kk wCgo(<10%) 1.71 335 7.06
k, 0.26 0.51 1.08

k, (/g-mol-min)
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Fig. 5. Effect of feed mole ratio on the conversion of oleic acid.
*FMR(feed mole ratio of alcohol to acid), Reaction conditions:
1 wt% oleic acid soybean oil, 200 g; catalyst loading of 10 wt%;
temperature, 373 K; pressure, 300 kPa; stirrer speed, 200 rpm;

catalyst, Amberlyst-15.

80

D
o
1

N
o
1

Conversion of oleic acid (%)
N
o

30
Time (min)

60

Fig. 6. Effect of feed mole ratio on the conversion of oleic acid. *}FMR
(feed mole ratio of alcohol to acid), Reaction conditions: 1 wt %
oleic acid soybean oil, 200 g; catalyst loading of 10 wt%; tem-
perature, 353 K; pressure, 300 kPa; stirrer speed, 200 rpm;

catalyst, Amberlyst-15.
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Table 2. Physical and chemical properties of Amberlyst-15 catalyst [15]

Physical form Opaque beads
Pore diameter >300 A
lonic form as shipped Hydrogen
Concentration of acid sites >4.7 eq/kg
Water content <1.6%
Shipping weight 610 g/L (38 1bs/ft3)
Fines content <0.300 mm : 1.0% max
Surface area 53 m?/g
Swelling 38% (dry to phenol)
Maximum operating temperature 120 °C
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Fig. 7. Effect of catalyst loading on the conversion of oleic acid. Reac-
tion conditions: 1wt % oleic acid soybean oil, 200 g; feed mole
ratio(alcohol to acid), 88:1; temperature, 353 K; pressure, 300
kPa; stirrer speed, 200 rpm; catalyst, Amberlyst-15.
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Fig. 8. Kinetic plots for the effect of catalyst loading.

Table 3. Reaction rate constants according to catalyst loading

Catalyst S wt% 10 wt% 20 wt%
k,wC 4o(x10%) 2.74 335 4.33
k, 0.84 0.51 0.33

k, (/g-mol-min)
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Table 4. Properties of used oil and crude oil, soybean oil
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Fig. 9. Comparison of conversion of oleic acid soybean oil with used oil.
Reaction conditions: 1 wt% oleic acid soybean oil, 200 g; feed
mole ratio(alcohol to acid), 44:1; catalyst loading of 10 wt %;
pressure, 300 kPa; stirrer speed, 200 rpm; catalyst, Amberlyst-15.
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Oil Color Acid value Water wt% Density (23°C) Solid mg/g Viscosity cp(40 °C)
Used oil Brown 1.5-2.23 0.07-0.12 0.9222 5-10 34-37
Crude oil Orange 1-1.5 0.01 0.922 0 -
Soybean oil Yellow 0.2-0.3 0.02 0.919 0 34
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