
Introduction
1)

Recently, biomass has been highlighted as an energy

source because of the limited and fast diminishing re-

sources of fossil fuels, increasing crude oil prices and en-

vironmental problems. Furthermore, a huge amount of

biomass is available for use as an energy source world-

wide. About 288 EJ-equivalent biomass is present, in-

cluding 87 EJ in Asia and 35 EJ (12 %) in China [1].

Biomass plays important roles in the carbon flow in our

biosphere. Carbon is cycled biologically when plants,

such as trees and crops, convert atmospheric CO2 to car-

bon-based compounds through photosynthesis. This bio-

mass absorbs and emits 60 GtC carbon (= 2100 EJ) per

year, with tropical plants fixing 600 GtC carbon per year

[2]. This carbon is eventually returned to the atmosphere

when organisms consume the biological carbon com-

pounds and through combustion in industry. Therefore, it
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is said that biomass is not only carbon-neutral but also

renewable and sustainable, if we control the harvest and

planting.

With the increasing growth in human population, living

standards, and the development of industries in the

world, huge levels of fossil fuel combustion have re-

sulted in the concentration of CO2 reaching ca. 380

ppmv, and anticipated to reach ca. 530 ppmv in 2050.

This rapid increase in the CO2 concentration is causing

dramatic global climate change, inducing global temper-

ature increases, increasing sea levels, and unexpected

catastrophes [3,4].

In additions, many more cars are being produced; in

China, 7 million cars were produced in 2006 with 2.75

million of them being heavy vehicles [5a]. Carbon in the

form of fatty acids and triglycerides used to produce bio-

diesel is being monitored. Also, the pollution problem of

exhaust gas from diesel engines is a major issue today.

Significant portions of pollutants like CO2, CO, SOx,

NOx, and PM10 arise from diesel engines. Especially, par-

ticulates are considered to be very serious harmful materi-
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Abstract:The conversion of used frying oil from soybean oil to biodiesel was performed kinetically in two ways.

Firstly, the reaction products were quantified by measuring the amount of glycerol produced to track the overall

reaction; secondly, by means of GC with a capillary column, we analyzed each component of soybean oil and

methyl oleate from glyceryl monooleate (GMO). The rate equation fits a pseudo-first-order reaction under the re-

action conditions: oil-to-methanol molar ratios were 1:10 18 over 0.5 % KOH catalyst. The formation rate con∼ -

stants of palmitic, oleic, and linoleic acid methyl esters from used frying oil were first calculated. The activation

energies were 7.05 kcal/mol for the overall reaction, 16.84 17.86 kcal/mol for each component of soybean oil,∼

and 11.08 kcal/mol for methyl oleate from GMO.
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als because they contain carcinogenic substances like

poly-nuclear aromatic compounds.

Therefore, it is possible that the world could face a

shortage of petroleum diesel fuels. Because biodiesel

production as an alternative fuel should be studied [6,7]

and because of the relatively high price of virgin vegeta-

ble oils, the use of cheaper feed stocks, like used frying

oil [6,8], was investigated in this paper.

The production of soybean and oil in China, in 2006/07

was 16.20 mil. tons of beans and 6.42 mil. tons of oil.

China further imported 3.20 mil. tons of beans and 2.0

mil. tons of oil to overcome the domestic shortage [5b].

Biodiesel is a renewable diesel fuel substitute that can

be made through biological [7,9] and chemical trans-

esterification reactions of any natural or animal fat [10]

or vegetable oil with an alcohol, such as methanol or

ethanol, in the presence of alkali [6,11-15] or acid cata-

lysts [8,16]. Biodiesel contains ca. 11 % oxygen, which

could lead to complete combustion, and is mixable with

petroleum diesel in any ratio so that, for example, 30 %

biodiesel-mixed fuel reduces the diesel pollutant emis-

sions remarkably (namely, by -20 % of CO, -20 % of

HCs, +3 % of NOx, -18 % smoke, and -18 % of partic-

ulate) [17].

There have been some kinetic studies on the trans-

esterfication of different vegetable oils [8,11-13], but we

could find few of them using used frying oil (UFO)

[8,14,15]. Thus, we investigated the conversion of used

frying oils into biodiesel, focusing here on a kinetic

study.

Experimental

Materials and Reaction

Materials

Soybean Oil from Used Frying Oil (UFO)

Dark-colored UFO 800 and 40 g of active carbon were

placed in a 1,000 mL one-necked flask and refluxed for

60 min; the dissolved water was separated through a

Dean-Stark separator [8,18]. The purified oil was filtered

using a Büchner funnel while still warm. The filtrate

changed into a transparent oil. The purified oil had the

following properties:

Color scale: Crude UFO: 2.0 ~2.5

Refined UFO: 1.2 (ASTM D 1500)

Iodine value: 130 (ASTM D 1951)

Methanol

Methanol was purified under reflux in the presence of

anhydrous calcium oxide for 4 h and then it was distilled

using a 50 cm Vieglux column. The fraction from 64∼

65
o
C was collected.

Glyceryl Monooleate (GMO)

In a 500 mL three-necked round-bottom flask, which

was equipped with a Dean-Stark separator, mechanical

stirrer, and N2 gas inlet tube, was placed 150 g of glycer-

ol (1.6 mol). This glycerol was then heated at 220
o
C un-

der N2 atmosphere for 2 h, during which time ca. 1 mL of

water was separated and discarded. Next, 1 g of KOH

and 140 g of oleic acid (0.5 mol) were added in two por-

tions at 1 h intervals. The mixture was heated for 5 h at

220 240∼
o
C with mechanical stirring and N2 gas

sparging. At the end of this time, the reaction mixture

was rapidly cooled to room temperature with an ice bath.

During the cooling of the mixture, some of the excess

glycerol separated as a lower layer. The product weight-

ed ca. 140 g.
1
H-NMR (ppm): 3.58 3.93 (m, glyceryl, integration∼

7.7), 4.15 4.19 (m, glyceryl, integration 4.8), 5.32∼ ∼

5.36 (m, olefinic, integration 4.2 )

FT-IR (cm
-1
) : 3423 (υOH s), 1739 (υC = O s)

Transesterification Reaction

Biodiesel is produced by the transesterification of tri-

glyceride with methanol in the presence of an alkali cata-

lyst, with glycerol as a byproduct. Theoretically, 1 mol of

triglyceride reacts with 3 mol, of methanol. Excess meth-

anol, from 6 to 30 mol, has been reacted, however, in

many papers [6,11]. In the acidic catalysis reaction, the

molar ratio between oil and alcohol can be more than 200

[8].

Under accurate temperature control (±0.2
o
C) and using

a magnetic stirrer, the transesterification of soybean oil

with methanol was performed in the presence of KOH as

the catalyst.

Acid Value (Chungsan Chemical Co., CSS-J 520)

The free acid that could form when heating the frying

oil could affect the transesterification negatively because

the basic catalyst, KOH, can react with it to form soap

[9], especially in the presence of water [8,18]. The acid

value was calculated using the procedure of the Chung-

san Chemical Co., CSS-J 520.

The values proved so small, in the range 0.154 0.25∼

mg KOH, that they were ignored.

Kinetic Procedures

ForOverall Reaction

In a 250 mL Erlenmeyer flask, 28 g (0.03 mol) of UFO

was placed; in a second flask, 19.2 g of methanol (0.6

mol) was added with KOH catalyst at 0.5 % of oil wei-

ght. The flasks were immersed in the water bath, which

maintained the reaction temperature within ±0.2
o
C.
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Table 1. Compositions of the Fatty Acids of Vegetable Oils and Animal Fat

C No.
Oil

C14:0 C16:0 C18:0 C18:1 C18:2 C18:3

Soybean 11 13∼ 3.5 4.5∼ 19 25∼ 50 55∼ 6.0 10∼

Corn 12 15∼ 2.0 3.0∼ 28 40∼ 40 55∼ 0.5 0.9∼

Olive 7.0 17∼ 1.0 3.0∼ 65 85∼ 4.0 13.5∼ 0.5 1.5∼

Palm 0.5 1.5∼ 40 45∼ 5.0 6.0∼ 36 45∼ 9.0 11∼ 0.2 0.3∼

Rice bran 0.1 0.3∼ 15 17∼ 1.2 1.5∼ 38 41∼ 36 41∼ 1.0 1.5∼

Beef tallow 4.9 28.3 21.4 42.9 2.5

Source: E. Bernardini, Vegetable oils and fats processing, vol. II, 514-520, Interstampa-Rome (1983).

Figure 1. Gas chromatogram of biodiesel (I).

After the temperature became constant (under control),

the methanol solution was poured into the oil flask,

which was equipped with a 20 cm air-cooled condenser,

and then time was measured. Stirring was provided by a

magnetic stirrer, which was set at a constant speed (ca

600 rpm) throughout the experiment. After the reaction,

the Erlenmeyer flask was placed in an ice-water bath

and, thereafter, neutralized with dilute hydrochloric acid.

The excess methanol was distilled off by a rotatory evap-

orator under vacuum. The residue was poured into a

graduated conical separator and left overnight. The bot-

tom layer, which was glycerol, was measured for its vol-

ume, collected, and weighed.

By Means of GC with Capillary Column [19]

The kinetic procedure was the same as that for the over-

all reaction, except that the molar ratio between oil and

methanol was 1:10 and 1.0 µL of the oil layer was in-

jected into the GC. The ratio of the area between methyl

heptadecanoate and each ester component was applied to

the calibration curve [equation (1)] to obtain the weight

of formed ester.

For the GC analysis, a Younglin G 5000 with FID de-

tector was used. The operating conditions were set as

follows.

He flow rate: 0.5 1.0 mL/min∼

Split ratio: 1/50

Detector and injector temperature: 250
o
C

Oven temperature: began at 150
o
C for 5 min, increased

at 10
o
C/min to 250

o
C, and then maintained for 10 min.

Calibration Curve Using Internal Standard

The calibration curve for the quantitative analyses of es-

ters was obtained as follows: different wt. molar ratio

(w/w) mixtures (1:1, 1:2, 1:3, and 1:4) between methyl

heptadecanoate as internal standard and methyl oleate

(one component) were injected individually into a GC

equipped with a DB-Wax capillary column (30 m × 0.25

mm × 0.25 µm) and the obtained area ratios plotted

against the weight molar ratio. The linear correlation,

C (mg/mL) = 1.4956 x + 0.0262 and R
2
= 0.9994 (1)

was obtained. The other methyl esters were adopted to

the same equation because they are homologues.

Results and Discussion

Soybean Oil

Composition

Table 1 shows the general compositions of various veg-

etable oils and the animal fat, tallow. The vegetable oils

contain mainly C18 fatty acids, like stearic acid without a

double bond, oleic acid with one double bond, and lino-

leic acid with two double bonds. Soybean oil in partic-

ular contains a lot of linolenic acid with three double

bonds. The animal fat, tallow, contains relatively large

amounts of saturated fatty acids; thus, it is solid at room

temperature.

The gas chromatogram, Figure 1, shows the composi-

tion, in area percentage, of the biodiesel that we synthe-

sized through transesterification with methanol using

UFO from the YUST cafeteria. As expected, oleic

(C18:1) and linoleic (C18:2) acids were the main compo-

nents; it also contained palmitic acid (C16:0) and small

amounts of stearic acid (C18:0) and linolenic acid

(C18:3), as shown in Table 2.
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Table 2. Compositions of Soybean Oils & GMO

Component
Area (%)

GMO
Oil I Oil II

C16:0 15.38 12.84 4.54

C18:0 6.23 3.28

C18:1 22.01 24.62 87.26

C18:2 45.72 53.18 8.20

C18:3 7.60 4.80

Free Fatty Acid andWater in Oil

Free acids and water in oil disturb the transesterfication

reaction. The free acids react with the alkali catalyst to

form soap [9] and water inhibits the reaction [8]. There-

fore, to minimize these problems, we purified the crude

oil under reflux with active carbon. The water was sepa-

rated through a Dean-Stark separator during reflux.

Through such pretreatment of used frying oil, the acid

value reduced to the range 0.154 0.25 mg KOH and ca.∼

3 5 mL of water was separated by the each entry from∼

800 g of oil. Furthermore, the color of the oil changed

from brown black (ASTM color scale 2.0 2.5) to pale∼ ∼

green (ASTM color scale 1.2), like virgin oil.

Kinetic Studies

Early Kinetic Studies

Transesterification reactions have been studied for oils

such as Brassica carinata oil [6], soybean oil [11,14],

palm oil [13], rapeseed oil [20], and safflower and castor

oils [21]. The most common catalysts are sodium hy-

droxide, potassium hydroxide, and sodium methoxide.

However, sodium-containing catalysts result in the for-

mation of several by-products, mainly sodium salts,

which have to be treated as wastes [22]. Sodium catalysts

also require a high quality oil as the raw material. Potas-

sium hydroxide, on the other hand, has an advantage in

that, at the end of the reaction, the reaction mixture can

be neutralized with phosphoric acid, resulting in potas-

sium phosphate, which can be used as a fertilizer. Isigig-

ur and coworkers [22] reported that potassium hydroxide

was superior to sodium hydroxide as a catalyst for the

transesterifacation of safflower seed oil.

A study of the kinetics of the transesterification reaction

will provide parameters that can be used to predict the

amounts of methyl esters produced at any time under

particular conditions. However, only a few studies have

dealt with the transesterification of vegetable oils, such

as those by Freedman and coworkers [11] and Noureddi-

ni and coworkers [12]. The methyl ester from palm oil

has been produced on a pilot scale in Malaysia, but there

are no published reports on its kinetics [13].

Also, we could find only a few kinetic studies on used

frying oil. Therefore, we performed a kinetic study with

Figure 2. Soybean oil conversion with methanol in the presence

of 0.5 % KOH at 55
o
C.

used frying oil, UFO.

Kinetic Study

In kinetic studies, many authors have studied the de-

crease of triglyceride, diglyceride, and monoglyceride

using a capillary column [11,14]. On the contrary, we in-

jected the products into a gas chromatograph equipped

with a capillary column to quantify the formation of each

methylester. In Figure 2, we show the conversion rate of

a triglyceride, SBO, to oleic and linoleic methyl esters by

means of GC at 55
o
C under the reaction conditions.

More than 80 % of the esters were formed in 10 min and

quickly completed within 30 min. This result agrees well

with that of the overall reaction. Tomasevic [15] de-

scribed the methanolysis of various oils at 25
o
C with 0.5

1.0 % potassium hydroxide and sodium hydroxide.∼

Within 30 min, all of the investigated oils were suffi-

ciently transesterified and could be used as fuel in diesel

engines.

In a preliminary test, we sometimes faced the difficulty

of glycerol separation because of soap formation, which

favors the emulsion of oil and glycerol leading to product

loss and poor product purity. This phenomenon depends

strongly on the acidity and the amount of catalyst.

Generally, the alkali catalyst concentration is used in the

range 0.5 1.5 wt% of the oil weight. Therefore, hetero∼ -

geneous catalysts like MgO, calcine hydrotalcites [23],

and nanocrystalline CaO [24] have received high atten-

tion recently for biodiesel production because of their

several advantages compared to homogeneous catalysts.

For constant agitation of the reaction mixture with a

magnetic stirrer and to avoid the loss of glycerol for the

overall kinetics, we chose a molar ratio between the oil

and alcohol of 1:18, but a value of 1:10 for the GC analy-

sis in the 0.5 % catalyst concentration. Many authors
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Table 3. Overall Rate Constants at 50
o
C and Different Reac-

tion Times (KOH)

Time (sec) Amount of Glycerol (g) logκ × 10κ
3

300
600
900
1200
1500

1.18
1.44
1.81
2.34
2.80

-2.77
-2.95
-2.97
-2.88
-2.68

1.71
1.13
1.07
1.33
2.07

Table 4. Overall Rate Constants of First- and Second-Order

Order Reactions at Different Temperatures (KOH)

Temp (
o
C) 1

st
order × 10κ

3
2
nd
order × 10κ

3

40
45
50
60

0.977
1.177
1.360
1.928

0.355
0.502
0.761
0.815

have reported the use of a molar ratio between oil and al-

cohol of 1:6 with a mechanical stirrer. Under our con-

ditions, however, a 1:6 ratio was not sufficient, resulting

in poor agitation and the scale and geometry of the flask.

Reaction OrderEquation

The reaction order of esterification and its hydrolysis is

well known to be a second-order reaction. Many authors

have announced, however, that the transesterification of

oil to biodiesel could be a pseudo-first-order and/or sec-

ond-order reaction depending on the reaction conditions,

especially in terms of the molar ratio of the oil and

alcohol. Freedman reported that at a higher molar ratio of

oil to butanol (1:30) in alkaline catalyst, the reaction or-

der obeyed the pseudo-first-order law, but at a lower ra-

tio (1:6), a second-order reaction appeared more likely

than a pseudo-first-order reaction [11,6].

We express the reaction order equations as follows:

a. First-order

k = 1/t ln co/c, or (2)

k = 1/t ln a/a-x

where a = initial concentration

a-x = unreacted after time t

b. Second-order

k = 1/t (1/c-1/co), or (3)

k = 1/t x/a (a-x)

from the reaction of 2A C→

Overall Reaction

Table 3 summarizes the rate constants at 50
o
C and dif-

ferent reaction time intervals in the overall reaction ki-

netics as an example. As it is known, the rate of tranes-

terification is relatively fast; therefore, the rates at the be-

Figure 3. Plot of log k vs 1/T for the formation of glycerol with

0.5 % KOH using first-order reaction constants at 40 60∼
o
C.

Figure 4. Plot of log k vs 1/T for the formation of glycerol with

0.5 % KOH using second-order reaction constants at 40 60∼

o
C.

ginning deviate from other values. Another reason for

deviation could be attributable to the separation of gly-

cerol from the reaction mixture. Sometimes the glycerol

attached onto the wall, which could have caused a reduc-

tion of (and deviation of) the amount of glycerol.

Table 4 summarizes the overall rate constants applied to

equations (2) and (3) at four different temperatures.

Using these rate constants, the activation energy was cal-

culated by plotting 1/T against log k. As shown in Figure

3, the slope of the activation energy using first-order rate

constants indicated a better fit for a linear line to the data

than for a second-order curve (Figure 4). The activation

energy, Ea, of the overall reaction, was calculated to be

7.05 kcal/mol from the Arrhenius slope, -1.54.
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Table 5. The First-Order Rate Constants of Each Component at

Different Reaction Times and 45
o
C (κ× 10

4
/sec)

Component

Time (sec)

Methyl
palmitate

Methyl
oleate

Methyl
linoleate

180
360
540
720
900

6.17
3.72
2.27
2.10
1.68

13.10
8.18
4.72
4.37
3.57

20.13
9.33
6.67
6.82
10.73

Average 3.19 6.79 10.74

Table 6. The Second-Order Rate Constants of Each Component

at Different Reaction Time and 45
o
C (κ× 10

2
L/mol.sec)

Component

Time (sec)
Methyl
palmitate

Methyl
oleate

Methyl
linoleate

180
360
540
720
900

3.20
1.97
1.22
1.11
0.90

7.37
4.50
2.73
4.75
2.09

11.85
8.53
8.58
7.93
8.35

Average 1.68 4.29 9.05

Table 7. First-Order Rate Constants of Each Component at

Different Temperatures ( × 10κ
4
/sec)

Component

T (
o
C)

Methyl
palmitate

Methyl
oleate

Methyl
linoleate

30
35
40
45
50

0.87
1.34
1.81
3.19
5.01

1.60
2.51
2.94
6.79
8.98

3.33
4.48
7.23
10.74
21.83

Table 8. Second-Order Rate Constants of Each Component at

Different Temperatures (κ× 10
2
L/mol.sec)

Component

T (
o
C)

Methyl
palmitate

Methyl
oleate

Methyl
linoleate

30
35
40
45
50

0.45
0.70
1.12
1.68
2.71

0.83
1.31
1.72
4.29
5.12

1.73
2.41
3.80
9.05
23.12

GC Analysis with Capillary Column

Using calibration equation (1), we obtained the weights

of ester products and further applied the concentration to

the first- and second-order equations.

Tables 5 and 6 summarize the data of first- and second-

order rate constants with formation of methyl palmitate,

methyl oleate, and methyl linolate at 45
o
C and different

reaction times; Tables 7 and 8 show the reaction rate

constants of three compounds at five different temper-

atures by applying the data to equations (2) and (3).

Between the two data sets of first-order rate constants of

Figure 5. Plot of log k vs 1/T for the formation of methyl ole-

ate with 0.5 % KOH using first-order reaction constants at 30

50∼
o
C.

Figure 6. Plot of log k vs 1/T for the formation of methyl ole-

ate with 0.5 % KOH using second-order reaction constants at

30 50∼
o
C.

methyl oleate and methyl linoleate at each temperature,

the values of methyl linoleate (R
2
= 0.9744) showed bet-

ter linear correlation than did those of methyl oleate (R
2
=

0.9479). This result might be attributable to the more-

than double amount of linoleate to oleate in the oil. In the

same manner, not only methyl oleate and methyl li-

noleate but also the rate constants for methyl palmitate

were obtained. The rate constants at higher temperature

showed higher velocity, and the order of magnitude at

the same temperature indicated methyl palmitate < meth-

yl oleate < methyl linoleate. The magnitude of the rate is

attributable to the proportion in the oil: the greater the

amount in the solution, the higher reaction rate. That sit-

uation means there could be more collisions. Using the

obtained rate constants, we applied the Arrhenius equa-
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Table 9. Activation Energies

Compound Slope Ea (kcal/mol)

Glycerol (Overall) -1.539 7.043

Methyl palmitate -3.681 16.844

Methyl oleate -3.759 17.203

Methyl linoleate -3.904 17.865

Methyl oleate (GMO) -2.421 11.078

Figure 7. Plot of log k vs 1/T for the formation of methyl lino-

leate with 0.5 % KOH using first-order reaction constants at 30

50∼
o
C.

Figure 8. Plot of log k vs 1/T for the formation of methyl lino-

leate with 0.5 % KOH using second-order reaction constants at

30 50∼
o
C.

tion to determine the activation energies, which are sum-

marized in Table 9 and displayed in Figures 5 8.∼

As we observe the Figures, the reaction order of trans-

esterification fit better to the first-order reaction. The ac-

Figure 9. Plot of log k vs 1/T for the formation of methyl oleate

from GMO with 0.5 % KOH using first-order reaction con-

stants at 30 50∼
o
C.

Figure 10. Plot of log k vs 1/T for the formation of methyl ole-

ate from GMO with 0.5 % KOH using second-order reaction

constants at 30 50∼
o
C.

tivation energies were 16.84 kcal/mol for methyl palmi-

ate, 17.20 kcal/mol for methyl oleate, and 17.87 kcal/

mol for methyl linoleate in the first-order reactions. From

these results, we conclude that the transesterification of

used frying oil is a first-order reaction, in contrast to the

results of other papers [13,19].

To support our results, the transesterification of glyceryl

monooleate (GMO) was also performed. As shown in

Figures 9 and 10, the reaction order fit the first-order bet-

ter than the second-order, a curve. The activation energy

of methyl oleate formation from GMO was 11.08 kcal/

mol.

The large deviation of activation energy in the case of

the overall reaction from the results of GC analyses could

be attributed to the difficulty of correct separation of the
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glycerol formed (i.e., because of) the polarity between

methanol and glycerol and the solubility of methanol to-

ward the formed methy lesters (BD) and glycerol.

Generally, the product ratios of esters and glycerol were

90 and 10 % (w/w), respectively, and ca. 40 % of un-

reacted methanol was in the oil and 60 % of methanol in

the glycerol in the beef tallow transesterification [26].

This phenomenon could induce the difficulty of glycerol

separation. At a 50:50 ratio of BTME (Beef Tallow

Methyl Ester) and glycerol, only 9 % (w/w) of methanol

dissolved in BTME and 91 % (w/w) of the methanol dis-

solved in the glycerol phase.

This reaction is a pseudo-first-order reaction, SN1; thus,

not only methanol but also produced glycerol plays an

important role as a solvent [27]. Glycerol has three hy-

droxyl groups, and the glycerol produced in the overall

reaction causes a solvation synergism with excess meth-

anol (18 mol against SBO); GMO has two hydroxyl

groups. Thus, they accelerate the solvation of the carbo-

cation, the intermediate, with methanol. Therefore, the

magnitudes of the rate constant of each reaction at 40
o
C,

for example, were as follows: C16:0 = 1.81 < C18:1 =

2.94 < C18:2 = 7.23 << (overall) 10 <<< (GMO) 63 ×

10
4
/sec.

Conclusion

1) A kinetic study was performed in two ways: firstly,

the overall reaction was measured in terms of the amount

of glycerol formed. Secondly, quantification of the for-

med esters was performed by means of GC with a capil-

lary column, using used frying oil (UFO) in the presence

of KOH as catalyst.

2) For the quantitative analysis of each methyl ester in

biodiesel, we obtained a calibration curve having the

equation C (mg/mL) = 1.4956x + 0.0262, R
2
=0.9994

3) In the presence of potassium hydroxide, the rate con-

stants of methyl palmitate, methyl oleate, and methyl li-

noleate were calculated. The order of magnitude at the

same temperature was methyl palmitate < methyl oleate

<< methyl linoleate.

4) From the Arrhenius plots of both cases, SBO and

GMO, we found that the transesterfication reaction fitted

better to a pseudo-first-order reaction than to a sec-

ond-order reaction.

5) From the rate constants, we calculated the activation

energies using the Arrhenius equation. The values of

first-order were 7.05 kcal/mol for the overall reaction,

16.84 kcal/mol for methyl palmitate, 17.20 kcal/mol for

methyl oleate, and 17.76 kcal/mol for methyl linoleate

from SBO and 11.08 kcal/mol for the formation of meth-

yl oleate from GMO.

6) To explain the magnitudes of the rate constants and

activation energies of three kinds of reactions, the sol-

vation effect of the carbocation in the SN1 reaction by

methanol and formed glycerol and the hydroxyl groups

of GMO is suggested.
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