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Abstract : Biodiesel is an alternative diesel fuel which can be obtained from the
transesterification of vegetable oils, animal fats and waste cooking oil. The objective of this study is
to evaluate the properties of biodiesel obtained from different feedstocks (soybean, waste cooking,
rapeseed, cottonseed and palm oils). The biodiesel derived from different feedstocks was analyzed
for FAME (fatty acid methyl esther) content, kinematic viscosity, flash point, CFPP (cold filter
plugging point) and glycerin content. The quality of biodiesel was tested according to the Korean
and FEuropean standard (EN14214, requirements and test method for biodiesel fuel). The biodiesels
derived from soybean, waste cooking, rapeseed and cottonseed oils contain high amount of
unsaturated fatty acid, while palm biodiesel is dominated by saturated fatty acid. The fuel
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properties of biodiesel, such as low temperature performance, kinematic viscosity and oxidation
stability are correlated with the FAME composition components in biodiesel.

Keywords : Biodiesel, Biofuel, Alternative diesel tuel, Vegetable oil.
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Fig. 1. Biodiesel synthesis from various vegetable oils.

Table 1. Chemical Structure of Vegetable Oils

e 1,2-Dilinoleoyl- 1,2-Dioleoyl- L
Trilinolein . Triolein
3-oleoyl-rac-glycerol ~ 3-linoleoyl-rac-glycerol
LLL LLO OOL 000
i i i i
HZC_O_C_C17:2 HzC_O_C_C1732 HzC_O_C_C1722 HZC—O—C—C”:I
Chemical 0] (0] 0

I
HC_O_C_C1712

Il
HC_O_C_C] 72

[ [
HC—O0—C—C7 HC—O0—C—C7;;

structure
I i i i
HyC—O0—C—Cy;;  H,C—O—C—Cpy;;  H,C—O0—C—C;7:;  HyC—O0—C—C7;
Abbreviation
Ciso Ciso Cis1 Cis2 Ciss

P (Palmitic acid) S (Stearic acid)

O (Oleic acid)

L (Linoleic acid) Ln (Linolenic acid)
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Table 2. Korean Quality Standard and Standard Test Method of Biodiesel

Korean limit

Test method

FAME content (wt.%), min.
Kinematic viscosity (40 °C, mm?s)
Sulfur content (mg/kg), max.

Flash point (°C), min.

Density (15 °C, kg/m®)

Water content (wt.%), max.
Oxidation stability (110 °C, h), min.
Methanol content (wt.%), max.
Total acid number (mg KOH/g), max.
Total glycerin (wt.%), max.
Monoglyceride (wt.%), max.
Diglyceride (wt.%), max.
Triglyceride (wt.%), max.

Free glycerin (wt.%), max.

CFPP (°C), max.

96.5 KS M 2413/ EN 14103
19 ~ 50 KS M 2014
10 KS M 2027
120 KS M ISO 2719
860 ~ 900 KS M 2002
0.05 KS M ISO 12937
6 EN 14112
0.2 EN14110
0.50 KS M ISO 6618
0.24 KS M 2412
0.80 KS M 2412
0.20 KS M 2412
0.20 KS M 2412
0.02 KS M 2412
0 KS M 2411
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Fig. 2. HPLC chromatograms of different feedstocks; (a) soybean,

(b) waste cooking,

(c) rapeseed, (d) cottonseed, and (e) palm oils.
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Fig. 4. Compositional profiles of biodiesel from (a) soybean, (b) waste cooking,
(c) rapeseed, (d) cottonseed, and (e) palm.

Table 3. Saturated and Unsaturated Fatty Acid Profiles of Different Biodiesel Feedstocks

Fatty acid Waste
(WE%) Soybean cooking Rapeseed Cottonseed Palm
Saturated
. 15.92 19.36 8.71 29.38 50.24
fatty acid
Unsaturated 83.23 79.02 89.39 70.03 49.16
fatty acid
Not identified 0.85 1.62 1.9 0.59 0.60
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Table 4. Physicochemical Characteristics of Biodiesel Produced from Different Feedstocks

Specification of quality I?jf:iitn ENLi::iiM Soybean c:))\gc;(sitrfg Rapeseed Cottonseed Palm
FAME content (wt.%), min. 96.5 96.5 98.20 97.59 97.35 98.56 97.68
Kinematic viscosity (40 °C, mm?%/s) 19 ~50 35~50 4.03 4.16 443 4.04 4.53
Sulfur content (mg/kg), max. 10 10 0.7 1.5 2.0 1.1 1.1
Flash point (°C), min. 120 120 177 177 183 173 171
Density (15 °C, kg/m’) 860 ~ 900 860 ~ 900 886 884 885 882 876
Water content (mg/kg), max. 500 500 133 105 183 80 272
Oxidation stability (110 °C, h), min. 6 6 3.16 1.24 3.05 1.03 4.48
Methanol content (wt.%), max. 0.2 0.2 0.00 0.00 0.00 0.00 0.00
Total acid number (mg KOH/g), max 0.50 0.50 0.24 0.32 0.36 0.15 0.30
Iodine number (g /100 g), max. - 120 133 113 108 105 50
Total glycerin (wt.%), max. 0.24 0.24 0.133 0.126 0.112 0.099 0.148
Monoglyceride (wt.%), max. 0.80 0.8 0.449 0.400 0.099 0.239 0.453
Diglyceride (wt.%), max. 0.20 0.2 0.000 0.000 0.013 0.051 0.183
Triglyceride (wt.%), max. 0.20 0.2 0.000 0.000 0.000 0.000 0.035
Free glycerin (wt.%), max. 0.02 0.02 0.017 0.022 0.000 0.029 0.000
CFPP (°C) 0 - -3.0 -2.0 -11.0 7.0 >10.0
Cloud point (°C) - - 0.0 3.0 -3.0 9.0 16.0
Lubricity (HFRR, /m) - - 122 211 148 90 178
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