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Abstract : In this study, the production of bio-diesel from animal oil by esterification and trans-esterification was investigated. There
were three different extraction methods for oil extraction from raw animal fat. Heterogeneous catalysts such as Amberlyst-15 and
Amberlyst BD-20 and a homogeneous catalyst such as sulfuric acid were used for esterification. Among three catalysts, the removal
efficiency of Free Fatty Acid (FFA) was the highest in sulfuric acid. Response surface method was carried out to find the optimal
esterification condition of sulfuric acid and methanol. After the esterification under the optimal condition, this animal fat was used
for the trans-esterification. Animal oil used for trans-esterification was below 1% of FFA content and 0.09% of water content. The
catalysts for trans-esterification were KOH, NaOH and NaOCHj. To investigate the effects of catalyst type and amount on trans-
esterification, The amount of catalyst were changed with 0.3, 0.6 and 0.9 wt%. The molar ratio of methanol/oil was changed with 4,
6, 9 and 12. The amount of catalyst was fixed to 0.8 wt%. The KOH catalyst showed the highest FAME conversion for trans- esteri-
fication, and the optimal methanol/oil weight ratio was 6. In the experiments of various catalysts and methanol molar ratios, the
highest content of FAME is 96%. However, this FAME content was below Korean bio-diesel standard which is 96.5% of FAME
content. After distillation, FAME content increased to 98%.
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Figure 1. 2-neck round bottom flask reactor system.
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Table 1. Central composite design arrangement and responses-lard

esterification
Design | Coded levels | Uncoded levels | Acid Value | FFA Con-
point | X Y | X(g) | Y(g) |(mgKOH/g)|version (%)
1 -1 -1 15 0.4 11.44 69.88
2 -1 0 15 0.8 6.33 83.34
3 -1 1 15 1.2 4.10 89.22
4 0 -1 25 0.4 4.52 88.10
5 0 1 25 1.2 1.31 96.56
6 1 -1 35 0.4 3.59 90.54
7 1 0 35 0.8 1.74 95.43
8 1 1 35 1.2 0.84 97.79
9 |-1.414] 0 10.86 | 0.8 9.59 74.75
10 |1.414| 0 |39.14| 0.8 0.83 97.82
11 0 |-1.414] 25 |0.2344 12.04 68.32
12 0 |1.414] 25 |1.3656 1.50 96.05
13 0 0 25 0.8 1.84 95.17
14 0 0 25 0.8 2.10 94.47
15 0 0 25 0.8 2.08 94.52

X (Methanol) = (A-25)/10, Y (Sulfuric acid) = (B-0.8)/0.4

Table 2. Central composite design arrangement and responses-beef
tallow esterification

Design | Coded levels | Uncoded levels | Acid value | FFA Con-
point X Y | X(g)| Y(g) |(mgKOH/g) version (%)
1 -1 -1 15 04 10.18 73.20
2 -1 0 15 0.8 7.29 80.81
3 -1 1 15 1.2 4.83 87.28
4 0 -1 25 0.4 5.40 85.79
5 0 1 25 1.2 2.98 92.16
6 1 -1 35 0.4 2.73 92.83
7 1 0 35 0.8 2.13 94.39
8 1 1 35 1.2 1.48 96.10
9 |-1414] 0 10.86 | 0.8 6.03 84.13
10 |[1414| 0 [39.14| 038 1.22 96.78
11 0 |-1.414| 25 |0.2344 6.23 83.60
12 0 |1414| 25 | 1.3656 2.15 94.34
13 0 0 25 0.8 5.35 86.62
14 0 0 25 0.8 4.90 87.75
15 0 0 25 0.8 4.34 89.15

X (Methanol) = (A-25)/10, Y (Sulfuric acid) = (B-0.8)/0.4
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Figure 2. Effect of catalyst kinds on esterification of lard and beef tallow with methanol.
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Figure 3. Effect of sulfuric acid concentration on esterification of lard and beef tallow.
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Figure 9. Effect of methanol/oil ratio on trans-esterification of lard
and beef tallow.

Table 3. Comparison of bio-diesel standard quality parameters and
lard & beef tallow bio-diesel properties

Parameter Unit Lard | Beef'tallow | Limits
FAME % (m/m) | 98.8 98.6 96.5 1

Acid value | mgKOH/g | 0.12 0.10 0.5
Water % (m/m) | 0.0198 | 0.0167 | 005!

Oxidation sta-
bility, 110 C

Free glycerol

hours 1.07 2.88 6.01

% (m/m) | 0.135 0.023 0.02

Monoglyceride | % (m/m) 0.0 0.0 081
Diglyceride | % (m/m) 0.0 0.0 021
Triglyceride | % (m/m) 0.0 0.0 021

Total glycerol | % (m/m) 0.136 0.024 024
CFPP T 8 7 0.00 |

o
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Table 4. Fatty acid composition of various bio-diesels

dho] e oA AARS 913 T4 2o o ag 25k ukg 109

Fatty acid Name Soybean oil Rapessed oil Palm oil Lard Beef tallow
Capryilc acid C8:0 - - - 0.03 -
Caproic acid C10:0 - - - 0.06 0.06

Lauric acid Cl12:0 - - 0.10 0.09 0.08
Myrstic acid Cl4:0 - - 0.70 1.48 1.86
Palmitic acid Cl6:0 11.30 4.90 36.70 22.60 23.30

Palmitoleic acid Cl6:1 0.10 - 0.10 2.50 3.27
Heptadecanoic acid Cl7:0 - - - 0.36 0.41
Stearic acid C18:0 3.60 1.60 6.60 12.24 12.15

Oleic acid Ci18:1 24.90 33.00 46.10 38.77 43.50

Linoleic acid C18:2 53.00 20.40 8.60 2.51 2.92
Linolenic acid C18:3 6.10 7.90 0.30 16.05 8.61
Arachidic acid C20:0 0.30 - 0.40 1.21 0.47
Gadoleic acid C20:1 0.30 9.20 0.20 0.56 0.64
Behenic acid C22:0 - - 0.10 - -

Erucic acid C22:1 0.30 - - - -

Lignoceric acid C24:0 0.10 - 0.10 - -
Nervonic acid C24:1 - 23.00 - - -
Not identified 0.00 0.00 0.00 1.54 2.72
Saturated FA 15.30 6.50 44.70 38.07 38.34
Unsaturated FA 84.70 93.50 55.30 60.39 58.94
Total 100.00 100.00 100.00 100.00 100.00
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