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Abstract : To produce biodiesel efficiently from fish oil containing 4% free fatty acid, esterification and trans-esterification were
carried out with Vietnam catfish oil, which was kindly provided from GS-bio company. Heterogeneous solid acid catalysts such
as Amberlyst-15 and Amberlyst BD-20 and sulfuric acid as homogeneous acid catalyst were used for the esterification of free
fatty acids in the fish oil. Sulfuric acid showed the highest removal efficiency of free fatty acid and the shortest reaction time
among three acid catalysts. The base catalysts for trans-esterification such as KOH, NaOCH3 and NaOH were compared with
each other and KOH was determined to be the best transesterification catalyst. Some solid material, which assumed to be sapo-
nified product from glycerol and biodiesel, were observed to form in the fish oil biodiesel when using NaOCH3 and NaOH as the
transesterification catalyst. The initial acid value of fish oil was proven to have a negative effect on biodiesel conversion. Of the
three catalysts, KOH catalyst transesterification was shown to have high content of FAME and the optimal ratio of methanol/oil
ratio was identified to be 9:1.
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Figure 1. Trans-esterification of tri-glyceride with alcohol to produce biodiesel and glycerol.
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Figure 2. Effect of catalyst kinds on esterification of fish oil with
methanol.
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Figure 4. Effect of sulfuric acid concentration on esterification of
fish oil.
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Figure 5. Effect of base catalyst kinds on trans-esterification of fish
oil with methanol.

Figure 6. Solidification of fish oil bio-diesel. (a) Bio-diesel production
using NaOCH3, (b) Bio-diesel production using NaOH.
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Table 1. Comparison of bio-diesel standard quality parameters and fish & various bio-diesels properties

Parameter Unit Fish oil BD Lard BD Beef tallow BD Limits
FAME % (m/m) 98.6 98.8 98.6 96.5 1
Acid value mgKOH/g 0.21 0.12 0.10 0.5
Water % (m/m) 0.0125 0.0198 0.0167 0.05
Free glycerol % (m/m) 0.019 0.135 0.023 0.02
Monoglyceride % (m/m) 0.0 0.0 0.0 081
Diglyceride % (m/m) 0.0 0.0 0.0 021
Triglyceride % (m/m) 0.0 0.0 0.0 021
Total glycerol % (m/m) 0.096 0.136 0.024 024
CFPP T 7 8 7 0.00 |
Table 2. Fatty acid composition of various bio-diesels
Fatty acid Name Soybean oil Rapessed oil Palm oil Lard Beef tallow Fish oil
Capryilc acid C8:0 - - - 0.03 - -
Caproic acid C10:0 - - - 0.06 0.06 -
Lauric acid C12:0 - - 0.10 0.09 0.08 0.19
Mpyristic acid C14:0 - - 0.70 1.48 1.86 3.62
Palmitic acid C16:0 11.30 4.90 36.70 22.60 23.30 28.57
Palmitoleic acid Clé6:1 0.10 - 0.10 2.50 3.27 1.04
Heptadecanoic acid C17:0 - - - 0.36 0.41 0.15
Stearic acid C18:0 3.60 1.60 6.60 12.24 12.15 8.39
Oleic acid C18:1 24.90 33.00 46.10 38.77 43.50 52.14
Linoleic acid C18:2 53.00 20.40 8.60 2.51 2.92 0.61
Linolenic acid C18:3 6.10 7.90 0.30 16.05 8.61 -
Archidic 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 5.29
Saturated FA - 15.30 6.50 44.70 38.07 38.34 40.92
Unsaturated FA - 84.70 93.50 55.30 60.39 58.94 53.79
Total - 100 100 100 100 100 100
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