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Abstract: Biodiesel was produced from Canola, soybean and Jatropha oils combined methanol using continuously re-
cycled membrane reactor. The membrane served to react and separate the unreacted oil from the product stream, producing
high-purity fatty acid methyl ester (FAME). Two ceramic tubular membranes having different nominal pore sizes of 0.2 and
0.5 pm were used. Permeate was observed at 0.5, 1.0 and 2.0 bar with a given flow rate, respectively. The permeate flux
for 0.2 pm membrane at 0.5 bar and 400 mL/min flow rate was 15 L/m’ - hr. Also FAME content in permeate was the
highest at 0.5 bar, and decreased with increasing operating pressure.
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CH,O-COR, CHyOH  CHyO-COR,

CH-O-COR, +3CH;0H <> CHOH + CH;y0-COR,

CH,-0-COR, CHyOH CH,-0-CO-R,
Trglyceride Methanol Giycerol Methyl esters

Fig. 1. Chemical equation for biodiesel production.
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(1) Vegetable Oil
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(7) Feed pump
(10) Water circulator (11) Pressure gauge
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(15) Personal computer
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(12) Regulating valve

Fig. 2. Schematic diagram of tubular membrane system for
biodiesel production.
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Table 1. Nomenclature of Fatty Acid Methyl Ester (FAME)

No of Number of double bond
Carbon 0 1 2 3
14 Myristic Acid - - -
16 Palmitic Acid Palmitoleic Acid - -
18 Stearic Acid Oleic Acid Linoleic Acid Linolenic Acid
20 Arachidic Acid Gondoic Acid Eicosadienoic Acid Eicosatrienoic Acid
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Fig. 3. Separation of triglyceride (TG) from FAME re-
actants by microfiltration membrane.
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Fig. 4. FAME composition in permeate for Canola oil with
respect to operating pressure and flow rate for 0.5 pm
membrane module.
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Fig. 5. Permeate flux with respect to operating time for 0.2
um microfiltration module at 0.5 bar.
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Fig. 6. FAME composition in permeate with respect to op-

erating time for 0.2 pm microfiltration module at 0.5 bar
and 300 mL/min.

FAME ¢ @ﬁr% SR80 o) Afde %’—7‘33_71
02 ym A2 #3 FdAFdgs gt o 4Y
< 05 bar2 & 46}&% FAME &3%& =4 F+A394th
Fig. 5& ¥4 712§ 98 TGE ALE 3¢ 53
Nl wE B3 548 el Aog 3 AT
b ERg4e A AU 3ol
242 2503 300 mL/minYg A$E FHf40] 8 WA
10 L/m” - hr 1ol A BA #4999 400 mL/min
2 Z718 o 15 L’ - ebA 3A 28 4 4
At =3 FFHF 300 mL/ming! A$ FHE F
FAME 3#& 237 webd B439 Fig 69
yehidith. 289 B3 & 9 308 olUdlAdE o
N2HE Hhgo] MM APso] A F FAME &
ol 10% ol3tolAAT 2 o] Fol FAsA F7std
60l = 73%71A =@8tA T Table 2014 ¢} 2ol
ojorjd H-3E& v?ﬂ o] l ERAZ 5 608 ATFAl
B39l = FAME 3% FHF 250, 300, 400 mL/
min® W zHzt 59, 75, :La}_L 94%= F718A Tt o]
© 33371 0.5 pm Y ALAH o] A9 o
ZHO0F FHFF0] SUIsHEAM B39 F FAME &
ol F7tste Eold dAolth NHEZAQ AYdE &

FoHL FAR A3E vergon) olst 2e @4l o
sl e F7h89l 477k Bt

HRASE 0TH9 A=2sthe ane g2
71 02 pm A2t BIA 05 barZ A& S5

Table 2. FAME Composition in Permeate for Canola, Soy-
bean and Jatropha Oils for 0.2 pm Membrane Module at
0.5 bar and 60 mins

Canola oil  Soybean oil Jatropha oil

250 mL/min 59 wit% 77 wi% 88 wi%
300 75 38 72
400 94 43 60

Table 3. Density of Methanol, Triglyceride and Permeate
Membrane from Canola Oil
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Methanol Canola oil Permeate ———————
Upper Lower
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Fig. 7. Multi-GC peaks of (a) crude Canola oil and (b) permeate using Canola oil as triglyceride (TG) for 0.2 pm membrane

module.

Table 4. FAME Compositions from Different Qils[11]

FAME Composition (wt%)

Vegetable oil

C16:0 C18:0 C18:1 C18:2 C18:3
Soybean 6~10 2~5 20~30 50~60 5~11
Fried oil 2.5~6.5 1.3~56 14~43 44~68.7 -
Canola 43 13 59.9 211 13.2
Cotton 20~25 1~2 23~35 40~50 -
Palm 351 8.2 47.7 7.7 03
Jatropha 14.1~15.3 3.7~9.8 343~458 29.0~44.2 0.3
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Table 5. FAME Composition in Permeate for Canola Gil
for 0.2 pm Membrane Module at 0.5 bar

FAME Composition (wt%)

Flow rate Cl6:0 C18:0 C18:1 Ci82 (183
250 mL/min 4.1 2.6 62.0 19.6 7.9
300 4.5 2.9 56.8 224 8.6
400 5.9 2.5 57.5 220 8.8
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