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Abstract : Non-edible oil sources (i.e., Palm Acid Oil, waste animal fat) usually contain relatively
high amount of free fatty acids (FFA) that make them inadequate for direct base catalyzed
transesterification reaction. Enzymatic biodiesel synthesis can solve several problems posed by the
alkaline—catalyzed transesterification, and has certain advantages over the chemical catalysis of
transesterification, as it is less energy intensive, allows easy recovery of glycerol and the
transesterification of glycerides with high free fatty acid contents. In this study, we synthesized
biodiesel through enzymatic catalyzed process using high free fatty acid containing waste oil in
biodiesel reactor (1 ton/day) and optimized the biodiesel production processes.

Keywords : Biodiesel, FAME (Fatty Acid Methyl FEster), Enzymatic catalyst, Transesterification,
Esterification, Fuel quality
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Fig. 1. Biodiesel Reactor (1 ton/day)
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- Ttems Test Method
FAME content (wt.%) EN 14103
Flash point (C) KS M ISO 2719
Kinematic viscosity (40°C, mm?/s) KS M ISO 3104
Carbon residual (wt.%) KS M ISO 10370
Sulfur content (mg/kg) KS M 2027
Ash content (wt.%) KS M ISO 6245
Copper strip corrosion (50°C, 3 h) KS M ISO 2160
Cold Filter Plugging Point (C) KS M 2411
Density (15T, kg/m®) KS M 2002
Water content (wt.%) KS M ISO 12937
Total contamination content (mg/kg) EN 12662
Acid value (mg KOH/g) KS M ISO 6618
Total glycerol content (wt.%) KS M 2412
Mono-glyceride cotent (wt.%) KS M 2412
Di-glyceride cotent (wt.%) KS M 2412
Tri—glyceride cotent (wt.%) KS M 2412
Free glycerol (wt.%) KS M 2412
Oxidation stability (110°C, h) EN 14112
Methanol content (wt.%) EN 14110
Alkaline metal content(mg/kg) ((CN::I\Z) EE 11;22 e
Phosphorous content (mg/kg) EN 14107
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Fig. 3. Biodiesel conversion before screen mesh
installation.
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installation with air bubbling.

L,
olo
N
=
4z
2
N
s
o
&
=

19te] gEarlE H
oletd ATES =9 4 UNSEE, ¥E A
FUEE 7] fF] o2 Hloletd Hekg
HIE PEetth. 9 37 42 50
L/min ~ 250 L/min®2 &}gow, 1 9o %
AL T GRS Fig. 60 371 FY
ol @2 Hholegd Mg Uehfdct
Fig. 6914 Hi= Hiel Zo] F7] f7Fe] 100
L/ming o 6 A7t §Fg & Hggo] 71%= 7}
Z =okor, ¥7] f%o] 100 L/ming ZFs}
Lt Ao Aggo] FaFed ol FUHE
7] o] Y& Wop vkgr] Yol Sl HEte
Zoto] AgHgo] "ol Aos wohech
mata] B AoA Abgd bkl digh A

271 9% 100 L/mingl Aos sHelxg]

O ol

9]

9
=8

- 10562 -



100
—e— 50 L/min
—e— 100 L/min
8  —e—150L/min
—e— 200 L/min
—e— 250 L/min ——
ol ——

Biodiesel Conversion (%)

0 1 2 3 4 5 6
Reaction Time (h)

Fi

—

g. 6. Biodiesel conversion according to air
flow ratio.

3.4, wHty| Z|M&E0 ME HMEE

ghg7le] AxE wE7]= violeo)d [ vt
SolA Y Fad RE F9Y 5}‘%013}. et
57t =2jd BREE W 109} a4 =
Aoz Qlsf g &8

T Al e WaRge Sloh) ns)
ax Eviet wE] WA o] 2H FH0
2 U 245 me Sk AU 5 gl
uhg mgol FAT JHsAol ek whebd whe
282 %ol ﬂ A o] TAEEES 43
ol wek webd 2 Agoldr YEEAIL

100 L/mine®2 FUst= ZHAgA 60 ~ 180
rpme] WYHEEC] e Hlolord WEE %
AFSHITE. Fig 7oIA B vhe} 2ol mut s
7} FESE vlolond Aekgol F7HEE
% 19t

e

100
—e— 60 rpm
—e— 90 rpm
80 | —o— 120 rpm
. —e— 150 rpm o
S —o— 180 rpm e g8
S eof
2
2
§ 40 - 5
8 o
RO /)
8 /
@ 0t /)
y
O 1 1 1 1 1 1
0 1 2 3 4 5 6

Reaction Time (h)

Fig. 7. Biodiesel conversion according to
impeller speed.

Journal of Oil & Applied Science

5. St EQlste HEtE ol W2 HMEkE
143 84 FWE o8 HolehA A
& T4 AL FEEE HEEo] AREs
o oF] AXHLh HEEo] AREE 2
7] 4 7&* 219 29421 93 ag9] st

4 Zuj7t o AHES} BE-E dorl=
%Q Aol oEd Holedd g
b B/ Bl Hol Sl Zo] wigt
2 §-eE di¥] FHd 5 Fol% olstR #
kot 1 —,‘?rb Z0|2 AF8-E= lipase
2o it Yol w7
*obl l 2o F5=HW 549
wolrh. meA 2 AFoA=
7}ot= UﬂLEO Fe d=mg dH ARG
1.75 9% ~ 35 Bu%z s271HA Hio]Q
Od AeE ZARHATE 11 A Fig. 8ofA
HEe Hiel Zo] AZtY Hrlsh= wehEe] k2
U2 oiH] A7t 2.33% ~ 2.8 Rues o
o "ol o Adkgo] oF 75%=2 7P =A |
337 =2

ﬂdoi Me B 2L 1o oo 19 oXt
Rl

o ek £ ol X o r

ok

100
8| N
S e S
g 60 - /.t/.
|4 "
g
8 —e—1.75%h
5 Or —e—2%h
8 % e 233%h
8 /. —o—2.8%h
o L / —o—35%h
0 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8

Reaction Time (h)

Fig. 8. Biodiesel conversion according to
methanol addition rate.

3.6. E7|E Hio|2C|¥ gty

PAOE ¥== 3lo] 1 ton/day &39] HiolQ
oA w7l dis) =&E A9 wg 23
2-gsto] gt AgelA HiEEe 499
5 A 715 F A9 524 HRAY
71ee YRR Sto] HoleodS ST &
4 Hfoledde SR, B4 oA B Az
SH= ARC AP A
terr—butylhydroquinonef—i 00 mg/kg A7¥sHA
tf Holedde] AE 742 fdl Agilent

ot N qilo

|

I

- 10563 -



Vol. 35, No. 4 (2018) 4

7890 Series gas chromatographs ©]-gste] B

A5t 2™ (Fig. 9), 7iE¥ FAME ZA-& Table 2
of Ueritt Fig. 99t Table 204 HiE npet
2ol WNE o Helorime & ol A
AEo=w ?"éﬂ&’iﬂtﬂ(lﬂfi—ﬁ%ﬁ A1L]), oleic
acid methyl ester (C18:1 FAME)7} 40.9 2A4%
2 7P wol] &A1, palmitic acid methyl
ester (C16:0 FAME)7} 23.7 FA|%, stearic acid
methyl ester (C18:0 FAME)7} 13.1 BA%E At
2)5te] o5 3 7FA FAMEZ}F AA FAMES] <F

777 $A%E AARAT. B8 g ae) ot
oletjAo= methyl heptadecanoate (C17:0

FAME), methyl cis—10~heptadecenoate (C17:1

FAME) 5 4124 $Ae14 §a8 vl o
AL A gt Balel BaS 2

FAMEZ} A= AT

T Sy TG 9 AgAdE AFgElel
o2 F4 5 74 Z3E Table 3¢ UERSL
t}. Table 394 RX Hie} Zro] S8 ZA7}
2] AX vroletde I Hpolend FAV|E
= BT WESHITh

4. &

[

APt e HAgA PAOS BY1ES duE
V1At a4 FujE o]§ste] 1 ton/day 879
1R 7oA Hlol o o)A g ZAL HASH 519

WA, 45T 79 22, e

}_,

%1

Z A

._1_1_,

A o]

Olv
2
10
W
),
0,

Candida antarctica 7]%94
% ol-ggt quloﬂ*EﬂEﬁ iﬁo

pA]
180
160
140
120
1004
80
60
407

20

L 4B g

ol I HGA Sl HoloTd gy T

Table 2. Distribution of FAME composition

Peak Retention Type of Peak area
number élnr?g) I*YKM_E (pA-s)
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7 15.656 Cl14:1 FAME 7.09161
8 15.831 unknown 1.80299
9 15.977 unknown 2.29913
10 16.297 C15:0 FAME 6.11366
11 16.832 C15:1 FAME 2.08886
12 16.930 unknown 7.48390
13 17.357 C16:0 FAME 564.78040
14 17.529 unknown 7.06665
15 17.598 unknown 65.28277
16 17.721 Cl6:1 FAME 4.32466
17 17.883 unknown 4.89817
18 18.053 unknown 7.49361
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Fig. 9. Composition distribution of fatty acid methyl ester in biodiesel.
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Table 3. Biodiesel quality analysis results
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- Items Specification Results
Fatty Acid Methyl Ester content (wt.%) min. 96.5 97.3
Flash point (C) min. 120 161.5
Kinematic viscosity (40°C, mm?/s) 1.9 ~ 5.0 4.534
Carbon residual (wt.%) max. 0.1 0.01
Sulfur content (mg/kg) max. 10 7
Ash content (wt.%) max. 0.01 0.002
Copper strip corrosion (50C, 3 h) max. | 1
Cold Filter Plugging Point (C) max. 0 9
Density (15, kg/m?) 860 ~ 900 875.9
Water content (wt.%) max. 0.05 0.041
Total contamination content (mg/kg) max. 24 19
Acid value (mg KOH/g) max. 0.50 0.13
Total glycerol content (wt.%) max. 0.24 0.017
Mono—glyceride content (wt.%) max. 0.80 0.016
Di-glyceride content (wt.%) max. 0.20 0.001 |
Tri—glyceride content (wt.%) max. 0.20 0.001 |
Free glycerol content (wt.%) max. 0.02 0.013
Oxidation stability (110C, h) min. 6 13.9
Methanol content (wt.%) max. 0.2 0.01 |
Alkaline metal content(mg/kg) (ga:l\l/?g)) Eii g 0_?'21
Phosphorous content (mg/kg) max. 10 0.1 }
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