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26.7%2 YEFRTE Holol|AE =8} vk tieh #H A gl A3S vhe T o 2ASte] =8stal, A7E KOH %
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W27 0% KOH E1 0.8%%} e BH] 62:12 £&a190m] vk S0 247} 2kt wielo]| A8
= (fatty acid methyl ester, FAME) 100.8%, A7} 0.45 mgKOH/g, 5 0.00%, AF1F4A] 0.70 h, & SeH= I
0.04%, Mono-glyceride 3 0.04%, Di-glyceride S 0.01%, Tri-glyceride T3 0.00%, =78 5=(40 °ColA]) 4.041 mm?s,
A2ZE U 1.0°CE 8 Alo| o)A FATAS Tk 2102 VT

Abstract — In this study, the feasibility of using vegetable oil extracted from tropical crop seed as a biodiesel feed-
stock was investigated by producing biodiesel and analysing the quality parameters as a transport fuel. In order to pro-
duce biodiesel efficiently, two step reaction process(pre-treatment and transesterificaion) was required because the
tropical crop oil have a high content of free fatty acids. To determine the suitable acid catalyst for the pre-esterification,
three kinds of acid catalysts were tested and sulfuric acid was identified as the best catalyst. After constructing the exper-
imental matrix based on RSM and analysing the statistical data, the optimal pre-treatment conditions were determined to
be 26.7% of methanol and 0.982% of sulfuric acid. Trans-esterification experiments of the pre-esterified oil based on
RSM were carried out, then discovered 1.24% of KOH catalyst and 22.76% of methanol as the optimal trans-esterification
conditions. However, the quantity of KOH was higher than the previously established KOH concentration of our team. So,
we carried out supplemental experiment to determine the quantity of catalyst and methanol. As a result, the optimal trans-
esterification conditions were determined to be 0.8% of KOH and 16.13% of methanol. After trans-esterification of tropical
crop oil, the produced biodiesel could meet the major quality standard specifications; 100.8% of FAME, 0.45 mgKOH/g of
acid value, 0.00% of water, 0.04% of total glycerol, 4.041 mm?/s of kinematic viscosity(at 40 °C).
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Table 1. Fatty acid composition of the tropical oil(typical results, %)
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Fatty acid Structure Tropical Crop Oil Soybean Oil Jatropha Oil Rapeseed Oil Palm Oil Used Frying Oil
Capryilc acid C8:0 0.05
Lauric acid C12:0 0.08
Myrstic acid C14:0 0.10 0.07 0.07 0.05 0.99 0.39
Palmitic acid C16:0 8.05 10.95 14.21 4.44 40.10 14.29
Palmitoleic acid Cl16:1 0.24 0.79
stearic acid C18:0 9.24 431 6.94 1.67 4.09 4.59
Oleic acid C18:1 22.58 23.12 43.29 62.40 43.02 32.52
Linoleic acid Ci18:2 33.02 53.27 33.27 19.73 11.04 40.52
Linolenic acid C18:3 25.99 6.77 0.23 9.47 0.20 5.52
Arachidic acid C20:0 0.27 0.23 0.56 0.32 0.70
Gadoleic acid C20:1 1.28
Behenic acid C22:0 0.40 0.34
Not identified 0.30 1.24 0.97 0.40 0.24 1.01
Saturated FA 17.79 15.60 21.45 6.72 45.50 20.35
Unsaturated FA 81.83 83.16 77.58 92.88 54.26 78.64
Total 100 100 100 100 100 100
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Fig. 1. Round bottom flask reactor system.

2 Bolis LS WAl U LT S5
A= TS AAste] A AR ARE sk 3 a}*z
o 213 Aegoh S elw dmLe vl ulE olgs
of F3] WY WS Agatsint.

23, 24 W

AR AoijzhE @A) FE|AHAE EEES Aol gt 4t
(acid value, AV) 2] —% E3lo] 24 AXslth AR 2 1g
ol 3 2] Ahe Faleld] 23 KOHS mg T2 9]
=™ EN ISO 661(Animal and vegetable fats and oils - Preparation
of test sample)®] 3 AWl o8l S35l en v 2
S o R Atel fEA AR SRS AR T 12,13].

AV:56.11><V><C M

m

V =AM KOH g2] 75

¢ = KOH §9¢] & 5%

m = A 52| A=

FFA(%)= % x AV )

AV : 2F7}(acid value)

A5 2 9SE Fol e G 42 Karl-Fisher 278

ol ¢J3ll Mettler Toledo DL31 Titrators ©]-83F] S35, A
Wb e o e 2 ekl 3 BAU EN 1410300 whet
Agilent 6890 capilliary gas chromatography (Agilent Technologies)
2 3485 o, vlo] erjAle] ZgkE 2] ME(Glycerol), g
2 AJ2F0] = (Monoglyceride), Thol= 2] Ml2le] = (Diglyceride), E2
= H2to] = (Triglyceride), 718137 & 22| XS (Total glycerol)
2 EEFAH EN 141050 w2} Agilent 6890 On-column gas
chromatography= &7 AASIATH 14-16].

slskast H47H Hl6= 20095 128

3. 2y ¥ nE

3-1. RE[X|EAR] MX2| HIS
TAED 2 Foll x5 ‘[T_E]X]HO]—)I\J:E Agksto] A|Ask7] <l
St A AH 23} Wk o] 5= AL FUl R Amberlyst-15,

Amberlyst-BD207} 978t Ao Uehtow #HA Fujzs
H,80,5 1183 O1E}[17 19]. ¥ Oﬂ%w] OMVP“ 30101] that
o] A7) FulEe a17] Slal wka-& Al
h= G SRS 0.1% 013}7} F»l‘:i ALELE S Az oM
0.1 pm pore =17]¢] AHZ 3}k A5 thal o =3} AE
< QI SRS A3 TARE S5 A= THEY
FEoE AY a7}t AA VRO o9 Aol tisiAE AY
Qxp} Agror 1 A¥E Fig. 20 YERAITE Fig. 20 Hol=
ule} o] Ak Amberlyst-15, Amberlyst-BD20 <A1 2 3= wb

$79% B} A% Amberlyst-15 Z<]
o]Fof FEIXHAL $HFo] 0.5% oIk HA] o= widel| 2
o] A9 120 minelA] E& AFEE REgo] o] Fo|RE
ATt webA ks HA FulE Askar HA vkeis
3] 918k S it
HES-EH AW (response surface method, RSM)ol| T-A3F &4
+J/9 7] (central composite design, CCD)E- ]850 Zujj 9} gk
ol tigt A3 mEHAE FAste] A WAESE 73
AT Table 2). A2 549 4218 AHs] st HER
S, dZEME2)F, T2 s, BRAIRE IR ES] =
HgE0] QAN F3of wpEr A Hhg-of Sujgkz) wgk
g WA Wigakar A Flo] EAlshs Zlo® Haly
o Zujeky} v
# A FH9-E= Row 1/]rE]rkbjr ka2 A
%“Hﬂ gk RS 4 wgE A3, RSM A3 &
dlo]E]E- o]g3)] SPSS Softwares ©|2-3l FARTS 43
}04 Aot 2o MAg gl dist dz&3} FvljFe] 23
taa FH9 s 45 T ATk

= 12.586+4.149x+64.562y—-0.058x>~16.698y*~1.190xy  (3)

739~ REEAIZF 120 mi

o n2 rf
[EA e P

il

Ol

i X Mok oo ko rlf ok mlo
o o ol
o, o
=2 N
E -

i
A; oo

O

F(Conversion, %) = 98.12

35

—O— Sulfuric acid
30 4 —{+— Amberlyst-15
—4— Amberlyst-BD20

Acid Value(mgKOH/g)

{
0 30 60 20 120 150 180

Reaction time(min)

Fig. 2. Effects of catalysts on acid value(reaction temperature, 333 K;
stirrer speed, 200 rpm; reaction time, 180 min).
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Table 2. Central composite design arrangement and responses(pre-esterification)

Coded levels

Uncoded levels

Design point X Y X@ Y@ Acid Value (mgKOH/g) Conversion(%)
1 -1 -1 5 0.55 12.36 623
2 -1 0 5 1.05 7.52 77.1
3 -1 1 5 1.55 531 83.8
4 0 -1 10 0.55 8.16 75.1
5 0 1 10 1.55 3.14 90.4
6 1 -1 15 0.55 5.19 84.2
7 1 0 15 1.05 2.17 93.4
8 1 1 15 1.55 2.02 93.8
9 —1.414 0 293 1.05 11.05 66.3
10 1.414 0 17.07 1.05 2.09 93.6
11 0 —1.414 10 0.343 13.24 59.7
12 0 1.414 10 1.757 3.57 89.1
13 0 0 10 1.05 5.03 84.7
14 0 0 10 1.05 531 83.8
15 0 0 10 1.05 5.37 83.6

Conversion, %

Fig. 3. Optimization of pre-esterification reaction.

X(Methanol, wt%) = 26.70
Y(H,SO,, wt%) = 0.982

o] SR RE ek A ke 2 ArhEE oo thalod,
HERE 26.70%, S 0.982%% VFEFRTH. Sl (sulfuric acid) 2 2]
TGS 1% VIR vlmA (A AF S HA R 15%
o) AL FORE 98.0%2] w2 A Wk AES A
ARt AAE 3 &2 DB 1,000g2 W53k dAE 2
o 997ge PO EA 99.7%2] 2 WHE FEE LRSI

RSMel| o8l =&9 Fvlata) wekEee] nE Xz a8
32k plotS Fig. 3¢ YERASITE.

3-2. HIO|RCH AAF HES
AAE 29 7] AEH A7) 32.95 mgKOH/gollA 0.98
mgKOH/gZ o~ E| 23} Hkgol oJa) f-ajxahike Wgh AlAA]

Table 3. Central composite design arrangement and responses(trans-
esterification)

Des'ign Coded levels Uncoded levels FAME(%)
point X Y X(g) Y(g)
1 -1 -1 11 0.53 92.90
2 -1 0 11 0.84 96.98
3 -1 1 11 1.15 98.10
4 0 -1 22 0.53 97.54
5 0 1 22 1.15 98.16
6 1 -1 33 0.53 97.10
7 1 0 33 0.84 97.59
8 1 1 33 1.15 98.26
9 -1.414 0 6.446 0.84 93.06
10 1.414 0 37.554 0.84 97.94
11 0 -1.414 22 0.4017 96.24
12 0 1.414 22 1.2783 97.65
13 0 0 22 0.84 97.33
14 0 0 22 0.84 97.42
15 0 0 22 0.84 97.51

X(Methanol)=(A—22)/11, Y(KOH)=(B—0.84)/0.31

AA 24E& o]&ste] Fwlj(e] v, KON ¢S]
gk HAWkg-2d A3S sl dxE] Rk
] RSM©|| A Sl o} vljgke ool Tt 23] )
EYAS Gd5}0] SPSS L2 73S o]4sto] 243 Ay} vigkga}
Zml(KOH) 9320 HAxHno7E= 94 100gol thskel KOH
1.24g7 WghE 22.76%C.% ER1= S TH(Table 3). HWEH-E7 @
o] EH|E gkt 6.2:1F ERIEQAL, FulERS 1.24%2A &
A7 ] A AHZT(0.8%) 5Tt Bl 4] B2 FgFow dly
ATH17-19]. o]el] tigk &<l AFP oz Wk % 60 °C, RE-AIZ
40 minellA dekE:2 Y 1] 9.2:1, 6.2:1, 3.2:18 A-g3lo] EH]
of W2 NFeAS AR, S FE 1.0%, 0.8%, 0.6%1A4]
Zl| sz oigk W3S FRIselth WA e & duiRtE
24e] Hole~H =3} vk A% AR Fnlo) digt vkeA S
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Fig. 4. Influence of molar ratio on transesterification(temperature,
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Fig. 5. Influence of catalyst concentration on transesterification
(temperature, 333 K; stirrer speed, 200 rpm; molar ratio of
alcohol to oil, 6.2:1).
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Fig. 6. Influence of reaction time on transesterification(temperature,
333 K; stirrer speed, 200 rpm; molar ratio of alcohol to oil,
6.2:1; catalyst concentration, 0.8%).
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TE2Y HA els A8ato] AAE HhE E Mool AH =
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o ~E 2 gk 98.07%, AF7F 0.32 mgKOH/g, 72 0.00%%
FAAE EIARE F FElAE % 0.32%S) fE] 24
T 0.19%% AS WSS Zaksint o5 aiEsh] 218
A7 388 A4S 5 Qo) 2 AFoas o] Uigk Weto
ZHFEER(200~220 °C, 10 mbar, 60 min)E 38t B4 B4
FEBISATE. Table 49] &4 4] Aol Hi= uke} Zo] A4k
e olAE= $EF 100.8%, AFF 045 mgKOH/g, < 0.00%, 413}
Qg2 0.70 h, & S| ME(Total glycerol) % 0.04%, Mono-
glyceride ¥ 0.04%, Di-glyceride % 0.01%, Tri-glyceride &
2 0.00%, SH (@40 °C) 4.041 mm%/s, A-LZEIHEIE 1.0 °CR
UERtH20]. Ak wE o AH2 9] % B4 EN 14103
of = Ak MidAH 22 74 FE T
2 g BARs fa3 100% d3ko g kst &= 9lu),

FAA el w8 Joeh AR Akl g
1 ®WRES 2= A1l A (anti-oxidant)yE 71511 A1 6
TEEAIA Aol EFste] ARgetal Tl A5 A7t

Table 4. Comparison of biodiesel standard and tropical crop oil biodiesel

properties

Parameter Uit e Limits

FAME content %(m/m) 100.8 96.5T

Acid value mgKOH/g 045 0.5¢

Water content mg/kg 000 5004

Oxidation stability, 110°C  hours 0.70 6.07

Free glycerol %(m/m) 0.02 0.024

Monoglyceride %(m/m) 0.04 0.84

Diglyceride %(m/m) 0.01 024

Triglyceride %(m/m) 0.00 0.2¢

Total glycerol %(m/m) 0.04 0.244

CFPP °C 1.00 0.00
Kinematic viscosity, 40 °C mm?/s 4.04 1.9~5.0
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