]. of Korean Oil Chemists’ Soc.,
Vol. 18, No. 4. December, 2001. 298305

fratAold g =3to] @ 7] Biodiesel 3t
Z290-104%4

FARGR FIHREG A ey
(20013 99 14¥ H&; 20019 10€ 319 A€)

Emulsified Transesterification of Soybean Oil
into Biodiesel

Young-Min Kang - Hae-Sung Kim

Division of Ceramic and Chemical Engineering, Myongji University,
Yongin 449-728, Korea
(Received September 14, 2001 ; Accepted October 31, 2001)

Abstract : Emulsified transesterification of soybean oil into biodiesel was investigated
using potassium hydroxide and sodium methoxide catalysts with methyl glucoside oleic
polyester as a methanol-in-oil emulsifier. The transesterification reaction conditions were
optimized to obtain high yields of fatty acid methyl esters of the quality defined by
biodiesel standards. The developed process resulted in 95~96% of overall yield from
soybean oil by alkali-catalyzed methanolysis at 45T of reaction temperature with 6:1 of
methanol-to-oil molar ratio and 1(v/v)% methyl glucoside oleic polyester in the presense
of 0.8wt% KOH and 1.2wt% NaOCHs.
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ulo] @ o} d(biodiesel) 2 F2 HEAHLYEHR
B QA £ gl tAdxe dgAHdREA
green estergti% dled A{AHFE £
& gln wd, @sles, 3 5o 9gEA 4
Z3o| Hoe FHFIHY TAHH} 7ts
HEFe FASE “VIF ¥z g @
A dAFEEAN Fade] ZxHI Utk 4
B f(vegetable oil)?] FAEQA A4t 224
HA2HZE G/ EY APAdzHEZR
A@AZ vlojecjH & ¥ EZ T H(petrodiesel)
73 EgHAY dx5oz tAdze Jdas Al
£ & gloy, KHAYRF F=3 9EE
v Ed43 e xEgol: @A I A4 509%E
¥ 3E TR YAAME HES U, 1
F SoAME vloleddd] @g EFAVIEE v
d3tn dAdEE AFHoRE HIdHD ok
[1]. &2 16~20% At dHEe EFE
2 o]|Fojz uloledAdE ZelMddiHER
o dgd2da2r vuy Jerh v oA
AR AxFAHol BT o 4oz A
uhatel FEAMdo2H 2 g veged FS o3
Z1gEA BeEa Fe AihFZole @A A
o} o) A §) & B} (transesterification) 3te]  #| ¥hAtw]
doablz2 Aidsed dHEZOAR d4E
Aol fAEEAM BRHAAHOZ AHAIFF
MARY S FFH YIS LE SF
312 gornz odEHY WAFE APY &
A AejA] FEHAE PEHE Fyto] o}
v w3tgel Fotd £43 ARG Bt
AT FHIRIHD ¥+ U2l

ulolotjd ol ANV &[34]L  AFHolE&HW
{direct use and blending), "lelaA R WA
{microemulsion)®, ¥ ¥ 3l (thermal cracking),
A o] o 2 €] 2 8 (transesterification)s] 2743}
e Aold2H 2P ALE3tE Zojo] el
4] base-catalyzed alcholysis, acid-catalyzed
alcholysis, enzyme-catalyzed transesterifi-
catione 2 TEH 4 ot FAFPo &6l o
#H9 MFEgazAd FAWsto dFolZesld
A AR F e dHE AERFY FEYPoEA
AEF9 OAJEE HY EFsIo Al gsin,
198283 A1z " Efe] Ao @ T4 3
oA HNERY EHHIY ALEE, AAEA,
ZAFH Fol HEHAY HERFE AU

WEIm{AEES

2 Yol g Hgo A3 FHY AT
o AgEA B gAaHAe B FAHe] =9
HAn oiekst spaduete] AMAEAGY. AER
£ vlole g HYo| g3 H 9ol AEH9
1Y E wZe A8 FAMfuel atomization)E
AE A7 g Yeto g AAE viojaR
EAY6le AERe ¥4 HEZOH, o
£ 9 FEgg EFstH 1-150nme] FR2ol=
A BACGEE I WY E AE dB(G0%
No.2 diesel, 25% soybean, 5% ethanol, 20%
butanol¥ A&7} 3472 200h EMA(Engine
Manufactures Association) A1gdl EFHUA
o, HERe AHo| & T EAFPE 2
Hoz HAY v gt dEHAHL2 HAH
Ag AL 718t FALSEANA Eo)
2 FdRHATE TH7eR FAMR AL
VER Aot biodiesel .t}
biogasoline © ®Weo] AAHI A 8 &
Hoag Aez Hridch

ol e ]S gifRE QAste FETHS
EE AHojdagz3 FHoRAM AEAY A
ol FEA AYE 4HE v EA oA H
Bg2 Mold2gEslste Aubite] wddX
H 2 (FAME, fatty acid methyl ester)s} &2 A
g d3 SYAHAE gz A7)
H agXel AWA ddd2HEZR oFoA
glol A g ALY 4 UTHE] vlojedd A
2bEA e Ve AT AAAQOR Hold2H
a3t FAe 9t FLFHed, £ AT
AN Fahdoldxd 28 FAHL 7]|E 483
FA o g vb&AI G g oAt gduke
Aol Holo 2238 Wgo| oot A
ol Ad|23luhg-9] FYEHA FXY WEE
S A5 iHE EFET YoEE aukstex
29 Wgg 2 20T EF o|FAHYo] &
¥ok opve} fre] gu Aol gZE F
o} AgEH vt |A BRAsEcH10,11]
ol9} #& EAHE E}I] AdME KAS
g 9 Fu) 25 E &2"H 5 Je &
E Abgsior 3 ST L FEulFAg Hl
ste] A AYARAdol v Boje] 4 A
ulgo] HA AAyo] EA HuZ de] A
23FTHL EF FHuFAE Agssch &
Aol 2d23t FHAME FIAME HIMsE
of Uik g Az dHEggs FraEe
HHo g FAAIIL Hold2d 23} wEE
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AP G2 HgExd F£&o] 2 AYA
vl go] AzEE $gxde 4AY + gley
F3A7E FEF fFAAHAE Fol2 vy 2
A7lE GAZAEAFH} 7R Foo B8
g3tst FE A4F NtFEHTE dAE F 3
. & dFdAMe dFFe fdcdxHE
Btojl % wpolot e ANIEE AFNEY
of QoA AideiddAe2e] F&o vAe
Bul, o, R34 HHE 2 gAY @
gg HE fpdoldAuEg TP W
z23¢ A3 Ut
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2.1. A=

ulele Tl & AxEy] 43 dEFARE E
2] &8¢ (triolein, Tokyo Chemical Industry)®}
dEF(AGd FA4:  linoleic 56.8%, oleic
22.1%, palmitic 10.3%, linolenic 7.4%, others
34%, AAADE AHEIHAn, Feddd
(methanol HPLC grade, Fisher)3} ¢zta]Zd)
(sodium methoxide, ACROS; potassium
hydroxide, Aldrich)Z Aoldl~s 23} 3 Fof
4% Hglacial acetic acid, Sigma)22 %3
stgden, HAdes vYIFIAMN=gHNE
@ of 2 8] 2 (methyl glucoside oleic polyester)&

A3 EEAGoRE GCEFY SigmaA .

2 #4t digdol A8l Z(oleic acid methyl ester),
g =dAudo A 2(linoleic  acid  methyl
ester), &Aoo 28 E(linolenic acid
methyl ester), BvEAME )2 H 2(palmitic
acid methyl ester)& AM&3l91, #4874 F
ZgmE 2% HPLCH A% AH889d

2.2, Jeuy

FA9] doldlze28 W} vAE e
3 frAe &Hl, ¢#Y Fojet FEA, W2
=9 whgAZEe] JEE Y] Hste ¥
A7 kg rlolA fA9 HeE g dge
Zvjz ol 7T AN B F
o FFzder WwEE AR o A4
¥ uoledde] A3 ARAviddae g
+&& HPLCH 22 ZA3Ach W& A
2 ANEgziE AFFHIAA 0 dedes
AAG Foll E22XEF 2T E5E

Fratdojoj2ae| 28l 2§ UJ5F 2 Biodiesels} 3

of(EgH], 1:2)2 BujFEdn gAEIHH
FAdol Red 2322 Y59 1nE
#Asa TN E22XEY AL AFZE
3la 0TolA Fve-gsE AWldgo 2H 2
& MYyor F33d I T2 AN
th AE F AWt dEdadas SeEddd
g7} 8 (ODSH, 4.6mmXx250mm, Waters)2 i1
Aoz 31 olMEDN HHEUEY H X2&
(A Hu], 48:48:4, F%F Inl/min)E olFHO=R
3] UVHE7)(Waters 486, 205mm) & 4 %31
o}

3. dn A W

uloletige] Harled dHe Fod 9%
Aoz 23} g, vjitg vgge] A&,
gelAde] B AgidgolawH 2] HA
FHez olFojR ddA FAVIEEA nioje
tide] g} dREAN 2 HEEAd
NAlE Qo] FHHoE HERMFHO O I
Holo| e 28yt g0l HAAAH F&g v,
FAE g Evje A WG 2 Aold 2
23 &9 d53 ol dAder EgIdA
A E(TG, triglyceride)E23E dEgAd=
(DG), 2xZHAZ=MG), AYav g 2H
27} AAHEN FYAAGL)o] Fedd

TG + CHs0H = DG + RiCOOCH;3

DG + CHsOH = MG + R2COOCH3

MG + CHs0H = GL + R3COOCH3
Eckey[12}o] ¢}&le] wi&a ubg71 7o o5l
gdFeEoiel HESRRE AP WEA=
(methoxide) ©]-&¢] A= &z 7lud
B2 8 A% A4S HAE A8 A
o] Zgata yividoag e £ & 4
EAE7} AAED eaAigo R 38A9 dAd"
&o] ¥hgdo 3EAY WA golAd 27)
A FEAY 1837 2edgn g8 A
gloni ulolotjdel AAviEd AFNLE
glojx fAolo2e2s FTAHY wWExAL
TEE d7FdAE ge g

3.1. §#Xl0| Cagt DiEHE WUl

Holod2e=8 W 7tgutgosr AW
Aeldojsel2e F&3 HoldxH 23 wHE
£58 E°o17] MM E FA dHF e
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o7l oj2w ] 13RUX EA fAHoL
s, §AEH oj4e] HY vRkg vEggo
Qe vl go] Frista Auidddd 2 29
Ze e ARt BgAsng 3y T&
o] ZA®TH 1% gLUEFE AL FA
fo] Holdxejzs} ¥HE-& AT Nimcevic
Z[131¢] |7 Aol st &y 1:60] HAHE
e w3, dFEH, Auiedr] J1E, B4R
2o ABA #A 9 AojdiHZ3 W #
g AAH AFE +3% Freedman (1412
60T, 0.5% NaOCHs, 8] L6o]A 93~98% +
Fo H3}ELE AY2on, Noureddini F[15]°]
AANF AFF] &4 Aol 23} TH
Me B 168tE 1844 o ®& AzHgd
=gyt

Fig. 12 Eggddd U gz &
o] o Holdjae sl WhgolA HEgge B
Hl7} A8l uvlAE d9%E EAF Aoz,
28] 16 olstollME 2wl FrHgel webAM
ARLE FA8 S8l 95%0)4e Az
zgstgdor} Leoj e Eul9 FFo #
25E AL Jehisid 456THA 12wt%
ATSMEAERZ 98 W2l EFEH
9] A& 60CAN 05wt% FAAFLLE
60E3t WA HFERY AEE S HIHES
By, €22 %7 60Coln BEXREI & EE
g Ake] ko] 50%olde]l HE dFfo Hel
b2 HHLL, WEgLEr ¥ AuF
oz BE¥gert Be ELHUY HEET
it WERECTE E A Aol 2H

—o— triolein, 45°C, 1.2%{wiw) NsOCH,, 80min
75 4 —g— soybean ok, 50°C, 0.5%(wiw) NEOGH,, 60min

Methanolysis conversion (%)
& 3

70 r 2 T v
4 [] 8 10
Methanol / Oil (molmol)
Fig. 1. Effect of mole ratio of methanol to oil

on methanolysis conversion.

BEMCEEIE

23 WgolA Hehgol vAE Tule Fgol
®oh o =ZA Jehoen Eu 180 oo}
9894 Eo WHgd] EUAAT. BHE ol
A Bulg) Pl HELE L fA BE
ol SlEse AL ¢Y Fu2 FgsE o
ENE o2 AR HAS ggel 4%
£HE9 Vs L FX o BEHE oF
7 WEQ ez wwdth URRsh 7ol
2¥3wst 2 AP FFol AY WELE
7} 60Tol ol o] W g AN &
Ul Leolm fARSH Zol AN Gl =
1 WgLEs} 60TolsR Aol W@ He
g9 AHEE 16-1889n BoE

3.2. i &oje] Mole

HolojAd 28 Zue S Eujel AE|
2 FAaZuz FRIEEY, $SE 006wtk 8
21wk 05wt%ol skl Fale] Hejd2H 23
vteEuja = oz it 7 £#4Holgn
gaid ged #HA AL3 FHS BF 4y
ZojF A A vk FEH} FEARAL
o] AAYHE xHsH WEAZ o]Lo] A
B2g43 ez g5yn g ger A
e F4E& Algsiojol gy Fojlg ALY
& ok =3, fE Xt o] 4wtdsol Aol
T HAHYE A E FE e
22e AA4" F5u57 A0 AEHE
waistn dge Fde 48 AR
ogzty] ZujRoE AE0E Ao e
g, A& FAHL gPEEF FARGE $§
2xs vgg Eurt 5 n4FPLE HE
2] d(petrodiesel) @ BA#HoF e violed
o] AAFHozME FAAAE FEII)7] o
Hoie EAYel ¥ vk At Hold
2H128 FALE FUY EAZUNFAR vbo]
2uAe dejgiule g FiuEo] AAJE
v Fo] UEAAN g4 FRo] AFFEA 9
38 sk

B Ao gy oo g g
A3} hFR Holo A2 wgAlNAM /A
o] & J|Fog § dud &dje FHrlo]
AgAe g A2 £8o tAs 48 H
REASET. Fig 28 4TAA, fxld dig
W g Ev7l 169 o FEFol i 4
sag Zve FriRn 2L A &

OEHEAE Zoje] ArhFe 4T vREH

- 301 -



Vol. 18, No. 4 (2001)

-- @ -- OAME(NSOCH,, triclein), 90min
—O— FAME(KOH, soybean ofl), 30min

FAME yield (%)
3

v linolenic acid methyl ester

20 // U Hnoleic acid methyl aster
W oleic acid methyl ester

— Q  paimitic acid metid ester

4 ; '0 1t0 1.r2 1.’4
Catalyst / Oil (%, wiw)
Fig. 2. Effect of catalyst content on FAME
yield.

¢ Aoz YFFEHE 08 Fol 4" A%
A gol 229 &3 ELHUJLZRH
9% Fol 4Ad SdAvEd 220 8 &
ZAEAY. WERY Fedde sAsEEY
A7tFol F71gel welAd AHgAldde2HE
9] #£&o] o FUElE AL JehiAR
08wt%ol A Hlsrg& 90.7%° @3 o]%d
= 238 & giddenz HAH HiF
& dFHF FHNFE2 08wi%dE & F 4
At 2YLHEAE FZujg& AEE EEEH
Q9] Afol LA HEY Fgo] &
e EA R H7bge diste SAY s
& Yehia 0.6wt%eldrst 1.2wt%olde] ¥
oM ERSL 06wt%HE FH3 F718
o] 15wthAlA 95%9 F&d =gEdd. 6
0CoNA B 11628 BHE HoldaeHzg
Cheryan3} Darnoko[16]:= A 3ad& FHvol9
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Aol dEf9 FAIE HEA FAE 60TA
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3.3. HOlMAEIZS R BHRAIZ
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Fatdolf au 2 gte] o]F WF 79 Biodieseldt 5

Az vl gl BAHE FLY E2gAdRtoint
ditHer WEELEyt FETE HoldaHE
3 BEEEr maEn §39 vEgge] 43 E
=7t FrhstEAM BPEHREE FrtElEe,
dze] FojgAoMe dgge] vFPRIAA
BANERE7E AT A FojF AN E &
Aol g vigge EvE w4 A B8
HEEERE 100To|de g 3dtojob iz g w
559 dHREE de 4 Uk & d7dA
oA eg3 d 8o e WMz
AE A7) A B EE HTR HH
&n dWeg &9 16, 08wtk FATEH
12wt 4HEFHEAEZ HFFE HoldxH)
23} 3EAM HEgAIZro] AgAvid 2H 2
F&°] PAE F¥E vaEH3a Fig. 3~4
o EAsAc 2UEFHEAE FoqARg
= Fgdixrt ¥ & FA%EE FoigA
oA WEA= o] BAHEI O FobAM A
Ao xg2e g o ¥A dEgY. F
Astarg FojgkEAlelA  gr|EAvd e 2
2, Sdividd e 2 gsdNvdd 2y
29 £&& 1080 AYa 90%e1 ¥l HAL,
o] HE 2 dedidddadgae 82
208 Ao HuF gl =g Fol 308 o]F 9
T O A2k diHes B¥Es ¥
& FAE 7tgREAe] denz FrEAE
daHzg ZHAMdvEALHEY FEL ET,
BEETL Fobd Ttikgdo] 2 Edaid
dojadze HeddvddiHaes £&2
duiHez won whgAZio] AW A=
A& Bt AUFUEA=E FoigAs
SYFHEAE S ErF Wolx HtHor £
g FuRtgAEgE HEEEs FEL
goy Aoz ANtEAH e YEhA ¥st
on, EX3erl £ duyivdd2d2s
g e 2e &0 BrjEAYE
2z} AP LEEY FEEGE 2
8 =t BEHEVL 5L sedddE
2H2¢ EAdfdo 282 g0 4 ¥
AL 2YFHUEANE Fu7t EXSEI} ¥
& FAWAN ZofEAETE O gobd uEA|
E o] AE7 o ¥4 dEhd ez w
et Fig. 3% 49 A7dHE FHHer ¥
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Aot

4 x

FAME yield (%)

Time (min)

Fig. 3. Effect of reaction time on FAME yield
of soybean oil methanolysis.

Overall yield (%)

—8— 0.8%(wiw) KOH, 45°C
—O— 1.25%(whw) NaOCH,, 45°C

3 P 50
Time (min)
Fig. 4. Effect of reaction time on overall yield
of soybean oil methanolysis.
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48 watdoldadgEs) F48 AAsn &
Al ANFH FAEEHE HEeH) Fig. 5
o= 45T, vigg B 1694 12wt% AUE
HEACZ YFRE 508 Hold2u=3 &
ol §-3tA HrtFo] o FHo Adtabeige)
HE & nXE 992 AN A8%
Holl A gtglute}l o] A 9at zAdo| Yyt
56.8%, @Ak 22.1%, BUEA 103%, &
A 7.4%, 718l 34%¢ dFHE 45TAA 43
o fEeal, 4t ¥ FEase EgZA
go §A@o) 66TE A BWulEA 4
Zeg Zjgd o] S3lE AFEFEY H3
A7 AFH oz JeEhE Fedaaddda

100

W oleic slod methyl aster
EETR Nnolels soki mueiiyl ester
957 | N incienic scid et ester

FAME yiekd (%)
2

75

70 -

0.0 " ‘
Emuilsifier content (%, viv)

Fig. 5. Effect of emulsifier content on FAME

yield of soybean oil methanolysis.
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ok g Al WHEAIE 508 Fol 95.0%9] &
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g 4 Jeon, d4FINE A%n ¢k
985% & vloletidg AM4E £ fign
wodd.

-
8

/ —0— 0.8wt% KOM and 1% polyester

[ O 0.00% KOH only:

/i —@ - 1.2%% NaOCH, and 1% polyaster
—p 1 29% N@OCH, only

Overall yieid(%)
3{5888388
h

3

©

0 10 2 M P %
Time (min)

Fig. 6. Effect of emulsifier on overall yield of

soybean oil methanolysis.
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