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® 2-1. A2 A FA Y AaE 24, (1]

Sample Cl16:0 Ci16:1 C180 C181 C(C182 (183 Others
Cottonseed 28.7 0 09 13.0 574 0 0
Poppyseed 12.6 0.1 40 22.3 60.2 0.5 0
Rapeseed 3.5 0 09 64.1 22.3 8.2 0
Safflowerseed 7.3 0 1.9 13.6 7.2 0 0
Sunflowerseed 6.4 0.1 29 177 2.9 0 0
Sesameseed 13.1 0 39 52.8 30.2 0 0
Linseed 5.1 0.3 2.5 189 18.1 55.1 0
Wheat grain 20.6 1.0 1.1 16.6 56.0 2.9 1.8
Palm 42.6 0.3 4.4 40.5 10.1 0.2 1.1
Corn marrow 11.8 0 2.0 24.8 61.3 0 0.3
Castor 1.1 0 3.1 49 1.3 0 89.6
Tallow 23.3 0.1 19.3 42.4 29 0.9 2.9
Soybean 13.9 0.3 2.1 23.2 56.2 4.3 0
Bay laurel leaf 25.9 0.3 3.1 10.8 11.3 17.6 31.0
Peanut kernel 114 0 2.4 48.3 32.0 0.9 4.0
Hazelnut kernel 49 0.2 2.6 83.6 85 0.2 0
Walnut kernel 7.2 0.2 1.9 185 56.0 16.2 0
Almond kernel 6.5 0.5 14 70.7 20.0 0 09
Olive kernel 5.0 0.3 1.6 4.7 17.6 0 0.8
Coconut 9.7 0.1 3.0 6.9 2.2 0 65.7
3



CH; -00C-R; CH,-OH

{E“H -00C-R, + 3H,0 {—._’" l'll'H -0OH

CH:—DGC-RJ CH] 'DH
TG =2 E
R,COOH R,COOCH,
R,COOH + 3CHW OH &——= R,COOCH,
R;COOH R;COOCH;

X|ghit FAME

R,COOH

+ R,COOH
R;COOH

Xt

+ 3H,0

a9 2-1. TGS Zheal W3- ()3 Agate} o ~u23) wkg-(ofef). [1]
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RHe-ep OH + ROH RO+ HO

or NaOR === RO + nNa
Step. 1. =
Zd S !
R—C - RO =—— R —C— OR
|
(i}R" OR"
Step. 2. = =
tep ? 'LI-J
R—C— OR + ROH =—— R‘—LI‘—-DR + RO
Spe R°OH*
Step. 3.
r
|
R—C—OR =—= RCOOR + R'OH
|
R'OH™
Where R" = CH,—
H —OCOR'
CH, —OCOR'
R' = Carbon chain of fatty acid
R = Alkyl group of alcohol

a9 2-2. 7] =24 slel e defeaH 23t vk 7% [2]



4+
i H /(ﬂ-l OH
R' OR" R1 OR" R‘/I;\

OH

R +

R"= OH : glyceride

OH
R’ = carbon chain of fatty acid

R = alkyl group of the alcohol

OH

b O . R
OR" \‘H R +

OR"

-H+/R"OH

(0}

R’

a9 2-3. A =3 stol A 8] Hojol =35t vES 7] % [2]
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R""E) :DR
ROOCR, —p —H'C‘-HDR = 1N B

RJ@,\ R~ - H

!
RF[TORl — p RCoOR + HOR
O

K “H

ROH :diglyceride

R, : long chain hydrocarbon

R’ : alkyl group
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Melting point Boiling point

Symbol Name (°C) (°C) at 10mmHg
C16:0 Methyl palmitate 28.5 184
C18:0 Methyl stearate 37.7 205
C18:1 Methyl oleate -20.2 201
C18:2 Methyl linoleate -43.1 202
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719 2-5. n—hexadecane—-urea complex= (a) ¢ axis® # T%. (b)
orthohexagonal a axis® ¥ 2. (c) orthohexagonal b axis® ¥ %, [9]
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2. 1. 2. 3. A% 3} (Crystallization)

C18:0, C18:1, C182% Ex} Fx9 zo]2 Rol:d, 18 2-6o4 =
T = vk Zo] C1802 AXMY FxE 7HA A, Cl181¥ Cl82+ A
A TEE AL Utk olF #A gzl wEt &=t depxiv Al
T2E 7ML e A5 & FAF 84S AT Folx o &St &
Aot 9l AAYPe 71 FERE HE A §24S AE A YA &
3 =7t "ol Xtk

S e 257 golA¥ "WolA =, S5t FAsHA EAAE F
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{a) Methyl palmitate (C160)

“@MWWW

(b Methyl stearate (C18:0)
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{c) Methyl cleate G218:1)

O

() Methyl linoleats (C18:2)
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M H}H 2 (Response surface method)
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2-3. =¥ W7F 370, center pointsZF 57091 Box-Behnken Design.
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H(EMAX solution)l 4 A& -5 7] whol
FReteIA AgHAL. 27 A3 T vhol ey

]
7]
Afe] A X 3-13% 23 bottoms g AH&ete] FAHEHE ¥
o
AA

W ek (extra pure grade, 99.5%), o€t (extra pure grade, 99.5%),
oAl E(extra pure grade, 99.5%)9F &4 (extra pure grade, 99.0%)+=
5 AbAstEte| A sttt Washing 349 HQ3sk A (extra
pure grade, 35.0-37.0%)¥ n-hexane (extra pure grade, 95.0%)= &
hshstel A ] ekt
FAMEs®] ¢=9 ZAS 4387 g WFITAEE ARE
methyl heptadecanoate(99.0%)+= Sigma-Aldrich Korea, Ltd.ol A <3}
At 4 &vjel n-heptane (HPLC grade, 99.0%)+= A& 3}sto| A
A3k A T

ok
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% 3-1. & 7|4k vlol ot A F9F =5 % Distillate®} Bottomse] FA.

Sample Cl4:0 Cl6:0 C(Cle:l1 C180 C18:1 (C18:2 etc

Feed 1.6% 37.4% 1.4% 7.8% 41.2% 8.7% 1.9%

Distillate 5.3%  74.8% 2.4% 1.9% 11.3% 1.8% 2.5%

Bottoms 0% 16.6% 05% 12.4% 589% 10.3% 1.3%
18



AMEES 7] A% JF S7 Fxe 2" 3-13 #Zo] A AFek
A ARE FdstAT o] XY AFe] AREE Column¥ #2425
°of Fd 7|7E " E WMol Fujstltt. Heating mantlee FID #A
EzZrzt WdHo] A= v HE7171] MS-DMSD635E  AF8-3F 3t
g HxE ULVACY GCD-201XE AFE3F9itl. Condensorel] &1z
5o $% 43 #x(Water bath circulator)?] Jeio Tech® RW-1025G
5 ol &d] FFeAY. ¥HE Y2839 needle valveE AFE3}3I T

7ol Had FAHoAME /X FEEHI 3
MSH-20D stZEd#olES AR&St3ith. WZbol

tech®] RBC-30 +x £33 FAE AH&stth. &€&
o &= Biichi®] R-2

ovV-11 ¥ 98 A&st¥th. Washing 342 w4 Zuj7]
(Separatory funne)& AF&3ste] sttt o7t Dot FAHNA=
F34y Zuw7](Buchner funnel)9t ULVACS] GCD-051X XFHZE A}

&kt

Wzto] H Q3 FANA = Jeio teche] RBC-30 &% <=3 A& A&

AT &ulE A7 E FAolE Bichi®l R-200 SdSHEFHIE
AbEstA T ARt ded FAAAE wasY Zurie ULVACY
GCD-051X & #HZE Al&3sIS
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Cooling water
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Bottoms

Distillate

Feed

Stripping section

Rectifying section

Bottoms storage flask
Condenser

Thermometer

Vacuum control valve

. Cold trap

. Pressure gauge (in bottoms)
. Pressure gauge (in distillate)
. Thermocouple

. Vaccum pump



7 A9 Bottoms HF-itol #H 7]HF vlo] A {5 800g &
ES 0.014-0.016MPa®] W9 W= stEoh $of
< 243 & JdA J¥ =4 "WBE(Vacuum
o]*=+=1}. Condensor® 97}

= 60°CE 9= —rlﬂr Heating mantle®] =% & 245°CZ
22131 400rpme.2 W W=t} o] %ol Bottoms®| #=
3% 1°C A=4 &4t} Bottoms 99 vpo] e tj A {7}
f8]4 2 2 distillation columns 2 @dsjs=t}, oF A7 A= A
of #5717 TopZhA &2kt Top &9 ==A7F 180°C A=~
| otH SRS APk B A= UF A A 73R
HAS e MFy 2d WwBE Zds gA AAHow A Y
Distillate”} 300g W2 wj7}x] & stt}. o] Fof Feedol| -+ 7]WF H}o]
eHAfE Y3 HEE 4% dof column FeE 170 bml AEH &
AA7tEE sl ZFE &3t Bottoms F++ 3 Bottoms storage tank

[¢)
E dZsle WHE 9o Bottoms®E FAd wjd H 3 w71 A

N
o rfo =
HUOH rfo

G 2 R g

N
D)

>,

2

ol

L

oo A b

P
to

&
rlr
=

At

off

-

kAl ok BottomsZF © o] g%x] dry AW FITZ Akl
A= Heating mantleS 7AA 1A A% A3 Ho] AE FIE 1131
BottomsZ 7 Wo] =8 g @ & 7)uk vlo] ot A2 A=t}

LRI AR el tid RAEE 1y 3-29F 2o Al A
ZHo] WeEE 180ml ¥ 32 FAMEsT MeOH(v)/FAMEs(w)7} 10, 15,
20, 25, 30, 409 A 45~18g AloloA AHHI ¥ Q{A4E
Urea(w)/FAMEs(w)7} 0.5, 1, 1.5, 2] %A 45~24g Alojo A A w3 A
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(a) (b)

[ o
©) (
1 -10~0°C
S —_ . 23h
(11111}
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L)
(e) (f)
(o
. 15
were 47 &% A
B |
22}
25 HCL A A

N
< ™ hexane/water 7]

bR A T RAR (a) 7FE (b)) F2elAe Wt (o)
ZF(d) A9 (e) v AA (1=} : wlgk2, 2% : hexane/water)

(f) & Z2wj7]E o]-&3F a4 A7,

X
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=
R
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ow Pr
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H 3-29 (adlMdA"E 60°CelA 40
400rpm o= wwbsfErh o] § 1§ 3-29] (hAH 1A%t 5

off

N
= A
[

£ o o 41 e

29
cx
o
=

i, 2% 329 (A ol@e B 1 1R He 2 8
sl -10, -5, 0, 5°CIA 23417 B WZwh Weto] ¢Rd AELS 1
3-29 (eIAAY P2 WEANA 147k o] % WAAAE HEY 2

=

BN
@)
=2
q
)
=

712 o3|t RS a9 3-29 (e)9 1x 27
60°Coll A] 3] d =45 =7 (Rotary evaporator)® W eSS

_\1_
ol
_ =
EHN
@.ﬂ
ki o,

g2A e 1A EAdo 1wt% HCl 893 n-hexanes 2 :

i a9 329 (HA"H 2 Z2uris S #&4 Fe AAN 24
& wosta &d AAE 9 ol & W ¢ a3t HCl 89 &
AR A2 247 Y & we 5 7] witelal, R HC AAE 9
3l SFTFE = Zuriel o Eo7F = &3 119 HEr ¥
A FEY AS AATH. G AAS HeE olE W ¢ wrEIY
ol #71 &v el &A= Wi ¥ 3-29] (e)] 234 =M AH

AR A3 Wi g RATE 78 3-37 2l S A AZH o)
o g WEE olAEY e &vjE 180ml ¥ FAMEstE &1
(v)/FAMEs(w)7} 10, 12, 15, 20, 25, 30 2tA] 6~18g Alolol A = =3l

Hith o] AEWE 19 329 @AY WeR B 112 ¥ &

= T8 FA A =25, 20, -15, -10, -5 0°C T 3tye] oA
0.0883, 0.5, 1, 2, 3, 35, 4h =T 3stte] A3t &t Wzdth Wz Al
AEH WFo a7 94 2527b4] =dsts ARESFEH S48 W
o] ¢t5d MES 19 3-39 WAlAMAH v YEdA 1A of &

%7—1“174{% Fau Zuri2 s of3E I8 3-39 (09 &
gl 2l Bl 60°Cell A Bl dSes=7=2 &vis AAsE
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3. 3. 4. &4 U

o] Aol = 7[AZZvtE 23 (Gas chromatography, GC)& &
st FAMEse] =4y =& Fa9t. GC 7]7]&=  Agilent
technologies®] 6890N= AF-838}% 3, GC column< Agilent technologies
o] HP-83(Z©°] 100m, W7 0.25mm, =9 F7 0.20um)= AR5}t
HZ&7]= FID HE715 AH&3dt. GC-FIDE 43 AL injector,
detector temperature’} 250°C, % 7I1A(He)el flowrate”} 2.0ml/min,
split ratio== 100:1, split flow= 199ml/min®] 1 t}. oven =%+ 185°CH
=3
methyl heptadecanolate 100mgS 10ml®] n-heptaned] =4 WHE X &
ANE gHE wEo]F=t} methyl heptadecanoateE ZF=A|5=E A A3

o] ZtAANA Aol EABHA ol Tk

au)
0%
¥
N
ot
N
-0,
N
ol
_|>L

.

8 AEY B M5t 16, 18784
] o]t} FAMEs A& 50mgel ©]
GC 7]7]° autosampler® %3}

AN fo n
M=y

Z+7y o] yAvy oWl FH{Heo] FAMESI A EA&At. 522 methyl
heptadecanoate®] Fx=E °|v] & 7] wol tf
=3

=

Mg Fakel F¥ 4+ AT AY v
A~
T

Al &9 5 A (mg)
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3. 4. 1. ¥F-g W (Response variable)
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3. 4. 2. =9 WS (Independent variable)
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Unsaturated FAMES composition & yield (%)
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‘.:“.E #  Unsaturated FAMEs composition
= & Unsaturated FAMESs yield
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a? # Unsaturated FAMEs composition
= & Unsaturated FAMES yield
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E
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a0 T T T T T
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Crystallization time(h)

a9 3-7. 847 Me OH(W)/FAMES(W) 20, 8.2~(w)/FAMEs =
50C°1W Yzskde o, Alzbell mheh @EbA = = 23 FAMEs

P,

o~
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tag o, gl

ol

¥ 3-2. £i(v)/FAMEs(w)7} 15, -25°C, 244 3toll A Wz}

Siol e vkE W

il

Lo - T#  FAMEs % FAMEs &

Acetone 73.82% 86.52% 87.23% 85.85%
Methanol 80.24% 87.30% 94.44% 87.50%
Ethanol 74.69% 96.60% 85.83% 94.47%
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a9 3-9. 2A4 3t A -25°C, MeOH(v)/FAMEs(w) = 20¥ o}, W87z A7kl
o} 2} %f‘sh L ¥3 FAMEs «=%¢ 8.

35



N

hyA

LEld 17

FA R C18:11 F&oll+

)

7N A A =t

o ko
d &=

= =
- -

7 Agst =7

1
=

3} FAMEs 7}A]

o & o] ot

el

A

IH

3} FAMEs <=
F= C16:0014 C18:03%

LtEbd e sz oj

22

s

3 = H. Tk

3} FAMEsY &

2
T

o|]
U

1

& =7k C18:1+

3} FAMEs9]
g "ol x| 7] wjito]

ST
X

36

11

_'.]i

-";rxﬂ-! 'I:I: _ 7



100

EHE # Unsaturated FAMEs composition 2
o & Unsaturated FAMEs yield
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Crystallization temperature(C)

2% 3-10. 23] A MeOH(v)/FAMEs(w) = 20, Wz} A]7ko] 24A17¢o
W, W7t exo wel Wals B¥s FAMEs 59 58§
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NG

e

K

Ho

=~
=
—
ko

MeOH/FAMEs(ml/g)S Xi, U2 2=(°C)& X, 84(w)/FAMEs(w)&
Xs2}al sha, filtrate(E3¥3F FAMEs rich part)el A9 &=3X3F FAMEs
TE(%E Y, BX3 FAMEs 58(%)% Y.2ta F3lth

£ 4-19] delHE T3 Y Yo' vhEd 22 349 Hew yud
T AU

B+ BX+Zﬂ”X +)) E B, XX;

1=1 1<j=1
Stat-Ease Inc. ¢ A£3ZE 9] Design ExpertE o]&3t] 9o & 3
glo] A& zott}, o] Wl Y1 Yo ofdle} e A4S JRXIT

83.054 1.17.X, +2.48 X, — 7.99.X; — 0.0401 X} + 0.120.X; 4 7.31.X;
—0.0616X, X, —0.246 X, X; —0.175.X, X,

Y, =123.56 —1.80.X; +0.796 X, — 9.63X; +0.0109.X,— 0.157.X; — 10.47X;
—0.0831.X, X, +0.955X, X; —0.127.X, X,

9 Ao adx AYE By A8 34 T TP 1Y 4-10
]_

A 4-67M A= Xi #F stuUE al , Y12 Yool digk uH
A w5y W X 32k 2 =ZE vERd Aol

38



¥ 4-1. L2571 Y, Yool e Box-Behnken design © ©]El.

X1 X, X3 Y1 Y,

MeOH/ 7} B¥3  BES
Run. FAMEs > S2/FA FAMEs FAMEs

mlg O O se sg
1 25 0 15 81.66%  84.05%
2 15 0 15 90.929%  88.57%
3 25 -10 15 87.43%  76.18%
4 20 -5 15 85.07% 84.68%
5 15 -5 2 95.90% 64.65%
6 20 0 1 87.22%  88.61%
7 20 -5 15 85.21%  84.98%
8 20 0 2 92.14%  64.41%
9 20 -10 2 9459%  66.84%
10 20 -5 15 85.51% 84.86%%
11 15 -5 1 80.66%  88.47%
12 15 -10 15 90.53% 72.39%
13 20 -10 1 8791%  89.78%
14 25 -5 1 78.24%  93.718%
15 20 -5 15 85.90% 82.09%
16 20 -5 15 86.45%  83.14%
17 25 -5 2 91.01% 79.52%
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¥1: Unsaturated FAMESs composition

ZFHeol A X3 = 159 w, X33 Xp9o Yo oishk 329
Al R
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Y1 Unsaturated FAMESs composition

X3 Urea/FAMEs

a9 4-2. 8

A

[ [ ] ]

25

21

14 19

17

7oA Xy = 59w, X3 X359 Yo oigk 3x4
=,

41

X1 : MeOH/FAMEs (g/ml)



¥1: Unsaturated FAMEs composition

X3 1 Urea/FAMEs
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plaf s3INY4 pleaniesun : Za

17

¥2 : Crystallization temperature ( C) -8

-10 15

kY]

Sk 32k 1

ksl

159 o, X;3¥ X29 Yool o

4-4. 8 A-FI7PHAA X3

a4
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Y2 : Unsaturated FAMEs yield

X3 : Urea/FAMEs X1 : MeOH/FAMEs (g/ml)

4-5. g7 M Xy = -5 W, Xo 3k X3 Yool theh 3xkel 1=
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¥2: Unsaturated FAMEs yield

16

X3 : Urea/FAMEs

QAR A Xy = 209 W, Xo¥F X329 Yool thdk 3xY
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4. 1. 2. Wlg-= AA 3 Rdd

MeOH/FAMEs(ml/g)< X;, W2t 2=(C0)& X, W7z AHh)S Xs2h
3 &b, filtrate(E ¥ 3} FAMEs rich part)ol 412 & X3 FAMEs <%
(%)= Yy, =¥3} FAMEs (%)% Y &t 2t}
* 4-29 HelHE Fd Y Y& 94 8
Stat-Ease Inc. 9 AZE o] Design ExpertE ©] &3}
ool W, Y13 Yor= obufiol 22 A& JhxIth

73.14—0.138X, — 1.25X, — 0.230 X, + 0.000454 X} — 0.0137 X5 + 0.0288 X3
—0.000692.X, X, — 0.0586 X, X; — 0.0414 X, X,

Y, = 68.09+2.57X, +0.325X, + 1.65X; — 0.0522. X7 — 0.00158 X; — 0.145 X7
—0.00561.X, X, —0.00347 X, X; + 0.0368 X, X,

[kl

ol
e

9 Aol gz JEE wy] f8) 3xY aH=ZE R 29 4-790
A A-127H A = X @ st E S w2 nAs A, Yt Yool dig v
A 5Y WS Xel 33 g zE vehd .

S

°|

46



5

4-2. Weke AA3sE] Yy, Yool thsk Box-Behnken design Hl©]H.

X1 Xo X3 Y: Ye
MeOH/ KiEa) KiEa) X3 EX3
Run. FAMEs =5 Azt FAMEs FAMEs
(ml/g)  (C) (h) pad F&
1 10 -15 3.5 89.60%  86.41%
2 20 -15 2 89.23%  95.35%
3 20 -15 2 85.53%  94.33%
4 20 -5 0.5 77.28%  99.31%
5 20 -25 0.5 93.92%  94.40%
6 30 -15 35 83.14%  99.86%
7 20 -5 35 74.20%  98.90%
8 20 -15 2 85.22%  93.60%
9 10 -15 0.5 87.28%  82.11%
10 20 -15 2 86.98%  100.67%
11 10 -5 2 77.01%  90.99%
12 30 -15 0.5 84.29%  95.76%
13 30 -25 2 92.45%  92.54%
14 20 -15 2 86.94%  98.98%
15 20 -25 3.5 93.32%  91.78%
16 30 -5 2 72.56%  98.77%
17 10 -25 2 96.62%  82.51%
47



¥1: Unsaturated FAMEs composition

P 1X1 : MeOH/FAMESs (ml/g)

X2 Crystallization tempereature ( C)
-25 10

O 4-7. W AA 3ol A X3 = 209 W, X437} X9 Yol i3k 3%
=,
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20 X2 : Crystallization tempereature ( C)
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X3 : Crystallization time (h)
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ki3
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¥2: Unsaturated FAMEs yield
(€]
o

X2 Crystallization tempereature [ O}

15 X1 :MeOH/FAMEs (ml/g)

-25 10

a9 4-10. WekE AAslo A X5 = 2.0Y
=,
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5
X3 : Crystallization time (h)
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3353 o
4. 2. 1. 8 A45F7FH ANOVA
7FH el ANOVAE ¥ 4-37 ¥ 4-49] YUY YT F-values =

=] ST 2 Yguy e, X3 FAMEs %, Yo o3 ANOVAS
2de F-value’} 64801 Yool that Rd& 5340t} o] Y3 Yol
8!

G omY W A48 FaEs e vt BA @, o] x4
oal @l ol U SEL Vil A$E L1%OIL, Yok 19% e
Aot}

lack of fit F-value= Y13} Yo7} 27} 39.86, 32.76°]t}. o]+ lack of
fit #kel TLE7F ol FAEA] F S 2udtt}l. model fitting S
ol A olel Z&ge upgbAslA] @k lack of fit Fo] o= wWlio] &
52 0.19%, 0.28%°]t}.

Y13} Yool ek RS 7h7F 0.899} 0.870]t}. o] Yol tla]l s 89%<]
AH}E o] EEE Fal A8 F dvh= 5Kolal, Yool thaiA = 87% Y
A2 o] mdg Mg £ glvhe Eolt Adjusted R*& A3 &
HA=AE Uel= AxEE 1 7}77}%?% LA 2 H A eS o
sto), o] gk Y19 A$ 0.750]31, Yoo 7§ 0.71°]t},

Y13} Yoo o3k Adequate precision valuet signal-to—noise H| &2 2]
n gkt o] ghe 4 o]l A7k vpgA g, Yo A-F 95701, Y29

A 1427 = B AAelEa & & ok
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=<

4-3. & 457bH e Yol g ANOVA H o],

Sum of degree Mean F-
Source Squares of Square value p-value
d freedom 4
Model  322.44 9 35.83 6.48 00111  significant
X1 48.36 1 48.36 8.74 0.0212
Xz 9.06 1 9.06 1.64 0.2414
X3 196.21 1 19621 3547 0.0006
XiXz 9.47 1 9.47 1.71 0.2321
XiX3 151 1 151 0.2736 06171
XoX3 0.77 1 0.77 0.1392 0.7201
i 4.23 1 4.23 0.7651 0.4107
X2 38.11 1 38.11 6.89 0.0342
X3 14.08 1 14.08 254 0.1547
Residual 38.73 7 5.53
Laglft of 4747 3 1249 3986 00019  significant
Pure 1.25 4 0.3134
Error
Cor
ot 36117 16
Std. 935  Mean 8743  ded 9.57
Dev. Precision
djusted
R’ 089 “;{2 ““ ors
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5]

4-4. S AFI7PH ] Yool digk ANOVA HolH.

Sum of degree Mean F-
Source Squares of Square value p-value
4 freedom 4
Model  1146.26 9 127.36 5.34 0019  significant
X1 47.22 1 47.22 1.98 0.2022
Xz 52.28 1 52.28 2.19 0.1822
X3 907.8 1 907.8 38.08 0.0005
XiX2 17.28 1 17.28 07249 04227
X1X3 22.81 1 22.81 09568  0.3606
XoX3 0.4044 1 0.4044 0.017 09
X1 0.314 1 0.314 00132 09118
X2 64.76 1 64.76 272 0.1433
X3 28.85 1 28.85 1.21 0.3077
Residual 166.88 7 23.84
Lagli‘t of 16036 3 53.45 3276 00028  significant
Pure
B 6.53 4 1.63
Cor
T 131314 16
Std. 488 Mean 8100  Aded 7.42
Dev. Precision
, djusted
R’ 087 AU 0.71
R
56



Hets A3 ste] ANOVAE #% 4-59F 3% 4-69 YEIYR Y. F-valuets
o Q=5 Yety=dH, E¥3 FAMEs %, Yol tidt ANOVA
F-value7} 72.980]31 Yool thgh =& 5480|th o]+ Y9
ANOVAS RHol F Q%7 ofF =i Yool ek »d T3t vl
= ougn tAl Zaf, wmolze o) o]f Fho] yE FES
Y19l A% 0.01%0°]a, Yoi= 1.77% Bt A o]t

lack of fit F-valuex= Y12 Yo7} Z+2F 1.99, 0.9840]t}. o|+= pure error
¢} mluLste] lack of fite] FQstA] F&& vttt shA|FF o=
o o]’ lack of fit F value7} UESS &Eo] 7Z}7F 25.83%, 48.44%

flo ofN
m{ﬂi Fk

R

» 2 o [
ot
o
1

=
=

e}

& ‘337‘%} T Utk o Yzoﬂ o3 A = 88% 9]
st 4 9tk Eolth Adjusted R*S #4187 &
= 2 1o 7Mh=as 2AEE & Hdes 9
g o] F2 Y19 - 09801, Yoo A% 0.71°] v

Y13} Yoo B3k Adequate precision valuet™ signal-to—noise H| &2 2]
nghoh o] e 4 o]l AU upeEA g, Yo A 282501

o] A R06% & EF Aol T 5 A
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® 44 vgbs 243t Yiol tigk ANOVA dHolH.

Sum of degree Mean F-
Source Squares of Square value p-value
4 freedom 4
Model 762.33 9 4.7 72.98 < 0.0001 significant
X1 41.07 1 41.07 35.38 0.0006
X2 707.99 1 707.99 609.98 < 0.0001
X3 0.7622 1 0.7622 0.6567 0.4444
X1Xz 0.0192 1 0.0192 0.0165 0.9014
X1X3 3.09 1 3.09 2.66 0.1469
X2X3 1.54 1 1.54 1.33 0.2873
i 0.0087 1 0.0087 0.0075 0.9336
X2 7.86 1 7.86 6.77 0.0353
X3 0.0176 1 0.0176 0.0152 0.9053
Residual 8.12 7 1.16
Lack of =) o 3 162 199 o283 "ot
Fit significant
Pure 3.26 4 0.8158
Error
Cor
Total 770.45 16
Std. 108  Mean 8539  ‘dea 2825
Dev. Precision
djusted
R’ 099  MUT T gog
R
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3E 4-5. vebs 24319 Yool tigk ANOVA do]H.

Sum of degree Mean F-
Source Squares of Square value p-value
q freedom 4
Model 464.83 9 51.65 5.48 0.0177 significant
X1 252.17 1 252.17 26.78 0.0013
X2 89.31 1 89.31 9.48 0.0178
X3 3.6 1 3.6 0.382 0.5561
X1X2 1.26 1 1.26 0.1339 0.7252
X1X3 0.0108 1 0.0108 0.0011 0.9739
X2X3 1.22 1 1.22 0.1295 0.7296
X1 114.82 1 114.82 12.19 0.0101
X2 0.1046 1 0.1046 0.0111 0.919
X3 0.4483 1 0.4483 0.0476 0.8335
Residual 65.91 7 9.42
Lack of not
Fit 27.99 3 9.33 0.9843 0.4844 significant
Pure 37.92 4 9.48
Error ) )
Cor
Total 530.74 16
Std. 307  Mean 9390  “ded 806
Dev. Precision
; djusted
R’ 088 CAUEC o7
R
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T
Sy
il
oo N
)
o
B 9 38 ob o

o} o] A= EX3 FAMEs % 90% ©]4, Cl81 &%
Aol AES EF 2 7], Filtrate(C18:1 rich part)oll A ¢ C18:1
Z(%)E Y; C181 & (%)< Yabar 71 w8 WHF=E F7hsksl

23] Y39 Y42 Stat-Ease Inc. ¢ AZE o] Design
ExpertE ©o]-&3dte] RS kAt o] wf, YsoF Yy obefjo} 22 2
= 7H T

64.77— 0.213X, — 0.991.X, + 0.258.X; + 0.00235 X2 — 0.0121 X7+ 0.00271 X
—0.00210.X, X, — 0.0383.X,X; -+ 0.0383X, X,

Y, =67.19+2.61X, +0.304.X, + 1.45X; — 0.0545 X7 — 0.00555 X; — 0.163 X7
—0.0119.X, X, +0.00170.X, X5 + 0.0422.X, X,

9 Ao zYZ MIAS K7 Y3 3xY 2 =E gyt 18 4-139)
(e}

A A I87AE X S Fawte s mAe T, Yok Yool ek e
A =Y We X9 334 e =E el Blolth
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5

4-6. Mgk AA3sE] Yy Ysol thsk Box-Behnken design Hl©]H.

X1 Xo X3 Ys Y4
w7} i
Run. 11;/[Ael\o/lgg %Ol; /\7% Cjil CjSO:l
(ml/g)  (C) (h) T
1 10 -15 35 77.53% 84.92%
2 20 -15 2 72.71%  95.27%
3 20 -15 2 73.62%  95.10%
4 20 -5 0.5 66.97% 97.78%
5 20 -25 0.5 80.31% 94.54%
6 30 -15 3.5 7241%  98.82%
7 20 -5 3.5 64.40% 97.53%
8 20 -15 2 73.33% 94.33%
9 10 -15 0.5 75.02%  82.26%
10 20 -15 2 75.39% 99.15%
11 10 -5 2 67.30% 90.35%
12 30 -15 0.5 72.53%  96.05%
13 30 -25 2 7944%  92.69%
14 20 -15 2 75.60%  97.79%
15 20 -25 35 80.04% 91.76%
16 30 -5 2 63.64% 98.44%
17 10 -25 2 82.25% 79.81%
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¥3: C18:1 composition

-15

X2 : Crystallization tempereature ( C)

15 X1 : MeOH/FAMEs (ml/qg)

-23 10

% 4-13. WghE AAstelA Xy = 29 wl, X3t Xo¢] Yzol thek 33k

! ey
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15 X1 :MeOH/FAMEs (ml/g)
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X3 : Crystallization time (h) 11
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ki3
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¥3 . C18:1 composition

3.5

X3 : Crystallization time (h) 11 X2 : Crystallization tempereature ( C)

a9 4-15 WeE AAstelA] X; = 209, Xo9F X39] Ysol tid 334
P,
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¥4 C18:1 yield

75

X2 : Crystallization tempereature ( C)

-25 10

~15 %71 MeQOH/FAMEs (ml/g)

a9 4-16. MigkE AA st A X3 = 29w, X3 Xoo Ygol thd 3z

e,
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¥4 . C18:1 yield

75

3.5

% 4-17. WgkE AAstel A X,

= -156¢9 o, Xi3 X539 Yuol digk 3x4
A
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X3 : Crystallization time (h)

11

-X2 : Crystallization tem pereature { C)
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4. 4. 2. C181 £=¢ & gk ANOVA

Hets AAste] C181 w9k F&o Wg ANOVAE £ 4-5% %
4-6° YEATE F-valuerx: Edo =2 vehys=d, C181

Ysol tidk ANOVA9 ZdL F-value’} 3516013l Yol ok =g
10.540]t}. o]= Yszo thek ANOVAS] REel TR %7F ofF & Yyl

Al
A<
=

ek 2d g Had =55 ou| g thA] e, o]z o) ]L
ol U2 52 Y9 A= 001%°]3, Yo 0.26% B= Aol
lack of fit F-valuex Y39} Yu7F Z2+7F 0.794, 1.69¢]t}. o] pure error
¢ Bluste] lack of fite] FQs8HA F&a Vgt sHAW wo]l= o
ol ol¥l lack of fit F value’t Yebws &Eo] 247} 55.75%, 30.54%
7} o

Ysob Yol thg RS zHzb 0.98%) 0.930]th. o]+ Ysoll thaiA = 98%¢]
Ads o] RS F3 4B 7 Advke ol Yuol thsiA = 93%9
A7E o] mHlz HAyd & ks olth Adjusted R%E& AL
HA=AE UetlE ARE 1o 7k s 2AEE 2 HASS 97
ghoh. o] #2 Y39 A% 095011, Yso A5 0.840]t.

Ys39b Ysol i3 Adequate precision value signal-to-noise Hl &S 9
Hghet o] ghe 4 o]l A9rb mbghA g, Yo 4% 19.53¢] 1

o 4% 10992 & wF AA4golgn & F 3

b
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3E4-7. vivbs 24 3ke] Yzl tigk ANOVA dlo]H.

Sum of degree Mean F-
Source g , of Square value p-value
quares freedom 4
Model 480.45 9 53.38 35.16 < 0.0001 significant
X1 2478 1 24.78 16.32 0.0049
X2 446.11 1 446.11 293.86 < 0.0001
X3 0.0248 1 0.0248 0.0163 0.9019
X1X2 0.1755 1 0.1755 0.1156 0.7438
X1X3 1.75 1 1.75 1.15 0.3191
X2X3 1.32 1 1.32 0.8707 0.3818
X1 0.2332 1 0.2332 0.1536 0.7068
X2 6.15 1 6.15 4.05 0.084
X3 0.0002 1 0.0002 0.0001 0.9922
Residual 10.63 7 1.52
Lack of not
Fit 3.97 3 1.32 0.7942 0.5575 significant
Lure 6.66 4 1.66
rror
Cor
Total 491.08 16
Std. 123 Mean 7368 _2ded g5
Dev. Precision
; djusted
R’ 008 Y 005
R
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3E 4-8 Wiets Z243ke] Yso tig ANOVA dlo]H.

Sum of degree Mean F-
Source g , of Square value p-value
quares freedom 4
Model 514.12 9 57.12 10.54 0.0026 significant
X1 295.98 1 295.98 54.62 0.0002
X2 80 1 0 14.76 0.0064
X3 0.7188 1 0.7188 0.1326 0.7265
X1X2 5.71 1 5.71 1.05 0.3389
X1X3 0.0026 1 0.0026 0.0005 0.9831
X2X3 1.61 1 1.61 0.2963 0.6031
X1’ 125.04 1 125.04 23.07 0.002
X2 1.3 1 1.3 0.239 0.6398
X3 0.5655 1 0.5655 0.1043 0.7561
Residual 37.93 7 5.42
Lack of not
Fit 21.21 3 7.07 1.69 0.3054 significant
Lure 16.72 4 418
rror
Cor
Total 552.06 16
Std. 233 Mean 9333 2ded 59
Dev. Precision
; djusted
R’ 003 T o4
R
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4. 5. HA =1 37

of ATelA k= 23<l [EE3F FAMEs £5(Y1)=90%, C181 <
(Y3)=80%]= wt=st™, B33 FAMEs +&(Y2)°] 90% °©]7d< A=
e

L
o AARZ LRIVPIAAFS e CI819 F&(Yl)7F HdSl vh&

BN
%)
v
=
.
tio
iy,
o
o
=2,
>,
n)
lo
i)
My
rlo
BN
~Y,
filo
N

N
=)
N
B
-~

(o]

MeOH/FAMEs(ml/g) : 26
yzt 2% (°C) : -26
Yz AlZkh) - 1.5

Aol HA Wby A RAPS Sl 53 olE@ty AAl dds
T APELES F 47 B olEy A eAeS B 1%
Folull wehs Z27g3t o] A FgolA
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=

4-9. Wgk= 24

sto] HH oA e ol &4,

al
QA& (=1-2 AL/ 2 8.

ol &% RN QA&
£33 FAMEs +%(Y1) 93.45% 93.22% 0.25%
B33 FAMEs T&(Y2) 94.51% 94.84% -0.35%
C18:1 = %=(Y3) 80.00% 79.58% 0.53%
C181 s&(Ya) 94.73% 94.85% -0.13%
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QAR vWee ZAAIFES 22 Box-Behnken designe %
Response surface method = RS SR B
Foll AHEH W WgE =323t FAMEs +%(Y1), =33t FAMEs
&(Y2) S Tt

LRI E 5 W52 e /FAMEs(ml/g)E X;, 92 &
COE Xy 84(g)/FAMEs(g)e Xsohal sl o, SH¥So] o
S W Rde gy Zo] ugkt

a2 o

1

=

83.054 1.17.X, +2.48 X, — 7.99.X; — 0.0401 X} +0.120.X; 4 7.31.X;
—0.0616.X, X, — 0.246.X, X; —0.175.X, X,

Y, =123.56 — 1.80.X; +0.796 X, —9.63.X; +0.0109.X;— 0.157X; — 10.47X;
—0.0831.X, X, +0.955.X, X, —0.127.X, X,

=2
v
e

/FAMEs(ml/g)E& X;, W72 &
o)
o

= W, SEHS] g v

73.14—0.138 X, — 1.25X, — 0.230.X; + 0.000454 X — 0.0137 X7+ 0.0288 X
—0.000692X, X, — 0.0586 X, X; — 0.0414 X, X,

Y, = 68.09+2.57X, +0.325X, + 1.65X; — 0.0522. X7 — 0.00158 X; — 0.145 X,
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Abstract

Separation of unsaturated FAMEs from

distilled palm oil based biodiesel

Haesung Kwon
School of Chemical and Biological Engineering

The Graduate School

Seoul National University

Research is actively underway to replace existing fossil fuels for
sustainable development. This study separates saturated fatty acid
methyl esters (FAMEs) and unsaturated FAMEs from palm oil-based
biodiesel that have been distilled for the development of high
value-added chemical products, so that the purity of unsaturated
FAMESs is more than 90%, and the purity of methylolates (C18:1) is
more than 80%, and the unsaturated FAMEs yield is more than 90%,
and the C18:1 yield 1s as much as possible. Methanol was found to
be a suitable solvent among methanol, ethanol, and acetone for
solvent crystallization and methanol crystallization experiment was
further conducted. Experiments about methanol crystallization and
urea complexation confirmed how the independent variables of each
method affect the response variables. The relationship between the
independent variable and the response variable was modelled through
the response surface method and Box-Behnken design. Validity of
this model was verified by ANOVA(Analyasis of variance). The
models of the two separation methods were compared, and methanol

crystallization was confirmed to be more suitable method for post
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treatment of distilled palm oil-based biodiesel. Through the model of
methanol crystallization method obtained, optimal separation condition
for the desired product were found, and the separation goal of the
desired product was achieved, and it was confirmed that the model

can predict the separation well under that condition.
Keywords : biodiesel fuel, urea complexation, methanol crystallization,

response surface method, box—behnken design, optimization
Student Number - 2019-28394
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