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s Li2COs Hayashi Pure Chemical Ind., Co. 4lifE>98%
FREE CH:OH ECHO Chemical Co. GE>99%
FEETFIK FHMillipore Co.4%i1E
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1. XEtafy R EE5H#E(X-Ray Diffractometer, XRD) : MAC Science * MXP18

2. 5 =IRH T R I A B 0 BOEEE R (Field Emission-Scanning
ElectronMicroscopy-Energy Dispersive Spectroscopy, FE-SEEDS) : JOE > JISM-7401F

3. EEFEERESHTEE(Surface Area and Porosity Analyzer,BET) : Micromeritics * Gemini
2370C

4., SR HENTEE(Gas Chromatography, GC) : Thermo TRACE GC ULTRA - Bef K&
BT EHIES - BHEMNEE 30m -~ A 0.25 mm AT 0.25 £ m)

5. X-B4888 56 Mr(X-ray FluorescenceSpectrometer) : AMETEK » SPECTRO XEPOS

6. HBEAREERCKT) : KEM » AT-710

7. EEEAMEEE@E - #E) - KEM > AT-710

8. et KYOTO ELECTRPMICS » DA-130N

9. B RAEEHEBEREARAE)

10. Hammetds 5|
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7500000
7000000
6500000
6000000
5500000
5000000
4500000
4000000
3500000
3000000
2500000
2000000
1500000
1000000
500000

3.27

NL:

1.41E8
Channel 1
Analog
8ester-test-
02

RT: 2.97 - 11.26

110000000
=

100000000

p=

90000000

Time (min)

(2 )8 2 HE Wik B A SR R

80000000

70000000:

=)
=)
]
o)
o
o
)
=]

NSRRI RRR N RU T Awil

5]
[=]
(=]
o]
]
=]
=]
IO

40000000

30000000

200000004

100000003

o]

C18:2

6.78 7.11
.

8.49 g 94 954

10.41

NL:

1.11E8
Channel 1
Analog
biodiesel-02

3

3 K Ry IR T b 2 A S SR A J (i

6

A A e

Time (min)

10

11



AY

{h ~ PFFEaEREE
— ~ CRRBLBE SR Ry L TR (B R e
AREERRHIE S e EE s O H S BV = B B ~ SRBER I ~ SReir el A
SRR > R o S B L1B1-800-4 2 L7 » Siff S EL ok 88 — 6 BN
LUK B G RRIT: o FHREEE S RIS B - OB E R R DA B
FEZ R HERRM: -

auy

-8

(—) CREEPIRR P S R BEE LD
BEALEPFIBREESHELI2:3 ~ 101~ 3:1 ~ S5:1 ~ :7:1 Z AR[REERFIEEE B 7 E
TESBUEERTE Fy800E » SEUEENT ] Fyd/ NI > BRI B A H bL e R Ay 2 Z0 H

ESAERLE -

Mole ratio of Catalyst amount Reaction time

Catalyst methanol/oil W1%) o Conversion(%)
L2B3-800-4 24 6 2 96.7212.00
L1B1-800-4 24 6 2 94.4310.10
L3B1-800-4 24 6 2 95.4810.31
L5B1-800-4 24 6 2 94.12%1.10
L7B1-800-4 24 6 2 91.550.88
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Calcination temperature (°C)
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A SRR LS B AR 2 -
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Catalyst Mole ratio of Catalyst amount Reaction time Conversion(%)
methanol/oil (wt%) (hr)
L.2B3-700-4 24 6 2 06.24%0.54
L.2B3-800-4 24 6 2 96.72%2.82
L.2B3-900-4 24 6 2 0.34%0.10
100 - - / P b AN ﬂ_\
: FHEE T /& B 2 S i S
$ 80 -
5 0 B 800°C BHE » E F AR B
g 40 - 96.72% » RHETERE N 2RV E Bh - i
S 2. . . .
? (BB S B R L A 800°C BT
0600 700 800 900 1000

/

P I A S ey T 5 i)
LL800°C 7y A #ET THBUBE 2~5 /INEF > et Z (B P s i 1T

Catalyst Mole ratio of Catalyst amount Reaction time Conversion(%)
methanol/oil (wt%) (hr)
L2B3-800-2 24 6 2 97.21%£1.10
L2B3-800-3 24 6 2 97.56%0.75
L2B3-800-4 24 6 2 96.7212.82
L2B3-800-5 24 6 2 96.13%0.42
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% N 07.56% > PNIHLAE#E R BB -
° - (T SR P B S A 3 /1N
' i CalcinZtion Tifne (hr) ’ : @ﬁﬁ?ﬁﬁ}i@ ’ /
(7U) it (LR T Bt
R DA BT - LT B PR R SR LB RITS R $8. BT 23 -
SERIEEELFE By BO0°C » SRR 3 /1N » R (LI 44 K L2B3-800-3 « fEFIL ik (L7
RN R L T L R T -
Catalyst Mole ratio of Catalyst amount Reaction time Conversion(%)
methanol/oil (Wt%) (hr)
L2B3-800-3 12 6 2 97.23%3.27
L2B3-800-3 18 6 2 08.92+1.50
L2B3-800-3 24 6 2 97.56%0.75
L2B3-800-3 30 6 2 08.3410.10
L2B3-800-3 36 6 2 97.79%0.25
o0 T : 4 m%%m%%%m&%z&%\
S| | ) BEEER 18 185 ElR R
- % 98.92% » BRI 18: 1 Bt
e \%EH&O )
Mole ratio of methanol/oil

(1n) EEE b EZ LR E
{5 A FE PR R (LA L2B3-800-3 » AN LK A EPRaT il % -
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Catalyst Mole ratio of Catalyst amount Reaction time Conversion(%)
methanol/oil (wt%) (hr)

L2B3-800-3 18 2 2 87.44%1.87
L2B3-800-3 18 4 2 97.33£1.19
L2B3-800-3 18 6 2 97.56%0.75
L2B3-800-3 18 8 2 98.35£2.00
-~ . 4 P T 2 O I
5 . e (BB Suiai -
% 90 - ; R 98.35%  FT LA 8wt Ryf

R J

Catalyst amount (wt%o)

(N) RSB e K R

{58 FH B (AR A sk (B L2B3-800-3 » iy S { b Sz B R R e T i o

Catalyst Mole ratio of Catalyst amount Reaction time Conversion(%)
methanol/oil (wt%) (hr)

L.2B3-800-3 18 6 1 91.00£0.31
L2B3-800-3 18 6 2 97.5610.75
L.2B3-800-3 18 6 3 96.69£1.90

. / B rT A E R (LS R Ry 1 /J\\
§ I I [ o EESRAE 91.00% > B 1 /N>
g B (L SR TR S5 T - B
& T 2 /N B FTHES 97.56% § 7

o 1 1 5 .|| HeeRHIEE 3N WEERTRE

Reaction time (hr)
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HPA BB ERAE R - BEHH Y L2B3-800-3 By FESERRI Rl EHEE 18 1 1 »
EALEHI & 8 wtt% ~ FIMERFE] 2 /NEF © B NGRS s B IR0 - SReT (bR
W SR AN [F) R B - Iz i YRR SIS ORI R 2 -

Catalyst Exposure time Mole ratio of Reaction time Conversion(%)
(days) methanol/oil (hr)
L2B3-800-3 0 18 2 97.56%0.75
L2B3-800-3 1 18 2 89.58%0.78
L2B3-800-3 3 18 2 88.92£1.29
L2B3-800-3 5 18 2 87.88%1.65
L2B3-800-3 7 18 2 86.62£1.39
S 100 / PRI AT AR SR =00 1 1 %‘\
5. B 3HK 5K T Kbk HEREHHTAER
; . . ITATHERFEE 85% Lt » B TT DASIE
Ol BB b L || weerememeemsines
| oouremeey |\ HEESHWE - )

(GANIN: Xl wviipa=cvi-RRIlEERAE 4

{50 FH e (S { B S R e A B [ A ERAE A > S5 R B E B AR A P R BE
HERF HEE R AR R R LI RE R A FE A R IR R - PE BB S ESE 1 2
A FERAHFE - (ERRLR RO JECER - PR Ay 5 =GR EE P B (L ol - I
FHITMARIEESZ K EHEL RS - I TEES(CAE - SERERAT -

Catalyst Reaction cycles Mole ratio of Reaction time Conversion(%)
methanol/oil (hr)
L2B3-800-3 0 18 2 97.60%0.75
L2B3-800-3 1 18 2 82.40%3.21
L2B3-800-3 2 18 2 61.61£3.09




- | B ; 4 FIBIE A - SRS A 2
S5
E I RPAE  EESEFE FRE 61.61% »
© 50
z S T SO L P A 4 B A e
8 25
HE SR N S S B
’ 0 I 1 I 2 k /
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- Mole ratio of Catalyst amount Reaction time )

I methanolioil i) (tn) Conversion(%)
REH 18 8 2 97.56%0.75

J5&H 18 8 2 95.09+0.61
o 4 mﬁﬁﬁﬂh%%ﬁ@%m%;\\
) L ) SR 97.56%HTRIRER 2 ) -

Conversion (%)

HIECHEERR RS EE 05.00% - #E
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[}
o

(o]
(%2}

KT ' B

Kﬂ’ﬂi%% ° j
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GRAELE -

FH S 2 AR S HONE » 537 3:1 - 1.3~ 211 Z A HILMRAS S %
PEMEZ AN W] HEIMEDARE A XRD T HAEEVINI T > FrLLZ 1R B HRFHRL
AEGZHMZ 11 EEEETREERS -

(Z) OB pR RS 2 SRsE I

Tt e S AL AR S (e S A E L Fy 101 18 - B T il s st 1 Y
{EF5 > BEEE R - 3 AILL 700 C ~ 800 C R 900 CHEFTHREE - SRSEHERTE &
Fo 4 /NEF o SR Z BB R RS TR E - NG R SRR (A e

M2 -

Catalyst Mole ratio of Catalyst amount Reaction time Conversion(%)
methanol/oil (wt%) (hr)

L1C1-700-4 24 6 2 79.49%1.58

L1C1-800-4 24 6 2 03.80%1.24

L1C1-900-4 24 6 2 88.15%0.81

100 - f . e S
< . FH B B s 0] A E M I 2 sBHiEE R
7] . R 800 CI AT A e W
2
§ 80 1 T 93.80% > RIFLAERE PRIV E s - 1k

o - - - o il 2 e i R EE Y 800 C e

Calcination temperature (°C) k j

(=) U e a2 SRl e

HERBELRIELL 800 CH#Rtlelk - B NAGRE IS LR fBu ey FaI s & il ik it
A& > LLB00 "C oy BIMETTHREE 2~5 /INKF - SRl Z AL s TR E > 2
HEARH R LB 2 -
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Catalyst Mole ratio of Catalyst amount Reaction time Conversion(%)
methanol/oil (wt%) (hr)
L1C1-800-2 24 6 2 97.21%1.01
L1C1-800-3 24 6 2 97.56%0.75
L1C1-800-4 24 6 2 96.7242.82
L1C1-800-5 24 6 2 96.12%0.52
o 4 ﬁ%%ﬁ%ﬂ%%%ﬁZ%%\
L I 1 R Ry 3 /INEREERE » BT R T E E

97.56% » RILAERE FAHIEEBRT » 18
. - SRR TR 3 /NG -

1 2 3 4 5 6 k /

Calcination Time (hr)

Conversion (%)
Y]
o

() shrsidis bR e 2 K M e
{50 FH e AR Bl 2 (B L1C1-800-3 » B 888 R BRI PR ST iy 88 -

Catalyst Mole ratio of Catalyst amount Reaction time Conversion(%)
methanol/oil (wt%) (hr)
L1C1-800-3 24 6 1 96.82%2.50
L1C1-800-3 24 6 2 97.56%0.75
L1C1-800-3 24 6 3 96.3610.47
L1C1-800-3 24 6 4 96.6310.46
$'100 o .
< I — FHEEBR P AN » S0 L R ]
2 95 7 o
3 HEFERIIERAK > BB EASE
S 90
© 96% LA b2 il R -
85 . . : :
0 1 2 3 4 \ /
Reaction time (hr)
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FhIoA_EBFBR AT » o (L 2 e SR 2 L RO S ST 111
B B 800 C » 580 3 /N - ELH 2 RE{LIS 24 5 LIC1-800-3 » EXEBRIAE
S O LT P A TR 22 <

Catalyst Mole ratio of Catalyst amount Reaction time Conversion(%)
methanol/oil (wt%) (hr)
L1C1-800-3 24 2 2 49.1313.83
L1C1-800-3 24 4 2 88.3413.82
L1C1-800-3 24 6 2 97.56%0.75
L1C1-800-3 24 8 2 96.63%0.46
] — 4 m@%&%m%%@m@%ég\
o . - = B ek n] A s I = R
4

o
1

2-4wt9olF > EEREER B 90% > FEF =

Fs oWt%l - A= AR 97.56% © i

Conversion (%)
(%) [e)) ~ [0} (e}
o o

0 T
o . | | | FEFEE swil » BEfSR T h
0 2 4 6 8 10
Catalyst amount (wt%) K%-@% » PRI EE A 6Wt%%ﬁ%ﬁ‘:ﬁ%iﬁﬁﬁj

() s b e BRIHEE
DA R G B L1C1-800-3 » (RN [EDH AR S E L TR LS FE -

Catalyst Mole ratio of Catalyst amount Reaction time Conversion(%)
methanol/oil (wt%) (hr)
L1C1-800-3 12 6 2 80.40£4.58
L1C1-800-3 18 6 2 88.46%4.78
L1C1-800-3 24 6 2 97.56%0.75
L1C1-800-3 30 6 2 97.60£3.20
L1C1-800-3 36 6 2 99.49%0.39
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Mole ratio of methanol/oil

() DR LR Z iR SR R B

-~

FH B B B0 ] R B 5

HELRs 1:36 W - EEEA Al S|

99.49% - LRI Ry FEZ H
BRSLHLE -

F DL EEERAE L aT DU HA L1 C1-800-30Y i FE S FE IR (4 Ry iR FH B ELER 12 36

~

/

AT 26 wt% ~ SMERFE 1/ INEF - 32 T AGRHE F f A BRI - PRETEERTE 4
N Bz E R A A A - T B N NCR -
Catalyst Exposure time Mole ratio of Reaction time Conversion(%)
(days) methanol/oil (hr)

L1C1-800-3 0 24 2 97.5610.75

L1C1-800-3 1 24 2 97.235£1.336

L1C1-800-3 3 24 2 95.4850.714

L1C1-800-3 5 24 2 92.17£11.07

L1C1-800-3 7 24 2 96.45%2.67
o 4 .
9:25 I 1 . { PR A A SREESEAE AL T
2 RITEALE TyAILRA 0% b2
§85 R HH EEHE I SR RE SR A 5T

80

0 1 3 5
Exposure time (days)

(V) HEAERR Z SR A P8

Wezz m R HIK oy

\_

/

{50 P A R { B R M (R i fEE A LR [ AT EE R AN Y » 5 fRE A BRI E SRR A IR BE
HERFHEEESR > AR PR LRHE R A EE A KIE (R - L E RS ESE 1R 2
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HINAREEAIZ K ZMEARES - EETHETERLAE - SEBGRAT -

Catalyst Reaction cycles Catalyst amount Reaction time Conversion(%)
(Wt%) (hr)
L1C1-800-3 0 6 2 97.56%0.75
L1C1-800-3 1 6 2 5.63%3.18

Conversion (%)

100

a1
o

N
1

/ FH B oA - EmIEREFA 1
KL% > EESRE N FEZE 5.63%
I ETHE I SR B S E R B F R

0

| NG J
1
Reaction cycles

OANN Al il )i gls:bii S0 L e w TS Ve S

R ERISR A RSB AT T DU BRI TR (B R e - R S5
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DIgime s Bl = 4 B SRR AIAE R

Property

‘Water content

Viscosity at 40C
Densityat 15C

Acid value

Iodine value

Cold filter plugging point

Copperband corrosion
(3 hoursat50°C)

Monoglyceride content

Diglyceride content

Triglyceride content

Free Glyceride content

Total Glyceride content

Range
Measured value  Standarded value
255.58 =500
4.54 3.50~5.00
386 360~900
0.28 =0.50
127 =120
0 =0
Class 1 Class 1
0.20 =0.80
0.001 =0.20
0.02 =0.20
0.003 =0.02
0.06 =0.25

Unit

mg/kg

mim?2/s
kg/m?

mg KOH/g

g12/100g
C

rating

% (m/m)
% (m/m)
% (m/m)
% (m/m)
% (m/m)

Test-Method

CNS-4446
1S0-12937
CNS-3390
CNS-12017
CNS-14474
ISO-12185
CNS-14669
CNS-14906
CNS-15060
CNS-15061

CNS-1219

ISO-15018
IS0O-15018
ISO-15018
IS0O-15018
ISO-15018

FH_ER TR DAB B S A Af e 2 A SR RN 0 Z i B A% - (2 A L E A
e CNS 24 o RBYEE A ACHTEUH iy eI s s - BB T se 2N Fy
RELMAG A BRISEE 2 HIF A > T Tl R TR - M0A & SR e RSy

BEENEE -

(5 saRgsf R 2 A E Sl
i L1C1-800-3 FEfm MR NRTAAERYAE SR » LL CNS RETAMEI TS
AR IS SR AT N 25 > Ry S2IH B A B B s RS I Z il 575 > FrbAR ok

AHEEE -~ KT - FRK

1=}
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Dz ks Bl = 4 B ARG R

Property Range Uit Test-Method
Measured value  Standarded value

Water content 33717 <300 mg'kg CNS-4446
1S0-12937
Viscosity at 40°C 4.30 3.50~5.00 mm?/s CNS-3300
Density at 157 886 260~000 kg/m? CNS-12017
CNS-14474
ISO-12185
Acid value 0.14 <0.50 mg KOH/g  CN5-14669
CNS-14906
Iodine value 127 =120 gI2/100g CNS-15060
Flash point 126 =120 °C CNS-3574
CNS-14473
1S0O-3679
Cold filter plugging point -1 =0 C CNS-13061
Copper band corrosion Class 1 Class 1 rating CNS5-1219
3 hours at 50 °C)
Sulfur content 21 <10.0 mg'kg CNS-13877
CNS-14505
CNS-15461
IS0O-20846
1S0O-20884
Alkal Metals (Na+K) 0.7 <50 mg'kg CNS-15052
CNS-150353
Alkal Metals (Mg+Ca) <82 =5.0 mg'kg CNS-15054
Phosphorus content 03 <4.0 mg'kg CN5-15019
CNS-15038
Monoglyceride content 0.30 =0.80 Yo (m/m) I1SO-15018
Diglyeceride content 0.09 <0.20 %o (m/m) ISO-15018
Triglyceride content 0.02 <0.20 % (m/m) ISO-15018
Free Glyceride content 0.006 =<0.02 %o (m/m) 1S0-15018
Total Glyceride content 0.10 <0.25 %o (m/m) 1S0-15018

F B2 TR DAss BE S P AR e 2 A SR R 0 Z Al S - (A bR R

Mg ~ Ca & EFE CNS FZH4E o
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