41 HTCGas  KHHTC-500

41 @HCa (o) KFHTCS0

, 41
(Impregnation)
HI-a
412 : X-ray diffraction (XRD)
42 HICas
- Lo (A Y
20 =118, 83, 36.1°, 95, 475, 534°  611° [19, 25, 26]
MyOHR HICas
MyA LTH MyA 19, 25]
350
' HTC500 (rehydrated HTC500) HTC:500
MyA LDH memory effect MyA LDH

44




Intensity/ a.u.

45

43 XD KHHTGO HTG500

MyA LDH memory
effect 20 =318, 392° 456°
KIVGF3[28-30] (41)
KF+MO+HD —>  KVBRB+ 2K0H (41)
KHHTCH00 KM
650 (KA
XD MyAl LTH
KHHTC500 500
)
650
MyA MA LCH
Rehydrated HTC-500
k A JL A L
A
_— - HTC-650
A HTC-500
- AU i e A
t A HTC-350
. HTC-200
i p _ yw

HTC-as

Fer=y=r' - T 1T~

5101520253035405550556065707580
2 Theta/ 0

42 XD HICs ( o =MyA LTH
A = MyAl mixed oxide)
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A
A A NH TC-300(650)

A
xo & a\o ‘/\IiHTﬁi‘-sm.n’ioo»
A

(C-300(330)

Intensity/ a.u.
L

L ]
]\ S gy o KFHTC-300{200)
L)
[ ]

50 1520253035420T4'5r505560'65707580

heta/
43 XD KRHICS0 ( o = MpA
LDH A = MyAl mixed oxide " =KD 0= KMP)
41
(003) (006) (110)
0 4B N h D MW
Sample O - ® 0 B 0 ® ®
HTGas 114 772 2310 38 6055 1527 304
Rehydrated HTC-500 14 772 2% 38 6055 1527 304
KHHTC500 1122 787 2298 38 6044 1530 3060
MyA LDH 44 (003)
(0§ (006) ()
(110) M A
(unit cell dimension, a=2 10 M A, [18, 25
]
41 B HTC50 HIGas  KHHTCH0
F @
HIC50  KHHTCS0 HTGas

memory effect  HIGas W  HIC HTC500
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KHHTC500 F M A
a M A 31
[18, 20]
} Iv SAL //:)hz Tu R}- Metal hydroxide layer (d”s)
does :Iz\t$§ et
D e
NPENBNE Y]
Tduo
4.4 MyAl LDH [17]
413 . Thermogravimetric/differential thermal
analysis (TG/DTA)
45 HIGs
50-250
HTGas 20%
300-550
(OH) (brucite) (dlehydroxylation)
(C03) HTGas
2% MrA
650
MyA20y (spinel phase) [4, 25, 31]
45 B KHHTC500
HIGs
% 2%
400-510 (
XD 530-720
1 WA R

HTC500



100

Weight loss/ wt.%

Weight loss/ wt.%

210 °C

395.°C

(A)

100

T T

200 300

T

400 500

Temperature/ °C

800 900

<«—\ 218°C

(B)

100

200 300

400 500

Temperature/ °C

800 900

48

- 250

1wl /91

-30

- 250

- 200

w1 /910

ul

-50

(B KFHTCS0
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414 : Fourier transform infrared spectroscopy (FTIR)
FTIR
45 HTG (wavenumber)
3508 cm 1 (-EH), 1668 cm 1
(D) 1384 em''l (C02)
864 ¢m1
(C02 80 660 cml
M0 54 788 cm’L A0 [4 19
2%, ) KHHTC500
3110cm1
500
HTGas
3508, 1668 1384 om'l
, 3508 cm 1
42
4.2 FTCas  KHHTCSW | FIR
(cm-))
3750 - 3700 OFHstretching
3495 - 3468 OFH stretching
1630 - 1624 OH bending
1380 - 1370 C032-
875-870 C02 bending C02
13 M0 MyOmR
665 A0 AOH3
654 Mg-0  Myoxide
558 A0 A
471 A0 Al oxide
122 A0 Al
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I FT

Transmittane/ a.u.

50

L (A) ok L (®B)

L668: 1 1384

vvvvvvvvvvvvvvvvvvvvvvvvvv

4000 3600 3200 2800 2000 1600 ‘1200 600 400

Wavenumber/ cm 1

46 AR (3) HC& (b HTCS0, () KFHTCHY, (@) KAHTG

500(200), (e) l((l;/I-FFC-500(350), () KFHTC500(500) (o) KFHTC-500(650) A
B

4.15 : Scanning electron microscopy (SEM)

Weng [33] pH MrA LK

(morphology) ~ MyAl LTH MrAl LDH
pH =10 isoelectric point (I  MyAl LDH

(plate-like particles) MyA LDH
H=13 isoelectric point (IEP)
(30-50 )

(nanoparticle aggregates) 47 @ HICas 500

(47 ()
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HTC2s KHHTC50 500

‘--. : ’z'"‘
i
& ¥
"""" g Th:

52 N 9%

46 M (@ HE () mb-sdo, (c)KF/I-FFC—SOO (d) KBHTC
500(500)
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416 : Hammett titration

43
Total basicity

Sample Basic strength3  (mmollg) Metal phase/Active component
HIGas 98 <H < Ib 0.30 MyA LDH CH
HTG-200 98 <H < 15 0.38 MyAl LCH
HTC-350 98 <H_ <15 150 MyAl mixed oxide,
HTC500 15<H_<184 214 My-Al mixed oxide, 02
HTC650 98<H < 15 131 MyAl mixed oxide, 021MAD 4
KHHTC500 15<H_ <184 172 MyA LDH OH, KCH KMR F

KFHTCH00200) 15 <H_ <184 1% MyAl LDH KCH KM F

KFHTCS003%0) 15 <H_ <184 203 MAl mixed oxide, KOH KM F1
KFHTCH00(500) 15 <H_ <184 256 MyAl mixed oxide, KD, KMR3 F102
KFHTCH00(650) 15 <H_ <184 219 MyA mixed oxide, F, 0 , MyAD4

indicators included neutral  red (- =6.8), bromothymol blue 72)
phenolphthalein (1_= 9.8), 2 4-dinitroaniline (H = 15.0) and 4-nitroaniline (H_ 184)
determined by XRD and FTIR analysis while F and o 2corresponded to the previous
work [29] .

43  HICa 500 (HTCH00)
(hasic strength) HICas HTCas
MyA LDH
(weak basic sites) MA
(moderate hasic Sites)
500 MyA [26]
(active compound) (2) (strong basic sites)
[9]  HICHX0 650 (HTG
650) MyA MyAD) 4
[19, 25, 31] (total basicity) HTC-200
HTCG-350 HIGs HIGs
HTCas MyA LDH
CH HD)
500

MyA
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650 MR 4
MyA
KHHTCS00 HTGas KHHIG
500 KMF3 F)
KMF3 MyAl LOH 48
KHFHTGHN
30
(KFIFITCH00(30) KFHTC500(3%0) KIS (
xD) (co-catalyst)
[8 ¥ 500
KMF3
( FIR
500
( 48)
650
MGAD 4
:&\\&C(U)L).)‘ E‘M, @ M. o)
CEOOEOOC OO 5O © 9 59 &
f:@i%-cg-@gm_ SHOOTPO 6/ P
5 ® (‘/ \ Q) "o
ii??%%%%
4.7 :
M
417 . Temperature-
programmed desorption of C02 (C02TPD)
49 HTC500 100-500
MyA 600-800
(2 [N KAFTCHOE0)  KAHTG
500(650) MyA
HTC500

KM

8 KFEHTCS0E0)  KEFHTOR0CH)



KVER3 650
100300 NALD 4 o)
270 1000
250 L 900
230 KFHTC-300(500) L 800
210 L 700
= L 600
= 190
2 L 500
&0 170
2 L 400
e L 300
Sk L 200
110 - HTC-500 L 100
90 .

S5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Time /min

31]17; 4.8 3Uuuu CO,-TPD ¥81 HTC-500, KF/HTC-500(500) wag KF/HTC-500(650)

418 . 2 adsorption-desorption measurement
49 A
HTCas IV hysteresis loop
IUPAC [3] (20-50 )
200 (HTC-200) hysteresis loop
350 (HTC:30)  hysteresis loop
MyA
hysteresis  loop 500
hysteresis loop
49 B KFHTC500 hysteresis loop
FHIGas
KHHTC500
200 (KHFITC500(200) hysteresis loop
350 HTCs

KFHTC500500)

54

Do/ 2dnjeradwa],



700
= 600
¥5]
& 50
5
3 100
2
g
< 300
Z'
‘S 200
2
= 100
>
0
200 -
150
100 -

50

Volume of N, adsorbed/ cm3.g! (STP)

49

—— Adsorption (1)
| —=—Desorption
] HTC-650
: HTC-500 ‘)’/
] HTC-350 ;
HTC-200 LI J
4, L e -
HTC-as o
0 0.2 0.4 0.6 0.8 1
Relative pressure/ P/P,
—— Adsorption (B)
—a— Desorption
KF/HTC-500(650) %
"
KF/HTC-500(500)

KF/HTC-500(350)

KF/HTC-500(200)

KF/HTC-500 L g™

0 0.2 0.4 0.6 0.8 I
Relative pressure/ P/P,

WHCE (@ KAHTCH

55
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4.4

BET surface area  Pore volume  Average pore size

Sample (29 (cm3?) A
][0 87 0.14 66
HTC-20 74 0.1 60
HTC-350 153 02 5%
HTCH00 236 0.28 5
HTC650 210 0.5 bl
KHHTCS00 19 0.023 49
KFHTC-500(200) 8 0.008 %

KFHTC-500(3%0) 66 0.062 40
KFHTC-500(500) 10 0.098 5%
KFHTC-500(650) 18 0.064 bl

44 HICas 200
MyA  LDH MyA
HTCas 500 (HTCH00)
HTC500 (KHHTCH0)
KHHTC50 200 (KFHTC500200)
MyA HICas
KFHTC50 500 (KHHTC
500(500)) HTC50

( Ssl]
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4.2

421

410 @

(b) (homogenization)
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THP moncesters

41 @

4299 min

"

41209

(octanoic acid)

411(3)

1000 4

3 Y i w)
| 5 L
o 8EL 22 €122 =d|
W - v o
N—‘H YOO LZ <) W OPE' LT —wmm]
k=3 s & 8 gt
a v 02— o M 40w 0% Tl g
= B .
802°61 ~4| vze:eh :,Jr.
oL 8L __ AL 8 .‘09»..,1. i
Z08 21 £ ¢ e
LB Qb —ne 3 m 02691 —eeulf
1 = b
02461 — f| ErLSI Ii.lrkf
w _ﬁ...w
20T v - vvv!*
- L
] N L
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- o & B
~ }
OGP 1} e 055 L) 4}
526°64 < Lo
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a i g
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Cu B9 i
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412

412 (d)
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CeCl0

, HTG50

HTG500

(triesters yield)

HTC-as

60 12
60

HTGa®s

422

(CECIOTMP gsters)

'45

G3Ch

1
(FAVE  conversion)
(triesters selectivity) |
92% 63%
KFHTC-500(500) |
(CaC03 800
KFHTC-500(500)
KHHTC500(500)
9%

81%
43 C8Ch
KFHTC-500

46 HIG

Etry 1 2 )

120
2 15 23, 3]

(Entry 2 6) 200

selectivity)

(monoesters
HTC200



HICas 120

HTG-30

650

500
650
HTC-650
KHHTCS00
HTCas

200 350
KHHTC500 500

500
99%

60

350

HIGaS
HTGas ' 500

HICas

HICas 500

8%
KHHTCS00 60 10
HTCas
KHHTCS00
(Etry 2 6)
KHHTCS0
(43

30

KHHTC50
81%
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45 GCD

FAVE WP Production distribution (% Yield (wt.%) Mess
Entry Catalyst Conversion  Conversion  Mono O Ti  Fatty Mo O T Falty pajance

(W% (W%  esters esters esters  acid esters  esters esters acid (%9
1 NaCH 84.7 99.9 57 401 83 60 48 39 409 50 1021
2 NaOCH3 928 >09.9 26 42 48 44 nr B3 B8 41 1041
3 KE 918 >99.9 36 65 699 10 33 43 63 09 1031
4 Ca(OH2 47 >09.9 3902 %9 - 29 292 &5 - 1042
5 CaCa 704 >99.9 66 462 42 - 47 6 B2 - 1032
6 CaOb 8.1 >09.9 87 %3 %0 17 A1 03 - 1034
1 HTC500 828 >09.9 9 58 N3 - 15 58 59 - 1047
8  KHHTCS0(00  >99.9 >99.9 18 174 87 - 18 74 87 - 1001

Reaction conditions: molar ratio of FAVETVP, 35:1; catalyst amount, 5 wt%; temperature, 170 °C time, 8 hy under N2 flow.
aCatalyst was not calcined. .
[Catalyst was calcined at 800 Cfor 4 h
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4.6 HTC-asc C&CI

Calcination FAVE WP Prodluction distribution (%4 Yield (wt%) Mass
Enry temperature  Conversion  Comversion Moo O T Faty Moo O Ti  Fally pjance
<CC (W% (W%  esters esters esters acid Esters  esters esters acid (%9

la - 444 99.6 07 362 N6 25 136 161 136 11 1028
20 830 >99.9 38 413 49 31 #U3  4He - 1081
3 200 335 %38 843 157 - - 299 56 - 1034
4 350 430 9.0 124 //):88¢ \50 - 312 96 22 - 1014
5 500 828 >%9.9 19 268 N3 - 5 %8 99 - 1047
6 650 53.2 9.0 599 %65 284 - 319 194 125 1026

Reaction conditions: molay ratio of FAVETIVE, 35:1; catalyst amount, 5 wt% temperature, 170 °C time, 8 by under N2flow.
dCatalyst was dried at 60 C

(Catalyst was dried at 120 C.

oCatalysts were calcined for 5 h
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47 KHHTCS00C G&Ch ,

Calcination FAVE W Production distribution (% Yield (wt.%) Mass
Bty temperature Conwversion  Conversion  Mono O Ti  Fatty Mno O T Faty pajance
(°Ce (W% (W%  esters esters esters acid Esters  esters esters acd (%9

la - 50.9 99.6 23 606 45 26 9 3B7 25 14 1009
20 - 854 >%9.9 45 RS 61 - 38 286 530 - 1034
3 200 150 >99.9 57 288 65 - 43 210 H1 - 16l
4 350 >99.9 >99.9 47 02 60 - A7 02 60 - 1020
5 500 >99.9 >99.9 13 74 807 - 18 4 87 - 1011
6 650 94.5 >99.9 98 N4 HM8 - 92 35 518 - 1029

Reaction conditions: molar ratio of FAVETVP, 35:1; catalyst amount, 5 wt%; temperature, 170 °C, time, 8 It under N2 flow.
aCatalyst was dried at 60 °c.

[Catalyst was dries at 120 .

Catalysts were calcined for 4 h
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44
441 Ce-Cl0

(endothermic reaction) [2 21, ]

(kingtic energy) 48
49 410 KFHTC-500(500)
KFHTC-500(500)
KF/FITC-500(500)
130
170
\ KFFITC500(500) 170

99% 81%
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4.8 C8Cio

FAVE WP Production distribution (%9 Yield (wt.%) Mass

Entry Temperature Conversion Conversion  Mono O T Faty Mo D T Rty palance

(°C) (W.%) (W%  esters esters esters acid Esters  esters esters acd (%9
1 130 55.0 99.2 168 46 H6 40 9% 237 192 20 1017
50 u1 249 X1 34 1023

2 150 67.5 9.8 209 %9 32
3 110 9238 >99.9 126 412 418 44 1y B/3 3B/ 41 1041

Reaction conditions: molar ratio of FAVETVP, 35:1; catalyst amount, 5 wt%; time, 8 hy under N2flow.
49 Gch
FAVE P Production distribution (%9 Yield (wt.%) Mass

Entry Temperature Conversion  Converson Momo O T Fatly Moo DO T Fatty palance
Esters esters esters aid (%

(Q (W%) (W%  esters esters esters acid
1 13 57.0 99.0 B BT 01 - 246 209 15 100.2
2 150 65.3 >09.9 238 31 HL - 56 203 294 - 1022
3 170 4.1 >09.9 39 P2 %9 - 29 202 &5 - 142

Reaction conditions: molar ratio of FAVETTMP, 35:1; catalyst amount, 5 wt%; time, 8 h; under N2 flow.
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410 C8CD KFHTC-500(500)

FAVE W Production distribution (%9 Yield (wt%) Mass

Entry Temperature Conversion Comversion Moo DO T Fatty Moo O T Faty pajance

o — (°C) (W% (W%  esters esters esters acid Esters  esters esters acd (%
1 51 %8 65 u5 - - 45 16 - - 107
ST 150 738 09 12 6 B2 - 91 BE AL - 1042
- 3 170 >99.9 >99.9 18 U4 87 18 174 807 : 100.0

Reaction conditions: molar ratio of FAVETVP, 35:1; catalyst amount, 5 wt9%; time, 8 iy under N2 flow.
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(HOCH2)3CCHZCH] - RCOOCH]
AP | [ fatvseid etrylester

(HOCH*CH2CH3 + RCOOCH-
JOOCR

(HOCH2CCFUCH] + RCOOCH;

(CH200CR)2
413
2]
413
31
! [37-39]
411 412 413
KF/FITC500(500)
TVP KFHTC500(500)

99%

67

FAVE  TWP GCh

- (HOCH2)2CCH2CH,

CHjOOCR CHJOH

TVP msrosster
hase

(HQCHZ)C\CH ¢
(CHjOOCR),

¥ CH3OH

™ p <Hd€),
hase

(RCOOCHOjCCipCHj
TM?truster

™P FAE

CHjOH

FAVE  TWP
FAVE TWP

KFHTC500(50)
FVE TV

35:1
81%



4.11 FAVE  TMP CsCD
FAVE VP Production distribution (%9
By  Raip  Conversion Comverson Momo O T Faty  Mono
FAVETVP W% (W%  esters esters esters acid Esters
1 351 928 >09.9 26 42 48 44 117
2 6:1 824 >09.9 23 2095 634 50 10

Reaction conditions: catalyst amount, 5wt %; temperature, 170°C time, 8 It under N2flow.

4.12 FAVE WP @-CD
FAVE WP Production distribution (%4
Bty Raip  Conwversion  Converson Mono O T Faty  Mono
FAVETWP (W% (W%  esters esters esters acid Esters
1 351 AT >09.9 39 02 %9 - 29
2 6:1 84 >99.9 - A1 183
3 91 370 >09.9 34 %6

Reaction conditions: catalyst amount, 5 wt%; temperature, 170 °C time, 8 v under N2 flow.

Yield (t.%9
0 T
esters  esters
%3 38
05 269
Yield (wt.%9
0 T
esters  esters
02 &5
05 39
12 B

Mess
Fatty  alance
acid (%
41 1041
20 1041
Mss
Rty palance
acd (%9
104.2
1029
1037
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413 FAVE  TWP GCD KFHHTC-500(500)

FAVE WP Production distribution (%9 Yield (W% Mass
Bty  Reip Conversion  Conwversion Mono O T Fatty Mno O T Fatty pajance
FAVETWP (W% (W%  esters esters esters acid Esters esters esters aid (%

1 351 >99.9 >99.9 18 174 &7 - 18 4 87 - 1011
2 51 56.02 >99.9 - 198 82 - - n1 49 - 1064
3 6:1 4782 >99.9 09 &1 : 52 6 1041

Reaction condiitions: catalyst amount, 5 wt%; temperature, 170 °C time, 8 I under N2 flow.
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443 C&CI0

4.14 5 1%
FAVE TW 351 61

1 (homogeneous alkaline catalysts)

0.5% 2 1]
( 415) 1
o
(active site)
(agglomeration)
4.14(a))
KHFITC500(500)
( 4.16)
3 &%
5 &%
10%
(414 ()
KFHTC-500(500)

9%

4.14
(b) KFHTCH00500)
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4.14 C8Cl

Catalyst FAVE W Production distribution (%9 Yield (wt.%) Mass
By amount Ratio  Conversion Converson Mono O T Faty Moo O T Fatty pajance
oy  FAVETVMwton  @e99  esters esters esters acid  esters esters esters aid (%9

1 la 351 >99.9 >99.9 64 39 6L7 - 64 319 617 - 1022

5 351 9238 >99.9 26 412 48 44 17 383 3B/8 41 1041

] la 6:1 499 >09.9 7 114 86 - - o1 425 442 1002
.4 5 6:1 424 >09.9 23 05 634 50 10 125 269 20 1041

Reaction conditions: temperature, 170 °C time, 8 h; under N2flow. Reaction mixture formed colloid but fatty acid could not be
detected by GC

415 GCD

Catalyst FAVE W Production distribution (%9 Yield (wt%) Mass
Enty  amount  Conversion  Comversion  Mono O T Rty Moo O T Falty pajance
(W% (W.%) (W%  esters esters esters  acid Esters esters esters acid (%

1 1 506 >99.9 105 613 282 - 53 30 132 - 1009
2 5 14T >%9.9 39 92 %9 - 29 2092 45 1042
3 8 16.7 >9.9 30 B4 B6 - 23 04 49 - 1021
4 10 199 >%9.9 50 %7 603 - 40 217 81 - 1035

Reaction conditions: molar ratio of FAVETVP, 35:1; temperature, 170 °C time, 8 hy under N2flow.



0T€6LEEICC

12
4.16 &BCh * KHHTC500(500)
Catalyst FAVE VP Production distribution (%9 Yield (wt.%) Mass

Bty  gmount  Comversion  Comversion Moo O T Fatty Moo O T Falty pajance
(W% (W% (W%  esters esters esters  acid Esters esters esters acd (%

1 1 9.9 99.89 185 464 H1 - 183 460 H0 - 1007
2 3 >99.9 >99.9 23 202 85 - 23 292 685 - 1030
3 5 >99.9 >99.9 18 w4 &7 - 18 w4 &7 - 1011
4 8 >99.9 >99.9 - 172 88 - - 172 &8 - 1033
5 10 93.2 >99.9 17/ Jwgdgee DS - 12216 704 - 1042

Reaction conditions: molar ratio of FAVETVP, 35:1; temperature, 170 °C time, 8 hy under N2flow.



444 Cg-Cio

SIEP. 1 FAME+ IMVP e
STEP. z  FAVE + Monoester
STEP. 3 FAVE + Diester

110, 37, 3
15 @ 485 (@)

1 KFIHTC:500(500)
KFIFITCH00(500)
12

500(500)

73

Monoester + Methanol
Diester + Methanol
Triester + Methanol

0o
KFHTC-500(500)

KFFHTGH00CHY)

KHHTG
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100

90 4\ —&— Mono-esters —&— Di-esters —&— Tri-esters

(A)

- - - FAME remaining - % - TMP remaining

60

Yield/%
n
S

Time (h)

100
—e— Mono-esters —&— Di-esters —a— Tri-esters (B)

+  --&- FAME remaining --#®- TMP remaining

Yield/ %

415

A . Reaction condition: molar ratio
of FAVETVP, 35:1; temperature, 170 °C catalyst amount, 1wt9%; time, 8 I under
Nflw B KFHTC500(500). Reaction condiition: molar ratio of
fFlN\/ETI\/P, 35:1; temperature, 170 °C catalyst amount, 5 wt%; time, 8 It under N2

Ow.
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KFIHTC-500C500)

500

1000
500

S (

1000

1000
81%

GCh

75

1 [

( 455@ 41

1000

1000
411 ()

99%

1000

(Al



100 #—
—&— Mono-esters —&— Di-esters —a— Tri-esters
90 -

- - - FAME remaining --#-- TMP remaining

Yield/ %

KFHTC500(500) 500 . Reaction condition:

molar ratio of FAVETVP, 35:1; temperature, 170 °C catalyst amount, 5 wt%; time, 8
h

500 (a) 2 (b) 5 (C) 3

76



TMP

446 ' (FAVE)

418
C8-CI0 CL-Cil
KF/HTC-500(500)
FAME
KF/HTC-500(500)
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417 C8Ch KF/HTC-500(500)
FAVE WP Production distribution (%9 Yield (wt%) Mass
By  progre  Conversion  Converson  Momo O Ti Fatty Mo O T Falty palance
( bar) (W% (W%  esters esters esters  acid esters esters esters acid (%4
1 1000 >99.9 >99.9 8 74 807 - 18 4 87 - 1011
2 500 %24 >99.9 13 22 b 12 205 697 102.2
Reaction conditions: molar ratio of FAVETMP, 35:1; catalyst amount, 5wt %, temperature. 170°C time, 8 It under N2 flow.
— 418 KHHTC-500C500)
FAVE W Production distribution (%4 Yield (%9 Mass
Entry Type Ratio  Conversion  Conversion — Mono O T Ftty Mno D T Fatty balance
of FAVE FAVETIVP - (W% (W%  esters  esters esters acid esters  esters  esters add (%9
1 cBcDFAVE 351 >09.9 >99.9 18 174 807 18 w4 807 - 1011
2 c8-c10 FAVE 51 56.0 >09.9 - 198 802 - nr 49 - 1054
3 c8c10 FAME 6:1 478 >09.9 - 109 891 - 52l 426 - 104.1
.4 clcia FAME 351 >%9.9 >%9.9 11 183 806 11 183 806 - 1011
5 ¢ 1-c 14 FAME 51 58.2 >99.9 - 202 798 - 21 44 - 1024
6  cI:cUFAME 6.1 509 >99.9 175 85 89 40 1044

Reaction conditions: catalyst amount, 5wt %; temperature, 170 °C time, 8 It under N2 flow.
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500(500)

787 A
500(500))
4.20)

79

KFHTCH0CKA)

419 KFHTC-500(500)
X0 (419 (used KHHIG
MyA KIMYF3
memory effect A -
(003) (doB= 982 A KHFTTCH0 (doB =
500 | (regenerated KHHIG:
KFHTC-500(500) KMF3
(
20% 200-350
400-500
| 600-800
(MoCO3 .
MO (chemisorption)

500
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419 KFHTC500(500)a C12Cia |

FAVE W Production distribution (%9 Yield (%) Mass
Enty  Regeneration  Conversion  Comverson Moo O Ti  Fatty Mno O T Fatty pajance
(W% (W%  esters esters esters  acid esters  esters esters acid (%
1 : >09.9 >09.9 11 183 806 11 183 806 - 1001
2 1 978 >99.9 23 00 71T 22 19% 9 - 1016
3 2 792 >99.9 14 55 81 90 202 49 1014

Reaction conditions: molar ratio of FAVETVP, 35:1; catalyst amount, 5 wt%; temperature, 170 °C time, 8 h; under N2flow.
dCatalyst was regenerated by calcination at 120 °c for 1 hand then 500 °c for 4 h
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