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Abstract With the increasing needs for transportable fuels and the growing concerns on environmental pollution, signifi-
cant attention has been paid to the conversion of renewable lignocellulosic biomass to liquid fuels. As a major component of
bio-oil from biomass depolymerization, organic carboxylic acids make the bio-oil acidic, corrosive and unstable, which are
harmful for storage, transportation, and upgrading of bio-oil. Therefore, the removal of carboxylic acids is very important.
Ketonization reaction, also called ketonic decarboxylation, converts two moles carboxylic acids to ketone (symmetrical or
asymmetrical ketones), carbon dioxide and water, which removes oxygen efficiently and increases the carbon chain length
without using hydrogen. In addition, ketones are important chemicals and have been widely used in chemical industry as
organic solvent. The mechanism and active site for ketonization are still under debate. Various mechanisms have been pro-
posed for the ketonization, based on different reaction intermediates evolved (i.e., f-keto-acids, ketene, carboxylates and acyl
carbonium ions). Ketonization reaction is a surface-structure-sensitive reaction, thus reaction activity depends on sur-
face-structure of the metal oxides (such as crystal surfaces and particle size). The concerted function of oxygen anions
(Bronsted bases) and unsaturated metal cations (Lewis acids) is crucial for ketonization. The amphoteric oxides show better
catalytic activity than pure acidic or basic oxides. Oxygen vacancy formed on the surface of metal oxides is a key factor for
high ketonization activity, which can stabilize the reaction product and reduce the activation energy. This paper reviews the
progress in ketonization from the aspects of reaction mechanism, and the effects of surface structure, acidity and basicity, and
reducibility of metal oxides on ketonization. The f-keto-acids based mechanism and ketene based mechanism will be dis-
cussed in detail to understand how does the C—C coupling happen and the fundamental role of a-H. Finally, the importance
of surface structure and properties of metal oxides on the carboxylic acids ketonization reaction is explained.
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IR, MgO & —Ffr L 7Y el 12k SE Ak, 36 T 2 2 59 R
PR (Mg? YRIBE AL (-OH, 0%7), AMYBEMELL 2B 3EAT
R IESEAL SN, I8 REfH 2RI U A 1) R £, SR
JE 4 B4R A BN R, CO, AUKMY. &R SR
PR IR AN, BE 75 B VG A, [FIA I 75 R
PR RS, 1% 3 AN

CO, J&—FmRMEAAK, TERMN A S HEmREAL, NiE
A CO, Ja R ITEPE 2 32 BHMH] . HyO 5 M A0 7713 i 73 i
RRERR S, 43 ) o HE T A 7R 2 T PR A A R I 1
i, o SE A B N 3% 1 AR M AE . Dumesic %517
PACRR AR 7, WHFE T CO, Al HyO Sof SN [ 5,
WAL RIUF T CO, Al HO FAS #0475 . it
NH;-TPD il CO,-TPD |5, ZrO, A B A Behs v, Hig
PEAL B R (212 umolege, ) 5 B M 47 % = AH 24 (296
pmolege, D). 4LURTH 1/1 4% Ce JG(CegsZros05), M
AR 70 1 B 67 15 %2 (380 pmolege, ), B2 A ik 2D (56
pmolege, ). MLHT CeysZrsO, MG HEE & T Zr0,,
PERLI 22 A R T3 s i 5k = R .

Kijenski 25 78 7 —+Fp 1 8 AL AL 2R
Al SR, N 2 Fis. fEIXESAE ALY, Ahite
e RS AN R B LA R ma P e e 1 S A .
RERFH, WHEENYI(CeO,w MnO,. La,O03) KL
TR TR M A A .
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K2 EREYIT LRI RS PR )
Table 2 Activity of 10 wt% MO,/SiO; catalysts in ketonization of acetic
acid®™”

Yield of acetone/%

Oxide
300 'C 325 °C 350 C 375 °C 400 C 425 °C
SiO, 2 2 3 4 5 20
B,03 2 2 2 2 3 6
MoOs 2 2 1 4 5 5
WO; 2 4 6 6 5 5
P,0s 1 1 6 10 12 9
V,0s 3 4 4 9 21 29
Bi,0; 10 6 5 11 18 28
NiO 7 9 10 31 — —
ALO; 0 0 4 15 37 45
CuO 5 5 6 29 39 43
ZnO 6 9 10 19 33 54
PbO 6 10 15 36 76 79
Cr0; 1 8 52 48 39 46
Fe,O; 13 32 39 66 59 60
CoO 13 15 48 50 63 64
MgO 7 20 39 53 59 68
Nd,O; 3 3 6 22 61 70
La,03 3 12 14 50 87 —
MnO, 18 22 34 72 96 —
CdO 6 27 73 76 94 —
CeO, 9 24 31 96 97 —

3.3 EUFIELTEMERMm

i T ERBRAE FIAR AL, WFAE AT T T AR
A3 54 R 3R TR TR A v 1 B 2 e, G H 2 CeOys
TiOy ZrO, X8 5y ik J7 S8, AWt 5 R IN, A
F& IR R R A TSAL, s 12 IR AE
&R E AL, 207105 PR 58 25 5 W AT
NG JE S T, ART RS AEAT

Zaki 2N 5L T ALOs, CeO,, TiO, = F4 LA
LIREARA R B, X = MEAIEA L AL, HRA
ALO; XT TR W 34X [ B A AR TS M, 9T FL R R 2
ALO; WIBHES FAREH IR IR, ASRETE BE A B AN Al
& BB 707, Resasco ZE MU 5T T Rw/TiO, fiEALIR
BRI FE AL S B, AN S AR S LI 2 SR [ B R,
TR 2 30 55 X e B RS PSS B S . A
i Hy R 5, Tit R 5k T, R T 2 A A
FiE T EZ MR ARMEEHE T, KRR 737
FR AL, Simakova Z5E1OE 2013 4FE4RIE T N
X CeOyv ZrOys CeOof/ZrO, AL IR B Ak [ L 14 1)
SZIE, FUIT N, A Ho % S STE T I 2 I (A58 3 B),
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WANEAE RO )FE I 28 T E 2 e B E T,
TR AR 15 3 2 3R 5. 2014 4, Simakova 25113
RIE T/E Hy SR T, ZrO, AL R B4k [ SEATLER 1)
5T . I SR H 2L A0 O B A5 AR - n] I8 S Ol
(UV-vis DRS)JZRAEFEL, TRIT T ZrO, X KR AN 5- CLH
I B 2. &5 & SE30 5 Al DFT 115, WEM ZrO, Mk
P R 25 1 5 SR T I S 464 7 Hy RBVSURT, Y
YA B B (2 ) TR SR B = AN AR B T2 ), TR
1E ZrO, RIMMAELE T ] B2 o TRl B 1
MRE B ZE BN, AT RE R PN 531 7] I 4 W B 72—
MEE T E. Overbury Z5PUHISE T CeO, (111) 5 THIVIIA
AARERT BRI B, ZBRTE CeO, (111)ETH
A= AP P 5t B 175 0 L e T e A 7 2R T ) 0 4 AR AR
. WEGFERERE S, BRIATAEZ, JRik
A F T AT 553 1 T8 AU s £ B T AN T 3R AT e 2
T RSP PR e 3 D A 7 R T B s A A, (R
To 3 S AR F B 3640 8. Pacchioni 251021 i 2%
FEIZ BB TH I IT ZrO, TUE JFX £ BR AR Ak 5 BV 1)
SO, FEAGE IR R b, 2B I QR ER AT IR
Ak R T BRI RE, I HARMEREAT IR R &
BEFH S 1. 10 ZrO, 4id Hy iR JRALFE 5, Ze0 ™ & [l i L1
REGHERB ORI T b, AT AR OB, 7
SIRIEAE Y S A R B-BRRR. R R S AL AR R A
FIT- 2t v (B P D T B

£3 Hy Ml Ny X CeOsn ZrOsn 10% CeOy/ZrO, fH A IR Bl 3 Ah 3 1tk
3= e

Table 3 Catalytic properties of CeO,, ZrO, and 10% CeO,/ZrO, oxides
in the ketonization of valeric acid in hydrogen and nitrogen™*®’

Conversion/% Selectivity/%

Sample S/(mieg ")
H, N, H, N,
CeO, 40 31 76 80 25
Zr0O, 83 66 78 80 105
10%-CeO,/ZrO, 93 82 79 81 79

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1

Reaction conditions: 355 C, 1 bar, H, flow rate 30 cm’emin” , valeric acid

LHSV=0.34 cm’sg 'sh "

4 HFS5RE

PEBEE A AL REVR BV FEAN A BTG YL i) H 26 2, 2R
YIS RISy — b AT B2 R s DU, R 51 R 7T
FATREE. W — RV R B FE AR R LT 4R R 5
MR A AN EE i, R R AT SR, RIRAE S ALt
FErp B BRI S &, B LUK IR AT #e AR AR oo
f—2. WHIUREL, W AL S RO A HUR R e fh 2
AR AATRIIT, EIPR I B IRARA m AR
AT AE T S F A 22 g o () L 1 [, XA 3R
AP PR S LS. <) AL AL IR IR R 0L S
JS2 FRATLEE 55 AL A% BE R S MR R S5 8, v
T BE B 1 AL iR T AT R I OB, AERIR T
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