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1.1 E#i%

LR R AE R — O B ol Hh A
FNIEIRE—FP T2 07k, BT BRI E A
& JE A IR R FEEALHE Mo-V &, W-V(Nb)
. Mo-W-V ZHl Fe-V(P) &%, Hrp Mo-V REH
& Ja E AL e H i AR B K SO R R B TR S
PEACTE PR RN TN I PR e B M, H I A% 1k R 3k 100%,
P R VPR PR foe AT IR B 57% 24 . HAL S Ak
PERERR2E TP IE A VY VL V—0 B &
Brgnsted i, Mo-V-O [RIAFEEAE T S fbid 57 . W-
V(Nb) Ak 70 35 38 X6 P9 05 R EL A 5 e 1 e 6k
(Fem iR 3] 60%) , H il LR ik 100%, Hr
WNbO 4153 2L H Ih K BN M, v IR+ L
SPASRE M AR T (AT, (ELRE A 2 DY s T SR AL L
ISR, SETPIZEARTRIE: Fe-V (P) £ B AR XS TN R
PEREPERAR, (H T FeO, (ITFAEMIFFIZ L F) B
R e P
1.1.1 Mo-V % HT Mo-V Z A &REMDHH
A V,05, MoV,0,, Mo, V0,5, MoO, 25 ZF A,
T I Mo-V 524 4 & Sk h i S5 s M AH, B
WA i KB ST TAE. Possato L G 251 Fi] A
XRD XA i 9K A4 2E 47 $R Ak BB I 1 19 &5 & AH
HEAT T IR, BEERW], Mo F1 V ATSRIKTR &

S
¥ .).l i

. D ' J

I8l 1 CTAB H1 SDS Ji 2 7 1 i J& Bl gy e 40 1)

FE R U MU AL B AR B 500 C &R,
T 8B i AH 43 51 2 MoV,04(61%) Fll Mo, V0,
(29%) . TEH AN NIRRT, MoV, 04t
Mo, V0, KB T 4F IR R £ 1, DR R 7R
FISE A MoV, O, LY redox 6 R REMS 7™ £ 1A .
(I BhAS A0, M AT 3RS 97% H i % 1k % DL K
% NIFHIRIEENE. AN, VEE NN e Hh i e fE
e RNIEIR S R (R R K ZE S FEfEA T 3R
I R AR I3 VAL, S MoV, 04 ]
Mo, V0,557, S filfbtepe T~ R, DR W, Y4
MoV, 04/ Mo, V0, BIFI AR LLIE N 1/1 BB T
R AL PR RE, EL AT L 3E 2 1) Sz B PO A 4l
0, K- HE MoV, 04/ Mo, VO, 1 1 AH 14 F- i, M
P AL RS e k.

Rasteiro 45 ) R F /K A& BLE 4 T — &R 51
Mo-V-O AL, FF0F 58 T 76 A AR FAS [/ S0k
T oy KL B A A R FE 320 C HL
100%0, A3 T #EAT Ak A0 I 7K R 4R A5 fe A 1
e, TUIRIRIEEEME N 33.5% , HMEALE N 100%.
UEAh, RS A & B RN A% A 0, Z )5 g
AR VR VI AL TS A PR, (E h &5
JEATAL, NRGER R PR AN ERAR, X P RE S5 fifk
FIRAR Y L R HARA ¢, 7E I ERE [ Rasteiro %514
SN CTAB H1 SDS 2R 1 1 M 7 & B T 24 K #Ik
MoV, O, i, 2552600, FR MG 13 10 77 78 nT fg it
AR AT SR A AR, AT 5 B8040 K A R 1R B9 T B
(B 1) . A AE — 20 YA Ak H o 1 P9 0 R s g

Fig.1 Organization of CTAB and SDS micelles around the crystallites'**’
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B, BE W-V S aeRh v S, wo,
HH M BAARE S AE H 757 SR IE A . R, W=V 44k
PRI WO, i RSH RS vV & R 1L
A 724k 5 Mo-V A AL H 1Y Mog V, O, i A ELA
B A TS M, T Y 1 0 — 2P A S T
2. BT IR R Mo-V Il W-V E APk v 20
SYH T Mo™ , W HI VB TR XS S T
FAEAE 2l SO o PO B 22 1 4R, AT
P AR TG . IRV Y Mo, Vs
W, Vs BEALFIFE 300 C NRE T, INISIR ™= R
S FIA 20.1% M1 25.7%. BLAb, B f bt 25 S 7 I
FERREAR TG I, 2 AR A B 0 Yk B T4 il W-v
AL A H I A A K S AR 1 & AR
1.1.2 W-V(Nb) & BF5EUCH, W-V &b
R LARERE NG H il — 2D IR A NI R, 2R A 4L
FIE I BA WO, B BRPER V& rE etk T
WA A B9 5 T BC G, Soriano M D 2514 8 5
KRG T W-VIRA S L. fFo 28,
MW, VIETH R V/(W+V)= 0.12~0.21 B,
IETRICRR 25% . AEFINAIZMEA T i 2 S e
T AR PE L B WO, NS & V B FIR T
A PEIL R B T AR IS P A5

Omata K 2473 3 /K PO IR IS R ) 4 T W-
V-Nb W5 &4 Ja FAL AL ). DF9E 3R 0T, Wik
MR JE NI TR = M 46.2% 42T 2 59.2% , F RN
BERRIY W-V-Nb [ & 48 S LD b 7 ] g 3 42
o H I L R AL R R B AR PR RE. BRAh, TR InEE
PR I A 10 390 R M 7 A B0 D 129 3 i 3] 250 o/
wmol, HIENNT Brensted Fl Lewis R Y HE R,
W AR 2 00 i A 1 RE O i3t 1T BB TR & A
Brensted 2 A9 34 N, 38 a0 X el & B0, R U Ik
21 W-V-Nb-O fit Ak 7 7E & T 308 °C 1Y s g ik i
T, NEBRICR SR TR, 1024k H H, PO,/ W-V-
Nb-O LRI, 2% F R g 7, RAREm
TR M1 LA A0 ) D s T 1) R 4

TE W-V-0 HAll || Chieregato A % Bf5% T
Nb i) W-V & & AP AT 8 EREEH, #1757
HIm— e A P9 M R 1 i AL PR RE R T &5 R 3R
B, 76 =453 05 8575 B 45 H th s A Nb LR 45
T 34% M B ARG IR IR, & TARB44 Nb fiEfk
RN IRICR (25% ), [R)IAE TG A S g vh 3R 30
W E R ENE, IESE T NL B4 al BN O
PZEF IR PEGL L. 2RI, BEE Nb Frpydgm, ™

IR TE BEVE 1 BT W2 BRI, AN 26.5% [ 3
1%, XF /=M Nb A F T RN R, (524
Nb #8244 fad s W 242 0F 1, 3-8 NG 3R -4- H i 25
KAWL R BLAl, A0 i ny % 22 ik 17
100 h B, {CUEE ST P R (1) 3 B W AT T e (A
33% ~34% T %% 30.5%) , & T8 H 45
H VA AR TR EE IR R I, TGS M
PR 1 6 5 57 I 7 S AR IR M AR . 8] 4 4 52 1 ek
JE T 300 C B fil s AT 0.15 s B 455 A= il
CO, FHAB R 5T .

Delgado D %5 KA T — R 5V HA KA m-
WO, Fl h-WO, H 55 B 1 W-V-0 {7, BF5E 20
BV ) h-WO, i AH TR 2 P A 1 RN R A R 1) T2 L
FEALF T h-WO, A & i AIRET, 32 i k)
MR TFYIR. &V H h-WO, FATZ B VA5
FEIH EL m-WO, A T = 38 SR HIh A AR K
SRS TR | m-WO, M A AEAE BR M 5 HL
XF TR 1 T B EL AT BT g . 7= R R RN
ST LU BB h-WO, A P3G 38, 31X B pk 2 it
TN B A 4 K R LA P ) R TS 8 0 S A o TN
W R LA YRR, T m-WO, 75 H B/ Ak rh g
PEEAR, 24 il S A A H AR SR 4.

5 Mo-V & EIRAMYALL, W-V(Nb) BEH
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m AL BV ADEE A I SRR E A N N IR TR, Rl
Wit m TR AR E P R W-V(Nb) Z &
& JE A AL R B A A R A SRR 2R 7 DN R T T
JRIL TSR, HTR B X AR 1 BN IR
HXF W-V(Nb) &4 4 A ALY i AL s A7 75 i —
BRAWS.

1.1.3 Mo-W-V & BT Mo-V., W-V P Fh i1k 5
TRFRSL, Liu SRR R BB H 4 T — &
51 AL O, ik Mo-W-V & & 4 & ALy L. wf
FERM, MIBREE R 350 CHE, PIMmEEEEETE
35.2% N KR e B Ml 19.8% , 3 i DA b 50 E T
TIRBL, 78 350 °C T Bbe ARG A 2 LK
I AL DI R 5 B Y BB TR B 2 /55 3] 450 <C
BF, PO M R A e B AR B 46.2% , T T M TR R
3.0%, [FIET5 350 C FIBREAH L, CO, e HEE 2
JEIBE R, X 156 PR ABERE T 3 1 i v AS (A S PRI R 1)
AT HAGR TR AT . BRI F) 550,
650 CHY, NIHRRIEREER I T TRE, TR L5
PENIRGINT . ST T B I B X Ak R i AR 25 4



%5

PR A m A ALY A T H il AL I I R A DTt 487

(RIS, VR AT — 2% Sz A AL 71
TCHBRER 350 CHBLE M FE 5 B 7R HhAH TR Y XRD i
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Mo) O, k) , 5k [Alrf WEH] MoO, Tl 2L T, F-#k

VFZ 5 2= 19 A R AR T AR (1) n Mo, O,,, V, O,
VO,LL B (V, Mo),0,F1(V, Mo),0,,), Briebei
PR F) 550 1 650 °C £ {ffEfL ] Mo, VO,
WO, KA LR AR (] 2) . X AR G- i R
THE 550 Fl1 650 CHEEmT, NI BEREE A LA

Selectivity: ACR = Acrolein, AA = Acrylic acid

Bifunctional
Mo,VO /H SiW .0, /ALO,
Catalyst

550 & 650 C

450 °C

Keggin unit

(V, Mo):0,,

ACR =2.9%, AA=12.1%
Pl 2 ATlABbe R T 7 2 28 i 1y 52 1

Fig.2 Scheme of structure evolution of supported species under different calcinations temperature
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Mo) 0, P FHAR BT 2, I AMEE Ak 70 2 i BLF [
FIFLZE R (38 2t v] B B Ak MR A 2B 1k

BE AN, Yun S50 3 % R 92 oK B A
(DFT) , # W B A Mo-V &AM Pl 4 T
WIIHE Mo-V-W & & Ak Wi fb 7. 25 R %k,
MoV 1) Mo B V 8B A WO FFER IR, AL IR
SRS B BRI, AT H A AT K R i
A, B EEL, BAMITTE L W E, Wl
MoV A 5B 43 Mo™ 11 V* 43 53l 38 I A%, Mo™ il
V&, SRR TR ST R S i, REHE R T
BE & JE-SE A EAER, $R T AR 0 A AT
PEOL LB, AT A ) 9 s 1 3 — 25 Ak o D9 o
i, BWEE W & &N, Mo™/( Mo™ +Mo®™ ) I
V& (VE V™ HGE A A AR 0] 1 25 T RRURN R 5 45
B, WEEIET COo, A B (R REEREAR30.6% ) |
PR TR I e B PR AR 5 1 8.8%. ILAb, V¥ / (V¥ +
Vo) Z H R R E IR R AT CO, e BRIk 1 SE B TR 2%
VA TR 0 R A e A Sy DR s R TG AN 2 R B 4 Ak
FEHI, MoVW-5 AL E 250 °C F, PN Rk 5 1
K3 30.5%. WFFTINHK W AITFAEADGE B 14 5

/ Bulk WO,
WO, unit

ACR =15.4%, AA =5.3%

MoO;, V,05
\ . - \wl/ o3 W/ (V, Mo0):0,,
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GEACIAEAT], ISR T O A AR I I
FIMELLITE R, FeVO, BURLAYE R B V=0 M1 V-OH %
V3%, e300 38 2 I mp i R R g e o7 1Ak
B8 A T A S PR 4 T 8 R ) T PR A, AR R T
IR T 2 FeO, I, MR E— A S840 AR
IR, VEA I, Tl A A R R Y o 7 v
FeVO,AF FeO Z5F4 53 5 0 H I /K DL B2 3 s T 4
O P IR TR PR T AR A TG A, HLim A5
AIRESE DR IR Y FeO 2544, E— 4 T k5
(AR M.
1.2 [E#F*E

Hol R R IR 5 B X T T,
TH— TR | PR I — P R 3 9 1 S 1 ot R 2 40
FAEPIAN RN 8 SE B, B SETEREAR T A 1R
TR H IR AR A B A B I, SRS AE AL T
B EHT T BRI m B — D8 A N IR TR. 5 4%
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3. FHT AR TR S A P TR %) 4 A 781 B R DG B Iz
TEMO LI T Tolkfb. F, B H s ek
b S Ay TR A TS 2 ) 422 1 1) O 28 R FIRIE 5% o
i, T e f i a2 6 68 A
YA ) £ B A Zr-Nb-O, W-Nb-O, Cs-W-O Al
Fe-P-0 A %.

Lauriol-Garbay P 252" & R ZrNbO {4k 5] B
REA AR B A NG T, SRR RS AR E
PE, EIZ1T 177 h J5 BN Y 82% HIFE AR R LI I
R BN T TR B 1. X% 1 F Nb 3 & 19 3 mxd
PEAEFN AR E = AR T AR R s . SR A LAFE O BF
FEINN Bronsted FRMEA 5 F Lewis FRMEA 5 #BXT i
ML E] TR AE R, EL IR A R ) 2 6
IO A W SR T e, VRS TR o o R B,
PEALF Y 2 1% S 7E0R Lewis FRVED S5 B U A
O 3K — A AT 38 e A s I ok R 4 v AL R
Fif DR, A PR T O 1) 1 e /D B e i K A4 AE
st 457 B2 IR ) DTG B0 4R T AR O L. BF SN
K, ZrNbO HY S E A 5 P48 A AL DL &
Lewis 1 ZrO, 2 A BB A7 5547 OC, R i 5 48 Ak
B A M BT G

Omata &5 FI K #3k A BT HA JZ AR G54
i W-Nb-O (700 °C), W-Nb-O (1000 C) . Cs-W-
Nb-O ZRAMEAL, WFFE T A A7) A 25 04 % H il
A ) PR s S S 17 R R R T 3 3 R AR R FE
¢ J7 i) FAR S NTHARZRHES], (H a-b VT 45H A
], Hif W-Nb-O (700 °C) k& )7 HES1, W-Nb-O
(1000 C)F#F Nby W, 0, HH JFHEF], Cs-W-Nb-O
T IEARCLWA P HES. WFot ], Bk W-Nb-O
(700 °C ) Fll Cs-W-Nb-O HA HH T 1) Y 4 1 128 5 14
(W-Nb-O (700 °C)29.7%, Cs-W-Nb-030.5%), 18
AT HEH B E AN 1 W-Nb-O (1000 °C) FI
Cs-W-Nb-O FH L, Bk ™) (a2 PR ) i)™= 26T
T TN R B PR R AR, WS R W-Nb-O B &
& @ ALY — R E AW AR, e H
PR T 2 g O3 i i 70% L L

Wang 25> 38 1 /K #3547 & A K [E A

OH

-H,0

Glycerol 3-hydroxypropanal

(Csy ,WO,, CsW, 0., CsW,0,) 1Y Cs-W-0 B 54
JREAC DAL F. WFFE AL, 4 Cs-W-0 EH5 4
& S AR T H b 3 K o P A T LA R P A AR AR
B, HEM RS TINEEMEREE 2 /W
JEEIR LR 0.2/1 B, Hil 81 Cs-W-0 BAT fe s 1 fi
TRPERE, HIMEEIL RN 81.3% , TN M I e $R 1 1k
] 92.9%.

Deleplanque %5 %t 4 B FePO, fi Ak H i i
IKIEAT THFIE, B BL FePO, %) P9 4 B HL A 458 1 1) 136
PEVE. ST KIS 1 DT -k A ik | 21k DL &
UKL 1 T FePO ML, 83 X Eb & B3R
FHEKIE A BN R A A7) ( FeP-P il FeP-H)
I AR XS R A 0, ELA DR SF- 3H  2% Ti
(43.6 m*/g). [FAIBKIA Bk AL REAS 2] S R 254 R
ULl BRL R FePO fEALTT], HASEPER . FeP-H
75 280 °C ML S h, Hilia] 52454k, 3 Hxt
P I e B R 8 92%.

2 L H RS R MR

HHFEIN, Hl K A AL A BN IR TR 22 3 45
FORL (BRI 1)« 265 1 28, Wil s T e AL A9 TR
PEAL (BRI LR ) b AR WK BB, AR i 3-8 4k T
B 552 20, 3R FEINEE PR LK A2 B 6] 7 )
WIE, d e P T e A A AR BN R TR, H Il B 7K
SEALHLBRINE 3 Bz, b T H b 2w [R] 7 7 o
ROEFERP AR, HAE B F1 L R A AE B K I,
AR I 3-SR N I RIS LN . 3-8 P T -4
WK AT A A, O ELid s SRS A 5 S, 3-8
BRSPS e, P ] 55 SOSTE idh
Bk, B EURIE T A CO,.. ISR AL
P AR e, SO S 1) A ORI . 2
TINEESE 1), HAEA AR T RELE TR, &
2. AN CO,. Eid SN LB R, X H il k4%
P N R R B T, BEAS A AL 7R AN AL 2
A G B RR YA SRR AR S AT, I AR
iR HAT B K A OSSR L, IXRE A RE SR
PRI PR IR L SRR e e

+1/2 0O,
Acrolein Acrylic Acid

BI7s 1 H i =2 AL A NG R

Scheme 1 The three steps required for glycerol transformation into acrylic acid
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Fig.3 Proposed mechanism of (oxy) dehydration of gly(:erolm]
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OH,

~H.0 AN
HO @ OH ————> HO MOH —> 0 OH
3-hydeoxyproionaldehyde
H
-H,0 | gt
OH
-H,0 N
OH — > polymer-like - \/\ \)L 0,
H* residue + I "*
H acrolein 70 S g, M e,
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cracking
H' o +0, o
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o\
OH g cracking AO +0, OH «
—_—
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Bl 4 Mo/ V A W/ V S A AL H S ALK S
Fig.4 Reaction routes in glycerol oxide hydration over Mo/V and W/V oxide catalysts*"
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Table 1 Results of selective oxidation of glycerol catalyzed by composite metal oxides under different reaction conditions

Catalyst T Reactant gas TOS WHSV Conversion of Selectivity to Ref.
/C N,/0,/H,0/glycerol /h /h! glycerol/ % acrylic acid/%

MoVO 320 0/28/70/2 1 0.5 100 57 [44]
WVNbO 300 54/4/40/2 2 3.8 100 34 [48]
WvVO 348 54/4/40/2 2 0.6 100 25 [46]
FeVO 300 66/2/30/2 10 20 100 14 [51]
MoVWO 290 42/12/40/6 69 3.4 100 42 [35]
MoVTeNbO 300 23/8/61/8 2 0.48 99.6 28.4 [26]

K2 ECGEEEUDEARRRMFGHTEUEMFKER

Table 2 Dehydration of glycerol catalyzed by complex metal oxides under different reaction conditions

T Reactant gas TOS WHSV Conversion of Selectivity to
Catalyst Ref.
/C N,/0,/H,0/glycerol /h /h! glycerol/ % acrylic acid/%
ZrNbO 300 51.4/0/46.3/2.3 3 3.8 100 72 [52]
WNbO 300 44/11.2/20/4 4 0.9. 97.9 74.4 [53]
Mo,VO,/H,SiW ,0,,/
450 59/4.2/35.1/1.7 6 10 100 54.3 [50]
Al O,
FePO, 300 46/0/48/6 5 0.48 100 80 [26]
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Abstract; With the shortage of fossil fuels and the environmental problems caused by their utilization, renewable

biomass resources have gradually become an important source for the production of fuel and chemicals. In recent

years, as the main by-product of biodiesel production, glycerol has atiracted widespread attention. The utilization of

glycerol to produce high value-added products and the development of relevant conversion technologies have also be-

come a hot spot for scholars at home and abroad. Among many conversion technologies, the selective oxidation of

glycerin to acrylic acid has shown broad development prospects. It has important economic and social significance to

study the reaction and especially the catalyst. This article summarizes the current research status of composite metal

oxide catalysts for the selective oxidation of glycerol to acrylic acid. The current types of catalytic systems used in

the reaction and the understanding of the catalytic reaction mechanism of glycerol oxidation to acrylic acid are brief-

ly introduced. Moreover, the existing problems and future prospects are also analyzed and expected.
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