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Fast synthesis of MoVO, composite metal oxides and study on

their catalytic performance for glycerol oxidation
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(College of Chemical Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract: MoVO, composite metal oxides are rapidly synthesized through using subcritical hydrothermal method.The
influences of subcritical hydrothermal temperature and n(Mo) :n (V) on the crystal phase composition, morphology,
specific surface area,and redox ability of MoVOx composite metal oxides are investigated.It is found from research that
MoVO, samples with V osMo, 4, O5 as the main crystal phase can be prepared in a subcritical hydrothermal system.As the
preparation temperature is 240°C and n(Mo) :n(V) is 1:0. 8,the mass fraction of V, s Mo, 4, O; crystal phase can reach
99. 10% and the morphology presents sheet and rod like stacking structure.As the preparation temperature is 280°C , the
sample exhibits a clear octahedral structure.The obtained MoVO, sample is applied to catalyze glycerol oxidation reaction
to investigate its catalytic performance.lt is indicated by the results that the specific surface area of the sheet and rod
structures is higher than that of the octahedral structure.The high specific surface area structures of the sheet and rod
structures can effectively expose the redox centers within the catalyst, resulting in higher catalytic performance. When
MoVO, prepared at a preparation temperature of 200°C and n(Mo) :n(V)=1:0. 8 is used to catalyze glycerol oxidation,
the total selectivity of acrolein and acetone is as high as 81. 10%.
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S6 96. 39 2.36 1.25

ML T Rl LA 28 B AR b A 3 A A
9V sMo, o, O5 ( PDF: 770649, 20 43 51} 14. 63 .
21.94.24.96,26.36.29.51 32.64,33.43.36.91,
44.93°) o RS n(Mo) :n (V) Lh K I F K i
RIRPE  FEAE S PRI R T VO, (PDF 79-1655,260
A3k 27. 68 37. 13 42.27 .55. 36 .57. 17°) Fil MoO,
(PDF 76 - 1807, 26 43 %l 24 26. 08, 36. 83, 37. 06,
37.41.53.20.53.27 .53. 66 .54.06°) , i3 2 al%0,
7E n(Mo) :n(V)=1:0.8 I}, V, ,sMo, o, 05 Y AT
BB, AT AR E) 95% LA b, Hod e i v i
4 240°C B, Vo5 Moy o, O5 1 i A8 BT 1 53 5035 %)
99. 10%, B n(Mo) :n (V) HIHE K, V, o5 Moy o, Os
BT T BCE TR, W 1 ORISR 2 AT, B A
V.05 Moy o, O5 JBT 35t 53 B A9 14 I, 7€ 20 K 21. 94
24. 96°1IT S U5 I b 0

BRE , Wln T KIE n(Mo) n (V) FIRJE
XFAERE G 4R A B e HEE AL
TEMREE—E B, Vi o5 Moy o, O5 BT 5 7 EUBEE V EEIR
A3 BN B3 KA FE n(Mo) in(V)=1:0.8
B, B s BGA B K, 7E n(Mo) tn (V) — &,
Vi.0sMoy, o, 05 7E 240°C B T i 70 80 2 . #HX LE Liu
ZEUY FA I B K Bk 5 400°C A ] LA 3] LR
a2 A AR T TR A T2 5 4R R

TR,

E43EE 11 H

2.2 SEM ##f

ANFEZEAE R 6l % MoVO, #fi i SEM [ 5] 2
IR e S5 BRI B 2 BUM T 45 R A3k 3
B

(e)S5 (£)s6
2 FE 4T H 4 MoVO, # &ty SEM
3 SSHRRELTESE

JTLE 0 v Mo
JUE AL % 59.56 29.29 11.15

HIPE 2(a) (& 2(b) [ 2(d) (& 2(e) AT, H:
AR R PR, K E 1 ~3 pm T 0.2 ~
0.5 wm JEF 0.1~0.2 wm, I FflH7 A Btk gh 4, e
REKBEL) 1~2 wm, RIEDGHE D ok 4
4, T MoVO, EHZ MK EE M —EE N
SEREIERAR G | & 7E R A AoRE TR RN
K 2 R T A 1 X — 4 RS SR [ 33 ]
MoVO, HZSHHIR—E, HAEREE iR 1 T, B
an )P HCPE R R sR . I 2(c) (K 2(0) AT LR
YR TR 280°C B il S AH A S8 A AN R Y
TS TERE T ONTEAR S, B 5) 404 i BT L&
BRI 7 D i R G5 A TN ORL A5 A X2
TAERR SR T, A B BR S5 # K Az elAs . oo
PNk AR RE 23 %08 R AR 2548 7 A 2 S



2023 F 11 B XIFREZF:MoVO,

Bl VR IR 3B S A R R i g ok
BIR AR G5 M il 2 3 2 Ul B 7 45 o B el 22
n(Mo) :n( V) 2B AL FIRE S 24549, LA,
M3l LIA H, 0 Mo il V LR MY i &4 8 r
A A 59.56% ., 11.15% Fll 29.29%, 5 £ &4 #
V 0sMoyg 4,05 FH L, V JCE BT 43 50 W W 38 i, i 2
TS DB VO, FEPE TR SR T T 300
2.3 BET Uik5 4

AR n(Mo) :n (V) FIAS[RIELEE # £ MoVO, ¥
i Y N, W R/ B SR 2 AN BT 3 i

>-000-0-®9% g
»000-30P-> 0P > [
o 00® 000 00w 4

4
P
. 0 B00 BB RIDBIP BIP NP ?

0 00 B0 0 0® W BIP O-BIP WD WP

&
o

0009
03 0@ 000 P 3B W-P-0-P-0-I--X

O ‘L PR P eN
o

00 02 04 06 08 10
XTI (p/p,)

1—S1;2—S2;3—S3;4—S4;5—S5;6—S6

K3 FE n(Mo):n(V)FFREEEH &

MoVO,_ £ &ty N, M/ it it 4 5 4

3 AT LUF AR TUPAC W5 TR 26 1Y
OYIEBRUE AN E S AR EIE MoVO, FES I EHA T
RIZEIRLR . T8 p/py 0.9~ 1.0 BITEH A —1 W
A T VA B R A AT BT 5 D B s ek
A HRAFAE R Rl 2R HE BUE B e S IR LB Y
AN S5 2 O AR i ) [ BT BR R X6 e g v
WAFELESE, M S6 FESh N, W R/ f B 25 i £k vT LA
LM n(Mo) in (V) —& W, i B2 9 &, 7
280°C. Fisf [ 7 P 1) TR SR T HLARE it | 32 R T 7
280°C FHEM R 78 AR R B A 800, v B
T S6 FEAMER T A LA, B A FLEE )

MoVO, # i LL R TH AR FLAR FFLAS BRI 45
m= 4 i,
R4 TAEEHER MovVO, L REMR FLERMALERE

BEf WEFEBY (m?-g ") LAY (em-g)  FLEH/nm

S1 10. 84 0.10 18.79
S2 4.87 0.04 15. 30
S3 5.43 0. 04 16. 07
S4 11.02 0.19 34.29
S5 13.21 0.11 17.35
S6 6. 69 0. 05 13.47

g4 IEE, Y n(Mo) tn(V)=1:0.4,

GERBMDOVRERREELE BRI IR - 187 -

I E R 200 ~ 280°C B, Lt 2 1H AR [ 7 4. 87 ~
10. 84 m*/g, FLAFUEFIFE 0. 04 ~0. 10 cm’/g, fL2F
VU ETE 15.30~18.79 nm; 24 n(Mo) :n(V)=1:
0. 8 Yk FE A 200~ 280°C i, Lt 3% 11 X35 I 7% 6. 69 ~
11. 02 m*/g, FLABLEETE 0. 05~0. 19 em’/g, FL2F
R BT 13.47 ~ 34.29 nm, KK FH, n(Mo) :
n(V)=1:0.8 B #F & R H A B K F n(Mo) :
n(V)=1:0.4,S4 K fLAEAR BT R T HADAE X
AR RO T ILARE S 1 R 2 —
2.4 H,-TPR WX HH

X R R NOE=R AR YR - AL &N )
PRI ) 45 21X MoV O, A il ids SR 5% 00, i
177 H,-TPR Z#7, 25 R WKl 4 P, fEARE)E
PE R A SR B Y A S B T P AR A AT RS
BRI, IE 4 Fal LUE B 560 ~
840°C [WYE FIERAFAE ) 2 INIA IR | 5 Mo® FIl V7' iy
WA, T 620~740°C HA 1 0506 AR
SCHR[ 35 ] i, 5 V-V & 1T 750 ~ 840°C
FIIRJFIE 5 Mo™ —Mo™ £ 3¢, Bl il £ 1 B T
A7 T 750 ~ 840°C 1Y it g T AR B I /b | 3 Al 02 S4
BRI PERE D T HARAL A RN, S2 BESLFE 572°C
AR AT B d P D0 A U A IR TR IR A R R )
S, FH LA UL ACAE Ak 7R A 4 T RE R (Mo
n(V),H H,-TPR i€k &4 T BEM Mk,

761
ke
00 800

7
B/

500 600

1—S1;2—82;3—S3;4—S4;5—S5,6—S6
K4 FEEAHTAKMoVO, £ % H,-TPR # A

2.5 fEAEREMER

TNJR] S A1 £ 1 MoVO, % 3l i 7K 48 Ak 1) it
gL s fin, &S alH,n(Mo) tn(V)=
1:0. 8 25l 28 (AVAE i X PR s 88 R0 TR B 11 A 3 25
IR KT n(Mo) tn(V)=1:0.8 5MFHI 45 BIRE
TE 285 5 BE SR 200°C | H I A Ak 5N BE A 320°C
i, PR T2 R VAT T ) 3 8 P 3k 3 e v R 81 1%, X
NEH M AL R 60% , 1% &t T S5 KA S A
BIST Rk R R 54, OF A SRR, Hl
)2 A 3 i 2 R 1 T v T G AR B 2 25 7 A i



- 188 - FAX AL L

WAL=, 7E VIR SRy 320°C DAL, X R 1Y 1E
PRPERA SR 5R , E RN T BE R 340°C B, H T R
FHRIKF] 65% LA b, S2.S3 K it XoF TR 445 1 A1 7 ) )
PERRPERAR , X I T AR L R A,

#£5 MoVO, EAREIRE TRAHMILMRLIERE

%

ae g VR W Zm
PEREPE R WESRRE BER

300°C S1 31. 15 37.21 31. 64 45.10
S2 39.26 26.71 34.03 48.85
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52 35.29 20. 58 44.13 56. 98
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52 42.09 3.52 54.39 57.73

S3 31.49 13.57 54.94 55.26

S4 42.89 20. 17 36. 94 68. 32

S5 43.77 22.87 33.36 59.93

S6 41.45 20. 61 37.94 60. 20

3 it

KNG K Rk e A T MoVO, EH/ 4
J& AL A, I 58 O H il S AR B K s R P
AE. SIEGLK GBI A0 B, I 7K A il 4%
B 1) 06, HLAS 75 22 48 e b BRI nT 3R AR i 4l R Y
Vo osMoy 0,05 B A AHAH, BEAL, 3 2 S0 AR W Il 22 7K
MREEAER n(Mo) :n (V) BEEXIHE A Vi 95 Moy, o; 05
Frar B LRI SRR A B R, AR
I AR 22 0 B R 240°C .n(Mo) in (V)N 1:0.8
BF, & BB Vies Moy, Os i A BT 5 4 5 = ik
99.10%, il &1 MoVO, B i 5 3 BUZMR Btk &5
4, BE 2 G AR i i, 7E 280°C 23t B )
SR NTHARZE 9, FEAHE AR e Ty 1, 45 TR R
200°C .n(Mo) :n( V)= 1:0. 8 i, 45 AL & 7E SN
TELEE Sl 320°C T XA M T RN TN TR 1) 36 B 1 A E

F435511 5

81.10% , HiM L F R 60% . KR FE | Wiln A
IKPGETEPE A R MoVO, & 4 4 8 A Ak S HiA
A H I E AR A s 0 H B AR A R i

S 3k

[1] Li D, Zhao X, Zhou Q, et al. Vicinal hydroxyl group-inspired
selective oxidation of glycerol to glyceric acid on hydroxyapatite
supported Pd catalyst[ J ]. Green Energy & Environment, 2022, 7
(4):691-703.

[2] Yellapu S K, Bharti, Kaur R, et al. Recent developments of down-
stream processing for microbial lipids and conversion to biodiesel
[ J].Bioresour Technol ,2018,256:515-528.

[3] Zhang J,Li X, Xu M, et al.Glycerol aerobic oxidation to glyceric
acid over Pt/hydrotalcite catalysts at room temperature[ J].Science
Bulletin,2019,64(23) . 1764-1772.

[4] Leoneti A B, Aragao-Leoneti V,DE oliveira, et al.Glycerol as a by-
product of biodiesel production in Brazil ; Alternatives for the use of
unrefined glycerol[ J].Renewable Energy,2012,45.138-145.

[5] Leung DY C,WU X, Leung M K H.A review on biodiesel produc-
tion using catalyzed transesterification [ J ]. Applied Energy, 2010,
87(4) :1083-1095.

[6] Feng J,Fu H, Wang J, et al. Hydrogenolysis of glycerol to glycols
over ruthenium catalysts ; Effect of support and catalyst reduction
temperature [ J . Catalysis Communications, 2008, 9 (6) ; 1458-
1464.

[7] Avasthi K S, Reddy R N, Patel S.Challenges in the production of
hydrogen from glycerol—A biodiesel byproduct via steam reforming
process[ J].Procedia Engineering,2013,51.:423-429.

[8] Liyan W,Yan L, Chunling L,et al.An efficient catalytic system for
the synthesis of glycerol carbonate by oxidative carbonylation of
glycerol Science China ( Chemistry ) [ J].2013,56 (10) : 1455~
1462.

[9] Li S,Deng W,Li Y et al.Catalytic conversion of cellulose-based bi-
omass and glycerol to lactic acid[ J].Journal of Energy Chemistry,
2019,32(5) :138-151.

[10] Pan M,Wang J,Fu W et al.Active sites of Pt/CNTs nanocatalysts
for aerobic base-free oxidation of glycerol[ J].Green Energy & En-
vironment,2020,5(1) ;76-82.

[11] Araujo M, Correia G A, Carvalho W A et al.Transformation of bio-
mass derivatives in aqueous medium ;: Oxidation of ethanol from sug-
arcane and acetol from biodiesel glycerol catalyzed by Fe** H,0,
[ J].Molecelar Catalysis,2021,500(6) :111307.

[12] Zhao H,Jiang Y,Liu H,et al.Direct synthesis of allyl alcohol from
glycerol over CoFe alloy [ J]. Applied Catalysis B: Enviroment,
2020,277.:119187.

[13] Liu S,Yu Z,Wang Y et al.Catalytic dehydration of glycerol to acro-
lein over unsupported MoP[ J].Catalysis Today,2021.

[14] Daskalali V M, Kondarides D I.Efficient production of hydrogen by
photo-induced reforming of glycerol at ambient conditions[ J].Ca-
talysis Today,2009,144(1-2) :75-80.

[15] Ruppert A M, Weinberg K, Palkovits R. Hydrogenolysis goes bio:
From carbohydrates and sugar alcohols to platform chemicals[ J].

Angew Chem Int Ed Engl,2012,51(11) :2564-2601.



2023 F 11 B XFREBF:MoV0, EEEZRANMIVRES R AREEL B BRI IEREHS

[16]

[17]

(18]

[19]

[21]

[22]

[23]

[24]

Pandya R, Mane R, Rode C V.Cascade dehydrative amination of
glycerol to oxazoline catalysis[ J ].Science & Technology, 2018, 8
(11):2954-2965.

Sun D, Yamada Y,Sato S, et al.Glycerol hydrogenolysis into useful
C; chemicals[ J]. Applied Catalysis B: Environmental , 2016, 193
75-92.

Gole V L, Gogate P R. Intensification of glycerolysis reaction of
higher free fatty acid containing sustainable feedstock using micro-
wave irradiation[ J ].Fuel Processing Technology,2014,118:110-
116.

Hidalgo-Carrillo J, Estevez S-Toledano O R C, Lopez-Tenllado F J,
et al.Fourth generation synthesis of solketal by glycerol acetalization
with acetone: A solar-light photocatalytic approach [ J]. Journal of
the Taiwan Institute of Chemical Engineers,2021,125.:297-303.
Possato L G, Cassinelli W H, Garetto T, et al.One-step glycerol oxi-
dehydration to acrylic acid on multifunctional zeolite catalysts[ J].
Applied Catalysis A :General,2015,492.243-251.

Arda,Ulgen, And, et al. Conversion of glycerol to acrolein in the
presence of WO,/TiO, catalysts[ J].Applied Catalysis A General,
2011,(4) :5-10.

Wang F, Dubois J L,Ueda W J J O C.Catalytic dehydration of glyc-
erol over vanadium phosphate oxides in the presence of molecular
oxygen|[ J].General of Catalysis,2009,(2) ;268.

Song-Hai C,Hao-Peng W,Yu L, et al.Sustainable production of a-
crolein ; Investigation of solid acid \ u2013base catalysts for gas-
phase dehydration of glycerol [ J ]. Green Chemistry, 2007, 371
243-251.

Wang X,Li M, Wang F,et al.Effect of Bi promoter on the perform-
ances of selective oxidation of isobutane to methacrolein over
MoVO/AIPO, catalysts [ ] ]. Journal of Natural Gas Chemistry,
2012,21(2) :165-169.

Foo G S, Wei D, Sholl D S, et al.Role of lewis and brnsted acid
sites in the dehydration of glycerol over niobia[ J].ACS Catalysis,

2014,4(9) :3180-3192.

[17]

[18]

[19]

[20]

[21]

[22]

[26]

[27]

[28]

[29]

[30]

[31]

[32

[

[33]

[34]

[35]

- 189 -

Lin M M. Complex metal-oxide catalysts for selective oxidation of
propane and derivatives [ J ]. Applied Catalysis A : General, 2003,
250(2) :305-318.

IShikawa S, Kobayash D, Konya T,et al.Redox treatment of ortho-
thombic Mo,y V|, 0}, and relationships between crystal structure,
microporosity and catalytic performance for selective oxidation of
ethane[ J].The Journal of Physical Chemistry C,2015,119(13):
7195-7206.

Rasteiro L F, Vieira L. H, Possato L G, et al.Hydrothermal synthesis
of Mo-V mixed oxides possessing several crystalline phases and
their performance in the catalytic oxydehydration of glycerol to a-
crylic acid[ J].Catalysis Today,2017,(1) :10-18.

Nadji L, Masso A, Delgado D, et al. Gas phase dehydration of
glycerol to acrolein over WO;-based catalysts prepared by non-hy-
drolytic sol-gel synthesis[ J].RSC Advances,2018,157:81-99.
Perez-Barrado E, Salagre P, Marsal L F, et al. Ultrasound-assisted
reconstruction and delamination studies on CaAl layered double hy-
droxides[ J ].Applied Clay Science,2015,118:116-123.

Salvador I, Martin-Sanchez N, Sanchez-Hernandez R, et al.Regen-
eration of carbonaceous adsorbents. Part 1 ; Thermal Regeneration
[ J].Microporous & Mesporous Materials,2015,202:259-276.
XA, 2R 5 3 5, A5 SR RS R MoVO, K24 4
JE A B A AR B B SR AL PERE B T [ 1] R FHAE TR
2FAR,2021,35(4) :294-303.

Tang W, Liu Y, Ding S, et al. Solvothermal synthesis of micro-
cuboid MoV, 0y for vapor-phase ammoxidation of p-chlorotoluene
[J].Research on Chemical Intermediates,2022,48 (10) :4105—
4118.

Zhang L., Wang R,Song L, et al.Aerobic oxidative dehydrogenation
of ethyl lactate over reduced MoVNbO, catalysts[ J].Catalysis Let-
ters,2019,149(3) :236-251.

Wang C,Li Y,Qiu P,et al.Controllable synthesis of highly crystal-

lized mesoporous TiO,/WO; heterojunctions for acetone gas sensing

[J].Chinese Chemical Letters,2020,31(5) :5.H

(L#% 183 W)

Zhu G,Wen H,Ma M, et al. A selfsupported hierarchical Co-MOF
as a supercapacitor electrode with ultrahigh areal capacitance and
excellent rate performance[ J].Chem Commun ( Camb) ,2018,54.
10499-10502.

Zhang S, Pan N. Supercapacitors performance evaluation [ J . Ad-
vanced Energy Materials, 2015, (5) :1401401-1401419.
Adnadjevi B, Vukievi J, Filipovi-Rojka Z, et al. The influence of
NaX zeolite particle size on crystallinity measured by the XRD
method[ J ].Zeolites, 1990,10(7) :699-702.

Liu H,Chen P, Yuan X, et al.Pivotal roles of artificial oxygen va-
cancies in enhancing photocatalytic activity and selectivity on
Bi, 0,CO5 nanosheets [ J ]. Chinese Journal of Catalysis, 2019, 40
(5) :620-630.

Sun H, Yang G, Chen ], et al.Facile synthesis of BiSI and Bi;S41,
as stable electrode materials for supercapacitor applications [ J].
Journal of Materials Chemistry C,2020,8:13253-13262.

Wen J,Sun S,Zhang B, et al.Facile synthesis of a Bi,MoO/TiO,

nanotube arrays composite by the solvothermal method and its ap-

(23]

[24]

[25]

[26]

[27]

plication for high-performance supercapacitor|[ J ].RSC Advances,
2019,9(9) :4693-4699.

Chen J, Nakate U T, Que T N. Electrodeposited Bi (OH); @ Mo
(OH) 4 nanostructured electrode for high-performance supercapacitor
application [ J ]. Ceramics International , 2022, 48 ( 15) ; 22417 -
22425.

HTHRE 2 TR TR S B A DK B L A 11 A A2 W M Sl i Al
[ D] BE AT Bk, 2017.

Han X, Li X, Zhang Y, et al. Bridging evolution of the solvation
sheath to rigid-soft coupling and low-resistance solid electrolyte in-
terface for fast-charging and ultrastable Bi anode [ J]. Advanced
Functional Materials,2022,(22) :32.

Ye J,Li Z,Dai Z,et al.Facile synthesis of hierarchical CuO nano-
flower for Supercapacitor Electrodes[ J].Journal of Electronic Mate-
rials ,2016,45:4237-4245.

Yichen F,Zhuang Y, Yuhung F,et al.High-mass-loading CoNi-lay-
ered double hydroxide directly grown on brush-like Cu nanowires/
carbon cloth as high-areal-capacitance supercapacitor electrode[ J].

Battery & Supercaps,2023,6:¢202300068. H



