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MoVO, &£+ 4 8 AL AL A . ZE i e
PR AR R, AT UG A SR B i AR Y
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G AL, IR T H IR AR AL,
Z PR AL LA RE MK, 2E— AP 0T 5T BE UK LX)
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1 SEIGERS

1.1 EEFNH&E

i RRPEE R LR E — 2 e A I AR BR &% . DU /K A 40
MR B M 5 22 (Leu)/ R AR (Glu), ¥ T 30 mL 1Y
FETFKP, IFFE 80 C FHEFE 1 h (FEHIR A 12115
FIFTOR. TRV L HE 2K 10 7 K K 25T I L
A 70 °C FIEERE T 12 h S A5 B AR AT OR AR, R
AEFIHTERAARATE 23 ST 500 °C RO BB 2 h,
BHG SRR, % 1 LRI A RE & 4 5K
FPRE IR HLAE.

&1 MoVO, i & Rl &Ll

Table 1 Nomenclature and preparation ratio of MoVO, samples

Mo : V : Amino acid

Samples (molar ratio)
Mo/V/Leu-0.1 Mo:V:Leu=1:1:0.1
Mo/V/Leu-0.5 Mo:V:Leu=1:1:05
Mo/V/Leu-1.0 Mo:V:Leu=1:1:1.0
Mo/V/Glu-0.1 Mo:V:Glu=1:1:0.1
Mo/V/Glu-0.5 Mo:V:Glu=1:1:05
Mo/V/Glu-1.0 Mo:V:Glu=1:1:1.0

Mo/V Mo:V=1:1

1.2 B4 FIRAE

X ST I E Y B M 05 b R T e s 7
It HHLR R Tz far 22 AR RR 2w AL 7= B 5
5% (Empyream)X S 2477 SHCH T B il fi A0 R A
X SFHEEATHIER (XRD). E£EAYE Cu Ka S48, &
JE R 40KV, SRR 40 mA, FHEHEEEHR 2 (°) min |,

20 11 45 5 Bl Sk 50~80°. M AL ) (9B S 5 45
(SEM) J&H1 H AR/ ] 4 7= 1Y Hitachi-7800 #4375 % 5
H G T, TAERE 10 kv, HR AR
(BET) J& 7 Jb 5t 1 J 48 ey 1 4 AR A BR 2 | T A 7=
) SSA-4300 71 14 FL B Eb 2% 1 LA B A 647
H,-TPR 43 #1 I i J& 7F 3¢ | Quantachrome chembet
pulsar Th2# 0 B o BT {0k v HEA T, A 750 ol ) o
90.100 0 g. 75 50K He SR T FHIR, 7710 5 5
500 °C FPAHF 0.5 h, DLILRBERR — S Ab ik %59 i,
TS IRE R R 100 °C ZJ5, 37 BER &k Y)
B 10%(p) HyAr, 3 H A% 10 C'min' THE =
900 °C, JfJH TCD ¥l <.
1.3 HgEML

MoVO, & & 4 & AW Ak 71 Tk % 1k
AW BH . 2R A = e RO S i it
5, IVAF AR 400 mm, B H) 42K 8 mm. Bk
TR FREL 0.6 g MoVO, & A4 s Ak fk 5,
FEIA S5 B A IR A Y A, B A RN
ALK 10% TR0 1 H R K A TR i % h R
L1 0.05 mL-min ' fYFEHEA ALY, AR 52
SARA, R 5B R 5 PR THERE. X RN S
(AR it 38 ) L 45 TCD AGHI % A SAR i 2k 4 140 H0T
X H IHR FH 8 0RO i 21 T o 14 AT

2 HR5UHE

2.1 XRD &%

Kl 1(a) s InAS ] b A5 220 56 158 1 48 1) Mo VO,
PEALTARE AL XRD 2558, MRPE A 1(a) AT UL, FE 5L
i MoV,04 (PDF 74-0050, 26=9.1°, 18.35°, 21.75°,
23.5°, 23.6°, 24.95°, 27.65°, 28.3°, 28.55°, 33.25°,
33.9°) K& MoO,(PDF 76-1003, 12.85°, 15.45°, 20.65°,
25.95°, 26.45°, 27.9°, 31.35°, 32.75°, 39.45°, 46.35°)
ZH . AR R IA] 1(b) Maud 4347 AT, RGN N2 JEmR 1
MoVO, L& V,05 fiAH, (HE N R I5
RIFE S V05 TR, TR R 2 W i A
T V,0s 1A . FE A 1~3 B Leu ¥ 5 39
MoV,0; & & S 3 J5 I, 7E n(Mo) : n(V) : n(Leu)
112 0.5 BF, MoV,0g B &R AR & 1 fc iy, 7T LAIA
#) 96.5%, 7£ n(Mo) : n(V) : n(Leu) 1 : 1 :0.1 5%
1:1:1.00f, MoV,Oq fAH & S 7E 90% 2247, ik
i 4~6 B Glu ¥ EE 3G /N, MoV,05 5 1 A Wi i
B, FE n(Mo) : n(V) = n(Glu) Fe >~ 121 : 0.1 B,
MoV, O 1) it A & 1 fie 5, 1T LLIK BI] 76.4%, Bl &
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(a) o MoO, (PDF: 76-1003) + V,O; (PDF: 76-1803)

) A L L. Mo/V/Leu-0.1

A || A 2 Mo/V/Glu-0.5
I h k \ Mo/V/Glu-1
+ I ' L X .
MoV,0, (PDF: 74-0050)

‘
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Fig.1 (a) XRD spectra and (b) crystalline content of MoVO, samples prepared with different amino acids

(MoVO,, x =1: Mo/V/Leu-0.1; 2: Mo/V/Leu-0.5; 3: Mo/V/Leu-1.0; 4: Mo/V/Glu-0.1; 5: Mo/V/Glu-0.5; 6: Mo/V/Glu-1.0; 7: Mo/V)

Glu FEJK LB I MoV, O, 195 52 T R 3. 25
AR, XN Glu 72458 L Leu £ 7 —4 &
FARME Mo T 5k V IR RN IE KT AN PR 4
FdAS MoO, 1Y & B G .
2.2 SEM #1 TEM

il 2(a)y—(f) 350 R TS NS [ Fh 288 1) 22 L R AN
e B2 il &1 MoVO, & & 4 & A8 Ak W i Ak ) 1Y
SEM K. W& 2(a)—(c) ki & ¢ 2R 19 3 il MoVO,
BA &R A AT TS R BCR S5 434
B0 By P SR ABAG 1 5 3B, TR FE O N s
ARG I, 40 &l 2(d)y—(f) 7T 0 bl 2 5 R 1 vk
FE R IN MoVO, B & 4 & E ALY AL IS B
ST A ST HOIR S5 44, 32 8 A8 S I 2R B4 AN T DU etk
Z54. qniE 2(g) ARSI IERR Pl s AL A
P&, FH AT L, AR S AL B RS54 . R a5
A, Ir S TE SR N Z 28, 4 2(h) S Mo/V/Glu-
0.5 £ 5 () TEM &, 7T 4 Ul MoO; A F IRk 45 4,
MoV,0q 2 I Ty AR S5 1), 1 Bl 2 4 2 1 e i 1) 34
K, FEf T MoO, F S i &, FolRE5 1 it %2
EHESOIR. 28 AriF, SEM 455 5 XRD 45 51—
. 1M MoV,Oy P Ak 45 44 15 1 it 1] 28 T 7 25 <
TR TAFRECKR, BRI 1 E AL RE TR, T he
e2E. VLA A5, FIERR St 3 e DAk i
AHZERE. R 23) AT LAUREE 2], Mo/V/Glu-0.5 £ 54 [1)
A& AL R 0.24 nm. XFF Mo/V/Glu-0.5 #f & i 3
1 G R 40 BT A&l 2G) B, Mo, V. O & 435k
22.33%. 0.74%. 76.93%, & FEMR 1Y X Mo JLE
B & A . 1 Mo/V/Glu-0.5 ¥ 5 B9 EDS

JCE WS (K 2(k)—(n)) AT LAWLELE), 3 oo &
TEARAL A o A 345
2.3 FT-IR ZI4p3¢iE

] 3 MU IS Rl Fh 2 2 B 1R il 45 1) MoVO, &
A& R A s R 5 ARB I IERRAH LS
RIS FEM TP B V—0O fig, Xt T, 3
N ELIR 5 R 2 b V.05 THR T B s in & 3R
J& Mo=0 Fll Mo—O HJUE AL /N, 3 & KRB
BRI G R F T MoO, 1 F &R, F£4) Mo/V/Leu-
0.5 FEE b Mo/V Af [ & PR, 512~547 cm ' 4k Ky
Mo— O—V ) g B0 HL 38 Ji7 84 i 2 PR O A &% o
MoV, 0 7 3 In T2, P, Bl 2 R TR i
HHN, V—0 K2 i34, T30 V,05 KA.
2.4 BET ik o4

IS R] FL ) 2 1R & B MoVO, 11 HE R TR
FLAEFRSLERGR AR 2 Fs. H Mo/V/Leu-0.1,
Mo/V/Leu-0.5. Mo/V/Leu-1.0 ] WL, 4 4 1k %] rf
MoV,0q & 54 2 il FEUELFI Y R AL FLE
1 fLB %/, B Mo/V/Glu-0.1, Mo/V/Glu-0.5.,
Mo/V/Glu-1.0 A] UL, #4055 ) b 2 1 R Bl 75 2 e ok
JEE ARG I8/ 1N, 33K AT B8 A2 R T Bl o e B 3 R
S5 K B WD, AR G R 2 T AT SR R A5 A
Mo/V/Glu-0.1 PFLA TR AR T AR X Al R0
K5 R HORIE A 454, 1 Mo/V/Glu-0.1 Fl Mo/V/
Glu-0.5 PRI 72 tR 25 ¥4 Bt 2 v 2 445 K3 3 AT 3R i 1AL
RN, T Mo/V/Glu-0.5 BFLE ARSI
HARR 0 22 2 R RE5 K. AU I LR i Ak Ee
FEA B LA /)N
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Fig.2 (a)—(g) SEM images of MoVO, composite metal oxide catalysts prepared under different conditions, (h)—(i) TEM images, (j)

surface element content, and (k—n) full element mapping of sample Mo/V/Glu-0.5

(a) Mo/V/Leu-0.1; (b) Mo/V/Leu-0.5; (c) Mo/V/Leu-1.0; (d) Mo/V/Glu-0.1; (¢) Mo/V/Glu-0.5; (f) Mo/V/Glu-1.0; (g) Mo/V

R 2 RINAFE LB REER S A MoVO, LT L RER
(SBET)‘¥L§ R (VPore) *u ?L*’é (APore)

Moy Table 2 Specific surface area (Sggr), pore volume (V4,,.) and
0,
Mo-0-V _g pore radius (4p,,.) of MoVO, catalysts synthesized by adding
Ir E V-0 — different ratios of amino acids
[ Mo/V/Glu-0.5
N : SBET VPore APore
| - Catalysts P ool ;
E i g I Mo/V/Leu-0.5 (m’™-g ) (em™g ) nm
' : (;' Mo-O Mo/V/Leu-0.1 9.25 0.12 24.94
‘ E L / Mo/V/Leu-0.5 9.15 0.07 15.81
VW Mo/V/Leu-1.0 10.84 0.11 21.10
Mo=0
= ' - Mo/V/Glu-0.1 10.92 0.12 22.27
500 1000 1500 2000 2500
Wavenumber/cm™! Mo/V/Glu-0.5 8.12 0.07 16.06
I3 MoVO, &4 4 i EULIE LAY FT-IR Gl Mo/V/Glu-1.0 8.02 0.08 21.10
Mo/V 4.80 0.04 16.42

Fig.3 FT-IR spectra of MoVO, composite metal oxide catalyst
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2.5 H,-TPR ik o #7

RG24 2K MoV O, B Sk P 52 ),
47T Hy-TPR 4347, Z5 R 4nE 4 FoR. FEESE
T AR, I S AR B A v IR S T P A A T

815 °C
Mo/V/Leu-0.1 695 °C
798 °C
Mo/V/Leu-0.5 680 °C 870 °C
Mo/V/Leu-1.0
790 °C
Mo/V/Glu-0.1 675 °C 870 °C
Mo/V/Glu-0.5
790 °C
Mo/V/Glu-1.0 675 °C 855 °C
=0 or 796 °C
o759 °C
Mo/V 676 °C 862 °C
400 600 800

Temperature/°C

Kl 4 RFEZEET AW MoVO, FEdh Hy-TPR 5K
Fig.4 H,-TPR spectra of synthetic MoVO, samples under

different conditions

T AR, B EEATE 630~840 °C YT BT AEAE
Uz AR TR, 5 Mo VIR IR IR A . i T
620~740 °C BA Mk Jfig, 5 V' -ViE &, AL T
750~840 °C 1k 5%, 5 Mo” >Mo A . i
Mo/V/Leu-0.1, Mo/V/Leu-0.5. Mo/V/Leu-1.0 7] Bf
WH IS ZERIE 800 °C 247 LA i J5 I
FHHE 3B 3 i a1 B Mo/V/Glu-0.1, Mo/V/
Glu-0.5, Mo/V/Glu-1.0 7] WA A 2R i} i 5 38 Ji
T B2 A, B ) 25 R EE T, 62T 750~840 °C 1Y
0 0 T AR B S 35, 3 T BB 2 Mo/V/Glu-0.5 #
i AL PR REOE T A2 A9 B IR FL A i e HAtb A
HH S (4340 SR, s B T IURE R TE 755 °C AT IR DR
A1 50 ARBSIME SR AL IR SRR 2, N
GILTR G /I R TR . e nT UL, s f AR 39
24 AL R A B2 IR 1) JEE R H A1, AR 71 1) 21k
WIRFE S KA T B R L.
2.6 MEEEMNK

23 W AE 25 W 28.40 mL-h ', 2N R E R
300~360 °C &M H A% et se it X e o
Mol %0, 5 Mo/V/Glu-0.5 W TR 340 °C Bk
PRPERETS (P 45.96%, TR 34.84%), Himfk
FHy 98.17%. FE i Mo/V/Leu-0.1 Fl Mo/V/Leu-0.5
G TR R A B, TRE S Mo/V/ Leu-1.0 A /DN
A B, T LA — 91 T A 2 R ) e B ey, il 2%
) MoVO, & & 4 @ F AP Ak 70 Fir 2 53 19 75 M oy

& 3 MoVO, EARFEH THEAHHEXELERE
Table 3 Catalytic performance of MoVO, for catalytic glycerol

oxidation under different conditions

Reaction Glycerol Selectivity
Catalysts  temperature conversion 1%
/°C /% Acrolein Acetone
300 96.68 3495 0
Mo/V/Leu- 320 96.97 38.84 0
0.1 340 93.65 3621 0
360 92.52 37.78 0
300 94.35 3991 0
Mo/V/Leu- 320 92.13 39.70 0
0.5 340 94.69 3887 0
360 92.88 3510 0
300 74.77 3461 2.05
Mo/V/Leu- 320 74.56 41.70  3.17
1.0 340 67.51 42.80 191
360 66.05 31.89  3.39
300 81.89 45.60 30.47
Mo/V/Glu- 320 83.76 45.00 30.44
0.1 340 86.54 44.58 31.75
360 85.86 44.07 3042
300 96.95 40.43 33.76
Mo/V/Glu- 320 93.67 43.23 3533
0.5 340 98.17 4596 34.84
360 92.02 40.93 31.95
300 71.95 41.15 31.03
Mo/V/Glu- 320 71.43 4522 3351
1.0 340 74,87 48.72 33.29
360 70.62 46.23 30091
300 34.04 15.05 10.33
MoV 320 29.44 15.06 12.16
340 31.36 16.41 12.43
360 30.78 1520 10.12

TR Xof PR R ) A AT R A T 0 ot A T ) e P
A 45.96% PN ) BE B R = O 35.33%. R U
TG SE TR ) AR Ak T F 23 R DR R D T g i
PEPE IR I AR X2 PO i i E RR B, Mo/v/
Glu-0.5 B AL ok 22 2 REBUE 1 i Btk 25
FA, AR T T TR TR R R T 0 2 i o 3 e ) 8 T,
VNI 2R 1) Fh A R 45 440 R bR 320 T 10 50 A8 Akl e
AREEH, AL PERE A RS .
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I T @A IEBRNT MoVO, K448 B 145
PR PEAE R, 308 T AR T H il e B A Ak
Tl PRI T K DR A T B R & B, 1 i e
MR A D2 K e BE X MoV, & 44 I E AL WAk 57
F4) s A 2L R B P i 7 A I R R L L R R
Mo/V/Leu-0.5 H' MoV,0 7 & fiz 7, 7] ik 96.48%.
11 Bt 5 R BE TR TR 32 3 i 530 Mo VO, E A & Ja 4
YA T MoO; 1Y & s B kG . TEfE bk ne
J5 T, KESL Mo/V/Glu-0.5, 7548/ 4 5 mLomin
J 07 Uk FE R 340 °C B 1B PR e, P T T A
45.96%, TN T ik 34.84%. HIMAYFEILE Jg 98.17%.
AR E, Wi mE IR MoVOo, A &8 A
L WAL 454 MoO, 5 MoV,0, 7= A= i R /E H,
fifi MoVO, 5 & 4 & S AP it Ak 550 15 2148 5 14 H
AR R B R R A T DS M T /AT TR ) R, PRI,
BRI R LR S Mo FI V R T R AR A RN
HETT R MoVO, A ZH AT
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MoVO, Catalyzes Selective Oxidation of Glycerol

YU Xiao-jun, LI Shuang-ming*, ZHANG Si-qi, SU Tian-yue, Yu San-san , ZHANG Jia-xin
(School of Chemical Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract: MoVO, complex metal oxides were prepared by adding leucine/glutamic acid, and the effects of
leucine/glutamic acid concentration on the crystalline composition and content of MoVO, were investigated. The
prepared MoVO, was used to catalyze the selective oxidation of glycerol. Studies have shown that the addition of
leucine/glutamic acid can inhibit the production of V,0s in the product. The addition of leucine can further reduce
the amount of MoO; in the product compared to glutamate. In addition, when the molar ratio of glutamate was
Mo : V : Glu=1 : 1 : 0.5, the MoVO, prepared showed a special multilayer sheet structure, and the sample
(Mo/V/Glu-0.5) showed excellent performance in catalyzing the selective oxidation of glycerol, with the
conversion rate of glycerol being 98.17%, and the selectivity of acrolein and acetone being 45.96% and 34.84%,
respectively, when the catalytic reaction temperature was 340 °C. At this time, the contents of MoV,0; and MoO,
in the system were 65.56% and 34.44%, respectively, indicating that MoV,04 and MoO; had obvious synergistic
effects in the selective oxidation of glycerol catalyzed by MoVO,.

Key words: MoVO, composite metal oxides; crystalline phase composition; regulation; catalytic glycerol

oxidation
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