255 A1
2011 4£2 A

G

i fb Vol. 25, No. 1

JOURNAL OF MOLECULAR CATALYSIS(CHINA) Feb. 2011

XEHS: 1001-3555(2011)01-0024-06

Co, HP, Mo, V, O, I M K EENX ZE AU R M TEEE

FRR, 227, e, BREB, KREH
(L 2BETHF AL T2, H 22 730050 2. HAPHOER B TA IRA R, HIlF (14 730900)

B E: 5T — &5 Dawson RIBEFAPLEL A Z MR Co, H,y,, P, Moys VO, (n=1-4) , LM AR AN RAE 1
BEEPET A, DL AR Rk Hy O 8 AL . BREHAES Zx 2 IR b b E AL R S R . B8 T
AR AP R & BRI A& H, 0, Fl St . SOni ] | S 5RAN IS | VAR o . OB IR X R A S B R R . 5%
AR, WEE RIS, MANE MBS . B RN A& . 478 25 mmol, Co,HP, Mo, V, O, fii 1L,
#10.05 mmol, n( Z#) /nGEEALEA) =0.125, n(Br)/n(Co**) =25, KZ BRI 20 mL, JZ 7 i 80 °C, J i

WFE] 1 he FERLARPE T, SRR A X 81. 1%,
X B WM O A2 dELE
hE4SES: TQ426. 91; 0643.3

KO —ME R TR, dRa A
(L SIINE NSR = R TR A 2 5 B s P
AACRAFAE N AR HIE R A BGR IR, S i R
BRI T5 0. B O PRE S S R
i R, Ik 2 ) HE AL SR AR AR 2 B BF 7 B4
MR —Fhag e JoTshe . e EPE A G TRy
A, fER R, EHEEEMER. U H,0,
A LR A R LR — R AR A A S T
2204, ERTIRE R A ) B 358 B A )
PR | e G T AR
(A7 3

TERTI CARM AL B, ST — RSB
BRAEAL), TR 7RISR AL, IRALER S 12
P, ZORBAIMEIL AL & R S T2, 5
T PIERS A I RE M, R SO A ] e R )
8 h 2 1 h, K% 7 HAMICR.

1 K ES

1.1 EEMNE. K57

Na,MoO, - 2H,0 , BzERIRE: . K LB . LR
w (H,80,) = 98% [{# iz . NaH,PO, + 2H,0 . Na-
VO, - 21,0, K2k, 2%, w (H,0,) = 50 %
(1 H,0, . IKLFR . LRGN hrak.

73 15 Bruker 23 7] IFS66V/ S I HLIH- A5 2T 4
A, KBr FE R db st At 2 d Al o A s A R 534

Y s HEA: 2010-12-15; £ BHA: 2011-01-17.
EL2WB: HitA#E TR 4T H (2005GJ0281) .

XERFRIZED: A

AR]85 53.4% .

25 ) SP-3420 M AT AL BB K 4 AERA R
O3] DZF B EZS THRAH.
1.2 EAF S &

HR A TR Bl P AL ) JE 3, e PR~ T LRI —
FE R Hy P, MoV, Oszm] A LBk (2CoCO; - 3Co
(OH), + xH,0) , ¥ Hy P, Mo,s V, O, ¥ il 755 A7
HZRIE/KI 100 mL = R, Se AU E B =
HBER T B2, PR RV B I HLAERE ) fi
TR R BRIR A A Hy P, Mo,s V, O W, G
BB R TR il 7 2% 22 TR ) T T L g 098 1y R
CO, A, it 2 b J5 e 78 K AU 76 145 [ 1A
4R Co, Hy,, P,MosV,0,(n=14).

1.3 ZE RN R

TERE 3B HE, VR BEI A 254 T, 1] 100 mL
= HRSIRHHRINA 25 mmol 27| — 7€ & Y HEAL
L BFRIFER, RE MR —ERES, BiH%
123 A — B 50% WK, R 458G, %
A, Uk, g AR, IR R AT R P E R
G
1.4 HA*E

AIRER AL B0 B A AT BRZA 7] 3420A S
AR, &0 OIS HE LS SE-54 BAEHE
(30 m x0.32 mm x0.5 pm); < HNE A
(99.99% ) 5 Jriftdthe, HERER D 0.2 pl; LS
Jik 280 °C, FID Al gt Bk 260 C, RHIFEFTH

EE® . 258 (1966-) , 55, WiA-2f, Hidh: 13008757186, E-mail: lgxgd@ lut. cn.



14 ZEPTTAF: CoyHP, Moys V3 Oy 1 I S HAHE AL 2 AL SR R PE i 25

I, ¥I4A AL 80°C, DL 25 C/min () 34 B T} 2
150°C. PARZ AR, R AAREZE T E B4
AL A B A TREBCR AR RPN 7 I A0
Conversion ( ethylbenzene) =1 — %
b

n

Yield ( acetophenone) =1 - —
,

n,: SOV JG SR B A (mol) 5 ny,« J5URHH
AR BT (mol) 5 n, « SN AE B LR 4 it
9 (mol)

2 RSt

2.1 EAFIRIE

2.1.1 FT-IR 4447 [ 1 4 Co, Hy, P,Mo,,V, 0,
(n=14) LB FT-IR #£ &, £ 700 — 1 100
em™ BT H B Dawson 454 (4 DU ERAE S A, 40
B Co,H,,,P,Mo,sV,0,, (n =14) BA Dawson Z5#4,

n=1

n=2

n=3

n=4 §
e %

4500 4000 3500 3000 2500 2000 1500 1000 500 O
Wavenumber(cm™)
K 1 Co,Hy,,P,Mo;sV,0q, (n=1-4) 1 FT-IR j& &
Fig. 1 FT-IR spectra of the Co,H,,,P,Mo,;sV;04, (n=14)

5 HyP,Mo; V,04, 1y IR Eb#¢, Co,Hy,,P,Mo;V,0,
(n=14) M REAR B AT LA, BT s Co
BN — R A5, AT G AP R 5 1L
. 1060 em™ BT PO, MU A iy P—O 42
SO FRM4EIR S, 951 em™ HHEJE Mo =0 F1V =0
¥ B R AT A B2l 876 cm™ 71804 em™ I M =
O =M Brif i SO i A ik 3y, B 3 /i A
Z IR, 5 g\ H R Z [A] ATR .
2.2 LA 2E 3T S R B 3 M

TEF I RE IRV Z6AF T, 558 T AR BRI
IR BRER AT X A AV E R AL TS 1, 45
WL R LA, BEE o I, IR
R CHMEZE BT Y0 =0 I, AR
B, REALTE AR AR, Okuhara ™ | 6% #5IA
FRPLIERES 7 i 5 M BLLL VO, T BT,
PP HELL R 70 o A i AL A, VO, " REfS
i S B E O A VO (0,) " BT, MR &
ANRERSEAFTE, 9 SR BN AR U MR TR, 36
A R E— 2D B AR O, DU AL AR
BRI, YA A2 R T
FRTEI AR, AL T P B Bl 2 5 i 34 0 32 i T
e, VLA I < TR il A A B I R R 3 R BV
YL R B I 4 . R T NH,-
TPD F1 TPR %61k o I8 6 Jas il i 2 1 A7) A i 1
AR A, $2 w7 HEAL R A i fe v . o
Co,HP,Mo sV, O, WAL TG PR e i, LRI HE L%
IKF82.6% , K LEMICRIEF] 55. 1% . LAF L5
BJLA Co,HP,Mo,5V, O, M AELFH.

®1BHAN RS U AMEZEEURE PRI IEaE

Table 1 Effect of catalysts on the hydroxylation reaction

Catalyst Yield/% Conversion/% Selectity/ %
H,P,Mo,;V,0,, 23.79 57.34 41.49
CoH,P,Mo,; V0, 10. 84 52.37 20.69
Co,H,P,Mo,; V,0,, 35.24 63.83 55.21
Co,H,P, Mo, V,0,, 44.93 80. 47 55.83
Co,HP, Mo 5 V,0,, 55.12 82.59 66.74

Reaction conditions; ethylbenzene 25mmol; n(CgH,)/n(H,0,) =0.125; Solvent 20 mL; n(Br~)/n(Co’*) =25;

catalyst 0. 05 mmol; 80 C;1 h
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Table 2 Effect of different solvents on reaction

Solvent Yield/ % Conversion/% Selectity/ %
CH,CN 8.41 10. 41 80.78
CH,COOH 55.12 82.59 66. 74
CH,COOCOCH, 25.33 62.59 40. 47
CH,Cl, 1.89 2.21 90.01
CH,CH,0H 10.38 20.12 51.59

Reaction conditions; ethylbenzene 25 mmol; n( CgH,,)/n(H,0,) =0.125; Solvent 20 mL; n(Br™)/n(Co’*) =25;

Co, HP, Mo, V, 04, 0.05 mmol; 80 C; 1 h
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Fig. 2 Influence of the amount of catalyst on reaction
Reaction conditions; ethylbenzene 25 mmol; n( CgH,)/n
(H,0,) =0.125; Solvent 20 mL; n(Br™)/n(Co**) =25;
80 C; 1h
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Fig. 3 Influence of the amount of promoter on reaction

Reaction conditions: ethylbenzene 25 mmol; n ( CgH,,)/n
(H,0,) = 0. 125; Solvent 20 mL; Co,HP,Mo; V,0,
0.05 mmol; 80 C; 1 h
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Fig. 4 Influence of the amount of H,0, on reaction
Reaction conditions ; ethylbenzene 25 mmol; solvent 20 mL;
n(Br™)/n(Co’*) =25; Co,HP,Mo,; V,0, 0. 05 mmol;
80 C;1h
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Fig. 5 Influence of time on reaction

Reaction conditions: ethylbenzene 25 mmol; n ( CgH,,)/n
(H,0,) =0.125; Solvent 20 mL; n(Br™)/n(Co**) =25,
Co,HP,Mo,5V,;0, 0.05 mmol; 80 °C
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Fig. 6 Influence of reaction temperature on reaction

Reaction conditions: ethylbenzene 25 mmol; n ( C4H,,)/n
(H,0,) =0.125; Solvent 20 mL; n(Br™ )/n(Co>*) =25;
Co,HP,Mo,; V04, 0.05 mmol; 1 h
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Fig. 7 Effect of the amount of solvent on reaction

Reaction conditions; ethylbenzene 25 mmol; n( CgHy)/n
(H,0,) =0.125; n(Br™)/n(Co’*) =25; Co,HP,Mo,;
V,0,, 0.05 mmol; 80 C; 1 h
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Table 3 The repeated experiment under the optimal

reaction conditions

Test times Yield/% Conversion/%  Selectity/ %
1 52.0 81.1% 64.1
2 54.5 80.5 67.7
3 54.8 82.1 66.7
4 52.1 80.2 65.0
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53.4%.

S 3k

[1] Kong De-lun (fLE4%%) , Gao Bao-jiao (E#HF) , Zhang
Yan (& #fi) . J. Mol. Catal. (China) (43 TF1#1k)
[J], 2007, 21(6): 579 —584

[2] Lu Zhi-feng( B &), Zhan Fengt-ao ( i X ¥ ), Qin
Sheng-ying( Z& 3¢ #¢ ). Modern. Chem. Ind. ( ¥k
T)[J], 2000, 20(5): 32 -34

[3] Zhang Yan (& #f), Gao Bao-jiao ( = £ %7), Wang
Ruixin( EFK). Chin. J. Catal. (HEFLZFER) [J],
2008, 29(3); 247 -252

[4]  Yan Xue-min ( Bi2% %), Lei Jia-xing (T K H#7), Mi
Yuan-zhu( KEH) , et al. Modern. Chem. Ind. (B
T )[T], 2009, 20(1) : 45 —48

[5] a. Wang Xiao-qiang ( 7E /N3 ), Ou Guang-nan ( {§ 5%
®), Yuan You-zhu( = & ¥E). Acta Chimica Sinica (fk
AR [J], 2004, 62(18) : 1695 -1 700
b. Hua Hui (£ %), Ma Bao-chun( & 5% ), Tong
De-jie({Z{E7%) , et al. J. Mol. Catal. (China) (43¥
) [J], 2009, 23(2): 97 - 105

[6] Ronny N, Mauricio de la Vega. J. Mol. Catal. [J], ,
1993, 84(1): 93 — 108
b. Li Gui-xian(Z=5¢%f), Zhao Jun-long(#XZE ), Yu
Hua( 4 %), et al. J. Mol. Catal. (China) (43T
1) [J7, 2010, 24(2) : 129 - 135

[7] Li Guixian(Z=H %), Yu Hua(4s 4€), Ma Chong-
hua( yEE4E) , et al. Modern Chem. Ind. (FC4LT)
[J], 2010, 30(1); 41 -43

[8] Yu Ya-gin(4#E3E), Li Xiao-jing(ZE/Ni), Lin Shen
(M ). Chemical Research and Application ({24}
FE SR [J], 2000, 12(6) : 654 657

(9] Qiso Qing-dong(FFA) . Li Qi(%  BL), Xing Yu



14 ZEPTTAF: CoyHP, Moys V3 Oy 1 I S HAHE AL 2 AL SR R PE i 29

(Jl  F%). Fine Chemicals (¥g404¢ 1) [J], 2001, 18 [13] Xu Jing(#: #), Zhao Zhen-bo (X ¥R 1% ), Li Zheng

(8): 475 -477 (Z= 1E), et al. Acta Petrolei Sinica ( Petroleum Pro-
[10] Yu Jian-feng( F&1%) , Xu Jia-ning (K T ), Yang cessing Section) (A1 (AN T) ) [J], 2008, 24

Guo-yu(#E 5) , et al. Chin. J. Catal. ({E{L2#3R) (5):526 -532

[J], 1998, 19(6) : 598 - 600 [14] Okuhara T, Mizuno N, Misono M. Catalysis by Hetero-
[11] Song Hua(‘R #¢), Wang Yuan-yuan ( £ [E i), Liu poly Compounds-recent Developments. Applied Catalysis

Si-yu( XEF) , et al. Progr. Chem. (fb THEE)[J], A: General[ J], 2001, 222. 63 —77

2009, 28(6): 971 -974 [15] Yu Jian-feng ( F &%), Yang Yu (4 F°), Huang
[12] Wang En-bo( EBJE) , Gao Li-hua( E=ZHE4E) , Liu Jing- Yan(# Z), et al. J. Mol. Catal. (5yTHEFL)[T],

fu( X 5e4%) , et al. Acta Chimica Sinica ({4 2% 73R ) 1997, 11(3): 167 - 172

[J], 1988, 46, 757 - 763

Synthesis of Co, HP, Mo,; V, O, and Their Catalytic
Performance for Ethylbenzene oxidation

LI Gui-xian', WANG Li-xin'*, GAO Yun-yan', TENG Zhi-jun'?, ZHANG Xue-mei '
(1. College of Petrochemical Engineering of Lanzhou University of Technology, Lanzhou 730050, China;
2. Gansu Yinguang Juyin Chemical Limited Company, Baiyin 730900, China)

Abstract; A series of molybdovanadophosphoric cobalt heteropoly compounds with Dawson type were synthesized
and characterized by Fourier transform infrared spectroscopy (FT-IR). The catalytic activity of the molybdovan-
adophosphoric cobalt heteropoly compounds for the oxidation of ethylbenzene to acetophenone with H, O, and the
effects of reaction conditions were studied. The results showed that the conversion of ethylbenzene was 81.1% and
the yield of acetophenone was 53. 4% under the suitable reaction conditions of the amount of ethylbenzene 25
mmol, Co,HP,Mo V,0,, catalyst 0.05 mmol, acetic 20 mL, n(C.H,)/n(H,0,) =0.125, n(Br)/n(Co**) =
25, reaction time 1 h, and temperature 80 °C.

Key words: cobalt; ethylbenzene; heteropoly compounds; hydrogen peroxide



