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1.1 fEEFIRE &

PEAL TR i 2 iR AR 0 AR 4%, i [ 2Y
AR AR A PR A ) A2 7

Mo, Bi, Fe, Co, Cs, , K, , O, ( LI F#ric A Catal-
A) g FF 441 g SHIRERIR T 45 mL B 7K
M A5 Fi LIS 2. 53 o fHERERAN4. 85 oIk
BAT 7T mL £ B TR P RIAHAR B K. 01 gk
AT 6 mL 15% 01§ BRI W W A5 W Cs #F
5.0 gfiff B4 2. 58 g AERHR ¥ T250 mLE B 1K
HAHAW D. 7E 50 CHLERES P T4 B, C, D
(4 mL) RO M2 A B, BL25% 2R
KA pH 2 6.0 J5 RS Y THR 2 80 “CIHH I
0.5 h. FrfIR3EAE 110 °C s B2 T )5 F 120 C
T4 10 h. FEIEHZ: 530 CRike S h 5 IR | i b
HIFHAIA% 0.90 ~0.45 mm FYFEILF] 5.

Mo,,Bi, Fe; CogMn, Cs ,K,,0,, y = 0.1 ~0.4
(M4 y EHAR, 725 Frid 4 Catal-A-Mn, , |
Catal-A-Mn, ,, Catal-A-Mn, ,, Catal-A-Mn, , ) F il
e B4 41 g BHIREYA T 45 mL £ B TOKHITHA R
A SZHGIHE 2. 53 ¢ HFRERFN 4. 85 ¢ FHIR BN A T
7 mLEBE K P HIFHER B K 1.01 g BREAE T
6 mL 15% HRHER I WO HATA I C s REid B AR AR
Bl VA B RSO 2 ECN 10 % I D5 K 5. 0 g il
FREE AN 2. 58 ¢ AR EI VA T /K R AH W E, 1£ 50 °C
T KB, C. D, ECH4 mL) KU ] A %
Wb, SR 25% 1KY pH 2 6.0 5 IR G Y
THiR 2 80 CIFEI 0.5 h. FrA3iKAE 110 °C [
B EZET )5 T 120 CF 4 10 he [EEY)2E 530 CH%
beS h R i ARAE 0. 90 ~0. 45 mm [
e 25 .

Mo,,Bi, Fe, CogMn, ,Cs, , K, , 0, ( Catal-B-Mn, ;)
] 45 -

(1): Moy, , Bi, Fe; Coy Cs,, Ky, O, B il £ 5
Catal-A AARL(ACE WM IE 5 Catal-A [l 25 £
Fr—20) , ANRZ AT TR A 0Oy 300 T
Kibe 3 h, KEBRIE I ETE Y OB < 0. 154 mm
At & T (2) : MnMoO, iyl 5 : 7E50 CF, %
Mo/Mn 5~ L6 2: 1 AR SRR B v b (MY
WS Catal-A I A HH BH R B2 VA TR0 R 38 DR A —
O AN AE PR R L (BT 380N 10% ), FRIRIE

THiR % 80 CIfEME 1 h, FIyELAIEM 2Bk vk
WG T 120 1410 h. B K2 300 CHiBE3 h
JE T BE kA% < 0. 154 mm ARy 4 FH; (3): ¥
(1) FI(2) #Z BT b 400 LIRA, MK (1 g (Y B A%
TRy 20 mL 1 2 B+ 7K) IR A1 154548 A B ik
IRGYITE 120 C Ry ERPEZR T, BRI 2
120 “CT4§ (10 h) F1530 Chke (5 h) J5lEh .
LI ASREAR 0. 90 ~0. 45 mm ffEAL 45 .
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b, WA n(i-C,Hg)/n( Air) = 1/10.
B 4 S AL AE L A BT, i-Cu Hg CiH
CO F1 CO, 5y 2Rt f & Le i AL O, 4 (FE il 70
C) FPR > FHiAE (FEIR 70 °C) 43895 th TCD A6 5
FH LN T (MAL) , LY IR (MAA) |, NI, N
IREER £ T 55 & EOA DLW 242 RT-PLOTQ A (AR
150 °C) 73 5 i FID A&,

2 #ERE5WIR

2.1 BT HEFSNLHREREEAER TN

1 0y 360 ~420 C ARG ST I 4% 4
el MAL PEREPEMAEAR. dinl WL, AL ) 5
TR SR A SO 1 RE B L RE A 7 A R SR AS A
[, BEE SRR b Th, S T e A 3R B i

mL - g
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T MAL ) 36 45 24 U2 i B AR R 8 I Min 1)
Catal-A b5 T B R AL R BAR, H I B bR P
WCRIFASRAE. i Mo (%8 ( Catal-A-Mn, | ) 7
B E R AL 09 % M. TR AR W) SR B T AR
Catal-A 5 Catal-A-Mn, (y =0.1~0.4) FRIE{L]
ATLAR I, TR SO BE (360 °C) R, & fEfl
FIBITETE (5 T4 B e L 30) F1 MAL IR 5,
MAL R EFEES Mn @7 IR 22 [A]ASA A BT L
HERE. 2N R T2 380 C g, ML GE
BT E. SR Mo AURE S AHLE, fin Mn J5
HEAL TR Y MAL Be e AR AR BE AR, {H 57 T 9 1)

AR RIEEE R, BRE#HE—2 EI, T
YGRS, HEE TR Mo AR . 2B
=T 380 CJim, FEARIEIAY S BEi T 5 T R i S Al
B Mo 5 B G IEWE & , MAL AL £ )Z
WTREAIG. LA MAL W3 HAR, &I 0 R S b
RS A 380 °C, £ Mo/Mn = 12/0.3(JRF L) 19
Catal-A-Mn, 6] F 3815 T 76. 9% 1 f: MAL
W, O TRt R A AL R O PERE , FRATLATERE
¢ fE Catal-A-Mn, 5 7T BC L A, B Mn B
FIBTRTSE A Mn (NO; ), B8 MnMoO,, il # T I
AW S G5 Catal-A-Mn 4[] (%) Catal-B-Mn, ,.

% 1 Mo,,Bi, Fe;Co;Mn, Cs, ,K, ,O, RIEUFIN R T HiEF U REREEMERE

Table 1 Catalytic performance of the Mo, Bi, Fe;CogMn, Cs, , K, ,O, catalysts for selective oxidation of iso-butene to MAL

Aper Temperature Conversion Selectivity (% ) MAL
Catalysts o Yield
(m’/g) () (CO)/% AL co CO,  Others (%)
Catal-A 6.5 360 55.6 85.5 1.8 12.3 2.4 47.8
380 65.7 87.2 1.0 10. 1 1.7 57.3
400 78.6 83.7 2.0 11.8 2.5 65.7
420 84.1 73.2 4.5 16.7 5.6 61.5
Catal-A-Mn, , 7.0 360 59.8 86.7 0.9 9.4 3.0 51.8
380 80.2 85.0 2.3 10.7 2.0 68.1
400 84.7 80.2 2.6 12.1 5.1 67.9
420 85.4 79.1 3.3 15.9 1.7 67.5
Catal-A-Mn,, , 6.8 360 54.9 90.1 0.7 7.5 1.7 49.4
380 85.0 84.2 1.4 10.1 4.3 71.6
400 87.9 77.4 3.8 14.9 3.9 68.0
420 88.4 76.7 4.1 15.3 3.9 67.8
Catal-A-Mn,, , 7.5 360 47.5 89.4 0.5 6.3 3.8 42.4
380 87.3 87.8 0.7 9.1 2.4 76.9
400 92.0 78.7 3.4 13.9 4.0 72.4
420 91.9 76.3 3.9 14.4 5.4 70.1
Catal-A-Mn, , 7.8 360 63.5 85.7 1.5 11.6 1.2 54.4
380 89.1 82.3 1.7 12.2 3.8 73.3
400 89.9 76.6 2.8 17.5 3.1 68.8
420 92.0 74.9 4.9 16.6 3.6 68.9
Catal-B-Mn, , 5.7 360 27.1 97.7 0 1.9 0.4 26.5
380 54.8 9.5 0.5 3.4 1.6 51.8
400 92.8 93.5 0.6 3.7 2.2 86.8
420 93.2 92.1 0.6 4.3 3.0 85.8
Reaction conditions: W, = 0.50 g, air ; i-C; = 10:1 (volume ratio) , GHSV = 2 000 mL - ¢!+ h';i-C] = isobutene,

others ;: MAA, acrolein, acetaldehyde etc.
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Fig. 1 Investigation on catalyst stability
Reaction conditions; Air: i-C, = 10: 1 ( volume ratio) , W
(catalyst) = 0.50 g, GHSV =2 000 mL - g" + h™, i-C;

= isobutene

R2BEAFARARTRIRE

Table 2 Concentrations of the elements on the surface of the catalysts

Catalyst 0(%) Mo( % ) Bi(% ) Fe(% ) Co( % ) Others( % )

Catal-A 50.9 10.7 1.0 8.0 8.0 21.4
Catal-A-Mn, 50.0 10.6 0.8 7.9 8.8 21.9
Catal-A-Mn, , 48.3 11.6 1.2 6.6 9.6 22.7
Catal-A-Mn, , 49.4 10.6 0.9 8.0 8.7 22.4
Catal-A-Mn, , 52.3 11.7 0.9 9.4 9.0 17.2
Catal-B-Mn, , 51.8 10.5 1.0 7.3 8.4 21.0

Others; C, Mn, Cs, K

RIBUARAITENEGHE

Table 3 Binding energies of the elements on the surface of catalysts

Binding energy (eV)

Catalyst Mo 3ds, Bi 41, Fe 2py, Co 2ps,

Catal-A 232.3 159.2 711.2 780.7
Catal-A-Mn, , 232.2 159.3 711.3 780.8
Catal-A-Mn, , 232.3 159. 1 711.2 780.6
Catal-A-Mn, , 232.2 159.3 711.3 780.7
Catal-A-Mn, , 232.5 159.2 711.2 780.8
Catal-B-Mn, 232.2 159. 1 711.3 780.6

HIZZ 2 AP, BR T BiSh, AR E 4
JEICER S AT, BRI Mn B A IA L R
ATy A, AT B FR SE BULAERY
ARAE, PR AT LA A4 0] 4 PR RE S R 1R 45 0 R
(e L AT FLAR X G AR

HIOCER A U BT DS 25 45 RE AL T —
RiRTF 0.6 eV N3 FE 2 WTLFE L, Mo 3
FLL Mo JEXAFAE, 1fif Bi, Fe, Co 43| LA Bi'* |
Fe’ " 1 Co” " (I UAFAE. X EEHUE S XRD (WL
3C) FTRSE H 1R G AR R 4% 48 B R I S A4
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1377 XRD RAE. &l 2a & AHEALHIAY XRD Il 325
R, FIBBEAR A BN E S, T T4
Br, FRATEHIE T R 5 L5 A A FLL 53 AH X 8]
B A AR R, H XRD K ILIE 2b. Hi & 2
AL, AR T E R a-CoMoO, , B-CoMoO,
Fe,(Mo0Q,),, a-Bi,Mo,0,,Fl Bi,FeMo, O, % 4 #H 1)
iU, 75 Catal-A Hifm A& Mn J5, fiF28.0°
128 4° 4L AT I J& 2y Bis FeMo, O, FAT S 04 53k S8t 35
BesE, MAEAEH R Mo/Mn = 12/0. 3 (J5-L) I,
Bi; FeMo, O, TS W (4 5 B A B fe K MEL, BEAE Mn %
SHE— PN, AT R TN T R, (EAT R
TORESIN Mn ) Catal-A. JXEELERELH] Mn B9 JIA

Mo 3d
Catal-B-Mn ,;

Catal-A-Mn 4

Catal-A-Mn ,;

Catal-A-Mn ,,
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Binding Energy (eV)

Intensity (a.u.)
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{23 T Bi,FeMo, O, ¥ HH 14 . Krenzke 2% ™0
PRCHYITIERTSE T HH R R AR IR R SR L
IS AT R A A R A Y, SRR, A£E 350 ~
450 CF BiyFeMo, 0,, A It a-Bi, Mo,;0,, Fl y-Bi,
MoO, 58 Z 1% m] i F it s 480 2 b, DR MO i IXC
[ RIS AP LRI RE. AR 1 IR TTLUR
H, & Mn (1) Catal-A-Mn, I 5 T % 9 55 1k 5 (R 51
JEAEIRIE <400 C YR T) BE R/ TAE Mo
[] Catal-A, PRIBE AT LLINA Mn (97E H Z — 22 i
Bi,FeMo, O, Y AH AT i, 34 7 5038 A A 590 1) 0 12
{HIZYAR G 20 MAL S5 A K.

5 Catal-A F1 Catal-A-Mn, #f [t;, Catal-B-Mn, ,
FE 28, 5° I A0 77 S5 e 5t B st R T RT B, b Ah
ZFEAHTE 25. 6940k B 1T AT S 0. pl 181 2 TT
1, Catal-B-Mn, 44655 & 1 CoMoO, 42 a-CoMoO,
1 B-CoMoO, IR G AH , X SEYAHTE28. 5° fif izt 77
TEHGR Y XRD 75, SR ARE PR ME R 1, a-Co-
MoO, (01-073-1331), B-CoMoO, (00-021-0868 ) #&
28. 5 BAE T (4 AT ST U 5 B 1) A X B0 3] 98 O il

Bi 4f
Catal-B-Mn 3
Catal-A-Mn,
Catal-A-Mn;
Catal-A-Mn,,
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156 159 162 165 168 171
Binding Energy (eV)

Intensity (a.u.)

Catal-B-Mn,

Intensity (a.u.)

770 775 780 785 790 795 800 805 810
Binding Energy (eV)

[Xi—] 2 Z:IEJ%/“:%UJ: M03(| N Bi4f N Fezp *D Cozp E,(J XPS ijEtl
Fig.2 Mo, , Biy, Fe,, and Co,, XPS spectra of the catalysts
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Fig. 3 XRD patterns of Mo,,Bi, Fe;CogMn,Cs, ,K, ,0, catalysts and the related Mo based ( composite) oxide samples
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[ P, 550 R A 2% 7 AT SF WA 5 38 ) 8 i 90T HE A7)
AR Al DR S A0 SR T A R
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28. SORRFATL Y BE — B A7 S e, AR LT s O —
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R SIZYAH B A R A G FeAT T %5 Y Catal-
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#. MXRD (SRR ai Rl LIA H, 5 Catal-A-Mn,
AL, Catal-B-Mn, , = a-CoMoO, Fll Fe, ( MoO, ), f#
AR S 0 X A T 3 5, (H PR 3 1 B R 22 0 7E T
Catal-B-Mn, , |36/ T XRD 7750 i F- 25. 6 i

28. 5°THIAR , PRI AHE AL R P R 1 4 iR 0 I A
AR R DI A 5. 5 Catal-A-Mn 5 i 46 55 A1 1L,
Catal-B-Mn,, , ffEfLFIFER B <380 C FIEYE( R T
IR B TRE, (HEON 774 MAL 1L+
PERE _ETH(=94.5% ). 24 RO EE i T 400 C
J&, Catal-A-Mn, , Fll Catal-B-Mn, , f) 5 T M5 LR
BImT 92% , {HH{# 1) MAL %&£ FE 2 79% LA
T, 1 Catal-B-Mn, 5 I MAL (%% #:PE 45 7] 4 F¢ 78
92.8% ) . REE Catal-A-Mn (y =0.1~0.4) &
SR Catal-B-Mn, L1 XRD 22 GE A1 1L P
PN ER AT LIE ), BisFeMo, O, WIAHAY A Il £ 224
WAL RIS, RS T R TR AL, X
MAL &R U AN . Catal-B-Mn, , | MAL
TERENE ) 2508 0 55 4k 50) B 2B B0 XRD 437 S i 7
F25. 691 28. SOHMIAHBVIAHSG , IZYIAH I AR R
SRIEAR 1AL A IR IS R, (E AT fal 25 4t v e Ak
MIERENE , AL RITER = 10 5 T IR AL R N A
APER B MAL .

N T E—3kA5 5 Catal-B-Mn, , EA= LAY BT
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S B AT 21070 22, 6°F1 22. 9°ZE AL 1Y
Fe, (MoO, ) ; i AHATT 5 I 5iR & 0855 , A J& T FeMoO,
MR SR (14.1°, 25.4°) BN, BERIZIRE T
43 Fe, (MoO, ) ik J5i ol FeMoO,. 2% & F| i T
28. 5 T AT ST T 22 A SR AL AT S I R S
HIR A B FeMoO, 1) 4R AIE AT 5 U A, 07 T 32 g
T, PRS2 S e ) i 32 722 AR AR DRI 128
PIARAE 560 CI2 A T PR, (HE: 560 Cik 551
FEt BT 25. 6240 9 J& T8 R AT 565 et A i U
55, RUNZUHHC IR I 610 Cik J5 )5 fii
BRI XRD AT LA, A2 T 25. 6° BT IE 58
RIHI, NLT 28, SONT T I Y 5k BE E— 20 s, [
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Promotion Effect of Mn on the Mo-Bi-Fe-Co-Cs-K Composite Oxide
Catalysts for Selective Oxidation of Isobutene to Methacrolein

LAI Qun-ping', YI Xiao-dong, HUA Wei-qi’, WENG Wei-zheng'' *, WAN Hui-lin"**
(1. State Key Laboratory of Physical Chemistry of Solid Surfaces, National Engineering
Laboratory for Green Chemical Productions of Alcohols, Ethers and Esters, Department of

Chemistry, College of Chemistry and Chemical
Engineering , Xiamen University, Xiamen 361005, Fujian, China;
2. Yantai Wanhua Polyurethanes Co. , Lid. , Yantai 264002, Shandong, China)

Abstract; Abstract; Mn promoted Mo-Bi based composite oxide catalysts were prepared by coprecipitation method
and were tested for selective oxidation of isobutene to methacrolein ( MAL). Catalytic reaction was carried out in a
fixed-bed micro-reactor at atmospheric pressure. The surface area and structure of the catalysts were characterized
by BET and XRD. It was found that addition of Mn(NO, ), to Mo-Bi-Fe-Co-Cs-K composite oxide promotes the for-
mation of Bi,FeMo,0O,,, which is favorable to enhance isobutene conversion of the catalyst. When Mn promoter was
introduced to the Mo-Bi-Fe-Co-Cs-K composite oxide using MnMoO, as precursor, both activity and selectivity of
the catalyst can be significantly improved. Under the reaction conditions of 400 °C and GHSV =2 000 mL - g" -

h"' using an air: isobutene =10: 1 ( volume ratio) mixture as reactant. Isobutene conversion of 92.8 % with MAL
selectivity of 93.5% can be achieved. The performance of the catalyst remained stable after 72 h on stream. The
results of XRD characterization indicated that the excellent performance of the catalyst was closely related to the for-
mation of a new compound with XRD diffraction peaks at 25.6 at 28.5, which can significantly improve the selec-
tivity of the catalyst especially at high isobutene conversion.

Key words: isobutene; selective oxidation; methacrolein ( MAL) ; manganese; Mo-Bi based catalyst



