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1 : Mn Mo-Bi+Fe-Co-CsK 11
Mn 80 C 1h
120 C 10 h. 300 C 3h
1 <0. 154 mm p (3):
1.1 (1) (2 40: 1 (1lg
AR 20 mL )
. 120 C
Mo,, Bi, Fe, Cog Cs, , K, O, ( Catal- 120 C (10 h) 530 C (5 h) N
A) : 4.41 ¢ 45 mL 0.90 ~0.45 mm
A; 2.53 ¢ 4.85 ¢ 1.2
7 mL B; 1.0lg Philips X’
6 mL 15% C; pert PRO X- Cu Ka
5.0¢g 2.58 ¢ 250 mL (A= 0.15406 nm)
D. 50 C B.C. D 40 kV 30 mA 20 =10° ~70°
( 4 ml) A 25% 0.0168° 50 s.
pH 6.0 80 °C N
0.5 h. 110 C 120 C Micromeritics Tristar 3020
10 h. 530 C 5h . .
0.90 ~0.45 mm . 100 300 C I 3h
Mo,,Bi, Fe; CogMn, Cs, ,K,,0, y = 0.1~0.4 BET .
( y Catal-A-Mn, , - XPS Physical Electronics Company Quan—
Catal-A-Mn, ,~ Catal-A-Mn, ,+ Catal-A-Mn, ,) tum-2000 Scanning ESCA Microprobe
4.41 ¢ 45 mL Al Ka  X-
A; 2.53 ¢ 4.85 ¢ Cls 284.5 eV
7 mL B; 1.01 g
6 mL 15% C;
10 % D; 50¢g 1.3
2.58 ¢ E 50 C 5 mm
B. C. D, E( 4ml) A
25% pH 6.0 0.50 g. : 360 ~400 C 2 000
80 °C 0.5 h. 110 «C mL e+ g’ «h’ . n(i-C,H,) /n( Air) = 1/10.
120 C 10 h. 530 C i-C,Hg CyHg
5h N 0.90 ~0.45 mm co Co, AL O, ( 70
. C) ( 70 C) TCD ;
Mo,,Bi, Fe; Cog Mn, ; Cs, , K, , O, ( Catal B-Mn, ) ( MAL) ( MAA)
: RT-PLOTQ  (
(1): Mo, , Bi, Fe; Cog Cs, K,, O, 150 C) FID
Catal-A ( Catal-A
) 300 C 2
3 h <0.154 mm 2.1
; (2): MnMoO, 50 C 1 360 ~420 C
Mo/Mn 2:1 ( MAL

Catal-A
10%)
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MAL . Mn
Catal-A Mn
Mn ( Catal-A-Mn, ,) 380 °C
. Mn MAL
Catal-A  Catal-A-Mn (y =0.1~0.4) . MAL
(360 C) 380 C Mo/Mn = 12/0.3( )
( )  MAL Catal-A-Mn, 4 76. 9% MAL
MAL Mn
380 C Catal-A-Mn, , Mn
Mn Mn Mn( NO,) , MnMoO,
MAL Catal-A-Mn,, , Catal B-Mn,j ;.

1 Mo,,Bi, Fe;Co,Mn, Cs, , K, ,0,
Table 1 Catalytic performance of the Mo,,Bi, Fe;CogMn, Cs, , K, ,O, catalysts for selective oxidation of iso-butene to MAL

Catalyas Ayer Temperature CTJHV:BI”SiOH Selectivity( % ) XI\;IIJ;Ld

( m’ /g) () (iC7) 1% MAL ({0) CO, Others (%)

CatalA 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 94.5 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

=0.50 g air: i-C; = 10: 1 ( volume ratio)) GHSV = 2000 mL * g * h™;i-C; = isobutene

others : MAA acrolein acetaldehyde etc.

Reaction conditions: W

catalyst
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1 Catal B-Mn, ;  Catal-A-Mn, , 100
95
92. 8% - Pl SV A
¢ AP i VA aaa Va
93.5% 72 h Catal -B- — 90
&
Mn0.3 ( 1) Mn —®— Selectivity
85 L —— Conversion
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8“ 1 L 1 L 1 L 1 L 1 L 1 1 L 1 L ]
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. 1
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Fig. 1 Investigation on catalyst stability
Fe  Co . - N .
Reaction conditions: Air: i-C; = 10: 1( volume ratio) W
Mn. GCs. K XPS 4 _
(catalyst) = 0.50 g GHSV=2000 mL+*g” «h” i-C/
= isobutene
2
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
3
Table 3 Binding energies of the elements on the surface of catalysts
i Binding energy ( eV)
Catalyst ; -
Mo 3d;,, Bi 4f;, Fe 2p;;, Co 2p;,
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
2 Bi
Mn 0.6 eV ™. 3 2 Mo
Mo®* Bi. Fe. Co Bi'" .
Fe'*  Co* XRD(
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3 2 Mn Mo. Bi. Bi,FeMo,0,, . Krenzke "0
Fe. Co
XPS » 350 ~
1 Mn 450 C  Bi, FeMo, 0,, a-Bi, Mo, 0, yBi,
MoO,
7m g . Mn . 1
Mn  Catal-A-Mn, (
XRD . 2a XRD <400 C ) Mn
Catal-A Mn
Bi,FeMo, O,
XRD 2b. 2 MAL .
a-CoMoO, B-CoMoO, Catal-A Catal-A-Mn, Catal B-Mn,, ,
Fe,( MoO,) ; «-Bi,Mo,0,, Bi;FeMo,0,, 28.5°
Catal-A Mn 28.0° 25.6° . 2
28.4° Bi,FeMo,O,, Catal - B-Mn,, , CoMoO, a-CoMoO,
Mo/Mn = 12/0. 3( ) B-CoMoO, 28.5°
Bi,FeMo,0,, Mn XRD a—Co-
MoO, ( 01-6734331) B-CoMoO, ( 00-021-0868)
Mn  Catal-A. Mn 28.5° 98.0
Mo 3d
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Fig.2 Mo,, Bi, 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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15.0(
B-CoMoO,
3b
Mn,, XRD

28.5°
a-CoMoO,

Mo-Bi¥e-Co-O
28.5°
( MX)

B-Mn, ,
Catal B-Mn,, ,
XRD
Catal B-Mn,, ,

Catal B-Mn,, ,

% new compound; @: MoO,

100)
28.5°
CoMoO, 3a  Catal B-
CoMoO,
Catal B-Mn,, ,
CoMoO,
28.5°

30

XRD

Catal-
Catal-A-Mn, ,
MAL
Catal-A-Mn, ,
a-CoMoO,  Fe,( MoO,) ,

XRD 25.6°

28.5°
Catal-A-Mn, ,
Catal- B-Mn, , <380 C (
) MAL
(=94.5%) . 400 C
Catal-A-Mn, ;  Catal B-Mn, ,
92% MAL 79%
Catal B-Mn,, MAL
92.8% . Catal-A-Mn,(y =0.1~0.4)
Catal B-Mn, ;, XRD
Bi;FeMo,0,,
MAL . Catal B-Mn,, MAL
XRD

25.6° 28.5°

MAL
Catal B-Mn,, ,



16 26
3
Catal-B-Mn, , XRD . 4
Catal - B-Mn,, , H,/Ar 560 Mn( NO,) , Mn Mo-BiFe-
610 °C Catal B-Mn,;, XRD . 560 C Co-CsK
21.7°,22.6° 22.9° Mo/Mn = 12/0.3
Fe,( MoO,) , FeMoO, 76. 8% MAL . XRD
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Promotion Effect of Mn on the Mo-Bi-¥e-Co-Cs—K Composite Oxide
Catalysts for Selective Oxidation of Isobutene to Methacrolein

LAI Qun-ping' YI Xiao-dong HUA Weiqi° WENG Weizheng' © WAN Huidin' *
(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. Litd. 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—eactor 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¥'e-Co-Cs—K composite oxide promotes the for—
mation of Bi;FeMo,0,, which is favorable to enhance isobutene conversion of the catalyst. When Mn promoter was
introduced to the Mo-Bi-¥e-Co-CsK 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



