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Fe. Co il K M &EXS MoBiFeCoK 1RA AL tbil b5 TIm A Sk = Nt Rea B &g, o,

Mo,Bi; ,Fe;CosKo 4 RILH FAMEALPERE ; K B 2FAR T LR & ( A\ Moy,Bi; ,Fe;Cos 1 15.27 pmol/g Ff %
Mo,,Bi; sFesCogKo4 1Y 5.91 pmol/g ), FFBHEET E/= ¥ FILDNIGEE (MAL) MEEtE; 5 TRSHEILR Y
BN LL0.66 g MoyyBi; sFesCogKo s AL, BRI 320 °C, n(0,) : n(F T4 (FMmL) =10: 1,
TAFRZS 3 (GHSV ) =2000 h™', 7EIZ4HETF, Mo ,Bi; ,Fe;CogKo 7E 100 h LS TS AL RN e il ia
E, ST IREALRMEEE 98.6%, MAL EHEMARFTE 86.4%.
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Abstract: A series of MoBiFeCoK mixed-oxide catalysts were prepared by co-precipitation method using
(NH4)sM0,0,4°4H,0, Bi(NO3);°5H,0, Fe(NO;);°9H,0, Co(NO;3),°6H,0, and KNO; as precursor metal
salts. The effects of contents of main metals Mo and Bi, co-metals Fe and Co, and doped K on the catalytic
performance of the catalysts for gas-phase oxidation reaction of isobutene were investigated. The catalysts
before and after doping with K were characterized by SEM, EDX, XRD, and NH;-TPD, while the catalytic
conditions for the gas-phase oxidation reaction of isobutene were optimized and the catalytic stability of the
catalysts for 100 h were evaluated. The results showed that the contents of Bi, Fe, Co, and K had a
significant effect on the catalytic performance of MoBiFeCoK mixed-oxide catalysts for the gas-phase
oxidation reaction of isobutene, with Mo,Bi; ,Fe;CogKy4 showing the best catalytic performance. The
doping of K reduced the amount of catalyst acid center (from 15.27 umol/g of Mo;,Bi;,Fe;Cog to 5.91 pmol/g
of Mo,Bi, ,Fe;CogKy 4) and significantly enhanced the selectivity of the main product methacrolein (MAL).
Under the optimal reaction conditions of 0.66 g Mo,Bi; ,Fe;CogKy 4 as catalyst, reaction temperature 320 °C,
n(0,) : n(isobutene) (oxygen-alkene ratio)=10 : 1, and gaseous hourly space velocity (GHSV)=2000 h ',
the catalytic isobutene gas-phase oxidation reaction of Mo ,Bi; ,Fe;CogKy 4 was stable for 100 h, with the
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isobutene conversion of 98.6%, and the MAL selectivity of 86.4%.

K ey words. methacrolein; selective oxidation; isobutene; K doping; catalysis technology

L MGIE (MAL ) 2= gukt . Fokl, B2y,
K2y, B, SRS R E L TR ik, A&
Iz, Al A RN R (MAA ) R SED
IR (MMA ) S8R5 4nfbag 4, g BHFA
X MAL A EREROARHER, BainlEd s T
W ST e AR DL R I R R A A D MAL,
Hrpr, 5 TSR 2 | GO R SER AL,
TR R T 32 AR5 1) A g £ 1201

Mo-Bi R & A AP 5 JlRe i 4 A
fig, EJHT Tk MAL A= 5 i ok i 2 i e,
Mo. Bi fE N F4&EIE M Bi;Mos0y, A1, Fe, Co.
Ni S I 4 Jm w1z FAAE Bl & Jm DAAE R fi Ak ) 9 4
L3k 5 fE 11812 IVARS-BARCELO Z:IIHE5E T 4%
B4 )@ (Li. Na, K fl Cs) PHE FIRBE7E MoVSb
RAE W P sk, H n(K)/n(Mo)=0.0025
) A4 A 700 2 T P 7 SRS R 2, R
FIMEALTERE , 7R CBER LR RIS T S0 £
P, HP=RAH 70%, it T 2 a HAl Mo-Vv-
Sb-O #EfLF; FU M e sz b i, w4 )& i
TAT DARRARAR AL 70 Al SRR A7 &, AT 40 7 1 2
N EA, FEEm R . TR AL L MAL
T B A, A AR R A Y A
4 @ VR T AL R R B 1T B 4 AR S T M LB DA R
MAL JBEB, 4K 152 M0 57 T M % fb R A0 MAL e84

A% AP IE Ao DT E L ok A AS W) 4 )8 L )
Mo-Bi #:AELF], SRJ5 H K #8244 Mo,,Bi, ,Fe;Cos [
R YE, I [ 5 IR B R 2% Hh iEA T 57 T I S A 4R
R MAL A9, 7 SR RE 4R AL R AL 1 R
Wi MAL 1 B8k MAA . MMA 5% CO, %58l 2
N A I AR R SRR, BRI AN AT
RIS B AR XA P e B 2

1 SEIEES

11 KFENE

K . FAEER . (NH,)¢Mo;0,424H,0 . Mn(NO3),
Bk oy Mg, B 25 4R b 2R A R A A
Bi(NO;);25H,0. Co(NO;),*6H,0 ¥ Ky optfrali, | iff
mm 2 A AE B A A BR A F] 5 Ni(NO3)226H,0 (431t
afi ), PRI EE (BT 53 A 95% ). HEEIN IR (T
T 98% ), _LMERIRL T A AL BH BEO AT BRA 7 5
KNO;. Fe(NO;);*9H,0. HIER . Jo/K LEE4 R orHrat,
RN R ALFNH RA T, AR [p0,) =
20%, o(N,)=80% ). ST # (FRFLEL 99.9% ),

ARN BRI R Y FAEZL <L

Nova Nano SEM450 Y 1 . i85 SEM ),
£ [H FEI A 7] ; XRD-70008 % X B A7 51U XRD ),
H 7 Shimadzu /A 7] ; Chem BET Pulsar TPR/TPD #!
g [, 25 1E Quantachrom Instruments 23 &) ;
GC7900 SAHGAIEAL, il RFERFALIABRA A,
1.2 fEHFIHE

%Fﬁ/ﬂ\:{ﬁ‘/}f{%ﬁ?u% Mo ,Bi; ,Fe;CosKo 40 /E:MH/F
BN TE=SESHP A 2472 g FI(NH,)eMo,0,404H,0
120 mL Z&1RK, BEFEAMISET 50 °Cia ik
HHFE 30 min 15ERATE A; K 0.679 g 19 Bi(NO5)3*5H,0
WT S mL FRWE N 315.05 g/L BFRRSRR 155
W B; BERER, KT B BIMARIAR A P,
TR E i+, 10 min; SRS S8 N 2 mL Ptk
J& 4 1350 g/L # Co(NOs),*6H,0 /K% .2 mL Jfi &
WPl 707 /L 1Y Fe(NOs5)329H,0 /KA A 2 mL Jifi
WREE 23.5 g/L B9 KNOs /K IR LATE LR SEAR 5 A
UKL PRI H pH=5, f£5F 80 °C/XW 2 h
JEFHR 2 110 CZELEHN, HIrid ™= 7E 120 °CTF
THE 12 hy SRR IR T 500 CCTH BB 4 h,
Fr AL BRI A Mo,,Bi; ,Fe;CogKo 40

A FIT ) T 3K A T T A 4 S 5 e S [ T A
Mo,,Bi,FesCos ( x=0.8 . 1.0, 1.2, 1.5, 2.0).
Mo,,Bi; ,Fe,Cog (x=2.4. 3.0, 40, 6.0, 12.0),
Mo,Bi; ,Fe;Co, (x=5.0, 6.0, 7.0, 8.0, 10.0 ),
Mo, ,Bi; ,Fe;CogK, (x=0.1, 0.2, 0.3, 0.4, 0.5) %
PRI T RS 5E
1.3 LRI

A A TR R DU AR 7 1 5 DR B N A Hh AT,
o R I A AR R T 5 A s IR G WS
HEA S A% o TN N RIS A e i iR A A1
0.66 g L7 (20~40 H ), FLAATARIEITE E ,
HRE (A A AR R R 2 rho O A I S N R B o RN A
H . 300~380 °C. n(0y) : n(5F T M) (FMIL) =
5:1~10: 1, HRFlzs 3 (GHSV) 700~3200 h' 44
AT, ROV AR 2R B LA 11— I 4y R
B, BRIV B H, HEASA HIRA S T
W= o) — B DV RBE AR IR SR A 7, B
B 4 h BUREAT, 38 A SO B AR T 25 1
SABCTE AT W T AT, i RN R
TR 7 MAL I MAA A9 A7 & SR T AR
— Ak T E AT, HeaC (D) M (2) IHRERT
WAL A MAL et .



* 1776 ¢

A% 4m 4 T FINE CHEMICALS

41 4%

ST AL Yo=n (SN ) 5 T 1)/
n(JERHT T #5) x 100 (1)
MAL BEFNE/%=n(2E 1L MAL)/
n(J NS T ) x 100 (2)

A I SCHRAT B, R A Moy, SRR AR
WU EE 10 0 1 RV 320 °CL.GHSV=2000 h"'
M FHEATIRNE, B ERTE Bi s AL
Moy,BiFe;Cos (x=0.8. 1.0, 1.2, 1.5, 2.0). Al
Fe & & MELF Moy ,Bi, ,Fe,Cog (x=2.4. 3.0, 4.0,
6.0, 12.0). A Co ity Mo,Bi; 2Fe;Co,
(x=5.6. 7. 8. 10) FIAFE K &&MHELRT
Mo,Bi; ,Fe;CosK, (x=0.1. 0.2, 0.3, 0.4, 0.5) 1Y
b PERE

DL S AR T M R 25 SR A5 B i i A ik R = 5
KN, HEAEFIIMAR A 0.66 g, 5[] 5 i T
(300, 320, 340, 360 F1 380 °C ), NEEM (5 :
1,10 : 1,15 :1.20: 15130 : 1), /A[a GHSV( 1000,
2000, 3000, 4000 h') &MHF, ST HAIFHILFERM
MAL (e, 24 ik 3 N I 5 E 2 — 7%
g, SN LUR IR EE 320 °C, AR
10 : 1, GHSV=2000h' i,
14 fEHFIRIE

K SEM EAFMEALFIE SR LS4 , AT H R 43
WS, [FEEAT EDX 4087, SR % & B R
K aEE . XRD 2 Hr AL 7 9 A0 24 Al % i 1A 45
Hy, R ALK, (1=0.1542 nm ) B X 5FR05, 4%
JLH 10°~80°, 93 5 (°)/min, NH;-TPD Mz ;
16 U BB rh3E A 0.1 g #ESh, 7E 540 °CHY He
SR T AL EE 30 min J5RIR, FRREREI=IEG,
Yl NH; AW =R A, 25V %E He
W ZEHFLL RS L 10 °C/min SR THEZ 500 °C,
DI 25 ( TCD ) #EATIEZAG M,

2 #HR5R

2.1 EBUFIRUEERSH
PE] 1 ﬂi] FJ’I" ﬂi‘lj %’ E]/‘J MOlzBil,zFeg,COg 3Fl]
Mo ,Bi; ;Fe;CosKo 4 ) SEM &,

|7§] 1 MolzBil.zFe3C08 ( a ) 3Fﬂ MO]zBi142F63COgK0.4 ( b ) E/:J
SEM &

Fig. 1 SEM images of Mo,Bij,Fe;Cog (a) and

Mo ,Bi; ;Fe3CogKo 4 (b)

1 AT AR, AR AR R RORE ] 52 BR-IR A
RIER, ALV RIHE, AN RNDE SRS U] 5.
AT Moy»Bi; 2FesCog (Bl 1a), IAME)E K J&
f) Moy,Bi; ,FesCosKo s (&l 1b) AR ERIE A
B, R RS GO, R S A P AT B R
W A HLNIE A58

& 2 25 Moy,Bi; ,Fe;CogKo 4 1/ Mo, Bi. Fe,
Co. KJCHRH EDX JTLRMi . & 2 AT LUA
FICE MR AEIS), Mo, Bi, Fe. Co JLE%
JEBR, K TR SEEEAIR AR, S50 i) 20 il Bk
A—F,

rgl 2 MOlzBil_zFe3COgK0_4 E(J EDX ﬁ%‘:‘ﬁ%ﬁ[@l
Fig. 2 EDX maps of Mo;,Bi; ,Fe;CogKg 4

[EI 3 j‘:’ F)f ﬁ%IJ % E/‘J M012Bi1‘2Fe3C08 ﬂéﬂ
M012Bi1A2F63C08K0A4 E/:J XRD Fg] o

v CoMoO, 4 FeMoO,
+ Bi,Mo0;0,, ¢+ CoMo,,Fe,Bi, 0,

L

Sy v Mo,,Bi; ,Fe;CosKo,
ve - vivy o s sy

L

& Mo,,Bi, ,Fe,Cog
10 1|5 2|0 2|5 3I0 3I5 4I0 4l5 Sb 5|5 60
20/(°)

K3 AR XRD 1 #

Fig. 3 XRD patterns of catalysts
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Fig. 4 NH;3-TPD curves of catalysts
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Fig. 5 Catalytic performance of Mo;Bi,Fe;Cog (a), Mo,
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Fe3CO§gI()C (d)
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Fig. 6 Effects of temperature (a), oxygen isobutylene ratio

(b) and gas hourly space velocity (c) on oxidation
of isobutylene
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Fig. 7 Stability test of catalyst
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Table 1 Property comparison of catalysts for selective
oxidation of isobutene
oy S TR MAL 2 B 2%
! 1e%/% PebE/% BEC Sk
MO]zBi]‘zFC_qCOgKOA 98.6 86.4 320 Z'—(jc
PEG-MoBi-180 89.9 90.7 380 [7]
Mo,Bi Fe;Co7gNig 86.7 87.5 360 [11]
MO[zBi1_5Fel_5CO5CCQ_2K0_5O 93.5 70.6 400 [16]
Mo-V-Te-P-Sb 11.2 37.0 440 [20]
MO1zBilFC;;COgMIlo_szSo_zKOAz 89.1 82.3 380 [21]
MoV, 3Big3/AIPO, 37.0 75.2 340 [22]
MO]zBi]‘5FC|.5CO5CCO‘2K0.5O 93.5 70.6 400 [16]
MO1zBi]FC3C03MH0_3CS0{2K(},ZOX 92.8 93.5 400 [23]
Mo ,BirFesCosCey o5 95.3 90.1 — [24]

#: PEG NERZFE; 180 fCF/KMA BIREEN 180 °C.
3 4Fig
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AHA AL ) MoBiFeCoK 1R & A kWb 7], K my#5 5
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MAL RJ3E#EME . L1 0.66 g ) Moy,Bi; ;FesCogKg 4 N
AL, TERIIRFE 320 °C, AML 10 : 1,
GHSV=2000 h ' fye B 454 T, MoBi; oFesCogKo 4
FE 100 h PYMEAL S T SR Sk s b Hh R AR
ST IREALRALIRIE 98.6%, MAL MEHMARFRE
86.4%,
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