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Direct Oxidation of Propane to Acrolein over BiMo Based Catalysts
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Abstract: The effects of the available zoon above the catalyst bed on the performance of the catalyst were
investigated. It has been suggested that propylene is an intermediate species in the reaction of propane to acrolein,
and a two-step reaction scheme is proposed, the first step is oxidative dehydrogenation of propane to propylene in the
gas phase then followed by the second step, the selective oxidation of propylene to acrolein on the surface of the
catalyst. The performance of the catalyst depends on both the oxidative dehydrogenation of propane to propylene in
the gas phase and the selective oxidation of propylene to acrolein on the catalyst surface. The thermal cracking,
homogeneous oxidative dehydrogenation and heterogeneous catalytic dehydrogenation of propane as well as the
selective catalytic oxidation of propane to acrolein over BiMoO based mixed oxides catalysts were studied. Under the
optimum reaction conditions of propane dehydrogenation and selective oxidation of propylene, the selectivity and the

yield of acrolein approached to 45mol% and 14mol%, respectively under about 30mol% propane conversion.

Key words: propane dehydrogenation; BiMo based composite oxides; selective oxidation; acrolein

—H LK, WBE RN EE P REA R HHE H A G A — B R E N
PG RRAT T T 1z N B2 4R 1k P i 18 1 45 PR A A AR B PR A T 1) SN 2 FR PR BE S 22 SR AR
AL T N e AR AR 2 DS T P B 1 B R AR AR i &A= BN M R TR, PR TN S AL S AR AR R T
ARAK, BRI B AR R TR I S A (48 k) i 25 TR O 1 (79 5 R4 T Komatsu 1A A TR BE I AN 28 B 3 s T
I I Y A 2 BT MR RS Tz Y A AR JE EHAEFEAL M TNIA T . Kim SFUE 5 T 245 &8 A
gE 0 S N G A AL BT TIRAR S 5N AW Ak 350 B T e e R A Ak, e IA0RE A TRDRE DS
AH LG e B 3 B AR T ad R 3l B 2% X BiMo 3£ B AR N i T B OCE S MEERIRIZ LT
B AP AR R0 ) PR o 18 5 AR Ak A 8 PN s 1 S Iz AL F Fh 28 (] 55023 [R)AS (B N e AN B ik, T Jo A Ak 7

I B #1.2007-03-25, el ok B .2007-05-28

I 5 T SE R IF 5 % T #9030 (No. 2005CB221408) % B I H

“HIRHEZE A . E-mail : yanghanpei@hhu.edu.cn

BAEE SRR L 44 5 WIEEZ BEROT ) ZAEAEAL




1470 oWl

N ERE

B 23 A8 A5 1T TN e TT Ok A A A AL SRR I A RO

j 23

VT Bi-Mo 25 5 S AL WAL 1 T4 de L4
Ve SR AL e AL D TR TR W] RE RO SO RL DD A, AT A S
L TSR e A A A 7R ) TR e B 4 SR AR RE 1Y
B PRBES MG | AR TAEMTSE T ke HHE e =
TR TS S B TR e . A DA 2 PR AT AL T B P e
AT AN, 54 B9 BiMo JE 5 & A AL W)
AR AR P e 18 5 SR AL RE

1 KBS

1.1 EEFHE

VMgO AR AT B R R vk 45, Bk B Ry
1.0 mol -L~" i NH,VO;, FI¥E R 1.0 mol -L~" 1Y
Mg(NOs), W AE V/(V+Mg) TR 0.50 15, L
0.1 mL HNO4250 mL I8 & % W 09 L1 A 65% i
W HNO; LAB 1k 28 % b B v 2R UDTTE , PRI AT 5
M2 (CoHsO;+ HO A7 B IR W) ot 1) e Ay 42 s 5 1 W) o )
WY 1/3),40 Cheft 22 k&, #iE2 TP KERTZ=
80 CZE TS BEME IZBEME T 110 CE P T 12 h,
FIF A5 5T 380 CZ8 A A HE 18 h,560 T A
SAKERE 6 h,

iz 3 UL E ¥ 1 45 y-BiMoOg 1 a-Bi,(MoO,)s
AT, (NH,)Mo,04-4H,0 Ph 2 mol - L™ Z/K I f# B
% 0.5 mol - L 4H R 2 5 W, Bi(NO5);+ 5SH,0 LA 2 mol -
L HNO; i f# #145 1.0 mol - L™ iHMRELIA WL, 43 il 4%
Mo/(Mo+Bi)=0.60 FI 0.33(J5% 7~ o) 1R & W Fl i W, LA
6 mol - L™ Z /K F1 2 mol - L™ A B2 I 17 1R & W A0 Fe &
pH {E ] 10 LAFE /- ULUE , VIVEW T 110 C T 24 h,
600 °C = kB 6 h, & i -8 1 o
Bi, (MoOy); fE A& 1 51 A4 73 V il % BigssVoss
MoousO, fEAL ] (i Ak 570 2 W% BR Bi_ususV1.Mo,0,
FOoRBLLIL b R Mo BUAS V G TE B B F %5 40,
x=Mo/(Mo +V) Jit ¥ It ), (NH,)eMo,0y -4H,0 % T
2 mol - L™ Z/KIE L 0.1 mol - L™ ¥ WK, MAAF G RR
(CeH30; - H,O ,n (#7158 R Yin (Mo *) =1 :1), i B2 i
(Bi (NO); - 5H,0) EA 2 mol - L' HNO, ¥ fi# il 74 1.5
mol - L~ A B8 B0 ¥ W, PRI AT R TR (n (F7 15 1R )/
n(Bi*)=1:1) , K 17 5H 2 B 1) #7168 R V5 WL 4% Mo/ (Mo+
Bi)=0.60( 5%+ bb) 3 43 $ 1 22 A0 15 hn B2 Wb 1
— VR OIS B, PR B (NHLV O5) , AT
BER (n (7 1 R )/n (V3 =1:1), P+ LA 1.0 mol -L™" R
(HOOCCOOH + 2H,0 , n(HEFR )/n(V¥)=1:1)) I WA

fiff, A5 — VR WE I ST B I I R B R N
Mo/(Mo+V) ¥ Lt A 0.45 G245 15 fin 2] F i fiF R 54 F1
PR IR AW WD 60 CKIBZET 110 CT %
24 h,600 C= UGB 6 ho iz M BB ZEALT5 B 4
Big7:Ceo13VossMooasOs HE 1L 71 ((Ce+Bi)/V/Mo0=0.85/0.55/
0.45 i1 1),
12 ARPDEFMSHEHRERELFIRRERSL

&S

(AP S Aol k=R Y =R =W AT
BE 3 PEPE AL AL T RO R B 1 PR, BRORE
Pt 28 = SR R S B /D et 2 U s, T 2Rk TR 5
W B R S SR TR 2 ORI N AR, RN A K
300 mm, W78 20 mm, T LiRFEE bl EFiait
i 1 25 7 LA (0 TR B /4R U RV RUTR B RO Rt AR
I #, SN  HE  2 7 a  EURE LA S a3 7 4k
438, C3Hg C3Hg . CH, CoHg . CoH, Fl1 CO, 143 B 2R
Wi UL R 4y T A AR T WLFX 9790 A< AH € 3% 43
Porapak Qs HFEFE (K 2 m, WA 3 mm), #4545l
@ (TCD), & A, I 50 mL-min™', HE46 i&
JZ 80 C(fH ), il E 100 «C; CH,.CO .0,
N, 1953 B2k L E 18 43 A AL A8 T 102G B ASOAH €3
10, (5A+13X) 4> P 7k (K 4 m, W& 3 mm),
TCD Al &%, A AH R BE 50 C(fE L), Al &% i B2
50 °C, & A, A 40 mL-min™; & A A L
Y5y Hr ok F H A% ShimadzuGC-14A S AH 4 35X
Porapak Q A (K 2 m, N4 3 mm), B F 1L K 4E
il 2% (FID), B A, A 60 mL - min™! FE48
240 °C(1E L) , K I #5755 250 °C, R H#kEE —1k
SKAS NIRRT A A R B

10999 8§

1: flux regulator; 2: flow meter; 3: reactor; 4: cold trap;
5: six way valve; 6: gas chromatograph; 7: detector; 8: buffer;
9: sulfuric acid; 10: absorber for acid gas
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Fig. Experimental setup for the dehydrogenation and

oxidation of propane
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Fig. 2 A sketch for the micro reactor
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Table 1 Effects of the space above the catalyst bed on the performance of catalyst

Propane Conv.

Selectivity / mol%

Reactor zoon

Reaction conditions

/ mol% Propylene Acrolein
Empty 22.1 57.1 0 500 °C n(C;Hg)/n(0,)=0.8 flow rate=22 mL+min™
filled with quartz 0 0 0 500 °C n(CHg)/n(09=0.8 flow rate=22 mLmin”
y-Bi,MoOg only 28.8 33.5 15.8 500 °C n(C3Hg)/n(0,)=0.8 GHSV*=1800 h™'
quartz + y-Bi,MoOs trace trace trace 500 °C n(C;Hg)/n(0,)=0.8 GHSV=1800 h™

*GHSV=Gas Hourly Space Velocity.
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Table 2 Products selectivity of propane cracking

Propane conv. /

T/%C

Product selectivity / mol%

Yield of CsHe /

mol% CH, C CsH mol%
500 0 0 0 0 0.0
550 0.2 325 67.6 0 0.0
580 2.6 153 64.7 0 0.0
600 48 15.6 353 49.1 24
650 8.3 143 37.8 479 4.0
700 214 154 413 433 93

Total flow rate (C;Hg+N,) = 22mL min™, n(C;Hyg)/n(N,)=45/10.

%3 FRBETAKNSAALRERLF=DHH

Table 3 Effect of temperature on the homogenous oxi-dehydrogenatrion of propane

Propane conv. /

Product selectivity / mol%

Yield / mol%

T/C
mol% CH, C, C3Hg CO, CsHg CO,
380 14 0 0 91 9 1.3 0.1
420 5.7 0 3.5 754 21.4 43 1.2
480 14.8 0 4.7 65.3 30 9.7 4.4
500 22.1 2.6 53 57.1 349 12.6 7.7
520 352 4.7 8.4 40.8 43.1 14.4 15.2
550 474 8.9 12 27 51.8 12.8 24.6

n(CsHg)/n(02)/n(Ny) = 0.8/1/10; flow rate (CsHg+O»+Ny)= 22 mL-min”\.
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Table 4 Product selectivity at different Propane/O, molar ratios

Propane / O, Propane conv. /

Product selectivity / mol%

Yield of CsHg /

molar ratio mol% CH.4
0.5 24.2 2.7
0.8 22.1 2.6
1.0 19.6 2.8
1.2 17.3 2.0

C,
4.6
53
6.8
79

C3Hg CO, mol%
51.8 35.0 12.5
57.1 349 12.7
56.5 26.6 11.1
58.4 24.2 10.1

500 °C, Total flow rate (C;Hg+O0,+N5)=22 mL-min™', N, as balance gas.

x5 ERSRENRAKEHESNRESYS %R

Table 5 Effect of linear velocity of feed gas on the oxi-dehydrogenation of propane

Flow rate / Linear velocity / Propane conv. / Product selectivity / mol% Yield of C;Hg /
(mL+min™) (m-min™) mol% CH, Cy C3He Co, mol%

11 0.035 29 3.5 8.4 437 443 12.5

22 0.070 22.1 2.6 5.3 57.1 34.9 12.7

33 0.106 16.2 0 3.5 70.2 26.3 113

44 0.140 11.7 0 3.1 74 23 8.6

500°C, n(C:Hg/n(0:)/n(N-=0.8/1/10.

®6 AEKREIEETVMO FEXFIH Rk RS L e
Table 6 Catalytic dehydrogenation of propane over VMgO at different temperatures

Propane conv. /

Product selectivity / mol%

Yield of CsHg /

T/
mol% CH, C C3Hs co, mol%
400 59 0 0 672 45.1 4
450 103 0 0 59.5 65.6 6.1
500 15.8 0 2.3 53.6 729 85
550 18.3 1.1 3.7 453 82.5 8.3
600 322 338 52 27.1 975 7.1

n(CsHy)/m(05)/n(N,)=1/1/10, GHSV=18 000 h.
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Table 7 Catalytic dehydrogenation of propane over VMgO at different Propane/O, molar ratios

Propane conv. /

Product selectivity / mol%

Yield of C3Hg/

n{CaHs) fn(0y) mol% CH, C. CaHe Co. mol%
0.5 19.4 0 22 333 64.6 6.5
038 173 0 28 475 49.8 82
1 159 0 23 53.6 442 85
1.2 133 0 0 58.7 454 7.8
15 10.1 0 0 62.4 375 6.3

500 °C, GHSV=18000 h™,N, as balance gas.

*8 EMZ=EI VMgOELFI RIS LI S 8N
Table 8 Catalytic dehydrogenation of propane over VMgO at different GHSV

Propane conv. /

Product selectivity / mol%

Yield of CsHg /

GHSV / h
mol% CH, C, CsHg CO, mol%
8000 289 3.8 5.2 38.6 525 11.2
12000 223 1.1 3.9 45.2 49.6 10.1
18000 15.9 0 23 53.6 442 8.5
24000 12.3 0 0 57.7 424 7.1
36000 8.6 0 0 61.2 38 5.3

500 °C, n(CsHg)/n(0)/n(N2)=1/1/10.
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Fig.4 XRD patterns of catalysts with different composition
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Table 9 Direct oxidation of propane to acrolein over BiMo based catalysts

Propane conv. /

Product selectivity / mol%

Catalyst
mol% C3Hs Acrolein CO, CH, C HCHO
v-Bi,MoOg 28.8 335 15.8 37.0 2.6 7.1 4.1
a-Biy(MoO,); 29.3 19.9 22.4 44.9 2.3 6.3 4.3
BiossVossMogas04 30.1 11.3 38.2 38.2 2.0 6.0 44
Bio7Ceo13 VossMogas04 30.4 9.2 449 32.7 1.7 4.1 75
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