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Abstract: The synergistic effects in mechanical mixture catalysts of Mo-V-O and metal oxide were investigated for
the selective oxidation of acrolein. The metal oxides used are Sn0O,, &-Sb,0,, WO, a~Al,0;, CuO, Mn0,, Cu,0, Mg0, CoO,
and ZnO. Mechanical mixtures of Mo-V-0 plus SnO, or @-Sh,0, had resulted in higher conversion of acrolein and higher
yield of acrylic acid than Mo—V-0. The origin of the synergy is attributed to the cooperation of Mo-V-0 and SnO, or ¢
Sb,0,, in which SnO, or &-Sb,0, forms dissociated oxygens at their oxygen vacancies and transports them to Mo-V-O.
Cu;0, MgO, Cu0, and MnQ,, increased conversion of acrolein but decreased yield of acrylic acid. CoO and ZnO inhibited
the catalytic performance of Mo-V-O. The different role of these metal oxides is explained in terms of their oxidation—

reduction properties.
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Table 1. Particle Size and Specific Surface Area of

Catalysts
Particle size(sm) |Surface area(m /g)
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Zn0 1.9 3.2
Cu,0 2.4 1.0
MgO 1.9 33.8
CuO 3.1 7.8
MnO, 1.5 12.8
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Fig. 1. Conversion and yield of SnO,, ¢-Sb,0,, VM,
50VM +Sn0, and 50VM +a-Sb,0,.
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Table 2. Phase Cooperation Effects between Metal
Oxides and Mo-V-0 on the Conversion of
Acrolein and Yield of Acrylic Acid at 300°C

Conversion Yield
of MMM.* | of M. M.*
Sn0,, @-Sb,0,  Increase Increase Fig. 1
WOs, a-ALO,|  Average Average Fig. 2
Co0, ZnO | Decrease Decrease Fig. 3
Cu0, MgO | Increase Increase Fig. 4
CuO, MnO; | Increase Increase Fig. 5

Group| Metal oxide Reference
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Table 3. Amount of Desorbed Ammonia

Total NH, NH; of VM phase
Catalyst (1 mol/g) (2 mol/g)
VM 79.7 79.7
VM+8Sn0, 75.3 150.6
VM+Cu,0 110.3 220.6
VM+MnO, 132.8 265.6

TPDE 3¢ 2L Fig. 17¢] Jehydct. 32
e AHAle CuOel Awt eFzhe) et muols} gt
512 SnO,, MnO,= NHy7}F 225 2) oo} Abxlo)
719 EAEA] ekgttt. VMEu)e] 79 270°Cel| &
o 23 338 ¥o|n 9Jy, VM+Cu,0: =alet
o] ZA F/btHA SHLEE Yo ov oddog
olgdte Ao wfo| ofibde] g
Agde}h 282 VM+MnO,x Az =3 571
3 58] 210C H9f gdsko] go] Zrlse
& velisich @31 VM+Sn0,&= VMol 1ls}o
HE& 25 190C A 22 =7} 2ol A
o= vepgr)

o9 Zejo] djsted Akdel of
Table 39 vehii ol 22 FAuE 5
Eolug F4atal VMAES 7)o g 4%—394 *e
le}fﬂ latsty o epd 7)A A =

F7F VM 2balxe} Ak e] ofo] o ‘Ef}%% & 5
ol;} Zu AR e 224 wle} Ws g
AT 9FE sdeAd g 25 1 A A
A77E Ay Eofof & Ao g Brisin),

oo

°]

lN e

ow-
o Sy

shab-g-ol 5| Mo-V-O¢t F&4t3 59 47t % 335

ok le] Aefatstel gt ofm AL FAIuES
of Mo-V-08} F£Aks29] 7|44 E34E Zw
At Ao EadE
£ Aok

1. Sn0x¢t @-Sh,0,= kol &A4e] 719 gsie
4 Mo-V-0 Zuje} o]59 7|Ald &% Zvjo4
s asz #2590 TPRe} TPO A A5 A%
3= Mo-V-0914] SnO,t} @-Sb,0, 29 Az}e)
olF3 ol EEXE Mo-V-029] spill-over oxygen
9 olFs ¥ e MFluFoR AwE 4
At

2. Cu,0, Mg0, CuO, MnO,& Mo-V-02} 7144
22 EFA A% °F*‘%Eﬂ‘ﬂ94 Az F7hst
Aot otz S8 oot @8 0-ALO,
o} WO wheedt & J’R—‘Jr“& et} Hshgat 4
&0 Mo-V-0¢} o5 A&d Fdztst 79 oz
steltk. olF 7144 EFE Zuo wbe EML A
-3 54902 vad & Awd 5 9l

3. CoO%} ZnOE Mo-V-08} 318 ASo= o
318l Mo-V-09] &) A5S AR 7L o]Ae
ol £¢% Z“H—4 A E-’Fﬂ ﬂﬁﬂ Ll 943P

y

a4 A

EQTE QAL A% 2sE AT AE
()8719) A7) Aoz ojolxl Aoz ol
HAER e,

1. French Patent DE 2, 397, 229(1979).

2. Japan Patent 86-11, 211(1986).

3. R. K. Grasselli and J. D. Burrington, Adv.
Catal., 30, 133(1981).

4. D. J. Hucknall, “Selective Oxidation of
Hydrocarbons”, p. 23, Academic Press, New
York(1974).

5 B. C. Gates, J. R. Katzer, and G. C. Schuit,
“Chemistry of Catalytic Process”, McGraw—

J. of Korean Ind. & Eng. Chemistry, Vol.5, No.2, 1994



336 sho gl - pA e -

Hill, London(1979).

6. D. Carson, G. Coudurier, M. Forissier, and J. C.
Verdine, J. Chem. Soc., Faraday Trans., 1, 79,
(1983).

7. L. T. Weng and B. Delmon, Appl. Catal., 81,
141(1992).

8. U. S. Ozkan and G. L. Schrader, J. Catal., 95,
120(1985).

9. F. Y. Qiy, L. T. Weng, P. Ruiz, and B. Delmon,
Appl. Catal., 47, 115(1989).

10. U. S. Ozkan and G. L. Schrader, Appl. Catal.,
23, 327(1985).
11. U. S. Ozkan, R. C. Gill, and M. R. Smith, Appl.

Zgdssh, A 5A A235, 1994

Catal., 62, 105(1990).

12. B. Zhou, K. T. Chuang, and X. Guo, J. Chem.
Soc. Faraday Trans., 87, 3695(1991).

13. Z. X. Liu, Q. X. Bao, and N. J. Wu, J. Caidl,,
113, 45(1988).

14. D. W. Park, S. E. Na, K. H. Kim, and W. H.
Lee, to be Published (1994).

15. P. Ruiz and B. Delmon, Catalysts Today, 3, 199
(1988).

16. M. Aj, J. Catal., 85, 324(1984).

17. E. M. Serwicka, J. B. Black, and J. B.
Goodenough, J. Catal., 106, 23(1987).



