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Abstract—The vapor phase synthesis of acrylic acid from oxidation of acrolein was studied using Mo-V-
Cu multicomponent mixed oxide catalysts. The effects of promoter, composition of active species and synergis-
tic effect of mechanical mixture catalysts were investigated. The active phase for the formation of acrylic
acid was vanadium molybdate with the composition of MoV.0; and /or MogVyOy. Copper promoter increased
conversion and vyield of acrylic acid, but excess amount of copper on the surface decreased the yield of

acrylic acid.
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Fig. 1. Schematic diagram of the experimental apparatus.
1. Reactor 5. Integrator
6. Dryice-acetone bath

7. On-off valve

2. Electric furnace
3. Thermocouple
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Table 1. Composition and specific surface area of catalysts
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Atomic ratio

Catalyst Preparation method o v Ca CuMoO; wt fraction  Surface area(m?/g)
CM C 15.0 - 15.0 1.52
VM-1 C 150 5.7 — 843
VM-2 C 15.0 114 — 7.57
VM-3 C 50 114 4.06
CVM-1 C 15.0 5.7 1.38 6.91
CVM-2 C 15.0 57 2.76 537
CVM-3 C 15.0 57 5.52 8.84
CM/VM-1 C 0.14 6.28
CM/VM-2 C 0.33 6.85
CM/VM-3 C 0.45 2.30
VM/CM-1 C 0.72 1.54
VM/CM-2 C 0.56 3.08
VM/CM-3 C 0.45 7.81
M-CM+VM-1 M 0.14
M-CM+VM-2 M 0.33
M-CM +VM-3 M 0.60
C: Coprecipitation
M: Mechanical mixture
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Fig. 4. XRD patterns of (a) YM/CM-1, (b) VM/CM-2,
(¢) VM/CM-3.
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Fig. 5. SEM photographs of (a) CuMoQy, (b) YM-1, (¢)
CVM-2, (d) CYM-3.
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Fig. 6. EPMA photographs of VM-1 catalyst.
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Fig. 7. EPMA photographs of CVM catalyst.
(a) CVM-1, (b) CVM-3
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Fig. 8. Conversion of acrolein and selectivity of acrylic

acid with VMM-series catalysts[empty symbols: con-

version((J=VM-1; O=VM-2; A =VM-3), filled sym-

bols: selectivity of A.A.(M=VM-1; ®=VM-2; &

=VM-3)].

£ Fig 8] vebligdch

Fig.8& VM #Ald Zujj9] 250 w2 Hslg>
ZY 4o F8g dehd Hlelch A3HE2 Mo/Ve HPP
15: 114(M003772m01%)L A7 73 Egtod
vhbE el gheke] B A-$-9l VM-3(MoO;=48 mol%)
£ 238 shgol uL sheict. oA Al AdE =

Mo/Ve] H]7} 7}& 2 VM-1(MoOs=84 mol%)eo| 7}3
Z& A5 7 et} o] 5& Mo-V-O &vll & o] &3
otz z#gle] Atslub-g-ofl 4 Mo0;2] mol%rt Z7+d+
Z o}z Abe) Al £7)3}+= Andrushkevich 5
[13]9 Hae} dx)sl= dAdolrh Ly} Mo0s] =

Ajo] 100 mol% Aol ok Ate] ez} ofF
olrh o] 7}x] Blalgae] Aldl 4bslubg o] Al
o5ty dwta e g V,.0.5 &ulo) 4L S/ n
MoOst= &vi 9] M= Faboll 7]t Zog odeA

AUTH 141].

B odFof|A] A28 VMA Zvie] XRD ¥4 47HFig.
2)°I]H VM-1o] VM-2v} VM-3xc} 20=233, 27.3, 33.7°
> MoV,0s8F MogVeOyy T35 2+ peakrl £718h=
108 Bol o}7lo] ofmy A}e) qang._ 50}”\0}0“ DA 7}
%}H—'[LJ_S?‘_ shgtsich A4l 2 XRD 241l 4 MoV,-
MosVeOu-& d/ne} ghel A2l 3+ intensityoll A ut
o o]z} el Hxoldh

& Mo-V-0 4318 Fol o) 4 242 ol o] A4
Vy050ll A&k MoQ,2] Eulel]l wa} ch2ei[11] Eal A
ZA19] pHell® <38 wheoha oedx] sicH12]. Naj-
bar S[11]% benzene®] At3}ul-2ofj 4] B o9} o
vl o 2 oxalic acid7t H71¥ AHM3} AV 58948
ZA1A V,05: Mo0;=0.65:0.352] ®l2 223 Fof
B 2}83l9d=d MoVi0s MogVeOy 28] 2 V05 Frol)
MoO,7t 507 2447 24 EALE B astqich

3-2-2. Cu9] <38

HWAHAK KONGHAK Vol. 30, No. 4, Angust, 1992



464 AL - el -

100
80
Z
£
g -
i3] 60 - —®
173
=}
0
40 +
g * —u
4
o '
=
8 20 - /
Q
L

310 320 330 340 350 360 370 380 390
Reaction temperature(C )

Fig. 9. Conversion of acrolein and selectivity of acrylic
acid with CVM-series catalysts[empty symbols:
conversion(J]=CVM-1; O=CVM-2; A=CVM-
3), filled symbols: selectivity of A.A.(M=CVM-1;
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Fig. 11. Conversion of acrolein and selectivity of acrylic
acid with VM/CM-series catalysts[empty sym-
bols: conversion((CJ=VM/CM-1; C=VM/CM-2;
A=VM/CM-3), filled symbols: selectivity of A.A.
(B=VM/CM-1; @=VM/CM-2; A=VM/CM-
3)].
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Fig. 12. Conversion of acrolein and selectivity of acrylic
acid with M-V+M-series catalysts[empty sym-
bols: conversion(()=M-V+M-1; C=M-V+M-
2; A=M-V+M-3), filled symbols: selectivity of
AA(M=M-V+M-1; @=M-V+M-2; a=M-V
+M-3)].
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Fig. 13. Conversion of acrolein and selectivity of acrylic
acid with M-CM + VM-series catalysts[ empty sym-
bols: conversion(ZJ=M-CM+VM-1; C=M-CM
+VM-2; A=M-CM+VM-3), filled symbols: se-
lectivity of A A.(M=M-CM+VM-1; @ =M-CM
+VM-2; ae=M-CM+VM-3)].
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