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ABSTRACT

Benzoic acid and benzaldehyde were obtained by gas-phase catalytic oxidation of tolune
over V;0s and heteropoly 12-molybdovanadophosphoric acid(H;.nPMoi12-nV:04). The effects.
of reaction temperature, air/toluene mole ratio, and space velocity on the yields and selectivities
were investigated. With HsPMo11 V1040 catalyst, the maximum selectivity of benzoic acid, 789%,
could be obtained at 450°C, with the space velocity of 1585 1/hr/1-cat. and air/toluene mole
ratio 272. The oxidizing power of catalysts in this work was as follows; V.0s>Hs;PMo010V:Oue
>HePMo0s V3040 >HsPM011V:04. For the catalytic oxidation mechanism, a redox reaction mech-
anism based upon the Langmuir-Hinshelwood approach was used.
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Table 1. Thermal Behavior of Heteropoly Molyb-
dovanadophoshates

Compounds

Hydration Dehydratmn Decomposmon
(x/mole) (°C) ()

H4PI\1011V1040 tzO 33
HsPMo1oV2040°xH:0 33
HGP) 109V3O4o . J.Hzo 33

80 120 140 440 615
80 120 140 430 625
80 120 140 425 630
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Table 2. Physical Properties of Catalysts

Catalyst*® Specific Surface Area Specific Gravity
(m?/g) (g/cm®)
V205 8.32 1.21
H,PMeu V04D 10.94 1.28
HsPMo:oV204) 9.4 1.14
HsPMooV30u0 5.33 1.19

* dehydrated state after 450°C preheating
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Table 3. 1/ra=a+ 6/C4 at 350°C

Catalyst Space Velocity a b
(1/hr/g-cat.) (hr.g-cat./mol) (hr.g-cat./1)
V205 1.05 2.68 X 10° 4.43
V205 1.68 4.72 X 10° 1. 994
H,PMo0;;ViOsp 1.46 21.63 x 10° 2.049
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2 B—IHE WMol A REEES R

2 ¥ gHE, HsPMo,: V104, B 450°C e
ol vk VOsffigel 400°C JZfiEe] E.of, wWl=at
o8 =rkd £RyE & i, HPMo,uV.0uw 4
el K3 350°C K] ZhFifyol glek,

3. ke MMEREMI®E Langmuir 4ol
K3t Mfe-BT RESB2 g + 9o

4. BiEE @ BbHe V.05>H:PMos
VzO4o>HePM09V3O4o>H4PM011V1O409] IEe) &3

e},

£ A it ¥

Ca Concentration of totuene(g-mole/1)
Co Concentration of surface lattice oxygen

Co, Concentration of oxygen in the reactant:
gas mixture
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Cy

by
ka
k
7o
ra
v

7Y SHRERBLY KT REEHS BE

Total concentration of surfacelattice ox-
ygen

Reaction rate constant of oxidation
Reaction rate constant of reoxidation
Erk:Co

Rate of reoxidation

Rate of oxidation(g-mole/hr.g-cat.)

space velocity of reactant gas mixture

BA¢ Benzoic acid
BAD Benzaldehyde

2EXR

1. R. Prasad, et al,, Chem. Eng. World, 14

(1979), 61.

2. W.G. Parks and J. Katz, Ind. Eng. Che-

m., 28(1936), 319.

W.G. Parks and R.W. Yula, Ind. Eng.
Chem., 33(1941), 891.

4. S.K. Bhattacharyya and V.K. Sharma,

Indian J. of Tech., 14(1976), 448.
Japan Patent 48-33740(1973)

6. THAcBgEsE, 74(1971), 1638.
7. C.F. Hendriks, et al.,, Ind. Eng. Chem.,

(1978), 256.

8. M. Aij, Kogyo Kagaku Zasshi, 74(1971),

ZAL

10.

11.
12.

14.
15.
16.
17.
18.

22.

23.

24.

353

1638.

M. Ai and S. Sadao, J. Chem. Soc. Japan,
(1972), 6.

R.K. Sharma and R.D. Srivastava, J.
AIChE, 27(1981), 41

U.S. Patent 3,836, 373(1967).

U.S. Patent 3,631, 204(1971).

U.S, Patent 3,774, 262(1973).

U.S. Patent 3, 946, 067(1976).

Japan Patent 49-36701(1974).

U.S. Patent 4,088, 823(1978).

U.S. Patent 3, 790, 624(1974).

G.A. Tsigdinos and C.J. Hallada, Inorg.
Chem., 7(1968), 437.

G A. Tsigdinos, Molybdenum Chemicais,
Climax Molybdenum Co., (1969).

J.F. Keggin, Proc. Roy. Soc. Ser., (1934),
75.

. J.M. Smith, “Chemical Engineering Kine-

tics,” 3rd ed., McGraw-Hill, New York,
1981, p.375.

J.J. Kim, PhD Thesis, Seoul Nationalk
University, 1981.

H. Tsuneki, et al.,, Chemistry Letters,
Chem. Soc. of Japan, (1978), 645.

H. Tsuneki, et al.,, Chemistry Letters,
Chem Soc. of Japan, (1978), 1183.

¥ ATE $RsEdlo] AT E AL FA BFAFAD] HAHE =R

s12t3 8 X203 ® 53 19824 10H






