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Table 1 Effect of calcination temperature on the catalytic activity of MoO,

Selectivity (% )

Catalyst X(DMC) (%)
MPC DPC MPC + DPC PhOH
MoO, —400 73.9 56.5 39.5 96.0 4.0
MoO; - 500 73.5 56.5 39.6 9. 1 3.9
MoO; - 600 20.0 62.0 33.5 95.5 4.5
Commercial MoO, 16.8 63.0 32.8 95.8 4.2

Reaction conditions; n(PA) =1.0 mol, n(cat. )/n(PA) =0.05, n(DMC)/n(PA) =1/2, t=7 h, §=180 C.
DMC - dimethyl carbonate, PA — phenyl acetate, MPC — methyl phenyl carbonate, DPC — diphenyl carbonate.

400, 500 and 600 are calcination temperatures of the MoOj.
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Table 2 Effect of MoO; amount on transesterification of DMC and PA to DPC

n(cat)/n(PA) X(DMC) (%) S(MPC) (%) S(DPC) (%) S(MPC +DPC) (% )
0.03 50.0 63.5 32.4 95.9
0.04 65.6 60.5 34.5 95.0
0.05 74.0 56.5 39.5 96.0
0.06 73.8 56.0 39.6 95.6
0.07 74.0 56.0 39.8 95.8

The reaction condition is the same as in table 1, but cat = MoO, —400
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Table 3 Effect of n(DMC)/n(PA) on transesterification of DMC and PA to DPC

n(DMC)/n(PA) X(DMC) (%) S(MPC) (%) S(DPC) (%) S(MPC +DPC) (%)
1/1 45.0 65.8 25.0 90.8
1/2 74.0 56.2 39.5 95.7
1/4 89.4 55.5 39.5 95.0
1/6 99.0 60.0 39.0 99.0
1/8 98.9 59.8 38.8 98.6

The reaction condition is the same as in table 2, but n(cat)/n(PA) =0.05
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Table 4 Effect of reaction time on transesterification of DMC and PA to DPC

t (h) X(DMC) (%) S(MPC) (%) S(DPC) (%) S(MPC +DPC) (%)
2.0 10.0 80.0 16.0 96.0
4.0 30.0 75.6 20.6 96.2
5.0 60.9 58.0 38.0 96.0
6.0 74.0 56.3 39.4 95.7
7.0 73.9 56.6 39.5 9. 1

The reaction condition is the same as in table 3, but n(DMC)/n(PA) =1/2
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Table 5 Effect of reaction temperature on transesterification of DMC and PA to DPC

9 (C) X(DMC) (%) S(MPC) (%) S(DPC) (%) S(MPC +DPC) (%)
150 0 0 0 0
160 69.0 65.5 30. 1 95.6
170 70.2 63.8 31.5 95.3
180 74.0 56.7 39.5 96.2
190 74.6 56.5 39.8 96.3

The reaction condition is the same as in table 4, but t=6 h
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Table 6 Results of reuse of the MoO; catalyst

Run X(DMC) (%) S(MPC) (%)

S(DPC) (% )

S(MPC +DPC) (%) S(PhOH) (%)

1 74.0 56.5 39.5
2 73.8 56.0 39.8
3 72.5 56.0 40.6
4 65.6 60.5 35.5
5 10.2 64.2 31.4
6" 72.5 55.0 40.5
7" 72.0 55.2 40.2
8° 73.0 55.5 40.0

96.0 4.0
95.8 4.2
96.6 3.4
96.0 4.0
95.6 4.4
95.5 4.5
95.4 4.6
95.5 4.5

The reaction condition is the same as in table 2, but t =6 h.

a. Regenerated by calcinations of the used sample of Run 5 at 500 °C for 5h,

b. Regenerated by calcinations of the used sample of Run 6 at 400 °C for 5 h;

c. Regenerated by calcinations of the used sample of Run 7 after used 4 times at 400 °C for 5 h.
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Table 7 BET results of MoO, catalysts prepared at different calcination temperatures

Catalyst MoO; —400

MoO; — 500

MoO; — 600

Commercial MoO,

BET (m’/g) 34.5 27.0

5.3 3.5

Note: 400, 500 and 600 are calcination temperature of the MoOj,.
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Fig. 2 SEM micrographs of MoO; catalysts with different calcination temperature
a: 400 °C; b: 500 C; ¢: 600 °C
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Table 8 Effect of different feeding orders on the transesterification of DMC and PA

Steps X(DMC) (%) S( MPC) (%) S(DPC) (% ) S(MPC +DPC) (%)

S(PhOH) (% )

a 74.0 56.5 39.5 96.0 4.0
b 20.0 78.8 13.5 92.3 7.7
c 60.5 64.3 31.5 95.8 4.2

Reaction conditions; n(PA) = 0.8mol, n(DMC)/ n(PA) =1/2, n(cat)/ n(PA) =0.05, #=180 C, t=7 h

a. The catalyst and PA were firstly added into the reactor, and DMC added after the mixture of catalyst and PA stirred

30 minutes, and heating reaction.

b. The catalyst and DMC were firstly added into the reactor, and PA added after the mixture of catalyst and DMC stirred

30 minutes, and heating reaction.

c. PA and DMC were firstly added into the reactor, and the catalyst added after the mixture of PA and DMC stirred

30 minutes, and heating reaction.
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Effect of Calcination Temperature on Properties of MoO, Catalyst for

Transesterification of Dimethyl Carbonate and
Phenyl Acetate to Diphenyl Carbonate

CAO Ping""?, YANG Xian-gui"**, XIN Yang'’, WANG Gong-ying" **
(1. Chengdu Institute of Organic Chemistry, The Chinese Academy of Sciences, Chengdu 610041, Sichuan, China;
2. School of Chemical Engineering, Chongqing University of Technology, Chongging 400054, China;

3. Changzhou Key Laboratory of Green Chemistry & Technology, Changzhou Institute of Chemistry ,
Changzhou 213164, Jiangsu, China)

Abstract: Molybdenum trioxide catalyst for the transesterification of phenyl acetate (PA) and dimethyl carbonate
(DMC) to diphenyl carbonate (DPC) was prepared by a calcining method. The structure and catalytic properties
of the catalyst synthesized at different temperatures were characterized by N, absorption — desorption (BET) , X -
ray diffraction( XRD) , scanning electron microscopy (SEM). The results showed that, the catalyst had an ortho-
rhombic structure, with the increase of calcination temperature, the specific surface area of the catalyst was de-
creased, the diffraction intensity of the (110) and (021) faces decreased, and the diffraction intensity of the
(020), (040), and (060) faces increased, and the face (021) and/or (110) are/is favorable to the transesteri-
fication of DMC and PA to DPC. And too high calcination temperature would deteriorate the structure and catalyst
activity. Furthermore, a plausible mechanism for the transesterification of DMC and PA to DPC catalyzed by MoO,
was proposed by changing the feeding order of the materials and catalyst.

Key words: calcination temperature ; molybdenum trioxide; dimethyl carbonate; phenyl acetate ; diphenyl carbon-

ate; mechanism



