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Tablel 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 96.0 4.0
2 73.8 56.0 39.8 95.8 4.2
3 72.5 56.0 40.6 96.6 3.4
4 65.6 60.5 35.5 96.0 4.0
5 10.2 64.2 31.4 95.6 4.4
6 72.5 55.0 40.5 95.5 4.5
7" 72.0 55.2 40.2 95.4 4.6
8 73.0 55.5 40.0 95.5 4.5

Reaction conditions :

n(PA)=1.0 mol, n(cata. )/n(PA)=0.05, n(DMC)/n(PA)=1/2, t=7 h, §=180 °C, a. Regenerated

by calcinations of the used sample of Run 5 at 500 °C for 5 h; b. Regenerated by calcinations of the used sam-

ple 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.

DMC-dimethyl carbonate, PA-phenyl acetate, MPC-methyl phenyl carbonate, DPC-diphenyl carbonate
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Table 2 BET results of different MoO, catalysts

Catalyst BET/(m’ - g™")
MoO," 7.5
MoO," 7.0
MoO,° 7.2
MoO,* 6.5
MoO,* 3.5

Note: a. MoO, prepared at 400 C; b. Sample a used one
time; c. Sample a used three times; d. Sample a used

four times; e. Sample a used five times

B BFEATA, 7E 400 C KB PT S MoO, i1k 5
R R 1) MoO, Ak 71 A% e 2R T AR AH 250K,
iR 5 k2 e, MR R mBURIE T, 456
1 AT sl g R vT 0, i F 05 AL )
AR EMEALTERE, sr TR, bR RE S 1k
B LR AR — o B9 M, LR T AR,
AL RELT, LLFRA/INGT, AL RE
2.3 XRD RAE

BB s S i FHAS R BRUS MoO, 446 551 1Y
XRD 3%, i1 o] 0L, 7E 400 °C i & Fr 159 97 ff
MoO; A S 4 ¥k, 5 IRZJG 1) MoO; AL,
A S 12, 720, 23.30°, 25. 66°, 27. 28°
1 38.94° 43 5| % 1 F 1IE 28 ff &2 MoO; (a-MoOy) [
(020), (110), (040), (021) F1 (060 ) & [

(JCPDS:05-0508). £itH, HAMESEU R a=



432 7 A (1

26 %

3)

021)
(060)

Intensity
Transmittance /%

g °
e ‘I
I AA (2)

10 20 30 40 50 60 70 80
20/(°)

Bl 1 AN ] R MoO; AL G XRD
Fig. 1 XRD patterns of MoO; catalysts used different times

(1) the sample used 4 times; (2) the sample used 5 times;
(3) the sample prepared at 400 °C
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Fig2 FT-IR spectra of different MoO;, catalyst
(a) fresh sample, (b) used one time, (c¢) used five times,

(d) the sample calcined at 500 “Cafter used five times
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Fig.3 Mo 3d XPS spectra of the catalysts in different stages

(1) fresh sample, (2) used one time, (3) used four times, (4) used five times
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Fig. 4 SEM micrographs of different MoO, particles

(1) fresh sample, (2) used four times, (3) used five times,

34 #

KV BeiAE 400 C |45 T DMC Fl PA JiE ¢
#e5 8 DPC P R MoO, 465, il BET, XRD
XPS| FT-IR | SEM SRAEE A, X MoO, {1k 7] 2k
RS IES . 45 EdT T HF5E. XRD ., XPS i
RN, B Hl MoO, AL IE AL b & MoO, (a-
MoO, ) , H AL PE B 32 fh AR 25 4 1 52 e, (021)
s/ F(110) § i A #F DMC Fil PA FE 52 46 &5 A%
DPC Jz vi. BET. XRD., XPS, FT-IR. SEM i 4k
REW, a-MoO, fEAFIZIRMEMG, bR IEA
T TR IR, AL L R AR, ik
FIVORL IR A FE AR B, AR5 (021) L (110)
TR S5 U i B Ok 55, 3 T 380 T MoOy Ak 551 Y
PSR

S 3k

[1] Tundo P, Selva M. The chemistry of dimethyl carbonate
[J]. Acc. Chem. Res. , 2002, 35(9).706-716

[2] Kim W B, Joshi U A, Lee J S. Making polycarbonates
without employing phosgene: an overview on catalytic
chemistry of inter-mediate and precursor syntheses for

polycarbonate[ J]. Ind. Eng. Chem. Res., 2004, 43

(4) the sample calcined at 500 “C after used five times

(9): 1897-1914

[3] GonglJ L, Ma X B, Wang S P. Phosgene-free approaches
to catalytic synthesis of diphenyl carbonate and its inter-
mediates[ J]. Appl. Catal. A, 2007, 316(1) :1-21

[4] Vavasori A, Toniolo L. Multistep electron transfer cata-
Iytic system for the oxidative carbonylation of phenol to
diphenyl carbonate [ J]. J. Mol. Catal. A, 1999,139
(2/3):109-119

[5] Ishii H, Goyal M, Ueda M, Takeuchi K, Asai M. Oxida-
tive carbonylation of phenol to diphenyl carbonate cata-
lyzed by Pd complex with diimine ligands[J]. Catal.

t. , 2000, 65(1-3) :57-60

[6] Cao Ping (# ), Yang Xian-gui (#%4¢1R), Tang
Cong-ming (JHHEHH) , et al. Thermodynamic analysis of
synthesis of diphenyl carbonate by transesterification of
dimethyl carbonate and phenyl acetate ( B[z —. F Jig Fll it
PRA IR & U IR — A g A 12407 [1]. Nat. Gas.
Chem. Ind. (China) (KIRFALT)), 2008, 33 43-46

[7] Tluminati G, Romano U, Tesei R. Process for the prepa-
ration of aromatic carbonates: US 4 182726 [ P]. 1980-
01-08

[8] Cao Ping( H 3F),Shi Wei-bing( A Lt
gui(#5E5%) , et al. Technological analysis of synthesis

), Yang Xian-

of diphenyl carbonate by transesterification ( fig 32 7% &

JBRER —ARBREE AR 43#871) [J]. Petrochem. Tech. ( Chi-



5 BT TR A Z R £ IR R —MoOs BN AT 435
na) (AMAETL) , 2010, 39(3) :346-351 ) [J]. Petrochem. Tech. (China) (£1ifLT.),
[9] Cao Ping(# F), Yang Jian(4% #), Yang Xian-gui 2011.40(10) :1037-1041
(#5e5t) , et al. Molybdenum trioxide catalyst for trans- [11] Nazri G A, C Julien. Far-infrared and Raman studies of
esterification of dimethyl carbonate and phenyl acetate to orthorhombic MoO, single crystal[ J]. Solid State lonics,
diphenyl carbonate ( MoO, #E{bfRIR — ik 5 LR 1992, 53-56( Partl ) ; 376-382
HINERER —2KHE) [J]. Chin. J. Catal. (fEAL2F3R) [12] Nazri G A, Julien C, Heat-treatment studies of molyhde-
2009, 30 65-68 num oxide-monohydrate[ J]. Solid State lonics, 1995, 80
[10] Cao Ping(# %), Yang Xian-gui (5% %), Ma Fei (3/4) . 271-275
(5 %), et al. MoO, catalyst for transesterification of [13] Moulijin J A, Vandiepen A E, Kapteijn F. Catalyst de-
dimethyl carbonate and phenyl acetate to diphenyl car- activation; Is it predictable? What to do? [J]. Appl.
bonate ( 4 TL5H AL R B2 — H IR AN & R AR g 5 I Bk TR Catal. A, 2001, 212(1/2) : 3-16

Deactivation of MoO, Catalyst for Transesterification of Dimethyl
Carbonate and Phenyl Acetate to Diphenyl Carbonate

CAO Ping'?* | YANG Xian-gui'”’, XIN Yang'®, WANG Gong-ying'"*
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Changzhou 213164 , Jiangsu, China)

Abstract: a-MoO); catalyst used for the synthesis of diphenyl carbonate (DPC) by transesterification of dimethyl
carbonate ( DMC) with phenyl acetate,, was prepared by direct calcination of (NH,),Mo00,0,, + 4H,0 at 400 °C in
air. The characteristic of the morphology and structure of the catalysts before and after deactivation were carried out
by using Brunauer-Emmet-Teller ( BET), X-ray diffraction (XRD), X-ray photoelectron spectroscopy ( XPS),
fourier infrared spectrum (FT-IR) | scanning electron microscope (SEM). The results indicate that the face (110)
and/or (021) of a-MoO, is/are favorable to the transesterification of DMC and PA , after used several times, amor-
phous carbon physical deposited on the surface of a-MoO;, the BET surface area decreased, and the face (110)
and (021) decreased, and the distribution of catalyst particles were changed, thus resulting in the deactivation of
the catalysts.

Key words: molybdenum trioxide; dimethyl carbonate; phenyl acetate; diphenyl carbonate; deactivation



