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Characterization and Catalytic Properties of Highly Stable
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Abstract CaO-ZrO, catalysts with CaO content ranging from 10% to 50% were prepared by coprecipita-
tion and their catalytic performances were evaluated in the synthesis of dimethyl carbonate from propylene
carbonate and methanol. The characterization by XRD, FT-IR, BET, ICP, XPS and CO,-TPD indicated that
when CaO content was higher than 30%, CaO segregated at grain boundaries and the catalysts showed high
activity but low stability. Whereas, Ca?" ion substituted for Zr*" ions in the host lattice to form homoge-
neous CaO-ZrO, solid solution when CaO content changed from 10% to 30%, as a result, the base strength
were enhanced and the catalysts showed both high activity and stability towards the synthesis of dimethyl
carbonate. The formation of homogeneous CaO-ZrO, solid solution was responsible for the stability of cata-
lysts.
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Figure 1 Catalyst performance of CaO-ZrO, catalysts with
different CaO contents in a batch reactor at different reaction
temperatures

Ca0 content: (a) 10%; (b) 20%; (c) 30%; (d) 40%; (e) 50%
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Figure 2 Catalytic performance of CaO-ZrO, cataysts with
different CaO contentsin reactive distillation

CaO content: (a) 10%; (b) 20%; (c) 30%; (d) 40%; (€) 50%
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Tablel The characterizations of fresh and used catalysts

Catalyst Phase  Sser/(m%gl)  CaO content/%
Fresh Tetragonal 12.9 211
Used Tetragonal 12.6 20.9
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Figure 3 XRD patterns of CaO-ZrO, catalysts with different
CaO contents

CaO content: (a) 10%; (b) 20%; (c) 30%; (d) 40%; (€) 50%
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Figure 4 FT-IR framework of CaO-ZrO, catalysts with differ-
ent CaO contents

Ca0 content: (a) 10%; (b) 20%; (c) 30%; (d) 40%; (€) 50%
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Table2 Pore structure and composition of samples

Ca0 cotent/% Saer/(m?g Y Vedl(cm®eg Y
ZrO, 55.2 0.12
10% 31.6 0.063
20% 12.9 0.025
30% 2.2 0.075
40% 3.9 0.015
50% 9.6 0.045
Ca0o 12.3 0.033

De/nm? Ca (Surface)® (Ca+2r) (Bulk)®

53 — —

8.0 0.12 0.10
7.6 0.18 0.21
26.1 0.28 0.30
15.8 0.45 0.38
12.3 0.60 0.49
6.3 — —

3Calculated by the BJH method from the desorption isotherm; ® measured by
XPS; “measured by ICP-AES.
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Figure 5 CO,-TPD profiles of CaO-ZrO, catalysts with differ-
ent CaO contents
Ca0 content: (a) 10%; (b) 20%; (c) 30%; (d) 40%; (e) 50%
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Table3 The CO, uptakes of CaO-ZrO, catalysts with different
CaO content

CO, uptake/(umoleg 1)

CaO content/%
site (a) site () site (y)
10 4.4 1.2 —
20 7.3 54 —
30 — 9.0 —
40 — 8.8 15.7
50 — 8.2 25.2
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Table 4 The binding energy of CaO-ZrO, with different CaO
content

Binding energy/eV

Sample
Ols Cazs Zr3dsg),
ZrO, 530.5 — —
0.1 530.1 483.0 181.6
0.2 529.8 483.3 181.8
0.3 529.6 483.2 181.4
Ca0 529.0 — 181.2

Feng “EUMELAEME ZrO, A 77 & BTt 26 A
i-Cy 1R SN PRI, CaO e () ZrOp A 4534 B 1 i,
i-Cq JEFEPESEIN, AEIE BAT B2 S AR (KR YR. AR
JEVR, <o e A A A T A2 3 T A S PR P ] <6 e 2
THIVERCE OIS s 3 T ig T e R, S
BRPERR R, 24 CaO 15 ZrO, i 4L Ak I, Cal it
ARAAE T Ze USRI, TERCT Ca—O—2Zr 4#, A
Fhats KA TE, TR XRD AT AT FT-IRF 28
RSN RMES; RN, BT Cal I HL P RE ST L Zr* o,
MIERT Ca—O—2Zr &ifly, A a0 i PER o,
RN XPS H Ols (145 & gD, X BilifE CaO-ZrO,
WA R MG, FEAR R AR L P BE oK H T ks A

I, & & S N g AR &R, nTLLACh, 2
WK A7 AR B CaO, BRI B EAT sy vk, 1H
FEMEA TN 5 R, RATTE s — 821 CaO-ZrO,
WA PRI, TR T Ao R sl A B AR, AR A
AT T B IIASE .
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