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Abstract: To investigate the effects of perovsikite catalysts on synthesis of propylene carbonate (PC) by urea
hydrolysis, a series of Mn-based perovskite catalysts were prepared by sol-gel route and characterized by X-ray
diffraction and temperature programmed desorption of CO,.Their activity in synthesis of propylene carbonate
from urea and 1, 2-propylene glycol were also studied. It was found that CaMnO; had the highest activity due to
the formation of strong basic sites on its surface. CaMnO; shows the highest basicity and the best crystallinity
under the preparation conditions of the molar ratio of citric acid to total metal ion of 1:1, calcination time of 5 h
and calcination temperature of 1 100 C. When CaMnOs is used as the catalyst at molar ratio of urea to 1,
2-propylene of 1: 4, the reaction temperature of 170 °C, reaction time of 2 h and catalyst amount of 0.42%
(based on the mass of urea) , the yield rate of PC is 91.1%.
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Fig. 1 Prepared catalysts : (a)XRD patterns, (b)catalytic

performances , (¢) CO,-TPD profiles
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B — 3, 7F 20=33.9° ,48.8° . 60.8° 4 A CaMnO;
a1 BE A R R T EE Y T R, CaMinOs A AT ST
g iR % T 5, 2 b I B F K 1 100°C B it 44
F4) AT S5 g 5 B 3 3] e iR, T e A T R A R T
A P A7 S5 W I 5 ST LR B MR AIG . LA 2 R R
BE A #1100 CHF CaMnO; [ 45 5 B 5 4, i H &
MEER T o855 . 1 AR R BE T B 5 il 15 1Y
CaMnO: 1 i B ZSEL, B =800 7T LA Y A5y
CaMnO: ¥ IEZE fh & , 25 [ pnma. I H B4
i B BE I T i A R T R ) | 5 AR A
WA GE-, SR BRI R] N 5 h i S AR AR AR /N i —
AU T ST A 1Y CaMnOs 45 5 T2 B
Uf o LG5 SRR B S AR TR R AR A A — B
H UL 4 7T CaMnO, 19 45 i B B 0 I 7E R 28 B2 S
I F R A — A R
F 1 REEBERE B BH CaMnO. M RS H
Tab. 1 Effect of different calcination temperatures on cell

parameters of CaMnO;

R be i

B/ C
900  0.528 51 0.746 95 0.528 56 0.208 660 8 pnma
1000 0.528 53 0.746 97 0.526 67 0.207 9294 pnma
1100  0.528 19 0.743 47 0.526 58 0.206 784 5 pnma
1150 0.528 15 0.746 84 0.525 73 0.207 370 8 pnma
1200 0.529 19 0.745 77 0.526 81 0.207 9113 pnma

a/nm  b/nm  ¢/nm Vi/inm'  ZE[)RE

F2 SERIBER CaMnO U FI AL F R F N
Tab. 2 Effect of calcination temperatures on catalytic

performance of CaMnO;

K beliE 1 C W& % T / (mmol/g)
900 70.7 6.25
1000 80.9 6.42
1100 91.1 6.92
1150 70.4 6.41
1200 66.5 6.36

TEAN [ T R 48 T % CaMnO; [ CO,-TPD Al
AL MERE 23 ) UL I 2 (b) i 2. H &1 2(b) Al 0L,
Bt 25 5 2 R 0 T 5 CaMinOs 1Y CO I B e 437 8 L
B AR AL HAE 785 CCRE T B BT A B A5 B
WA, 33 T3 T K% e U 79 728 A XoF A Ak 7] 3 T K iR
55 - I B S 5 ) 5 17 38 A ) 0 i AR 43 o B T A
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Fig.2 CaMnOs at different calcination temperatures :
(a)XRD patterns , (b) CO,-TPD profiles
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T 5 U, 5 J8 AN [] B[] BT 45 119 CaMin O 19 177 S5 g e
A5 i 8 B AR — 2, RIWITE 1 100 CF R BEA
[Fi] FsF 5] JIT 6] 45 1) 4 Ak 50 259 2 A 79 CaMinOs. A
&1 3 (a) Hp m] 1B 2 5 B8 B[] 19 719 228 K, CaMinO; 119
AT S 0 28 T B 5, 2 R I [ 25K S b i AR AT
S0 58 3 R B A L 255 3R 3 TR db L S 8k BT
1 100 CF 542 5 h Jr il 454 5l o R 44 FRUR: e/
1), LB FEIZ A T 153 2 1) CaMnOs 5 & B e 4t
£ 1 100°C T % B8 A [A] B[] BF 43 CaMnO; 1)
CO.-TPD & A Ak PE g 43 1 DL IE 3(b) i3k 4, 4n
F AP Bt 5 R A8 R [R] 114 J2E 4 A £k 700 1) 4 Ab 15
R R, R ] IR B S h s A5 2 0 4 AL T
P PC IR J 91.1% . >4 4k 25 4iE K % 452 i

F*3  AEKEEEETE H S5 CaMnO: W B S 3
Tab. 3 Effect of different calcination times on cell

parameters of CaMnO;

ik e I
[&] /h
4 0.528 50 0.746 67 0.528 58 0.208 5928 pnma
45  0.52859 0.74377 0.528 76 0.207 8826 pnma
5 0.52819 0.743 47 0.526 58 0.206 7845 pnma
5.5 0.52820 0.74561 0.527 15 0.207 6113 pnma
6 0.52859 0.743 77 0.528 76 0.207 8826 pnma

V/nm’ 73 [a)

a/nm b/nm c¢/nm

a j. . Caang 6h
: ee [ e 3 :
ol s

5h
| l l Iy A
4 j L A A4.5 h
. | i i 4h

200 600 800
T/C
[ 3 7~ 8] 4 45 e 18] ) % B9 CaMnOs:
(a) XRD &, (b) CO-TPD
Fig. 3 Prepared CaMnOs for different calcination times:
(a)XRD patterns, (b) CO--TPD profiles

F4  KERERT BT CaMnO, /8 1k 7 4 1k & M B 82
Tab. 4 Effect of calcination times on

catalytic performance of CaMnOs

KGRI IE] / h R | % Bl it / (mmol/g)
4 72.4 6.32
4.5 74.9 6.36
5 91.1 6.92
5.5 86.6 6.64
6 83.1 6.46

[ A A Ak 300 100 3 M T G 02 18 B AIG . X EE CO-TPD
P, AN [ 9L B R k% 8 i 45 CaMinO, 34 76 785 °C Ift it
0B COL M B 0, 156 5% b 2% 11 A% CaMinOs R 1
i O O BB A — S R D T e L 1 4 555 G
T34 R
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Fig. 4 Effect of reaction conditions on urea alcoholysis:
(a)reaction temperature, (b) reaction time, (c) molar ratio

of urea to PG, (d) catalyst amount
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