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Hydrated Alkali Metal Halides as Efficient Catalysts for the Synthesis of Cyclic
Carbonates from CO, and Epoxides
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Abstract: The synthesis of propylene carbonate from carbon dioxide and propylene oxide using hydrated alkali metal halides as catalysts in
the absence of a co-catalyst and a solvent was investigated. The hydrated alkali metal halides showed much higher catalytic activity than the
anhydrous alkali metal halides. Sodium iodide dihydrate was found to be the most efficient among them and it gave a 97% yield of propylene
carbonate at 120 °C under 1 MPa within 1.5 h. The corresponding cyclic carbonates from CO, and other epoxides using sodium iodide di-
hydrate as catalyst were also successfully synthesized.
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Table 1 Effect of catalysts during propylene carbonate synthesis

Entry Catalyst Yield® (%) Selectivity (%)
1 Nal 8 >99
2 LiCl 2 >99
3 LiBr 3 >99
4 Lil 13 >99
5 Nal-2H,0 94 >99
6 LiCI-H,0 12 >99
7 LiBr-2H,0 76 >99
8 Lil-3H,0 96 99
9 Nal 29 99

10° Nal 87 96
11° Nal-2H,0 23 >99
12° Nal-2H,0 94 > 99

Reaction conditions: PO 29 g (0.5 mol), catalyst 1 mol% (calculated
using PO), temperature 120 °C, reaction pressure 2.0 MPa, time 1 h.
PO—propylene oxide.

*Calculated from GC analysis.

®Adding 2 equivalents of H,O (calculated by Nal).

°Adding 10 equivalents of H,O (calculated by Nal).
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Fig. 1.

Effect of reaction pressure (a), temperature (b), and time (c) on the synthesis of PC. Reaction conditions: PO 29 g (0.5 mol), Nal-2H,0 1

mol%; (a) 120 °C, 1 h; (b) 1.0 MPa, 1 h; (c) 120 °C, 1.0 MPa. (1) Yield of PC; (2) Selectivity for PC.

T RN R Iy 0 PC W I REm, g5 5 WK 1(a).
KAl UL, S W s /7 4E 0.5~3.0 MPa S il 9, PC il %
BB Hs g 0 T v T 28 9 38 03X AT R T B AE
R0 AP ART gL Nal-2H,0 % i+ PO
H, SR E AR kT, B CO, KT
B, WAH R COp e i 32 W 58 0, A= - 0 M AH ST
CO, 5 PO #fh ¥y JL 2R3 n, Kt PC % bl 2 4
I AT R, 4 RN R KT 1.0 MPa I, PC
WA G A R, 4 N s ) e 1.0 MPa 19 i %2 3.0
MPa I, PC A IE K T 27 1%. 43— 1
I JJ I, PC WS AR FEAAL . LG H% 8, 1hH
) N s 772k 1.0 MPa.

WX CO, 5 PO o B A Bl PC 1 5% 1 UL ]
1(b). 1EWITR, S 80T B b AR U, PC ISR Bl
LT A 0. 24 & M BE A 80~100 °C K,
PC it FAE A% (£ 20%). Bfi 45 2 I il & T %8 120
°C, PC W % P i 19 45 94%. (H 243k — 25 4% v Y 1
I, PC WA 38 n, 17 @ 7= 4 PG () 2t 0 A7 35
(%7 0.5%). X 1] fig At DA ok Bt 5 il R 1 T, JRURE PO
(10 AR S I TN ) A A T A, W) RO i
“h 80~100 °C I, Jio N i 4 v il B i A fR 1 A AR
1T 2447 4 B2 I3 3 i 5 - 120 °C I, S ik FE P A7 A
FHEM % (WL 2), X/&F N CO, 5 PO & 1k PC J2
— AN BRTBA Y.

78 i 46 771 Nal-2H,0 H] & 1.0 mol%, 120 °C Al
1.0 MPa [ 45 T, 42T [ N INF i) % 4 B PC 12k g

160 [
150 [
&) L
E’ [
2 140 ¥
:g- L
£ 130°C
= 130
120°C
120
1 n 1 n 1 n 1 n 1 n 1

0 10 20 30 40 50 60
Time (min)

2 IE¥IEA KRR R A R R R A () Y 2R AL
Fig. 2. The change of the reaction system temperature with reaction
time at different initial temperatures.
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Table 2 Synthesis of cyclic carbonates from CO, and other epoxides

Time (h) Yield (%)

Entry Epoxide Cyclic carbonate
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Reaction conditions: epoxides 0.2 mol, Nal-2H,O 0.002 mol, 120 °C,
1.0 MPa.
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