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Abstract — The synthesis of dimethyl carbonate(DMC) is a promising reaction for the use of naturally abundant car-
bon dioxide. DMC has gained considerable interest owing to its versatile chemical reactivity and unique properties such
as high oxygen content, low toxicity, and excellent biodegradability. In this study, the synthesis of DMC through the
transesterification of ethylene carbonate(EC) with methanol was investigated by using ionic liquid and metal oxide cat-
alysts. The screening test of different catalysts revealed that choline hydroxide ([Choline][OH]) and 1-n-butyl-3-methyl
imidazolium hydroxide([BMIm][OH]) had better catalytic performance than metal salts catalysts such as MgO, ZnO and
CaO. The effects of reaction parameters such as reaction temperature, MeOH/EC mole ratio, and carbon dioxide pres-
sure on the reactivity of [Choline][OH] catalyst were discussed. High temperature and high MeOH/EC mole ratio were
favorable for high conversion of EC. However, the yield of DMC showed a maximum when carbon dioxide pressure
was 1.34 MPa, and then it decreased for higher carbon dioxide pressure. Zinc chloride(ZnCl,) was used as co-catalyst
with the ionic liquid catalyst. The mixed catalyst showed a synergy effect on the EC conversion and DMC yield prob-
ably due to the acid-base properties of the catalysts.
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Fig. 1. FT-IR spectra of the [BMIm|[OH].
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A3 ERRSIL, K,COE 55.8%2] W3S B3Th Wei 5
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Z OHZ|Z 74 [BMIm][OH]$} [Choline][OH]Z A3 3}o] ¥l-g-
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Scheme 1. Synthesis of DMC from EC and methanol.

Table 1. Performance of various catalysts in the synthesis of DMC from
EC and methanol

Catalyst ECconv. (%) DMCyield (%) EGyield (%)
ZnO 455 422 413
CaO 68.4 65.5 65.2
MgO 72.7 54.1 53.7

K,CO, 55.8 52.0 51.1

[BMIm][OH] 74.4 72.6 72.5
[Choline][OH] 81.2 80.0 79.9

g3l ZnCl, Z57H9] FF 219
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Fig. 2. Effect of reaction time on the synthesis of DMC from EC and
methanol (Reaction conditions : EC=25 mmol, MeOH=200
mmol, cat.=0.2 g [Choline][OH], T=160 °C, P,=1.34 MPa).

Fig. 2i= [Choline][OH] FH& AR831o 160 °CollA] REGAITE
w2 EC H3l&7 DMCS} EGE] 5782 viepdct. Fujje] F5el
g} B Tuel= A7 A4 tEvha HEE =27,
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ERgtiztl, 0] al2ollA] AAIRE HEGAIZIHE FARE2] AAo] S
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Table 2= WH3-2 50 W& DMC A% 48 EA-S vl 7o)
b RS- 57) 120 °ColM 180 °CE S718ol| w2} ECS] H3H&0]
44.5%14 83.9%% Z71513 31, DMCS EGS) 785 W57}
S7FEEE 8| A5siein), o] g A ) g 2 A T
shp7E oM F7190] ol dldAlo] 2 Sl AR-EIT
= Z1Q1H|[17], ©] A3 A= [Choline][OH] ©1-&4] A=17} 180 °C
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Table 2. Effect of temperature on the synthesis of DMC from EC and

methanol
Temp. (°C) ECconv. (%) DMCyield (%) EGyield (%)
120 44.5 21.2 20.0
140 59.6 40.6 393
160 81.2 80.0 79.9
180 83.9 82.7 81.8

Reaction conditions : EC=25 mmol, MeOH=200 mmol, cat.=0.2 g, T=160 °C,
Ppy=1.34 MPa, reaction time=6 h.

Reaction conditions: EC=25 mmol, MeOH=200 mmol, cat.=0.2 g [Choline]
[OH], P,=1.34 MPa, reaction time=6 h.
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Table 3. Effect of MeOH/EC ratio on the synthesis of DMC from EC
and methanol

Rl - i

MeOH/EC ratio 2 4 6 8 10 12

EC conv.(%) 29.5 442 650 81.2 83.5 84.6
DMC yield(%) 289 435 64.3 80.0 7838 76.1

Reaction conditions: EC=25 mmol, cat.=0.2 g [Choline] [OH], T=160 °C,
Pcpp=1.34 MPa, reaction time=6 h.

Table 4. Effect of CO, pressure on the synthesis of DMC from EC and

methanol

CO, Pressure (MPa) EC conv. (%) DMCyield (%) EG yield (%)
0.72 55.4 53.8 53.5
0.93 77.6 76.5 76.1
1.13 79.8 79.0 779
1.34 81.2 80.0 79.7
1.55 79.1 78.3 77.6

Reaction conditions: EC=25 mmol, MeOH=200 mmol, cat.=0.2 g [Choline]
[OH], reaction time=6 h.

Table 3o YERASITE MeOH/ECT} 24 wli= EC 73180 29.5%2
o}F= w1, o] v&o] 12714 S7FHH EC Mk A% S7Kk
ok 4= 9t} 18y MeOH/ECP} 10 07491 7490l DMC2] 48
Q3]e] R Hashs ¥ Bl o9} 2 A De 28]
o] AFeM T BEE Ao E HekE o Frt LY Eod A
© % EC 557t YUY 345 o] DMC A% w457t =24 7]
g0 2 ket

Table 4= o]A13}Ek2 ¢lelo] DMC A% Hhg-ofl m]x]= akg 1}
ERdl Zlo|t}, oikslgkAo] 948 o] 0.72 MPaollA] 1.34 MPa7H4] &
7¥ebd ECe] A3s&7 DMCE] G50 S71hs & = St} Ecsh
HEEZYE] DMCE AlZsHs REs2 olatslebart 24 nkgol
PoJdhs AL ol A|ut ojakslgka] ¢Eo] o EC7F EOS}
CO & w3l == AS WAsh= a7t 9l 2o = defA] AATH?29].
78U o) ikEkeE A ¢Fo] 1,55 MPa® 0™ ECS) A3F&3) DMC
o] 23]y ashs s & 5 A, o3 w2 olilslgk
2 FelME AR o R NSRS Frt dol Hhgo] ofAE =
s|AE e ogk B0 % Arker)

gk o] A A9} I AFESRE ZnClLe] X250 54 Lot
17] 91319 [Chloline][OH]2} ZnCL2] 71414 EgHa-S Full= A}
3199 160 °C, o14kaleA 9F2 1.34 MPaollA Agst A1kE Fig,
30l YERNIT} 425°3) [Chloine][OH= EC 13}80] 81.2%, DMC
T8 80.0%C1%0 L, ZnCl, AA12] EC A3 55.8%, DMC 5
2 54.1%°)}

ZnCL2] 7] #-89°] 0.25, 0.5, 0.75¢1 Al7FA] E8=51e] EC
3-89} DMC 482 [Chloline][OH]2} ZnCl,7} 313 A& 28-S &}
A ek=ths 7P elA VS ghaRelA Ao veRd ghs
o 2 =2 g Uehdio] ZnCl, 25viel 23 A1 S (phase
cooperation) &/l 7118 AJUR] &7} 55 & 4= SIT}. ZnCLE]
FA #E0] 0754 w EC W& DMC 82 2H2} 90.3%$}
86.1%= 7 =2 ¢k VFERASITE

[BMIm][OH]®} ZnCl,2] &3+ Fuljol] ofst 23 A¥+= Fig. 41
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Fig. 3. Conversion of EC, selectivity and yield of DMC for mixed cata-
lysts of [Choline][OH] and ZnCl, (Reaction conditions: EC=25
mmol, MeOH=200 mmol, cat=[Choline][OH], co-cat=ZnCl,,
T=160 °C, P,,,=1.34 MPa).
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Fig. 4. Conversion of EC, selectivity and yield of DMC for mixed
catalysts of [BMIm][OH] and ZnCl, (Reaction conditions:
EC=25 mmol, MeOH=200 mmol, cat.=|[BMIm][OH], co-cat.
=ZnCl,, T=160 °C, P,,=1.34 MPa).
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92 Abbott 53212 A=A 3el]l 281 [Choline][CI1S- ZnCl,2}
7] 150 °CollM 718 sha 190 °C7A = Gl oFg3kar 5710l % ¢t
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