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Abstract — The preparation of glycerol carbonate (GC) from urea through carbonylation with renewable glycerol was
investigated by using ionic liquid catalysts. It was found that quaternary ammonium salt and imidazolium salt ionic lig-
uids with a shorter alkyl chain length and higher nucleophilic anion showed better catalytic performance. The effects of
reaction temperature, reaction time and degree of vacuum on the reactivity of TBAC catalyst ware discussed. Zinc chlo-
ride (ZnCl,) was used as co-catalyst with the ionic liquid catalyst. The mixed catalyst showed a synergy effect on the
glycerol conversion and GC yield probably due to the acid-base properties of the catalysts.
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Scheme 1. Reaction steps for the synthesis of GC from glycerol and urea.
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Table 1. The reactivity of quaternary ammonium halide catalysts

Catalyst X (%) Sge (%) Yo (%)
TBAC 46.0 527 243
TBAB 48.0 54.1 26.0
TBAI 51.2 64.4 33.0
TEAC 49.2 57.1 28.1
THAC 44.1 552 24.4
TOAC 40.4 53.8 21.7
TDAC 39.8 53.0 21.1
ZnCL* 40.3 52.5 212

TBAI + ZnCl,? 63.9 85.8 54.8

Reaction conditions: Urea = 50 mmol, Glycerol = 50 mmol, Cat. = 0.5 mmol,
Temp. = 140 °C, Rxn time = 3 h, Degree of vacuum = 14.7 kPa.

“ZnCl, (0.5 mmol).

PTBAI (0.25 mmol) + ZnCl, (0.25 mmol).

Table 2. The reactivity of imidazolium salt catalyts

Catalyst X (%) Sge (%) Y (%)
BMImCI 45.8 525 24.1
BMImBr 46.8 64.9 30.4
BMImI 50.4 71.5 36.0
EMImCI 474 65.5 31.1
HMImCI 429 56.3 242

Reaction conditions: Urea =50 mmol, Glycerol = 50 mmol, Cat. = 0.5 mmol,
Temp. = 140 °C, Rxn time = 3 h, Degree of vacuum = 14.7 kPa.
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Fig. 1. Effect of reaction time on the synthesis of GC from glycerol
and urea. Reaction condition: Glycerol=50 mmol, Urea=50
mmol, Cat. = TBAC (0.5 mmol), Temp. = 140 °C, Degree of
vacuum = 14.7 kPa.
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Table 3. The effect of degree of vacuum on the synthesis of GC from
glycerol and urea

Degree of vacuum (kPa) X5 (%) S (%) Yo (%)
14.7 46.0 52.7 243
279 433 46.1 19.9
543 423 37.6 15.9
101.3 252 49.8 12.5
N, purge” 472 55.1 26.0

Reaction conditions: Urea = 50 mmol, Glycerol = 50 mmol, Cat. = TBAC
(0.5 mmol), Rxn time = 3 h, Temp. = 140 °C.

“N, purge with a flow rate of 150 mL/min
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