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Abstract — The synthesis of dimethyl carbonate (DMC) from methanol and supercritical carbon dioxide over K,CO5/
ZrO, catalysts have been studied. The catalysts were prepared by impregnating ZrO, with an aqueous K,COj; solution.
The optimum calcination temperature to disperse K species on the ZrO, surface was found to be 673 K. Monoclinic
ZrO, was not active, as itself, for the DMC production. However, when the K,CO; was impregnated on the ZrO,, the
catalytic performance was improved. Besides the catalyst, CH;I was used as a promoter. The CH;I promoter as well as
the K,CO;/ZrO, catalyst was found to take an important role to improve the production of DMC. The optimum quan-
tities for the catalyst and the promoter were estimated. The effect of the catalyst and the promoter for the DMC synthe-
sis from methanol and supercritical carbon dioxide was investigated and the reaction mechanism was proposed.
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Fig. 1. Experimental apparatus for DMC synthesis from methanol
and supercritical CO,.

1. Control box 7. Thermocouple
2. Furnace 8. Pump

3. Pressure 9. Circulater

4. Rupture 10. CO, cylinder
5. Magnetic drive 11. Autoclave

6. Impeller
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Fig. 2. Effect of the calcination temperature of K,CO;/ZrO, catalyst
on the production of DMC. 5.0 g methanol and excess CO, was
used as reactants. 1.0 g catalyst and 0.5 g CH;I were added to
the reaction mixture. The molar ratio of K,CO3/ZrO, was fixed
on 0.27. The reaction was carried out at 403-413 K and 20 MPa
for 4 h.

(a) 473 K (b) 573K

(€) 673K

Fig. 3. SEM photographs of the K,COs/ZrO, catalysts with increas-
ing the calcination temperature. The molar ratio of K,CO5/
ZrO, was fixed on 0.27.

(d) 773K
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Fig. 4. XPS spectra of Zr 3ds, levels on the K,CO,/ZrO, catalysts with
increasing the calcination temperature: (a) pure ZrO, (b) 473 K
(¢) 573 K (d) 673 K (e) 773 K.
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Fig. 5. Effect of the molar ratio of K,CO3/ZrO, on the production of
DMC. 5.0 g methanol and excess CO, was used as reactants.
1.0 g catalyst and 0.5 g CH;I were added to the reaction mix-
ture. All the catalysts were calcined at 673 K. The reaction
was carried out at 403-413 K and 20 MPa for 4 h.
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Fig. 6. X-ray diffraction patterns for the K,CO;/ZrO, catalysts with
an increase in the molar ratio of K,CO;/ZrO,: (a) Pure ZrO,
(b) 0.14 (c) 0.27 (d) 0.53 (e) 0.80.
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Fig. 7. Effect of the amount of K,CO3/ZrO, catalyst on the produc-
tion of DMC. 5.0 g methanol and excess CO, was used as
reactants. 0.5 g CH;I was added to the reaction mixture. All
the catalysts were calcined at 673 K. The molar ratio of K,CO;/
ZrO, was fixed on 0.27. The reaction was carried out at 403-
413 K and 20 MPa for 4 h.
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Fig. 8. Effect of the molar ratio of CH;I/CH;OH on the production of
DMC. 5.0 g methanol and excess CO, was used as reactants.
1.0 g catalyst was added to the reaction mixture. All the cata-
lysts were calcined at 673 K. The molar ratio of K,CO;/ZrO,
was fixed on 0.27. The reaction was carried out at 403-413 K
and 20 MPa for 4 h.
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