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Introduction
    Dimethyl carbonate (DMC) has been attracting much attention as an environmentally benign chemical recently.  It is evaluated to be non-toxic and can be used as carbonylating and methylating agent due to its one carbonyl and two methyl groups [1,2].  In  particular, DMC can be used as an alternative to phosgene in the synthesis of polycarbonates and isocyanates [3].  In addition, a lot of research works for the use of DMC as a potential gasoline fuel additive are going on owing to its high oxygen content. DMC has about 3 times higher oxygen content than MTBE [4,5].

    Several reaction routes have been known for DMC synthesis so far. Conventionally, DMC is synthesized by the reaction of phosgene and methanol.  However, this phosgene method is not useful any more, owing to the high toxicity of phosgene and the cogeneration of corrosive HCl as a byproduct.  DMC can be also synthesized by the ester exchange method, the methylnitrite method which is commercialized by Ube in Japan, and the methanol oxidative carbonylation method.  Among them, the methanol oxidative carbonylation method was initially developed by Enichem in Italy in 1983 and is currently in operation.  However, since this DMC synthesis process takes place in liquid phase, there exist some problems such as the separation of products from catalysts and so on.  In order to overcome the drawbacks of liquid phase oxidative carbonylation of methanol, the vapor phase process has been proposed by Curnutt et. al. [6] in 1987.  Recently, several works have focused on the vapor phase DMC synthesis using activated carbon-supported Cu-based catalysts [7.8.9]. Yet, no mechanism and kinetics results for vapor phase oxidative carbonylation reaction was proposed so far.  In this work, extensive experimental reaction of CH3OH with CO and O2 has been carried out under a pressure of 150psig at 403K over Cu2(OH)3Cl/AC catalysts.  The plausible reaction scheme has been proposed on the basis of the experimental results and adsorption characteristics.
Experimental

    Cu2(OH)3Cl/AC (AC: activated carbon, Darco 12-20, Aldrich) catalyst was prepared by consecutive impregnation of CuCl2 (Aldrich) and NaOH (Aldrich) onto activated carbon.  A copper chloride solution was prepared by dissolving 11.83g of CuCl2 in 200ml of ethanol.  Activated carbon particles were impregnated with copper chloride solution and dried under a flow of N2 at 423K for 3h.  The dried samples were cooled down to room temperature.  A second impregnation was conducted in sodium hydroxide solution. The AC particles were again subjected to a thermal treating under a flow of N2 at 423K for 3h.

    Adsorption experiments of CO were conducted in TPD system.  The chemisorption of CO onto Cu2(OH)3Cl/AC catalyst was carried out in a vertical tube reactor (3/8 in.) at room temperature and atmospheric pressure.  The catalyst particles (1g) were held on quartz wool.  The catalyst was outgassed and purged with the helium of ultra-high purity grade (99.9999%, 30ml/min) at 673K for 0.5h.  The sample was evacuated at 323K for 3h and it was exposed under CO (50 torr) for 2h to adsorb CO. And then, TPD measurement was conducted at a constant heating rate ((: 5K/min) under the helium flow (30ml/min).  Blank TPD experiments were performed without CO adsorption and the difference spectra were obtained to evaluate the adsorption amounts.
    The DMC synthesis reaction by vapor phase oxidative carbonylation of CH3OH with CO and O2 was investigated in a continuous flow system with a fixed-bed reactor (Inconel-600 tube, 0.5m×1/2in.).  Catalyst sample (5.0g) was placed between two layers of glass bead beds.  The temperature of catalysts bed in the reactor was measured by a thermocouple and controlled with a precision of ±1K by a temperature controller.  The reaction pressure was monitored by digital pressure indicator (Omega DP-350) and was maintained constant by a back pressure regulator.  CH3OH was introduced using a HPLC pump (Gilson Medical Electronics, Model 302) to the pre-heater, where it was vaporized and then entered the reactor together with CO and O2.  The flow rates of CO and O2 were controlled by mass flow controllers (Bronkhost, HI-TEC).  The effluent reaction mixture was analyzed using an on-line GC (Gow-Mac, 550P) equipped with TCD.  Porapak N column (1/8in×3m, 80/100) and Carbosphere column (1/8in×1.83m, 80/100) were used for the analysis of liquid products and uncondensable gas products, respectively.

Results and Discussion
    Fig. 1 shows interactions between reactants, CO, O2 and MeOH in oxidative carbonylation reaction. These facts were obtained on the basis of each reaction results.  Fig.2 shows TOF-SIMS spectra for surface analysis of Cu2(OH)3Cl/AC catalyst after reaction.  As shown in Fig. 2, CuCO+(m/z=90.92) has been found while Cu2CO+(m/z=153.85) and Cu3CO+(m/z=216.78) have not found.  So CO was found to be linearly adsorbed on Cu metal in Cu2(OH)3Cl catalyst. This fact was applied to proposing the reaction mechanism scheme. As based on the series of experimental results, the plausible mechanism of the oxidative carbonylation of methanol over Cu2(OH)3Cl as active species has been proposed as shown in scheme 1.  Typical Langmuir-Hinshelwood model was applied to DMC synthesis.  Cu2(OH)3Cl is composed of edge sharing octahedral single units and each octahedral single unit have six ligands such as Cl and OH.  Since CO (excess reactant) may be adsorbed on the surface of Cu2+, center of octahedron and methanol may be also dissociatively adsorbed on dual site to CH3O-* and H+*, we intend to suggest four assumptions for DMC synthesis by adsorption and surface reaction.

-Assumption 1: CO is associatively adsorbed and CH3OH and O2 are dissociatively adsorbed.

-Assumption 2: In the case of CH3OH, since the bond dissociation energy of CH3O-H is less
             than that of CH3-OH, O-H bond is broken ahead.  So CH3O-( and H+( are 
             produced.

-Assumption 3: As soon as 2H+(is combined with O2-( to produce H2O, it is rapidly desorbed.
             from active sites.
-Assumption 4: After 2CH3O-( is combined with C(O( to produce DMC, it is rapidly desor- 
             bed from active sites.

If assumptions referred to above are synthesized, reaction steps for CH3OH, CO and O2 can be simplified as below.
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    In reaction (5), if it is assumed that 2H( and O( are rapidly consumed to produce H2O, the intermediates which exist on the catalyst surface are CO(, CH3O-( and (C=O)OCH3(.  If it is also assumed that DMC synthesis reaction (7) and (8) are fast, the concentration of (C=O)OCH3( is so low compared with CO(, CH3O-( that it may be disregarded.

    Therefore, reaction(4) was considered as the rate determining step.  Adsorption equilibrium of CO in reaction(1) can be represented as this:
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    Using the steady state approximation that dissociation adsorption rate of CH3OH is equal to the consuming rate of CH3O-(, reaction rate becomes 
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This is active site balance resulted from competition adsorption of adsorbed materials.
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 After the rate equation progression, the overall reaction rate becomes like this:
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    Fig. 1. Interactions between reactants, CO, O2 and MeOH in oxidative carbonylation 
          reaction.

    Fig. 2. TOF-SIMS mass spectra of the surface of Cu2(OH)3Cl/AC catalyst after reaction.

     Scheme 1. Proposed DMC synthesis mechanism in Cu2(OH)3Cl/AC catalyst system.

CO





� EMBED Equation.3  ���





DMC





� EMBED Equation.3  ���





DMC�Synthesis � Activator





CO2





Reactions


hardly occur























Methyl formate


Dimethoxymethane


CO2 + H2O





� EMBED ISISServer  ���





O2





MeOH





Cs+





Cu3CO+


(216.78)





Cu2CO+(153.85)





CuCO+(90.92)








7

_1045550938.unknown

_1045550945.unknown

_1045550952.unknown

_1059910267.unknown

_1059910294.unknown

_1059910103.unknown

_1045550948.unknown

_1045550941.unknown

_1045550805.unknown

_1045550930.unknown

_1045550934.unknown

_1045550885.unknown

_1045550925.unknown

_1045550863.unknown

_1045550746.unknown

_1045550775.unknown

_1045550797.unknown

_1045550755.unknown

_1045550765.unknown

_1045315634

_1045550660.unknown

_1044891415.unknown

