Synthesis of dimethyl carbonate from propylene carbonate and methanol using Mg/La mixed oxide solid base catalyst
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Abstract

Dimethyl carbonate was synthesized via transesterification of propylene carbonate with methanol using Mg/La mixed oxide as a solid base catalyst. The catalysts with different Mg/La molar ratio were synthesized and characterized using FT-IR, P-XRD and surface area analyses. The study of effect of reaction temperature and reactant ratio in the reaction was done in detail. The catalyst exhibited 71 % PC conversion with 95% DMC selectivity under optimum conditions. The catalytic activity of the spent catalyst was regained by simple calcination process.
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1. Introduction

Dimethyl carbonate (DMC) is used as green methylating and methoxy carbonylting reagent substituting poisonous chemicals such as dimethyl sulphate, CO, and COCl2 [1,2]. The synthesis of cyclic carbonate from epoxide and carbon dioxide has attracted much interest in utilizing one of the green house gases, carbon dioxide as C1 source [3,4]. Since the yield of dimethyl carbonate in the one pot synthesis is found to low with heterogeneous 

catalysts, it may be desirable to carry out the reaction in two steps:  
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The equilibrium yield of DMC from propylene carbonate (PC) was found to be three times lower than that from ethylene carbonate (EC) due to the steric factor [5]. Base catalysts were preferred over acid catalysts for the transesterification reactions [6─8]. Solid base catalysts are desirable over conventional homogeneous base catalysts in the perceptive of simplified process and environmental protection. Mg/La mixed oxide as solid base catalyst has been successfully used for various applications by Veldurthy et al. [9,10], Babu et al. [11,12 ] and Kantam et al. [13 ] due to its high basicity nature.


We have reported the use of KF/Al2O3 as base catalyst in the synthesis of dimethyl carbonate form propylene carbonate and methanol [14]. The catalytic recycling of the above catalyst is limited due to leaching of active components. In this regard, the use of stable solid base catalyst in the title reaction can be highly appreciated. In the present study, we made an attempt to utilize high basic Mg/La mixed oxide for the synthesis of dimethyl carbonate via transesterification of propylene carbonate with methanol.
2. Experimental

2.1. Materials

Propylene carbonate (PC) and biphenyl were purchased from Acros Organics, Belgium. Dimethyl carbonate, propylene glycol, methanol, Mg(NO3)2·6H2O, La(NO3)3·9H2O, K2CO3, and KOH were procured from S. D. Fine Chemicals, India. Methanol was dried using standard procedure and stored under activated molecular sieve 3A. Milli-pore deionized water was used in the synthesis of catalyst.

2.2. Synthesis of catalyst


Mg-La mixed oxide was prepared by co precipitation method [15] using Mg and La nitrates. In a typical synthesis of Mg/La molar ratio 3:1, a solution containing 300 mmol Mg(NO3)2·6H2O and 100 mmol La(NO3)3·9H2O in 400 ml water was drop wise added into a mixture containing 1 mol KOH and 0.26 mol K2CO3 in 400 ml water under vigorous stirring. The pH of the solution maintained at 11 during synthesis by the addition of 1M KOH to ensure complete precipitation of both metals. The solid was filtered, washed with distilled water, dried at 120 oC overnight and calcined at 650 oC for 6 h. The calcined material was designated as ML–(3:1) and stored under vacuum dedicator to avoid contamination from atmospheric gases. The catalysts with different Mg/La molar ratio were obtained varying the ratio of metal nitrates.

2.3. Characterization of the catalyst


Powder X–Ray Diffraction (P–XRD) patterns of the catalysts were recorded with Phillips X’Pert MPD system equipped with XRK 900 reaction chamber, using Ni–filtered Cu–Kα radiation (λ =1.5405 Å) over a 2θ range of 2–80°. The FT–IR with Perkin–Elmer Spectrum GX FT–IR system and surface area with ASAP 2010 micromeritics were performed for characterization of the catalyst. 
2.4. Catalytic reaction: transesterification of propylene carbonate with methanol

In a typical catalytic experiment, 80 mmol propylene carbonate, 800 mmol methanol, and 80 mg of catalyst were charged into a 100 ml stainless steel reactor. The reaction was performed at a particular temperature for 2 h at the stirring rate 500 rmp/min.  After 2 h, the reactor was cooled and the products were filtered to remove the catalyst and analyzed by GC and GC–MS. Propylene glycol was co–produced in all the reactions equimolar to DMC formed and thus it was exempted from the discussion point of view. The conversion and selectivity were calculated using the internal standard method.
3. Results and discussions

3.1. Characterization of the catalyst

The X–ray powder diffraction pattern of the catalyst showed the refection at 2θ of 30.31° attributed to La2(CO3)2(OH)2 phase apart from reflection due to the La2MgOx and brucite Mg(OH)2. The increase in Mg/La ratio resulted in the formation of more La hydroxy–carbonate by the reduction of MgO phase as reported by Chomel et al. [16]. The IR spectrum of the catalyst precursor showed the band at ~ 3500 cm−1 due to the hydroxide species and peaks at ~1650 & 1450 cm−1 due to the presence of carbonate species. The intensity of the above band and peaks was reduced suggesting the removal of hydroxy and carbonate species upon calcination. The BET surface area vary from 15 to 69 m2/g depending upon the Mg/La ratio, lowest being 15.6 m2/g for ML–(1:1).
3.2. Catalytic activity of the catalyst
Table 1 Catalytic activity of different Mg–La mixed oxide catalyst  
	Entry
	Catalyst
	% Conversion of PC
	% Selectivity of DMC

	1
	ML–(20:1)
	28.6
	91.7

	2
	ML–(10:1)
	31.4
	91.4

	3
	ML–(3:1)
	42.1
	92.4

	4
	ML– (1:1)
	48.2
	93.7

	5
	ML–(1:3)
	59.8
	93.5

	6
	ML–(1:6)
	33.8
	92.0

	7
	La2O3
	16.8
	85.4

	8a
	ML– (1:3) 
	28.7
	94.5

	9b
	ML–(1:3)
	27.6
	94.2

	10c
	ML–(1:3)
	59.3
	93.8

	11d
	ML–(1:3)
	57.6
	91.7


Reaction conditions: Methanol = 800 mmol, PC = 80 mmol, Catalyst = 80 mg, Reaction Temperature = 150 oC, Calcination temp = 650 oC and Time = 2 h. acatalyst precursor before calcination; bused catalyst with calcination; c used catalyst after calcination at 650 oC and d used catalyst calcined after the third recycle. 


From Table1 one can see that conversion of PC highly depend upon the Mg/La ratio. The catalyst precursor itself showed low activity having with the Mg/La ratio as the active sites are generated upon calcination of the precursor. The air dried reused catalyst showed the catalytic activity similar to that of catalyst precursor (Entry 9 against 8). The catalytic activity of the catalyst can be regain by calcination of the used catalyst at 650 oC (entry 10) and catalyst  showed nearly same activity after three cycles (entry 11).

3.3. Effect of reaction temperature and reactant ratio
The increase in reaction temperature gradually increased the conversion of PC and reached equilibrium at 150 oC within 2 h (Fig. 1a). The temperature >150 oC resulted in lower selectivity of DMC, shifting the equilibrium back to the reactant side [17]. The conversion of PC significantly increased with an increase in the reactant ratio (Methanol: PC mole ratio) and maximum conversion of PC (70.8%) was obtained at the ratio 20 (Fig. 1b). It may be due to the formation of methanol–DMC azeotrope and hence shifting the equilibrium toward more product formation. 
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Fig. 1. Effect of reaction temperature at reactant ratio 10 (a) and reactant ratio at reaction temperature 150 oC (b); Reaction conditions: Catalyst amount = 80 mg (Mg/La–1:3; 1 wt. %), Time = 2 h.

4. Conclusions
The Mg/La mixed oxide catalysts of varied Mg/La molar ratio were synthesized and characterized with various analytical techniques. The catalyst with Mg/La ratio 1:3 exhibited optimum activity at the reaction temperature 150 oC. The increase in methanol to propylene carbonate ratio increased the conversion of propylene carbonate shifting the equilibrium to the product side. The spent catalyst calcined at 650 oC regenerated its active sites leading to the activity to that of fresh catalyst.
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