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Abstract 

 

Methanol synthesis catalyst was extensively investigated with changing various 

promoters and supports, also by changing preparation conditions of synthesis catalyst. In 

this work, the Cu/ZnO/Al2O3 catalysts were prepared by two methods, co- precipitation 

and sequential precipitation techniques. The catalysts were characterized by using XRD, 

XRF, BET, TPR, TGA techniques and the active site of catalysts were determined by 

N2O adsorption. The percentage of Cu, Zn and Al were also determined by atomic 

absorption technique. The total surface area of catalyst produces by sequential 

precipitation showed twice as many of the catalyst produces by co- precipitation method 

and showed higher activity. 

 

 

Introduction 

 

Methanol is a very important raw material that is widely used in the chemical industry, 

organic synthesis, dye, fuel, medicine, dope and defense. Its output is inferior to ammonia 

and ethane. It is not only a basic substance C1 chemistry but is also a potential clean fuel, 

and therefore due to these properties methanol synthesis has drawn great attention both 

internationally and domestically. Industrial methanol production is based on the 

heterogeneous hydrogenation of carbon oxide over copper-zinc catalyst [1- 4]. The 

process of methanol synthesis from synthesis gas had commercial implementation in 

1923. The first commercial catalyst, developed by BASF in 1923, was based on chromium 

and zinc oxide (Cr/Zn) that could catalyze hydrogenation of CO into methanol at 240-

300 bar and 350-4000C [1]. This catalyst also produced 
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methane and other light hydrocarbons with 2-5 wt% selectivity. A major achievement 

was achieved in 1960 by production a sulfur-free synthesis gas that enabled ICI to use the 

more active catalyst based on copper and zinc oxide (Cu/Zn), because of its high activity. 

This catalyst could operate at lower pressure and temperature, namely 60-80 bar and 250-

2800C. The gas purification process of synthesis gas for Cu/Zn catalyst was required for 

very low level of sulfur, chorine and phosphorous in the feed to maintain its activity. Also, 

it is known that Cu/Zn catalyst deactivated under an atmosphere of CO2 and water at high 

temperature [2,3]. It was believed that the preparation conditions of catalysts are 

important factors to the catalytic process [5-9]. The different precipitation methods are 

the most important factors on the activity of catalysts. In this work we have investigated 

the Comparison of co-precipitation and sequential precipitation techniques on the activity 

of methanol synthesis from syngas over Cu/ZnO/Al2O3. 

 

 
Experimental 

Materials 

The chemicals used in this work were all of analytical grades. Sodium carbonate 

(>99% purity), copper(II) nitrate trihydrate (>99% purity), zinc nitrate hexahydrate (99% 

purity) aluminium nitrate nonahydrate(95% purity) supplied by merk, Germany 

Methods 

 

The MC-C catalysts were prepared by the co-precipitation method. An aqueous 

solution containing copper, zinc and aluminum nitrates and an aqueous solution of sodium 

carbonate were added simultaneously to 250 ml water with constant stirring. The 

precipitation temperature and pH value were constant. The precursor was aged about 200 

minutes. The obtained precipitate were filtrated and washed with distilled water, followed 

by drying for overnight and calcination in air for many hours. Drying and calcination 

conditions of catalysts are mentioned in table 1. The catalyst MC-S was prepared by 

sequential precipitation method. The precursor was prepared by adding an aqueous 

solutions of Zn(NO3)2 and Cu(NO3)2 to an aqueous solution of Na2O3 simultaneously at 

constant pH and constant temperature in a well-stirred thermo-stated container. The 

precursor was aged 60 minutes. After one hour an aqueous solution of Al(NO3)3 was 

added to the first precipitates and final precursor was aged about 200 minutes at the same 

temperature. The obtained precursors filtered and washed with 
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distilled water followed by drying for overnight and calcination in air for many hours. 

Drying and calcination conditions of catalyst are mentioned in table 1. 

Table 1. Preparation conditions of methanol synthesis catalysts 

 

 Name of catalyst Calcination temp(0C) Drying temp(0C) BET(m2/g) 

1 MC-C 352 100 42.2 

2 MC-S 352 100 89.90 

 

 
The catalysts precipitated as fine powders were first shaped into cylindrical pellets  by 

applying high pressure. The pellets were crushed into pieces having 1.18-0.71 mm size, 

before passing through a wire screen with 16-25 mesh. About 1.33 g of each catalyst 

sample was placed in the reactor and was first reduced using hydrogen gas, diluted with 

nitrogen. The catalysts activity tests were conducted at 240 0C under a constant pressure 

of 46 bar. A mixture of 5.33 vol. % CO2, 6.66 vol. % CO and 88 vol. 

% H2 with a space velocity of 14790.5 h-1 entered the top section of the reactor that acted 

as a preheater. The final product enters the separator and every 8 hours the sampling is 

done and the percentage methanol is determined by GC (Fig1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Catalyst test system set up 

 

 

 

Results and discussion 

 

Catalyst activities were then calculated as grams of methanol produced per hour per 

gram of catalyst at each operating temperature (Fig2). All the catalysts were 
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characterized by using XRD, XRF, BET, TPR, TGA techniques and the active site of 

catalysts were determined by N2O adsorption. The percentage of Cu, Zn and Al were also 

determined by atomic absorption technique. The results obtained in the present study 

revealed that various crystalline phases were produced in catalyst precursors during the 

calcination stage of preparation. Generally, The MC-S catalyst was found to have higher 

activity and higher surface area (table1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Catalyst STY as a function of time 
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