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Introduction 

Methanol is produced from synthesis gas mixtures (CO/CO2/H2) over a Cu/ZnO/Al2O3 

catalyst with a worldwide production over 50 million tons per year [1]. The catalyst can be 

deactivated by chemical poisoning and thermal sintering[2, 3]. Under normal operation only 

sinteringoccurs, because the catalyst poisons are removed from the synthesis gas earlierin the 

process. Surprisingly, in spite of the importance of deactivation to plant operation, relatively 

few studies have been reported on the phenomenon and the literature on sintering is mainly 

qualitative. The purpose ofthis study isfinding a good kinetic model of this process. 

 

Catalyst preparation 

Three Cu/Zn base catalyst samples were prepared by a co-precipitation method. In the CZA-

Reference catalyst,a mixed copper, Zinc and Aluminium nitrates solution and a solution of 

Na2CO3 as a precipitant were pumped into a stirred reactor containing of demineralized 

water. After aging, the precipitate was filtered, washed and then dried and calcined.For 

preparation of promoted catalysts, the colloidal silica and magnesium oxide, was addedto 

aluminum nitrate solution, then the catalysts were prepared similar to the reference catalyst. 

 

Catalyst characterization and activity test 

The catalysts were characterized in various stages of preparation by nitrogen adsorption-

desorption, X-ray diffraction (XRD), temperature programmed reduction (TPR) and N2O 

chemisorption techniques. The kinetics experimentsof the catalyst samples for methanol 

synthesis was determined in a lab-scale, high pressure, tubular, fixed-bed reactor at 5.0 

MPa.Second order independent deactivation rate laws were fitted according to the general 

power law expression (GPLE)with m =2 as  
 

     
   

 

     
        , in which a is the 
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activity, aeq asymptotic activity as t → ∞,kd,2 second-order deactivation constant, and t is the 

time[4]. 

 

Results and discussion 

In order to consistently compare the deactivation rates for different catalysts, all the 

deactivation data were fitted to the linearized integral form of the second-order decay law and 

the corresponding deactivation rate constants (kd,2) and equilibrium activity (aeq) were 

determined.The resulting second-order deactivation rate constants and equilibrium activities 

for all samples are given in Fig. 1. For CZ_AN+SiO2 catalyst the deactivation rate constants 

were smaller than those of other catalysts, while the numerical value of aeqfor CZ_AN+MgO 

was maximum. The favorable performance results (higher normalized activity, aeq, and 

higher initial methanol production rate) for thiscatalyst were ascribed to the low 

CuOcrystallite size during preparation by this route (Table 1). XRD result data analysis 

shows using MgOhas reduced the primary size of the copper crystals and the crystallite size 

growth were less than 35% andthe activity decreasing wereless than 40% during the 120-hour 

of the catalyst reactor test (Figure 1). Concerning the catalyst activity and stability (the 

inhabitation of copper crystallite growth during the catalyst reactor test the CZ_AN+MgO 

catalyst, as compared with the reference catalyst, were more active and stable. 

 

Table 1. Properties of precursors and the resulting catalysts. 

Catalyst name 

XRD 
 
BET 

 
TPR 

Cu 

crystallite 

size-fresh 

cat. 

(nm) 

Cu 

crystallite 

size-used 

cat. 

(nm) 

Cu 

crystallite 

grown 

(%) 

 

BET 

specific 

surface 

Area 

(m2/gcat) 

 

onset 

peak 

temp 

CZ_AN 

(Reference) 
6.1 11.8 48% 

 
104.9 

 
166 

CZ-AN+SiO2 6.5 8.7 25%  116.4  150 

CZ_AN+MgO 4.8 7.3 34.5%  74.3  146 

Commercial  5.5 11.8 53%  80.8  166 
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Fig. 1. Relative rate, over time for catalysts. Second order deactivation curves were fitted for all samples (solid lines). 
 

Conclusion  

The effects of various metal oxides contained in Cu/ZnO based catalysts on their stability for 

methanol synthesis were investigated. The deactivation behavior was attributed to the thermal 

sintering of the Cu crystallites. For deactivation kinetics measurement, the second order 

independent deactivation rate laws were fitted according to the general power law expression 

(GPLE). The catalyst according to addition of magnesium oxide has an increased activity as 

well as an increased thermal stability in methanol synthesis comparison to the reference 

catalyst. The copper crystallites size of the fresh catalyst decrease by addition of magnesium 

oxide promoter.  
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(mol kg−1s−1) 
kd,2 (h
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CZ_AN 48.1 0.111 0.49 

CZ_AN+SiO2 49.5 0.052 0.38 

CZ_ AN+MgO 51.6 0.118 0.56 

Comm. 43.6 0.047 0.27 

 

Archive of SID

www.SID.ir

http://www.sid.ir


 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

