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1. Introduction - The ever-increasing dependent of humans on fossil fuels as primary source of energy 

has led to atmospheric build-up of greenhouse gas, CO2, through combustion process and is believed to 

contribute immensely to climate changes on a global-scale. Carbon capture and storage (CCS) is the 

current and promising technology being implemented to reduce carbon emissions [1]. In addition, it 

seeks to reuse captured CO2 as a source for produce other types of fuels, which partially or completely  

replace the use of fossil fuels. Methanol produced by hydrogenation of CO2 is an attractive route to 

recycle the captured CO2 from fossil fuel combustion sources [2]. Currently, methanol is commercially 

produced from syngas (CO/CO2/H2) under high temperature (220 − 300℃) and high pressure (50 −

100 bar) over CuO/ZnO/Al2O3-based catalysts, and the development of a few large-scale plants based 

on CO2/H2 is in progress [3]. Therefore, finding catalysts that use CO2 and H2 as the only sources to 

increase methanol selectively is desirable but remains a challenge. 

 In this paper, the study of catalytic systems in the reaction of hydrogenation of carbon dioxide have 

been carried out. Catalyst with reducing character of the hydrotalcite type(HT), acid catalyst of type 

AEL (SAPO − 11) and a bifunctional catalyst from the latter have been prepared. 
 

2. Experimental –A Hydrotalcite-like catalyst was prepared by co-precipitation technique, at 

temperature of 70°𝐶 and continuous stirring, from an aqueous solution of appropriate amounts of 

Cu(NO3)2 · 3H2O, Zn(NO3)2 · 6H2O and Al(NO3)3 · 9H2O, over a basic solution of both NaOH and Na2CO3 

at a constant pH of 10. The last step of the synthesis was heating in air at 500℃ during 3 ℎ to obtain the 

corresponding hydrotalcite-like catalyst with a molar ratio of 2: 1: 1 (Cu: Zn: Al). Zeolites of the type AEL 

were synthesized following the protocol of C. M. López at. el. [4]. Three zeolites were prepared with 

different crystallization times, 12, 18 and 24 hours. The bifunctional catalyst was prepared using the 

SAPO − 11(18h) by the incipient impregnation method, CuZn/SAPO − 11. The hydrogenation reaction of 

carbon dioxide was performed in a fixed-bed reactor under low pressure and temperature, 6 bars and 

260°C respectively. 
 

3. Results and Discussion – The catalytic activity of the 

hydrogenation of CO2 to methanol is presented in table 1, when 

the steady estate is reached the CuZn/SAPO − 11 catalyst shows 

the highest conversion (≈10%), the hydrotalcite Cu: Zn: Al and 

the SAPO − 11(18h) lead to a conversion of 3.5%. Of all the 

catalysts studied the higher selectivity to Methanol is given by 

the SAPO − 11(18h) approximately 19% follow by the 

Hydrotalcite, 12%, and the CuZn/SAPO − 11 , 3.6%. 
 

4. Conclusions – CuZn/SAPO − 11  bifunctional catalyst shows higher conversion (≈10%) than Cu: Zn: Al 

hydrotalcite-like catalyst (3.5%) and SAPO − 11 (18 h) catalyst (3.6%), but it shows lower selectivity to 

methanol.  
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Table 1. Catalytic performance for the 

hydrogenation of CO2 to methanol 

Catalysts 
𝐗𝐂𝐎𝟐

  

(%) 

𝑺𝒆𝐌𝐞𝐎𝐇 

(%) 

𝑺𝒆𝐂𝐎  

(%) 

Cu:Zn:Al (2:1:1) 3,53 12.47 87.53 

SAPO-11 (12h) 2.54 10.63 89.37 

SAPO-11 (18h) 3.59 19.13 80.86 

SAPO-11 (24h) 1.89 14.52 85.48 

CuZn/SAPO-11 10,31 3.59 96.41 
 

 


