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Abstract: Due to crude oil is limited, new resources for fuel and petrochemicals are important to be developed. 

Biogas or NG (Natural Gas) can be easily converted into methanol which can be reacted over zeolite to produce 

olefins and gasoline. HZSM-5 zeolite catalyst has been used in this study and its modification by (0.5wt%, 1wt%, 

2wt% and 4wt %) Ni to convert methanol to hydrocarbons (MTH). Catalysts have been studied at different 

temperatures and at different loadings of Ni for their performance in the MTH reaction. ZSM-5 catalysts after 

modification were characterized by SEM and BET. It was found that 2%Ni-ZSM-5 catalyst gives better results at 

753K. 

Keywords : (MTH) Methanol to Hydrocarbons, (MTO) Methanol to Olefins, (MTG) Methanol To Gasoline, 

HZSM-5 

1. Introduction   

HZSM-5 Zeolites are usually used to convert methanol into olefins [4], gasoline [5] and aromatics [6]. 

Methanol Conversion to light olefins (MTO) and other hydrocarbons aromatics like (MTH) is very important 
new viable chemical technology. This reaction can be catalyzing be the effective of solid acids to produce 

hydrocarbons however, the selective production of light olefins, especially ethylene and propylene. Olefins can 

be converted to other products over ZSM-5 based process. Modified zeolite ZSM-5 catalyst has been 
characterized by several techniques like XRD, SEM, BET etc. [7, 8]. Combine inside zeolite pores is improved 

selectivity towards aromatics [1, 2, and 12]. Different metals doped ZSM-5 catalyst have studied by several 

workers and it has been shown the effect of different metals on product selectivity and catalyst deactivation, they 

have studied different metals for increasing the selectivity of different products [11]. Reaction mechanism 
among zeolites with different pore architectures and acidic strengths/densities [3, 14 and15]. 

2. Experimental Work 
2.1 Catalyst Modification 

The HZSM-5 zeolite with a Si/Al ratio of 80 has been used for (MTH). Zeolite HZSM-5 was modified with 
Nickel Nitrate solution. Thereafter, ZSM-5 catalyst with solution were dried at 338 K for 5 hr. and then calcined 

at 823 K for 5 hr, in this part the impurities will get burned and the desired metal oxide doped over HZSM-5 

catalyst. ZSM-5 with x weight percent representing the Ni element HZ(Ni). The ZSM-5 with zero weight 
percent of Ni is shown as HZ (0). Prepared catalysts are characterized by SEM and BET. 

2.2  Experimental Setup 
Nitrogen flow rate is regulated and kept constant during the experiment. Flow rate of methanol is controlled 

by using precipitating pump. Experimental setup is shown in Fig.1. Mixture of nitrogen and methanol is passed 

through preheater so that methanol is converted into vapor and mixes uniformly with nitrogen as carrier gas. 

Feed is then is pumped to reactor at pre-set temperature. Liquid and gaseous products collected from the bottom 
of reactor are analyzed using Gas Chromatography. 
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Fig. 1: Experimental Setup 

3. Result and Discussion 

3.1 Physical Properties of the Catalysts 
With increase in weight % of Ni over ZSM-5, BET surface area and pore volume are reduced as shown in 

Table 1. This is because of Ni doping sites in ZSM-5. Coking formation after 15 hr run is reduced surface area 

but pore volume is not changed significantly. This means coking poison the catalyst is mainly on the surface of 

catalyst but not inside the pores. 

TABLE I: Surface Area and Pore Volume 

Catalyst 

SBET 

(m2 / gm) 

Pore Volume 

Cm3 / gm 

Fresh       Aged Fresh        Aged 

HZ (4Ni) 211 196 0.275 0.274 

HZ (2Ni) 213 201 0.274 0.273 

HZ (1Ni) 216 200 0.275 0.274 

HZ (0) 225 207 0.278 0.277 

3.2 SEM Analysis 

To investigate the morphology and picture of sample, SEM micrographs have been obtained. SEM images 
show that crystal grows into spherical polycrystalline aggregates and particle of undefined shape was also 

present as shown in Fig. 2. 
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Fig. 2-a: SEM Image 2 wt% HZ(Ni)                    Fig. 2.b: SEM Image HZ(4 Ni) 

3.3 Effect of Runtime on the Conversion of Methanol 
Methanol conversion into hydrocarbons is dramatically improved when Ni content is 2%. The catalyst can 

retain its activity after 15 hours without much loss in conversion. HZ(0), ZSM-5 without modification losses its 

activity much faster in the same time and conversion of methanol is reduced as shown in fig.3. In the case of 

HZ(0), HZ(0.5), HZ(1) and HZ(4) the activity of catalyst and conversion of methanol is less after 15 hr run as 
compare with HZ(2). 

 

                Fig. 3: Conversion of ethanol versus Time in a Fixed Bed  
            Reactor [T=450 °C, P=1 atm and WHSV=4.5h-1]     

3.4 Effect of Runtime on the yield of Total hydrocarbons 
The reaction result is decreased with time, as shown in Fig.6. the decreases  in the yield of hydrocarbons 

after 15 hours run experiment, hydrocarbon yield of  2wt% Ni modified catalyst is nearly double as compared to 
unmodified catalyst. This means catalyst can be used for more time before regeneration and the operation would 

be lower cost. 
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Fig. 6: Yield of Hydrocarbon versus Time in a Fixed Bed Reactor 

[T=450°C, P=1 atm and WHSV=4.5h-1] 

4. Conclusions 

The performance of catalyst involved Ni-loaded ZSM-5 has been recognized in conversion of methanol to 

hydrocarbons. Conversion of methanol to hydrocarbons yield increased on 2 wt% HZ (Ni). These experiments 
suggest that Ni species would interact with the acid sites of ZSM-5 to reduce the strength of strong acidic sites.  

The effect of temperate on the methanol conversion and hydrocarbons yield was observed. It was shown 2 wt% 

HZ (Ni) is the recommended catalyst and 723 K is the recommended temperature. Therefore 2 wt% Ni-doped 
ZSM-5 catalyst is high selectivity to gasoline-ranged hydrocarbons, and showed more resistance to deactivation. 
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