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1. Abstract- 

Methanol is an alternative source of fossil fuel that is environmentally friendly and renewable. Methanol 

gives low carbon dioxide emissions and other hazardous materials such as NOx, SOx, etc., when 

transformed into hydrocarbons, hence less polluting the environment. Methanol can be synthesized from 

different sources such as coal, CO2, biomass, natural gas, and municipal waste. Information about the 

methanol-to-hydrocarbon (MTH) process over ZSM-5, ZSM-11, SAPO-34, SAPO-17, and SAPO-18 

catalyst has been discussed. Also, the methanol-to-olefins (MTO) process over ZSM-5 and methanol-to-

aromatics (MTA) over ZSM-5 and ZSM-11 are discussed. Modification with metals enhances the catalyst 

acidity. It was observed that after modification, the catalytic performance is increased and showed better 

conversion, selectivity/yield towards the selective product. The effects of various parameters such as 

surface morphology, temperature, pressure, WHSV, etc., are discussed, which give a good understanding 

of the catalytic activity, selectivity, and stability in the MTH, methanol-to-gasoline (MTG), MTO, MTA 

process. 
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2. Introduction 

Methanol is one of the top chemicals produced in the world [1], [2], which can be (1) used as a fuel in 

internal combustion engines [3] or direct methanol fuel cell [4] to produce power, (2) reformed to produce 

hydrogen [1], (3) mixed with gasoline as an additive to provide fuel blends, e.g., the M85 (15% gasoline 

and 85% methanol) [1], [3], [5], or (4) used as a raw material to synthesize other fuels and chemicals [1], 

[2], [6], [7], [8], e.g., olefins, gasoline, dimethyl ether, methyl tert-butyl ether, and acetic acid. 

Methanol was produced since the early 20th century by using the BASF and ICI processes [10], [11], [12]. 

The state-of-the-art (SOA) commercial methanol plants use syngas (H2 and CO) derived from fossil 

resources [13]. However, methanol should be more and more produced from alternative feedstocks to avoid 

carbon emissions. One reasonable option is to use the CO2 captured from various sources and the H2 

produced by using renewable energy, but it is limited by the installed renewable capacity and energy 

intensity of CO2 capture. An alternative option is to use biomass as the feedstock since biomass represents 

14% of global renewable energy [14], [15]. Especially in recent years, methanol synthesis based on biomass 

gasification, i.e., biomass-to-methanol, has been intensively investigated  [2], [16], [17], [18], [19], [20], 

[21]. 
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Methanol synthesis- 

 COAL TO METHANOL 

Coal is found in massive amounts worldwide and is expected to play a crucial role as an abundant energy 

source. However, one critical issue in promoting coal utilization controlling environmental pollution. Clean 

coal technologies are needed to utilize coal in an environmentally acceptable way and to improve coal 

utilization efficiency. But as the most abundant energy resource, it will continue to be the dominant energy 

supply for a long time. Therefore, the development and deployment of clean coal technologies are crucial 

to promoting sustainable development and coal to form methanol and then hydrocarbon (Liu et al., 2017). 

As seen in Figure 1(a), the proven coal reserves in the world were 984453 million tonnes (MT) in 2000, 

while in 2020, it was 1074108 MT. Hence a large number of coal reserves can be opted to be used for coal 

conversion to methanol. Therefore, clean coal technology needs to be adopted to have less harmful 

pollutants released into the atmosphere. Also, in Figure 1(b), the amount of coal production is greater 

compared to its consumption. Therefore, there is as such no scarcity of this non-renewable fossil fuel. Thus, 

it can be used as a feedstock for the production of methanol, which can then be converted into gasoline 

range hydrocarbons. Hence an alternative to conventional gasoline can be obtained. 

 

Figure 1(a) Coal proven reserves from 2000 to 2020; (b) Production & Consumption of coal in the 

world from 2010 to 2020. 

Even though the proven oil reserves of oil from 1300.9 thousand million barrels (TMB) to 1732.4 TMP 

has increased (Figure 2(a)), but one cannot rely on these fossil reserves. There need to find another 

alternative, gasoline range hydrocarbons, which can be produced via methanol, which we have discussed 

that it can be made from coal. While from Figure 2(b) it can be depicted that the oil consumption was 

certainly on a higher side than its production. Thus, it can be assured that the oil demand has increased 

from 2010 to 2020. In 2020 it was declined to owe to the COVID-19 situation, because of which most all 

vehicles movement was stopped. Hence, overall, an alternative to present fossil fuel needs to be adopted 

as soon as possible to avoid the scarcity of available fossil reserves. 

 
Figure 2(a) Oil proven reserves from 2000 to 2020; (b) Production & Consumption of oil in the world 

from 2010 to 2020.  

 

http://www.jetir.org/
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Figure 3: A typical route of hydrocarbons production from natural feedstocks. 

In recent years, a growing interest has been observed in applying methanol as an alternative liquid fuel, 

which can be used directly for powering Otto engines or fuel cells, achieving high thermodynamic 

efficiencies and relatively low environmental impacts. Biomass and coal can be considered as potential 

fuels for gasification, and further syngas production leads to methanol synthesis (Chmielniak et al., 2003). 

 BIOMASS TO METHANOL 

Use of abundantly available virgin and wood, energy crops, and waste from forests, yards, or farms known 

as biomass to methanol. Waste biomasses as feed-stock for producing gaseous (bio-gas) and liquid fuels 

(bio-methanol, bio-ethanol, and bio-butanol) is being considered as the sustainable and viable alternative 

to fossil fuels (coal, natural gas, and Petro-fuels like gasoline and diesel). Out of these bio-methanol is 

being considered as an attractive liquid fuel as well as feed-stock for the synthesis of enumerable valuable 

organic compounds currently being produced from coal, natural gas, and petroleum feedstocks. 

Biochemical routes that are being explored for the sustainable production of bio-ethanol from waste 

biomass. It focuses especially on the biochemical conversion route which utilizes microbes as biocatalysts 

for methanol production under normal temperature and pressure conditions. To make the process cost-

effective certain improvements like the utilization of raw biogas instead of natural gas for methanol 

production(Gautam et al., 2020).  

 Natural gas to methanol- 

The life cycle environmental performance of liquefied natural gas (LNG), liquefied biogas (LBG), 

methanol, and bio-methanol. A transition to the use of LNG or methanol produced from natural gas would 

significantly improve the overall environmental performance. However, the impact on climate change is 

of the same order of magnitude as with the use of heavy fuel oil. It is only the use of LBG and bio-methanol 

that has the potential to reduce the climate impact. The analysis did not show any significant differences in 

environmental performance between methane and methanol when produced from the same raw materials, 

but the performance of the methanol engines is yet to be validated(Brynolf et al., 2014). Methanol 

production potential of Methylosinus sodium from raw biogas originated from an anaerobic digester3. 

 

CO2 to methanol- 

Methanol, in addition to its energy storage property, is used as a convenient fuel as well as a raw material 

for various hydrocarbons. Moreover, methanol is used to generate electricity using direct methanol fuel 

cell (DMFC) technology. The conversion of CO2 with H2 to methanol (MeOH) over a commercial Cu/ZnO 

catalyst. The obtained results showed good stability of the catalytic system and a large potential for a CO2 

emission reduction with simultaneous production of MeOH as bulk chemicals or alternative fuels. If H2 is 

obtained from renewable or CO2 neutral sources (e.g. biomass, the solar, wind, or nuclear energy), 

respectively, a potentially CO2-neutral cycle is possible. Compared to the conventional synthesis gas-based 
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technologies like the Lurgi Mega Methanol process, the CO2-based process shows lower productivity. 

However, since the overall reaction is less exothermic, lower temperature peaks and lower by-product 

contents are found at similar process conditions. The higher purity is beneficial for further chemical 

conversion. 

CO2 + 3H2 →CH3OH + H2O. 

Conversion of CO2 with hydrogen to MeOH over a commercially available standard Cu/ZnO/Al2O3 

catalyst. (Rothaemel et al., 2011) 

 

Municipal solid waste (MSW) uses dolomite catalysts, followed by a methanol synthesis. (AlMohamadi et 

al., 2020).MSW can be used in anaerobic digesters to produce biogas/biomethane. Furthermore, a fraction 

of Municipal Solid Waste (e.g. non-recyclable plastics, paper cardboard, etc.) can be converted to Refuse 

Derived Fuel (RDF). The digestate derived from anaerobic digestion, as well as CO2 from biogas, can be 

used as a nutrient source to grow microalgae, which are feedstock suitable for supercritical water 

gasification (SWG). An integrated process is proposed, by coupling an anaerobic digestion plant for 

biomethane production with (i) high-temperature gasification of RDF and (ii) SWG of algae grown up with 

digestate and CO2 from biogas. The biomethane is assumed to be converted in syngas by steam reforming. 

Considering its importance for the chemical industry chain, methanol is considered a target product. 

Methanol synthesis is assessed in terms of mass and energy balances and direct CO2 emissions4. 

 

The present work discusses methanol as an alternative source of fossil fuels that is environmentally friendly 

and renewable. Methanol gives low carbon dioxide emissions and other hazardous materials NOx, SOx, 

etc., when transformed into hydrocarbons, hence less polluting the environment. Insight information about 

methanol production via coal, biomass, natural gas, CO2, and municipal waste. Insight information about 

the methanol-to-hydrocarbon (MTH) process over ZSM-5, ZSM-11, SAPO-34, SAPO-17, and SAPO-18 

catalyst has been discussed. Also, the methanol-to-olefins (MTO) process over ZSM-5 and methanol-to-

aromatics (MTA) over ZSM-5, H-SAPO-34, and ZSM-11are discussed. ZSM-5 using various metals such 

as Ni, Fe, Zn, Ir, Na, Pd, Ga, Gd, Pt, Cr, etc., either by wet impregnation and ion-exchange method is also 

studied of various literature. It was observed that after modification, the catalytic performance is increased 

and showed better selectivity/yield towards the selective product. Lastly, the effects of various parameters 

such as surface morphology, temperature, pressure, WHSV, etc., are discussed, which give a good 

understanding of the catalytic activity, selectivity, and stability in the MTH, methanol-to-gasoline (MTG), 

MTO, MTA process also discuss modeling of MTH, MTA, MTO, MTG, in the process reaction mechanism 

of methanol to hydrocarbons when methanol converted the made hydrocarbon pool in catalyst surface. 

Zeolite catalyst structure 

ZSM-5 is a silica-rich zeolite that has been synthesized with greatly differing SiO2/Al2O3 ratios; the ZSM-

5 zeolite size of the pore was not more than 20 angstrom. Ion exchange capacity, catalytic activity, and 

water sorption are shown to vary linearly with aluminum content and extrapolate smoothly to the end 

member of the series, a pure silica ZSM-5 7,8 

 

Zeolites are crystalline aluminosilicates with pores and channels of molecular dimensions. Zeolites can be 

synthesized with different chemical compositions and distinct framework topologies, and about 170 such 

topologies have been reported. Figure 1 shows the framework structure of four commonly used zeolites: 

Zeolite A, Zeolite Y, Zeolite L, and ZSM-5. Due to their ion-exchange properties, as well as adsorption 

and reactions of molecules within their cages, zeolites have found use in numerous applications in catalysis 

and separations. 
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Figure 1. Representative zeolite frameworks, (with pore openings). (a) zeolite A (3D, 4.2 Å); (b) zeolite Y 

(3D, 7.4 Å); (c) Zeolite L (1D, 7.1 Å); (d) ZSM-5 (silicalite) (2D, 5.3 × 5.6 Å, 5.1 × 5.5 Å) D—dimensions 

of channel system. (Reference: Y Zheng, X Li, PK Dutta, Exploitation of unique properties of zeolites in 

the development of gas sensors, Sensors 12 (2012) 5170–5194) 

The first one is located on oxygen bridges connecting silicon and aluminum atoms of the framework (Si-

OH-Al) and is associated with the Bronsted acid sites, and the second one is attributed to the silanol groups 

terminating the zeolite lattice (Si-OH) which are mostly placed on the external surface and are regarded as 

non-acidic centers. It has been shown that the Si/Al ratio directly influences the Bronsted/Lewis ratio which 

affects the acid sites strength and distribution and therefore the selectivity toward different products 

increasing the Si/Al ratio in ZSM-5 zeolite from 20-60. 

 

 

Figure 2. Structure of different zeolites made from pentasil unit. (Reference: J Weitkamp, Zeolites and 

catalysis, Solid State Ion. 131 (2000) 175–188) 

Fig. 2 shows the structures of four selected zeolites along with their respective void systems and pore 

dimensions. In these commonly used representations, the T-atoms are located at the vertices, and the lines 

connecting them stand for T–O–T bonds. For example, if 24 tetrahedra are linked together as shown in the 

top line of Fig. 2, the cuboctahedron, also referred to as a sodalite unit or β-cage, results. It is an important 

secondary building unit from which various zeolite structures derive. If sodalite units are connected via 

their hexagonal faces as shown in Fig. 2, the structure of the mineral faujasite results. It is identical with 

the structures of the synthetic zeolites X (1≤nSi/nAl≤1.5) and Y (nSi/nAl >1.5). Zeolite Y is of utmost 

importance in heterogeneous catalysis, for example, it is the active component in catalysts for fluid catalytic 

cracking. Its pore system is relatively spacious and consists of spherical cages, referred to as super cages, 

with a diameter of 1.3 nm connected tetrahedrally with four neighboring cages through windows with a 

diameter of 0.74 nm formed by 12 TO4-tetrahedra. Zeolite Y is therefore classified to possess a three-

dimensional, 12-membered-ring pore system. An example of a zeolite with unidimensional, 12-membered-

ring pores is zeolite ZSM-12 (Fig. 2, line 2). Its pores are slightly elliptical with dimensions of 0.57×0.61 

nm. Zeolite ZSM-5 (Fig. 2, line 3) and its all-silica analog silicalite-1 (nSi/nAl=∞) are built from the 
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pentasil unit. They contain intersecting systems of ten-membered-ring pores, one being straight and one 

sinusoidal. ZSM-5 is another example of a zeolite that has gained huge importance in heterogeneous 

catalysis. It is used industrially in the synthesis of ethylbenzene, the isomerization of xylenes, and the 

disproportionation of toluene, and it is often looked upon as the prototype of shape-selective catalysts (vide 

infra). Several zeolites with unidimensional, ten-membered-ring pores exist as well, one example being 

Theta-1 which is isostructural to zeolite ZSM-22 (Fig. 2, bottom line). An assortment of zeolite catalysts 

as shown in Fig. 1 is often a good starting point for a coarse investigation of the influence of the pore width 

and/or dimensionality on the selectivity of the reaction to be studied. 

 

 
 

Figure 3. Structures of four selected zeolites (from top to bottom: faujasite or zeolites X, Y; zeolite ZSM-

12; zeolite ZSM-5 or silicalite-1; zeolite Theta-1 or ZSM-22) and their micropore systems and dimensions. 

(Reference: J Weitkamp, Zeolites and catalysis, Solid State Ion. 131 (2000) 175–188). 

 

Methanol to olefins 

 

Figure 4. MTO over SAPO-34 methanol first was converted into DME by a dehydration process treated as 

an intermediate product. When oxygenated compound reacted at catalyst surface in the cage of pores at 

acid reactive sites to made hydrocarbon pool and converted into olefins and hydrocarbon product (Sharma 

et al., 2021). 

     2CH3OH   ⇔     CH3OCH3 + H2O 

2CH3OCH3   →     C2H4 + 2CH3OH 

    2CH3OH →     C2H4 + 2 H2O 

http://www.jetir.org/
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C2H4+ CH3OCH3 → CH3OH + C3H6      

 C3H6 + CH3OCH3 → CH3OH + C4H8 

C4H8 + CH3OCH3 → CH3OH + C5H10 

Methanol converted into DME and formed a hydrocarbon pool after it converted into olefins (Heriyanto et 

al., 2020). 

Selective conversion of methanol into low molecular weight olefins over high silica SSZ-13 zeolite catalyst 

surface at T = 873 K, P = 1atm, and  WHSV = 0.1-10 h-1. (Santilli et al., 1985) 

SAPO-17 were studied concerning their catalytic behavior in the MTO process. Experiments with SAPO-

17 in range 623-750K. A deactivated sample of SAPO-17 could be restored to full activity by calcination 

in air at 823K (Nawaz et al., 1994).The MTO process is advantages in comparison with other natural gas 

utilization technologies and conventional naphtha cracking processes at 573K, 1atm (Liu et al., 1999). 

 Natural gas utilization technologies and conventional naphtha cracking processes at 573K, 1atm. In situ 

MAS NMR spectroscopy investigated of the conversion of MTO on silico-aluminophosphate SAPO-34 

and SAPO-18 under continuous flow reactor at the reaction conditions at P = 1atm, temperature 573 to 673 

K and of olefins yield 58% (Hunger et al., 2001)  

MTO reaction is performed over SAPO-34 catalyst at T=663K, P= 1 bar, and LHSV= 6 hr-1 with selectivity 

of olefins (C2- C4) = 96%. Coke is initially formed in the triangular crystal edges at the surface of catalyst 

, in which straight channel openings reached directly the external crystal surface (Mores et al., 2008). 

Effects of zinc incorporation on hierarchical ZSM-11 catalyst for MTO conversion in a continuous flow 

isotherm fixed-bed reactor at 773K, and 0.1MPa. The yield of propene and butene was enhanced through 

the direct synthesis method (2 % ZnZ11-C, 4 % ZnZ11-C), and the sample 4 % ZnZ11-C displayed a fast 

deactivation. A monotonic increase in the effluent propylene-to-ethylene molar ratio as inlet methanol 

pressure is varied from 0.6-52 KPa during MTH catalysis  on H-ZSM-5 and conversion of catalyst 

80%.(Arora et al., 2017) 

MTO over HZSM-48 at T = 723-973K, P =1 bar, and LHSV = 1 hr-1 produced  C3-C5 olefins.  MTO 

reaction using Cr, Cu, Ga, La, Mg, Y, and Zn doped on 3D-printed ZSM-5 zeolite. 3-D printed ZSM-5 

zeolite monolith doped with 10 wt% Mg exhibited a favorable effect on the light olefins production and 

showed ethylene and propylene selectivity of 24% and 33%, respectively with methanol conversion 

approaching 95%  (Li et al., 2019). 

MTO over Zn-modified high-silicon HZSM-5 (Zn/HZSM-5) catalyst. Due to the heterogeneous 

distribution of the protons of high silicon ZSM-5, two types of Lewis acid sites were formed by the 

interaction of Zn with hydroxyl groups (OH) adsorbed on HZSM-5. The comparatively high light olefins 

yield of 51.7 wt% was obtained on 0.3-Zn/HZSM-5 catalyst under the optimal reaction conditions of T= 

923K, and WHSV =3.83 hr-1 (Juybar et al., 2019) 

 

 Methanol dehydration is a high potential route for the production of light olefins (C2-C4). Hierarchical Si-

rich [B]-ZSM-5 catalysts (Si/Al=200) were prepared through one-pot hydrothermal synthesis. The best 

catalytic performance was obtained at a temperature of 753K, WHSV=7.2 h-1. The optimum catalyst had 

the highest propylene selectivity (58%) and light olefin selectivity (85%)  19 

MTO, the most important catalytic process producing ethylene and propylene from non-oil feedstocks 

(coal, natural gas, biomass, CO2). It is hindered by rapid catalyst deactivation due to coke deposition. 

Transforming coke to naphthalenic species in SAPO-34 zeolites via steam cracking at T = 773K, P =1 bar, 

and LHSV = 5 hr-1 and high light olefins selectivity of 85% 20 

 

http://www.jetir.org/


© 2022 JETIR July 2022, Volume 9, Issue 7                                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2207431 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org e228 
 

Methanol to hydrocarbon 

Reaction mechanisms 

 

 

Figure 5. Methanol converted into DME as an intermediate product then converted into first olefins and 

aromatics  (Chang et al.,1979) 

The early 70s explain the above reaction steps dimethyl ether (DME) is first obtained by dehydration of 

methanol. The equilibrium mixture of methanol, DME, and water is then converted to light olefins, whereas 

DME acts as an intermediate product responsible for the conversion of light olefins into isoparaffin, and 

alkyl aromatics via hydrogen transfer, alkylation, isomerization, other secondary reactions (Chang et 

al.,1979) 

 

Hydrocarbon pool- 

[I] 

The direct mechanism may operate during an induction period, but that a more efficient route through 

olefin chain growth and cracking dominates once initial olefins are formed. Before this, Mole and Langner 

had also shown independently that Toluene and cyclohexene, respectively, had a co-catalytic effect on the 

reaction, thus diminishing the importance of direct C-C bond formation. Their findings and theories were 

very insightful and likely contributed greatly to later mechanistic studies (Dessau et al., 1982) 

 

Figure 6: Scheme of a mechanism based on successive methylation and cracking. (Dessau et al., 1982) 

[II] 

A major advance in the mechanistic understanding of methanol conversion came about when 

Dahl and Kolboe suggested the concept of a hydrocarbon pool in the 1990s. Their co-feeding experiments 

of labeled methanol with ethene or propene over SAPO-34 show that propene/butene products are not 

chiefly formed by methylation of ethene/propene. (Dhal et al., 1996) 
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Figure 7: Phenomenological scheme of the hydrocarbon pool mechanism for MTO. (Dhal et al., 1996)    

 

Methanol is converted into simultaneously di ethyl-ether and water and by methane and water. Here DME 

reacts as an intermediate product when the reaction proceeds the conversion of hydrocarbon increased and 

conversion of DME decreased concerning time. At the catalyst surface into the reacted pore where 

hydrocarbon pool formed then first formed olefins at 573 K and 673-873K gasoline, aromatics and higher 

hydrocarbon formed. (Dessau et al., 1982) 

 

The acid number of hydrocarbon fraction is reduced by contacting the hydrocarbon fraction and lower 

alcohol such as methanol with a solid catalyst having a surface area greater than 15 m²/g at temperature 

573-644 K of thermal cracking pressure 1-8 bar, WHSV= 4 h-1 (Chun et al., 1973).Process for preparing 

hydrocarbon from methanol at T= 573K, P= 8 bar and WHSV= 1-5 h-1.  (Pearson et al., 1975) 

The conversion of methanol and other O-compounds to hydrocarbon over ZSM-5 zeolite catalysts at T= 

573-673K, P=1 atm, and WHSV= 1-9 h-1. The conversion of MTH to C2- C10 hydrocarbon using a new 

class of shape-selective zeolite. Methanol dimethyl ether an equilibrium mixture converts the first reaction 

sequence to olefins range C2-C5. In the final step reaction path, C2-C5 olefins are converted to paraffin, 

aromatics, cycloparaffins, and C6 olefins at conversion 100% with hydrocarbon selectivity 57% (Chang et 

al., 1977). 

 

MTH process at T=573 K, P= 1 atm, and WHSV=1-20 h-1 in the presence of nickel, aluminum, magnesium, 

silica, titanium, and zirconium metal doped on zeolite catalyst and  enhanced the selectivity, yield and 

conversion (Pinto et al., 1980). In the mobil process , methanol is converted to mixtures of hydrocarbons 

consisting of olefins, paraffin, and aromatics at T = 673 K, P = 1 atm, WHSV = 9 h-1. The dehydration of 

methanol to dimethyl ether and converted into ethene, and propane is primarily formed olefins by 

oligomerization and isomerization processes (Berg et al., 1981). 

MTH process used carbenium ion mechanism incorporating over HZSM-5 (Dessau et al., 1982) .MTG 

over HZSM-5 reaction at T=673K, P=1-5 MPa, WHSV=1-9 h-1(Hutchings et al., 1990).Hydrothermal 

treatment of silicon aluminophosphate molecular sieves at temperatures over about 973K for MTH process 

increased selectivity for C2 -C3 olefins and decreased selectivity for paraffin production than the untreated 

SAPO-n starting composition. Deactivation of methanol synthesis catalyst at lower temperature over 

catalyst Cu-Zn oxide. Deposition of Fe or Ni over HZSM-5 enhanced catalyst’s activity , conversion and 

yield/selectivity.(Hutchings et al., 1990) 

Methanol conversion over H-ZSM-5 has been studied in a microreactor using a mixture of 13C-methanol 

and propene (isopropanol). The products were analyzed with a GC instrument allowing an isotopic analysis 

of the emerging reaction product (Dahl et al., 1995).The addition of Ga2O3 to H-ZSM-5 enhances the 
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formation of aromatic hydrocarbons. This effect is obtained at temperatures 673 K, conversion up to 95%, 

and product selectivity enhanced up to 40-50% (Freeman et al., 2002) 

 

MTH over H-SAPO-34 catalysts the product was obtained ethene,xylenes and trimethyl benzenes at 

temperatures 773 K, conversion up to 90%, and product selectivity enhanced up to 45% (Svelle et al., 

2006).The phosphorus-modified ZSM-5/ZSM-11 intergrowth zeolites have been used for the catalytic 

conversion of MTH. Decrease of the brønsted acid sites (proton donated capacity) and the acid strength of 

the catalysts in comparison with the parent ZSM-5/ZSM-11, which causes a dramatic improvement in the 

selectivity towards propylene at 673K (Li et al., 2010) 

 

MTH over acidic zeolite HZSM-5 catalysts conversion of methanol/DME proceeds through a "hydrocarbon 

pool" mechanism. DME was reacted over H-ZSM-5, using propene and toluene as co-feeds to determine 

the effect of the hydrocarbon pool composition on product selectivity dominated by C2-C3 olefins (36%) 

and aromatics (45%) at T = 673 K, P= 1 bar, WHSV= 3 h-1 33. 

 

The catalytic, deactivation, and regeneration characteristics of large coffin-shaped H-ZSM-5 crystals were 

investigated during the MTH reaction in the fixed-bed reactor at 773K  was given good conversion, 

selectivity and yield (Hofmann et al., 2013).An oxalic acid-treated ZnO/CuO/ HZSM-5 catalyst with High 

resistance to coke formation for the conversion of MTH at T=673 K, P=1atm, WHSV= 4 h-1 deactivation 

behavior has been studied over HZSM-5, CuO/ HZSM-5, CuO/ ZnO/ HZSM-5 and oxalic acid treated 

ZnO/ CuO/ HZSM-5. Coke formed on strong acid sites in pore channels and the external surface of the 

catalyst and  conversion 99%, yield of products 44% ( Zaidi et al., 2014). 

 

A series of MoO3/H-ZSM-5 (Si/Al = 25) catalysts were prepared via calcination in the MTH reaction 

higher loading level of MoO3 (7.5 wt% or higher) led to observable inner migration of the Mo species into 

the zeolite channels, with concomitant partial loss of the zeolite Brønsted acidity at T= 643K, P= 1 MPa, 

WHSV= 4.7 h-1 the conversion 99%, selectivity 41%. The pore fabrication of Nano ZSM-5 zeolite crystals 

size 100 nm modified by internal desalination in NaOH solution so increased yield of liquid hydrocarbon 

for the conversion mesoporous introduced into nano ZSM-5 crystals. And external surface area increased 

the change pore structure by internal desalination high Al content increased the acidity of nano ZSM-5  36. 

MTH over ZSM-5 was investigated with WHSV of 4 h-1 at reaction temperature 683K. The product 

distribution result indicated that C3-C5+ and C2-C4 were the major products in the gaseous phase, and in 

the liquid phase xylenes, three methylbenzene and C10 + aromatics with the highest activity (100%) ( 

Lemraski et al., 2016)  

 Gd/HZSM-5 catalyst for conversion MTH , the effect of amounts of Gd loading on HZSM-5 catalyst due 

to its effect enhanced yield of hydrocarbons at T=673K, P= 1 bar and WHSV= 4.75 h-1 (Kim et al., 

2017).Conversion of methanol to hydrocarbons over zeolite ZSM-23(MTT)  at T= 623K, P= 1 bar, 

WHSV= 2 h-1 also given good hydrocarbons yield and selectivity ( Molino et al., 2017) 

 

MTH Process was probed over the H-SAPO-34 catalyst at T= 673K, P= 2 bar, WHSV= 6 h-1. the 

conversion up to 95%, yield enhanced up to 67% (Chowdhury et al., 2018).A dual-templating synthesis 

strategy to hierarchical ZSM-5 zeolites as efficient catalysts for the MTH reaction. The zeolite materials 

were extensively characterized for their textural and acidic properties. Displayed similar performance in 

the MTH reaction as nanosheet ZSM-5.  (Meng et al., 2018) 
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MTH processes over zeolites and zootypes crystalline, microporous oxides widely deployed. Deposition 

and growth of highly unsaturated carbonaceous result in deactivation. Productive propagation reactions 

include olefin methylation, aromatic methylation, and aromatic dealkylation (Hwang et al., 2019) 

 MTH over a series of Zn/ZSM-5 zeolites at 673K, 0.1Mpa WHSV= 1-9 hr-1 and product yield 50-60%. 

Methylbenzenes, as the intermediate product of the aromatic-based cycle. Lewis acid sites and Brønsted 

acid sites in the Ca modified zeolite material are indeed responsible for the inability to form surface-carbene 

species (Wang et al., 2019) 

MTH process over zeolite ZSM-5 catalyst the conversion 97% at 573K, 1atm WHSV= 3 hr-1, and product 

yield 39%. The dynamical behavior of methanol and DME in H-ZSM-5 catalysts Si/Al ratios (36 and 135) 

was probed using quasielastic neutron scattering method ( Omojola et al., 2020) 

Zeolite channel geometry–reactive intermediate relationships are studied in detail using anisotropic zeolite 

ZSM-5 crystals for the methanol-to-hydrocarbon (MTH) process, and advanced magic angle. 

homologation of alkanes, whereas the more extended straight zeolite channels, facilitate the aromatic cycle 

with a higher degree of alkylation of aromatics. (Fu et al., 2020) 

MTH proceeds autocatalytically in H-ZSM-5 after an induction period where framework methoxy species 

are formed high methanol loadings and varying acid site densities using first-principles molecular dynamics 

simulations (Nastase et al., 2020) 

MTH catalysis over ZSM-5 showing how inelastic neutron scattering spectroscopy can be used to identify 

species found in zeolite ZSM-5 used as a catalyst for conversion of MTH at 773K and 1 atm. Ultrasound-

assisted rapid hydrothermal design of efficient nanostructured MFI-Type aluminosilicate ZSM-5 catalyst 

for methanol to propylene reaction at 773K and atmospheric pressure. The ZSM-5(UH-250) zeolite with a 

slower deactivation regime exhibited a constant level of methanol conversion (84%) and high propylene 

selectivity (78%) after 2100 min  47 

MTH process at T=773K, P= 5 atm, WHSV = 2 h-1 the conversion 95% yield enhanced up to 45% ( Yin et 

al., 2021).MTO process was given propene over H-ZSM-5 zeolite at temperatures of 473, 573, and 673 K 

is studied over 6 hours, at these temperatures, propene undergoes acid protonation and subsequent 

oligomerization to form a pool of oligomers and cyclized oligomers, which subsequently react via the 

established 2-cycle hydrocarbon pool mechanism to give a mixture of aromatic and aliphatic products 

(Hawkins et al., 2021) 

MTH process over zeolite have Brønsted acid sites and more Lewis acid sites the yields towards ethylene 

and propylene were respectively 8% and 6% (Nikolopoulos et al., 2021)  

Three Zn-doped ZrO2 catalysts prepared by co-precipitation catalysts, we combined ZrZnOX with two of 

the most performing zeolite/zeotype catalysts for the methanol-to-hydrocarbons over H-ZSM-5 and H-

SAPO-34  and conversion 100% at T=773K, P=1atm and WHSV= 1-5 hr-1 and product yield up to 69% 

(Ticali et al., 2021) 

The conversion of methanol to DME over H-ZSM-5 is calculated as requiring higher activation energy 

than framework methoxylation, which indicates that a stepwise (indirect) mechanism, through a methoxy 

intermediate, is the most likely route to DME formation during the initiation of the MTH process (Nastase 

et al., 2021). 
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Methanol to gasoline 

In the Mobil process, MTG was performed using an HZSM-5 catalyst at temperature 623-673 K, P= 1 atm, 

WHSV= 5 h-1 and aromatics selectivity was 45% and gasoline yields 80%. Zeolite was synthesized by 

SiO2/Al2O3 after removal of sodium and tetra propylammonium irons by ion exchange then ZSM-5 was 

obtained (Berg et al., 1981). 

MTG in a fluidized bed reactor over zeolite catalyst it's a new route from coal or natural gas to high octane 

gasoline at T= 623K, P=1-10 bar, WHSV= 3 hr-1 and yield of hydrocarbon 67.7% ( Keil et al., 1999). 

Catalytic conversion of MTG over zeolite catalyst  at T= 673K, P=1 atm, liquid space hour velocity (LHSV) 

=1-9 h-1. The selectivity is a function of CuO/ZnO/HZSM-5 Concentration. Catalyst deactivation due to 

Coke deposition on catalytic surface . The addition of ZnO over CuO/HZSM-5 reduces the coke without 

affecting product yields. ZnO/HZSM-5 catalyst coke formation was reduced compared to CuO/HZSM-5 

catalyst. ZnO/CuO/HZSM-5 enhanced the aromatics yield to 69% as compared to 66.9% over CuO/HZSM-

5. The copper oxide loading over CnO/HZSM-5 (Si/Al=45) catalyst range 0-9 wt %. Improved selectivity 

of hydrocarbons 42.84% (Zaidi et al., 2008)  

MTG over modified HZSM-5 catalyst at T= 673 K, P= 1 atm, WHSV = 4 h-1. Fluidized bed reactor used 

for MTG reaction when oxalic acid 0.5%, ZnO/7 wt%, CuO/ ZSM-5 by incipient wetness impregnation 

method used. Methanol conversion 100%, and yields of gasoline range hydrocarbon was 40%. (Zaidi et 

al., 2010) 

Three different ZSM-5 zeolites (nano - ZSM-5, meso-ZSM-5, conventional- ZSM-5). ZSM-5 prepares a 

single completing procedure. Conventional ZSM-5 catalyst, nanocrystals, and mesoporous ZSM-5 catalyst 

showed high selectivity for light olefins and alkyl aromatics in the conversion of MTG (Rownaghi et al., 

2011) 

MTG process over  ZSM-5/MCM-48 aluminosilicate composite material as a catalyst was used in the MTG 

reaction. Its high activity and stability, pore size distribution, and lowered pore surface acidity of the 

composite material (Di et al., 2013) 

Production of gasoline range hydrocarbon from methanol on hierarchical ZSM-5 and Zn/ZSM-5 catalyst 

prepared with the soft second template. T= 634 K, P= 1 atm, WHSV= 1 hr-1. Zn/ ZSM-5 was made by wet 

impregnation method. Liquid hydrocarbon selectivity with ZSM-5 is 29.8%. but used Zn/ ZSM-5  

selectivity enhanced up to 62.5%. (Wang et al., 2015) 

Effect of ZSM-5 crystal size on its catalytic property conversion of MTG at  T=673K, P=1MPa, WHSV= 

4.74 h-1. Four-sized mono dispersed ZSM-5 crystal 70, 200, 400, and 650 nm were hydrothermally 

synthesized by changing H2O/Si molar synthesis gel. Crystals size of 70 nm yields 30.8%. Increased ZSM-

5 crystal size except for ZY5-650 give yields up to 41%, higher selectivity to aromatics 39.78 %. T=663K 

approximating, P=1 atm ( Shao et al., 2017). 

CuO/NH4-ZSM-5 catalyst was used in MTG the catalyst prepared by SONO chemistry methods at 

T=673K, P= 1atm, WHSV= 5 hr-1. CuO loading on NH4-ZSM-5 supports converting MTH. Fed 100% 

methanol and 7% catalyst CuO/NH4-ZSM-5 was  aromatic’s selectivity 44% and olefin’s selectivity 50.4% 

( Kianfar et al., 2018) 

MTG catalysts based on Zn- and Pd-modified zeolites Zn/ZSM-5 and Pd/ZSM-5. Used Zn/ZSM-5 higher 

selectivity to liquid hydrocarbons (more than 84 wt%) with higher DME and methanol conversion over 

Pd/ZSM-5 (97.5wt%, respectively) 53 
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Methanol to aromatics 

The interplay between nanoscale reactivity and bulk performance of HZSM-5 catalysts during the MTA 

reaction was investigated. T=623K, P=13 bar, WHSV= 5 h-1. The effect of a mild hydrothermal treatment 

on activity, selectivity, and stability of zeolite HZSM-5. In  MTA  process, methanol conversion is 99%, 

aromatics selectivity 45% (Aramburo et al., 2013) 

 Coking kinetics and influence of reaction regeneration on acidity, activity, and deactivation of Zn/ZSM-5 

catalyst during methanol aromatization. Methanol was converted into BTX yields 67.7%. Coking behavior 

catalytic activity of Zn/HZSM-5 to reaction regeneration cycle aromatic yield 80%. (Zhang et al., 2015) 

Conversion of MTA OVER O.5wt%  Zn modified nano HZSM-5 zeolite catalyst at T= 723K, P= 0.1 MPa, 

and WHSV 1-9 h-1. MTA over Zn/HZSM-5 the high BTX yields 67.7%. Wt of 0.5% Zn in Zn/HZ. 

Methanol conversion 100% highest aromatics yield 83% (Zhang et al., 2014) 

 Alkaline modification of ZSM-5 catalyst for methanol aromatization at T=673K, P=1 atm, WHSV= 3.2 

hr-1. Alkaline treatment (0.2 and 0.3 mol/L NaOH) created mesoporous in the present zeolite. Alkaline 

treatment reduces the ZSM-5 (Si/Al=23.7) sites parent ZSM-5. Improved diffusion due to the presence of 

mesoporous treatment 0.4 mol/l NaOH produced better aromatics selectivity 43.2% ( Wei et al., 2015) 

 When used   Ga supported HZSM-5 with evolved meso and micropore sites by desilication HZSM-5 

(Si/Al= 11.5) with varying alkalinities and impregnated with 1 wt % Ga for MTA. Aromatic selectivity 

60.1 % at 773K treatment (NaOH= 0.05 M) of HZSM-5 (Lai et al., 2016) 

Methanol aromatization over Cr-Zn modified HZSM-5 catalyst at T= 773K, P= 0.1 MPa, LHSV= 1.2 hr-1. 

HZSM-5 (HZ) zeolite co-modified with Zn and second promoter Zirconium, molybdenum, chromium, (Zr, 

Ce, Mo, and Cr) was synthesized in a fixed bed reactor. The influence of methanol conversion to BTX was 

enhanced ( Liu et al., 2018) 

 Modification of HZSM-5 samples with sodium hydroxide and oxalic acid to provide the formation of the 

mesoporous structure of the zeolite Si/Al ratio at T=673K, P=1 atm, WHSV= 1 h-1. Zeolite active sites 

were modified with Co, Ni, Fe to decrease poly aromatic formation MTH. Formation of a mesopore 

structure with a mean diameter of 4-6 nm positive effect. Zeolite treatment with oxalic acid results 

decreasing of Si/Al ratio 0.76 to 0.41. The sample ZSM-5-Ni-0.001 M highest activity (Doluda et al.,2019) 

MTA over HZSM-5 zeolite and two supported Co catalyst Co/Al2O3 and Co/SBA-15 at T= 623-663K, P=1 

atm, and WHSV= 4 hr-1 this enhanced the selectivity of long hydrocarbon  73 

Phosphorus modified ZSM-5 Zeolite synthesized by incipient wet impregnation at T= 663K, P= 0.5 Mpa, 

WHSV = 3.2 1/ hr. Performance for MTA conversion evaluated. Introduction of phosphorus modification 

of the catalyst structure characteristics and properties. The reduction in external surface area and micropore 

volume, pore size, and decreases in the quantity and strength of acid sites. As a result, the P/ZSM-5 

enhances selectivity for para-xylene. The selectivity of PX Increased from 23.8% to nearly 90 %. When P 

content 5 % selectivity of xylene in aromatics was enhanced from 41.3 % to 60.2 % PX yield could loading 

Zn over 5% P/HZSM-5 generates Zn-Lewis acid sites to enhance. (Niu et al., 2020) 

MTA conversion process over HZSM-5 zeolite combined with unique zinc and phosphorus species, yields 

excellent selectivity (85%) towards aromatic at 673K, 1Mpa, and WHSV=1-9 h-1 (Qiao et al.,2020) 

The Zn-loaded zeolite ZSM-5 is an active and promising catalyst for the conversion of methanol to 

aromatics with a high yield. performance of shaped ZnZSM-5/alumina catalysts in this reaction at 
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industrially relevant pressures. This has been combined with extensive characterization to identify the 

active Zn species (Yarulina et al., 2021) 

Catalytic conversion of MTA and hydrocarbons is regarded as a key alternative technology to oil 

processing. Although the inclusion of foreign metal species in H-ZSM-5 containing Brønsted acid site 

(BAS) is commonly found to enhance product yields, the nature of catalytically active sites and the 

rationalization for catalytic performance remain obscure. According to our DFT model, this could lead to 

the initial heterolytic cleavage of small molecules such as water and methanol by the pair with subsequent 

reactions to form products at high selectivity as that observed experimentally (Xia et al., 2021) 

The incorporation of transition metal ions into acidic H-ZSM-5 by ion exchange can create catalytically 

active ion pairs within molecular distances in the internal cavity of the H-ZSM-5 structure with BAS. The 

internal surface anchored metal ion as unquenched Lewis acid site and O2 from nearby BAS in proximity 

as an anchored base is established (Lin et al., 2021) 

 

Effect of catalyst pore size and BET surface area 

Alkane modification of ZSM-5 catalysts for methanol to aromatization the effect of alkaline concentration 

at 673K, 1 atm, and 3.2 h-1. Effect of alkaline treatment on the physical property of ZSM-5 catalyst MTA 

conversion. Alkaline treatment (0.2 and 0.3 mol/L NaOH) created mesoporous in present zeolite on acidity. 

The presence of mesoporous gives the catalyst higher selectivity for aromatics lower deactivation rate. 

Alkaline treatment reduces the ZSM-5 (Si/Al = 23.7) sites. Due to 0.2 and 0.3 alkaline higher selectivity 

for BTX parent ZSM-5 Improved diffusion due to the presence of mesoporous treatment 0.4 mol/l NaOH 

produced better aromatics selectivity 43.2% (Wei et al., 2015) 

MTH process a nano ZSM-5 zeolite crystal size 100 nm was modified by internal desilication in NaOH 

solution. Na-ZSM-5 was alkali treated 0.1 M NaOH with ZSM-5 then the external surface area increased 

from 72 to 115 m2/g by internal desilication due to its effect acidity also increased at 673 K and WHSV = 

4.7 h-1 and 1Mpa and catalyst lifetime and production of hydrocarbon enhanced factor of 2.5 77 

MTH process over Ga/ZSM-5 at 673 K when Ga content changed from 0.25-1wt% then BET surface area 

also changed from 361-363 m2/g then effects the product distributions (Li et al., 2016). Methanol to 

gasoline process sample pore of HZM-5 treatment different TPAOH nHZ, T24, T48, T72 the BET surface 

area changed 345, 373, 377, 373 at p/p0=0.99 then amount product increased from 40% to 80% 78 

Effect of surface modification 

 Modification on HZSM-5 samples with NaOH and oxalic acid to provide the formation of the mesoporous 

structure of the zeolite and obtained optional Si/Al ratio at 673K, 1 atm, and 1 h-1. Zeolite active sites were 

modified with Co, Ni, and Fe to decrease the polyaromatic formation of the MTH process. Mesopores 

structure with a mean diameter of 4-6 nm positive effect. Zeolite treatment with oxalic acid results in 

decreasing of Si/Al ratio 0.76 to 0.41 the sample ZSM-5-Ni-0.001 M highest activity 79 

MTH process over ZSM-5 and its bulk sample with Si/Al ratio 30 were desilicated an amount of 3g of 

NaZSM-5 suspended in 150 ml NaOH solution (0.2 mol/L)  at 388K for 0.5 h prepared modified zeolite 

catalyst with Si/Al ratio 20, enhanced the selectivity of the product (Meng et al., 2020) 

 MTH process we selected two pairs of samples when silicon to aluminum ratio changed from ZSM-25/M 

vs Z-27/M (Si/Al 25 and 27) at 643K and WHSV= 20 h-1 to Z-38/M vs Z-45M (Si/Al of 38 and 45) also 
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reaction condition but the yield of hydrocarbon improved from 30% to 40% 81. MTG process surface Si/Al 

ratios of HZSM-5 changed 8.2, 13.2, 10.4 then conversion enhanced up to 100% and product yield 

enhanced up to 28% 78 

MTG process over H-ZSM-5 treatment with 0.20 M NaOH the total conversion increased 3.3 factor and 

selectivity increased 1.7 factor 82. MTH over Ga/ZSM-5 when Si/Al ratios changed from 12.5, 12.8, 13.1, 

14.2 changed BET surface area 451-418 m2/g at 723K the scale varies 10 h to 40 h 24. MTH process over 

ZSM-5 Si/Al ratios changed from 39, 44, 47, 50 then its effect the BET surface area 95-84 m2/g at p/po=0.97 

at 773 K. It also affects on conversion and selectivity of the product 41 

Methanol aromatization over Cr-Zn modified HZSM-5 catalyst at temperature 773K, and pressure 0.1 MPa 

and WHSV= 1.2 h-1. HZSM-5 (HZ) zeolite co-modified with Zn and second promoter (Zr, Ce, Mo, and 

Cr) was synthesized and aromatization of methanol over modified HZ in a fixed bed reactor. Influence of 

methanol conversion to yield of benzene, toluene, xylene (BTX). Over the Cr, Zn modification HZ (CrZn 

/HZ) higher than that ZrZn/HZ, CeZn/HZ, MOZn/HZn species exist in two forms of HZ zeolite. One ZnO 

particle and one ZnOH, improved yield of (BTX). Cr species external surface promoted the dispersion of 

ZnO increased the amount of ZnO improved the yield of BTX 72 

Surface modification due to metal doping 

MTH over ZSM-5 structure can modify the catalyst morphology surface area can be decreased in the 

presence of second metal. Ni-ZSM-5 contain Ni loading 3-4% doped on ZSM-5 and Me-ZSM-5 contain 

Me loading 1.1-1.9% doped into ZSM-5 then Si/Al ratios changed from 35, 31, and 30. Fe-ZSM-5 by 

chemical vapor deposition (CVD). Fe 0.2% wt loading on ZSM-5 at 823K its effect the product distribution 

increased 83,84 

Transformation of MTG range hydrocarbon using HZSM-5 catalysts impregnated with copper oxide. 

Cu/HZSM-5 catalyst T = 673 K, P= 1 atm, WHSV= 4 h-1 copper oxide loading over HZSM-5 (Si/Al = 45) 

catalyst range 0−9 wt %. A higher yield of gasoline range hydrocarbon (C5-C6) was obtained increased 

5wt% CuO over HZSM-5. Lower coke deposition over HZSM-5 catalyst due to CuO impregnated on 

HZSM-5 catalyst then increased active sites for loading for MTO process. The optional loading 7 wt% 

HZSM-5 deactivation of HZSM-5 with increased CuO loading and coke deposition in the pores of the 

catalyst due to coverage active sites. Improved light alkane selectivity 18% hydrocarbon 42.84% (Zaidi et 

al., 2008) 

MTH process over Ga/ZSM-5 gives better result compared to ZSM-5 it was found that Ga content outer 

regime of ZSM-5 is 2%, 2.5%.Ga/ZSM-5-0.25, Ga/ZSM-5-0.5, Ga/ZSM-5-1 these content effects the 

conversion of methanol increased 60%, 70%, 90% and affects the selectivity 20%, 40%, 60% at 673 K. 

Methanol to olefins process over P/ZSM-5 content of phosphorous doped over ZSM-5 1P-Z, 3P-Z, W5P-

Z then affects the conversion 97%-100% and selectivity enhanced 10% to 44% at 723 K and WHSV = 1 

h-1 (Li et al., 2016; Vu et al., 2010) 

MTH process Pd doped into ZSM-5 (MFI TPA 20). Pd content  0.44%, 0.28%, 0.37% add into ZSM-5 

then effects the Si/Al ratio increased 20, 23, 37, 38 and effects its effect BET surface area at 4.5 bar and 

673K then conversion increased up to 100% and yield of hydrocarbon increased up to 90% Ga modified 

nano-HZSM-5 zeolites content Ga applied methanol to aromatics process it strongly increased selectivity 

of product and decreased catalyst lifetime. Ga doped on HZSM-5 and loading 2% to 4%. Changed 

conversion from 70% to 100% and enhanced selectivity 20% to 40% at 723 K (Dai et al., 2018; Meng et 

al., 2020) 

Catalytic conversion of MTG  at T = 673 K, P = 1 atm, WHSV = 1-9 h-1. When CuO and ZnO are doped 

into HSZM-5. Catalyst is mainly deactivation due to Coke. The addition of ZnO over CuO/HZSM-5 

reduces the coke content without affecting product yield and selectivity. ZnO/HZSM-5 catalyst coke 
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formation was more reduced compared to a CuO/ HZSM-5 catalyst. ZnO/CuO/HZSM-5 also enhanced 

aromatics yield up to 69% (Zaidi et al., 2005) 

Methanol to hydrocarbon process effects of zinc incorporation on hierarchical ZSM-11 catalyst the effects 

of two methods (direct synthesis and impregnation) of zinc incorporation on. Thus, the yield of propene 

and butene was enhanced through the direct synthesis method (2 % ZnZ11-C, 4 % ZnZ11-C), and the 

sample 4 % ZnZ11-C displayed a fast deactivation. (Xiaojing et al., 2015). MTG process over modified 

HZSM-5 catalysts at 673 K and 1 atm and 4 h-1. Oxalic acid 0.5%, ZnO/7 wt%, doped into CuO/ZSM-5 

by wet impregnation technique then its effect on conversion up to 99%, and selectivity of olefins up to 70 

% and yields of hydrocarbon up to 40% (Zaidi et al., 2010) 

Synthesis of modified catalyst and stabilization of CuO/NH4-ZSM-5 for conversion MTG process. 

CuO/NH4ZSM-5 (3, 5, 7, and 9 wt%) catalyst prepared by SONO chemistry methods. Copper oxide booster 

for NH4-ZSM-5 catalyst properties at 673 K, 1 atm, and 5 h-1. THE effect of CuO loading on NH4 -ZSM-5 

support convert to MTG process analysis shows specific surface and volume of pores decreases. Fed 100% 

methanol and 7 wt% catalyst CuO/ NH4-ZSM-5 better rate of aromatics enhanced up to 44% and olefins 

selectivity enhanced up to 50.4 % 63 

Gd/HZSM-5 catalyst used for conversion of MTHs. Gd loading over ZSM-5 at 673 K, 1 bar, and 4.75 h-1. 

1wt% (1 GdHZ), 5 at % (5 Gd HZ).10 wt% (10 GdHZ) prepared incipient wet impregnation method. Gd 

modified HZSM-5 catalyst (GdHZ_IE) prepared ion exchange. Gd content catalyst uniformly dispersed 

into nano-sized particles thin films of Gd2O3 directly influenced crystallinity, surface area pore volume 

acid-base property reactivity of catalytic. GdHZ_IE catalyst possesses strong lewis acid sites then enhances 

higher selectivity 38 

MTO reaction over ZSM-5 catalyst when Cr, Cu, Ga, La, Mg, Y, and Zn doped on 3D-printed ZSM-5 

zeolite by direct addition of metal nitrate precursors into the 3D printing paste thus the metal doping 

procedure was integrated with the 3D printing fabrication. 10 wt% Mg exhibited the favorable effect on 

the light olefins production and showed ethylene and propylene selectivity of 24% and 33%, respectively 

with methanol conversion approaching 95% at 673 K 17 

Effect of process variables 

Effect of temperature  

MTOs process when temperature increased 623 K to 673 K then alkane content increased 43% to 80% over 

Ir/ZSM-5 catalyst surface at 40 min  (Lou et al., 2017). Methanol to olefins process over H-SAPO-34 

catalyst surface the temperature changed from 500 K to 773 K then olefins selectivity changed 5% to 45 

%. 87 

MTA process over Na/ZSM-5 catalyst surface then aromatic product selectivity changed from 8% to 38% 

at the WHSV = 1 h-1 temperature changed from 553 K to 573 K then conversion of methanol 50% to 70% 

at 0.5 Mpa. (Adebajo et al., 2003; Cheng et al., 2019; Liu et al., 2020; Patel et al., 2020) 

MTH process over Ni/ZSM-5 temperature enhanced 583 K to 833 K then hydrocarbon selectivity enhanced 

30% to 38% the conversion changed 10-90% 79,91,92 

Effect of pressure 

MTO Selectivity of product vs conversion on HZSM-5 at 513 K effected by pressure increased from 1 to 

5 bars then product distribution also enhanced. MTO process when pressure changed from 0.2-0.8 Mpa 

then the distribution of olefins 2.8% to 31% at WHSV 2 h-1 and temperature 673 K. (Reviere et al., 2020). 

MTA process when pressure changed from 0.2-1 MPa then reactant quantity adsorbed on HZSM-5 catalyst  

surface was 0-350 cm3/g the temperature varies 473 K to 873 K and  methanol  conversion changed up to 
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99% and selectivity changed up to 10 to 40%. MTA process when pressure changed from 10 bar to 20 bar 

then benzene selectivity changed up to 90 % .93,94 

MTHs process over ZSM-5 catalyst surface  when temperature was increased  to 623-673 K at 0.2 h-1 due 

to this selectivity of hydrocarbons also effected  91. Methanol to hydrocarbons the temperature changed 

from 473 K to 1273 K at then selectivity changed of olefins 10 to 40% and for aromatics changed up to 

90% at 1 bar 72 

Effect of WHSV- 

MTH process the methanol  conversion increased from 70% to 100% at 19.8 gcath/mol at time stream  5 to 

400 min-1 due to this the  yield of hexane increased from 30% to 45% at 5 KPa and 923 K. When GHSV 

changes from 1000 to 6000 h-1 then conversion of methanol  changed from 5-50% in methanol to 

hydrocarbon process at 723 K and time changed from 4 min to 36 min (Rubio et al., 2019; Ji et al., 2017; 

Williams et al., 1990). 

MTH process over ZSM-5 when time scale changed from 10 h to 40 h then conversion changed 20% to 

99% and selectivity changed for olefins from 10% to 40% and aromatics 5% to 50% at the WHSV = 6 h-1 

and temperature at 673 K. The conversion of methanol was shows 89% and selectivity of hydrocarbon 

changed from 10% to 80% time scale changed from 40 h to 160 h. 

MTOs process over ZSM-5, the conversion enhanced 90% to 100% when time scale increased 2 to 24 h 

then it affects the selectivity of olefins 20% to 32% at 723 K and WHSV was 1.12 h-1. When conversion 

enhanced 55% to 100% over HZSM-5 catalytic surface  olefins selectivity enhanced on 5-78% at time 

stream varies on  scale 10-100 h at 733 K, WHSV = 1 h-1. Some olefins selectivity increased from 10-30% 

at 99% conversion of methanol and the time scale varies 50-250 min at the  873 K, and WHSV = 4 h-1. 

MTH process at 723 K the time scale goes 100-600 min then conversion increased 60 to 100% over SAPO-

34 catalyst the WHSV = 5 h-1 (Ahmadpour et al., 2015; Saenluang et al., 2021.; Y. Wang et al., 2019) 

 MTOs process changed in time scale 5 h to 25 h then conversion also changed 10% to 95% over HZSM-

5 catalyst surface at 723 K and selectivity changed 19% to 38% of hydrocarbons. Methanol to propylene 

process WHSV changed from 2.51 to 8.17 h-1 at 673 K over Mn/ZSM-5 due to this selectivity enhanced 

from to 30% to 45%. MTOs process at WHSV changed 0.6-2.4 h-1 then conversion was 100% and olefins 

was selectivity 90% and  Olefin’s yield changed from 10%-25% over Ag/ZSM-5 and  time stream changed 

from 2 min to 12 min at 673 K and 1 atm (Hadi et al., 2014; Kedia et al.,  2016; Maria et al., 2018; 

Missengue et al., 2018). 

MTA process over ZSM-5 the conversion of methanol enhanced 43% to 80% then selectivity of BTX 44% 

on the  time varies 20-100 min-1 at 1 atm product yields go up to 99% at 723K. MTA over Fe/ZSM-5 the 

space velocity changed 1-9 h-1 then product distribution changed from 30% to 61% of BTX. Zeolite ZSM-

12 treated on 0.2M NaOH at 658 K for 60 min enhanced the catalytic activity 10-fold then selectivity 51% 

to 67% of aromatics while conversion 15% to 98% (Akyalcin et al., 2019; Imyen et al., 2020; Li et al., 

2018; Missengue et al., 2018; Ndebele et al., 2018). 

MTG process over SAPO-34 catalyst at 644 K, 1 atm and LHSV  1-10 h-1 and product yield increased 10 

to 50%. When catalyst run time changed 2 to 12 h the conversion  up to 99% and product yield increased 

10 to 50% (Gogate et al., 2019; Zaidi et al., 2004). 
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Table: Literature overview for Methanol conversion to Hydrocarbon. 

 

 

2.1 Table: Literature overview for Methanol conversion to Hydrocarbon. 

 

S. N Process Reaction conditions Catalyst Conversion Yield Selectivity Reference 

 

1. 

 

MTG 

T 

= 673 

K, 

P=1atm, 

WHSV= 

4 h-1 

 

CuO/ZSM-

5 

 

99.3% 

 

69.33% 

 

75% 

 

(Kianfar et al., 2020) 

   ZSM-

5/11 

99% 28.2% 28.05%  

 

2. 

 

MTG 
T=663K, P=1 atm, 

WHSV=4.75 h- 

1 

 

Zn-Cu-

ZSM-5 

 

99.5% 

 

24.09% 

 

24.4% 

 

(Juybar et al., 2019) 

   
Ga-Ag-ZSM-

5/11 

100% 24.88% 24.88% 
 

 

3. 

 

MTA 

T=673K, P=1 atm, 
WHSV =1 

 

h-1 

 

Zn/ZSM-5-

38 

 

100% 

 

73.33% 

 

73% 

 

(Xi et al., 2019) 

4. MTA T=673K, P= 1 MPa, 
WHSV =1 h-1 

Na/ZSM-
5 

99% 56% 57% (Long et al., 2014) 

 

5. 

 

MTA 
T=653K, P=0.5 

MPa, WHSV =3.2 

h-1 

HZSM-5 

 

P/HZSM-

5 

99% 

 

100% 

40.59% 

 

60.2% 

41% 

 

60.2 % 

 

(Niu et al., 2020) 

6. MTA T= 673K, P= 1 bar, 

WHSV =3.1 h- 

Ga2O3/ 100% 18.2% 18.2% (Freeman et al., 2001) 
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  1 HZSM-5     

7. MTA T=673K, P=1 atm, WHSV = 3 h-1 Gd/ZSM-5 99% 49.56% 50% (Kim et al., 2017) 

8. MTA 
T= 725K, P=0.1 MPa, LHSV =1.2 

h-1 
CrZn/HZSM-5 100% 70% 70% (Liu et al., 2018) 

9. MTG 
T=673K, P= 1 MPa, WHSV = 

4.74 h-1 
HZSM-5 98% 39% 39.78% (Shao et al., 2017) 

10. MTG T=683K, P= 1 MPa, WHSV =4 h-1 ZSM-5 99% 55% 52% (Lemraski et al., 2016) 

11. MTA T=773K, P=1 atm, WHSV = 5 h-1 Ga/ZSM-5 100% 60% 60% (Lai et al., 2016) 

 

12. 

 

MTA 
T=753K, P= 4 MPa, WHSV = 3 h- 

1 

 

Fe/ZSM-5 

 

90% 

 

50% 

 

56% 

(Xu et al., 2020) 

 

13. 

 

MTA 
T=823K, P=1 atm, WHSV = 2.2 h- 

1 

Ga/ZSM-5  

95% 

 

73% 

 

77% 

 

(Wan et al., 2016) 

14. MTH T= 623K, P= 1atm, WHSV = 5 h-1 HZSM-5 90% 54% 60% (Bleken et al., 2013) 
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15. MTA T=750K, P=1atm, LHSV = 2 h-1 Zn/ZSM-5 98% 43.12% 44% (Olsbye et al., 2012) 

 

16. 

 

MTA 

 

T=673K, P=1 atm, WHSV =8 h-1 

ZSM-5 

 

Zn/ZSM-5 

100% 

 

100% 

42% 

 

67% 

42% 

 

67% 

 

(Bjørgen et al., 2009) 

17. MTA T=723K, P= 1 bar, WHSV =4 h-1 Ga/ZSM-5 85% 56.61% 66.6% (Dai et al., 2018) 

16. MTA T=723K, P=5bar, WHSV =8 h-1 Zn/ZSM-5 99% 60% 60.6% (Conte et al., 2012) 

19. MTA T=673K, P=1 atm, WHSV = 34 h-1 Zn/ZSM-5 100% 97.3% 97% (Sudiyarmanto et al., 2016) 

20. MTA 
T=634 K, P= 1atm, WHSV = 5.53 

h-1 
Ga2O3/ZSM-5 99% 39% 40% (Wang et al., 2015) 

 

 

21. 

 

 

MTG 

 

T= 673K, P= 1 atm, WHSV = 5 h-1 

ZSM-5 

ZnO/CuO/ 

HZSM-5 

 

99% 

 

99.5% 

 

40% 

 

41.58% 

 

40.80% 

 

42.84% 

 

 

(Zaidi et al., 2008) 

 

 

22. 

 

 

MTA 

 
T=673 K, P= 1 atm, LHSV = 10 h- 

1 

ZSM-5 

ZnO/CuO/ 

HZSM-5 

 

98% 

 

99% 

 

25.48% 

 

44% 

 

26% 

 

45% 

 

 

(Zaidi et al., 2014) 
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   HZSM-5     

 

23. 

 

MTA 
T = 673 K, P = 1 atm, WHSV = 

0.129 h-1 

ZSM-5 

 

CuO/ HZSM-5 

99% 

 

99.5% 

37% 

 

41% 

38% 

 

42.18% 

 

(Zaidi et al., 2005) 

24. MTH T=643K, P= 1 bar, WHSV =20 h-1 HZSM-5 99.5% 32% 30% (Sazama et al., 2011) 

25. MTA T=643K, P=2 atm, WHSV = 4 h-1 Ga/ZSM-5 100% 55% 55% (M. Li et al., 2016) 

26. MTA 
T=723K, P=0.1 MPa, WHSV =1 

h-1 
Zn/ZSM-5 100% 75% 75% (Ni et al., 2021) 

 

27. 

 

MTA 
T=663K, P= 5 MPa, WHSV =3.2 

h-1 

ZSM-5 

 

P/HZSM-5 

99% 

 

99.5% 

23% 

 

89% 

23.8% 

 

90% 

 

(Niu et al., 2020) 

 

28. 

 

MTA 

 

T=573K, P=1 atm, WHSV = 4 h-1 

HZSM-5 

 

Co/SBA-15/ZSM-5 

100% 

 

100% 

55% 

 

85% 

55% 

 

85% 

 

(Chotiwan et al., 2019) 

29. MTG T=673K, P=1 MPa, WHSV = 4 h-1 CuO/NH4-ZSM-5 99% 50% 51% (Kianfar et al., 2018) 

30. MTA 
T= 723 K, P= 1 bar, WHSV = 2 h- 

1 
Zn/HZSM-5 100% 84% 84% (Zhang et al., 2019) 
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31. MTA T=673K, P=2 bar, WHSV = 6 h-1 H-SAPO-34 98% 62% 64% (Chowdhury et al., 2018) 

32. MTA T=773K, P=5 atm, WHSV = 2 h-1 ZSM-5 99% 50% 52% (Yarulina et al., 2021) 

 

33. 

 

MTA 

 

T=663K, P= 1 MPa, WHSV =8 h-1 

ZSM-5 

 

Zn/ZSM-5 

99% 

 

99.5% 

24% 

 

24% 

25% 

 

25% 

 

(N. Li et al., 2018) 

 

34. 

 

MTA 
T= 690K, P=1 atm, WHSV = 1-9 

h-1 

ZSM-5  

90% 

 

52.20% 

 

58% 

 

(Hindman et al.,2017) 

 

35. 

 

MTA 

 

T= 573K, P= 1 bar, WHSV = 1 h-1 

Fe-Ni/ZSM-5 88% 28.60% 24.60%  

(S. Cheng et al., 2017) 

 

36. 

 

MTA 

 

T=673K, P= 1 atm, WHSV = 1 h-1 

ZSM-5 99% 42.57% 43%  

(Wei et al., 2015) 

37. MTH T=673K, P= 1atm, WHSV = 1 h-1 SSZ-13 95% 66% 70% (Santilli et al., 1985) 

 

38. 

 

MTA 
T=673K, P= 0.5 MPa, WHSV = 1 

h-1 

 

ZSM-11 

 

99% 

 

26.73% 

 

27% 

(S. Wei et al., 2020) 

39. MTA T= 723 K, P= 5 MPa, WHSV = 25 ZSM-48 64.9% 48.5% 62.8% (J. Zhang et al., 2019) 
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  h-1 
     

40. MTH 
T=733K, P= 1 atm, WHSV = 0.3 

h-1 
B-ZSM-5 99% 84% 85% (Xu et al.,2013) 

41. MTA 
T=673K, P=1 atm, WHSV = 2.5 h- 

1 
HZSM-5 99.99% 54.17% 55% (Ndebele et al., 2018) 

42. MTA 
T=673K, P=1 atm, WHSV = 1.3 h- 

1 
ZSM-5 100% 20% 20% (Maria et al., 2018) 

43. MTA 
T=623K, P=1 atm, WHSV = 5.56 

h-1 
HZSM-5 92% 59.80% 65% (Aramburo et al., 2013) 

44. MTA T=673K, P=1 atm, WHSV = 5 h-1 Zn/HZSM-5 99% 67.70% 68% (G. Zhang et al., 2015) 

45. MTA T=673K, P=10 bar, WHSV = 5 h-1 Fe-ZSM-5 100% 80% 80% (Lin et al., 2021) 

46. MTA 
T=673 K, P= 1MPa, WHSV= 0.15 

h-1 
H-ZSM-5 100% 80% 80% (Z. Chen et al., 2018) 

47. MTA 
T=633K, P= 20 bar, WHSV = 1 h- 

1 
ZSM-5 100% 42% 42% (Wei et al., 2015) 
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2.2 Table: Literature overview for methanol conversion to olefins. 

 

S.N. Process Reaction conditions Catalyst Conversion Yield Selectivity Reference 

 

1. 

 

Methanol to olefins 

T=678K, P=1 MPa, 

 

WHSV = 4.74 h-1 

 

ZSM-5 

 

100% 

 

30% 

 

30% 
(Shao et 

al.,2019) 

2. Methanol to olefins T=673K, P= 5 bar, WHSV =2 h-1 Ru/ZSM-5 99% 37% 38% 
(Conte et

 al., 

2012) 

3. Methanol to olefins T=723K, P= 1 bar, WHSV =1.2 h-1 ZSM-5 98% 36.86% 37% 
(Missengue

 e

t al., 2018) 

 

4. 

 

Methanol to olefins 

 

T=643K, P= 0.5 MPa, WHSV =4 h-1 

ZSM-5 

 

HSAPO-34 

97% 

 

98% 

87.30% 

 

83.30% 

90% 

 

85% 

(Tian et

 al., 

2015) 

5. Methanol to olefins T=623K, P= 1 MPa, WHSV = 7 h-1 HZSM-5 85% 34.85% 41% 
(Bjørgen et al., 

2008) 

6. Methanol to olefins T=673K, P=1 atm, WHSV = 0.35 h-1 Mg/ZSM-5 95% 44.65% 33% (Li et al., 2019) 

7. Methanol to olefins T=923K, P=1 atm, WHSV =3.83 h-1 Zn/ZSM-5 90% 51.7% 46.73% 
(Cheng et

 al., 

2019) 
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8. Methanol to olefins T=733K, P= 0.1MPa, WHSV = 1 h-1 B/ZSM-5 99.8% 84.83% 85% (Õu et al., 2013) 

9. Methanol to olefins T=673K, P= 1 MPa, WHSV =2 h-1 HZSM-5 99% 79.20% 80% (Di et al., 2013) 

10. Methanol to olefins T=573 K, P= 1 bar, WHSV =6 h-1 ZSM-11 99% 11% 12% 
(Meng et

 al., 

2015) 

 

11. 

 

Methanol to olefins 

 

T=663K, P=1 atm, WHSV = 2.6 h-1 

ZSM-5 99% 54% 55% (Rownaghi et al., 

2011) 

 

12. 

 

Methanol to olefins 

 

T=673K, P= 1 MPa, WHSV = 6 h-1 

ZSM-5 

 

Nano-ZSM-5 

100% 

 

100% 

70% 

 

70% 

70% 

 

70% 

(Wei et

 al., 

2015) 

13. Methanol to olefins T=733K, P=1 bar, WHSV =1 h-1 Zn/ZSM-5 100% 43.65% 43.65% 
(Ahmadpour

 e

t al., 2015) 

14. Methanol to olefins T=573K, P= 1 MPa, WHSV = 1 h-1 P/ZSM-5 100% 57% 57% (Vu et al., 2010) 

15. Methanol to olefins T=653K, P= 1 atm, WHSV = 2 h-1 HZSM-5 99% 28.21% 28.5% (He et al., 2013) 

16. Methanol to olefins T=643K, P= 0.1MPa, WHSV =1 h-1 H-ZSM-5 99% 39.60% 40% 
(Palumbo et al., 

2008) 

17. Methanol to olefins T=723K, P=1 MPa, WHSV = 8 h-1 Ni/HZSM-5 96% 37% 39% (Liu et al., 2018) 
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18. Methanol to olefins T=673K, P= 1 MPa, WHSV = 2 h-1 HZSM-5 99.5% 30.84% 31% (Di et al., 2013) 

19. Methanol to olefins T= 573K, P= 1 atm, WHSV = 4 h-1 HZSM-5 99% 39.60% 40% 
(Sassi et

 al., 

2002) 

 

20. 

 

Methanol to olefins 

 
T=673K, P=1 atm, WHSV = 2 h-1 

ZSM-5 

 

ZnO/CuO/HZSM- 

5 

94.2% 

 

94.2% 

23% 

 

37% 

25% 

 

40% 

 

(Zaidi et

 al., 

2010) 

21. Methanol to olefins T=673K, P= 1 MPa, WHSV = 9.4 h-1 ZSM-5 100% 35% 33% (Qi et al., 2017) 

22. Methanol to olefins T= 673K, P=1 atm, WHSV = 1 h-1 Na/ZSM-5 100% 43.2% 43.2% 
(Wei et

 al., 

2015) 

23. Methanol to olefins T=673K, P=1 atm, WHSV = 7 h-1 CuO/NH4-ZSM-5 99.99% 48.98% 48.99% 
(Kianfar et al., 

2018) 

24. Methanol to olefins T=673K, P=1 atm, WHSV = 6 h-1 Zn/ZSM-11 100% 64% 64% 
(Meng et

 al., 

2018) 

25. methanol to olefins T=623K, P=1 bar, LHSV = 2 h-1 Fe/HZSM-5 99% 31.68% 32% 
(Doluda et

 al., 

2019) 
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26. Methanol to olefins T=643K, P=1 atm, LHSV =1 h-1 HZSM-5 100% 18% 18% 
(Gogate et

 al., 

2019) 

27. Methanol to olefins T=723K, P= 1 atm, WHSV = 4 h-1 Cu/ZSM-5 99% 49.50% 50% 
(Kedia et

 al., 

2016) 

28. Methanol to olefins T=623K, P=1 bar, WHSV =2 h-1 ZSM-23 100% 58.20% 60% 
(Molino et

 al., 

2017) 

29. Methanol to olefins T=673K, P=1 bar, WHSV = 7 h-1 ZSM-5 99% 69.50% 70% 
(Olsbye et

 al., 

2012) 

30. Methanol to olefins T=673K, P= 1atm, WHSV = 2 h-1 ZSM-5 99% 41.58% 42% 
(Grahn et

 al., 

2020) 

31. Methanol to olefins T=663K, P=1 bar, LHSV = 6 h-1 SAPO-34 96% 73.72% 76% 
(Bare et

 al., 

2007) 

32. Methanol to olefins T=673K, P= 1atm, WHSV = 1-7 h-1 SAPO-34 97% 36.26% 38% 
(Hunger et al., 

2001) 
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33. Methanol to olefins T=623K, P= 5 bar, WHSV = 3 h-1 ZSM-5 100% 67.7% 67.7% 
(Keil et

 al., 

1999) 
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34. Methanol to olefins T=643K, P= 2 atm, LHSV = 2.4 h-1 ZSM-5 98% 59.78% 61% 
(Maria et

 al., 

2018) 

35. Methanol to olefins T=773K, P= 1 atm, WHSV = 1 h-1 HZSM-5 97% 37.83% 39% 
(Hou et

 al., 

2021) 

36. Methanol to olefins T=643K, P= 1atm, WHSV = 8 h-1 HZSM-5 95% 43.25% 45% 
(Bjørgen et al., 

2008) 

37. Methanol to olefins T=750K, P= 1-9bar, WHSV = 1-20 h-1 HZSM-5 90% 15% 17% (Li et al., 2019) 

38. Methanol to olefins T=753K, P= 1atm, WHSV = 2h-1 ZSM-5 100% 42% 42% 
(Wang et

 al., 

2019) 

39. Methanol to olefins T=723K, P= 1 atm, WHSV = 4 h-1 H-SAPO-34 99% 41% 42% 
(Cnudde et al., 

2020) 

40. Methanol to olefins T= 753K, P= 1 atm, WHSV = 0.9 h-1 H-[B]-HZSM-5 99% 80% 80% 
(Maryam et al., 

2020) 

41. Methanol to olefins T= 733K, P=1 atm, WHSV = 2 h-1 B/ZSM-5 99% 81.52% 85% 
(Sadeghpour

 e

t al., 2021) 

42. Methanol to olefins T= 673K, P= 1 atm, WHSV = 5 h-1 SAPO-34/ ZSM-5 99.5% 84.86% 85% (Zhou et al., 
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       2021) 

43. Methanol to olefins T=723K, P= 1atm, WHSV = 4 h-1 SAPO-34 100% 80% 80%. 
(Yang et

 al., 

2019) 

44. Methanol to olefins T=723K, P= 1 atm, WHSV = 11 h-1 ZSM-5 100% 80% 80% 
(Weissenberger 

et al., 2020) 

45. Methanol to olefins T=623K, P= 1atm, LHSV = 1 h-1 H-ZSM-5 100% 65% 65% 
(Hawkins et al., 

2021) 

46. Methanol to olefins T=673K, P= 1 atm, WHSV = h-1 ZrO2/HZSM-5 100% 68% 68% 
(Ticali et

 al., 

2021) 

47. Methanol to olefins T=753K, P=1 bar, WHSV = 3 h-1 H-[B]-ZSM-5 90% 68.40% 76% 
(Juybar et

 al., 

2019) 

48. Methanol to olefins T=823K, P= 1atm, WHSV = 8 h-1 H-ZSM-5 100% 16% 16% 
(Nikolopoulos et 

al., 2021) 
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Conclusion- 

 Methanol can be synthesized from different sources such as coal, CO2, biomass, natural gas, and 

municipal waste. Information about the methanol-to-hydrocarbon (MTH) process over ZSM-5, ZSM-11, 

SAPO-34, SAPO-17, and SAPO-18 catalyst has been discussed. Also, the methanol-to-olefins (MTO) 

process over ZSM-5 and methanol-to-aromatics (MTA) over ZSM-5 and ZSM-11 are discussed. 

Modification with metals enhances the catalyst acidity. It was observed that after modification, the 

catalytic performance is increased and showed better conversion, selectivity/yield towards the selective 

product. The effects of various parameters such as surface morphology, temperature, pressure, WHSV, 

etc., are discussed, which give a good understanding of the catalytic activity, selectivity, and stability in 

the MTH, methanol-to-gasoline (MTG), MTO, MTA process. 
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