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Abstract 

Olefins are the base molecules of petrochemical industry and 

usually derived from fractional distillation of petrochemical 

refinery. However as the future lies with gas base economy, 

the refineries will not be able to provide raw materials to 

polymer and other industries. An alternative way of producing 

olefins will come through conversion of methane, obtained 

from biogas or natural gas, to methanol and then further to 

higher olefins. In this work methanol conversions studies have 

been performed on alumina silica based catalysts like ASC, 

Al/MCM-41, MCM-22 and ZSM-5 in quartz fixed bed reactor 

at 450-550oC. The overall yield of olefins (C2-C4) was 

observed as ZSM-5 (67.6%) > Al/MCM-41 (33.1%) > MCM-

22 (29.6%) > ASC (23.8%). It was observed that an optimum 

combination of Lewi’s and Bronsted acid site plays an 

important role with an appropriate cage size. The effect of 

acid (tartaric acid, oxalic acid), base (acetamide and benzene) 

and neutral (water) was also investigated as co-feed with 

methanol on the yield of olefins. It was observed that water as 

co-feed is most appropriate with less coking and higher 

gaseous products. The catalysts were characterized using 

SEM, XRD and BET etc. 
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INTRODUCTION 

With the increase of petrochemical demand worldwide, the 

search for alternative and clean process has gained a lot of 

interest in last few years. At present more than 95% of the 

demand for the raw material to be used in petrochemical 

industries is catered by petroleum refinery [1]. However due 

to the reasons like limited crude resources and increased 

environmental concern, government are more inclined to 

promote the renewal energy source which will affect the 

refinery production and hence search for new technologies is 

underway to produce the raw material (aromatics and olefins) 

from different source [2].  

Last decade has also seen an increase in the use of gas based 

technologies where in methane obtained from biogas plant, 

biomass gasification, natural gas and shale gas and in coming 

future from gas hydrate might be the source of hydrocarbon 

for the production of these raw materials [3]. Conversion of 

methane to methanol is a well-known process which can be 

further used for the production of olefins [4]. An increase of 

200% in the production of methanol has been reported from 

2006 to 2012 and another 100% by 2016 indicating an 

increase in the demand of methanol for the production of 

various petrochemicals as well as fuel in transportation sector. 

[5]. Also, it can be economically converted to ethylene and 

propene, two of the largest volume petrochemical feed stocks. 

Although new and advanced technologies have been 

developed in last decade however due to low yield, high cost, 

material scarcity, fast catalyst deactivation, more input are 

needed to understand so as to make the process techno-

economically feasible. In 70s Chang discovered that methanol 

can be converted to higher hydrocarbon over alumina-silica 

solid acid catalysts.  It is reported that due to high activity of 

methanol large variety of hydrocarbons are produced during 

the reaction [6]. Catalyst modifications are desired to make 

reaction more selective toward aromatization, deoxygenation, 

depolymerisation etc [7].  

Most of the works on methanol conversion studies report that 

surface area, acid strength cage structure plays an important 

role in these reactions. Various catalysts based on alumina-

silica, zeolite and SAPO have been used for the conversion of 

methanol to various hydrocarbons [3]. Conversion of 

methanol to olefins and aromatics has been studied over 

MCM-22 in presence of benzene to understand the 

mechanism [8, 9]. Apart from ZSM-5, conversion studies 

have also been reported over mesoporous silica based 

catalysts loaded with alumina [10]. An addition of alumina in 

the framework of mesoporous silica helps in enhancing the 

olefins production however the reaction mainly produced 

dimethyl ether [11]. Use of various solvents like butane, 

acetaldehyde, benzene etc as co feed has been reported to 

affect the selectivity towards olefin production [12, 13]. 

Addition of water to the feed favours the light olefins 

production and will also retard the catalyst deactivation via 

blockage of strong acid sites [14]. This paper is divided in two 

parts. In part one, screening of various alumina-silica catalysts 

e.g. ASC (alumina silica composite), MCM-22, ZSM-5 (SAR-

38), alumina loaded MCM-41 (SAR-25) were performed for 

methanol conversion to olefins in a fixed bed reactor. Part two 

discuss the effect of cofeed acid/base solvents for the 

production of olefins.  

   

MATERIALS AND METHODOLOGIES 

Materials 

ASC (alumina silica composite) was obtained as proprietary 

sample. MCM-22 used in this work e.g. was purchased from 

Sudchemie whereas Al/MCM-41 and ZSM-5 were obtained 

from ACS materials. Methanol was purchased from Sigma. 

For the co feed experiments and acid treatment of ZSM-5, 

chemical like acetamide, benzene, oxalic acid, were purchased 

from Fischer Scientific, Agfa ,Acer etc.  

Catalyst preparation 
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For the initial screening of the catalysts, each catalyst was 

washed with double distilled water and dried at 100oC to 

remove any moisture and transferred to air tight bottles. 

Further the catalyst was calcined at ramp rate of 2oC/min and 

kept at 550oC for 6 hour in air atmosphere. 

 

Catalyst characterization 

The characterization of as purchased catalysts was performed 

to obtain insight of the effect of crystal structure, topography, 

surface area, catalyst composition. X-ray diffraction spectra 

were obtained on PANalytical X’Pert Pro diffractometer using 

Cu Ka radiation fitted with nickel filter. Crystal structure of 

mesoporous catalyst was confirmed by using X-ray scattering 

in the range of 5o to 70o. BET surface analyser Micromeritics 

ASAP 2010 apparatus was used to obtain the surface area, 

pore-diameter and pore-volume of the catalysts. N2 adsorption 

desorption curves were obtained for confirming the porous 

structure of the catalyst. The samples were degassed under 

vacuum at 623 K for 24 hour. Morphology and composition 

were obtained on scanning electron microscopy (SEM)/EDX 

using a digital Scanning Electron Microscope-JSM 6100 

(JEOL).  

 

Catalytic testing 

The performance evaluation of the as purchased catalysts was 

performed at 1atm pressure and temperature range between 

450oC to 550oC in a fixed-bed tubular quartz reactor. The bed 

of catalyst was prepared by using layers of glass wool, quartz 

beads of 1 mm and catalyst particles. K type thermocouple 

was used for measurement of temperature at the centre of the 

catalytic bed. Methanol was fed to the reactor by syringe 

pump at a flow rate of 5 ml/hr first to a pre-heater set at 90oC 

and then to catalytic reactor. Nitrogen was used as inert gas. 

The outlet vapours from the reactor were passed from 

cascaded condenser unit with flowing cold water at 4-10oC to 

separate liquid and vapour products. Estimation of methanol 

and olefins yield was made as follow 
 

 
 

Since the reaction is very fast, both the formation of dimethyl 

ether was considered as one single lump. The olefin yield of 

product was estimated as  

Olefin Yield (%) = M-OH Conversion * Selectivity 
Here selectivity was calculated from FID analysis.  

 

Product analysis 

The condensed liquid, mostly unconverted methanol was 

analysed using GC FID RTx-5 capillary column while 

uncondensed gases were analysed using GC FID column. GC 

FID fitted with Porapaq-Q was used for analysing the gas 

sample for methane (C1), ethane (C2-), ethylene (C2=), 

propane (C3-), propylene (C3=), butane (C4-), butylene (C4=), 

pentane (C5-) and pentene (C5=) etc. The calibration curves 

were first prepared using standards of each gas.  

 

RESULT AND DISCUSSION 

Characterization of Catalysts 

All the catalysts were characterized for their crystal structure, 

BET surface area and topography using SEM-EDX and 

FESEM. Table 1 shows the surface area indicating that the 

surface area of alumina loaded MCM-41 has the highest area 

563.5 m2/g whereas the lowest surface area was obtained with 

ASC. On the contrary the highest pore diameter was obtained 

with ASC. ZSM-5 with surface area equal to MCM-22 was 

observed however the pore diameter of MCM-22 was higher 

than ZSM-5.   

Table 1 BET analysis of the catalysts used for study of 

methanol conversion to olefins. 

Properties  Alumina Al-MCM-41 MCM-22 ZSM-5 

BET Surface 

Area 

m²/g 264.02 563.58 313.85 312.46 

total pore 

volume 

cm³/g 0.447 0.454 0.436 0.291 

Average Particle 

Size 

Å 227.2 106.4 191.1 192.0 

 

XRD analysis of all four catalysts was performed and figures 

1 shows spectra of each indicating the characterization peaks 

at their different 2 θ value. MCM-22 XRD spectra obtained, 

confirmed the peaks at 6.3°, 8.5°, 9.3°, 13.1°, 23.5°, and 26.2° 

indicating the crystalline structure of MCM-22. These 

diffraction peaks are consistent with characteristic diffraction 

pattern of the MCM-22. Similarly, ZSM-5 spectra with four 

intense peaks at 7.92, 8.85, 23.12 and 23.34 confirm the ZSM-

5 crystals. This is in agreement with reported diffraction 

pattern for ZSM-5. Small angle XRD was performed for Al-

MCM-41 and peaks were obtained at 2.1, 3.69 and 4.27 

indicating the structure of mesoporous material. SEM-EDX 

analysis of all the catalyst was performed and similar size of 

particles was observed over ZSM-5 where as small structures 

were obtained on Al/MCM-41.   

 

Figure. 1 XRD analysis of the catalysts used for methanol 

conversion studies 

Si/Al mapping of Al/MCM-41 and ZSM-5 was performed to 

map the presence of both the elements on the catalysts (Fig. 2) 

MCM-22 was observed to have high amount of silica whereas 

mapping of ZSM-5 revealed uniform distribution of alumina 

and silica over the surface. Small amount of alumina was 
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obtained on the MCM-41 as compared to silica. Further 

FESEM analysis of all four catalysts was also performed to 

understand the topology of calcined catalysts.  

 

 

 

   

(i) Al/MCM-41        (ii) ZSM-5 

Figure. 2 (a) Images of Si-Al mapping of (i) Al/MCM-41 (ii) ZSM-5.     

 

 

Effect of temperature 

The effect of different alumina silica based catalyst was 

investigated on the fixed bed reactor. The results (Fig. 3 ) 

shows that the conversion of methanol was 100% for alumina, 

Al-MCM-41 and MCM-22 catalysts at 450, 500 and 550oC. 

However in the presence of ZSM-5 (SAR 38), conversion 

lesser than 100% was observed. The conversion was 74% at 

450oC, 92% and 500oC and 96% at 550oC. Figure 3 show the 

conversion at all three temperatures. The conversion was 

though 100% for the three catalyst but the amount of coke 

deposited was observed to be highest on alumina (1.02 % g g-1 

MeOH).  

 

Figure. 4 Conversion of methanol in presence of different 

silica-alumina base catalyst at different temperatures  

(450oC, 500oC and 550oC) 

The selectivity of olefins was observed experimentally at 

three temperatures for methane, ethylene, propyelene, butene 

and rest of the hydrocarbons as others. Fig 4 a-c shows that at 

450oC the selectivity of methane was between 65-73% for all 

catalysts. However with an increase in temperature from 450 

to 500oC the methane selectivity reduced drastically to below 

10% in presence of ZSM-5. The content of propylene was 

obtained maximum among ethylene, butene and others. Same 

trend was observed at higher temperature i.e. 550oC. It was 

further observed that at 550oC, the content of methane was 

increase upto 92% with Al/MCM-41. 

As can be observed the results are in comparison with the 

literature. It can be seen that the ZSM-5 zeolite is a suitable 

catalyst for MTO reaction, which is due to its characteristic 

topology which results in comparatively high propylene 

selectivity and catalytic stability. However, ZSM-5 has small 

micropores which influence the mass transfer of both reactant 

and product inside and outside the pores leading a easy coke 

formation and hence deactivation of the catalysts. Both 

different pore size and acidity thus plays an important role in 

the formation of unsaturated hydrocarbons in the gaseous 

range [15]. It is to notice further that though the large pore 

opening helps in easy passage of the reactant and product 

however such catalysts like MCM-41 and MCM-22 doesn’t 

possess enough acid sites which helps in the formation of 

olefins as is evident in figure 4 a-c.  
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(a) At 450oC      (b) 500oC 
 

 

 

(c) 550oC 

Figure. 4 a-c conversion selectivity of olefins in presence of silica-alumina base catalysts at different temperatures. 

 

This observation was in contrast to the methane content 

obtained with other three catalysts, wherein the methane 

content was further reduced as compared to 500oC. 

Effect of Co solvents 

To study the effect of co solvents on the methanol conversion 

to olefins, experiments were performed in presence of tartaric 

acid, oxalic acid, acetamide and benzene with their pKa value 

of  4.2, 4.4, 16.4, 4.3. It has been reported that a direct co feed 

of various solvents can also influence the methanol 

conversion as well as formation of various hydrocarbons by 

forming suitable sites on the catalyst.  In this part all the 

experiments were performed in presence of ZSM-5 as catalyst 

at 500oC. Methanol with of each solvent, 2.5 % by wt, was fed 

at a flow rate of 5 ml/min to the pre heater.  A sharp decrease 

in the conversion of methanol was obtained in presence of all 

four solvents i.e. 68% with Tartaric acid, 80% with oxalic 

acid, 60% with acetamide and 76% with benzene as compared 

to 92% with pure methanol (Fig. 5). A similar effect was 

observed with the selectivity of olefins. Highest olefin 

selectivity upto 61.7% was obtained in the presence of tartaric 

acid. An increasing trend was noticed for the production of 

higher olefins C4= and C5= with all the solvents. It is to 

mention that no C5= olefin were obtained with pure methanol 

feed.   
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Figure. 5 Effect of different base/acid cosolvents (Tartaric 

acid, Oxalic acid, Acetamide and Benzene)  used as co-feed 

with methanol in presence of ZSM-5 at 500oC 

 

The effect of water as co feed was also observed and it was 

noticed that an increasing trend for olefins was established in 

presence of water however not significant. Figure 6 shows 

production of higher content of C2= (`22.4%) at 25% dilution 

of methanol with water whereas C4= (~42.1%) increase was 

observed with increase of water as co feed (50% dilution).  

 

 

Figure. 6 Effect of different methanol to water ratio on olefin 

selectivity in presence of ZSM-5 at 500oC 

 

CONCLUSION 

In this study the effect of type of catalysts as well as process 

condition modification either as co-feed or catalyst surface 

were studied for methanol conversion, as renewable source to  

olefin selectivity. It was observed that at 500oC the conversion 

of methanol was approximately 100% for all catalysts 

however due to their varying surface area, acidic sites strength 

the olefin selectivity varied significantly. Upon addition of 

water, acid and base as solvent, higher activity was obtained 

with better olefin yields in presence of water. Benzoic acid 

treated catalyst was obtained as best suitable in terms of 

conversion as well as olefins selectivity with an enhancement. 

The selectivity for olefins with the treated and untreated ZSM-

5 was observed as  ZBA > ZNA > ZSM > ZTA >ZPA. 
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