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Abstract

Dimethyl ether (DME), as a fuel of the 21st century, can potentially Received: 6 November 2023
substitute diesel and liguefied petroleum gas, contributing to Accepted: 26 September 2024
the reduction of fuel pollutants. DME can be produced through either Page Number: 8-26

direct method (syngas and bifunctional catalysts) or indirect method
(methanol dehydration). In the latter, acidic catalysts such as alumina,
zeolites, heteropoly acids, and carbon are utilized, with alumina and
zeolites being among the most widely used industrial catalysts. Zeolites
exhibit higher activity due to their stronger acidic sites compared to
alumina, although alumina is more cost-effective and readily available.
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According to studies between structural parameter, the acidity of Keywords:
the catalyst is one the most important parameters. Maximizing the ratio of Methanol,
weak and moderate acidic sites to strong acidic sites leads to increased Dimethyl Ether,
DME production and reduced by-products. Additionally, this research Green Fuel,
investigates the impact of parameters such as mesopore presence, Dehydration,
crystallite size, Si/Al ratio, etc., on catalyst performance. Catalyst
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Figure 1. Schematic of DME production from Methanol [25].

1. Methanol to Dimethyl Ether
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Figure 2.Formation temperature of different alumina phases after calcination [13].
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Table 1.The effect of alumina catalyst modification.

Modifier/modification

Catalyst

Using sodium aluminate as a precursor

Using aluminum isopropoxide as a precursor

Alumina synthesis using cationic surfactant

agueous environment

Alumina

method

Adding phosphorus to the structure

Adding silica to the structure

Modifying the structure with copper

Alumina synthesis by sol-gel method in organic and

Synthesis of mesoporous alumina by hydrolysis

Creating more weak and moderate acid sites [13]

Creating strong acid sites and forming coke on [13]
the structure

Improving specific surface area, adjusting acidity

and creating maximum neutral acidic sites and [37]
reducing particle size

Synthesis in organic medium leads to the synthesis

. . 38
of catalyst with higher activity [8]
Increasing the activity and selectivity of [39]
the catalyst
Removing strong acid sites and increasing [40]
the activity and selectivity of the catalyst
Increase of medium and weak acid sites and [41]

catalyst activity

Changing the hydrophilic properties of the catalyst
and increasing its resistance to the presence of [43]
water in the reaction environment
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Table 2. The effect of zeolitic catalyst modification.

catalyst Modifier/modificatin

FER zeolite

ZSM-5 zeolite Creating mesopores

FER and MFI zeolite
FER and ZSM-5 zeolite

ZSM-5 zeolite Desilication with profit

Fe

Co

HY zeolite Cr
Ni

Zr

Mg

Na

HZSM-5 zeolite Zr

Al
Zn

Synthesis of nanocrystals

Synthesis of micro and nanocrystals

Adjusting the Si/Al ratio during synthesis

Effect Ref.
Increasing catalyst activity and eliminating [49]
mass transfer resistance, reducing coke
Increase in catalyst activity and methanol [50]
conversion percentage
Increasing the activity and stability of the [26]
nanoscale catalyst
A decrease in this ratio leads to an increase [52],
in the concentration of Lewis acid sites [55]
Changing the size of the pores and increasing 53]
the acidity and activity of the catalyst
Increasing the strength of strong acid sites
and creating coke on the catalyst
[56]
Reducing the ratio of strong to weak acid
sites and increasing stability
Improving the activity and stability of 57]
catalysts
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Table 3. Comparison of zeolitic and alumina-based catalysts.

catalyst MeOH in Tand P (°C, | Conversion Selectivity (%)
feed (%) bar) (%)

Industrial alumina - 100 WHSV=20 h* 300,1 40 100 [59]
PdO/y-x-Al,03 - 15 WHSV=7.5 h? 250,1 58 100 [60]
CuO/y-y- Al,O3 - 15 WHSV=7.5h?! 250,1 27 100 [3]

CuO-PdO/y-x- Al,O3 - 15 WHSV=7.5h? 250,1 80 100 [60]

FesOu/y-x- AlOs = 15 WHSV=75 h? 230,1 40 100 [3]

Fes0u/y-x- Al,Os - 15 WHSV=7.5 h? 300,1 79 100 [3]
Ti/y- Al,O3 - 21 GHSV=3.4 L/gr.h 240,NA 85 99.99 [61]
B,Os/y- Al,05 - 13.3 GHSV=3.6 L/gr.h 250,1 49.1 NA [62]
Zr/y- Al,O3 = 13.3 GHSV=3.6 L/gr.h 250,1 60.3 NA [62]
1% SiO/y- Al,O3 - 13.3 GHSV=3.6 L/gr.h 250,1 74.4 NA [62]
5% SiOy/y- Al,Os - 13.3 GHSV=3.6 L/gr.h 250,1 72 NA [62]
MOR 7 6 WHSV=45 h? 200,1 80 94 [63]

FER 8.4 6 WHSV=4.5 h* 200,1 82 96 [63]

FER 23 6 WHSV=45 h? 200,1 45 NA [63]
ZSM-5 27 6 WHSV=4.5 h* 200,1 57 95 [63]
ZSM-5 alkaline treatment 16.5 4 WHSV=0.5 g/g.h 225,1 87 100 [64]
ZSM-5 on y-Al,05 - 100 WHSV=1 h? 200,1.2 86.6 100 [65]
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Table 4.Performance of zeolite catalysts other than ZSM in methanol dehydration process.

MeOH in

catalyst feed (%)

Conversion (%0)

Selectivity (%0)

SAPO-34 0.4 6% WHSV=45 h?
Rho zeolite 3.5 10% WHSV=1h?
FER zeolite 7 5.60% WHSV=4 g/g.h

SAPO-11 0.4 100% WHSV=1 h!

SAPO-41 0.2 100% WHSV=1 h!

200,1 52% 93% [63]
200,1 93% 100% [75]
240,1 85% - [76]
250,1 84.10% 100% [77]
250,1 81.30% 82.10% [77]
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