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a b s t r a c t

Catalytic dehydration of methanol to dimethyl ether (DME) is performed in an adiabatic fixed bed heter-
ogeneous reactor by using acidic c-alumina. By changing the mean average temperature of the catalyst
bed (or operating temperature of the reactor) from 233 up to 303 �C, changes in methanol conversion
were monitored. The results showed that the conversion of methanol strongly depended on the reactor
operating temperature. Also, conversion of pure methanol and mixture of methanol and water versus
time were studied and the effect of water on deactivation of the catalyst was investigated. The results
revealed that when pure methanol was used as the process feed, the catalyst deactivation occurred very
slowly. But, by adding water to the feed methanol, the deactivation of the c-alumina was increased very
rapidly; so much that, by increasing water content to 20 weight percent by weight, the catalyst lost its
activity by about 12.5 folds more than in the process with pure methanol. Finally, a temperature depen-
dent model developed to predict pure methanol conversion to DME correlates reasonably well with
experimental data.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Dimethyl ether (DME) with the chemical formula of CH3–O–CH3

is the simplest ether for preparation of some chemicals such as di-
methyl sulfate and high-value oxygenated compounds. In addition,
it has been used as an aerosol propellant to replace chlorofluoro
carbons which can destroy the ozone layer of the upper atmo-
sphere. It is a colorless gaseous with an ethereal smell. Unlike
methane, DME does not require an odorant because it has a sweet
ether-like odor. Dimethyl ether is also a clean fuel alternative to
liquified petroleum gas (LPG), liquified natural gas (LNG), diesel
and gasoline [1,2].

DME can be made from natural gas, coal, or biomass. This fuel
burns with a visible blue flame and is non-peroxide forming in
the pure state or in aerosol formulations. DME is a volatile organic
compound, but is non-carcinogenic, non-teratogenic, non-muta-
genic, and non-toxic [1]. Its physical and chemical properties in
comparison with diesel can be summarized as follows:

� The low heat value of DME is only 64.7% of that of diesel, there-
fore a larger amount of fuel supply is needed to deliver the same
power output for the engine.

� Cetane number of DME is higher and its auto ignition tempera-
ture is lower than that of diesel.

� DME has only got C–H and C–O bonds, but no C–C bond and it
contains about 34.8% oxygen, therefore the combustion prod-
ucts such as carbon monoxide and unburned hydrocarbon emis-
sions are lower than those of natural gas.

� The latent heat of evaporation of DME is much higher than that
of diesel, so it will be beneficial to the NOx reduction due to the
larger temperature drop of the mixture in the cylinder.

� DME’s boiling point is �24.9 �C and it must be pressurized to
keep it in liquid state under ambient conditions.

Two processes are used for DME production, indirect [3–8] and
direct processes [9–11]. In indirect process, methanol is converted
to DME in a catalytic dehydration reactor over a solid-acid catalyst
by the following reaction

2CH3OH$ CH3OCH3 þH2O ð1Þ

In the second process (direct process), a synthesis gas (a mix-
ture of H2 and CO gases) is used as the feed of the process. In this
process, the synthesis gas is primarily converted to methanol and
then it is followed by methanol dehydration to DME. The net reac-
tion is as follows:

3COþ 3H2 $ CH3OCH3 þ CO2 ð2Þ
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In this work, we have considered the conversion of methanol to
DME by dehydrating process. This process is moderately exother-
mic and usually is conducted in an adiabatic fixed bed reactor.
One of the most important problems related to the operation of
heterogeneous catalysts is the loss of catalyst activity with time-
on-stream. In the indirect process to produce DME using acidic
c-alumina, water has the most important effect on catalyst deacti-
vation [11].

In this work, acidic c-alumina has been used as the catalyst for
the dehydration of methanol to DME. Methanol conversion to DME
and the deactivation of the catalyst have been studied in a labora-
tory-scale system at various operating temperatures. A tempera-
ture dependent model has been developed to predict methanol
conversion to DME at various temperatures.

2. Experimental

2.1. Apparatus

A schematic diagram of the laboratory-scaled system employed
in this study is shown in Fig. 1. Pure methanol was pumped from
methanol storage tank at a rate of 0.121 L/h to an evaporator and
then to a supperheater before entering the reactor. The super-
heated methanol was sent to an adiabatic fixed bed reactor. The
length of catalyst bed could be adjusted for a given experiment.
The axial reactor temperature at any point of the catalyst bed
was measurable via a thermo-well using a thermocouple. The reac-
tor outlet products were passed through an air cooler and a double
pipe heat exchanger to cool down to the ambient temperature.
Cooled products were sent to a gas–liquid separator. A back pres-
sure regulator (BP-LF690, pressure Tech2000, England) was placed
on this separator to regulate the system pressure. Before any
experiments all of set up was swept by using nitrogen gas. Reaction
products were analyzed by a gas chromatograph (Varian CP-3800)
equipped with TCD and FID detectors. Also, the remaining metha-
nol in the exit reactor products was measured and with compari-

son to the entrance methanol, the methanol conversion was
estimated. BET surface area, pore volume and pore radius of the
catalysts were measured by N2 adsorption–desorption isotherm
at liquid nitrogen temperature using Autosorb-3B (Quantachrome,
USA). Experiments were carried out at average reactor bed temper-
ature (operating temperatures) ranging from 233 to 303 �C at con-
stant atmospheric pressure. The operating conditions as well as
some of the characteristic of the system are reported in Table 1.

For study of the adiabatic status of the applied reactor, an
experiment was performed as a blank run (without any reaction)
and the temperature profile of the bed was measured by using
thermocouple and thermowell. The result of this experiment is
shown in Fig. 2. According to this figure, the performance of the
reactor as an adiabatic reactor is reasonable. Therefore, the adia-
batic assumption for the used reactor is reasonable. This experi-
ment was performed by passing air through to the catalyst bed.

2.2. Chemicals

Acidic c-alumina, 1–2 mm in particle size, was obtained from
BASF (Kat.D10-10 S4). Physical and chemical properties of the
catalyst are reported in Table 2. Methanol was obtained from Iran

Fig. 1. A schematic diagram of the experimental apparatus for catalytic production of DME from methanol: (1) nitrogen cylinder, (2) methanol feed tank, (3) dosing pump, (4)
flow meter (5) mixer, (6) evaporator, (7) preheater, (8) adiabatic fixed bed reactor, (9) air cooler, (10) condenser, (11) liquid–gas separator, (12) back pressure regulator.

Table 1
Operating conditions and some characteristics of the laboratory-scale apparatus and
the catalyst used in this study

Set up characteristics
Absolute pressure (atm) 1
Average temperature of the catalyst bed (�C) 233–303
Liquid methanol flow rate (L/h) 0.121
Reactor inside diameter (mm) 18
Thermowell outside diameter (mm) 6.35

Catalyst
Catalyst weight (g) 8.2
Catalyst volume (cm3) 14.2
Liquid hourly space velocity (h�1) 8.5
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