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Abstract−DME (Dimethyl Ether) has emerged as a clean alternative fuel for diesel. There are largely two methods
for DME synthesis. A direct method of DME synthesis has been recently developed that has a more compact process
than the indirect method. However, the direct method of DME synthesis has not yet been optimized at the face of its
performance: yield and production rate of DME. In this study it is developed a simulation model through a kinetics model
of the ASPEN plus simulator, performed to detect operating characteristics of DME direct synthesis. An overall DME
synthesis process is referenced by experimental data of 3 ton/day (TPD) coal gasification pilot plant located at IAE
in Korea. Supplying condition of DME synthesis model is equivalently set to 80 N/m3 of syngas which is derived from
a coal gasification plant. In the simulation it is assumed that the overall DME synthesis process proceeds with steady-
state, vapor-solid reaction with DME catalyst. The physical properties of reactants are governed by Soave-Redlich-
Kwong (SRK) EOS in this model. A reaction model of DME synthesis is considered that is applied with the LHHW
(Langmuir-Hinshelwood Hougen Watson) equation as an adsorption-desorption model on the surface of the DME cat-
alyst. After adjusting the kinetics of the DME synthesis reaction among reactants with experimental data, the kinetics
of the governing reactions inner DME reactor are modified and coupled with the entire DME synthesis reaction. For
validating simulation results of the DME synthesis model, the obtained simulation results are compared with experi-
mental results: conversion ratio, DME yield and DME production rate. Then, a sensitivity analysis is performed by
effects of operating variables such as pressure, temperature of the reactor, void fraction of catalyst and H2/CO ratio of
supplied syngas with modified model. According to simulation results, optimum operating conditions of DME reactor
are obtained in the range of 265-275 oC and 60 kg/cm2. And DME production rate has a maximum value in the range
of 1-1.5 of H2/CO ratio in the syngas composition.
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INTRODUCTION

The economic situation of fossil fuels will experience a remark-
able change in the near future with the introduction of hydrogen
fuel. Especially, transportation fuel is gradually changing into high
hydrogen content fuel with increasing oil prices and crises facing
climate change on the earth. Fossil fuel technologies are gradually
claiming to be cleaner and more effective. So gasification has become
a technical issue as a representative clean coal technology. It can
convert these fuels into a higher quality, cleaner and more flexible
energy carrier, avoiding the disadvantages of their direct use. The
syngas is able to generate marketable products such as chemicals
(45%), Fischer-Tropsch liquids (28%), power (19%) and gaseous
fuel (8%) in the overall syngas product distribution in the 2007 survey
of the International Gasification Council. Gasification facilities con-
sume various carbon-based feedstocks, including coal, petroleum,
pet coke and biomass. From the 2007 survey, coal has increased its
leading position as the predominant gasifier feedstock, now account-
ing for 55% of syngas capacity generated from all feedstocks, com-
pared to 49% in 2004 [1].

In the current change of the energy paradigm, DME has been
suggested recently as a clean alternative fuel for diesel. DME is a
well-known alternative fuel for diesel engines due to its relatively

good cetane number (55-60) and low emission of CO, NOx and par-
ticulates in the exhaust gas. Moreover, DME can substitute with
LPG in the domestic energy sector, because it has the similar char-
acteristics for distribution and utilization in rural areas [1]. Besides
its easy storage for transportation, its volatile nature facilitates its use
as a hydrogen source for the fuel cells by means of catalytic reform-
ing. DME can be produced from syngas which is obtained from
various energy sources such as natural gas, waste, biomass and coal.
The DME manufacturing methods are largely divided into two
methods: the direct method (one step process) is simultaneously
converted to DME by hybrid catalyst mixed methanol with dehy-
dration catalyst; and the indirect method (two steps process) is first
converted to methanol and followed by methanol dehydration to
DME.

The DME synthesis reaction model is applied for the kinetics
model of the direct (one step) DME synthesis reaction in this study.
Process optimum parameters are proposed and compared with ex-
perimental data. The evaluated results will be able to be utilized for
designing and operating a commercial DME synthesis plant.
1. Chemical Reaction for DME Synthesis

The syngas from gasification mainly contains carbon monoxide
(CO) and hydrogen (H2). Overall DME synthesis reactions consist
of 3-step reactions: methanol synthesis, dehydration and water gas
shift (WGS) reaction as following reactions. The formation of meth-
anol is considered by two reaction mechanisms as illustrated in both
reaction (1) and (2); reaction (1) is the formation of methanol par-
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ticipating CO and H2 as major reactants. This reaction emits high
reaction enthalpy. While reaction (2) is led to by participating CO2

and H2, it has less reaction enthalpy than reaction (1). It is assumed
that both reactions can proceed to produce methanol simultaneously
in this study.

CO+2H2↔CH3OH −43.4 kcal/mol-DME (1)

CO2+3H2↔CH3OH+H2O −13.5 kcal/mol-DME (2)

Methanol passes through the following dehydration reaction with
DME synthesis catalyst as in reaction (3). DME catalyst is used to
Cu/ZnO/Al2O3+γ-Al2O3 in this process. Reaction (4) is shown as a
WGS reaction, and it has a role to supply CO2 and H2 for DME syn-
thesis.

2CH3OH↔CH3OCH3+H2O −5.6 kcal/mol-DME (3)

CO+H2O↔CO2+H2 −9.8 kcal/mol-DME (4)

By relative reaction rate among reactants, the overall DME reaction
shows two mechanisms: reaction (5) and reaction (6) by integrat-
ing reactions (1)-(4). The combination of reaction (1) and (3) gives
overall reaction (6); the combination of reactions (1), (3) and (4)
gives overall reaction (5) [2]. And if reaction (4) proceeds slowly,
the overall DME reaction leads to reaction (6) [3].

3CO+3H2↔CH3OCH3+CO2 −58.8 kcal/mol-DME (5)

2CO+4H2↔CH3OCH3+H2O −49.0 kcal/mol-DME (6)

According to DME overall reactions by reaction (5) and (6), the
DME reaction heat is exothermal reaction which generates reaction
heat highly. If DME reactor temperature is increased by reaction heat
of DME synthesis, thermodynamic equilibrium conversion is de-
creased. And for DME catalyst it is noted that its performance is de-
creased in the DME synthesis reaction. So its reaction heat is should
be cooled DME reactor temperature at the range of 240-280 oC by
heat exchanger in the DME synthesis [4].
2. Reaction Kinetics of DME Synthesis

Reaction kinetics of methanol synthesis as a major part in DME
synthesis has been studied by many researchers; however it could
not be proven with accuracy until now [5-8]. Villa et al. state that
methanol synthesis governed by only reaction (1) is preceded by
Cu/ZnO/Al2O3+γ-Al2O3 catalyst in industrial conditions. After all,
with an increase of CO2 concentration, the reaction rate of metha-
nol is decreased [5]. Klier et al. state that most methanol produc-
tion proceeds with reaction (1), which is accelerated at low con-
centration of CO2 [6].

Because DME synthesis is governed by catalytic reactions of syn-
gas on the surface of the catalyst, it is applied to the LHHW model
for simulating the DME synthesis reaction. It is assumed that each
CO and CO2 is comparatively adsorbed at an active site on the catalyst
surface, and each H2 and H2O is also comparatively adsorbed at the
other [7]. Therefore, it is suggested that methanol production is led
by both CO and CO2 components throughout catalytic reactions
under the LHHW model.

For simplifying the DME synthesis reaction, the overall reaction
is respectively divided into three sections: methanol synthesis, meth-
anol dehydration and WGS reaction. The reaction rates (r) of meth-
anol synthesis are individually expressed in Eq. (7) led by CO and

Eq. (8) led by CO2. Where, β is defined as fugacity to equilibrium
reaction of each component [9,10].

(7)

(8)

The rDME of DME synthesis through methanol dehydration is shown
in Eq. (9), and rWGS of WGS reaction is shown in Eq. (10). WGS
reaction takes place on Cu cluster among the DME catalyst and it
proceeds through two steps: supplying H2 by adsorption of oxygen
in H2O molecule, and generating CO2 between CO and adsorptive
oxygen [11]. The modified reaction rate constants, adsorption coef-
ficients and equilibrium constants following Eq. (7)-(10) are shown
in Table 1.

(9)

(10)

METHODOLOGY

1. Governing Theory
For simulating the DME synthesis process model, thermodynamic

parameters must be used that can be applied to the fundamental equa-
tion of state (EOS). During the simulation study, Soave-Redlich-
Kwong (SRK) EOS is utilized for calculating thermodynamic prop-
erties in the model. The Redlich Kwong (1949) EOS is widely ap-
plied to binary components. It has good accuracy in volumetric and
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Table 1. Rate constants, adsorption coefficients and equilibrium
constants for DME synthesis reaction

Parameters
A(i)exp(B(i)/RT)

Referencea Modified
A(i) B(i) A'(i) B'(i)

k1 7,380 −54,307 7,380 −58,464
k2 5,059 −67,515 5,059 −67,509
k3 1,062 −43,473 1,062 −43,473
k4 7.3976 −20,436 7.3976 −10,808
KCO 3.934×10−6 37,373 3.917×10−6 49,884
KCO2

1.858×10−6 53,795 1.858×10−6 53,795
KH2

0.6716 −6,476 0.6716 −6,476
KCH3OH 3.480×10−6 54,689 7.928×10−4 48,221
ln Kf1, Kf2

b 4213/T−5.752 lnT−1.707×10−3T+2.682×10−6

T2−7.232×10−10T3+17.6
ln Kf3

b 4019/T+3.707 lnT−2.783×10−3T+3.8×10−7T2−
6.561×104/T3−26.64

ln Kf4
b 2167/T−0.2258 lnT−1.037×10−3T−2.331×10−7

T2−1.2777
aRate constant and adsorption coefficient are provided by Z. G. Nie,
H. W. Liu et al. (2005) [9]
bEquilibrium constant are provided by Zhang et al. (2001) and Her-
man et al. (1979) [10]
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thermal properties between pure components and mixtures, but it
tends to lower the accuracy of the VLE (vapor liquid equilibrium)
calculation in multi-components. To complement the weak point
of RK EOS, Giorgio Soave (1972) suggests appropriate SRK EOS
as RK EOS improved through a generalized term of temperature
from a/T0.5 to a(T) in multi-components. The SRK EOS is shown
in Eq. (11) [12].

where a(T)={1+m(1−Tr
0.5)2 (11)

m=0.480+1.574ω−0.176ω2

Graaf et al. state that the chemical equilibrium of the methanol
reaction and WGS reaction can be described very well by relation-
ships derived from thermo-chemical data, assuming ideal gas be-
havior and correcting for non-ideal gas behavior by using the SRK
EOS at high pressure condition [13]. DME synthesis reaction is also
based on a conventional methanol synthesis reaction under high
pressure condition. By the reason of Graaf’s study, SRK EOS is se-
lected as the governing equation of state for simulating the DME
synthesis reactor.

To simulate catalytic behavior in the DME synthesis reaction,
the LHHW model is adopted. Each reaction rate as Eq. (7)-(10) is
converted into calculating formation like Eq. (12); then the DME
reactor is formatted by the Rplug block with reaction rate controlled
by Eq. (7)-(10) in ASPEN plus [14]. Each reaction rate is calculated
by referenced kinetics parameters from Table 1.

(12)

where 

where 

where 

2. Simulation Methods
During simulation of the DME synthesis process model, several

assumptions are established: 
(1) Overall process is operated at steady-state with constant input

flow rate of syngas.
(2) DME synthesis catalyst is composed of homogeneous catalyst

and charged with constant void fraction of catalyst bed in the DME
synthesis reactor.

(3) Catalytic poisoning effected by H2S is neglected.
The input parameters for syngas as feedstock are based on sup-

plying and operating data from 3TPD coal gasification pilot plant.
Those supplying conditions are shown in Table 2. Even though these
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Table 2. Operating conditions of supplied syngas from 3TPD coal
gasification pilot plant

Components Real values
Synthesis gas CO 47.5

composition (vol%) H2 16.5
CO2 5.5
N2 28.5
H2O 1.9
CH4 0.1
H2S 0.001

Input conditions Total tlow (Nm3/hr) 80
Pressure (kg/cm2) 1
Temperature (oC) 40

Fig. 1. Process flow diagram of DME synthesis process simulation in ASPEN plus.



644 H. M. Shim et al.

May, 2009

parameters are unsteady for actual plant operation, these are also
assumed constant factors during the simulation. And unit blocks of
DME synthesis process are based on the design and operating pa-
rameters of the DME pilot plant.

The model is developed with ASPEN plus as illustrated in Fig. 1.
It should be noted that a fixed bed type reactor was chosen to sim-
ulate the characteristics of the DME reactor during the study. The
DME synthesis process model is composed of the following unit
blocks: 4STG-CMP as a 4 stage compressor which can be oper-
ated to maximum 90 kg/cm2; PCV, as control valve which controls
pressure; PREHEAT, as pre-heater which raises to 220 oC of syn-
gas temperature; DME-RXT, as fixed bed reactor with shell & tube
heat exchanger which is operated to the range of 240-310 oC, 50-
70 kg/cm2; STDRUM, as steam generator has the role of control-
ling the DME reactor temperature by generating steam; HEX-1, as
heat exchanger which cools the product gas after the DME reactor;
FLS-1, as separator can separate methanol in the product, and FLS-
2 as separator can also separate high purity of DME in the product
[15].

After setting a DME synthesis process model, simulation proce-
dures are performed by the following order.

(1) Apply initial kinetics parameters of reference from Table 1
in the DME synthesis reactor model as DME-RXT.

(2) Validate variation between experimental and simulation results.
(3) Modify kinetics parameters of DME synthesis reaction through

simulation feedback.
(4) Confirm modified kinetics parameters being approximated

to experimental results.
(5) Perform sensitivity analysis for changing operation parame-

ters.
The variables of sensitivity analysis include temperature, pres-

sure, void fraction of catalyst bed and H2/CO ratio of syngas in the
developed DME synthesis process model. In this study the void
fraction of the catalyst bed is defined as the fraction of the DME
reactor volume not occupied by catalyst.

RESULTS AND DISCUSSION

1. Evaluation of Simulation Results

Before evaluating simulation results, operating parameters such
as conversion and yield are defined. These parameters are defined
as Eq. (13) and Eq. (14), respectively.

(13)

(14)

Through simulation of the DME synthesis model, we are able to
predict the tendency of performance parameters like conversion,
DME production rate (PDME) and DME yield (YDME), which are val-
idated by comparison of experimental and simulation results. These
results are indicated in Table 3. Each case of Table 3 represents a
different input condition in the DME synthesis pilot plant. PDME is
average 5.55 kg/h, and YDME is average 18.4%. According to each
case of conversion and yield in Table 3, relative errors for case 1, 2

conversion = 
molar flow rate of i reacted

molar flow rate of i feed
----------------------------------------------------------------- = 

Fi0 − Fi

Fi0
---------------

yield = 
exit molar flow rate of product

molar flow rate of initial reactant
------------------------------------------------------------------------------- = 

2FDME

FCO + FCO2

----------------------

Table 3. Comparison of experimental and simulation results with different input conditions

Case 1 Case 2 Case3
Inlet* Exp* Sim Inlet* Exp* Sim Inlet* Exp* Sim

Mole fraction CO 0.378 0.313 0.316 0.374 0.314 0.311 0.377 0.305 0.316
dry basis (mol%) H2 0.142 0.029 0.026 0.143 0.028 0.026 0.142 0.015 0.026

CO2 0.080 0.146 0.134 0.080 0.151 0.135 0.093 0.158 0.149
H2O - - 0.003 - - 0.003 - - 0.003
N2 0.400 0.466 0.473 0.403 0.461 0.477 0.389 0.472 0.458
MeOH - 0.002 0.007 - 0.001 0.007 - 0.002 0.007
DME - 0.044 0.042 - 0.044 0.043 - 0.048 0.042

XH2
 (%) - 79.6 81.7 - 80.4 81.8 - 89.4 81.7

XCO (%) - 17.2 16.4 - 16.0 16.8 - 19.1 16.2
YDME (%) - 19.2 18.3 - 19.4 18.9 - 20.4 17.9
PDME (kg/hr) - 05.7 05.5 - 05.3 05.6 - 05.5 05.5

*Experimental data of DME pilot plant connected with 3TPD coal gasification pilot plant, IAE, Korea [15]

Fig. 2. Comparison of experimental and simulation results of Table
3.
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are, respectively, 2.15% of H2 conversion (XH2), 4.80% of CO con-
version (XCO) and 3.54% of YDME. On the other hand, case 3 obtained
larger relative error than the other cases. In comparing simulation
with experimental results from DME synthesis pilot plant, the accu-
racy of this model has above 95%. Correlation coefficients for three
cases of Table 3 are calculated in Fig. 2. According to the result of
correlation analysis, the correlation coefficients of XCO (−0.949), YDME

(0.992) and PDME (−0.866) are well consistent except XH2 (−0.435).
2. Sensitivity Analysis

Sensitivity analysis of the developed model is performed by chang-
ing operation variables such as temperature, pressure, void fraction
of catalyst bed and H2/CO of syngas. With changing pressure of
the DME reactor from 5 to 90 kg/cm2 with fixed at 280 oC of DME
reactor temperature (based on 14.2 mol% H2, 37.8 mol% CO, 8.0
mol% CO2), the production rate, conversion and yield profiles for
each major product (DME, MeOH, CO2) are shown in Fig. 3. The
production rate of MeOH shows a maximum value around at 30
kg/cm2. Since MeOH is converted to DME above 30 kg/cm2, that
production rate of DME represents a maximum around over 60 kg/
cm2. Above 60 kg/cm2, DME production rate does not change largely

with increasing pressure. Both CO conversion and DME yield are
showing similar tendency by increasing pressure, and CO2 is also
increased similarly from 25 kg/cm2.

Fig. 4 indicates the same profiles like Fig. 3 with changing DME

Fig. 3. Production rates, XCO and YDME profiles dependent on pres-
sure change at 280 oC (14.2 mol% H2, 37.8 mol% CO, 8.0
mol% CO2).

Fig. 5. Production rate of (a) DME, (b) MeOH, (c) CO2 profiles de-
pendent on pressure and temperature (14.2 mol% H2, 37.8
mol% CO, 8.0 mol% CO2).

Fig. 4. Production rates, XCO and YDME profiles dependent on tem-
perature change at 60 kg/cm2 (14.2 mol% H2, 37.8 mol% CO,
8.0 mol% CO2).
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reactor temperature in the range of 220-350 oC at 60 kg/cm2. This
is since the production rate of DME and CO2 shows a maximum
quantity near 270 oC, while MeOH shows minimum production
rate near 260 oC. CO conversion and DME yield are shown convex
similarly around 270 oC. So this point can be recognized as the op-
timum temperature of DME synthesis. Fig. 5(a)-(c) show the pro-
duction rate of DME, MeOH and CO2, respectively, with simulta-
neous changing of pressure and temperature of the DME reactor.
And profiles for CO conversion and DME yield are also shown in
Fig. 6(a)-(b) under the same conditions.

With changing void fraction of catalyst bed at 280 oC, 60 kg/cm2

(based on 14.2 mol% H2, 37.8 mol% CO, and 8.0 mol% CO2), the
production rate of each product is a constant value over 0.1 of void
fraction as shown in Fig. 7. The void fraction of the catalyst bed
does not mainly affect the rising temperature of the DME reactor;
however, the residence time increases linearly with void fraction,
as shown in Fig. 8.

Fig. 9 indicates production rate profiles for DME, MeOH, H2O,
and CO2 with changing H2/CO ratio of syngas at 270 oC, 60 kg/cm2.
H2/CO ratio is controlled by the following ratio (CO : H2 : N2=1 : X :
3−X) in the range of 0.5-3.0. Production rate profiles for each product

are indicated in Fig. 9. According to this result, the H2/CO ratio,
with which can be obtained maximum DME product, is closed in

Fig. 6. (a) XCO and (b) YDME profiles dependent on pressure and tem-
perature (14.2 mol% H2, 37.8 mol% CO, 8.0 mol% CO2). Fig. 8. Residence time and reactor temperature profiles dependent

on void fraction of catalyst bed at 280 oC, 60 kg/cm2.

Fig. 7. Production rates, XCO and YDME profiles dependent on void
fraction of catalyst bed at 280 oC, 60 kg/cm2 (14.2 mol% H2,
37.8 mol% CO, 8.0 mol% CO2).

Fig. 9. Production rates (DME, MeOH, H2O, CO2) profiles depen-
dent on H2/CO ratio of syngas at 270 oC, 60 kg/cm2.
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the range of 1.0-2.0. When H2/CO ratio of supplied syngas becomes
1.0, it is certain that the overall DME synthesis reaction is led by
reaction (5). And approaching to 2.0 of H2/CO ratio, the overall DME
synthesis reaction is led by reaction (6). But as the H2/CO ratio goes
through over 1.5, the CO conversion approaches to being restricted.
Because the CO component which can react with H2 does not exist
anymore, H2 conversion is relatively decreased. Those results are
indicated in Fig. 10. Over 2.0 of H2/CO ratio, the MeOH produc-
tion rate is gradually increased to the point close to the DME produc-
tion rate. And CO2 production rate shows a maximum quantity at
1.0 of H2/CO ratio, gradually decreasing after that point. The syn-
gas-to-DME synthesis reaction is fully utilized under CO-rich con-
ditions, but the total productivity is limited by methanol synthesis.
The rate-determining step shifts to methanol dehydration, and the
DME synthesis becomes poor over 2.0 of H2/CO ratio [16].

If syngas with 1.0 of H2/CO ratio is fed to a DME reactor, the
product quantity of CO2 is increased more than three times than initial
CO2. So considered for reduction of CO2 sub-products in this pro-
cess, it is better to feed syngas of 2.0 of H2/CO ratio. Since the meth-
anol product is increased at this operating point, recycling of metha-
nol should be considered for maximizing the DME product. Addi-
tionally, for maximizing DME product under the given plant operating
conditions, it is required to recycle the separated stream and mod-
ify DME process with WGS reactor being available to add H2.

CONCLUSIONS

This study was able to perform simulation of the DME synthe-
sis reaction from coal syngas by applying a kinetics model under
the environment of ASEPN plus. A modified DME synthesis mod-
el based on kinetics parameters has approximate operating values
through validating by experimental data of a DME synthesis pilot
plant. So operating conditions of DME synthesis are able to be pre-
dicted by sensitivity analysis of the DME synthesis model for vari-
ous operating variables. According to sensitivity analysis, optimal
operating conditions of DME synthesis from coal syngas are pro-
posed to operate at 60-65 kg/cm2 of pressure, 265-270 oC of tem-
perature, 0.15-0.35 of void fraction and 1.0-1.5 of H2/CO ratio. Com-

paring DME synthesis controlled by reaction (5) with reaction (6)
for DME synthesis, its production rate is approximately similar.
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NOMENCLATURE

Ci : concentration of component i [mol/kg]
E : activation energy [kJ/kmol]
EOS : equation of state
Fi : molar flow rate of component i [kmol/h]
Ki : equilibrium constant of component i
N : number of components
M : number of terms in adsorption
Pi : partial pressure of component i [kg/cm2]
R : gas constant [8.314472 J·K−1·mol−1]
T : temperature [K]
PDME : DME production rate [kg/h]
YDME : DME yield, dimensionless
XCO : CO conversion
XH2 : H2 conversion
a, b : parameters in Redlich-Kwong equation
n : temperature exponent
m : adsorption term exponent
nu : exponent for each component
k : reaction rate coefficient
fi : fugacity of component i
v : specific volume
β : equilibrium degree, dimensionless
r : reaction rate [mol/gcat/s]
ω : acentric factor

REFERENCES

1. Y. H. Goo and M. W. Han, Korean Chem. Eng. Res., 42, 44 (2003).
2. K. Fujimoto, K. Asami, T. Shikada and H. Tominaga, Chemistry

Letters, 2051 (1984).
3. Y. Ohno and M. Omiya, 12th ICCS-November 2003 Coal Conver-

sion into DME (2003).
4. DME handbook, Ohmsha (2006).
5. P. Villa, Frozatti, G. Buzzi-Ferraris, G. Garone and I. Pasquon, Ind.

Eng. Chem. Process Des. Dev., 24, 12 (1985).
6. K. Klier, V. Chatikavanij, R. G. Herman and G. W. Simons, Journal

of Catalyst (1982).
7. W. Seyfert and G. Luft, Dhem-Ing-Tech., 57, 482 (1980).
8. I. Dybkjaer, NATO conference on chemical reactor design and tech-

nology, Canada (1988).
9. Z. G. Nie, H. W. Liu and D. H. Liu, Journal of Natural Gas Chem-

istry, 14, 22 (2005).
10. H. T. Zhang, F. H. Cao and D. H. Liu, Journal of East China Uni-

versity of Sci. & Tech., 27, 198 (2001).
11. Q. Sun, C. W. Liu, W. Pan, Q. M. Zhu and J. F. Deng, Applied Catal-

ysis A, 171, 301 (1998).

Fig. 10. XCO, XH2
 and YDME profiles dependent on H2/CO ratio of

syngas at 270 oC, 60 kg/cm2.



648 H. M. Shim et al.

May, 2009

12. G. Soave, Chemical Engineering Science, 27, 1197 (1972).
13. G. H. Graaf, P. J. J. M. Sijtsema, E. J. Stamhuis and G. E. H. Joos-

ten, Chem. Eng. Sci., 41, 2883 (1986).
14. ASPEN plus 2006 Manual, ASPEN Tech (2006).

15. Y. D. Yoo, S. J. Lee and Y. S. Yun, Korean J. Chem. Eng., 24, 350
(2007).

16. X. D. Peng, B. A. Toseland and P. J. A. Tijm, Chemical Engineer-
ing Science, 54, 2787 (1999).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


