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ABSTRACT

DME is used primarily as a propellant and a motor fuel alternative, DME is miscible with most organic solvents
and has a high solubility in water. Recently, the use of DME as a fuel additive for diesel engines has been
investigated due to its high volatility (desired for cold starting) and high cetane number. A feasibility study and
design of a plant producing 99.9 wt% Dimethyl ether (DME) is to be performed by using simulation software Aspen
Plus. The plant is designed which is capable of producing 80,000 metric tons of DME per year via the catalytic
dehydration of methanol over an acid zeolite catalyst. The goal isto check the feasibility of plant by used equipment
that produces DME.
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INTRODUCTION

DME is a ‘Second Generation Biofuel it has a sligttiereal odor. It liquefies under slight pressuneich like
propane [1]. It is relatively inert, noncorrosiveyn-carcinogenic, almost non-toxic, and does nohfperoxides by
prolonged exposure to air. Its physical propertiggke it a suitable substitute (or blending ageat) liquefied
petroleum gas (LPG, a mixture of propane and biiafke largest use of DME is currently as subsitfdr
propane in LPG used as fuel in household and ing{8}k DME has two other primary applications:apropellant
in aerosol canisters, and as a precursor to Dirhetiifate as an aerosol propellant, DME is usefuhasomewhat
polar solvent. It can also be used as a refrigggnt

EXPERIMENTAL SECTION

The reaction of DME synthesis is mainly dehydratidnmethanol that is exothermic and reversiblethie current
work, the rate expression has been selected frém [2

Methanol dehydration reaction: 2 ¢gbH <« DME + H,O  AH= - 21.255 kJ/mol.

Dimethyl ether (DME) is regarded as an environmgnteenign fuel for vehicles. Two kinds of reactechnologies
for DME synthesis have been proposed by previossarehers: the fixed-bed and the slurry reactar Aé] the
reactions are highly exothermic and the temperattinelow of the catalyst is very narrow, the fixegdbreactor
provides a limited heat removal capability and loanversions. The slurry reactor can provide anctffe

temperature control but a very high interphase rtrassfer resistance is added by the liquid mediTine. Fluidized
bed reactor can be an ideal reactor for DME syighes it possesses both high heat and mass trafftéencies
[5]. In this paper, a two-phase model is used &mtétically analyze the DME synthesis in a fluidizeed reactor,
with both phases assumed to be in plug flow anthgaiito account the changes in bubble diametardting from
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the reaction. Three reactions take place simultasigowhen DME is manufactured from the dehydratafn
methanol. A brief flow diagram is shown in Fig. 1.
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Fig.1 A brief outlay of plant producing DME from methanol

Process Simulators

Process simulator is defined as an engineeringwtbah performs automated calculations, mass &g@nbalances,
physical property estimations, design / rating wlalttons, costing, process optimization, accurascdption of
physical properties of pure components and compisture, models for a large variety of reactors amdt
operations, numerical techniques for solving laagetems of algebraic and differential equations.

There are about 52 process simulators presentilableatoday. Some of the popular simulators abééaoday are
Aspen plus, CHEMCAD, Prosimulator, Winsim, Gprordysys, Pro Il and Design Il

Introduction to Aspen Plus

Aspen Plus was developed by Aspen Technology, I#c.provider of software and services for the praces
industries Founded in 1981, Aspentech was borraqaint research project between the Massachusetiitute of
Technology (MIT). ASPEN stands for Advanced Systéan Process Engineering. Aspen Plus is based on
techniques for solving flow sheets that were emgdbipy chemical engineers many years ago. Aspengliioss
solving a process in three methods. The problensifipstion is the one of the important step in gimulation
process as it involves in defining user requirenterthe computer in a specific format dependingtenuser need
they are divided into three types they are Ratirabm, Analysis problem and Design problem.

Design of plant & Simulation

The design of the plant that can capable of pradusD,000 tons of DME in annum i.e. 278.2 Kmol/Anethanol
is required assuming that the plant is operated &8& in a year. The methanol is dehydrated oveatalytic
reactor to form DME the conversion of the methanothe reactor is 80% when 99.9 methanol is fe¢d the
reactor. The conversion assumption has been dnasmthe Industrial pilot plant results. The tectogyl for large-
scale production of DME includes the process ofhaetl dehydration.

The DME process in industrial plants features thleydration of methanol where the feedstock mayhbarethanol
may be taken directly from any methanol synthestegss without any methanol purification beforeegng the
Topsoe DME process. The process is based on walkeprtechnology and process elements, which coegris
DME synthesis by methanol dehydration followed poistep separation, firstly by DME product and gdfs
separation and secondly by recycle methanol ancegsowater separation.
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DM E Process Flow Sheet
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Fig.2 DME process flowsheet in ASPEN PL US simulator
RESULTSAND DISCUSSION

Actual Reaction is

2CH;0H—» GHgO+H,0O

1. Rstioc The Basic reactor

2. RadFrac-1 To separate DME from methanol anémmaixture
3. RadFrac-2 To separate methanol and water mixture

Rstoic Stream conditions are Methanol flow rate 282.1 kmol/hr, temperature *f0and pressure 2 psi. Reactor
temperature is 400 F and Pressure is 15 psi. AsguB0% of methanol is converted into DME in reactectual
conversion takes place on catalytic bed reactor.

Simulation of Overall process
The following blocks were sequentially simulated bsing aspen plus. The sequence follows as beloxeMi
RStoic, HeatX, RadFrac-1, RadFrac-2.

.
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Fig.3 Mixer in flow sheet

Figure 4 RStoic in Flow sheet
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Figure5HeatX in flow sheet

RADFRATY

RADFRACZ

Figure 7 RadFrac 2 in flow sheet

Convergence Summary
Table 1 Convergence Summaries after Simulation

- Iteration count
Tatal humber of iterations: 8
Mumber of iterations on last outer loop:

Final walues
Statuz Wariable Units Final walue | Previous Errar /

walue Tolerance

Converged TOTAL MOLEFLOW LBMOL/HR [239.93448  [239.933363 |0.04655353

Converged METH MOLEFLOW LBMOL/HR (237535128 [237.534028 |0.04634381

Converged DME MOLEFLOW LBMOL/HR [0.72370214 [0.72969793 |0.05679106

Converged H20 MOLEFLOW LEMOLAHR [1.66964304 [1.BE963703 0.07191637

Converged FRESSURE =] 2 2 0

Converged MaSS ENTHALPY ETU/LE 3237653 [32376515 |-0.0045323
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Table 2 Iteration History of tearsafter smulation

Iteration history of tears

Iteration |k aximum emor / Stream Y ariable
Tolerance
|1 1000000 7 PRESSURE
2 -7360.3867 i H20 MOLEFLOW
3 -1E3E.1335 v FMETH MOLEFLOWS
4 -9334.1764 7 DME MOLEFLOW
5 304024576 |7 DME MOLEFLOW
& 396651347 |7 DME MOLEFLOW
7 -10.055036 i DME MOLEFLOW
a 007151637 ’ H20 MOLEFLOW
Block: MIXER Model: MIXER
Block: RSTOIC Model:- HSTOIC
Block: HEATH Model: HEATXH
Block: BADFRAC] Model: RADFRAC
Convergence iterations:
oL ML IL Err/Tol
1 g 14 0_67053
Block: RADFRACZ Model: RRADFRAC
Convergence iterations:
OL ML IL Err/Tol
iE 5 13 0_B0386E-01
- Loop $0LVEROL Method: WEGSTEIN Iteration =]
+ Converged Max Err/Tol 0.71916E-01

+5imulation calculations completed _..
Fig 8 Convergencereport from Control panel in Aspen Plus
CONCLUSION

Simulation of a plant which is capable of produc8%399% purity DME (80000 tonnes per annum) fronthaeol
is done using Aspen Plus process simulator. NRTdhasen as the property method in the simulati@haasuming
that 80% of the methanol is converted into DME he teactor, the product stream from the reactosistsof
39.9% DME, 40% water and 19.96% unconverted meth&fter passing through HeatX module (to bring acow
the temperature to the desired range for sepajatiba output stream is feed into RadFrac modulereHthe
separation into DME and water-methanol takes phmeut 99.9% purity DME is separated from the RadFras
top product and 33% methanol as bottom produc6%f water in the bottom product is fed into set&®adFrac
column where the water and methanol are separategximum purity (99%). The converted methanokisycled
in the reactor by mixing with fresh methanol stre2esign specifications are used to meet the requésults. The
reflux ratio and the distillate rates are manipedisas variable parameters and the high purity oED#/obtained by
using two RadFrac columns with one HeatX module.
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