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New Direct Synthesis Technology of DME (Dimethyl Ether)
and Its Application Technology
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Abstract:

Dimethyl ether (DME) is a clean fuel that does not produce toxic gases or particulate matter (PM) at burning. JFE Group
develops a direct synthesis process of DME which has advantages in economics. Construction of a demonstration plant with
100 t/d capacity was finished in Nov. 2003. The first demonstrating operation (Run 100) through Dec. 2003 to Jan. 2004 and the
second operation (Run 200) through June 2004 to Aug. 2004 were completed successfully. The conversion of synthesis gas, the
selectivity to DME and the purity of DME reached to 96% (Target: more than 95%), 93% (Target: more than 90%) and 99.6%
(Target: more than 99%), respectively. As an application technology of DME, a DME diesel generation system is now under
development. Its demonstration test facility has 1 250 kW capacity and a NOx reduction system using DME as a reducing agent.
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(a) 3CO + 3Hz — CH30CH; + COz  58.8 kcal/mol-DME
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(d) CO + H20 — CO2 + Ha 9.8 kcal/mol-DME
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Photo1 Over view of DME 100 t/d plant
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Table 1 Master plan of test operation

Test number Period Duration Main objective
(month)

Dec. 2003— . .

Run 100 Jan. 2004 1.5 Overall plant trial operation
0,

Run 200 June 2004— ) 100% .Load plant overall

July 2004 operation

Sept. 2004— Engineering date for scale
Run 300 Dec. 2004 2.5 up

June 2005— Continuous plant operation
Run 400 Sept. 2005 3 over 3 months

Oct. 2005— Plant operation to verify
Run 500 Dec. 2005 2 scale up technology

June 2006— Additional advanced
Run 600 Aug. 2006 23 engineering data
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Fig.1 Process flow diagram of 100 t/d DME synthesis plant
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Table 2 Composition of product DME (mass%)
DME  co, Myl yhanol
formate
Tentative specification =99.0 =0.1 =0.01 =0.1
Composition of product
DME 99.6 N.D. N.D. 0.06
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Table 3 Target of performance

Capacity 1 000 to 5 000 kW,

Equivalent to existing diesel 42 to 45% low

Efficiency heat value

NOx in exhaust gas | Less than 110 ppm at 13% O,

OCO, emission

OHigh-cetane — Adapted to diesel engine

OSmoke, PM ... Non OLow equipment costs
OSOx, sulfate ... Non EE]
ONOx ... Oil > DME > LNG AHigh NOx content

... Oil > DME > LNG

‘ Property of diesel engine L

OHigh-efficiency

in exhaust gas

Energy
efficiency

L

Economy

Shortcut to innovative generating system

Fig.2 Significance of DME diesel electric generation system
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Fig.3 Configuration of visualization apparatus for fuel injection
behavior

Photo 2 DME diesel engine test bench
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Fig.4 Mechanism of DME-SCR (selective catalytic reduction)
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Photo 4 Outlook of DME diesel engine generator

Table 4 Basic specifications of DME diesel demonstration

test facility
Category Item Data
Manufacturer Daihatsu Diesel Mfg. Co., Ltd.
Diesel Number of cylinder 6
en ;ne Bore X Stroke (mm) | $p260 X 380
£ Rotation speed (rpm) | 750
Shaft power (kW) [ 1333
Type Synchronous
Generator | Voltage (V) [3300
Output power (kW,) | 1250
DME Type Horizontal cylindrical
storage | Volume (m®) | 35 (20 t of DME)
Feed pump Centrifugal caned pump
DME Booster pump Reciprocating diaphragm
supply Supply pressure (MPaG) | 1.5
Feed rate (m*/h) | 0.6
Exhaust | DeNOx DME-SCR
gas Capacity (Nm®/h) | 8 681 (Nominal)
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Table 5 Schedule of development of large scale DME diesel

generation system

Fiscal year | 2002 2003 2004 2005 2006 2007
*Broject %100 t/d
start (Operation start
(1) Basic | Engine combustion study
research l Exhaust gas‘deNOx stuﬂy
|
(2) Demo [ Basic ) Detai)
plant dpsign des, * Opergtion start
construction @?} (Aug))
I
(3) Demo Performance test
plant T
operation
I
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