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Dimethyl ether (DME) synthesis via the reforming of methane (CH.) by carbon dioxide (CO,) and steam (H>O)
was investigated using a model synthesis gas obtained by the reforming of CHs4. Reforming of CH4 over Ni/
a-AlO3, Ru/a-AlOs, Ni/MgO-AlO3 and Ru/MgO-Al,Os catalysts showed that CHs conversion was strongly
affected by temperature, but not by CO»/CHs and H,O/CH4 molar ratios. CO; conversion was strongly affected
by temperature, and CO»/CH4 and H,O/CH4 molar ratios. M value [H»/(2CO+3CO,) molar ratio] was strongly
affected by temperature and CO,/CH, molar ratio, but not by HoO/CH4 molar ratio. Using Ni/MgO-Al,03 and
Ru/MgO-Al,0Os3 catalysts, CHs conversion almost reached equilibrium in 800 h durability tests, and carbon depo-
sition on the catalyst was very low. DME synthesis was investigated using the model synthesis gas obtained by
the reforming of CH4 by CO, and H,O through two reactions, the one-step reaction with a hybrid catalyst struc-
ture and the two-step reaction with separated catalysts. The 2000 h durability tests showed that (methanol +
DME) yield through the one-step reaction was higher in the first stage than through the two-step reaction, and

decreased gradually with time.
action for the whole test time.

However, the (methanol + DME) yield hardly decreased through the two-step re-
DME selectivity was stable in both one-step and two-step reactions for 2000 h.

Moreover, the two-step reaction gave 20% or more higher (methanol + DME) yield and DME selectivity from the
model gas containing CO compared to those from the mixed gas of H» and CO» not containing CO.
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Fig. 1 Schematic Flow Chart of the Process
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Fig. 2 Effect of Temperature on Equilibrium of CO, and H,O
Reforming of CH,4
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Fig. 4 Effect of H;O/CH, Ratio on Equilibrium of CO, and H,O
Reforming of CHy4 (Part 2)
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Fig. 5 Effect of Temperature on Equilibrium M Value and CH4
Conversion of CO, and H,O Reforming of Methane
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Gas chromatograph

GSV
PCV <:> GM
Reactor|
N\
TC

PCV:Pressure control valve
PG:Pressure gauge
Trap  FM:Flow meter
NV:Needle valve
TC:Temperature controller
TR:Temperature recorder
GM:Gas meter
GSV:Gas sampling valve

Fig. 6 Schematic Diagram of the Microflow Reactor
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1: Mixed gas cylinder, 2: Pressure regulator, 3: Mass flow controller, 4: Mixer, 5: Vessel, 6: Make-up
gas compressor, 7: Recycled gas compressor, 8: Heater, 9: Reactor, 10: Thermocouple,

11: Condenser, 12: Trap.

Fig. 7 Schematic Diagram of the Bench Plant
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Fig. 8 CH,and CO, Conversion on Reforming Catalysts
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Fig. 9 M Value on Reforming Catalysts
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Fig. 10 Effect of CO,/CH,4 Ratio on Reforming Reaction
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Fig. 11 Effect of HO/CH,4 Ratio on Reforming Reaction
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Fig. 12 Durability Testing of Reforming Catalysts
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Fig. 13 Life Estimate of Reforming Catalysts
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Fig. 15 Durability Testing of DME Synthesis Catalysts
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Table 2 Equilibrium Composition of DME Synthesis Reaction

Equilibrium composition [mol%] MeOH DME (MeOH + DME) DME
yield yield yield selectivity
H, CO, CO H,0O CH; MeOH DME [%] [%] [%] [%]
One-step reaction with
. 6542 2050 205 855 037 3.11 15.33 5.52 54.44 59.97 90.79
hybrid catalyst structure
Twosstepreaction with 7 o) 959 1458 807 027 2112 757 512 36.54 41.67 87.70
separated catalysts
4 MPa, 250°C, GHSV = 1000 h™!, H,/CO,/CO/CH, = 69.0/7.5/23.3/0.2 mol%.
—O— MeOH+DME yield (H,/C0,/CO/CH,) —O— MeOH+DME yield (H,/C0,/CO/CH,)
—A— MeOH+DME yield (H,/CO,) —A— MeOH+DME yield (H,/CO,)
--O - DME selectivity (H,/C0,/CO/CH,) -3 - DME selectivity (H,/C0,/CO/CH,)
_ A - DME selectivity (H,/CO,) - A - DME selectivity (H,/CO,)
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MeOH synthesis catalyst bed temperature =250°C, 4 MPa, GHSV =
2000 h™', Hy/CO,/CO/CH, ratio = 69.0/7.5/23.3/0.2 mol%.

Fig. 16 DME Synthesis Test Result with One-path Operation
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(make-up gas base) = 1000 h™', Recycle ratio = 4.

Fig. 17 DME Synthesis Test Result with Uncondensed Gas
Recycle Operation
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