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A Study on the Catalyst for the Synthesis of DME
with Hydrogen Energy Density
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* R&D Division of Korea Gas Corporation

ABSTRACT

DME(Dimethyl ether) Dimethyl Ether (DME) is a new clean fuel and an environmental-benign
energy resource. In comparison with other fuels, DME rapidly decomposes into carbon dioxide (CO) and
water in the atmosphere without forming ozone. It can be manufactured from various energy sources
including natural gas, coal, biomass and spent plastics. In addition to its environmentally friendly
properties, DME is considered as one of the most promising candidates for the substitute of LPG and
diesel fuel. In this work, we will be studied to find optimized condition for the catalyst of DME energy
manufacture from hydrogen and carbon oxide and its chemical and physical characteristics.

KEY WORDS : Dimethyl ether(t] #| 2o 8] 2), Hydrogen(5=42), New energy(Xl ol 4 %), CuO/ZnO
(+2]-o+41), Syngas(+4d 7F2), DME(T] Wl 2ol Hl 2), CO,(]4t3tera), Cco(L At
slekA)

Nomenclature

DME : dimethyl ether TGA : thermal gravity analysis
Al,0O3 : alumina XRD : X-ray diffraction
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Table 1 Enthalpy amount of methanol and DME during
chemical reaction

Reaction Methanol Dimethyl ether
Oxidation CH;0H — CO; + CH;OCH3 + 3H:0 — CO»
6H + 6e +12H + e
Reduction 3/20; + 6H + 6e 30, + 12H + 12e

— 3H:0 — 6H0
Overall CH:0H+ 3/2H:0 CH;OCH3 + 302
— CO; +2H0 — 200, +3H0
Enthalpy
726.1 1,460.5
(KJ/mol) ’
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e Methanol synthesis:
CO+2H, < CHy;OH, AH,, =—90.3kJ/mol 1)

e Methanol dehydration:
2CH,OH < CH,OCH,+ H,O, AH?,, =—23.4kJ/mol (2)

ran

o Water-gas shift:
H,0+ CO — Hy+ CO,, AHY,, =— 40.9kJ/mol 3)

e Net reaction:

3H,+3C0O < CH,OCH,+ CO,, AH?,, =—258.6kJ/mol (4)
Fig. 12 HyCO vl &l we& d7k=e] Hd
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Fig. 1 Equilibrium conversion of syngas
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Table 2 The various conditions for catalyst synthesis

3

YM-1| YM-2 | YM-3 | YM-4 | YM-5 | YM-6

Me

Cu/zn¥ & 1.0 178 | 139 | 1.78 | 1.79 | 1.78

AlbOs%) | 12 | 117 | 12 | 148 | 79 | 20

7141 (%) 8 95 | 95 | 95 | 95 | 95
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Fig. 2 Schematic diagram of experimental apparatus for
catalyst performance test in the DME direct-synthesis
reaction. (a) Feed gas cylinder(H,, CO, CO,, N), (b) Mass
Flow Controller, (c) Damper Tank, (d) Compressor, (e) Buffer
Tank, (f) Mass Flow Controller for Mixed gas, (g) DME
Reactor, (h) Back Pressure Regulator, (i) Liquid-Gas
Separator, (j) Gas Chromatograph
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Table 3 The characteristics of DME Catalyst

Ratio Cu surface area BET surface area
(m’fg) (m’fg)
Cu0O/Zn0O=1 9.30 91.39
Cu0/Zn0=2 11.30 86.03
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Table 7 Activities of DME Catalyst with Hy/CO ratio

DME productivity

H/CO ( kgDME/L.cat.hr)

CO conversion(%)

1.00 88.40 0.99

1.50 86.41 0.71

o| Ak mn| 3}
0lkg/L.cat.hr/100hr &4
A TH?.

5.8 E

AT E FhAUA BT
Azsl7] YA wHE CuO-ZnO-AlO; Z 1)
T9N1&0 9 A, Fa b0 g sl e
FEFAR, 1 Fojo] AV 55 &3t

o =

DMEZ

60 1

40 A

CO conversion(%)

—e— H2/CO=15
o+ H2/CO=1.0

T T T T
0 20 40 60 80 100

Time(hr)

Fig. 9 CO conversion at the 1.0 and 1.5 of Hy/ CO
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