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Abstract - Dimethyl ether(DME) was synthesized from synthesis gas by a one-step process in which
a hybrid catalyst was used. The hybrid catalyst consisted of Cu-ZnO-Al;Os for the methanol synthesis
reaction and aluminum phosphate or H;PO4-modified 7y-alumina for the methanol dehydration reaction.
The prepared catalysts were characterized by XRD, BET, SEM, FT-IR and NH3-TPD. From the XRD
analysis, it was verified that the aluminum phosphate was successfully synthesized. The specific surface
areas of the synthesized aluminum phosphates were varied with the ratio of P/Al. The hybrid catalyst
in which P/Al ratio of the aluminum phosphate was 1.2 showed the highest CO conversion of 55%
and DME selectivity of 70%. There was no remarkable decrease in catalytic activity with the phosphoric
acid treatment of “y-alumina. However, when treated with concentrated phosphoric acid(85%), the catalytic
activity and DME selectivity decreased.
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Table 1. Precursor materials for catalysts

preparation.
Catalvst Preparation Pr Chemical
sts rsor micals
ataly Methods ecu emical
CU(N03)2'3H2O
Shimakyu's Pu
CwznO/ALO, | Shimakvu's Pure
: Chemicals)
Cu~ZnO- | (mol ratio=6:3:1)
ALO Zn(NO3)2-6H,0
i C itati (Hayashi Chemicals)
oprecipitation
precp AI(NO2);-6H:0
(Junsei Chemicals)
. Al(NO3)3-9H,0
Aluminum e . .
Coprecipitation (Junsei Chemicals)
phosphate . R
Phosphoric acid
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Table 2. Specific surface areas of fresh
AIPO, catalysts.

Alurminum [P/Al] ratio
phosphate 1.0 1.1 1.2 1.3
Surf:
e 137 134 | 152 127
area(m’/g)
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Fig. 1. X-ray diffraction patterns of fresh

AIPO; catalysts: (a) P/AI=1.0, (b) P/
Al=11, (c) P/AI=12, (d) P/Al=1.3.

(a)

(d)

(c)

Fig. 2. SEM images of fresh AIPO, catalysts;
(a) P/AI=1.0, (b) P/AI=1.1, (c) P/AI=1.2,
(d) P/AI=1.3.
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Fig. 3. FT-IR spectra of fresh AIPO, cata—
lysts; (a) P/AI=1.0, (b) P/Al= 1.1, (c)
P/AI=1.2.
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Fig. 4. NHs;-TPD curve of fresh AIPO; ca-
talyst (P/Al=1.2).
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Fig. 5. Effect of P/Al ratio on CO conver-
sion for direct DME synthesis over
hybrid catalysts at 20 bar, 250 C,
Ho/CO = 2, flow rate = 75 mL/min.
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DME Selectivity (%)

Tirre (h)

Fig. 6. Effect of P/Al ratio on DME selec-
tivity for direct DME synthesis over
hybrid catalysts at 20 bar, 250 T,
Ho/CO = 2, flow rate = 75 mL/min.
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Fig. 7. Effect of weight ratio (methanol syn-
thesis catalyst/methanol dehydration ca-
talyst) on CO conversion at 20 bar, 250
T, H/CO = 2, flow rate = 75 mL/min.
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Fig. 8. Effect of weight ratio (methanol syn-
thesis catalyst/methanol dehydration
catalyst) on DME selectivity at 20
bar, 250 C, H/CO = 2, flow rate = 75

mL/min.
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Fig. 9. Effect of phosphoric acid modification
on CO conversion in the DME syn-—
thesis at 20 bar, 250 C, Hy/CO = 2, flow
rate = 75 mL/min.
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Fig. 10. Effect of phosphoric acid modifica—
tion on DME selectivity in the DME
synthesis at 20 bar, 250C, Hy/CO =
2, flow rate = 75 mL/min.
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