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Dimethyl Ether Synthesis from Methanol and Syngas over Different Sized HY
Zeolite and Cu-Mn-Zn/HY Bifunctional Catalyst
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Abstract: A series of HY zeolites with different particle sizes were prepared using a hydrothermal route by varying the aging time of direct-
ing agent. The HY samples were used for methanol dehydration to dimethyl ether (DME) and also used as a dehydration component in a
hybrid Cu-Mn-Zn/HY catalyst for CO direct hydrogenation to DME. The 820 nm sized HY zeolite exhibited the highest methanol dehydra-
tion activity. In the direct DME synthesis from syngas, the hybrid Cu-Zn-Mn/HY (820 nm) catalyst also had higher activity and stability at 4

800 h™, 2.1 MPa, and 253 °C.
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Table 1 The surface area, pore volume and particle size of HY zeo-
lites prepared at different age time

Aging time BET surface Pore volume Particle size
(h) area (m?/g) (ml/g) (nm)
48 556.8 0.254 3700
72 711.2 0.321 2700
96 853.0 0.364 1600
192 928.0 0.378 820
336 749.6 0.348 560
(111)
@) %) (642) (s55)
l | | l | nh ®)
Q]
2
2
E J ) l | ®)

2 FEHRIE HY 2 FifH XRD &
Fig. 2. XRD patterns of HY zeolites with different particle sizes. (1)
560 nm; (2) 820 nm; (3) 1600 nm; (4) 2700 nm; (5) 300 nm.
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Fig. 1. SEM images of HY zeolites prepared at different age time. (a) 48 h; (b) 96 h; (c) 192 h; (d) 336 h.
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Fig. 3. XRD patterns of Cu-Mn-Zn/HY catalysts with different parti-
cle sizes. (1) 560 nm; (2) 820 nm; (3) 1600 nm; (4) 2700 nm; (5) 3700
nm.
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Fig. 4. NH;-TPD profiles of different sized HY zeolites. (1) 560 nm;
(2) 820 nm; (3) 1600 nm; (4) 2700 nm; (5) 3700 nm.
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Fig. 5. Reactivity of methanol dehydration to DME over HY zeolites
with different particle sizes. Reaction conditions: 0.5 MPa, LHSV 30
h™, 0.2 g HY, 0.5 MPa. (1) 560 nm; (2) 820 nm; (3) 1600 nm; (4) 2700
nm; (5) 3700 nm. DME: dimethyl ether.
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Table 2 Activity of Cu-Mn-Zn/HY for DME synthesis via CO hydrogenation
Partlcle'5|ze of CO conversion (%) Selectivity (%) Yield (%)
HY-zeolite (nm) DME MeOH CH, CO, HC
560 235 43.2 34.3 3.0 18.2 14 10.2
820 30.3 46.7 225 1.8 27.6 1.5 141
1600 29.7 44.4 25.0 1.7 24.8 41 13.2
2700 22.9 41.0 315 2.2 21.3 41 9.4
3700 18.1 26.8 45.1 29 235 1.8 4.8

Reaction conditions: H,/CO = 1.5, GHSV =4 800 h™, 2.1 MPa, 253 °C, m(Cu-Mn-Zn)/m(HY) = 10.
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Fig. 6. Stability of Cu-Mn-Zn/HY bifunctional catalysts for CO
hydrogenation to DME.
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