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The Sintering of a Cu-Based Methanol Synthesis Catalyst
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Beijing Key Laboratory of Green Chemical Reaction Engineering and Technology, Department of Chemical Engineering,
Tsinghua University, Beijing 100084, China

Abstract: The structure of a Cu/Zn/Al/Zr catalyst sintered at different temperatures was characterized by scanning electron microscopy,
transmission electron microscopy, and X-ray diffraction and correlated with methanol synthesis activity. The results showed that, at high
sintering temperature, the particle size of Cu and ZnO increased, and the original chain-like catalyst changed into particle agglomerates,
leading to a low catalyst activity. The equation ki/kio = Axt™® can be used to describe the deactivation process. With the increase of sintering
temperature from 400 to 500 °C, the power index B increased from 0.076 to 0.171, and the deactivation order decreased from 14 to 7. At
lower sintering temperature, surface migration and coalescence of catalyst particles were the main deactivation mechanism. With increasing
sintering temperature, there was a larger contribution from atomic gas phase transfer to catalyst deactivation.
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Fig. 1. The activity of the Cu-based catalyst (Cu/Zn/Al/Zr) after sinter-
ing for 30 h at different temperatures. Reaction conditions: 230 °C, p =
4 MPa, space velocity = 5000 ml/(g-h).
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Fig. 2. XRD patterns of the fresh and sintered catalysts. (1) Fresh
catalyst; sintering temperature: (2) 230 °C; (3) 400 °C; (4) 450 °C; (5)
500 °C; (6) 600 °C.
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Cu0  ZnO Cu (m?g)
Fresh 4.4 — — 96.5
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Fig. 3. SEM images of fresh and sintered catalysts. (a) Fresh catalyst; sintering temperature: (b) 230 °C; (c) 400 °C; (d) 450 °C; (e) 500 °C; (f) 600 °C.

4 FEEAHMAERERSERFRLTY TEM BRE
Fig. 4. TEM images of fresh and sintered catalysts. (a) Fresh catalyst; sintering temperature: (b) 230 °C; (c) 400 °C; (d) 450 °C; (e) 500 °C; (f) 600 °C.
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Fig. 5. The effect of sintering time on the activity of the catalyst. Sin-
tering temperature: (1) 230 °C; (2) 400 °C; (3) 500 °C. Reaction condi-
tions: 230 °C, p = 4 MPa, space velocity = 5000 ml/(g-h).
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Fig. 6. The simulation of catalyst deactivation sintered at 400 (1) and
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Fig. 7. The simulation and experimental results of STY. Sintering
temperature: (1) 400 °C; (2) 500 °C.
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