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Abstract: M-CuZrO, catalysts (M=Mg, Ca, Sr and Ba) were prepared by modification of CuZrO, catalysts
with different alkaline-earth metals via co-precipitation method, and then employed to catalyze the one-step
synthesis of ketones from ethanol. The structure and properties of catalysts obtained were characterized and
analyzed by BET, XRD, H,-TPR,ethanol-TPSR,CO,-TPD and XPS. The results showed that Ba-CuZrO,
catalyst exhibited higher Cu 2p;, electron binding energy, which was in favor of the O—H bond breakage in
ethanol molecules to acetaldehyde formation. Moreover, Ba-CuZrO, catalyst displayed largest acetaldehyde
desorption and strongest alkalinity of medium strength alkaline site (lattice oxygen), which demonstrated a
significant promotion effect on the condensation reaction. Under reaction conditions of 350 °C, 0.1 MPa,
N, as carrier gas, GHSV 2000 h! and ethanol feed of 1.8 mL¢ pon/(MLeyh), catalysis with Ba-CuZrO,
achieved highest ethanol conversion rate and ketone product selectivity, 98.1% and 51.1% respectively.
Moreover, Ba-CuZrO, catalyst maintained stable catalytic activity within 45 h.
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Table 1 BET surface area of CuZrO, catalysts with different
alkaline-earth metals
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it SFEFLAEmm LA /(em’/g)  HFRE L/ (mY/g)

CuZrO, 5.3 0.20 164
Mg-CuZrO, 3.7 0.13 143
Ca-CuZrO, 3.5 0.13 144
Sr-CuZrO, 3.1 0.11 144
Ba-CuZrO, 3.0 0.12 160
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Mg-CuZrO, LTI FH¥ LR A, A 3.7 nm, i
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B+ 4 @ XL LA A K 5ok, Mg,
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Fig. 1 XRD patterns of CuZrO, catalysts with different alkaline-
earth metals
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Fig. 2 H,-TPR profiles of CuZrO, catalysts with different
alkaline-earth metals
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Fig. 3 XPS spectra of CuZrO, catalysts with different alkaline-
earth metals
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Fig. 4 Ethanol-TPSR profiles of CuZrO, catalysts with different
alkaline-earth metals (acetaldehyde desorption curve)
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Fig. 5 CO,-TPD profiles of CuZrO, catalysts with different

alkaline-earth metals
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Table 2  Effect of CuZrO, catalysts with different alkaline-earth metals on synthesis of ketones

WA _ : SRR _ :
e T, R T
Mg-CuZrO, 96.9 0.3 10.4 18.2 19.5 48.4 253 16.8 9.5
Ca-CuZrO, 923 1.4 8.3 159 17.1 41.3 21.2 24.2 11.9
Sr-CuZrO, 94.7 1.2 9.6 17.2 18.6 45.4 24.1 19.3 10
Ba-CuZrO, 98.1 0.2 11.6 19.7 19.8 51.1 26.8 15.1 6.8
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Fig. 6 Stability test of Ba-CuZrO, catalyst
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