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Abstract:

and conventional calcination method. The effects of plasma atmosphere(N,, H, or first N, then H,) on the catalyst

CuCo/ZrO, catalysts for lower-alcohol synthesis from syngas were prepared by glow discharge plasma

structure and performance were investigated. These catalysts were characterized using BET, XPS, XRD, TG, and TPR
techniques. The experimental results indicated that plasma treatment restrained effectively the production of
hydrocarbon and enhanced the selectivity to total alcohols. Compared with the calcined sample, the plasma treated
catalyst had higher activity and space time yield (STY). Characterization results showed that the catalyst precursor with
plasma treatment was decomposed to active phase under low temperature and the specific surface area of catalyst was
significantly improved. Meanwhile, the plasma treatment promoted the grain refining, dispersion of the active
component and enrichment of copper on the catalyst surface.
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Table 1 List of catalysts treated in plasma and their

parameters
Plasma Calcined Seer
Catalyst symbol —————— o -
inN, inH, in air (m?-g™)

CuZrO, - - 673 K, 180 min -

CoZrO, - - 673 K, 180 min -
CuCoZ-C - - 673 K, 180 min 9.68
CuCoZ-PH - 90 min - 22.65
CuCoZ-PN 90 min - - 24.15
CuCoZ-PNH 45 min 45 min - 25.54

plasma parameters: radial frequency, 13.56 MHz; voltage, 100 V;
positive current, 100 mA; bar current, 50 mA.
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Fig.1 XRD patterns of different catalysts
(1) CuCoZ-C, (2) CuCoZ-PN, (3) CuCoZ-PH, (4) CuCoZ-PNH
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Fig.2 Cu2p (a)and Co 2p (b) XPS profiles of two typical catalysts
(1) CuCoZ-C, (2) CuCoZ-PNH
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Table 2 Element analysis on the surface of two
typical catalysts measured by X-ray electron spectra
(%)
Co Zr
CuCoZ-C 8.69 1096 1639 6396 0.53 0.67
CuCoZ-PNH 12.35 1030 13,56 63.79 091 0.76

Catalyst no/hz  Nofng

«x is the surface composition.
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Fig.3 TPR profiles of different catalysts
(1) ZrOs, (2) Cu-Zr0O,, (3) Co-Zr0O,, (4) CuCoZ-C, (5) CuCoZ-PN,
(6) CuCoZ-PH, (7) CuCoZ-PNH
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Table 3 TPR parameters of different catalysts

Peak of TPR H, consumption (mmol*g™)
Catalyst —_—
T/K T./K expt. theo.
CuCoZ-C 473 664 4.64 5.16
CuCoZ-PN 408 536 5.16 5.16
CuCoZ-PH 420 540 4.56 5.16
CuCoZ-PNH 427 523 3.02 5.16

T-the initial temperature of reduction, 7,,-the temperatures
of redution peaks
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Table 4 Performances of novel copper-cobalt based catalysts for lower alcohols synthesis from CO+H,

Catalyst Xeol%) Sel. carbon based (%) Yrou Product distribution (%)
symbol ] CxHx CO, ROH  (g-kg'-h™) MeOH EtOH PrOH BuOH C*OH
CuCoZ-C 252 67.3 5.6 27.2 142.2 59.6 28.2 8.4 3.0 0.9
CuCoZ-PN 32.7 58.3 6.6 35.1 171.2 45.2 40.8 11.8 2.0 0.2
CuCoZ-PH 33.2 53.9 7.1 39.0 196.8 47.5 34.9 10.9 5.3 1.4
CuCoZ-PNH 32.5 372 7.2 55.6 229.2 54.4 28.8 10.8 4.6 1.4

X: conversion of CO, Y: time speace yield; condition: 573 K, 5 MPa, 6000 mL-g™-h™, Vi Veo=2
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