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Fig. 1 CuZpss X-ray photoelectron spectra for
the calcined CuO-ZnC catalysts prepared by
coprecipitation. The catalyst compositions are
expressed by nominal CuQ/Zn0O wt% ratios.
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Fig. 2 Dependencies of I/l; ratic and fwhm
of the CuZpsz band on the CuQ content
{wt%) for the calcined CuO-ZnO catalysts
prepared by coprecipitation.
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Table 1 The catalytic testing results for the
Cu-ZnQO systems obtained at 250°C, 75 atm,
and GHSV=5000hr~! with a syngas of M/
CO/COz="T0/24/6 vol%.

Catalyst Carbon Methanol yield
composition™ c?nver- (leg/1/r) (lg/kg/ |(kg/m2/hr
CuQ/ZnO/M:Os| sion > hr) (1% 10%)

0,/100/0 0 0 0 0

2/98/0 0.7 0,02 0. 03 0. 10

10/60/0 1.0 0.02 0,02 0.70

20/80/0 10.2 0.22 0. 24 0.80

30/70/0 51.1 1.10 1.36 3.63

40/60/0 9.6 0.21 0.18 1.33

50/50/0 11.3 0.25 0. 20 1.94

67/33/0 21.8 0. 48 0. 41 4,76

100/0/0 0 0 0 0

60/30/10™ 40,0 0.65 1. 52 5. 82

60/30/10 7.0 0, 45 0.58 1.73

60/30,/10% 47.9 | 1.17 1.01 6

@ Weight percent as the cxides.

» M= Al, prepared from the acetates.

< M= Al, prepared from the nitrates, tested at
100 atm.

& M=Cr, tested at 100 atm.

RS EI1lS H2E
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Table 2 Extent of Cu/Zn0 solid selution for-
mation in the reduced coprecipitated catalyst,
as determined by X-ray powder diffraction
and electron microscepy.

Nominal % Cu* in solid solution
catalyst K-ray Electron
composition® diffraction® microscopy
2/98 2.0
5/95 2.5
10/90 48
16/85 8.1
20/80 10,5
30/70 16.8%1.5 15.1+=3.7
40/60 12.6x1.5 5. 0x3.7
50/50 13.0=22.0 8.7+3.6
67/33 16.4=3.0 11.6+2.8
80/20 14.2

2 Cu0fZn0 i wt%. ™ Expressed as amorphous
Cu/(ZnO+amorphous Cu).
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Fig. 3 Cu(LaMa,sMy,s) X-ray induced Auger
spectra for the Cu-ZnQ catalysts reduced at
250°C for 2Zh in an atmospheric Hz stream
{ca. BO0 mf min~* g-cat™) and for the catalysts
subsequently reoxidized in air for Smin at
room temperature. The catalyst composition
is shown by the CuQ/ZnO ratic expressed
as weight percent. Dashed lines indicate the
background spectra due to ZnC.
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on the catalyst composition : {Q) copper metal
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Table 83 Structural parameters at various tem-
peratures obtained for the reduced 30mol%
Cu/ZnQ catalyst prepared by coprecipitation
as well as by impregnation.

Material | Bond TERP | N | RO (A)] oV (A)
Impregna- Cu-Cu RT | 1ls{ 2.5l | G 08
tron Cu-Cu 100 | 120 | 2,505 | 0.1%p
Cu-Cu 200 ¢ 1L+ | 2.4% | 0. 1%

Cu-Cu 300 117 | 2,47 0.12,

Coprecipi- | Ca~O RT l.o| 1.76s | 0.057
tton \ op0 100 | Li| L78 | 0.05
Cu-O 120 loa| L78s | 0.060

Cu-C 135 lo| L7686 | 0,07

Cu-Cu RT 5.2 | 2.48 | 0.10¢

Cu-Cu 100 5.4 2.474 0.10s

Cu-Cu 120 5.9 2477 | 0.08

Cu-Cu 185 8.4 2.47s 0. 10z

Cu-Cu 1585 | 105§ 2.48: | 0,107

Cu-Cu 200 Q7] 2.47; 0, 10¢

Cu-Cu 220 10,6 | 2.461 0.11s

® Bond distance. » Debye-Waller factor.
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Fig. 5 Schematic drawings of the relative com-
positions of the surface copper species in the
caleined (oxidic) and reduced CuO-ZnO catal-
vsts prepared by coprecipitation as a function
of the catalyst composition.
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