IV. DOUBLE-BED Cs/Cu/ZnO/Cr,0; CATALYST FOR HIGHER ALCOHOL
SYNTHESIS

Catalytic Testing Results

A comparison of the results of the single-bed copper-based catalyst at high temperature
(described in the previous section) with the copper-free catalyst reported by Beretta et al.
[1996] suggested that the former could be effectively used as the bottom bed in a double-
bed configuration. The relative stability of the cesium-doped copper-based catalyst at
high temperatures, along with its high selectivity toward isobutanol synthesis, indicated
that this catalyst could be used to improve upon the previous double-bed experiment by
increasing the isobutanol yield. Indeed, the single-bed study of the copper-based catalyst
demonstrated that this catalyst was more active toward isobutanol production at lower
temperatures (613 and 643K) than the copper-free catalyst at high temperature (678K). In
order to maximize isobutanol production, the copper-based catalyst was utilized in a
double-bed configuration. In this manner, the temperatures of the two beds of equal
volume could be controlled separately in order to achieve higher isobutanol productivity.
Figure 20 shows the distribution of major products at two different bottom-bed
temperatures (613 and 643K). It is seen that the space time yields of these products were
lower at the higher bottom-bed temperature. As a group, the linear, primary alcohols
showed the strongest temperature dependence. The remaining products (branched
primary alcohols, secondary alcohols, and hydrocarbons) exhibited a weaker dependence
upon temperature.

Table 9 lists all of the products observed under the HAS conditions specified in Figure
20. As can be seen, at the higher bottom-bed temperature of 643K, small amounts of
butanol and pentanol were also produced. CO conversion, also listed in Table 9, was
disfavored at the higher bottom-bed temperature. With the bottom-bed temperature
maintained at 613K, CO conversion was 8.5%, but it decreased to 6.2% when the bed
temperature was increased to 643K.

This experiment shows that by modifying the double-bed higher alcohol synthesis by
using the Cs/Cu/ZnO/Cr,0; catalyst in both beds but at different temperatures, isobutanol
productivity increased significantly, as did the production of methanol. When the copper-
based catalyst was used as the bottom bed and maintained at 340°C, isobutanol STY was
202 g/kg cat/hr, compared to 125 g/kg cat/hr (see Table 6) when the bottom bed consisted
of the copper-free catalyst at 678K, an increase of 62%. Similarly, methanol production
was greatly increased by the copper-containing bottom bed, reaching a value of 574 g/kg
cat/hr. Product distribution was influenced by the temperature of the copper-based
bottom bed. High yields of methanol are expected at the lower reactant temperature due
to equilibrium constraints at higher temperatures. Lower temperature is also expected to
increase the overall productivity of the copper-based catalyst. This was
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TABLE 9. Higher alcohol synthesis over two portions of the 3 mol %
Cs/Cu/ZnO/Cr,0; catalyst held in a double-bed configuration, where the top bed (1
g) was held at 598K and the lower bed (1 g) was maintained at 613 or 643K.

The synthesis gas consisted of H,/CO = (.75 at 7.6 MPa with GHSV = 18,375 I(STP)/kg
cat/hr. The productivities of aldehydes and ketones have been added to those of the
corresponding primary and secondary alcohols. Abbreviations used are Me = methyl,
Et = ethyl, Pr = propyl, Bu = butyl, Pent = pentyl, 2m = 2-methyl, 3m = 3-methyl, and HC

= hydrocarbon.
Top = 598K Top = 598K
Bottom = 613K Bottom = 643K
( g/kg cat/hr) (g/kg cat/hr)
MeOH 574 369
EtOH 15 5
PrOH 93 47
BuOH 0 1
PentOH 0 1
2m-PrOH 202 180
2m-BuOH 7 6
2m-PentOH 5 5
2-BuOH 26 20
3m-2-BuOH 1 0
3-PentOH 11 9
2m-3-PentOH 13 2
CH, 14 22
C,-C4HC 24 22
% CO Conv. 8.5 6.2
(CO,-free)
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reflected in the CO conversion level, which increased from 6.2 to 8.5% when the reaction
temperature was decreased. With the copper-based bottom bed, the selectivity of
1sobutanol among the other 2-methyl alcohols was greatly increased, as well.

Conclusions
This study used the recently demonstrated concept of employing two sequential catalysts
at different reaction temperatures to enhance the productivity of isobutanol from synthesis
gas. It was shown that the Cs/Cu/ZnO/Cr,O; catalyst could be utilized to advantage as
the second-bed catalyst at 613-643K instead of the previously used copper-free Cs-
ZnO/Cr,0; catalyst at the higher temperature of 678K. High space time yields of 202
g/kg cat/hr for isobutanol and high selectivity toward isobutanol/methanol mixtures were
achieved by coupling two beds of the Cs/Cu/ZnO/Cr,0O; catalyst at different reaction
temperatures in a double-bed configuration. The isobutanol/methanol mass ratios were
about 0.35 and 0.5 for the lower bed temperatures of 613 and 643K, respectively. The
selectivity of the isobutanol and methanol products was notable. At the lower bed
temperature of 613K, 67% of the C in the products shown in Table 9 was in the
isobutanol and methanol products. If n-propanol is included along with isobutanol and
methanol, then 80% of the carbon found in the alcohol and hydrocarbon products was
obtained in these three alcohols.
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