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L INTRODUCTION
N
The hydrogenation of carbon monoxide to aliphatic alcohols follows the general
equations
, N
2nH, + nCO —=C H, .,OH + (n~1)H,0 1)
and
(n+l)H2 + (2n-1)CO ->-CnH2n+10H + (n—l)CO2 2)
| The isomer distribution in the C_H OH involves linear primary, branched primary,

or branched secondary alcohols dgp%gxing on the catalysts used. It is well known
that linear alcohols are co-products of hydrocarbon synthesis over Group VIII
metals, primarily iron (1), while both linear and branched alcohols are products
of CO hydrogenation over methanol synthesis catalysts modified with alkali promo-
ters (2). It is this second class of catalysts that has been shown to produce
2-methyl-1-propanol in relatively high yields. The conditions utilized in the
early work (3-7) were rather severe, however, exemplified by the pressure range
300-400 atm and temperatures above 400°C. The catalysts were in general alkali-
promoted oxides of zinc and manganese with structural promoters such as chromia or
alumina. Only recently Smith and Anderson (8) have demonstrated that the low pres-—
sure copper-zinc oxide~alumina methanol synthesis catalysts could be promoted by

} potassium carbonate to enhance the yields of higher alcohols, optimized the K,COj

| concentration, and developed a mathematical model for the chain growth that accoun-

ted for high degree of branching. The synthesis was carried out at temperatures

‘ below 300°C and pressures 100 - 130 atm over the K3C03/Cu/Zn0/Al303 catalysts.

N Further study of alkali and alkaline earth promoted copper-based catalysts demon-
strated that alkali hydroxide promotion enhances higher alcohol yields at pressures
as low as 75 atm in the temperature range 250-310°C (9). Cesium was found to be

| the most effective promoter and its surface concentration optimized in the binary
Cu/Zn0 catalysts.

In the present work we report an investigation of the effect of reaction condi-
tions on the ylelds of higher alcohols, particularly 2-methyl-l-propanol (isobuta-

) nol), over the Cs/Cu/Zn0 = 0.4/30/70 catalyst (9). High selectivities for direct

synthesis of isobutanol are demonstrated herein.

RESULTS AND DISCUSSION

The selectivity patterns have been studied at 75 atm, temperature range 288-
325°C, H,/CO = 0.45, and contact time range 1-5 sec in an apparatus described ear-
lier (10§ The catalyst preparation was that of ref. 9 with the cesium compound
being CsOH. The products of the synthesis were, in the order of abundance, alco-
hols, esters, ketones, and aldehydes.

Figures 1-4 and Tables 1-2 describe the product composition under various
conditions used. These results can be summarized as follows:



1. The general Smith-Anderson pattern for alcohols (8) is confirmed. However,
secondary alcohols are very minor products over the Cs/Cu/ZnO catalyst.
This is a result that differs from all previous reports (2-8) and is inter-
preted as due to the absence of an acid component in the Cs/Cu/Zn0 catalyst.

2. The selectivity to isobutanol increases with increasing temperature and
contact time.

3. Esters are minor products with methyl esters of C1-C3 carboxylic acids
dominating. The selectivity to esters decreases with increasing tempera-
ture and goes through a maximum with increasing contact time. This is
consistent with the ability of the Cs/Cu/ZnO catalyst to hydrogenate esters
to the corresponding alcohols (11).

The mechanism of the alcohol and ester forming reactions has been discussed
elsewhere (9). We point out that the selectivity pattern is such that the forma-
tion of iscbutancl can be maximized and that of esters suppressed by the choice of
conditions and of recycling schemes. The utility of isobutanol rests in its high
energy density compared to methanol, in its high octane number (12), and in its
being a convenient source of isobutene via catalytic dehydration.
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Table I

Product distribution over Cu/Zn0 = 30/70 catalysts with varying
concentrations of cesium salts at 288°C, 75 atm, Hy/CO = 0.45

Total flow rate = 8 1/hr Yield in gm/kg cat/hr,
Selectivity in carbon atom percent

Cu/Zn0 CsOH/Cu/Zn0 CsOH/Cu/Zn0 CsO0CH/Cu/Zn0

(0.4/30/70) (0.8/30/70) (0.4/30/70)
o0 S| e Sl e S | aes S

co 2136.65 - 1757.35 - 2110.69 ~ 2015.85 -

COZ 124,38 - 96.17 - 78.83 - 97.67 -

HZO - - - - - - 0.32 -
CH4 3.93 2.06 3.46 1.54 3.89 1.92 3.47 1.72
C2H6 1.90 1.06 0.54 0.26 0.37 0.19 0.57 0.30
CHSOH 283.73 74.31 322.11 71.88 318.66 78.86 303.58 75.31
HCOOCH3 6.16 1.72 7.94 1.89 8.74 2.31 8.04 2.13
CZHSOH 20.83 7.59 17.90 5.56 12.92 4.45 15.01 5.18
CH3C00CH3 11.13 3.78 8.04 2.33 4.45 1.43 6.68 2.15
C3H70H 12,11 5.07 24.29 8.67 14.95 5.92 17.55 6.97
(CH3)2CHCH20H 5.33 2.41 14.82 5.72 9.01 3.86 12.11 5.20
C4H90H 3.67 1.66 5.59 2.16 2.47 1.06 2.44 1.05

C2H5C00CH3 0.55 0.21 - - - - - -

CH3C00C2H5 0.30 0.12 - - - - - -

CO conversion % 14.11 17.54 14,27 14.89
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Yield of Alcohols (gm/kg cat hr)
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Figure 1. The contact time dependence of alcohol

yields at 75 atm, 288°C, Hp/CO = 0.45
over the CsOH /Cu/Zn0 = 0.4/30/70
catalyst.
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Yield of Alcohols(gm/kg cat hr)
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Figure 2. The contact time dependence of alcohol

yields at 75 atm, 325°C, Hp/CO = 0.45
over the CsOH/Cu/Zn0 = 0.4/30/70
catalyst.
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Yield of Alcohols(gm/kg cat hr)
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Figure 3. The temperature dependence of alcohol

yields at 75 atm, Hp/CO = 0.45 at
GHSV = 1200 over the (CsOH /Cu/Zn0 =
0.4/30/70 catalyst.
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Yield of 2-Me-PrOH

Yield of MeOH

I
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Figure 4. Selectivity to 2-methyl-l-propanol

expressed as the ratio of yields of
2-methyl-l-propanocl and methanol at

75 atm, H2/CO = 0.45, as a function of
contact time and temperature.
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