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Novel palladium catalysts prepared from MZPdC14( M=alkali metals )
type complexes have been studied, which produce methanol selectively

from CO-H, mixture below atmospheric pressure.

It was reported that supported palladium catalysts are effective for selective
methanol synthesis from CO and H2 under high pressure.l) On the other hand, only

methane was detected from CO-H

2
pressure.z’s) Recently some interesting interactions between group VIII noble

4)

b4

reaction in the flow system under atmospheric

metals and support oxides have been recognized which was studied in connection

5,6)

with CO-H, reaction. Palladium metals supported on some basic oxides such as

2

MgO and La 03, exhibited high activity for the methanol formation from CO-H2

2
mixture under atmospheric pressure.7) But the details of this reaction and the
nature of the active sites have not been clarified yet.

In this communication, novel palladium catalysts have been studied, which
produced methanol and dimethyl ether selectively from CO-H2 mixture below atmos-
pheric pressure. The catalysts were prepared by impregnating aqueous solutions of

M PdCl4 (M=Li, Na) type complexes onto various acidic oxides such as silica

2
(Aerosil), alumina(Aluminium Oxide C, Aerosil), silica-alumina(Shokubai Kasei) and
NaY-zeolite(Linde). After the impregnation, these catalysts (5 - 5.9 wt% Pd) were
dried by air circulation at room temperature with a liquid nitrogen cold trap for

15 - 20 hours prior to the reduction by hydrogen (66.5 kPa) at 573 - 773 K for

several hours. The hydrogenation of CO was carried out at 453 K in the circulation
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system with liquid nitrogen cold traps, and the reaction products were analyzed by
gas chromatography and quadrupole mass spectrometer.

Table 1 shows the rates of the product formation from CO-H, reaction (CO : 20
kPa, Hy : 40 kPa) at 453 K over NaZPdCI4 derived catalysts supported on various
oxides. As shown in the table methanol was mainly produced over silica, alumina
and zeolite supported catalysts. However, in the case of silica-alumina supported

catalyst, main product changed to dimethyl ether, which was produced by the

dehydration of methanol on the acidic sites of the support.

Table 1. CO-H2 reactiona) over NaZPdCI4 derived supported catalysts at 453 K

b)

Supports LoadeStPg H2 redn. Product formation ratesd) Meoggiggg.

Eeﬁpj P Meon  piE®) o, ¢t co, (%)
silica 5.0 773 5 5.39 0.00 0.11 0.02 0.53 89.0
silica-alumina 5.9 573 2 17.4 34.2 2.9 0.02 0.14 96.6
alumina 5.0 673 2 45.2 0.60 2.4 0.14 0.56 93.7
NaY-zeolite 5.9 723 5 9.1 1.00 0.20 0.00 0.00 98.2

a) PH2 = 40 kPa, PCO = 20 kPa, in the closed circulating system (ca. 250 ml)
with liquid nitrogen cold traps

b) x 102

ml-STP/g-catal.hour
c) dimethyl ether

d) total amounts of hydrocarbons which have more than two carbon atoms.

Figure 1 shows the effects of various alkali metal cations upon the activity
of the CO-H2 reaction at 453 X over MZPdC14 derived silica supported catalysts
(M = alkali metals and NH4). Lithium doped catalyst exhibited a high activity for
methanol formation, comparable to sodium doped one, whereas the activities of
non-doped (M = MH4) and K, Rb and Cs doped catalysts decreased drastically in the
order. As shown in the same figure, the amounts of CO adsorbed were also decreased
to almost half of those of the lithium and sodium doped catalysts, although those
changes in surface areas are not enough to explain the decrease in the catalytic
activities by one or two orders of magnitude. Accordingly, lithium and sodium
cations may modify the structure of the reaction sites favourable to the methanol

formation and stabilize the reaction intermediate.
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To obtain the detailed informations about the reaction sites and the reaction
intermediates, infrared spectroscopic technique was applied to these systems. In
the cases of lithium and sodium doped catalysts during the CO-H2 reaction, new
infrared absorption band at 1605 cm-1 was observed in addition to the adsorbed CO
bands. This band can be assigned to an adsorbed formate ion produced by the
hydrogenation of CO on the surface, as shown in fig. 2. The same band was observed
when formic acid, formaldehyde, or methanol was introduced on these catalysts at
room temperature. On the other hand, no infrared absorption band at 1605 cm'1 was
obtained during CO-H2 reaction over potassium doped or non-doped catalyst, nor by
the introduction of formaldehyde or methanol at room temperature. These results
suggest that it is important to have such surface structure promoted by Li and Na
cations which can stabilize the reaction intermediate as a surface formate ion,

for the selective methanol formation under mild conditions.
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