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Abstract

Methanol decomposition to hydrogen and carbon monoxide can be catalyzed in a liquid-phaséGito80 nickel
supported on silica. By-production of formaldehyde suggests that the reaction mechanism is similar to that for the gas-phase
reaction. The initial rate of the liquid-phase decomposition is about one third of that in the gas-phase, but the reaction is not
very sensitive against presence of hydrogen and carbon monoxide which cause a decrease in the reaction rate. © 2002 Elsevie
Science B.V. All rights reserved.
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1. Introduction (CH30H — 2H2 4+ CO) and the water—gas shift reac-
tion (CO+ H20 — Hy + COy). The reforming is ex-
Methanol is a clean burning liquid, which can be pected as a source of hydrogen to fuel cells especially
produced from natural gas, coal, biomass, etc. and for electric cars. On the standing point of reaction-heat
it can be used as a fuel for automobiles. Since the supply, which is important in an endothermic reaction,
methanol decomposition to hydrogen and carbon aliquid-phase reaction is advantageous to a gas-phase
monoxide is endothermic, the reaction is utilized for reaction because of the high heat flux between a re-
the heat recovery of the exhaust gas and the decompo-actor wall and liquid. However, application of solid
sition gas is fed to the engine [1]. The decomposition catalysts to the liquid-phase decomposition under the
can be also applicable to the energy recovery from the practical condition has not been reported as far as we
waste heat of industries whose temperature is as low know. In the present study nickel supported on silica
as 200°C [2-5] while on-site production of hydrogen [6,7], which is active in the methanol decomposition,
and/or carbon monoxide is practically carried out in was employed as the catalyst for the liquid-phase re-
chemical processes. action and the activity has compared with that in the
The reaction is a part of methanol steam reforming gas-phase reaction.
(CH30H + H20 — 3 Hz 4+ CO») which can be mod-

eled as a combination of the methanol decomposition
2. Experimental
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solution contained nickel nitrate (GR grade, Kanto), argon carrier at 180C. The reactant and products
ethanol, water, and citric acid. After drying in air were analyzed with an on-stream Yanaco G2800 gas
at 50°C the solid was heated in an argon stream at chromatography (Porapak T, 4 m; Ar carrier) equipped
170°C for 2h and in air for 2 h at 500C for removal with TCD.

of NOs-anions and residual organic compounds.

The sample contained 40wt.% of nickel as metal

(Ni/SiOy). The BET surface areas of the sample was 3. Results and discussion

402t g1 determined by the isotherms of nitrogen

physisorption. Liguid methanol was decomposed with Ni/SIiO
The liquid-phase methanol decomposition was at 180°C. The products detected were hydrogen,
performed in an autoclave (0.20 dmPrior to the re- carbon monoxide, and formaldehyde (Table 1). The

action, the catalyst (0.50 g) was activated under evac- masses of the products were well balanced. Nickel
uation followed by reduction with hydrogen (0.2kPa) carbonyl would be formed, but no deposition of nickel
at 500°C for 1 h and sealed in a glass capsule. The on the reactor wall was observed; this suggests that
capsule was placed in the reactor with methanol the formation of nickel carbonyl is negligible under
(1.22moal), and the air inside of the reactor was usu- the reaction conditions while metallic nickel is eas-
ally displaced with argon. The capsule was broken by ily formed by decomposition of the carbonyl. The
pressurizing with the purge gas at room temperature, yield of carbon monoxide increased with the time
then the pressure was reduced to at a desired presperiod of the reaction (Fig. 1), while the selectivity
sure and the reactor was heated up to 180 or’200 to formaldehyde did not change significantly. The
within 0.5 h with a vigorous stirring. No contribution  presence of formaldehyde and the absence of methyl
of the reactor to the reaction was confirmed. After formate in the products suggest that formation of
the reactor was cooled down to room temperature, carbon monoxide takes place via formaldehyde [7,8].
the pressure inside was measured. The products wereAt a reaction temperature of 20€ no formation of
analyzed with a Shimazdu-8A gas chromatography formaldehyde was detected, showing that the decom-
(TCD) whose columns were Porapak T (2m) and position of formaldehyde is preferable at a higher
activated carbon (2m). temperature.

The gas-phase reaction was performed in a The methanol decomposition was suppressed in
fixed-bed continuous flow reactor operated under an presence of 0.50 MPa of carbon monoxide or hydro-
atmospheric pressure. The catalyst (0.25 g) was sand-gen as a purge gas. In the gas-phase methanol decom-
wiched with quartz wool plugs in a tube reactor made position it is known that presence of hydrogen and/or
of quartz glass (i.d. 6 mm). After reducing the sample carbon monoxide in the reaction mixture inhibits the
in a flow of hydrogen (25vol.%) in argon for 1h at reaction [7]. When 0.50 MPa of hydrogen was purged
500°C, then methanol (50vol.%) was fed with an at room temperature, the rate of the liquid-phase

Table 1

Liquid-phase methanol decomposition over Ni/gi€atalyst at 180C

Reaction period (h) Purge gas Pressure (MPa) Methanol conversion (%) Selectivity (%)

Initial Final Cco HCO

2.5 Ar 0.10 0.42 0.87 91 9
7.0 Ar 0.10 0.73 1.76 89 11
15.0 Ar 0.10 1.12 2.88 89 11
15.¢ Ar 0.10 1.46 3.40 100 0
25 H 0.50 0.78 0.70 Major Trace
25 CO 0.50 0.67 0.43 Major Trace

apressure of the reactor at room temperature.
b Reaction temperature, 20G.
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Fig. 1. Time course of liquid-phase methanol decomposition over
Ni/SiO, catalyst at 180C. Purge gas: Ar, 0.10MPa at room
temperature. 0.00 :
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reaction was appreciably decreased while the effect

of carbon monoxide was larger (see Table 1). Fig. 2. Relationship between yield of carbon monoxide and contact
Carbon monoxide and hydrogen were formed in time in gas-phase methanol decomposition over NifSi@talyst

the gas-phase methanol decomposition at>T80ver at 180°C.

Ni/SiO2 with a slight amount of methane (Table 2).

The yield of carbon monoxide depended on the con-

tact time obtained from the F/W assuming that the the surface of nickel in the gas-phase reaction al-

apparent density of the catalyst is 1.2 kgdinThe most completely [7]. In the gas-phase reaction on

initial rate of the reaction was 0.025 motbh—1. On nickel, the following mechanism is proposed [7,8],

the other hand, the initial rate of the liquid-phase re- that is

action was 0.008 molgt h—1 and smaller than that of

the gas-phase reaction (cf. Figs. 1 and 2). CHaOH +2Ni = CHsO-Ni+ H-Ni (1)
The reaction in presence of carbon monoxide or CH;O-Ni+ H-Ni — CH,O—-Ni+ H, )

hydrogen shows that the gases depress the liquid-phase ) ) ) _

methanol decomposition. However, the decrease in the CH20-Ni+ 2Ni — CO-Ni+ 2H-Ni ®3)

apparent formation rate is not so large as estimated ,_ni = Hy + 2Ni (4)

from the kinetic rate of the gas-phase decomposi-

tion although the pressure is high enough to poison CO-Ni= CO+ Ni (5)

The methoxyl groups formed in step 1 is the in-
Table 2 termediate of the decomposition and step 2 is
Gas-phase methanol decomposition over NifSiCatalyst at rate-determining. Since the adsorption strengths of

180°C* hydrogen and carbon monoxide are considerably
FIW (dm?h~tg™) Methanol conversion (%) higher than that of the methoxyl groups [7], the pres-
16.8 5.6 ence of hydrogen and carbon monoxide reduces the
26.7 4.9 surface concentration of the intermediate although
30.2 37 surface hydrogen is indispensable to promote the

aReaction conditions: catalyst, 0.25g; concentration of decomposition of the methoxyl groups (step 2). In
CH3O0H, 50vo0l.%. the liquid-phase reaction adsorption of hydrogen and
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