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Synopsis. Hydrogen is evolved from an alkaline
solution of formaldehyde in the presence of a tungsten car-
bide catalyst at room temperature under atmospheric pres-
sure. Neither platinum nor palladium shows any catalytic
activity to this reaction. The hydrogen evolution competes
with the Cannizzaro reaction.

Much attention has been paid to hydrogen as a
fuel of a post-petroleum clean energy system. If hy-
drogen could be made available in desired quantities
without great effort or equipment, this energy system
would become more feasible. Formaldehyde in an
alkaline solution has been found to yield hydrogen
at room temperature under atmospheric pressure when
tungsten carbide (WQ) is used as a catalyst. This
new type of reaction might satisfy some of the above
requirements. Moreover, a hydrogen energy system
including formaldehyde is related to an efficient utiliza-
tion of coal since formaldehyde is produced from coal.
The present note describes and discusses experimental
results of a preliminary investigation on the new re-
action.

When WC (0.5g) was added to a formaldehyde
(1 mol dm~-3) solution containing 2 mol dm-3 NaOH at
around room temperature under atmospheric pressure,
a gas was evolved after an induction period of about
1 min as shown in Fig. 1. The evolved gas was iden-
tified with pure hydrogen gas by gas chromatography
(with molecular sieves 5A column and TCD). As Fig.
1 shows, the hydrogen evolution rate decreases with
increasing reaction time. This tendency is more pre-
dominant at higher reaction temperatures. The hy-
drogen evolution rate calculated from the amount of
hydrogen evolved for 5 min after the beginning of the
evolution was greater for the higher temperature. An
activation energy estimated was about 36 kJ mol-L

No change was observed in the X-ray diffraction
of WG after the reaction, indicating that it worked
as a catalyst.

The relation between the hydrogen evolution rate
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Fig. 1. Hydrogen evolution volume vs. time under at
mospheric pressure.
vg: Hydrogen evolution volume in ml-STP, formal-
dehyde concentration: 1 mol dm=3, hydroxide ion
concentration: 2 mol dm—3, WC weight: 0.5 g.

and the hydroxide ion concentration under conditions
where the initial formaldehyde concentration was 2
mol dm~3 and the reaction temperature was main-
tained at 20 °C, is shown in Fig. 2. The evolution
rate increased linearly until the concentration was
increased to 2 mol dm=3. Above this value, the rate
decreased slightly.

The dependence on the formaldehyde concentration
of the evolution rate observed at 20 °C with the hy-
droxide ion concentration of 2 mol dm=3, is shown in
Fig. 3. The rate increased when the formaldehyde
concentration was increased up to 2 mol md-3. How-
ever, further increases in the concentration decreased
the rate.

No hydrogen was evolved when benzaldehyde, acet-
aldehyde, paraldehyde, acetone, methanol, or formic
acid was used in place of formaldehyde. No hydro-
gen evolution was observed either in an acidic
formaldehyde solution. Thus, the hydrogen evolution
must occur only in an alkaline formaldehyde solution.
Therefore, the conceivable reaction is written as

HCHO + OH- = HCOO- + H,. (1)
The total amount of hydrogen evolved from a solu-

tion containing 26 mmol formaldehyde and 26 mmol
NaOH was 10 mmol. If only reaction 1 proceeded
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Fig. 2. Dependence of hydrogen evolution rate on
hydroxide ion concentration at 20 °C.

rg: Hydrogen evolution rate measured at 5 min after
the beginning of the evolution, formaldehyde concen-

tration: 2 mol dm=3,
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Fig. 3. Dependence of hydrogen evolution rate on
formaldehyde concentration at 20 °C.
Hydroxide ion concentration: 2 mol dm-3,
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in the reaction solution, the total hydrogen amount
must have been 26 mmol. This discrepancy can be
explained as follows. In the reaction system, the
Cannizzaro reaction

2HCHO + OH- = CH,0H + HCOO- @)

must compete with the hydrogen evolution. Thus, the
total amount of hydrogen is smaller than that cal-
culated on the basis of only reaction 1.

Sodium formate and methanol were found except
for formaldehyde in the reaction solution by Raman
spectroscopy. ‘This is consistent with reactions 1 and 2.

The standard Gibbs energy difference of reaction
1 is —47.7k] mol1.1) Therefore, the forward reac-
tion in reaction 1 is thermodynamically easy to pro-
ceed. With an acidic formaldehyde or alkaline meth-
anol solution, the standard free energy difference is
positive or slightly negative as follows:V

HCHO + H,0 = HCOOH + H,
AG® = 10.9 kJ mol-?, 3)
CH,OH = HCHO + H, AG®= 449k mol-1,  (4)
CH,OH + OH- = HCOO- + 2H,
AG® = —0.7kJ mol-1. (5)
Thus, the forward reactions in reactions 3—>5 are ther-
modynamically almost difficult to proceed. By com-
paring the free energy difference in reaction 1 with

that for reaction 3, the motive force for hydrogen
evolution is considered to be the heat of neutralization

OH- + HCOOH = HCOO- + H,0
AG® = —58.6 kJ mol-L, (6)

To find catalysts effective to the hydrogen evolution
other than WGC, carbides, nitrides, borides, oxides, sul-
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fides, and transition metals of all the groups from III
B to VIII B were tested at room temperature with an
aqueous solution of 2 mol dm—3 formaldehyde concen-
tration and 1.6 mol dm-3 hydroxide ion concentration.
It was found that Mo,C, W,C, (Mo,W)C, Mo,N,
W,B;, WB,, WB,, Mo, and W were active. It can
be pointed out that only the compounds of the VI
B group eclements have catalytic activities. Among
them, WC was most active. It was interesting that
platinum black and palladium black were inactive.
WC often behaves as a platinum-like catalyst®3 due
to its similar catalytic activity and electronic structure.
However, WC catalyzes the reaction that platinum
does not. Since WC is known to be a catalyst for
the anodic oxidation of hydrogen,® ammonia synthe-
sis,®) and other reactions,® it is a very promising ma-
terial to replace precious metal catalysts.
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