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ADSOREDICN AND AXIDIC OXIDATICON CF
HYDROGEN ON TUNGSTIN CARBIDE ZLZCTRUDES
rlaralc S6hm
AEG-TELZFUNKEN TForschungsinstitut
Frarnkf urtamLhin

So far the anodic oxidation of hiydrogen has rainly been perforzed
in fuel cells working wich arn alkxaline electrolyse. The crawoacsds
oI :an alkaline cell - carbonate forzation arnd poisoning of the
electrocatalysts - are however sufficiently well known.

fuel cells working with an acid electrolyte avoid these difficulties.
NXoble metals however are needed as electrocatalysts. The resulting
main disadvantages are the high inherent cost and the sensitivity

of platinium against CO.

Our aim therefore was the utilisation of non-noole metal catalysts
for the arodic oxidation of commercial, impure hydrogen in an acid
fuel cell.

Tocur years ago we discovered that tungsten carbide is a useful
g.ectrocatalyst /1 /. #C had so far beean known in engineering as

& refractory material with hard wearing properties. Catalytic
properties had not until then been attributed to this subdbstarnce.

In view of its excellent acid resistance and good electrical ccrnluc-
tivity we have prepared gas diffusion electrodes froa ASC-powcer.

Cn these electrodes, arranged in a conventional half-cell with

2.N E, SO, as an electrolyte, we have measured the anodic hydrogen
oxidation.

Tpe first figure shows the results of the triangular voltage sweep
measurements. ¥ith argon onﬁj at a potentlal exceeding 700 mV against
a H, reference electrode in the same solution according to Giner /2/
comnences the oxidation of the WC. With hydrogen higher current
densities are achieved which are attributable to the anodic oxida-
tioa of hydrogen. Statiornary measurements too =~ as in Figure 2 -

show the hydrogen consumptionrate. The results for Gifferent ce
ratures provide an activatioa energy in the range of 5.5 to 7.9
kcal/z=ol.
These xeasurements were taken on a gas diffusion electrode whicz

vzs zarufactured from a commercial quality of WC powder. But to
cluce secondary effects such as porosity etc. measurements are
st zade with smooth #C electrodes. Such electrodes are obtained
2y carturizing 20um thick tungsten foilswith lampblack at texzpera-
Tures o2 1500-16C0°C. A thicker sheet would not yield a full carbu-
rization effect. At these smooth electrcdes the oxidation and
adso“ptlon of hydrogen was measured in a thermostatically controlled
cell. Again a half-cell assembly was chosen with a platinized pla-
.1nu: electrode as the reference electrode, and 2N f, SO, as the
electrolyte. The nydrogen was streamed through a frlt. (Flg. 5)
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only low current densities are observed at these smooth JC elec-
<rcdes for the arodic hydroger oxidation. At 20pA/cmé the liziting
currernt density is already fouzd to occur., This is rather a low
vaiue compared to szooth platizuz electrcdes. The exchange current

censity for tke i /H* reaction at WC is also very low, 0,4 wa/ca

rave ceterained the a‘netlcs of aydrogen adsorption urder opern
ocult corditions by plotting the caarging curves. ror ihis
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33SC Thée elsctrelc is sudbjecesol to o 5 ¢cycie &s Is

Zitraseld in Figure 4. First the elec 25 Zept &t + 400V
W.ZTE practically no I, adsorption take: .ce. Tnerealter the
¢.ectrodc Is placed into a poterntial-Ir ase, and Quring Tils
Deriod of tTime tag hydromen is bLeing ads G. .Jacn this sericd
~as elapceld the whole azount oI alsoroed rogen is oxidized Dy
one rectanzular current izpulse; the adso 4 cuantity ol hrdro-
gen is deverxnined Iroz the potential curve. 3y selectiny various
lengstis of tad the zaxinur adsorbable hydregen amount sad the
Xinetics of the adsorpticn process may ve detvermined.
&~ noticeadble I, adsorpiilon on the AC electrodesonly occurs after
several anodical impulses when the electrodes assume potentials
¢ 200 to 1080 zV. It zust therefore be assumed tnat adsorption
cces nctv directly proceed oan the WC surface but rather on a thin
oxide layer forzed during the arodic impulse duration.
Tre zaxizun adsordetle hydrogen veolums is net reproducidle employ-
ing various szooth WCelectreles. Tnc valucs Jouné lay doiweln 7 o
ané 32 pC/cmz. Tre platinua electrode in contrast yicldécd 5704+ C/ca

P

ess winetics also ciffer betwe

The adso en Vi
s may be characterized by the Lang

wnere o represents the degree of coverage - 6 is arbitrarily egquated

it unity for the zaxinum adsorbatle &, amcunt - K 1s the rate
tonatent, ci, the hydrogen concentration witiin the electrolycte,
enid n 1s the order of reaction with regard to the Iree surface
sites.

Tigure 5 shows log d6/d% plotted over log (1 -6). The slope of the
curve and Lence of the reaction order zn are found to be unity for
slatizua, for tungsten carbide however two. Tne slope is very well

e

rezroducible for tzme diverse [JC electrodes.

Jito zlatinum ore surface site is needed, i.e. the adsorption of
the =, molecule determires tke rate of the reaction; with JWC and
reaction order 2,ao0wever,two surlace sites zre needed. The rate
deterzining step here is the dissociation of the L wmolecule:

—_ 2 I

2ag “ad
Trne Ttwodatozs ere then adsorved on two surluce sites; only with
aigher fractiornal coverages will values below 2 be found. .Jith
largely occupied surfaces also the adsorption ol the L, molecule
tends to cetverzine the reaction rate.

In soite of the Llow excnange c Ty & ad
ceracity for rydrogen at suo dcs, ble
sitles zay alsc Te attalincd olzs cd
suitabile trecess znd under o Tion at
trez Y& carried outv &t 2% 10° S LS 2 wita
short reaction tizes. wnotie is ticic
size.
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tungsten carbide catalysts
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