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Alloy coatings of Ni-Mo, Ni-Co-S and Ni-Co-W were prepared by electroplating on nickel plated mild steel substrate. Thc 
coatings exhibited fairly good electrocatalytic activity for hydrogen evolution in the range of 70-100 mV in 30wt% NaOH a 
353K when a constant current density of 3kA. m- 2 was applied. But the cathode potential increased with time, indicatin~ 
that the coating is gradually getting deactivated during prolonged operation. 
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INTRODUCTION 

0 ver the past few years, several developments have taken place 
which contributed to a significant reduction in the energy re- 

quirement for the electrolytic production of caustic soda-chlorine. 
These developments include: new and improved cell designs, coated 
titanium anodes, modified diaphragms and membrane cell 
technology. However, a 0.3-0.4V overpotential is still experienc- 
rd on the cathodes for the hydrogen evolution reaction in non- 
nercury chlor-alkali cells. Any reduction in this cathodic over- 
voltage will result in substantial saving in electrical energy. 

Our research efforts are aimed at the development of a suitable 
:atalytic hydrogen cathode with low hydrogen overvoltage and fair- 
!y long service life in chlor-alkali cells. Hydrogen evolution reac- 
:ion has been extensively studied in the past 100 years and the 
:atalytic effect of the electrode material upon its rate is well 
locumented in the literature. It was pointed out that the catalytic 
ictivity of the metals for the hydrogen evolution reaction is a 
?eriodic function of atomic number within the three long transi- 
.ion periods [I]. The exchange current density is a measure of such 
~ctivity. The electronic configuration of outer shells of elements 
n their ground state shows that the catalytic activity first increases 
with the increase of the d-electrons, reaches its maximum at a nearly 
'illed d- orbital, sharply decreases after its completion with one 
)r two electrons in the s-orbital and then increases again with suc- 
:essive addition of electrons ro the p and subsequent d-orbitals. 
3arlier workers [2,3] showed that hydrogen overvoltage at cons- 
ant current density in alkaline solutions varied periodically with 
he atomic number of the electrode materials. A volcano-type curve 
vas observed to exist in the dependence of the logarithm of ex- 
:hange current density on the intermediate metal-hydrogen bond 
trengthsm. The precious metals lie at the peak, with metals that 
brm weak M-H bonds (generally sp metals) on the ascending 
,ranch and metals that strongly adsorb hydrogen on the descen- 
ling branch of the curve. 

It was suggested that an ideal electrocatalyst for the hydrogen 
volution reaction should require two electrons to fill its outer d 
nd s orbitds, have a work function of 5 eV and form a M-H bond 
~f about 50K. cals mole-' [2,g. The most widely investigated 
lectrocatalysts are coplated transition metals. Some of the 
esults given in the open literature show that the best activity 

is achieved with coplated transition metals. In the present work. 
electrocatalysts were prepared by combining either Ni or Co whick 
form on the ascending part of the volcano curve with either Mc 
or W which fall on the descending part of the curve and their mor- 
phology and polarization behaviour were studied. 

EXPERIMENTAL 

Mild steel, stainless steel (Grade 316), nickel plated mild steel were 
used as substrate for the plating. T o  minimise edge effects, cut- 
ting edges were machined properly. Pretreatment procedures were 
varied depending on the substrate. Mild steel substrates were 
cathodically cleaned in an alkaline bath containing NaOH, sodium 
silicate, sodium phosphate at 353K at a current density of 100 
mA.cm-2 and were given a dip in 20% sulphuric acid prior to im- 
mersion in the plating bath. Stainless steel substrates were etched 
in hot HCl for 10 mins. In the case of nickel plated m.s., m.s. strips 
were electroplated from a Watt's nickel bath and they were transfer- 
red directly to the alloy plating bath without washing. In elec- 
troplating baths two, thin, smooth and rectangular graphite plates 
covered in a bag of nylon cloth were used as anodes. Details of 
the electroplating baths are given in Table I. 

TABLE-I: Electroplating baths 

Alloy Bath composition Plating conditions 

Ni-Co-S NiSO4.6H20: 263 gpl 
NiC12.6H20 : 47.5 gpl 
CoC12. 6 H 2 0  : 95 gpl 
H3BO3 : 30 gpl 
KCNS : 30 gpl 

Ni-Co-W NiC12.6H20 : 118.85 gpl 
CoCI2.6H20 : 23.8 gpl 
Na2W04.2Hz0 : 66 gpl 
Na4P207. 10H20 :446 gpl 
PH : 8-9 

Ni-Mo NiS04. 6 H 2 0  : 58 gpl 
Na2Mo04.2H20: 12 gpl 
NaK tartrate : 76 gpl 
NaCl : 10 gpl 
(NH40H) : To make 

pH = 10 

C.d.:50-190 mA. cm-2 
Temp. : 313-323K 
Plating time: 1 hour 

C.d. : 60 mA. cm-2 
Temp. 333K 
Plating time: 1 hour 

C.d: 50 mA. cm-2 
Temp. : 303K 
Plating time: l hour 
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The surPacc morphology of the coatings were anaIysed by a scan- 
ning clecrron microscope (SEM) at a magnification of 500 X. 
Chcmical mrnpo~ition of the deposits were analysed by the EP- 
M h  attachcct ro SEM. Thc averagz deposition  thick^^,.. *FS wa5 
rncawred usinp a micro test thickness measuring nierer. 

(ialvano+tatic polarisation measurements w r e  carried out in 
ctcacly m r . .  .4 d.c. constant currcnt power supply was used to con- 
trol the polarisation currents precisely and a digital voltmeter to 
nlrawre electrode potentials. A cylirldrical stainless steel tank of 
capacity 3 litre5 was used as the electrolytic cell. The cell was fill- 
ccl wirh 2 litres of 30% (4m gp1) sodium hydroxide solution 
prepared using analar grade sodium hydroxide pellets and tripIe 
di~tilled water. The electrolyte was continuously stirred by means 
of a motori\ed (tirrcr. Two electrolytic grade nickel plates of large 
area placed in a hag of nylon cloth were used as anode$. one on 
cadi qide of thc deposited cathode. Hp/HgO, OH- electrode was 
used a< reference electrode. The luggin capillary of the reference 
electrode was kept positioned at 0. I mm from the surface of the 
working electrode. Potentials were recorded after waiting for a stan- 
dard time of 30 5ecr at each current. Potentials werr measured and 
repurrcd vs HglHgO, O H  . The correction for IK drop for the 
resistance of the electrolyte hetween the working electrode surface 
and the luggin capillary was not donr. 

RESULTS AND DISCUSSION 

Average thicknes~ of the coating was of the order of IOprn. The 
rurfacc of the deposits were fairly smooth and strongly adherent. 
The colour of deposits varied from grey to black depending on 
[he constituents of the alloys deposiled. 

Cialvanostatic polarisqtion srudies reveaIed that overpotential for 
Hz evolution on these clectrodel ranees from 80 to 130m\? at a 
zurrent demirl; of 3IKl rnA. cm-2 in 3 0 %  NaOH solution at 353K. 
Fig. I show+ current density-potential plots for the different allay 

iy. 7: i -E  curves for different coated cathodes in 30 c v t %  NaDH 
dufion a t  353K (il Ni-Mo liil Ni-Co-S (iiil Ni-Co- W 

deposits. The iricreace in o\.erpotential for an increase of current 
density from 50 to 300 mA. cnl-2 was only of the order of 3 0  to 
80 mV. This behaviour indicated that all the deposits tested had 
excellent electrocatalytic activity for the hydrogen evolution reac- 
tion. Accelerated life tests carried out using these electrodes in 
sodium hydroxide solution at 353K at a current density of 300  mA. 
cm-2 made it clear that these electrodes lacked long term stability 
required for commercial exploitation. Cathode potential increas- 
ed steadily with time, indicating that the coating is gradually get- 
ting deactivated during operation, Mild gas evolution was observ- 
ed in almost all cases even when the electrode was in open circuit. 
In the case of Ni-Co-S electrode, on open circit~t, the colour of 
the solution in the vicinity of the electrode turned blue which may 
be due to Co becoming anodic with respect to nickel and the con- 
sequent preferenrial dissolution of Co.  None of the coatings 
withstood the accelerated life test beyond 2042 hours. I t  is wor- 
thwhile to mention here that catalytic cathodes are technically viable 
m l y  when their coating l i fe  is of the order of 1.5-2 years. 
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Fly 2(3) SEM photomicrograph of N i - M u  costmy 

Fig.2(61 SEM-mapping for nickel 
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Examination of the scanning electron micrograph of the surface 
of the deposit$ revealed that by and large the deposits were very 
smooth and strongly adherent. Fig. 2(a) shows the scanning rlec- 
tron micrograph of a typical Ni-Mo deposited surface. Mapping 
of the constituent of the deposited alloy EPMA indicated that the 
constituents of the alloy were not uniformly distributed over the 
surface of the substrate and the substrate is exposed in patches. 
Figs. 2(h) and 2(c) depict typical nickel and blo mapping of the 
alIoy deposited surfaces respectively. Theze observations imply that 
the destabilisation of the electrocatalyst may be due to hydrogen 
evolutiun on the substrate or the constituents of the elecrrocatalyst 
not forming a homogeneous single phase solid solution, but pre- 
sent as separate phase offering sites for hydrogen evolution. 

Though coplated transition metals are excellent electrocatalysts 
for hydrogen evolution reaction, they lack the long term stability 
required for usage in chlor-alkali cells. Now attempts are being 
made to prepare precious metalhnetal oxide incorporated cathodes. 
so that H 2  evolu t i~n  takes place only on catalytically stabilisrd 
sites and not on  the substrate. These cathodes are in continuous 
operation for the past few months in the actual working condi- 
tion of the chlor-alkali cell with a constant overvoltage of 
70-80 mV. 
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Fig.P{cl SEM-mapping for molybdenum 
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