THE EFFECT OF ALTERNATING CURRENT ON THE ELECTRODEPOSITION OF NICKEL
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lwernating current is widely used in the study of various kinds of electrochemical processgs,, a and also, for
effecting or improving a number of rechnological processes, Thus, alternating current is used in the study of
the structure of the electrical double layer [1], for the elucidarion of the kinetics of the formation and disso~
lution of oxide films [2], in the study of the discharge and ionization 6f hydicgen [3], and also for the anodic
dissolution of various metals (Cr, Mn, Pt, etc.) [4].

_ Studies have been miade in a number of papers of the effect of the superposition of an alternating -
cmrent on the cathodic process in the elecmodeposition of metals, Thus, Izgaryshev, Kudryavisey, and
Berkman [8], Kohlschutter #nd co-workars [8], 21d cthers have noted a nonsiderable reduction in the polariza-~
tion of the caihode in the electrodeposition of nickel, There are also papers showing that the superposition of
aw alternating current during the electodeposition of metals greutly affects the sancture of the deposit [6,71
In spite of these investigations on this subject, the causes of the change in structure of electrolytic deposits
anc of the reduction in the degree of polarization of the electrode remain chscure. In the present investigation,
some supplementary data conceming the eifect of an alternating current on the electrodeposition of nickel are
brought forward, '

EXPERIMENTAL

In our study of the effect of alternating cuére_m on the structure of élecumolytic deposits of nickel we
used the following circuit (Fig.1); AC is au accumudawr, C a ¢ondenser, mA d.c, and a.c. milliammerers,
Ry and R, rheostats, Dp a choke, E the source of a,2, A the anode, ¥ the cathode, and B an auxiliary nickel
electrode for the superposition of the alternatng carrent, &Lc%‘-odeposmon of nickel was camed out fron
electzoiyte of the following composition:

NSOy THO . . . . . . . 250 g/liter
. NaCl, . . .. ... .. 5gfliter
% : H3803 e e e e v s o s s 30 g/liter

PH. v« . v v v v o s v 548

The temperaace of the elecuolyte was 26°.

Foz the elecrrodeposivion of nickel the density of the ditect current
was varied from 1 %0 3 amp/eq.dm, and the density of the superimposed
alternating cwrent was vatied also from'1 to 3 amp/sq.dm, The stuctures
of the electolytic depssite of nickel, as exhibited by the eleciron micro~
scope "replica® method {magnificarion 7000), are shown in Figs? 2,3 and

. 4s. The frequency of the aliernating custent was 50 cycles/sec, Fig. 2
‘ shows the stuucture of 2 alckel deposit obzained at a direct curent density -
o ' - of 2 amp/sq.dm without superimposed a,c, The deposit chown in E‘g 3
‘was formeéd ac 2 direct current demity of 2 amp/sq.dm with superimposed
50 cyclesfsec a.c. of the same density, For the deposit shown in Fig.4, the d.c, density was 2 amp/sq.dm and
the a.c, densxty was 3 amp/sq.dm

As will be see‘l from the phomgrapbs, in the fe.r*ge of a.c, density 12 amp/sq dm there is no app:er-xable
Increase in the size of the crystals of the deposit, but 2t an a,c, density of 3 amp/sa.dm the grain size increases
‘sharply, It is evident that this increase in ciystal size is to be observed only when the value of the superposed
altemating current exceeds that of the direct current,

Besides smdyipg the structures of electrolytic deposits of nickel, we examined the effect of the supec-

S We expres: our g:anmde to A. B. S‘:ekht»: and i, I, Tretyakoy for the determination of the mm“ostmﬂtu:es of
the deposits with the aid of the electron 'nmfasccpe. Sce Piaie,p. 547. '

399



position of an alternating current on the porous character of che deposits, In these investigations electrolyte
deposits of nickel were obuined {rom electrolyte of the ,am: composition of a d.c, density of 2 amp/sq.dm,
the a.c, density being varled from 110 3 amp/sq.d’ﬂ. The thickness of the deposit invesiizated was 18-20;1,
The number of pores was determifed by the aid of a reagent of the following wompositions ’

K‘F%CN}‘- .5 ¢ v s & .208/1&?361,’
NaCl. . . . « v s s o . . lOg/liter

The reagent was aillowsd t0 act for 2 mir, The pores were counted under the micrescope at a roagnifi-
cation of 50 13}, The expcrimen'a‘ results are given in Table I,

TABLE 1 ; : TABLE 2
Dependence of the Pore Density Dependence of Poze Dezury on the Frequency of the Alte:matirg
on the Relative Densides of the Curreaz
D;recteand A; ::ma;igg C:;m;sish D.e. A, [ A.c. frequency (cycles/sec) I No. of
(frequency of a.c, 50'cycles/sec) density | density. 20 | 50 | 500 | 4000 ] 12000 ' pores per
D.c. | A.c, density (amp/sq.dm) (amp/ (ammp/ ' Number of porae per sq.cm }sq.cm
densizyl6 | 112 ] 3 - sq.dm) sq.dm? , | without -
(amp/ { Number ¢f poter per sq.cm ‘ _ ! superposi=
se.dmy: i - ' i , . ' don of a.c,
] T ' ' A ' ' o

1 20 | 8 |10 |18 1 1478 |10 17,f1a 25

2 |14 | @ 9%14 2 1 7Iva~’11§’14 18 14

g le |7 fu s | s i1 js e 8 1|1 | 16
+ The pcmemiry results given in . :
Table 1 are average values from 18 v - As will be seen from these results, when o2 alternating
experiments, ‘ current of depsity of 12 amp/sq,dm 18 superimposed, the number

of pores diminishes sharply, Besides studying th= effect of the
. density of the alwemaring cwrens, we investigated the effect of
the frequency of the current on the porous naturz of the electrolytic depe:its of nickel, Table 2 shows the
dependence of the pors density on the frequency of the alternating current, * As will be seen from Table 2, a
high-frequency aliernatirg cuzrent has no effect on the pore density of electmolytic deposits of nickel,
DISCUSSION OF gssﬁws :

It is evident that, when there is » superimposed alterpadng cutzent of density greater than that of the
direct cunent, conditions are created at the cathode that lead not only to intensive growth in the nickel crystals
fermed, but alzo 1o their periodic dissolution in association with the changing discotion of the alternaring cuirent,
If it is assuined that the electrolytic deposit on the cathode consists of crystals of variable size (which is indeed
o in most cases, se2 Fig.2), then it may be supposed thar when the dizection of the cumrent changes there will be
preferential dissolution of the fine crystals, owing to their greater excess of surface eﬁ»rcy and therefore lower
stability when compared with the larger crysials,.

The dependence of sclubility on suzxface energy and on cyystal dimensions ic given by Thomson®s equationg

oo 20M 11 "
BT ln7) 7 S _ &)

where py is the vapor pressure of crystals of radius 15, py ic the vapor pressure of crystals of radms y; o is the
surface tension of the crysial:/ M is the melecular welght, and < is the density of the metal, Denciing the L.H.S,
of cquadon 1 by g, the overvoltage, [S] and assuming :, 1 be mfﬁmenﬂ ¥ great, we obtain

- coM :1_._._ c o
an 1‘3‘ o (‘}

The determination of the dissolution rates for crysials of various dimensions from this formula is
difficuly, firetly owing tc the absence ¢f exact data on the surface tension of the crystals of solid metal, in
particulaz vickel, and secondly owing to the difficulty of ezﬁzr,nbhsama3 the exact re!auom}up between ilie ovei-
voltage and the crysral uimenswns.
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Ana'ogeus calculations from equation 2 for the deposttion of silver 18] have shown that for a ten-fold
charge in crystal dimernsions (1 = 1.4 108 and 12 = 1.4*10“) the overvoltage for silver deposition chunges by
only L7 mV, When {cis consldered that the order ¢f magninde of the overvoltage for dissolving nickel erystals
scarczly changes in compartson with that of silver with variation In crystal dimensions, i: is syident that the
overvoltage arising from differences in the crystal dimensions in nickel is very small in comparison with the
total overvoltage ohserved in the electodsposition of nickel [10], It may therefore be considered that variavions
in the rate of dissolution of crystals due to variations In size cannot play an fmportant part in the electrodeposd-
ton of nickel, and i1 is th thus impossible to explain the increase in size of nickel crystals when alternadng current
Is superimposed as the result mersly of Dxeferannal discolution of small crystais,

Another posyible explanation is as follows, When elecirodenosition of nickel occurs {n the courss of

electrolysls, there occurs the discharge not only of nickel ions, bui also of hydrogen lons, with the result that

" calloidal particles of hydroxide are formed directly at the surface of the electzode, particularly in neutral or
weakly acid soludons [11). These particles, which <sparate at the cathode together with the depositing metal,
act as passivators, hindering the growth of the pickel crystals, As a result of this inhibition of crystal growth, 2
finely crystalline nickel deposit is obtained, According to Billiter [12], these particles (passivators} may be
detected in the form of black embedded marnter at the boundaries of the gra.ins by examinaton of metalio~
graphic presarations of the deposit,

The formation of finely crystalline deposits of nickel resulting from the actien of the hydroxide, Whmh
is formed at the cathode and becomes embeddeéd in the deposit, has been noted also by other authoss [133
fact, when the rickel depcsn is analyzed, a certain amount of oxygen can be detected, which confirms that thc
embedding of hydroxide in the deposit has eccumed [12-143 -

On the basis of the above discussion {t may be regarded 2s probable that the formation of a finely cry-
stalline stuctige U the electrodepositinn of mickel is due o inhibition of crystal growth, The supérposition of
shremnating current in ihe electredeposition of nickel must reduce the effzct of these passivators, since the
eleczode s polarized alternately cathodically and anodically — when polarization is anodic, the hydroxide
particles not only cannot separate at the electrode owing to their positive chérge, but will sven move away
from the elscuode, Un fhe-other hand, owin to-the ahodic polarizatior of the elecriode, the dischaige of
nydroxyl tons will cceuf there, leading ro acidification of the solution adjacent to the electrode. - Increasé in the

aciﬁi*y of the layer adjacent 1o the cathicte: will result fn the.desumcrion of the hydrovide particles thathave formed.

These rwo processes will zesuls is a reduction in the concenmation of the hydroxide, i.e.of the intubitor of cryetal

growth.
The bigh overvoltage value for die electrodeposition of nickel is to be explained by the diffienlty,

due © e inhibiting effect of adsorbed nickel hydroxide on the electrode surface, of aischarging nickel icns
{10}, The lowering of the overvoliage by the superposition of alternaring cusrent is to be explained by the
partial removal of the nickel hydroxide, - '

O the bagis of this discussion it is evident that, as the factors causing passivarion of the cryuals are
remcved, conditions are created that encourage the growth of individuel cry=tals, and the {actors prevenring
coalescence of crystals are removed also Curtailment of the growth of a group of growing crystals appears
be ane of the ca“m of the formatios of pores between them {8’&

R.xfmczcﬂ in the nuraber of porcs when ahe'natm& current is superimposed is to be explamed by a reduc~
ton in the adsorption of the passivators (nickel hydiuxide) that inhibit the growth and coalescence of the growing
erystals and prevent the formation of more compact deposits. The ‘absence of any effect due to the alternating
curient on the mumnber of pores in elecuolyie deposits of nickel when the frequency is increased may be ex-

plained by the fzét that ar high frequencies the composidon of the solution in the cathedic layer does not alter —
scidificadon and tke removal of hydroxide particles from the cahiade iayer do not oceur owing ro the high
fmqaencv with which the direction of the current changes 151 .

‘ SU MMARY

1. The cffect of altemating current on the electrodeposition of nickel has been'smdied. It has bheen
shown: that, when alternating cirrent of greatar than a certain density ir superimposed, the deposit is of a
oarsely crystalline snucrure,

2. It has peen shown tuat, when alternating cizrent is sunerimposed, the number of pores in slzcuo-
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Iytic deposits of nickel {s reduced, With incr2ase in the fxecuency of the alternating current, itz effect
gradually disappears,

3. A hypothesls is given in the paper concerning the possible mechanism of the action of alternating '
current on the structure of the depotit and alsc on the overvoltage for the discharge of nickel fons,

Recalved December 28, 1951 ‘ Institute of Physical Chemistry of the
. USSR Academy of Sciences
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