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Abgtract :

lickel amalgens of‘varying concentrations were
anodigally oxidlzed galvanostatiocally in phogphoric
acid solutions at 25°C. Two dlfferent oxidation
patterns ware distinéuished. The first described the
behaviour of the nickel amalgams in concentrated soid
golutions (2.0 and 3.0 N H3P04J and the gecond gave the
behaviour of nickel emalgams in dilute amcid zolutions
(.2 N H3P04). The oxidation curves in concentrated
golutions showed regions for the charging of the
anodi¢ double layer, dissolution of nickel as N1+t
followed by its oxidation to NiO, formation of
mercurous and mercuric phosphate, Ni,0,and Fi,0, which
is oxidized further to N102 vefore oxygen evolution.

With dilute solutions the oxidation ourves
revealad that, the oharging of the anodic double
layer, digsolution of Wi as Hi**, apd its oxidation

$o NiQ ap in contentrated phosphoric acid solutions,
|

—45-



Women's Coll)l. Ann. Rev. "
. Vol. 15 {1990).

wag followed by s region of osclllations due to the

congecutive formation and diseelution of mercurous and -
mercuric phosphate. The NiO formed at the early stages

of passivity ls then oxidized to Ni304 : H1203 then

NiOz before oxygen evolution.

The relation between the polarizing current, / , T
and the time of passivation, 7, waa found 40 follow
the followlng eqQuation :

Log ¢+ = A ~nlogld

where A and n are constante. The resulta indicate

thet the diffusion of nickel within the amalgem to the
amalgam / electrolyte interfaCe was mainly rate the determi-
ning in the process of pasgivation. !

The effect of tempereture on the time of
ragslvation of nickel amalgams in phosphoric acid

golution was also lnvegtigated.
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introduction :

The chemical literatwre is rich with informaticn
regarding the oxidation end passivation of metallic
alloyss. Certaln rules are put to exzplain and predict
the beneficial or determintal effects resulting from
incorporating tracee of one metal in the Lulk of
another, Little of such work is directed, however,
to study of alloyse in which mercury forms the main

constituent.

Horsover, nickel end 1ts alloys possese excellant
corroslon resisiance in a wlde veriety o©f environments.
Thig naturally riges considerable interst in inveatlga-
ting the cause of pagsivity of nickel. Several techni-
Ques have been employed to characterize the nature and

the thiclmess of the surface film(i=24),

Therefore the main objective of this study wes
to inveetlgate the oowmpogition of tha film formed on a
nickel amalgem electrode and throw mere ligh% on the

mechaniem leading to the electrode passivation,
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Ezperipental :

The electrical cell and experimental detalls
were pimllar to those given previously(ES). The amalgaﬁ
electrode was in the form of & small cup of 1.67 ¢m
internal diameter, provided with a secaled platinum
wire. The ¢athode was in the form of an euxillary
eleotrode with a sealed platinum c¢ontact. In order
to avold the Contaminetion of the tested solution with
the cathode products, the cathode was isolated from
the electrolytic solution. This was echieved by
auxillary electirode in a speclal compartment fitted

with a sintered - glass digk of medium porogity.

The potential of the working electrode was
measured ageinet a saturated caleomel eleStirode., All
potentials are referred to the reversible hydrogen

electrode scals.

The emalgam of the electrodes were pfepared
elecirolytically in eitu from the acid plating baths
heving the frllowing composition: 90 g. Ni 504. T Hzo,
30 g. Nicle. 6 H,0, 16 g. (NH4)2504, 30 m2 H3P04 and
4.5 g NH4Gl / L.

Aknown amount of solution was introduced into
the electrode cup conteining 1.5 ml of doubly distlilled

mercury and eleCirolysis was ocarried out with fized
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ourrent 50 m.4d/electirode for nickel with mercury acting
as ths cathode. The electrode area was 2.30 ¢m®. The
mercury and electrolyte were coniinuously etirred.
CGomplaete plating of the metal was marked by the brisk
evolution of hydrogen gas from the esurface of the
eledtrode., Elecirolysls was continued for a further

30 min, poeriod. <The smalgem was washed several times
with doubly distilled water, and then dried with natrow
gtrips of filter paper. Ccocmplete deposition of nickel

wao asoertained by atomic absorption apalysis.

Amalpgeme varylng in contentration between
0.6448 x 1072 to 3,8557 x 1072 wt% nickel were thue
prepared. Orthophosphorlc acid sclutfion was ussd as

testing medin to prepare 3.0, 1.0 and 0.1 N sclutions.

The results and snelysis indicate that the nickel
amalgam elecirodes prepared in this manrer have the

following composgition {Table 1.)

Tabls 1. Amalgams Electrode Composgition :

Eleﬁgruda ?gnf°§§t‘ wt-% Ni. Mole fraotion
I 0.5 0.6448 x 1072 2.2615 x 102
1T 2.0  2.5738 x 1072 8.6965 x 107
ITI 3.0 3.8557 x 107° 12,9880 x 1072
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Resulis and Dimsdussion :

Anodlc and oathodic polerization curves for
nickel amelgams with inCreaging metal content were
traced in 0.1, 1.0 and 3.0 N - H3PO4 golutions at 25°C,
For each amelgam and stlution compositlon number of
constant polarizing currents were applied to gain

insight into the mechaniam of passivation.

The resulta of the present inveastigation on the
anodi¢ behaviour of nlckel emalgems in phosphoric acid
golutions showed two different oxidation patterns. The
first describes the behaviour of the nickel amalgams
in concentrated acid solutions (1.0 and 3.0 ¥ H3P04)
and the second gives the behsviour of these amglgams in

dilute ecid solutions (0.1 N H3PO4}.

The behavlour of nickel! amalgams in concentrated acid

solutiona 3

Under a wide range of constant polarizing current
densities and solution concentratioms({ 1 and 3N H3P04J,
nickel amalgams (electrode I, II and III} yield polariza-
tion ourves which exhibi{ praciically the same features.

Figs. (1,2) represent the potentisl - time curves
of nickel amalgem eleGtrodea (Elec¢trode III and I) in
3.0 and in 1.0 K H3P04 solutlons respectively. It can
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be geen that, the primary anodi¢ process in the polariza-

tion curves represents the charging of ihe anodic double
+2

layer, then the i of the amalgam dissolves ag ¥i™“ along
region (i) (showing no inflection) according te¢ the
following eQuation :

§i o= Nit2 + 2e E® = -0,25 V (1)

This reaction ig considered for solid niclkel elec-
trode, however fior nickel amalgems under consideration
the reduction in the nickel atom activity must also be
accomted for. 4s a feir epproximation the activitiy of
nickel in mercury could be set edual to ifts mole fraction
Xy which for 2.2615 x 1072 and 12,968 x 1077 wt ~ % Fi

amelgam emounts to 0.64448 x 1072 sy 2.5738 x 1072 ang
3.8557 x 2072 regpectively.

Subgtitution of these velues in the bagic

Hernst equation :
E = B + 0.059 DH - 0.023 log Xy (2)

gave for the three smalgamg in 0.1, 1, and 3 H'H3P04'
values varying from ~0093 $0 -0.133 V. Formation of
ﬁifz along this region (1), in the polarization ourves
corregponde to the first period of activity of nlckel
emalgems, which is then oxldized to Hi0 (region 1i)

showling no infleqiion &laso,
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Formation of NiO along region ii was also repo-
rted by previous authorﬂ(lo)who reported that, by the
galvanogtatic technique, small constant o.d. ceuses
the potential of nickel electrode to inCremse suddenly
to & value that corresponds to.. the reversible NiO/Ni
potential. Similar observations were alsco found by
Besson(al)upon hia study on the manodic oxidatlon of
nickel electrode in 6N - KOH solution by Rollet's
method reported that, the equilibrium transformation
which occura together wlth the oxidation reduction
potentiel (in V) determined at the points of inflection

of the anodic¢c potentlal-time curves were :

i, 0 ——= Hi 0 (about 0.47 V) ,
27— 374
Ni.0, — = NiO (about 0.0 V) ,
5 i E—
and Ni0 —— Ni (no inflection)

The formation of NiO along region (ii) wes
fellowed by five clear arrests. Along arrests (I) and
(11), mercurcus and mercuric phosphatewers formed snad

the purface of the amalgem electrode was Oovered with

a white deposit.

bvidence that mercturous and mercuric phosphate
were formed during arrests I and II in the polarigzation

curvee can be arrived at, by consideration of Mg. (3)
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in which pure mercury is oxidized in 1 H—H3P04 atid
under the pame experimential Conditions (the same current

density, solution contentration and temperature).

Further information for the formation of mercu-
rous and mercuric phosphate along arreste I and II,
regpeCtively, was also ¢onflrmed by meapuring the open
oircult potential that arises from these salis on the
surface of a clean doubly dist{illed mercury pool surf-
acte, where values of 625 and 675 mV. were obtained for

mercurgug and merouric¢ phosphate, respectively.

Ine to the solubilitiy of merQurous and mercuric
phosphates in a¢ids, an elongation of the step of forma-
tion of mercuric phosphate occurs, Fig. (1); and cscilla-
tions occur in the potential-time curve (specially in
dilute soluticongCFfig,(4))due %o the continvous forme-

tion and digeolution of the salt layer,.

Owing to the liquid nature of the electrede, the
primary pessivating film contained fisgurea and cracks
which allowad the smalgam to come in contact with the
golution and the nickelous oxide NiO formed st the first
stage of paseivity (reglon ii), would be oxidized to
higher oxides along steps III and IV sccerding to

0.897 - 0.0 pH (3)

MO + B0 —> N1,0, + 28" + 28 ; E

HiCp + HO —> 3Ni 04 + oit + 28; E = 1.305 - 0.059 pH (4)

1
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N1203 which is formed along step IV is further

oxidiged to IiiO2 along arregt V, according to the
(26) .

Tollowing reaction

i 0, + HO = 2Ni0, + 20" + 2e” ; E° = 1.434 - 0.059 pH  (5)

before finally the potentiel rises to exygen evolutien

vyrlues.

These results are in agreement with thoge obtained
by previcus authors on solid nickel eleotrodes in sodium
phosphate solutionﬁlT). They suggested that the pessive
film on nickel electrode has & duplex structure consist-
ing of HiC and Ni304. At high potential Ni02. wasg
produced on top of the initlal film.

Cathodlic polarization curves were traced by
reversing the pelarizlng currents when the potential
was at oxygen evolution values (curve C, Flgs. 1,2),

o0 as to make fthe woridng elecirode the cathode.

Three errests eppeared in the cathodic polariza-
tion curve, 7The first two corresponds 4o the reduction
of mercuric and mercurous phosphate according to the

following reactions.
Bg,(PO,), + H, = Hg,HPO, + Hg + H + e 6) -

HgEHPO4 + H

1t

, H 4 H2£0; e 2 (7)

-54-



&

Women's Coll. Ann. Rev.
Vol. 15 (199%0).

of .
Then reduction I-.liD2 o NiD took place along the third
arrept before finally the poteniial drops to hydrogen

evolution values.

Apodic decay curves obtzinad upon interrupting
the polarizing current when the elecirode was at oxygen
evolution valuea (curve D, Figs. 1;2), indicated that
the potentiel dropped directly to values corresponding
to the system Hg3P04!Hg2HﬁD4 where the potential

remaing constant thersmeftier.

The behaviour of nickel amalgams in dilute phosphorio

acid golutions @

Quite interesting is the oxidation characteris-
tics of nickel amalgams in dilute solutiona, In Fig.(4)
are shown the enodic polerization curves for (2.5738 x
1072 wt.% NL) in C.1 N - H,P0, acld. Ag indicsted from
the shapes of the anodis polarization curves (Fig. (4));
1t oan be seen that, the charging of the apodic double
layer and dissolution of Ni as Wi**, followed by its
oxidation to NiC as mentioned before im concentrated
phospheric acld solutlons (1 and 3 ¥) was followed by
a region of osclllations which may probably be due to
the fact that, the formed mercurous and mercuric
phosphate are soluble in acid phosphate aolutions(ls).

The formed layers in these dilute solutions once formed
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readily dissolve, and fluctuations occur in the anodioc
polarization curves dus to the formation and breakdown
of these salts at the first gteges of pesslvity. After
certain time the NiQ formed at the early stages of
peseivity 1s then oxidiged to N1304 along siep 1 in
the polarization curve, (Fig. 4) which is then
oxidized to N1203 then NiO2 along steps III and IV as

given before in case of concentrated phosphorlio acid

golutions.

Relation between the polarizins current, 2 (AMA) and

time of pagssivation, 4 (min) :

In order to gain further inslght on the nature
of the process that eventually leads to the eleoirpde
passivation (film formetion), the relatlon between the
polarizing current, 4 { M) and time of paesslivation
7 (mln) was coneidered. Plots of these two variables(G,P.
Fig. 5)for eleotrode III in 0.1, 1.0 and 3N HyFO,
geplutions, gave almost parallel straight lines with
glopes of -2 in excelleant agreement with n = 2,
predicied by Muller's empirical formuls and Sand's
equation for elecirolysis vith constnat current

)(2?)

(chronopotentiometry « Similar observetions were
also found for electrode I and II in phosphoric acid

gsolutions.

—-56-



Women's Coll. Ann. Rev.
Vol. 15 (1990).

As peen from these ourvesg (Fig. 5), the pasaiva-
tion of the different nickel smalgams in the examined
solutions ere satisfactioprily represented by the
relation

Log T~ = A=-nlogsé (8)

where A and n are constanta

in table {2) the values of the Constants A and n

of relation (7) ere grouped.

Table (2) 1

Values of 4he constants 4 and n in relation (7).

Eleotrode
Seluftion No. A n
3N H3P04 I 7.49 2
II 7.80 2
IIT 7.89 2
i H3P04 I T.51 2
II T.65 2
III 7.68 2
0.1 H3P04 I 6.40
II 6.47 2
111 7.18
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From the results of the present investigation
the pessivation of nickel amalgams in H3P04 solutions
eppears to be largely governed by the rate of diffusion

of nickel atoms to the electrode / electrolyte interface.

Furthermore,it is readily eesn from Fig. 6
(elecirode III 4in 0.1, 1.0 and 3N H3P04 solutiona)
that the value of ¢ T4 18 aluwost constant (for ome
and Yhe same concentration of amalgem) as the current
density was varied. The same regults were mlgo
obtained for slectrode I and II in phosphoric acid

solutiong.

Consideration of the theoretical relations
underlying the proctess of electroly=im at oontrolled
Gurrent can reveal the exact nature of the diffuping
lon which participates in the formation of the passivity
film., For the product i-f'%, the {erm prassivation
index i3 here suggested slnce i} gives a clear

understanding of the procegs of papsivation.

Effeci of temperature on the time of paassivations of

nickel amalpems in phosphoric s¢id solution :

The results of the anodi¢ polarization of
2.5738 1 10”2 wi% nickel amalgam in 1N-H PO, solution

at different temperatures are ghow disgrematically in
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Fig. (7). ©he polarizing current densiiy was 261 A4/

Gm2-

Az can be seen from these curves, the time of
pasgsivation increases with rise of temperature. Since
the potential - time curves are analogous in shape at
higher and lower temperatures, save for the lncreased
time of passivation at higher temparatures, hence, the
effect of temperature mey he acCounted for, es due to
the increased solubilitles of the layers initially
present or anogically formed on the electrode surface,
therefore, the time needed for the passivation of the

electrode greatly increases.
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Fig.

Fig.

Tig.

Fig.

1

2

3

Anodic, Cathodic and DeCay Polarization of
Electrode I1I of Ni ~ Amalgem in JH—H3P04.

— O.d. 600 HFA/Cm?  —x.c.d. 522 _MA/gme
-—&-— ocdn 435 ./“A/sz L] cod. 348 '/“A/cmz

—— c.d. 261 MA/Cn?

3,
-~

Anodia, Cathodic and Decay Polarization of
Electrode I of Ni-imelgam in 1N—H3P04.

o C.d. 435 AA/Cm°  _u. o0.d. 348 4a/cm?
~&— Cod. 304 AA/Cn —e— o.d. 260 _AA/cm?
—&-¢,d. 174 J'A/Cme

Anodic, Cathodic and Decay Polarization of

Hg in 1N-H,P0, , c.d. = 261 HA/Cm®,

dnodic, Cathodic and Decay Polarlization of -
Electrode II of Hi - Amalgem in 0.1N—H3P04

o~ 0.d. 435 #4/Cn°  x-c.d. 348 _“a/cm?
-4~ o.d. 304 HA/Cm® e c.d. 260 _“A/om2

Log ( - Log v Relation for Elsotrode III in g
~6— 3.ON-H3FO, ~%—  1.0N-H;P0,
—— O.IN-HJPO4

Relation between iryz x 100 and ¢ ( .&AA) for
Electrode III 4in :
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—_— O.IN-H3P04

Flg. 7 : Effeot of Temperature in Electrode II in :

1.08-H;P0, , G.d. 261 ~4/cme

—~o- 45°C . 3590  _4_ 300C

—_— 2060 —_—— 1050
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