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INTRODUCTION:

From studles on the anedic dissolutiom of
tin in alkaline solutionsl), it was suggested that the
surface tin atoms exist as dlatomic molecules, a suboxide
(8n,0) is rirst formed, which undergoes melf oxidation to
stemous oxide.

The study is now extended to lead. Although
much work? ﬁE?e been published on the electrochemical be-~
haviour of Fb In scld solutions, its behaviour in alkaline
golutlena has recelved, relatively little attention, Jones
et a1?) Pound that leed anodes dimsolved in IN KOH first as
plumbite end then pasailvated by & film of Pboz. 0n the
other hand, EhamudkhamnvaB) found that lead enodes dissolv-
eﬁ directly in KCH solutlona with the formation of HPbOQ"
and k0O, After complete covaring of leed surface with
oxldes, the potential increased, the formation of Fbo0,
began and O, evolved.

The electrochemical behaviour of FhO in de-
aeratoed NaOH solutions has been studled by Abdul Azlm et
a14), They observed that the poraaity of the iriitially
formed PbO, 1s meximel in 2N NaOH.

It was obeerved that no mention 1s made Iin .
the literature of the kinetlcas of the anodic reactlons of
lead, In the presant investlgetion, the mechaniem of 1is
anodlc digsolution in alkalime solutlone is examined.
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EXPERTMENTAL:

Polerisation measurements on th> lead anode
were carried out in & cell (constructed from the arassnic-
free hard borosilicate glass, Hysil) which permittsd the
rigorous purificatlon of the sclutions under inveatigation
through anodic.pre-elactrolysiSS). For %hlg purpose a
platinum anode (2 em.2 platinum sheet welded to a platinum
wlre gealed {to glaaa,

The eleotrodes were prepared from exira pure
Tazdsrods,%mm in diemeter (Schering-Kahlbaum Company).
The electrodes ares wvas 1 cm.z; Each run was carried out
with & mew electrode, All eolutions were prepared from
AR, materiala,

Before each run, the cell was cleaned with a
mlxture of nitric and sulphurlc acids (A.R.), and therough
washed with conductance water. The test solution wae then
introduced into the pre-electrolysils compartment of the ce
and pre-electrolysis wae conducted at 1072 - 107t 4 am.??
Por 30 h., The lead electrode was then introduced into the
anode compartment of the cell and adjusted to %ouch the
Iuggin caplllary which 114, vie a =alt bridge, to a satura
ed calomel electrode., Some of the pre-electrolysed soluti
vas then transferred to the anode compartment, and the Taf
line was determined from low %o high current densitles and
then downwerds again, Afiter each overpotential rum, the
conceniratlon of the electrolyte was determined analytlcal

All meesurements were carried out in an alr-
thermogtat, the temperature of which was kept congtant witl
4+ 0.5 °CI The current demsity velue was calculated using
epparent surface ares, A4ll potentimls are recorded on the
norma]l hydrogen scale,

RESULTS AND DISCUSSIQH:

The potential of the lead anode wag measured .
30 °C in 0,1 = 10 ¥ Ha0H aa o function of the current dens
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within the renge of 1076 - 1071 A em.”%, At any current
density the potential ves constant within few minutés, In
each solutlon, six potential-current density relations (on
gix electrodes and soluticns) were meagured; the resulis
were reproducible to + 5 mV. At very low snodic ﬁolarisat-'
ion, the snodic potentiel d1d not change with current, and
a stationary potentisl was measured in each of these solut-
jons. Thess statlonary potentials ere given in Table (1)
together with the pH velues of ths different solutlons.

;. Nature of snods renction:

The gtetionary potentiales represent, or at
least cloaely approach, the reversible potentisls for the
reactlan teking place at the ancde. We can, therefore,
dafine the nature of thls remction by comparing the exper-
lmen obgerved stationary potentlels with the theoreiical
valusa for ell posaible reaetions involving lead in alkellne
solutlons,

The followlng oxidation reactions have been
sugzested as Yeing the most probable to occur on the surface
of the lead enode,

E (at pH 14 and 25 °C)

‘é . v (WHE)

Fo + 2 OF ——=—a Pb(OH);* + 2 ¢ -0, 562 (1)
Fb + 2 OH =-—>» PO + H,0 + 2 ¢ ~0, 580 (2)
b+ 3 OF" —mmmd HTbDé“ +H,0 +2 e 0,540 3
Fb + 4 0H"---+P'b02+2H20+4e -0.166 - (4)

The stendard potentlals EB for ths above reactlon, at unit
hydroxyl ion activi tg gre calculated from the otandard free
energy of formation® of the different products, CH. and 320.

Since the standard potentiesls are 1ittle affected
by temperatureTJ, the above -values may Le taker es the sfandard~
potentisls at 30 °C. In Fig. (1), the observed potentiala are
plotted as & funetlon of the pH value of the solution. The -
dotted lines represent the Yheoretic&l potentlal / pH relations
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of the oxldetlon reactions saggested sbove. These are
drawn on the basie that the potential varies with pH by
the @ame gradlent as that for the hydrogen electrode

(60 mV at 30 °Ch It is clear from Fig. (1) that the
experimental potentisl / pH relation coincides with that
of the Pb / Fb0 couple, indicating that the enode resct-
jon 1is represented by equatiom (2). The oxide digsolves
a8 plmmbite dlrough the setion of OH  ions, with the
result that the electrode surface rematm active.

2, Mochanism of ancie ;r'-e.ar.-"L';_icn‘yL

The discussion made so far indicates $hat
Ahe overpotential (difference between the potential
measured at a glven current demsity and ths stationary
ﬁoten-tial) at the lead anode 1s assgociated with the
formation of Pb0. The mechanizm of the reaction carn he
elucldated from the obeerved paraseters and characterlis-
$icy of overpobential. These are oummerized below:

{a} Slops of overpotential-log curreny

deneity relations:

The mean vaiues: Gf overpotential,?? , were
plotted agpinst the logerithm of the current denesity;
gome repregentative relationg (which are usually called
Tafel lineg) aws glven in Fig, (2). IY is clear that +he
Tafel lines exhibit a linear logarithmic part, The mean
valuee of the glopes of these parts emopnt 4o 28-34 n¥
(ges Pable 1). '

{B) The electron number:

This 1s the number of electrons required to
complete one act of the rate-determining step. Thils
paresmeter 1s calculated from the exchange current of the
Tafel line, 1., and the slope of the overpotential-current
dengity relation at low values of 77; the expreasion for the
clectroh number, A, is: '

A= {RD/L 7Y a;,-’by)&_*o (5



Eyamples of the relations between ] and current density
2% low enodie polarizetion are shown in g, (3). The
a8lopes of euch relavions, tozetlier with the exchange
current for ihe different Tefel lines and the ecalculated
velues for the eleetron number, ar: given iz Takle (1).

It is obvious f-or Table (1} that the exper-
inental values of A\ cre very near t¢ 4, This value is
peculier, since on ths basiy 2 the stationary potentiala,
the oxildation to the tetrav-lent atate is excluded.

Reconcillation between the dlssolution of
lead as plumbite and the doubled value of the electron
number can te made by assuming that the surface lead atoms
exlst (or at least pérticipﬂte in electrochemical reactlons)
aa diatomlc molecules. An analogous agsumption hae acecount-
ed gatisfectorlly for the-cathodica and aﬂodicg) behaviour
of tellurium and tinl),

(c) EIffect of pH on overpotentisl:

Cne of the important means which help to
digtingulsh between the different possible mechanism is
the dependence of overpotentlal, at a constant current
denalty and temperature, on the pH of the solution. The
overpotential of lead anodes was found to be almost in-
dependent of tre 2lkall concentration, ag le clear from
Table (1), in which the velues of at 107° A cm.™ are
glven, This behaviour will glve am indlcation as teo
whether the suboxdde ia oxdldised anodically:

Po,0 + 2 OH ==-=--32 FbO + H,0+2 e (&)
or undergoes a self-oxldation procoss: .

2 Pb20 ===} 2 PbO + sz . (1)

(d)__Effect of neutrel salis on_overpotentinl:

Neutral selts affect the structure of the double
layer at the anode-solutinn interface, and hence they affect
the concentration of OH at that ‘interface., It followa that
they affect the velocity of the =node remetion. The effect



— 180 —

of neutrel salts can thus exist ifu clucidating the proper
renclion mechanlam, The overnotential was measured in

9.1 end 0.3 ¥ solutiong which contain excers (1 ) Ha;S0,.
The reaults indicated tLat th~ Tefel line is not affected
by neutral ealts, for Instencs, Yhe everpolantials at 1672
.. cm."2 ere the same ag Ffor the corresponding pure solutions
{see Table 1). Ve concludzl thet the exproasion for T?doeu
not inhelude the zets potentinl {L).

tn the Lesis o the albove mentlioned femtures
ol overpotential, the mechaniam of snodic dissolution of
leed in alkeline solutlons was Jormulnted as follows:
Step Tt Th, + 0u :—%’;s» PbAOK + e (3)
Step II: FPb_JH + O ;:ﬁ;* Fo,0 + H,0 + e {2)
Step I1X: L fe u -, Pb, +2 Pho (10)
Leaction (10) is the “’Luudetcrmlnr sten, gince 1t requirec
+ electwona, To confira this wechaniem, the Tafel line alope
isg thcoretically deduoced and coansred with the experimentally
ohoerved values, The veloeitles of the different steps in ,
the anodic directlon ere refsrred to as B, ¥V, and Vj, and hil
and'?z repreaent the velocitles of the first two atep in the
cathodic direetian. Since the veloeclty of the reverse of

reaction (L0) is negligible, ths general expression for the
overall rate is:

vl-vi=v2-vn=v3 (11)
It 1o assumed thet in the anodic dlrectlan, gtep 1I 13 faster
than etep I, and hence, reaction (9) is-governed by reactlion
(8), It followa that:

vy =V (i}
~ On the other hand, astep II 15 agsumed to be slower than step

I in the cathodle dirvection. Thus, reaction (8) ls governed

by reaction (9), and accordingly:

vi vO ) (i)
Substituting V{ by VE (ef, condition 1i), or V, by vl (cf,
condition 1}, equation (11) seduces to:

Fa
Vp~Vp~-V3=0 (12)
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It is important to mention thzt if reaction
{9) is sufficiently faet in the anodic direction, Fo,OH is
rapidly converted into Fb,0, with the result thet the sur-
face concentration of Fb,0H 1s neglected. On the basia of
a gymmetricel energy barrier, Lthe rate Vl, which represents
the rate of the anode formafion of Pb,0, 1s given by

Vy = i (1-x)JOIT )y exp(sl/2RT) = 8y (2-x) (13}
where kl is the specific recaction rate, 8y is the electro-
chiemical rate coustant, xx is Lthe Tractlon of the surface
covered with Pb,0, (1-x} is the bare fraction of the metal
surface,[OH']d'l' iz the activity of hydroxyl lons in the
outer Helmholtz double layer; andAdp im the potential diff-
ercnce between the elactrode end thig Helmholtz layer. The
rate VE, which represents the rate of cathodic reduction of
P50, ig glven by:

/
vé = I, (x)exp(-opF/2RT) = a'2(x) (143
The rate of the self-oxidation process (reaction 10) is:
Ty = ky(5°) = ay(f) (15)

The steady atate corresponding to & constant coverage, current
and potential, is representcd by equation (12), The self-
oxidetion procesa governg the digeolution of lead under the
condltiunlo)

, }

(a; + 32):> 10 a4 . (18)
from equationa (12} ~ (16), the total surface coverage beccmes:

/

X =8 / faq ¥ 85) ; {17)

Under conditlons when 81 iz much smaller than 8o,
y /
z =8y /6y = ky /I[0H], | exp{adF/RT) (18)

The net enodic current is glven by:

i= 4TV = 4Fk, (:I/Lc,j [oﬂ'] 4.1, exp{2abF/RT) (19)
The tafel line slops sccording to equetion (19) 1s 0.03 V-at
30 9C, in agreement with tl:¢ experimental velues.

Equation (1) setiafies slso the requirement thot
the overpotential is indevendent of the 21'mli concentration,
Thig is revealed by subatilbuiiny [011 Y5, vy [on‘]-exp(fwm
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(where [OH™ ] 15 the OH  concentration in the bulk of molut-
ion), endafpdy (mt ? t), (where;x#is the reveraible
potential in the given solution). Chus:

1 = x[or | Pexp(2[B/RD)em 28, + 7 ~ [IW/ED)

and hence,
= const. + (RT/2F)Ini - (RT/F)In[OH"] ~af,

Since Aa’} = EB - (RT/F)ln[OH ], it is clear that at a consltan'b
curront density , ? = constant.
The abaence of (’from equation (21) accounts also for tha
fact thet additlon of neutral salte brings about no effect °*
on the overpotentlal.

Derivation of the rate equation on the bamis that
the subkoxlde is oxldised anodieally (remction 6), leads to the
expresgaion: .

7 = const. + (RT/2F)Ini - (1.5RT/F)in[OH7) -8, -

This relationship requires that additlen of excess nsutral sal
( which causes {'to approach zero), tha overpotential decreease
30 oV for ten-fold inerease of the alkali concentratlon, Ex-
periment showed tbet » remained practleally conatant in 0.1
and 0.3 I ¥aOH containing excess neutral salts (cf. Table 1),
Thia result supports the aelf-oxidation mechanlam,

3.__Heat of activation: -

The heat of activation, aHT of the anode reaectior
at the reverslble potentlel can be evaluated fram the effect
of temperature on the exchange current; ‘the expresaion being:

dlogi,/alr™ty = —alf2.303R (z
The overpotentlal vwag, therefore, measured at 20, 30, 40 and
50 °C 1In 0,5, 5 and 10 N solutions, PFig. (4) showa the Tafel
iines at different temperatures for the 10 ¥ solution, The
“values of logia for the different solutions are plotted
againgt 1/7 in Plg. (5). It is obvious that the exchenge
eurrent is almosat unaffected with temperature; this means that
the heat of activation is equai to zero. This resvlt can be
understeod in the light of tLe theory of absolute reaction
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reates, which showa that the parameter that determines the
reaction rate is the frse energy of activatim1¢d: and not
AHY Sincesd”= aH™~ Ta3) the value ofaH’ and consequently,
the temperature effect on i, dﬂpends on the value of aS,
In the case under cans;deratlon a5 is evidently negative,
and its numerical vaelue iz such that TaS” compensates for
ACy 1.8., QG'= —TdS: and ncuor:liuglyb}{'z 0. It 1s reapon-
ble that the formation of thz activated complex (Pby0),
irom two Fbg,0 entitiea ig agcompanled by decreage in the
order of the system, and hence, a8’ is negative, Table (2),

4, Paggivlity of lead:

¥len the current density ls such that the rate
of formatlon of plumbous oxide exceeds the rate of 1fs chem-
ical disgolution, the potentlal vmeg found to rise yapldly,
phowing a tendency towards pesaivity. The ourrent density at.
vwhich pdsogivity occured, inecreazed as the conceniration of the
alkali hydroxlde was inereased.

SUMMARY 2

e e

The potential of the lead snode vas meagpured &89
a function of ecurrent demalty in C.1l - 10 N HeQH aoclutions at
20 - 5C °C.

Phe overpotential is independent of pH in pure
golutions &5 well es in solutlons conteining oxcess nmeutral
gelts, From the electron mumber value ,(4), 1t mas suggested
thet the surface lead atoms exist as diatomic molecules. 4
suboxide (Fo,0) 1is first formed, which undergoes self-oxldat-
ion to PbO. Thig latter step governs the overall reaction
rate., The effect of temperature was also invastlgated. The
exchange current is almast unaffected with temperature- thls
means thet the heat of activation is equal to zero, .
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Table 2

Effect of tempeiraturs on tha exchenge current for lead anades sn
dlfferent HaOH solutiona.

e

e L e pep—p——,

Tenperature : Log. io i) S*

t 0.5 1 S 5n 100N
20 -3.8 -3.95 ~4,10 ~0,0/40
30 =3 ~3.90 -4,125  -0,0/36
40 -3.75 ~3.90 ) -4,14 ~0.0/32

50 =3.75 -3.85 ~4,14 -0,0/28
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Fig (83: Elfect of temperature on'the exehange current for
fead cnédes in dillerand NaOH salifions,
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