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ATECTROCHEMICAL AND CORROSION BEHAVICR OF SilkisL AHL HICKEL

ELECTRODES IN SOLUTICIIS OF SULKFURIC Acli,
SUBJECTED TO A REACTICGH CF}(—RALT‘TN

5

Ya. M. Kolotyrkin, N. Ya. Bune and G, 5. T urikov

Tie result of reaction of radiation of high energics o aqueous solutions
is, av is lnowm, the decomposition of water with the fornntion of radical£ and
molecules, prscessing restoring and oxidizing propefties. In this respect,
there oceurs a change in oxidizing-restoring propertics of the medium which mast
exert an inlaence on electrochemical and corrcsion behgyiop of metals, placeq
in the solution; it i3 haﬁﬁr&i that a reaction from the radiabiqn should te
reflected in the first place in the magnitude of poteﬁtial of electrode.

In t%is work was investigated electrochemical ahd corresion t°hav10r
of stainless steel (Lype 18-8) and nickel in 1.0 !! solution: a0, with the
rezcetlion of a‘r ~adiation C060 Intensity c: dose was 1.° ¥ 10 oy i .

Tic +xperiments were conducted in a glass instrument, analogous Lo thal,
descriied in [ 1~7, in an atmosphere of purified n:tru;cn 4% room té:¢mzntuxu.

In :is. 1 are presented curves, characterizing the (tunce in potentials

of cteel <lecirodes in a process of irradiation Cn axic of araeiccas I prot

the tire Tror tie rnoment of beginning of reacticn of‘irrxdiaﬁion, on axic of

ordinates -~ value of potential in volts relati-ve to:a rormal hydrogen clirclrode,
Curve 1 pertains to electrode, covered tyr an alr~ x;dlznd file, curves 2

and 3 —- . cirodes, activated by preliminazr: ca HoJe polarlzat'u“. Jrom

the cited dziz it is clear that reaction freo- radxation in a1l casss regtlits inoa




displacgmsnt of the potential of towards pasitiveivalues, in which the form of
curves considerably depends on degree of activity 6f clectrode. For activated
electrodes, the displacement of potential became @Arked only after 2 to 3 hour
after the beginning of the irradiation. At the same time, the more negative
is the original value of potential and, conseyuently, the more active is the {
electrode, the later tezan the rapid displacement{of the potentiél. For
electrodes, covered with air-oxidized film, a rapid displacement of potential

bezan almost immediately after the beginning of irradiation.

Experiments in studying of corrosion showed that in atsence of radiation,

the rate of dissolution of activated steel was quivalent to the current density,
equal to approximately 10™2 a/cmz. With an imposition of irradiation, the rate

of dissolution of steel at first, prior to the rapid:displacement of potential
towards positive values; essentially did not vary.‘ In atﬁaining the final potentials
(0.°700-0, 80086) rate of corrosion decreased so much that determining its magnitude

by mears of the weight method being applied in the work did not succced even

during prolonged experiments, In judeing by the sensitivity of the final

potential to external polarization, it was possiblé to conclude that the rate

of dissolution in this case was equivalent 10-7a/§m2 and did not exceid this

ma;nitude,
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Fig, 1. Chance ir pctential of an a r-oxlolzed (l) and of activated
(2,3) steel electrodes in process of irxadlation. a)Potential;
t) Time, hours, . ' _ o




For an evaluation of solubility steel there was derived a potentiostatic
curve in a nonirradiated solution of sulpﬁurlc acid (curvo 1, Pig. 2); the
curves characterizes the dependence of the stable:fate of dissolution ol a
¢lectrode on the potential in a troad region of tﬁe polarizations., Tie methodo-
lozy of deriving such curves was pablished'eaflie;b/ 2, 3 /. Un axis of abscissas
(Fig. 2) were plotted logarithms of the rate of dissolution in units of density
of an electric current, on axis of ordinates, cofrespbnding values of the ;ntentiéls.
From the cited data it is clear that for steel of the investigated quality,
there are several regions of polarizations differihg by the observed dependencze
of a stable rate of dissolution on the potential,
As was shown préviédsly,'special value of poéentiostatic curves consists .,
in the fact that by means of them, on the basis of magnitude of potential, bein;
established in the electrodein a given solution, it is possible to judge atout
rate of dissolution, by not resorting to a direct determination of the latter,
Such a method of evaluating the dissolution is shovm to be useful in those
cases, when a direct determination of corrosion lo$ses for these or other reasans
is made difficult.
In a comparison of the curve, characterizing%change of potentiar of o chedo:
electrode under irradiation (curve 2, Fig. 2) witﬁ_a'potentiostatiﬂ curve, !
is clear that for activated electrodes, an imposition of irradiation vasz accrr:-
panied b& displacement of the potential fiom initiél region of passivation, where
rate cf dissolution was equivalent 10' /r‘m2 in 1n1t1a1 rr :lon of repassisa-
tion, where rate of dissolution did ndt exceed 10’7 a/cn -~ For nlcotrodcs,
covered with an air-oxidized film, both prior to irradlatlon, and durin- radiani..

effezt rate of dlssolutlon remained insignificant, although in this case, its

magnitude during imposition of irradiatiow sowewhat:deMreaoed

For an explanation of otserved chan:e of pote ul&l in process of -rradiauwnn,




we derived curves, characterizing the change of pbﬁential in time2 during
polarization of electrode by constant anodic curteht_in nonirradiation'solutions
(curves of charging). One of such curves, correShbnding to a current density

o

2.107° d/cmz, is showa in Fig. 2. As can be seen from this figure, between

the curve of charging 2 and radiation curve 3 thefé is great similarity,
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Fig. 2. l-dependence of rate of stable dissolution of steel on potential
in 1 N H,S50; 2-change in potential of an activated electrode in process
of 1rrad§at10n, 3-curve of charging, derived during polarlzatlon of
activated electrode by current 1.10-6 a/cm?, a)Potentla] i; 1)Time,

hours,
From the similarity of polarization and radiation curves it vias possible
to make the conclusion that the radiation effect oﬁ a steel electrode is equi-
valent to polarization its anodic current. Since;the sole socurce of polariza-
tion in the system under analysis could te 1onlzat10n of products “radiolysis:
on the surface of the metal, then the obtained data attest, cbviously, to the
fact that on a steel electrode under conditions 1nvest1gated by us %o restoration

of the oxidizing componeat proceeds at higher raté§,=than the oxidation of the

restored,

In comparing the curves of charzing, derived at different current densities




with the radiation curves it was possible to conci@de that in our case the
oxidizing radiation effect was equivalent to the cgirent deasity, dose to 5 « 10~/
- 1.10'6va/bm2.

In the nickel electrode the reaction of Y- —radiation also resulted in a dis~
placement of the potential towards positive values. However, in this case
magnitude of displacemant (even in experiments lasﬁing almost 20 hours) did
not exceed 30-,0 millivolts ard was accompanied no£ by a Aecrease, but by an
increase in the rate of dissolution by 2 to 3 times,

The difference in behavior o{ steel and nickel electrodes in an irfadiatcd
aqueous solutions becomss intelligible inAa compafiéon of the potentiostatic
curve of these metals. From the presented in Fig.f3 potentiostatic curve for
nickel it is clear that region of active dissolutipn of this metal in the in-
vestigated solution extends up to + 0,150 i. Passivation of nickel could be
realized only during a polarization of its currents; exceeding 10-2 a/cm2, while
for steel depending upon the state of its surface{jfor this was sufficient the
polarization ty currents of an order 105 - 10~7 a/émz. Thus, if for steel
effective raLe of restoration of the cxidizing components of "radiolysis"
formirig with a emissive power of radiation, was-sufficient for its transition
to a passive state, then for nickel it was by sevefél crders less than the
required ma;nitude. These results attest, obviousi&, to the fact that the corroiion
behavior of metals in an irradiated aqueous soluti;ns to a signilicant degrec

depends on their capatility for passivation,
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Fig. 3. Depéndence of rate of stable disé;iution of nickel on
potential in 1 N HySO,. a) Pote'ppial i; b)ﬁi’l‘gi.

As our experiments showed, for steel and nicgél there is observed also a
nonuniform tzhavior of the potential afper the cé;;ing of the radiation reasztion.
If in the case of nickel at the same time there@é&ufred a rapid return of the
potential to original Qalue, then for sieei the béteﬁtial remained almost
constant, T:e observablg difference obviously, Sﬁbuid te associaled with the
different rzture of oxidizers present in the solhiioh. Thé rapid disfippearancs:

of effess Zor nickel can be explained by the facti that the sole oxidizing covpon-

ents in t:is case were the shortly-lived products of "radiolysis", while in
tre presence of steel also to consider the presenaek;n solution of more statle

cxidizers, not disappearing after the cessation oﬁ:irradiation. It was natural

to assume tiai such oxidizers are the products o

~corrosion of stecl, passing

in scluticon in sufficiently large quantity on the regicn of actlve dissolution
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of water,

or checking this assumption there was invesﬁigéted reacticn of f-radiation
: ’ ST

on steel and platinum electrodes in a solution o

.

ulpraric acid, cuntaining




products of corrosion of steel, and also ions Fe2+. Corresponding data are
presented in Fig. 4. Curves 3 and 4 in this figure refer to nonactivated electrodes,
.and while the first of them is obtained in a pure solution of sulphuric acid,

tut the second in the same solution, containing 0.001 g-equiv/1 FeSOh. Curves

1 and 2 refer to activated electrodes, while the second of them was obtained in

a pure solution of acid, but the first -- in the presence of products of corrosion
in a yuantity 0.18 g,

A comparison of these curves shows that for electfodes with identical state.

of the surface the presence in solution of ions of iron both directly added

and also in the form of products of corrosion, results in an increase of the slopes
of linear sections and to displacement of the final potential towards positive
values that which attests to the increase in solution gf the concentration

of the oxidizer. This is associated, obviously, with’ihe;fact that in the
presence of ions of bivalent iron in thé solution occurs an interaction of them
from oxidizing component of *radiolysis"; this resultsiin a decrease in treir
reversitle recombination of products of "radiolysis- aﬁd to an increase in total
of stationary concentration of oxidizer in solution, ° |

In connection vith this one should note that, judéing from »ur data, the

oxidizers, appearing as a result of radiation decomﬁosi@ibn of water, Ly its

own electrochemical reaction to.metals, in'principle,‘d; not differ from suczh

type of oxidizers, as trivalent iron., At the same timé; in particular, one can

te convinced of the fact that curve 1 (Fig, 5),’¢haraé£érizing change in pstenzial
of an air-oxidized sﬁeel électrode in time in nonirradiéted solution of sulphuric
acid, containing a small quantity of trivaleat iron is}éohpletely analorous

with eurves of charzing, derived correzponding curreﬂt dens ties, and with the
radla.io" curves, hs can ve seen from Fiz. 2, 1mp051*ion of irradiation (&%

paint A) resulted in a small add:‘;onaL dLSp]@ceﬂcnt of[povnthal ir She divnosion

of pesitive values,
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Fig. 4. Change during reacticn oI radiation of ‘potential of activated
(1, 2) and of air-oxidized (3,4) steel and platinum (1', 2', 37, 4')
electrodes in a solution of pure acid (2,2' and 3,3'), in the pro-
ducts of corrosion in a quantity of 0.18z/1 (1.1') and in a solution
of N Hp50, + 0,001 g2-equiv/l FeSO), (4L.L)'. a) Potential i; b) time,
hO‘J!’S. ] .o . )

For comparison in Fig. 4 arnd 5 there are presented also curves, characteriz-
ing behavior of the potential cf platinum clectrode, teing found sirmultaneously
with steel under corfespmnding cenditions, is can be ceen from the presented .
data, Lehvaior of platinuz very sireonzly differs frcm the tehavior of cteel,

As, in solutions of pare acid (curves 2! zné 3'. Figz. L) in accordance with results,
ottained in /4_/, after ceveral ninutss efter the irpoziticn of irradiation the
potential of platinum electrcde zdauired a value,-near tie potential of the
reversitle hydrogen electrode, In a solution, cantaining ions of iron (curves

1' and L', Fig. L and curve 2, iz, 3), ine displacerent ¢ potential of platinum
in the direction of nesative valies was ciserved only In the rirst pericd after

ent of pouential

impssition of irradiaticn lzter

in the direction positive valuiez, However, aleo in this cace, re final putential
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of platinum had a larger negative valhe’ than tbe'éétehtial of steel, although,
as is seen in Fig. 5, in nonirradiated solutioﬁé, containing ions of trivalent
iron a converse relationship tock place.

The obtained data attests, obviously to the fact tﬁat metal, found in an
irradiated solution, can te assumed as an ordihary irreversible oxidizing-

restoring system. In this respect the dependence of the magnitude of stationary

potential on the nature of metal becomes intelligible.

L3

Fig. 5. Change of potential of steel (1) and platin m (2) in a solution
of sulphuric acid, containing trivalent iron. a) Potential i; t.) Tim=,
hours,

For reversible 6kidizing—restoring system,'the magnitude of potential teing
established only on nature and relationship of ébncentratiohs of the reacting
substances, The change in nature of metal of the state of its surface is accon-
panied in this case by a cymbate chamge of thefépnstant, dependins for a given
reaction on th2 nature of the metal and tre staﬁé of its surface and can result,

only in a chance of the currents of eXchange, bgﬁ not of the value of the

potential.




and value of potential being estatlished depend not only on nature and
relationship of oxidizing and restoring components, tut also on the nature of
metal and the state of its surface.

In this respect, ty considering the nature of oxidizing-restoring reactions,
occurring in this case at the surface of electrodg, it is possitle to assumes that
the potential being established in mstal with low overpvoltage of nydrogm
and high over,voltage of oxygen, will acquire in the irradiated aqueous solutions
a greater negative value, than potential teing established in metal with high

overvoltage of hydrogen and low overvoltage of oxygen.

Ya. Karpov Physical-Cnemical Institute
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