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ABSTRACT

The électroohemical parameters for a type of Lo
elloyed stainless steel (containing 3.153%) was studied
in cploride golutions (0.1 = 5.0 i) at diiferent pH
values and 30°C, The results show that the electroche-
mic¢sl parameters were dependent on the ¢oncentration and
pH of ine test solution.

The ko alloyed stesl containing 3.15% ilo can be
pesgivated in chloride solutions having molarity from
0.1 to 3.0 o at pH from 1.0 to 3.0 and the pessive range
become wide with increase of pH value. The alloys diaso-
lve actively from their corrosion poientials, and can
not pasgivated in 5.0 . chloride soclutlion at all.

The soanning rate of which the potential of the
alioy ig varled, dV/dt hzas a conslderable influence on
the shepe of the polarigation curve. Ecorr and E,
decreage end E__, I + and Ipit increase with increag-

pp' “ori
ing dV/ds.

IATRODUCTION

The electrochemicel behaviour of Ho alloyed sieel
in swiphate and sodium chloride solutions were previously -
studied in thisg 1aboratony(l"6). The literature containg
contraversal results to pitting potentials and corrosion
parameters(E’T’B—zc). Becauge of the well established
usage of molybdenum alloying for increasing the resigta-
nce of steinlegs steel to pitting oorrosion interest
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was developed in extending potentiocdynzmic study of the
3.15% ko steel containing 16.68% Cr and 11.2¢% Ki in
sodium chleride sclutiong (0.1 - 5.0 Li) at differeat pH
values at 30°C. The effect of thé-rate of which the
poteniial of 'the alloy is varied, dV/dt on the corrosion
parameters of the alloy hag been algo giudied.The chemical
compeosition of the pteel usged i showm in Table 1.

Table 1. Composition of steel.

Elenent C S Cr ki Lo in Si P Cu.
wiss 0.052 0.014 16.98 11.29 3.15 1.66 0.40 0.022 =
EXPERTMINTAL

the steel ia produced by Avesta (Sweden) in the shape
of rods with a diemeter of 20 mm. It was heated for 20 min
at 1050°C and then was Quenched in vater.

FRESREATLVERT OF SPECILIEN

Circular epecimens of 15 mm § were embeded in a
plagtic resin ground with emery paper and polighed with
diezond paste (1 um). Finally the specimens were cleaned
in bidistilled water-end ethyl alcochol.

To avoid crevice corrosion Glypial Protecting Lacque
wag applied directly after polishing around the edgea of
the specimens (1 mm around the edzeg).

The specimena were prepolarized in ihe actual Nall

solutions (from 0.1 to 5.0MNaCl )ai different pH values
(fraz 1.0 to 3.0) at ~700 Vg for 1 hr,.

CONDITIONS AND PROCEDURE

Experiments were carried aut &% 30°C in sodium chloride
solutions with conceniration varying ftrom 0.1 to 5.0 L. at
different pH (from 1.0 %o 3.0). The cell was continously
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purged vwith purified nitrogen 1o get rid of oxygen. The
reference electrode was a gaturated calomel electrode,
connected by a salt bridge and Haber ILyggin Capillary
approximately 0.5 mm from the specimen surface. The
epeCimens were placed in a speC¢imen holder as shown in
Fig. 1. The counter elscirode was a sheet of Pt placed
in & peparate cell containing the same uged elecirolyte
connected with the measuring cell by a salt bridge.

For potentiodynanmic measurements, the poteriial was
controlled by Tormatic Potentiostat P, and the diagrams
were recorded by means of Sevogor RE 511 Recorder.

The experimental procedure congigted of

(1) 3Bubbling with nitrogen gee at a potential of -TQO mVSCE
{for 1 hr) in chloride solutions.

{2) Changing the potential in noble direction wging a

’ gtenning rate of 5 mV/min in (0.1 - 5.0 L FaCl at

pd frag 1.0 to 3.0) or at different dV/d4t (from 5 to
100 mV/min in 1K LaCl at pH 2). 7The potential was
gtopped wnen the total current-through the system
reached 160 uA, this 2ans a current deneity of
85 u4/Ca2,

DISCUSSICH

i'yplcal potentiodynamic curves for the steel used
are ghowre in Fig, 2 and 3. The active region exhibited
maxima in dilute gddium chloride golution (C.1 L) at
different pH values. The active region exhibited two
current maxima in concentrated solutions from 0.5 to 5 l-
HaCl and especielly at lower pH valuesa (1 and 1.4). These
date are shown in Figs. 4, 5, 6, 7 and 8 where a prono-
unced second currentmaximueis observed in most of the
Tigures at different potentials. The amplitude of this

26—



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

current maximum increages vith the deCrease of pH values.

It is cleaxr from the Figs. (2-8), that thig type
of steel cen be passiveted in chloride solutiong having
molarily from 0.1 to 3 N at pH valueg 1-~3.0 ana the
paggive renge beCome wide with increage of pH value. It
dissolve aciively from its corrosion potential and ig
not passiveted in 5.0 4 WaCl at alil.

The electrochemical paremeters for this type of
ko alloyed steel are given in tableg (2-4),
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Iv 1s clear from these tables how the critical current
(Icrit.) varied with pH and chloride concenirations at
30°C. The resul%s show an increasse in Igy, With decrea-
ging pH due to the increase of corrosion rete with mcldity
and conductivity of the electrolyte. Similer observation
wag aleo found for the seme type of steel in sulphate
solutions(z). The critical current increased by more

than twe orders of magnitude (From 9.5 to 215.uA/cm2) as
Chloride conCentration wag increased from 0.1 to 5.0 ii at
pH 2. From the anodic diseolution parzmeters £pr this type
of gteel which are lipted table (2-4), corrosion potentials
<Eborr.) increaged with decreasing the pH of the solution
and usually were more active the smeller the magnitude of

Icris.-
Samples with respectively increaging ICrit required
& ccrrespondingly longer time %o pamoivate, and in some

cases never pessivated et all es in concentrzted chloride
gsolutians in 5 at pH 1 and 2 (as in Fig. 8).

It is clear from tables (2-4) thet IPit increaces
with increase of chlaride ion concentrasion egpecially at
lovier pH valuewo.

Tables (2-4) show that bgyipose (Tafle slope) lies
within the range 100 - 150 mV/log i for most specimens
investigated, excluding the results in 0.1L HaCl et pH
1., which yield a higher value (280 mV/log i}. This
Tafel slope may spuggest a slow discharge step (Volmer
mechanism). The deviation from 118 mV/decade may be
escribed to chenges in the symmetry o ithe energy barrier
(a depart from 0.5).

It is clear thet the current density Ip in the
pagsive region of steel increases with increzsing chlorige
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concentration (especially at lower pH values). The results
indicate the progregsive increase in the corrogion rate in
higher concentrated chloride solutions (3 and 5 ki HaCl et
pE 1 and 1.4). e found ell poientiels decreased as would
be expected with inoreesing chloride ion concentration.

The effect of the rate of which the potentiml of the

ospecimen ie varied dV/dt bhas o considereble inTluence on
the shape of the polarizatiocn curve. On the other hend,’
invegtigations carried out by Greene arngd Leornard(zz) in-~
dicate that it is of no importance whether the potential
is varied in steps or continuously. ihe continuoua potenti-
odynemic method is nowadays the most widely used and was
preferred in this study. Fig. (9) illustrates some chers-
oteriatic values of the polarization curve for the used
steel in lis NaCl solution st pH 2 agesinst dV/d:t. It is
clear from Fig. 9 that B opr 2nd B, (pitting poiential)
wiere ag Epp (protection potential from pitting), Iomt
and Ips. inoresse with incrasing dV/dt. Littlewood(23)
reported that a low transverse rate of polarization give
ripe to an etohing effect, whereas in the present study

v was not the cage. Probably the higher value of Eborr
at low dV/dt are due to enrichment of more noble alloying
elements just below Ecoﬁr‘. Similar observation has been
found by lars Troseliu5127) an AiISI 304 1in lm-H2804 solution,

The actual polerization curves obtained at the
bipghest and loweat sCanning rateg indicete that the
stanning rateg affect aseveral sgpects of the measurements.
The higher scanning rate gives riee to a bigher active
ancdic digeolution peak, which is shifted toward more
noble potentials. Xt has been reported that the faster
gcans glve more noble pitting(zs’zs), but the opposite
we found in this work on molybdenum containing alloy., Thia
may be due Yo the increase of the passive film thiclmess
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vith time at a potential in the passive range. Thus the
pasgive £ilm would be thicker the lower the speed of the
gCanning. As the film thiclness increases, a2 low fraction
of the potential difference between metel and solution
would be expected to cccur within the f1lm and thus not

be available at the film -~ golution interface to assist

in the entry of chloride ions into the film. A gimilar
effect was reported Ly Bond and Lizlovs(27) for the 17.6%
Cr 13.5% fi 2.9% Lic in 1 FaCl soluéion.

The lower values of By 8t low dV/dt are attribu-
table to & combination of these effects. Similar obgerva-
tion has been obgerved by lLars TrOSEliUS(24). The polari-
zation curve measured for a metel alloy ig the resultent
of the puperimpoged polarization curves for ihe alloying
elements, Ep does not have the geme significance as the
flade potential of & pure metal. The latter is the
potential et which the enfire metal surface im pagsivated
becauge an oxide is thermodynamically astable or oxygen is
chemimorbed. E__, on the other hand ig a potential at
which the resultant polerization curve has & maximum znd
ifs position 15 dependent upon the gurface fractiong of
the included alloying elemesnts, i
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Specimen holder: 1l- FVC, 2~ Oring, 3- Resin,

4~ Specimen, 5. Brass

&~ Copper road and 9-

Potentlodynamic anodic
3.15% o alloyed steel

Potentiodynamic anodic
3.15% o alloyed steel
Poltentiodynamic anodic
3.15% Lio alloyed steel

Potentiodynamic anodic
3.15% lio elloyved steel
Polentiodypnamic anodic
J.15% Lo alloyed steel

Potentiodynamic anodic
3.15% uo alloyed steel

Potentiodynemic anodic
3.15% iMe allcoyed steel

road, 6and7- PVC,
Electric connection.

polarization for the

Polarization for the
ic O0.Li-%aCl (pH 2).
volarization for the
in 0.5U-¥aCl (pH 1).
polerizatian for the
in 0.5 FEaCGl (pH 1.4),.
polarizetion for the
in 3 FaCl (pH 1).
polarization for the
in 3ii FaCl (pH 3).

polarization for the
in 5M FaC1 {(pH 1).

Electrochenmical rarameters for 3.15% ko alloyed
steel in 1K FNaCl (pH 2) ueing different dV/dt.
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