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ABSTRACT

Passivity, its stability and breakdown, leading to localized corrosion such
as pitting is the most important phenomenon for austenitic stainless steel
in vivo solution. Because growth of it helps to aggravate other forms of
corrosion, leading to failure of implant material. All pits, onceinitiated may
not grow. Many of initiated pits are metastable and may be healed by
repassivation. Only those of metastable pits which find favorable
conditions grow into stable pits. Studies of repassivation and formation
and life of metastable pits have been investigated by cyclic polarization
and current transients at different fixed potential within passive. Pitswere
generated by passing anodic currents within passive region and the
characteristic studies repassivation leading to death of pits or formation
of stable pits have been investigated. It was found a number pits initiate
well below pitting potential. Out of them only a few may grow to stable,
depending on diffusion of ions and formation of porous plug over the pit
mouth and other may live for few seconds, called metastable pits and
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cease to grow further due to favorable condition of repassivation.
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INTRODUCTION

Human tissue may appear to be chemically inert;
however, at the molecular level, human tissue is a
dynamic environment for immersed metals. Metals
implanted into thissaline milieu inevitably undergo
corrasion, producing detrimentd effectsbothlocally and
systemically within the human body. The degradation
of implanted materia scan be brought down to minimum
by Passivation. Metals and alloys, such astitanium,
cobalt-chromium, and stainless steels, exhibiting

passi vation have been used asimplant materid's. Among
themetdlicmaterids AlSI 316L stainlesssted ismost
commonly employed for temporary devicessuch as
fractureplates, bonescrewsand hip naillsduetoitslow
cost and acceptable biocompatibility™. However,
therearemany problemsrel ated to plate breakage and
irritation regarding thefixation devicesfor osteosynthess
treatment(®-8.. It has been often reported to suffer from
severe creviceand galvanic corrosion, primarily dueto
the presence of occluded sites and high chloride
concentrationinphysiologica fluid®. Thecorrosion of
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the stainless steel implant rel easesmetal ionssuch as
Fe, Ni and Cr, which produceloca systematic effects
and thereby playsarolein prostheticloosening. A study
showed that AISI 316L stainless steel produces
corrosion products above certain non-lethal
concentrationsand thereby disturb the proliferation/
differentiation rd ationship of osteobladtichumandveolar
bone cell culturesin adose dependent manner™,

Extens veresearch workshave been madeand il
arebeing carried out to enhanceits corrosion resistance
and makeit more biocompatible. Tomonori Nakanishi
and et.al.*Y made solution nitriding of 316L stedl and
reported to haveincreased pitting corrosion resi stance.
Varioussurfacemodificationtechniques, suchasplasma
ionimplantation13, |aser meting*% and laser surface
alloying!*®¥ physical and chemical vapor deposition
(PVD and CVD)®02U thermal oxidation(??
electrochemical surfacemodification/anodizing® have
been tried out toimprove wear, corrosion, and fretting
resistance of orthopaedicimplants. However, each of
these methods has limitations concerning the
performance of tailored surfaces and their complex
operating procedures.

Pitting isthe most important form of corrosion for
audeniticganlesssted invivo solution. Becausegrowth
of it hel psto aggravate other formsof corrosion, leading
tofalureof implant materid. Fitting can bemitigated by
passvetion. Breskdown of passivefilm leadstoinitiation
of pitting. But dl pits, onceinitiated may not grow. Many
of initiated pits are metastable and may be healed by
repassvation. Only those of metastablepitswhich find
favorable conditions grow into stable pitd?4. In the
present investigation passivation, repassivation and
metastabl e pitting characteristicsof 316L stainlesssted
have been madein Hank and Bone solution by different

typesof polarization.
EXPERIMENTAL

316L stainlesssted samplesof 1X2 cm?wereand
polished up to 3/0 emery paper, washed with acetone
and air-dried by hot air. The sampleswere observed
with low magnification microscopeto find any surface
defect of any pit or deep scratch. If any deep scratch
or pits were observed, the samples were further

polished. Thisprocedure continuesuntil and unlessthe
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samplesbecomepitfree. ., Artificid Bonefluid solution.
was prepared by mixing theanalytical grade reagents
and doubledistilled water, with pH valueof 7.4+ 0.2.
Composition of thesolutionsislistedinTABLE 1. The
electrolyte of about 100 ml without aeration was used
and temperaturewasmaintained at 37+ 1°C .

Potenti ostati c pol arization, Cyclic polarizationand
Repassivation experimentswere conducted in Gamry
instrument. Thearrangement electrochemical cell is
showninfigurel
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Figure 1 : Showing experimental electr ochemical cell for
corrosion study

RESULTSAND DISCUSSIONS

Figure 2 showsthecyclic polarization scanin bone
fluid solution. Thematerid isfoundto proneto passvity
breakdown and localized corrosion. Thereverse scan
cutstheforward scan at 144.8mV voltvs. SCE This
point isRepassivation Potential E__, below whichthe
material issaid to be protected against the localized
corrosiveenvironment. Sincethepitting potentia E " is
greater than E_, localized corrosioninitiatesand the
timeof initiation dependson thedifference between (Epit
- Eqp)- If E iscloserto B, timeof initiationislonger.
If E, isbelow E_, localized attack will not continue.

Fitsdartinitiaing at certain potentid swithin passive
region. Thesepitsmay get repassivated when they are
cdled metastablepitsbut under certain conditionswhen
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the passiveforceisnot enough to cover the exposed
local surface area by newly formed oxide layer, the
metastable pitsgrow into stable pits. Inthefollowing
setsof figuresunder the study of CPP scan; the aspects
of theserepassivations have been studied.
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Figure2: Cyclic polarization scan of the specimen in bone
fluid solution

Inthe series of experimentsfrom Figure 3-6, the
gpecimenisfirstinduced to pit (stimulating phase) by
gpplyingalargeanodic potentia . After pitting hasbeen
initiated, thepotentid isdropped to an aready selected
test potentid tofindif thesampleisgoingto repassivate
or not. If the specimen repassivates, the process of
stimulation and repassivationisrepested a moreanodic
potential. This technique determines the Critical
Repassivation Potential. The experimentation ends
during repassivation when the current exceedsthelimit
indicating of pitting or when the specimen doesnot pit
during stimulation phase. Thepotentid hasbeen gepwise
increased within passivity regionin Figure 3to 6, from
the lowest value of —0.113 volt vs. SCE to a highest
valueof +0.184 volt vs. SCE. Itisseeninfigure 3that
repassivation lineisabsent. Thisisduetothefact that
a suchlow potentid, withinthe passiveregion, pitshave
not initiated. Infigure4 two trendsof linesare shown
(bluelineindicates stimul ation phase whilered one
indicates repassivation phase).

Itisseenthat at —0.0535 volt of applied potential
of stimulating phase, pitshavebeenforcedtoinitiate by
applying current density of the order 579nA/cm? that
then dropsdownto 208nA/ cm?. Therepassivation has
simultaneoudy started with acathodic current density
and the pits have been repassivated. Increase of
potentia to 0.045valt infigure5exhibit new stimulating
phase and onerepassivation state. Similarly infigure6,
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at amuch higher potentid of 0.184 volt, seriesof lines
arefoundfor simulaing aswell asfor repassvation phase
For phase 3 of very high anodic potentid,, repassivation
phaseisabsent. It indicatesthat at thispotentid, thepits
generated aretransformedinto stabl e pits.
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Figure3: Critical pitting potential scan of the specimen —
0.113volt in bonefluid solution
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Figure4: Critical pitting potential scan of the specimen at —
0.053 volt in bonefluid solution
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Figure5: Critical pitting potential scan of the specimen at
0.054 volt in bonefluid solution

For the seriesof experimentsof potentiogtatic scan,
fromFgure7-12, sampleisheld a opencircuit potentid
for few secondsand there after it is potentiostated at
initial fixed E ., valueandisheld at thispotential for
100 seconds, after which current transit (current vs.
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time) isstudied. Potential isthenjumpedtoE,_,andis
held at that potential and again current transitisstudied.
Figure 7 shows such a potentiostatic scan where the
initia potential and final potential have been selected
fromwithin the passiveregion (See Figure2 of cyclic
polarization), starting from lower region of the passve
curve. Itisseenfrom current trangit study that after the
potential jumpinfina stage, current steadily decreases
withtimeindicating noformation of any metastablepits.
At stepwise higher potentialsinfigure8& 9, similar
trend hasbeen encountered. However, fromfigures 10,
11 and 12, itisinteresting to find from current transit
trend of the second part of the trend i.e., when the
specimenisfixeda E, , therearejumpsof current at
differenttimeindicatinginitiation of pits But with passage
of time, the current density dropsdown to repassivation
and hedingof pits Therefore, thesearecdled metagteble
pits. Fromfigs.11to 12, it isfound that the metastable
pitsgrow into stable pitsand repassivationforceis not
enoughtopassvaethedeterioratinglocd passvity layer.
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Figure6: Critical pitting potential scan of the specimen at
0.184 volt in bonefluid solution
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Figure7: Potentiostatic scan of the specimen between -0.113
to-0.053 volt in bonefluid solution

Itisinteresting to note from the above discussion
that 316L stainlessstedl in Bone Fuid Solution, does
Research & Reotews On

not exhibit any pitting up to 0.053 volt and aboveit
metastabl e pits start growing and from 0.154 volt vs.
SCE, formation of stable pitsstart occurring.
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Figure8: Potentiostatic scan of the specimen between -0.053
toOvolt in bonefluid solution
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Figure9: Potentiostatic scan of the specimen between Oto
0.053 volt in bonefluid solution
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Figure 10 : Potentiostatic scan of the specimen between
0.053t0 0.089 volt in bonefluid solution

Metastable pitsoccur over awide potential range,
well below the normal pitting potential, and can be
observed e ectrochemicaly by therandom occurrence
of asmall rise in current transients, which vary in
magnitude and shapewith typicd lifetimesintheorder
of few seconds. However, only asmall fraction of the
eventsproduceapropagating pit and only smdl fractions
of these survivelong enough to be considered stable.
During the early stage of pitting of some passivated
metals and alloys, small current fluctuations are

. -
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observed, which are the results of very small loca
corrosion and repassivation due to formation of
metastable pitting. The rate of growth of individual
corroson pitiscontrolled by diffusion of thedissolving
meta cationsfromthepitinterior, thesurfaceof whichis
saturated withthemetd chloride. Thereisacriticd value
of the product of the pit radiusand itsdissol ution current
density,termed the “pit stability product!®? below which
the pit is metastable and may repassivate, and above
whichthepitisstable. All pits, whether metastable, or
destined tobecomestable, grow initidly inthemetastable
condition, with apit stability product whichincreases
linearly withtime, but below thecritical vdue Metagtable
growthrequiresaperforated cover over thepit mouthto
providean additional barrier to diffusion, enabling the
aggressvepit anolyteto bemaintained. Inthistate, pits
grow at a constant mean current density which is
maintained by periodic partid ruptureof thecover. Sable
pit growthisthen achieved when the cover isno longer
required for continued propagation, and thepit depthis
itself asufficient diffusion barrier; aconstant mean pit
stability product abovethecritical value characterizes
gability. If thecover islost prematurdy, beforethecriticd
pit stability product isachieved, thepit anolyteisdiluted
andrepassvationisinevitable.
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Figure 11 : Potentiostatic scan of the specimen between
0.089t0 0.154 voltsin bonefluid solution
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Figure 12 : Potentiostatic scan of the specimen between
0.154t0 0.184 voltsin bonefluid solution
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CONCLUSION

Therepassivation potential of 316L stainlessstedl
implantinbonesolutionis144.8mV voltvs. SCEwhich
isbelow pitting potential. Soitis proneto localized
attack. Metagtablepitsare generated a potentidswithin
passveregionandwdl below pitting potential . At lower
potential less 0.045 vs. SCE, pits initiate and get
passvated, whilea higher potentid metastablepitsgrow
into stable pits. 316L stainless steel in Bone Fluid
Solution, does not exhibit any pitting up to 0.053 volt
and above it metastabl e pits start growing and from
0.154 volt vs. SCE, formation of stable pits start
occurring.
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