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ABSTRACT KEYWORDS
Corrosion of Ti6Al4V was study with different heat treatments in Ti-6A1-4V,
3,5% NaCl solution by electrochemical measurements, included Alloy corrosion;
potenthiodynamic polarization curves, linear polarization resistance Heat treatment;
(LPR) measurements and electrochemical impedance spectroscopy Corrosion product;
(E1S), in order to focus on exploring the effect of annealing on the XRD.

electrochemical response in aquantitative manner. The samples were
prepared in the state of the art; heat treatments were applied at four
different temperatures of 550, 750, 950 and 1100°C. The
microstructure of samples has been studied using the optical
microscopy and the mechanical properties have been evaluated such
asmicrohardness HV. The electrochemical test show that the corrosion
rates of treated samples at temperature equal or more then 750 ° C;
are much better for the untreated sample. Although, the corrosion
product on the surface is identified as titanium dioxide by XRD in all
samples. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION tocorrosion, it’s widely employed in the presence of

seawater. However, the properties of thisaloy can be

TheTi6Al4V dloyiswiddy usedintheaerospace, modifying by different heat treatmentsusedin thelit-

arcraft fabricationand in differentindustriesfields. It~ eraturein order toimprovetheir physico-chemica and
presents good mechanical properties, low densities  mechanicasproperties.

(around 4.5 g/cm?®) and i nteresting physi cochemical Inthiscontext, severa studieshavebeeninitiated

properties. Inparticular duetotheir excelentresstance  about the corrosion performance of heat treated
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TiAl6V4 dloy. Uedaand d aretreated corrosion be-
haviorsof nitriding heet treatment on thismaterid, the
resultsshow animprovement in surfacehardnesswhich
depends on the processing time®. Moreover, M.M.
Khded and d were study theinfluenceof different con-
centrations of NaCl on corrosion performance of ni-
trided Ti6AI4V dloy. They find anincreasein the cor-
rosion ratewhenincreas ng thechloride concentration’®.

Zhongping Yao and d a so studied thed ectrochemi-
cal behavior of thealloy Ti6Al4V, micro plasmaoxi-
dizedina3.5% NaCl solution. The diagramsimped-
ance spectroscopy (EIS) obtained show that the cor-
rosion resistanceincreaseswith increasing oxidation
time.

Theam of the present work wastoinvestigatethe
corrosion and passivation behaviors of annealing
Ti6Al4V dloy inaerated 3.5% NaCl solution.

EXPERIMENTAL METHODS

Thealloy usedinthisinvestigationwasTAGV hav-
ing thechemical composition of (massfraction wt%):
C=0.08,0=0.13, Fe= 0.25,Al =6,V=4,H=0.02,
N=0.05, Ti=rest.

Specimensweremachinedinto 10X10 mmdimen-
sons.All thesamplesare polished until therank 1200,
in continuation with theauminapaste, thenrinsed with
distilled water and aremechanically dried beforeeach
test. All thesamplesthus, havethesameroughness All
specimensweretreated in four temperatures: 550, 750,
950 and 1100°C for 2 and 4 hours, after this operation
let cool withthefreear.

Theelectrochemical testswerecarried out using a
model potentiogtat/ga vanostat/ZRA (GAMRY Instru-
ments Ref. 600). A three-electrode cell consisting of
the sampleastheworking el ectrode, the d ectrode po-
tential wasmeasured against asaturated calomel elec-
trode (SCE) (E=240 mV/ENH) and aplainumfoil was
used asan auxiliary eectrode.

Thecorrosion potential (Ecorr) and corrosion cur-
rent dengity (Icorr) weredetermined usingthe Tafe fit.
In the open circuit potential (OCP) measurement,
changesintheopendircuit potentid (Ecorr) weremoni-
tored asafunction of immersion timefor about 1 hour
inasalinesolution (3.5% NaCl). All thee ectrochemi-

cal testswere performed at room temperature.
Research & Reolews On

El ectrochemi cd impedance measurement was per-
formed inthefrequency range of 100 kHz-5 102mHz
at theopencircuit potentid, after 1 hour of immersion,
by applying amplitudeof 5mV.

Surface microhardnessmeasurements (Vickersin-
denter) wererealized the load of 300gf. The micro-
structure and the corrosion product film were exam-
ined by optical microscope and XRD analysis. The
diffractogram wererecorded with radiation (CuKo =
1.54056 A) at an angular range of 30-50 ° (20) witha
step of 0.04°.

RESULTSAND DISCUSSION

Microstructuremodifications

themicrostructure of the Ti-6A1-4V usedin our
study is showed inthe Figure 1, we can observe the
presenceof phasea (inwhite) and thephasef (ingray).g
thisalloy isduplex.

Figurel: Optical micrographsof TAGV alloy untreated (G
x500)

Theinfluenceof the heat trestmentsapplied (Fig-
ure 2) showsthat the microstructureisthesameasthe
untreated sample, the presence of grains 3 and a ho-
mogeneoudy distributed and themicrogtructure obtained
arefinewhen thetemperatureincreases.

Themost changein morphology, sizeand distribu-
tion phase for temperatures 550, 750 and 950°C (a.
domain) at 2h and 4h can be observed. Inthecaseof 8
domain (1100°C: 2 and 4h), a new phase appear, it is
the phase o7,

Micr ohar dness measur ements
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Theeffect of heat trestmentson hardnessof samples
wasstudied, usngaVickersmicroindenter. Theresults
of the hardness obtained for annea ed specimensare
reported in Figure 3.
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Figure3: Microhardnessdataasafunction of heat treatment

for different samples.

Themicrohardnessva ue of the sampletreated at
1100 °C was four time as the microhardness of the
untreated sample (230 HV ). The higher hardness
valueobtained in the samplesat varioustemperatures
can berdated to therefinement of the microstructure.

Electrochemical testing

For electrochemical testswe opted for stationary
and non stationary methodsregarding: theevol ution of

Full Peper

thepotentid, potentiodynamic and Electrochemica im-
pedance spectroscopy.

Potential evolution (E =f(t)):

Thefigure4a, b presentstheevolution of thestan-
dard potentia (E,) asafunctionof timein NaCl solu-
tion. Thepotentid vaues  recorded for samplestreated
at 2hfluctuating between -0.150 and -0.310 (mV/SCE
), however, for 4h treatment theinterval -0.180 and -
0.370 (mV/SCE) was recorded.

Inthe case of two treatments, we observefor tem-
peraturesbelow 950° C, the E  stabilizesquickly. How-
ever, from 950 © C the standard potential takes more
timeto stabilize.

Ingenerd, dl samplesstudied show argpidincrease
at the beginning and become stabl e after one hour of
immersion, probably dueto theformation of aprotec-
tivefilmof corrosion product onthesurface.

Potentiodynamic polarisation technique:

Potenti odynamic pol ari zati on technique has been
widely used to study these corrosion systemd*12, the
Curvesplotted for theboth treatments (Figure5a,b )
consist of cathodic and anodic branches and awide
range of free passivation.

The cathodic current density of thissystem should
be attributed to the reduction of oxygen dissolvedin
thesolution,
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Figure4: Open circuit potentialsversustimefor TA6V after

4h.
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Figure5: Potentiodynamic polarization curvesobtained for
cycle: a) 2h and b) 4h.

We notethat the untreated samplehasawiderange
of pasivationwich beginsfromOmV / SCE withacor-
rosion potential -690 mV / ECS. However, for tem-
peratures 550, 750, 950 and 1100 ° C, the formation
of thepassivation film beginsat potentia whichtendsto
values nobler.

For the sampletreated at 1100 °C, it indicates a
ruptureof thefilmin around of 500mV/SCE for both
processing time but with rapid self regeneration.

Potenti odynamic tests show that thetreated and
untreated samples show the same tendency to sponta-
neoudy form an oxidefilmwhichimprovestheprotec-
tion featuresand the pol arization curvesof TAGV dloy
depend greatly on the procedure of heat treatments.

Theresults deduced from the polarization curves
Research & Reotews On
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TAG6V in aerated 3.5% NaCl solution at different processing

“TABLE 17, show that when the temperature of treat-
ment increases the corrosion potential tendstowards
morepositivevalues, and the best e ectrochemica per-
formanceinchloridemedium areattributed tothesample
treated at 750 ° C for 2 hours with a low corrosion
current, itisabout 12puA and apotential tendstoward
noblevalues -417mV/ SCE. Inaddition, thecorro-
sion potential values  obtained show that the heat
treatmentsapplied on very littleinfluenceon the corro-
sion behavior of thealloy.

Electr ochemical impedance spectroscopy (EI S):

Electrochemical impedance spectroscopy (EIS)
testesisrequiredto provide an overview of thecharac-
teristicsand kinetics of e ectrochemical processesoc-
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TABLE 1: Electrochemical resultsof potentiodynamic polarization of TAGV in 3.5% NaCl solution

550°C 750°C 950°C 1100°C
Temperature Untreated
2h 4h 2h 4h 2h 4h 2h 4h
Eco(MV/SCE ) -690 -459 -459 -417 -463 -412 -548 -490 -483
leor (LA) 16,0 28,7 32.8 12,0 1,6 8.0 1,48 3,26 11,4
V eor MM/an 0.495 0.550 0.019 0.004 0.043 0014 0.012 0.016 0.064

curring at theinterface of titanium aloy in NaCl solu-
tion.

Fromthetablebelow (TABLE 2), wecan seean
amelioration of acorrosive performancewith increas-
ingtemperature, but with aremarkableincreaseinvaue
for Rt corresponding for heat treatmentsat 2h.

Figure5, showsthe Nyquist plotsfor theuntreated
and heat-treated sampl es, there was only one capaci-
tiveloop corresponding to acapacitive phenomenon
for al specimens. Thetreatment at 750 ° C for 2h and
4h hasbetter corrosion behavior in NaCl solution.

X-ray diffraction analysis
X-ray diffraction analysis (Figure 7) of corroded

productswereformed on samplessurfacein 3.5% so-
dium chloridesolution confirmed the presenceof TiO,,

|
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Figure7: X-ray spectraaobtained after immersion test.

TABLE 2: Resultsof theimpedance spectraobtained for TA6V in aerated 3.5% NaCl solution at different processing cycle:

a) 2hand b) 4h.
Temperature°C) Time of treatment (h) C; (uF.cm™) R (k.ohm.cm?) R, (ohm.cm?)
Stateinitial untreated 53,49 156,9 7,911
550 2 56,40 167,3 5,804
4 86,30 83,14 10,24
750 2 47,22 108,6 5,804
4 60,01 47,26 15,88
950 2 52,41 1779 7,899
4 2174 6,45 7,044
2 66,43 84,73 5,423
1100 4 26,09 6,38 18,04
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Figure6: Impedancediagram of TAGV in 3.5% NaCl solution after 1h: a) heat treatment for 2h and b) heat treatment for 4h.
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whichimpliesthat in thetemperatureor the different
conditionsof heat treatment does not affect the nature
of corroded productsformed but increase the capacity
for self regeneration.

CONCLUSIONS

In this paper, we have shown that the behavior of
Titanium-Aluminum-Vanadiumdloy having undergone
heet treatment for different conditionsand placedin cor-
rosiveinfluencethat:

e Theheat treetmentsappliedtothetitaniumalloy o
+ B (Ti6Al4V) have an influence on the micro-
structure and phasesdigtribution;

e  Themicrostructureof titaniumdloysdependsboth
ontheproportion of each phaseand the hest treat-
ment appliedto the materid.

e  Themicrostructuresobtained after heet treatments
arefinewithinterestingmechanicd properties. The
electrochemical testsin saline 3.5% NaCl show
that thetreated and untreated samples present the
sametendency to spontaneoudy form anoxidefilm
that improvesprotection features. Withimproved
capacity for sdif regenerationindicated for thetreat-
ment of 750 ° C 2h and 4h.

e Andysishy X-ray diffraction at grazingincidence
revedstheformation of TiO, at thesurfacefor al
samples. Theheat treetmentsapplied did not flock
to the nature of the corrosion products.
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