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ELECTROCHEMICAL BEHAVIOUR OF Ti—6Al-4V ALLOY
IN RINGER’S SOLUTION AFTER OXINITRIDING
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Corrosion behaviour of nitrided and oxynitrided @A—4V alloy in the Ringer’s solution
(simulated body fluid) at a temperature of@#Avas investigated. It was determined that
corrosion resistance of the alloy in both casesimgsoved: the corrosion current density
decreased, polarization resistance increased anustmn potential became nobler.
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The Ti—6Al-4V titanium alloy is the most widely wubkéor the orthopaedic and
dental implants because of its high corrosion taste and good mechanical properties
[1-3]. Its corrosion resistande vitro is caused by a strongly adherent oxide layer that
is formed spontaneously on the alloy surface [4Hslwever, when titanium alloy is
implanted into physiologicah vivo environment, the oxide stability may be affected,
resulting in increased metal ion release and cgustoxication. Therefore there is an
ongoing interest in modifyingthe the implant sugad5, 6]. Thermodiffusion satura-
tion with interstitial elements (nitrogen, oxygeémm a controlled gas medium is one
of the methods of titanium alloys surface engimegli7]. Its important advantage is
the possibility to provide high adhesion between pihase film and the metal matrix
forming a gradient hardened diffusion layer.

The suitability of implants is evaluated in invgstiions of their corrosion resis-
tance in physiological solutions which simulate thenan body fluid [8]. The purpose
of this work is to study the corrosion behavioundfided and oxynitrided Ti—-6Al-4V
alloy in the Ringer’s solution (simulated body @iat a temperature of 3C.

Materials and methods.The cylindricalsamples of Ti—-6Al-4V alloy with a dia-
meter of 8 mm and a height of 2 mm were investijaiée samples were mechanical-
ly ground by different grades of SiC emery pappdished by diamond pastes to ob-
tain a surface roughness Rf = 0.2um. After polishing the samples were cleaned ul-
trasonically in alcohol and dried.

Nitriding of Ti—-6Al-4V alloy was performed in theaction chamber with a nitro-
gen gas medium at a nitrogen partial pressure DP&0The nitriding temperature was
850°C, and isothermal exposure in nitrogen was 5 h. i@erially pure nitrogen was
used. The oxygen and moisture in the nitrogen gihmere were removed by filtering
the gas through a silica gel filter and heating titenium chips at 5@C above the
saturation process temperature. The oxygen cortetibe nitrogen was< 0.01%,
whereas the content in unpurified nitrogen was aBd&fb6. The samples were heated
to the nitriding temperature in a vacuum ofIPa to remove the natural oxide films
and avoid the formation of new ones during heatifter the isothermal exposure the
samples were cooled in nitrogen to 300Then the chamber was evacuated.
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The oxynitriding of Ti—-6Al-4V alloy was carried ohy the putting the controlled
oxygen-containing medium into the reaction changtehe final stage of the nitriding:
during cooling from 850 to 50Q@. The oxygen partial pressure was 0.1 Pa.

The phase composition of the surface layers aftading and oxynitriding was
investigated using a diffractometer DRON-3.0 withKg-radiation at a voltage of
30 kV and a current of 20 mA. The tube focusingeyswas made using the Bragg—
Brentano method. Titanium oxynitride was identifiedh application of the standard
diffraction pattern obtained in accordance withiedel by Levi et al. [9].

The corrosion resistance of the nitrided and oxigetl Ti—-6Al-4V alloy was
evaluated at a temperature of 37+0.5°C in an &irated Ringer's solution simulating
the human body fluid. The electrochemical testsevearried out with application of an
AUTOLAB PG Stat 302N potentiostat/galvanostat. Theasurements were carried
out with a standard three-electrode measuring systeluding platinum electrode as
counter electrode, sample as a working electrooe aasaturated calomel electrode as
a reference one. The surface area of the titanmmpkes exposed to the electrolyte
was 0.5 cri Open circuit potential (OCP) had been measurargtfo hours. The
anodic and cathodic polarization curves were remmbnasing a sweep potential test in
the range of £150 mV with respect to the OCP, withcanning rate of 1 mV/s. The
corrosion current density.§) and corrosion potentiaEf;) were determined based on
the Tafel relation using NOVA ver. 2.1.2 software.

Results and discussion.The nitride 7, a.u. 3
film of golden colour is formed on the sur- 3
face of Ti—-6Al-4V alloy as a result of ther- 8000
modiffusion saturation with nitrogen. Accor-
ding to the results of the X-ray phase ana 6000 :
lysis (Fig. 1), it contains TiN and 2N pha- 3
ses. TiN phase represented by (111), (200 4000 1
(220), (311) and (222) reflections is predo- ]
minant. In addition to the nitride phases, in 5 3

the diffraction spectrum there are the lines z = z 22 @
of a-Ti with the increased interplane dis- | =t Ao e = ]
tances, indicating the formation of the solid 25 35 45 55 65 20, degree
solution of nitrogen in titanium which sepa- Fig. 1. Diffraction spectra taken
rates the nitride film and the matrix alloy. from the surface of nitrided)

After modification of the titanium and oxynitrided f) Ti-6AI-4V alloy.
nitride by oxygen the alloy surface has a
grey colour with a violet (lilac) tint which indites indirectly the presence of the
titanium oxynitrides [10]. According to the X-rap@se analysis, the oxynitride phase is
represented by (111) reflection of T« of the weak relative intensity. Titanium
dioxide in the rutile modification is also found @me alloy surface. This is confirmed
by the (110), (101), (111), (211), (220) and (28)ections of TiQ. In addition the
peaks of TiN anda-Ti phases are presented in the diffraction spettru

It is known that the OCP value varies with the imsien time in the corrosion
environment due to changes on the surface mataridljndicates its tendency to elec-
trochemical oxidation [11]. Fig. 2 presents changfethe open circuit potentials (OCP)
against time for the tested Ti—6Al-4V samples ia Ringer's solution at 3T. All
OCP are in the negative values.

For the untreated Ti—6Al-4V alloy the OCP decredsas —0.110 to —0.150 V
with further increase and stabilization at —0.078Rg. 2, curvel). A sharp decrease
of the OCP can indicate the dissolution of the rstaxide film with its subsequent
oxidation. The OCP stabilizes at —-0.134 V.
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Fig. 2. Open-circuit potential vs time curves
of untreated), nitrided @) and oxynitrided J)
Ti—6Al-4V alloy in the Ringer’s solution

at 37C.

For the nitrided alloy for the im-
mersion in the solution to 1000 s, the
OCP increases from —0.370 to —0.056 V
(Fig. 2, curve2). Obviously this is due
to the oxidation of the nitride film. The
OCP stabilizes at —0.066 V. With for-
mation of the nitride film on the surface,
the potential is nobler by —0.068 V com-
pared to the untreated alloy (Table 1),
which improves the corrosion properties.

For the oxynitrided alloy, as for
the nitrided one, the OCP is nobler com-
pared to the untreated alloy (Table 1). It
should be noted also that for the oxy-
nitrided alloy the OCP is situated in the
region of lower potentials (Fig. 2,
curve3) compared to the nitride one. It

can indicate a lower corrosion resistance of theting. Thus, nitriding and oxynitri-
ding improve the anticorrosion properties of tHeyal

Table 1. Corrosion parameters of the untreated, niided and oxynitrided
Ti—6Al-4V alloy in the Ringer’'s solution at 37C

i _ Ecom icorr>< 10_7; ba ‘ b Rp, Eocp-
Ti—6Al-4V alloy v ey Videc 0o v
untreated -0.151 4.05 0.16 0.14 61300 -0.134
nitrided —0.103 2.49 0.1y 0.11 89500 —0.066
oxynitrided -0.115 2.70 0.17 0.13 85500 -0.090
Ng ] 3 Fig. 3 shows the polarization curves
= of Ti-6Al-4V alloy, taken in the Ringer's
~ 2 solution at a temperature of &. The
corrosion parameters derived from the
107 5 Tafel plots, including the corrosion cur-
rent density i¢r), corrosion potential
108 (Ecor), polarization resistanceR(), and
the slope of anodiddf) and cathodick()
polarization curves, are presented in
107 Table 1. The untreated Ti-6Al—4V alloy
-030 -020 -0,10 0,00 E,V

Fig. 3. Polarization curves of the untreated
(1), nitrided @) and oxynitrided §)

Ti—6Al-4V alloy in the Ringer’s solution

at 37C after OCP measurements for 2 h.

is characterized by low corrosion resis-
tance.

With the formation of the nitride
coating on the surface (Fig. 3, cuje
the corrosion current density decreases in

[01.6 times, and the corrosion potential shifts By048 V to the values corresponding
to the nobler ones compared to the untreated dlfaple 1). The resistance of the
nitride film increases inl 1.5 times, thus improving the anticorrosion praipsr

The corrosion behaviour of the oxynitrided alloydisteriorated compared to the
nitrided one (Fig. 3, curv@). The corrosion current density increases anadnesion
potential shifts by —0.012 V towards the more niegatalues. The film polarization
resistance decreases (Table 1). It should be raitexlthat the oxynitrided alloy in
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comparison with the untreated alloy tends to imprdlkie corrosion resistance, as
evidenced by the lower corrosion current density eorrosion potential by —0,037 V
to compare with the values corresponding to thelemobnes. The film polarization

resistance increases (Table 1).

CONCLUSIONS

It was determined that nitriding and oxynitridinggrove the corrosion resistance
of Ti-6Al-4V alloy in the Ringer’s solution at amgerature of 37C that simulates the
tissue environment of the human body. The formetiogs provide a lower corrosion
current density as well as a higher polarizatigistance and a nobler corrosion poten-
tial compared to the untreated alloy.

PE3FOME. JlocnigkeHo KOpO3iiiHy MOBEIiHKY a30TOBAHOIO Ta OKCHHITPOBAHOTO THUTAHO-
Boro cmiaBy Ti—6Al-4V y posunni Pinrepa 3a temneparypu 37°C, SKuil MOIEIIOE TKAHUHHY
piAMHY JIFOJCBKOTO OpraHizmy. BcraHOBieHO, 10 B 000X BHIAIKaX MiJABHIIYEThCS KOPO3iiiHA
TPUBKICTh CIUIABY: TYCTHHA CTPYMY KOpO3ii 3HIDKYETHCS, TOJSPU3ALiAHUI Omip 3pocTae, a mo-
TEHIaJ] KOPO3ii YIUITXETHIOEThCS.

PE3IOME. VlccneoBaHO KOPPO3UOHHOE MOBEJECHHE a30TUPOBAHHOIO U OKCHHUTPHPOBAH-
HOTO THTaHOBoOro cruiaBa Ti—6Al-4V B pactBope Punrepa mpu temmeparype 37°C, KOTOpBIit
MOJEIHUPYET TKAaHEBYIO KUAKOCTh YEIOBEUECKOIO OpraHu3Ma. Y CTAHOBJIEHO, YTO B 00EUX CIIy-
YasX MMOBBIIAETCA KOPPO3HOHHAS CTOMKOCTH CIIaBa: INIOTHOCTH TOKA KOPPO3HH CHIDKACTCS, TI0-
JSIPU3aLUOHHOE CONPOTUBIIEHHE YBEJIUUUBAETCSA, a IIOTEHIUAI KOPPO3UK 00JaropakxuBaeTCs.
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