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Abstract

The corrosion of pure titanium (CP-Ti Grade 2) and titanium alloy (Ti6Al4V ELI) were studied under
various conditions of simulated body fluids. The static immersion test and the electrochemical test were per-
formed in accordance with ISO 10271 : 2001. For the electrochemical test, the open circuit potential was
monitored as a function of time, and the cyclic polarization curve was recorded. The corrosion resistance
was evaluated from the values of corrosion potential, passivation current density, breakdown potential, and
the shape of hysteresis etc. The effects of alloy type, surface condition, temperature, oxygen, and constituents
in the fluids such as acid, chloride were estimated. Both specimens had extremely low dissolution rate in
the static immersion test. They showed strong passivation characteristics in the electrochemical test. They
maintained negligible current density throughout the wide anodic potential range. The passive layer was not
broken up to 2.0 V (vs. SCE). The hysteresis and the shift of passivation potential toward the anodic direction
was observed during the reversed scan. The passivation process appeared to be accelerated by oxygen in
air or that dissolved in the fluids. The passivation also proceeded without oxygen by the reaction of constituents
in the fluids. Acid or chloride in the fluids, specially later weakened the passive layer, and then induced
higher passivation currrent density and less shift of passivation potential in the reversed scan. CP-Ti Grade
2 was more reactive than Ti6Al4V ELI in the fluids containing acid or chloride, but thicker layer produced
on its surface provided higher corrosion resistance.

Keywords : Corrosion, Titanium, implant, immersion, Electrochernical, Passivation

1.M B dEAE ﬁ\Jﬂi’ﬂ ALgol FEE FoH .

ElE}“ A adle ARFHOR o, a + B, B 3

A3 B Aoz &4F AlA R gis o) THE AzxHY, ol A4 542 FA5] #

A L wAE 9% AA AREA ZH]RIEES A o A B A IS e oY ¥

e 9 YAA Y=, AFS T, Helg 2 2 2] Te HEeR M. webd A A

= T oFT LA Ee] ARRE O] St} o]FelA E24 BegA 20 542 Helg # 4 4

T Hely % 2 35L& 59 71AE B4 9ol HBol B AZx UHst BAS shRch = 2

& A5 YubEd EAH w2 2r, W Hel JESWES] Aol AL A e A

2 2 AA AR TE EEE S e AE W Z7oA AA| FAo] AP Aot o A 4
Foll 20417] T o]F5E ZF o348 # AF

Eo|] AETHO
E'_']

AR J

A AHgAdE

oz AAe] mAE Gl wa
oz Eeky 56 WAE 2 A4
NN Ee) Al

N

*Corresponding author. E-mail : aqdoc @kangnung.ac.kr



383 37 (2004) 110-118 111

o FAHE sl JAske A
Qonh o @A g 9 By sheh
g A7t A& E Fso) gtk 53] HZ
e 77 e AUolxet fAket F4 oA
BAshE BERe] F4 9 Akt B4E& s
et AF7E A JPET AT, oei g
ATEL D) EHebEAl A9 WS Brist

oflA] # otuel fAKE &2 2oA xH
How kgl Asleg AN S

PNt gere 54 mAoNMe) AEL 47
J7hg EE AL YFAE AY F A Dol
¥4 B4 dEsud sgh 53 37 F =
= g Wold ofn] Y AslFo] FHH 4
o ¥4 B4 ZRA ke A4S 24 BH
o) AsEo] FAH Tk S BHtE ¥
]

e Tk olg A3 ASE & ARE o

o2 ®w3 Ho AR A F7< 1SO
10271 : 200179 4 Hx 43 W 27545
43 S &8 dAlski

A3 AAEA AHA ASHE A d
He 5 ¥y 78 & HEls CP-Ti
2 SF Ti6Al4V ELI = 7IKE AR
Q H-’] Eg]z% §]_Zﬂ-14

2

=} 3

o} EElg & H = 7474 ASTM F 67 2 F 136
.H—

&

;azq 27 %’@9] AL ARG A= Wk
AANE #600 AV R &4 Aulst AFH 3 Z

3}
& golo @971 g7)0] W3 AL AR 37°C
NN 257 FANZ T Aje] 4R Fhe) §2

#ZS ICP YAPEEGE4] 7] (XM2, GBC, Australia)
2 FAssT oM AlH E X—,L— g 1 ml G

1 cmzi ‘6]-9\11’4-. 22 B
ZetiY 8715 A}%O}'N\ AY 7|7 Sk
14401 7] HHg HEHA s FosAth
R 7181etA Aol Ao Audt 58 A

3 ANEA FR0) Zrfjste] AFS Az oH
L.

T VI R = W A = B2~ J{N'
N, o
%
rO
re
=
o
2
Il
j ]
N N
N
(@]
EN
o
ne
o
ok
=
)
Y

oZ 10 o o %0 ©
>,
3
lo,
2,
—~
o

g Aol Aol B2 Y B2 A

4 9 gge 23 498 Ast, —Hrz A

O:

o
2
k=)
£
.E Lon

T =
S22 18H ﬁﬂ«l 7}* Y
g 7hsg 72 8718 AREen Ao A
A8(G0091, EG & G PAR,
oz x3 Z=9 (K077, EG
& G PAR, USA)% A}%“}‘iiﬁ}. AY 2= 44
A Ao et vlZ7IAIR 37°CE 7| RoE 3
Ao "o wEkd A9 18°Cor e A=
Rk =

fAo 2= XFE ASAHET} AN HE
= AY 274E g9 9 ol 7PgEke <l
A S 2 Hank's Balanced Salt Solution(HBSS,
*r‘a Hank ,g_OH oz z]) o]_J_ E].on = 0 /\},9_
oo, o gl W A 24oE g 1, 2

F%o}ME‘r. FAAL] sheHE 2L F 29
3t Hank 43 Q¥ Eldfo] =2 1'%71
T” o= 7_}7_} b‘:lz}_‘,]. E]_oﬂ o] 7]-;(]

dalr] f1g Aok, 89 2= E‘r%” %

A3ES] TS AR SHE AHFH 5

w2t o 0o o
N
ﬁ):
b
o
rir
Hm
- ot

o
fru
rir
kd
g
}ﬂ
Alolv

0. oft 30
oy

|t

8

].

[of

oX Mr X ru[o

9O.
=

o
=

r> BN o 1R off
N

)
L

Table 1. Chemical composition of specimens

Chemical Composition (%)
Type ; Manufactarer
Ti Al \% Fe (@) H N C
CP-Ti Grade 2 Bal. - - 0.04 0.11 0.01 0.04 - Daido Steel
Ti6Al4V ELIL Bal. 5.86 4.09 0.18 0.10 0.06 0.01 0.01 Daido Steel
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Table 2. Chemical composition of solutions

Type Chemical Composition (g/l) Source
Solution 1 |H;PO, 49 (0.5 M)

ISO

Solution 2 |NaCl 5.85, Lactic Acid 10 10271:2001

Hank's CaCl, 2H,0 0.185, MgSO,

Balanced Salt| 0.09767, KC1 0.4, KH,PO, Sigma H8264

Solution | 0.06, NaHCO; 0.35, NaCl §,
(HBSS) |Na,HPO, 0.04788
o NaCl 0.4, KC1 0.4, Na,S .
Artificial | g4 13 0,005, NaH,PO, H,0 | Modified
Saliva Fusayama's

0.69, Urea 1, pH 6.7
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Table 3. Result of static immersion test

Metal Concentration after 14 Days (ppm)
. CP-Ti .
Solution Grade 2 Ti6AMV ELIL
Ti Ti Al \"
Solution 1 0.87 0.82 0.13 <0.01
Solution 2 1.92 2.70 0.25 <0.01
Hank's Balanced
Salt Solution <0.01 <0.01 <0.01 <0.01
Artificial Saliva| <0.01 <0.01 <0.01 <0.01
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Fig. 1. Open circuit potentials of CP-Ti Grade 2 and
Ti6Al4V ELI in three different solutions.
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Fig. 2. Open circuit potentials of CP-Ti Grade 2 and

Ti6Al4Y ELt in Hank's balanced salt solution at
different surface conditions.
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Ti6Al4V ELI in solution 2.
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Fig. 5. Potentiodynamic polarization curves of CP-Ti
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