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Abstract Ti and Ti alloys are known to have excellent corrosion properties, which is an important aspect for
biocompability of these implants in human body. In our study, four types of samples (Cp-Ti, Ti-6Al-4V,
0.5 wt.%Fe-Ti and ECAP Ti) were tested for their apatite forming ability and corrosion properties. The
micropolished samples were treated with 5 M NaOH solution at 60°C for 24 hours. Each samples was gently
washed with distilled water and heat-treated at 600°C for 1 hour. The heat-treated samples were soaked in
Simulated Body Fluid (SBF) solution at 36.5°C in an incubator for different period of time. The test revealed
that 0.5 wt.%Fe-Ti showing faster apatite growth on the surface (7th day) compared to other samples.
Polarization curve test (PCT) was also carried out to determine the corrosion resistance of each samples in SBF
solution. ECAP-Ti showed highest corrosion resistance compared to any other samples. 0.5wt.%Fe-Ti showed
higher corrosion potential and corrosion current compared to other samples.
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B Ao AMg3 A|HEL Cp-Ti (Daido Steel Co.
Ltd, Japan, 705°CellA] 1417 308 T 271904 o€
EA2]), sHA37|edelA #=z" ECAP Cp-Ti (Cp-Ti
S 450°ColA 4passdt ECAP), Ti-6Al-4V (Oregon
Metallurgical Corporation, USA, 705°CelA] 1417} 30%
T2 2794 o9y EAE)H 0.5wt.%Fe-Ti(Daido
Steel Co. Ltd, Japan, 705°CollA 1417} 308 T2 =7
oA ojdy EXHFFE AME-3IHeH, 1o Uit =
4EE Table 161 YERRAT. o] AJHES #1203
#20009] SiC AviAE Avkgt & | m7kA] v AnkE
39t 23 3 Z2ogd Weol| ethanolS 30ml ¥
10587 285 A TS 40°C AZ7)oNA Az},
1, A8 EHe] 42 fste] 5 M2 NaOHE©]
971 B2 Zgk2=0) Y32 shaking incubatoroll A 60°C
2 240759 Al ohe FREE Moluidith 2 ¥
600°Coll A 1A]1ZHEF EX 83k & SBFel A A

AlHEH AAAEE olgfelo|ES AL e, ¥
2 5M NaOHX2]¢} 600°Col A Fx)g Al HS &
2gd ¥ 29 30mie SBFY AAAZTE o] AJHL
36.5°C2] AFW OB 1~1087+ HAEIAEE B o}
el E A 2AVEH] 98lo] SBFO A E AJHS
1, 3,57 104 £o22 Add] SFHFE & He g
AzNZAG. 28 g FAPHAER(SEM, Scanning
Electron Microscope, JEOL-5200)2 ARg-38lo] #2519
t}.

e - A - B - WL

A

2.1 SBFe] M=

2 HgolM AEE SBFE Table 291 o] Alge] &
# 2rlole ot 28 5 E zH stk WA 3
& Z(water bath)E 36.5°CZ &AA7]HA 800 mle] =
FrE 178719 Egodd vlojAd ¥ F magnetic
stirrer® WHFFATH SBF) A& NaCl, NaHCO;, KCl,
K,HPO, - 3H,0, MgCl,:6H,0, 1 mol/dm® HCI, CaCl,,
Na;S0,8] Al AR A7) Z-jdddl oA S5/
g &ol] ARIAFIHA Y]t} HEHoZ o7 &9 &
ol pH7F 36.5°CAA4 7.47F == tris-buffer solution
(tris(hydroxymethyl) aminomethane, (CH,OH);CNH,,
Nalacai, Japan)¥} IN-HCI&-9-& Al-&3lo A3
HEFHOE FHRTE MY AA &) 1/t HES 7
& F AMEsHTh
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2.2 Corrosion Test

AAAZ Al YAE AbsteS A A 98k #2000
9] SiC dArAZ 71A1H dutslitt. AEE CuE 84
& F epoxy resin® 2 whgHR3IA 7t A|HY =EHA
(=2.52n)°] ZEE A F AHe x=FdH
1 7k Al debst & A28t

Polarization curve &7 ASTM G61-860) wiz} <=3}
HolHg o, -500 mVolA 500mve] F7HlA 5 mV/se]
MEE R potentiostats ©]-8-5te] ZF3IATY Al
23 ¥h3-S #3ke] 500 mle] SBFelA 2 skl omn,
4

Hol BY ¥ Aoz 2A ¥ ZHsan

e ofte |

3.1 NaOH *{2|2} 600°C xi2[gt AlHE2f Mor-
phology s}

NaOHE A 2]§ A|HE9 FHL Fig. 1949+ 2o
3] Cp-Tigt Ti-6A-4VollAl= 02~0.3 gm =719 7]
AgE 7]Fgog FAEe]l gloy, ECAP Cp-TidMe
0.1~0.2m =71} Bl% mA|g 7|50 FAE Aol #
ZEe}h. T3 0.5wt.%Fe-Tie] ZA-$-9lE 02~0.3 ym =

Table 1. AEUIE AR (Wt.%)
0] Fe ] N H C Al v Ti
Cp-Ti 0.08 0.08 0.01 0.01 - - - bal
0.5wt.%Fe-Ti 0.07 0.53 0.005 - 0.005 - - bal
Ti-6Al-4V 0.18 0.195 0.01 0.0043 0.01 6225 3.96 bal

Table 2. Ion concentrations of human body fluid and simulated body fluid (SBF) (unit: mM)

' Na* K* Mg* Ca” cr ~HCO™ HPO,” SO~

Human Body Fluid 142.0 5.0 1.5 2.5 103.0 42 1.0 0.5
SBF 142.0 50 15 25 1488 42 1.0 0.5
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(c) Ti-6Al-4V

Fig. 1. SEM surface micrographs of the (a) Cp-Ti, (b) ECAP Cp-Ti, (c) Ti-6Al-4V and (d) 0.5wt.%Fe-Ti treated with 5 M NaOH

at 60°C for 24 hr.
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A5 B3l B 71FES JIXA H2, SBFel A3
Al SBF W9 o]&F0] 7|FE Alolo] A =& H), o
213 o|f 2 uAAnlst Al viwste] 2 o ofgje}
olE FYFH e 7IAA ARAEE He AL
AE = AU

Z8]2 NaOH A2l § 600°CE EX & & ol#
600°Coll A FA2] s A AE 36.5°C] SBF &3
& 727k qhol] B9 ofmlEle|EVF #AHY O, 800°C
oANx Fxj2lete] SBFo| HAS A= 16847 7ol
A oluelo] Ert BAFHATHE B9}l 700°C ©]/4]
Tl & sodium titanate®] ZAA o] TALA7] wFof,
2 A= apatite FAGA7H0] FHA 22HE 600°C
2 gxlsien”

8 Fig. 20 Hole A3 Zo] NaOH Ay *
600°C 2 FAX =3 AlHe] Aol Cp-Tizh Ti-6Al-4V
A= AlH BHY A3l5e] F7kE 739 YAEHo|
BAE O, ECAP Cp-Tis] S0l Exz] A3} v
st ol WEt glo] 0.1~0.2 gme) 71FEo] YEt
ve AoR Hol, A vt AY gl AeE

flo ke

G Th WhH 0.5wt.%Fe-Tie] AS-dle EX8E Usio
NaOHA 7] o] B AR} crackSo] Edo] Le
F2 Bl 4 AT '

3.2 SBF FXzo| Tiglg EMo| HE§ 5

NaOH A 2] $ 600°CE ¥ g A|HES SBFEY
1~109712] AAste] olgelo]E9) FAJg SEMOZ &
Zet A} 5UTR = oluEle| BVt FAHA] ¥e Ao
velgth SBFY I4 & & 798 Cp-Tizh 0.5wt.%Fe-
Ti AlHe] X oluelelEvt FAH Ao] A& HS
th.(Fig. 3(a).(d))

Bl ECAP Cp-Tidh Ti-6Al-4V-e SBFo 747+ A
T &=, Fig. 3(b),(c)2h 7o) otuteto|Evt A HA &
3L, NaOHA 2] i3 Zol7t §lsich

AHFHO R Cp-Tid] 7% NaOHAZ Q1sle] A|H
FHol| mA 71Fo] AAYA =, 600°CE EXEE
A H9 Edo] 7E 9 TioZel 4E, o] A|E
< SBFell A8 A$- 71F Ale]l2 SBF7}F A3l 7
Yol At Fojlok olmletol BVt FAEE Bl & 5 9
At S 0.5wt.%Fe-Tid) 9ol Ex2& 53l &
2¥ crackE Abeloll SBFE] o]&&°] Eoj7F H™d of
delo|EVF F4E AL F0T Uk
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(d) 0.5wt.%Fe-Ti
Fig. 2. SEM surface micrographs of heat treated (a) Cp-Ti, (b) ECAP Cp-Ti, (¢) Ti-6Al-4V and (d) 0.5wt.%Fe-Ti at 600°C for 1hr.
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(¢) Ti-6Al-4V (d) 0.5wt.%Fe-Ti
Fig. 3. SEM surface micrographs of (a) Cp-Ti, (b) ECAP Cp-Ti, (¢) Ti-6Al-4V and (d) 0.5wt.%Fe-Ti after 7days SBF soaking.
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a2v} Ti-6A1-4VE] 79} ECAP Cp-Tiel 790l
59, 79 SBFo] 3 Fo)iz NaOHX &3+ 3
Fd FAkgk 71gake] et g 1S
Ti-6Al-4V¥ ECAP Cp-TiY] AF &2 A==Z s}
YREAAo] 7] wjEo g AztET)

A SBFol 1047y AAS AlHe] e, 7d9] S
9} Al Cp-Tist 0.5wt.%Fe-Tiol A5t ofm}elo] E 7}
FAHASE ¢ & dAe, Fig 3@ vlasied &
o OMEMEA Jate] A7 AR, EAE oz A
AEE o] FHe ofgteto|ES} AFE st TR
Fe E°l+ A (Fig. 4(a),(d))

zeub ECAP Cp-Tidh Ti-6Al-4Ve] 7% 1040]
At AlEE 2l £ A, ofF Felef olulelo]Eg
A= wgg o]z A 2¥SkT} (Fig. 4(b), (c))

Fo B9 olyglo]EY CaP BlES F9lalr] ¥
}ed Cp-Ti, ECAP Cp-Ti, Ti-6Al-4V Z&] 3L 0.5wt.%Fe-
Tie] ¥HS EDAXZE XA Th(Fig. 5) EDAXS A}
& BH FFH0R TiY peak’t YERhtE A& 39l

3ol #9
ik ol
o

& 4 AN, Cp-TiohA Ca/Pe ¥ &S 1.58 eyt
H g3 25

=4, ] tricalcium phosphate Ca/P2]

2 3 FAAF HeE 675

At

TS 0.5wt.%Fe-Tie] 7ol olulelo|EoA Ca/Pe]
H & 28 Yelgetl, o tetracalcium phosphate
Ca/Pe] M &3 dAsle 235 48 4 U

a8y Cp-Tidk 0.5wt.%Fe-Tiel A9-2 ALsie P
7b ERIEA R Cad Cp-Tiol HIs] ECAP Cp-Tis}
Ti-6Al-4Vll A= 43 A& o] EATS & + A
A t}.(Fig. 5(b), (c))

o] 3t A& %ol Caol ECAP Cp-Tidt Ti-6Al-4Vol
Yehte o= FH 71F £l SBF 249 #4891
CaolZo] ZHrE 2 Hopr A7l Aoz A7tdr)

3.3 Polarization Curve  Test

47FA 59 TigkEE2 PCT Z#A= Fig. 69 e
Witk 0.5wt.%Fe-Tie] 79 -0.137 VOIA cathodic}
anodic®] B¥ FA 7L 7MY BA Jepsta, FAA
Fo] kol YoM E Cp-TiHT & 9X10°AS Yehg
o, Cp-Tig -0.159Ve] A5 7Hxom, H2d
02 AR 4o P 22 16XI10°AE 2=
(Fig. 6)

(a) Cp-Ti

¥ O 1

(¢) Ti-6Al-4V

(d) 0.5wt.%Fe-Ti
Fig. 4. SEM surface micrographs of (a) Cp-Ti, (b) ECAP Cp-Ti, (c) Ti-6Al-4V and (d) 0.5wt.%Fe-Ti after 10 days SBF soaking.
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Fig. 5. EDAX analysis on the surface of (a) Cp-Ti, (b) ECAP Cp-Ti, (¢) Ti-6Al-4V and (d) 0.5wt.%Fe-Ti after 10 days SBF

soaking.
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Fig. 6. Polarization curves of Cp-Ti, ECAP Cp-Ti, Ti-6Al-4V

and 0.5wt.%Fe-Ti in SBF at 37+ 1°C.
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5M NaOHS} 600°CZ EX#]g Cp-Ti, ECAP Cp-
Ti, Ti-6Al-4V 283 0.5wt.%Fe-Ti ¥ AT SBFe
1Y ~10471] AAAZ] F9] olgfElo|E FAE ¥w =
AFsEA .

AT A3 NaOHAEE 3FH FHA mlAgE 713 E0]
AAGA =L, o]#fst AJHL 600°C EA)E Edlo] 4F

s}& 2 cracke] F7H A& & AUTH

SBF&-o 1097 A& st 48s At Cp-Tid
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