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Mechanical Properties and Corrosion Resistance
of CP-Ti and Ti Alloy for Dental Implants

Yeon-Wook Kim and Chong-Pyoung Chung*

Abstract

Commercially pure titanium(cp-Ti) and Ti-15wt%Zr-4wt%Nb-4wt%Ta alloy were melted in vacuum induction furnace.
According to the chemical analysis, the content of carbon was above ASTM standard in the cast ingots because of using
graphite crucible. The TEM micostructures of cp-Ti and Ti alloy shows that chemically stable TiC precipitates distribute
in o-Ti matrix. In order to examine the properties of cp-Ti and Ti-Zr-Nb-Ta alloy for dental applications, mechanical
properties and corrosion resistance were investigated. The anodic polarization properties of Ti-Zr-Nb-Zr alloy were almost
same as that of cp-Ti in 1% lactic acid. However, as the results of the anodic polarization test in 5% HC], it was known
that Ti-Zr-Nb-Zr alloy showed a rapid decrease in current density at higher potential in comparison with cp-Ti. The yield
stress and tensile strengh in Ti-Zr-Nb-Ta were 6,,=623 MPa, 6;5=708 MPa and these results showed 30% increase in

yield stress in comparison with cp-Ti.
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Ingots of cp-Ti(left) and Ti-15wt%Zr-4wt%Nb-4wt%
Ta(right) fabricated by vacuum induction melt.
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Table 1. Chemical composition of cp-Ti and Ti-15wt%Zr-4wt%Zr-4wt%Ta alloy

N, 0, C Fe Ni Zr Nb Ta Ti
Ti alloy (induction melted) 0.008 0.11 0.69 0.035 0.036 14.29 3.45 3.68 bal.
cp-Ti (induction melted) 0.011 0.15 0.67 0.042 0.0055 - - = bal.
cp-Ti[10] (ASTM grade 1) 0.03 0.18 0.10 0.20 = ~ = - bal.
cp-Ti[10] (ASTM grade 2) 0.03 0.25 0.10 0.30 - - - - bal.
cp-Ti[10] (ASTM grade 3) 0.07 - 0.30 0.10 0.30 - = = - bal.
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Fig. 2. SEM micrographs of (a) cp-Ti and (b) Ti-15wt%Zr-
Awt%oZr-Awt%Zr-44wt%Ta alloy castings.
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Fig. 3. (a TEM micrograph of cp-Ti and SAED patterns
showing (b) [01 11] zone axis of Ti matrix and (c)
[001] zone axis of TiC.
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Fig. 5. XRD spectrum of Ti-15wt%Zr-4wt%Zr-4wt%Ta

alloy.
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Fig. 6. True stress-strain curves of cp-Ti and Ti-15wt%Zz-
dwt%Zr-4wt%Ta alloy.
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Table 2. Mechanical properties of cp-Ti and Ti-15wt%Zr-4wt%Zr-4wt%Ta alloy

Designation UTS 0.2% Yield Strength Elongation Strain-hardening Strength coefficient
(Ors: MPa) (Co2: MPa) (&: %) exponent (n) (K: MPa)
Ti alloy (induction melted) 709 624 5 0.21 1595.4
cp-Ti (induction melted) 562 466 22 0.12 842.8
cp-Ti[10] (ASTM grade 1) 240 170-310 24 - =
cp-Ti[10] (ASTM grade 2) 343 275-410 20 - -
cp-Ti[10] (ASTM grade 3) 480-617 343 18 - -

(80)



Vol. 18, No. 5

Journal of the Korean Foundrymen’s Socicty

—493 -

AIAEE Af2A 3F3HE-)F op-Tid} Ti-15wt%
Zr-4wt%Nb-4wt%Ta g B0l ekilel| A A
Ao} B2 wislr) Ao wHE £ gl
wF-o pitting F-2]2 HolX] ¢ - WAAS
HolF3 Qi) 5% HCl S|4 FAA Uz}
BAA 9 9] W3S WolF= Fig. 7(b)ollA} cp-Tie 3
volte] FAIAH el FAANE ) G438 F7tst
of pittinge] WAF = RS WHAY 4 Ut 2
Ti-15wt%Zr-4wt%Nb-4wt%Ta 3+ cp-Ti®] 3¢ 1
t} =& FAA YA pitting F-2lo] P & 7
MAERE HojFm, IAANLEE o} F & &
Hol& 71 pittingo] d&t WAl % o o]A} 213
o] A= E 242 ndFa 9ot ajeba] Ti-15wt%
Z1-4wt%Nb-4wt%Ta =2 B|ZA 7 AL A % o)
58 WA S 2=t

4.8 E

AFFELHZANA EQ TIPS o] 83| 2~F
2] Ti& 433t op-Ti ¥ Ti-15wt%Zr-4wt%Nb-4wt%
Ta 55 Alzstz 7|AAH 54 94 §4 54& 4
gt A3 o537 2 AE2S Ak

1) 33t z=Ae] ¥4 A cp-Ti ASTM grade-
19} 5% 555 92 7 oy FdxTh oA §-
A= 0.6% o422 eyl

2) XRD%} TEM 3ol 2w Ti-15wt%Zr-4wt%
Nb-4wt%Ta 33} cp-Tielx #F}E35 g4E= TiC
2 TiZi(NbTa)Ce| ®t3l-Eo] Ake] 7]z 22 o] v]Algh
Ao 2 AR}

3) TiCell & #4173} £312 cp-Tie] 7w}
3}-8-7) = ASTM standard grade-1 Bt} 3-4ul] =7}
slodom dAlge 22%2A4 °F7F ZHAastdch Ti-
15Wt%Zr-4wt%Nb-4wt%Ta §H22 x| 7}-8- o] Z8lE T
73 wWel AM-E= Ti-6Al-4Vel] HF7h= 7148 7}
=& ger}

4) ekAkel 1% lactic acidollA] cp-Tizh Ti-15wt%Zr-
4wt%Nb-4wt%Ta T3 BF-ollA] pitting F-A]-& Ho]=]
e 5 HAAEE YRy 5% HCL §-Y ol 4] =
Ti-15wt%Zr-4wt%Nb-4wt%Ta §+-2o] cp-Ti®] A$ ¥

T
L

El =

(81)

7

B drv 2ARR Y Axr|s Y 53dr|eArd
(HMP-95-G-2-28 : X3} Q] F-x]o} 7jah)e] o7u) 2|4
o Z =gl o o]o A=}

g n g 8

(1] H. S. Dobbs and J. T. Scales: Corrosion and
Degradation of Implant Materials, in ASTM STP 684,
Philadelpia, PA., (1978) 245.

[2] T. P. Hoar and D. C. Mears : Proc. R. Sco., A294, (1966)
486.

[3) E.J. Sutow and S.R. Pollack : Biocompatibility of
Clinical Implant Materials, CRC Press, 1, (1981) 45.

[4] T. Kilner, R. M. Pilliar, G. C. Weartherly and C. Allibert
: J. Biomed. Mater. Res., 16, (1982) 63.

[5] A.J. T. Clemow and B.L. Daniell : J. Biomed. Mater.
Res., 13, (1979) 265.

{6] C. P. Sulivan, M. J. Donachie and F. R. Morral : Cobalt
Base Superalloy, Burussels Press, 1970.

[7] ASTM Standard Specification F136, Philadelphia, PA.,
1984.

[8] M. Merget and F. Aldinger : Titanium, Science and
Technology, Bunk Eds., F. R. G., (1985) 1393.

[9] K. A. Zweymuller, F. K. Linter and M. F. Semlitsch :
Clin. Orthop, 245, (1988) 195.

[10] J. R. Davis, P. Allen, S. R. Lampman and S. D. Henry :
Metals Handbook 9th Edition, L.A Abel, R. T. Kiepra
and P. Thomas Eds., 2, (1990) 594.

[11] 71433 : HRbe) Abad 5] %), 40(4), (1997) 459

[12] 1. P Auffredic, E. Etchessahar, and J. Debuigne : J. Less-
Common Met., 84, (1982) 49.

[13] E. Etchessahar, and J. Debuigne : Mem. Sci.
Metall., 74(3), (1977) 195.

[14] Y. C. Huang, S. Suzuki, H. Kaneko and T. Sato : Sci.
Technol. Appl. Titanium Proc. Int. Conf.,, R. 1. Jaffee,
Eds., (1970) 691.

[15] P. Dwez : J. Inst. Met., 80, (1952) 527.

[16] P. Villars and L. D. Calvert : Pearson’s Handbook of
Crystallographic Data for Intermetallic Phases, ASM, 3
(1989).

Rev.



