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=Abstract=

Mechanical Properties of Ti-Zr-Nb-Pd Based Alloys
for Biomedical Applications

Jong-Hyun Jung
Dept. of Dental Lab. Technology, Kwangju Health College

For biomedical applications, Ti-X%Zr-Y%Nb-0.2%Pd(X:10~20, Y:2~8) alloys not containing harmful Al and
V were newly designed, and the effect of alloy composition and heat treatment on the microstructure and
mechanical properties was investigated. From the results, it was shown that the mechanical properties were
enhanced with the addition of Zr or Nb. The effect of heat treating on room temperature strength was investigated
by aging treatment after solution treatment. The mechanical properties of Ti-20%Zr-4%Nb-0.2%Pd alloy aged at
400°C for 10hrs was found to be superior to those of the pure Ti and Ti-6%Al-4%V ELI alloy.

* Key words : aging treatment, microstructure, solution treatment.
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(I 1) Chemical compositions of the specimens(wt.%)

Elements
Zr Nb Pd Ti
Alloy systems
Ti-10%Zr-4%Nb-0.2%Pd 9.80 4.26 0.17 Bal.
Ti-15%Zr-4%Nb-0.2%Pd 14.70 3.80 0.16 Bal.
Ti-20%7Zr-2%Nb-0.2%Pd 19.11 2.23 0.19 Bal.
Ti-20%7Zr-4%Nb-0.2%Pd 19.42 412 0.18 Bal.
Ti-20%7Zr-8%Nb-0.2%Pd 19.30 7.61 0.18 Bal.
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(22 1) ADA specification No.14 for the tensile test bar

(AFEL 1) Split metal die for resin pattern
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(AFEl 2) Optical micrographs of Ti-(10~20)%Zr-4%Nb-0.2%Pd alloys annealed at 1,000C for 2hrs; (a)Ti-10%Zr-4%Nb-0.2%Pd
alloy, (b)Ti-15%Zr-4%Nb-0.2%Pd alloy and (c)Ti-20%Zr-4%Nb-0.2%Pd alloy.

AR 3)& 1000CelA 2417 AFAEle Ti-  eRd Aotk Nbtake] Z7lshdA A Hgx4
20%7r-(2~8) %Nb-02%Pd T2 vAZZE U 9 vlZEAl|EE vAgs L )

(a) (b) (c)

(AFEl 3) Optical micrographs of Ti-20%Zr-(2~8)%Nb-02%Pd alloys annealed at 1,000C for 2hrs; (a)Ti-20%Zr-2%Nb-0.2%Pd
alloy, (b)Ti-20%Zr-4%Nb-0.2%Pd alloy and (c)Ti-20%Zr-8%Nob-0.2%Pd alloy.
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(2l 2) Vickers hardness of annealed Ti-X%Zr-Y%Nb-0.2%Pd(X:10~20, Y:2~8) alloys.
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(2l 3) Change of Vickers hardness of Ti-20%Zr-(2~8)%Nb-0.2%Pd alloys aged at 400°C after solution treatment.
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(2! 4) Vickers hardness of Ti-20%Zr-4%Nb-02%Pd alloy with aging temperature and aging time.

AHA 4(a) ~(c))+ Ti-20%7Zr-4%Nb-02%Pd A7k A&
dFS SA38 A2 2 400C, 600CAA 22 10 o

Al FoEnR 2 FARAA

(AR 4) Optical and scanning electron micrographs of Ti-20%Zr-4%Nb-0.2%Pd alloy; (a)solution treatment (S.T.), (b)S.T.+
Aging at 400°C for 10hrs and (c)S.T.+Aging at 600°C for 10hrs.
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(%l 5) Xray diffraction profiles of Ti-20%Zr-4%Nb-02%Pd alloy; (a)solution treatment(S.T.), (b)ST.+Aging at 400C for

10hrs and (c)S.T.+aging at 600°C for 10hrs.
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(22l 6) Vickers hardness of Ti-20%Zr-4%Nb-02%Pd alloy as-cast and aged at 400°C for 10hrs compared with CP Ti and
Ti-6%AI-4%\V ELI alloy.
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(2! 7) Comparison with mechanical properties of Ti-20%Zr-4%Nb-02%Pd alloy with Ti-6%A4%V ELI alloy and CP Ti
(a)ultimate tensile strength, 0.2% offset strength and (b)Young's modulus, elongation.
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I 2) Chemical compositions of Ti-6%Al-4%V ELI alloy used for control(wt.%)

Al

C H 0 N Ti

Ti-6%AI-4%V ELI
6.2

4.2
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Ti-20%Zr-4%Nb-02%Pd &2 279} ol N.8 E

A7 =

3=+ 7H7b 72.1kg/mm®, 9858kg/mm*E  Ti-
6%A1-4%V ELI $=3 B384 CP TiRT &
A Udebton g ES 9490kg/mm2E Ti-6% Al-
4%V ELI 3=HT @3 CP TiRte 47 =4
el T3 AXNELS 472%F Ti-6%Al-4%V
ELI 58t} =3 CP Tikth @A Jebgoh

DFE) Al 7HiA = 8t

Aol AFAE HA AY

o3 SAAFFH(FEER), e (R 2 2
HH R > FAE AFs 27 Wil 2
AE7F Lo Hed 53 ledES vgT
Hog AMgEE Zlo] AAVF HER 35 o =
< 71AA Aol 2HA Uk B JEUEA
Fo] gAEe] WA ©E(1683ke/mi) 7 =L
A 29 o] deHor ~EHAS W
sol F7

A o2 A vgiaA H d=
TE9LS AHAA ZHo] BT = 7] wE
of W23t vk Ao] Frh weEbA Ti-20%Zr-
49%Nb-02%Pd ¥=9] FEZE9} A=
6%A1-4%V ELI &3 H]

S

Ti-X%7Zr-Y %Nb-02%Pd(X:10~20, Y:2~8) &7
A A E Al T 22 A8 S Ath

1. Ti-X%Zr-Y%Nb-02%Pd(X:10~20, Y:2~8)
S8 ATEAEdHY FEE Zr, Nbo| ol
7t 75 A sk

2. Ti-20%7Zr-(2~8)%Nb-02%Pd 22| Nbgt
2ol W 400CoA AN EAY EF}E Ti-20%7Zr-
4%Nb-02%Pd F=lX 71 =4 Yt

3. Ti-20%Zr-4%Nb-02%Pd &2 ANELSE
2 A ZAZE WSt mE HEs 400ColA 10A]
ZH W 7Y E=dTh ole FEEY xR
ok 149 8% E3 CP Ti ¥ Ti-6%Al-4%V ELI
FEEGE =4 Yebsth

4, FgEol ] 7IAA JHE Hlwe Az
Ti-20%Zr-4%Nb-02%Pd =< FE4= 2 9l
A7 Ee Z7b 761kg/mi, 9958/miE  Ti-6%Al-
4%V {3 v|&E 3, CP TiRdg =4 Jehte
o, BAES 9490kg/mE Ti-6%Al-4%V TFH

2, CP TRt =4 Yeigth AL
472% % Ti-6%Al-4%V F=Hth ¥3, CP TiEth
A et

-103 -



)82 77 2813 2] 4247 A|15 20024 79

o]

[

1L
El
i

A, WS ok TIR AN Tz 2
ZIAA A R, A A1 8
A, 25:75, 1998,

AL AAL Ti-Zr-PdAl F=2l
th g2 347 5681 ), 23:21, 2001

WEE=. " HEeEBMEoRE", "HH
1980.

Ahmed T, Long M, Silvestri J. A New Low
Modulus, Biocompatible
Titanium'95 : Science and Technology, Vol
II, The Institute of Materials, 1760, 1995,

Hansen M, Anderko K. Constitution of Binary
Alloys, 2nd. eds, McGraw-Hil, New York,
1958.

Kovacs P, Davidson JA. The Electrochemical
Behavior of a New  Titanium Alloy with
Superior Biocompatibility, Titanium’'92
Science and Technology, ed. by Froes FH

Metals and

_l

OFIH 1E X
]:"1‘1_’__—"1“1 6‘,

Titanium Alloy,

and Caplan I, the Minerals,
Materials Society, 2705, 1993.

Okazaki Y, Ito Y, Ito A, Tateishi T. Effect of
Alloying Elements on Mechanical Properties
of Titanium Alloys for Medical Implants, J
Japan Inst Metals, 57:332, 1993.

Okazaki Y, Rao S, Asao S, Tateishi T, Katsuda S,
Furuki Y. Effect of Ti, Al and V
Concentration on the Relative Growth Ratio
of Bio-Cells, J Japan Inst Metals, 60(9):890,
1996.

Steinemann SG. Evaluation of Biomaterials, ed. by
Winter,GD,, LerayJ. L. and K. de Goot,
John Wiley & Sons Ltd, 1, 1980.

Stern M, Wissenberg H. J Electrochim Soc, 106:759,
1959,

-104 -





