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Relationship between Tensile Properties and Casting Defect of Ti~29Nb—13Ta-4.6Zr for Biomedical Applications Cast
by Dental Precision Casting Process Using Various Investment Materials

Mitsuo NuNomi, Toshikazu AKAHORI, Tetsunori MANABE, Tsutomu TAKEUCHI, Shigeki KATSURA, Hisao FUKUI and Akikiro SUZUKI

Synopsis

: Relationship between tensile properties and casting defect of newly developed f8 type titanium alloy, Ti—29Nb—13Ta4.6Zr, for biomedical

applications, and representative o+ 3 type titanium, Ti-6A1-4V ELI, for biomedical applications cast by dental precision casting using com-
mercial alumina, magnesia and modified magnesia based investment materials. Then the effect of specimen diameter on tensile properties of

both cast alloys was also investigated.

Elongation of cast tensile specimens of both alloys slightly increases and strength of cast tensile specimen of Ti—6Al-4V ELI increases
with reducing casting defects. Hardness of surface reaction layer decreases, and hardness of matrix decreases by about 50 Hv due to increas-
ing cooling rate by reducing the specimen diameter from 3 to 2 mm in both alloys. The microstructures of both cast alloys refines with reduc-
ing specimen diameters, and the hardness of surface reaction layers and matrix of both alloys decreases. Therefore, increasing strength of cast
Ti-6Al-4V ELI with reducing specimen diameter is attributed to reducing casting defects.

Key words: f3 type titanium alloy; biomedical applications; casting defects; tensile properties; dental precision casting.
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Table 1. Chemical compositions of (a) Ti-29Nb-13Ta~

4.6Zr (TNTZ) and (b) Ti-6A1-4V ELI (Ti64).
(a) Ti-29Nb-13Ta-4.6Zr (mass %)

Nb Ta Zr Fe C N o Ti

29.2 12.2 4.3 0.05 0.02 0.04 0.10 bal.

(b) Ti-6A1-4V ELI (mass %)
e e e ]

Al v Fe o N H Ti
617 4.05 0.11 010 004 0002  bal
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Fig. 1. Geometry of cast tensile test specimens of Ti-

29Nb-13Ta—4.6Zr and Ti-6A1-4V ELIL
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(b) Pore

Fig. 2. Micrographs of casting defects appeared on frac-
ture surfaces; (a) shrinkage and (b) pore.
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Fig. 3. Volume fractions of casting defects measured on
fracture surfaces of cast specimens of (a) Ti-
29Nb-13Ta-4.6Zr and (b) Ti-6Al-4V ELI using
alumina, magnesia and modified magnesia based

investment materials.
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Fig. 4. Distributions of casting defects evaluated on fracture surfaces of cast specimens of (a) Ti-29Nb-13Ta—4.6Zr and (b)
Ti-6Al-4V ELI using modified magnesia based investment material.

79

829 R



B 830

$k &80 Tetsu-to-Hagané Vol 90 (2004) No. 10

Tiod A& # U5 15ERERH O A RSB & 0 156 T8k
BWRMORME 4R, kb, RS X 2HERMEE
ﬁﬁc@ﬂ@k%%ﬁ%mwmﬁ%t<ﬁntb WW
Kb & O LD T §4 38 KB % & & 7= §nd R IR R R
LTH5.

WEM 7 3L 7 R MAEROTHE L - TNTZAE
SR 5 IBRARBR o K R BRI 1 0D 84 38 K PR R =R 3 7 L
IFRHEMAROWEEATIEN14%, v TR
Bt OB A TIER13% K&V, TiedAEHR L5
IESRER T O SERIEMIAIC B W TR 3 v 7 R
P A FHOTEE LA, INTZAESOHE Rk EE
3, T REEMAEROWEEATIENI%, v 4
o7 R A OB ATIER 3% K E L,

Fig. 612t BAIv 7 3 o 7 R MERHOCTHEL 2

alumina

e Magnesia
S 1] 5 [] Modified magnesia
g
<
=
£ 8K
=
G
P
)
= 6
S
=
]
=
& 4 -
@
£
=
4 -
= 2

0

(a) Cast Ti-29Nb-13Ta-4.6Zr (b) Cast Ti-6Al-4V ELI

Fig. 5. Volume fractions of casting defects measured on
cross sections of cast tensile specimens of (a)
Ti-29Nb-13Ta—4.6Zr and (b) Ti-6Al4V ELI
using magnesia and modified magnesia based in-

vestment materials.
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Fig. 6. Distributions of casting defects evaluated on cross sections of cast tensile specimens of (a) Ti-29Nb-13Ta-4.6Zr and (b)
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Fig. 8. Volume fractions of casting defects measured on
fracture surfaces of cast specimens of (a)
Ti-29Nb-13Ta—4.6Zr and (b) cast Ti-6Al-4V ELI]
with diameters of 2 and 3 mm using magnesia and
modified magnesia based investment materials.
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(a) Magnesia (b) Modified magnesia
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Fig. 10. Tensile properties of cast specimens of Ti~29Nb—
13Ta—4.6Zr with diameters of 2mm and 3mm
using (a) magnesia and (b) modified magnesia
based investment materials.
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Fig. 12. Optical micrographs of cross sections of middle parts of cast specimens of (a) Ti-29Nb—13Ta—4.6Zr with a diameter of 2
mm and (b) Ti—-6Al-4V ELI with a diameter of 2 mm using modified magnesia based investment material.
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Fig. 13. Vickers hardness of cast specimens of (a) Ti-29Nb—13Ta-4.6Zr and (b) Ti-6Al-4V ELI with diameters of 2 mm or 3 mm
using modified magnesia investment material as a function of distance from surface of specimen.
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