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Aging characteristics and mechanical properties of biomedical 8 type titanium alloy, Ti-29Nb-13Ta—-4.6Zr, coated with calci-

um phosphate invert glass—ceramic were investigated.

Vickers hardness values of cross sections of Ti-29Nb-13Ta—4.6Zr, TNTZ, prepared for dip—coating treatment, DCT, com-
posed of a firing treatment, FT, at 1073 K for 0.9 ks or 3.6 ks followed by furnace cooling and conducted with only FT are almost
the same, and are around 240 Hv. This value is much higher than that of TNTZ prepared for solution treatment, ST, at 1063 K for
3.6 ks. The increasing hardness is due to the precipitation of w phases in the matrix, 8 phase, during FT. Tensile bonding strength
of 5 um thick coating layer of calcium phosphate invert glass—ceramic on TNTZ is not degraded by aging, but 20 um thick coating
layer is degraded. The modulus of elasticity of TNTZ prepared for DCT or aging after DCT is relatively higher than that of TNTZ

prepared for ST, that is, around 80 GPa and 110 GPa, respectively.
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Fig. 1 Schematic drawings of (a) solution treatment, (b) dip—coating treatment and (c) aging treatment. RT, WQ, FC and AC indi-
cate room temperature, water quenching, furnace cooling and air cooling, respectively.
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Fig. 2 Schematic drawing of tensile bonding strength testing
system.
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Fig. 3 (a) optical micrograph and (b) X-ray diffraction profile of Ti-29Nb—13Ta-4.6Zr (TNTZ) conducted with solution treatment

at 1063 K for 3.6 ks.
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Fig. 4 (a) optical micrograph and (b) X-ray diffraction profile of TNTZ aged at 673 K for 259.2 ks after solution treatment at 1063

K for 3.6 ks.
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(a) optical micrograph of cross—section of TN'TZ with a coating layer of 20 um, DCy, and (b) X-ray diffraction profiles from

surface to inside of TNTZ of which coating layer is removed as a function of distance.
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(a) optical micrograph of cross—section of TNTZ conducted with firing treatment at 1073 K for 3.6 ks, FTy;, (b) X-ray

diffraction profiles from surface to inside of TNTZ as a function of distance.
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Fig. 7 X-ray diffraction profiles from surface to inside of (a) TNTZ with a coating layer of 20 um, DCy, where the coating layer is
removed, and (b) TNTZ conducted with firing treatment at 1073 for 3.6 ks, FTy, as a function of distance.
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Fig. 8 Aging curves of TNTZ conducted with solution treat-
ment at 1063 K for 3.6 ks, ST, TNTZ with a coating layer of 20
pum, DCyy, TNTZ conducted with firing treatment at 1073 K for
3.6 ks, FTy, TNTZ with a coating layer of 5um, DCs, and
TNTZ conducted with firing treatment at 1073 K for 0.9 ks,
FTs. BA indicates before aging. Aging temperature is 673 K.
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CO%E, TNTZ 58K » O/ 3 um O a—F 1 /7 JE
AT, INTZ 68O THETHS TIBIUNb 5
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Fig. 9 Hardness profiles of cross section from specimen surface to center of specimen of (a) TNTZ conducted with solution treat-
ment, ST, and (b) TNTZ with a coating layer of 5 um, DCs;, after aging at 673 K for each time. BA, SS and CS indicate before aging,

specimen surface and center of specimen, respectively.
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(d) DC; aged at 673K for 259.2ks

Fig. 10 SEM micrographs of cross section of (a) TNTZ with a coating layer of 20 pm, DC,, (b) DCy aged at 673 for 259.2 ks, (c)
TNTZ with a coating layer of 5 um, DCs, and (d) DCs aged at 673 for 259.2 ks.

CICa—7 4 VRO THERTH S Cak LU PICEITS
B OERBEAL AR L 7212, AL A i U 72 DCy # T
i, a—F 4 VI BhHWEa—F 1« v BE TNTZ &4
EOBRBLNET—F 4 VIBICE VT, AL LU
DRD NS, —T, DCs M I LU WY % i L 7= DCs

MTiE, a—F 4+ 7BE TNTZ tOBERBLCa—5 4

VIR WTHEE S LU XS ERD LNV, Thid,
W@ a—5 4« VI RBEETHEEG, INTZ 540
O—7 4 VIR EDENCHET 5 TP s LUHBEREIC X
LERE ORI RN K EL 72D, EBERICBT % 2%
ERlsn/izEELONS.
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3.4 —T 4 > BOSREERECRETERNLEDE

wE L

Fig. 11 1T ~ ORI THRERHALEE % B L 72 DCyp #1
BEUDC MOFIREFERE Y RYT. T T, KD BA
X IRFRDALEE % i 3 i D DCoo 35 J U8 DCs M D5 | IR 4575 7 g
THY, ZTOMEITENZTNHK 18 MPa ks LU 15 MPa Th 4.

DCyo #1 Tid, HhiEf 3.6 ks IC B3\ TH | REESREE 35
T (% 20 MPa) 9 5. L, Kb 3.6 ks Ti,
TP & TNTZ %KM & OEEEPET LA LIZ/HEE
2bN5. UL, RRhief 3.6 ks LI Tl 2B s 3R
EREOETHEEZRL TW5. OBE, By 259.2

frnd
oy
=
H‘:Q
o S
=Rt
-UH
55
T 5
L wn
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4 1 10 102 10°
BA

Time, 1,/ks

Fig. 11 Tensile bonding strength of TNTZ with a coating lay-
er of 20 um, DCy, or 5 um, DCs, after aging at 673 K for each
time. BA indicates before aging.

U VIV DG 5 AT —F 1 7 LR Ti-29Nb-13Ta—4.6Zr &5 DR & BTt & 611

ks TOFREEREIR LKL, W 7MPa<Ths. Th
13, WD 3.6 ks LIRE Tk TNTZ EHEOBE X 28 28T L
AI B0, a—F 4 VIR EOBIZEROBEEN S HIZA
70, Fig. 10bICR LI L DICEREWUMPEL ST & TH
BHEHESEA L, jIRESBEMETLEEZONS.
DCs Mz 5\ T, IRhIRFR] 3.6 ks 12 35\ CH RS ME
DI HHEA 2R L, §REARE TR b &\ 9 25 MPa
THbH. LrL, KL 3.6 ks LIETIE, DCyx MDD &>
755 | RIS RIS OB e K T EA AR S k. Thid Fig.
1W0EO)BITDITRLZEDICDCHTIE, a—F4 V7
B3 % TP I L UHBERIE OEIE 25 60% & Hlghy
KEWI2D, FRhRER 3.6 ks DIBEIC B W T H BRR DX
ICEBa—7 4 Vv I7RBAOEAREPIMFI SN/ EEZ B
B. L7eh->T, DC#Tid, FphltBEic kD a—5 4 v
7R INTZ 4 & OEBEE IR TS 45 2 & BN
HEOHIMEMPAETH S EEZ2OLNS.

3.5 BISREERERREOWEME

Fig. 12 ic 5| RiEA BER BB D DCy #, DCs #, &
UF 673 K T 259.2 ks R FF DI h AL % fia L 7= DCyo # 35 &
OUDCs MOWHEERYRYT. T2T, HESHOREE X
D, RRHWEG R I—T 4 VIRBOERTTH L VA
Vv AR RE T 5 A (CPIGC), R B\Wiks» TP T
B5.

DCyo # D5 | iR E2E MRS OB T, CPIGC IZH~
TTPREBEINL T LD, FICa—F 1 VI REOM
BERBIC IS W T L /-2 E 25605, —JF, K%

Fig. 12 SEM fractographs of (a) TNTZ with a coating layer of 20 um, DC,,, (b) DC,, aged at 673 for 259.2 ks, (¢) TNTZ with a
coating layer of 5 um, DC;, and (d) DCs aged at 673 for 259.2 ks obtained from tensile bonding strength tests. CPIGC and TP indi-

cate 60Ca030P,057Na,03Ti0, and NaTi, (PO,) 3, respectively.



612 A A & & 5 & 5£(2003)

i L 7= DCyo MW Tld, TP IZH~T CPIGC 3% < #22
INLHT EPD, EICCPIGCHIZEWTHKIL/IEE 2D
N5, Tz, BERABRRICAERL /& 2RI S EE 2D
NAWHEFIR S SR TE 5.

DCs #3 K OIRFRh LB % Ja L 7= DCs ¥ O #f i i3 TP 1
AT CPIGC & TR S NS Z & LHEREREN D %
W ZDOBE EICEWTEICHEK Lz :EZONA.

3.6 SIR%FE

Fig. 1312 ST #f, DCy #, FTs#f, DCs #, FTy #3
J U673 K T 259.2 ks fRFFOIFRHALIE % i L 7= DCs #1 D5 |
RS, 0.2%MNE LU ERY. F7, 673K T259.2
ks BRI ORFRYLPE % Bt L 72 DCyoo #Tld, a—F 4 V7 E &
TNTZ 4 L OBERIC T WUE LR L /D5 | REE AR Y
fThirnwl k&L

ST MOFEM I/ 515 MPa TH VD, ik b IEWEZ R
LCWBH, U 41.8% &b KEWEEZRL TWhab.
DCy ¥ D5 HER X134 727 MPa Th D DCs D Fh & 1F
RSO TH 55, DCs # DML DCy MDD XN LD
A% RS WME (21.3%) 1. DCy #135 LU DCs #HiC 3
T A5RE SO ERIT, BEBAERFC 1% TNTZ 64F%
HEBENDBEDORAI L ABILE, o r—ABIUBFEE
(LI OTEE 7% & I £ OGHBRRIZ B % o O HIC
RHET 2 EE2OND. F72, DCy MOBUDWAE, #
OB OB S B DCs Moz h LIFIFRKETH L 2 &
7 5 (Fig. 8), HEHYR W BERIRRNC X A EE L8 Sk O34 n
128D, 5lRAEREOMERATIC B 5 24T E L JUYE
BAREI N EE2ZOND. F7, FTy ML FTs#f
D5 REMEL, DCy #3 LU DCs M DOFN LIFIFFAZ%ETEH
5.

RERNALIR % Jita L 7= DCs MO 5| 5R5E S 1%, # 1200 MPa &
fhOFEE & L L TR D EWETH 528, MUEEL KT
FTAHEMERT. COME MO EBERITBIEHETH 2 o
HOGRBEEOMME L QICHEZIC /RS EE2LNS.

3.7 GHMERHE

Fig. 14 1C ST #t, DCy #t, DCs #135 L0 673 K T 259.2
ks f4F ORFNALEE % Jiti L 7= DCs #F OBMER % 7R ¢ .

ST #, DCy # 35 LU DCs M OMEMEEKIL, ZNZFNH 60
GPa, #80GPa 58X U 80GPa ThH ", DCTIC XV
20 GPa FH 9 %. 673K T 259.2 ks {4 D RZh I % g L
72 DCs M OMMHRIT S HITHIML, M 110GPa Th 5. C
OERO ERIY, DCT REOBEBMLIEED %\ i3 2 DHDORE
AEIZ L S o HOWMBIC X D#EMT S EE2ON 5.
1063 K T 3.6 ks fREFOBMHALALEE, 673 K T 259.2 ks £
FEOWFRI LR % e L 7= [F) & s T FEAE A O MiPE RIS, % 86
GPa T&» D, DCT R b % i L 72356 & U #9 15 GPa
RS, a+pMF 2/ 54 Th 5 Ti-6Al-4V ELI 54:%
LD B WZB LRI O 2 X D BT R CEEZ R0,

koS 26, DCT %L /2 TNTZ &4 CTid 673K
TR A 1T 5 86, TERRENCET 2T O MR G FIC
BWTHAEERME & LT 725 R B LUK alk

w67 &

1000k ¥:0.2% proof stress
W :Tensile strength
l:Elongaticn

=
)

0.2% Proof Stress, o,/ MPa
Elongation (%

Tensile Strength, =,/ MPa

Fig. 13 Mechanical properties of (a) TNTZ conducted with
solution treatment, ST, (b) TNTZ with a coating layer of 20
mm, DCy, (¢) TNTZ conducted with firing treatment at 1073
K for 3.6 ks, FTy, (d) TNTZ with a coating layer of 5 um, DC;,
(e) TNTZ conducted with firing treatment at 1073 K for 0.9 ks,
FT;5and (f) DC; aged at 673 K for 259.2 ks obtained from ten-
sile tests.
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Fig. 14 Moduli of elasticity of (a) TNTZ conducted with solu-
tion treatment, ST, (b) TNTZ with a coating layer of 20 mm,
DCy, (c) TNTZ with a coating layer of 5 um, DCs, (d) DC;
aged at 673 for 259.2 ks.

KwfdsH LA TE, DCT %L 7= TNTZ & & OBMAHE
B, RUBRIC I+ 8ET S ENAETHD LB 2
bhs.

4. %%

i

U VEEH VYT SEESME T S A (CPIGC) a—F ¢ V7 %
i L 7= Ti-29Nb-13Ta~4.6Zr (TNTZ) & 4 | W %h AL PE % i
L, ZORANEE T JUBBIHEORE - M 217 - /2.
FORER, LTORE 2 i/e.

(1) Fy4vTa—5 70 (DCT) ¥ XU BERAED
Ll L7z TNTZ 540 3 7 o, it bR 20
um O B HAIC o HANTH L, [ FIEEMEZ I 7 o lfkce 2
5T e, CPIGCOBMOFRIZLYD, TNTZ 540
AHEE R LURGEREOMLEHOZITITEAEEL
T, TN LA I 7 ABEIAE LW EEZ LN S.

(2) DCT B LUBERMEDO A% L 72 TNTZ 408 v
H— A, BRI AL 72 TNTZ 80 %hn &t
B L TH Hv240 & @ EZ R, S hid DCT KD BER AL
HIZBT % o HOWTHICERNT S EE25h 5.
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(3) WZh P % fs L 7=/E X% 5 um & CPIGC # F4 %
TNTZ &4 05 5RESEME R, RARE KL 72/E S 20 pm
® CPIGC # ¥ AW G4 & i L THREDE L WK TR
FRE .

(4) DCT, BERCALERIs kU DCT # 673 K T 259.2 ks f#
BORDURZ 5 L 72 TNTZ 5405 ER 35 L0 0.2%
730, B2 L 72 Rl& 80 2 IZH~NTEL <k
F4 50, B L, FTh 673K T 259.2ks fREFD
RERDALIR % fa L 7o [RGB DM 5% &l bK< 72 5

(5) DCT ¥ L UALIE 673 K T 259.2 ks fREFORFEHAL
M L7z TNTZ G 0MERT, BRI iE L 72
HE&DFNITH AN 20~50 GPa RS 7t 5.

X ik

1) M. Neo, S. Koyani, T. Nakamura, T. Yamamuro, C. Ohtsuki, T.
Kokubo and Y. Bandoh: J. Biomedical Mater. Res. 26(1992)

U VIV DG 5 AT —F 1 7 LR Ti-29Nb-13Ta—4.6Zr &5 DR & BTt & 613

1419-1432.
2) T. Kokubo and H. M. Kim: Materials Mater. Integration
12(1999) 39-45.
3) L. L. Hench and J. Wilson: Science 226 (1984) 630-636.
4) L. L. Hench: J. Am. Ceram. Soc. 74(1991) 1487-1510.
5) D. Kuroda, M. Niinomi, H. Fukui, M. Morinaga, H. Suzuki and
J. Hasegawa: Tetsu—-to-Hagane 86(2000) 32-39.
6) D. Kuroda, M. Niinomi, H. Fukui, H. Suzuki and J. Hasegawa:
Tetsu-to—Hagane 86(2000) 40-46.
7) M. Niinomi, T. Akahori, T. Yabunaka, H. Fukui and H. Suzuki:
Tetsu-to-Hagane 88(2000) 553-560.
8) M. Niinomi, T. Akahori, S. Nakamura, H. Fukui and H. Suzuki:
Tetsu-to—Hagane 88 (2000) 567-574.
9) T. Akahori, M. Niinomi, T. Maekawa, K. Fukui and A. Suzuki:
J. Jpn. Inst. Met. 66(2002) 715-722.
10) M. Niinomi, T. Hattori, K. Morikawa, T. Kasuga, A. Suzuki, H.
Fukui and S. Niwa: Mater. Trans. 43(2002) 2970-2977.
11) T. Kasuga, T. Mizuno, M. Watanabe, M. Nogami and M.
Niinomi: Biomaterials. 22(2001) 577.
12) T. Kasuga: Materia Japan 39(2000) 250-255.
13) ASTM C-633: Standard Test Method for Adhesion or Cohesiv
Strength of Flame-Sprayed COATINGS (1999).
14) JIS Z 2201: Test Pieces for Tensile Test for Metallic Materials
(1998).



