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In recent years, the opportunity of the hard tissues such as bones, hip joints and tooth to be replaced by metallic biomaterials
is increasing. In general, metallic biomaterials lack bioactivity, which is the ability to directly form a chemical bond with bones.
Therefore, the bioactive surface modifications on surface of metallic biomaterials have been investigated and applied. Among
them, the calcium phosphate invert glass coating method, which is dip-coating treatment (DCT), can be granted the bioactivity
on the surface of a f—type titanium alloy, Ti-29Nb-13Ta—4.6Zr (TNTZ) alloy, for biomaterial applications. In this study, aging
characteristics and mechanical properties of TNTZ alloy surface-modified with DCT were investigated.

There is an oxide layer and « case near boundary between calcium phosphate invert glass layer and TNTZ surface in TNTZ
surface-modified with DCT (TNTZpcr). A very fine w phase precipitates in an equiaxed § phase with an average diameter of 20
Mm at a distance of 200 um from specimen surface. On the other hand, the microstructure of aged TNTZpcr has an o phase. The
tensile strength of TNTZpcr is around 30% greater than that of as—solutionized TNTZ (TNTZsr) . On the other hand, the elonga-
tion is around 48 % smaller than that of TNTZgy. Tensile strength of aged TNTZpcr is around 26% greater than that of TNTZpcr.
While the elongation of aged TNTZpcr is around 52% smaller than that of TNTZpcr. Fatigue limit of TNTZpcr is nearly equal to
that of TNTZgr. Fatigue limit of aged TNTZpcr is around 80 MPa greater than that of TNTZgr. Fatigue limits of TNTZpcr and
aged TNTZpcr, where their fatigue specimen surfaces are mirror—polished, rise as compared with those of TNTZpcr and aged
TNTZpcr, where their fagigue specimen surfaces are shot—blasted.

(Received September 6, 2005; Accepted October 31, 2005)
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L, E&EEA 5T 50BP% < fThh T 5b.

INET, MiF2vEBLUF X VESEERANERTG A
L4 5 HENSBEREI N TWAIY. BIE, kd—kivx
O—5 4 VI FER TS ARBEETH S, LrL, 75K
SESETIE, O—T7 ¢ VI EOMBE LU MRS OHIE
HREETHY, F/o, TOX Y v 7 AL OEEWRITTHT
W EHREINTWAY . X5, VI AXEHETIH,
W &I BT 2B I OF 2 v EEEmE B ERE (10000
KU R)ITmEIN5 Z S &5 TFERE OSSR EE S
NTWBLD.,

WA, Ak B F 2/ &4 Th b Ti-29Nb-13Ta-4.6Zr
EE&OERENY VEENIV Y T LFRH T A (60Ca0-30P,05~
7Na,0-3Ti0,) % & Afitk, KZAICT 1073 K BEDIRE T
PERR T 5 C LT KD, ZORMITY VBV D LG
5 Z (calcium phosphate invert glass: CPIG) A< VU v 7 A
ERRENCEEAE L, EREEAEDTRETH S C LARE SN
TWhY., Lal, a—JF .« V7 A TEOBERK T3 i
E&PERICREI NS0, I 7 0l8BOZICERNS 5
NEREBRORTARESNDS. 2Dk, I—F 4 V7L
FRE I BVILFE (RFRhALER ) 12 L A Nt OdiE s 2 E h
5.
ZIT, AT, T4 v SECED U VEBIILY T A
RHT A% A—T 4 V7, BERLE %G L /£ B R
Ti-29Nb-13Ta—4.6Zr G412 O\WT, BRhEtt LU
A RA - AL 7.

2. £ B K &
2.1 #EMEIUORRH

b1 1d, Ti-29Nb-13Ta—4.6Zr (L1#%, TNTZ ¢ #:7)
&4 (Nb: 29.0, Ta: 13.2, Zr: 4.66, O: 0.12, N: 0.11, Ti: bal.,
mass %) O ZAHBE MU (BAE ¢12 mm) % 7z, Fighr &
LT, MEOENEH at+tBRF 2 ELTH 5 Ti-6A1-4V
ELI(LA#%, Ti6d &#d) &4 (AL 6.17, V: 4.05, Fe: 0.11, O:
0.10, N: 0.04, H: 0.002, Ti: bal., mass%) DEEIB I S
(Bt ¢17 mm) & FH\ /=,

AHERAMIC > &, Fig. 1B IR F AT (ST)
L7z, ST (34 THEZeRICTIT\V, TNTZ 5418
S VH A (1013 K) LA E 1063 K T 3.6 ks {f455K4 (WQ),
Ti6d 54113 8 F 5V F A(1273K) LI F D 1223 K T 3.6
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ks R WQ e 2 L 7. DIk, B %t L
7= INTZ 648 LU Tibd 4% zhnZh TNTZsr £ LU
Ti6dsr & 4. F72, TNTZsr O—iCiE, 723K 12T
R 2592ks RIFH KA ORHUE LB L /2. Thx,
TNTZ (Ks%h) & #9. TNTZgr, Tibdgr B A\ id TNTZ (B
) &0 RICELaR 4 A0 S e AR, UL R LU
7B 35 B \ M SR FHBER R A BRI IS & 0 RS
L.

F7xpb, TNTZsr % LR S) HANHTICUME, B
FiEA L HEICEE & e b kDI, B SEERRR A (B
¢: 5mm B L UEX £ 3mm) Z RN i X0 ERLL 72,

KT, TNTZsr, Tibdsr & 5\ E TNTZ (Rggsh) k0, %
NOOLJim EMERE 2P PIT L5 K DI, EgIRR
R @ A W3R A (B ¢: b mm I X O S EERE I
20 mm) & BRI T XD ER L /2. =612, TNTZgsy,
Tibdsr 38 L O TNTZ(Fe%h) L0, e 6O LR ERS)
F2SPAT &7 B K DI, MESREIE AR (B ¢10 mm
BRUREH 70 mm) 2 BH0n T2 L 0 /EELL 7.

TNTZsr 3 LU Tibdsr OFARERA FIAIZH L T#1500 %
TOIAY—#IC K AEAPERE, v av P75 ANLHED
BWIE Wby ) 3 VIREER A 7N T BHEIC K A SR
EFERL 2. ZOHK, BT BT 4 v Ta-T ¢ v 7 UE
DOCT) &Ml 7z. LME, v av 75 A AR, #Hibd
%5 DCT % L 7= TNTZ 43 LU Ti6d a5k q 7,
nZn TNTZper B8 LU Ti6dper, it EiF# DCT %
Mt L7z TNTZ &4 % TNTZper (W) & Hd. T,
TNTZper (8i) 36 £ U TNTZper (BE) 12, i3 4 2L
(B B) i L 72 TNTZ &4 0%l 2 2h th
TNTZper (F%h) 36 L O TNTZper BEHIFFR)) & 7.

¥, TNTZper, TNTZper (K%h), TNTZper (i),
TNTZpcr BEMERh) 36 & U Tibdper DFRM O H M S
(Ra)i¥, #NFN# 1.26 um, # 1.31um, # 0.05pm, #
0.09 um B LU 1.15 um TH - 7-.

2.2 FuwTaA—FT 4 FNE

60Ca0-30P,05~7Na,0-3TiO, (CPIG) Hl D # 5 AW 4 7%
(ERLS % 72eb, %9 LR L 725 L 5 IS L 72 CaCOs,
H3POy, TiO, 5 L Uf Na0 &4 % K& o 1673K T 1.8
ks (RIS 5 O L TR S, ZOWMYE ATV L AR L
KL, 74y TV A@ET 45 L THES 0.3~1.0mm

in Vacuum in Air in Air FT: 1073 K, 3.6ks in Vacuum
1063 K, 3.6 ks 1123 K, 3.6 ks
1273 K, 3.6ks e
Blasting =) (=)
or 723 K, 1.8~259.2ks}
Polishing o .
wQ wQ \AC
RT Y, Ny | P vy,
(a) Solution Treatment  (b) Surface (¢) Dip-Coating Treatment (d) Aging Treatment
Adjustment

Fig. 1 Schematic drawings of (a) solution treatment, (b) surface adjustment, (c) dip—coating treatment and (d) aging treatment.
RT, WQ, FT, FC and AC indicate room temperature, water quenching, firing treatment, furnace cooling and air cooling, respectively.
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DHFGAY—F&fEB L. ZOHK, HS5AY—FA0g) &
AR =) BOmL)HEAL, YIVa=T7HR—II)ITED
B RALIE A 59 = & CEA 10 um LT @ CPIG ¥ K % fE#L
L7z, PP, WIS/ CPIGH KL A%/ —La#E
BL, T4 vV ZHCPIG 250 —k L. 20O, %R
Beh % CPIG A5V —ICREL, 1l4dmm/s DEETAS
U—651& B, EROKZH (295 K)IZT 1.8 ks fREFT
WS

Fa T aA=F 4 VT LIS ABORERAGLE L LT,
TNTZ &40 %R R T, KKHICT0.08K/s T1073K
FTIMEL, FORMEICT3.6ks iR, EHRQIBSK) £ T
A4 (FC) 4 ARERME AL 7-. —75, Tibd 5405435
AT, KR&EHICTO0.08K/s T1123K £ THhEL, FD
MRFEIC T 3.6 ks fREFE, il (295 K) % € FC ¥ % Bepi i
il 72, 7edks, TNTZ &&0O&RBA 1>V TiE, CPIG
AT —ICREI®T, BERAEDO L% L /2 TNTZ &4
D& (U, TNTZpr &F9) LRIFFICHEL 7-.
TNTZ 48 LU Tiéd GO &R B 1CH L 72 DCT L
BoOBEAXX % Fig. 1(c)ITRT.

2.3 EFhALIE

TNTZgr 35 LU TNTZper OB S BIE AR I3 L T,
BRI T 723 K Cf « OFFHREFE, TNTZsr 1213 WQ,
TNTZpcr 113 AC OW I 3 AR i L, #Hak
5 SEBRIC L 0 BERIRE AL AR 2 PERC L /2. TNTZper O
TR ERS LU TNTZgr O A H & L,
TNTZpcr DAUKES 3R I L O W57 388k k12 259.2 ks {RFFL,

FREGHIRE 2 T AR A L /. £/, DCT K
OB OY B FE S H7-0, STH, 723K TRE
259.2 ks fREft% AC ORFNLEZ L, © D% DCT %L
72 TNTZ 54O (TNTZper (B EALKED) ) & [FRFIC A
L.

2.4 37 OiABETEE

ZE A L 72 TNTZ 540 I 7 DBE S LUOBK
MO RIE & e M s L UEa M E T B (TEM) & H
WTHT -7z, DCT 8 kU L OBLEE % i L 7= 5 [ 5RRER A
OEAT LV, PR (B 5mm 8 LUK S 3mm)
AUIOH L, LARICK L CORTICumg, &5 km e
#1500 FTOT A Y —IC L BBAES LU bV
O VBRI ANV X0 ERtE ETFEL, 2D
%, BELT- 7. BEWRICIT 5% HMKER (H,0 : HF =
95mL : 5mL) # i\ /-. TEM #22i2i%, DCT I LU kR
OB % f L /o5 [ REBF O A O XM - 54 1000
um ORI H HFER AL, FRFER A BRI TEIC LD
EHE ¢2.95mm B LOE X 0.5mm OF ¢ A7 IR ’DHIL
7o, O, #1500 DT AU —HKIC & BB IC
0.1mm £ CTESIAHIERL, YAV ey FEBEIEIC
TEMﬁﬁﬁ%ﬁﬁﬂkbt.EB,%%H%K@,6%@
R, 34%1-T % /=B XU 60% AF LTI a—)LD

HRER A Ao, TEM 823 ERE 200 kV T -
7z.

570 &

DCT ¥ & OF ik OELEE % fil L 7= FIAEBUGABR - (B AR 5
mm BLUEI3mm)IC O\, XEEITrEEIC kAR
m®ﬂﬁ%ﬁot X MEr T, XMEERIC CuK, & M
W, TBHE 40KV 8 LUEEW 250mA [ZTiT - /2. 7x
%,%ﬁﬁ@%2o90&L,%ﬁ£§i2WMMaL
7. %7z, DCT =i L 7= B A ic >\ Tid, CPIG & &
TNTZ &4 & O R L ORI A H #1500 DT A U —#K
IZ & AERFEIC XD 40 um, 100 um, 200 um 35 X UF 1000
um £ L, ORI ABEREORIE R TT - 72,

2.5 NFHVRHERTE

X RE KK 2 5 1000 pm OEFE S350 A8 S % 0
BEEFHCCHIEL, R et ARA L /2. /o, FxD
P ALER % i L 72 TNTZper #1C>WC, CPIG J& & TNTZ
&4 L OBERE S 20 pm, 40 pm, 60 pm, 80 pm, 100 pm,
200 pm $5 XU 1000 pm OZZE ST 1 A0 S & [FRFC JIE
L, REBRAFEE? SRR PTIC 0 COM S5 Mma A L
7o BEERAET, WE 50 gk KO 156 s O TE
THITbiAA, FRARICOE 7T HOWEZTV, BoHNni
Vo N— AW S OR/MES LUOBRKEZERL 72 5 HOFY
s L CTHHELZ.

FIRREBRIY, A VAo REEREE A, 7a2AANy F
HE 8.33x 1076 m/s IZ CHEIR AL A (295 K) TIT - 72. fif
HIIABEOOD—FUIC XD PEL /2. EBIIHARAEAH
ICEEMA LBy — vk J UG AR O B = F O Tl
L7

P allnid, \A - MEASE R (A& 49.8kN) &
v, W 10 Hz OIERHE I K OIR I 0.1 5 E-513k
TET, FEAZH (295 K) I THr- 7z

HPESREEIC L, ERASH (295 K)IZ
RUPELEE A T T - 7.

INTEIC kB8Rt EFB 5 Wiy s v 75 A ML
i L 729 55 Bk - D BEBULER R4 1 J51) % 5B IS I D &AL
ZRIE L 7o, FREISDWE L, X ARETEEEIC X A WY
AW X BREIT ST B o 3 7 o HRRRHE CH V72
St 2.

2.6 WEEmE

B IERERS, 9 55 AR O BT R - O BB A % B
TiICkDYIO L, ZREKIC L 2EERESZRL 7%, &
A AEF B (SEM) % iV THT - 7-.

TH B3R

3. HRLIUER
3.1 I/ 0%

Fig. 212 TNTZper OXFBEAMERIC X 5 2 7 DT E TS
JUCPIGJE & TNTZ &4 L O R H: O CICRm L D #E
2 DIRSICE T 5 X MEPTRERERT. TNTZper DI/ 1
Ak (Fig. 2(a))id, CPIGJg & TNTZ 44 & OEREH» 5
EI2% 10 ym £ TOHPFA TR LB AFEDO BN . T/,
ZOERAE P D 20um ETI 7 OHBRIL, a7 —AEFE
ZONLMEREHEBE RS 5. o —ATMEER 73R



B4 5

WD 3 7 B LRk (St B M) OTREIL TNTZsr D2 h &1
FERBETH - 72, £/, XFHEHHE (Fig. 2(b)) kv,
CPIG J§ & INTZ £ Lt OBERH TIE H, a B LT
TiO; DEIFFTY— 7 B#ED LN AH. a s LU TiO, OEIHT
V—27i%, REBRA R HRBA PRRICET & & SIS
H. F i, RBRAEB? SHESH 200 um IFETIE o HO
ETE— 27 BRDHENS.

Fig. 3 1€ TNTZper O TEM #8122iC X % B % (BF),
HIRREET/S 2 — 2 (SAD) B LU F—# A7 75 L (KD)
%39 . BF(Fig. 3(a)) T3, BB z=Dd b5
B, ZTORNAIAHPFETHY, ZOFFEM@NTIIRETH
%. %7z, SAD(Fig. 3(b))id, B HIK LU o HOEHF/S
H— b—FTH. Lo, BFIZTHD BN A
M wMEEZONS. L5 T, TNTZper Tli,
BHDOKNIC o EAMMITH T2 I 7 0fkx 29 5. C
O oM, BERABRBEOHABECHEL-LE2LN
L. nk, PHEER UM HHORT 2 HTH ) VIV
AR S Aa—F 4 VB, ECTiegxkwy
VEETIVY 7 A, Na B XU Ti %% < &dc Y VIEBEHED
LREFIN TV, F7-, TNTZ §48FEmEEOR 71—
F VBT, Tid bWt Ca DMEMMERE (D VBT X
ZUACEOHEDANEH T A EERL TEY, Aes

a Case Layer

TNTZ
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DOEALIE & B A L Tz,

Fig. 4 1Z TNTZpcr (K%h) O BAMEIC & 5 3 7 0k
HFH} XU CPIG Jg & TNTZ &4 & O R 7% 5O [
I DOBIICET S XBEER LY. TNTZper
(F¥%h) © 2 7 n Ak (Fig. 4(a)) 1%, TNTZper D% 1 & [FER
IZ CPIG J§ & TNTZ &4 & OB R HH S A 10 pm %
TOHMEATHILERRDSNS. LaL, TNTZper (BE%h)
T, BESFERTHS ar—ALE2 LN HHEBOY
M Blezis, WEETH 5. BILE? HRBANEIC ST 5 2
7 oL, TNTZer (Bh) Oz FIERETH D, SR
WIC a il %\ 3 o OB EHEAFEST 2 EE 2 bh
B0, KFFEMGIC LA TN O OFEMABEIIRECH 5.
F 7z, XARETRSE (Fig. 4(b)) Tid, RABAFDLVES
#7100 pm & Tid TNTZper DX h EIZIEFEETH D, Rk
FEm 2 BRI 200 pm DIBEIZ B \W T o fADEPTVE— 2
DADPHERTES.

Fig. 5 1C TNTZpcr (K5 %)) © TEM #1251 X % BF, SAD
B LU KD %59, BF(Fig. 5(a))iCid, T AROWTHHES
WMRTEAH. £/, FHEEMS AEITH 4nm THD,
TNTZsr (F%h) O F 1 (% 32 nm) & AL TR E V. Fi,
SAD (Fig. 5(b)) i3, BHI KU a HOEET/ 2 — & —#
I5. L7eHh > T, TNTZper (K%h) Tid, BHDKRAIC o

Intensity

208m 5030 40 50 60 70 80 90

M : p Phase
O : o Phase
¥ : ® Phase
A :TiO,
Specimen Surface of TNTZ
=
40 ym Grinded g
; BIN
100 pm Grinded 2 E
w
200 pm Grinded & ?5
y
1000 ym Grinded =|
I I 1 1 a ‘l‘:
a|&
Diffraction Angle, 28/ (n180) rad v

(a) Optical micrograph
Fig. 2

200 nm
(a) Bright Field
Fig. 3

(b) Diffraction Pattern

(b) X-ray Diffraction Profiles

(a) optical micrograph and (b) X-ray diffraction profiles of TNTZpcr as a function of distance from surface of specimen.

@ : 3 phase [110]
o : ® Phase

(¢) Key Diagram

(a) TEM micrograph (bright field), (b) diffraction pattern and (c) key diagram of TNTZpcr.
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MM % 2 7 ofifkad 29 5.
3.2 EFRpRE{LFE

Fig. 6 |Zff « OB EE RIS CRERALEE % Jiti L 72 TNTZsy
B LU TNTZper OWFRIE(LERFR 2”3, C 2 TmRInTw
LR S ERABR PO EO M TH L. £z, KD
BA %, FehLBE % i3 5D TNTZsr 35 LU TNTZper DY
vy A=A THD, ZOMIEZNZn HVI8S & LU
HV208 TH % . TNTZper DY v 71— AW S 1d, TNTZsr
DOZFNITHIE L T 25HV K& WEARL TWwb. TNTZper
T, BERAEBZOFSBEBICEVT, allB XU o HH
35Ty h—ABINERL/ICEEZOLNS.
TNTZsr OV v 1 — A S OV EFENEE, 1ks 24720
¥ HV0.34 TH Y, Hahii 86.4 ks £ Tl R4 IC v 1—
XA LR L, BRhER 86.4 ks LIRS TIZBAEIC LA 4
%. —74, TNTZpcr DV v 71— AW S O EAEIET,
1ks 24720 HV0.13 TH D, TNTZsr ODFN & s L T
INEL, TNTZsy CHROLNLY v h— AW S O@HE T k
FEAEIT RS, Shid, BEEGRRICKE VT, oK
W9 % C & TEDRDKRFZINTHESMEI L /o/cd &EE 2 6
N5, SHEELELHAEPLETHA.

Fig. 7 [Zf %« ORFIG I CRERNAE % Jiti L 72 TNTZper

Oxide Layer

Resin TNTZ

570 &

@ CPIG J& & TNTZ &4 & OB Fm 5 5 il H A O r
ECOB ISz 7T, TNTZper T, B v 1—AB X
CPIG | & TNTZ &4 & OB AWML TR D &V EZ R
L, A5 FRELTEE 2 O HER AP 200 pm £ T, &I
Uy A—ABEI PR L, TNLBETEBEIIEE—E &k
%. Zhid, DCT RpOBER BRI W CTREIA A S S

300

—8— : TNTZ,,, aged at 723 K
—0—: TNTZ; aged at 723 K ]

250

200

Vickers Hardness / HV

e 10 10?

BA Aging Time, 7, / ks

150

Fig. 6 Aging curves of TNTZgr and TNTZpcr. BA indicates
before aging.

Intensity

%

M :  Phase

[ : o Phase

¥ : © Phase

A : TiO,

Specimen Surface of T

40 pm Grinded

Z
-
N

100 pm Grinded
200 pm Grinded

1000 pm Grinded

(a) Optical micrograph

Fig. 4
men.

Zi] nm
(a) Bright Field

208m 50730 40 50 60 70 80 90
Diffraction Angle, 28/ (x180°') rad
(b) X-ray Diffraction Profiles

(b) Diffraction Pattern

Depth from Specimen
Surface of TNTZ

<

(a) optical micrograph and (b) X-ray diffraction profiles of TNTZpcr (aging) as a function of distance from surface of speci-

@ : B Phase [110]
coee : o, Phase ['l]'ﬁ l]

(¢) Key Diagram

Fig. 5 (a) TEM micrograph (bright field), (b) diffraction pattern and (c) key diagram of TNTZpcr (aging).
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TERICRFF SN S/, TNTZ &4&REEHICS RO
RS B728, BESHEATHEE2OND. F/z, M
2 DEWSIZBT HY y N—AB SO EAEGIE, KT
B2 5 20 um T, 1ks %70 HV0.31 TH YV, 200 um
DIBETIE, 1ks 4720 HV0.13 TH 5. B AT
(3, FRRIABIC KD o M a HICERE S 5728, B S EF
NOFENIDE T LI EEZONS.

3.3 BIsREFME

Fig. 8 i TNTZsr, TNTZsr (%)), TNTZpcr, TNTZper
(BF%h), Ti6dper B £ TNTZper IEEALEED) OF [BER X,
0.2%M )k LM #7539 . TNTZsr D5 [ S 134 550
MPa &, J&/PSWEZRL THEH, MO 41.6% &
bEWEEZRL Tw5b. TNTZsr (K5%)) OF 1R S 1, #
996 MPa T, TNTZsr DZN & I L T 80%EE L7
L, FELCHEMML TS, F72, MOIZ105%THY, B
IF e~ N5 2 HF L Twb. TNTZper D5 15EH
=i, M 713 MPa CTh Y, TNTZsr D & il T30%
BE LRSS —F, MO 21.7%TH Y, TNTZsr DF
NEREL T, BEEEKTTS. Ihid, TNTZper T

400
:BA O :10.8ks © :43.2ks ¢ : 172.8 ks

5 :1.8ks O :18.0ks X :64.8 ks Ix : 259.2 ks
& 350 :36ks A :256ks b :86.4 ks
P
)
=
E 300 p
P R
S0} E
-

200 M 1 M 1 i 1 i 1 M

0 200 400 600 800 1000

Distance from Surface of Specimen, 4./ pym

Fig. 7 Vickers hardness profiles of cross section from speci-
men surface to center of specimen of TNTZpcr after aging at
723 K for each time. BA, SS and CS indicate before aging,
specimen surface and center of specimen, respectively.

1200

B: 0.2% Proof Stress

= Tensile Strength 14
1000 03: Elongation

130

o
S
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Fig. 8 Mechanical properties of (a) TNTZsr, (b) TNTZgr
(aging), (¢) TNTZpcr, (d) TNTZpcr (aging), (e) Ti6dper and
(f) TNTZpcr (STA).
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Fig. 9 1 TNTZsp, TNTZsr (B5%)), TNTZper, TNTZper
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Fig. 9 Moduli of elasticity of (a) TNTZgr, (b) TNTZgr (ag-
ing), (¢) TNTZpcr, (d) TNTZper (aging) and (e) Ti64pcr.
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Fig. 10 {C TNTZgr, TNTZsr (K¢%)), TNTZpcr, TNTZper
(F5%h), Tibdper 38 LU TNTZpr O S-N it X O H
(FR : 53R & /595 BR) =9 . TNTZper DEEHIRIE, #
325 MPa TH v, TNTZsy D% (% 330 MPa) & iFiF %
TH5b. Fiz, TNTZper (Rsh) OFEFH R, 410 MPa T
HY, TNTZgr DFN EHILL T, ZhZh# 80 MPa L
A9 5. Tibdper DB FH R, ¥ 415MPa TH Y,
TNTZper (B%h) Oz L IZIER%ETH 5. —F, TNTZsr
(EE%h) DY RIL, #9765 MPa ThH D, HmbEWME &% -
TWwb. %7z, TNTZpr OFEFHRIE, #9325 MPa TH 0,
TNTZper DFN EFA%ETH 5. k- T, CPIGEBOALE,
TNTZ GO FMEICKELS BT RITI W EEZD
ns.

L2Ll, liREIEEFREDODTH 55T,
TNTZpcr, TNTZper (Ki%h) 36 L O Tibdper T, ThZh
0.46, 0.46 35 LU 0.43 TH Y, TNTZsr I LU TNTZgy (F
BN OFENG(0.60 35 LT 0.77) & BT L TRV, COB4,
TNTZsr (BE%h) D555 i, o HOMHIC L AFIRBRE O L
AREVEFROZNPEEE TH - 72720 (o FHOBHMIHT H
WL DEY EAURELS ICEBRENAR ELCEEZ DN
D)EWMEER R L E 2B A. TNTZper Tld, £DFE
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Fig. 10 S-N curves of TNTZgy, TNTZgr (aged), TNTZpcr,
TNTZpcr (aged ), Ti64pcr and TNTZgr. FR indicates fatigue
ratio.
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Fig. 111 DCT ®iOFE M % Hmift FiF & L 72 TNTZper
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Fig. 11 S-N curves of TNTZpcr, TNTZpcr (aging),
TNTZpcr (polishing) and TNTZpcr (polishing and aging). FR
indicates fatigue ratio.
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Fig. 12 SEM fractographs of TNTZpcr in (a) low cycle fatigue life and (b) high cycle fatigue life regions.
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IZ o BT 5. —75, Kb L 72 TNTZper
(TNTZpcr (B55h) ) & T, aAHTHI$ 5.

(2) TNTZpcr M O518RE S 1E, HE(LAIEL 7- TNTZ &
& (TNTZsr) DFN L WL T30%RE EAT 5. —77,

UL, TNTZsr DX N &L T, 48%REMK T4 5.
%72, TNTZper (Kegh) D5 13RS 134, TNTZper DZ &
HEZL T, 26% ERS 5. —F, (N, TNTZper # D%
NEHEL TH2RBREMK T 5.

(3) TNTZper DFEHMRIE, TNTZsr O % h & 1FIF RS
5. Fiz, TNTZper (Bsh) OFEFHRIE, TNTZsy D Zh
L HEE L CTHy 80 MPa 54 4.

4) EyABRAFFEE % &@LU 72 TNTZper
(TNTZper (8 ) 3 T RRABRA % S 51C 723K T 259.2
ks fRFFORFEN IR % s L 7235 & (TNTZper (BRI %)) ) O
HRRIZ, ¥~ bV 7 ALHEY 3 v b T T AU A
LIS T, FNFENK 45 MPa 35 LU0 30 MPa FR-9 5.
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