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Effects of Heat Treatment and Load on Frictional Wear Characteristics of f/~Type Ti-Nb-Ta—-Zr
System Alloy for Biomedical Applications in Air and Simulated Body Environment

Toshikazu Akahori!, Mitsuo Niinomi!, Manabu Watanabe?*,
Masaaki Nakai!, Hisao Fukui® and Michiharu Ogawa?*
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2Department of Production Systems Engineering, Toyohashi University of Technology, Toyohashi 441-8580
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The frictional wear characteristics of heat-treated Ti-29Nb-13Ta—4.6Zr (TNTZ) subjected to solution treatment (TNTZsr)
or aging treatments at 598, 673, and 723 K, respectively after solution treatment (TNTZso3x, TNTZg73k, and TNTZ;23k, respec-
tively) and Ti-6A1-4V ELI (Ti64) subjected to aging treatment after solution treatment (T64srs) in air and simulated body en-
vironment (Ringer’s solution) were investigated as a function of load in this study.

Wear weight losses of TNTZsr, TNTZs95x, TNTZg73x, TNTZ723k, and Ti64s7a are smaller in Ringer’s solution than in air
under both low and high loading conditions (1.96 and 29.4 N, respectively). This is considered to suggest that the frictional
coefficient decreased because of the lubricant effect of Ringer’s solution between the contact surfaces of specimen and zirconia
ball as mating material. The wear losses of TNTZgt, TNTZ505 x, TNTZg73x, TNTZ723k, and Ti64gr4 increase with increasing load
in Ringer’s solution. The wear losses of TNTZst, TNTZs03x, TNTZg73k, and TNTZ;93k at a low loading level are smaller than
that of Ti64sra in Ringer’s solution. On the other hand, the wear losses of TNTZs95x and TNTZg;3k at a high loading level are
larger than that of Ti64sr, in Ringer’s solution. This reason is that the transition point from sever wear to mild wear versus load is
changed according to the materials.

(Received September 7, 2006; Accepted January 19, 2007)
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FHEFAMITIT, BRBGE A (620 mm) ICHEALSR 87.5%
OLMELEA L, JBX 2.5mmiZ L7 Ti-29Nb-13Ta-
4.6Zr &4 (Nb: 29.1, Ta: 12.5, Zr: 4.50, Fe: 0.05, C: 0.01, N:
0.01, O: 0.07, Ti: bal. mass%) %\ 7z (LL'F, TNTZ &
FR). SBiT, KM &L <, BHEOEERH atpilF 2
4T % Ti-6A1-4V ELI &4 (Al 6.34, V: 4.10, C: 0.01,
N: 0.01, O: 0.118, Ti bal. mass%) DZFIEALH (JE X 3.0
mm) & V72 (LUF, Ti6d & IEFR).

2.2 #0E

TNTZ 2, R&€D B 5P A(1013K) 25 50K &
1063 K 12T 3.6 ks fREF#E KA OEFALALEE A fit L 72 (L)
T, TNTZsr &) . kT, TNTZsr 12, 598K, 673K
15 L UF 723 K IT T 259.2 ks fRFFHE K5 O WRFAHALIE % e L 72
(LLF, TNTZsesk, TNTZgr3x 35 LU TNTZpp3x & 9FR, %
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TNTZersx £ £ U TNTZz3x DV w51 — AW S I3 REE S
L0 Hv80 » 5 Hv140 FLEE\METhH - 7=

HH Ta A Tibd 1T, 1243 K 12T 3.6 ks fREFBZZ S
DOVERACAIE % i L /=481, 813 K 1T T 14.4 ks (R 224
DOIFEHAFE % it L 72 (LR, Tibdsgra & "EFR) .

7%, TNTZ 3 XU Ti64 I L /- By, £ CHEZed
I THT- 72

2.3 HERH

TNTZsr, TNTZgra 35 & O Tibdsra £ U, 20mm x 20
mm X 2.0 mm OFCRREBR A 2B TIC XD ERL 2. %
DO, BHCRARB - EEIC #1500 £ TOIL A Y —HIC T
RFEZE ML, REFREH S 2% L 7. PHEROBCIREER
FBIUCEREFH CTHABEES.Omm OVIIVa=7 R—)L
7 b AT 09ks I EEES L oK, EROKTZF
12 21.6 ks fREFLHZMEL /2.

25 25(2007) £ 71 &

2.4 370K

2.3 Hi Tk N7 S BCREER i £ & ALO; $5 L U Si0; &
WIS X B8 T7THEIC X D EEmIC A B e, 2ok, &ECK
A ERAICOE, SRBBRKBFRICLZ2EETHL, £&
I T BB (SEM)IC L 5 X 7 DBl Z %17 - /-,

7z, FBRER2SEEM TS JOEMmMmITICLD, &
£29mm BLUEX 0.5 mm OMBRAR A IERL /-, &
ARk %Z, #1500 DT A Y —KOBABEIC TR
0.1 mm %= CHEE, VA VY ry FEBIIEICKDERE
BT HMEE (TEM) B @l A F8 L 7. ok, B
PHEEICIE, 6% @¥EEME, 34%1-7 %/ —)IE LU 60% A
VT I a—VOREEK M o, &REERARICO &,
TEM I CHRTEE 200 KV D44 T3 7 oGBS+ 1T -
7z.

2.5 By h—ZXBSAE

2.3 Hi TR/ E R A 2 ¥y 1 — A S (Hv) JlEic
Bt 7=, Hv BIEE, T 98N I L O R 4#HeRE 155 D&
TiTolc. ZO%E, 1 2O0RBRFICOE, 10 SOEIE %
TV, TN O ORKME L RME L Rz 8 HOFH %
Hv & L7z, 7eds, 1 k#ED Hv 2B 584, 3 2ORBA
O Hyv #HE LFH L 7.

2.6 EEEFERR

BEEERERER 1213, Fig. LICR$R—IVF V5« Ay HlE
BEEFERBR A 7. BEREAETFMICIE, 2.3 8Ty
VAT IR—=vE AW BEERERERRIL, 295 K OKZH
BRU3I0K O V7 VIR OWmBRES T, FEEEE S &
UREEEEAY N+ N 314mm/s 35 L 1.57 X107 mm &
EEL, EHH(1.96 N) s LU EmE (29.4 N) 4 T2 THT
Sl ZOH, FRRBERNDL, <AV FEREIrLVET
BERANDOEBB BRI ET ANEDLDH EEZ LNII2D,
SOICHEAL 49N, 9.8N I LU 49N LA L SR 74T
Th REEEEREAR Y T 7.

F7o, WFRPHC TEBERRBRITRO & BT OE &Y
HEL, ThboE &R OEEERRERNAE (W) &
L7z, $7bb, Wesld, KAICEIDEHL .

Wiess= W1 — W, (1)
CCT, Wy REBRERABRTORBRTERETHD, W3
FEE ARG ORBF EETH 5. 4, HEHTEOBEIC
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Zirconia Ball
Sample
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Fig. 1 Schematic drawing of friction wear testing machine.
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Fig. 2 12 TNTZsr, TNTZsra #5 £ U Tib4sra O I 7 B
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TFHRERR 20um OF#M AR AEL TWa. I HIT,
TNTZrp3x O 3 7 B TIE, RAMITITERROMT HH A5
BTESH. TNTZsgsx 35 £ TNTZgrsx Th o fHH BV iT
o PRI LT 5 E:E 2 6N5H, SEMIC X
HEN O OBEIIRETH - /2. Tibdsta O I 7 O
L, FERER 10 um OFIHT o % T 5 Filh o Mik%
BLTWA.

Fig. 3 1T TNTZsra ® TEM #2251 X 5 B ¥ % (BF),
m4/3% = (DP) B L UOF—% A7 275 AKD) ZRY.
TNTZs0s (Fig. 2(a)) O BFICT, 3 7 0k I sz
HYPHERTE S, ZOHIRBEE /% — (SADP) % fif
MrL7&%, KDICRT LD, ZONEHIZ o HTH S
LBk,

TNTZg3x @ BF (Fig. 2(b) 2T, #Mi7zsHRON HH
TERTE, 2OKE XL, TNTZsgsx DTN EHEL T,
IR & . SADP 3, KD IZRd L2512, BHO{110} %
F OB OTE S TREE (hep) 43 % {0111} DEIHT/ S X —
VE—HKL, ZONERIZ aHTHL I ERbR 5.

TNTZ5x @ BF (Fig. 2(c)) 12T, TNTZgsx & RBEICE
ROWHH AR TE 5. £72, SADP I, KDITRT &S

(d) TNTZ;3

O: o Phase
@ : B Phase

@ : o Phase
O: ® Phase
@ : B Phase
() TNTZs

@ : o Phase
@ : B Phase

(¢) TNTZ;p3

Fig. 3 TEM bright field images, diffraction patterns and key
diagrams of (a) TNTZSQS K> (b) TNTZG73K and (C) TNTZ723 K-
Beam direction is parallel to [110].

(¢) TNTZg;3x

(e) Ti64gy,

Fig. 2 SEM micrographs of as-solutionized TNTZ (TNTZsr), TNTZ aged at 598 K, 672 K and 723 K after solution treatment
(TNTZs03x, TNTZg73%x and TNTZ93x) and aged Ti64 after solution treatment (Ti64gra).
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i} TNTZ Fig. 5 Weight losses in air and Ringer’s solution, and Vickers
S98K hardness of TNTZST, TNTZ593 K TNTZ(,73 K and TNTZ723 K and
Ti64g1s obtained from friction wear tests at a load of 1.96 N.
TNTZg,

30 40 50 60 70 80
Diffraction angle, 20 /(n180")rad

Fig. 4 X-ray diffraction profiles of TNTZsr, TNTZsesx,
TNTZG73 K and TNTZ723 K-

2, BHD{110} B L a fHOEHT 2 —v & —FK L, ZOD
MM a HOATHESLZ bbb, £7z, TNTZpsx O
S5 AR afflid, TNTZgsx DN WL T, ZOFhN» 2
fERRE (9 40 nm) K & <, Wbl B ORI Kb L T
WA,

WAL 3 LU RALER R, f&E o« ORFRUTE % fl L /-
TNTZ OREBAIL, Fig. 4 ICRT X D ICHR) BB E O |
Ao+, o o+ HB LT e+ HD
IO L, biko TEM BIERSEL—HKL TW5.

3.2 PEEEEFEEM

3.2.1 BEREGKLUVSWMEFICK(TI2EREDE(

Fig. 5 1 XU Fig. 6 ICEfE (1.96 N) 35 L U & fif & (29.4
N) & FTU V7 bk s JUOKSHIC CTEEREERER B (£
B : 314 mm/s, FEEIIEEE : 1.57 X107 mm) 21715 /=
TNTZsr, TNTZsra 15 & O Tibdsry OEFEE (W) & F 1
ZIRT. 7z, TNTZst, TNTZsra 35 LU Tibdgra DY w
H—ABEE S FEIFICIEL T 5.

TNTZsr, TNTZsra 35 & U Tibdsra OV V7 IV H TO
Wiess 13, EBLUBEMELETOVWTNICENTL, AKX
OFN EHEL TEW. Jhid, REEE EHTH TH 5
VAT ARV EOEREIZTY VIV OBERhE A
FICHEN/Ico EE 2 DN A, BEEFRZREL, —BACT
TV v TEERE, BUEEERE, REERES LU NERIC AN
SIN59. AEREMET TE, U V7 VR TOREBERIC
THAU7HER & RIS N AF AR OREIAE N &,
BLUOSEIBW R —IVA VT ¢ A7 B EEEEEREARRIC 510
L EHREE) FClEATA T ¢ V7 BB MICTAEL 2HREME
CEEIORBEIERE C 57\ 720, BRERS LU
BEERZAE LW EEZONS. 77V y VTR, EkE
T 75, FHF 5 R R ] 0D 26 1R 28 e <0 BE SR T PRI A Ao A B\ R
T Lo TUHI SN AHETH Y, W GHIEA) 289 5

120 400
I 7 350
100f [ ]
- [ W,,,, in Ringer’s Solution ) 7300 2
E 80 | [J W, in Air ° =
H @ Vickers Hardness 250 2
g
5 oof 1200 =2
”
3 ° 3
= J150 2
2 40 >
=z
7 100
20
- 50
0 0
TNTZg,  TNTZyy  TNTZgy — TNTZyy Ti6dg,,

Fig. 6 Weight losses in air and Ringer’s solution, and Vickers
hardness of TNTZST, TNTZSQS K TNTZG73 K and TNTZ723 K and
Ti64s14 obtained from friction wear tests at a load of 29.4 N.
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B. —77, BEEBERTIE, BREHET5 28T, EERE
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TNTZgr, TNTZgrs 35 J O Tibdgra OEERE T EREN OWE
B L UFHBER P RAL T 5 — i S BRIV A R L T/
CEPLRTDOT EBTRHEINS.

TNTZsy 3 1 U TNTZsra DIEMFE LML TIC BT A K&+
DOEEBEEEFEABRCTIY, MDD IVHEITE, Wi ldAE
{75 TW5h. THIERZNEE O T IS ki< %
o HOEEERO BRI L A2BBEVBED AT LD, ME
LR ELIc/cDEEZONS. T, BIORLEND
TNTZsr Tld, {8 O1ER 9 2 FEEhIE 5 1A O 2 il 18 5
DBEBREEREIC L D AWUCHER L, SAMRRE AL 7272
L#E 206N 58, X561, TNTZgr TlE, EHREICE TS
BB A AT 5018 LT, BEEES—ETH ST
O, HMHEFES ) OBEETPEMT 52 812k D, FRRhL
BAML 72 TNTZ S L T Wi DREL 2ol b F
Zbns.

TNTZsr, TNTZsra DIEFTESM FICBT 5 V7 LR+
DOFEBEERRR TIE, Wi 13, TNTZsra TIEIEREET,
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TNTZsra DBE L OB I NEL <PV TNTZsr I2 TR D
INEL T TWh. Thik, TNTZsr Tit, EEMEBEOIE
9 A FBENRNC 351 MRS TNTZsta DTN D & I
LT, KEL RABD, UVIDIIVEOBERNED L 0 BEE
I S &I, K0EBEREIIF SN/ IcLbEER
bha. COZE,D, HEMRWRHESETTE, Vv 7
AT 1T 5 Wiess I TS OB NIV EEZ D
nas.

TNTZsr, TNTZsra O fESEMN FICBT 2 KGHh B LU
UV IV OEEBREERERBR Cld, TNTZsra O Wies 13,
BEXOMWMCENENST S, £, X0k PhI W
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TNTZst O Wiess @R B/PIVEEZRL TV 5. COMHMA
i3, KMMEOSE LR AR TR Tnb. COEHICD

Wi, 3.2.210 TR A,

KRFICIT 5 Tibdsra D Wiess 13, Wil 85T Tl
TNTZgr, TNTZsrpa DN G &L TRKEW. LIL, &
WE FICHRT 50 V7 VISR 5 Tibdsta O Wigs 13,
KZHICBTHBEE L L T, KIEICHEA L, TNTZsra
OBE LD LN moTWAh. ThiE, —REynEes B
Tld, TNTZgra & Tibdsra & OEEEEEFEBMEIC K S I
BBHIHEEZLNS. ZOEICOXRITENS.

Fig. 7 5 X O Fig. 8 i TNTZsr, TNTZsra 5 L O

(a) TNTZ,

— Sliding Direction

(d) TNTZ;55¢

(b) TNTZg5

(¢) TNTZg;3¢

(e) Ti64

Fig. 7 SEM micrographs of wear grooves of (a) TNTZsr, (b) TNTZsesk, (¢) TNTZg73x and (d) TNTZ;93k, and (e) Ti64grs ob-
tained from friction wear tests at a load of 1.96 N in Ringer’s solution.

e Sliding Direction

(d) TNTZ,5¢

(e) Ti64

Fig. 8 SEM micrographs of wear grooves of (a) TNTZgp, (b) TNTZs0sx , (¢) TNTZgz3k and (d) TNTZ;93k, and (e) Ti64gypa ob-
tained from frictiona wear tests at a load of 29.4 N in Ringer’s solution.
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Tibdsra O VU /7 VIR FIC 51T HIEFE (1.96 N) I & UMt
H(29.4 N) Gk FiC I 5 BRI RERER B DRI 7 BERETH
O SEM BEEH % 2 NE R .

IR 4 T2 31 5 TNTZsr, TNTZsra DO EEFET 1T
St Eé@@%%%i@%@ﬁ%%#ﬂ%bt%%b%
RTE, XA FEENZEMREREYSEEL T 5. L
ML, BRSO K D ERMREOMEIIHER Xk
W, 2D, ERESETICET 5 BEEERLERBKRTO
TNTZst, TNTZgra DEBEMERIIRKESELLRVEEZD
N5, Fiz, Tibdsra OEFEHIL, #BRAEL TED,
TNTZst, TNTZsra OEEFEHIC T%Eéhtié@ﬁ%%%
FUOZOFBERTERTE R\, T D72, KAESM FIC
waT@mA@@ﬁ%%i,§ﬁ$@k%m/z7§ﬁ#
TEIITH D, FD Wigss 55 TNTZgr, TNTZgra DF N &
LT, KELko/ctE2bNA.

B E S FICB1 A TNTZsr 38 X U8 TNTZ s« DEEEE
L, (EMATESM TOZN L FARICBADOREN I L UBRE
WOHBEP R SN, <A )V F BERESSZIAY R BERE M 7 2 L
Tw5b. UL, TNTZssk 85 &0 TNTZgsx OEEEEMH T
3, BEOBEEWHEL (DL, BRI 585D
ORERIIZR I N, TOBERERTEELRYEL T
. ZD7z®, TNTZsesk 5 & TNTZgsx Tld, Y7
BEREIZHTH S EEZ NS, TNTZseskx, TNTZgr3x
T, ANV FEBEEANOEBPEN, BEFESR (LR
BT D W) DR E WV BT BN RN & 785 /o7
2, FNEHD Wi 1E, TNTZsr, 3850 TNTZysx DZF N
LHEGL T, KEL kot EZLNS.

Ti64dsra OEEFERI T, KMESM FOBE L IE L T
B ELEEN S LUCZOREPHER T 5. ZD2D, &
fAI&E T CTld, Tibdsra OEREVEN VY ETEREL LAV
FEMANER T 5HBICHS EEZ2ONS.

Plastically - Defor.

(a) TNTZg;,

— Sliding Direction

w1 &
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WA % @ E S T T OREEEEREA R O BEFEIR Wi
IZBT 537 0ffifko SEM EE % rnZird. TNTZsr
%iUTNMmK®§ﬁF%E@E7Dﬁ%T@,@ﬁﬁ

BN, YHAERRIHR CES. T TNTZpx DMK
ZWBE XX, TNTZst D LB L T”/hSw., Zh
Z, WERIALERIC LD TNTZsk O I 7 OHBEAIC o BT

L, ﬁﬁ;ﬁd:ﬁbt?l&bk%z%ﬂ%

—75, TNTZsesx 38 LU TNTZgrsx BEEIEMHO I 7 10
MRkl BREmME TICHREVBAHR TSR, Ly
L, TNOOEREE FIFICl, BEFEBICIAHEBI LA
RTESH. 2D/, BEEHOPHEIHEML, TNTZsk
BEOTNTZgizx O Wiess 18, TNTZstr 38 LT TNTZ93x D
FnEHEL T, KEL h-stE2xbN5B. £/,
TNTZs0s 45 LU TNTZgrsx Tld, ML TH % w H2HT
9% 2 & T TNTZsr 38 LU TNTZppsx & FLil U CIRAE M
(B £ 720, BEERMET T 5700, @BESRE T T
i, HXEREBR2ZHE Sh, YETERSERL, <AL
FEHEANOBBPELL /DL ELLNS. £/,
Tibdsra TiE, MM ESMHET & b2, TNTZsr B LT
TNTZz3x THER I NI LD WA REITZED bz,
Zhud, TNTZspsx & FARICERIESETH S C LITERRT 5 &
Ez2bhb. ZO8E, Tibdsta © 7 BffkHICE, X
D RBV IR I DR BT AR T hep i H 9 5
VINT o« D2 S FAET B (R 60%) Z &5, FrEORE M
ICCTHEEAR LT W EEZ BN S.

3.22 MEZEAT(ESELIBADERE

Fig. 10 i~ OmiE (1.96 N, 49N, 9.8N, 294N 5 XU
QON) ST TU V7 VRIS CBEEEEREA B (PR B
31.4mm/s, fAEHIEEE : 1.57 x 107 mm) % 17 - 7= TNTZgr,
TNTZsra 38 LU Tibdsra D Wies DAL T TN E IR T

(¢) TNTZg;3¢

(@) TNTZ55¢

(e) Ti64

Fig. 9 SEM micrographs of cross sections of wear surfaces of (a) TNTZst, (b) TNTZs0sk, (¢) TNTZg73x and (d) TNTZ;93k, and
(e) Ti64sra obtained from friction wear tests at a load of 29.4 N in Ringer’s solution.
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Fig. 10 Relationships between weight loss and load in Rin-
ger’'s solution of TNTZgr, TNTZsesx, TNTZgzx and
TNTZ793%, and Tib4srs obtained from friction wear tests at
various loads.
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Tlt, TNTZst & % B\ T, TNTZsra © Wik 13,
Tibdsta DZN LWL T, R&ELk->TW5H. Fi,
TNTZsra O Wiges 13, TNTZsr OZ N & HEL T, BVl
R L TW5h. TNTZgra IZ BT, BT TNTZ3x D
Wioss (T HBZHIIE . C AT RISz K D ITRFRRE O
FIHE, EEHETH 2 o HOBRERPMET L, #IC off
DENDPHEIMT 5 & TSN EE SN, BEREBOLERD 5
W HEEATIH S hizd s B2 BN S.

FATih N7 k51T, TNTZst D Wiess 13, TNTZgra 5 &
U Tibdgra DX N & B L W ESEM FITBWHhE L5
HEIcH 5. LaL, TNTZs OF 3R 35 LU 0.2%it
¥, TNTZ % LU Tibdsra DN & B LKW C & B
INTWBEY. —TFf, TNTZzx D Wies 12, AR E L
THRIA S EH I N T\ 5 Tibdgra DB & & N TH AR
W, FE 7 TNTZ95k 13 TNTZsosk 38 £ O TNT Zgrs k¢ & il
L CRIFAHE - NSV AR I UEETRES R &
PEINTWEY. UEXD, TNTZgk i, MEREMES
FUNEHEREONS VAL VER T AT B85,

Fig. 1112 TNTZsr, TNTZsra % 35 £ O Ti6dsra OB
B KU Wiess DBARAEBRANTR . — iy 5 BERET
i, BEEIICHACTEBERRE B 2R~ L, &
HROEBWV U TER D, ORI BEaRERN 2 b
U, BRERRYETEROEERD 1/10 25 1/1000 &
WEER L 5 < AV FBHICER T 59. —H, <AL
FERICERT S &, TOREBITERARCRRT 5 & 3h
TWwhHY., COVET-<A IV FEREEBOEEIL, Y7
BEREIRFIC 26 L 7o BERER A EEIRIENIC (B S L, BEOLRERE 2
B b. ZORERY, &AHHEREL OB SIS
N, <SANVFERHICER TS E3NLD. Wi 2B
IR DHITIE, AV FERES RN BERERE R Th S
ZEhD, HBREBIO LD RVEE T YT - AV FEE

AARH B B Ti-Nb-Ta~Zr REHDORIIS K UHHEANEIFE IS 3510 % BRI ST § AU S LURMEOPE 413

— Severe Wear
= = Mild Wear
O  Sever/Mild Wear —- TNTZgy,
Transition Point |y o /
-
/A _ -
g Ti 64y, g
- e
%‘3 TNTZSTA -1 - R
3 _
=l J L= Ti 647,
-
- - -
-1 _b--%
’’’’’’’
TNTZg; TNTZg;
Test End Test End
Wear Dist: 5
(a) Low Load Condition (b) High Load Condition

Fig. 11 Schematic drawings of relationships between weight
loss and wear distance for TNTZgr, TNTZgsra, and Ti64sra un-
der (a) low and (b) high loading conditions.

HEBZUWZLZ EAEELWVWEE2S. MU ERDL, Fig
10 DRRABELET 5 &, KAESFETICEST S TNTZsr
15 1O TNTZsra OER AL, Tibdsta OFN & HEEIL T,
ARG 5 LD RIICHE T EFE 2 O6NA. JHIC LD,
TNTZst 36 £ 0O TNTZsra O Wiss 13, Tibdsta O Fh & H
L UMK EAHEAZRLICEEZONS. Tz, EfME
ZMHTICB T 5 TNTZsr OER RIS, KMAESMT & R
12, TNTZsra 38 LU Tibdsta DN &ML T, AR
POLDRMPICHB TS EEZ2BNS. LirL, TNTZsa
DOEBSL, Tibdeta DZN EHE LT, X 0HBRK TICHE
W TH L EEZONBTD, TNTZsra OEFEER,
Ti6dsra DTN EHILL T, HIMERZRLIZEEZBNS.

4. #%

il

EEETLRICIVBR SN SAGABREF IV EETH
% Ti-29Nb-13Ta-4.6Zr &4 (TNTZ) s L UBEAFOA (KA
F 254 TH B Ti-6A1-4V ELI &4 (Ti64) 12 FE ~ OB
AL, SOAERNBREF R LOKGA O« O ESM:
TIC IV B BER AR 2 R - BT L 7oiE R, DU O
g7z,

(1) WHEACMIR %G L 72 TNTZ(TNTZsr), @K1 598
K, 673K I LU 723 K O £ THRERYUIR % fa L 7= TNTZ
(TNTZsosx, TNTZgr3 45 & 08 TNTZo3x) 72 6 U TR AL
IRFR LI % Jit U 7= Ti64 (Ti64sra) OFRAAE (AN B HIC 51)
% EBEREE B B (W) 12, KZFDOZN &Il L TR
FUBMESIETF(FNFN 196N 38 LU 29.4N) & »iT/)
Kb, T, REEEEEFH LYV T R—
Vs DERTEICT, U VIVIENERES R R L, BEEAR
S E L LICERT S EE 2 BN 5.

(2) TNTZsr, TNTZsosx, TNTZgzx, TNTZsssx 35 £ O
Ti64dsra OEALEANBREF TD Wipss 1, OB LE
WHINT 5. £ D%E, KMAESEMN FICkid % TNTZsr,
TNTZs0sx, TNTZgz3x 3 & U TNTZzg3x O Wiess 13,
Ti64dsta OBE L L T, kI0/WNEL< k5. —FH, GNE
ZMHETICR T 5 TNTZsesx 15 £ U TNTZgrzx O Wiss 13,
Ti64 OF & L LT, KEL %5, T, MEICHL
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