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Effects of Chemical Composition on the Heat-treatment Response of
Ti-15V-3Cr-3Sn-3Al Based Beta Titanium Alloys

Synopsis :

Naotake N1wA, Taizou DEMURA and Kunio ITO

On Ti-15-3(a shortened designation for Ti-15V-3Cr-3Sn-3Al) and other two alloys which contain less
V and Cr and more Al compared with Ti-15-3, the effects of alloy elements Al, V and Cr on beta transus
temperature, aging behavior and mechanical properties were examined.

This variation in composition causes a little increase in beta transus temperature and nose temperature.
At fully aged condition, it produces a little increase in hardness and great increase in alpha phase volume

fraction.

Among the effects, it is notable that it produces rapid aging to fully aged condition, however, it

does not alter the strength-ductility relationship in fully aged condition.

Key words : beta titanium alloy; Ti-15V-3Cr-3Sn-3Al;
mechanical properties ; beta transus temperature ; composition adjustment.
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Table 1. Chemical compositions of titanium alloys used (wt% ).

Alloy \% Cr Sn Al 0 (o} N H Mo equivalente
Al6 14.52 3.04 2.90 3.04 0.33 0.155 0.015 0.009 0.0141 17.2
B14 13.23 2.47 3.05 3.19 0.29 0.152 0.013 0.009 0.0115 15.2
C12 11.76 2.28 3.03 3.49 0.30 0.146 0.014 0.010 0.0131 13.7

e AR, Bl4 ® Mo ¥EiX, Al6 DYEX DK
10% &<, Cl2 DY &L, 4 20% K. BHRLE
ik, AMS BUREICHEBIL, O, Fe s, =&4& L b®K
EEDTHPICBLTVLY, FEMTIXIZIZFRILETH 5.
Al, V, Cr®) b Al 3BEAICH 5%, V, Cr i3,
Bl4 BXTEBRZ2bL TN TH - BT E L >TwA. fEo
<, Bl4 i3, V, Cr, Al iCBAL, EHETAHOEE
ErELEVESICEITHOL TS I EIilE 5.

MR 12, B 30 mm OB MEEET, 1123K T
3.6ks ¥ -ZHOBRLLER, -5 Y-V
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DIRET 3.6 ks IRIFHRZEG L, HFBMETIC X 2 M
BECHERTL L2 EHICHET LR, =68
b&MEiET 1073K T 3.6 ks BRIFHR LG O BERKIL
B % AT - 72, EHLLER, =648 & b BAmSE
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AT Yy~ ENHETEZ Omm KNILASDTHS.

Table 2. Aging conditions, designation and hard-
ness of specimens.

Specimen Aging condition Hardness
A16-1 673K for 1.08Ms 465
A16-2 673K for 241ks 398
A16-3 773K for  36ks 396
A16-4 873K for 108ks 302
B14-1 673K for 360ks 467
B14-2 673K for 76ks 400
B14-3 773K for  36ks 406
B14-4 873K for 36ks 309
Cl2-1 673K for 360ks 496
Ci2-2 673K for  25ks 400
C12-3 773K for 10.8ks 425
Cl12-4 873K for  36ks 333
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A16, Bl14 i, 1023 K T 3.6 ks O BRI THA
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BAL TR o7,
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Fig. 1. Variation of grain size of alloys Al6, Bl4
and Cl12 after heat-treated at temperatures from
1023 K to 1223 for 3.6 ks and air-cooled.
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K, B14:1036K, C12:1073K Thotz. ZDD2D
HETHLNAERE, HEHEG L, ZOMEMD X<
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AW CHS—ESEZTWA V, Cr, Al & Ti &
DZIARTFEHIRERY T Xy FEE D LI, B,
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2. B, T VEEOBMMERET HLEERINT
A= —THY, B, *WETEH2RAIFL IR T
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Temp.(K)

10001

A16 B14 c12
1.1 ] |

1000
Temp.(K)

1050

Fig. 2. Comparison between measured beta trans-
us temperatures and calculated ones of alloys A16,
Bl4 and C12. Beta transus temperatures deter-
mined by the disappearing alpha-phase method (@),
electric resistivity change () and the equation
proposed in the literature of ([J]: Reference 19)
vs. beta transus temperature calculated with the
equation proposed in the literature of Reference 18.

B0 wFRoHEERS, BTED B, KRITTE
BORSEEADHRBICBELHY, METLZ LI
LoTH, PHESNBERIZ LTS, ZhbiEE
AN 5, Youron 5D 13, 70 4 D Lean beta
FEyEECEL, FEEFBSIICL RO R8T
KRS TWE, /MBI, 74 E58ICHVS
NHEETLRCHEL, TR TERIENELOBEIC X
0 B, R, RTREL B, DEIC B2 ERBERZ
17, HEEXEFRDTHWSE. Zhilid, Yorton 5 DRI
RELOTLEIBYD ARG, 2OHTH, HW a
MEENTETCHLBEEOEEIFER SN T w5, Fig.
212, ZA€nooELHw eI 258 L -
By, DIE & MBEE S LV EREME LI X hiREL 2
B, DIE%, Youton & DHEFENIC L YK 72 % #&dEh i
EoTRY. HERXRL VKD B, &, EREICHL
20 FEr 5 60 BEIR LRV & 5%, &4 Al6, Bl4,
Cl2 DNEIZ LA L, KBS L vt 2/RT. L L,
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Fig. 3. Hardness as a function of aging time and
temperature for alloys of Al6, B14 and C12 after

solution-annealed at 1073K for 3.6ks and air-
cooled.
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Photo. 1.
Table 2).

BAEBIIOVWTHD L, Cl2 & Bl4 OERIER, &
e DEMSHBI/NS WOIZH L, Al6 T, 22K
xuv, 27, MISOXTIE, By o HEELTET
HOLMEDOHENERBEN TV EY, KEROHH T,
Yorton & DEEMBEEFFIZEZER AN R D o 72,

3.3 Wt

Fig. 3 12, &&4&» 573K 25 923K  TORXE
Lt 2 RT. WTFROEEIZBY T HRRREIEY
2 ERELIZEN DAY, RAFLEWE XS < A A
Shb. F7r, ZEENREICB T HELEME B X O L
g, Al6, Bl4, Cl2 OJHICE L, F7:, B 5.
S OBRE OB T, FIED s L {LEBEAL
Nhadbot, 72, BMIHTRHNALLICEEGEEE2-
72 By ko0, HESTHMULEE L 8, DIREE
BWRZL, Coky, MBBREICLS 8, L,
Bl4 & Cl2 %, Al6 LEIMBOBD B, D 45 E LD
BEC 3.6 ks R4 - 22 O BKLHR TT3K THRRIL, &
AL GtE D 8 W HTE L BB - BT T B A AR, W
LR, mETHEMEL b 1073K THMKIL L 238 &
Ebbhhol.

3-4 ERHHEE

Photo. 1 12, 873 K OExhT, 12IITEILARMIEL
THEETOREEOMBERT. Al6 iE, =ZFE&TPH
MEESRLEVICL 22O T, aMoffiiErd %
W kA bhs, X512, Cl2 & Bl4 T, F—O
M CH B A5, Cl2 O e HANHENZVE VI S.
Fhbb, SHOKEENEL &5 126V a HOATHA
Bl oTWwah, L e lBOBRRPKESE, &
SWCHICHEELZEIAORE V., T, RHEMRIL,
Ti-15-3 IZBEA SN D X H IS, FEREIMRRIC % 5
FE a#HIEBAIICZ Y, 0B —LbDLhoTWL

Photo. 2. Microstructure of the alloy C12 aged at
573K for 11 ks.

2%, 573K TOBR O @Bz, B 2 1E, TC6 &4 (Al:
4.05, Mo:6.97, V:10.25, Cr:3.2, Fe:0.10, Si:
0.07, C:0.02, N, :0.017, O, :0.065, Ti : bal./1 wt%)
DOEFZNIC B W TEHE I N a HOFRHG—H 2 & F
L 7: A — e AT AL B8 E /=, Photo. 2 (&, Cl12
% 573K T 11ks B3 L 2BOARY— 2 o %
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KHTIE 360 BETH D, RFAETRERLRED
WETHD 270 BEL KELEVDIH - 7. FEROAT
R IE, Al6, Bl4 T¥ 573 K ORFIOMBUCEE S
n, XBEHCTE e o E— 7RI &Nz 2O
HHER L, ORI ST B, BRO#ITICEVAH
RS, BERCRFESZICOATHL, HEEELALR
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— 107 —



914 &% L M 8 76 4F (1990) % 6 &5

3-5 5liRHARK

Fig. 4 12, 3IERBCE N 0.2% W) (0,), 3

IRIBFE (0p) B L UBEMIMO (&) % HEEIC, WHEHRD
(R A) #BHICL > TRT. KBRS OBRRIEM, B
B L UME L, Table 2 I2/R L7z, BEhSefhix, M%)
mEE 673K, 773K THALANIFIZBANTAEB LUK
SHEO/ONS 673K OBE)T, Al6 @ 773K OB
BMOPEREE (HV396) L F—WE+* BEE L&G0
#A¥F (A16-2, Bl4-2, Cl12-2) 22V THF- 7.
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Cl2 # 673K T 360 ks BEXh L 7233& 1cB o, 51954
BIZLT1.72GPa T& 5 7. 673K THER L 7- A16-2,
B14-2, C12-2 ix, 773K THExh L 72 A16-3 & 2 X[F
UHENRGOLNA TV 525, BHREHICOWTATASL L
A16-2 i1, 241ks, Bl14-2 i, 76ks, Cl2-2 ix, 25ks
THE—FEEIET HDIC AL6 12, C12 0 10 15,
Bl4 o 3 f5oRRMEEL TS, EHICELT
i, TOH9H Al6-3 PR LB, 673K TERL 7
Al6-2, Bl4-2, Ci2-2 oK %> T 5b. £ 72,
Al6-3 &£ -2, Bl4-2 &£ -3, Cl2-2 & -3 %2 BOBOK
Byanl, MECKERZERIRVDY, BOBOOEEIC
BT 673K TR L 23EAS, K D EVWEM %R,
fEoT, TEDNHENEONLLZHIE, 673K L0 773
K TOBMPZET L wisb, F7-, EMEErET

)
171124 o 35-2
® B
¢ A€
mf ?
_15- e o A Jio
© | o}
% Cc12-2 L J ® A A —~
- | | xc1.2-3 ® &
B14-2 B143 -
b | © 6 CI) { J w
13 I A6 :
8 'O A C') A1(|3'3_ 5
O
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1.1—t
{ |
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Fig. 4. Ultimate tensile strength (og) , 0.2%
proof stress (op,) and elongation (&) versus
reduction in area (R. A.) of alloys Al6, B14 and
Cl2 after aged. Aging conditions of specimens
are listed in Table 2.

BT T 0 3 & BT O L VSRR IcH 5. AERT
BoNLHE EREOBBRICB VT, BlCadsBoxi
B, R Ti-15-3 WKL, FEESFABOINT & #
AMEIZX DB TV HME - EROBRE bEIALRL

V1 22),

4. % =

4-1 TIT $H

Fig.5 12, ZHF&0EEHE, X HEHFELS o
DI B L OB L A MBBROERE AT
TERCL 7z, a MO & RERhIRAE, BERHIEM O BIR 2R
L7z, FHEOME, BHILIKED S OO ER5H
FLwEZ, FiRETORMBRS,SAHL TR 7.
RPORFEIWEDOLAFEERL TV D, X REIVE

o o
———————————— 5Ty 50
¢io-o--o--o—o---g--—- 100
Qle ©ooot--o--- 150
N o o
o o0 o
o o o
"o o o
0 1 10 100 1000

Aging time (ks )

O and @ : Alpha precipitation was observed and not observed

through optical microscope, respectively — : Alpha phase was

== : Dotted line
shows equal hardness increase with aging from solution-treated
condition Figures beside lines indicate the amount of hardness
increase, respectively.

Fig. 5. Time-temperature-transformation diagrams

for alloys Al6, B14 and C12 as determined through

hardness change, metallographic observation and

X-ray diffraction analysis.

detected through X-ray diffraction analysis

— 108 —



Ti-15V-3Cr-3Sn-3A1 % B &5 ¥ v 5L OBMBEEN I RITT S SR OEE 915

ICX 5 o ORI E MBRBIZIC X B Eh &, 13iFx
BLTWwaEEZLNRL., —F, BENEOKRIZ, K
BAIOBRTI o MFHICECEES LR TS, &
B O BER) T ARRBIE P X MEHTIC X - TH 25
AENTHOLBRTBENLANALONRS., ZhiE, &
BOBHTHILT S o ti3lRT, BELFCHT S
KEPL LW LICEBEEZOLNSD,
EWEHOTEEICE L TR, BCASMCEsE
A SRS, Al6, Bl4, Cl12 DI, — X, &
BERAA~BELTBY, Cl2 0WILBHEBLT a0
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5. %72, /—XRER, SEEHKOEE,SL, C12
%, Al6, B4 It~ TRICHVHEERL TV A,
YoLton 52K -C, /—XREL B, L DEICXWH
BAads LB HLMIEINRTWA 55, RERIZE
W% Al6, Bl4 &, iv B, LiEvw/ — XiREZED,
Cl2 id, Thoilh~NEWE, LBW/ —AREExHF-
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4-2 i « BEREROHME

Ti-15-3 DM E X, BHICX DL T % o4
& BN 2 HEERIHER IR CIKAE T B 2 LD
NTW5a. BALEEERICL VS5 A RHME, B
BREE IS X DL L, BRRhIRE AMRIRIC A B2 LT
MHESIc 20, 72, MR CTOERTEI TG ST
H—hdnbkhd, Ako Ti-15-3 THAH Al6 2 #1O
Z84 L b OBEERILEREIC L VB S A REHEEO
B8z —3%T 5. Fig. 6 12, BYZRO=440 o« K

e Op
20F 4 R?A.
m HV .] 1500
Tf ¢ ®
® Ci124 ~
- ®! < ;
© 1 B14-1 ’ ] o
& 1.5FA16-1 |
< = ? 4304400
b‘n zMG.Q B14':3 C123
A |
A - 20
4 B14-f =
1.0F A - 110
®rt6-4 A 1300
i ] 1 L O
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Fig. 6. Ultimate tensile strength (og), reduction
in area (R. A.) and hardness (HV) versus volume
fraction of alpha phase ( V;) of alloys A16, B14 and
C12. Aging conditions of specimens are listed in
Table 2.
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