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The Effect of Volume Fractions of @ and 8 Phases in Ti-Al-V
Alloys on the Superplastic Behavior
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Isao TOMIZUKA and Michio YAMAZAKI

Synopsis :

The effect of volume fractions of « and f phases on the superplasticity was investigated for the five Ti-~Al-V
alloys, of which chemical compositions being on the tie line including the Ti-6A1-4V at 900°C. The testing
temperature was 900°C and the initial strain rate range was from 6.67 x 10~ to 2.50 x 10~2/s.

In spite of wide distribution of the volume fraction of the « phase in the alloys, all showed a good super-
plasticity under certain strain rate conditions. The superplastic elongation became the maximum at about
equal volume fractions of « and g phases, and decreased with deviation from that fraction. The initial
average grain size of the alloys was dependent on the volume fraction ratio of the phases and found to

become the minimum at equal volume fractions.

At a strain rate of 6.67 X 10~4/s, the average grain size of alloys after fracture was independent of the ini-
tial average grain size and the volume fraction ratio of the phases of the alloys. The average grain size
after fracture was 8 ym. At the same strain rate, the strain induced grain growth rate of alloys increased

with decreasing initial average grain size.
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Fig. 1. Phase diagram of Ti-Al-V system at 900°C
and alloys tested A to E.
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Photo. 1. Microstructures of alloys after 900°C for 1 h and water quenching. Blocky area is a phase.

Table 1. Chemical compositions of alloys (wt%).

Alloy Al v Ti
A 4.59 5.94 Bal.
B 5.33 4,98 ”
C 5.99 4. 14 "
D 6. 31 3. 46 ”
E | 6.91 2. 64 ”

DOIIEC &, 900°C T¢10 ORBCHEELL. &
E&bF % Table 1 &inT.
CHBOEMEER Smm, ETHREI 8mm, £k
55 mm DOHERBACMI L. #&RBA 1 900°C 1
h OBEALMIEE, KEAKhLY L CHIERRBR W # A L
fo. BULBRHEOHBEMME Photo. 1 1R
ZEED a RO B HO (LA Y O FRRE &
EPMA ©XVHERLK. i, EHORFHAROL
h EEAT R OEEEEERTEREC Lo TE .
MM RB, RRERE 900°C o Ar » AZEZH
THIEO SV B BEREREE 2 Ay, 0.04~15mm/min o
MOKRE D7 v A~ , VEE—E #IIELEE 6.67
x 10-5~2.50 x 10-2/s) & Cf72%. 2D53H, Z v A
~y FEE 0.4mm/min (FHELEE 6.67x10-4/s)
DHZER, AHEL 100% RO IO KRR oW
THFROEENEFEMSIC X 2 HBBE LT O,
i, A FORE, RREOBEY, £ 1004 o
LI RBHCULR R0 s A3 0 5 1 D W %
2 AT, BERBH CREMERTEOC LI 1,
3, 5mm HORFFEOMER CTT k.

HEpfRE 900°C € BA BERZIEIEH m 12,
ARIELI & ROSEN O FBEVC L 2oTERDK. bbb,
BEETONT —ARDOREBF 2 HV, 0.04~3.75 mm/
min OEOLED 7 v 2~ , VEEX® AT ., 7R
XK, ThOoDERNIKMEELREDCABR LY m {Hx
HE L. FARORBHOEARIL 25~30% THok.

3. RBR R R

EPMA X 548480 a RO B HOLFEER O
F#% Table 2 . el LR BA 12 900°C
< 10h %, KEAKRLLELDOTHS. 2HED
a RO B Mo SEbsE B, Fhrh Ti-6.1A1-
2.2V Rt Ti-4.7A1-7.0V THH, WThdSEEHEE
D +£10% LIRCH 5O CHRALSIRA—HKO - HE
S ThHHEELZLRS. Xbic, 900°C 1h £, K
BEAR DR T HI12IER— DR E S .

Table 2. Chemical compositions of & and B phases
of alloys by EPMA after 900°C for 10 h and water
quenching (wt%).

(wt%)
a phase B phase
Alloy

Al v Ti Al \% Ti

A 5.5 2.2 Bal. 4.1 6.9 Bal.
B 5.8 2.2 " 4.0 7.4 "
C 6.4 2.5 ” 4.6 6.9 ”
D 6. 4 2.2 " 4.8 6.6 ”
E 6.6 5?0\ ” 4.6 7.0 ”
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1% 2.50x10-3/s THOl. a HOKEERDOHE ML & %
CAEEZEEMCE D, HE&D Tk 2.50~6.67 x 10-4/s,
H£4ETix 6.67x10-5/s LIFThD.

REREE 900°C CTOHMHBOROTWEIEHD a Ho
BEBE~OEEMRY, ThFh Fig. 3 RO 4R,
Fig. 3 X b, BEWiHO « HOKBRO L HTER
HECLIEMIKETLIZLEAEELTHS. KSHOE
AEEC R T, RAHENL a HOKERN 50%
TWEE@BROCKER, B/MEOE o HOBEEES
EVCEE& B k.
B 1T~87% LIRS B LTV AR E00b 5T, &
He L bBHEEN 6.67x10-5~6.67x 10-4/s T 5
hic. BBHSOPEMMOILESE E 2B\ T, BLERE

Table 3. Volume fraction of e phase, grain sizes

of phases and alloys after 900°C for 1 h and water
quenching.

Alloy Va (vol. %) da (#m) ds (pm) dav (ptm)
A 17 2.7 7.1 6.3
B 38 3.6 5.7 4.9
C 57 4.8 4.6 4.7
D 68 6.2 3.9 55
E 87 7.6 2.9 7.0
~5 : %
NE Alloy E £=667X10 /s
E
2
3fAlloy D
n
& FAlloy C
e
o 1
o Alloy A
2 | AlloyB Y
=0 X . .
0 05 1.0 1.5 1.9

True strain

Fig. 2. True stress and true strain curves of alloys
deformed at a strain rate of 6.67x10-4/s and
900°C.
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Fig. 3. Relation between total elongation and
volume fraction of a phase in alloys.
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Fig. 4. Relation between maximum flow stress and
volume fraction of & phase in alloys.

6.67x107%/s TRAZRL, Fh X b BLIEENEC /e
DT HEL T2 THEA L.
HEEN R TN TCOBELEE T a HOEKERO N
LB R L (Fig. 4).
EREE 6.67x10-4/s R\ CTAHEL 1009 # ¢

BRI IRBRA 2Tl 25, AEA~DTRAL
FOMRE S Riepoteh’, S ECIER 5~10 pm iz
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£, BHIBEL TN, HGHED kX 32 10 pm
BET, »O5EHATHOR. AE&A CRBENET

— 106 —



\
l

Ti-Al-V RE&&0BBEEBHCRIET a RO OB OHR 279

Photo. 2. Fractography of longitudinal cross section near the fracture edge of alloys ruptured at an

initial strain rate of 6.67x 10-4/s and at 900°C.
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BEROBAVTHERIBET L 0 BE» B2 THRA L
fo. BHEBEO AL FORKTERAED, CROBOIA
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CDPEDESE E 0A A FOEBERE BREERAE, *
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37, 10 RV 7% Thote. AR LIAA FORKTE
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BLIEERSHWIEH m X, Table 4 WiRT X 51,
&4 CCciRkfED 0.6 #7RL, 4B, D, E RO A
DY Lz, £B8&Ld mEX OSHI L TH 5
2, Fhbit a HOKEEL 50% X hEEh s
TRAT HEBETH .

HKEARE 900°C 1k\\T, HALDOFHRNEO
R 2 B o2 I 2 i 56 (BB, B ROE

Table 4. Strain rate sensitivity index m for alloys.

Alloy m
A 0.48
B 0. 55
C 0. 60
D 0.54
E 0.52

HIEE 6.67x1074/s TEHIIHE EREROEN)
wwowT, Fig. 5 Rl BEiEMicr £68L 3
BERUNBEEEEX R L. —F, BT, N
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Fig. 5. Time dependence of average grain sizes
of alloys deformed at an initial strain rate of
6.67x 10-4/s and annealed at 900°C.
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Fig. 6. Time dependence of aspect ratio of 8 phase
in alloys deformed at an initial strain rate of 6.67
x 10-4/s and annealed at 900°C.

[ 900°C 1wksit 5 B MDD 7 A2 ol Bk 5 %
%, Fig. 5 LRIk TR Fig. 6 1oRT. £64%
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W TWELHBY. a HiToWTE B L EREES
BARD BRI LE2C, 7A@ HOERE
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WCTED. ZHIIEWMPCRNAT RO NBEL OB Z
EHRREL TS,

4. £ =

4.1 & O _
BB DOKRE SEZHR L -5 EER T, W
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PR R T 913, SRR SFER DG, Zha
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DENDEETHE LR TR Y, SEHR~TEORNE & 4
AR T 5 Z R b,
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elongation deformed at strain rates of 6.67x10-5
to 2.50x 10-3/s and at 900°C.
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IO THRETHERTHS.
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Fig. 8. Relation between average grain sizes and
volume fraction ratio of « and 8 phases at 900°C.
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Fig. 9. Relation between mean grain sizes of §
phase and strain at an initial strain rate of 6.67
X 10-4/s and 900°C.
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