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Effects of @2/ Volume Fraction on the Superplastic Deformation
Behavior of two Phase Ti;Al-xNb Intermetallics

Ji Sik Kim

Abstract
A study has been made to investigate the boundary sliding and its accommodation mode with respect

to the variation of a¥/B volume fraction during superplastic deformation of two-phase TizAl-xNb
intermetallics. Step strain rate and load relaxation tests have been performed at 950, 970 and 990°C to
obtain the flow stress curves and to analyze the deformation characteristics by the theory of inelastic
deformation. The results show that the grain matrix deformation and boundary sliding of the three
intermetallics containing 21, 50 and 77% in A volume fractions are well described by the plastic
deformation and viscous flow equations. Due to the equal accommodation of both @2 and £ phases, the

accommodation modes for fine-grained materjals are in good agreement with the iso-strain rate models.
The sliding resistance analyzed for the different boundaries is the lowest in the @3/ @2 boundary, and
increases in the order of eo/as << ao/B = B/B, which plays an important role in controlling the
superplasticity of the alloys with the various @2/ 8 phase ratio.

Key Words : Superplasticity ,Two-Phase, Intermetallics, TisAl, Grain/Phase Boundary Sliding Mode,
Accomodation Mode, Iso-Strain Rate Model
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Fig. 1 An internal variable model'for describing the
structural superplasticity. (a) a rheological
model and (b) a topological model
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p: material constant

4

£ jump frequency

o*: internal shear strength variable

Q" activation energy for GMD

a*: conjugate reference strain rate of ¢ "

I, -
n: internal modulus



TiAIxNb Al 257t 3RHEE =

£ ° internal shear modulus
R gas constant
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7o ges uA dd.
(g#/go ) = (g/Zg - 1) 5)
= (/)" exp ( -QYRT) 6)

Mp: material constant

2 g static friction stress

Q*: activation energy for GBS

% jump frequency

g0 reference starin rate when o= 22

n®: internal modulus
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Table 1 Chemical compositions ( Wt.%) of Ti;Al based intermetallics

Ti Al Nb O Nz C
Alloy 1 (Ti-12.0A1-26Nb) bal. 1354 1912 0.0035 0.0004 0.01
Alloy 2 (Ti-12.0A1-26Nb) bal. 1359 20.08 0.0018 0.00017 0.0063
Alloy 3 (Ti-13.5A1-21Nb)* bal. 1354 21.37 0.0023 0.00037 0.0082
Alloy 4 (Ti-12.0AI-26Nb) bal. 11.97 26.22 0.0018 0.00017 0.0043
Alloy 5 (Ti-105A1-30Nb) bal. 1051 30.75 0.0025 0.00020 0.00

*regular a;.
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Table 2 Microstructural parameters of the annealed structures at 970°C after 1 hour soaking

Alloy 2 Alloy 3 Alloy 4 Alloy 5

Alloy 1

341 352 356
77

346

412
11

Mean grain size (m)

21
160

3.89

16
0.65
396

Volume fraction of (%)

3.92

L7

3.52
3.52

051
4.57

Phase size of (m)

Phase size of 2 (m)

Fig. 2 Optical mcirograph showing the three representative microstructures annealed at 970°C for 30

minutes. (a) alloy 3, (b) alloy 4, and (c) alloy 5

AL 90T Hdgke Holn ot webd &

o AlojA] Zol 4mm

&}7] 3

o]

o =
< &

o

to] 970°CelA 11, 16, 21, 50, 77%9] B

3|

]
50
b4l

ojy

1

o0

o
)

ged Ad 22

= regular a2

s 3

Fig. 3 &

Q2
T

rveel

"

E‘_ﬂ|
u}

o))

LR

#2A9 3

xNb

244 TisAl

S 5o

T &%

n2A

0

~

o

W
LS

BK ]

]
o=
o
R
WO
Rk E
A oF

vl

o}

4

o

i
w

el

A MR g e Boli s

i
——
o
TR
2|
oj
M.o

i
BIN

AT o 49 HCP +&7} ol
n3A

A% ar 49 A
A7l DO
o

7toll bt

o Ea

]

T

A
a7] )

2 ada

A8

|

S8 gto] A W3}

o ThAl Al 843 5

o}

=

ﬁL

%/sec

0

) e L

7}3]

=
©

kol

Z

s

s N
.

450 /8t= 2471885 X/A 114 A5%, 2002



ot & I
Jm o

e
flo ox cn

S
2

"Cb()),

\

)

(o3
® o
>

LR

2 %% TiAI-xNb Al 847 3}

500

200

@ vy

<

<o
T

flow stress (MPa)
s 8

i

Fi

500

200+

10

flow stress (MPa)

o

2

1
5 45 -4

=3

4.5 -4

-25 -2 -15

Alloy2 {15%8)
Alloy3 é?ﬁ%ﬁ)
Alloy4, (50%8)
Alloy5 (77%8)
L e

J i

25 -2

log € {/sec)

30.8

o
o

strain rate sensitivi
=]
H

@
(M)

o i A
5 45 4 35 3 -25 -2 -15
log € (/sec)

. 3 Effects of temperature on the (a) flow curve and (b) strain rate sensitivity in alloy 3

1
B
ﬂ‘;/ﬂ\ f‘fﬁn.\.,ﬂ (b)
2 08 < T T
2 N
el - v
o~ hNY
@
c 0.6
@
[/
o S
© 0.4 |- | Alloyr {11%8)
k= Alloy2 (15%B)
g Alloy3 (21%6)
N Q.21 | Atioyd (50%6) q
| Alloys (77%6) | *
. e

5 45 -4 35 -3 25 -2 -15
log € (/sec)

Fig. 4 Effects of B volume fraction on the {a) flow curve and (b) strain rate sepsitivity at 970°C
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Table 3 Constitutive parameters obtained by the regression of flow curves for Ti3Al based intermetallics
to describe the GMD and P/GBS occuring at 970°C

state variable 21% B 50% B8 7% 8
Log o* 254 2.39 2.25
Log a* -1.868 -1.908 -1912

p =015
Log go -6.141 -5.4% -5.268
5, 0.103 0275 0343
Mg = 05

Aoy T 1220%,

Aoy 7 Faeemg

Aflay 3 bAU0%

Alloy 3 Bavs

Alloy & &Ry

Fig. 7 SuperBlastically deformed specimens of ﬁ\lze alloys
at 970°C with a strain rate of 2.5x10sec

5 1 &

1. 2TEY 87|17 ¥ ¥Wazs

ditnom 2 4 TFY 4% N2 g2 3 77
st Azt & 4o BgAEE 15 ¢ Q)
thowhebd 2 4 @E9 2484 717l o} AW mn
HA1E 783k 24 WY £8 2 =(deformation
mode)x Zt A2 e wel e FHAA =
o, B A H4EE HFE(rule of mixture)dl wat =2

A oo F oA = 2 U E ¢ ook A
HAE, iso-strain rate mode 24 AW wrElFL 4
S3t7] A% AA BHPN PS94 oMo W
YEET T, ARl Foln $He 7} Ao B

o
o,

Iso stress mode

1 rrr——e——

g, -— ;.:-.
:; *
2 095 Mixed mode @ o
A M A o
X o]
= 1
0.9 - : Q
) » -~
S o C
© £
£ A Ti-6AI-4V, 600°C g
o 0.85 - a
z m Ti-6Al-4V, 800°C 8
| ® Ti,Al, 970°C
08 L | 1 P 1

08 08 09 095 1
Normalized ( Log a* )

Fig. 8 Determination of drformation mode occuring at
970C

o] Rasloldn, F ARE, iso-stress mode = 2
g5 YA Folxe $Ho] 7 TN BUEA
FHEE AR AX dESEEE ZF oA wes
T 2goz FAH

Aedt Hyrcol #Aasie 2 4 T §
AFAA L ATATRES YRE HA Wy
B el 93} FEHE iso-stress mode o 717}
2 g8 a ok 2y e +8 8 TiAl-
Ao B¥E URbE o+8 F 2 A
72 gy HE FElT glomz
9274 Rd F oW X2 g
T A4S =3AdE AFga 9o
A AHAELA 71AE AGABRE Ax Yo
B8 Al 23 AoJ5)= iso-stress mode o 7S

§ e X
=
2

n x
Ao N Lo

S

rQ oy

pz oW P o

2 0 B

kﬂlﬁ\ioi:li

’TJolv(-Err

c@ﬂ?oﬁ*ﬁmﬁ%
R

O 2 do 1ol o o

wiorR od fg
lo g

ol

= AaMIESEER/A11d A5E, 20024/ 453

T



ks
2 A3 o 4 WRAE 83 H9 $Fo] B
Z9atg 1, 538, Km™ %& TEM (Transmission
Electron Microscopy) #&& 83t av/es AYH oy
/B AR ZHAMY g 4 E B AelMY A9 A%
< F87172 A4 ek

B oATidE 2ay WIN F8717E Hese
AR WY BEg SPY0E 2] dske, 4

WHale] 2 WEAE(eN) 2 71F B8 S5
g2 ZEH(Normalize)sl 7]&2] Ti-6A1-4V &
&7 Fig. 8 o FA&A" 2 A3 44
7kl A iso-stress mode ol 7}7HE Ti-6Al-
= gy ThAl-xNb &3¢ 79 iso-strain
rate mode °of Tt ATE HojFz gk welA 2
4 TisAl-xNb &A1 3¢ AW wmeide] o) 2
AE 2 EYA H¥(mismalch strain)o] wH

A ap 43 A% B ol FEIA wiEES ¢
few, AA AW vdFd X g, gyte] AW 9
EATE ey a2 AHY F849E HHHLE AAF
A3z gogc .

S nuﬁﬁm N
el o

! e rE

mfr}o "

al mj’g

=

= 4 deow

2. HY o|neA

TisAl-xNb &9 3% Ti-6Al-4V &3 F43sA
A Aol AAAL} AAYAR FAH] gloemE 2
a4 Wy F W) AW wold o] 47
At AHPANA EF dold 4 itk 53], & T
AA 244 B4 AEE Wil o3 A H$H
1S o e as a8, B/8 AWY FAHA vt
SEgto] A& AolE e AL Fwsitt agy
Awe vnsy 547 #FE3e TiAl-xNb 59
A, AFH BEAE] off RuEA B33 vk o
A B AFoAe 7] AREAL S 2 AEAeR
=7g817] $l3ke] 970°C o SHolet Az HE AE o
&g 7HE 2t uAzA g v e
M ulE-$-3 (static friction stress, S) #S Hl

YolBg A&t TG
A7} Table 3 oA Yehd afg} Zo], mAz2]
4 ay /BAWET B/AARE P Hol EeslE 0
B aE A vt oy axAlol 7HE B
S Ao FUHE A% f AEE FANA M e
2 grol ZAHIALE webA, ay/aer AW ey
8 BAH HEle duldoz wmzAe] Hag
redo] 71 e Ao HZAHY Fg 7 9 XA

oo N oy ot

bR XI/A 119 A5E, 2002

B
N
~
ra
H
k
0z
N
o
]

244

4 98 Aol NS o ar ARe] A WYL
S A$ah) 21% FRE AR A Be A
o]

LMY

ali o o}

£ B AeE AZd Z8Ho2 ThAI-xNb &
of A Ao AW WA 8L ay/aer <K
a/B=B/8 ANY AR Frtete AR gk

Aed 2RSS 29, ¢ f ¥ TRAI-XND @
= S HEY WHo|ES J)x2 ANE ZiA4
A7 TFE ayar AW 959 A AW w1z
B oar DB AN BEF AY 54 I3 WY
471 FE 2% 5 Atk b FNRe He S
715 AOIM ar D B Aol A9 d¥e tha A}
ol RoltkE Holth uuh AW nARATGH Ha
AREd] waw AF o, Ao ALl avay
nEQes 48 wete A B 2 B9E 4
/B AR olg AFHeMe MAFd FRui
(localized strain)® F&3H= Aoz ny Hu g

LS

E3 2 4 ThAIxND &3A19) A% 9nde Ti &
SANMG BLaA 224 AN T HE ve] B ¥
JE HFEE o]FoA} A g 4 Bgo] mje e
Asoe A% dg T FFY BFo] folsiti: A
B 9] AEARAL 4 Qo] P Ao|B HF
= Aolg Azant®

& o

i a

o 50%e] BAEel 244 WHA s AP Aoz
dHA itk HZe AE B4 dig AR 4 2
ol oJ3td ol AA AWE FAA /B8 AW o/
a, B/ AR wlste] Aoz @2 wpEY gt
T, B3 BEE o/f AWML ¥ §58¥H =

ox [
o
=
ful
pas . )

0
Siid
o
flo
ot
ol
)
2
i)
=
>
ox |
S
o
oy B
o
il
tlo
i
L
o E
2R 8ot oy Jo

g old7A FAHY o4 AN Zaln
B4 7 FRAAA 24 Arge A

&3] geirE 7 dFES st Y m
il

Mo
1%
3&

Y



2 & TiAl-xNb Al 347 &

@ N B @ o« @ oF ol 2 8
£ 2T T Ry 4T c 7 £
f —_
” ° 5 dE e gy ) < g7
x FE R S Priuasv Tog £3 5
5 = N () 8] Th sy g S = 2
LY ﬂ2=0v7 = DEH\E. = 3 3 Ho ﬂm =
5N NS 25 BT ko= 233 TP = B g
g T= ﬂﬂﬂﬁawr%/m% o 48 %m 22
= =) OF o o ® o T =
.4% m.m . m_._w_%?@ﬁoi_%wmdnduaﬂﬁ — mrmﬁm &l %Mm_m
S RE g PR eTRT mgPe N RS W TE]
8 Ze I R TR i~ e Y § &z3
© /nta\m =] oj Mﬂﬁlﬁrﬂw ﬂlré =0 io- Eﬂﬂ ) 0]
- & — | J.IJF—/ﬂ e . e .
5: RN Th W AFs
.N'm\ HMDD. T_Oo‘.ﬁmo.Oo.m‘dl&aqLiqd‘dﬂOo WHAF ma%y
£ SPSE I EI ST L :
: : ® S B o gmEE W W 5 &
10 o 0 - ® o $ . E® N o2y T =T 8 .
: - ° 2 TET L S o T g b e £33
(edi) o Bo| £% b _ B Y ER B R plice % 8
ambﬂﬂhrxpmﬂmmﬁ.ﬁmﬂ} 2,_] o =
* = __o\)ﬁo.n\){ﬂ)],_l/r VEH AMW
& cadEd T EOE I TR W T -
= Mo o 7 = | Sy b =)
W FNEY T LRPAFT PR ERIADPTRT S T H
wfiﬂm\wmﬂ%ﬂ}w,&é :i%%ﬁ%%iﬂ e T LW
.AOEEM9HQ104M1__W..Wﬁlrn_klo_ﬂoovnrﬁot ‘z,wmumm‘mmﬂnigﬂmeu
moovm'gi_.wku‘_w_zo\w}iﬂuﬂAﬂaﬂWMﬂinﬁTﬂﬂWﬂ].q,wlﬁwum_.i ©
o " Rl By Ddw  WEE gwm . w2 ™ @
TE T e Nt REET =T g B W R
%Hﬂd.ﬂﬁ.l&yﬁHﬂ%@i%%%%%@%?ﬁ%o_}woL
W RE g d T e T fﬂo_aLEﬂ‘ﬂoﬁﬂ o
,@lﬁoﬂlﬁ,m‘L,m ,Bogayﬂha‘ﬂlutz_ohtoﬁvﬂ‘um%W_HO.EEM_EﬁoﬂHﬂWm
R B e E T Mg By BT T ™
= ~ W T oy oo = 2 oy By ™ o - %
Yo wRAGSTPRFT T Talh g S 7 BT X
LI e R R T N AN T S T S e
M ool T MO EOE 2o ME Mg g L M moE
R N T e N N R of g % i
el T H 4T e o 8 @ 1§ K iy Mr o ol
o T gy e N A A E Nl LA i R
Almut.wm‘_ wuwﬂ?_o%,tﬂﬁinv.a._ e ‘E%W = MJ G5
R IR I I _i.@@bﬁ»ﬁ%ﬂl%ﬂ%ﬂwﬁﬂ%%
= BﬂAro O_ oy ﬂn_ wr i %M o S (& ) il O_ © % B J7|L1_I‘MH ‘mﬂrdm_l
Py —mMamildag HodTga ST TN e
B W = HT nwx =y — - it - .5 ]z_ o
s 8 ] Eoﬁd X e B w8 H% BR8P K o o
iy o @ <O 7 oF Mo = “ e ™ Uode oy & T o 4 w0
B oof T 2 mo Tol T LR AT RN G A
T BT T e W P R - i
%llﬂ%yoklﬂﬂ p T L e ol B oo oS
ST MR N o U & oparz®E TR A LI e SR A il

20021/ 455

2.

stEx)/A11E A5

R4 7188

oF

o

(2) H S. Yang, M. G. Zelin, R. Z Valiev and A. K

{(/sec.)

.

log e



Mukherjee, 1992, “Strain induced morphological
changes of @2 and B phases in titanium aluminide
(TisAl) alloys during superplastic deformation”,
Scripta Materialia, 26, pp. 1707~1712.

(3) M. Strangwood, A. Gingell, E. R. Wallach and C.
A. Hippsley 1992, “An initial study of the
superplastic behaviour of a titanium aluminide
(TisAl)~based alloy”, J. of Mat. Sci. Lett, 11, pp.
317~320.

(4) D. Jobart and J. J. Blandin, 1996, “Microstructure
and superplasticity of a Ti-25A1-10Nb-3V-1Mo
intermetallic alloy”, Mat. Sci. and Eng., A207, pp.
170~180.

(5) Y. Rosenberg and A K Mukherjee, 199, “The
superplastic properties of a Ti3Al-Nb alloy”, Mat.
Sci. and Eng, A192, pp. 783~792.

® Y. T. Wy, and C. H Koo, 1997, “Effect of
Temperature on the Anisotropic Superplasticity of
Textured Ti-25Al-10Nb Alloy”, Scripta Materialia
2 pp. 267~271.

(7 R. Imayev, N. Gabdullin and G. Salishchev 1997,
"Effect of grain size on superplasticity of an
intermetallic TisAl compound”, Intermetallics, 5,
pp. 229~236.

® J. S. Kim, W. J. Nam and C. S. Lee, 1998, "Effect
of B Volume Fraction on the Dynamic Grain
Growth during Superplastic Deformation of
TisAl-based Alloys”, Metals and Materials Internat
—ional, 4, pp. 1041 ~1046.

(9 H C Fu ] C. Huang, T. D. Wang and C. C.
Bampton, 1998, "Evolution of microstructure and
superplastic deformation mechanism in super @2
Ti3Al base alloys”, Acta mater., 46, pp. 465~479.

(10) J. H Kim, C. G. Park, T. K Ha and Y. W.
Chang, 1999, "Microscopic observation of superpla
-stic deformation in a 2-phase TisAl-Nb alloy”,
Mat. Sci. Eng., A269, pp. 197~204.

(11) C. S. Liawo, H. C. Fy, I. C. Hsiao and J. C.
Huang, 1999, "On the -transus and order/disorder
transition temperature in superplastic super 2
TizAl base alloy”, Mat. Sci. Eng., A271, pp. 275~
285.

(12) H. Ding, D. Song, C. B. Zang and ]. Z. Cui, 2000,

456 /8t= 28713 8=IX/A 111 A53., 20029

"Superplastic behavior of a f-forged TizAl-Nb
alloy”, Mat. Sci. Eng., A281, pp. 248~252.

(13) T. G. Nieh and J. Wadsworth, 1997, "Microstruct

-ural characteristics and deformation properties
in superplastic intermetallics”, Mat. Sci. Eng,,
A239, pp. 88~9%6.

(14) T. K Ha and Y. W. Chang, 1998. "An internal
variable theory of structural superplasticity”, Acta
Metall., 46, pp. 2741~2749.

(15) P. G. Partridge, D. S. Mcdarmaid and A. W.
Bowen, 1985, "A deformation model for anisotropic
superplasticity in two phase alloys”, Acta Metall.,
33, pp. 571 ~577.

(16) J. R. Leader, D. F. Neal and C. Hammond, 1936,

"The effect of alloying additions on the superplas
-tic properties of Ti-6Al-4V alloy” Met. Trans.,
17, pp. 93~106.

(17) M. L. Meier, D. R. Lesuer, and A. K. Mukherjee,
1991, " @2 grain size and B volume fraction aspects
of the superplasticity of Ti-6A1-4V", Mater. Sci.
Eng., Al36, pp. 71~78.

(18) J. S. Kim, Y. W. Chang and C. S. Lee, 1998,
"Quantitative analysis on boundary sliding and its
accommodation mode during superplastic deformati
-on of two—phase Ti-6Al-4V alloy”, Met. Trans.,
29, pp. 217~226

(19) J. S. Kim and C. S. Lee : "Superplastic deformati
-on behavior of TisAl-xNb alloys”, Technical
report of KOSEF, 1997.

(200 P. Y. Qin, L. Weimin and S. Zuozhou, 1988,
"Superplasticity in Ti-10V-2Fe-3A1 alloy”, in
Superplasticity and Superplastic Forming, Ed. by
C. H. Hamilton and N. E. Paton, pp. 263~267.

(21) E. Girault, J. J. Blandin, A. Varloteaux, M. Suery
and Y. Combres, 1993, "Low temperature superpla
~sticity of a metastable £ -titanium alloy”, Scripta
Mater., 29, pp. 503~506.

(22) W. B. Lee, H S. Yang, Y. W. Kim and A. K
Mukherjee, 1993, "Superplastic behaviour in a
two—phase Ti-Al alloy”, Scripta Mater., 29, pp.
1403~1408.



