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Influence of Microstructure on Strength and Ductility of TC29 Titanium Alloy
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(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The TC29 titanium alloy was subjected to deformation treatment in the two-phase and single-phase regions
respectively, followed by two kinds of heat treatments of annealing and solid solution aging. The effects of different
processes and microstructures on the strength and ductility of TC29 titanium alloy were studied. The results show that
the alloy undergoes deformation in the two-phase zone, and after annealing or solid solution aging treatment, the
microstructure presents a typical duplex microstructure. After deformation in the two-phase zone and solid solution at
850 °C and aging treatment, the micrometer level secondary o phase in the matrix disappears, and a large amount of
nanometer level secondary o phase precipitates. After single-phase deformation and solid solution aging treatment, the
microstructure mainly consists of layered o phase, and a large amount of nanoscale secondary a phase precipitates in
the matrix. The deformation specimen of the two-phase zone treated by solid solution aging has a higher tensile
strength at room temperature with the increases of solid solution temperature, reaching a maximum of 1471 MPa. The
impact toughness of the deformed sample in the two-phase zone after annealing can reach up to 58.8 J/cm’. The
fracture toughness of the single-phase deformation specimen treated with solid solution aging is the highest, reaching
73 MPa-m'?. The sample after deformation in the two-phase zone presents cleavage fracture, with brittle transgranular
fracture as the main mode of fracture and a small number of pores visble. After deformation in the single-phase zone,
the sample presents a mixture of cleavage and ductile dimples, with a large number of tearing edges, pores, and
secondary cracks.
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Fig.1 SEM images of TC29 titanium alloy after different heat treatment processes: (a) M1; (b) M2; (c) STA1; (d) STA2; (e) STA3; (f) STA4



36 M A 25RO LN TC29 A6 40 8 K B I PE I s 9

BIRNRA ML, 4 700 CIB KbHE (K 1la) , %
iR S o A A R B AN ORI o A1, G S Ak v]
DLGRECHT A BROIR o AH B3840 BB 1 4 5 o A 240R
KR FETHE A 730 °CHE (B 1b) , W14 o MR
n. BRACEESE N, WA o MK ES . Bkhr i,
B KR EAE— B R Lo may) A o MES. & &,
PAB A o MRS - 5B KA FE A 2L L, &
[ 5 I A I AE o TSR AR A B BN, (HIR AR
o M TE FE W R FRAC. FEEFNAIREN T &, G481
WA o FFIIRA o AHETE S A A . IR E R
700~780 °CHf (K le~le) , /NRSEHIE o #HZ 50 4R
TN, RRSFHIA o 2040 T 5 i . B B
BB TS, IRE a BB ACE R, HI4 o A2
VR DN ER S A SE

XPHIB K (B 1ay 1b) 5EER R (E e 1D
AE PR S FIIRAE o AHTESR AT LAR I, BUIRIR R K ),
B ETRIRAE o MHE T KRB A, I EDIR:
I R G, KA a K REK . IWE 1 fE
1d ATRAE H, BT RRIK A o AH7E SR FE [V i A
Rem b, AR E Z AR, 402X
A o MBS EERE T, SHAR EHSES
KK WL 1e KI, 2407 E RFLETH = 2 780 °C
W, BT ARIBERIFER, KA o AT o AHE
5 I R K R R

Bl 2 5 STA4 B d SR VI AR o FHTESE . M
B AT 2 nTRLAE [V IR B 9 850 °CHF, T
B p RS, GE&THERIKE o HIER, P14
o FHER S V6 R FEAE S AL R G o SR I S T R AU
W4 STA2 Al STA4 WAFEMTOW AL S, 45 R 3 Pr
e M 3 ATBUEH, STA2 R HIRAE o HEA
AR, KEZIN 1~3 um. 117 STA4 RAE AR KR4 o 4
R REE (KB MM A, FE N5 = ROk
W, FHEKE/NT 100 nm. STA4 BUREAH 8 Al RE

2 STA4 iRFEH B T I L o AR B SR
Fig.2 Morphology of primary a phase at grain boundaries
in STA4 sample

B3 TC29 fka &2 AN R 8 N X4 B 5 TEM I )
Fig.3 TEM images of TC29 titanium alloy after different solid
solution and aging treatments: (a) STA2; (b) STA4
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