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Fig.1 Microstructures of Ti-55531 alloy after heat treatments:

(a) lamellar microstructure and (b) bimodal microstructure
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Fig.2 Geometry of in-situ SEM tensile specimen

R F (B 3) o X AN A T % A 4 2 R B il 286 W 2
JIR B 5 R B 58 %) 7 A i A BT DR T i A R R
SEASTE R R AL BT B O BT R TS A E Rk,
KA JE AL SEM AR J5URE i ib B T2 K& 2 FilidH 27
A FiRAA — 2, XAMAE T E AL SEM XA %
WRERSEANE T = imf il ke, B 2 FhAL 4R AL SEM
LA T 2 55 R S P = R A 4 1 X AR AL, R
DU FRER Eid bk . HAh, X 2 P U IR
LRl 2 R B, 2 Pl IR B H B AN [ 1) 7 AR i
W, KIS R )2 144 R T - 8078 i 2 A L
AR, B 2 00 B AR R A4 2 (0 LU UGS I e
JEAE 4 URAR 9 18.50% 0 , 5 B ik 3 d K AH 1252 MPa.
RS ) 58 fe K AE.(1080 MPa) L Fr JE /N, (HIAH
B R4 LN (~22.50%) E1 KT v /2 (~19%) « 4tk AN IR
S5 AT RRIS 2 P 2H U TR 0 AR T R B 40547 D 2%
DIAHIG, JE DR AN 2 FlAS (7] 20 2300 28 T B 24 4 A
I RAT itk — LI L 43 AT

1400

— LM
1200 ——BM

(18.50, 1252)

(13.75, 848)

[uny

o

o

o
T

800
600 - (8.78, 398)

400 - (12.50, 544)

Nominal Stress, o/MPa

200

5 10 15 20 25
Nominal Strain, &%

P13 Ti-55531 & 4 F 2 RS 2 4 f) JE A7 o i i 2
Fig.3 In-situ tensile nominal stress-strain curves of Ti-55531
alloy with lamellar microstructure (LM) and bimodal

microstructure (BM)
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Fig.4 Microcrack initiation behavior of LM: (a) original microstructure, (b) nominal strain of 8.78%, (c) nominal strain of 13.75%, and

(d) nominal strain of 18.50%

K5 WAHRMBTATH
Fig.5 Deformation behavior of BM: (a) original microstructure, (b) nominal strain of 12.5%, (c) nominal strain of 19.48%, and

(d) nominal strain of 21.75%
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Fig.6 Microcracks initiation behavior of BM: (a) microcrack
initiates on slip lines in ¢, interior and (b) microcrack

initiates on ap/Puans interface
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Fig.7  Microcracks propagation behavior of LM: (a) some

lamellar as sheared during the earlier stage of microcrack
propagation and (b) microcrack bifurcation, small

microcracks connect into relative long cracks
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Fig.8 Microcracks propagation behavior of BM: (a) a small plastic zone forms on the tip of main-crack during the earlier stage of

microcrack propagation, a few slip bands and microcracks in the plastic zone; (b) the size of plastic zone increases with increasing

of deformation, the number of both slip bands and microcrack grows; (c) microcracks connects with each other to form a long

crack; (d) the main-crack transforms across some large size o, phases
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In-situ SEM Observation to Deformation and Fracture Behavior of Ti-55531 Alloy

Huang Chaowen!, Tan Changsheng?, Xin Shewei®, Zhao Yongqing®, Wan Mingpan*
(1. Guizhou University, Guiyang 550025, China)
(2. Xi’an University of Technology, Xi’an 710048, China)
(3.Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Deformation and fracture behavior of Ti-55531 alloy with lamellar microstructure (LM) and bimodal microstructure (BM) under
static loading were analyzed by the in-situ SEM tensile method. The results show that the characteristic parameters of the alpha phase have
a strong influence on the deformation, crack initiation and propagation behavior of the alloy under static loading. Dislocation initiates at
secondary alpha (as) interior under pressure, because the coarse as plate is softer than residual beta (4;) lath in LM. Dislocation moves and
accumulates at the ay/B: interphase during deformation, which induces that cracks initiate at and propagate along the as/f; interphase during
the process of fracture. However, beta transaction microstructure (fuans) is greatly harder than equiaxed primary a (ap) in BM; moreover, a;
with large size could support longer slip length. Both of above reasons lead to a large number of multi-direction slips initiating at o, during
deformation of BM. The intersection of slip lines in different directions promotes stress concentration at a, inner, and some dislocations
accumulate at the ap/Bians interface to produce stress concentration. These behavior result in the initiation of microcracks within a,and the
ap/Prans interface, and propagation along the weak interface of ap/Bans, OF the aggregation site of a,.

Key words: Ti-55531 alloy; deformation behavior; fracture mechanism; in-situ SEM observation
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