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In-situ SEM Observation of Tensile Fracture in

Ti-13V-11Cr-3Al Alloy

Synopsis :

Naotake N1wa

The deformation and fracture behavior of the aged microstructure of Ti-13V-11Cr-3Al alloy was studied

by SEM in- siiu observation.

Comparing with beta matrix, the areas where alpha phase precipitates i.e.

alpha colonies and the neighborhoods of grain boundaries show higher resistance to deformation. Thus,
strength becomes higher by increase of alpha precipitates with aging. In the fracture of this alloy, a main
crack propagates with forming microcracks within alpha colonies and along grain boundaries ahead of the
main crack and joining them. The crack propagation along grain boundaries is faster and less ductile than
the transgranular crack propagation following microcracks in alpha colonies. With development of aging,
the grain boundary cracking becomes prevailing as a fracture mechanism, hence, ductility reduces notably.
Alpha precipitates play an important role not in strengthening but also in fracture of this alloy.

Key words : Ti alloy ; in-situ observation; SEM; fracture mechanism ; crack propagation; alpha precipitates;

microcrack ; grain boundary cracking.

1. ¥ a8

BRIF & &4, BRLIRECHOEN GBI
CEANLE AN A LI s TEVERESELRS S
LARSEBE LTWA, BRAEIC X AR, AF
BEMIC a AT E®H I LICKDERS N, ZOK
WEE W, Hri e HICHARFEL TV D I LS
hTwal™  Lal, BEIF S v &E&ORIMABKO
MR BT - BIEREICHETAMERS 3%, &
AT o MO - ERE R T ARENCE L TR T
SR EN TS E RV R,

AW Tid, SEM WEREE v, HI0LE %G
L7 B8 F ¥ &4 Ti-13V-11Cr-3Al1 (L% Ti-13-
11-3 L WEFR) DN - BIRARE L E/RWICEREL, &
T - Wi HERE L AT a OB AT A2 & 2 H
e L7,

2. K B B &

LR A1k, Ti-13-11-3 & & BB BEHM <, MK %
Table 1 I27R9. BIZOBI, ZEBRRER>FELR

LT B0, kM2 T VT HAFT 1473K,
3.6ks {f¥F, 1073K 3 THih 1.8ks BRIFHLEH LT
B L L, PR 2.2mm OHRR 2. & 5612,
773K, 873K THe&I L CTakpt & L7z, #HBRF &, Fig
LIGRTHAEIR 2 FEOMEBER LLOREA 1mm DIE

Table 1.
(mass% ).

Chemical composition of the alloy used

\4 Cr Al (6] N C Fe H Ti

13.7 10.6 3.03 0.166 0.011 0.013 0.17 0.002 Bal.
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Fig. 1. Configuration and a size of a specimen
used (mm).
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Photo. 1.

Loading stage attached to SEM.
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Fig. 2. Variation of relation between ultimate ten-
sile strength (og) and reduction of area (RA) with
aging for 0~ 360 ks. Effects of aging temperatures
(873K and 773 K) and average grain sizes (35 pm
and 2.2 mm) are also shown.
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Photo. 2. Sequential aspects of transgranular crack propagation of the specimen
aged at 773 K for 198 ks. Average beta grain size of the specimen is 2.2 mm. (d), (e)
and (f) show high magnification photographs of each crack tip in (a), (b) and (c).
Main crack forms microcracks in alpha colonies ahead of the main crack tip, acceler-
ates the growth of the microcracks and propagates by joining them (Loading axis

horizontal).
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(2) Microcracks in alpha colonies left behind main crack propagation as shown in Photo. 2 (b) Microcrack in an

alpha colony formed mostly in the central area of the alpha colony and grew (c) Necking in the fracture of an

alpha precipitate (d) Void formation in a coarse alpha precipitate
Photo. 3. Fractur of alpha precipitates ((a), (b) and (c) of the specimen aged at
773 K and (d) of the specimen aged at 873 K).

FUCHEL - A, o 0= —NOBMIE 5582
L, BINOBEPKEL, KAELEIRIERT 2 HE
bEWY, CORARYEERETLIILIRAETH S
7o,

Photo. 5 (a), (b) %, 773K Ty L - BT
HRF D EELREORERE B L O 873K THER) LE
s HBERAMOBIEF 2 RT. ThOHKAICALR
BN, FOHEBICELZERICERL, (a) T
12 a HOW B D 2 W TE L, MABX
RO o MAHTH U 25 Tl B Tl v,
I, a O L Tw A HEEL, X0 EVERKK
EHSTWAIEERBLTWABDEEZONS, £
7z, (b) WWRLALIIC, 873K BEsitf oK% o 4
NDAT=—=TH, TORELD BEHAICHBEL THS
&, TROFRBEFTE L. a MK T, LT
bV L LTRBED LANH T DA LAL W 873K
DEIMIZB T, aHEIERER s HO WA L
ERLTWwWa EEZLND, (a), (b) &, EmMIIBIT
HBERRTH DN, 5%OER LM 7214 TEM 8
LBELABITH, HTHLA a O RBICEER O E£EH

Bgans (o).

Wi, MEORTZRELETHI LSS VD, £
T EET 5 2 &I K o THEERRE + BT 5B,
RETOBRERERVEROBBEBE LB L T p L
IERETHUEND .

Photo. 6 ¥, 773'K 100 ks DB %h#+ O Hixd 3 % B
EORMABBEOHBICHEET LN THT1 > T
(a) & (b) %, EAMBIORL TS, &b, KER
HWMBRAKBRCTRABRBR L B2 o7, BABO
TA Y TNTIR, a MOTFFESHE TR 2 5 72705, BE
BIZE, T4y TVDOEI e PBEESRSE, Ly
b, T HF1 o VDL L5DEICLBEI RS L
WHZliE, a0 =K, FEEOKE L >TWVD
CLERRTDHLDEEZOLNA. T4bDH Photo. 2
THEINALIE, a0 —NTOME X0
FRmETAHMBEBLHIELTVWEbDEE ISR
5.

Fig. 312, B#hice %) eau=—fHREE T+ ~
TNV A XOEALER L. eau=—[EiE, aan
Z—OHLHEBOFHEEERLTWS, 72721, 360

— 168 —



Ti-13V-11Cr-3Al &4 & D% -#E:B 20 SEM N Z 0 5EBI%E 677

«— LLoading axis —

Photo. 4. Microcrack at a grain boundary ahead
of a main crack tip. Microcrack formation (a) and
growth (b) with the propagation of the main crack.
(¢) : Tip of the microcrack shown in (a). (Loading
axis horizontal).
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Fig. 3. Variation of average distance between
alpha colonies ( L) and average dimple size ( D)
represented as the average of diameters of every
circle which has the the same area as every dimple
with aging at 773 K.
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(a) Around an intergranular crack of the specimen aged at 773 K (b) Around coarse alpha precipitates of the
specimen aged at 873k (¢) TEM observation of dislocations around alpha preciptates of the specimen de-
formed with 5% elongation after aged at 773 K
Photo. 5. Increase in resistance to deformation by alpha precipitation. Deformation
marks on the surface of specimens are less noticeable in the areas having alpha precipi-
tates than beta matrix.

Photo. 6. Alpha preciptates at the bottoms of dimples opposite each other on the
oppsite fracture surfaces of the specimen aged at 773 K.

Photo. 7. Flat facets opposite each other on the opposite fracture surfaces of the speci-
men aged at 873 K indicates that intergranular cracking in this alloy is caused by coming
off of neighboring grains.
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Photo. 8.

Increase of intergranular fracture sur-
faces of round bar specimens with aging at 773K :
(a) as soultion-treated, (b) for 200 ks, (¢) 360 ks
and (d) for 3.6 Ms.
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