it g 3

§% & $M Tetsu-to-Hagané Vol 87 (2001) No. 1

Ti—-6Al-2Sn—-2Mo—-2Zr-2Cr-Si éﬁ DIFIEFFMHE (S
MIFT IVOMBOE

B ks> - fak B—* - PR OB

it

B8 . A= T - A a e iR TURR*

Effect of Microstructure on Fracture Characteristics of Ti—-6Al-2Sn—2Mo—-2Zr—2Cr-Si Alloy

Mitsuo NIINOMI, Kei-ichi FUKUNAGA, Genzo TONO, Junichi KOIKE, Daniel EYLON and Shiro FUJISHIRO

Synopsis : Ti-6Al-2Sn-4Zr-2Mo-0.1Si (Ti-62222S) is highly expected to be widely used for structural aircraft materials because Ti-62222S shows
both characteristics of ¢ type alloys with excellent high temperature strength and creep resistance, and o+ f3 type alloys with high fracture

toughness and high strength. The intermetallics, Ti,Al, and silicides, precipitated in Ti-62222S during aging treatments decrease the strength

and fracture toughness. However, the effect of each intermetallics on fracture characteristics of Ti-62222S is not yet clearly understood.

Therefore, the fracture characteristics of Ti-62222S with only Ti,Al or only silicides precipitated by aging treatment were investigated with

relating the matrix microstructure.

0.2% proof stress, tensile strength and elongation of the as-received material are much better than those of the aged materials. 0.2% proof

stress and tensile strength of the material with only Ti;Al precipitated by aging treatment are better than those of the material with only sili-

cides precipitated by aging treatment, while elongation of the material with only silicides is better than that of the material with only Ti;Al

Static fracture toughness of the material with only silicides is better than that of the material with only Ti;Al. The intergranular fracture ap-

pears in the material with only Ti;Al. Coarsening of Widmanstitten o structure and increasing ductility of  phase during aging is considered

to be effective for increasing static fracture toughness.

Key words : Ti—-62222S; microstructure; tensile properties; fracture toughness; Ti,Al; silicide.
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Table 1. Chemical composition of Ti-62222S (mass%).

Al Sn Zr Mo Cr Si Fe O N H Ti

544 199 199 216 206 0.16 0.09 0.11 0.006 62(ppm) bal.

FR 12458 H23 BA2{+ SERR 124510 11 26 H3ZH (Received on Aug. 23, 2000; Accepted on Oct. 26, 2000)
*  EABH Rl A 2 (Toyohashi University of Technology, 1-1 Hibarigaoka Tempaku-cho Toyohashi 441-8580)
* 2 BASHRRIE R R T A (Bl (k) 41 v 2 —7 8 Y 2% }) (Graduate Student, Toyohashi University of Technology, now Inter Project Corp.)

* 3 WAL KRFAFRE L2 F (Graduate School of Engineering, Tohoku University)

* 4 FA bV RFRFHAE T 2B IN (Graduate Materials Engineering, The University of Dayton)
* 5 TLKEIE A Z=EREHANE 7 2 7 FHRi2e i 725 3¢ 5 ¥ (Formerly United States Air Force Office of Scientific Research, Asian Office of Aerospace R & D)

55 I




$ &M Tetsu-to-Hagané Vol. 87 (2001) No. 1

1261K , 3.6ks

—— - —— - —— ——— - —— (3 transus(1248K)
1200K , 3.6ks

Fan Cool
811K , 28.8ks

Air Cool

(a) As-received

Y Y

—— ——— = —— = (3 transus(1248K)
14.4ks

913K 14.4ks | 28.8ks
28.8ks

57.6ks

Air Cool

\

(b) Precipitation of Ti;Al only (c) Precipitation of silicides only

U Fatigue pre-crack
= - transus(1248K .
7.2ks A ( ) o, / .
1088K -~
-\

Water Quench

o M10
)y R /—
\ 2“
_ 4 _ _ - | _ -He--—
oy Y
S
22.1 54 20 5.4 22.1 -
75 -
(a)
0.3 $3.5
*—— @35
e
v < 3|
-7 < e
= '
ay/w=0.53
55 10

(b)

Fig. 2. Geometries of (a) tensile test specimen and (b)
fracture toughness test specimen (in mm).

Fig. 1. Schematic drawings of heat treatment processes for Ti-622228.
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Fig. 3. X-ray diffraction patterns obtained in Ti-62222S in
as-received and aged conditions. Aging tempera-
ture is 913K, and aging time is between 0 and
57.6ks.
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Fig. 4. X-ray diffraction patterns obtained in Ti-622228S in
as-received and aged conditions. Aging tempera-
ture is 1088K, and aging time is between 0 and
28.8ks.
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Fig. 5. Optical micrographs of
Ti-62222S  conducted
with aging treatments
for precipitation of (a)
Ti,Al only and (b) sili-
cide only versus aging
time.
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Fig. 7. Aspect ratio of Widmanstitten o in Ti-62222S con-
ducted with various heat treatments.
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Table 2. EDS analysis results on silicide, o phase and f
phase in Ti-62222S conducted with aging at
1088K for 7.2 ks for precipitation of siliside only

(at%).
Ti Al Sn Zr Mo Cr Si
silicide 3678 395 042 2257 060 047 3521
a 85.23 1049 0.62 1.50 0.51 0.31 1.34
B 80.08 741 0.50 1.55 3.96 3.61 2.88
(a) (b),
As-received Aged at 913K for 14.4ks

[2423]

[2110]

Fig. 9. Diffraction patterns of Ti-62222S conducted with
aging treatments for precipitation of (b) Ti,Al only
with that of as-received Ti-622228S.
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Fig. 10. Tensile strength and 0.2% proof stress of Ti-
62222S and Ti—-6A14V conducted with various
heat treatments.
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Fig. 11. Elongation of Ti-62222S and Ti-6Al-4V conduct-
ed with various heat treatments.
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Fig. 12. Fracture toughness, J., of Ti-62222S and Ti-
6Al-4V conducted with various heat treatments.
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Fig. 13. SEM fractographs
of Ti-62222S con-
ducted with
aging at 913K for
precipitation  of
Ti,Al only versus
aging time in sta-
tic fracture tough-
ness tested speci-
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Fig. 14. Relationship between aging time and area fraction
of transgranular ductile fracture of Ti-62222S
aged at 913K for precipitation of Ti;Al only.
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Fig. 15. SEM fractographs of Ti-62222S con-
ducted with aging at 1088K for pre-
cipitation of silicide only versus
aging time in static fracture tough-
ness tested specimens.
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