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Effect of Microstructural Factor on Impact Toughness of
Ti-6Al1-2Sn-4Zr-6Mo Alloy

Miitsuo N1INoMI, Tkuhiro INAGAKI and Toshiro KOBAYASHI

Synopsis :

The instrumented Charpy impact test and dynamic fracture toughness test are carried out on variously
heat treated Ti-6Al-2Sn-4Zr-6Mo alloy, and the effect of microstructure on toughness under impact load-
ing is examined.

In equiaxed a structural specimens, Charpy absorbed energy (E,) value increases with the increase of
solution treatment temperature below 1123 K, and then decreases with increase of solution treatment
temperature above 1123 K. E, value is strongly influenced by the cooling rate after solution treatment. In
equiaxed @ structural specimens, the tendency of the change in dynamic fracture toughness (J;) with solu-
tion treatment temperature is similar to that of E, value. However, the degree of the change in J; value and
the effect of cooling rate after solution treatment on J; value are significantly small. E, and J; values are
remarkably large in acicular structural specimens which are furnace cooled after solution treatment in the 2
region. In acicular a structural specimens, E; and J, values increase with the increase of prior 3 grain size.
However, in equiaxed a structural specimens, E, value rather decreases with increase of prior f grain size
although J; value increases. E, and J; values increase with the increase of the roughness of fracture sur-

face.

Key words : titanium base alloy ; impact toughness ; microstructural factor ; heat treatment.
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Table 1. Chemical composition of material (mass%).
Al Sn Zr Mo Fe 0 C H N
6.33 2.10 4.12 6.14 0.075 0.110 0.008 0.006 0.003

Table 2. Heat treatment condition of specimen.
Specimen Solution treatment Aging treatment  Microstructure

A 978 K, 3.6ks AC 863, 21.6 ks AC equiaxed @
B K4 wQ z 2

C 1073K, 3.6ks AC ” ”

D 7 wQ 7 2

E 1123K, 3.6ks FC ” ks

F 7z AC 7 7

G ” wQ ” 2

H 1173K, 3.6ks AC s ”

1 2 wQ 7 7

J , 86.4ks AC s ”

K ,345.6ks AC o ”

L 1213K, 3.6ks FC o ”

M s AC % ”

N % wQ z 7

(0] 4 ” 978 K, 21.6 ks AC ”

P 1338K, 3.6ks FC 863K,21.6ks AC  acicular @
Q 2 AC 7 ”

R 7 wQ » ° 7z

S ” 978 K, 21.6 ks AC ”

T , 8.4ks FC 863K, 21.6ks AC ”

U ,345.6ks FC z ”

FC : Furnace cooling AC:

acicular o+8

alloy.

Photo. 1.

Air cooling WQ : Water quenching

: 1123K, 3.6 ks AC, 863 K, 21.6 ks AC
: 1213K, 3.6 ks AC,
: 1123K, 3.6 ks WQ,
: 1213K, 3.6ks WQ,
: 1338K, 3.6 ks FC,

: 1338K, 3.6 ks WQ,

Typical SEM micro-
graphs of Ti-6Al1-2Sn-4Zr-6Mo

z
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(a) Standard V-notch Charpy specimen
(b) Deep notch fatigue cracked specimen

Fig. 1. Geometries of specimen. (in mm)
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Fig. 2. Relation between total absorbed energy
(E,;) and solution treatment temperature.
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Fig. 3. Apparent crack initiation energy (E;),
apparent crack propagation energy (E,) and total
absorbed energy (FE,) obtained by instrumented
Charpy impact test in the case of H, K, P and U.
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Fig. 4. Relation between dynamic fracture tough-
ness (J;) and solution treatment temperature,

primary o

Photo. 2. SEM micrographs of
(a) J: 1173 K, 3.6ks AC, 863K,
a+B 216 ks AC and (b) K: 1173K,
345.6 ks AC, 863K, 21.6 ks AC.

acicular

Photo. 3. Optical macrographs of
specimen (a) P: 1 338K, 3.6ks FC,
863 K, 21.6 ks AC and (b) U: 1338
K, 345.6 ks FC, 863 K, 21.6 ks AC.
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primary o

precipitated a

+retained B8 .

Photo. 4. Typical TEM micrographs of (a) A: 978 K, 3.6 ks AC, 863K, 21.6 ks AC, (b) F: 1123K, 3.6 ks
AC, 863K, 21.6 ks ACand (c) H: 1173K, 3.6 ks AC, 863K, 21.6 ks AC.
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Photo. 5. Void formation in aged matrix.
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Fig. 6. Relations between dynamic fracture tough-
ness (J;) or Charpy absorbed energy (E,) and mean
distance of primary a (1,) in the case of coarsed
equiaxed a structure.
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Fig. 9. Relation between total absorbed energy
(E,) or dynamic fracture toughness (J;) and prior
grain size (acicular a).
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Fig. 10. Relation between total absorbed energy
(E,) and roughness of fracture surface (equiaxed a).
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Photo. 6. Typical SEM fractographs of (a) M :
1213K, 3.6ks AC, 863K, 21.6ks AC,
(equiaxed « structure) and (b) P: 1 338K, 3.6
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