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The Effect of Heat Treatment on the Mechanical Properties of
Ti-10V-2Fe-3Al

Kazuo TovaMA and Takashi MAEDA

Synopsis :

The effect of heat treatment on strength and fracture toughness of Ti-10V-2Fe~3Al, a near g titanium
alloy, was studied. Fatigue properties were also investigated using heat treated specimens specified by
Aerospace Material Specifications.

(1) Aging at 490°C for 8 h after solution treatment at 760°C gives the best combination of strength
and fracture toughness. However, aging under the same conditions after solution treatment at 785°C
decreases ductility. This is considered to have occurred because the treatment at 785°C produces small
amounts of primary o phase, which contributes to ductility, than that at 760°C, resulting in a larger amounts
of secondary o phase, which contributes to strength.

(2) Agings treatments at 400°C for 8 h and 600°C for 8 h after solution treatment at 760°C cause
embrittlement and overaging, respectively. The embrittlement caused by 400°C aging may not come from
o phase but rather from the existence of very fine secondary « particles.

(3) Fracture toughness obtained under as—solution treated condition is lower than that estimated from
the relationship between strength and fracture toughness for materials produced with aging after solu-

tion treatment. Therefore, an adequate aging is indispensable for obtaining the high strength and high

fracture toughness expected from this alloy.

(4) By aging at 490°C for 8 h, a fatigue strength as high as 666 MPa can be obtained. Low cycle fa-

tigue strength is given by the equation;
de;=4.58(N7)~1-244-0.0514(N y)—0-136

Fatigue crack growth rate is given by the equation
da|dN=3.54 X 10-%(4K )3-%2

and 4K;; is 4.4 MPm.
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Table 1. Chemical composition of alloy used

(wtog) .

v Fe Al o N H C

10,09 1. 99 2.98 0.127 0.0132 0. 0031 0.012

Table 2. Condition of heat treatment.

Specimen Solution treatment Aging
A 760C x1h, WQ | = —=cw—--
B 760°C x 1th, WQ 400°C x8h, AC
C 760°C x1h, WQ 490°C x8h, AC
D 760°C x1h, WQ 600°C x8h, AC
E 785C xth, WQ | —=—- - —~
F 785°C x1h, WQ 490°C x8h, AC
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(a) As solution treated at 760°C, (b) Aged at 400°C after (a), (c) Aged at 490°C after (a)
(d) Aged at 600°C after (2), (e) As solution treated at 785°C, (f) Aged at 490°C after (c)

Photo. 1. Optical micrographs of heat treated specimens.

Table 3. Tensile properties and hardness of heat treated specimens.

Specimen 0.2%PS (MPa) TS (MPa) EL (%) R.A. (%) Hardness (HV)
A 696 839 30.6 28,1 306
B — 1202 0 0 450
cl 1270 1380 5.0 5.7 —

c* -

c2 1228 _ 1353 4.4 5.7 401
D 928 984 17.5 32.7 340
E 617 804 35,6 36.3 309
F — 1404 0 0 409

AMS 4983 >1100 >1250 >4 To be reported —

* Two heat charges were performed. Fatigue tests were performed on C2 charge.
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Fig. 2. Result of roating bending fatigue
test.
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Photo. 2. SEM micrographs showing (a) fatigue
fracture surface and (b) higher magnification of
crack initiation area. (¢,=676 MPa).
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Fig. 3. Comparison between monotonic and
cyclic stress-strain curves.
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Fig. 4. Change in stress during cyclic
strain.
10.0
s.oE
X 30f . Ti-6A1-4T
g r\\\\<
& Predicted N&-_‘\
< 10 Ti-10V-2Fe -3 —
I
o0.5f

10? 10° 10
Number of cycles (Ng)

Fig. 5. Result of strain control low cycle
fatigue test.
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Fig. 6. Result of fatigue crack growth rate
test.
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(a) As solution treated at 760°C, (b) Aged at 400°C, (c) Aged at 490°C, (d) Agd at 600°C.
Photo. 3. TEM micrographs of heat treated specimens.

(a) As solution treated at 760°C, (b) Aged at 490°C, (c) Aged at 600°C
Photo. 4. Comparison of fracture surface among different heat treated CT specimens.
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Fig. 7. Schematic illustration of crack extension.
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