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The Effect of Microstructures on Mechanical Properties of the
B rich a-8 Titanium Alloy Ti-6Al-25n-4Zr-6Mo

Yoshimasa ITO, Yasuo MORIGUCHI and Takashi NISHIMURA

Synopsis :

The effect of microstructures in mechanical properties of # rich «—f titanium alloy Ti-6Al-2Sn—4Zr—
6Mo was investigated. The B phase formed at the solution temperature above 900°C transformed into
the a”(orthorhombic martensite) phase with retained f phase by quenching treatment, but transformed
into the acicular « phase with the retained f phase after slow cooling. Solution treatment in the tempera-
ture range between 825°C and B transus temperature (952°C) and aging (STA) improved the tensile prop-
erties. But STA materials showed the lower fracture toughness than 80 kgf/mm3/2 on account of the
presence of the fine acicular « grains between primary o grains. Double solution treatment and aging
(STSTA) improved the fracture toughness. The volume fraction of primary o« grains was optimized by
first solution treatment and second solution treatment controlled the shape of the secondary acicular «
grains. The higher fracture toughness in the STSTA materials appeared to be dependent upon the mor-
phology of the secondary acicular « grains. The materials which were double solution treated at 940°C

for 1 h oil quenching (OQ) and at 830°C for 2 h air cooling (AC) and aged at 590°C for 6 h AC, possessed
the following properties.

Tensile strength : 121 kgf/mm?
Tensile elongation : 14.4%
Fracture toughness : 113 kgf/mm3/2
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Table 1. Chemical composition of Ti-6Al-2Sn-
47Zr-6Mo alloy (wt%).

Al | Sn Zr | Mo Fe C N (o] H

6.11{2.04|4.16 | 6.12]0.054 | 0.0085 | 0. 0060 | 0. 1280 | 0. 0024
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Fig. 1. K¢ specimen (C-T type).
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Fig. 2. Phase transformation diagrams of Ti-
6Al-25n-4Zr-6Mo alloy at room temperature.

a) 940°Cx 1h wQ

b) 940°Cx 1h AC
Photo. 1. Optical microstructures of solution treated at 940°Ci and
(a) water quenched, (b) air cooled.
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Fig. 3. X-ray diffraction profiles of solution treated and water quenched
Ti-6Al1-2Sn-4Zr-6Mo alloy.
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Fig. 4. X-ray diffraction profiles of Ti-6Al-2Sn-4Zr-6Mo alloy solution treated at 960°C
and cooled at various cooling rates.
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Fig. 5. Relative intensity of f phase and a'’

phase in solution treated and cooled Ti-6Al-
2Sn-4Zr-6Mo alloy.
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Fig. 6. Lattice parameter of 8 phase (011) plane
in Ti-6Al-2Sn-4Zr-6Mo alloy.
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Photo. 2. SEM microstructures of Ti-
6Al1-25n-4Zr-6Mo alloy solution treated
at 910°C and aged at 590°C for 8h.

HBREL LD LIS WIINIETL Tk, 5L B
2L B LI 900°C JEE5 T b RIEME 38 kgf/
mm? %R Lz, o MHAHE TS 900°C X b Bk
{EABF T, RSO L T3, BlERX

ERIH DM PIDOEENS, BRE B MO HBRE
RBICHEAE T2 b DT, FEEOZEEIL Ti-6A1-4V = Ti-
6Al-6V-25n 1 ZBHR BV, BHEALAEM Ot SIE
TRRETERED BRHEED &R 25 L Fig. 7
b) wH BN B X 5T, 910°C (LD KA, MEH T
ITBHECRD BN D L DDEEHTIER bR D7,
ZEEMTECT N RZR T, BEP a ERH L
TeledTH 5. 850°C BRLAMEM TR\ Th o g
BETHISIDKZ AR TRRD bhuigdotc. ZhidE
HALIRE S MEN 2D, BHEEN X DA, Bl
RENMREB HH1:-DTHA. UEoXsik, chblE
HAEM OHERAIEE L Fig. 5 X 0° Fig. 6 iRL1:
B HOEE)E I\ —BERT.

BehFt o5 RIEE X, Fig. 7 a) R$ X5 it
BEDO AL LSIEIREE, WMHEbHML, B
BHRCLECTET Uik, #0, KXEEOLRFLE L L
CAETT52, BBEBEFETCIRBEETCL» b6
FLl. ThLOERND, BE - EfoHGE0 X
v%@ﬂ%@a%ﬁkﬁ§m8ﬁﬂluh7h;D&v
a-f BERTHB = EHVHB L.

2) WENE

R OF TR BENR L, EMED B0 910°C
BRI o\ CHERERBR 21707 2%, £k
ByBEEME L L 41 Table 2 WR3. BENELE
LB DBIEE R REV 1% SRS, WA T 60.3
kgf/mm3/2, Z2f5bfCix 77.5kgf/mmd/2 T 5. Wk
OB Z 122 P B U TEY 20 kgf/mm3/2 <

— 95 —



630 & &

% 72 £ (1986) 6 =

1604

—e— a8 ST Temp. ><1h 0Q

20 +

-C--4Age 590C xan AC «l

30

El1.RA (%)
8
.

—
o O
I

1
800 850 900 950
Solution Treatment Temperature ).

a) effects of solution treatment temperature

160 e 850C -
X - 910C
140 |- -
~ X
Q20| ——— -
N S .
100 - v\ T . -
@ v\ oys
‘ol \ .
0 \
[ [ \\ -
ST *
s} 9sST e . 4
20 + t }

é 30 |- H——-—ﬁ——‘——'—* -
~ Y -

20 [ o éf,.— -%_,-___.(
o} X . -

1 1 1

AC 0Q wQq,

Cooling after Solution Treatment

b) effects of cooling rate after solution treatment
Fig. 7. Tensile properties of Ti-6A1-2Sn-4Zr-
6Mo alloy.
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Table 2. Fracture toughness and tensile properties
of solution treated and aged Ti-6Al- ZSn—4Zr-6Mo
alloy.

Krc TS YS El |RA
(kgf/mm?®/%) | (kgf/ mm?) | (kgf/ mm?)| (%) |(%)

Heat treatment

910C x1h OQ+

590°C x 6h AC 60. 3 150. 0 138.0 3.8 6.1
910°C x 1hAC+
590°C x 6hAC 77.5 130.0 118.0 9.6 [17.3
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a) 940°Cx 1h wQ

b) 940°CX 1 h WQ+
830°Cx 2h AC

c) 940°Cx 1 hWQ+
830°Cx 2h AC+
590°CX 6 h AC

Photo. 3. SEM microstructures of Ti-6A1-2Sn-4Zr-6Mo alloy,
solution treated, double solution treated and aged.

Table 3. Fracture toughness and tensile properties of Ti-6Al-2Sn-4Zr-6Mo alloy,

double solution treated and aged.

u . Kre TS YS El RA
No. eat treatment (kgf/mm?®?) (kgf/mm?) (kgf/mm?) (%) (%)

940°C x1h OQ+

A 830°C x2h OQ+ 10L.9 124.9 118.1 10.0 24,1
590°C x6h AC
940°C x1h OQ+

B 830°C x2h AC+ 113.0 120, 7 14,7 14.4 24,7
590°C x6h AC
940°C x1h AC+

c 830°C x2h 0OQ+ 87.8 124. 4 114.1 8.4 1L5
590°C x6h AC
940°C x1h AC+

D 830°C x2h AC+ 104. 8 122, 4 110. 5 6.8 9.5
590°C x6h AC
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Photo, 4. SEM microstructure of double solution
treated Ti-6Al1-2Sn-4Zr-6Mo alloy.
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