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Effect of Cooling Rates on Microstructures in £ Treated Ti-5A1-2.5Sn

Synopsis :

Hideki Fuill and Hirowo G. SUZUKI

Effect of cooling rates after 8 treatment on microstructures in an ¢ titanium alloy, Ti-5A1-2.55n, is

examined.

At the cooling rate of 300°C/s, no grain boundary a phase is observed and lath type of plate structure is

formed throughout the specimen.

In the lath plates, highly dense dislocations are included, and

Fe-enriched B phase is retained between lath plates, which indicates that both shear and diffusional

components of transformation operate during cooling. At the lower cooling rate {<4°C/s),
dislocations other than £ phase are observed between a« plates.

structural
It is considered . to be due to the

coalescence of two adjacent a plates which have slightly different crystallographical orientations each

other.

At the cooling rate of 0.1°C/s, ring-like diffuse streaks and extra spots which are related to w

phase are detected in the diffraction pattern of Fe-enriched 8 phase.
Furthermore, aging treatment at 550°C for 24 h after cooled from 8 region at the cooling rate of 300°C/s
produces the refined equiaxed structure containing sub-grains, recrystallized grains and £ phase at the

triple points of @ (sub-) grain boundaries.

key words : titanium alloy; phase transformation; cooling rate; hardness; dislocation; diffusion; shear;

recovery ; recrystallization.
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Table 1. Composition of an alloy used.

(mass% )

Ti Al Sn Fe 0] C N H

Balance  5.02 2.53 0.22 0.18 0.006 0.005 0.001
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Fig. 1. CCT diagram of Ti-5A1-2.5Sn.
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Fig. 2. Effect of cooling rates from £ region on
Vickers hardness at room temperature.
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Photo. 1.

Optical micrographs of the specimens cooled from 1100°C at the cooling rates of

a) 300°C/s, b) 60°C/s, ¢) 20°C/s, d) 4°C/s, ) 1°C/s and £) 0.1°C/s.

hoto. 2. Optical micrograph of the specimen
aged at 550°C for 24 h after cooled from 1 100°C at
e cooling rate of 300°C/s.

Photo. 2 1Z 300°C/s B #EI# % & 512 550°C/s -24 h
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WH T £ DM (Photo. 1a)) & H~TItHr 5 b
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Table 2. EDS analyses for lath plates and inter-

plate regions in the specimens cooled from 1100°C
at the cooling rates of 300°C/s, 4°C/s and 0.1°C/s.

(mass %)
Cooling rate from 8 region ‘ Plate Interplate
él ggg~gég gl :g.g§~4.7o
° n:2.26~2.87 n:2.03~2.35
300°C/s Fe:0.14~0.19_ | Fe:0.96~7.23
0.16~0.28*
Al :5.37~5.54 Al :2.19~4.60
e/ Sn :2.08~2.16 Sn:1.49~2.68
s Fe:0.11~0.12 Fe :1.85~10.58
0.18~0.55%2
Al :2.25~4.30
0.1°C/s — Sn:1.55~2.52
Fe :4.19~8.55

* Dislocations are included in the beam spots. Other analyzed points
for the “plate” do not include any dislocation.

*2 Structural dislocations are included in the beam spots. Other
analyzed points for the “Interplate” are in /4 phase.
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Wh Feid, SHIPICELCBILLTEBY, BKTT
mass% LLEDERRLE. £/, FL— FAHTHEE
MORET LR 2ELIIICBEF -2 %2 4To L,
RRE Fe REMET RTHBEANALONT:.
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a) Lath type of plate structure b) Dark field image of A phase retained between lath plates (Beam//[013] bec)
c) Dislocated substructure of a lath plate

Photo. 3. TEM micrographs of the specimen cooled from 1 100°C at the cooling rate of 300°C/s.
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Photo. 4. Dislocated substructure of the specimen
cooled from 1 100°C at the cooling rate of 60°C/s.
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a) Lath type of sideplates b) 8 phase retained between sideplates (Beam//[013] bcc)
¢) Structural dislocations and 8 phase between sideplates

Photo. 5. TEM micrographs of the specimen cooled from 1 100°C at the cooling rate of 4°C/s.



a®lF ¥ 4% Ti-5A1-2.550 @ S MBHBC B IIFTTEHEEDE 2143

a) B phase retained between sideplates b) Diffraction pattern of 8 phase having the ring-like diffuse streak and  spots
(Beam//[110] bee) ¢) Dislocation network between sideplates ( Beam//{1210] hep)

Photo. 6. TEM observation for the specimen cooled from 1 100°C at the cooling rate of 0.1°C/s.

a) Refined microstructure b) Subgrain structure and 2 phase at the triple point

Photo. 7.
1100°C at the cooling rate of 300°C/s.
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TEM observation for the specimen aged at 550°C for 24 h after cooled from
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BHRICEA SN SEEERMORBEIC I D ER L2
EZONHEFERN &, FERRAD 5 4 5 U A
Bohs CoLs S e (R =FS
FIBESND. ’

X A

1) MR 15 €BF 5 v L 20 (EEER, H LR,
R MR 15 &) (1983), p. 41 [ BRI LHHAH]

_'77 —



2146

% & @ & 77 4 (1991) F12F

2) BH #F, O#BEE BREE BIEN, BFOE
EOEE, FHREE: L8, 72(1986), p. 107

3) R. H. van STONE, J. R. Low, Jr. and J. L. SHANNON, Jr.:
Metall. Trans. A, 9 (1978), p. 539

4 ) R. A. Woob: Titanium Alloys Handbook, Publication No.
MCIC-HB-02 (1972), p. 1-2, 72-1 [Metals and Cera-
mics Information Center, Battelle]

5 ) P. A. BLENKINSOP: Titanium Science and Technology, ed.
by G. LUTJERING, U. ZWICKER and W. Bunk (1984),
p. 2323 [DGM]

6 ) H MARGOLIN, J. C. WiLLIAMS, J. C. CHESNUTT and G.
LUTJERING: Titanium '80 Science and Technology, ed. by
H. KiMura and O. Izumi (1980), p. 169 [AIME]

7)) BEHEE, SRR Sk M, 77 (1991), p. 1481

8 ) H. Fuiil and H. G. Suzuki: Proc. of 6th World Conf. on
Titanium, ed. by P. LACOMBE, R. TRICOT and G. BERANGER

10)

13)

14)

15)

(1989), p. 1489 [Les Editions de Physique, France]

H. NakaiMA, M. Kotwa and S. ONo: Scr. Metall,, 17
(1983), p. 1431

J. L. MURRAY: Phase Diagrams of Binary Titanium
Alloys, ed. by J. L. MUrrAY (1987), p. 99 [ ASM
International ]

HEXR: BREBFRM, 14 (1975), p. 499

J. C. WiLLiAMS, D. de FONTAINE and N. E. PaTon:

Metall. Trans., 4 (1973), p. 2701

J. C. WiLLiams: Titanium Science and Technology, ed. by
R. I JAFFEE and H. M. BURTE (1973), p. 1433 [AIME]
C. SERVANT and O. LYON: Proc. of 6th World Conf. op
Titanium, ed. by P. LA(EOMBE, R. TriCOT and G. BERANGER
(1989), p. 1681 [Les Editions de Physique, France]
KU &5 45 v & 2O E (BEER, F BB AER,
AHEE, IR 1B M) (1983), p. 61 [ HFIT 3R )




