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Effect of Cooling Rates on Microstructures of £ Treated

a+ B Titanium Alloys

Synopsis :

Hideki Fuiii and Hirowo G. SUZUKI

Effect .of cooling rates after 8 treatment on microstructures in two a + £ titanium alloys, Ti-6A1-4V and

Ti-6Al-6V-2Sn, is examined.

From the microstructural examinations and hardness measurements, cooling rates are classified into

three regions.

In the first region (lower than 10°C/s in Ti-6Al-4V and 4°C/s in Ti-6Al-6V-2Sn),

dependence of hardness on cooling rates is relatively small and a few dislocations are involved inside

the transformed plates.
20°C/s in Ti-6Al-6V-2Sn),

In the second region (10~ 300°C/s or higher cooling rates in Ti-6Al1-4V, 4 ~
hardness strongly increase with the increase of cooling rates, and highly
dense dislocations are included in the plates, although diffusion of solute atoms are expected.

In the

third region (higher than 20°C/s in-Ti-6A1-6V-2Sn), hardness shows a constant and high value which is

mdependent of cooling rates.

In Ti-6Al-6V-2Sn cooled at the cooling rate of 300°C/s, there are quite

many micro-twins or stacking faults in the acicular type of plates and little amount of diffusion is detected.
It is considered that diffusional component and shear one of transformation mainly operate at the
cooling rates in the first and third regions, respectively. At the cooling rates in the second region, both

components operate competitively during cooling.

"Key words : titanium alloy; phase transformation; cooling rate; hardness; martensite;

stacking fault; diffusion ; shear.
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Table 1. Compositions of alloys used (mass%).
Al A% Sn Fe Cu [¢] C N H
Ti-6A1-4V 6.24 4,03 — 0.16 — 0.18 0.006 0.006 0.0015
Ti-6A1-6V-2Sn 5.62 5.36 2.02 0.68 0.68 0.16 0.008 0.006 0.0010
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Fig. 1. Effect of cooling rates on hardness at

room temperature in £ treated Ti-6Al-4V and
Ti-6A1-6V-2Sn.
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3:3-1 Ti-6Al-4V

Photo. 3 & Ti-6Al-4V % 300°C/s T=Ein ¥ THHIL
-3k TEM HiTH 5. K& HF Photo. 3 a) IZ7R
T %5 ZRS L — MEET, 71— FRIZEERE B
b % CEE s 7 (Photo. 3 b)). T, —&
IR £ 72 3R KRB & b n A Bl s h e
A5, KE i Photo. 3¢) WRT & 9 %4 B8 B ELALALER
THho. Fig. 2135 2K 7V — 2 #kr L T EDS 4
AT R THAH. 7L— MEFICIT BHEREL

Photo. 1. Optical micrograph of Ti-6Al1-4V
cooled from 1050°C to room temperature at the
cooling rate of 10°C/s. a GB and F. L. mean grain
boundary @ and fine lamellar structure, respectively.

THETHDH VR Fe pigfbL, #i2 a HEFILILET
b5 Al BAELLLTEY, KEETIH 300°C/s BED
GHIEETEHR T TAR L THLEEERIIA % ) OHLEL
REebho T,

Photo. 4 i+ 10°C/s DB EIFHE CTHEIR T CHEL 2K
¥ TEM flii<d 5. HFHMBHE (Photo. 1) i

Photo. 2. Optical micrographs of Ti-6A1-6V-2Sn
cooled from 1000°C at the cooling rate of 0.1°C/s
to a) 800°C (followed by helium gas quenching),
b) room temperature.

a) Lath type of microstructure b) Dark field image of retained £ phase between lath plates c¢) Dislocated plate

Photo. 3. TEM micrographs of Ti-6Al-4V cooled from 1050°C at the cooling rate of 300°C/s.
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T Fig. 2. EDS analysis for the same specimen as
1 shown in Photo. 3. Analyzed points are _along
/ )—o 56~8.1 A /A/AFe the line from A to B in the photo. C(Al), C(V),
A C(Fe_ _A__ / \ o/ ————cTFe) (Fe) represent the nominal compositions of
0= 4 4 4 >y QA |'3 Al, V, Fe respectively.
Tum

a)Grain boungary a (@ GB) and fine lamellar structure (F. L.) shown in Photo. 1 b)The inner area of prior 2 grain
Photo. 4. TEM micrographs of Ti-6Al-4V cooled from 1050°C at the cooling rate of
10°C/s to room temperature.

Photo. 5. Staking faults in the same specimen as shown in Photo. 4. b) and _c) are taken with the
diffracting vectors indicated in the photos, showing weak contrast with g=1120. The beam direc-
tion is [1101].
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Photo. 6. TEM micrograph of Ti-6Al1-4V cooled
from 1050°C at the cooling rate of 4°C/s.

3:3-2 Ti-6Al-6V-2Sn
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a) Acicular type of microstructure b) Micro-twin or staking fault formed inside the acicular plate (Beam direction is <1120>
hep or <100>orthorhombic) c¢) Secondary twining in the plate

Photo. 7.

TEM micrographs of Ti-6A1-6V-2Sn cooled from 1000°C at the cooling rate of 300 C/s
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Photo. 8. "
shown in Photo. 7.

Concentration / %

ClFe) — 7930 HCW = 76~1.24
Fe C(Fe) c(cuw)

Photo. 9. TEM micrograph of Ti-6Al-6V-2Sn
cooled from 1000°C at the cooling rate of 10°C/s.
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(orthorhombic) plates with (1_11) twining relationship in the same specimen as
The beam direction is [110].

Fig. 3. EDS analysis for the same specimen as
shown in Photo. 7. Analyzed points are along
the line from A to B in the photo. C(Al), C(V),
C (Sn), C (Fe), C (Cu) represent the nominal
compositions of Al, V, Sn, Fe, Cu, respectively.
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10°C/s & HI# & [AHE T H - 72 (Photo. 9)¥. L7275
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WKLo TEZ2DEBICHETE S, Fig 4 3B REE &
GHEEOMBLYERMIIR LN TH S, 1
(I) i1, HERBEECHTL2H5HEEKRFEOAS W
B % 3 & fE $E 8 ¢, Ti-6Al-4V Tix 10°C/s LT,
Ti-6A1-6V-2Sn Tid 4°C/s LNF DG HIEE BB A h
WCHHT S, F2mE (1) 3, RiREE OGHIEEK
FHEATK & W T, Ti-6A1-4V Tit 10~300°C/s (%
BwikZznlll), Ti-6A1-6V-2Sn Tid 4~20°C/s #*
SHhICHS TS, £LCEIERE (M) &, —EBEME
T S LR T, Ti-6A1-6V-2Sn Tl 20°C/s
DEDZOHEBICHLT S, GHEEOLRICE bR -
THENE 2AEE L LT, Bl i, &
fh, BRI CHBRBEED LRBITTL— A
WCHEBAICEE L. V2 ED BHRRENTEICL HE
BRI ENEZOND Y, ThbRRVTRHEHIFC
HABEREST 7R B HEFICHEECRBAHET
A, LIhoT, BIRFEHEOGHEEREEIC I
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Fig. 4. Schematic representation of the relation-
ship between hardness at room temperature,
ratio of shear and diffusional components in
transformation, and cooling rates from S region
in e+ A titanium alloys.
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(Photo. 9), MBABWRELLE LTS, $/2, BHoHh
CHHBEBERMECTCHHHR «c HAEED SR B
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» B 300°C/s i¥, Ti-6Al-4V T34 2 #His, Ti-6Al-
6V-2Sn TIL% 3EIRKICH D, Ti-6A1-6V-2Sn it 100%
CAMBERICEIATNT V44 FERTH S5, Ti-
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TN F oA NERET D, 2Dk &, Ti-6Al1-4V i
EEEEMNYEC T AR T L — MR (¢ £721F a)

RIS TH B, Ti-6A1-6V-2Sn 1B, < G K g
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- (2" Ti-6Al-4V % 10~20°C/s THHIL 730k 1,
EbLDOTEROERB R ERT 5.
(3)&AMIEEER S & IR G 5 A+
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B O&EAIE U CHEEEFE Y =2 10K TE 5.
WA < BEA T A 5 2 JEUCIE, FiREEOGHE
ERGUIKELBHEED LRIZE D R - THEZS
BICE A, 300°C/s OHEIHEREE, Ti-6A1-4V T
8 2 fEHIN, Ti-6Al-6V-2Sn Tid i 100% < V7 >
YA MERETAELEETH S.
(4)Ti-6A1-6V-2Sn 2 1f&%G T A &, WHPIZH A F
TL—b a{AHRR e AL GMTHAHELNH S,
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