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Decrease of the Strength due to Delayed Quenching in Ti-6% Al-4%V
Alloy and Its Mechanism

Hiroyoshi SUENAGA and Chiaki OucHi

Synopsis :

The effect of delayed quenching on the strength of Ti~6%Al-4%V alloy was studied, and the mech-
anism of strength deterioration with delay time of quenching was investigated based on the quantitative
analysis of the microstructural changes. The marked reduction of strength with delay time was a phe-
nomenon peculiar to heat treatment in «-+f two phase region, and its susceptibility depended on the
chemical composition of the alloy. The microstructural changes taken place with the extension of delay
time of quenching were coarsening of primary « phase, formation of acicular « phase in g phase matrix,
and lateral coarsening and the increase of the number of acicular « phase, in turn. These microstructural
changes were very similar to variations in the quenched microstructure due to the mass effect of quench-
ing in this alloy. The strength after aging in the delayed quenched plates could be analyzed with an
excellent accuracy by the mixed law of two phase structures which was taken account of grain size in
primary « phase. The susceptibility of delayed quenching was controlled by stability of § phase at the
reheating temperature of quenching, that is, by the increase of the content of B-stabilizing elements

such as V.
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Table 1. Chemical compositions of alloys used

(wtog) .

Al v Fe O C N H Ti

No.A [6.50 | 4.20 | 0.28 | 0.14 |0.004 | 0.0139 | 0.0037 | Bal.

No.B [6.46 | 4.28 | 0.31 | 0.19 [0.004 | 0.0080 | 0.0032 | Bal.
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Fig. 1. Effect of reheating temperature of quen-
ching on tensile properties in No. A alloy plate.
Delay time of quenching is 2s.
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Fig. 2. Effect of delay time of quenching on
tensile properties in No. A alloy plate.
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Fig. 3. Effect of delay time of quenching on
tensile properties in No. B alloy plate.
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Fig. 4. Hardenability variations with the changes
of diameter and delay time of quenching in round
bar specimens of No. A alloy.
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Photo. 1. Changes of as-quenched microstructures with delay time of quenching in No. A alloy
plate. Delay time is 2s, for (a) and (d) 5s, for (b) and (e), and 30s, for (c) and (f).
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Fig. 5. Change of grain size in primary a phase
and its volume fraction with delay time of quen-
ching.
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Fig. 6. Changes of microhardness in primary
a phase and g transformed product after aging
with delay time of quenching.
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Photo. 2. Changes of as-quenched microstructure in the center location with bar diameter
in No. A alloy, (a) : 15¢mm (b) : 25¢mm (c) : 33¢mm.
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Fig. 7. Effect of delay time of quenching on
tensile properties of No. A alloy plate.
Reheating was conducted at 1050°C 1h.

BICREAN LB O5 RSN T, AN EReRT
BEANBBEREN LN L, TXT § BWEA
NTHDH, BEAHEBL o/ =15 V91 FEETHS.
Fig. 2 L oxlts b, 8 BMEANTIX BIEC X 3%
BETHREALTHB L, F-BHEOSERIEMRIIEE
AR Z 57, ok, B ARIA B MR
WO RENBETHE - L R HER L.

AN BEIFEANBBREDCET 2> 2, oM
EETIEANNAEE BELCRE) OETOBED
FhéEAMCRERRZEt5. Thob b, HER
primary a gt a’ <=7 vy A b O ZFEEKDOL &
T, KOKOOGEELRE EE) OFicES\T
BREEEN LT Ty 59, BHELREN 955°C »» b
910°C ¥ C{E T35 &, primary a EOGFERIL 37%
e 52% ¥ CHIM, rhexditL < a’ = A7 v g
FEIBATS. Chie L TRARBEDHEDHEA

— 135 —



136 % &

# 72 % (1986) % 1=

MR, BIERMAE B2 T, (1) primary «
mONEOR KL, (=) B 8 SFTOMMER a &
DER, (~) iR a BoIBRILE FDEREM, DIE
TERTS. BEOHORAOAHEBECE IS RER
Ty, BFRETCOFHCEIDT a X ERTS
B IHMERT 55, BEDOFM T primary a o
BRI X ) ZhER IR S, X HICBERMBAEL
b &, a GONRELTTIRBRLL kb, B &
ISP a @R L, & a BOGEEOHMIS AT
5. BED B BXFOBOEBAETLY) = AT VAL
FRETB. X 5 BIEC A S AT ERSRT
ESBEAHBORLEFAKTHY, BAKBEC LS
HMEETIMEERICEKETIHARCERE S h T
5.

BERAM BIT A HE LT, BARBERIMNENEL S
BT ERR U, (B3RS BT BIXARKE LT
B REITLETHS Fe, V 23%<, ¥ a BEMLT
ROODERFELE. L LEED BERZTHI, «
+ B BInBERCEENC OB L B b © bR
5989 it B MORERIC LY ZRIhTW5
LEZBhS, 22T 955°C w 1.5h m#vg, 2s L)
e s AR LicREEH % V-, primary a & o’ <
AFvHA4+ (B B &) oK% SEM ZfE L
EDX 1= X h EEBHH Liz. Table 2 iR+ X5, #
AMBIZACHKLT 8 AhFOVEL Fe 82340,
Tiebb, BHIX B SOREMNRIVEL, BEANRE
ERZEIMENZ EXBEMFT TV 5.

4.2 TREAEMEAREOBRK

BHLRERBEANBIEC S FEANL T ¥ OREZR{L
1, WThoBA L IRBHBRCLHERIh, AR
¥ ¥ L BRSO B HRE DK & e EIREED bvieh
“>7=. Photo. 3 (a), (b) XELERAM A D FEANEER
Bl 5s DBEDORDOED, FEANE ¥ ROBRIEOHIE
TEM BE425RT. « = L7 VL IREZREEEN
B4FR a BoWRPy 4 At (a), (b) TEXIR
BDBRINA, AT VA b HICRD TR 8
R LTWA EEX BB, 20 LI XREY

Table 2. Chemical compositions of a and g
phases at 995°C (wt2%).
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Photo. 3. TEM observations of as-quenched (a)
and aged (b) microstructure with delay time of
5s, for quenching in No. A alloy plate.
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Fig. 8. Correlation of measured and caluculated
yield strength after aging.

20

YS=0_32HV_7,7 .............................. (2)
Fig. 6 R L BIERRIC AL > &4 o EELE (2)
- X b BEREmEE L, Fig. 5 /R % primary
a BORRLGEERCEOBRETHS B LEERY
OEEZEEL L, (DRI VBEREELBEH I h
5. $:RH A, B O£ BERMTOIEMELE, Fig. 2,
Fig. 3 1o Lo B HIRREE OMHBIRIR % Fig. 8 1r
T. A, B #0BALIFHEOHCBVW—BABELRT
B b, BANEEMOWIROME L, MELYERLL
THESRATEERL> B EERLTWS, TibbEk
AFGBERR A 5 BEE T, EEREIEVEER
% primary a FhONEFEHKRMC I VAT, &b REH
OBERFFTORBBABEETIE, L LTEHRK a H
A= AT VA r HOlk{b L primary a 45T
ZOBEMOBEHRC IV AU TS LERTES.

5. # =

Ti-6%Al-4%V &4 TOHRBLE st B A
FUBIERS I A > ME LA BRE L, UToEENES
.

(1) BEARBIEC X 5HREETIE, AE8&DLFR
HEEKREL, THRMBEEO B SOBARMIE
WA I B0 O BIERS B CRE S R T 28 4 U A
», HEOETIXHEK 20 kgf/mm? §iEc R 5.

(2) BEAKEBIERRN 2 fE5 HEEA /LY primary «a
ROREE AL, 8 RBTOHR « BOER, b

ik a BoIEXR{EE BRI, DIRTAETS. EiBO
B ENIBEANET o =T YA Y EREAYE LS D
w, BEAREBIIHEKIL LT primary a fi& MR a &
BELE=RAT VA P OBRSHBZ L k.

(3) ToX5hBEANRBECH S BEARAGOEL
WEEHRCESHBEMLFAETHD, BEAREE
BZHR T HRBAECORAR S YRO—BTFEEL
bhs.,

(4) BECH> BAREBOBIIRSHEBICE £ D
¥ ¥R INh D, Bk ORI, primary @ dhl
Ik @ REEGALEZALT VA b b RS SHEAH
L LTHR DTS ZLickb, primary a GhONELE
Bl HESNC XV BETES,

(5) BARBERZHIZ, —HRNBERFERIC
W5 B fho B REATROEEE, TibbV
BEVHMATAZ LR IVERTES.

AR ERTLCBELT, FUFE, BR—EBEY
BT DK KB IREE Licdd, CRE#HOEY
HLET.

X L

1) R. G. SHERMAN and H. D. KesstEr: Trans.
ASM, 48 (1956), p. 1956

2) Metals Handbooks: ASM, 4 (1981), p. 763

3) Mk B, 22 (1982), p. 100

4) =HEH, WH B, KATHK BKLM 67
(1981), p. 561

5) kxiE%, KWTHK: &M, 71 (1985), S743

6) HHAR, IHEHE—, ANEE: BASBRF R
= 38 (1974), p. 199

7) I. W. HaLL and C. HammonD: Proc. Int.
Conf. on Titanium, 3d (1976), p. 601

8) M. A. ImaN and G. M. GILMORE: Metall.
Trans., 14A (1983), p. 233

9) P. J. Foriano, M. B. Beveir and B. L.
AVERBACH: Trans. ASM, 62 (1969), p. 324

10) J. M. Dupouy, M. B. BEvER and B. L.
AverBacH: Trans. ASM, 52 (1959), p. 222

11) B. L. AverBacH, M. F. COMERFORD and M.
B. BEveEr: Trans. Metall. Soc. AIME, 215
(1959), p. 682

12) mr#w, Mk
p- 307

13) C. OucHi and H. SuenNAcA: Trans. ISIy, 5%
FE

14) BH4H, K\ B, WEzs, £8=8, IR
Ee, KB B gkr@, 59 (1973), p. 96

B A& & B £k, 37(1973),

— 137 —




