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Effect of Degree of Cold Working and Aging Temperatures on
Mechanical Properties of Aged Ti-13V-11Cr-3Al Alloy

Makio GUNJI, Kouji KITANO, Naotake NTWA and Kunio ITO

Synopsis :

This study deals with the effects of cold work and aging after solution treatment on the mechanical prop-
erties of Ti-13V-11Cr-3Al alloy in order to get better strength ductility relationship through varying
the state of alpha phase precipitation. The alloy was cold worked with 30%,-909%, reduction and aged
at temperatures of 600 K-750 K. Specimens were then tensile tested at room temperature and their mi-

crostructures and fracture surfaces were observed.

Strength has increased with increasing the degree of cold working, while ductility has decreased. The
ductility has, however, also been improved by cold working in the sense that the ductility of more cold work-
ed specimens is superior to that of less cold worked ones, when compared at the same'strength level. Low-
er aging temperatures have yielded better strength and ductility combination than higher ones. The varia-
tion in the mechanical properties is explained by the change of alpha phase precipitation from the pre-
ferential one on the grain boundaries in the solution treated and aged specimens, to uniform one in the

matrix in the cold worked and aged specimens.

Cold work improves the mechanical properties, but it accelerates precipitation of TiCr, in aging.

1% B

B HFx vadix, BHRERECHHMIECERS
T EH L ROBR HE 2 A+ CREEETE LA
BEEYFOT S, Mz TRHAEBEXHT LR L) a
HAHHL, 52 VASDOEHTEREDREYE L &
ENRTEBY, ZnXshinbkitforx vE44
ELTHEEIRTWA.

IRE AR D REL RV R0 BT D B R D IR B R S 1 i <
HKEL, Thedin Ll TERIEE S REIELT5.
B # Ti-13V-11Cr-3Al1 §4&u3, BEEEKRE T
HE a FEPNFCERICHHL, KGOETEED
CEREDEINID D S OORABEENELS X 5/ h
FEMNELLIETTEH I EMNMBR T B2,

AWRTILZ DEEITONT, BEICHEESEIT 2 M
ZTHDESTHI LT LY o HOWHREEE X T

BEEETZHETLCEANE LT, BROEECK
TR TR & R 2T BE o B R OV TR .

2. R B K &

BrEXpr oM R Table 1 2R3, MBI, Wi
BEBAT7 - 2781 v =2, b Xy 135K C8BE L
BHBEM THD. HEME 7 v 2y AgT 1175
K, 7.2ks ¥, 220 L CBEAEERE LicbDr e —
#Y) —A=—v 2 X b 15-90% OBEMTEMX -
Ih bR T 600 K-800K, 3.6ks-1 Ms o f53)
L TRBE L.

CHBDRBHCDNWT Y 4 oy 7 —AFEIEREL, 5]
RAE, HREE BEER WiEoMNmeE, X&
EIff #4727, FIEEREBIL, 1 v A+ e vEORBES
v, EET7ex~, FBEEE 8.3x10-3mm/s ¢
Tot. BIEERBRA OWRE Fig. 1 i,

Table 1. Chemical composition of Ti-13V-11Cr-3Al alloy used.

Element Ti v Cr Al

Fe O C - N H

wt% bal. 13.68 10. 58 3.03

0.17 0. 166 0.013 0.011 0. 0020

WFn 60 4£8 A 12 HEZA (Received Aug. 12, 1985)
* WKk ¥A%RBE (Graduate School, The University of Tokyo, 2-11-16 Yayoi Bunkyo-ku, Tokyo 113)
*2 EE RS ARYRE (Bl BE$KZE (KR)) (Graduate School, The University of Tokyo, Now Nippon

Mining Company)

*3 gpr ke TaE T8 (Faculty of Engineering, The University of Tokyo)
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Fig. 1. Dimension of tensile specimens. (in mm)
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Fig. 2. Effect of reduction of cold working on
age hardening characteristics.
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Fig. 3. Variation of ultimate tensile strength (GPa)
and 0.29, proof stress(GPa) with aging at 700 K
as influenced by reductions of cold working.

GOF 17
aged at 700K no Reda- Eb-
o 30% Red—0— —B—
RN 50% Red—v— —v—

S 80°% Red —0— —e—

RA.EL. / %

310 30 100
Aging Time / ks
Fig. 4. Variation of reduction of area(%;) and

elongation (%) with aging at 700 K as influenced
by reductions of cold working.
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Fig. 5. Re-plot of the data in Fig.’s 3 and 4
as relation between reduction of area (%) and
ultimate tensile strength (GPa).
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Fig. 6. Age hardening characteristics of Ti-13V-
11Cr-3Al alloy cold worked 909 reduction.
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Fig. 7. Variation of ultimate tensile strength (GPa)
and 0.29; proof stress (GPa) of the specimen
cold worked 909, reduction as influenced by aging
temperatures and time.
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Fig. 8. Effect of aging temperature and time on
reduction of area (%) of the same specimens as
Fig. 7.
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Fig. 9. Effect of aging temperature and time on
elongation (%) of the same specimens as Fig. 7.
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Fig. 10. Re-plot of the data in Fig.’s 7 and 8 as
relation between reduction of area (%) and ulti-
mate tensile strength (GPa).
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Fig. 11. Relation between reduction of area(%,)
and ultimate tensile strength(GPa) as influenced
by reductions of cold-work(30%, 509 and 909;)
and aging temperatures (600K, 650K, 700K and
750K) .
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a) Solution treated and aged for 360 ks at 700 K. b) Cold worked 30% reduction for 20 ks at 700 K.
c) Cold worked 80% reduction and aged for 20 ks at 700 K.

Photo. 1. Structures of Ti-13V-11Cr-3Al alloy.
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a) Solution treated and aged for 200 ks at 700 K
b) Cold worked 30% reduction and aged for 100
ks at 700K.

Photo. 2. Microstructures of Ti-13V-
11Cr-3Al alloy.

a) Cold worked 30% reduction and aged for 100
ks at 700K.
b) Cold worked 80% reduction and aged for 100
ks at 700K,

Photo. 3. Longitudinal sections of
fractured specimens.
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Photo. 5. Longitudinal section of the specimen
cold worked 909, reduction and aged for 300
ks at 650K imaged by (201) @ diffraction.
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a) The same specimen as Photo. 3(a).
b) The same specimen as Photo. 3(b).

Photo. 4. Scanning electron micro-
graphs of fracture surfaces.
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Fig. 12. Variation of g-phase lattice parameter

of the specimen cold-worked 809, reduction with

aging. Jll TiCr, was detected.
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Fig. 13. Relation between 0.29, proof stress
(GPa) and mass fraction of S-phase (%) of
the specimens cold-worked 909, reduction and

aged.
30,
aged at 750K @
700K A
220 ook & T
° No Aged V
-~
210 )N‘ _
\.~-
A
0
100 90

3 / mass®b

Fig. 14. Relation between reduction of area (%)
and mass fraction of B-phase(%) of the same
specimens as Fig. 12.
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a) Cold worked 90% reduction and aged for 600ks
at 600K. '

b) Cold worked 90% reduction and aged ror 399ks
at 700K.

Photo. 6. Scanning electron micrographs
of fracture surfaces.
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