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Production of Ti-5A1-2.5Fe Alloys by the Blended Elemental Method with
Microstructural Modification and Their Mechanical Properties

Masuo HAGIWARA, Yoshinari KAIEDA, Yoshikuni KAWABE,
Shin MIURA, Tadao HIRANO and Shunsuke NAGASAKI

Synopsis :

The aim of the present investigation was to produce highly fatigue tolerant P/M Ti-5A1-2.5Fe by the
microstructure-controllable Blended Elemental (BE) method, in which as-sintered preforms are quenched
from the beta phase region prior to HIP’ing. An extra low chlorine titanium powder and a
53.6A1-26.3Fe-21.1Ti master alloy powder were used as starting materials. The microstructure
consisted of fine alpha-beta two phase structure with massive alpha phase at grain boundaries (GB). The
highest fatigue strength at 107 cycles, 60 kgf/mm?, was obtained for the compacts HIP ’ed at 850°C, which
was equal to that reported for Ti-6Al-4V compacts produced by the same method. However, the fatigue
ratio at 10”7 cycles was lower and the scatter of the fatigue data was larger. The examination of the
fatigue crack initiation sites by the precision sectioning method revealed that the lower fatigue life was
related to the fracture along GBa boundary. The fatigue crack initiation sites were always in the
interior of the specimens. Independent of the stress level, the initiation site was located at about the same
depth(100~200 um) below the surface, indicating maximum zone of tensile stress in these regions.

Key words : Ti-5A1-2.5Fe; powder metallurgy; blended elemental method; extra low chlorine powder;

fatigue strength; internal crack initiation; precision sectioning method.
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Fig. 2. Effect of compacting pressure on green
density, sintered density and HIP’ed density for
Ti-5Al1-2.5Fe and Ti-6Al-4V. Sintering was
done at 1250°C for 3.5h and HIP’ing for 3h at
850°C and 1000 atm.
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Fig. 3. Effect of sintering temperature and time
on the sintered density for Ti-5Al-2.5Fe. Green
compacts pressed to 87% density were used.
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a : Ti-5A1-2.5 Fe produced by the conventional BE method HIP temperature =815°C

b : Ti-5A1-2.5 Fe produced by the microstructure-controllable BE method HIP temperature =850°C
¢ : Ti-5A1-2.5 Fe produced by the microstructure-controllable BE method HIP temperature =930°C
d : Ti-6Al-4V produced by the microstructure-controllable BE method HIP temperature =930°C
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Microstructures of Blended Elemental (BE) Ti-5A1-2.5 Fe and Ti-6Al-4V.
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Table 1. Summary of mechanical tests.
0.2%YS UTS El RA 107
(ki /) (kgt/mm?) (%) (3) (5t mm?) o/ UTS
Ti-5A1-2.5Fe
As-P and S 81 87 3 8
P and S+815°C HIP 90 99 18 35 45 0.45
P and S+850°C HIP 95 103 13 31
P and S+HT+815°C HIP 98 106 17 35 56 0.52
P and S+HT+850°C HIP 103 109 18 36 60 0.55
P and S+HT+930°C HIP 93 102 15 25 50 0.49
Ti-6A1-4V
As-Pand S 80 89 10 15
P and S+930°C HIP 85 94 14 36 42 0.45
P and S+HT+930°C HIP 88 97 15 42 60 0.62
HT : Water quenching of sintered preform from the beta phase region P and S : Press and Sinter
(fH1F)=3%, RA(#9h)=8% T, AZERMOI IO g0
Ti-6A1-4V L L~ EREDLS BV DOEMTSH - E 042300
Twa. MGHAESE (850°CHIP #) Tid, 0.2%YS S 80-@“ *—130_ 230
~ 103 kgf/mm?, UTS=109 kef/mm?, EI=18%, RA=36% = Nao
248 & 1, GEREA S (815°C HIP #1J U 850°C HIP #1) §7m' :m1m
LHET A E, 0.2%YS RV UTS & & 10 kgf/mm? & % 60} 2300 o
B BTV b, £ MEHEAS (850°CHIP ) g uo_ ¥
N |
% F—BEEO Ti-6Al-4V & BT 5L, ABEOE € 50F R=0.1 " % o
HAET, UTS id 12kgf/mm? &< % > T 5. ’gf o Smooth axial I'
o 4 1 1
3-2-3 JEITIAER 7
10° 10° 10° 10

BREFEEOETABRER %Y Fig. 4~6 IR, ¢
ka4 (Fig. 4) T, $12 105 @B EDOY A 7 Vi
TEFEHENKEETLTWS, 107 BUIB T HEH
W 45 kef/mm® TH Y, T/ hi UTS THEL
LS MAELE 0.45 T 5. MBHHEENRESE:
T3, 3iREE T HIP MLE L 28BN o W TR R AN
72, 815°C LR WiRE T HIP ME L -0, X i
R E MBS IR VEY A 2 VIEFREOER %
BRI LD THAHA, 80°CHIP # (Fig. 5) & KZE
DEVEERZR L. 850°C HIP #Ci, 10° BT ®
T A7V TIRERE LR UEFEELRL TW525,
10° @A EOBEH 1 2 Mg Tk KIBICHE S 1,
107 B2 B BIEFF A IX 60 kgf/mm® TH Y, T 729K
FE L 0.55 &<, MBI ORI ICE
hTws,. 930°C HIP #f (Fig. 6) <Tif, MvE#kicxd
B LT 4 7 VI THEME K CRESE ORI
BHB T IREED bz,

PLE® X 5 7% Ti-5A1-2.5Fe (CB+ 5 RBROFE R
%, Ti-6A1-4V OFERY ™D L@y 5L, =, =8%
LRSS, 1T, FIHERHEBESIIBVTT—%0
o2& EMN2Z ETHY, Ti-6AI-4V L IZIFFA%E
DEVHELRLTWVWAT— ¥ 555 KHE, B TR
EOF—% HbE8HEHELTCwA,. /2, 850°CHIP #
T 107 [ BT HEFHE E Ti-6A1-4V LRI TH

Cycles to failure

Fig. 4. Smooth fatigue data for Ti-5Al-2.5Fe
produced by the conventional BE method. HIP
temperature = 815°C. Figures attached to each
data point show distance (p,m) of fatigue crack
initiation site from the specimen surface.
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Fig. 5. Smooth fatigue data for Ti-5Al-2.5Fe
produced by the microstructure-controllable
BE method. HIP temperature = 850°C. Figures
attached to each data point show distance (um)
of fatigue crack initiation site from the specimen
surface.
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Fig. 6. Smooth fatigue data for Ti-5Al-2.5Fe
produced by the microstructure-controllable
BE method. HIP temperature = 930°C. Figures
attached to each data point show distance (p.m)
of fatigue crack initiation site from the specimen
surface.
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Photo. 2. Across-colony-shear
initiation in Ti-5Al1-2.5Fe
conventional BE method.
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a : General view b : Fatigue crack initiation face
HIP temperature =850°C Maximum stress=70 kgf/mm? Ny=1.0%106 cycles

Photo. 3. Lenticular e fatigue crack initiation in Ti-5A1-2.5 Fe produced by the

microstructure-controllable BE method.

a : General view of fatigue crack initiation facet and section line

b : SEM image of initiation facet and the plane of the metallographic section

HIP temperature =930°C Maximum stress=68 kgf/mm? Np=5.7X10° cycles
Photo. 4. Grain boundary e fatigue crack initiation in Ti-5Al-2.5Fe produced by ‘the
microstructure-controllable BE method.
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Fig. 7. Frequency distribution of distance of fati-
gue crack initiation site from the specimen surface
for BE Ti-5Al-2.5Fe. A total of 55 specimens

were analysed.
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