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Development of Ti-Al-Fe Based Titanium Alloy Super-TIX®51AF Hot Rolled Strip Products

1. #&

Ik i
Akira KAWAKAMI

B OF F #
Hideki FUJII

#w 2

1) HEMIHESEY, 2) IWEAMEEEESEHI B, 3) AR TOICIIVEIREDI B, Z&h 5,
Rk, SBREa+LEFLELOHRBELEX M) v TGRS SN TE /-, L L, Fe ZED%Af
AATREERA L -558% a + BA 2 Super-TIX®51AF (Ti-5AI-1Fe) (CH W T, ZHEELESRMEX O M
B, BMBEEEHERFL, ChoRBEERRTIBFELMES SUEEEEERHE L, BEELEI N v
THRERRE L2, HEE2ORFLEHBMIMEZELTEHIL, BEEAELOSRICMATSZ &I
&), SKRRHRMELEI LT N REOREELER )y TOBENRIEEE K o /oo —AREEEIEIC
£4), atf (hep #E:&) ODERPIRIBAEICETE L -EAHKE (Transverse-texture) PFE L, REIAH
BEMEAMEIIERCEZY, OBABEELLTZZETIhEREML, ERETEOLEWES ZHERL =
BIZ, REFARRESESETHY, ABTOIMILERIMY, BRUEET2TH-. 515, ERE
AL+ LR E(LBANIBIC & 2 ZEREHAMIB AT 2 &IC LY, IMEAMEEEEAMIEREMINS &
HIZ, SHICRIFHEBE—IEM/NT X EERL 7

Abstract

It has been conventionally considered to be difficult to produce high strength a+f type titanium
alloy hot rolled strip products due to 1) high strength and low ductility during hot rolling, 2) strong
in-plane anisotropy in mechanical properties in the final products, 3) necessity of careful handling
in recoiling, coiling, etc. However, hot rolled strip products of Super-TIX®51AF (Ti-5Al-1Fe) , that
is a high strength a+f type titanium alloy consisting of inexpensive alloying elements, such as iron,
have been developed by optimizing hot rolling conditions, oxygen content and heat treatment
conditions to solve these problems. In addition to superior hot-workability of this alloy, reheating
the alloy at elevated temperature higher than its f-Transus enables us to manufacture hot rolled
strip products whose weight amount to several metric tons in a production hot rolling mill for steel
products. Although in-plane anisotropy in mechanical properties of uni-directionally hot rolled
sheet is enhanced due to development of hot rolling texture (Transverse-texture), in which c-axis
of hep a phase is accumulated in the width direction of the sheet, in-plane anisotropy was relaxed
and sufficient ductility was maintained by optimizing oxygen content. The strip products can be
smoothly coiled and recoiled at around room temperature since ductility in the longitudinal direc-
tion of the strip is considerably high. Moreover, in-plane anisotropy in mechanical properties was
relaxed and superior strength-ductility balance was obtained by 2-step heat treatment, including
solution treatment at high temperature in the a+f region, followed by stabilizing heat treatment.
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Ti-5Al-1Fe-0.160 (4.0mm in thickness), hot rolling reduction:
96%, RHT: (a) 950°C, (b) 1050°C
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(@) TS: 53Ri&E, (b) T-EL : £, L-direction:
L AME, T-direction: T AM, JIS13B ® 1/2 <&
BRE{EH (IE45R8EE  25mm, 18 6.3mm, RE:
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Effects of oxygen content on tensile properties of as hot
rolled sheets

(a) TS: Tensile strength, (b) T-EL: Total elongation,
L-direction: Longitudinal direction, T-direction: Transverse
direction, JIS 13B half size test specimen was used. (gauge
length: 25mm, gauge width: 6.3mm, thickness: 3.9mm)
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(0002) pole figures of as hot rolled sheets
(a) 0.26% oxygen added, (b) 0.36% oxygen added (mass%),
RD: Rolling direction, TD: Transverse direction
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Hot strip product of Super-TIX®51AF manufactured at a

production mill

3.9mm in thickness X 835mm in width, manufactured from

3.7ton ingot

<, My %, BNBIENZR L7z, 72,
FHETOIAIVBR LB OB, I A VEERMEDS BT
Tholze BE2IZ, FEHILE L 72 Super-TIX®S1AF ZUE
ANy TOERIRT BUEIL, FERBIEINVZIHEHL T
BN B4 VEGORE LT TV 5,

— A EERIEM OIREAM B 4FEE 1S

Ti-5Al-1Fe % g HAHBUZNEA L C—HMBIET 2 &,
LICR L 72 X918, R AM B35 2% b
UL, 2R L2 E 91T, Ti-5Al-1Fe & — J7 M 2L
THIEIZLY, T-texture BFIEL 72720 TH D, 2D
T-texture 5633 |22 K9 2 AT BT B R 52 07 14 2 AR5~ %
JHEE LT, BAMEEITHEDOAT a iz @il L7z a+ B
GE&TH5H Ti-Fe-0 F o+ pEIEGETIIZ OO SEDIRE
ST,

—ol%, WHELE (DUT, W) TTHEZ Super-TIX®800
(Ti-1Fe-0.350) T, WHEHRZ @ LTl s 2 &1
L0, T-texture DERGHIEREELR S, Split-TD ¥
1 7 @ B(Basal)-texture (a #H? (0001) 23K O 32 75 1)
5 30~ 35° FEEERE G IS L2 F IR, T
(12 14)[10 10]) & FRe3 Fhr & 3 % Fff Skl 2 A5 & 4,
BESLRE & RIS, COFMRHESHME B EILLHE
THb 7 b9H—2lL, WIEDHEEEZ Super-TIX*1000 (Ti-
1.5Fe-0.50-0.05N) T, “ExRE¥HLIL (i o + g AL
ALFE (ST : solution treatment) + 245 + IR o + f 12 E L
W) 2479 7Ot A THD 9 —FFMEIENIZ p2ERER
LT T ST 1T 721%, #YZRIRE CLE/LLHEEIT) &,
T HIAIOMEPEASTEE S, ATE N O BRI 7 T
T5ho ZAUL, STHRZENTLIHLELZEEHTIHE, T
Y AR R T AR o £2d o VTV
HA MSER L, T-texture DERS HNEET LU o H
DFENFIOHLNLDHTH b,

3.

ooH 8 E & #Ht 3965 (2013)



Ti-Al-Fe :F % > &% Super-TIX"51AF #EEEX b v TORH

Ti-5Al-1Fe

1
L
a
2038
[-=%
S
2 s
g 0.6
3 /A/
-
&= 0.4 —--0.160
%)
5 —-0.260
<= 0.2 —
S A ~4-0.360

, e —

900 925 950 975 1000 1025 1050
Temperature / C

X3 Ti-5Al-1Fe O BERRICRITTEE, O ENFE
ThermoCalc™ (IC L 2ETE#ER, 0.160 : 0.16%0 ZHNH1,
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Effects of temperature and oxygen content on volume
fraction of B phase in Ti-5Al-1Fe
Calculated by ThermoCalc™, 0.160: 0.16% oxygen added,
0.260: 0.26% oxygen added, 0.360: 0.36% oxygen added
(mass%)
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Optical micrographs of 2 step heat treated sheets in the

longitudinal cross section

(a) 0.16% oxygen added, (b) 0.26% oxygen added, (c)

0.36% oxygen added (mass%), RD: Rolling direction
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Effects of oxygen content on tensile properties of 2-step
heat treated sheets

(a) TS: tensile strength, (b) T-EL: total elongation, As HR:
as hot rolled, 2step HT: 2step heat treated, JIS 13B half
size specimen was used. (gauge length: 25mm, gauge
width: 6.3mm, thickness: 3.8 mm)
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Effects of oxygen content on strength-ductility relationship
of Ti-5Al-1Fe as hot rolled sheets and 2-step heat treated
sheets
(a) L-direction: Longitudinal direction, (b) T-direction:
Transverse direction, TS: Tensile strength, T-EL: Total
elongation, 0.160: 0.16% oxygen added, 0.260: 0.26%
oxygen added, 0.360: 0.36% oxygen added (mass%),
JIS13B half size specimen was used. (gauge length:
25mm, width: 6.3mm, thickness: 3.9mm(as hot rolled),
3.8mm(2 step heat treated))
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Effects of oxygen content on volume fraction of 8 phase at
solution treatment temperature and chemical composition of
alloying elements in a and 8 phase

Calculated by Thermo Calc™, 0.160: 0.16% oxygen added,
0.260: 0.26% oxygen added, 0.360: 0.36% oxygen added

(mass%) A

V. of | mass% in a phase | mass% in S phase
ST temp. ;
No- | ey [APhase gl ke | 0 | AT Fe
(%)
0.160 | 975 71.1 {0.340| 5.81 [0.016]0.099 | 4.73 | 1.33
0.260 | 1000 79.5 10.575] 574 10.013|0.175| 4.80 | 1.27
0.360 | 1025 83.9 10.810| 5.65 | 0.011 |0.256| 4.85 | 1.23
ST: Solution treatment. V: Volume fraction
ooH % & Bo# 3965 (2013)
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(0002) pole figures of 2-step heat treated sheets
(a) 0.26% oxygen added, (b) 0.36% oxygen added (mass%)
RD: Rolling direction, TD: Transverse direction
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Orientation image maps of 2-step heat treated sheets
(a@) 0.26% oxygen added, (b) 0.36% oxygen added (mass%),
RD: Rolling direction
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heat treated sheets

(a) 0.26% oxygen added, (b) 0.36% oxygen added (mass%)
RD: Rolling direction
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