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FEATURE : The 50th Anniversary of Titanium Development
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Process Engineering of 3 Titanium Alloy Strips

Dr. Hideto Oyamall Shinya Muranakal Yoshikatsu Tsumori

All B titanium alloys can be cold formedCMechanical properties after cold-forming and subsequent aging
are important[Grains coarser than about 35y m usually cause embrittlement. This tendency is common in
Ti-Mo and Ti-V 3 alloys. Therefore, recrystallized grain refinement is required to manufacture these types
of titanium alloys. Recrystallized micro structure can be made to be fine-grained by estimating grain

growth during continuous annealing.

ooooopOoOoOOOOOOOOOCOOOOpBOOO
gobobodotdeO0OO0OOO0D0OOO0OOOOOOOOOO
gooboooooooooobooooboboooooooo
gooboooooooooobooooboboooooooo
oooooooooocooo

OO0O0OpOO0OO0OO0O0O0ODO Ti-15v-3Cr-3Sn-3AI 0 O
gooboooooooooobooooboboooooooo
gooboooooooooobooooboboooooooo
00oo0ooooooooooo™pooooooo
pOOO0O0OOCOOO0OO0OCOO0OOO0OO0ODOOODOOOOOO
ooooopoOoOoOoOoOOOOOOOCOOOOOOOO
oooopoOOoOoOOoOOOOOOOCOOObOOOOO
gooboooooooooooooboboooooooo
goobooooooocoooo MmoOOooOOooooOOoO
O0000p 00 Ti-15Mo5Zr-3Al0 00000000
gooboooooooooooooboboooooooo
O0000Ti-15Mo-5Zr-3AI0 00000000000
opoOoOoOooOoOoOoOOOOOOCbOOObOOObOO
O0000000Ti-15v-3Cr-3Sn-3AI0 000000
cbooooobooboooooooboooooo
Ti-16V-4Sn-3AINb 0 000000000 COOO0OO
oo

1000000000000g 0ooooog®

Ti-15v-3Cr-3Sn3Al0 000000000 O0O0O0O
coooooboooboobooobbaooonOO
oooooOooOoooOoopOoO0OOOOOOOODbDOOn
gooboooooooooobooooboboooooooo
OO0 oroz230ooodoborgooooaonogn
dAra MOROO00O00O0MO01.986 cal/moldegtd O O O

AT D C"eXQ O O/RTD. oo 010

000000 cDo.80x 10°y mO»0 0.240 QO 1.50x 10
ca/mol0 0 00T 00000 sO0D0O0O0ODODOO
O00008wmiODOOODOOODOOOOpROOOO
0000000000000000000000000
000 2umO000

01000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000ROO0O0O00000
00:M000R000D0000ON000O0O MM
0000A(0000004,0000 4000000
00000000000000 7070273000000 1C0
00000004, 000000 M4,00 M40
0000000000000000000000000

Udb00000000000000000DOOC0DO0O0

pOOooOoobodOormoooooooooooon
ooopoOooooooOo«00O0O0OO0O00O0DOOO
goop(moooboooobooooboooogn
goboooooooobooooooooo

OCO01mmO0000000O0O000000 200 00
b r,obooooobooooob (0000000
U0 Mmoo esmogoood

T1 (11 200) 7,Cex@ O OCD58tI Ty .o 020

D(1)

D(1)
D(tin1)

Grain Size

D(13)

D(r;)

D(1,)

h o L 13 tipy i ImO It
Time
010 00000000000000000000000000

Fig. 1 Model for estimating recrystallized grain size during
continuous annealing
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Fig. 2 Estimation of recrystallized grain size after continuous an-
nealing in terms of furnace temperature and passing-period
for Ti-15V-3Cr-3Sn-3Al
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Fig. 3 Relationships between recrystallized grain size and holding
time during isothermal annealing for Ti-15Mo-5Zr-3Al
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Fig. 4 Relationships between recrystallized grain size and in-
verse of annealing temperature for isochronal annealing
for Ti-15Mo-5Zr-3Al
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Fig. 5 Correlation of formulated grain size with measured grain
size for Ti-15Mo-5Zr-3Al
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Fig. 6 Estimation of recrystallized grain size after continuous
annealing in terms of furnace temperature and passing-
period for Ti-15Mo-5Zr-3Al

180 T T T T T T
e STO 50 Cold Worked 50000, 8h Aged
§ 160 ° @ Tensile Strength b
_5? [ ]
O [ORUSE Yleld Strength
O 140 b
'% ¢ o Aeeeees Elongation
§ (@]
» 120 ]
2 o)
(%2}
o
e 00
< 1
3 s
2
~  sof .
o 20 B
|
O
2  1of i
2
5 A
S A A
o
o 0

1 1 1 1 1 1

0] 20 40 60 80 100 120 140
Meanf Grain Size O p m

070 Ti-l5Mo5Zr-3Al0 0050 000D OOOODOOOO
goopoOooodg

Fig. 7 Tensile properties of 50 cold-rolled and aged Ti-15Mo-5
Zr-3Al materials in terms off3 grain size
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Photo 1 Sectional microstructure adjacent to frecture sur-
face of tensile specimen
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Fig. 8 Tensile properties of Ti-15V-3Cr-3Sn-3Al after 50 cold draw-
ing and aging at 5400 for 8 hours in terms off} grain size
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Fig. 9 Tensile properties of Ti-16V-4Sn-3Al-3Nb after 50 cold
drawing and aging at 54000 for 8 hours in terms off3
grain size
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