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Un des plus anciens et le plus courant

Le TA6V est actuellement l’alliage de titane le plus
largement utilisé, représentant plus de 50 % du tonnage
total des alliages de titane dans le monde

e ’industrie aérospatiale représente plus de 80% de
cette utilisation

e | a deuxieme application la plus du TAGV
concerne le médical (3% du marché)

e 'automobile, la marine et I'industrie chimique
utilisent également de petites quantités de TA6V

! Official U.S. Army News Release (May 17, 1954)
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Pourquoi le plus courant ?

Many alloys have been invented but have never seen significant commercial use.

Ti-6Al-4V alloy is unique in that it combines attractive properties

e with inherent workability (which allows it to be produced in all types of mill products, in both large and small sizes),
e good shop fabricability (which allows the mill products to be made into complex hardware),

e and the production experience and commercial availability that lead to reliable and economic usage.

Consequently, wrought Ti-6Al-4V became the standard alloy against which other alloys must be compared when
selecting a titanium alloy (or custom designing one) for a specific application.

Ti-6Al-4V also is the standard alloy selected for castings that must exhibit superior strength.

[t even has been evaluated in P/M processing.

Ti-6Al-4V will continue to be the most-used titanium alloy for many years in the future.

Donachie Jr
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Propriétés

Concu principalement pour une résistance élevée a des températures faibles a modérées

e résistance spécifique élevée

e une bonne résistance ala corrosion

e stabilité a des températures allant jusqu’a 400°C

Yield
strength

Condition MPa ksi

Mill annealed 945 137

Duplex annealed 917 133

Solution treated 1103 160
and aged

Tensile
Strenpin Elongation at
MPa ksi fracture, %
1069 155 10
965 140 18
1151 167 13

W
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Propriétés en température

TEMPERATURE °F

STRENGTH ksi
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Composition
Grade 5

® cal €[5,5-6,75] %
e cv € [3,5-4,5]%
® co € [800-~2000] ppm
en fonction de 'application
* cn <0,05%
® cre <0,25%

Augmenter les teneursen O et N

e augmente la résistance

Abaisser O, N et Al améliorent

e |a ductilité
e |arésistance a la croissance des fissures

e |a résistance a la corrosion sous contrainte

7145

Grade 23 ELI : Extra-Low Interstitial

e Faibles teneursen O eten Fe

e Propriétés de tolérance aux dommages élevées, en
particulier a des températures cryogéniques

120
2
%E 20 EL| grade ¢ K
3 o Ko
“a
€2 e0-
ol Nomalgrade .
20 5 N
0 100 200 300
Temperature, K
TA6V-Pd

e ~0,2 % Pd pour une meilleure résistance a la corrosion
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Composition

Impurity limits, wt% max

Max others, Alloying elements, wt%(a)
Product specification(s) N C H Fe (0] each or total Al Sn Zr Mo Others
Ti-6A1-4V (UNS R56400)
Typical 0.05 0.10 (b) 0.3 0.2 . 6 4
Alloy Ti-P63 in AECMA standard 0.05 0.08 0.01 0.3 0.2 0.4 total 5.5-6.75 3.54.5V
prEN2530 for bars
Alloy Ti-P63 in AECMA standard 0.05 0.08 0.012 0.3 0.2 0.4 total 5.5-6.75 3.54.5V
prEN2517 for sheet, strip, plate
DIN 17851 (alloy WL3.7165) 0.05 0.08 0.015 0.3 0.2 5.5-6.75 3.54.5V
AMS 4905 (plate) 0.03 0.05 0.0125 0.25 0.12 (c),0.005Y 5.6-6.3 3.64.4V
AMS 4906 (sheet, strip) 0.05 0.08 0.0125 0.30 0.20 0.4 total 5.5-6.75 3.54.5V
AMS 4911 (plate, sheet, strip) 0.05 0.08 0.015 0.30 0.20 (c),0.005Y 5.5-6.75 3.54.5V
AMS 4920, 4928, 4934, and 4967 0.05 0.10 0.0125 0.30 0.20 (c),0.005Y 5.5-6.75 3.54.5V
(rings, forgings, wires)
AMS 4954 (wire) 0.03 0.05 0.015 0.30 0.18 (c),0.005Y 5.5-6.75 3.54.5V
ASTM B 265 (plate, sheet) 0.05 0.10 0.015 0.40 0.20 (c) 5.5-6.75 3.54.5V,
0.12-0.25Pd
ASTM F 467 (nuts) and F 468 (bolts) ~ 0.05 0.10 0.0125 0.40 0.20 (c) 5.5-6.75 3.5-4.5V
Ti-6A1-4V-ELI (UNS R56401)
AMS 4907 and 4930 0.05 0.08 0.0125 0.25 0.13 (c),0.005Y 5.5-6.75 e e e 3.54.5V
AMS 4996 (billet) 0.04 0.10 0.0125 0.30 0.13-0.19 (d) 5.5-6.75 0.1 max 0.1 max 0.1 max 3.54.5V
ASTMF 135 (bar) 0.05 0.08 0.0125 0.25 0.13 5.5-6.75 3.54.5V
ASTM F 467 (nuts) and F 468 (bolts) 0.05 0.10 0.0125 0.40 0.20 5.5-6.75 3.54.5V

—
—
—
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Composition

TIMETAL 6-4 TIMETAL 6-4 ELI TIMETAL 6-4-.1Ru
ASTM Grade 5  ASTM Grade 23 ASTM Grade 29

Mil T-9047 AMS 4981

Min. Max. Min. Max. Min. Max.
Aluminum 5.5 6.75 55 6.5 5.5 6.5
Vanadium 35 4.5 3.5 45 3.5 4.5
Nitrogen — 0.05 —_ 0.03 —_ 0.03
Carbon — 0.08 . 0.08 — 0.08
Oxygen — 0.20 - 0.13 - 0.13
Iron — 0.40 — 0.25 — 0.25
Hydrogen — 0.015 — 0.0125 — 0.015
Ruthenium - — - — 0.08 0.14
Resid. Elements, ea. — 0.1 - 0.1 — 0.1
Resid. Elements, tot. — 0.4 — 0.4 — 0.4

UNIVERSITE
DE LORRAINE




10 /45

Composition : Al et Mo équivalents

Aluminum
Alloy classification equivalency, wt. % Molybdenum equivalency, wt.%

[Zr] [Sn] [All; [Mo] (Ta] [Nb] IVl 4 95(Cr] 1.25[Ni] 1.7[Mn] 1.7[Co] 2.5[Fe] [Moleq

and composition, wt.% [Al]

6 3 S 3.6 1.5
Alpha and near-alpha alloys
Ti-0.8Ni-0.3Mo 0.3 1.0 13
Ti-5Al-2.5Sn 5.0 0.8 5.8
Ti-8Al-1Mo-1V 8.0 8.0 1.0 0.7 1.7
Ti-6Al-2Sn-4Zr-2Mo-0.1Si 6.0 0.7 0.7 74 2.0 e i - -~ i . o . 2.0
Ti-6Al-2Nb-1Ta-0.8Mo 6.0 % =5 6.0 0.8 0.2 0.6 . i 5 5 - 1.6
Ti-2.25A1-11Sn-5Zr- 1Mo 23 08 3.7 6.8 1.0 " e -~ - - e - - 1.0
Ti-5A1-58n-2Zr-2Mo 5.0 03 1.7 7.0 2.0 . .. .. e i3 s 55 i 2.0
Alpha-beta alloys
Ti-6Al-4V 6.0 6.0 2.7 2.7
Ti-6Al-6V-2Sn 6.0 0.7 6.7 4.0 4.0
T-7Al-4Mo 7.0 7.0 4.0 4.0
Ti-4.5Al-5Mo-1.5Cr 4.5 .. 4.5 5.0 . - . 1.9 . - 6.9
Ti-6A1-2Sn-4Zr-6Mo 6.0 0.7 0.7 7.4 6.0 e s 555 i 6.0
Ti-5A1-2Sn-2Zr-4Mo-4Cr 50 03 0.7 6.0 40 s van - 5.0 s - - s 9.0
T-6Al-2Sn-2Zr-2Mo-2Cr 6.0 03 0.7 7.0 2.0 s 5 - 2.5 22 i o i 4.5
Ti-3Al-2.5V 3.0 3.0 1.7 1.7
Ti-10V-2Fe-3Al 3.0 3.0 6.7 5.0 11.7

UNIVERSITE
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Composition : Al et Mo équivalents
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Phases
Alliage o +

100% de martensite o lors d’une trempe depuis
(Mf > Tamb)

Temperature

L1l 1

L B-Stabilizer Concentration
Ti-8Mn

Ll L

l— Ti-13V-11Cr-3A/

— Ti-6Al-25n-42r-6Mo Ti-15Mo-52r-3A/
_7i-6A1-6V-2Sn 7i-11.5M0-62r4.55n
— Ti-6AI-4V
L Ti-6A1-2Sn-42r-2Mo
L 7/-8A1-1Mo-1V L 75-10V-2Fe-3Al
— 77.5A1-2.55n

W
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Phases
d’équilibre

A
Q
, . \a N
Lorsque la température diminue & N
& &
¢ fa / ¥ T &
® Cf] /‘
B

Temperature

Suite a un refroidissement lent, a 'ambiante

o f, ~90 %
e /3 stable quand cf,(Tamb) > 15%

L1l 1

1 1 1
L B-Stabilizer Concentration
Ti-8Mn

l— Ti-13V-11Cr-3A/
— Ti-6Al-25n-42r-6Mo Ti-15Mo-52r-3A/
_7i-6A1-6V-2Sn 7i-11.5M0-62r4.55n
— Ti-6AI-4V
L Ti-6A1-2Sn-42r-2Mo
L 7/-8A1-1Mo-1V L 75-10V-2Fe-3Al
— 77.5A1-2.55n
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Phases
d’équilibre
Lorsque la température diminue

* fa /
ocff/‘

Suite a un refroidissement lent, a 'lambiante

o £, ~ 90 %

e /3 stable quand cf,(Tamb) > 15%

Fraction de phase a ’équilibre [Castro, Seraphin, 1966] :
fu(T) = 0,925 [1 —exp ( — 8,5 X 107°AT)]

aveCAT =T - T

Prédictions CalPhaD

1

0.9
0.8
« 0.7
D
@ (.6
o
§ 095
S04
" 03
0.2
0.1

O — Measured
- | —— — Calculated

0.0

|

|

|

|

|

|

|

600 650 700 750 800 850 900 9501,000
Temperature (°C)
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Phases
d’équilibre

Lorsque la température diminue

* fa /
ocff/‘

Suite a un refroidissement lent, a 'ambiante

o f, ~90 %
e /3 stable quand cf,(Tamb) > 15%

Fraction de phase a ’équilibre [Castro, Seraphin, 1966] :

fu(T) = 0,925 [1 —exp ( — 8,5 x 107°AT)]

aveCAT =T - T

100

80

IM1 B34

15/45

1060

Ti6Al - 4V 1M1 829
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7 &
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Phases
d’équilibre
Lorsque la température diminue A 32

* fo / 28
ocff/‘

Suite a un refroidissement lent, a 'ambiante
° f, ~ 90 %
e /3 stable quand cf,(Tamb) > 15%

Fraction de phase a ’équilibre [Castro, Seraphin, 1966] :

JoT) = 0,925 [1 — Xp ( — 8,5 X 10_3AT)] 0-X ~ “ A\ NN A A\ A A
0 4 8 12 16 20 24 28 3
avec Al =Tp — 1 WEIGHT_PERCENT AL
947°C

Prédictions CalPhaD
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Phases
d’équilibre
Lorsque la température diminue A 32

* fo / 28
ocff/‘

Suite a un refroidissement lent, a 'ambiante
° f, ~ 90 %
e /3 stable quand cf,(Tamb) > 15%

Fraction de phase a ’équilibre [Castro, Seraphin, 1966] :

/\ /\ /\ /\ /\ /\ /\ /\

4 8 12 16 20 24 28 3
aveCAT =Ty — T WEIGHT_PERCENT AL

fu(T) = 0,925 [1 —exp ( - 8,5x 107°AT)] 0

DE LORRAINE
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Phases
d’équilibre
Lorsque la température diminue A 32

* fo / 28
ocff/‘

Suite a un refroidissement lent, a 'ambiante
° f, ~ 90 %
e /3 stable quand cf,(Tamb) > 15%

Fraction de phase a ’équilibre [Castro, Seraphin, 1966] :

fu(T) = 0,925 [1 —exp ( - 8,5x 107°AT)] X
0 4 8 12 16 20 24 28 3
avec AT =Ty — T WEIGHT_PERCENT AL
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Phases
d’équilibre
Lorsque la température diminue

* fa /
ocff/‘

Suite a un refroidissement lent, a 'ambiante
° f, ~ 90 %
e /3 stable quand cf,(Tamb) > 15%

Fraction de phase a ’équilibre [Castro, Seraphin, 1966] :

fu(T) = 0,925 [1 —exp ( - 8,5x 107°AT)] 0X—r—A—rt—r—rn——KX
0 4 8 12 16 20 24 28 3
avec AT =Ty — T WEIGHT_PERCENT AL
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Phases
d’équilibre
Lorsque la température diminue

* fa /
ocff/‘

Suite a un refroidissement lent, a 'ambiante
° f, ~ 90 %
e /3 stable quand cf,(Tamb) > 15%

Fraction de phase a ’équilibre [Castro, Seraphin, 1966] :

R B A
0 4 8 12 16 20 24 28 3
vecAl =T =1 WEIGHT_PERCENT AL
627°C
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Phases

d’équilibre ?

Lorsque la température diminue
----- 1Cls ~~=-10Cls 100 C/s

ofa /‘ 1000 C/s  —— Equilibrium

ocff/‘

Suite a un refroidissement lent, a 'ambiante

o £, ~90 %

Temperature (°C)

e /3 stable quand cf,(Tamb) > 15%

Fraction de phase a ’équilibre [Castro, Seraphin, 1966] : 600 -
o 0% 20%  40% 60% 80%  100%

fa(T) = 0,925 [1 — exp ( — 85X IO—SAT)] () Amount of a Phase

aveCAT =T - T

_  Prédictions CalPhaD
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Microstructures

Air cooled
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Microstructures

Lamellaires Material. N k- #HE.  Thermal treatment with three
Ti'6A|'4V ol ‘ 7/\ 2y /,? <l J/”’ P i 1
il ] T | Vi) g different cooling rates.
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Microstructures

Lamellaires a
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Microstructures

En direct de Manchester
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Microstructures
En direct de Nancy

Florimonde Lebel 2010
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Microstructures

Lamellaires a

Benoit Denand 2021
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Microstructures

Lamellaires a
Benoit Denand 2021
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Microstructures

Lamellaires a

(b)

Semiatin, Bieler 2001
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Microstructures

Lamellaires a : rien n’a changé

Atlas of microstructures of industrial alloys 1972
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Microstructures

Lamellaires a
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Microstructures

Martensite o’

Motyka 2021
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Lamellaires o’
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Microstructures

Lamellaires o’
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Microstructures

Martensite o” (?)
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Microstructures
Cinétiques
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Microstructures
Cinétiques
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Microstructures

Equiaxes ou nodulaires
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Microstructures

Equiaxes ou nodulaires

Fig. 2. Backscattered SEM micrographs of Ti—6Al-4V microstructures (a,b,c) A, (d,ef) B, and (gh,) C
developed during heating prior to hot deformation at (a,d,g) 815°C, (b,e,h) 900°C, or (c.f,i) 955°C.
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Microstructures

Equiaxes ou nodulaires

y

o/p boundary

a/a boundary ZYGB sind = Yoo

\' 4 =tand

; Dynamic
/ Spher0|d |zat|on

A Ea

Semiatin 2020

UNIVERSITE
DE LORRAINE

—
—
—
5




41 /45

Microstructures

Equiaxes ou nodulaires
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Microstructures

Bimodale

Semiatin, Kinsley 2003
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Microstructures

Bimodale

Semiatin, Kinsley 2003
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Microstructures

Bimodale

Semiatin, Kinsley 2003
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Place aux specialistes
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