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Motivations

» High Strength + Ilow density + biocompatibility
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Insprration may be taken from advanced STEELS technology

Twins and martensite
interfaces can be efficient

» ‘ TRIP effects (Transformation Induced Plasticity)
obstacles for dislocation glide

TWIP effect (Twinning Induced Plasticity)
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General background on 17 alloys
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General background on 17 alloys
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Potential transformation mechanisms of [-17 alloys

B — o’ (HCP) martensitic transformation
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Potential transformation mechanisms of [-17 alloys

B — o (orthorhombic) martensitic transformation
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Potential transformation mechanisms of [-17 alloys

B — ® phase transformation
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Potential transformation mechanisms of [-17 alloys

Twinning of the 3 phase : two possibilities

Conventional twinning mode of bcc metals Unconventional twinning mode of 3-Ti alloys

(112) [11-1] (332) [11-3]
12 twinning systems shear = 0.3536 12 twinning systems

(b)

Shear not //

Tobe et al Acta Mater. 2014 vol. 64, 345

Mainly observed in stable 3 phase Mainly observed in metastable 3 phase



Deformation mechanisms in competition in BCC Ti-alloys

pum—

 Dislocations slip (typically {110} <111> or {112} <111>)
* Mechanical twinning (either {112} <111> or {332} <113>)
_* Stress induced phase transformation (a " precipitation)

4

Triggering
stress induced transformation/twinning mechanisms
I

Depending on |
chemical stability »

' !
Increase the CRSS associated Decrease the CRSS associated
with dislocations slip with the stress induced
transformation and twinning

Pre-deformation treatment Chemical composi tion
Precipitation strengthening (Ms position, S phase stability...)

m) Main issue: chemical (in)stability of the titanium 3 phase



Design tools developed to predict occurrence of
TRIP/' TWIP deformation mechanisms

How to predict the stability of the 3 phase?
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Design tools developed to predict occurrence of
TRIP/ TWIP deformation mechanisms

Alloying vectors defined
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Experimental results can be reported
on the chart :
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Development of a new family of [-T7 alloys

|:> TWIP/TRIP B-titanium alloys Deformation Mechanisms Chart
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Deformation mechanisms : observations on 17-12Mo

Optical
Microscopy
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Deformation
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Deformation mechanisms : observations on 17-12Mo

In-situ Synchrotron XRD investigation (ESRF, Grenoble)
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Stress induced phase precipitations: ® phase from the very onset of
the deformation, a.” phase is introduced at plastic range.



Deformation mechanisms : observations on 17-12Mo

Intense mechanical twinning {332} <113> twinning type

T _motin. Sheeell L0 g




Deformation mechanisms : observations on 17-12Mo

A very complex microstructure at the nanometric scale

DEF<10%

Primary twins with 2"9" twins inside



Deformation mechantsms : observations on 17-12Mo

A very complex microstructure at the nanometric scale

DEF<10%

Network of multi-level twins + SIM precipitation



Deformation mechantsms : observations on 17-12Mo

Simple scheme of the plastic events during deformation

ST state
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Modification of orientation factor and size

factor at the twinned 8 zones

Quenched-in w,,, in B matrix

Primary {332}<113> B twin

Primary SIM a’’ precipitates

Secondary B twin

Secondary SIM o'’ precipitates

F. Sun, et al. Acta Mater 61 (2013) 6406. .



Development of a new family of [-T7 alloys

Deformation Mechanisms Chart
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true stress, o, (MPa)

Solid Solution Effect
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Solid Solution Effect

Substitution of Sn by Al in Ti-8.5Cr-1.55n
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Solid Solution Effect

True stress (MPa)
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Solid Solution Effect

SIM Plateau vanished with addition of Fe
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Solid Solution Effect

Evidence of TWIP effect :

TEM after 5% deformation

o’ created during
unloading ?
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{332} <113>twinning mechanism involying SIM ¢

Reversion of a Parent {130}<310>« Martensitic Twinning System
at the Origin of {332}<113>p Twins Observed

in Ti-27Nb beta-metastable alloy

In-situ SXRD
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P. Castany et al, Phys. Rev. Lett. 117 (2016)
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L winning mechanism involving SIM ¢

In-situ EBSD Ti-12Mo alloy tensile test

SIM " — CStress/strain)
1
{332}T, In-situ EBSD

Matrix B — SIM o”

B. Qian et al, Titanium 2019



Conclusion

Alloy design

e Strategy based on d-electron parameters is successful

* TRIP/TWIP Ti alloys can be design with very good mechanical properties

* The synergetic effect between the deformation mechanisms have to be better
understood

e The origin of the {332}<113> twinning mode seems to be connected to mechanical
twinning of the SIM + reverse transformation

Microstructure improvement

* Solid solution effect :
» effective improvement of mechanical properties
» TWIP effect alone can be effective for good mechanical properties
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