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Agenda

* Previous status

* Experimental data
Plasticity factors study
* Synchrotron 3D DCT Reconstruction (ERSF EBS)
* Synchrotron 3DXRD analysis (SOLEIL PSICHE)
* Laboratory 3D DCT (Lund)
Metallurgy analysis
* Samples preparation

* Qutlook
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Previous status (01/13/21) @, . six
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* Preliminary SEM in situ tests :EBSD : OK - DIC : KO - Low slip activity
* New 3D DCT scan (ESRF EBS) 4,000 grains/scan, 3min

* Adhoc optimized meshing protocol

* New batch of CP-Ti (geometry, orientations, grade)

(a)Initial underformed state
b) €p=2,36 % | :
(b) p ° A (c)SE-SEM (126nm resolution)

(d) Optical microscope

PSICHE DCT data
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Plasticity factors study Bps, A7, st

Samples ET12 3_ ET13 7_
Material T40

Heat Treatment 855° C, 24h
Initial section 0,31 mm? 0,34 mm?
(caliper)

Polishing OPS 28h 28h
Load direction RD D
Cross-head speed 2 um/s

LO (p-indents) 1,000 um
Force max 100N 125N
€ omaL 35% 3,6%
£, 33% 33%
oMAX 323 MPa 368 MPa
Slip activity Prismatic ??
(EBSD + Schmid)

E homogenized ?? GPa ?? GPa
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Synchrotron DCT reconstruction (ESRF) % £. -

Digital twin
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1 scan 4,000 grains
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DCT Rec (ESRF) BIGMECA platform Ready for meshing and
Pymicro simulation (FEM, FFT)
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Synchrotron 3DXRD analysis (PSICHE) % .
FABLE tool
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Segmented S'pots
Undeformed state
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Laboratory 3D DCT o, .
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New sample sent for 3D LabDCT at Lund University

Polychromatic conical beam

Consistent reconstruction
Ready for EBSD in situ = Hybrid multimodal data
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I 250 um  ET12 4
(b)Reconstructed grain map slice with
1 image/201 - resolution 4um GrainMapper (XnovoTech)
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Metallurgy analysis o, 4. s
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* Precipitates at grain boundaries
*  Heat treatment
855°C, 24h, Argon 10L/min

Ch 0

6_TIL_(CAUTION : T60)
Ch0 MAG:5000x HV:15kY WD: 6.7 mm

* Parasitic speckle
* Grain orientation dependent
*  AFM measurement (@ LMS) : on-going
*  First measurement : 15nm deep recess
*  Chemical attack during OPS ?

PELTOP SOCL APS
WD=11.1mm 29 Jan 2021
Width = 228.7 ym Signal A= HDBSD




Metallurgy analysis

g | PSL%
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* Precipitates at grain boundaries

Heat treatment : 855°C, 24h, Argon 10L/min

Fe diffusion coefficient = 10*°m?/s
- Homogeneous B in GBs after 24h

Action : Local EBSD
(index all possible phases : «, B, TiFe)

5 PI0120inia-03q JodA) 0 ‘woike
Temperature, °C

g58°C, 24p

Air quench

# >+ TiFs

84

Weight Percent Iron

Acknowledgment : Yvon MILLET (TI
Elizabeth GAUTIER (Mines Nancy),

Vladimir ESIN (CDM)
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Samples preparation g, AT, Pt
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* Electropolishing @ LMS , |

g = 5 =
10 um CcT12 2 EHT=10.00 kV Wl?— 11.9 mm 1.‘? Mar 2021 =
— —" Mag= 500X Width = 228.7 ym Signal A= SE2

Nano

Mechanical
polishing

10 pm EHT = 10.00 kv WD = 11.9 mm 19 Mar 2021 —

i n d e n tati O n — CT12 2 Mag= 500X Width = 228.7 ym Signal A= HDBSD

Acknowledgment :
Alexandre TANGUY (LMS)




Samples preparation o, AL, s
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* Parasitic speckle : New attempt to eliminate
* No improvement . To be repeated (non ideal conditions)

Manufacturer Struers Verder/ATM Verder/ATM Buelher
Particules size 250 nm 60 Nnm 60nm 60nm
pH 9-10 9.5 11 (hydrogen water) 10

Result after 20h vibratory polishing -

93g support Eposil M (+50 % water) - Optical LEICA

Acknowledgment : Daniel GALY (Safran/
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Outlook

Experimental data:
Optimize and enrich continuously mutlimodal dataset :
- EBSD in situ on samples with initial DCT
- New synchrotrons beamtime (PSICHE — July)
- Opportunity : SEM-DIC (nano particules @ LMS)

Simulation Data :
Enrich dataset : Continuum crystal plasticity simulations
on digital twins (~4,000 grains)
CPFEM - Zset : Mandel crystal large deformation formalism

Data unification:

Consolidate modalities to prepare ground for
statistical analysis (leverage BIGMECA data plateform)

Satistical learning :
Extract physical data from images and volumes.
Perform statistical analysis of plasticity mechanims.

THANK YOU FOR YOUR ATTENTION

clement.ribart@mines-paristech.fr
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