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Many-particle impact bonding with
quantitative single-particle
experiments

Alain Reiser, Christopher Schuh
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Laser-induced particle impact testing (LIPIT)

~500 um

Lee, J.-H., Veysset, D., Singer, J. P., Retsch, M., Saini, G., Pezeril, T.,

Nelson, K. A., & Thomas, E. L. (2012). Nature Communications, 3(1), 1164.

Ablation
laser, mJ

High-speed particle
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- \

Target High-speed
videography

Veysset, D., Sun, Y., Kooi, S. E., Lem, J., and
Nelson, K. A, Int. J. Impact Eng., 137, (2020).
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Example: from particle rebound to adhesion

Coefficient of restitution, Viepound/ Vimpact
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Hassani-Gangaraj et al. Scripta Materialia 145 (2018) 9-13. 3
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Example: from particle rebound to adhesion
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Coefficient of restitution

Bonding
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without thermal softening

-

Hassani-Gangaraj, M. et al. (2018).

Acta Materialia, 158, 430—-439.

LIPIT: fundamentals of cold spray

Dynamic materials properties
Melting and Erosion
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Hassani, M., Veysset, D., Nelson, K. A, & Schuh,

Hassani-Gangaraj, M. et al. (2018). C. A. (2020). Scripta Materialia, 177, 198-202.

Nature Communications, 9(1), 5077.

Microstructure evolution

300 ns 450 ns

Tiamiyu, A. A, Pang, E. L., Chen, X, LeBeau, J. M,,
Nelson, K. A., & Schuh, C. A., Nat Mater, 2 (2022). 5

7 Lienhard, J. et al. (2022). Surface
and Coatings Technology, 432.
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Multi-particle interactions:

* Bonding

* Pore formation

« Strain hardening

« Dynamic Recrystallisation

W=
PR ]
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Our goal OIag:==
Experimental simulation with T
p . 1 5 ’, i
knowledge of every particle’s z, e

impact parameters: ¥ Efi': e

* Kinetic energy
« Size

www.tutcosureheat.com
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The gap
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The gap

Multi-particle interactions:

* Bonding

* Pore formation

« Strain hardening
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Experimental coating simulation: system size?

What is a representative volume? Elastic field
; ' g | & indentation
" _ Coating surfa
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39 0L oDeunD Interface E. Liu et al., Surface and
— / ‘ Coatings T’ech. (2020)
. .
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Many-particle LIPIT

Ablation
Polymer ' laser Ablation

film |ayer
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Many-particle deposition by LIPIT

— e e e il il 24 Au particles, 10-20 ym
shot: 1 2 3 4 5 6 =
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1
A. Reiser, C. Schuh,, arXiv.org, 2404.05601, 2024.
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Full LIPIT accuracy: Quantitative, single-particle data

Polymer " laser Ablation
film layer

High-speed o xo\o X@\ e 50 pm
videography 25 Do N

A. Reiser, C. Schuh,, arXiv.org, 2404.05601, 2024.
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Full LIPIT accuracy: Quantitative, single-particle data

23 Au particles, 10-20 ym
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A. Reiser, C. Schuh,, arXiv.org, 2404.05601, 2024.
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A typical stack
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Successful coatings

Impact velocity [m s]
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Hassani-Gangaraj, M., Veysset, D., Nelson, K. A. &

Schuh, C. A.. Appl. Surf. Sci. 476, 528-532 (2019).
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Eroded coatings

shot: 1 2

4 5 6 7 8 9 10 } 11

20 pm 16
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Eroded coatings

Impact velocity [m s7']
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Erosion contributes to the coating efficiency at low v

Stage 4: Bulk Deformation
(Cracking, work hardening
of particles, removal of

Stage 1: Substrate cratering and first previously bonded particles.)

layer build-up of particles Excess Kinetic energy required

for this stage.

Impact velocity [m s7']
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Particle-scale defects

Pores in stack
vs. height of deposit

Heigth

D Sl
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How to connect shot number with stack height?

Impact velocity [m s7]
Pores in stack 0 200- '400_
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Align stack height with cummulative particle size

Interface between last two particles

v. =338 ms
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Low kinetic energy may contribute

E, =1.63 109 E =1.60 10J
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icrostructure evolution: ReX

Deformed, initial microstructure
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Correlation of microstructure to kinetic parameters

Deformed, initial
microstructu re
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Correlation of microstructure to kinetic parameters

[wr] Je18welp ajo1ued aAeINWND

Deformed, initial Deformed, initial
microstructure microstructure
" o o Ifullly recryst:elllized
300 § 300 § - jz_,r\ 1300
c c
250 & 250 & 1E 4250
3 3
200 © 4200 © 1E 4200
Q Q
= =
150 % 150 % - 4150
——
100 & 1100 § ] 100
3
50 & {50 & 1=l
g 0 g j P JEssse J0
10um  Fully recrystallized 250 SOQ 350 400 = 1 2 8 = 0 10 1_0 1
Velocity [m s7] Kinetic energy [10¢ J] Area fraction

Correlation? 25



Area fraction

EEEEEEEEE

Correlation of microstructure to kinetic parameters

Deformed, initial microstructure
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Many-particle testing as a future avenue for LIPIT

Erosion Defects

Experimental simulation of a cold-spray

coating with single-particle impact data Same scale as FEM
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