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Motivation

Cleaning Laser

Drawbacks:
» Labor intensive

» High cost

» Contactless technology

» Requires chemical use > No use of chemicals

» Ultrahigh precision tool
» High processing rates
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The laser as a tool — electro magnetic waves
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Properties of laser beams:
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B Transfer energy / heat to absorbing material
M Focusable to small spots

B Reaching high intensities
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The basic process of laser cleaning — ablation
absorption = heating = vaporization (material ablation)

Depending on the material and laser parameters the size of the different zones

laser beam
can change!

(wavelength, pulse duration,
intensity)

short pulses + high absorption = intensive ablation and low thermal influence
/ vapor, particles, plasma — expansion removes material
heat flux \'\ /' absorption layer of laser radiation

region of ablation T > T, ization

molten material T >T>T

vaporization melting

» : S A T heat affected zone T< Trnelting

contamination layer ¢ trate material to be cleaned

=
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The laser as a tool — a small spot of high intensity
an example

The intensity of a short pulsed (ns), focused solid state-laser can easily reach 2,5 -10° W/cm? (2,5 GW/cm?2)

This relates to the electric power of a power plant concentrated to 1 mm?2 for 108s (10 ns) !
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The laser as a tool — pulsed lasers

Characteristics of (ultra-)short pulsed lasers:

W like an extremely strong flashlight” o
W Pulse peak power P, in the range of megawatt to terawatt %
©)
- Enables instantaneous material sublimation o
: : I:,puls > > Paverage
B Pulse duration tin the range of nanoseconds — femtoseconds (10-1°s) -
. . puls
- Reduced heat impact by heat conduction _’ﬁ ns/ps/fs n
Pav

Zeit

E——
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The laser as a tool — handling the laser beam
Automated or hand held
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scanner based automated process handheld laser tool of Clean laser systems

—
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The basic process of laser cleaning — how to limit the cleaning effect

goal: limiting material ablation to the contamination without influencing the substrate / work piece

- Optimum: self limiting process condition (process stops when contamination is removed)

A
. eak power
Damage of Intensity | = f - S'?ze

work piece P
- damage threshold of substrate
e
2

ablation of
3 . - Ithr.contamination < IIaser < Ithr.substrate
c contamination
S
Q
("2
L

Ablation threshold of contamination

- Alternative: manual or automated process control

—
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The basic process of laser cleaning — how to limit the cleaning effect
self limiting process

Difference of material properties I | el <l I
thr.contamination laser thr.substrate

= substrate / work piece

= contamination . . : :
examples: difference in optical properties

optical properties
= absorption

= reflection

= transmission

thermal properties
= evaporation (enthalpy)

. | .
= heat capaoty. | transmitting sandstone reflecting lime stone
= heat conductivity ’substrate substrate
—H

1064 nm (Nd:YAG-Laser)

_—
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applications - overview

layer removal

= degreasing

= paint stripping
= rust removal

= dust removal

Cleaning tools

= baking molds

= printing cylinders
= molding tools

= etc.
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restoration
= stone

= wood

= metal

= glass

= textiles

Pretreatment processes

= creating functional surfaces

= before adhesive bonding

= before soldering and welding
= for FRP-repair

= before coating

= etc.
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Applications
Cleaning polymer residues

Task :

= Removal of polymer build-up on stretcher rollers
(chrome-plated) for synthetic fiber production

solution:
= Fiber laser (ns pulses) with beam oscillation

result:
= Damage-free removal of residues within running
production (no downtime due to disassembling)

=
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Applications
Pretreatment for adhesive joining

Task:

= cleaning and improving of adhesive wetting

solution:

= Automated process for ablation of contamination and
instantaneous optimization of surface topography (roughness)
by controlled substrate ablation

= ns pulsed fiber laser combined with scanner

material:
= Engine component made of AIMg alloy

=
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Applications
Coating removal from LowE-glass

Task:

= Areal removal of IR reflecting coating (LowE)
on architectural glass without glass damage
to improve strength of adhesive bonding to frame

Solution:

= Scanner based Fiber laser (ns pulsed)

= Self-limiting process

= Selective coating removal

= Efficient scalability of process — starting from low laser
power of 20 W (4 cm?/s ) to several hundred W

Parameter tests
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Applications
Case study on historic watch dials with fire damage

Task:

~é
(ﬂ Q
= Restoration of fire damaged enamel ]
= No roughening to preserve gloss of enamel ’
)

= (no success with ns pulsed lasers — rough and dull

‘P
:

Solution:

= Scanner based ultra-short pulsed laser (ps)

= Precisely adjustment of layer removal in nm-scale
= Adjustable cleaning effect

= Preservation of surface quality (roughness, gloss)

fire damaged (dummy)  ps laser cleaned
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http://www.culturall.de/kultur/dresden/Museum/staatliche.kunstsammlungen/museen.html

Applications
Removal of food residues

Task:

= Comparative study on removing different food residues
from stainless steel (Pudding, peanut butter, chocolate,
pancake batter, etc.)

solution:

= Scanner based pulsed CO, laser
= Self limiting process

results:

= All food substances removed completely
= No damage of stainless steel surface

= Allergens and germs removed completely
= Fast-up to 1,7 cm?/s @ 400W Pav

chocolate
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Applications
Removal of food residues

Comparison to alternative cleaning technologies - cleaning time

1200 ~ B conventional cleaning
n dry ice
ﬂ
1000 + s dry steam
—_ foam application
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Meat Pudding Pancake batter Peanut butter Chocolate
=
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Applications
Removal of food residues

Comparison to alternative cleaning technologies — cleaning costs
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Summary and advantages of laser cleaning

= Short laser pulses for highest precision and minimized substrate interference

= Potential for self limiting cleaning process

= Precise and automated process control enables machine integration

= Precise definition of cleaning limited to desired area = local cleaning of functional surfaces

= Contactless process and wear-free tool

= No use of cleaning agents — reduced costs of consumables and waste disposal
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Summary and limitations of laser cleaning

Preconditions for suitability:
= Component geometry enables accessibility to contamination (no undercuts, typically no bulk goods)
= Suitable material (substrate and contamination) for interaction with laser beam (material properties)

Self limiting process not possible in all cases

= Component and contamination made of identical material - e.g. metal chips (machining particles) on metal

Requires individualized assessment of feasibility and economic condition
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Laser Surface Texturing — different techniques
Versatile Tool for Fabricating Textures from the Submicron to Submillimeter Scale

Laser Induced Periodic Direct Laser Interference Direct Laser Writing
Surface Structures LIPSS Patterning DLIP DLW

Focusing lens - 11:

-
-

. A
F

Spot size: >>Um - cm >>Um - ¢m
Pattern: line-like, cone-like Repetitive, periodic

Principle:

Facusing lens b ! ;
-

-
L J 74

Feature size:
Example:

=
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Texturing through Direct Laser Interference Patterning
A myriad of new possibilities for surface textures!

Polycarbonate | , | imide | : | __Polycarbonate

PoI ca rbonate

W

=
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Surface functionality related to textures — Application examples

Contact-

— Product protection i Lae. mechanics

Anti-

e Wettability
bacterial W

Coating adhesion

Light guiding, emision Joining interfaces

and absorption

Cell growth Decoration

=
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Laser Surface Texturing — Application Examples
Heat transfer

Fluence Overlap Period Sdr Fluence Overlap Period Sdr
Wem?  [Plpx] [um] [%] Wem®  [Plpx] [pm] [%]

B Engineering of heat transfer properties of stainless steel
substrates (1.4301)

B Influence on developed surface area (ISO 25178)

M Increase of the effective surface area of up to 394 %

B Increase of the heat flux density of ~ 51,4 % (measured by a heat flux sensor model gSKIN®-XP-26-9C)

70

textured
> 601
E
v Start of Peak of End of
® 50 heating heating heating
; cycle I cycle cycle
reference
40 +
0 100 200 300 400 500
F. Schell et al., Increasing Heat Transfer from Metal Surfaces through Laser-Interference-Induced Microscopic Heat Sinks, Time (s)

Micromachines, 2023
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Laser Surface Texturing — Application Examples

Coating adhesion ,
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Mask-free Copper Coating on CFRP Increased adhesion strength up to 113 percent using pulsed laser pre-treatment

Metal Coating on FRP — Functionalization of FRP by Laser Pre-treatment

= Optimal and reliable adhesion strength of coating and joints by laser pre-treatment

= Up to 3x mechanical strength demonstrated for coating, injection molding and adhesive bonding

- Enables new designs and new functionalities (e.g. wear protection, heating) in light weight components

—
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3 different substrate materials

Laser Surface Texturing — Application Examples

Impact of structure dimensions on bacterial adhesion

3 different structure dimensions
unstructured 500 nm 1000 nm 5000 nm

S. epidermidis on hole structures (24 h)
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Small structures show lowest growth of bacteria

Helbig et al., The impact of structure dimensions on initial bacterial adhesion, Biomaterials Science, 2019
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Laser Surface Texturing — Application Examples

Laser textured surfaces reduce adhesion of food residue

Ice cream adhesion tests using
the bob method:

Ice cream adhesion tests using
lab-scale approach:

- Textured surfaces perform
better than untextured surfaces
(smaller textures slightly better)

- Textured surfaces perform
better than untextured surfaces
(smaller textures slightly better)
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Thanks for your attention.
Any questions?

PEEREFRERDY
EENNRATERRAS R
RN ® 2snanw
BREFERRERAIES

¥ % Ssmzansn .

RERR B wun
NEREEREREERRNN

- R REENS
. BEES 5% =nxnw - -
2 ENssEEnnssnn
SEEAREARRENOE
ERES Soban o »
L N Snzuwean
he she ® 2% an
"N HEw A “ RENEEEN wwm ‘TET R
LA B B D SAEEmIunad
4 SRR ER Br A ERAAN
b A8 maseans S _aExnw
» > . ¥ @ S5neens anm
EBRE 2 R ¥ e =a -
aSaEnes BREREr
BB
" - B AR REEn
FEs EENRE s BAN
2 9

Seite 28 4/24/2025 © Fraunhofer IWS

Fraunhofer

WS




Process- and Functiona_,ﬂl System Engineering Sensing
Classic surface texturing [l Direct Laser Sensor develop
Interferenc ‘ — .

In-Process- acoustic and

Coating removal & cleaning 1h s N G i optical emnssuons

(~. N\ Source:

Contact -
~ Fraunhofer

Volker Franke IWS
Laser Precision Processi
Phone +49 351 833
volker.franke@iws.f

https://www.iws.fraunhofer.de/en/


https://www.iws.fraunhofer.de/en/

