Cisténi laserem




Citéni laserovym paprskem

Nd:YAG
) Black crust
Excimer Patin
Er:-YAG Calcite
Pulsni CO2 |
Weathered profile Ideal cleaning Conventional Laser cleaning
cleaning
. Ochrana KD:
Pramysl.
, Koroze
Polymerni povlaky Inkrustace
Eoroz’e dukt Sediment
2opne produxty Mikroorganismy
Castice nedistot Graffitti

Dezinfekce PFemalby



Cidténi laserovym paprskem
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Figure 4. Ishikawa diagram of the factors affecting the laser cleaning process



Mechanismy cisteni laserem
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Fokusace laseroveho paprsku

Focusing lens
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Handpiece ‘Safe cleaning window’

....................... Denotes position of surface

Figure 4.2. Schematic representation of cleaning with a diverging laser beam.

a) b}

Obr. 84. Rez kriterem vypélenym laserovym svazkem p¥i rtzngch
polohéeh ohniska fokusaénf techniky: a) ohniské p#i povrechu materidlu,
b) ohnigko pod povrchem
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Figure 6. Schematic presentation of the assumed ablation characteristics of different layers and the consequences for the
ablation process (H,,; = ablation threshold, H,, = alteration threshold).
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FIGURE 8.6 Schematic represcntation of encrustation cross section (a) and the two different
ablative mechanisms: the selective vaporization using low fluence (0.7-1.0 J/em?) at A; = 1064
nm (b), and the spallation at higher fluence (~ 2 J/em?) or using A, = 355 nm (c). (d) represents
the result when synchronously using both wavelengths at certain fluence values.
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Figure 1.
a) Example of stratigraphy of a deteriorated marble observed by an ultra thin section.

b) Descriptive scheme: 1) black crust, 2) sulphated Ca-oxalates film (showing craquelure), 3) surface
pseudomorphic sulphation layer i.e. reproducing the shape of the original surface, 4) calcite crystals with
intergranular decohesion, 5) laser cleaning proceeds in a controlled way down to the oxalate layer.

(a) (b)

Laser beam

|4 Stains/dirt

Schematic of (a) degraded coating removal from a painted artwork (i.e., case
of removal of a coating) and of (b) isolated absorbing impurities/stains from a substrate.
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thicioness

tasar baam

Black layer of dirt

Laser .
Laser -
V\' White
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vapour
Reflected
Absorption of laser beam Reflection of laser beam

Initial interaction of long pulse radiation
with a dark encrustation. Strong absorption
of energy leads to vaporisation of material.

Figure 1.3. Normal-mode cleaning (Asmus, 1973).

Black layer of dirt

White
marble

Beginning of laser pulse

Vaporisation of encrustation occurs early
during the pulse, leading to formation of a
plasma. The temperature and pressure of
the plasma increase rapidly as the
incoming laser radiation is absorbed and a
microscopic compression is applied to the
surface.

Final interaction of long pulse radiation with a dark
encrustation. Once the encrustation has been
removed further pulses are reflected from the weakly
absorbing marble surface.

End of same laser pulse

As soon as the laser pulse finishes
the plasma expands away from the
surface. The surface relaxes and a
thin layer of material is ejected.

Figure 1.4. Removal of material by Q-switched laser radiation (Asmus, 1973).



Termicka expanze castic

Laser beam

Dirt particle

1 2 3
Strong absorption of energy Rapid heating and expansion Resultant force away from
by dirt particle of particle surface = particle ejection

Removal of dirt particles by rapid thermal expansion.



Luser Beam ail
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EfektivnéjSi nez klasicky pouzivané kolmé usporadani, nejvétsi absorptivita pfi
Brewstrové uhlu.
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Fig. 3. Illustration of the laser absorption on the surfaces of the particle and the substrate for different laser incident angles (The density of
“dots” indicates the amount of heating due to the laser absorption on the surfaces)



Cisténi razovou vinou

Je ucinna jen pro malé a silné vazané cCastice, pro CiSténi pamatek se nepouziva.

Shock wave front

Ejected

contamina Pulsed laser

Gap distance

Substrate material

Fig 4: Schematic diagram of laser shock cleaning



Steam cleaning

= aplikace filmu kapaliny na povrch artefaktu

« Necistoty jsou vazany pevné na povrch artefaktu a nelze je odstranit
suchym cisténim.

« Povrch artefaktu je kfehky a je tedy tfeba pouzit menSi hustotu energie.

Mirror

Nejpouzivanéjsi
kapalinou je voda,
mozné je i pouziti -~ Micfbphone
organickych N
rozpoustedel. i , —
\ /Nozzch\_” Gas

Sample
) ) ) Liquid
aser Controller > X-Y stage

Heater

Pulsed laser

Oscilloscope

Fig. 1. Experimental set-up for steam-assisted laser ablation.

Kavitace — dalSi mozny mechanismus



Ablace v kapaline

Laser beam

Water film Water molecule

Dirt layer
Absorption of energy by dirt layer. Explosive vaporization of water enhances
Rapid heating of water molecules at dirt removal from surface

water/dirt interface.



Ablace koroze v kapaline
(s vlozenym napetim)

laser puise

elect% . lil

potentiostat oscilloscope

transducer

Fig. 1. Experimental configuration for the laser-induced oxide film
removal in a liquid confinement at controlled electrochemical potential.
Ref, reference electrode; CE, counter electrode; and WE, working
electrode,
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ablation dilatation

Fig. 4a,b. Schematic picture of the energy absorption in the Fe3Og4 layer
a before and b after electrochemical polarisation

Na Zelezny predmét v boratovém pufru (pH = 10) v tfielektrodovém usporadani
(pfedmét = katoda) se vlozi kontrolovany potencial (-2 V). Vodik vznikajici
katodickou redukci se zachycuje na oxidove vrstvé. Laserovy puls (Nd:YAG 1064
nm) zpusobi rozpinani vodiku a mechanickou destrukci korozni vrstvy.
Monitorovani prubéhu Cisténi se provadi napf. cyklickou voltametrii.



Aplikace laseru pro likvidaci
mikroorganismu
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Figure 10. Interaction of glass and biofilm and the synergetic effect of glass composition, abiotic corrosion, biogenic
corrosion and growth of biofilm, factors which influence the effectiveness of the laser cleaning.
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Figure 2. The laser cleaning of two-dimensional biofilms
is successful with an energy density of 1.0 J/cm?.




Monitorovani procesu
laseroveho cisteni

| never should have hadhat trendy laser surgery. It |
was great at first but; you know, at the ten-year
mark your eyes fall gut.
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Fig. 6. Evolution of LIBS spectrum with the number of pulses
during the removal of black paint on wood: (a) pulse 1, (b) pulse 2,
(c) pulse 4, (d) pulse 7 and (e) pulse 9. Irradiation wavelength:
308 nm.
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Fig. 1. Experimental set-up for detection of the scattered radiation during laser cleaning.
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Fig. 3. Acoustic emission intensity as a function of laser fluence in the laser treatment of an oxidised copper

surface and a clean copper surface.
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Schematic diagram of the experimental set-up used for the LIBS experiments and for the photoacoustic measurements.
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Sledovani akustickeho projevu
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Fig. 2. Acoustic waves emitted from an oxidised copper substrate under laser irradiation from the first to
the fourth pulse, respectively.



Zarizeni na laserove cisténi
uméeleckych artefaktu



Figure 6.

The laser system developed for the cleaning of paper and parchment is organised in a closed box, providing
maximum safety of operation. The set-up includes besides the laser imaging systems and a positioning table.









Povrchové upravy



Nitridace a karburizace povrchu
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Naprasovani povrchovych vrstev
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Natavovani povrchovych vrstev
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Zmeny fyzikalnich vlastnosti
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Zmeny fyzikalnich vlastnosti
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Fig. 11. Simplified photochemical modification scheme of irradi-

ated PMMA.
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Zmeny fyzikalnich vlastnosti

Prechod sol-gel

(Nd:YAG, CO; Laser)
OPTICAL SYSTEM
Micro
Computer [ Sol gel coating
Substrate

Trigger

XY translation stage

Fig. 1. Experimental setup of the process



Obrabeni laserovym paprskem
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Figure 1. The range of processes.



Rezani laserovym
paprskem
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pressurized
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Vrtani laserem
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Ryti a leptani

laser beam

etchant
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Svareni laserovym paprskem
(laser welding)

Svarovani riznorodych materialu

Navarovani malych soucCastek




Bezpecnost prace s lasery




Laser Safety Issues

Laser pointer, 3 mW.
rather bright; could quickly damage the reting,

but: blinking reflex helps

Small Nd:YAG laser, 100 mW';
invisible — no blinking reflex!

= rather dangereaus for the eyes

Larger Nd:YAG laser, 10 W
burns skin and clothes

small Nd:YAG laser fir O -switched pulses:
very hazardous even for emall average output power

Industrial high power Nd:YAG or CO» laser, 1-10 kKW
forwelding; not beneficial for skin and eyes!

£ Chrisline Kirchrath Paschotta




Pokud laser pracuje na urcitych vinovych délkach, na které je schopno se oko
soustredit a které mohou byt dobre soustredény sitnici a rohovkou oka, tak
vysoka koherence a maly rozptyl laserového paprsku mize u nékterych typu
laserll zpUsobit, Ze je pfijimany paprsek soustfedén pouze do extrémné malého
bodu na sitnici. To vede k bodovému prehrati sitnice a k trvalému poskozeni

zraku.
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rohovica cevnatka sklara

Poskozeni oka laserem

duhovia

ZOornice

Vinova délka

180-315 nm (UV-B, UV-C) fotokeratitida (zanét rohovky)

komorova cofka silnice skiivec opticky
voda nary

315—-400 nm (UV-A) fotochemicky zakal o¢ni CoCky

400-780 nm (visible) fotochemické poskozeni sitnice

780—1400 nm (near-IR) zakal, popaleni sitnice

1.4-3.0um (IR) Proteiny v komorovém moku, zakal, popaleni sitnice

3.0 um—1 mm popaleni sitnice



Bezpecnostni tfidy laseru

Trida I: viditelné zareni, velmi maly vykon, nevyzaduji bezpecCnostni
opatreni.

Trida 1M: laser je bezpecCny, kromé toho kdy paprsek prochazi
zvetSovaci optikou (mikroscop, dalekohled).

Laserové tiskarny E A U T I D N
CD-ROM

LASER RADIATION WHEN OPEN

DO NOT STARE INTO BEAM OR VIEW
DIRECTLY WITH OPTICAL INSTRUMENTS

CD prehravace

CLASS | LASER PRODUCT




Bezpecnostni tfidy laseru

Trida Il

kontinualni laser, viditelné zafeni, nizky vykon (méné nez 1 mW)

primy pohled do zdroje mozny, oko ochrani mrkaci reflex

LAUTION

Laserova ukazovatka

Geodetické lasery
(vymeérovani)

LASER RADIATION
DO NOT STARE INTO BEAM

HELIUM-NEON LASER

1 mW MAX OUTPUT AT 632.8 nm
CLASS Il LASER PRODUCT




Bezpecnostni tfidy laseru

Trida llla:

kontinualni laser, stfedni vykon (1 mW az 5 mW), jinak totéz jako
trida Il

oko jizZ muze byt poSkozeno za pohledu do zdroje pomoci optické
soustavy (napf. dalekohled).

Laserova ukazovatka

Laserové skenery LASER RADIATION
AVOID DIRECT EYE EXPOSURE

DIODE LASER

5 mW MAX OUTPUT AT 670 nm
CLASS llla LASER PRODUCT




Bezpecnostni tfidy laseru

Trida lllb:
IR a VIS lasery, stiedni vykon (cw: 5 - 500mW, pulsni 10 J/cm2)

nebezpedi poskozeni oka, nutno pouzivat ochranné pomucky (i
pfi pozorovani odrazu).

Spektrometrie

Stereolitografie LASER RADIATION

, AVOID DIRECT EYE EXPOSURE
Laserové show

ARGON ION LASER

100 mW MAX OUTPUT at 455-529 nm
CLASS lllb LASER PRODUCT




Bezpecnostni tfidy laseru

Trida IV:

totéz jako trida lll b), vysoky vykon stfedni vykon (cw: nad
500mW, pulsni nad 10 J/cm2)

Chirurgie

Obrabéni
(fezani, svareni, vrtani, ...)

LASER RADIATION

AVOID EYE OR SKIN EXPOSURE
TO DIRECT OR SCATTERED RADIATION

S

KRYPTON ION LASER

10 W MAX OUTPUT at 530-647nm
CLASS IV LASER PRODUCT




Bézné dostupné lasery byvaji maximalné ve tridé Il (optické soustavy cd
prehravacu)

Vykonné lasery (tfidy IV) jsou schopné zpusobit popaleniny, fezné nebo trzné
rany; pfipadné zpusobit pozar.

LASER REPAIR IN PROGRESS

Do Mot Enter When Light is Flashing
EYE PROTECTION REQUIRED




Nejen zareni je nebezpecneée

* Vlysoké elektrické napéti (napf. pro vybojky).
* Pouziti nebezpecnych chemikalii.

 Potencialné explodujici nebo implodujici sklenéné trubice (napfr.
obloukové lampy).

* Nebezpeci pozaru.

 VVypary, prach, horké kapky roztaveného materialu (napr. pri obrabéni
laserem).

« Sekundarni zareni (napf. UV nebo RTG zareni), vznikajici interakci
laseroveho paprsku s materialem.



