A st Petersburg Polytechnic University Journal. Physics and Mathematics. 2024. Vol. 17. No. 3.1
HayuyHo-TexHunueckne sBegomoctun CM6IrMy. dusmnko-matematmyeckme Hayku. 17 (3.1) 2024

Conference materials
UDC 544.032.65
DOI: https://doi.org/10.18721/IJPM.173.150

A study of laser cleaning of paper
with fat-containing contaminations

A.D. Neelova'®, T.K. Lepekhina', D.V. Zhurba %,
V.l. Almiashev', V.A. Aseev?, V.A. Parfenov'

1St. Petersburg Electrotechnical University “LETI", St. Petersburg, Russia;
2ITMO University, St. Petersburg, Russia
" angelina.neelova@gmail.com

Abstract. This paper is devoted to investigation of laser cleaning of paper with fat-containing
contaminations. In recent years, laser technologies have been widely used in the preservation of
Cultural Heritage (CH). One of the main fields of laser application in this area is the cleaning
of CH objects from natural and anthropogenic contaminations. It is known that there exist
two main approaches to the laser cleaning, e.g. dry cleaning and wet cleaning. We will present
experimental results of wet laser cleaning with the Ytterbium fibre laser (wavelength of 1064
nm) of fat-containing contaminations from model samples and fragments of a real historical
artefact such as XIXth century book.
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AnHotanuda. JlanHasg paboTa MOCBSIIEHAa MCCIEIOBAHUWIO JIAa3epHOUM OUYMCTKM OyMaru OT
KUpocoaepXKallliXx 3arps3HeHuid. B mociegHee Bpemsl Jia3epHble TEXHOJIOIMM HAXOIST BCE
OoJsiee IIMPOKOE MPUMEHEHME B COXPAaHEHUM KYJIbTYPHO-MCTOPUUYECKOTO Hacienus. OmHUM
13 IJIAaBHBIX HaIpaBICHUU TPUMEHEHUS SIBJISIETCS Ja3epHasl OUYMCTKAa OOBEKTOB KYJIbTYPHO-
MCTOPUUYECKOTO Hacjaeauss OT MPUPOAHBIX UM aHTPOIOT€HHBIX 3arpsi3HeHuil. M3BecTHBI ABa
rnoaxoAa K Jla3epHOM OYMCTKE: cyXasi OUMCTKa M BiaxkHasi. B gaHHoOW pabGoTe peacTaBiieHbl
pe3yabTaTbl UCIIOJb30BAHUSI TEXHOJOTMM BJAXHOW Jla3epHOM OYMCTKU UTTEPOUEBBIM
BOJIOKOHHBIM HMMIIYJIbCHBIM JIa3€pOM C IJIMHON BOJHBI 1064 HM MOIEIbHBIX O0pa3LOB U
UCTOpUYECKOro apTedakTa Takoro, Kak kHura XIX Beka.

KmoueBbie ciioBa: KYJIBbTYPHO-UCTOPUYCCKUE HACIEANEC, JTa3€pHasd OYMCTKA, IPUMEHECHUEC JTIa3€POB
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Introduction

Laser technologies have recently begun to be widely embedded not only in industrial and
scientific applications but also in the field of restoration and conservation of Cultural Heritage.
Laser restoration of stone and metal monuments is the most well developed, while laser cleaning
of CH objects made out of organic materials is still at the stage of experimental studies.

Studies conducted in the last decade have brought significant evidence that laser cleaning has
a real potential for application in conservation of paper [1—3]. Laser irradiation could be used for
treating various deteriorations such as dust, soot, fungi, foxings, etc.

Paper contaminations with fat-containing substances are highly widespread in conservation
practice of books and documents on paper base. There could be found vegetable fat or animal
fat, or a combination of both. For example, one of the most common contaminations of books
and documents is “finger grip”, a trace of human skin oils. The removal of such contaminations
by traditional conservation methods which imply using organic solvents that could be dangerous
for the conservators is a laborious process. Moreover, such solvents could be damaging for the
paper as well, which is unacceptable for rare CH objects on paper base. Thus, developing a novel
approach to the described problem is an actual scientific task.

The authors of this work have already reported about laser cleaning of different kinds of
paper using pulsed Ytterbium fibre laser with the wavelength of 1064 nm [3—5]. Earlier authors
presumed that laser cleaning is suitable only for surface paper contaminations. However, it
could be different in case of laser cleaning with the use of auxiliary liquid (for example distilled
water), so called wet cleaning. The technology of wet laser cleaning is well-known in the field of
cleaning stone and metal [6]. Wet laser cleaning is reported to serve not only for removing surface
contaminations but also to clean contaminations that are in some depth of the material. Given
technology also could be more delicate for the treated material.

The purpose of this work is to investigate the technology of wet laser cleaning of paper from
fat-containing contaminations at 1064 nm with pulsed Ytterbium fibre laser performed on paper
samples and real historical artefacts.

Experiment

During the experiment model paper samples as well as fragments of a real historical artefact
were cleaned with laser irradiation and later studied. Model paper samples were purposefully
prepared beforehand. To imitate fat contamination copy paper samples were soaked in olive and
castor oils and then put into thermal cabinet with the temperature of 102—104 °C for 12 days. The
latter was performed to simulate the process of paper ageing. Fragments of a real artefact, a book
of religious content published in the XIXth century, were laser treated as well. Given fragments
were contaminated with lamp oil, wax and traces of soot. In the process of wet laser cleaning 5%
aqueous solution of sodium hydrogen carbonate (NaHCO,) served as an auxiliary liquid, which is
widely used in conservation practice for removing fat contaminations from paper. It is known that
sodium hydrogen carbonate decomposes under the temperature higher than 60 °C into sodium
carbonate, water and carbon dioxide. By using thermal processes that occur during laser ablation
we can achieve such chemical reaction to “whip out” fat molecules from paper fibres.

In the work a laser system with the Ytterbium fiber laser source (1064 nm) was used. The
“MiniMarker” laser apparatus is commercially available marking laser system produced by “Laser
Center”, Ltd., Saint Petersburg.

To evaluate the results of wet laser cleaning of paper optical microscopy as well as scanning
electron microscopy were used.

© Heenosa A.Jl., Jlenexuna T.K., XKypoa [I.B., Ansmsames B.U., Acees B.A., IMapdenos B.A., 2024. Uznarens: CaHKT-
[MeTepOyprckuii moauTeXHMYeCKUii yHuBepcuteT [letpa Bemmkoro.

248



Physical optics
A ysical optcs

Results and Discussion

Preliminary study of reflectance of model paper samples contaminated with oils gave us
information that dry laser cleaning could not give positive results due to the fact that on the
working wavelength of laser (1064 nm) paper samples reflect nearly 90% of the irradiation.
Reflection spectra of an artefact paper showed the same results. The fact was proved empirically
on paper samples.

Since the dry laser cleaning was proved not to be an option the authors decided to consider
the technology of wet laser cleaning. In case of wet laser cleaning, it was shown that use of laser
irradiation with following parameters: wavelength of 1064 nm, pulse duration of 100 ns, peak
power density from 1.4-105 W/cm? to 2.0-10° W/cm?, the pulse repetition frequency of 20 kHz
makes possible an effective removal of fat-containing contaminants. The laser system is equipped
with the preinstalled scanning system. Scanning parameters for laser cleaning are as follows:
beam scanning speed of 800 mm/s with the filling of 40 lines per millimetre. Wet laser cleaning
performed on the model paper samples was a success, thus, it became possible to clean an artefact
as well. Laser cleaning of fragments of the historical book showed positive results. As it could be
seen in Fig. 1, b treated areas were considerably lightened in colour, which imply that the lamp
oil was successfully removed. Moreover, it was noticed that wax contamination was removed as
well (Fig. 1, ¢). There are no noticeable damages on the images by optical microscope.

a) b)

lamp oil

Fig.1. Fragment of artefact book after laser cleaning (a). Cleaned areas are marked in red. Images by
optical microscope of laser treated areas with lamp oil (b) and wax (¢)

Images obtained by the means of scanning electron microscopy (SEM) proved that the laser
cleaning of model samples from oils was efficient (Fig. 2). It could be noted that there are no
damages to the paper structure of paper samples (Fig. 2, b).

On the left side of the SEM-image it could be noted that paper fibres are coated with
contaminations whereas on the left deteriorated layer is removed. In addition, it could be noted
that laser irradiation caused no damage to the paper fibres.

a) b)

Fig.2. SEM-images of model samples before (a¢) and after laser cleaning (b) from fat-containing
contaminations
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SEM-images of laser treated fragment of the artefact proved that the laser cleaning was efficient
(Fig. 3, a). On the left side of the SEM-image (Fig. 3, a, b) it could be noted that paper fibres
are coated with contaminations consisted of oil and wax with traces of soot whereas on the left
the deteriorated layer is removed. In addition, it could be noted in Fig. 3, ¢ that laser irradiation
caused no damage to the paper fibres and paper structure as a whole.

a) b) )

before cleaning after cleaning

Fig.3. SEM-image of a fragment of the artefact book with the areas before (left) and after (right)
laser cleaning (a) from fat-containing contaminations. It could be noted that fibres are coated with
contaminated layer (¢ and b). Fragment of the book after laser treatment (c)

During the experiment FTIR spectroscopy was performed for the fragments of the artefact.
By comparing spectra of laser treated fragments and non-treated it could be concluded that
contaminated layer was removed successfully since there are no peaks that characterise the
substances of contamination layer.

Conclusion

Removing fat-containing contaminations from paper showed the advantage of wet laser cleaning
of paper in relation to the given task. Paper samples as well as fragments of an artefact were
successfully cleaned from lamp oil and wax during the experiment with the use of 5% aqueous
solution of sodium hydrogen carbonate as an auxiliary liquid. Investigation of laser treatment
results by means of optical microscopy and scanning electron microscopy showed no damage
to the paper structure and fibres after laser treatment. FTIR spectroscopy proved the efficacy of
laser treatment.

To conclude, wet laser cleaning of paper from fat-containing contaminations is proven to be a
novel and efficient solution to the very apparent problem in conservation practice. It showed that
laser cleaning could be applied not only for surface contaminations but also to the ones that go
deep into material such as fat-containing contaminations.

Nevertheless, further investigations of the application of wet laser cleaning for restoration and
conservation of Cultural Heritage objects consisted of organic materials are needed as well as
studies of the laser irradiation influence on such materials, their chemical and mechanical and
other properties.
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