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Abstract

Nowadays, over time and increasing the awareness of the destructive effects of the use of chemical
and toxic substances on the objects, the environment and users, the replacement or, minimum use of
these harmful materials in the treatment and protection of valuable and rare objects is a priority. So
throughout the world, researchers are secking to develop and use safe and standard methods in this
area. One of these methods is the plasma technology. Plasma can be defined as the fourth state of
matter. Giving energy to a gas will induce the ionization of some of its molecules and atoms. The
plasma contains therefore, besides neutral molecules, positively and negatively charged particles,
although its overall charge is neutral. Cold plasma due to features such as low temperature and high
energy, in addition to a wide range of applications in various fields, since 1979, has attracted the
attention of specialists in conservation and restoration of cultural and historical objects. Cold plasma
in disinfection and cleaning treatments of works has been examined as a non-toxic and non-invasive
alternative in the field of cultural heritage. Different methodologies were developed in time using
mechanical methods, solvents and, more recently, laser, to cleaning of architectural surfaces, and in a
more recent time, atmospheric plasma began to be tested for such application. A positive feature of
plasma is the fact that is contactless: it does not interfere mechanically with the surface being treated,
and also with soft chemical action, the process of cleaning only limited to the first layers of the
surface. Hence this method can prevent the adverse effects of solvent and /or imptisonment and
lateral harmful products on the pores and porous surface, which is often present in common cleaning
methods. In other words this method could be a good alternative for abrasion methods, that cannot
remove the dirt from the pores and often lead to the damaging of the original surface, or for chemical
methods, which solvents can transport undesired materials (dirt or old coatings) deeper inside through
pores, cavities or cracks. Plasma might substitute or be used in combination with other techniques,
particularly for delicate objects where original material might be endangered by a mechanical or wet
cleaning method. In many cases the plasma alone is not as efficient as traditional methods. For
instance, in case of removal of graffiti, a combination of plasma with traditional cleaning methods
showed surprisingly good results or in the case of removal of oil paint from wall paintings, a pre-
treatment with plasma can improve the removal with traditional solvents. The application of
innovative cleaning technology on cultural properties demands sufficient knowledge concerning the
cleaning process itself and the long-term behavior of an object after cleaning, because they are often
unique and irreplaceable. Furthermore, the experiences carried out in various museums and research
centers mentioned in this paper showed that cold plasma is appropriate methods to remove corrosion
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curst on metals particularly tarnished silver. Decontamination of wood and the objects based on
cellulose like paper and cotton as well as protein materials (leather, wool) is another application of
cold plasma presented in the paper.
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Fig. 1: plasma as the fourth state of matter[20]

055 A1 o sy )3 e aglin 53sal S5,
o ol (il58l ¢ yidlal 5y dadlre o iy
» bbb ol | S 3L Mol gdlavlyay S 5o
Lo Oogel i yoak cidinelygle g g 4uys )95 0l
gy 5 sl b Ngn 3 (sgiae sbojedh yagise
pas ol b g9 ol sblie Sl canl plyarjod (s
A cwl Ol g5lie 9 2besd oM I oslil

a2 Og 1y baall elgil ol 2B Lawsdly (698
o lazxa b S5 g 02zl B slge & dagl £55
5 e (sypsh Aol (sl Sl (25100 s
SR 5 grino SN (pd (Slatle gladbs
I Swlon 5 Go-de SU s slaslomy (> 4
it sloral LB el 69l8 ol ook

S5 S col il B e slawdhy oy
aw oly s el jshaiod | dlge 5| gyl v
(o 5 (Shemz 85 S 9 Jlail o) la
83y ghaw i o0 o slowdly b dmd o 2ol
sl cyorly Stdly (3l dnd b i ygomed
558 SUSo L JLsb ciuod |y lgin 5 A28 (old
(V¥ JSi)[14,26,27]

Loy £lgil Y
b g (Sopsdl gadss g @)l )b 93 5]
L (Thermal plasma) (o5, > (slawdly )3 3,5 455
oy ySU Jol S0 sli2] (aan glod )5 (slowdly
5 o> S 5 g ol Lo JySga 5 ol 3]
wlod (gdald lawdly g5 opl > .l Y (LS (glod

o podS gam slimelon U jlie 00 x> jl S
Ol o YU jlews (slod Judo 4 lawwdly g9 ol ounl

AW | 19V gliwsls g ylgs (Jgl 6l (o lg2 Jlw

(b 305 oMo Ll (5 p0is [16,18,19] Az
lowsdly goasas i sladiga o (ST s 5 3adyps
IS by g (b slodl ) ola Sl
s ()b yue SITL Caico ) [14,18] ki
ol 015 guin 5 gl (slmoslizd Lo,

s cse Loy (558 5l eolizal (sloojg> alox |
Jlte gl 258 o)l cunslame g mlio (S5 &
9 Pl 005 el o plsSioe (KB soj
sbadobw o o daeds ey ((Sdyy Clilad
9 OMI G833 e Cgie o o (Sl
&y Lacilal 2,8 55l (] (0,5 siess
o Joyl sblie 1) o)Ll sl 4 5> (6655158
Cgby & olus sby)l3l oyl Sl dowdly (29,
— )—’) | 4—%‘ c5°-’L—'° P9 (ot ‘Lﬁ)f 9
oy
Rl Sl e g 5 (1392 48 oty y9)de
8 S JBanl B9y Ll LS by e
2 2l dlas gasding ;O S )ls Suo (g5l b
Sy (£ )aaSS yos Sl g oyl S S (sl
[22] sl 05 g A db@

il 5 o ol gl e Lo, ]
Gy oy cpl )8 edlaiwl lud dlge ol olos
d9-ske ol Ctbl dajordy (6 SS) Cubl ol

S 9 4Bl (9l Cuoglie (ST plSoinl g S
23l el oud el Laaz )b S wa s (5551
SL Ay lgicon I St 53 Lowdly a5
Zokw 5 S A (6581 o (Slinl W alad W
S (5550 dde slo Shg 25 )bl ol Bl
3 e 2 s Olas o)l caws 4 LDy b Ol s


http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D8%B4%D9%81%D9%82+%D9%82%D8%B7%D8%A8%DB%8C
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D8%B4%D9%81%D9%82+%D9%82%D8%B7%D8%A8%DB%8C
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D8%AE%D9%88%D8%B1%D8%B4%DB%8C%D8%AF

@k

Gl g GSasyd JUT Cublas 5> lauwlly (53918 > 10518 o (5910 /(55,585 Ll g 930 \jmgtul_,
Srewaan

Metal with contamination

Oxyge.b ‘ .T. r *Curbon
59T ol pon 36 el oSl 80

o oS

Clean and easy to treat surface
o b ool ooy 9 3Lasy

)

Mo o Poe |\’o

);9@) CJL")‘) )'l o ‘(Jamg );9@;) lm.u)'t Ol")b s(w );9@) C)L")‘) )'l J.B :d}lé Aged ("f‘““’ Bl Lﬂ dhaa.\;;}ﬂ d)lmfb Y ng
[14](cusl,
Fig. 2: Cleaning the organic pollutants at the metal surface: before plasma treatment (left); plasma treatment (center); after
plasma treatment (right) [14]
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Fig. 3: Clearing the oxide layer: before plasma treatment (left); plasma treatment (center); after plasma treatment (right) [14]
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Fig. 7: Wall painting fragment. Before treatement (right side) and after
treatement with plasma for two minutes (left side) [52]
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