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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]
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Fig. 2: Cleaning the organic pollutants at the metal surface: before plasma treatment (left); plasma treatment (center); after
plasma treatment (right) [14]

JE3 L slge Loy g g dllanl s sl S
[29] sl oy Kol ol galiasgds Caliseo Slal 5 oz
i LS gyl Lt 3y (sladly

JrS 29 e Jloel jlaisyg0 oy (a5l
g |y gie S JB (29 lod (S pSUl sadss
YU lojlaslas wilgs o oy cus puo 0gMeay 0S8 o
cod godle paw 3 Lod yiul8l d5oS o 5l wile &S AL
M (slomsodly gy Ly allidie gy ool 50 oy
SO gl el ool a5 glas ol b el
oliwlyyge oo Jdd (o 4yl Gyad s
29l S8 oLl L ditian (o9, (ol )3 LoDl
g lomodl b (6 pimned Ui slowsdly ol oglis
A Dygn 90 ol NS, a S cowl pl RS LYL
o S35 xS )8 o] 3 2ob o (SEBy laiono
ool l 155 s 3 s by lewdly 55
2l ayjay S boe 0 (gl 4,0 5 29500
Dielectric ) S xSl 60 duw (g5 glowdly [29]54
oS 58400y (slowdly (Bartier Discharge (DBD)
Lg)S (sl glowdly (Radio Frequency (RE))
ol sadss slawdly (Corona Discharge Plasma)

D)5 (S b e 03> ) 93,8 e (o5

cold ) 3y glomsdly Ly (551> 38 oy 0
Voase g glite Mol slial &)l sy d[plasma
553 Sl 3 s i b oty Lo 2SI (cled
5 oS sl 0w U la g Sl glod [16,28] sl
dgas pd a8 (IS slod len oS slinl plo glod
201l (pglS (gan > do x> U lage (slod

(38Tl 035551) 58 ecmby HLid 35 (slowsdhy 5
Ls g e 305 M galaiomo J31> st L2 |
29SS (Sl e S B 5> (55l 39
o=l 3 (U sl 098 o Sl Lewdly 5 4325 S5
Sl Jlsesly 5 g sl dagyg (55 slags! w25
e Jo g0 i 1S sla ool s calise
Lo g 550 L il e o s (6 0y (2STy sl
3y (e o Mg gl atenl j5lone Zolaw
g Lol o slo Sy elol carge g LSSy
D) (S wdlhiuwlyyge LS 4 b STy oyl ax S
oDy (2520 )3 Glop> ot dlge (6518 loje
dpylS an ang L aidy x> b 4l w jl iy e
M L oS )lid 3y (oDl sl oglio HLais g

Oxide
S|

Metal probe

R A Y
a

||| |

Oxide free
ST Y B>

[14] (conly)) ooy 3 s d(laws) bowsdls Hloyd ) loyd I Jud sapuST &Y (g3l ¥ S

Fig. 3:

Clearing the oxide layer: before plasma treatment (left); plasma treatment (center); after plasma treatment (right) [14]
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Table 1: Different types of plasma [30,31]
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Fig. 5: Images of 19th century daguerreotype portrait: (left) untreated conditions; (center) after 1st plasma treatment (left
side); (right) after 2nd plasma treatment (left side) [306]
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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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Fig. 8: results obtained with the 2 methods of cleaning:solvent and Solvent+plasma[50]
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