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Abstract—We investigate the ZnO role in the inherent protection 
of old manuscripts to protect them against environmental damaging 
effect of ultraviolet radiation, pollutant gasses, mold and bacteria. In 
this study a cellulosic nanocomposite of ZnO were used as protective 
coating on the surface of paper fibers. This layered nanocomposite 
can act as a consolidate materials too. Furthermore, to determine how 
well paper works screen objects from the damaging effects, two 
accelerated aging mechanisms due to light and heat are discussed. 
Results show good stability of papers with nanocomposite coating. 
Also, a good light stability was shown in the colored paper that 
treated with this nanocomposite. Furthermore, to demonstrate the 
degree of antifungal and antibacterial properties of coated papers, 
papers was treated with four common molds and bacteria and the 
good preventive effects of coated paper against molds and bacteria 
are described.  

Keywords—Enviromental effects, Manuscript, Nanocomposite, 
Zinc oxide. 

I. INTRODUCTION

APER -art-works such as old manuscripts are susceptible 
objects that need to protect from damaging effect of 

ultraviolet radiation, visible light, air pollutant, mold and 
bacteria [1-3]. Preventive conservation is an important 
element of museum policy and collections care. It is an 
essential to create and maintain a protective situation for the 
collections in their care. Since ZnO is broadly used in modern 
and contemporary pictorial art, acting both as a pure white 
pigment or a moderator of hue and saturation, the present 
paper is trying to investigate the ZnO role in the inherent 
protection of paper works of art. Zinc oxide is considered a 
safe substance and harmless to human. ZnO coatings have 
received much attention as photocatalysts in practical 
applications such as environmental purification, 
deodorization, sterilization and self-cleaning [4,5]. The 
photocatalytic reactivity of zinc oxide can be applied for the 
reduction or elimination of polluted compounds in air such as 
nitrogenous and sulfurous compounds, greenhouse gases and 
cigarette smoke, as well as volatile compounds arising from 
various construction materials, atmospheric constituents such 
as chlorofluorocarbons undergoes photochemical reactions 
either directly or indirectly [6,7]. This technology is also very 
effective at killing a variety of bacteria and molds [8,9]. A 
variety of physical and chemical approaches have been used 
to prepare zinc oxide coating [10,11].  
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However, the preparation of ZnO thin coatings is usually 
achieved at relatively high temperature or mechanical impact 
condition. Using this coating in the substrates with low 
thermal and mechanical resistance such as old manuscripts 
needs more attention. Non-impact spray based techniques are 
generally preferred to avoid breaks and streak defects. Also 
paper objects should be placed far enough away from display 
cases that oxide does not affect on the chemical and physical 
properties of fibers over time.To demonstrate the suitability of 
our coating method to protective the paper, first we have 
chosen a filter paper (Whatman) to test the coating procedure, 
then some pages of ancient manuscript was examined. Zinc 
oxide nanoparticles were dispersed in ethanol by using 
ultrasonic instrument and used for coating the selected papers. 
Many pieces were cut from paper and one set was reserved 
without any treatment for comparison. Another set of samples 
prepared by coating the surface of paper by Klucel and then 
spray the zinc oxide nanodispersion on the cellulosic polymer 
(Klucel) (Fig. 1). This layered nanocomposite can act as a 
consolidate materials as well as protecting papers from UV 
light, air pollutant, mold and bacteria. 

Fig. 1 SEM images of ZnO coating on the surface of paper 

The SEM of coated sample showed ZnO nanoparticles 
which identified by EDX too (Fig 1). SEM analysis also 
showed that no degradation of the fiber structure has occurred 
during coating. The FTIR specta of the papers obtained from 
coating of ZnO nanocomposite clearly shows the ZnO 
absorption band. As you seen, the absorption band of Zn-O in 
coated paper was shifted to higher frequencies. This 
observation accepted chemical bonding between ZnO and 
cellulosic surfaces.  
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As we know, when considering the use of new materials for 
conservation of art works, it is important to understand the 
probable long-term effects of treatments. The chemical and 
physical properties of art works must be remain stable long 
enough. So accelerated ageing are designed to find materials 
which can be safe for long-term use and would not cause 
degradation of treated papers. Accelerated ageing techniques 
are useful for detecting physical and chemical changes 
released by conservation materials after a long time. In these 
studies on the aging of paper materials, the two accelerated 
aging mechanisms described are those due to light and heat. 
The FTIR spectra of coated papers compared with uncoated 
one after accelerated ageing clearly show that nanocomposite 
coating can successfully preserve paper from cellulose 
degradation. The bands at 1740 and 1630 cm-1 have proved 
the degradation of paper by oxidation of cellulose under 
ageing condition that are assigned to C=O vibrations. These 
bands in coated paper with ZnO nanocomposites are so weak. 
This observation shows a little degradation of cellulose in 
coated paper with ZnO nanocomposite. Additionally, 
degradation of mechanical properties of papers with aging has 
been measured by tensile strength to evaluate the effects of 
thermal aging on the properties of coated papers. Mechanical 
tests highlight that artificially aged paper are coated with ZnO, 
retained good resistance to tensile strength. On the other hand, 
the uncoated papers showed a strong decrease in mechanical 
resistance after aging (Fig.2).  

Fig. 2 Tensile strenght of (a) uncoated paper, coated paper by (b) 
ZnO nanoparticles, (c) Klucel, (d) ZnO nanocomposite 

Also, the UV-absorber property of zinc oxide coating was 
evaluated by testing the rate of fading of colored paper under 
UV exposure. Light is a common cause of damage to library 
and archival collections. Paper, bindings, and media (inks, 
photographic emulsions, dyes, and pigments, and many other 
materials used to create words and images) are particularly 
sensitive to light. Light damage manifests itself in many ways. 
Light can cause paper to bleach, yellow, or darken, and it can 
weaken and embitter the cellulose fibers that make up paper. It 
can cause media and dyes used in documents, photographs, 
and art works to fade or change color. Light energy is 
absorbed by molecules within an object. This absorption of 
light energy can start many possible sequences of chemical 
reactions, all of which damage paper. 

The performance of ZnO nanoparticles as UV-absorbers 
can be efficiently transferred to papers through the application 
of ZnO nanoparticles on the surface of coated paper. This 
property of zinc oxide nanoparticles can be exploited for the 
protection of the art works against light. To determine how 
well paper works screen objects from the damaging effects of 
ultraviolet radiation, a selection of colored papers were 
exposed to light and the fading of color are discussed. The 
fading rate of the colorant-on-paper samples can be 
characterized by the change over time of their visible 
reflectance spectra. The diffuse reflectance spectra of these 
samples were measured before and at intervals during the UV 
exposure experiment. The traditional artists' colorant, Alizarin 
Lake, was used as a model of a fugitive organic pigment, 
applied in coloring the paper samples.  As the physical-
chemical principles that govern the fading of pigments have 
been difficult to discover solely by visual observation of 
changes in color. We use of precise spectrophotometric 
reflectance measurements to demonstrate that the decrease in 
concentration of Alizarin Lake (fading) during exposure. This 
result suggests that the colorant molecules on the surface of 
the samples, which are easily brought into contact with UV 
light, are consumed quickly. So, the rate of fading in uncoated 
paper is more than nanocomposite coated paper. This slowing 
of the fading process in nanocomposite coated paper over time 
is expected because the remaining colorant embedded under 
the layer of cellulosic polymer and absorbing of UV light by 
ZnO nanoparticles becomes more difficult to reach the UV 
light to colored paper. Furthermore, to demonstrate the degree 
of antifungal and antibacterial properties of coated papers, 
samples were treated with two common molds (Aspergillus 
Niger and Penesilium) and two bacteria (Escherichia coli and 
Staphylococcus aureus) the preventive effects of coated paper 
against molds and bacteria are discussed. Paper is subjected to 
numerous biodeterioration processes, which may cause the 
irreversible degradation of important documents and works of 
art. Many chemical and physical factors can affect these 
processes and their behavior, and fungi seem to play a key 
role in biodeterioration of paper works. This study is mainly 
aimed at verifying the antifungal and antibacterial properties 
of zinc oxide coating. It was found that ZnO possess 
substantial antibacterial and antifungal properties in light and 
dark.  These results suggest that a ZnO coating may have 
prevented the formation of a protective biofilm of adsorbed 
bacteria and fungi rather than actively killing them. Results 
show that in coated paper, the bacteria and fungi growth was 
significantly decreased compared with uncoated sample.

II. CONCLUSION

Paper is subjected to numerous deterioration processes, 
which may cause the irreversible degradation of important 
documents and works of art. In this study, we investigate the 
TiO2 role in the inherent protection of paper works of art to 
protect them against damaging effect of ultraviolet radiation, 
pollutant gasses, mold and bacteria. Layered cellulosic 
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nanocomposite of TiO2 was used as protective coating on the 
surface of paper fibers. This layered nanocomposite can 
protect the paper from damaging effects of UV light, air 
pollutant, mold and bacteria. Furthermore, to determine how 
well paper works screen objects from the damaging effects, 
two accelerated aging mechanisms due to light and heat are 
discussed. Degradation of mechanical properties of paper with 
thermal aging has been measured in tensile strength of papers. 
Results show good stability of papers with nanocomposite 
coating. For aged samples, the strength drops down drastically 
with ageing time as paper becomes brittle due to variation in 
structure of the paper. Also, a good light stability was shown 
in the colored paper that treated with this nanocomposite. 
Furthermore, to demonstrate the degree of antifungal 
properties of coated papers, samples was treated with two 
common molds and the good preventive effect of coated paper 
against molds is described.  
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