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A study on the synthesis and characterization of nano-sized metal
oxide for conservation treatment of paper records
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Abstract Recording materials are the valuable historical and cultural parts themselves as well as the methods
for exchanging informations. Therefore, the appropriate conservation treatments should be conducted to the
recording materials respectively. In case of the paper records, some particular conservation treatments such as a
deacidification and a sterilization are necessary to prevent both bio and chemical deteriorations.

In this research, the nano-scaled ZnO and MgO with 10~30nm size were prepared for the effective and stable
conservation treatment of the paper records. Deacidification and sterilization effect of nano compounds were
excellent and since nano compounds had almost 100% purity(free from Pb, Cd, As), the additional damages
caused by the heavy and toxic metals should not be occur to the books and papers.
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[Fig. 1] Synthesis of nano-sized metal oxides.
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[Table 1] Reaction conditions of nano-sized metal oxides

Rav.v Base m:?ti:al Water | Basc

materials ™) ™) ™M)
A-1| ZnCl, | N-MethylMorpholine 1 1 3
A-2| ZnCl, | N-MethylMorpholine 1 1.1 3
A-3| ZnCl, | N-MethylMorpholine 1 1.2 3
A-4| ZnCl, | N-MethylMorpholine 1 1.3 3
A-5| ZnCl, Ethylenediamine 1 1.1 2
A-6| ZnCl, Ethylenediamine 1 1.2 2
B-1| MgCl, Ethylenediamine 1 1.1 2
B-2| MgCl, Ethylenediamine 1 1.2 2
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[Fig. 2] SEM image of nano-sized ZnO.
(a) A-1(x100k) (b) A-2(x200k) (c) A-3(x350k)
(d) A-4(x300k) (e) A-5(x100k) (f) A-6(x300k)

[Table 2] Particle size of nano-sized metal oxide(ZnO)
prepared by DHC method [

Raw Particle
X Base .
materials size(nm)
A-1 ZnCl, N-Methylmorpholine | ununiformity
A-2 ZnCl, N-Methylmorpholine 15~40
A-3 ZnCl, N-Methylmorpholine 15~20
A-4 ZnCl, N-Methylmorpholine below 5
A-5 ZnCl, Ethylenediamine 15~20
A-6 ZnCl, Ethylenediamine 15~40
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[Table 3] Physical properties of nano-sized ZnO

Items Result

Content of Zinc Oxide(%) 99.96
Primary Size(nm) 15
pH 7.3
Pb 0
Heav(}(f% ;netal cd 0
As 0
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[Table 4] Sterilization effect of nano-sized ZnO(S. aureus)

Staphylococcus aureus ATCC 6538
1 hours 4 hours ‘ 8 hours
Concentration 13 % 10°
(CFU/m{)
Ma 13 x 10°
Mb 16 x10° | 32x10° | 7.1 x 10
Mc < 10 < 10 < 10
Reduction rates(%) 99.9 99.9 99.9

[Table 5] Sterilization effect of nano-sized ZnO(E. coli)
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[Fig. 2] TEM image of nano-sized MgO.
(a) B-1 (b) B-2

CIe ke AFS 20 =z o] EXO
Escherichia coli ATCC 25922 et v Jﬂu}j}ﬂfﬁ" HAlE olefef S48
Lhous | 4hows | 8 hours nzksl7] 91ste] <%, pH S35 a3l en, 11 Ait
Concentration 16 x 10° E Table 8¢ A5}t
(CFU/mf)
Ma 16 x 10°
Mb 19 x 10° 36 x 100 | 79 x 10° [Table 7] Particle size of nano-sized metal oxide(MgO)
Mc <10 <10 <10 prepared by DHC method I
Reduction rates(%) 99.9 99.9 99.9
Raw Particle size
Base
materials (nm)
[Table 61 Sterilization effect of nano-sized ZnO(P. B-1 MgCl, Ethylenediamine 20~30
aeruginosa) B-2 MgCl, Ethylenediamine 15~100
Pseudomonas aeruginosa ATCC 27853
1 hours 4 hours 8 hours [Table 8] Physical properties of nano-sized MgO
Concentration 12 x 10°
(CFU/m{) ’ Ttems Result
Ma 12 x 10° Content of Magnesium Oxide(%) 93.8
Mb 1.6 x 10° 30 x 10° | 7.5 x 10° Primary Size(um) 10~30
Mc < 10 <10 <10 pH 9.03
Reduction rates(%) 99.9 99.9 99.9 Heavy metal Pb 0
* CFU = Colony Forming Unit % Cd 0
) As 0
SiO, 43
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