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ABSTRACT

The effects of sulfur dioxide on paper were investigated since these sulfur compounds could cause dam-
ages on cellulose and organic materials in papers. For the reason, exposure ageing tests were performed
on traditional Korean paper (Hanji) and two different types of modern paper (acid-free and acid paper)
to determine the damage with regard to the optical as well as physicochemical properties according to
the varying SO, concentration. As a result, optical properties were not changed while physical and chem-
ical peoperties were remarkably changed with the exposure period. In the case of pH, SO, had little im-
pact on the pH of the Hanji and acid-free paper while the pH of acid paper was remarkably decreased.
The decrease of the folding endurance of the Hanji was relatively smaller than those of the acid-free and
acid paper. The results prove Hanji was more resistant to SO, than the modern paper in terms of optical,
physical and chemical properties. In addition, it was also suggested that SO, concentration should be kept
below 0.01 ppm for the preservation of paper objects.
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Table 1. The factors in Hanji sample preparation

Materials Domestic paper mulberry

Digestion Ash from buckwheat and soybean
Dispersing agent  Sunset hibiscus
Forming method Webaltteugi
Drying method Heating plate

Converting method Dochim

Table 2. The characteristics of the samples for this experiment

Grammage, Thickness,

Property Name Marking o/m? mm Making type
Hanji (M ) H30 36.4 0.12 Handmad
fd- anji (Mungyong andmade paper
Acid-free H60 62.8 0.17
paper
Copy paper CP 75.3 0.11
Machine paper

Acidic paper Wallpaper AP 81.9 0.10
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Table 3. Operation conditions of SO, gas
corrosion tester

I3 Pr} 17

Table 4. Conditions of Ion Chromatography for
analysis on sulfate ion(SO42')

SO, gas concentrations, ppm 0.01, 0.12, 1, 10, 100,

1000, 5000
Temperature, C 20
Relative humidity, % 50
Number of ventilation, /h 1
Chamber size, L 217
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Sample Loop 1000 pL
Eluent KOH 50 mM

Eluent Flow 0.5 mL/min

Column IonPac AS15, 5 ym, 3 mm x 150 mm
Detector Conductivity detector, DIONEX
Suppressor CRD 200-2 mm

A E=Z%7](MI.T Tester, CK Trading Company,

KR)E AHE-3te] S48kt WA= 40 AHg-H
A HL 15 ecmX15 em®] 372 Adslgon Ztr
135°, &%= 175 cpm @] 27104 1 Kgf] &2 7}
sto] 103] ¥heE Z7gshict.

0.01 ppm~5000 ppm®| o] 4ta}g} 7}20f
Zo] A HS gAro 2 FEHA AL AT
5000 ppm@| A% o|ALEE} 7fAd] ol &
71ejehe 2o A2 1,32 olate S4E Ak o)Ak
35} 7h 0] 23 WA= o] QJFFLS FpAo] B E|]
oro Qxjo] WMol 7F = L S0] wiAE
vl &2 R cHFg, 1), 1 A3}, 3H729] 790
2t 4.3%9 S7Fe= EAL 7hof kEH HE F
o|o] MM =7} FTteh= FAE BYou I Sk
2 A0.24~A192 z}o|7} w9 2o} o] ALs}s} 7}/\
of ozt WA o] M3l Ao Gl Ae A

=E3AR
b A3},

> >

rlr

115

110 W H30

105

100 { I
95

90 -

85

80

0 0.01 100 1000 5000

H60 MWCP MAP

Ratio of whiteness to initial value (%)

S0, concentration (ppm)

Fig. 1. Ratio of whiteness to initial value according
to SO, gas concentrations.
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Fig. 3. Concentration of sulfate ion on papers
according to SO, gas concentrations.

X7} $Hito] & FHeol o B A0 et E
3 AP A= 0,01 ppmoll A 10 ppm] o] AH8}gE 7h20]
wEEY SR 2e 27] A WO} 10
ppm 01410 50 A §) 0] Fabgo] A4 A et
Bob = A2 BHeld 4 9

7

3.3 =2X 43
o|AkS}S} 7hAe) lmE Al 7] AL} FhA o WA E
= v w3k $H4) o] W HBE (g 2.8) A (A}
L A]-logly 1.5, AHJ A —logio 1.6) T} 46.8%(H30 7]
) B S BT 5 ik SA7E FAmLt
o] Yo} 2 e E Zh= AL W] Alo|H}
|2 68k BAo)l o Artm 3 4
Q5o Adito] S7HE45 7F e E40]

Aof| vlal F AT 2k 9= B4 o3t Ao R
ek E3 3R] (H30) WE =Y REHAE 3
T 23. 7%= 18.5%2] A A9} 13,0%2] A4 2] o] H] 3]
kel HAZE & Ao R YEryt
APgA O WA T = o|AkE ) 7t H vt T E
5 At thFig. 4). $HA] 602 5000 ppme] il
Tof 2= WA= 48] 748kl al 4] 30
& ol4tsle} 7k 1000 ppmof| A 78 WaZ = s
o] S7FateiTt. 4] 60 AAH 0= §HA] 302t W
A= H4ago] 224 5000 ppmofl A S AT s
Holot, 5000 ppm?] o]AISHE 7Aoo e ZEH BE
o= 27| YX| 9 7ol H]al 21.0% o)/de] A= A

ofN

A3 H7} 19

60 -
= H30 H60 mCP mAP
50

30 -+
20

10

Decreasing proportion of folding endurance (%)

0.01 012 1 10 100 1000 5000

S0 -
SO: concentration (ppm)

Fig. 4. Decreasing proportion of folding endurance
according to SO, gas concentrations.

ol wAyatlom, 53] F4A2 A 609 4%
Sl 20 30,700 2 %42 e AR 2AHG
o

APY 1] MER 02 ASHIRG AL

to| S}

o 1__
2 2pgsto] /- Ralzk SR 9 EAE P4
o|29) ABo| A 1w Bt F7IUST EHEL 5
o290l SIS AesAd, §Eel ¥

4. 2 E

[—

re
e
-
i)

A 0|48} 7k o] UE Fol o]
ah4], Be)4 WskE Ao 1 A8
Z

flo o
L
fo 2

oH

lo | 2 i 3R (B i?r
H1
(]
s
Lo
oldk
N
[
‘.{_4

Zoj MR} o Zo
Ero| Ao AT =7]35)
o} Wizl7} A o) gl AL

i
oN H
2
o
H
e
i

7HEo) n

e =

4
50,
52
o

£ A2 A 521 0,01 ppme] 7k
5E] pHE| A7t W= 912 ™ 10 ppm
A& B FololA pH7L HSksich &
8] AMJA 7} 71 ol RIgh pH W3S B Glou o]of

lL H #s}7} Z#"W o] Ak} 7k 2of|

N ox O |o
>
rlr

)
=2 ot

[

|+= 10 ppm 15}«] 01*@@ 7ho] leEEH
oL 10 ppm ©]4E]
FEo A= A 9 %ﬂ%hol ZAS T+ A



20 olxo}. 7

oAek, B3 A2 o] FASHAN Fego] T2 7
S 1 ppm o}4] FEOIAE Bago] 2 51 T
ool o W Ao Uekit

4, Folol e ZE L o131 740 st HEE 4
2 WA} AR ashe 208 Uetton] 7
= Page AY 10.7%2 debget,

i

& ) 23t pi 1&5011*1% é‘}tﬁ_ﬂﬂ%%‘
.0 ol sl sl ofit Folo] T2 sl

Bt Y= ﬁiﬁ}‘é}ﬂ HoHH = oateRet 7k
9] %2 0,01 ppm 0|3}& G-A|F|of Thrh= AL 93
l— 2~ oh;]_

AL Af

o] A= 2011d % B3 FHEIJAATA E
3haAF §- 238 JL(R&D) AFY Q] X Y- Hho} o] 2 o]
Rom PAA 9 HHH 2o Zlo] FAlgit,

Oh

HI . Fo]7]& 44(6) 2012

D;
JEEL

[

. Ministry of Environment, Annual Report of Ambient
Air Quality in Korea 2010, Gwacheon, Korea, pp.
17-39 (2010).

2. Ministry of Environment, The Report of Metropolitan
Air Quality 2012, 85, Gwacheon, Korea, pp. 75-83
(2012).

3. Pavlogeorgatos, G., Environmental parameters in mu-
seum, Building and Environment, 38: 1457-1462
(2003).

4. Thomson, G., The Museum Environment, 2, ELSEVIER,
Oxford, pp. 136-148 (1986).

5.Lee, S. E. and Roh, H. S, Environmental Measurements
of Gallery and Storage Rooms of The New National
Museum of Korea, Conservation Science in Museum,
7:75-87 (2006).

6. Wessel, C. J., Environmental factors affecting the per-
manence of library materials, The Library Quarterly,
40(1):39-84 (1970).

7. Carter, H. A., The Chemistry of Paper Preservation Part
2. The Yellowing of Paper and Conservation Bleaching,
Journal of Chemical Education, 73(11):1068-1073 (1996).

8. LYEIIAY AL, ZRAYZAZ R Holy|s
o] A n| Lk BEEAF R F, pp.45-58 (2011).

9. Lim, G. H. and Choi, T. H., The Effects of the Cutting

Length of Paper Mulberry Bast Fiber on Pulping and

Hanji Properties(I) - White bast of Korea grown paper

mulberry -, Journal of Korea TAPPI, 40(2):57-64 (2008).



