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The change of matter properties of
paper cultural heritage by wet cleaning

Ju-hyun Cheon ', Eun+ji Jang
Conservation Science Lab., The National Museum of Korea
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Abstract  To understand the influence of wet cleaning performed in the course of preserving paper items, the
change of matter properties by before and after wet cleaning was observed. Specifically, structural and optical qualities
and strength were measured. The result showed that wet cleaning caused a substance change in the paper items and
particularly weakened the structure material of pigments, Chinese ink, dyes, etc.
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Photo 1. The old lining paper of paintings
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Photo 2. The old lining paper of ancient documents
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Photo 4. Wet cleaning by a spray
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Table 1. Thickness of papers as cleaning with cold and hot water(mm)

sample before C0|Fi after colq before hoF after hot.

water cleaning water cleaning water cleaning water cleaning
The old lining paper of paintings(S1) 0.131 0.135 0.122 0.135
;Z?e(:]'fd'glc':?n‘;‘gs‘;f) 0.148 0.154 0.144 0.157
oibalji(S3) 0.069 0.074 0.07 0.084
ssangbalji(S4) 0.092 0.098 0.096 0.107
oibaldochimiji(S5) 0.107 0.117 0.099 0.117
chinese paper(S6) 0.094 0.099 0.085 0.098
oibaldochimji (3%glue. S7) 0.116 0.114 0.118 0.108
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Fig 1. A variation of thickness(mm)
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Table 2. Basis weight of papers as cleaning with cold and hot water(g/ nr)

sample before cold after cold before hot after hot
water cleaning water cleaning water cleaning water cleaning
The old lining paper of paintings(S1) 27.90 26.04 27.90 26.04
The old lining paper of 37.20 35.34 30.06 35.34
ancient documents(S2)
oibalji(S3) 18.60 16.74 18.60 16.74
ssangbalji(S4) 18.52 16.67 24.07 2222
oibaldochimji(S5) 26.04 26.04 26.04 24.18
chinese paper(S6) 24.18 24.18 22.32 22.32
oibaldochimiji (3%glue. S7) 31.62 24.18 33.48 24.18
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Fig 2. A variation of basis weight(g/ nv) Fig 3. A variation of density(g/ o)
Table 3. Density of papers as cleaning with cold and hot water(g/ )
sample before cold after cold before hot after hot
P water cleaning water cleaning water cleaning water cleaning
The old lining paper of paintings(S1) 0.212 0.192 0.227 0.207
The old lining paper of 0.250 0.230 0.270 0.240
ancient documents(S2)
oibalji(S3) 0.268 0.225 0.264 0.198
ssangbalji(S4) 0.201 0.149 0.243 0.225
oibaldochimji(S5) 0.242 0.221 0.261 0.205
chinese paper(S6) 0.255 0.243 0.261 0.226
oibaldochimji (3%glue. S7) 0.271 0.211 0.282 0.220
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Table 4. The water content of papers as cleaning with cold and hot water(%6)

sample before C0|Fi after cold before hoF after hot.
water cleaning water cleaning water cleaning

The old lining paper of paintings(S1) 9.963 9.673 9.963 9.659

;Z?e(::f;:;:?nzf;f;rsj) 9.976 9.716 9.976 9.613

oibalji(S3) 10.023 9.771 10.023 9.706

ssangbalji(S4) 9.941 9.795 9.941 9.648

oibaldochimiji(S5) 9.973 9.727 9.973 9.696
chinese paper(S6) 9.975 9.836 9.975 9.7

oibaldochimji (3%glue. S7) 9.834 9.778 9.834 9.695
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Fig 4. A variation of water content(%)
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Table 5. A chrominance of the old lining papers

sample cleaning method L a b 4E
. 84.55 0.26 19.7
cold water cleaning 85.85 0.23 435 454
. 73.4 5.28 26.78
cold water cleaning 2452 503 23,60 3.29
. - cold water cleaning 1 187 23.46 3.26
The old lining pape of paintings 78.11 177 20.39
. 85.26 -0.19 18.32
h I 2
ot water cleaning 88.43 038 14.12 5.26
. 76.25 3.76 26.42
h I 7.
ot water cleaning 78,66 513 1927 66
. 67.24 7.35 29.98
hot water cleaning 7126 6.6 23.91 7.31
75.78 2.38 18.24
ld water cleani 2.72
coldwater cileaning 76.3 21 15.58
cold water cleaning 281 186 15.77 1.34
7347 1.42 14.65
. 63.17 14.09 25.15
- . cold water cleaning 7.44
The old lining paper of ancient documents 65.27 8.93 20.21
hot water cleaning 79.63 116 17.05 3.66
80.16 1.77 13.48
. 78.73 173 17.84
h I 4.1
ot water cleaning 8056 177 141 6
. 58.9 1.63 12.76
h I 4.1
ot water cleaning 5795 196 9.58 6
Table 6. A chrominance of today’s papers
sample cleaning method L a b 4E
92.82 -1.21 6.07
cold water cleaning 0.95
ssangbalji 92.84 -0.91 5.16
. 92.04 -0.89 6.9
hot water cleaning 92.90 113 574 1.46
cold water cleaning 91.66 11 8.18 0.64
oibalji 92.20 -1.35 7.92
hot water cleaning 92.04 089 69 181
92.21 -1.34 8.65
. 92.52 -1.01 7.20
cold water cleaning 1.19
oibaldochimii 92.80 -0.95 6.05
. 91.87 0 6.76
h I 1.
ot water cleaning 9264 059 518 85
cold water cleaning 92.16 109 12 1.43
oibaldochimii (3%glue. S7) 92.45 -0.99 5.87
. 91.97 234 7.8
hot water cleaning 92.24 075 79 3.16
cold water cleaning 95.36 038 312 0.44
chinese paper 95.78 -0.26 3.15
hot water cleaning 9547 0.12 532 0.62

96.01 -0.13 515




Table 7. Tensile strength(N)

sample before C0|Fi after colq before hoF after hot.
water cleaning water cleaning water cleaning water cleaning
The old lining paper of paintings(S1) 10.7 144 10.7 139
oibalji(S3) 20.5 16.9 16.1 154
ssangbalji(S4) 17.1 16.7 16.5 19.9
oibaldochimiji(S5) 19.6 16.5 235 20.7
chinese paper(S6) 13.2 121 11.7 105
oibaldochimji (3%glue. S7) 58 56.2 62.2 238
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Fig 5. A variation of the tensile strength
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Table 8. Tearing strength (mN)
sample before colgl after colq before hoF after hot.
water cleaning water cleaning water cleaning water cleaning
The old lining paper of paintings(S1) 640 1002 1292 1301
;i?;:"ﬂ}:g‘;:ﬁiﬁsj) 755 1643 1558 1340
oibalji(S3) 1051 1387 1818 1801
ssangbalji(S4) 916 868 1119 1766
oibaldochimiji(S5) 1816 769 1855 1935
chinese paper(S6) 210 204 142 151
oibaldochimiji (3%glue. S7) 273 453 360 1976
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Fig 6. A variation of the tearing strength Fig 7. A variation of the bursting strength

Table 9. Bursting strength (kPa)

sample before coIFi after colq before ho't after hot'
water cleaning water cleaning water cleaning water cleaning
The old lining paper of paintings(S1) 113.03 120.28 1195 116.91
;Z?ec:fd'g:ﬁii’se(g) 24763 2434 259.2 244,57
oibalji(S3) 137.89 168.57 154.07 163.39
ssangbalji(S4) 94.12 96.84 105.33 106.55
oibaldochimji(S5) 138.14 127.4 139.96 115.28
chinese paper(S6) 41.82 45.96 39.69 39.23
oibaldochimiji (3%glue. S7) 361.35 324.97 305.03 154.85
& dote o2 A9 A2E Table 99} Fig 7l 1 V., %rglrgl T AL
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3% ot TS & AL=RA(ST)eM 2 Zo] W} z¥zke] Alggdl| diate] FA gl o3 ® W3}
S % %= 3ieh. £ o] Siged Aeld A - F2 FEAnAT F4b




before cleaning

after cleaning by cold water

after cleaning by hot water

Photo 5. The micrograph of the old lining paper(X100)
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before cleaning(X200)

Photo 6. SEM photographs of Oibaldochimji (3%glue)

after cleaning by cold water(X200)
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