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ABSTRACT

In this study, 5 solvent soluble polymers were treated on Hanji. Mechanical properties, morphology and
oxidation index with thermal aging were measured on the aged Hanji, dewaxed Hanji and polymer treated
Hanji. Synthetic polymers(such as polylactic acid, polybutylene succinate, polystyrene) treated Hanji
had higher strength and thermal stability than cellulose derivatives(such as cellulose nitrate and cellulose
acetate) treated Hanji. Polymer treated Hanji showed a little bit of color change. The oxidation index of
PS treated Hanji did not increase with thermal aging because it did not have a carboxyl group in chemical
structure. Finally, polystyrene was found to be the most efficient method for strengthening the dewaxed
Hanji. The best aging safety and thermal stability were obtained at the polystyrene 3% solution.
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Poly(lactic acid)(PLA) &2 Poly(butylene succinate)
(PBS)E o|-&-3to] HAHFU TdAdfol 253 5
composite S A 2310} BA] 1l ol AL 24 3} Ly
71&0] g ALEAL} B st A g WAL 7]
AR HollA 953 AE =23 ok Polystyrene
(PS)L Torres 5°/0] QFo TELS A28 5 A2 7%
W =24 S74% At ok shA|RE ol 23t A4hE
2 composite FE|L T EA} LE Fe 2 A Z5}o] A
A ANEEH Fol HEY 7}5“ of Tt a2
ek gt o2 Folof 4 &4 YL EAE A2t
H ol 7HA] 7| A =T Atk Zo”ﬁ% U
stiffness7} s 12 o] of] wha} B WAL E Hol= oF
o] Qlth.
H}E}/ﬂ 2 AtollA =
% H

Table 1. The information of solvent soluble polymer for Hanji strengthening

Polymer Chemical structure Solvent
Poly(lactic acid) J( 4
(PLA) 0-G-C
Polyester
Poly(butylene succinate) 0
(PBS) }O(»CH; 0- c{cm) ~Ho feH, )xo ¢ CH,-0—CH,-C—— DCMU
Polystyrene —HCH-(Hy
4 ©
CellulE)CseA a)tcetate ACT?
Cellulose
derivative
Cellulose nitrate TLNY

(CN)

YDCM: dichloromethane, ?ACT: acetone, *TLN: toluene
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Fig. 1. Treatment of Hanji with beeswax.
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Fig. 2. Treatment of Hanji samples with water
soluble polymer solution.
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Fig. 2. Aging schemes of strengthened Hanji samples.
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2. 3. 2ZH2| A=29| EEt

2 Ao A= A, FFRkA] 9 =R of HAFA
25 AAsklch 2H2h ] dehi RS Fig. 33+ ok &
S}REA 9] 150°C, 48 A7 A3t} WA 9] 150, 244
7t Aghe Jo 570] A A of 0] AF o] FY5}e
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Qb A2 A Hi Tt
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2, 4, ZEEZRXE| Mz EY &4

FeRAe ANREY 7IAA 7= TAPPI
T494, TAPPI T511 & TAPPI T2319] ©] 7 5}o] Q1%47]
=, WA E Y zero-span JAFFEE S5k c). Fot
A EXLS M}A(JXT777, Color Techno System,
Tapan) & 0] 45101 L, a, bgtah ¥4 %=(1S0%) & 27
stttk deid EAIS FE-SEM(S-4300, Hitachi,
Japan)2 G3lH A2 2] U2 500 2 10008 &=
Zel9l oo 31812 EA] O 2= ATR-IR spectrometer
(Alpha-P model, Brucker, Germany) = =43} spectra
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3.1, 1. BZHa| six|e| 2=
= Table 18 37} X2 @7]9] Astol o2 7|42 7%
2 Qefat Rolh A2E oA FEA H3) T4

BAt AAHOR B 3he Reon] 1 FAE

Table 2. Mechanical properties of solvent soluble polymer treated Hanji

Zero-span tensile

Tensile index Folding endurance

Polymer Aging time strength
(hr) Strength St Strength St Strength St
Nm/g) Dev." (log10N) Dev. (kN/m) Dev.
Control 0 66.83 292 3.41 0.09 9.76 0.18
48 30.11 6.55 0.00 0.00 4.50 0.14
S 17 7777777777 0 62.67 | 130 247 035 197 0.10
48 67.71 1.78 0.30 0.28 5.21 0.12
PLA 29 0 70.23 1.54 2.76 0.02 12.06 0.15
48 72.73 1.57 0.67 0.23 6.15 0.08
3% 0 80.30 4.15 2.63 0.05 12.56 0.07
48 74.61 2.73 0.22 0.22 7.52 0.11
o 1;; 7777777777 0o 7750 1 166 32 008 154 0.05
48 70.39 1.48 1.03 0.16 6.51 0.07
PBS 2% 0 79.53 1.83 2.89 0.08 12.21 0.15
48 72.14 1.31 0.96 0.23 7.15 0.21
39 0 84.36 1.85 2.66 0.21 12.74 0.08
48 79.51 2.04 0.59 0.07 7.03 0.03
o 17 7777777777 o 7893 259 292 005 1203 0.04
48 72.82 1.39 1.54 0.27 6.24 0.09
PS 29 0 80.54 3.94 2.77 0.12 12.78 0.05
48 82.06 0.18 1.40 0.56 7.84 0.03
3% 0 89.85 1.98 2.60 0.05 13.74 0.05
48 79.59 2.73 1.52 0.38 6.99 0.06
o 1; 7777777777 o 7032 221 302 013 1036 0.10
48 44.26 1.50 0.00 0.00 4.94 0.08
CA 2% 0 71.75 1.92 2.99 0.01 10.91 0.16
48 53.59 1.34 0.52 0.16 5.29 0.23
30 0 75.65 1.41 2.58 0.11 11.56 0.19
48 59.68 2.28 0.37 0.08 6.97 0.16
o 17 7777777777 0 6594 | 180 257 006 1.03 0.08
48 50.78 1.80 0.52 0.16 5.84 0.13
CN 29 0 68.39 2.28 2.43 0.13 11.85 0.04
48 55.36 1.20 0.64 0.22 6.84 0.08
39 0 73.96 1.91 2.59 0.06 12.20 0.08
48 60.03 2.81 1.01 0.20 6.45 0.08

St Dev.: standard deviation
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Fig. 3. L, a, b values and brightness of solvent soluble polymer treated Haniji.



A: Hanji(0 hr), B: Hanji(48 hr aging), C: PLA treated Hanji(0 hr), D: PLA treated Hanji(48 hr),
E: PS treated Hanji(0 hr), F: PS treated Hanji(48 hr)

Fig. 4. FE-SEM images of solvent soluble polymer treated Hanji(x500).
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Fig. 5. Oxidation indexes of solvent soluble polymer treated Hanji.
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Fig. 6. Mechanical properties of PBS and PS treated
aged Hanji after thermal aging.
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Fig. 7. Oxidation indexes of PBS and PS treated
aged Hanji after thermal aging.
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dewaxed Hanji after thermal aging.
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