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Fig. 1-1 Optical microscopic photograph of bamboo 

fiber by Graff C staining solut ion 

by Inaba  
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Fig. 1-2 Average length and width of fibres for paper manufacture 
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╠ 5)│ ╛ ─ 8 ⌐≈™≡ ≤ ╩ ⇔≡™

╢⁹ ╛ ⌐╟╢ │ ⅝™⅜⁸ ⌂ ╩ Table 1-1 ⌐ ∆

╢⁹ ≤ ∆╢≤ⱱ꜡☿ꜟ꜡כ☻ ⅜ ↄ⁸ꜞ◓♬fi │ ⌂ↄ⁸Ɑfi♩

◘fi │ ≤╒╓ ∂≢№╢⁹ │ ⌐│ ╛ ⌐ ↄ ⇔⁸∕─

│ ◔▬ SiO2 ≢№╢⁹ ◔▬ │ 2%─▪ꜟ◌ꜞ ≢ ⇔

≡ ≢⅝╢⁹ 

Table 1-1 Chemical composition for 8 kinds of bamboo3 ) 

Chinese Scientific name Ash
Cold water

extracts

Hot water

extracts

1% NaOH

extracts

Benzen-

alcohol

extracts

Pentosan Lignin Holocellulose

Dendrocalamus 2.60 5.50 6.96 21.90 8.12 15.61 24.57 70.12

Phylloschys edulis A. &c. Riv 1.29 8.56 10.80 27.90 3.08 14.52 23.91 48.96

SinoCalamus Fayinosus Keng et keng .t. 1.74 3.44 4.52 22.65 1.80 19.60 25.12 69.13

Phylloschys nigra var henonis 2.61 4.26 5.43 22.73 1.73 20.08 23.75 65.93

S.distegius Keng & Keng f. 2.54 3.22 4.81 24.72 1.82 19.56 25.23 72.68

SinoCalamus affinis (Rendle) McClure 2.38 5.92 8.08 25.32 2.05 18.12 24.19 62.63

Bambusa Pervariabilis McClure 1.95 4.66 5.92 22.71 1.92 18.87 26.06 64.69

Arundinaria murjelae Gamble 2.82 3.12 4.97 26.75 3.12 18.66 21.85 70.68

(%) 

1-3  

( Ca(OH)2) ( Na2CO3)

♄כ♁ ♫♩ꜞ►ⱶ⁸NaOH 6  

1637 ( 10)

(SONG YING XING) 7) 1886 (

19) 8)

LI XIAO CEN (ZHU XIA)

1999 9 Elaine Koretsky Kil l ing  Green 2009 10

2014 6
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1-4  

5 11  

ᵑ  ≢ ⁸ ─ ↄ≡ ™ ≢№╢⁹

─ ╡─√╘⌐ ╛∆ ⁸ ↑ ⌂≥≤⇔≡

╦╣╢⁹ │ ╛⇔√ ─ ⅜ ™↓≤⅜ ≢⁸ ⌐

─ CaCO3╩ ╪≢™╢ ⅜№╢⁹  

ᵒ  ⌐ ╩ ╦⌂™ ≢⁸ ⅜ ↄ

⌐ ╙ ↄ ╦╣╢⁹  

ᵓ  

 

ᵔ  ≢№╢⁹ │ ⇔⌂⅛∫√⅜⁸ ≢│

∆╢↓≤⅜ ↄ⁸ ⇔√╙─│₈ ₉≤

┌╣╢⁹ ⁸ ⌐ ╦╣╢⁹  

ᵕ  ╩ ⇔⁸ ™│ ⇔≡ ╢⁹

─ ⌂ ™ ≢ ╛ ⌐ ╦╣╢⁹  
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1-2  

Table 1-2 Manufacturing places, methods and usages of bamboo paper 

 in China ( )11  

Place Item Raw material Method Purpose 

Zhejiang 

 

Fuyang 

 

yuan shu 

zhi 

 

mao bamboo 

 

hot 

digestion  

 

call igraphy, 

hell  bank note 

 

Wenzhou 

 

 

pin Zhi 

 

 

bamboo 

 

cold 

digestion  

 

hell  bank note, 

general usage 

 

 

Fuj ian 

 

Liancheng 

 

l ian shi 

zhi 

 

mao bamboo 

 

hot 

digestion  

 

call igraphy, 

writ ing  

 

xuan zhi 

 

bamboo, kozo 

 

hot 

digestion  

 

painting 

 

mao bian 

zhi 

*  

mao bamboo 

 

cold 

digestion  

 

writ ing 

 

Changting 

 

mao bian 

zhi 

 

mao bamboo 

 

cold 

digestion  

 

writ ing, hell  

bank note 

 

Guangze 

 

l ian shi 

zhi 

*  

mao bamboo 

 

hot 

digestion  

 

writ ing, printin 

 

Jiangxi 

 

Yienshan 

 

mao bian 

zhi 

 

mao bamboo, 

rice straw  

 

cold 

digestion  

 

hell  bank note 

 

l ian shi 

zhi  

 

mao bamboo 

 

hot 

digestion  

 

writ ing, printin 

 

biao shin 

zhi 

 

bamboo 

 

cold 

digestion  

 

iginit ion 

 

 

Tongu 

 

biao shin 

zhi 

 

bamboo 

 

cold 

digestion  

 

hell  bank note, 

firecracker 

 

Yongfong 

 

mao bian 

zhi 

 

bamboo 

 

cold 

digestion  

 

writ ing, printin 
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 Production is been stopped.  

 

      

Place Item Raw material Method Purpose 

 

Sichuan 

 

 

Jiajan 

 

Daqian 

paper  

 

bamboo,hemp, 

kozo 

 

hot 

digestion  

 

writ ing, 

printing 

 

xuan zhi 

 

bamboo 

 

hot 

digestion   

 

painting 

 

duei fan 

 

bamboo 

 

hot 

digestion  

 

painting 

 

Yunnan 

 

Tengchong 

 

xuan zhi 

*  

bark, rice straw, 

bamboo 

 

hot 

digestion  

 

painting 

 

Heqing 

 

dui zhi 

 

mangosteen, 

bitter bamboo  

 

cold 

digestion  

 

hell  bank note, 

writ ing 

 

Lufeng 

 

dui zhi 

 

fernleaf hedge 

bamboo 

 

cold 

digestion  

 

hell  bank note 

 

Wenshan 

 

dui zhi 

 

bamboo 

 

cold 

digestion  

 

hell  bank note 

 

Zhenyuan 

 

mayan 

zhi  

 

bamboo,bark 

 

cold 

digestion  

 

hell  bank note, 

package 

 

Guizhou 

 

 

Guiyang 

 

qian zhi 

 

henon bamboo 

 

cold 

digestion  

 

hell  bank note 

 

Huangping 

 

du zhi 

 

bamboo 

 

cold 

digestion  

 

hell  bank note 

 

Guangxi 

 

Bingyang 

 

du zhi 

 

bamboo 

 

cold 

digestion  

 

hell  bank note, 

general usage 

 

Guang 

dong 

 

Sihui 

 

huizhi 

 

bamboo 

 

cold 

digestion  

 

hell  bank note 

 

Shaanxi 

 

Zhenba 

 

maobian 

zhi 

*  

bamboo 

 

cold 

digestion  

 

hell  bank note 
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1-6  

12)

13)  

 

1-7  

│

14) 1799 Tenant
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1-8  

15) 3

100ʕ , 120 1

2

1 6 6 (

)

105ʕ , 40

Khine 

Khine Win

100ʕ , 7

17) (XIE JIN CHENG)18

4

80 65%rh

0.42% 0.83%

pH 10.1% 11.8%

19)

2

pH 7.2 6.4

pH 6.3 4.2

12.2% 6.0%
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3.0 1.0%
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2  ─ ─ ™⌐╟╢ ┘  

2-1  

 ⌂ ⅝ ─ │ ≢ ⇔√╟℮⌐ ⅜ ≢⁸

⇔⅛╙ ╩ ╢╕≢ ⅜ ⅛⅛╢⁹ ≤⇔≡│ 1

⇔√ ╩ ™⁸ ⇔≡⅛╠ ∕─╕╕ ↕∑⁸ ™│ ─

≢ ╖ →≡ 3 ﬞ ╙ ╩⅛↑ ↑≡ ↕∑╢ ╛

╩ ↑≡™╢ ─ ⁹  

∕─ ⁸ ╩ 2 ╡ ⇔⁸↓─ ⌐ 2 ﬞ

╩ ∆╢⁹ ≢│ ─ ≢ 2 ╖─

╩ ⇔⁸ ─ ™⌐╟╢ ─ ⁸ ⌐ ⅎ╢ ⌐

≈™≡ ╠⅛⌐∆╢↓≤≤⇔√⁹  

 

2-2  

2-2-1   

─ ⌐╟∫≡ Phyllostachys 

pubescens ╩ 1 ⁸ 2 ⁸ ⇔

1 ⇔√ ╩ ⌐ ⇔√⁹ │ 1 ⅜

15 ≢⁸2 ⅜ 1 ﬞ ⌂∫√≤─↓≤≢№╢⁹  

 

2-2-2  

─ ╩ ™√ ─ ╩ ⌐ ╩ ╘√ 1

⁹☻♥fi꜠☻ 35 L ⱨ♃ ⅝ ⌐ 13.4 L 50 ─ 1wt ─

▪ꜟ◌ꜞ ♫♩ꜞ►ⱶ NaOH⁸ ♄כ♁ ⁸

 Na2CO3 )  ⁸  (Ca(OH)2 )

134 g ╩ ╣⁸↓╣⌐ 269 g ╩ ⅎⱨ♃╩⇔√╕╕ ⇔√⁹

1 ⌐ 2~3 ⇔√⁹ │ ≢♄כ♁ 3 ♄כ♁⁸ │

5.5 ≤ 23 ⁸ │ 43 ≤ 217 ≤⇔√⁹⌂⅔⁸ ─ 217

─ │⁸ 108 ⌐ ╩ ─ ⇔™╙─≤ ⇔√⁹
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⁸Ɽꜟⱪ│ 83 ⱷ♇◦ꜙ─ ≢⁸ ─ pH ⅜ ⅛╠ ▪ꜟ◌

ꜞ pH  7.5~8.5 ╕≢ ⇔√⁹  

2-2-3 ⅝ ─  

⌐ ≤⇔≡ 30 g ─ Ɽꜟⱪ⌐Ɽꜟⱪ 10%≤⌂╢

╟℮⌐ ╩ ⅎ√⁹5 ─Ɽꜟⱪ╩ PFIⱵꜟ≢ 5000 ⇔⁸TAPPI

─ ⅝ⱴ◦fi╩ ™≡ 90 g/m2─ ⅝ ╩ ⇔√ JIS 

P8222 1998 ⁹ │ Advantec No.2 2 ─ ⌐ כ꜡⁸╖

כꜘ▬ꜝ♪כꜞ♃ KRK  DR-200 ≢ ⇔√⁹  

≢⅔⅔╟∕ 500 ⇔⁸↓─ ⅛╠∕╣∙╣ ─ ™╙─╩

360 ⇔≡ ≤⇔√⁹  

 

2-2-4 ♪►◘ ≤  

⌐♪►◘  0.7 wt% 0.35 wt%⁸ ┘  

2 wt% 1 wt% ╩ ≢ ⌂╢╟℮⌐ ─ ⌐ ⇔√⁹

♪►◘ │⁸ ≢ ⇔ ⇔√⁹∕─ ⁸♪►◘

╙ ╘≡ 80 ʕ⁸65 %rh ≢ 8 ⇔√⁹  

 

2-2-5  

 ─ ≤⇔≡ ⁸ pH⁸ ┘ ⁸ ╩ ═√⁹  

2-2-5-1  

─ │⁸10 ⌡√ Advantec No.2 ─ ⌐ ╩

™≡ ─ 3 ╩ BYK  Gardner Spectro Guide Sphere Type

d/8 ╩ ™≡ ⇔⁸ D65⁸ 10°─ ≢ L*⁸a*⁸ b*

CIE1976 ╩ ╘⁸∕╣∙╣ ⇔√⁹ ─ │˃E*ab ≤

⇔≡ ╘√⁹  

 

2-2-5-2 pH  

╟╡ 5 mm×15 mm╩ ╡ ╡⁸pHⱷכ♃כ twin 

pH B-212 ─ ⌐ ⅝⁸ ⁸ⱧⱭ♇♩≢ 5 0.14 mL ─
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╩ ⇔⁸ 10 ─ ╩ ╖ ∫√ │ 5 ╩ ⁹3

─ ╩ ⇔≡ ─ pH ≤⇔√⁹  

 

2-2-5-3 ┘  

─ │ ⁸ ┘Ɽꜟⱪ 525 ϴ JIS 

P8251: 2003 ⌐ ™⁸ 1g ╩ ™≡⁸ ╢≈╓ 280 ϴ

≢ ↕∑√─∟⁸ 525 ϴ≢ 3hr ⇔≡ ↕∑≡ ╘√⁹⌂⅔⁸

⅜ ≢№╢↓≤╩ ⅛╘╢√╘⁸ 525 ϴ≢↕╠⌐ 2hr ™≡

⅜ ∂⌂™↓≤╩ ⇔√⁹ ⌐≈™≡ 2 ⇔⁸ ╩

─ ≤⇔√⁹  

─ │ SEM⁸ ⁸

SU-8020 ≤◄Ⱡꜟ◑כ X  (EDX XMAX ⁸

⁸ 80 mm2)╩ ™≡⁸ 15kV⁸ 2000 ⁸☻Ɑ◒

♩ꜟ 30 ≢ ∫√⁹  

 

2-2-5-4  

↕ JIS P 8116: 2000 │ Elmendorf SA

ⱨꜟ☻◔כꜟ 2000 N ╩ ™≡ 3 ─ ≢ 10 ─ ╩ ⌂

∫√⁹  

↕ JIS P 8115: 2001 │ MIT΅DA ╩

™≡ 4.9 N 500 gf ≢ 10 ⇔⁸ ISO ─

╩ ⇔⁸↓╣╩ ⌐ ⇔≡ ╩ ╘√⁹  

 

2-2-6  

 ≤⇔≡ꜞ◓♬fi⁸ ☻כ꜡ꜟ☿⁸ ╩ ═√⁹  

2-2-6-1 ꜞ◓♬fi ▪☿♅ꜟⱩ꜡Ⱶ♪ AcBr  

╩Ɫ◘Ⱶ≢ ╡⇔⁸65ⱷ♇◦ꜙ ╩ 55 ϴ≢ ⇔√⁹

10 mg╩ ⇔≡ 19 mmɫ×150 mm─ ⌐ ╣⁸ 2.5 mL

─ 25% ▪☿♅ꜟ ╩ ⅎ≡ 70 ϴ○כⱩfi ≢⁸ 10 ⌐ ╡
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−⌂⅜╠ 30 ⇔√⁹∕─ ⁸ ≢ ⇔√⁹ 50 mL ─ⱷ☻ⱨ

ꜝ☻◖⌐ 2.25 mL ─ 2 mol /L ♫♩ꜞ►ⱶ ≤ 12.5 mL ─ ╩

╣≡⅔⅝⁸↓╣⌐ ─ ╩ ─ ╩ ™≡ ⌐ ⇔√⁹

⌐ 0.25 mL─ 7.5 moL/L ⱥ♪꜡◐◦ꜟ▪Ⱶfi ╩ ⅎ≡ ╡ −⁸

⇔⌂⅜╠ ╕≢ ≢ ⇔√⁹ 280 nm⌐⅔↑╢ ─

╩ ⇔⁸ ⌐╟╡ꜞ◓♬fi % ╩ ⇔√⁹  

 ⌂⅔⁸ ꜞ◓♬fi─ │ 30.0 Lה g-1ה cm-1╩ ™√ 1 ⁹  

L [  V As Ab /(aהW)]  x100 

                          

      V L  

As ─  

Ab Ⱪꜝfi◒─  

               a Lה g-1ה cm-1  

               W g  

                                        

2-2-6-2  

┘ ─ ─ │ 50 mg ╩ ™≡▪ꜟ☺♩

♩כ♥☿▪ꜟכ ⌐╟╡ ⌂∫√⁹ ⌂ │ 3 ⌐ ∆⁹  

 

2-2-6-3 ─☻כ꜡ꜟ☿  

─☻כ꜡ꜟ☿ ☻כ꜡ꜟ☿│

◄♅꜠fi☺▪Ⱶfi CED JIS P8215: 1998⌐╟╡ ⌂∫√⁹√∞⇔⁸

∕─╕╕≢│ ⇔⌂™√╘ ♫♩ꜞ►ⱶ⌐╟╡ 3 ꜞ◓

♬fi 2 ╩ ∫√ 20 mg╩ ⇔⁸ ⌐ ⇔√⁹  

─☻כ꜡ꜟ☿ ɜ │ ─ ⌐⅔↑╢ ⅛╠ JIS ⌐

╟╡ ╘√⁹↓─ ɜ ╟╡ Mark-Houwink΅ ─ ⌐╟╡ K

1.33≤ɖ 0.905─ 3 ╩ ™≡ ╩ ⇔√⁹  

 

ɜ Kה DP ɖ  
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2-3 ≤  

2-3-1 ┘ ⇔√ ─  

╩ 2 ⌂∫√ ╩ 3 ─ ⌐╟╢

╩ Fig. 2-1 ⌐ ∆⁹ │♄כ♁ 3 ≢ 71.4% S71≤ ⁸♁

♄כ ≢│ 5.5 ≢ 88.3 % C88 ⁸ ≢│ 43 ≢ 94.3 % L94

≤⌂∫√⁹ ⇔√ ╩ꜝ▬♩Ⱳ♇◒☻⌐ ∑≡ ♩כ◦ ─

─ ╩ √─⅜ Fig. 2-2 ≢№╢⁹ ™│ ─ ⅜

♄כ♁ ♄כ♁≥ ╟╡ ╩ ┘≡™╢ ─ │ ≡

≢№╢ ♄כ♁⁹ C88≤ L94│ ⅎ⅜ ↄ ⅜ ╡⁸

⌐ ⌐ ↕⌂ ─ ⅜ ∂⁸ ⅜ ™⁹  

♄כ♁⁸≢↓⧵ ≤ ≢│ ╩ ♄כ♁⁸⇔ ≢ 81.8 % 

C82 ⁸ ≢│ 90.4 % ─ ─╖ ≤ 84.2 % L84 ─Ɽꜟ

ⱪ╩ √⁹ │ ⅜♄כ♁ ↄ⁸♁כ♄ ⅜∕╣⌐≈⅞⁸

∕⇔≡ ─ ≢№╢⁹  

 

 

Fig. 2-1 Cooking rate of rough fiber by different alkal i agents 
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S71 NaOH 71%  

 

    

C88 (Na2CO3 88%)  C82 (Na2CO3 82%)  

 

    

L94 (Ca(OH)2 94%) L84 (Ca(OH)2 84%)  

 

Fig. 2-2 Transmittance view of handmade 5 bamboo original papers*  

* Original paper : fresh bamboo sheet without acidic Dosa coating and ageing 

 

Shives ( ) 

Shives ( ) 
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2-3-2  

(a) pH  

⇔√♪►◘ ─ ⌐ ∆╢ ─ pH ─ pH

╩ Fig. 2-3 ⌐ ∆⁹♪►◘ ≢│ pH 8.7~9.2⁸ ◘▬☼≢№╢

♪►◘╩ ⇔≡╙ pH 7.9~8.3≢№╡⁸♪►◘ ⅜ ∆⌐ ∫≡

╒╓ ⌐ pH ⅜ ∆╢⅜⁸ ™♪►◘╩ ⇔√ ≢╙ pH 7.9

─▪ꜟ◌ꜞ ─╕╕≢№╢⁹ ╠│ 4 ─▪ꜟ◌ꜞ≢ ⇔≡

⇔√ ─ ⌐≈™≡ ═⁸ ≡─ ≢ ╠╣√ ─ pH │ 7 ≢№

╡⁸♪►◘ ∆╢≤ ♄כ♁≥ ≢│ pH ─ │ ⌂™⅜⁸

─≢♄כ♁ ≤ ≢─ ≢│ pH ⅜ ⅝ↄ ⇔⁸↓╣│ ♁

╛♄כ │Ɽꜟⱪ─ ⌐ ⇔╛∆ↄ⁸▪ꜟ◌ꜞⱣ♇ⱨ□≤⇔≡

⌐ ⇔⌐ↄ™√╘≤ ⇔≡™╢⁹↓─ │ ─ ≤│

∆╢⅜⁸↓─ ⌐≈™≡│ 2-3-3 ┘ ≢ ∆╢⁹       

 

 

Fig. 2-3 Effect of dosa sizing on pH of original paper 
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(b)  

─ ─ L*a*b* ╩ Fig. 2-4 ⌐ ∆⁹ ─

L94⁸L84 │ L* ⅜ ─ 3 ╟╡╛╛ ↕ↄ⁸b*

╙ ™⁹ ♄כ♁ ♄כ♁≥ ─ │╒╓ ∂ ≢№

╢⁹  

 

 

Fig. 2-4 Original color of 5 original paper 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

27 

 

(c) ↕   

ISO ↕╩ ⇔√─⅜ Fig. 2-5 ≢№╢⁹ ♄כ♁ ─ S71≤♁

♄כ C88 │╒╓ ∂ ↕╩ ∆⅜⁸ L94 ┘ L84

│ ™ ♄כ♁⁹╢№≢ ≤ ≢│ ⅜ ↄ⌂╢≤

↕│ ∆╢⁹ ⌐ ─ L84│ ⇔ↄ ↄ⌂╡⁸ ™√ 4.9 N 500 

gf ─ ≢│ ≢⅝∏⁸ 0.98 N 100 gf ─ ™ ≢╙ 10

─ ≢№╡⁸ ↓─ ─ ↕ │ ⌂╦⌂⅛∫√⁹  

 

 

Fig. 2-5 ISO folding number of original paper (4.9N) 
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(d) ↕  

↕╩ ⇔√─⅜ Fig. 2-6 ≢№╢⁹ ♄כ♁ S71 ≤♁

♄כ C88 ┘ C82 ─ │ 100 Nmהm2הg-1 ≢№╢⅜⁸

L94 ┘ L84 ─ │ ↕─ ≤ ⌐↓╣╟╡ ™ ╩

⇔√⁹↓╣│ ⇔√√╘⁸ ⅜ ╪≢™╢√╘≢№╢⁹  

 

 

Fig. 2-6 Tear index of original paper 
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(e) ☿ꜟ꜡כ☻─ DP  

─ ─☻כ꜡ꜟ☿─ ╩ Fig. 2-7 ⌐ ∆⁹  

 

 

Fig. 2-7 Init ial degree of polymerization (DP) for  

rough fiber and original paper 

 

─ ⅜ 1000 ≢№╢─⌐ ⇔≡⁸∆═≡─ ≢

│ ⇔≡™╢⁹S71⅜ 870≤ ╙ ™ ╩ ∆⅜⁸ כ♁

♄ (S71)≢│ ≢№╢◓ꜟ◒꜡ⱡ◐◦ꜝfi⌂≥⅜ ⌐ ↕

╣╢√╘ Fig. 2-19 ⌐⁸ ⅛↑ ⅜ ↄ⌂∫√≤

ⅎ╠╣╢⁹  
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2-3-3 ┘  

─ ╩ ∫√ Fig. 2-8 ≤↓╤⁸ ⌐ ↕╣≡ ↕╣√

│ 9.2%≤ ™ ≢№╡⁸∆═≡─ ╙ 7.2 ─

™ ≢№╢⁹↓╣│ ─ ⌐ ™√ ⅜ ⌐

⇔≡ ↕╣≡™╢√╘≢№╢⁹↓╣⅜ ─ ™ pH ╩╙√

╠⇔≡⅔╡⁸ ⌂ ⌐╟╡ ⇔√ ─ ≢№╢⁹  

─ │ 217 ╕≢ ⇔√ L84 ≢│ 17.3%≤ ⌐

⅝⌂ ≤⌂∫√⁹ ⁸ ♄כ♁ S71≢│ 10.8 ≤ ─

╟╡╙ ∆╢⅜⁸↓─ │ ─ │⌂™─≢⁸Ɽꜟⱪ ╩

⅛↑≡ ≤⇔≡ ⇔√─⅜ Fig2-9 ≢№╢⁹  

↓─ ⅛╠ S71─ │ 7.7 ♄כ♁╡⌂≥ C88⁸C82╩ ╘

≡ ─ ╟╡╙ ⌂ↄ⌂∫≡⅔╡⁸ ⇔⌂™ ≢№╢⁹ ⁸

─ │ L84 ≢│ 14.5 ≤ ╟╡╙ ⌐ ⇔≡⅔╡⁸↓

╣│ ⌐ ≢№╢ ⅜ ⌐ ↕╣√√╘≤ ⅎ╠╣╢⅜⁸

L94 ≢│ ⇔≡⅔╡⁸ ⇔√ ≤⌂∫≡™╢⁹↓─ │ ≢№

╢⁹  

↕╠⌐⁸ ─ H ≤ ≤─ ╩ √─⅜ 2-10≢№╢⁹↓─

⅛╠ ♄כ♁ ─ S71 ─╖⅜ ─ ≤ ═≡ ─ ⌐∕─

pH ⅜ ⅛∫√⁹↓─ ⌐≈™≡╙ ≢№╢⁹  

─ ╩ SEM-EDX ╩ ™≡ ⇔√ ╩ 2-1 ⌐ ∆⁹

≢№╢ ─ │ 93.3 ↕╣√ ─

≢№╡⁸ ≤⇔≡─ ≢│⌂™ ⅜ Ca≢№╡⁸ ─

⌐ ─ Ca⅜ ⌐ ╡ ╕╣≡™╢↓≤╩ ⇔≡™╢⁹ ∆╢≤

─ ⅜↕╠⌐ ⇔ Ca ─ ╘╢ ⅜ ⇔≡™╢⁹ 5

≢│ │≢♄כ♁ │ ♄כ♁⁸⅜™⌂ ≢ ∆╢≤ ⅜

ⅎ⁸∕─ ⌐ ⇔≡™╢⁹ ♄כ♁│ ≢╙ Na│

≢№╢⁹↓╣│ ─Ɽꜟⱪ─ ─ ⌐ ∆╢ ⅜

№╢⁹ ─ ≢№╢ Ca⅜ ⌐ ⇔√ ─ L84 ≢│ Mg

⅜ ≤╒╓ ⌂─⌐⁸ ⇔√ L94 ≢│ ─ ≤ ≢
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№∫√↓≤│⁸ ─ ⅎ ⁸№╢™│ ≢─ ╠⅛─ ╩

⇔≡™╢ ⅜№╢⁹  

 ─╟℮⌐ ≢ 2 ─ ⇔≡ ⇔√ ⌐│

⌐╟╡ ⌐ ─ ⅜ ⇔≡⅔╡⁸∕─√╘ ≢─

╟℮⌂ ─ ™⌐╟╢ ┼─ ─ ⅜ ╘╠╣⌂⅛∫√↓≤⌐

⌂╢⁹  

 

Fig. 2-8 Ash content of rough fiber and original paper 

 

  

Fig. 2-9 Yield modified ash content of rough fiber and  

original paper 

 

 

 



 

 

 

32 

 

 

Fig. 2-10 Relationship between ash content and init ial  pH  

with original paper 

 

Table 2-1Ash analysis for rough f iber and 5 original papers 

Rough fiber S71 C88 C82 L94 L84

Ash content /% 9.2 10.8 7.2 8.1 9.3 17.3

Ca /% 93.3 97.7 98.5 98.6 98.0 95.1

Mg /% 3.2 1.0 1.3 1.2 1.1 3.1

S /% 0.8 0.4 0.4 ɸ 0.6 0.5

Si /% 2.4 1.0 0.3 0.2 0.6 1.2

P /% 0.3 ɸ ɸ 0.3 ɸ 0.4

Unit: Mass%  /  ů0 ~ 10.2%  /  : lower than detection limit 

 

♩כ◦ ╩ SEM≢ ⇔√─⅜ Fig. 2-11≢№╢⁹ │ ⌐ ╕

╣≡™╢⅜⁸ ─ CaCO3 ≤ ╦╣╢ │ ↕╣≡™⌂™⁹

↓─↓≤│ CaCO3 ⅜ ⌐ ╡ ╕╣≡™╢↓≤╩ ⇔⁸

─ CaCO3│Ɽꜟⱪ ╛ ⌐╟∫≡ ™ ↕╣≡™╢⁹  
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L94 Front side (Ash content: 9.3% )   L94 Back side 

 

   

L84 Front side (Ash content: 17.3% )   L84 Back side 

 

Fig. 2-11 SEM Images of L94 and L84 sheet 

 

 

 

 

 

 

 

 

 

 

100 um 

100 um 100 um 

100 um 
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2-3-4 ꜞ◓♬fi  

fiꜞ◓♬fi♁כꜝ◒ ≢│ ≢ 100ϴ ⌐ ∆╢√╘Ɑfi♩

◘fi⅜ⱨꜟⱨꜝ⁸╡⌂≥ꜟכ ꜞ◓♬fi─ ⌐ ⇔≡⇔╕℮

√╘⁸ ≢│▪☿♅ꜟⱩ꜡Ⱶ♪ AcBr ⌐╟∫≡ꜞ◓♬fi ─

╩ ⌂∫√ 2 ⁹Ɽꜟⱪ ≤ ꜞ◓♬fi % ─ ╩

Fig.2-12⌐ ∆⁹ ⅜ ╗≤ꜞ◓♬fi⅜▪ꜟ◌ꜞ⌐╟∫≡ ה ⇔⁸

∕─ │ ⇔≡™╢⁹  

 

 

Fig. 2-12 Acetyl bromide l igni n to yield for rough fiber and original paper 
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2-3-5  

☻כ꜡ꜟ☿─ ┘ⱫⱵ☿ꜟ꜡כ☻ ─ ╩ ∆╢√╘⌐

╩ ⇔√⁹∕─ ╩ Table 2-2 ┘ Fig. 2-13⌐ ∆⁹

─ⱫⱵ☿ꜟ꜡כ☻⅜ ≤ ∂≤∆╣┌⁸ ™─⅜⁸◓ꜟ◒

꜡ⱡ◐◦ꜝfi 4-O-ⱷ♅ꜟ◓ꜟ◒꜡ⱡ -ɓ-D-◐◦ꜝfi⅜ ≢№╡⁸ 2

⌐ ™─⅜◓ꜟ◖ⱴfi♫fi≢№╢⁹◓ꜟ◌fi⌐│☿ꜟ꜡כ☻╙ ╕

╣╢─≢⁸ ↄ⁸ⱫⱵ☿ꜟ꜡כ☻─╒≤╪≥│◓ꜟ◒꜡ⱡ◐◦ꜝfi

≢№╡⁸◓ꜟ◖ⱴfi♫fi│ ≢№╢↓≤⅜╦⅛╢⁹  

 

    Table 2-2 Neutral sugar content for 5 original papers 

    

Description ARA XYL MAN GLU Total/ %

Rough fiber 1.20 18.9 0.83 43.73 64.66

S71 0.94 17.76 0.97 54.68 74.35

C88 1.12 20.38 0.56 53.8 75.86

C82 1.12 20.28 0.54 52.78 74.72

L94 1.08 18.99 0.87 49.32 70.26

L84 0.81 14.76 0.44 47.51 63.52  

Note: ARA: Arabinan, XYL: Xylan, MAN: Mannan, GLU: Glucan 

 

 

Fig. 2-13 Neutral sugar content for rough fiber and 

 original paper 
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─▪ꜟ◌ꜞ ⌐╟╢ⱫⱵ☿ꜟ꜡כ☻─ ┼─ ╩◐

◦ꜝfi ◓ꜟ◌fi XYL/GLU ─ ≢ ⇔√─⅜ Fig. 2-14≢№╢⁹

≢│ 0.42 ≢№∫√─⌐ ⇔≡ 5 ─ ≡≢↓─ │ 0.4

⌐⌂∫≡™╢⁹ ♄כ♁ S71≤ L84 ─◐◦ꜝfi │ ⌐

⇔≡™╢⁹↓╣│⁸ ™▪ꜟ◌ꜞ ╩ ≈ ♄כ♁ ⌐╟╢◐◦

ꜝfi─ ─ ≤ ≢─ ─ ⌐╟╢◐◦ꜝfi─ ⌐╟

╢≤ ⅎ╠╣╢⁹  

 

 

Fig. 2-14  Ratio of xylan to glucan for rough fiber and original paper 

 

─ ─╖≢ ╢≤⁸ ≢№╢ ╟╡╙Ɽꜟⱪ ≢

│∕─ ⅜ ⇔≡™╢⌂≥ ⇔⌐ↄ™─≢⁸Fig.2-15⌐∕╣∙╣

─ ≢ ⇔√ ╩ ∆⁹↓─ ≢ ╢≤⁸ ─ ≢

─ L94 ♄כ♁┘╟⅔ ─ C88≢│∕─ │ ≤╒≤

╪≥ ⇔≡™⌂™⅜⁸C82≢│ ⅛⌐ ∆╢⁹ ♄כ♁ ─ S71

≢│ 10 ⇔≡⅔╡⁸↓╣│ ≥☻כ꜡ꜟ☿⌐╘√─ꜞ◌ꜟ▪™

┼Ⱶ☿ꜟ꜡כ☻⅜╟╡ ↄ ⇔√√╘≤ ⅎ╠╣╢⁹╕√⁸L84 │

⅜ S71╟╡│ ™⌐╙⅛⅛╦╠∏⁸ ⇔√⁹↓─ ⌐│ 17.3 ─

⅜ ╕╣≡⅔╡⁸↓─ ⅛↑ ─ ─ │ ∆╢│∏≢№

╢⅜⁸∕╣ ⌐ ─ ⌐╟╡⁸ ⅜ ⌐ ⇔≡™╢↓

≤⅜╦⅛╢⁹  
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Fig. 2-15 Yield modified neutral sugar content for rough fiber and  

 original paper 
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2-3-6 ⌐╟╢   

(a) pH  

80ʕ⁸65%rh ⌐╟╢ 5 ─ ─ pH ╩ Fig. 2-16

⌐ ∆⁹ pH ⅜ 9.1≤ ⅛∫√ C88⁸C82⁸L94⁸L84 ─♪►◘

≢│ ─ ≢ pH 8.6~8.8┼≤ ⇔√⅜⁸ │∆═

≡─ ⌐⅔™≡ pH 8.6 ≢╒╓ ╩ ⇔√⁹╕√⁸♪►◘

─ pH │ ╟╡╙ ™⅜⁸ 8 ─ ⌐╟╢ pH ─

│╒≤╪≥ ╘╠╣∏⁸ ≡─ ≢╒╓ pH8 ╩ ∫≡™╢⁹⌂

⅔⁸S71≢♪►◘ ─ pH ⅜ 7.9╩ ⇔⁸∕─ 8.1 ≢

⇔≡™╢⅜⁸↓╣│♪►◘─ ⱶꜝ⌂≥⅜ ≤ ⅎ╠╣╢⁹  
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Fig. 2-16 pH of paper after moist heat ageing 

Note : Low (Normal conc. dosa solution), High (High conc. dosa solut ion) 

 

 

 

 

 

 

 



 

 

 

40 

 

(b)  

8 ↕∑√ Fig. 2-17 │ L* ⅜ ⇔⁸ a* ≤ b*

│ ⇔√⁹√∞⇔⁸ L94 ≤ L84 ─ b* │∕─ ⅜ ⌂™ ™│

⇔√⁹↓╣│↓─ ⅜ ─ ╟╡╙ ₁─ b* ⅜ ™ (Fig. 2-4) √

╘≤ ⅎ╠╣╢⁹  

 

 

Fig. 2-17 Color differences between original and aged paper 

 

 

 

 

 

 

 

 

 

 

 

 

 


