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1. First layer of backing

Main paper
s (HADAURA)

2. Second layer of backing
(MASHIURA)

3. Third layer of backing
(NAKAURA)

4. Fourth layer of backing
(SOURA)

Fig. 1-1 The diagram of lining structure
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Table 1-1 Samples of usu—-mino—gami (Japanese kozo paper)

Weight ) Duration ] )
) Cooking Grammage | Thicknes Density
N ) ratio of ) before 5 L
Sample Productio time ] /g*m s / g*cm
soda ash i washing y
n r min m
YE (o bark/% /h s
N3(H) 99 £0.7| 59 =3 | 0.17 £ 0.02
N3(T) 10.3 57 =3 | 0.18 = 0.02
2013 0.6 - R
N3(B) 13 120 12 Igox03] 47+6 |0.17 +0.01
N3(F) 89 05| 656 x5 |0.14 £ 0.01
Top3™ 8.8 £ 05| 523 |0.17 £ 0.01
Before e 98 £ 08| 48 + 4 0.20 = 0.0]
Fu 1994 (12-13) (60) 2-4

* Fu was prepared by Mr. Kozo Furuta, one of the best Usu—mino—gami craftsmen ever
N3(B) was prepared by a beginner.

Remaining samples were prepared by Mr. Satoshi Hasegawa.

N3(T) was prepared by shaking only back and forth.

N3(F) was prepared from a washed pulp (N3) in a cloth bag (Fukuroarai) with water before sheet

preparation.

** Top3d was made from bark from a top portion of kozo branches.

sk According to the survey of Yagihashi®
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Sensory handling capability in dyeing
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Fig. 1-2 Relationship between score of working capability in dyeing and sheet formation of usu—

1.4 AR DRRDIREE ~D E

mino—-gami (Inaba et al.>)
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Fig. 1-4 (TSRO R E T PRSI T B A R 9, Foflans it I IR TR L T Ml TG 65025 78

BENAH RS TND,

AFRERN VI, ROV TG, BBIE 420 1 m (40 Ay =) O SDHUVIC I T e R Sy BiEL |
FAME A &% 0 9D 50% ETE(LS T THMELIR AL T —MAERIL, TOWMEZRIEL . Fohifa
DAL NFE R T A AR 28, TR E (folding endurance) | AFZ48R S (bursting strength) 38 LN
He5 1R E (tearing index)IZ DWW TIIMBERIEAFAET 503, oo | 3RS (tensile index)IZITABAAEI TR0

ZERWAE L CWA, SHNTERE R A Tablel-2 (2R,

Table 1-2 Relationship with amount of parenchyma cell and strength of mitsumata sheet

(Imai and Ishikawa?)

Ratio of parenchyma cell / % 0 2.5 5 10 25 50
Tensile index / N*m+g™ 3.58 3.53 3.97 4.65 5.62 6.62
Fold number 16 62 206 728 1233 828
Burst strength/ kPa 2.04 2.40 2.49 4.10 4.50 4.24
Tear index / mN+m?+ g 138 146 170 2556 136 56

/

S LA NIRRT O T E A EA~ORBIBL T, M5 6 FMiaia KRB OS5 & %

100 &34UE, 1% NaOH ¥ TIREEDS 100°CH5 150°CE T ENHEELIC TR 55 25
1T A AR 60 43— & T NaOH RN 2%70°5 30% £ THIX DL MR &3 76 235 36 £T

FLA L, WIEZMRTIE NaOH 5% D354 Tld 30 49T 66 £725753, 180 43 Th 57 DRI
REVWD, ZORITHEVELL 72N EZMEL TD,

FERRIZ DU TR V1%, SRR I I M (RF I i) Ji 72 & 3R IC iR - TR0 2l
FEAEF L DOBEEFIE L COBNEZT 5728 | Z<FRAVUTRD B BRIRE TR /2 D LB X TNDDY,| E &Y
12T —HITHRR L TR,



— 100 um

Fig. 1-3 Photomicrograph of parenchyma cell of kozo (by M. Inaba)

Fig. 1-4 Scanning electron micrograph of kozo sheet
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..-43D-Xylpl ---4D-Xylpl ---43D-Xylpl ---48D-Xylp1-...
21 23 |
4-0-Me-aD-GlcpA Ac

Xyl: Xylose GlcpA: Glucuronic acid Ac: Acetyl group

(a) Glucuronoxylan

ash

..-4D-Manpl -4 D-Manp1l--43D-Manpl ---4D-Manp1-...

23 |

glucomannan

cellulose Ac

56%

Man: Mannose  Ac: Acetyl group

(b) Glucomannan

.-4BD-Glcpl ---4BD-Glcp1 ---43D-Glepl --4BD-Glcpl-...

6] d o] s
Fig. 1-5 Chemical composition aD-Xylp aD-Xylp aD-Xylp  aD-Xylp

of hardwood : T ZI
fD-Galp fD-Galp

2]
al-Fucp

Glc: Glucose Xyl: Xylose Gal: Galactose Fuc:Fucose

(c) Xyloglucan

Fig.1-6 Hemicellulose structure of hardwood
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Fig.1-7 Peeling reactions of cellulose under alkaline conditions!?
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Fig. 2-1 Sampling method for dry and wet tensile strength.
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X A RRER ORI £ T D e KA EE(N)
WeFRER A OE (mm)
m: BB OB CRBFFETIE 1K)
ZORRIZLU TR T IRE S [ iRIRS A ARO FE & CTERL Tt 5 [ iR S (wet tensile index)Iw(N+m/g)
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Fig. 2-2 Finch device for short time wet strength measurement of paper (cited from JIS P8135:1998)
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JISHED 20 ez,

Wet Tensile Index /N * m « g

1 1 1 1 1 1 1
0 5 10 15 20 25 30 35

Immersion time /s

Fig. 2-3 Effect of immersion time on wet tensile strength of usu—mino-gami.
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KRORBEDZEIE DEMOEND NS DTebEBE DD,
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Fig. 2—4 Effect of head speed on the variation of wet tensile strength of usu—mino—gami
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Fig. 2—-5 Changes in pH of moistening water and wet tensile strength of paper without water exchange
(alkali concentration 0 mmol/L).
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Fig. 2-6 Effect of alkali concentration of potassium carbonate on wet tensile strength of

usu—mino—gami
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1/1ow 0
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|/loww pi
1/loww 005
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4

Fig.2—-7 (a) Sampling method A Fig.2-7 (b) Sampling method B
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Method B
(cooking weak)

Me

Method B
(cooking strong)

_aOaOTO,T,T,T
MM

Method A
(cooking weak)
@500 mmol/L
@44 mmol/L
Method A @0 mmol/L
(cooking strong)
1 2 3 4

Wet tensile index/N * m * g-1

Fig.2-8 Difference of wet tensile strength by the sampling method
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et EZEME D RERTAMORS B (Fig. 1-7) TITMEED D AT X DMK N3(T)ASE O HESE A% N3(H) &7
HOMA LT, P THD, ZAUTHES WIS AE T o772 Fig.2-9(@IZm 3t 7 mOMiE 5 &
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Wet TensileIndex /N * m * g

Wet Tensile Index /N * m g?

O 1 1 1

00 mmol/L @44 mmol/L E500 mmol/L

Fu N3(T) N3(B) N3(H) N3F  Top3

(a) Long direction

OO0 mmol/L E44 mmol/L W 500 mmol/L

Fu-CD  N3(T)-CD N3(B)-CD N3(H)-CD
(b) Cross direction

Fig.2-9 Wet tensile strength with different concentrations of alkaline solution.
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TR IERS L ORISR Fig.2-10 (7T, T —XDNATYENRAEL Fig.1-7 OHALOBURIZEE 13-
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e 4
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o
z .{. + O N3(F)
3]
= 2 A N3(T)
é -3-Top3
1
0 1 2 3
Sensory handling capability in dyeing
Fig. 2-10 Relationship between score of working capability in dyeing and
wet tensile strength of usu—mino—gams at 44 mmol/L alkali concentration
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Fig. 2-11 Wet strength retention as a function of the order of sheet forming.
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(NES
ik 1 FEEHES —FOER
R T 7 138 BRI — B IR CIRIE L (Fig.1-1) . kO BIZERALT=(Fig. 1-2), BT DEEIZK
WZFEL T T 20T, 16 IR EI D43 B2 591N,

Fig. 1-1 One night of dipping into solution Fig. 1-2 Cooking

FEL 1 RIS LT 1%, 7L T % 80 Ay oD SABWNIHIT ., Yl LI~ (Fig.1-3) ., /K&K -7
RRETARDS EZRD | F200 MM EE 25 ¢ D/ VAL T KEMZ CHEE 250 g 2LTOUL
TIEEE 10%) . PRI 2/LC 5000 [AI01f#EL7-( Fig.1-4 ).,

Fig. 1-3 Kozo pulp after washing Fig. 1-4 Beating of pulp by using PFI mill
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MR LT~ OV AN HIZ KA DN % B2 VT 2000 rpm T, %9 1 4 [MEEfEL7-(Fig. 1-5), 2N &7
RUT, 7LV PEEERS 0.25% 1278317~ (Fig.1-6),
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e

Fig. 1-5 Disintegrater 7 Fig. 1-6 Diluted suspension

PEEHY 30 g/m® DF S — b2 /EDT280 ., 240 mL O/ UL 7RG Z L T TAPPI X~

Z T, JIS P 8222:1998 /)L 7 =3kl ] F 3 S RO BT BTl - THAR L 72 (Fig. 1-7), D%, ¥
— MR L — MRS T 724% L WKARIZERA T L AT 200 Pa T 7 /21EE L TRIKL | izl

T —MZAE DT F FEIEEIE SR (23 °C., 50% rh) THEEY 7 T — RO E S 2 TR E TRz L
7-(Fig.1-8),

Fig. 1-7 Sheet forming Fig. 1-8 Drying in the constant—temperature and

constant—humidity chamber
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Fig. 2-2 Tracing area of parenchyma cell with 4kozo fiber
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