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Sheet Formation Properties of Morus Hanji
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ABSTRACT

This study was carried out to investigate the sheet formation properties of Morus Hanjis,
made of bast and whole stalk pulps by different pulping methods, such as alkali, alka-
li-peroxide and sulformethylated pulping. Two species of Morus, M. alba and M. lhou,
were used. Effect of morphological properties of pulp stocks on the sheet formation and
its gray levels based on optical property were evaluated using an Image analyzer. In
addition, the effect of fiber distribution index(FDI) which was calculated from the data
of Confocal laser scanning microscopy(CLSNI) on the sheet formation and optical proper-
ties of Morus Hanji were also discussed.

On the sheet formation, Hanji from whole stalk pulp was superior than that of bast pulp.
The more the sheet formation improved, the more paper opacity decreased. In the aspect
of Hanji’s surface characteristics analyzed by an Image analyzer, the average gray level
and its standard deviation of Hanji from the whole stalk pulp were rather lower than
those of bast pulp because of better sheet formation of the former.

However, high brightness Hanji showed high value of gray level. The sheet formation
and paper opacity were increased with the decrease of standard deviation of gray level.
From these results, gray level measurement could be used to predict the paper opacity
as well as sheet formation. Sheet formation of whole stalk Hanji and its FDI measured
by CLSM were higher than those of bast fibers.
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In conclusion, the sheet formation and opacity of Hanji could be evaluated by standard
deviation value of Hanji's gray level using an Image analyzer and by fiber distribution

index using CLSM.

Keywords : Morus haryi, alkali pulping, alkali-peroxide pulping, sulfomethyiated

pulping, sheet formation, opacity, gray level, image analyzer, fiber distribution

index(FDI), Confocal laser scanning microscopy( CLSM)
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Table 1. Pulping conditions
Hanji name Pulping Cooking solution Liquid ratio Teom D. Time
method (o) {(min)
BF-Mal AKP NaOH, AA* 18% 1:7 150 60
WS-Ma2 NaOH, AA 20% 1:6 170 60
BF-Ma3 APP NaOH, Hy0,(3%), AA 18% 1:7 150 60
WS-Mad NaOH, H,0:(3%), AA 20% 1:6 170 60
BF-Mab SMP 1 M NaySO; 1:6 170 60
WS-Ma6 0.3 M carbonyl compound 1:6 180 240
BF-Mil AKP NaOH, AA 18% 1:7 150 60
WS-MI2 NaOH, AA 20% 1:6 170 60
BF-MI13 APP NaOH, H;0,(3%), AA 18% 1:7 150 60
WS-Mi4 NaOH, H;0,(3%), AA 20% 1:6 170 60
BF-Ml5 SMP 1 M NaySO;3 1:6 170 60
WS-Ml16 0.3 M carbonyl compound 1:6 180 240
* Active alkali
222 HXI9) i ojdo] O1%, W} ulPES FHES golm A
Az omE W oM7Y WIE Jojg 1875 g wolA oF 6ARE A 2 AxRE P o
o IFEE 2= W 0.03%2 polyacrylamide #HFEHo2 60CE 24E 45 T2 U274
(PAM)7} & BAE T2 pulsle] E2- A28} 5 2A1 7 AZSE, TAPPI T402 om-88e) oA, &
2| A7) & %2|(Table 2 A2)5tgon, 224 AFE 50.0£2.0%, 2= 23.0:1.0Cef A 24417 =
e spAA| ARG T2 97x667 cm) 2 Abg TATE & FASHA

staet? 228 A AHRIEA A" 3o 2

Table 2. Hanji samples

Species Pulping method Part Hanji name
- —

AKP" bast fiber BF'-Mal

whole stalk WS*-Ma2

M. alba Linne APP™ bast fiber BF-Ma3
whole stalk WS-Mad

SMP™ bast fiber BF-Ma5

whole stalk WS-Mab

AKP bast fiber BF-MI1

whole stalk WS-MI2

M. Ihou Koidz APP bast fiber BE-MI3
whole stalk WS-Ml4

SMP bast fiber BF-MI5

whole stalk WS-MI6

* Alkali pulping, ** Alkali-peroxide pulping, ™ Sulfomethylated pulping,

* bast fiber, * whole stalk



50 olalz -

223 SiX|e| HatX £

wAae BEWrE TAPPI Test Methods
T519 om=96, T525 om-92¢1 &JA3le &%3+4
}.

2.2.4, BtX[2| 2 UX|s

NoramA+e} Reed N.U.I Meter(Model MKII)
£ Agsle] BuR A9 EFYUA(None
uniformity index, NUD& Z33t9ict”

225, Image analyzerZ 0|23+ 2AP?

B oA B QlE R 9 M7bR HE2
223 £ 22 3 E 4x3 cm AV E A,
8 bit Z1YolHHRE Y=FIo] 640x480 Sk (pixel)
719l TIF 49| oln| #dz AR,
ImagePro T80 g »E 340 g oz
& Fote] HAsre] adlo) B Bkt o]
gl 22 519k Image analyzer® ¢
3t shitollA H43H= oL 02 ofF%
g 255% dhe 3He vERlE 02559 gle s

FAEt BHEALS EAHsHTH b‘*—‘l ;]"\Ej_
Yol A= X-22 TJdoldE ghe Y-&2 3Hite
Sla(pixel) 48 Yepdh

226 ZEA M0|K =ARBIDIA YE 0|28 24

1 29 Z52=0) 001 g acridine orange TE: 23]
PP g oo 1x1 em 2719 FHAE 15 B

A7) %, CLSM B2 $13 ga}o]ce At

5k, 3274 #olA FAFE Y| 7 (Model Bio-Rad

MRC-1024)2.2 #&stgcth

Lo rSL'

O

227 BiX|e| MREIX|4(Fiber Distribution Index,
FDI)

CLSM& o}g3to] Z-ygo g Alysh 34t
& gray scale M2 HEHSto] ImagePro
ooz 7t site EAdhs AR HAE
shof, 2l (pixel) DF-‘HE Axkslg o ok
oJate] HFEEXFE Folsith

| |
2 ox i

Fiber Distribution Index (FDI) = AFD/NML
AFD = fiber distributed area
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NML = number of measured layer by
scanning
AFD = [AS/AT] x 100
AS = sum of measured area of fiber from
all layers
AT = total area in calculation.
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Fig. 3. Image analyzer's image and analysis histogram of
BF-Mal Hanmji. (X axis: gray level value, Y
axis: number of pixel)

Fig. 4. Image analyzer's image and analysis histogram of
WS-Ma2 Hanmji. (X axis: gray level value, Y
axis: number of pixel)

Fig. S. Image analyzer's image and analysis histogram of
BF-Ma3 Hanji. (X axis: gray level value, Y
axis: number of pixel)
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Table 3. Number of scanned layer of M. alba Hanji by CLSM

Sheet name BF-Mal WS-Ma2 BF-Ma3 WS-Ma4 BF-Mab  WS-Ma6b
Number of scanned layer 33 18 28 19 33 17
Table 4. Number of scanned layer of M. /hou Hanji by CLSM
Sheet name BF-MI1 WS-MI2 BF-MI3 WS-M4  BF-Mi5 WS-MI6 .
Number of scanned layer 31 18 28 19 36 18
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Fig. 23. CLSM images of BF-Mal (left) and Fig. 24. CLSM images of BF-Ma3 (left) and
WS-Ma2 (right) Hanji. X-Yplan image WS-Mad4 (right) Hanji. X-Y plan image
(upper) and Z-directional image (lowen). (upper) and Z-directional image (lower).
Scale = ;y Scale = 4y

——_

Fig. 25. CLSM images of BF-Ma5 (left) and Fig. 26. CLSM images of BF-MIl (left) and

WS-Ma6 (right) Hanji. X-Y plan image WS-MI2 (right) Hanji. X-Y plan image
(upper) and Z-directional image (lower). (upper) and Z-directional image (lower).
Scale = g Scale = ;m

Fig. 27. CLSM images of BF-MI3 (left) and Fig. 28. CLSM image of BF-MIS (left) and
WS-MM4 (right) Hanji. X-Y plan image WS-MI6 (right) Hanji. X-Y plan image
(upper) and Z-directional image (lower). (upper) and Z-directional image (lower).
Scale = ;m Scale = ;p
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Table 5. Fiber distribution index derived from CLSM images of M. alba Hanji

Hanji name BF-Mal WS-Ma2 BF-Ma3 WS-Ma4 BF-Mab WS-Mab
Number of measured layer,
NML 33 18 28 19 33 17
Sum of measured area from  1yg0907 40640 290755 145562 617017 726256
all layers, AS(pixel)
Maximum area from all 81208 51457 36552 20397 44839 97457
measured layers (pixel)
Total area " if(ilg‘ﬂa“on’ AT ocro864 926226 1023456 387543 1481337 1656769
Fiber dlsmb‘(lﬁ/io)“ area, AFD 4o 437 284 376 417 448
Fiber distribution index (FDI) 1.34 2.43 1.01 1.98 1.26 258
Table 6. Fiber distribution index derived from CLSM images of M. /hou Hanji
Hanji name BF-MIl WS-MI2 BF-MI3 WS-Ml4 BF-MI5  WS-MI6
Number of measured layer,
ML 31 18 28 19 36 18
Sum of measured area from  g1o04 940509 255290 237087 3897910 293921
all layers, AS(pixel)
Maximum area from all 570 4106 27042 39798 95364 49343
measured layers (pixel)
Total area o if;lgulam’“’ AT 74471 739152 757176 756162 913104 888174
Fiber dlStI‘lbl(l(E/lOC;l’l area, AFD 347 395 337 36.4 425 331
Fiber distribution index (FDD) 112 181 120 165 118 184
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