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ABSTRACT

Three major factors, freeness, filler and blend ratio that
exercised considerable influence on physical properties of ciga-
rette papers were chosen for the sake of their optimization at
this experiment., An optimization of those above factors in paper
manufacturing was investigated using response surface analysis,

Optimum beating degree of Kenaf, Flax and NBKP showed around
72 "SR, 68 ‘SR and 85 SR, respectively, in considering of five qua-
lity index such as porosity, tensile strength, stretch, whiteness
and opacity. The best blending ratio of reciprocal pulps treated
under optimum beating degree were diversified and combination sco-
pe of the bast fiber (Kenaf, Flax) to the NBKP was range from 30 %
to 65% in case of the Kenaf, from 25 to 40% 1in Flax at the same
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receipe. The optimum range of calcium carbonate content revealed
259%~30% in Kenaf mixed NBKP and 24 %~31% 1n Flax mixed NBKP,
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Table 1. Physical properties of hand sheets made from Flax, Kenaf and NBKP
which adjusted to 80 schopper riegler beating degree ( ‘SR) under the
TAPPI method.

Test Item Flax Kenaf NBKP
Initial Freeness ('SR) 39 37 15
Adjusted

Freeness ( 'SR) 80 80 80
Burst factor 61.7 44.7 99.9
Tear factor 72.7 85.3 75.9
Breaking length (m) 7,757 7,039 10,183
Opacity (%) 50 56 56

Whiteness (%) 65 74 83
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Table 2. Particle size distributions of
used calcium carbonate as a
filler pigment, measured by
forced precipitation volume
method with X ray and speci-
fic gravity of the filler
were 2.039g/cc.

Diame ter Cumulative mass
range (¢m) percent
Under 1 24.3
1~2 27.3
2~3 32.0
3~4 8.7
4~5 1.0
5~6 1.0
6~ 1.0
7~8 1.0
Over 8 3.9

Table 3. Physico-chemical properties
of the calcum carbonate

filler.

Test item filler
CaO (%) 54.0
Ignition loss (%) 43.5
Brightness (%) 88.0
Residues on 4mm sieve (%) 0.3
Precipition Volume (mn) 13.0
HC! insoluble (%) 0.04
Particle size (#) 2,22
Abrasion loss (g) 80
Moisture content (%) 0.2
Specific gravity (g/cc) 2.039°

Hxe) = KSM70301 whel Niagara
beater (Tester 4] ; Q&) E ALE3m 3]
T £3 8 Schopper Riegler ; ‘SR (Tester

A 9EHE o) &3y, Aud-#9 Flaxst
Kenaf 2= nslE 58, 65, 72 "SR, NBKP
o] A9 72, 79, 86 "SR= msiale A @uiA st
Ao gigge] $24 AFEe AudFd
20, 26, 32%, NBKPAH#+= 16, 22, 28 %7} =
5 AzdA

Huzel mal=e} MiF-E B DA 5e
e Mz BgFor Al dEE FEE F
AR A PP ez NEEH B¢ Jte
RS (X4) 24 vxsgeny vheiy B4
279 g o §3lo BAH S wlmalgo}.bow

. sxAe BY &4

AZE 2 BF ¥ (20T, RH65
%)X AR & FF 2% £0.1 §/mM= A
wale] AR, AAE, BFEE ¥ WaAxE
KSo wel 239 o 71FEE Coresta ¥
o] wgktih? Sz el vkt gk 443
WD og ZAPony AP $AY 5%ANE
EHEAL AlmE AHEE o

424

20 4 g
1, oy $Ex 9 24

7ZF Bzl pajes} gty k] w2
dx B S F4o JeElien w3EH
Aoz 7} BAS vuslgth 4892 e wEE
W 2 2G4 F R?=0,87°]4|Uoh

7} Flax
¥ 1L Flax HXe] udwel ghilds

kel WE oAzl AT e EH 24
Ao}, WA= @i ko] Folri 2
A FEHAY nsErl SoldE 1 o] F
ojfiith I AN LEE widE ko] Eof
A4S yolRu} nEst 65 “SRelAIME
dgo] HelRzm vk dAF=e HATEYE T
AT o F0 gL wx 62~72 "SR, B
e T A~ %7 PGk,

AU



HEZ o2y

Table 4. Physical properties of Hand sheets made from Flax, Kenaf and NBKP
by freeness and calcium carbonate content(CCC*). Other abbrevia-
tions were as follow ! TS ; tensile strength, ST ; stretch, OP ; opaci-
ty, WH; whiteness and POR ; porosity.

onitions erans formation Physical properties (Y)

Freeness cce*® Freeness CCC TS ST OP WH POR

( SR €)) (X1 (X)) ) (% 5) (%) (CU»
58 20 -1 -1 1.3 1.4 64 .4 85.5 474
58 26 -1 0 1.2 1.4 64.1 85.7 875
58 32 -1 1 1.1 1.4 62.9 85.1 1,08
65 20 0 -1 1.2 1.6 62.4 85.8 696
65 2% 0 0 1.2 1.6 65.1 86.0 779
65 32 0 1 0.7 1.3 65.6 87.1 1,171
72 20 1 -1 1.4 1.6 64.0 85.0 364
72 26 1 0 1.1 1.6 65.0 87.0 532
72 32 1 1 0.9 1.3 69.0 87.8 751
58 20 -1 -1 2.2 1.6 63.3 82.8 110
58 26 -1 0 1.7 1.3 67.0 85.0 172
58 32 -1 1 1.2 1.2 68.2 86.2 288
65 20 ' 0 -1 2.2 1.5 63.8 83.8 113
65 26 0 0 1.6 1.1 66.7 86.7 191
65 32 0 1 1.0 0.9 71.6 87.6 38
72 20 1 -1 2.1 1.4 65.6 82.6 68
72 26 1 0 1.6 1.2 64.4 83.4 104
72 32 1 1 1.4 1.3 68.1 84.1 158
72 16 -1 -1 3.2 1.6 55.5 86.5 31
72 22 -1 0 3.3 L8 59.3 89.1 18
72 98 -1 1 2.2 1.7 64.6 87.9 95
79 16 0 -1 4.2 2.2 57.6 86.8 24
79 22 0 0 31 1.9 60.0 88.1 45
79 28 0 1 2.4 1.7 65.4 89.8 64
86 16 1 -1 3.9 1.9 51.0 84.9 15
86 28 1 1 2.6 1.7 64,7 87.4 34
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Fraeness of Flax pulp(’'SR)

Iso-tensile strength (TS) and
whiteness (WH) curves for
Flax pulp in increasing free-
ness and content of calcium
carbonate. Marked area is a
region of interesting.
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Iso-stretch (ST) and opacity
(OP) curves for Flax pulp in
increasing freeness and con-
tent of calcium carbonate.
Marked area is a region of
interesting.
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Fig. 3. The satisfied region, marked
area which were overlapped
fig. 1 and 2 under the limited
factors in Flax.
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Content of Calclum Carbonate (X)

20l .
e§ & e 88 1=

Freeness of Kanaf pulp ('SR}

Iso-stretch (ST) and opacity
(OP) for Kenaf pulp in increa
sing freeness and content of
calcium carbonate. Marked
area is a region of interesting.

Fig. 5.

B AR veEE BRSNS e Y 2
b o=otay 7137t dolAls QAR EI}
FEY AN vAgE

o] Gl A UEhia 1= B F3

.13

Content of Calclas Carbonate (£}
§

8

Y L
] | ) 1] 7
Fresness of Tenaf pulp (‘SR

Fig.6. The satisfied region, marked
area which were combined fig.
4 and 5 under the limited fac-
tors in Kenaf pulp.

A & 4 3,

1A=l 71 FeE 1 AWML 68~1T6
"SR, w21 ~26 %7 FRld et
TJEv AFG L EEEETS nHd W ms=
69~72 SREZ & &+ glow QAREE udA
%S Y widEe] HAEFL 29 %rEe) 9
=3

t}. NBKP

Flax % Kenaf 2} & 9oz B4

vk R X278 37 7,8,90°) ERR A,

NBKP £ E} A fof ¥l Zwrl 3 &4
Zr ko] Folx ZmEAslt ot 71BET}
welt), 3Ry E s Z1F RS wr) o e
@it ek 6 %olate] Hojop M maw
£ 82~86 °SR°] Fu[Ydeldrt, EBEHEs
A2 B 23 79 SRolAAME itz
9] o 3] AXY AL 1IE 79 °SRTK
E oA 7 ol e 23l Zastw Tk

olite) dAwiel el NBKPE Zwrl & #t
W BRHE 7FET) wol v e $RRS 26
%2 = ok 3y T ET T galkzie B
o] Bl Aol Hisle oz B AR E§



Content of Calclus Cerbonste (X}

16

Fig.

Content of Calclum Carbonste (%)

Fig.

— 8

B

8

3

he-E EMuiilel o9 YA A= Faglzle] M A7

72 78 75 2 ®
Freeness of NBXP ("SR)
7. Iso-tensile strength(TS) and
porosity (POR) for NBKP in
increasing freeness and con-
tent of calcium carbonate.
Marked area is a region of in-
teresting.

[}
[}
—

N [
N 1]

-
-]
T

16

o,
72 76 7 B2 B&

Freeness of NBKP('SR)

8. Iso-stretch (ST) and opacity
(OP) curves for NBKP in in-
creasing freeness and content
of calcium carbonate. Marked
area is a region of interest-
ing.
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Table 5. Theoretical data of physical properties in Flax, Kenaf and NBKP
under the optimum beating degree and reasonable calcium carbonate
content based upon the results of response surface analysis.

Test Unit ; Flax Kenaf NBKP

item 23 26 29 23 26 29 23 2 29
TS kg 1.16 1.08 0.97 1.86 1.64 1.46 3.12 2.93 2.39
Stretch % 1.62 1.57 1.46 1,27 1.20 115 1.85 1.75 1.67
Opacity % 8.0 86.6 8.1 8.0 84.0 850 86.6 87.2 87.7
Whit eness % 74,0  75.0 75.9 740 76,0 T77.0 65.5 70.4 73.4
Porosity U 682 770 870 85 110 136 25 30 42

* Each figure marked as a content of calcium carbonate.

1) Flax 9= 2) Kenaf i
HEEQT Y=64,356+ (1.1333 *X1 )+ ( 1.15 HEMYT Y=66.8778 + (-.06666 *X1 )+
*X2) + ( .56665%X1%) (2.53%X2)+ (-1.26668 *X1%)
(.0166473 ¥X22) + (1.675%X1 +(.7333*X )+ (-.6%X1*
*X2) X2)
ARA <+ R =0.894 AQASF R?=0.812

YIRE Y=198.333+ (-40#X1) +
(82.1667*X2) + (~64*X1%)
+(23.5%X2%) + (-22%X1 *
X2)

AAASF R =0.954
A= Y=1.56667 + (—7.9472E~08#X 1)

71FE Y =863.667+(—130.5%X1)+
(244.833+X2) + (- 202.5*+X1
4+ (27.5%X22) 4+ (-55*X1
*X2)
ARA S R?=0.9%3

AAAE Y=1.0778+ (- .03B*X1) + (- .2 + (- .48333*X2) + (.099999 *
*X2)+ (.1333X12) + X124+ (.0499999 *X 22 )+
(-.0667T*X2%)+ (-.075%X1 (.075%X1%X2)

*X2) 2A7AF R? =0.966
AARAST RP=0.82 Wiy Y =85.8556+ (- .55*X1)+

(1.51667*X2) + (~1.58334 *
X123) 4+ (- 183334 *+X22) +
(-.425%X1%X2)
23A %5 R?=0.969

A7E Y=1.08889 + (-.03333*X1)+

WAE Y= 8.5334 + (. 75*X1)+ (.783
#X2) + (- .45%*X1%2) + (-.35
*X2 2)+ (.55%X1#%X2)
AYAS RT=0.927

NAE  Y=1.5667 4 (.05 X1 )+ (-.1% (-.18333%X2) + ( .16666 *
X2)+ (-.1#X2")+ -7 *X1 X12) + ( .11666%X22) + ( .075
*X2) *X1%X2)

AAA S R?*=0.875 #7844 R?=10.882
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Table 6. Physical a;operties of handsheets made from mixed pulp by blending
ratio (BR ) versus calcium carbonate content (CCC™ and the abbre-
viations were identified in Table 4.

Experimental Linear

conditions transformation Physical properties (Y)

Flax NBKP ccc*  BR™ cce TS ST OP WH  POR
(%) (%) (%) (Xy) (X Ckg) (%) (%) (%) (C

. 100 ] 25 1 0 1.10 1.4 67.2 85.1 1,328
0 100 25 -1 0 2.83 1.57 68.2 86.4 25
50 50 40 0 -1 1.00 1.3 72.7-  81.6 511
50 80 10 0 1 3.00 1.25 58.1 84.7 41
85 15 36 0.707 0.707 0,80 1.30 72.3 87.2 766
15 85 36 -0.707 0.707 1.77 1.30 71.4 88.9 76
15 85 14 -0,707 -0.707 3.83 1.53 61.8 85.1 16
85 15 14 0.707 -0.707 1.93 1.53 62.6 84.7 315
50 50 25 0 0 1.73 1.39 67.1 87.2 129

Table 7. Physical properties of handsheets made from mixed pulp by blending
ratio ( BR*®) versus calcicum carbonate content (CCC* and the abbre-
viations were identified in Table 4.

et ation Physical properties (1)
Kenaf NBKP ccC* BR* cC TS ST OP WH  POR
(%) (9) 9% (X (X3 (kg) (%) (%) %> (Ccw
100 0 % 1 1 1.77 2,33  67.8  83.0 71
0 100 25 -1 -1 3.2 3.33 69.2  83.4 11
50 50 ) 0 0 1.23  2.25  73.8  85.1 92
50 50 10 0 0 4.33 3.42 51.5  82.9 4
85 15 36 0.707 0.707  1.43  3.22  70.9 85.0 98
15 85 36 -0,707 0.707  1.83  2.67 72.6  85.8 37
15 85 14 -0.707 -0.707  4.07  3.50  61.9 83.4 5
85 15 14 0.707  -0.707 3,20 2.75  59.8 826 21

50 50 25 0 0 2.73 2.83 66.9 85.5 30
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and marked area is a region
of interesting.
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Table 8, Theoretical data of physical properties in blended pulp under the
optimum blend ratio as the result of Response Surface Analysis.
The content of calcium carbonate were 28% each as a filler pigment.

Pulp blend ratio (%)

Test ltem Unit
Kenaf : NBKP (47: 63) Flax : NBKP (33 :67)
Tensile Strength kg 2.55 1.79
Stretch % 2.90 1.40
Opacity % 78.6 78.8
Whiteness % 85.4 87.6
Porosity cu 28.5 72.0
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AAAE Y=1.7301 + (-.9399 X 1) +
(-1.064+X2)+ (.285%X1%)
+(.32%X2%) + (.4651%X1 *
X2)

A &A= R?=0.993

WM E  Y=287.2002 + (- .6963+X1 )+
(1.888+X2)+ (-1.1879 %
X12)+(-.1879%X2% ) +
(-.6502*X1*X2)

AAAST R?=0.933

AZE Y=1.39+ (-.0325%X1) + (-.0463
*+X2) 4+ (. 1163 *X12) +
(- 0887*X22)+ (0 *X1*X2)
2AAF R?=0.49

2) Kenaf +NBKP

EFYE Y=66.8095+ (-1.0218+X1) +
(7.9204%X2)+ (1.213%X1%)
+ (-1.637%X2%) + ( .2%X 1%
X2)

AAAF RT=10.99

71FE Y=129.9974 + ( 28.6141 *X1) +
(41.272%X2) + (8.8781 X 1%)
+ (15.8798 %X 22) +
(22.5068*X1%X2)

AAAS R =0.993

AT Y=12.73 + (-.582061 *X1) +
(-1.48399 %X 2 )+ ( -.245012 *
X1%)+ (.049987%X22) +
(.235071 #X1%X2)

BAA S R?T=0,992

A Y=2,897+(-.8163%X1)+
(~.887T+X2)+ (-.2738+X12)
+(-.2689 % X22)+ (-.8518 *
X1%X2)

HAAAS R?=0.829
T =l At o] A4 Fxe A%l
A Holxn] 7le} B9 AAAFE
= JAx7t E9h
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