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g Table § Fiber Dimensions and Derived Values
Age |Length| Width| Wall Lumen |Flexibility | Slender| Wall
thicknessy;,ncter Coefficient | ness | fraetion
months | mm. |micron| micren micron| ' %
?hai kenafi - Kenaf
Bast "2.61 | 18.6 7.5 3.6 0.:20 140 80
Woody stem 1,00 28.3 5.5 17:3 0.62 38 3‘7.7
Jute
JRO 632 6
Bast 2.36 18.8 6.6 © 5.6 0.29 126 70.2
Wuody stem 0.66 | 29.5 3.5 22.5 0.76 22 23.7
Daisee 6
Bast 2,32 118,.2 6.6 5.0 0.28 127 72.5
Woody stem 0.66 | 30.2 3.2 23.8 0.78 22 21:2
Ayutthaya ;
Bast 4 2,08 |p2.? e 6.8 0.31 100 69.4
" 5 2.50 |21.3 6.5 8.1 0.38 117 g1l
v 6 2,68 | 22.1 7.6 6.7 0.30 121 69.0
Woody stem 4 0.,62 |36.9 3.2 30.5 0.82 17 Tk °
" 5 0.66 32.3 T 24.9 0,77 20 . 22.9
" 6 0.62 |29.1 3.4 22.3 0.76 29 23.4

«
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Table 2 Chemical Analysis of Kenaf. Jute and Sunnﬁhemp.

Samples M&i‘l&h—ﬁolocenu _ Alpha- | Lignin Ash |Silica
Alc~benz| Het lose cellulosel(ash free)| Pentosans
water :
% Bt LR % = S T
Kenaf .
Waste woody 1.63 0.28 82.40 37.18 21.65 25.08 0,37 =
stem from
retting. ; ;
Mechanically 5.30 3.10 80.61 29.33 20,73 22,52 - -
debarked stem
SN pibons 8.54 1 10,06 | 75.64 39.57 | .74 | 1736 [e.95] 9,0
Whole stalk 5.60 8.16 76.38 33.14 15,00 20,31 2,381 0,04
Grede ¥ 1.60 1,10 88.08 59.50 | 12,18 17,47  |3.32|
retting kenaf
Jute
Ayutthaya \
Woody stem, 4 4.43 6.28 68,69 29.72 18.59 R2.77 |3.58] =~
months old :
e 4.80 4,35 TR,13 32.63 19,94 21,01 2,23 =
s 6 e 2972 3044 77460 36-19 29975 22¢55 2,00 -
Raw ribbon, 4 5.60 11,10 67.35 38.56 10,10 15,22 6.66| -
months old
o 7.09 9.08 74.45 42,46 10,61 14.05 4,90| -
- 4.72 8.05 78.7 48,98 | 12.08 .84 14430 -
JRO 632 .
Woody stem 4.88 3,62 73,53 38,56 21,11 20,80 >
Daisee
Woody stem 4.88 5.02 75.80 38.60 20,72 20,80 -
Raw ribbon 4.53 785 977 54.38 11.30 15.90 o
Sunn-hemp
Wnole stalk 2.78 4.88 | 70.76 38.02 | 18.94 | 17.22 2,21
Néte All percentage based on oven dry raw material,

<@ wg
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Table 6 Bleacﬁing Trials OAHSulfate Pulps from Kenaf.

Cook number “, K48D K48D K48B K45C

Pulps from ‘ " IWhole stalk|{Whole stalk Yhole stalk | Woody stem
Bleaching sequence CEHD CEH . Single Single
PMN. of unbleached pulp 14.4 14.4 16.8 14.6
Brightness of unbleached pulp| 22,5 22,5 20,5 " . 30.5
l. Chlorination :: L. -
Pulp consistency,% v 3 3
Temperature, C/Time,minutes 32/45 32/45
Chlorine added'% on OD pulp 5.62 . 5,25
2. Alkaline Extraction : - ‘ -
Pulp cbnsistency,% - 10 10
Temperature, oC/Time, hr 70/1 70/1
NaOH % on 0.D. pulp | 2 2

3. Hypochlorite Bleach o -
Pulp consistency,? 5 5 5 5

Temperature, oC/Time, hrs 32/3 32/3 32/6 . 32/3
Chlorine added % on 0.D pulp 2.8 1.75 .11.5 10.0
pH 9 9 9.5 - 8.5 8.5 - 8.5
4. Chlorine Dioxide Bleach 5 h oy - -

Pulp consiétency,%v 5 -

Temperatﬁre, oC/Time, hrs. 70/2 -

ClO2 added as chlorigeD% on 1 -

=0.D pulp

Total Chlorine added,%’ 9.43 7.0 11.5 10.0
Total Chlorine cénspmed,% ' 6,91 6.0 10,5 8.0
Yield of bleached pulp,%- 41,5 4b .4 42 - R3q8
Brightness, Elrepho i -86;6 7 75.6 70.8 74.0

(457 nm, filter Mg0 = 100)
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Table 7 Evaluation of Pulps from
PFI. Beater

Whole Stalk Kenaf,

cainamme

Double

2 o

Cook Yield Perman- Beating FreenesJ Bulk [Burst BreakingStretch Téar
No. [(screened) ganate revs, Cs cm3/g Factor length Factor f;éds‘
% no. ml. Km, % 800°8f:
Sulfate Process
K48A | 41,13 18.7 0 660 1.67 37 5.45 1.50 155 138
: 3000 323 1.43 83 10.02 5.10 126 1527
5000 263 1.40 82 10.10 4.80 114 1289
K488 43.8 16.8 0 650 1.66 | 43 5.96 1.60 150 116
3000 350 1.43 80 10.30 4,20 133 1404
4000 245 1.37 84 9.85 4.30 113 1737
K48D 46,7 14.4 0 645 1.68 42 6.37 2,10 160 148
2000 427 1.43 80 10.44 3.90 126 1323
4000 318 1.35 86 10.88 4,60 112 1682
KABC 4305 14o1 0 603 1974 54 7955 1060 166 e
5000 273 1.36 82 10,72 1.36 128
: NSSC Process
NS 22 61.05 33 0 533 1.88 35 5.30 1.8 99 57
2000 334 1.76 46 7.24 3.0 85 232
3000 258 1.67 51 7.64 351 76 322
NS 23 64,68 33.9 0 527 1.83 32 4,97 1.8 48 53
2000 303 1.65 44 6.78 2.9 40 124
3000 232 1.63 45 6.86 3.2 38 166
NS 24 63.0 33 0 539 1.89 29 4.86 2.4 52 33
2000 317 1.75 44 6.72 2.8 42 105
3000 232 1.65 47 6.78 2.8 40 194
Lime Process
L 3A 65.62 | 38 0 610 |[2,35| 13 3.70 | 1.16 | 98 11
2000 417 2.08 23 4,93 1.38 82 29
- 5000 235 1.92 30 5,99 3.11 75 65
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Tablg 8 Evalystion of Pylps ir@m Raw Ribbop and Gradg € Retted Kenaf.

Yisld
&aergemedﬁgapa;s
%

24,40

50.40

§6.04

52.27

1.79

éﬁvﬁﬁ

50,6

48,2

33:4

PPI Bgat

RPs

8.0 |

Lime Pr

LS \h " ,:*s

er

;M ‘M‘h

FQVﬁﬁ

ecess

38

30

32

k3 4

Eﬁ&& B;

25

0
2500
5600

0
2500
5000

e
2000
4000

©
2000
5000

ecess

2500
3000

W S

ngmaa; ﬁeagimg Ergﬁn%q

1]

Bls

568
323

567
475
320

118
324

640
425
255

640
424
252

607
403
252

669
405
220

528
306
188

622
378
229

AR e,

Bulk
313

li?§
 1.62

1171
1,60

1.41

2.19
1.90
177

}.29
 1.65
1.56

1.92
1.63
1.54

1.83
1.66]

1.83
1.37

 2.682
1.62 |
1.34

2.04

1.90

1.52 ]

i A 'lc"" ar

Burst
Facter

55
80

61
n
85
25
94

28
30
58

3
59
n

32
57
68
33
57
n

31
L4
82

T st

ﬂrgﬁgin

lumgth«;ttetsh
Km,

e by

6:64
9:61
8.02
8,99
8.86

4.86
11.00

4,79
7.39
8.54

5.54
8,77
9,76

5.66
8.99
9.98

.82
9,33
10,14

V.46
9,55

10,20

5.58
8.85
9,68

e Y
£oldn
Factor it
% §00 £
213 | 192 | 15
3.93 | 263 | 1710
i.70 | 292 | 1202
2.93 | 267 | 151¢
3.97 | 205 | 2449
1.6 | 191 17
5.6 148 1913
2.27 | 238 | .
3.90 148 -
4»2@ 119 o
2.76 271 -
4.30 | 138 | -
5,00 | 116 | -
3.00 209 -
6,30 | 138 -
6,99 |1 116 | .
1.0 | 243 | -
4,50 169 =
5.%0 | 131 | -
3,49 | 186 | 656
5.06 | 140 | 1333
5.5 | 135 | 1775
.00 | 228 | -
4,79 | 132 | .
1 5,30 |18 | -
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Table 9 Evaluation of Pulps form Waste Woody Stem of Kenaf.
PFI Beater

SCook Yield Perman|Beating| Freeness| Bulk | Burst {Breaking|Stretch| Tear Double
No. |(screened) ganate| revs, o8 cm3/g Factor| length Factor fg&dS'
g By BRSNS ml. Km. % 800 g.
" Sulfate Process
K&4A 38.68 8.3 0 474 1.25 51 « .71 1.90 79 -
2000 330 1.18 69 9.62 3.50 72 -
K454 42,51 12.0 0 494 1.30 53 852 2,10 76 -
; 1500 312 1.26 74 10.22 3.30 77 -
3000 215 1.18 79 10.77 2,30 67
K&45C 44,80 14.6 0 544 1.36 38 6.55 1.80 67 -
1500 369 1.24 66 9.38 3.00 65
3500 247 1.18 72 8.98 3.40 70
K450 34,20 19.0 0 517 L b2 27 5.62 1.00 67 =
; 2500 369 1.27 64 8.76 3.00 60
NSSC Process v
NS 9 63.70 36 0 678 1.58 32 5.83 1.90 55 -
4000 402 1.34 50 7,94 2,60 49
6000 300 1.30 51 8.48 2,50 45
NS10 67.51 | 36 0 613 1.72 26 4,47 1.00 60 -
| 4000 401 1.41 44 6.97 1.80 47
6000 312 1.37 47 6.84 1.40 44
Acid Sulfite Process
4S8 3 50.00 23 0 672 1.63 18 40,43 0.90 47 -
2000 472 1.36 40 7,70 1.80 438
5000 270 1.24 54 8,79 2.30 46
Lime Process
L3B 68.65 38 0 655 2.09 12 2,63 0.91 59 -
2500 430 1.80 21 4,26 2.11 52
5000 278 1.64 26 5.12 2.25 50
Hot Soda and Cold Soda Processes
Slc 26.0 33 J 0 652 1.52 32 5.06 0.66 56 -
S2a 34,38 25.5 0. 608 |1.50 22 4,96 0,40 54 -
2000 420 1.33 43 5.56 2,10 61
S2b 41.76 17.0 0 430 1.53 34 6.62 0.91 62 -
2000 340 1.25 65 10.26 263 67
S2c 40.31 14,9 0 503 1.33 47 8.61 1.69 66 -
2000 332 1.24 €3 10.22 2,58 63
Csl 77.6 - 0 660 1.77 17 3.50 0.80 47 4
4000 348 1.63 23 4,71 1.60 40 Lk
6000 308 1.54 27 %4.96 1.40 37 18
10000 162 1.51 29 5.40 1.40 36 24

c
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Tablg 10 Physical Properties of Commercial Pulps
Type of |Beating |Freeness| Bulk l'Burst Breaking! Tear |Bright
A3Re qf Enlp Beater | revs, Cs cm3/g facter| length |facten ness
ml Mo

Bleached Birch .PFI 1000 600 185 5 45 6000 90 92
Sulfate pulp, Sweden 2000 510 1.45 | 55 .7000 90

4000 300 1.40 | 65 8500 85
Bleached hardwood PFI 0 628 - 8 2090 60 87
pulp, Indonesia 4000 419 - 38 6580 80

6000 342 - 39 6340 82

10000 246 - 46 7109 77
Blcached sulfate PFI 2000 600 1.65 70 7500 v150. 92
.pulp, sweden 3000 510 1,55 80 8500 130

5000 300 145 1783 9500 120
Bleached spruce PFI 700 600 1.55 45 5500 80 92
sulfite pulp, sweden 1000 510 1.50 50 6500 70

1600 300 1:49 1 55 7500 65
Unbleached Kraft Valley |92 minu 250 - 88 11100 141 -
sweden tes. : ;
Mechanical wood pulp - 90-~110 2.5 12.5 3000 35 60
(spruce) sweden
Semi chemical YFI 0 733 217 1<% 1878 38 3
Birch pulp, Sweden 5000 300 | 1.43 ] 97 5890 | 100
Semi chemical PFI 0 697 |1.77( 8 2300 33 | 40
hardw d pulp, 4000 250 3% 25 4800 45
Denmark 7000 | 174 | 1.63 | 24 4850 | 46
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Table 11 High Yield Sulfite Cooks
Whole Stalk Kenaf.

' Cook No. pH Yield,% Brightness | Permanganate
‘ (screened) | Elrepho number

NS 29 E 4,5 iy w38 32

NS 30 F 6.0 65 46 32

NS 29 D 7.0 59 45 32

NS 29 4 8.5 62 47.5 33

NS 31 B - 9.5 62 48 35

NS 28 B 10.5 56 42.5 34.5

Note 1. All cooks have been ﬁerformed with 7.6 % 802 calculated

2,

on oven dry kenaf stalks for 60 minutes at 170°C and

120 minutes raising time right after 30 minutes presteaming

at 130°%

Cook@d chips were defibered twice in a Raffinator type D

dise refiner with clearances of 0.2 & 0.0 mm. and the

resulting pulp screened over 0.01 in. slots.

Fis

c e wg v
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24 -

12 Evaluation of High Yield Sulfite Pulps from Whole
Stalk Kenaf, PFI Beater

SRR | s b

e R N T S T T e o T L,

Cook Yield |Beating .Freeness Bulk |Burst |Breaking|Stretch| Tear |Double
No. pH A revs, (of cm3/g factor| length yA factor fg&ds
ml Km, 800 g.
NS29 E 4.5 55 0 645 1.96| 18 4170 1.93 94 13
2500 425 l.52| 38 6720 3.07 84 58
6000 232 1521 45 7640 3.33 - 48 114
NS30 F 6.0 65 0 708 4.09 4 1470 0.90 55 -
3500 602 2.14 15 4190 1.50 64 -
7000 502 | BALL- 1w 4300 | 1.90 65 -
10000 402 1.98; 19 4700 1.80 62 -
NS29 D 7.0 59 0 682 1.98¢ 21 4450 1.70 99 -
3500 490 1.70 38 7130 2.60 98 -
7000 314 1.54 | 46 7890 2,90 94 -
NS29 A 8.5 62 0 660 1.98 1 22 4550 2,05 117 22
2500 485 1.63 40 6710 3.36 89 115
6000 280 1.51.4 54 8190 3.58 83 253
ms318 | 9.5 | 62 0 603 | 1.94| 27 5050 | 2.20 120
” 2500 407 | 1.65 | 45 6990 | 3.20 99
e 7000 200 1.42| 51 8140 3.80 80
NS28 B | 10.5 56 0 610 1.86| 30 5470 2.30 1 111 25
2500 406 1.56 | 51 7490 4,20 91 180
6000 205 1.46 | 60 8860 4,90 76 273
; Testing conditions 65 * 2% R.H
17 % 1t

®T

-G, v
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- Table 14 Kraft Pulping of Whole-Stalked Jute:

varieties & cooking conditions

Varieties Cook numbers Cooking conéitions

Tossa K 148 D All cooks were pepformed under the
JRO=632 K 149 C same following conditions:
Daisee K157 B Total alkali = 26% on‘raﬁ material
. ,
bt Havhand K 157 C Active alkali = 18% on raw material
Bugainiu K 158 C Sulfidity = 25%
93 . K 158 D Wood/Liquor = 1:8
LﬂWNﬁLﬂaW K 158 F Time to max. temp =‘2.hrs°

) .
lavauung K 158 F Time at max. temp. = 2 hrs.
agsednnan K 125 A Maximum temperature = 160°C.,
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Table 15 Jute

Bleaching Conditions and Pulp Properties

Samples J.R0632 Daisee Ayutthaya
Bleaching sequence CEHD CEHD CEH
1. Chlorine applied % 0.D. pulp 4,68 5.16 6.0
(3 % Pulp consisteney 32°C) -
2. Alkaline extraction (10% pulp consistency 7OOC, 1 hr)
NaCOH % O.D. pulp 2 2 2
3o Calcium hypochlorite bleaching
Chlorine added % O.D. pulp 1.0 1.5 2,0
(5 % pulp consistency, 320C, 2 hrs,)
4. Chlorine dioxide (5% pulp consistency 7OOC, 2 hrs.)
ClO2 added as avail Cl2% O.D. pulp 0.65 0,95 -
T~tal chlorine added as Cl2 % 6,33 7.61 8
Total chlorine consumed as Clz% 4,78 4,90 6.5
Bleached pulp yield % 0.D. wood 42.9 41.10 42,5
Brightness, Elrepho, 457 nm filter 84,0 86,0 76.9
Initial freeness, ml, CSF 354 378 262
Pulp handsheet properties at initial
Bulk cm3/g 1573 1.54 1.43
Burst factor 65 61 46
Tear factor 135 137 113
Breaking length, Km. 7.63 9,00 8.09
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Table 16 Pothuang (Sunn hemp)

Digestion Conditions and Pulp Properties

Cook number

S.11

|K 129 B | K 130 A|K 135 C
NaCH as Nazb, % - - - 15
Active Alkali as Na20 % 18 15 19 B
on oven dry wood,
Total Alkali as Nazo % on oven dry wood. 20 17 21 -
Sulfidity, % 25 25 25 -
Wood/liquor ratio 1/7 1/7 1/7 1/7
Maximum temp. °C 160 160 | 160 160
Time to max. %emp., hours 5@ 2 2 ,%
Time at max. %emp., hours 2 2’- 2 2
Pulp yield, %% . Z
 screened 51.91 | 51.31| 46.6 | 58.8
screenings 0:35% “6.%0 0.1 0,65
Permanganate number 12,0 18.2 10.5 33
Brightness, “Elrepho 33 25 35 25
Initial freeness, ml. CSF 498 565 640 674
Pulp handsheet properties at initial
Bulk, cm3/g' 1.55 1/63 1.65 177
Burst factor 40,2 31 28 17.4
Tear factor 98.6 103 101 90
Breaking length, Km. 7.91 6,77 1 5099 4.44
Pulp handsheet properties at 300 mi. CSF.
Beating rev, PFI 4000 4500 4700 7500
Bulk em>/g 1441 g9 4.88] 10
Burst factor 67.4 67 50 50.8
Tear factor 102 96 103 82
Breaking length, Kme 10,63 10.46 | 8.,40} 8.41
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Table 17 Pothuang (Sunn hemp)

Bleaching Conditions and Pulp Properties

Pulp handsheet properties at initial/346 ml. CSF

Beating rev. PFI 0 / 4000
Bulk, cm’/g , 1.66 /1,37
Burst factor 40 7 56
Tear factor . g8 - 7 85
Breaking length, Km. 5.96 [/ 9:07%

Cook number K 135 €
Bleaching sequence
1. Chlorination .(3% pulp consistency 320
Chlorine applied % 0.D. pulp 3.75
2o - Alkaline extraction (10% pulp consistency 1 hr. at 70°C)
NaCH % O.D. pulp 2
3. Calcium hypochlorite bleaching (5% pulp consistency,
32°¢, 2 hrs.) '
Cal. hypochlorite added as avail Cl, % O.D. pulp 2,15
o~
4. Chlorine dioxide (5% pulp consistency, 70°C, 2 hrs,)
ClO2 added as avail. Clzy% 0.D. pulp 3
Total chlorine added as Clz% O-De unbleached pulp 6,90
Total chlorine consumed as Cl? % unbleached pulp 5,34
Bleached pulp yield % 0.D. woor 43,3
Brightness, (Elrepho, 457 nm filtes MgO = 100) 89,2
Initial freeness, ml., CSF 640
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