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CHEMICAL PULP FROM KENAF BY ERAFT AND POLYSULPHIDE PROCESSES

By Chien Chu*, Naiyana Niyomwan*, and Anchalee Puangvichit*

SUMMARY

Bleached kraft pulps were prepared from Cuban kenaf (Hiviscus

cannabinus) and Thai kenaf (Hibiscus sabdariffa) by two modified kraft

processes. One was polysulphide process. It gave higher yield of pulp
than conventional kraft process. Cooking yields about 50% on chip weight
were obtained from both Cuban kenaf and Thai kenaf by cooking at 1720%
for 1% hours. The polysulphide pulps with permanganate no. about 20 were
bleached by DC/E/D sequenée with about 8 to 9% equivalent chlorine to
brighthess 75-87%. The strength of bleached kenaf polysulphide pulps and
kraft pulps was comparable to softwood bleached kraft pulp except for -

bursting strength.

The other modified kraft process was alkaline pretreatment with
about 2% sodium sulphide on chip weight at 110-120° ¢ for 30-60 minutes
before alkaline pulping by soda, kraft, or polysulphide process at 47000
for 60-90 minutes. The pretreétment improved bleachability and strength

of the pulps.

INTRODUCTION

Kraft process is the most widely used process for production of
wood pulp. The process is distinguished for its high pulp strength
but low yield, dark colour, and high bleach consumption. Thus paper
fgom kraft wood pulp is ﬁsually used for industrial packaging and no
bleaching is reguired for such purpose. With the advent of modern
~chlorine dioxide hleaching,‘bleached kraft wood pulp by multistage
bleaching has attained high brightnéss with good strength.

Clark et al. (1962) reported pulping of Cuban kenaf by kraft pro-
cess and compared that by neutral sulphite process and soda processa.

The kraft pulping of air-dry Cuban kenaf (H. cannabinus) with 16~19%
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Na,0 with liquor ratio 621_indi0atédvg00d strength but high bleach
consumption (Clark and Wolff 1965).

Monsalud et ala (1965) worked on kraft pulping of Cuban kenaf
with 15-18% NaOH and 5-6% Na oS showing good strength quality with un-
bleached yield about %2-46%. But no bleaching result was reported.

Eraft pmlpihg of Thai kenaf (E. sabdariffa) has not yet been re-.
corded in the literature. Hence this study was made to compare kraft
pulping with both Thai and Cuban kenaf and to -explore modifications of

standard kraft process for higher yieldband better bleachability. -

. One modlfled kraft process employs two—stage pulplng with exr with-
out washlng between the two stages. The process is aimed at reduclng

. bleach consumption.

Another moedified kraft process is the polysulphide process,
which reduces alkaline hydrolysis of hemicellulose and provides a

‘higher yleld (Clayten and Sakai 1969).

-

thlrd modified kraft process 1nvolves pretreatment of wood chips
with H28 gas under pressure for a short time before standard kraft
pulping for higher yield. Commercial development of this process has

not yet been reported (Vinje and Worster 1969).

In standard kraft proeess the chemicals used in cooking ars caﬂé-l
tic soda and sodium sulphide. These chemicals are recovered by the
recovery system as soda ash and sodium sulphide. In polysulphide
'pulping,‘the recovered chemicais from chémical recovery system are also
sodium sulphide and sodium carbonate in the green liquor. The poly—’
sulphide can be produced from sodium sUlphide'by oxidation of scdium
sﬁiphi&e in the green liquor with manganese dioxide (Barker 1970). H
Thus the study of kr&ft process for kenaf was extended to include these
new developments in respect to regeneration of polysulphides in a kraft‘

recovery system.



EXPERIMENTAL

Fresh and air-dry kenaf stalks were shredded into small chips
‘about 2 cm long. Cooking and bleaching conditions are shown in Table
1.

For standard kraft process, only caustic soda and sodium sulphide
were used in one-stage or .twa~stage cobking, The two—stagé pro-—
cess had sodium sul?hide cooking in the first stage follcwed by caus~
tie seda cooking in the second stage w1th or without any sodium sule
pqlde. In most cases; no washing was made between the two stages.

However, several experlments had washlng between the stages..

For polysulphide process, the cooking liquor was prepared with
the addition of sulphur at 60-80°¢ for % hour to the sodium sulphide
kraft liguor with or without caustic soda to-form polysulphides. The
polysulphide kraft liquor had an orange colour as compared with the
greenigh colour of standard kraft ligquor containing sodium sulphide

and caustic soda.

In-one~stage polysulphide pulping, all the caustic soda reguired
- for pulping was contained in the cooking liquor, whereas in the two-
stage cooking most of the caustic soda for pulping was applied in the
second stage. The two-stage polysulphide process as indicated in

cooks nos. 403, 366, and 428 was intended to avoid excessive alkali-

nity at the start of pulping for higher yield and better bleackabilitys.

Instead of adding sulphur to sodium sulphide éolution to make
polysulphides as described above, technieal grade manganese dioxide
containing about 80% Mn02 was reacted with so&ium,sulphide kraft
liguor, with or without caustic soda, at 70-80°¢C for % hour to effect
oxidaticn of sodium sulphide in the solution to pblyéulphide. The fol-

lowing equation indicates the reaction (Barker 1970) :

ANaéS + 02 + 2Hy0 —> 2NayS, + 4NaOH

Mal + %—@2 > Mn0

2
The hot polysulphide liguor was cooled and filtered to remove the man—
ganese dioxide residue, which was oven-dried to regenerate the Mn@Qx.

and reused in many cycles. About 16 cyeles of manganese dioxide
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oxidation of sodium sulphide liqupf were tried witheout any apprecigble
loss of yields. The sulphidity of the solution before oxidation to
polysulphideé was about 30-50% or 5-12% NagS with 0-18% NaOH. One
example was cook no. %63 for‘MnOQ oxidation of kraft ligquor containing
9% Na2S)and 15% NaOH.

Also to avoid the high sulphidity before polysulphide conversion
by Mn02 oxidation, sulphur was added after the,MnOQ oxidation and fil-
tration to remove the Mn02 residue. The sulphur added amounted to
about 1-2% on chip weight, which is about half the amount usually re-—
guired for equivalent make-up as salt cake in the kraft reccovery sys-
term. Cook no. 444 is an example featuring 10% Nags and 15% NalH in ‘
kraft ligquor before Mm02 oxidation to polysulphide and then 1% sulphur
was added to the polysulphide liquor to form more polysulphides,

As reported in the pulping of kenaf by soda process, pretreatment
of kenaf chips before cooking with dilute sodium sulphide solution im-
,pfbved bleachability. Cook no. 457 for polysulphide process was pre-
ceded by pretreatment with dilute sodium sulphide solutior containing
about 2%'Na25 on chip weight. The sulphide solution was prepared from
waste sodium sulphide liguor from Summit Petroleum Refinery. The chips
were treated in the solution at 120°¢ for 4% minutes. The waste liguor
was drained and the chips were washed. The treated chips were ccoked
with the polysulphide cooking liquor prepared by Mn02 oxidation éf,a
kraft liguor containing 10% Na,S8 and 15% NaOH. The coaking conditions
were impregnation at 11¢°¢ for 45 minutes and cooking at/l7OOC for 60

minutes.

The simplest bleaching sequence was the 3-stage C/E/H sequence as
shown‘%y‘the'bleaching of polysulphide kraft pulp from cook no, 457
with 7% chiorine. In this case, the chlorination (C) was donme in‘3%
pulp consigtency at room temperature about 30—35?0 for 3 hour with 5%
chlorine from acidified socdium hypochlorite soclution at pH 1.8. The
chlorinated pulp was washed. The cauétic extraction (E) was done at
10% pulp consistency at 7000 for & hour. The extraction solution con-
tained 2% ¥a0H on pulp weight. The hypochlorite bleaching (H) was
carried out at %0°C for 3 hours in sodium hypochlorite solution con-

taining 2% available chlorine on pulp weight. A final acid wash with

L



Oaﬁ% 802 on pulp weight in sulphurous acid solution ét BOOC for %+ hour
completed the bleaching process. ‘ '

The bleaching of pulp for cook no. 366 was perfdrmed also in
three stages C/EP/H sequence but with peroxide bleaching included in
the caustic extraction stage: The chlorination (C) was the same as
the above example but with 8% chlorine. The second stage (EP) was a
combination of alkali extraction and peroxide bleaching at 10% pulp
congistency and 7000 for 2 hours with 1% sodium peroxide on pulp
weight. The peroxide solution was buffered with 5% sodium silicate
and 0.2% magnesium sulphate., The third bleaching stage was hypochlo—
rite @1eébhing (H) with 2% available chlorine in the same way as the

above example .

The bleaching procedures in other experiments were more eclaborate,
featuring 0102 in chiorination stage, and followed essentially the same
way as previously desecribed in this series of study on kenaf pulps by
-soda pracéss and bisulphide process.- The details of bleaching se-

guences are shown in Table 1.



JABLE G PULPING AND BLEACHING CONDITIONS IN THE KRAFT PULPING OF KENAF

/

. 41
ook no./Raw material- .

1/ .

I'OCES Suw

Q g QO

coking liquor compositions:
. a Oa
N 257 4
Sy, %
NaoOH, %_
Mn02 oxidation, cyecle no.

nst stage

NaOH, %
- INa .S, %
Fnd stage 532%
‘ Mno2 oxidation, cycle no.
Lﬁquor to chip ratio 1st stage
(nl/g, ovendry basis) | 2nd stage

\ .
Impregnation temperature,.oe
- Time to/at impregn. temp., min

'W‘shing after impregnation

M%x. cooking temperature, QC
Time to/at max. cooking temp., min

C%oking yield, % on ovendry chips
Pérmanganateknumber

Bieaching sequence

T%tal equivalent chlorine applied, %

Chlorination stage (DC)(3Z% ‘-0102, %
pulp consist., 30°C, % h) | Cl,y %

Alkaline extraction stage(E)‘
(10% pulp consist.,70°C,% h)iNaOH, %

Cllo2 bleaching stage(D)(10%
pulp consist.,40°C, 3-4 h) |Clo,, %

Hypochlorite blchg.stg.(H) tAvailable
(0% pulp consist.,40°C,3 h)cl,, %

Blleaching ! % on ovendry unbl. pulp
yield ! % on ovendry chips

Paper number

2/

Physical properties of handsheets—
(28°C, 50% r.h., TAPPI standard):
Thitial freeness, S-R, nl

inal freeness, S5-R, ml

me of besting, nin

sis weight, g/m

ar factor
eaking length, m
lding endurance
ightness, %

WSS

3/

329/4TK=" -366/ACK
2-stg Kr 2~stg Ps

2.0 5.6/
- k.0
- 3.0
190 1540
- 260£/
Leq . 3:1
5¢1 Leq
100 130
30/30 30/60
Wash Wash
170 160
90/90 36/ 120
46,1 50.%
17.85 2k.25
C/E/H c/p/H
8.0 10.0
6.0 8.0
1.0/
(N 2.0
2.0 2.0
82.7 81.3
S38.3 C 43,2
15 163
910 820
40 260
7.
77.2 76.2
.19 1,04
28,1 56.0
85.8 - 9.0
6942 8712
35 1210
72k - 70,0

379/ATK

1-stg Ps

© 3.0
k.o
20.0

110
25/60°

-

176

30/90 .

51.9
22.70

bC/E/D
10.0

0.75
6.0

700
250
6
76.0
1.05
43,6
80.8
8894
733"
80.0

LO3/ATK
2-stg 'Ps

W W
© W T

15,7
2i5

-

311
bz

110
30/60

W,press

170
30/ 120

51.5
17.85

DC/E/D

8.0

0.75
S 4.0

760
520
3.5
77.7
1.26
72.5
177.0
9908
1087
78,0

LO7/FCK
1=-stg Ps

3.0
4.6
2040

85.0
440

"198

730
440

76.7
1.08
58.3
99.4
9558
596
76.6

ulk, ml/g
Erst factor
|

1

A/ TK=Thai kenaf; CK=Cuban kenafj A=air-dry;
2/ Sizing of sheets: 0,3% Whiten (optical bl
é/ Big stems. 4/ Waste Na2s liquor used in

6

F=fresh; Kr=kraft; Ps=polysulphide.

each), 1.5% rosin size, 2% TKP, 3% alum.
both stages. 5/ Na,0,, %.



TABLE 1 - continued

. 1

Cook no./Raw materlal-/
l‘

Process-/

Cooking liguor composition:

gaes, %
1 » %
st stage NaOH, ¥% »
Mno,, oxidation, cycle no.
NaOH, %
Na,S, % 3
d 27 ®
2nd stage s,y
Mn0 oxidation, cycle no.
Liquor to chip ratio 1st stage
(ml/g, ovendry basis) . 2nd stage

Impregnation temperature, °c
Time to/at impregn. temp., min

Washing after impregnation

lax, cooking temperature, °c
Time -to/at max. cocking temp., min

Cooking yieid, % on ovendry chips
Permanganate‘ﬂumber

Bleaching sequence

Total equivalent chlorine applied, %

Chlorination stage (DC)(3% l Cl0,, %
pulp consist., 30°C, % b) Cl,, %

Alkaline extraction stage(E)
(10% pulp consist.,?0°C,% h)|NaOH, ¥

'C10,, bleaching stage(p)(ﬂ@/

pulp con51st.,4o C, %=L h) iClOQ, %

Hypochlorite blchg. stg NE:D] Available

(1% pulp consist., 40 C,3 h) C12, %

Bleachlng ) % on ovendry unbl, pulp
yield | % on ovendry chips

v

Paper number

2/

Physical properties of handsheetsS
(23°c, 50% r.h., TAPPI standard):
Initial freeness, S-R, ml

Final freeness, S-R, ml

Time of beatlng, in

Basis welght, g/m

Bulk, ml/g

Burst fector

Tear factor )

Breaking length, m

Folding ‘endurance

Brightness, %

hog/ACK
2~-stg Ps

RSNt
.
oW

1

1o
.
v O

t

531
b
120
30/9¢C.

v

170
30/90,

5047
21.9
c/e/D
6.0

-

T b0
1.5

C.75

88.5
L4, 7

200

730
460
3

77.9
117
72.h
142.0
9842
k2
77.2

L2/ ACK

2~stg Ps

V]
. .
o\

1o oy
.
QO

331
b1
120

30 /90

70
30/90
50,7
21.9

pc/E/D

8.0

1.12
3.0

2.0

C.75

80,3
41,0

2h2

620
415
3 -
78.k
1.7
74,9
142.0

9976

978
82.5

L35 /FCK

1-stg Ps

2ih
L 2.9
172

531

-

120
25/60

-

170
30/ 420

49.0

22.05

¢/e/p
7.0

5.0
1.5

0.75

92.8
45,5

230

700

500

2
5.7

1.09

77.""
131.8

10615

566
85,0

L37/FCK

1-stg Ps

- 10.0
17.0
12

120
30/45

-~

170
30/120

L8, 1
19.05
DC/EH/D

8.0

0.38
b0

815
445
6.0
75.9
1.26
65.1
130
8534
451
81,0

hhq/ﬁTK
2-stg Ps

12.6
1.C

3:1
b

110
: 30/60

170
30/9C
52.7
22.4

- Dpe/E/D
8.0

0‘75
4,0

700
500
2.5
79.7
1.3
7%.1
142.5
8763
633
80.9

4/ TK=Thal kenafs CK=Cuban kenafj A=air-dry; F=freshj Kr=kraftj Ps=polysulphide.

2/ Sizing of sheets: C¢.3Y% Whlten(optlcal bleach), 1.5% rosin smze, 2% TKP, %% alum.

3/ Local. 4/ Combined in.alkaline extraohaon staZg6.



TABLE 41 -~ continued

4f

Cook no./Raw material—
Processi/

Cooking liquor composition:
Na S, %
20
Sy %
NaCH, %

Mno2 oxidation, c¢ycle no.

NaOH, %
Na_S; %
s, %% ,
Mno2 oxidation, cycle no.
Liquor to echip ratio 1st stage

(ml/g, ovendry basis) | '2nd stage

1st stage

2nd stage

. o
Impregnation temperature, C
Time to/at impregn. temp., min

Washing after impregnation

. a
Max. cooking temperature, C
Time to/at max. cooking temp., min

Cooking yield, % on ovendry chips
Permanganate number

Bleaching sequence

Total equivalent chlorine applied, %
Chlorination stage (DC)(3% | Cl0_, %
pulp comsist., 30 C, % h) i "12? %

Alkaline extraction sgage(E)
(10% pulp consist.,7C C,% h)|NaOH, %

C10, bleaching stage(D)(ﬂC/

pulp consist., 40 C 3wl h) IClO?, %

Hypochlorite blehg.stg.(H) IJAvailable

- (10% pulp consist.,40 C,3 h) c12, #

Bleaching ! % on ovendry unbl, pulp
yield % ovendry chips

Paper number

2/

Phy51cal properties of handsheets—
(23°c, 50% r.h., TAPPI standard):
Initial freeness, S-R, ml

Final freeness, 8-R, ml

Time of beating, min

‘Basis weight, g/m2

Bulk, ml/g

Burst factor

Tear factor

Breaking length, m

Folding endurance

Brightness, %

hynfpTK
1-stg Ps

10.0
1.0

15.0
4

-

Bz1
110
30/45

-

- 470
30/9C

54.2
20.20

c/BE/H
8.0

-

6.0

1.5

2.C

80.2
44.0

243

720
400

77’2
1.2
57.0
11265
8256 .
353
82.9

LiL/ pTK

1-stg Ps

4

o

.

(@]

0
l
15,
i

@)

¥

1

A1
110
3C/45

170
30/90

51.2
~ 20.20
DC/EH/D

92,0
47,0

212

600
520
4
750,‘
13
62.4
118.0
8555
909
76

Lh6/ATK L48/FCK
2-stg Ps 2-stg Ps

449 /FCK
Kraft

170
90/120

45,6
18.50

8.0

0.75
LR

1‘5

0.75

88,3
Lo,2

220

728
500

77.8
1.25
64,8
122

8822

701

12.0 8.k
140 0.9
5 1
4,0 1.3
’5:4 551
41 -
120 110
30/60 25/60
170 170
30/90 30/90
51.3 53.7
19.90 23.5C
DC/EH/D DC/_E,'/D,]/EQ/D2 DC/E/D
9.0 10.0
G795 C.75
4,0 _ 4,0
E, 1.5
2.0 E, 1.0
Dy 0.75
0.75 D, .75
1,02/ -
76,0 87.3
39.0 47.0
199 . 225
740 ; 690
540 380
5 2
77.2 775"
1.27 1409
61.0 75.0
142 96.6
8858 . 9830
815 754
76 79

75

1/ TK=Thai kenafs CK=Cuban kenaf; A= ailr-dry; F=freshj; Kr=krafts; Ps=polysulphide.

2/ Sizing of sheets: 0.3% Whiten (optical bleach), 4.5% rosin size, 2% TKP, 3% alum.

5/ Combined in alkaline extraction stage.

‘



TABLE 1 - continued

1/

‘Cook no./Raw materiale

Processj/
Cooking liguor compositions
Na,_ S, %
2,7
S, %4
NaCH, %
Mh02 oxidation, cyele no,

1st stage

NaOH, %
Na, S, %
s,%%
MnO2
Liquor to chip ratio
(m1/g, ovendry basis)

2nd stage

oxidation, c¢ycle no.

1st stage
2nd stage

Impregnation temperature, °c
Time~to/at impregn. temp., min

Washing after impregnation

. o
Max, cooking temperature, C
Time to/at max. cooking temp., min

Cooking yield, % on ovendry chips
Permanganate number

Bleaching sequence

Total equivalent chlorine applied, %

Chlorination stage (DC)(3% ClOz, %

pulp consist., 30°C, % h) ! Cl,5 %
Alkaline extraction sgage(E)
(10% pulp consist.,70 C,% h)iNaOH, %

C10, bleaching sgage(D)(ﬂO% t

pulp consist.,40°C, 3-4 h) 0102, %
Hypochlorite blechg.stg.(H) {Available
(10% pulp consist.,40 C,3 h) Cl,, %

#% on ovendry unbl. pulp
i % on ovendry chips

Bleaching
yield

Paper number

2/

Physical properties of handsheets—'
(237c, 50% r.h,, TAPPI standard):
Initisl freeness, S-R, ml
Final freeness, S-R, ml
Time of beating, min
Basis weight, g/m2
Bulk, ml/g
Burst factor
Tear factor
Breaking length,.m
- Folding endurance
Brightness, ¥

456/ ACK
3/

Kraft=

&/

240

bsa
1403/

30/ 45—
Wypress.

470
30/90

k5.2
19.95

DC/E/D

8.0

0.75
4.0

4/

695
405
3

74,9

T1e11

75.8
110
11090
868
74

457/ACK

1=stg PSE/

15,0
10,0

8
3

as
S

b4:4
1102/
25/ b5

W,press
470
30/60
50.9
20,90

DC/E/D

9.0

5.0

1.5

2.0

81.0
44,2

233

630
480

85.4

1.26

75.6
148
9398
- 9kg
87

4f

463/ ACK
1-stg Ps

o3/

15.0
12

1.5

0.75

81.8
41,0

229

670
350

71
1.0k
65.1
103

10345

810
80

h7a/rCK

1-stg Psé/

2.0%/

715
500
3.5
72.7
1.25
78.0
141.2
9290
1058
87

Lag/ACK

2-stg Xr

321
b

130
30/60

Wash

17¢
30/90

45.5
20,40
DC/E/DH

2.0

1.12
3.0

2.0
C.75

1.0

87.7
29.8

222

810
Lk

76.2
1.22
62.7
106
8932
483
80

1/ TK=Thai kenaf; CK=Cuban kenaf; A=air-dry; F—fresh, Kr=kraft; Ps= polysulphide,

2/ Sizing of sheets: 0.3% Whiten (optical bleamech), 1.5% r

5/ With pretreatment.
5/ Waste Na S liquor used.

9

rosin size, 27 TKP, 3% alum.
4/ Pretreatment stage; Waste Na 55 liquor used.



TABLE 1 - continued

|
Cook no./Raw materlal—/
Processj/

Cooking liquor compositions:
Na, S, %

T2,

Sy 4

NaOH, %

Mno2 oxidation, cycle no.

1st stage

NaOH, %

Na.S, %

$,%%

MnO2 oxidation, cycle no.

2nd stage

Ligquor to chip ratio 1st stage
(mi/g, ovendry basis) | 2nd stage

. o
Impregnation temperature, C
Time to/at impregn. temp., min

Washing after impregnation

Max. cooking temperature, °¢
Time to/at max. cooking temp., min

Cooking yield, % on ovendry chips
Permanganate number

Bléaching sequence.

Total equivalent chlorine applied, %

Chlorination stﬂ%e (DCH(3% [ Cl0,., %

pulp cosist., 30 C, % h) cl 2 %

2’
Alkaline extraction stave(E)
(10% pulp consist.,70° C,% h)iNaOH, %

pulp consist., QOOC, 3~4 h) ,C102, %

Hypochlorite blchg.stg.(H) Availabld
(16% pulp consist.,40 C,3 h)‘C12, %

Bleaching !'% on ovendry unbl. pulp
yield t % on ovendry chips

Paper number

2/

" Physical properties of handsheets—
(23°c, 50% r.h., TAPPT standard):
Initial freeness, S-R, ml

Final freeness, S-R, ml

Time of beating, min

Basis weight, g/m?

Bulk, ml/g

Burst factor

Tear factor

Breaking length, m

Folding endurance

Brightness, ¥%

490/ ACK
2=~stg Kr

o2/

by
e

100
30/60

Wash

170
30/90

49.8
19.05
DC/E/D

8.0

1,12
3.0

670
Loo

86.1
1.08
69.0
104
10028
1119
80

Lok /acK
Kraft

2.27

21.0

-

120
60/30

-

1470

43,2
17,35
DC/E/DH

9.0

112
5‘0

2.0

0.75

1.C

81.C
35.0

235

730
480
6
77.46
1.32
52.5
14,5
7488
240
87.3

30/420

/

500/ATK5
1-stg Ps

-
OV Ne

3:1

120
30/30

470
30/90

48,9
19.65

WDC/E/DH

9.0

1.12
3.0

41,3
236

790
560 .
3
76.0

1.26
54,0
127.2
8L26
669
84.6

501/ ACK
2-stg Ps

170
30/90

46.6
13430

.DC/E/DH

9.C
1.12

«C

2.0

0.75

1.C

85.5
40,0

237

740
Lo
k.5
750
1.27
51.8
11140
778k
318
84,5

502/ACK
2=stg Kr

7/

24 G

180

321
e at!

130
30/30

Wash

170 .
30/120

47.5
16,20
DC/E/D

8.0

1.12
3.0

4/ TK=Thai kenafj; CK=Cuban kenafs A=air-drys; F=freshj; Kr=kraft; Ps=polysulphide.
2/ Sizing -of sheets: (.3% Whiten (optical bleach), 1.5% rosin size, 2% TKP, 3% zlum.
7/ Na_§ flakes.

5/ Weste Na S liquor used. 4/ Estimated. 5/ Small stems. 6/ Na 2C0%» y
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TABLE 1 - continued

. 1
Cook no./Raw materlal—/
Processj/
Cooking liquor compositions
Nag?, 4

S, %

NaCH, %

Mn02 oxidation,

1st stage

cyclie no.

3¢

2nd stage Na2s

y
S, %

nQ
Mn >

NaOH,
b4

oxidation, cycle no.

Liquor to chip ratio
(mi/g, ovendry basis)

. 18t stage
2nd stage

. o
Impregnation temperature, C
Time to/at impregn. temp., min

Washing after impregnation

Max. cookiﬂg temperature, °c

Time to/at max. cooking temp., min
Céoking vield, % on ovendry chips
Permanganate number

Bleaching sequencé

Total equivalent chlorine appiied, %

Chlorination stage (DCY(3% | 10, 4
pulp consist., 30 €, % h) C1,5 %
Alkaline extraction sgage(E)
.(10% pulp consist.,?0 C,% h)INaOH, %
C10_ bleaching st%ge(D)(ﬂO% |

pulp consist., 40°C, 3=4 h) .0102, %

Hypochlorite blchg.st§.(H)
(10% pulp consist.,40 C,3

Available
nyjel,, ¥

.Bleaching | % on ovendry unbl. pulp
yield % on ovendry chips

Paper number

2/

Physical propeérties of handsheets<
(23°c, 50% r.h., TAPPI standard):
Initial freeness, S~R, ml

Final freeness, S-R, ml

Time of beating, min

Basis weight, g/m2

Bulk, ml/g '

Burst factor

Tear factor

Breaking length, m

Folding endurance

Brightness, %

503/ACK 504/ACK
| 1estg Ps 1=-5tg Psé/
6.0 2.0
1.5 -
9 6‘ O e ! -
- : 16.8
- 8.0
- 13
3341 31
- Ly
120 110
30/30 30/10
- W,press
170 17¢
30790 30 /60
53,1 L48.0
16,85 15,40
DC/E/DH DC/E/D
9.0 8.0
1.12 1.12
3.0 3.0
2.0 2.0
0.75 0.75
1.0 -
87.6 91.4
46,5 43,8
239 240
760 765
k8o . 590
3.5 5
75.7 79.8
1,16 1.22
61.8 59.9
99.2 128.4
9530 8454
369 990
87.1 80.9

L
507/ATK5/ SjO/ACK—/
1~stg Ps 2-stg Ps

10.0 8,0
1.5 1.5
15.0 5,02/
16 19
- 15.0
311 331
- by
110 110
31/30 25/45
175 170
32/60 35/90
45,6 46,5
17,20 15.85
DC/E/DH DC/E/D
9.0 8.0
1.12 1,12
3.0 3.0
2.0 2.0
0.75 0.75
100 hat
86.5 85.0
4O 4 39.5
246 2h1
905 710
425 Lho
6 . 5
77.5 76.3
1.28 1.21
La.2 66.5
106.8 122
7706 8840
130 855
80.5 - 82.5

513/ACK

3/

=5tz Ps—

H

S N1t
. e+ w
G NeNe]

%51
Lga

120
30/ 20

Wypress

175
30/ 30

uh b
17.1C

DC/E/DH
C 9.0

1.12
2.0

2.C
Ca75

1.0

83.2
37

2k

680C
465

81.5 »
1.24
61.4
126
9092
381
86.1

With pretreatment. 4/ Small stems.

¢

%.

11

TK=Thai kenaf; CK=Cuban kenafj A=air-dry; F=fresh; Kr=kraft; Ps=polysulphide.
Sizing of sheets: 0,3% Whiten (optical bleach), 1.5% rosin size,
2/ NaZCOB’

2% TKP, 3% alum.



TABLE 1.- continued

1/

Cook no./Raw material-—
Processj/
Cooking liquor composition:

Na S, %

S, %

NaOH, %

MnO2 oxidation, cycle no.

1st stage |

NaOH, %

Na_ S, %

S, %

Mn02 oxidation, cycle no.

2nd stage

Liquor to chip ratio 1st stage
(nl/g, ovendry basis) ~2nd stage

Impregnation temperature, °c
Time to/at impregn. temp., min

Washing after impregnation

Max. cooking temperature, °c
Time to/at max. cocking temp., min

Cooking yield, % on ovendry chips
Permangénate number

Bieaching séquence

Total equivalent chlorine applied, ¥%

Chlorination stage (DC)(3Y 1 C10.., %

pulp consist.y 30 C, % h) c1, 2 %

Alkaline extraction sgage(E)!
© (10% pulp consist.,?0 C,% h)INaCH, %

Cl0,. bleaching st%ge(n)(ﬂoz
pulp consist., 40°C, 3-4 h) C102, %

Hypochlorite blechg.stg.(H) Avallable

(10% pulp consist. 40 C,3 h) c12, %

.~ Bleaching | % on ovendry unbl. pulp
yield % on ovendry chips

Paper number

2/

Physical properties of handsheets—=
(23°c, 50% r.h., TAPPT standard):
Initial freeness, S-R, ml

Final freeness, S=-R, ml

Time of beating, min

Basis weight, g/m?

Bulk, ml/g

Burst factor

Tear factor

Breaking length, m

Folding endurance

Brightness, %

544/ ACK

1=stg Ps

8‘
’1.
6

O w o

/‘
23

120
30/30

-

470 _
30/90

48.5
16.80
DC/E/DH

9.0

1.12
3.0

2.0
C.75

1.0

89,5
Lkg.5

2ks

720
390
5
77.0
1.05
63.3
98.3 -
9h72
625
82.5

545/ ACK
1-stg Po~

/DC/E/DH

9.0

1.12
3,0

2.0

0.75

1.0

88,5
41,0

247

670
500
3
78.9
111
63,3
9k.5

10278

620
86.7

3/

516/ ACK
1-stg Ps=

3:1
Liq
110
30/45

Wash
175
33/30
43,6
17,00
DC/E/DH
9.0

1.12
3.0

1.0

83.5
Lo.s5

254

690
310
5
75.84
1.08
68,4
101.4
979k
510
80.52

3/

547 fACK
1-3tg Ps

N2
(XN e NP ¢
¢ .
[@AN; e

1.0

86,6
40.0

255

640
465
i
77.68
.21
58,6 -
107
8748
%08
8h.8

528/ATKA/
3/

1=-stg Ps~

19,45

DC/E/DH
9.0

1042
3.0

2.0
0.75

1.0

85.2
41.2

301

750
385
4.4
7h.4
1.2
L47.9
134
7518
473.2
86,1

1/ TK=Thai kenafj; CK=Cuban kenaf A=air-dry; F=fresh; Kr=kraft; Ps=polysulphide.

2/ Sizing of sheets: 0.3% Whiten (optical bleach), 1,5% rosin size, 2% TKP, 3% alum,

3/ With pretreatment. A/ Small stems.
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TABLE 1 - continued

: . 1
Cook no./Raw materlal-/
4/
Process-— -

Cooking liquor composition:

 Na,S, %

5,%%

NaOH, % ‘ ,
Mno2 oxidation, cycle no.

1st stage

NaOH, %
Na_S,; %
2nd stage 5,2%

MnO2 oxidation, cycle no.

Liquor to chip ratio 1st stage
(ml/g, ovendry basis) 2nd stage

. . . . o
‘Impregnation temperature, C
Time to/at impregn. temp., min

Washing after impregnation

Max. cooking temperature, °c

Time to/at mex. cooking temp., min
Cooking yieid, % on ovendry chips
Permanganate number

Bleaching sequence

Total equivalent chlorine applied, ¥%

Chlorination stage (DC)(3% | €10 %

9
pulp consist., 30 C, % h) | €1 20y

v 2, i~
Alkaline extraction‘sgage(E)t
(10% pulp consist.,70 C,% h)iNaOH, %

C10_. bleaching stgge(D)(ﬂO%
pulp consist., 40 C, 3=k h)

€10, %

Hypochlorite blechg.stg.(H) [Available

(10% pulp consist.,40 ¢,3 h) c12, %
Bleaching 1% on ovendrj unbl., pulp
yield | % on ovendry chips

Paper number

2/‘

Physical properties of handsheets=
 (23°%c, 50% r.h., TAPPI standard):
Initial freeness, S-R, ml

Final freeness, S~R, ml

Time of beating, min

Basis weight, g/m?

Bulk, ml/g

Burst factor

Tear factor

Breaking length, m

Folding endurance

Brightness, ¥%

552/ATK2/

2-stg Ps

8.0

’1.-5’

3,02/
37

' 15.0

-

331
h;1
120
25/30

175
25/30

51,4

21.90
pc/E/DH
 10.0

1.12
3.0

2.0
0.75

2.0

90.6
46,5

302

8co
350
5.1
75.18
1.17
k7.5
120
8568
L786
80,0

531/ ar2/

1-8tg Ps

4

»

-

¢

/l
15.

1

v\t O

331

110
25/ 45

175
25/30

45
17..30
DC/E/DH
9.0

1,12
5.0

1.0 .

79.5
35.8

271

860
kLo
L)
75,60
1 43
43,5
102
6180
73
86.0

536/ATK2/

1=-stg Ps

; Y
ﬁ‘g (o]
e » &
g ©

N
O

110
30/45

T e

175
25/30

2.5

16.55
pc/e/DH

112

1.38
3,75

2.5
0.94
1.25

87.8
37.4

303

© 790

455
5
7h.2
1433
39.1
141
7024
181
89.1

552/ ATK=
Kraft

640

18.0

120
25/30

175
30/25 -

L7,7
16,10
pc/E/DH

9.0

1,12
3.0

2.0
0,75

1.0

90.0
47

287

770
460
5

75.92

1,24
bg
129
7748
52k

81.0

5/

553/ ar>’

' 1estg Ps

~J 0 a0
[V Nl

N, §

120
25/30

175
30/25

Le.9

16.15
DC/E/DH .

9.0

1.72
3.0

2,0
0.75

1.0

86
Lo

288

795
460

75.66
1.33
51.9
7188
264
83.0

2/ Small stems. &/~N82003, %

13

1/ TK-Thai kenaf; CK=Cuban kenafs; A=air-dry; F=freshj; Kr=kraft; Ps=polysulphide.
2/ Sizing of sheets: 0.3% Whiten (optical bleach), 1.5% rosin size, 2% TKP, 3% alum.



TABLE 1 - continued : : .

T T -
Cook no./Raw materlal—/ 55&/ATK2/ 555/ATK2/
ProéeSsz/ ' Kraft 1-stg Ps
Cooking liguor composition:

Ne S, % : 6.0 6.0
5,%% - -
- y A
1st stage NaOH, ¥ . 18.0 48.0
Mno2 oxidation, cycle no. - - 1
 NaOH, % - -
2nd stage 2?22’ 5 vi ; _:

) MnoO,, oxidation, cycle no. - -
Liquor to chip ratio i 1st stage 3:1 3:1 h
(ml/g, ovendry basis) 1 2na stage - -
Tmpregnation temperature, °c 1 110 110
Time to/at impregn. temp., min 25/45 25/h5

» Washing after impregnation - -
Max. cooking temperature, OQ . 170 70
Time to/at max. cooking temp., min 30/90 30/90
Cooking yield, % on ovendry chips Lg,2 &755
Permanganate number ' 18.00 20.25
Bleaching seduence DC/E/DH pC/E/DH
Total equivalent chlorine applied, % 9.C ‘ 9.0

~Chlorination stagg (DC)(3% | ClO,, % -2 1.2
pulp consist., 30 C, % h) 1,5 % 3.0 3.0
Alkaline extraction sgage(E)

(10% pulp consist.,70 C,% h)|NaOH, % 2.0 2.0
ClO2 bleaching stgge(D)(ﬂO%

pulp consist., 40 °C, 34 h) 0102, % 0.75 .75
Hypochlorite blchg.stg.(H) Available

(1C% pulp consist.,40 C,3 h) Cl2, % 1.0 =« 1.0 \
Bleaching | % on ovendry unbl. pulp 89.5 89,6
yield {% on ovendry chips - 43,2 42,5
Paper number 289 290
Phygical properties of handsheetsg/

(23%c, 50% r.h., TAPPI standard):
Initial freeness, S-R, ml 750 730
Final freeness, S-R, ml 475 Lho
Time of beating, min . b L3
Basis weight, g/m2 ' 75.7 77.3
Bulk, ml/g : 1.35 .28
Burst factor E L2.3 L1.8

- Tear factor ) 100.0 128 .
Breaking length, m : 6955 6838
Folding endurance ‘ 270 - 343
Brightness, % 85,0 . 84.0

j/ TK=Thai kenaf; CK=Cuban kenafj A=air~dry; F=freshj Kr=kraft; Ps=polysulphide.
2/ Sizing of sheets: 0,37 Whiten (optical bleach), 1.5% rosin size, 2% TKP, 3% alum.
%/ Small stenms, ‘

14



RESULTS AND DISCUSSION

Table 1 shows data of ali experimental results of pulping, bhlecach-
ing, and physical tests. Tables 2 and 3 compare the various pulps made
by several processes and raw materials. From Table 2, it appears that
the polysulphide prosess gave the best yield and strength. From Table 3
kenaf polysulphide pulp coupares favourably in pulp strength with most

other pulps, except for tearing strength of Pinus merkugii pulp and

Casuaring equigetifolia pulp.

The kraft pulp from kenaf by the conventional process had good
strength but rather low yield as indicated in cook no. 49k, The yielad
was improved by the two~étage kraft process as iundicated in cooks wnos,

502, 490, 488, and 329.

The @olysulphide process appears effective for higher yield when
compared with that by conventional kraft process. Chemical applicatiocn
was slightly higher due to the additional sulphur needed for the forma-
tion of polysulphides; otherwise it requires a high sulphidity above
25% for manganese dioxide oxidation of the sulphide into polysulphides.
The amount of polysulphide sulphur needed for the high yield of pulp
:Was abéut L-6% on chips. This was compensated by the higher pulp yield,

about 6-8% on chips above the yield by conventional kraft process.

Chemical recovery system for the polysulphide process is egsenti-
ally the same as that for conventional kraft process, except for addi-
tional treatment of the green liguor or white liquor to convert the
sodium sulphide in the liguor into polysulphides, This can be done
either by adding sulphur to the green ligquor or by manganese dioxide
oxidation of the green liguor. A combination of manganese dioxide oxi-
dation and sulphur addition is also applicable. This cowmbination can
reduce the amount of sulphur in the polysulphide conversion to_thellevel
of about 1-2% which is usually used as make-up in conventional kraft
recovery systeme.

Sevéral experiments in polysulphide pulping applied about E~57%
sulphur for reacting with sodium sulphide to make polysulphides, In
the chemical recovery gystem with the polysulphide proecess, the sulphur

loss as 802 in the flue gas of the recovery boiler will be higher than

15



®ie -

Le Ha/3/0a A% 114 ¢S 89 4826 004 099 93 TydInsSTq WNTPOS
79 Ha/a/na Ll &S Ls¢ 68 Al SL6te &2y oLe eatydins Teaynay
jusuyeeajsad
93 a/a/oa -8 8y ohg ¢s cLL 26¢ 49 006 089 Y3TM @posg
Jeuoy ueqn) AJIpaty 8L Ha/a/oa 6 2s ns 114 SoL 961 g 064y Go8 ®POS 93RIS-OM]
Jeuey Ueqn)d ysedd oL u/3/o 8 8 6L 29 zeL  GEL'6 GGH 052 epos
JBUSY uwqnd ysadd ) a/a/oa 8 O (elA S9 zeL zests 004 SIAA 3Jeay
ay 2
0,04l 3E 34000 epTydInshitod
fJwuey ueqny ysedd [1:] a/a/o L 6% 995 bl 2gL 5L9°0L 008 004, e8e3s-2u0
.8 " HQ/a/0a 6 €y one ¢s SLL gah L, 08y 0¢L 3Jeay
) »:m&ummgpmpa
LTA aj4a/aa 8 Sy 898 94 oLy 06041 L ot 569 UyrTa 3Jeay
optudnsATod
08 a/a/oa 6 0% oL8 69 2oL cns oL 05¢ 049 8Bu3s-aug
3utyood
mmmz 28g3s pug
fgVeN odeys qs| 08 a/4/oa 8 05 oLL L 69 7OL 200l oloy] 049 3Jeay o8evys-~om]
SeBrys i ’ , - v - sptTudrrsLtod
usemisq ysem Of ' a/a/o 9 4 2anty 2L, ehl 2nse 09Y 0¢d oFvgs~oMT
‘ juemyeeajead
43 a/a/od 6 LS 646 9z 8nl 86¢%6 08% 0¢9 y3TA aptITnskiod
. auswgesazead
L3 a/a/0a g Ls 8501 8L Ll 0626 00% SLi UYath opTIInsATod
. Z -
(%) ("to (sdruo (@)
juaTeA uo ). ) TeuTd TBT3TUT
s)avuley sousnbes -1tnbe %) PIoTA @ouBInpua J0308] J0308] yaiua SS80044”
yowstd vetTdde Butsooy  Burplod 3sang -

ssoulydTag

yowatg

ago], Sutyread (Tuw)‘y-sisseussay

(snuTqeuUuR® SNOYTQTH) Jeusx ueqnd

SESSHOOUd SNOTYYA X9 sdINd JVNEN HOYd QIIAV4H¥d SIHEHSANVH 40 SHIINELO¥d TYOISAHd *¢ ATdVL

16



"Ha/E/0d

o 6 8 oLe 2y 0oL 6569 TA 0S4 130y
0L HO/2/0a oL Ly AN gs <9 9929 134 004 o3TydInsTq UNTPOS
Le QHED GogL .29 092 ¢g 65 220's 002 ong e3TydIns Teaanon
LA a/uzE/an o} oY weh 25 L TN 08¢ ‘L oLe 064 Bpos
L8 HQ/H/0a oL 2s LG L9 sl geLte” 0By 088 Bpos
€l HAD 9 9 7l G¢ 96 2Lst9 064 006 3juewzesaiedd y3TM epos
Gl HAD L on Log 8h cLl LGl GLS 0¢8 T ageay e3v3s—omM}
] sodesls )
usem1aq Ysem ON 9l a/ua/oa 6 LS R3] 19 FA 1% BGR*R ohs ofl. eprudinshtod elejs-omy
sefwys ussemieq ysel 8 a/a/oa 8 49 L480°1 ¢ Lib 806*6 024 09 optudrusfrod eBuis-om]
, 08 afa/od oL 29 1474 4 18 76040 0se 004 eptydinsAod eeis-sup
QOMuQMon i mvﬁnaasmhaoa,
doJ Ltuo TOUK L83 a/ua/oa 8 84 Loy <9 ogl sty QL GLe a3w35-9u0
) optydinsitod
. . ] -
opTydnskiod ao0g] £9 H/9/D 8 LS 144 LS gLl PltAde 00% ogL ‘ 23r35-0U0
L2 i ) optydTnsATod
s+ 0 6L a/ajoa - L LS . 606 29 8Ll gss‘s 0zs 009 6B035-3u0
Jeuoy uewqn) ysadd 9 ajda/oa ob 9g 09% gs L6 #2644 L0% oLl 83 TydTnsSTq UMTUOWEY
<8 Qu/a/o g 49 AN G¢ L6 2.9%9 004 02/ e31ydTnstq wntuowwy
Jsuey ueqnd Kapaty ¢l aja/o 8 14 -0 114 L9 0g849 Son 72 231udInsTq wnisaudel
Jeusy ueqn) ysedd Gl an/a/o oV 29 0gs 08 ¢6 2266 064 GLO ‘29 TydTNSTq WNTPog
ke N N
(%) (1o (sdtyo (m)
jueteA U0 %) Teutd TBTITUL
syanuay sousnbes ~inbo %) PIATA &dUBINPUS J0308J J030BI™ y43uaT S8900dd
sseulydTag yoeeTd petTdde Furioo)d

yoweTd

BuTpTod 3sang age] BuTyesaq masvﬁm‘w.mmmcmmum,

‘(snuTqeuuBd SNOSTQTH) JBUSY Usyn)

\
ponuTiuod -~ g dTIVEL

r~
o}



og +d 209421 poomyJos
r - - - payoreTy - #6-7g8 .wo=¢8 ~00L*'LL  00¢ - BIy  4sBI-YIJIO

“LobL *Bny og 16=%38 -4 L 0 3Feay y3IoN

*p opway asded - - = payowetd.  09L 66 44 000*8 00¢ - 3Jeay  snyditeong

moonamnw

STSUSWRTS

. sAyoeg

L8¢ ‘ou Wool  H/E/D ol zs L7A 6L1 86 X 0684 09¢ S06 eptydinsAtod -50akyg,

seutd sutd

~dTTTUd *Tudd - - - T 62L L L 2L8'6 9%¢ - IFeai yonbuag

mmcaaw

, TISNYI0m

946 "ou 00D  HA/H/0a 6 1y 64 . 8G6 LiL. of 96449 0se GL3 1Jeay snutd

- _ ° m:oﬁ

. -0JT39stnbs

L9G tou ¥oop  a/3/0a 8 Px 59 LeL bl - 2¢ 0gsts Geh 088 3Isay  BUTJIBNSEY

(soToeds

~ poAmeT

DBOJL)BTT

. @pTydins ~oJrjestinbe

O®g *ou 3oop HA/H/dA 6 ot 88 %8¢ LGL 8g zaets 064 006 ~f1od 93e3s sup  wuUTIENSE)
opTydIns

why Tou joop  H/E/D 3 LS ¢ 144 gLl 45 ose's 00t 02 -A1od aBe3s auQ gJeuey TRYL

. ) quslizre s .

96 "ou oop  a/3/pa 6 0s olz} oLg oL 9 060°LL  GO% 669 =8ad Y3t 3JeI) JBUSY UBANY)

Quau
, -3eaajead yzTm )

Ly tou oo  a/d/oa 9 LS L3 860 L Lyb 1172 068%6. 00§ SLé sptudinsdred Jeuey Ueqn)
. aptudinsg

gey *ou yoo) amy 9 24 L eyt e 2z, Zyg'e6 0o 0gl -£10d aBeis om] Jeusy ueqn)

&9) , T
(1o poyoEsTq (%) () TeTasqBl
usnbes °atba ¥ -un g ) : !

coususzoy 20 s E %) ) pouganpue J0308J J030vJ YjrIueTt TBUTd TBTITUT sseooad Surdng

yowaTg petridde pTath S88U - Furprod aeay  3sang 3ut Y faaionouss : sSNOIqTd

youwaTg dind ~-3u3tag ~-yeoad (Tu)*d-g*ssouaady

SdINd J0 SOTLSTUHTOVIVHO HIDNI¥IS ANV TYOISAHd

‘¢ HI49VL

18




Au..«,.smvsv

‘dnd jexgeu - - - 89 LY. 2L s¢ 002'9  0&% - 3Jedl - poompdey
(aesnowy .
-10koj)
dind 3eyaeu - - - L6 oLe L6 ¢h  008¢ 056 G69 . o3 tudrng poom3jos
dind jexasu - - - 06-48 onl by 60L 9.’ Q00*oL (0159 - .p,,,wm.ux poomizos
cHS ‘ou oo H/E/O S G L9 L Lo 3L onBe 59 0Lt 3Jed) Med3s O0TY
dind jajgvm : .
apea3d
X4y 0ddi - - - 38 - 1 ¢ 1L8o's  0se - 3jedy ossedeg
«, P ncov 5
( ”mo peuoseta ) () TeuTd T8T3TUT TRTIDGBU
. oousnbas *Atbe %) =un 20UBINPUS J0302] J0308I Y3BusT : e d
aouedayey N . . i . ssepoad Jutdind -
yowslg perrdds pTeTh SS8U Jutiptod 1891 gsang 3ut (1) ymg ¢ Ssousay snoJaqTd
=3y Tag -yeedg )ums

youaTg

dind

pPONuUT4U0s = ¢ EIGVE

19



that in the conventional kraft process. Recovery of this S@z in flue

gas with soda ash solution to make neutral sulphite solution or bisul-

phite sclution maxfgpplicable if the kraft wiil has also neutral sul-

phite (NSSC) pulp or bisulphite pulp production.

The recovery of chemicals from two-stage krait and two-stage pely-
sulpbide processes ealls for separation of sodium sulphide from soda in
the green liguor of kraft recovery system by fractiomal crystallization
of soda as monohydrate from clarified green liguor. Although this is a
little more complicated, it may have some advantages, especially if the

kraft mill has also NSSC pulp or bisulphite pulp production.

If waste sodium sulphide effluent from petroleum refimery is availa-
’ble to the pulp industry at low cest, (the kraft pulp will may use this
waste ﬁffTuent for pretrnatment at 100 126°¢C for 4560 minutes. The
waste lzquor may be discarded, and the treated chips are washed and
pressed for subsequent cooking with caustic soda with or without ad-
ditional sodium sulphide. The black liguor from cooking can be re-
covered in the normal way used in‘conventional kraft proceés. As in-
dicated in cooks nos. 456 and 457, the pulps have high bleached yvield
and good bleachability. As indicated in cooks nos. 456, 490, and 502,
two-stage kraft pulping gave‘improved bleachability and beitter strength.
This was also true with one~-stage polysulphide pulping following alkam
line pretreatment, Cocks nos. 455 and 457 cowmpared the results of pre-
treatment for the two processes. Yleld and strength were 51gn1flcant1y

better for the polysulphide pulping with alkallne pretreatment.

As indicated in ecoock no. 47}, polysulphide pulping with pretreat-—
ment resulted in high yield and good bleachability. Hoﬁerr, the dis—
p@sal of waste effluent from the pretreatment stage must be properly

made to gvoid pollutions

Cooks nos. 536; 553, 513, 515, 516, and 517 were high-temperature
short—time polysulphide pulping at 1750 for 25-30 minutes . They showed
little advantage on pulp yield when coﬁpared with cook no. 552 for con-
ventiocnal kraft pﬁlping‘at high vemperature of 17500 for 25 minutes;
but pulp strength appeared ketter with the polysulphide process as in-

dicated in cook nos 515 for Cuban kenaf.
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CONCLUSIONS

1,  Pulping Cuban kenaf and Thai kenaf by standard kraft process
with 15-18% Nag0 and sulphidity 10-15% gets cooking yield 42-43% for
airdry kenaf and 45-46% for fresh Cuban kenaf. The cooking conditions\
applied‘are heating teo a maxiwmum température of 1?000 in 13 hours anc

cooking at the maximum température (17@60)\f0r 14-2 hours.

The pulp from fresh kenaf has better bleachability requiring 8%
chlorine for 80% brightness, whereas pulp from dry kenaf needs about

9% chlorine in DC/E/D bleaching sequence for brightness above 80%.

2. Polysulphide process can be applied for pulping kenaf at aboud
176°C for higher yield ofbpmlp with better strength. The\cooking
liquor can be prepared by adding sulphur to the standard kraft liquor
to form polysulphides or by cxidation of standard kraft liguor of high
sulphidity at 25-50% with about 12% manganese dioxide on chipé. The
spent manganese dioxide can be regenerated by air oxidation when driecd.
A combination of Mn@2 oxidation and sulphur addition for preparation
of polysulphide from kraft ligquoer is also applicable for higher poly-

sulphides content.

3. At higher temperature of 17500 and short time cobking for 25~
30 minuées, the advantages of polysulphide over kraft process are not
significémt in regpect to pulp yield. |

L. Alkaline pretreatment with dilute sodiuvm sulphide (about 2-~3%
on gulp{weight) before kraft or polysulphide pulﬁing improves 15@1«—:'3.0]}‘1-=
ability and pulp strength. This applies also to two—s%age kraft pulping

with advantages of both higher yield and better bleachability.
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