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CHEMICAL PULP FROM KENAF BY TW0=-STAGE BISULPHITE PROCESS

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

SUMMARY

Thai kenaf (Hibiscus sabdariffa) was pulped by a two-stage bisulphite

process using sodium, megnesium, and ammonium bases. Compared with the
single stage bisulphite process, the two-stage bisulphite process gives
higher yield, better strength, and improved bleachability. The sodium base
two-stage bisulphite process gives better quality of pulp than the magne-
sium base and ammonium base two-stage bisulphite process. The ammonium

base showed lower yield and lower strength than the other two bases,

INTRODUCTION

Bisulphite preceess of varieus bases Ffor pulning kenaf was reported
in this series of studies., The process has good yield of oulp with

1

strength properties lower thar {hat by slkaline processes.

In recent years, two-stage bisulphite process has been developed
for wood pulp to get higher yield and better quality of pulp (Lightfoot
and Sepall 1965). The Sivola Precess is a iwo-stage sodium bisulphite
process, It is widely used for wood pulp. A special chemical recovery
gysten has been developed in the United States by the Combustion

Engineering, Inc,

The Sivola Process involves a chemical recovery system more corpli=
*

cated than the conventional kraft recovery systen.

The magnesiur base two=-stage bisulphite process was developed by
the Weyerhauser Co., Everett, Washington, U.S8.A. about 1960. The recovery
system is quite straight forward as the standar? magnefite recovery sys-

tem.

The armonium base is less popular for chemical pulp than the other

two bhases due to lower yvield and lower strength.

*Chemical Technology Group, Technological Research Institute, ASRCT.



EXPERIMENTAL PRBOCCUDUBES AND HESULTS

The experimental procedures for bisulphite pulping of kenaf were
reported in the earlier series of this study. For two-gstage bisuiphite
pulping, eonly slight nodification for omne additicﬁal stage was involved.
Air-dry kenaf chips were cooked at liguid ratio of 1:3 with bisulphite
sclution at total 50, 12-16% on raw material, with pH 3.5-%.0 at
145-155°C for 2-2% hours.

The second stage cooking solution containing alkali as 6% caustic
soda or magnesia or armonium hydroxide on raw material was added to the
digester after cooling by venting the digester and open the digester
cover, 1In several cases cocling overnight wag resorted due to the short
working hourg available in s day. The second stage coocking under alkaw
line conditicen was usuanlly conducted at high temperature of 160-170°%C
for 1-13 hours. Then the digester was cooeled and vented and the crude
pulp was washed, then refined in a laboratory disge refiner and centriw-
fuged. The wet pulp cake was bhleached with zhout 8-10% availsble

chlorine in C/BE/H besching secuence with final acid washing.

The bleached puln was pressed to remove excess water and air-dried,
The dried pulp was converted inte handsheets with usual sizing. The
handsheets were conditioned cvernight under 55% huniidity and 250C. Then
physical tests were made for breaking length, bursting strength, tearing
strength, brightness, folding strength and sheet density. The results

are tabulated in Table 1.

Table 2 shows the quality of selected pulp prepared by the two-
stage bisulphite process in-comparison to the guality of other pulps to
demiongtrate the distinct features of the two—stage bisulphite pulps.
The sigpificant point is the improved bleachability with only about 8%
available chlorine for brightness above 80, whereas the usual kraft
pulp requires abcut 9% available chlorine. The other point of the two-
stage bisulphite pulp ie the higher bleached yield at about 45% on raw
material, which is about 10% higher than that of bleached kraft pulp.

The pulp strength of the two-stage bisulphite pulp is very close
to that of bleached kraft pulp except the teasring strength and bursting
strength due to the higher yield of the bisulphite pulp.

]



TABLE 1.

PULPING AND BLEACHING COMDITIONS IN THE TWO-STAGE BISULPHITE PULPING OF KENAF STALKS

760

Cook na. 800 803 796 80% 792 792 798 815 774 768 823 879
Raw material Thal kenzf Thai kenaf Thai kenaf Thai kenaf Thal kenaf Thai kenaf Thai kenaf Thai kenaf Thai kenaf ozztzrkZ::{is Cu:an :eng’ Thai kenaf Thi;ezin?f
P CR . . . —d . !‘-d air—dr - -d O T yang Q s
air-dry air-dry alr-dry alr-dry al Ty Y air-ary alr-dry air-dry (50%) (50%) air-4dry (small stem)
First stage bisulphite pulping Mg base ' Mg base Mg base 20% NaHSO5 20% NaHSO3 20% NaHSO§ 20% NaHSO3 !\!H3 base NH5 base NH5 base NH3 base NH5 base NH5 base
Stock solution, pH value 3.55 3.50 3.55 k.o b.o k.0 4.0 3.95 - - 3.6 4.0 3.9 3.b
Total 502, % soncentration 6.32 5.00 6,32 - - - - 5,30 6.08 5.76 5.34 7.06 4.86
Free SO,, % concentration 3,32 2.66 3,32 - - - - 2.80 3,20 3.02 2.80 3.06 2.56
Total 502, on ovendry chips 12.0 16.0 12.0 12,8 12.8 i2.8 12.8 15.0 i6.0 f 16.0 16.0 16,0 18.0
Base: i
i
NaOH, % concentration - - - . - - - - - - i _ . _ _
MgO, ¥ coneentration 2.0 2.0 2,2 - - - - - - - - - -
NHB' p4 concentration - - - - - - - 2.0 2.0 1:6 240 241 -
Liguor to chip ratio ml/g , ‘
{add water to stock solution) 2.5:1 3:1 2.5:1 3:1 511 511 311 3:1 3:1 ; 3:1 331 2.5:1 Lel
Max. temp., C 150 155 155 155 155 155 150 155 150 150 155 155 150
Time to max. temp., hr 2 2 2 2 2 2 2 2 2 2% 2% 2 2%
Time at max. temp., hr 3 2X 2% 2% 3 3 2% 2% 3% 4 2% 2 3%
Second stage alkali pulping Caustic soda Magnesia  Caustic sods Soda ash Caustic soda Caustic sodes Caustic soda Csustic soda No 2nd stage . MNo 2nd stage Caustic soda Ammonia Ne 2nd stage'
Cooking scolution added . \
' NaOH, ¥ on ovendry chips 5 - 5 - 6 6 5 6. - - 7 - -
"Wg0, ¥ on ovehdry ships - 6.0 - - - - - - - - - - -
NHs, % on ovendry chips - - - - - - - - - - - 6 -
Naacoa,'Z on ovendry chips - - - 8 - -. - - - - - - -
Water added to chip ratio 3:1 1:1 1.6:1 1.5:1 2.511 2,5:1 1:1 1:1 - - 1:1 1:1 -
Max. temp., C 95 170 170 170 170 170 160 170 - - 170 170 -
Time to max. temp., hr % % % % "1 1 % % - - % 1 -
Time at mex. temp., hr b4 1 1 1 .1 1 S| 1 - - 1 1% -
Pulp yield, % on ovendry chips k2.0 50,9 55.2 63.0 56.4 56.4 51,k La,1 51.7 56,1 77.3 46,8 57.9
Bleaching sequence C/E/H C/E/H H c/B/R C/E/H - ¢/E/H C/E/H/D C/E/H DC/EfHD - H C/E/H
Chlorination stage (¢), % hr
Cl,: % b 6 - 5 6 - 6 6 7 : 6(D3, C3) - - €, 4 C, 3
Alkeli extraction stage (E), ¥ hr
- NaOH, % 2 2 - 2 2 - 2 2 2 2 - - 2



TABLE 1, Continued.
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Cook no. 800 803 796 509 792.. | o1% 968 823 879 760
. s . . . i Cub . 3
. Thai kenaf ‘Thai kenaf Thai kenaf Theli kenaf Thai kenaf Thai kenaf Thal kenaf Thai kenaf Thai kenaf Thai kenaf, uban kenaf, Thai kenaf Thai kenaf
Raw material air-dry gip-dr ajir-dr air-dry air-d air-dry air«dr air-dary air-dr castor stalks yang wood air-dr fresh
y y Y Y y ' Y (50%) (50%) Y (small stem)
Second stage alkali pulping Caustic soda Magnesia Caustic soda Soda ash Coustic soda Csustie sode Caustic soda Caustic soda No 2nd stage No 2nd stage Caustic soda Ammonie No 2nd stage
(continued) : : ’
Hypochlorite bleaching stage (H),
pH 11, 3 he, available chlorine,’ .
% 2 2 5 2 2 - 2 2%+ 2% (D) 2 3(H2, D1) - 5 2
Total chlorine applied, % 6 8 5 7 8 - 8 10 9 9 - 5 9
Bleached yield
% on ovendry unbleached pulp 86.5 87.4 90.0 - 80 - 85,5 8k,0 84,0 87.2 - 92.1 95
% on ovendry chips. 2643 bl 4 50.0 - 45 - Lk 0 Lo.5 43,5 49.0 - 43,2 55
Paper no. 5465 541 486 49y L85 k78 550 Loa Ly hol 509 562 454
Physieal properties of handsheets
(A) Freeness
Initial freeness, S.R. ml 6LC 770 89C 880 860 880 700 jatsles 720_ 720 890 700 750
Pinal freeness, S.R. ml 400 415 430 385 375 435 L1o 430 L50 IR 400 350 Le0
Time of beating, min 2 3% 2% 4 4 5 2% L 2% 3 % 3 3
(B) Test data (50% R.H., 23°C)
Basis weight, g/m° 62.5 59.3 53.1 62.2 64.3- 126 64.8 65.9 62.1 51.8 127.4 50.3 51,6
Bulk, ml/g 1.47 1.37 1.43 1.25 1.23 1,29 1.36 1.29 1.30 1.41 1,74 1.39 144
Burst factor 21 #0 31 35 35 hg 29 25 26 25 27 21 17
Tear factor 90 97 113 94 95 118 117 88 74 65 112 69 69
Breaking length, m 4,192 5,270 5,925 6,468 6,174 6,725 5,647 L, o3l 5,337 4,904 5,102 5,661 4,641
Brightness, % 90 0 58 81 86 k2 70 94 76 88 22 4l 72
Folding endurance 24 141 271 Loy 400 19 167 112 55 21 2 88 16
Remarks: 2nd stage After 1lst D is C10 Opacity low
: ¥echano- Stage. cooke stage in
chemical ing, cool equiv. C12 '
pulping overnight,
start 2nd

stage cold
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TARLE 2. PHYSICAL PROPERTIES CF HANDSHEETS OF BISULPHITE KENAF PULFS

Process

Single stage

Two stage

magnefite megnefite
Cook nc, 276
Poapor no, 136 541

Raw material

Frecness, S.R.; ml

Brightness, 3

Chlorine zpplicd, ¥

8leasched yield {on dry chip), %
Burst factor

Breaking length, @

Tear factor

Folding endurance

Thai kenaf

L0

77

9

1.7

24

80

Thai kenaf

415

<

Cubon kenaf

e

-
M3

42,7

Thai kenaf

375

=
o)

45,0
35

6,174

Th2i kenaf
L5

76

5,337
74

55

Sodium Igg;%i;ge Ammoniun ‘fwo s?age
. 1 . . Ammonium
brsulphate . . blgulphite . .
P b bisulphite P bisulphite
Loo 792 775 815
SN Les bzg Los

Thai kenaf
430
‘j’-&

1¢




0f the three bases for two-stage bisulphite pulping, sodium base is

the best. WHext is the magnesium base. The armiceniun base is the weakest

in strength with lower yield than the other twoe bacses. The use of soda

ash instead of caustic seda in the second stage gives higher unbleached

ield cver 60%, This advantage of higher yield is further enhanced by
the lower cost of ss5d4a ash comparing to the expensive caustic soda in

the narket. ’

The two-stage bisulphite process is distinguished for its good
hleachability and high yield with puls strength comparable te that of
kraft pulp. These advantages mwust be weighed ageinst rmore complicated

pulping procedure.

In view of the smaller snd less cost of cooking chemicals without
a recovery system in commarigcn to the total olkali recguired in kraft
pulping, the two-stajge bisulphite process cen offcrd the oneration in
srall= and redium=sized pulp illes withoul o recovery syster. in the

early atage of the »nroject.

In the case of twowstoge sodiunm hisulnhite process, the cost of

5% mleached yield would be as

ot
o}
¥}
~
-
o]
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o
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o
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cooking and bleaching chenic

follows:

Sodsn ash for lat gtage bisulphite
¢

coking with 20% Nu}Tuﬂ3 230 kg @ 5,00 1,150 bakt
Caustic sode for 2nd stage
6% on raw material 133 kg
Ceustic soda for alkali
ertyraoction in bleaching
2% on bleached pulgp 20 kg
133 ke
100 kg @ 3,00 300 baht
from ecell ligquor
53 kg @ 6.00 318 baht
rurchased
Chlorine for bleaching, 90 kg @ 3,00 270 baht
9% on bleached pulp from cells
ine for hypechlorite sclution L0 kg @ 2,00 80 beht
L% on bleached
Total 2,118 baht



The above cost of chlorine and eruivalent part of caustic soda is
bagsed on own gereration of chlerine by electrelysis of gsalt in the pulp
nill, The total cost of cheniecals ot shout 2,118 bakt per tonne of
bleached pulp is relatively recsonaisle comparing to the market walue of
bleached pulp at 8,000 baht per tonne. The cost of raw raterial per
tonne ¢f bleached pulp would be about 2.23 tonnes kenaf @ 500 baht or
1,115 baht. The totai direect material cost would be absut 3,233 baht
per tonne eof bleached pulp.

In case of the two-stage nagnefite process with 6% nagnesia in the
2nd stage, the conventional rmagnefite recovery syster can be applied.
The gystem is rmch simpler tharn the kraft systeri, thus the alkali-
chlorine electrolysis is not necessary; as the alkali demand is very
srzall;, being uséd only as alkali extraction in the C/E/H hleaching

sequence, ordinary chlorine can be purchased from the market,

The waste liguor in two-stage armionia base bisulphite process
could be heated with linme for recovery of armenia, thus only the cost
of sulphur and bleaching chemicals would be involved. The dispesal of

caleciun base waste liquor may he done in irrigation of erops.

For unbleached pulp, the two-stoge sodiunm hisulphite process gives

a yield cver 56% with fair brightness, The yield is abeut 25% higher

r

than that of the kraft process. Although the terring strength and

bursting strength nre lower *than those of krafi pulp, the pulp has far
better brightness, and can be brightened to 6% brightness by o single
stage hypochlorite bleaching with 5% aveiloble chlorine, This level of

brightness affords its use for newsprint furnished and magazine paper.

CONCLUSIONS

1) The two-stage bisulphite process for kenaf chemical pulp is
apparently better than single stage bisulphite process in respect {o

pulp yield, pulp strength, and bleachability.
2) The two-stage sodiun bisulphite process is most efficient,
requiring less chemicals than the single stage bisulphite pulping.
3) The two~-stage magnesiun bisulphite process affords a good

yield of bleached pulp with good gquality.



4) The two-stage armoniur bisulphite process gives lower pulp
yield and lower strength than that bv sodium base and nmagnesium base.
However, it might produce a2 less expensive pulp than the other two

bases, if armonia is recovered simply by lime distillation.

5) In the second stage pulping, soda ash gives higher yield of
pulp than caustic soda, But nagrnesia ir the second stage is better
than caustic poda with the mapgnesium base bisulphite pulping in the
first stage, This mrgnesia affords conmbined recovery with the waste

magnesia pulping liguor.
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