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Pulpinl of Agricultural Residues-E,ffect of 'Kappa. Number'
on Economics of Pulping and Bleaching of Rice Straw
Hari Kishore-, A. O. Kulkarni", .Brijesh Kumar" and R. Pant"

ABSTRACT

Number of small pulp mills with capacity ranging fro m IS to 30tpd arc

operating without ch.mical recovery systems Considering the e'evating prices
of coo"king chemicals. it becomes imperative to use the cooking chemical. i e.
aodium hydroxide. judiciously. In the prlsent investigations an atiempt has
been made to understand the economics involved in delignification in the

digest.r wrsus delignification in the bleaching process. Studies onthe rice
straw clearly indicat. fhat by kaeping an optimum kappa ~er arcund 2&
of unbleached pulp. it is possib'e to SlV. significant prcxlortion of sodium
hydroxide than by going in for low kappa number;-'with hig her chemical
dosage. during co')king The results also reveal that geilng .for kappa number
over 25 is a's') not economical. Further the estimation of magnitude of total
pollution loa" generated during pulping & bleach;ng show that higher BOD

load is exerted in caSeof high kappa number pulp compared to pulps of lower
kappa numbar Thus results revlal that by keeping kappa number either
higher than 25 or low.r than 25 will not be economical.

• •
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INTRODUCTION

In small paper mills using agrieultural residues,
systematic study relating to economics of removal of
lignin during pulping and bleaching has not been made.
When viewed in context of absence of chemical reco-
very, in the present juncture. it becomes imperative to
use cooking chemicals judiciously during pulping and
at the same time .the pulp produced should be easily
bleachable with less pollution. With this background
the present study was taken up to investigate the opti-
mum degree of delignification required during pulping
of rice straw with minimum chemical dosage so that the
residual lignin could be removed during bleaching
operation. The kappa number of the unbleached pulp
was taken as the basis for the extent of delignification.

EXPERIMENTAL

•• " Materia. : Rrice straw sample was arranged
and chopped in required length, varying 2-4 ems. The
chopped raw material was made free fro. dust and
taken. for proximate chemical analysis and pulping
experunents.

Proximate CIte.ieal A•• lysis·' Rice straw sample
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was evaluated for proximate chemical analysis as per
standard procedures given in TAPPI & APPITA.

Pulpiol : Pulping experiments were carried out in
a series digester consisting of six bombs each of 2.5
litres capacity, rotating in an electrically heated polye-
thylene glycol bath. In order to get unbleached pulps of
varying kappa numbrs, soda pulping experiments using
4-8% sodium hydroxide as cooking Chemical were
performed under the following constant cooking
conditions :

Raw Material taken in each bombs (00 Basis)
gms=200

=1:5Raw Material to liquor ratio

Cooking Schedule :
Time for pre-soaking in liquor

at ambient temperature, min.
Time for raising temperature

from ambient to 100°C, min.
Time for raising temperature

from 100° C to 140°C, min.
Cooking time at 140°C, min

.,.,60

=30

=60
=60
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At the end of cooking period, the bombs were re-
moved and quenched in water. The bombs were op::-
ned and spent liquor was collected after filtering thro-
ugh terylene-cloth, TilecookedmaSsf;S we{'e washed:
thoroughly with ~old water, 'dis.integrated' and filtered - " f, Particulars .. ,j •.' (% on'O.D. basis)
through Bouchner funnel with continuous washing .with ~...,....--,:",:"-.----",:,,, ..,...,----..:-:;,...,...~-.....,..."..""..,-,.....----:-:--:--
cold water until filtrate was free from spent liquor, Ash content "17 :98
After computing the pulp yield, the pulps wer screened ' Hot water solubility. - 19.:05
-on a 'SerIa':ffatscreenfitted"\vitli a '0.15 riimslOr-WKtrh--'· -Met-hanQl....so.Ju.billty-----..-.-- .._. __ . ',_ 0.38
screen. The screened pulps were evaluated for kappa N/IO NaOH solubility 48.27
number and strength properties and finally takenfor ', Acid insoluble lignin 12.71
bleaching' experiment s. H910c~Uulosei '.i i~'63~'66

'j ,Pen.tosa.n.s 17.28
Kappa Number : Kappa number of the .screened
pulps was determined according to the TAPPI-236-0S-
76 Method. 'K-Number was also calculated from. the .
relationship between Kappa number and Kenumber tfor ,,'
rice straw pulps! ie;

Log Kappa Number=l.051+0.22 K-Nnmber

Spent liquor analysis :

Total 'solids and residual active alkali in the' spent
liquor were determined according to the methods men-
tioned in3•

i:,~lell,~blQg,: .P~I;pbleaching .\Vas "carriep,.out by $jn.l;tle
stage Wpocqlpr~~e.~J~~chiM_,Q?sage. were ,f).r~toptimi-

, zed fO,runbleached pulps of different kappa numbers in
n~rder 'to ac:hi~\'e' bleache,d pulp,brightne!is 72± -2%
( Iso; Fina'{ bfeachingof di1Ier'entpulpsWere;~arried out
,,·~try!'l~Sin~;,optffiljzed'~·dosage of calcium hypochlorite.
l"Puiilps' l\lV'erefinally evaluated for optical as well asfor
~strengt'h~·prdpert1es. ' , (, .
~E'J,,\/,' i). .:~tfi ':;·;.LJ; .J.,.. .'2 f~,~ , .

~~;J~9'R~va!m~!!4)Oi F9£ ,evall1.atin~J!le ~f.NA9g characteris-
tics and subsequent physical strength propertjes i.of the

,p~Wea,G,4rdapdl?leas,hed pulps, the stand~~~I ~ethods
«'<ifi5scriMd''irf 111btitat8iymanuaJ3 wasfollowed.
(;'.:.i~ ~:'1

cPollution loads: The BOD .and COD Were .measured
as described in the standard methods- ..

RESULTS AND DISCOSSION'<
he:; - !:r>.. -':':1.;, ;::':.' . :".! . >.

Raw material analnis ,,:.1& esults 9f:.tl'le, 'Jpro.ximate Che-
:·'fulcal amlysis";;df' rice straw sample are given in
Table- I. c';· :;,.:

Composition oj'ithis, part'k:ufa;r~sample .oftice straw
IlJor~,9-J:)~~~UJ!~..~<!m~~h.tW. ...~GQmn.l:!.r~,;wjtb, Jh.~,,~other
rice straw sampJles'~i\!ert)in"~PpeND1X; Q,;;'j

,;! ..;i. .•• :

64..,'"

TABlE-l

PROXIMATE CHEMICAL ANALYSIS OF
RICE STRAW SAMPLE

Corrected for .ash,

Pulplng«, Monitoringofkappa'I1umber is considered
importantfor uniform bleaching of the .pulps. Wide
variation of kappanumbermay lead to the non-uniform
hleachingresulting in pulps with lower strength proper-
ties.From the available data, it appears that the cooking
chemic~ldemand for rice straw, varies significantly fr()~
sample to sample for achieving same-degree of' vdeligni-
fication i.e.rsame kappa number of unbleached pulps . .In
orher words, different rice straw samples cooked
with same chemical dosage, showed wide variation in
unbleached pulp kappa number (APPENDIX). '

',i' Considering the variation in chemical.dosage re9ui-
. 'led forsatisfactory pulping with desired kappa number,

for .rice.straw of different variety, it becomes necessary
forevery pulp mkll to. optimize in pulping .conditions.
Kappa number is one of the important variable in deci-

';dingtheright pulping conditions. Here comes the ques-
"tion what should be theoptimum kappa number one
should go for. In the present-studies an attempt has been
made to find the economics involved in delignification in
digester versus removal of-lignin during 'bleaching stage.
Results of 'soda pulping of rice, ~tMW are given in
Table-i-Z. "/.~

.\ .j- 'I -./ ... : "\
Pulps produced from this particular rice straw

sample, with 4')'r{) and .8% .sodium h.ydr~~jde .-3S coo-
'king chemicalshowed unscreened Pl;lI.P yiejqi,~4.8, 62.4,
6Q.8and 69.,.2%and; rejects;conte(lt'}2~8; 2.(i;~L7,and

.1.3 respectiveljs,, .Corresponding kappa-number of'abe
unbleached pulps determined were 44,3Ll;2S.6·and
20. 8 re.~p'ec~ivel~'rIt is imp'<'{ta?L,t,?I ;,not~ ..tha,t. JW
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'APPENDIX'
',1

RESULTS OF 'PROXIMATE CHEMEICA~;ANALy$IS·:J\.NP ~ULPn~TG.oF

RICE STRAW.SAMPLES OF DIFFERENT' VARIETY.
" 1 II 'J" ':;" ,', ..,. I r « r'

PartiCulars'

(pQ,IRAT),

! ,r Gujrat-D, Kharvi Basmati
,. I j,,': '\

; ;, - j oJ

Pto~imate'cbenfica1' analysis':'
.Ash," % .
t.ignin. ~ .~ 'x
Holo cellulose, %
Pulpi,ng :,.1 ,

Coo~ing chemical, Na9H% ,I

Cooking ("I:em~rature, qc " .
Unscreened pulp yield, % '
\- ffl I '. , _ ".

!f~ppa .~um b~r ,of unbleached pulp'

, ;.,

, ,20.9
1 •• 13.3
",,63.1 j

12.5
, 16!3 r " ,

• 0
0

' 63.9· ,I'1 "

I, f !j'.
1 10

.,'j }40
;'523'

33.6 '

10
. '140 ., ,

"57.9(' " .
21.3 " "", :' r • ,

) 1

(GUJRAT)

II

17.2 14.6
16.1 II 1.68
64.6 619

."
10 10 rI

140, ' 140
54.3 68.5

, 34.2 28.1
,,- \

I ..

,j , L

i 'r

f •
,. II I $,' I . --? t r ' of

TABLE.--2 1 ..

SODA PVLPING OF" R.lCE' STR"W

, ). r'

)Pa:~ticulars

- ) t.

1 2
-;':',-', _, .• :4

'.,

4 5
64 8" ), .....• 62<'4· j,"'.

2.8 II 2.6
44.0 31.1

8.6 . 9.1

5.76 6.58
Nil O •.4Q

Pulping :
Cooking ,chemicp.l as, NaO~. /0

on raw material

',Unscreened pulp yield. ~
-ScreeD<rejects, %
'Kappa 'number of unbleae'ied pulp
Spent Liquor .Analysis,:

:pH
'Total sotids, -''Yo, w/w
Residual alkali as NaOH, gIl

'1 ! I

3 4·

6 8
. 60.8 60.2

}.7 1.3
25.6 20.8

9.7 10.4

7.38 8.25
, 1..28 1.84

Constant conditions ,:
'Raw .material ~ liquor ratio
·Raw material taken in each bomb, gms
Soaking time at ambient temp., mins.
Time for raising temperature from

'ambient to 'IOO°C,min.
r
Time for raising temperature from

100°C )to 140°C, min.
Cooking time Cat 140"C. min.
_H-faqtor
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=

=

=

1:5
2QO, OD
60

30

60
60
83
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increaslI.lg the cooking chemical dosage from 4% to 5%.
the pulp kappa number Coul?bet"ed~ed (~y}~~in~
while the increase of cookin~.~~emic~l from, 6 to 8%
could reduce the pulp kappa riu~oibet<>nlybyS points:

Bleaching: 'All the fourpulps of different kappa number
were bleached by single stage hypochlorite, using opti-
JttiZed "d6sage o(bleaching; chenlica[ for a brightness

, target 72±2% ISO. Results of bleaching experiments
are given In Tabl~3. ..' ._._... ...

\~equirement of hYPochlQrite as available chlorine
wa,s i8,% for the pulp' of kappa number 44 as against '.
8% for the pulp ot :'25,6 kappa 'number. Sodium'
hydroxide used as buffer during bleaching depends
uponthe dosage of_ hypochlorite used. Pulp of 44
kappanumber requiredas high as 44~~ sodium hydro-
xideas against 1.9 and" i.4% respectively for the pulps

I ',' • .
of kappa number ~',~ahd 20,8. '.

PoUutioll loads: From the results of pollution
loads studies given in Table-4, it was observed that
the BOD load exerted in high kappa number pulp was
on higher side compared to those from low kappa
number pulps This might be due to the fact thatthe
residual lignin in the high kappa nUfu~f pulp Was:·
de~'rad'ed-- to ..' smalter . fragments" duringvhypochlorite
oxidative bleaching and as a result the BOD load w~s.
increased. There is not much change in BOD load after
2~.kappa number ..

;'.. ~Strength propert.~esof pulps :, Strength properties
ofunbleached and. bleached pulps arc gived in Table-S.

;. ~" '. ~',~

: ,~Beating characteristics of the pulps could not be
studied because of the very poor freeness values of both
bleached as well as unbleached pulps Because of; the

:same reasoningz .the strength properties of different
.pulps at a particula,r. freeness val~s could not be cal cu-

lated for comparison. As the initial freeness values of
~i~cr~~t, pJ.llp!!~(t( .more or; l~s1!the same, a rough
comparison ','of •the str~ngth' p~~~rfies at the initial
freenes5.vat'ues could not 'be made possible.

Unbleached pulp of high kappa num.pe1'.~~4·, sho-
wed very poor tear index '3 15' as against' tear '. index

. ~445t of moderate kappa number. High kappa number
'44' pulp after bleaching with 18% hypochlorite had
also shown poor tear index '3.05' as against the tear
index '5. IS' that of the moderatekappa number" ~'25.6;

'pulp after bleaching with 8% hypochlorite. SimBarly
the burst index '240' of the latter. e

Economics of pulpin~" ble8cbiug: Cost eval\:1a,
tion of pulping and bleachirrgchernicals, per tonne .of
bleached pulp produced. are given-in Table~6.

On the basis of cooking chemical per-tonne of raw
maJ~r.i~I,.th~c<?Q~inf('hemical pet tonne of theblea-
ched pulp was calculated by c~nsideringdjfferentkappa-'
number of unbleached pulps. Sodium hydroxide used
as buffer and hypochlorite as available chlorine requi-
red per tonne of the bleached pulp produced were also
calculated for different pulps. Considering the cost of
sodium hydroxide @ Rs, 7,000/- tonne and hypochlo-
rite as available chlorine @ Rs 3.QQO/tonne. the total
cost ofchemica] per tonne pulping & bleaching chemi-
cals calculated per toone of bleached pulp .produced
was around ~s. 1446/.::..,,Rs.1268/-. ~s 1/16 and Rs.
1328 for the pulps with unbleached kappa number 44.
31 I, 25 6 anc 20.8. The chemical ~o~t.per ~()n~eqf
bleached pulp was found minimum if the kappa nUIQ-

ber of the unbleached was-around 25 as evidenced from
the FigLJre- I. Further it is, evident .. that ifle 'hig~r
BOD loads in effuents will also involve 'additlOOal~
for treatment of effluents in case .of high kappa num~
pulps. '

TABLE 3
SINGLE STAGE HYPOCHLORITE BLEACHING OF RJCE STRAW

, PULP OF DIFFERENT KAPPA. NUMBERS
Particulars '.

Unbleached pulp yield (screened), %
Kappa nu~ber of unbleached pilip
Hypochlorlte used as chlorine %
Bu.ffer used RS NaOH. % . ,0

B~lghtness of PulP, % ISO
YIeld loss during bleaching, %" .

Cook No. ••2- 3 4

62 59.8 59.1 58.944 31 I 256 20.8
18 . 12 8 6
4.4 ].0 I 9 1.4

70.4 73 0 730 73.5
IO~2

'. 8.8 7.8 7.4
Constant conditions :

Consistency
Temperature
'Time
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BARTICULt\RS, I II III IV--"';:.....,

Cooking chemical as NaOH% ,Qn,RaW Material, 4 5 6 8
Kappa Number of unbleached pulp 44.0' 31.1 25.6 20"'8
l!nbleachc;d pul~.yje14.¥.8s per tonne Itaw Ma~erial 620' ~98 59l, 589
Bleached pulp Yleld,ikgs per tonne Raw Matenal 557 545 ~45 ' 54:5
PolJuti(),n load during pulping: '
(per tonne 'bleached pulp),
Total solids dissolved in t,hespentliq\lor~ .kgs,
Organic dissolved in the spent liquor, kgs.CvD
BOD

'. Potlutioauoad.during bleaching.c.
(Per tonne of bleached pulp)
Organic dissolved" kgs.

'£OD c' , kgs
BOD , kgs
Total pollution load;kgs.:
(Jier,tonne of.bleached, pulp)

, iOrg!!mc;dis~9Iy~d kgs., 795
coo 'kg~. 58~

______ B_O-D-'··--------·~k~~-.----~--~~~-----------200

*1. ':

i)
ii)
Hi)
IV)
v)

• 859'
737
490'
149

896
750
573
t'56

779
682
453

)47

" 113
'135

. ,5,3'

97
11'1'6
4·6

• vii)

.. ,
. '949

754
516
IS]

84
4'.1

20'

81
i4'O
19

834
600
195

834 835
(il4';1 \,!J' j:, :,(6~fj
170' 170'

.'. ", ' , ,,' .., '" '" .. " ,TAALE-5
STRENGTH PRO<:>ERTJESOF RICE STRAW UNBLEACHED 'ANT} a'LPACH'EDPUPS ' ("",;',~~,_,,_,~,~,~~.~.~.__~~ r~----

( 'D~~inage' Apparent' .Burst T~il~lle ' Strech" "" F~Id''it Te:l~L; ""Airl
Freeness time 'denSity I" index indeX::' ~"KotHer:' ': ':;index:',ij;reS,1

Molin Gurley
CS~,~m_'_I s c_m_3/~g k_P_a_m_~/~g~__N_m_·~/g~ o/~~ Jo~g~ m_N_m_·_2!~gs~/1_0_o'_m__1._

Unbleached Pulp:
I 23)
2 265
3 215
4 175

BteachedPulp :
t 175
2 150
3 155
4 145

,:.,',',' ."; : - i~

Properties

1222 0'6() I 70' 37,0 42 1 23 3 15
1048 0_66 1 70 33 5 34 1.50 330
1266 066 I 80 370' 38 1,73 445
14 12 0.6~ 1.85 340 34 1. 67 3.90

1898 0'.67 I 95 365 40 1.30' 3.05
19,78 0'.70 225 41.0' 42 ].76 450'
1670' 0,71 2_40 350 5.6 1.91 5.15
1545 0,70' 260' 370' 5 7 1 74 5.0'

"
; '"

443
60'.8
605
980

1090
1478
123.9
151 0'

TABLE-6
COST OF COOKING CHEMICALS VERSUS BLEACHING CHEMICALLS

Pulp No.
_ I 2 3 4

~C~o-o~k~i-ng--c~he-m~ic~al',~N'a~O~H~,~~'~-o-n-r-a-w--m-a~~-r~ia71-----------'4----------~5~---------6------------8~--
Kappa number of unbleached pulp 440' 31 1 25 6 20'.8
K-number 269 20 1 16.2 12.1
Unbleached pulp yield (screened), kgIt 620' 598 591 589
Bleached pulp yield, kglt on raw material 557 545 545 545
Sodium hydroxide as cooking chemical, kg 40 50 60' 80
Sodium hydroxide. kgrt. bleached pulp
-- Used as cooking chemcal 146.8
_ Used as buffer during bleaching ]5 ]
Total NaOH, kg!t bleached pulp 161.9
Calcium hypochlorite as chlorine kglt bleached pulp 65
Cost or chemicals, Rs/t bleached pulp produced* :
Sodium hydroxide @ Rs. 7 per kg 1133.
Cal. bypochlorite @ Rs. 3 per kg 195
Total cost Rs/t bleached pulp 1328

Particulars
•• •

-.
718 91.7 1]0.1
49 P 32.9 20.6
120.8 ]24.6 130'.7

20'0 132 87

846 872 915
600 396 261
1446 1268 116

.Figures rounded to rupees.
: .~,."ttI"'" \to L.-.;.tlQl ,~)Ju,.,1:9811 67
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FIG:I, EFFECT OF KAPPA NUMBER OF UNBLEACHED
PULP ON THE COST 'OF CHEMICALS.

CONCLUSIONS:

1. Cost analysis of chemical inputs. during pulpinS
and bleachi~g showed t~t the bleached pulp carD
be prepared" by most economic way when the
unbleached pulp kappa number is around :ZS.

. ,

, ,./,

'.

2. Higher or lower kappa number of unbleached pulp
resulted in higher cost of production of bleached
pulps with poorer strength properties.
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