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ABSTRACT
Non—wood fibres are generally slender, shorter and acompanied by a high proportion of
nonfibrous tissue. Fibre length and width in some species are only one fourth that of
softwood and the nonfibrous content is about 20 times greater than that of softwood.
Intrinsic strength of these fibres (zero span tensile) also is poor compared to the softwood

- fibres These Properties of non-wood fibres, especially in straws leads to runnability
problems with inferior duality of the end product.

Nonfibrous content largely contributes to the inferiority of the pulp produced from the
agro-raw materials In this context it becomes imperative to examine the effect of the
nonfibreus content on the papermaking properties of these raw materials Three pulp
compositions i e whole pulp, long fibre fraction (i. e. +50 BM fraction) and middle
fraction (i- ¢ +200 BM fraction) are investigated for the generation of fines, struc-
tural changes and strength development during beating of these pulp compositions’from
the three agricultural residues. In the case of straws only a very slight beating in PFI
mill increases number of fines produced. This increase is due to loosening of parenchyma
aggregates. The no. of fibre particles per gram, arithmetic fines and weighted fines

(< 200_ p#m) measured by Kajaani FS—100 fiber length analyser increase very sharply
especlally for rice straw

Fines content increase during the initial stages of beating for the middle fraction. But
with increased beating there is a little or no increase in fines content. Howsever,
when the long fiber fractions from the three pulps were subjected to beating it was found
for bagasse and wheat straw fibre, weighted fines increase by 15 to 2 0%. During
the course of beating, average fibre length remained about the same, for bagasse and
Wheat Straw and this would mean that microfibrills get disengaged from the fibres
resulting in fines In contrast the long fibre fraction from rice straw was found to be very
weak. When beaten, the amount of weighted fines increased by over 5%. Fibre length
was also found to decrease upon beating Photomicrographs of unbeaten and beaten
pulps show that wheat straw and bagasse fibres develop excellent fibrillation as the
beating progresses. Cross sectional analysis of wheat straw fibres from whole pulp and
long fibre pulp indicate that the straw fibres can be refined, if the nonfibrous tissue is
reduced in the pulp. The structural changes in the fiber during bsating can be correlated
with the tear and tensile vs CSF relationship, which showed strength development. As
we tend to remove more fines strength properties improve As for optical properties, it

was seen that rice straw pulp has an exceptionally high scattering coefficient, where as
bagasse pulp has the lowest.

Fiber from agricultural residues so far considered inferior can be used to produce better
strength papers provided we are able to control the amount of fines either by raw
material pre—treatment or by a suitable pulp treatment methods. Rice straw pulps have
exceptionally high scattering coefficients, and this advantage can be taken to improve the

optical properties of bagasse chemical pulp which otherwise have very low scattering
coefficient.
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Introduction )
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India is the second largest producer of 'bagaSse and* °
straws 'in the world. These agricultural wastes area

potential source for bhpefm'aki'né.} " 'With more miech-

anised , agriculture and efficient boilers, it is expected ¢
that lgrge qug}ntit'i'e,s'o'f "agric'ultura"l tésidues cdn be-
made available for papermaking. "Howevér a factor
mitigating their use gs"the collection and tran$port
costs, and relatively low bleached pulp yield. '
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Non-wood r#vg materials have lesser fibfe content™”

‘

compaged to wood and are hetrogeneous in nstare. The

~
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were colleeted 'scparatclyby.‘cbiqgiﬁcp-(’ipqﬁ‘%niavBauer
& McNett classifier. . '

-
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" Pulp Bvaluatian..;. ,

.. Different pulp compositigns i ¢.,whole Julp, -(1:50 5

fraction and 200 fraction obtained from sgreening of -
1 pulps of bagasse, wheat and rice straw were, qvalyateq.
,. by beatingin + PFL mill to yarious, frecpess levels under,

standard oconditions as per ISrQ 5269. Sti;ngth and

opticabproperties of handsheets  were tested as “pet

1SO standard methods. , .

fibre dimensions of softwoods are higher 4nd fibre " Measuremant.af Fines: .

dimengions__of'nqn-vg'oods:ar'e' small and comparable o
hardwoods, Non-wood pulp, in addition'to fibres dlso"
contajn large amounts of vessels, parenchyma 'and
epidermal cells which constitute ' the fides. ' The fiber
length of no.n-”v'voods 'is 'about oné third to that of:
softwood fibre and non-fibre céll content is abdut 20
times greater. With ‘these weak "points they are not
suitable for high strength papers. '~

Present stﬁ@y was undertaken to'examine and
compare pqpe;makihg ‘fr6m 'pag':lxsse, "wheat straw' and

rice straw with a view to imprové their yi)a'pcr“qimlity: R ) :
' " ' . microscope.- For observation under, Scanning Electfon

., Microseope the samples-were coated, With gold for 5-7 .,
_ min with about . 7.mA current in a .Hitachi Sputter

In this study we have examined three ‘pulp “cornposi-
tions.i. e. whole pulp,~lor;'g fibre fraction’ (i.e +50 BM
fraction) and middie fraction (i.e.+-200" BM ftattion)
and;inves.'t'igate'cl thc generation of fines,’ structural
changes in ﬁ'b'e;'a‘nd strength ‘dévelopriient ~during:
beating of these pulp compositions.”

Experimental

Pulping @

. C o h e A ras P, .. . P
Bagasse, wheat and rice straw were palged "

serigs digestor under standard pulping conditions. '
Optimum pulps were produced from ' pulping of

NaOH respectively. After cooking schedule’was com-
pleted the cooked material Was transferred intd a

terelyne cloth q:;d washed tho-oughly, After washing *~
the pulp was dewatered, shredded and totdl yield
determined. The pulp was screened on a “Seila’ flat!

N . . ] b ks o
screen with a screen slot width of 0.25 mm." "

Separation of Long and Middie Fibre Fraétion -

~ The long ﬁpre fraction (i é. retained ‘on 50 mesh) ™

and middle fiber fraction (i e retained on 500 riesh)

50

(N

Morph@logicaliganmptgrs‘pf fibers yiz. coarseness,

+FS-100 Fiber Length Apalyser, .

 Obsefvation of. Structural, ,Changes During

Beating ‘.

5 Structural changes in. fibres; viz. extent of fibrilla-
_,tion and generation of. mierofibrils. .were _examined

under - optical- microscope . .and scanning electron

, Coatér> and eXamined in -Hitachi §<2300 SEM at an_

accelerating vohtage of 15.kVs

RESULTS AND DISCUSSION. ..
Genferation of .Fines Dyring Beating.; , | .

Beating has a strong effcct on generation of figes,

. particularly sofor -non-w.ood pulps. ,While the gene-

ration of micrefibrils. improye the strength properties
by ‘increasing  bonded . area, but it also ‘inﬂueh'ces

beating is a key factor in papermaking from straws.

Unlike wood. pulp,, straw. and bagasse fibres are’

considered to be fragile. In additjon to ﬁbrqus cpnsjt'i-
tuents, the presence of non-—fibrous cell clements such
as vessels, parenchyma and, epidermal cells yvlifcli are
usually.present.as aggregates undergo changes dil‘riﬁg
beating. and their, presence can not be 'négle’éfed. Ia
the: present. study, threg pulp gon‘]‘pqs‘iti'qn‘s“"of “bég‘asse,
wheat .and rice straw ie. Wwhole pulp, long fibre

LLE

[

+

fraction (+ 50 BM fraction) apd middle frac.ti(')_n‘(}-T-ZOO ©

BM fraction) were investigated, TableI illustrates
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average fiber length fibre length, distribution, , arithmetic
1 - fines dnd weighted fines were determined usi(ng ‘Kaj aEi )
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When the long fibre fraction from rice straw,
wheat straw'ahd bagasse pulps are beaten-the weighted .
fines ihcrease’ by 1.5¢2.09, for bagasse...apd, Wheat
straw, and over 5% for rice -straw. . Thefines content
increase'only during the 4initial. siage§ of bepting and
then remain: constant.. _The., fiber. Jength of ,the‘ri‘cé l
straw ‘Tong fibre: decreased but remain, the same for~ '
bagassé'and wheat straw.. (Even on ,_;xtgps.li\(ef bp):titfgl
the finks generation is not. high, indicating tl;‘at‘!:{aéach'e"“‘ ‘
and wheat straw - fiber: can \be. beaten 1o, improye. |
strength.’ Structural changes in;the fibre upon beating p
were ‘examimed ‘under -¢leotran .micrescape. 4gq‘?rg

te

« - which are ’ljxsing

fibre collapse as a response to refining The increase
jin total rw)_Vall area and rectangular area of the fibre

.. ol e s e s -

with progressive beating action indicaté goodzswellingr o -
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nature 3f wheat straw fibers. ' v ro SR
i ] “ e . v E )

o
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hs:trenéi'h“’l‘-"ropér‘tie's ¥

¢ Uguale pragtice . followed. by small mills in India
straw pulps is not to refine them
because any s;ii; action leads to Treeness dropr: Asia v
consequence of thig “such’ pulps tare “not considered + ..
suitablcrfc;r'sfreng'th'érf‘tiea‘I grade papers. Witha viewto . . .

o '“suitabfy.‘ process ‘theie pulps for'use imdifferent. grades. .

illustedted i 3 \ . . L SRR TN . .
strdted in Fgare 3, It:was seen. that . wheat AiraW . . of paper we investigated ‘the strength' and optical .«

and bigdsée develop excellent! fibrillation with beating,., .

but ri¢é: straw - fibre domot. - The sincrease, g  fines, |
contedt-daring - beating was. due.to microfibrils. in the .,

[

vpropeities of Qifferent ’ pulp 'compositions: i.cl! whole: <.~
_pulp, long “and middle ‘fradtion bf pulp. ‘Resultsof
beating of the individial pulp fractionsare ilusirated.

case of wheat' 'straw and ‘hagasse,- Jbut.in, the, case.of ., in ﬁgs: 4,5 & 6% which sow' the  sirength and optical ..

rice straw it whs due it ufibre. shortening, Beating of

bagaste and wheat'straw. pulp also.induced considerable
micrd comprcssions*msuggest.ing.“t'h,atﬁ.me, beatep fibres '
are thore flexible. »- v+ p v
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Photomicrographs of tong fibre fraction: a, T, € - nbeaten -pulpsi of Lrice{straw,

wheat- st(am“gnd b:\gasse; b, d, f - beateﬁ pulps of rice straw, wheat straw and
1 N 93T 1. h

bagasse (Sgale: All the ynicrog'rapr;lsfhave s:;mé magrhification as” shown ifra) “© oo iraw

e aion

Changes in cross—sections of the Todg fiber fraction
of Wheat straw-as. a-zesponse to Jefining were, analyted |
using 2 VAX image Jprocessing systeq®. _Thcsev results
show that the width of the fibrzs tend.to, in:r,ea.sg'\yi'th ’
the refining action along with reduction in, the ﬁ‘behr’ '
thickness. ' This trend shows. that the wheat straw,
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\,fpropclr,ti%s"rc;léniéf\shib"to" beating. 'Tear and tensile. .
istrength were foand fo impfove ‘Wwith beating - Buti .
decause of !Ii"r‘ni‘tfcl'i' b‘ez"ni'n‘g' actich of-whole ‘pulpsconly -
smodefate ~Vvalues “aré ‘obtained: - When we studied -
strength development in this ‘case of 14200 BM Afraction .
and 50 fraction thati§ pulps which* have wlesser
amount of fines in ther, We féund that such pulps can. .
withét%ﬁd “Jarger ‘beating “action. Beaten pulps had .
bctterg";tréx‘)gtl‘; Values. '“A ‘siniple " screening system P oo
remo\}e I;xoil—ﬁbré'l»ls fines, preceding the refining treat- .
ment will 'helpt produdé better 'suength - paper from.
agricﬁlfﬁrél r:esidﬁés.’ R \

b

(LY tar g ,
- A N ‘ 8

Rice straw palp:which otherwise had poof strength
propertieg.wslf?wvgqoq ophtic?l properties Scattering
coefficient Vaiues are’'exceptionally High, "and improve . *
furtﬂ‘er qfl 'removal ‘of= finés (due to their thin walled
and' transparent natufe). \Wheat straw and ‘bagasse
pul;'fs; had Considerably' lower scattering coefficient.
Bagasse pulps ‘Which' have good strengthe properties, ¢
usually posses vety poof optical properties, which'do
not 'imprbVe‘ significahtly even os ‘removal of pith and .
other non—fibrous ‘material. ‘It is quite likely that rice . .
straw pulp cah be added in “suitable amounts so as {0 ..
improve scattéring cocfficient of bagasse pulps without ..
impairing”its strength properties to considerable. extent.

0 NS Coe i

Conclusions’ ' ‘- v oo b

¢ Fihres_ in straw pulps can not be refined in
presence!: .of nonfibrous tissue. Increase in fines content
during beating is iainly due to lodsening of parenchy- ©
i N
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the classification of bagasse and straw pulps on Bauer
& McNett classifier. The percentage of fines (i.e.
passing 200 mesh) for straw pulps is relatively high,
understandably so because such pulps have an abun-
dance of non-fibrous fines. Itis quite likely that a
figure of 25-30% for the long fiber fraction may be
misleading. There is every chance that aggregates of
parenchyma and epidermal cells, may exist as single
long particles to be accounted in the +50 fraction.

Results of beating bagasse and straw pulps and
generation of fines there off are given in Table 2-4 and
in Figures 1 and 2. In the case of whole straw pulps

it was not possible to beat them for more than 500
revs. because the freeness dropped suddenly. Arithmatic

and weighted fines increase appreciably for rice straw,
but remain about the same for bagasse and wheat straw.
No. of fibres per gram increase for rice straw - and
wheat straw duc to loosening of parenchyma aggregates
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(1-2). Observations under electron microscope indicate
little or no external fibrillation for either bagasse or
straw whole pulps when beaten. This fact precludes
whole pulp refining to develop strength properties.

In another set of experiments, straw and bagasse
pulps were fractionated in Bauer & McNett classifier
to collect long fiber fraction (i e. 450 fraction) and
a middle fraction (i.e. 4200 fraction). These pulps
were beaten in PFI mill. Comparison of the arithmetic
and weighted fines for the unbeaten and beaten pulps
respectively indicate that for the rice straw as was the
case in whele pulp, the fibre length decreased and fines
content increased as the beating progressed. The slope
of the fines generated vs beating curve was however less
than for the whole pulp. In contrast bagasse and
wheat straw pulp when refined do not generate more
fines. Fibre length is about same, and whatever fines
content increase is, it is due to the exteinal fibrillation.
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Fig. 2 Generation of Arithmatic Fines
During Refining of Bagasse and Streer
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, TABLE 1
Bauer McNett Classification of Bagasse and Straw Pulps

S.No. Bauer Mcnett Bagasse Wheat Straw Rice Straw
Fraction
1. + 50 31.3 20.7 333
2. +100 37.3 253 16.9
3. +200 19.8 19.0 5.3
4, - =200 11.9 35.0 44,2
TABLE 2
Generation Of Fines During Refining Of Wheat Straw Pulp
Pulp. Type PFI CSF D W. Length Weighted Airthmetic
(Revs) (ml) (mm) Fines (%) Fines (%)
Whole Pulp 0 350 . 0.9 22.2 65.2
500 190 09 208 65.2
450 0 615 1.2 35 259
Fraction 500 500 1.1 4.2 29.7
1000 395 1.1 58 343
2000 295 1.2 54 33.9
4000 195 1.1 5.8 45
TABLE 3
, Generation Of Fines During Refining Of Bagasse Pulp
Pulp Type PFI CSF D.W. Length Weigh ed Airthmetic
(Revs) (ml) (mm) Fines (%) Fines (%)
Whole Pulp 0 575 1.03 16.4 53.2
500 260 1.02 17.5 55.6
1000 190 1.01 : 17.1 559
4200 0 640 1.4 8.7 37.8
" Fraction 500 355 1.0 12.7 42,6
1000 260 1.1 11 398
2000 160 10 12.4 42.4
+50 0 690 13 39 307
Fraction 1000 510 1.3 5.6 37.9
2500 300 1.3 5.2 37.2
TABLE 4
Geueration Of Fines During Refining Of Rice Straw Pulp
Pulp Type PFI CSF D.W. Length Weighted Airthmatio
(Revs) (ml) (mm) Fines (%) Fines (%)
Whole Pulp 0 260 0 88 : 18 0 58 4
500 215 0.75 27.3 69.6
+200 0 515 0.82 13.5 4.1
Fraction 500 365 0.73 17.2 5 4
1000 290 0.77 16.8 51.6
1500 215 0.77 18.6 54.7
+50 0 580 1.02 53 23 1
Fraction 1000 295 —_ — —
1500 230 095 103 451
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ma aggregates in whole pulps.
during early. stages of beating of long fiber. fraction.
Weighted fines increase by 1 §-2 0%. for bagasse and
wheat straw and over 59 for rice straw. . ’
%Fines generation in bagasse and wheat straw is due
to external fibrillation and for rice straw itis due to
fiber shortening. Fibrous fraction in bagasse and
wbéat straw fibrillate well as the beating progresses.

Reduction of nonfibrous fines from the whole pulp
leads to improved beating action and' considerable
strength development. A simpie- screening system
preceding refining can improve beating - response of
straW pulp and make them suitable for high' strength
papers as well.

Rlce straw pulp have excepuonally blgh scattcrmg
coeﬁiclenta, and this ndvantagc can be taken to lmprove

Ml
*

IPPiA« Convention. Issuc: 199394 wns -

Fines content increase-

the op'tica'lA properties of bagasse chemical" pulp Which
otherwise have low scattering cocflicient.
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