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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 nontibrous 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 quality 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
nonfibrous 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 ( l. e +200 BM fraction) are investigated for the generation of fines. struc-
tural change. and strength development during beating of these pulp composltlons'frorn
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
aggregate.. The no. of fibre particles per gram, arithmetic fines and weighted fines
« 200 11m) measured by Kajaani FS-100 fiber length analveer increase very sharply
especially 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. However,
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 1 5 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 beating 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 pu Ip 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

• , ,... t ~ ,.. ..-, '* l

India is the second largest producer o'fbaga'Sse'atid< a

straws ,in the ~orld. , ,TJi~se .~giicultural wastel are a
potential ~o~rce for papennakiog .. With more mech- "
anised ',lIlricuJtur~ a~d' efficient ''boilers, 'it is ~xpected '
that l'frge qu~ntiti~I' of 'agri~uJtuTlH re'sidues can be-

r ,\ , .
made ,ava~laple for papermaki'ng. "However a factor
mitigating .th,c~f ,!~e ~s" the ~ol'lecdon' and traospott
costs, and relatively low bleached pulp yield. ,I,

• ,r d """ ,,' ,

~on-wood ra~ ~a!eria.ll have lesser 'fibre content n

compa,red to vr,.,opdand a~e he~rogeneous inlill'ture. The
fibre dimensions 9f softwoods are' higher' and fibre h M t f':::, " eaSlu.eme.n .Q • J'l1n.E!s(o.. s ;

dimensions.of" n<?n-~pods~~r'c small and comparable to
hardwoods, Non-wood p'~lp,j~ g,d~iti?n'to fibres also' Morpb(l)logiGaI,PJlr.ro.et~r~,pf fit:>e.r~,viz. ,c9aJseJles~~, , "
contain larl,C: amoll,.nts of vessels, parenchyma' and average fiber leegtbfibre IcoEtht distr)bu!i90..,! ar,i~hm,e~iq ... ,
epidermal r~eJl, ~hich c~?stilute' the~firles. II The fiber " "fines lind- :v-eighted fines were de.tepniq~d..~sipg ,~a) a~i; . \.
leDlth of non-woodl 'il about OO~ thi'rd to that of' . FS-IOO Fiber Length Apa,lys,cr •.. , (

softwpod fibr~ ~'nd nQq-fibre c~J) content is about 20
times. greater .. With 'these weak 'poiBt~ they are not
suitable for bigh Itrcogtb pipers. ' "-

Present si~dy w~s undertaken' to "examine add
compare p~pe~~~k;~g fr~m b'lgasse, . wheat 'straw and
rice a,traw ,wit~ !l view, to im'provo tlieir 'pa'pef quality;
In this ~t~~y we have e'xami~ed' thr'ee 'pul p 'composi-
tions. i. e -.whole pUlp:lo~g fibre fraction' (i,e +-50 BM
fractjon) and middle fnlction (i.e.4-200- BlVt ftaction)
and' investigated th~ generation of fines,' structural
cba~les i~ fi'b~! j ~nd strength 'development '-1:luriog'
beatiog of these pulp' colDposidoo's." "

Experimentai

Pulping:

Bagasse, 'whe'~t'" arid" ri~e' ~traw' were' pbl ped' 1ll.> 1 ,

leric;s digestor under standard pulping conditions.'
Optimum, pulp)' were prod'uced' from' pulping of
bagasse, wheat ,a~d rice ,straw using' 12. 14 and '10% t, .,

NaOH respectively. After cookio'g' schedule' was com--
pleted the cooked' ~aterial 'was' transferred into a'
terelyne cloth and washed tho-oughly. After washing
the, pulp Was dewatered, shredded "and' total yield
determined. The pulp was soreened on a -Serla' flit 1 '

, '.~." .'. I, ~
screen with a screen slot width of 0.25 mm:"

~ . ., -,.... ," \ '.1 • 'l roo: i-

Separation of Long and Middle Fibre Frectio·ri : ' .

; The long ~~re, fraction (i e! retainedon 'Omesh) -v ,

and middle fiber fraction (i e' teta~ne'd on 2,OOntesb)""

50

were celleeted 'separately. by, ,cl(l.~ificl1.,ip~fi,~nl' ana,une,ro·
_0 Baller

r8; McNett classifier., " .

'Pulp itvalu8tiQn.:. t

" ~iffereot ,pulp cQ.tnpo~itiqns i e.l1'.X~ole JW~p, t~P + ~l

fraction aod +200 fraction .,Q~~\lined from s9reening of'
, J •• 1·- • 'j, ~ 'If, I It r'. TI f

pulps of· bagasse, wheat and rice sUa,~ w~re. c:.valuated
rby beating-in ,FF.I, mill to ,y'ariou~. frt!e,oes.'lley,el~ ~n~et.'n' 1

standard conditions .a$"p~r ISQ 5269. Strength and
?ptical'propert-ie!l of handshel=t~, ,we,re' .tes,ted as' pet . ~ I

ISO standard methods. ,. - '" J • r f

.Observation of. Stlruc14lnal, I Cl1ange_ During
Beating: ' , . . , .. ' . -, ' . , ,.,. 1

Structural- changes in. fibres, viz. e:x.tont of fibrilla.'" '\. ··f ,~

,I tion and generation of. rnierofibrils were examined
. under optical" microscope ~ .and IPan-oi.n~ ~le~tro~
. microscope.' For obsef,¥ation under, Scanning '~le~tn)Jl"

. ,Microscope,the samples-were coated. w.ith gold for 5-;-7
min with about, 7.m~ current in. a .lIi.tacl;li 'Sputt~r

I Coater and examined in <Hitachi ~r;230Q ~~M ,t an'
., accelerating vokage o(J5.kV, I 1 ,~.

,. ,

n

RESUtTS AND 'DISGUSSION . .,
Generation ot,F.ines Dl,\ring..Be,ati.pQ.L, , .

Beating has It strong effect on g~oeration of fiqes,
particularl~ so-for -non-wood p,tdps .• While th'~ ~~ne:
ration of micrefibrils . improve .the "treDlth properties
by -incroa,sing' bonded ,area, but it also iofl~~nces .,
dew~ter~ng affectmg drai n,age character of p~1 t>,~.~~oe.er ",:
beating ISjl ke.y Jactor in pape~~ak~nll f~oqt. s~raws. ~"
Unlike wood. pulp., straw and bagasse fibres are"

, considered to be. fragile. In .dd!ti~f1 t~ flbrous eonsti-
tuents, .the pr-esence Qf non-fibrous cell elements such
as vessels, parenchyma and, epide,r~a'l cells ~Jilc~ a~e
usually. present.as IJgfr~gat~s jmdergo changes during
beating, and their. presence ,cao Dot be 'negl~aed. In '
tho, present study, three pulp ~~~'po~iti'oo~ ~f' bagasse.
wheat and rice: _str.w, i e. ,whqIe puip~" long fibre
fraction (+50 13M fr;action)apd middle fraction'( +200 e• . i • (. . I

BM -fraction) were inv~stigat~_~.~. Table--I ~lJustrates'
~ II" I • '"
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When the long fibre fraction from rice straw, fibre collapse as a response to refining The increase
wbeat straw"ahd' bagAsse' pulp's are beaten ,the w.ei&.b~~d '. ;,ntotal, 'YaH area and rectangular area of the fibre
fines ibc'rease "by" h5+!-2-.0U -for: Q!lga~se.,.~p4, ,¥he~t. with progres~i~e6eatrtlg action iridicate ~&odd{swcm,ng' c
straw, t.bd' over 5%' for rice- straw .• T,be.fi[les,qont~~t .' nlature 'of wheat straw finers.' I" •

increase' on.y drurioll tbe.,Jniti,l, stage~ ,p( betttiD~, aad ( "'. I' . 'v -. ,

then remain'constant,. Tjle .• fib~J;, )en~t~; or the Ac~ ' ',~trength" Properties ~ '
straw 11tong fibre decrca.acd. but J;em.,i,n the same for'", "'" 7'"'' , •. ' ~ Umal •..pra~iec, fo-llow~d: by small mills in India

bagasse'aad wheat straW .. .Bven on ,~xt~p~~v,e. ~~~tin~",~ ..I. which are using straw pulps is not to refine them
the fines Beuration is not. bigb, ipdiGll'i~,g t~at .~ag~sse, . II J' ,.~ecause any sucn actioli leads to freeness 'liroppi ASia ,

and wheat straw' fiber : cat) .be. peatQP to' imp,oVQ '" t " '.' "u" e. " ~ conseauence of t'hls • such' 'Pulp'S 'are' not coosldered
strength,' Sttnotu1'31~banlcs in-the Qbre,!.lpon b,ating , bl't-.',.n - 'h" t., 1 d W'th' 1, ',' ". " 'P suita e lor strengt enuea gta e papers. 1 a view. 0

were 'examirred under,~leotr.Qn .IQIC~QSCQP" and are (. '~ ..-. "- " " ".ct' d, ,,' . ' ". '" I ~ "'suitably process these pulp's fbr'use'lD'dll1ereol 'gra es,
Illustr~t.cd J[J Fgorc'31 Is-was s.een"tllJit "w.~e~t "traw' f " .. "' ' •. , r: ' t'J.d' 'th t e fh d ptical_ ~,,,,,~ " • " 'C paper we Invesllga e e 8 r ng , 'aD 0 '

and ~~gas8e d'C-velop'exceUenti fibriUati"n w.i~b b.Ga.tipg,,, . '"Prope~ti~s' of ai'ffereht' I pulp 'col'llpoSit'ions' i. el I w hole,
but ntd' sfraW -fi\l!lrc.'<iornot ,,;P"e l-'inf"rpas.c in ~n--s 0 ". h', s: "·11' • b r'u .,... , •••..•. ,'," ,.~ •••• H' pulp long ano middle ftactlon r pulp. ,Rrsults 0

contedt"dl!U'ing' belrtin'" was . .du.e to microAbr,'la in the ~ r.. <' .'.",,' I " • d6 ' l~ ~ ~,.'P , .•.•..• beating of the IndIVIdual pulp fracfions'are II,uSIrate .

c~se df Wb:at' 'straw and ,bapue,r' ,p-u~.jnn tllC:' 1~~~~.or" • tin figs'.' 4: 5 &. 6; which 'snow'tlle' 'Strength and optical
rrce straw It wits due ,to .•,fibr~ sbortCQ,mgl ~eatin~ of t"ti .. '1':' ~ h'" ., b i,)' "'T d t sile. ' , "( ; ,.iproper es re at Ions Ip to eanng. ear '8 n "en '
bagas~e and wileat''Straw,pulp aJso,indr\lce4 cpnside:.fable t "h"';',.·', d ' ... "'v .•...h b ti B t, " .'. '" II renst were loun to Impro e 'wit ea log' U I

mlcrclcomprOSSlO&S'lSuggestIDg,,\b.lJ.tAltAe, be"ten fibres L. "····f·· .,1 ". d"b' , , '" J..' 'b fbi I I, . 'v, IT II. 'I tuecause 0 Iimite eatmg aetro d "ViI 0 e 'pu ps·on y'
are more fleXible., '''. ,,> (pll(" • t- ,", "', r- ,., • di;, , < _.... 01,_ 'l ~ til •• , ~mode~~te values are ob'tamed':' When Vie' stu led

c " c. strength devel6pmentln 'the' 'case of' 4-200 BM ,fractio@n
and +50' .fraction' that ig pulps'whicfi' have ~lessct
amoti~t ~'f fi1es In tbeth, w'e' found' that such pul ps can.
witb~t~~d . J~~ger 'tie'liking "action: 'Beaten pulps bad

r'" I I j' i,~.. I • II j. ,,- •better strength values.' 'A ilmple" screcDIDg s}S'tem to
remove '~on-fibro'us fincs, pre'Ccding the rcfiningtU.t-

t""1,"" t .• ' ~, 'j \ment will help~ prod'uee better Istl~ngth' paper from,
• I t II \I j. -, \ I" 1'1 'r

agricultural residues.
I " t I .c·.' I U .J _ ,~ •.._

«,

" ..

Chang~s i'n 'cr~~s:~~ctro'ns'onJle 'ton'g fiberrt~cti'on
of wheat IItraW,as, a,.r.esponse tooJepn\~g .wer~ anall'~e,d'"' r l" t I

usitlj It VAX image .processing systCJll3, These results
BMw tb •.t the width, of the..fibr::stcnd.to '-in;:rF~s~' 'Yith oJ

tbe'refining action .alnng wdth reducttoc in, ~~e qbe.r
tbiCkness.' ,This trend shows tkat the ,w heat straw! t h

I, .\ •I ~•• I ir " ". "
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Rice straW ptslp'which otherwise bad poor strength
properties. show good optical propcrties ~cat Iering

[. ,,'t:' .•..' -e v ',It I ) -. ~ ••!,' ..coefficient values are exceptlonany ltlilb, 'a'nd'lmprove, •..
furtber on 'remov'al'of" finci td ue to their thin wallcd
and' 'tra~sparen't nsturel. \Wheat straw .and ·bagasse
pulps had considerably' lower s'catteriog coefficient.
Bagasse p'u'ps' 'which' have good' strength: properties, c

usually posses very poor 'optical' properties, :whicbdo
not timpiovel sig'nificabtly even on removal of pith and
other n09_flbro'usmaterial. 'It is qu ite likely that rice,
straW pulp can be added in 'suitable amounts so ilS to .,
improve scattering CoeffiCIent 01 bagasse pulps without
impalringt'ib'stfengtb ptoperties to ·considerable. extent.

Cohcru'sions'
, t ,

C. Fibre. in ,traW pulps can not be refined in
presence .of nonfibrous tissue. ) ncrease in fines content
during Ibeating 'is mainlY dhe to leosening of parenchy- II

I I' " . "



the classification of bagasse and Itraw pulps OD Bauer
&: McNett classifier. The percentage of finel (i.e.
passing 200 mesh) for straw pulps is relatively high,
understandably so because such pulps have an abun-
dance of non-fibrous fines. It is 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 beatin, bagasse and straw pulps and
generatioa of finel 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 due to loosening of parenchyma aggregates

Whole Pulp

Wetglt1ed Fine! I

30 -

- Rrce SIraw
--I- Wheal Sir•••

""* Bagaaa..01L_--'---_-'--_-'-------''------'- __

1100 -(\00 -400 -300 -200 -100 o
CSF

• 110 (racffol?

We~d fines (. ,
\2

• -:

•
4 ~-----

- Rice Slra ••
-+- Wheat Str&W'

~ Baga•••

2

oL---~__-L__~ L-__~~~ __~
'700 -600 -600 -400 -300 -200-. -100 0

CSF
Fig. 1 Generation of Weighted Fines

During Aelw.ing of BagasM antt Stra ••••)
p•••

12

(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. +50 fraction) and
a middle fraction (i.e. +200 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 whole pulp, the fibre length decreased and fines
content increased as the beating progressed. The slope
of tbe lines 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 fioes
content increase is, it is due to the exre mal fibnllation.

Whole Pulp

Arlthmatlc Fines ( 'I. I

!) [

] I
I r

::c. -. +---.r---- -
~---

r s _--'-;,--
ulL _L-----L-_--'-------'-_-"--~
-6CO -500 -400 -300 -200 -100 0

CSF

- RIce Straw

--I- Wheal Straw

""* Ba" ••••

'.
. 50 fraclio",

Arlthmaflc Fines ( "
so

40

20 /

11"'> -

jJL~~~~~~~
_:;00 -400 -300 -200 -100 0

CSF
Fig. 2 Generation of Arilhmatic Fines
During Rellnlng of Bagasse and S!,,'"

Pul.p.

~ Rice Siraw
-+- Wheal Siraw

-. BagB8&e

-100 -600
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TABLE I
Bauer McNett Clallification of Bagasse and Straw Pulps

S.No. Bauer Mcnett Bagaslo Wheat Straw Rice Straw

Fraction

1. + 50 31.3 20.7 33.3

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

+50 0 615 1.2 3 5 259

Fraction 500 500 1.1 4.2 29.7

1000 395 1.1 5 8 343

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 Arrthmetic

(Revs) (ml) (rom) Fines (%l Finel (%)

Whole Pulp 0 575 1.03 16.4 53.2

500 260 1.02 17.5 55.6

JOOI> 190 1.01 17.1 559

,.
+200 0 640 1.4 8.7 37.8

Fraction 500 355 1.0 12.7 42.6

1000 260 1.1 III 398

2000 160 1 0 12.4 42.4

+50 0 690 I 3 39 307

Fraction 1000 510 1.3 5.6 37.9

2500 300 1.3 5.2 37.2

TABLE 4
Generation Of Fines During Refining Of Rice Straw Pulp

" ~ Pulp Type PFI CSF D.W. Len&th weighted Airthmatio

(Revs) (ml) (mm] Fines (%) Fines t%)

Whole Pulp 0 260 088 180 584

500 215 0.75 27.3 69.6

+200 0 515 0.82 13.5 42.1

Fraction 500 365 0.73 17.2 S .4

1000 290 0.77 16.8 51.6

1500 215 0.77 18.6 54.7

+50 0 580 1.02 5 3 23 1

Fraction 1000 295
1500 230 0.95 103 457 -

IPITA Convention hsue.199~94
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rna aggregates in whole pulps. Fines conterttiDcre~$e-:
during_early.tages of beating of long fiber fraction.
Weighted fi'ne. increase by 15_-2 0% for bagasse and
wheat straw andov.er 5% for rice straw.

"

:Fiaes generation in bagasse and wheat straw is due
to external fibrillation and for rice straw it is due to
fiber shortening. Fibrous fraction in bagasse and
w~at straw fibrillate well as the beating progresses.

..

::.l
:,Reduction of nonflbrous fines from the whole pulp

lea4';s to improved bealing action and considerable
str.nath development. A simple screening system
preCeding refining can improve beating: response of
str••w pulp and make them: suitable for hjg~ strength. . ,

paRcrs al well .

,;Rice straw pulp have exceptio~Uy high Scattering
co~~cieDt., and this advantage can ,~.taken to,Jmprove

•• .• !

;
-;
,j

'I
',!
.;j
;\
J

IPP~ ..COJly~D tiOD"_J"lIe, 1".w,;a,'-'.:",

:.0-.;-·.
.ir. .'..- ; . .'",:' ••

the optical. properties of bagasse chemical' pulp which
otherwise.heve low scattering coefficient.

Acknowl~em.nt$

Authors are tbankful to Mr. K.S~ Murtbyj'and
Dr. Y. V. Sood for evaluation of the pulp a.nd" p'aper
testing. '

References

I. CPPRI Research Report No. 32, "Paper making
quality of wbeat straw." 1992.

2. Zbao.Z. Olberg, L. Gunrel, R; TAPPI Jan. (1992)
P 153-160.

3. Kibblewhite, R.P. and Donald G. Bailey, Appita
(July 1988). vol 41, no 4,p 297-301.

-.:. -

55


	Page 1
	Titles
	" . 
	.. 
	Effect of Nonfibrous Tissue, on tile Papermaking 


	Page 2
	Titles
	. , 
	RESUtTS AND 'DISGUSSION . 
	, " eaSlu.eme.n .Q • J'l1n.E!s(o .. s ; 


	Page 3
	Titles
	. " 
	" 
	" 
	-, ,,.. 
	, ., 
	i 
	. 
	" 
	" ". 
	" .. 
	, 

	Images
	Image 1
	Image 2


	Page 4
	Titles
	] I 
	I r 
	::c. -. +---.r---- - 
	~--- 
	4 
	• 
	• 

	Images
	Image 1
	Image 2
	Image 3
	Image 4
	Image 5


	Page 5
	Tables
	Table 1


	Page 6
	Titles
	TENSILE INDEX I Nm/g ) 
	. -- 
	dBAGASSE --- 
	,../''''. WHEAT STRAW 
	. ,~/~. "" 8"'" · 
	- ~ ( -60 FRACT~ON ) 
	eo 
	::r ~-~ W"'" "A'" 
	40 ~/' / RICE STRAW 
	(WHOLE PULP) 
	oL---~----~ ~ __ ~~ __ -=~~ 
	RICE STRAW 
	------------- BAGASSE 
	T I~EA~R~~I~~D~EX~(~m~N~m·~/~g~) ~ 
	( '50 FRACTION ) ~HEAT STRAW 
	': ,~- """" 
	o ~ESTRAW 
	~ WHEAT STRAW 
	(WHOLE PULP) 
	TEAR INDEX (mNm' 101 
	8r=~~~~~~~ -, 
	FREENESS ( ml CSF ) 
	o 
	000 -400 -300 -200 
	oL---~ ~ ~ ~ ~ __ ~ ~ 
	.. .. 
	BAGASSE 
	• 
	oo~e~CA~r~T~E~R~IN~O~=CO=E=f~F~IC=E=N=T~(=c=m=I.~g_) , 
	.~ 
	110 ('50 FRACTION) RICE STRAW 
	-----.. 
	RICE STRAW 
	--------_ '------- BAGASSE 
	eo ,BCATTERINO COEFFICE_N_T_(c_m_/-,,~) _.,--"' - 
	(WHOLE PULP) <, 
	FREENESS (ml CSF ) 
	'4 
	IPPTA Convention laue, 1993-94 

	Images
	Image 1


	Page 7
	Titles
	.. 
	Acknowl~em.nt$ 
	References 
	'I 
	J 

	Images
	Image 1



