mfngéAﬂ N Western Michigan University

UNIVERSITY ScholarWorks at WMU

Paper Engineering Senior Theses Chemical and Paper Engineering

3-1975

The Effects of Fiber Furnish on Physical Properties of Paper

Dennis Havard
Western Michigan University

Follow this and additional works at: https://scholarworks.wmich.edu/engineer-senior-theses

b‘ Part of the Wood Science and Pulp, Paper Technology Commons

Recommended Citation

Havard, Dennis, "The Effects of Fiber Furnish on Physical Properties of Paper" (1975). Paper Engineering
Senior Theses. 238.
https://scholarworks.wmich.edu/engineer-senior-theses/238

This Dissertation/Thesis is brought to you for free and
open access by the Chemical and Paper Engineering at
ScholarWorks at WMU. It has been accepted for inclusion
in Paper Engineering Senior Theses by an authorized
administrator of ScholarWorks at WMU. For more
information, please contact wmu-
scholarworks@wmich.edu.

WESTERN
MICHIGAN

UNIVERSITY



http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/engineer-senior-theses
https://scholarworks.wmich.edu/pci
https://scholarworks.wmich.edu/engineer-senior-theses?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F238&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/93?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F238&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/engineer-senior-theses/238?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F238&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/

THE L_E AECUS OF FIoER FURNISH ON

PHYSICAY, PROPERTIES OF PAPER

by

Dennis Hawvard

A Thesis submitted to the
ffaculty 6f the 2epartinent of Paper Technology
in partial fulfillment

of the

Degree of Bachelor of cience

.

Jestern hlichigen University
Kalamazoo, Iiichigan

vreh 1975



ACKHOWLEDGHBNE

In appreciation of the assistance and guidance received

in the course of completing tiis study, special thanks is

i

Jiven to Iynn verry, '.r. J. Kline, and larry Pio.



LA3L O CONTENTS

a
AbStract ceceecccccssscsesonsoscccnccassascsassiip |
Historical 3ackaroutilid  eeeecevsecssssscscscsccsces 2

Determination ¢i Physical Properties .+.... 2

Ut

Variables Affecting Physical Properties ..
I018tU'®  eceeecvvcccossiincscnnccssssocs
Bffects O0F FiherS eecceccccccocsnoncss
tffects of Tooking aad 3leaching ....

O O I Ui

Afects o0F 3eating eceececcececcccsccnss
Sffects 0F Drying eeeecescccsccosccese 11
iBffects of Jasis Jeight ard Temp ... 11
PUYPOSE ssesssssessvssccsoscocsssscssssssosscscss 13

PTOCedure © 0 00 00 0000000000060 00000000000000000o00 15

Data ...........ll."......l.-...........ll..... 16
TableI © © 060000008 % 00000 0000000000000 00°00000000 18

Table II ...............'..‘.................... 19
T;‘,ble III o-o.coo-oocqc-..ooo.-oo.ooooooooooaa.c 20
1938~ feqb kbl spalNlopa e oY= bl Bt ) S R S A S S S S S 5 50 O )

‘E‘Old L L N L I I I I Y I K B I B I B I IR BN BN R Y 21
’:Peal" ® © 000 00 & F B A BB O OO OO OO 2200 0000000 000 00 o0 422
TGI’lSile onolnnnuo-...- # " 3 60 000000000000 000 o0 25

3tI‘etCh @ 8 8 5 8 4 5 B PSSP EE 000 LIRSS OO0OE PSS 25
T’J‘A ® 8 5 8 8 B =S S s 8888 e 0000000000000 000000000 26
COTlCluSiOI’l @0 0000 0000000000000 00000008000c00000 2‘7

Li.’lje.—"“-tllre Cited ® © 0606 006000600000 000000+uT00c0 0000 28



LTt et
A

Abstract

This exzoriment w;s designed to determine the efilects
of finer furnish on the physical properties of paper. o
do this various pulns and combinations of these pulps were
formed into handsheets and their physical properties deter-
mined. The tests performed on the handsheets were tecr,
fold, tensile, stretch and tensile energy absorption.

The findings of this report indicates possibilities
of a linear relationship between percent of pulp in =z
sheet and the fold and tensile. Stretch values increase
by various degreges ns more of the higher stretcn fiber is

added. The TBA follows the stretch values very closely.



Historiecal 3ack:round

The use to which a paper product will be subjected can
often determine what manner of characteristics the pavermaler
should incorporate into his paper. Tensile testing of naver
under one load rate cannot always supply the nuyer with all
the physical informstion he needs to know. If he is to
print the paper on 2 rotary press, he must know how fast the
fibers will respond to the sudden stress of beinzg fed into the
press. If he makes ~wallpaper, where stress occurs very
slowly, it ig the overall stretch he is interested in. If
he is working with »naner rolls, flexibility and recovery
after lons periocds of strain is desired, esnecially on rolls
of small diameter. .Jhen making food cartons or naps, it is
desired to be able to make quick and perranent cresnses. For
this elastic recovery is not desired. In addition to these
characteristics, moisture can affect themall., Although
much work has already »een done in these areas, nore work
needs to bhe done to understand the stress-strain »nrorerties

of paper znd what affects then.

Determination of Physical Froperties

Tree characteristis of fiber networks can be used to
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nest understvand the physical properties of w»aper. They

are tensile strength, stretch, and tensile enery absorptiocn.
Tensile strength ic indicative of the serviceability of

many papers, such as bogs, Juamed tapes, and cable wrapping,

which are subject to dircct tensile stress. ilso, the

.-

L

o de an

tensile strength of printing panvers is thought
O i ) i O

indication of the potential resistance to brealking during

o
©

converting operations ond during travel thrcush equipment
a web. (1)

Stretch is an indication of the ability oi the vazer to
conform to a desired contour and therefore is imnortant for
creped paper, towels, napkins, decorative papvers, industrially
used pawver tape and bags, especially those used for lining
cans, barrels, and: cartons.(1)

PTensile energy cvsorption (TEA) is reflective on the
durability of paper which will be subjected to repetitive
straining or impact.(1) 'hen a sheet does not return to its
original length after stretching, the degree of irreversible
extensibility is called permanent set. DPermanent set is one
of the nost unique characteristic features of vaper and occurs
even at very low stress levels. IHowever, this permanent set
has heen found to be more apnarent tham real. Affer a suf-

ficient amouat of time all extensibility of paper has been

found to bhe recoverable. ilevertheless, the porsion referred

to as permanent set requires a great deal more tine than the

(3]
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reversible or elastic extensibility. If water or noisture
17 added, the stretched paper, once dried, vill hove recov—
ered all, ond in scme cases more, of its original dimensions,.
*rom this, it would apvear that ‘water swelling acceleraotes
vermanent set recovery. Fractically speaking, permanent
set, for a reacsonable amount of time, is permanent.(2)
Light scattering can be used to accurately determine
the internal hondias choracteristics within a sheet without
demaging it. Pulps show a decrease in light scattering
with increased fiber bonding. Althoush, the surface area
of & pulp in suspension is increased by mechanical action,
the new surfeace will generally be optically inactive.in the
sheet because of more area used in bonding. ‘Tthe relative
bonding area (RBA) is determined from light scattering (8)
by the equation RBA = §Q§:—§—- X 100% where
o}
3o is equal to the scattering coefficient of the unbonded

graph of

sheet., This is determined by extrapolation of =
Jizht scattering vs. modulus.of elasticity which is mezasured
in the »nlane of the sheet.(3) Relative bonding areas are
important in that all physical properties depend in some ey
on the degree of bonding.(4) iany researchers have used this
method of studying a sheet before testing the same sheet to
elimin~te some of the raondomness of testing. Light scattering
was not used in this experiment due to complications arising
fron the nature of the test. Large numbers of samples were

used to reduce randomness and statistical analysis of the data
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reported the desree of its effectiveness.

Variables Airfecting Physical Proverties

Some research has neen doile in this area 1o provide
the papermaker with sowme insight into controiling his
nroduct. However, there are many factors afiecting the
phyzical properties orf naper that are not understood.  HSome
of the proypertieg are the furnish, cookini, bleaching,
methods of production, bentiag, additives, drying, moisture,

1

tenywature, and bvasgis weiszht.

floisture

Physical tests on paper with a varying moisture viu
humidity shows thet stretchability increases while breaking
load decreases. This is illustroted by the tensile which
shows a marked increase as relative humidity dropned from
91 to 655. The mullen stayed asbout the same, showing its
derendence on stirensth as much as stretchability. the fold
showed a dramatic inecr ace indicating its grezt dependency
on relative humidity and moisture content.(2) These three
tests, aullen, fold, and tensile, show most easily the
physical properties of a sheet under a variety of condi-
tions. Yor these reasons, the tensile and fold were used
in this experiment. !ullen wag not uzed due to the difficulty
of gseparating the results due to gtress forces from those due

to strain forces.
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Examination of »naper breaks from a tensile tester shows
15% of the fibers breck and 85% are pulled out. Addition of
water can result in less bonding and a loss in friction for
the bonds which do remain. KnoWwing this, it is not surprising
that water addition to paper causes great loss in strength
and also explains how the tensile is dependent on breuking
load.(2) Since the tensile does measure brezking load it is
almost independent of stretch, lending itself as a test for
this one wvariable.

When unsized paper is exposed to water and beccmes wet,
its strength can be reduced to less than 10/% of the original.
Hon-crystalline portions of the fibers are noted to swell
upon wetting. These dimensional changes in paper are also
very important to. the stress. “While drying, the fibers shrink.
Since the fivere vary in size and shape, their shrinkage 21s0
varies. This places stress on the fivers, as some are
stretched and some compressed. Because of thiz internal stress,
the addition of some water, through vapor, can actually
Increase the strength of the paner by relaxing some of the

internal tensions.(2)

I_l-

Breaking load vs. logarithm of breaking time resultis in

a straight @ line relationchip when plotted. This illustrates
the dependence hetween fracture load and pre-fracture straining.
Breaking streoin, at a given humidity, is virtually independent

of load and time. & »nroposed explanation of this is, as tae

weak spots 1n the sounple stretch, they cumulate until one
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gives way completely at which point the fracture occurs.
Since the degree of stretch is the only major factor, the
load used to achieve tihis stretch and the time taken, should
not greatly affect it.(5) The: enersy conswied in straining
the sheet can be detormihed Ifrom the area of the hysteresis
loop of the stress-strain curve.(6)

Previous experiments illustrate the need for great care
in the controlling of the hwnidity in the area of testing r~nd
thereifore the sheets themselves., &nxpress experimental design
did just this to eliminate humidity as a variable from this

researche.

#ffects of Fivers

The stress-strain properties are very devendant on the
components of thé paper as well as the conditions the sheet
hes heen or is beins kept in. Celluloce, the main raw
material of paper, is itself a great variable. Its degree
of refining, purity ond degradation all aifect the fineal
properties. Jith the ever increasing use of additives, even
riore variables come Lo nlay on the fiberous networi.s It is
necessary to understand the basic raw sheet of paver and
determine its physical properties, for it is then that
one may determine the exact effects of additives on the
paner.(2)

The fibers within o semple vary due to the time of yesar

they are rfommed. A ctudy of springwood and swirierwood
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showed thot refining reduced the breaking load and tensile
strength of summerwood fibers but increased the strength of
springwood fibers. Tengile strength of unrefined springwood
fibers was about half thot, of suﬁmerwood fibers, obut refining
decreased this difference. The percent elcngation at failure
was about the stme for springwood and summerwood fibers. At
the same applied load, elongation of unrefined springwood
finers was about four times that of the unrefined summerwood
fivers, however, refining reduced this difference also. The
Young's lModulus of unrefined summerwood was about three times
that of the springwood fibers. Refining reduced the Young's
llodulus of swmerwood fibers but increased that of springwood
fibers., This sugzests a fibrillar reorganization of the wet

fiber wall with mechanical treatment.(7)

Bffects of Cooks and Bleaching

In a recent study, the breaking load per unit mass
increased with decreasing yield for kraft fibers, reflecting
a progressive removal of weaker material during pulping.
Sulphite tyve pulping leads to a slight decline in hreaking
load per unit mass at intermediate (65%) yields, followed
by a slight increase at lower yields., This indicates thot
damage to the fiber walls by sulphite pulping plays a sig-
nificant role in this type of pulp.(8) The effect of pulping
and bleachiny on the stress-strain properties of fibers, as,

several recent studies have shown, is definitely present, but



due to the wide variety of times, temperatures, aud concen—
trations with each type of process, a wide,often overlapoing,
range of effects usually results.(2) This experinment is
vagically concerned with ﬁhe effects of pulping and com-
binations of pulps on the resulting -sheet's physical

properties.

Bffects of Beating

Beating has a great, varying effect on Dphysical = prop-
erties of paper. Benting of pulp can be achieved by botn
cutting and fibrillation to various degrees. By decreasing
the clearance in the beuter, cutting is favored. Fibrillation
results from greater clearance distances. Beating initially
increases paver's stress-silrain characteriétics; however,
cutting soon reduces the distance between bonds and there-
fore reduces stretch, Ifibrillation also decreases the dis-
tonce between bonds but not as much. Though beating helps
the final strength of the sheet, too much beating, even at
wide clearances, causes a decline in the amount of stretch
in a sheet of paper.(9)

In addition to fibrillation and cutting the fibers,
beating exposes water accessible poritions of the fibers.
hen a sheet is formed of fibers with high portions of
water accessible parts, it would seem, and has been found
to »e the case, that its physical properties heve a gre:t

dependency on the moisture content of the sheet. The



dimensional stability of the sheet is greatly decreased as
the amount of unordered, water-accessible cellulose is
increased.(2)

Increaszed beating causes incrcased extensipility but
he greateszt increase in éxtensibility Tor a unit time occurs
at about 20 to 30 minvtes. ‘The density of o sheet al:uo
increases with increased beating »ut has interesting relations
with the stress-strzin »roperties of the sheet. In an ex-
periment with sulphite w»ulps, the sheet density (d) was found
to be related to the moduluc oi elasticity (i) by the
formula 3 = k (d-dg) where k is a constont and
dy depends on the type of pulp being tested. <‘he greatest
post=yield egtension of a sheet occurs between .8 and .9 Eﬁj-
The tearing strength also shows a meximum strength at about
o7 5%5 « However, brcaking load constantly increases while
the density increases. A proposed theory to explain this, is
that beating decreases iiber lenzth and increases ITiber
bonding. Tearing and post-yield extension result from fiber
slipvage which is at first helped by fiber bonding. As fibers
shorten and bond more, they cannot slip as much and a decrease
in strength ocours. The breaking load is almost solely domin-
ated by bonded area which constantly increases with beating
and the extent of the bonded area is reflected by the
density.(2)

In correlation with beating, the solids concentration at

which a sheet is formed also has its effect. At low (13)

10
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solids, the strength of the paper increases with increased
beating. However, at greater concentrstions (4-5/5), the
strength increased much mnore repidly. This is explained by

.

the nature of beaten cellulose.’ 1t exists as long, hollow,
flexible fibers with nany small fibers called fibrills. As
the solids increase, these fibrills can better intertiine

while in solution and wvesult in a stronger sheet.(10)

Al

affec

t

of Drying

Even the tyne of drying has an effect on stretch. 4
recent study of a2 mill using a flash drying process revorted
the paper to have a higher stretch. This phenoneaa is at-
tributed to the fact that the fibers are free to shrink during
drying and retain their stretchabhility.(11) Similar effects
are noted when paner ig dried with a2 reduced amount oi tension,
however, as would be expected, the tensile strength suffered

2 slight decline.(12,13)

BEffect of Basis iieight and Temperature

T,0ad elongation tests show that there 1is a substantial
difference in the percent stretch between a high and low
basis weight sample. If the elasticity hypothesis is true,
then it can be predicted that when the basis weight is
decreasing, stretch of the sheet under.constant tension
increases. This would huve special siznificaence in processes
where a2 web of payer is put under tension as it would cauaze
the paper %o elongate.(14) By maintaining a constant basis

weight throughout this experiment this variable was eliminated.

1
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iven temper ture has =2n effect on the stress-failure
of a sheet. Tensile strain-to-break suffered a 10,5 drop
when the temperature was raised from 15.5° to 48.9°C. This
was due to, in part, a difference in moisture content at
the higher temperature. wﬂen the relative humidity was
increased to maintain a constant equilibrium moisture content
a Grop of 40% was experienced. This shows both the effects
of moisture and tempernture.(15) Physical properties did
not vary due to temperature and moisture in this experiment

beczuse they were held constant in the area of testing.



Purpose

The practical asnects of paper vnroperties hove bheen ol
major concern to the paper meking interests for meny yearc.
Recent research has shown thercomplex and omnipresent
effects of stretch and étrength in almost every characteristic
of the fiver network. During menufacturiag, testiag and
usage, paper undergoes nany stresses and strains.  ‘the
2bility of the paper to regnond »roperly. is of much concern
to the user. This reversible and irreversible extension
greatly affects the success of the paper in veriorming its
desired function.

A better understanding of the variables that aifect
the mechanical properties of paper and paperbvoard and an
application of this information to product design could
improve the perforience of these productg. This should allow
paper to compete nore erffectively with other nazterials in
the market place. Those'who work witn paver ond vasrpoard
should be vprovided witih comprehensive data that describes
these materials. Data on how variables affect response to
an applied stress siould be available to enavle an engineer
to make reliable predictions on exnected nerformence under
all usage conditions.(1%5)

Ag the literature previously stated illustrates, most
variables of paper proverties have besn ianspected to various

dezrees. However, thce actual paper fiver, as supplizd to
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the papermaker, has not been very well investigated. 7“here-
fore, it is the purpose of this study to determine tire effccts
of fiber furnishes on the very important stress-strain re-
lationship within the non-woven fiber network.

This study is designed to analyze specifically the effect
of changes in fiber furnish on the stress-strain properties
of paper, To accomplish this, several comnonly used fibers
will be used to make handsheets with no other additives.
ilandsheets composed of & mixture of the Ifibers are also to
be studied to determine their combined effects.

Por reasons previously cited, the tensile, fold and
tear will be the primary tests. The Instron will be used
to get tensile strength, stretch and TEA. From the infor-
nation given by theése tests, a better understandins of the
stress-strain relationships with the fiber furnish should

be achieved.,

14
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Procedure

tlhenever possible, Tapri stendards wers uscd in the
preparation and testing of the »ulps used. The pulps vere
softwood kraft, hardwood kraft, and softwood sulphite.
All were bleached. Thel"Laboratory.Processiﬂg of Pulp
(Beater lethod)"™ T 200 ts-66 was followed in beating the

pulp. A Canadian Standsrd Freeness of 360 ml was the

target. Actual Canadian 3Standara Freenesscs obtained are

b

reported in the data. Tdentical weights on the beater
bedplate were not wzvailable. Actual weights used were
as close to those called for in the Tappi procedure: zs
possible and are recorded for each run in the deta tables.

The pulp was formed into haadsheets following the
procedure: outlined in "maboratory Handsheets for Physical
Tests of Pulp" T 205 m-58. 'Conditioning of Paper and
Paperboard for Testinz" T 402 m-=49 was followsd prior to
any physical tests run on the sheets.

The physical tests were: fold following "IFolding
tndurance of Paper" 0423 m=50, tear followin; "Interanszl
Tearing Resistance of Papsr" T414 ts-65, tensile folloiing
"Tensile Breaking 35t rength of Paper and laperboard'" T 404
ts-66 also measuring the stretch before rupture, and the
THEA following "Tensile unergy Absorption of Paper™ T 494
su-64. The results of the testing are listed ia the data

tables on the followia: pazes.
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.Table I

| mmx 0K SWS
1. | Veight on Beater (om) 5650 5450 5440
2. | "ime of enting (wmin) 55 105 100
3.1 ¢ 8 ¥reeness (ml) 360 370 365
4. | Sheet Jeight (gm) 1.2048 1.2405 1.2348
5. | Tear (om-—cn) 1373%63 19221204 1922%274
6. | Pold (IiIT double fold) 36%12 880t245 259%114
7. | Tensile (&kz/cm) 8.6%.9 13.6%1.2 41,73
8. | Sthetch (percent) 2.6%.4 3.6%.2 2.9%.5
9. | TEA (s wr/mm®) 316548031 64094¥10079  [34803%9921

Table II

LIWK 1005 [* 758 50/ 25% 0%
3K 2 25,5 5055 755 1005
i 5650 5420 5420 5450 5450
2. 55 55 60 60 105
3. 360 360 350 370 370
4. 1.2048 1.2445 1.2499 1.2459 1.2405
5. 1373%60 995%102 1029%102 1339%160 1922%274
6. 36*12 2871255 357*192 766%246 8001245
7. £.6%.9 11.7%1.3 11.9%,9 12.5%1.3 15.6%1.2
8. 2.6%.4 3.0%.3 3.0%.3 3.3%.4 3.06%,2
9. [31654t8031 [39213%8661 |40157*6457 40078%9134 64094%*10079
H/K -« hardwood kfaft
S3iK - softwood kraft 16
378
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SIS 100,5 7)m 507 25/5 5

3K [ 7 25,5 5055 75,5 1005

1. 5440 5450 5450 5450 5450

2. 100 55 55 60 105

3. 365 360 360 380 570

4. 1.2348 1.218¢ 1.2305 .2153 1.2405

R 19222247 2197136 2471136 22654136 1922% 204

G. 259%114 444167 6161201 566224 880% 245

7. 9.4%1.3 11.2%.8 12.0%1.0 10.251.0 13.6%1.,2

&, 2.9%.5 2.6%.73 3.0t.2 2.6%.4 3.6%,0

9. 34803*‘921 32126%5197  [39685%4841 30079 7244 6409410079
Table IV

K - 1005 755 50/ 2554 0/%

S 3 0/% 2545 50% 755 100;5

1. 5650 5450 5450 5450 5440

2. 55 45 45 70 100

3. 360 365 350 360 565

4. 1.2048 .2299 1.2022 1.2295 1.2348

5. 1373268 151o¢ou 164868 26831204 1922%247

6. 36112 79%24 99t 373 8394245 259%114

7. 8.6%.9 9.0%.6 9.1%1.4 13.1%1.2 9.4%1.3

8. 2.6t .4 2.4t .3 2.4% .5 3.4%.3 2.9%.5

9. 3165428031 |23464%4409 [24251% 9764 49289%9448 3480319921

HIK ~ harawood kraft

S - softwood kraft 17

38
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Discussion of Results

In the experimental work, great :are wis token to setb
the freeness and hondsheet wéights as similer as practically
nossible., bxact weishts and freenesses were impossible out
each sample was close enouh to 3ive reasonanle assurance
that data received wns due to the Finsers themselves rather
than varistions in the way the pulps were treased, The
standard deviations Jor the tests were reduced by reretition
on each sampnle., e T0ld is noted to have the larsest derree
of deviation but this is due to the natuve of tae test which
samples only 2 small area. Othertests show standard deviati-ns
larger than misht be decired put time limitstions prevented
further replicationc. ‘I'rends can still be noted and obnser-
vations can be made ith a fair degree of assurance .ith
the data reported,

In =nalyzing the data, each physicol test is tuken
separately. Theories and explanations are wade relatving
tne tests to wvaryia; Jhysical properties the ficers may hive
noirsessed. ihenever wossinrle, related work from outside
sources is used to reaffirm the dats supnlied by this

study.

Fold

e avility to be Yolded «nd wrinkied ives the {iber

21
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its characteristi. lo:xinility which appeors to bhe depneient
on the pulp =nl yield (16). In this study, the yiclds and
the pulps are fixzed. The only remaining variaoles sre ghe

fivers theuselves, ‘™Me softwood kreft firers croved to ne ore

a

flexible since the fold test is wuch more depaendent on 71 er
flexibility or enorittlement, than- -the stren;th or number

of fiber bonds (17). T™or this reason, a weirhted avera e

of the two pulps used gives the ultimate fold of a sheet.
The result is o linear relationship between fold =nd the
composition of a shect. This is illustrated by the graphs
of fold versus sheet composition.

The fold vest, a2s would appear from its iinear
relationchip, is a teat of the-ability of individual fibers
to flex under an applied stress. This is substantiated »ny
recent research which shows softwood fivers to be much
more flexible than hardwood partly due to their lensth. ‘o
distinguish between the kraft and sulphite soltwood pulps,
the svlphite vro:ess is. known to be more detrimental to
the c¢ell wall of the fibef causing it to weaken (18). The
physical properties chowing the strain for individual
fibers should be highezt for softwood kr-ft, followed .y
softwood sulphite, with hardwood kraft being lowest. This

is precisely what the data of this research indicates.

Ltear

The tear measures the amount of work necessary to
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complete a teur across 2 iven dilstence. On a local level,
the tear is basically a test for the numner of fibers pulled
from a tear as opposed to beiny proken. e former Tesults

3 Bl

in hisher tear values and requirces Iiber-fiber oonds veingz
broken with fiber slippage ocgurring. It is the fiher
reorientetion in the direction of the stress which causes

it to be pulled from the sheet. Converscely, =2 lack of finher
reorientation causes the fihers to break under the stress.

-~

Also ai'fecting fiber slippage and breaskage is fiber suriace.
The surface affects bounding and the ultimate strength of
the fiber network. Bince different cooks and different
fivers would result in different extra-cellular matter
neing removed, the surface of the Tipers from different
pulps would have a varistion in their fibrillar arrange-
ment (16). This theory is substantiated oy [{ill who has
also shown that changes in the mechanical properties of
finers are rolated to changes in fibrillar orgeniszation (20).
softwood sulphive and hardwood kraft “i-erg sppear to
act similarly with reupect to tear. Any increass due 0
a larger number of nonds with the presence of hardwood
Tfihers must he ofi'set by weaker bhonds between the two

<4

tyoes of fibers. ‘The linenr rel-tionship shown in the
data reflects a pro reossively increasing zmount ol work
needed to te2r the sample as the sheet ygproaches one
hundred percent couposition of the pulp .ith the higher
Lenr.

Smaller hardwood Cibers £fill in the gops between the

softwood fibers in the softwood kraft-hardijood kraft
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gheets. The result is o tishter, more dense sheet with 2
creater degree of bonding. ‘lore bonds result in fiber
breakasge 2nd minimizes fiber pullout. The strsss appliesd

in breskinz fivers overcomes the strzin which the network
of fibers is capablec of assuﬁin@ and the tear value drops.

The softwood sulphite-softwood kraft »onds rust be
fewer in number then when dealing with hardwood fibers due
to the nature of the softwood fihersz. 3Foftwood Iivers are
lonzer and result in 2 sheet of lower density than sheets
with hardwood fibers. Since the finers are longer, with
Tewer bonds, they are able to sustain the stress throushout
the sheet by distributing the svroin. The surface arranse—
ment of the fibers varies due fo thie cooks. The bond strensgth
must be different when softwood kraft and softwood sulnhite
are mixed (16). Hiszh values of tear are seen from the

experimental data =3 the fibers of each cook approach equal
proportions in the sheet. These high tear values would
indicate a lower level oFf bonding between fibers of differcnt
cooks allowing for reoriehtation. This reorientation allows
the stress to be distributed, giving way to slippage rather
than brezking of fibers. With no néw_bonds being formed,

the condition resultiag in the grgateg%‘kraft-sulphite

fiber contact, versus kraft-kraft or sulphite-sulpnhite
contrct, is when each comprises fifty percent of the sheet.

At this point, the tear is at its peak.
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Tensile

The strength of the fibers, the azmount of bonding
and the degree of cross linking are the main influences
on the stretch and strenzth of a sheet (20,21). Ixperi-
mental data obtained th%ougth this study indicates these
three variables to be dependent on the amount ol each fiber
making up the sheet. Thus, the tensile stress strength of
a sheet is directly related to the percent of the pulps.
The result is a linear dependency between the stress and

the weighted averazses of the components of the cheet.

Stretch

When a sheét is formed, the fibers are :ross linked
in randon directions. ‘hen a tension is applied to the
sheet, the fibers rcorientate in the direction of the
stress-(21). Recent research (19) has shovm stretch due
to fiher reorientation about the bonds to be much greater
then the actual stretch of individual fibers. J3imilarly,
a sheet gstretched during drying orients its fibers in the
direction of the stress. This results in a lower amount
of stretch in the same direction after it is dried (10).
Tomically, one could expect some fihers to elongate more,
such <3 softwood fibers have heen shown to do, but the
main influence on o gheets ability +to stretch would be its
formation. Since this experiment used controlled methods

for handsheet preparation, it would seem reasonable th-t
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only o slight increase in stretch would be noticed. s

increased stretch would be due to individual fiher elon. u-

tion and some advantaze in fiber reorientation. Such is the

case with all three combinations of pulps.

The T@A is the arca under the stress-strain curve as
sgiven »y the Instroin. It is related to the towshness of
the sheet and is denendent on both strength and stretch.
The THA of pulp cowbinations from different cooks shows
lower TEA values than either pulp alone, while the two
kraft pulps showed a constant TiA voelue for 2ll combina-
tions. This patiern was basically set by the stretch
values for the puly since in all cases, the tensile varied

very iittle.
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Conclusions

Results of this experimgunt show the best tear at
fifty percent each of softwood sulphite and softwood kraft.
However, addition of hardwood kraff to softwood kraft shows
a zradual decline in all the softwood kraft's rroperties,
Properties of a hardwood kraft =nd softwood kraft mixture
change very little as long as the ratio of either fiber is
no larger than three to one. Stretch and strength of soft-
wood kraft and softwood sulphite differ little from a sheet
of all one fiber type to a shect bomprised conpletely of the
other fiber,

In general, trends which may be applicablz in other
pulp combinatiohs are as follows. A fairly linear relation
geems to exist between the percent of a given fiber in =
sheet and tensile or fold strength. Stretch values are
nigher as more of the higher stretch fiber is found in the
sheet. The TEA values show characteristics very similar

o

to the stretch, which TEA is known to depend on heavily.
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