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leIntraduction

Recent studies and reséaféhes assume that certain relationslwpa
'afe—existgégébetween different properties of pulp - such as
between bulk, tearing resistance, bursting strength,tensile
strength,freeness, and fiber length index.It has been found
furthermore that such relations are different for different
types of pulp and that some may even vary from pulp to pulp

of the same: type.

A nleled

We Tieed rapld simple ,and accurate methods in stock evaluatlon.

There seemn to exist some relatlonxlbetween the fiber 1length
NIy

index and Some important properties of pulp,ﬁnw it would be

extremely useful to find any definite relationf between the

Lreaprveend welaris
mechanical oulpang_pxncess,%eopee%&veithhe beating process,
Iy Wy 0~ .ZLAM
anqA?iber characteristics st —are—very—easw%y“—““

—~and-quiekly-to determineqs-

Beating is the mechanical treatment given §3&§agermaklng ma-
TALAWZ%WM/J‘ vl 41 )

terials suspended in water

A dpm
ming on the paper machine into paper or board of the desired

character.A beater consists of a tank or "tub", usually with
a pg rtition or "midfeather", and contaimiéa_a heavy roll re-
volving againsy a bedplate.Botn roll and bedplate may contain
horizontal metal bar8 sct on edge.Pulp or waste papers are put
into the tub of the beater and water added so that the mass

quy circulate and pass between the roll and the bedplate,This

.,
-

<



-P-

action separates the material and frees the fibers preparatory
to further processing.The beater cuts the fibers to a certain
length,sepa rates &% bundles of fibers existing-even in—the- 144
best—pulp, brushes or strokes the fibers into greater flex1b111ty,;P&M%44

aanfts "
and eurhs their ends thus preparing them to form a sheet of pa-
per.Fillers,dyestuffs,and sizing materlals may be added to the |
beater and thus incorporated with the paper stock.Many modifi-
cations in design have been developed without changing the ba- '
sic principles.

AN
The determination of the fiber length 1ndexﬂbase4'upon an old
Thw, wﬂw
method used in papermills,particularly in rag mills, wiseh con-
Lapels (v f .

sists in observing the cuantity of fiber Qéighx h&i&tblade & QHAV"44Q’

y
—-—I_'___'_—___
drawn through a suSpensLon of g;bers in watergthre Obvious de-

JA O ourmen=tdy Mk L DNV ATy PYVY S
<ductien b&ibg thatsthggmgre flbe;éylthdrawn by the blade, Gt

ol . oLutn 0w [ 'R N3
*iﬁnger the- b&r~mnst—bL.The fiber length index is defined as p:f,
rudoinad ) b (03 af '
t welght o fiber in grams c ,éﬁ—%&aum»4nuax-‘
‘i& /CAhbaf‘ e uqred g €t
@ns—bzusﬁainless steel’ blades im-a-bronze—
od )6 L/ ant {e 22"

ggzziathat takes%ﬁée place ‘of the grid plate in the standard”

P2
Britisn sheet machine,Tiieoretical calculations supply strong ——
evidence that the test results are a measure of%%igéi length; -
other data 1indicate that the test results are a function of the

average by weight of the square root of the fiber length.lhe

test results have therefore been termed "Fiber Length Index".

The fiber length distribution is defined as the distribution of

fivers of various lengtih and size in a pulpe.This distribution
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can be obtained by means of different mechanical or optical
devices.The fiber classification using mechanical devices
segregates mechanically a given fibrous sample into a number

of sepgtrate groups of Iibers differing in range of fiber length,
such segrega tion depending solely upon the one factor of fiber
length and to be independemt of fiber brigin,preparation,treat-
ment,width,or other factors,and to determine the relative propor-

I N V)

tion, by weight,of fiber in each iengté?aﬁgs_grnup so obtained.,

A short historical review may tell that beaters have been used

of almost the same kind to refine pulp since l7u0£fhe term "Fi-

ber Length Index" has been defined and introduced in 1946.Larly

methods of fiber classification in use since the beginning of

this century did not give reproducible results.The major part
oo R

S
of the developimrg work.nreparing the classification apparatus of

today H§s=been done during the past thirt§ﬁive years,

The relations mentioned above are:

V=0.19 L+ 1.20 V...bulk,L...Flber length index
T=0.475 L + 0.65 Tees tear ratio

B < 40 L + 30log(s — 16.5) — 7.1 B...bursting strength

M = 34,00 L + 197010og(S — 18.5) 4+ 3280 M...breaking length

SeeeSchopper-Riegler slowness



2.6haeareaeterisiics of Devices —antd
Mot 5E s o f—MN ea surife

5#}The report covering the beating process shall state the inter-
vals at whicn samples were taken and note any departure from the
standard procedure.A curve is usually desirable showing the
development of the apparent specific gravity and the burst and
tear factors pletted against beating time or its logarithm. It
is! furthermore (desirable to cover tensile strength and Sdowe>"
RExs meep . frecness, @p-draioage tests. Pulps are often compared
after beating to a maxirum burst development or after beating to
a definite slowness of 70 or 80 degree Schopper-Riegler or some-
times to a Canadian standard freeness of 500, In other cases it
is considered more desirable to ascertain the approximate amount
of beating which is equivalent to be given the pulp by the mill
for the grade of paper Iinto which it i1s to be made and to use
this degree of beating for comparing or specifying the pulp.The
equivalent degree of becating can be established by taking a sam-
ple of the unbeaten stock furnish in the mill and drawing curves
. showing the developgﬁéJof its degsity,burst,tear,breaking length,
and freeness against the time of beating.When the apparent speci-
fic gravity of the standard test sheet is plotted against the lo-
garitihm of the time of beating,excluding the point of the unbeaten
pulp,a straight line should result.The slope of this line gives a
measurement of the rate of beating of the pulp,or with a standard

pulp,can be used to check the rate of beating of the apparatus.
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ﬂ.The apraratus to determine the fiber length indeX is the
standard British sheet machine in which a bronze ring with
vertical stainless steel blades has replaced the grid plate.

Ten grams diluted stock are poured into the rising water;the
whole procedure is the same when making a handsheet except that
a stirrer without vertical fing is to be used.The blade-grid

is removed after drainage and esarturned ié?é pan containing
some waterj;all the fibrous material is washed off,and this pro-
cedure is to be repeated two times.The collected fibers are fil-
tered,dried and weighed and one third of their weight in grams is
the fiber lengtih index.The test can be accelerated by drying fi-
bers and filter paper on a hot plate and an experienced operator

can gain results by this quick method within twelve minutes,

J&There are two metihods known for measuring fiber length and

QEEEE;E?ngth distribution;namely mechanical and optical.Both

methods have some disadvantages.They take much time,optical tests
need assumptions concerning the relation between the weight of

a fiber and its size and length and these weight factors are not
above questionj;optical tests do not take into account fibers
under a certain length depending upon the operator and the
equipment,they need furthermore trained,skilled operators.The
equipment used in optical tests consists of microscope alone or
in combination with a microprojector,stains are sometimes used.

Mechanical methods depend upon the use of a series of standard



screens.The average length of the fractioll gaught by the coarsest
screen and of the fraction passing the finest screen can not

be stated without the use of microscopic methods; it is possib-
le that these values change within the refining process and that

a numerical identic distribution contains fibers of other lengths
in the first and last fraction at different times of beating or
refining.The first screen classifiers used a cascading arrangement
of chambers and horizontal screens wherein the flow of liquid
was directlw depending upon gravity and there was no other reason
for agitation than to avoid fiber mats on the screens.liodern
classifiers use the same,but modified operations,so that most of
the fibers are presented broadside to the screens and avoid passing
them at a right angle to the plane of the screen.The principle
used is a combination of a high speed flow across the surface of
the screen with a much slower flow at right angéig through the
screen openings.This is obtained by using a hydraulic principle
which states that any material swimming in a liquid with high
speed tends to turn the main axis parallel to the streamlines.

The Bauer-licNett classifier - used in the experimental part of
this thesis - uses four elliptical tanks = the older square tanks
caused eddies = with a midfeather parallel to the screen and clock-
wise rotating cylindrical agitators with small projecting fins,
The high velocity forces the fibers to orientate themselves pa-

rallel with the wire and keeps the screen free from éEiber mate
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Relation between weight in sheet mold and weight of deposit(fiber l.i.)

Bleached Sulphate 12°sr

5 — : y
__ Bleached Sulphite 14 SR
4+ '
4:’ |
8 3
3 |
3 |
éz’._ - .
&°
| ,/i//, Rag 59°SR
\ L___ ~ Bleached Sulphite 48°SR

| ~_ Bleached Sulphite 88°SR

7_-_L1 6 8 ‘O ‘5 B B-D 3)’0\/\’\\,/1 A /vv\,o,(,d

Relatiom between real fiber length distribution and fiber length
distribution obtained from the Bauer-LicNett Fiber Classifier
~__ Real Distribution
- T - Apparent Distribation

25 % 50% 75% 1007,
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3, eneral Factors Influencing

t hese

Testing Methods

ézﬁiber“Length»Index: -

The consistency has no effect if it is below O.2¥}f¢1‘b“4f
increasing consistency produces increasingﬁfﬁber
length index,as eaiily can be shown by using the
same amount of stock at different consistencies.
The weight of fiber has almost no influence ex-
cept in the case of a very long fiber in which
there id a tendency to show longer fibers than
there really are existing in the sample.The va-
riation of the weight of the caught fiber is in
correspondence with the variation of the total
weigiht of fiber in the sample.An increasing tem-
perature causes an increasing fiber length index,
but the ef ect is neglible below 25°C.A long drai-
nage time - rate of outflow - gives heavier depo-
sits;the test should not be done under such cir-
cumstances for theoretical hydraulic considerationse.
There has not been found yet a systematic or sig-
nificant ef"ect of the blade cross section although
blades with rectangular cross sections seem to
collect some higher deposits than blades with
sharpened or rounded upper edges.The fiber length

index is not dependent upon the type of refining

the pulp.



b.Fiber Length Distribution:
A sharper separation is produced if the area of
the screen is larger.An decreasing rate of over-
flow from the constant level tank causes very de-
finit®ly an increase in phe fractions obtained by
the coarser screens.The duration of every run should
be the same to make the results comparable;an in-
creasing duration produces an increase of fibers
in the fractions obtained by the finer screens.
Low speed of the agitator has the same effect
upon the fiber classification.The weight of the
original sample - oven dry basis - must be as close
to the prescribed standard weight as possible for
the clas: :ificationseems to result more longer
fibers than actually have been in the sample if
its weight is more than the standard weight and
vice versa.Flexible fibers give higher results in
the shorter fractions than rigid fibers.Duplica-
tion of results demands an exact duplication in

every detail of construction and operation.

L. Physical Testing of Pulp

The physical evaluation of pmlp consists of tests dealing with
its physical properties.The usual physical evaluation contains
tests for Basis weight,thickness,tensile strength and stretch,

bursting strength,tearing strength,and moisture content.Some
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other tests may be performed if desired or necessary,such as
folding endurance,porosity,stiffness,etceit is,furthermore,ne-
cessary to determine freeness or - more convenient but not so
accurate - drainage time of pulp.This thesis deals only with
the usual strength evaluation and the freeness test,using the

standard methods.

S5« Summary

It would be very useful to define the relations between pro-
cessing of stock and physical properties of pulp in a short
and doubtless manner to make the stock evaluation easier by
using few,simple,quici: and accurate tests.There seems to be
evidence that the fiber length index and the fiber length dis-
tribution show a way to solve this problem and this thesis

tries to deal with some suppositions of that problem,
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6.Glossary

Breaking Length - The lcngth of a strip of paper,cut either in the
machine or cross direction,which would break of its own weight
Ten.St.per 1" . 13889
when suspended vertically, -=--=-—-eeemmcmmccocmm— = Br.L.inyards
Weight of a ream25xu0 500
Bulk - Thickness of a pile of a specified number of sheets under
a specific pressure or apparent spec.volume of a sheet of paper
when in pile under a delinite pressure.
Bursting Strength - The pressure required to rupture a specimen
tested in a specified instrument under specified conditions.
Freeness - A measure of the rate with wnhich water drains from a
stock suspension through a Fourdrinier machine wire,a wire mesh
screen,or a perforated plate.It is also called slowness or wetness
according to the type of instrument used in its measurement and
the method of reporting results,
Stretch - Extension produced by stretching to the point of rupture.
Tensile Strength - Force parallel to the plane of the specimen re-

quired to produce failure in a specimen under standard conditions.

Tear - Ratio - Tearing strength in points per pound.

Synonyms (Pay attention to the converting factors):Mullen Test,Pop
Test,Bursting Strength Test;Tenacity,Tensile Strength,Breaking

Length;Stretch Test,klongation;Slowness,Freeness,Drainage;

Refer to "Chemistry of Pulp and Papermaking,E. Sutefmelster for

conversion factors and interrelationships.
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Outline of Experiments

le.Equipment needed

141bs.Va lley Iron Work Beater

Standard Sheet Machine and Auxiliary Equipment (Including such as
for Determination of the Fiber Length Index)

Bauer McNett Fiber Classifier |

TAPPI Standard Desintegrator

Equipment for the Physical Evaluation of Pulp

2.The wused pulp is a Canadian bleached kraft pulp from the
province of Ontario.

3 eProcessing will be conducte under TAPPI standard conditions at
standard consistency of 1.57%;the samples will be taken
at TAPPI standard intervals (0,10,20,..60 minutes)

L .The following tests and procedures will be conducted at each
interval:

a.freeness

b.Fiber Length Index in Duplicate (6runs)

c.Fiber Length Distribution in Triplicate

d.One Set of Handsheetws from Pulp as Is for Strength Evaluation

(e.)The balance of pulp will be classified and one set of hand-
sheets each from each fraction of pulp retained on
L8,65,100,150 mesh screen will be made for strength

evaluation

Rudolf Schmut,December 16,1951
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l. Introduction

The experimental investigations were conducted with the
TAPPI standard equimment and under TAPPI standard condz-
tions;Scandinavicn bleached kraft pulp frm Husum was
bea~ten,handsheets were made at each beating interval,
their strength properties and some properties of the
pulp before and after fractionation were tested,inclu-
ding freeness,fiber length index,fiber length distribu-
tion,and the physical strength properties of the pulp as
is and of the fractions obtained from the classifier.
Results and conclusions seem to furnish some information
about the influence of the fiber length of sheets on
their physical strength properties,the role certain frac-
tions of fibers play contributing to the strength of the
pulp,and the influence of beating on the fiber length

index and the fiber length distribution of pulp,.

2. Vo r k Performed

Before I enter any detailed discussion I will list all
the work done,

Eight beater runs were made under TAPPI standard condi-
tionsj;handsheets were formed; the pulp used - Scandina-
vian bleached kraft pulp - was run through the Bauer-

Mcllett fiber classifier in triplicate to find the fiber



length distribution of each sample,several different
screenplates were tried in the classifier in combinations
of different sets; the fiber length index of the unclas-
sified pulp was determined in duplicate by means of the
fiber length index gridplate;the freeness was determined
with the Canadian standard freeness tester;the balance
of pulp left after these was run through the classifier
to accumulate enough fibrous material of different fi-
ber length - consisting of the four fractions of the
Bauer=licllett fiber classifier - from the sample to form
handsheets which were evaluated.

The results gotten were compered,computed in tables and
a possible significance of some of them will be pointed

out in the following pages.

3 Discussion of the Tests and

their Results.

The freeness in cubic centimeters was determined with
the Canadian standard freeness tester.The usual results
were obtained,as it was to be expected;see table 1 for

more detailse.
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The fiber length index was determined according to the
method given on page 5 of the literature survey of this
thesis.The determination was done in duplicate and the
va=-lues obtained in these duplicat tests correspond

to a large extenf with one another.

The fiber length index draps rapidly at the begin of

the beating process and approaches an almost constant
level after a beating time of thirty minutes which may
indicate that a la-rger amount of cutting is done in the
first part of the beating cycle than in the second part.
The highest result found was a fiber length index of
3.705 & 0,045 g at zero minutes beating time and the
lowest was 1.5 % O g.at 30 minutes beating time.See
table 2 for further details.

Exact duplication of the results obtained is possible

if the different determinations are done within some
hours; determinations done with the same pulp on different
days or within one week's difference show deviations up
to 30 percent of the first result although the conditi=-
ons were carefully checked and duplicated as far as
possible.Toxicants were used to prevent any deterioration
of the pulp over a storage time of some days.Inasmuch
these influenced the fiber length index has not been

investigated.
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The fiber length distribution was determined in tripli-
cate at each beating interval;the determinations were done
vith a Bauer-licliett classifier according to the methods
suggested by the manufacturer.The tests correspond to a
good extent within experimental limits and are complete-
ly reproducable.Cutriost care must be taken t@ use an exact
amount of 10 g o.d.stock.
Several reasons suggested that a screen combination con-
sisting of 20 mesh screen,a 35 ms.,a 65 ms. and a 150 ms.
would be most convenient for my work and the experiments,
therefore,were standardized on this screen set;T will
deal with other screen combinations later in a separate
paragraph,
It is highly significant that the fiber length distribu-
tion does not shoiwr any reasonable changes throughout the
whole beating period when the fiber length index dropped,
indicating that cutting of fibers was done.The amount of
fibrous material retained on the different screens remains
a lmost constant and it is interesting to notice that the
fiber length distribution of the zero minutes beater run
and that of the fifty minutes beater run do not differ more
than one percent ur or down if compared with one another,
The explanation may be that cutting was done to the lar-
gest fibers only which were retained on the first screen.
This fraction is in size too long to pass through the 20
mesh screen but too short to find any retention on a 10 ms.

as testruns showed. - See table L4 screen set 10,20,65,150.



This behavior may give room to the assumption that only
fibers of a certain length and above will be cought by
beater bars or knives or that fibers must be caught with-
in a certain distance from their ends to be retained on
the knife or bar and subsequentiy to be cut.One publica-
tion,previously discussed in my literature survey - De
lontigny and Zborowsky,'The Rapid Measurement of an Index
of Fiber Length'" = mentions such a possibility but does
not give any numerical-values.,The screen set used as stan-
dard in my experiments retains relatively many fibers on
the first - coarsest - screen which,therefore,does not pre-
sent a true sample of long fibersﬁn the fraction retained
on it but almost guarantees that only small fibers can-
pa-ss.The other ractions contain consequently almost e:-
clusively short Tibers giving excellent material to test
the properties of a very shortfibered pulp.One drawback is
tha t a long time is needed to accumulate enough of these
shortfibered fractions to form handsheets from them.

Table 3 shows the fiber length distribution obtained through
the use of a 20 - 35 = 65 - 150 mesh screen set.This table
presents in its upner part the screen combination used at
each beating interval and gives in its lower part the fi-
ber length distributions obtained with this set.In horizon-
tal order are the beating intervals of the sample tested

a=-nd in vertical order is the percentage of the fibrous



ON

material retained on the screens and of the material
which passed through a2ll screens and is not accounted for.
Efforts to get a nmore even fiber lengtir distribution irere
undertaken and the results of these rune are presented in
table 4 .Several other screhn combinations tihan the stan=-
dard combination mentioned above were tried to obtain a
more even distribution but none of them gave satisfying
results;tine amount of time necessary ta find an ideal
screen set night go far beyond the scone of this papers
The table shows in its upver part the different screen
sets used giving 'n horizontal order the beating intervals
of the tested samples and in vertical order the screens
which retained the first,second,third,and fourth fraction.
The lower vart of the table presents the percentage of
fibrous material retained on the different screens and the
fibers which nascsed through tie classifier not being ac-
counted for.Jt gives in horizontal order the beating inter-
vals and in vertical order the percentage of fibrous ma-
terial retained on the screens or the materialswhich were
not accounted for.

The last vertical colwan deserves svecial attention becau-
se it »roves the importance of the time factor to obtain
revroducable results.d sample of pulp was beaten Tortfifty
minutes and then run through the classifier for 150 ni-
nutes.The fraction retaine on the coarsest screen decre-
ased to 74 percent of its original value and the fraction

vassing through tiie classifier withiout any retention at all



Table 3 = Screens used for the Standard Fr“ctlonatlon
in the Bauer=lecllett Fiber Classifier
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Table 4 = Screens used in different Combihations

in the Bauer-lcllett Fiber Classifier AEESEES
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- Comment :The 30 minutes beater run with its figures iﬁﬂt;ﬂn
tast- coiumn was run through the classifier for 150 mlnutél;




o
increased to 272 percent of its8 original value.The other

fractinns cannot be compared-%ecause a 48 ms. had repla-
ced in this run the 35 ms. used in the standard screen
combination.,.

The vhysical strength evaluation of the pulp as is and of
the handsheets formed from the different fractions retai-
ned on the classifier seems to indicate that probably
complicate relations exist between the original strength
of the pulp and tihe strength contributed to the total
strength by the different fractions of long and short
fibers contained i1 this pulp.

The pulp as is shows the usual strength development but
the four fractions give unusual curves if plotted against
the beating intervols,

It may be concluded that the two shortfibered fractions
contribute very little to the folding endurance never ex-
ceeding a I'IT double fold of 58 as maximum,The two long
fibered fractions contribute much to the total folding en-

durance but reach never the values of the original pulp.

The two shortfibered fractions add an apprciable amount to

the tearing strength of the pulp approaching it sometimes
closely.The longfibered fractions add muci: to the tearing
strength;it may proove highly significant that the long-
fibered fractions surpass the tearing strength of the pulp

as is up to eighty percent of its original value.



The short fibered fractions pay some contribution to the
bursting strengtihh of the pulp as is but stay usually 50-

75 percent of its value under the bursting strength of the
pulp as is.The long fibered fractions mainly contribute to
the bursting strength,approaching the bursting strength

of the pulp as is very closely.

The shortfibered fractions add some to the tensile strength
of the pulp as is but stay usually about 50 percent under
the tensile strength of the original pulp.The long fibered
fractions a pproach the tensile strength of the pulp as

is closely at sorie points and the second fraction surpasses
it once.

Table 5 gives the strength properties of the pulp as is

and the strength properties of the four fractions ob-
tained from the Bauer-lcNett fiber classifier,using a
screenset of 20 - 35 - 65 - 150 mesh,plotted against the
beating time.All five curves have been drawn into one
diagram to make an easy comparision possible between

the different numerical values obtained.A black line in-
dicates the pulp as is,a red line indicates the first frac-
tion (retained on a 20 mesh screen),a blue line the se-
cond fraction (retained on a 35 ms.),a green line the

third fraction (retained on a 65 ms.) and a dottet red

line indicates the fourth fraction ( retained on a 150

mesh screen).
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Table 6 shows samples of handsheets made from fibers re-
tained on the different screens.The pulp used for these
samples was beaten for ten minutes;the yellowish cast

is due to a very high iron content in the water used for

all test procedures.
Lo Conclusions

Today we have the results of eight fractionations and
eight beater runs and determined how much each fraction
contributes té the strength characteristics of the total
pulp.We founfd tuet with exception of tearing resistance
no fraction - neither the short nor the long fibers -
could surpass the strength of the pulp tested before

fractionation.'le found,furthermore,that the fiber length
(e

index drops with increasing beating time whera;/@he, L/ﬁLc(éf‘E¢4

fiber length distribution remains constantjfﬁgt permits
us to draw tentative conclusions dealing with the nature

of the cutting done.



Table 6 - Samples of handsheets made from fibers
rebained on 20 = 35 =~ 65 = 150 mesh screens.

20 mesh

i

65 mesh

35 mesh

150 mesh

The pulp used was beaten for ten minutes.
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