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INTRODUCTION

It 1s becoming increasingly important to the paper industry
to be able to produce peper with high brightness and opacity.
Good formation 1s also highly important, For these reasons, the
industry is investigating the way the fipes, fiber, and filler
are distributed using the different types of paper machines,

Through this thesis work, it will be investigated how the
filler distribution affects the optical properties of a o'hoot
and what filler distribution will give maximum scattering power,
brightness and opacity. From this it mey be possible to suggest

what psper machine variables will give filler distributions with

improved optical properties,
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LITERATURE REVIEW
Elfegt of Fillers on Emper
P

To understand how filler distribution affects obacity and brignt- /
ness of a sheet, ane must firast undera@ why fillers are added and
what effect they have on paper propertiss.

Fillers are added primarily to improve opacity and brightness.
They are alao added to improve smoothness, printability, softness,
absorptian, or to impart certain proparties in speciality pepers.

Paper actually has a very rough surface with meny depressions and
voids. These voids are csaused hy the fibhers, which have fairly luarge
dimensions compared to the filler particles, entangling together.
The filler particles fill in these voids thus giving a smoother sur-
face and better printability.

0f course undeairable effects result fram the additiou of fillers.
The main one 18 a decrease in strength. The filler does mot aid in
fiber to fiber bonding and in fact reduces this bonding. Aiso a de-
crease in bulk is generally noted upon filler addition., This is be-

cause the pigment is heavier than the fiber and thus the welight i.l:/__J

—
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creases more than the thicmes§> A decrease in sizing &na s dusting
problem are two more undesirabie effects of filler addition.(l)

Casey (1) liets factors which affect opacity: they include shee-t.r_—
thickness, the number of individuel particles making up the sheet, and
the refractive index of these particles, N

Davidson (2) found thet the major effect controlling opscity when
titanium dioxide (11.02) was used was the floceulating and crowding to-
gether of the Ti0, particles. The fact that a difference in refractive
index was needed wae proven by Swanson (2,4). Swanson took co.llnI.OSe
and then surrounded it with clay and/or calcium carbonate (CaCOz) fill-
ers. He fowd thet when the fillsrs and cellulose had similar refrec-
tive index little incresse in opacity over the unfilled sheet was noted.

Hemstock (4) experimented with fillers, applying the Kubelks-Munk
theory®, He found that fillers of higher refnc-tivo indiges and with
the larger difference between medie (air, fiber, and filler) gave the
greatest increase in opacity. Hemstock elso concluded that tbe poator—l
the number of particles the more scattering that will tale place, thns/}

incressing opacity. Also, fillers with higher refractive index have

* See section on knbolka-Hunk theory
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better opacifying and brightening power (4,9,6).

Steele (7) wno first applied the Kubelim-Munk theory to paper,
also investigeted the contribution of the filler type to opacity.

How much the brightness of a sheet improves upon addition o;\)
filler depends upon three things: the original brightness of the
pulp, the brightness of the pigment, and the psrticle size of the
pignent (1,3). Neturally a filler with & much greater brightness
campered to the brightness of the pulp will increase the brightness
of the sheet considerably. Also, a decrease in particle si.ze, to a
point, gives more scattering of light and en increase in brightness
and opecity, The point of meximum brightness and opecity is obteined

wvhen the particle size is equsl to oue-balf the wavelength of the
incideat light. (3)



Bateation of Fillers

The theory of filler retention has been described by three main
mechanisms; coflocculation, mechanical attachment or mechanical
filtration and charge attraction.

The coflocculation theory (8,9,10) is that filler and fibers
gathar togetber to form a cammon floc. Thias is done in the &bseace
of significant electrostatic forces on both fiber and filler. The
mechanical theory of reteantiaon (8) is that individual particles mey
flocenlate together by alum and be trapped by the fiber mat. The
charge attraction theory (§,1l) is besed on the fact that in a fiber,
filler, alum system, the cellulose and filler because of the alum
have aopposite electrokinetic charge and attract one another.

There is muich disagreememt about which mechanism plays the major
rols in filler retention., Haslam and Steels (§) state thet under

ardinary camditions coflocculation is the mast important meens of
filler retentian, Only 50f was attributed to mechanical attachment

vhile an insignificant amount was attributed to charge attraction,
The charge attraction theary has receatly come under heavy criti-

cism, Mertin & Willets (1]) stated that in a system of fiber and
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filler there can be no colloidal attraction because both constitu-
ents are negatively charged. Retention in such cases they say was
by mechanicel filtretion. If alum is added, the alum hydrolyzes to
positively cherged alumina which is absorbed on the negatively charg-
ed flbers and acte as "electrostatic cement" for the filler.

Boussu (12) sgread thet retentiom of fillers was not a physico-

chemical phenomenon, That msant he thought it was neither a charge
attraction nor a coflocculation mechanism, but a filtratiom process.
On the otber hand Williams end Swanson (3Q) believe that r?tontion
of fillers in pepers containing high opacity pigments, such as TiOg,
is meinly e result of coflocculation.

All of these disagreements paint to the fact that the mechamism of
filler retention is not perfectly clear and is probably a combination
of many mechenisms, each of which i3 more important than smother
under certain conditions,

Variables affecting filler retention have been studied extensively.
Same of these are pH, smount end cencamtration of alum present at
flocculation, tempereture, order of pigment and alum addition, beat-

ing, the use of retention aids and specific machine varisbles such as
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machine speed, consistency changes, dandy roll use, etc, 3rill and
Hecklau (13) studied the effect of changing the amount and concen-
tration of reactants et the time of foloocculation., They found that
the amount and concentration of reacumtsl present affected the size,
resistance to agitation, and resistance to dispersion of the agglomer-
ates and, thus, affected rejemtiom. They also found that an increese in
temperature reduced retention slightly when starch was present. No
change in retention was noted due to starch.

Praik (14) investigated the following wariables cffoctin.z retention:
the effect of order of pigment and alum addition, and pH control by
different alm concentrations in the presence or absence of rosin sise.
Results showed that pH of the system at the locetion of pigment addi-
tion was the omly factor which conasistently correlated with retention,

The effect of beating was studied by Hamsem (15). He fownd that
beating increased retention. This is probably because beating in-
creases the number of bonding sites due to more surface srea available

to the filler particles.

Retentian aids have been studied by meny individuals, Some reten-

tion aids are sodium aluminate, polyacrylamides, galactomannans, and



cationic starches,

retained.

Retentian aids increase tne wno.wuit ¢ filler
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Ellaz Diatribution in Paper

The filler distribution in & finished sheet depeuds on the
process by which the sheet is made. The fourdrinier, Twinver-
former, Verti-forma and sheet mold nchin-s all give sheets which
shov different filler distributions. Therefore, each process will

be treated separately.
Ihe distcilution of fillax in peper mada o a fourdriniar mechine

To bettar understand how and why filler is distributed in a four-
drinier mads sheet of paper, aamse charecteristics of tb.c process
must firat be diascussed.

In a fourdrinier made sheet, the fiber, fines and filler are
unevenly distributed throughout the thiclmess of the sheet. The
large fibers are concentrsted on the bottom and :anrouﬁzgly smaller
fibers toward the top or felt side of the sheet (1€,17). These
larger fibers at the bottom form a mat which catoch the amaller part-
icles, nemely the filler and fines. The fines are concentrated mostly
in the center of the sheet with a decrease toward the top side and a

samgvhat larger decrease tovarda the vime side. This is because as
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stated earlier the larger fibers form a mat which catch the fines.
Also a large amount of the fines sre washed out of the sheet by the
water thrown beck on the bottom of the sheet by the table rolls. Thus
the bottom side of the sheet has practically no fines. The only fines
found in the bottom portion of the sheet are ones that are pulled
there by the suction during formetion of the sheet. The top side is
rather vold of fines also because the layer below the top of the sheet
is the one that holds the finmes.

There were many variables studied which affect the amount of filler
retained and its distribution thruughout the sheet. Hansen (15) studied
six such varlables; increase of weight, addition of glue, change in
speed, consistency changes, amount of beating, and the use of a dandy
roll. He found thet the retention of filler increased with an incresse
of weight., When Sveen glue was added to a sheet, the fiiler content
increased about 33%. Vhen the paper machine was speeded up by 95 fmm
there was only an increase of 1li4% even with the glue or a decrease of
2% with no glue, In each case, though, the filler distribution was
not aeffected. Filler content inoreased when consistency was decreased

in the headbox. VWhen Hansen changed the consistency an exaggerated
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amount he found & difference in filler distribution. The wire side
wag about the same for thin or thick stuff, but in the cese of the
lower consistency stock, the content of filler incressed more repidly
end less stock was required to.form a comparatively dense layer. The
change in coneistency was very extreme and Hansen believed under
normal operating consistencies, no effect on filler distritmtion
would be noted.

Hensen (15) also showed that beating increased the retention of
f:lller,- but had no effect on filler distribmtion, Investigationls oﬁ
the effect a dandy roll had on filler distribution showed thet the
amount of {iller in the central portion and felt side wes &mffected.

\
Some of the filler wae carried from the cemtral portion to the felt
gide of the eheet, Hansem (J5) elso found that the ™wetter" the stock
passing the dandy roll, the greater the inorease of fiiler toward
the felt side.

Groen (17) also investigated some fundamentel aspects of filler
distribution, He found that the filler conteant of the wire side layer

depended largely on the degree of beating and to some extent on the

total amount of filler in the paper. This, he stated, suggests that
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the filler capacit; of the extreme wire side layer to be the main
factor in determining filler distribution. Other factors he found
were mechine speed, and filler content. Groen also backed up Bapeen
in his findings thet a dandy roll affected the top layers of filler.

Much work has been done to establish the filler distribution of a
sheet made on a fourdrinier paper machine., Studies heve been made
by Hensem (15), Groen (17), Browning (18), Meck (18), end VWhitman,
Mays, end Willisms (Z20). These studies bave been mede by three main
methods; sbeet splitting, careful abrading, or microteming.

All the studies gave the type of filler distribution for four-
drinier as abowan in Pig. 1. The felt eide has & high content of
filler, while the wire aide a lower filler content. The center of the
sheet is fairly constant at &n intermediate level.

Although there is agreement on the filler distribution, there is
much disagreement what causes this type of filler distribution, Hsnsen
(15) studied this question extemsively and came to the conclusion that
the lov contemt of filler mear the vire aide was alreed)y fixed immedi-

ately after the slurry had been run onto the wire and wvas an inherent

property of peper msnufacture, Mack (19), Browning (18), end Heins's (13)
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findings back up isnsen's theory. All taree found thst table
roils and suction boxes only affect the filler near the wire sice
of the sheet.

Groen (17) proposed a theory of self-filtration which greatly
paralleled Hansen's theory. Groen stated that in any self-filtration
three phase system, containing two solid phases of emtirely different
sbape and size, an uneven distribution vill result. In the first
stage of dreinage the large fibers tend to close the coarse opemings
of the wire. The next layers will contain more filler dus to tbe
fiber mat formed in the first stage. The top layers will not have
as much filler because tbe filler particles are not retained by the
top layer but by the lsyers below it.

G. P. Underhay (21) disagreed with Haneen's and Groen's theories.
He steted tbat water is kicked back up from the table rolls. Tbis
distrubs the fibers end washes the filler from the wire side. The
study made by Whitman, Mays, and Williams (2Q) supported Underhay.
_Whitmen, Mays, and Willisms also thought that the low filler content
at the wire side was due to the effect of wire vitration at high

speed as well as the nydraulics assoclated with table rolls, Part of
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the disagreement .in this erez may be due to the machine sgeed and
the effect of its deflect.o_rs. High speed machbines have different
hydreulics than slow speed machines. Also, the newness and type of
deflector may affect the filler distribution differently.

WVhether the reason is an inherent property as Hansen and Groen
stated or whether table rolls cause filler uneveness as Underhay,
Whitaan, Maye, end Williams insisted, the fact remains that the
industry is watle to correct this type of filler distribution with
the fourdrinier type machine and thus must seek other methods if

pore miform filler distritartion 18 desired.



-16-

The distribution of filler in paper made on & British sheeimold

Peper made on a British sheetmold machine 1s structurely very differ-
ent from a sheet formed on a fourdrinier paper machine.

A sheetmold handsheet showed e low content of filler &t the felt
8ide and inoreesing considerably through the center of the sheet and
decreasing again toward the wire side but with & much larger per cemt
filler at the wire side than psper made on a fourdrinier machine.
(See Fig. 1)

Majewski (22) studied the differences in fourdrinier ané sheetmold

papers., He cited three reasons for the differences in sheet structure,
Firet, there is no fiber orientation caused by lateral movement hetween
the forming mat (bottom fibers) and the wire. Secondly, the comsistan—
¢y used in a asheetmold machine is much lower than used with a four-
driner machine. This allows for much better dispersion of the fibers.
Thirdly, the fines are camcantrated more taw;rd the vire sice in a
sheetmold mechine. This was explained by E.R. Finger end Majewski's
(R3) theory of self-filtration. The large fibers settle more rapidly

to the bottom, and become set in position., The much smeller fines

are then able to flow with the water toward the bottom of the mesh.
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Becouse of the luck of intermitient suction &nd release, the fines

in a handsheet are concentrated toward the wire side.
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The distribution of filler ln paper made on a cylinder machine

Groen (17) exmmined the filler distrioution of paper msde on a

cylinder machine, He stated that the c¢ylinder mechine gave sheets

wvith much the same filler distribution as a sheetmold machine. The

filler content was low at the felt side and increased considersbly

through the center of the sheet and again decreased towerd the wire

side but with & much larger per cent filler at the wire side than

paper made on a fourdrinier maechine.

This type of filler distribution can possibly be explaihed by the

Qynamics of sheet formation on a oylinder machine, During formstion

on a counter-eurrent aylipder maching, the web is formed and washed

of f several times. It is finally formed before the cylinder rotates

out of the alurry in the vat. This leseds to & fairl, geuntle forma-

tion of the web. Also, the sustion and relesse on the web, found

during formation on a fourdrinier mschins, ia not present in eitbher

a sheetmold or cylinder machine. This may also lead to the differ-

ence in filler distribution.
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The distribution of filler in saver made au Twin-iire machines

The twin-wire machines such as the Verti-~forms snd Twinver-
former, are ney types of paper macbines designed to produce sheets
with less two-sideness and with better f-omation. The Varti-forma
has two wires which are mounted vertically. The stock flows down
between the two wireas and the water is removed by ceflectars only (24).
In a Twinver-former the two wires are horizontal and the stock flows
between them.

The Verti-forma is belileved to yleld a sheet with the t.‘inea wore
or less gymmetrically distributed throughout the sheet (24,£5). This
is attributed to the new beadbox set—up which eliminetes much of the
turtuleat flow, and to the gentlse drainege conditions end to no inter-
mittent suction and releasse action,

Vork done at Vestern Michigam on the filler distributiocn of a
sheet made on a Verti-forma, showed the filler content to be higher on
both wire and felt sides and fairly constant at an intermediate level
in the middle of the sheet. (See Fig. 1)

Tests on & Tvinver-former machine showed & much more uniform sheet

over the fourdrinier mede paper, but with the filler still concentrated
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on tbe felt side of the sheet (26).
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EXP-RIMENTAL
INTRODUCTION
Tne evperimentel »nrocedire of thils thesis vork involved nsking
handsheete with & veriety of filler distributions, testing them for
brightness and opacity, welghing and them splitting ond eshing the
sheets, This is 8ll feirly besic except for the unique method of
filler addition. Filler was added at different steges of drain-
ege and thus different Cillar distributions obtained,
The object was to determine the effects of filler distribution

on the effectiveness of filler in peper.
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PRIP/.2ATION OF HADOHELTE

The main proovlen in verforming ithe experimentel work of this
thesis, wes in distributing the filler in different perts of ihe sheet.

Sheets with the filler concentrated at the wire side, middle, and felt

side of the sheet as well as 8sheets with fairly uniform distribution

of filler were desired, To do this a unique methods of filler addi-

tion wes devised. To obtain a sheet with the filler concentrated on the
wvire side, the sheetmold (British Standard Sheetmolc) was filled with
wvater, The stock was added and stirred, and then the fil'ler added amnd

sheetnold drained, The filler was added as a dilute slurry through a
cylindrical container with many smsll holes punctured in the bottom,

This gredmally distributed the filler across the sheetmold ané did not
greatly disturb the surface of the water or sheet.

To obtain a filler distribtuation with filler concentrated in the
center of the paper the procedure was carried out in the following
manner, The sheetmold was filled with water and stock, stirred and
then drained one quarter of the way down the sheetmold., At this point
drainage was stopped and the filler slwrry added, After & short pause,

drainage was continued,
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To obtain sliets 3 ith filler concentiated towverd the felt side,
the filler wwe acdded with the fiber slurry at e rniech lower position
of the sheetmold,

A sheet with feirly wmiform filler distritution was obdteined by
adding filler et the top of the sheetmold, draining the sheetmold one
hslf way, adding more filler, draining to neer the vottom, stopping,
adding more filler, and then finishing the drainage., (Appendix A
glves the complete deteils.)

The handsheets were then pressed and air dried,
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m

ESTING OF HANDSHEXTS

The handsheets were welghed and them tested for brightness asnd
opacity. This also permitted the calculation of scettering co-
efficients by means of the Kabullmdhmk theory. The I.P.C. Bright-
ness meter, Martin Sweets Co,, Automatic model was used to obtain
brightness and the Beusch and Lomb Opacimeter to obtain Tappi
opacity.

Ash determinatiomns were made on the sheets to obtain total

filler content.
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SPLITTING OF HANDSIEETS

To determine the filler distribution of the bandshecets, the
sheets had to be split in gquarter sections, This was done Uy using
the Beloit Sheet Splitter,

The Beloit Sheet Splitter consists of two rotating, stalnless
steel rolls that ere chilled by the use of Freon-1lZ2, A paper stmple
is thoroughly soaked in weter and then inserted between the two cold
rolls, Wben the rolls are at the proper temperature and rotated at
" the proper speed the sheet becomes frozen onto both surfaces and thus
pulled apart at the sheet center, Each half is then rewetted and the
procedure repeated., If one roll is colder then the other or the temp-
erature of the rolls or speed of rotetion is not correct, the sheet

may beoome frozem through the entire sheet and will not split, There-

fore roll temperature, and roll speed are controlled to obtain the
best splits,

After splitting, the sheets were then labeled "one® for the top
or felt sids quarter of the sheet, to "four® for the bottom or wire

side quarter,
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ARLYSIS OF hANDSHRETS

To evaluate the optical roperties of the hendhseets, Ketulkn-
Munk anelyvsis was used. This was done because the scsttering co-
efficicnt which 1s obtained thru this tﬁpe analysis is a more basic
measurement then either brightness and/or opacity. The scattering
coefficient is corrected for basis weight of the sheet, brightness

and opecity of the pulp used, and for the emownt of filler in the

sheet.
The basic Kubelka squation 1.s: ‘ ) ox [1/Rw) = Rea]
Kq_-\) Koo—}\co .I//‘loo
Ra 5 (R, K-

R RPw (Q 1/;\ ) Xf(l/kca) Reo |
Where R - The reflec%!mce of any colorx#nt layer of known absorption

and scattering coefficients, "K" and "S®
Rg - Any reflectance
X - Thickness of the colorant layer
R - Reflectance at camplete opacity
e - Napierian logaritim - 2,71828

Another equation de§£ 03 {rom the Kubellm-Mmk theory iss
AY

S Zfioo

The first step in determining the scattering coefficiemt (27)
of the filler in a sheet of paper is to determine the scattering
coefficient, S, for an unfilled sheet of the same stock, This is

done by measuring Tappl opacity (C0 89)’ brightness (R ) and the
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besis weight (¥) of the unfilled paper. By use of Kubelks-Munk

charts, the scattering power (SX) can be found. Dividing the

scattering power by the besis weight gives the scattering coefficient

of the pulp. Repeating the above procedure at various basis weights

and plotting resultant scettering power versus basis welght values,

yields a straight line with origin at zero/zero and a slope equal

to the value of the scattering coefficlent, S, for the unfilled peper.

Using the same pulp for which the scattering coefficient was de-

termined, papers are then prepared &t & constant basis welght but

containing three or more concentrations of the desired filler between

one and tea per cent. Teppi opacity and brightness are measured for

each sample and again the scattering power is determined from the

Kubelka-Munk charts. The scattering power is then divided by the

basis weight to give the scatitering coefficient. A plot of these

scattering powver values versus per cent mineral filler is made. The

scattering pover intercept equals that of the unfilled paper at that

basie welght. The greater the scattering power of the filler, the

greater the slope of the line. Tbe scattering coefficiemt of the

filler mey then be determined by the followdng equation:
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S (paper) =S (pulp) C t+ S (filler) ¢
¥here $= Scattering coefficiant

C = Concentration
The scattering coefficient of the paper end pulp and concentrations
of pulp aud filler have already been determined. Thue the scattering

coefficient for the filler may be calculated.

-fter the scattering coefficlients are calculsted, the filler
distribution 1s determined. This was done by aching the quarter
sheets and thus determining the percent filler in each aquarter.
Piller profiles were then drawn. Four separate sheets were evcluset-

ed for each filler distribution.



Qe

SAMPLE CLLCULATION

Filied Sheet:

Frightness = 30,5

Opacity = 96,5

Sheet Veight = 72,8058 grams

Basis Weight (25 x 38 x 500) = 103.7 lbs.

Agb Determuinetions:

% Ash: lst Quarter = 5,71 1lst Quarter = felt side
end Quarter = 17.15
3rd Quarter = 27,65
4th Quarter = 49.46 4th Quarter = wire side

Total wt. of ash = 11,7289 grams

Total % filler in sheet = Ll.7289 x 100 = 10.75%
2.8058

SX coefficient from Ketalkamk graph = 6,05

8 = 0,00 = 6.0 = .0588
b 4 103.7

S pulp = .0346

S paper = S pulp (Come.) +¢ ST:LOz(Cono.)

0588 = 0346 (.8925) + S M0, (.1075)

S T40, = 0,2558
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PRESINTATION ~d4L DISCUSSION O RESULTIS

From Teble I, proportion of ash in each layer, the filler
distributions of the different semples can be determined, This is
graphically illustrated in Figures 1 through 6., Obviously, samples
A, Bend D (Fig. 1,2 and 4) have similer pigment distributions, Sample
L has the filler most heavily distributed toward the wire side and de-
creasing continuously toward the felt side. The top quurter of the
sheet 1s et a very low level and fairly comstant, Sample B (Fig 2)
has less filler at the wire side and the filler content does not decrease
as rapidly towvard the felt side btut follows the seme basic filler pro-
file as A, The Filler distribution of sample D (Fig. 4) is slmost idemti-
cal to sample B, Sample C (Fig. 3) is slightly different with the fill-
er content at the wire side being lower and fairly conssant through the
bottam quarter of the sheet, The filler amount then decreases toward the
felt side, Although samples A,B,C and D differ from eech slightly, they
are similer in that the filler contemt i1s much higher at the wire side
and decreases rapidly’ tovard the felt side.

Samples E and F (Fig. 5 and 6) are very simllar and differ greatly
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PRESEXNTATION AND DISCUSSION OF RESULTS

Table 1
Proportion of Ash in Each Layer

tots] filler,®  fraction of totel ash®

10,76

[
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[
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17,15
27,66
49,46
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b
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819

w
PARHYE SANHY PaNM
B
®
3

u.5
wm

50,78

56,48

# 1 48 the felt side and 4 is the wire =zide
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Tadle 1 (cont,)

1 totad Lidler,é fraction of total ash,?
14.15

O,

=
[ E‘
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6.12

25.41
38,45
29,99

(@]
N
w0
™
@

12,84
26,73
38422
22,19
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(@)
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Teble 1 (cont.)

serple totel filler,5 Lraction of total agh,%

E 11,95

14,72
27,26
31,39
26.61

135.03
15,86
22.67
32,86
28,59

12,29
14,04
26,89
R7.76
27.24

12,26

t=

=y

o
PADHR han R

1

8

9.67

21,56
55.42
55.83

10.62
18,05
54.40
56,91

16,51

7.06

11,06
55,63
26,33

767

51.28
42,42
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from the filler distribution of samples A,B, C and D. Filler profiles

of Samples E and F show a much more uniform distribution than the pre-
vious samples. The filler content at the wire side is not as high and
does not decrease significantly until the tép half of the sheet. Even
through the top half of the sheet the filler does not decrease as rapidly
as the other samples. In short, samples E and F have a much more uni-
form filler distribution then samples A, B, C or D.

Tables II and III give relative brightness and opacity and scattering
coefficient values for each of the four specimens of each sam;le. Table
IV gives the relative brightness and opacity and the scattering coefficient
averages of each sample.

To obtain the relative brightness and opacity the original brightness
and opacity values were first corrected to a basis weight of 100 1lbs. per
(25" x 38" - 500) ream. The corrected control values (sheets containing no
filler) were set equal to 1.000. The relative values were calculated by com-
paring the test values against the respective controls (sheets having no
filler) with the control value corresponding to 1.000. The scattering co-

efficients were obtained by the Judd graphical solution.
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Table lll-Ccatterirng Coefficient Valucs

Of ¥hole Handsheets

S VALULL

ﬁj s"ﬁ I cjdg &
2568 « 3885
2614 4357
2367 ¢ 3551
.1764 « 3249
«3T1S 6177
«2567 « 3578
2597 <5386
2817 « 3246
2106 2798
« 3092 4584
2685 3829
.w .4655
JETB #4349
0w [ m )
4709 8237
5849 4234
S57T98. «4236
S8 4157/
«2988 « 3568
4081 .4566
3562 «4308
.m .&58
. 3254 .4090
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From Table IV it con he seen that the highest veluer Tor ve-
lative brightnesc and opacity end scattering coefficients sre semples
E and F. This can slso be seen from Figures 7 through 11. Sample F
hes slightly higher values than E, After E-and ¥, the vaeluss drop
significantly with A,B,C and D around the seme, Sample C and D have
nearly the same scattering coefficients and relstive brishtness and
opacity velues. Thelr scattering coefficients rank 3rd and 4th but
their releative brightness and opaclty are last or 5th and 8th, Sample
A is 2nd in both seattering coefficients and relative brightness and
opacity. The scattering coefflciente of sample B ratq last out its
relative brightness and opacity rate 4th, shead of C and D.

The reason for the discrepancy betweem the rank of szmples in
scattering scoefficients and relative brightness and opacity is the
variance in sheet weights. Sample D had very low sheet weight, while
sample C had sheet weights that were higher thn the notmal., Also D
had much higher control values for opacity and brightmess, Therefore
pigment would make less comtribution. The scattering coefficients are
corrected for besis weight in'a different more basic fashion and

therefore should be more heavily relied on,




Al
Table 1V

Brightness, Opecity, and Scettering Coefficients

Corrected for % M™Mller in the Sheet

.gxigggge§§% Oggcitx*
gample side 1 side &

A 1.015 1,088 1,021
B 1.004 1.070 1,010
C 995 1,064 1,012
D 955 1.006 976

E 1.071 1.114 1.078
F 1,088 1.14 1.110

Scattering Coefficients
side L 4

R85
2,40
2,711
2,69
4,00

4,12

* all values are relative, corrected so that comtrolzl,00

side 4

4,09
3.48
3,81
3.7
3,42
4,98
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After analyzing the data it is obvious that a more uniform filler
distribution gave the best optical properties.

In explaining this, one must remember that decrease in particle
size or an increase in number of particles gives better scattering
power and thus better brightness and opacity.

The size of particles of filler could have decreased and the number
of particles could have increased by the fact that the particles were
spread throughout a larger area rather than in agglomerates which would
have to form in the smaller area.

Also scattering occurs not only through half or three-quarters of the
sheet as in samples A,B, C and D, but throughout the entire sheet. This
gives more scattering boundaries and thus a greater scattering power.

Opacity can also be increased by a difference in refractive indices
of the two substances. When the filler is distributed throughout a larger
area, as is likely the case in a more uniform filler distribution, more

filler-cellulose or filler-air interfaces may exist causing increased opacity.
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SUIL AwD CONCLUSIONS

Fram this work it seems that a more uniform iller
ddstrivutian gives the best optical properties. The more uniform
distribution gives greater scattering among the filler particles
and thus nigher brightness and opacity values,

I think it could prove highly beneficial to continue this
study, A filler distribution with the filler concentrated on the
felt side should be studied., Also, filler retention with.retention

alds as it affeects the filler distribution could be studied,
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Appendix A

f_fi

100 ml*

85 ml

75 ml

add

distance from top of
e d w i

2 inches
6,25 inches
9 inches
12 inches
14.5 inches

2 inches
9 inghes
14.5 inches

dd
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