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A COMPARATIVE STUDY OF PAPER FILLERS

By Merle B. Shaw and George W. Bickii

ABSTRACT

Fillers, as the term is used in the paper industry, are finely divided substances

added to paper to fill up the spaces between the fibers composing the sheet and
to give certain physical characteristics (opacity, body, finish) to the paper pro-

duced. Commercial paper fillers, including asbestine, talc, clay, crown filler,

and gypsum, were studied to determine their comparative paper-making values.

The tests were made in the semicommercial paper mill of the bureau. The per-

centage of filler added was varied, the amount being 10 and 20 per cent, by

weight, of the beater furnish. The paper produced was tested for weight,

strength, color, opacity, finish, degree sized, and filler retention.

Asbestine, talc, and clay were found to have similar paper-making properties.

Crown filler and gypsum, being soluble in water, yielded somewhat different re-

sults from the other insoluble fillers.

Retention was considerably less for the soluble materials, and, in general, the

differences noted in the characteristics of the papers were due chiefly to the dif-

ference in the amount of filler retained. One of the clays and one of the gypsum
samples were low in brightness, however, and the papers containing these ma-
terials were correspondingly dull. Paper containing the other gypsum and clay

samples compared favorably in this respect with that containing the other fill-

ers. The sizing process and the other paper-making operations were not ad-

versely affected by any of the fillers employed

CONTENTS
Page

I. Introduction 734

II. General characteristics of paper fillers 734

III. Description of materials used 735

1. Pulps 735

2. Fillers 735

(a) General description and source 735

(6) Chemical analyses 736

(c) Grit determinations 736

(d) Color measurements 737

IV. Paper-making equipment used 739

V. Description of methods used 740

1. Addingfiller 740

2. Machine observations and sampling 740

3. Determining percentage of ash due to filler 740

4. Determining retention 740

VI. Tabulation and discussion of test results 741

1. Solid material in paper and machine water samples 742

2. Filler content of samples 742

3. Measurements on finished paper 743

VII. Summary and conclusions 746

VIII. Bibliography 747

733



734 Technologic Papers of the Bureau of Standards [voi.w

I. INTRODUCTION

Fillers, as the term is used in the paper industry, are finely divided

substances added to paper to fill up the spaces between the fibers

composing the sheet. The fibers composing paper lie in a tangled

mat separated by relatively large spaces. If a smooth, compact
surface is desired, the interstices need to be filled. A good filler has
sufficient range of particle sizes to fill the voids, and at the same time

it gives the sheet certain physical characteristics (opacity, body,

finish) especially desirable in some grades of paper. Fillers have
come to be regarded as a necessary constituent of some papers, par-

ticularly book, for improvement of printing quality.

A comparison of American and foreign clays as paper fillers has

previously been published.1 Similar work on other fillers has re-

cently been completed, and the data obtained are presented in this

paper. The reader is referred to the earlier publication for the

data on comparison of clays and for various details of test procedure

common to both investigations.

II. GENERAL CHARACTERISTICS OF PAPER FILLERS

The fundamental characteristics of paper fillers are good white

color; low content of grit, mica, and other impurities; low solubility in

water; freedom from chemical action with alum or effect on sizing;

uniform quality; gradation of particles; and low cost.

The fillers used in this investigation were asbestine, talc, clay,

crown filler, and gypsum.
Asbestine (or agalite) is a fibrous variety of talc, so called because

of its close mineralogical similarity to asbestos. Its largest use is in

the paper industry.

Talc is a hydrated magnesium silicate whose most striking charac-

teristics are extreme softness, pearly luster, and soapy feel. It is of

silvery white, gray, or pale green color, is free from excessive grit,

and is very resistant to acids and solutions of alkali. It occurs in

veins and surface outcroppings and in the United States is found

chiefly in a belt in the Appalachian mountains, from Canada to

Alabama. The use to which it is put varies according to its purity

and physical characteristics. The largest uses are in powdered form

as toilet powders, adulterants, and fillers.

Clays differ greatly in both mineral and chemical composition, but

all are alumina silicates with varying quantities of other minerals.

They are natural substances derived from the weathering and disin-

tegration of rocks and minerals and are found in all parts of the world

as residual beds or transported deposits. The peculiar properties

i B. S. Tech. Paper No. 262.
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common to all clays are plasticity when wet and coherence when dry.

Clays are the most used paper fillers.

Crown filler is an artificially prepared calcium, sulphate (also called

sulphate of lime and artificial gypsum). When properly prepared, it

is white, free from grit and dirt, and uniform in quality.

Gypsum is a natural calcium sulphate characterized by softness

and a snowy white color when pure. It is a sedimentary deposit

occurring (frequently in beds of considerable thickness) in many
parts of the United States as well as other parts of the world. It is

found in veins by itself or in association with other minerals. After

being pulverized either the raw or the calcined product may be used

as a filler.

III. DESCRIPTION OF MATERIALS USED

1. PULPS

Equal parts of sulphite and soda pulps were used for the paper-

making tests.

2. FILLERS

Preliminary tests were made on 24 commercial paper fillers. The
fillers were compared as to chemical analysis, color, feel, and cost and,

considering these properties, 8 representative samples were selected

for the paper-making tests.

(a) General Description and Source.—The source of each

filler selected and the description given were as follows

:

Asbestine.—Mined in New York. "* * * is extensively used

as filler in paper, such as, book, writings, envelope, bristols, posters,

blotting, insulating, roofing, building, box board, etc., in which is

secured an even, opaque sheet."

Talc.—Mined in New York.

Clay No. 1.—Mined in South Carolina. (This clay is the No. 4

used in " Comparison of American and foreign clays as paper fillers." 2

Clay No. 2.—Mined in Vermont. Graded as a "No. 3" clay by
company supplying.

Clay No. 3.—Mined in Georgia. "This clay is subjected to a re-

fined washing process. * * *."

Crown filer.
—"* * * freedom from grit, dirt, and other

impurities make crown filler the highest grade of filler available

* * *

"

Gypsum No. 1.—Mined in Oklahoma. " This material is a dead-

burned gypsum that has practically all of the water of crystallization

removed and will set only very slowly."

Gypsum No. 2.—Mined in Ontario, Canada. This is very finely

ground gypsum. Mechanical analyses made at the bureau show 79

' B. S. Tech. Paper No. 262.
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per cent of this sample to be particles whose average diameter is 0.01

mm or less and 92 per cent 0.02 mm or less. For gypsum No. 1

the corresponding fineness was 21 per cent and 64 per cent, respec-

tively. 3

Asbestine, talc, clay No. 1, clay No. 2, and gypsum No. 1 were
approximately the same price. The comparative price of each of the

other fillers was: Gypsum No. 2, one-third more; clay No. 3, one-

half as much; and crown filler, more than twice as much.

(&) Chemical Analyses.—The following analyses show the chem-
ical composition of the 8 fillers selected:

Table 1.

—

Chemical analyses of fillers

Constituents
Asbes-
tine

Talc
Clay
No. 1

Clay
No. 2

Clay
No. 3

Crown
filler

Gyp-
sum
No. 1

Gyp-
sum
No. 2

Silica (SiOj)
Iron oxide (Fej03)
Alumina (jAhOs)-
Calcium oxide (CaO)
Magnesium oxide (MgO)
Alkalies as sodium oxide (NajO)

.

Sulphur trioxide (SO3)
Carbon dioxide (CO2) ...

Water (loss on ignition)

COj calculated to CaC0 3

Acidity as hydrochloric acid.

Per cent

63.00
.15
.59

4.19
28.26

Trace.

Trace.
.28
3.87
.63

Per cent

55.50
.10
1.32
6.20

32.00
Trace.

Trace.
.56
4.59
1.27

Per cent

45.70
.40

40.49
Trace.

.10

.36

Trace.
None.
13.04

Per cent

51.58
1.10

34.10
Trace.

.34

.18

Trace.
.07

11.89
.17

Per cent
43.04
.70

42.00
Trace.

.08

.15

Trace.
None.
13.45

Per cent

0.11
Trace.

.08
32.01

Trace.

Per cent

0.32
Trace.

.05
40.99
.10

Per cent
0.37
.02
.11

32.62
.15

45.76
.13

1 22. 09
.29

Trace.

58.48
None.
1.O6

45.54
.70

1 19. 40
1.59

1 Determined at 225° C. By strong ignition, calcium sulphate loses SO3.

(c) Grit Determinations.—Table 2 gives the grit content of the

fillers and Figure 1 shows diagrammatically a cross sectional view

of the apparatus used in the determinations.

A No. 200 sieve, 3 inches in diameter and Y% inches high, was used

for screening the fillers. The sieve rested on a 10-mesh screen which

was suspended by hooks from the edge of a water container and so

adjusted that the height of water in the sieve was 1 inch.

A 100 g, bone-dry, sample of filler (sometimes 50 g, the amount
depending on the ease with which the material screened) was made
into a slip by mixing with water and allowed to stand several hours,

being agitated at intervals to insure "wetting" of all the particles.

It was then poured slowly into the sieve, filled with water, as shown
in the diagram. Meanwhile a gentle stream of water was also being

run into the sieve. The downward flow of the water carried the fine

particles of filler through the wire cloth and over the edge of the

dish. Water was added until that overflowing from the receptacle

was as clear as that entering the sieve. By this method there was no

forcing or brushing of the particles, and the results obtained were

very satisfactory.

3 The Pearson air separator, developed by J. C Pearson and F. A. Hitchcock, Bureau of Standards, was
used in making these determinations.
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The percentage of the material that remained in the sieve was de-

termined after drying and weighing. For some of the fillers not all

of the residue was grit, however. Asbestine and talc left considerable

fiber after separation, and the principal constituent of the residue for

gypsum No. 1 was gypsum particles, not sufficiently crushed to pass

200 Mesh Sieve

Wire screen
support for sieve-

Container for

—Water

Fig. 1.

—

Apparatus used in determining grit content of fillers

through the sieve cloth. The grit content of this sample was probably

no higher than that for gypsum No. 2.

Table 2.-

—

Grit content of fillers

Kind of filler

Asbestine..
Talc.
Clay No. 1-

Clay No. 2.

Grit

Per cent
i 0. 190
1.148
.085
.810

Kind of filler

Clay No. 3

Crown filler

Gypsum No. 1.

Gypsum No. 2.

Grit

Per cent
0.033
.002

2.893
.008

1 Not all grit, part fiber. ' Mostly coarse particles of gypsum. (See text.)

id) Color Measurements.—The color, or degree of whiteness,

of fillers is important in their selection, especially for use in high-

grade papers. The usual method of comparing materials for color

is to place them side by side and to grade them by the eye, but by
this method it is impossible to show the variations quantitatively.

Therefore, the color characteristics of the fillers in this investigation

and of the papers containing them were determined by measure-

ments made with a Pfund colorimeter, 4 modified as found necessary

' Pfund, A. H., "A new colorimeter for white pigments and some results obtained by its use," Amer.
Soc. for Test. Materials, June, 1920; also, B. S. Tech. Paper No. 244, A Measure of the Color Characteristics

of White Papers, by R. E. Lofton.
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for materials of this nature. This instrument by means of multiple

reflections enables measurements of very slight variations in color

to be accurately made and numerical values assigned. The measure-

ments on fillers were made on the dry material, since the color of

Green Red

-Color characteristics of fillers

filler when wet is usually different from the color when dry. A
sample of chemically pure magnesium oxide was included with the

fillers for comparison. The measurements obtained are given in

Table 3 and shown graphically in Figure 2.

Table 3.

—

Color measurements of fillers 1

Sample

Brightness value
Total
bright-
ness

Brightness

Blue Green Bed Blue Green Red

Magnesium oxide 2 0.900
.862
.861
.813
.706

.804

.934

.883

.784

0.924
.901
.908
.890
.750

.880

.966

.923

.818

0.946
.924
.927
.941
.801

.934

.986

.966

.844

2.770
2.687
2.696
2.644
2.257

2.618
2.886
2.772
2.446

Per cent
32.5
32.1
31.9
30.8
31.3

30.7
32.3
31.8
32.1

Per cent
33.3
33.5
33.7
33.6
33.2

33.6
33.4
33.3
33.4

Per cent
34.2

Asbestine __ 34.4
Talc 34.4
Clay No. 1 35.6
Clay No. 2_. 35.5

Clay No. 3 35.7
Crown filler 34.3
Gypsum No. 1 34.9
Gypsum No. "> 34.5

1 Measurements made by R. E. Lofton, Bureau of Standards.
2 Magnesium oxide was included for comparison.

The color characteristics were determined in terms of the relative

brightness of the three primary components—blue, green, and red.

If the sample being tested were truly color neutral, "white" or gray,
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the brightness values for these three colors would be the same (that

is, the samples would reflect nonselectively) and the color curve

would be a straight, horizontal line. If the sample shows a slight

hue (reflects selectively), the brightness values differ for the com-

ponent colors. All "whites" seem to depart noticeably from true

white. Figure 2 shows all the filler samples to be deficient in blue;

that is, yellowish.

The curves of Figure 3 show more readily the color comparison of

the fillers. The reading for blue was taken as the zero in each case.

The curve of color characteristics for a true white or a true gray

would be a horizontal straight line, nonselective reflection, but the

curve for white would be higher on the vertical scale; that is, white

.15

o
<Q0

c

CD

>
O
-a .os
s

a

^CI«yNo.3
-*—Cloy No. 1

^- Clay Mo. X
^Gypsum No. 1

-*-7alc

^-Asbestine
-e-Gypsorr>No. Z
-«-Crown Filler

"""-Magnesium Oxide

Blue

Fig. 3.

Green Red

-Color comparison of fillers

would be higher in brightness. The position of the curves in Figure

2 shows the relative brightness of the fillers. (The brightness

differences are very nearly in the same proportion as the values for

green shown in the curves.) These curves show gypsum No. 2 and
clay No. 2 to be very low in brightness, "dead," although their

color was fairly good.

IV. PAPER-MAKING EQUIPMENT USED
The paper section of the Bureau of Standards is equipped for

making paper in a semicommercial way and under practical mill

conditions. The experimental paper-making equipment employed
for the work on fillers consisted of a 50-pound wood tub beater with

manganese-bronze bars and plate; a small Jordan with iron bars; a

4-plate screen; and a 29-inch Fourdrinier machine with wire 33 feet

long and having two presses, nine 15-inch dryers, a small machine
stack of seven rolls, and a reel. 5 For part of the work a super-

calendar was also used.

« Photographs of the above equipment are shown and the papor-making process describod in B. S. Tech.

Paper No. 202, pp. 340-341.

61643°—25 2
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V. DESCRIPTION OF METHODS USED

1. ADDING FILLER

The clay filler was made into a slip and added to the beater when
furnishing; the other fillers were added dry with the furnish. Clays,

being rarely free from foreign ingredients, are in commercial practice

mixed with water and screened to remove dirt and impurities.

Various methods of preparing and adding the clay slip were tried in

preliminary runs, 6 but the method that proved most satisfactory,

and therefore adopted, was adding the slip to the beater when
furnishing, following later with the size, and adding the alum when
the beating was near completion. (The size and alum were added

similarly for the other fillers.)

2. MACHINE OBSERVATIONS AND SAMPLING

Since the methods employed in handling the machine and making
observations were essentially the same as those previously described, 6

it is unnecessary to repeat here the general procedure followed.

Eeference should be made to the earlier report for this information

and for method of sampling.

Samples for filler retention data were taken at the stuff box, head

box, after couch roll, and at the reel.

3. DETERMINING PERCENTAGE OF ASH DUE TO FILLER

The percentage of filler in the paper was determined as in the

previous investigation. 6 The steps involved reduce to the following

formula

:

A —B
Per cent of filler in paper = -. _ p

in which

A = per cent of ash in bone-dry paper with filler,

B = per cent of ash in bone-dry paper without filler,

(7= loss in weight of filler on ignition, expressed as fractional part

of total weight.

4. DETERMINING RETENTION

The percentage of retention is considered as that proportion of

the filler added to the beater furnish which appears in the finished

paper. The different methods used in different laboratories for

computing retention account in some degree for the varying results

obtained and reported. In this investigation, for all fillers except

« B. S. Tech. Paper No. 262, pp. 340-343 and 369-378
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crown filler and the gypsums, retention was determined by the

formula 7

_
± . 0.94 5 (100- G- A)

Retention= A{100 - C-B)
in which

A = per cent of ash in bone-dry stock going to machine,

j5 = per cent of ash in bone-dry paper at reel,

G= per cent of bone-dry filler lost on ignition.

The high degree of solubility of crown filler and the gypsums
prevented the use of the formula for these fillers. For these, reten-

tion was computed by determining the percentage of filler in the

paper, taking this per cent of the weight of paper made, and dividing

the product by the weight of filler added to the furnish. Determi-

nations made previously on numerous machine runs using clay as

filler established the agreement of results obtained by this method
with those determined by the formula, but the formula being more
easily applied was used herein when applicable.

The formula should be used with discretion. Before being adopted

for general use in a mill any retention formula should be tested to

determine whether it is suited to the particular conditions with

which that mill has to deal. Many factors other than filler influence

retention, but it is impossible to estimate their effects except in a

general way. Some of the conditions which affect the retention of

fillers are : The kind of stock used ; the extent of its beating (hydration)

;

consistency of pulp and the amount of filler added; weight of paper

made and speed of machine; the pull on the suction boxes, or any
mechanical attachment to the machine which quickly removes water

from the pulp; chemicals used, such as starch, sodium silicate, or

viscose materials; and use of save-alls.

In the work of this investigation the beating, jordaning, and

machine runs were controlled very carefully, the only changes made
being the kind and percentage of filler added.

VI. TABULATION AND DISCUSSION OF TEST RESULTS

Paper-machine runs were made on stock both with and without

filler. The kind and percentage of filler added was varied, the

amounts being 10 and 20 per cent, by weight, of the beater furnish.

The data given in the following tables are in each case the average of

two or more runs.

7 The authors are indebted to Edwin Sutermeistor, of the S. D. Warren Co., Cumberland Mills, Me., for

this formula, which is the one used in all the retention determinations in the earlier investigation on clays

(B. S. Tech. Paper No. 262, p. 344)

.
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1. SOLID MATERIAL IN PAPER AND MACHINE WATER SAMPLES

Uniformity in the test procedure of the various machine runs is

shown by the paper samples of Table 4. The concentration of

stock at a given machine position differed little with kind of filler

used. The machine waters, however, vary considerably. Rela-

tively small amounts of solid material were removed by filtering the

waters when crown filler and gypsum were employed but very much
larger amounts remained in the filtrate. Crown filler and gypsum
have, therefore, a high degree of solubility. The solid content of

the filtrate when using the other fillers was practically all alum and

size.

Table 4.

—

Solid material in samples

TESTS WITH 10 PER CENT FILLER IN FURNISH

Kind of filler

Stock without filler-

Asbestine.-.
Talc
Clay No. 1

Clay No. 2

Clay No. 3
Crown filler

Gypsum No. 1_

Gypsum No. 2_

In paper stock In water samples

Beater
Stuff
box

Head
box

After
couch
roll

Reel
White
water
No. 1

Wire
water

Suc-
tion
water

Lbs. per Lis. per Lbs. ver
Per Per Per Per Per 1,000 1,000 1,000
cent cent cent cent cent gals. gals. gals.

4.15 2.65 0.536 22.00 95.80 1.46 1.74 1.66
4.55 3.00 .530 22.79 96.43 4.15 3.47 6.04
4.62 3.00 .581 22.70 96.25 4.91 3.58 6.15
4.86 2.92 .656 22.49 96.96 5.97 4.78 7.93
4.76 3.12 .658 23.52 96.71 5.04 4.04 7.15

4.71 3.04 .636 23.57 96.76 5.16 3.76 7.71
4.66 2.85 .581 22.35 95.86 2.06 1.55 2.61
4.45 2.87 .544 23.13 95.95 1.74 1.62 2.15
4.52 2.79 .535 22.85 96. 14 1.87 1.70 1.68

In white water
No. 1 filtrate

Parts
per

million
351.4
344.2
350.2
348.8
357.9

355.8
1, 925. 2

1, 541.

1

1, 804. 5

Grains
per

gallon
20.5
20.0
20.4
20.3
20.8

20.7
112.1
89.8
105.3

TESTS WITH 20 PER CENT FILLER IN FURNISH

Asbestine.

.

Talc
Clay No. 1.

Clay No. 2.

Clay No. 3
Crown filler

Gypsum No. 1.

Gypsum No. 2.

5.25 3.37 0.648 23.16 97.01 7.27 6.94 9.82 347.9
5.25 3.37 .692 23.16 96.26 7.27 6.72 9.96 424.7
5.34 3.45 .720 23.65 96.82 10.52 8.15 15.80 341. 4
5.30 3.33 .701 24.33 96.93 9.47 6.99 13.75 415.1

5.27 3.42 .753 24.27 97.07 9.30 7.10 12.62 378.6
5.07 3.21 .635 22.54 94.91 3.14 4.61 2.32 2, 308. 7

5.07 3.13 .681 24.31 96.71 4.85 6.07 4.08 2, 036. 2

5.17 3.24 .648 24.48 95.73 4.25 6.19 2.17 2, 491. 2

20.2
24.7
19.9
24.2

22.0
134.6
118.6
145.1

2. FILLER CONTENT OF SAMPLES

In Table 5 are given the amounts of filler in the suspended material

of the various samples and the retention value for each. In every

case the amount of filler in the paper samples is less for crown filler

and gypsums (the soluble materials) . The retention values for these

substances are, therefore, low.

The stock in the machine waters, as shown in the last three columns
of Table 5, contained very small amounts of crown filler or gypsum
when 10 per cent was added to the beater furnish, but the increase

in amount was much greater proportionally when 20 per cent was
added. The water had then become more nearly saturated with the
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soluble filler. If still larger amounts of filler were added, or if machine

water were used instead of fresh water in furnishing the beater, the

retention in the finished paper would differ little with the kind of

filler added.

The difference noted in the filler content of the machine water for

the two gypsum samples in the 10 per cent runs was doubtless

due to the difference in fineness of the particles. (See Section

III, 2 (a).)

Table 5.

—

Filler in suspended material of samples

TESTS WITH 10 PER CENT FILLER IN FURNISH

Kind of filler
Reten-
tion

In paper stock

Beater
Stuff
box

Head
box

After
couch
roll

Reel

In water samples

White
water
No. 1

Wire
water

Suction
water

Asbestine-
Talc
Clay No. 1.

Clay No. 2.

Clay No. 3
Crown filler

Gypsum No. 1.

Gypsum No. 2.

0.736
.759
.694
.728

.744

.085

.235

.085

Pact.
9.78
9.81
9.67
9.80

10.00
6.20
6.48
5.85

Per ct.

9.66
10.09
9.67
9.71

3.22
4.05
3.05

Per ct.

13.58
13.77
12.65
12.70

12.95
2.03
6.32
2.16

Per ct.

7.50
8.30
7.32
7.73

8.06
1.22
2.79
1.39

Perct.
7.44
8.17
7.14
7.54

7.83
.98

2.65

Per ct.

65.07
53.45
57.45
62.65

61.80
.92

26.17
3.79

Per ct.

65.57
65.00
56.70
59.25

57.95
2.16

37.25
6.60

Per ct.

65.87
55.60
61.55
64.50

66.10
1.10

20.10
4.22

TESTS WITH 20 PER CENT FILLER IN FURNISH

Asbestine.,.
Talc
Clay No. 1.

Clay No. 2.

ClayNo.3
Crown filler

Gypsum No. 1_

Gypsum No. 2.

0.718 19.47 19.50 24.52 15.72 15.47 69.25 68.05
.730 20.11 20.02 24. 10 16.14 16.15 70.15 69.25
.665 19.30 19.35 24.20 14.63 14.37 72.90 68.70
.666 19.75 19.87 24.50 14.71 14.42 70.55 72.10

.731 19.82 19.78 24.10 16.02 15.95 74.80 71.40

.403 16.47 13.84 16.41 10.25 9.57 39.50 67.56

.365 16.65 13.85 18.12 8.77 8.62 68.75 68.80

.376 15.45 13.95 18.30 9.21 8.66 59.40 69.90

72.10
70.15
73.20
74.20

77.00
.20

36.40
22.23

3. MEASUREMENTS ON FINISHED PAPER

The data obtained on the finished paper are given in Table 6.

Weights are included in terms of a ream containing 500 sheets, 25

by 40 inches and 25 by 38 inches, respectively.

The measurements show, in general, greater strength and better

sizing for the paper containing the soluble fillers than for that con-

taining asbestine, talc, or clay. The values for the former differ

less from the corresponding values for paper without filler. The 20

per cent runs for crown filler and the gypsums and the 10 per cent

runs for asbestine, talc, and clay permit comparison of paper con-

taining more nearly equal amounts of filler. (See "Ash" values.)

Such comparison indicates that the difference in strength and sizing

noted above is attributable to difference in amount, not kind, of

filler in the paper.
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All fillers have an effect on the sizing qualities of paper, and their

influence becomes more noticeable as the amount added increases.

Sizing is a surface phenomenon. When paper is sized, the surface

of the fibers and filler composing the sheet becomes coated with the

sizing agent. With the addition of filler the increase in surface area

is much greater than the increase in weight. Therefore, since the

amount of size added is determined on a weight basis, paper without
filler has better sizing quality. Freedom from chemical reaction with

the sizing agent is a requirement of good fillers, as such property

reduces the decrease in sizing quality that occurs when filler is added.

As shown in Table 6, sizing was not affected by any of the fillers of

this investigation.

Finish is improved and opacity is increased when filler is added.

Finish as reported in Table 6 did not vary with kind of filler, but
opacity is less for the soluble materials (smaller amounts being

retained in the finished paper)

.

The color observations show the dominant hue to be practically

the same for all papers but the brightness to be relatively low for

clay No. 2 and gypsum No. 2. The comparatively small amounts
of filler in the finished papers are, in general, not sufficient to produce
variations attributable to the color characteristics of the filler material.

Any outstanding differences in the color of the fillers are, however,

also noted in the papers. The relatively low brightness for clay

No. 2 and gypsum No. 2 (p. 738) was observed also for the papers

containing these materials.
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Sheets from the paper made were supercalendered and subse-

quently measured for finish, opacity, and thickness. The values

obtained are compared in Table 7 with similar measurements made
after leaving the paper-making machine. The reported values are

each for one sample only, but are included as being of general interest.

Table 7.

—

Effect of supercalendering on paper

TESTS WITH 10 PER CENT FILLER IN FURNISH

Kind of filler

Stock without filler.

Asbestine
Tale
ClayNo.l
Clay No. 2 _..

Clay No. 3

Crown filler

Gypsum No. 1.

Gypsum No. 2.

Finish

Before
super-
calen-
dering

Per cent
28.0
28.7
33.0
29.2
31.9

30.0
28.6
30.3
28.2

After
super-
calen-
dering

Per cent
51.5
55.5
55.5
58.5
54.5

56.5
55.8
53.0
55.0

In-
crease

Per cent
84.0
91.5
68.0
100.0
71.0

88.0
95.0
75.0
95.0

Opacity

Before
super-
calen-
dering

0. 8746
.9148
.9120
.9358
.9201

.9244

.8895

.9116

.8916

After
super-
calen-
dering

0. 8872

.8958

.8947

.8913

.8921

.8700

.8942

De-
crease

-1.44
3.50
3.20
4.27
2.76

3.50
-.18
4.56
-.29

Thickness

Before
super-
calen-
dering

Inch
0. 0037
.0035
.0034
.0035
.0034

.0033

.0031

.0032

.0033

After
super-
calen-
dering

Inch
0. 0030
.0028
.0029
.0029
.0030

.0025

.0031

.0029

.0030

De-
crease

Per cent
18.9
20.0
14.7
17.1
11.8

24.2
.0
9.4
9.1

TESTS WITH 20 PER CENT FILLER IN FURNISH

Asbestine...
Tale
Clay No. 1.
ClayNo.2.

Clay No. 3
Crown filler

Gypsum No. 1.

Gypsum No. 2..

27.1
31.5
29.7
30.0

59.4
58.0
56.5
59.0

119.0
84.0
90.0
96.5

0. 9180
.9031
.9374
.9222

0. 8854
.8942
.9190
.9239

3.55
.98
1.96
-.18

0. 0031
.0032
.0034
.0031

0. 0029
.0027
.0028
.0026

32.0
27.0
30.5
31.9

59.0
53.0
54.0
55.5

84.5
96.5
77.0
74.0

.9298

.9148

.9212

.9174

.8942

.8833

.8761

.9244

3.83
3.45
4.90
-.76

.0032

.0032

.0034

.0033

.0025

.0029

.0028

.0027

6.4
15.6
17.6
16.1

21.8
9.4
17.6
18.2

VII. SUMMARY AND CONCLUSIONS

The kind of filler material best suited for use in paper depends
considerably on the use for which the paper is designed. Various

fillers are employed for general use, however, but there is a lack of

definite data as to their comparative paper-making value. To
obtain such data the investigation herein reported was made.
The conclusions are based on results obtained on 8 commercial

fillers—asbestine, talc, three clays, crown filler, and two gypsums.
Papers were made from furnish containing 10 and 20 per cent of

filler, respectively. The work was conducted under practical mill

conditions and on a semicommercial scale. The study included

amount of filler retained, quality of paper produced, and those

properties of the filler (grit, etc.) that might affect the paper-making
operations. From a comparison of all these data and considering

the essential requirements of a good filler for paper, the following

general conclusions are drawn:
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1. Relative cost can not be taken as a criterion of the general

paper-making value of fillers. The cheapest clay was as good as the

one costing twice as much, and crown filler was no better than

gypsum.
2. Asbestine and talc have approximately the same paper-making

properties and are in this respect comparable to the better clays.

Crown filler and gypsum, being soluble in water, differ in amount of

retention from the other fillers, all of which are practically insoluble.

3. Crown filler and gypsum have relatively low retentive qualities

when the usual machine water system is employed and the fillers

are added in the usual amounts.

4. The comparatively small amounts of filler in finished paper

are not sufficient to produce variations attributable to the color

characteristics of the fillers employed, unless pronounced differences

in color are evident in the filling materials. Only fillers of good
color were included in the investigation.

5. The sizing process and other paper-making operations were
not adversely affected by any of the materials.

6. The differences in opacity, finish, strength, and degree of

sizing were due chiefly to the difference in retention of the fillers.
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