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FURTHER STUDY OF PAPER-COATING MINERALS AND
ADHESIVES

By Merle B. Shaw, George W. Bicking, and Martin J. O'Lcary

ABSTRACT

Owing to the interest manifested among manufacturers in the investigation
on Use of Glue in Coated Paper, Technologic Paper No. 323, other coating
materials have recently been studied to keep the public informed of new develop-
ments in raw materials and promote the use of domestic resources. Four dif-
ferent clays, 2 foreign and 2 domestic, and 1 commercial compound of diatoma-
ceous earth were the minerals employed. The domestic days were from the e

mine, but had received different refining treatment. One had been washed
only; the other, chemically treated and washed. Three types of high-grade
commercial adhesives—casein, glue, and modified starches—were used. The
tests were confined to papers suitable for high-grade printing. The coating
procedure was similar to commercial practice.

Present methods of refining American clay have improved its color, fineness,
and suspension quality. The American clay that had been chemically treated
and washed compared favorably in the tests with the foreign clays as paper-
coating mineral. The coatings showed about the same differences in color as
the clays themselves. The clay coatings were well bound to the fiber sheet and
were of very good printing quality. The coating with the diatomaceous earth
compound did not adhere well to the base paper.

It is doubtful whether the modified starches had quite as strong adhesive
quality as the casein or glue, but all coatings containing 18 parts of starch per
100 parts of clay were well bound to the body papers. Graded as to their clay
suspending property the adhesives were in the following descending order

—

starch, casein, and glue. There appeared to be no appreciable difference in the

adhesives so far as their effect on the color of the coatings was concerned. When
the coated papers were printed by the half-tone process equally good results

were obtained with the three different adhesives, although the starch-bound
coatings may possibly have absorbed somewhat more ink.

The publication includes chemical analyses, color measurements, and settling

data for the minerals used, description of the coating procedure, and various

measurements on the finished coated papers.
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I. INTRODUCTION AND RESUME OF PREVIOUS WORK

The characteristic feature of mineral-coated papers is a thin layer

of mineral matter and adhesive applied to the surface of the fiber

sheet. The function of the mineral matter is to fill in the irregu-

larities of the surface of the sheet to form a smoother and more even

surface than that obtained by the other paper-manufacturing proc-

esses, while the adhesive is added to bind the particles of mineral

matter together and to the body of the paper. There are many
grades and uses of coated papers, and the coating materials employed

are chosen according to the use for which the papers are intended.

The tests described in the following pages, however, have been con-

fined to papers for high-grade printing and
^
lithographic purposes,

for which a very even, semiabsorbent surface is required.

An investigation was previously made at the bureau to obtain

data on the use of glue as adhesive in such types of coated paper.

The work is fully described in Bureau of Standards Technologic

Paper No. 323/ published in 1926. Consideration was given to the

factors which materially influence the quality and price of the glue,

and the printing quality of glue-bound coated papers. Eight dif-

ferent glues were used, with clays, satin white, and blanc fixe as the

coating minerals.

Owing to the interest manifested by manufacturers in the previous
work, other paper-coating materials have recently been studied to

keep the public informed of new developments in raw materials and
promote the use of domestic resources, which would become very
important in the event of any disturbance limiting the supplies of

foreign origin. The present paper describes these later tests, which
are a continuation of the earlier work.

II. MATERIALS USED IN THE INVESTIGATION

1. PAPER

The base paper or body stock used for the coating tests was com-
posed chiefly of sulphite pulp with some waste paper from experi-
tnentaJ paper runs, and was medium rosin sized. The weight of the
stock was approximately 54 pounds (500 sheets 25 by 40 inches in
size). The paper was made on the Fourdrinier machine of the bureau's
experimental paper mill, and was similar in its properties to that
generally used in commercial coating mills.

The fibrous part of coated paper is sometimes regarded as a mere
carrier of the coating and for this reason is sometimes very poor
material. The quality of the body paper—its formation, cleanliness,
en lor, and surface characteristics—is, however, of considerable
importance. For good results in coating it is essential that the
paper be well closed and the surface smooth and even. If it is too
Boil awed the coating mixture permeates too deeplv and a poor
bond between mineral and paper results. If it is too hard sized the
< ''*Mlin - ™J Il()1 adhere well to the surface. Freedom from surface

rt, specks, rosin, or lime spots, and other imperfections which
may cause a loca l thinning or thickening of the coat is necessary to

.,'
I: :<,»>> George KHamill.V.H.Gottschalk, and George W. Bicking. Copies
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insure uniform distribution of the coating on the body stock. The
color of the base paper is a factor in the appearance of the coated
sheet. The more nearly it corresponds to the color of the coating,
the more satisfactory will be the results obtained.

2. COATING MATERIALS
(a) MINERALS

Four different coating clays—two foreign, two domestic—and a
commercial compound of domestic diatomaceous earth, 2 designated
herein as mineral No. 5, were the minerals employed. The foreign
clays were graded as No. 1 and medium. The two domestic clays
were from the same mine, but had received different refining treat-
ment. One, clay A, had been washed only; the other, B, had been
chemically treated, bleached, and washed. The following chemical
analyses, color measurements, and settling data (Tables 1 to 3) give
additional information on these materials.

Table 1.

—

Chemical analyses of coating minerals l

Constituents

Foreign clay Domestic clay

Mineral

No. 1 Medium A B
No. 5

Silica (Si02)

Per cent

46.7
.7

37.5
Trace.

.3

.4

12.4
2.71

Per cent

46.2
1.0

37.6
Trace.

.5

.3
12.5
2.75

Per cent

44.4
.4

39.8
Trace.

.5

.6

13.7
2.67

Per cent

44.3
.4

41.0
Trace.

.1

.4
14.0
2.70

Per cent
28.4

Iron oxide (Fe203).- . .4
.8

47.6
.7

Loss at 110° C (2 hours) --- 2.2
20.0

Specific gravity at 15.6° C 3 --- 2.63

1 Analyses made by chemistry division, Bureau of Standards.
2 Includes TiOj, P2O5, M113O4 if present.
3 Specific gravity determined by A.S.T.M. method D 153-27.

Clays consist of finely divided mineral matter, chiefly silica and

alumina, derived from rocks by disintegration. They may be

either residual or transported. The residual (or primary) clays are

those which remain overlying the rocks from which they have been

formed, and they are thus distinguished from transported (sedi-

mentary or secondary) clays, which have been carried from their

place of origin by eroding influences and redeposited. Because ot

the largeness of the deposits and their residual character, foreign

clays are in their natural state considered homogeneous, i he major-

ity of American clays are transported and, therefore, may con

more impurities. For this reason more attention in refining is needed

for the American clays, but by modern improved methods oi handling

and purification, the extraneous substances are reduced to a satis-

factory minimum, and the American clays now available are greatly

'Ts^wn in the chemical analyses of Table 1 the domestic clays

tested were similar to the foreign clays in composition. Mineral JNo

5 had a very high lime content. The low moisture content of the

.Fine powder obtained from the adulated depodg ofJ^SSS* unice,lular *"
remarkable for their silicified cell walls, which persist after the death of the organism.
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clays, "loss at 110° C," was doubtless due to the fact that they had
been kept in a dry place for a considerable time before the tests.

Under "further loss on ignition " is given the loss chiefly of chemi-

cally combined water and organic matter.

The color or degree of whiteness is important in the selection of

minerals for use in high-grade papers. A Pfund colorimeter 3
, which

gives numerical values as a basis for comparison, was used to deter-

mine the color characteristics reported in Table 2 and shown graphi-

cally in Figure 1. Magnesium oxide was included with the samples
in order to give a value of white for comparative purposes.

Table 2.

—

Color measurements of coating minerals l

Brightness values

Blue
(wave
length
460 nut)

Green
(wave
length
550 mM)

Red
(wave
length
625 m/i)

0.871
.791
.750
.753
.807
.763

0.928
.850
.812
.838
.901
.834

0.937
Foreign clay No. 1 .870
Foreign clay medium... .834
Domestic clay A .876
Domestic clay B . ............ .... .922
Mineral No. 5 . . ... .. .869

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

The color characteristics are shown in terms of the relative bright-
ness of the three primary components—blue, green, and red. If the
sample being tested were truly color neutral, "white" or gray, it

would reflect nonselectively and the brightness values for the three
colors would be the same. The color curve would be a straight,

horizontal line, but since white has a higher brightness value than
gray the curve for white would be higher on the vertical scale. As
the color becomes more selective; that is, shows a tint or dominant
hue, the values for the reflection coefficient diverge.
As shown in Figure 1 the domestic clays are somewhat more defi-

cient in bhie (that is, are more yellowish) than the foreign clays, but
higher in brightness. The refining treatment given clay B improved
its color characteristics. If a small amount of blue dye were added
with the clay, it would doubtless be as good in color as the foreign
clays. Its color curve would then be more nearly horizontal, but
the brightness values would be somewhat lower.
The relative rates of settling from water suspensions are shown

For the different clays in Table 3 and Figure 2. Using a water-clay
ratio of 19.6 to 1, 200 ml of clay slip (clay content, 10 g) was placed
m a graduated glass cylinder and the volume of clear supernatant
uquid determined at various times. No electrolyte was added to
denocculate the clays.

r

I lie curves of Figure 2 afford a fairly accurate comparison of the
oneness <>i the clay particles. The washing and chemical treatment
« claj B apparently removed some of the coarse particles. It may

: Tr i M itrN
N
ju,u.

<

iT» (

' nU '' <r for W, " U> 1,igmeuts and Some Results Obtained by Its Use, Am.
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possibly also have developed some colloidal property which increased
the suspending quality of the clay. Whereas domestic clay \ settled
comparatively rapidly, the settling rate and final volume of wot clay
were practically the same for domestic clay B as for the foreign i •!

Fineness of grain and good suspension quality are essential to a free-
flowing coating slip that will spread well on the paper and have good
covering power. It is believed a clay of line particle size wi!! also!.!!,.'

a better finish.

t.OOr

'Moqoestum oxide

Domestic clayB

Domestic clayA
Foreign clay Ko.l

Mineral No.

5

Pbrejqn clay

medium

0.70-

(460 «/m)

Figure 1.-

Green Red
(550tnp) (625mf)

-Color characteristics of coating minerals

The water used for the slips had a pH value of 6.9, which is practi-

cally neutral. The pH of the clear liquid above the clay suspension a

was 7.1 for foreign clay No. 1, 6.7 for foreign clay medium, 5.5 for

domestic clay A, and 6.0 for domestic clay B; that is, the foreign clays

were nearly neutral, whereas the domestic clays were somewhat acid

in character. The corresponding value for the diatomaceous earth

compound was 8.4.
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Table 3.

—

Rate of settling of clay in water

/ , /, ,. • w 19.6\
( 200 ml of clay slip » 1q

=
~~i )

[Vol. C

Time
interval

Clear liquid above clay suspension

Foreign clay Domestic clay

No. 1 Medium A B

Hr.Min. ml ml ml ml

10 13 7 77 14

20 30 27 133 27

30 53 47 145 40

40 82 68 149 52

50 99 86 151 65

1 00 109 103 153 76

1 15 115 112 155 90
1 30 120 116 157 105

1 45 123 119 158 120

2 00 126 122 159 132

2 30 132 126 162 138

3 00 136 130 165 142

3 30 139 134 166 144

4 00 142 137 167 146

5 00 147 142 168 150
6 00 152 146 169 153
7 00 155 150 170 155

24 00 162 160 171 164

(b) ADHESIVES

Three types of adhesives were used in the coating work—casein,

glue, and modified, or chemically treated, starches. Three samples
of the modified starches, called "gums" by the manufacturer, were
employed and are designated herein as gums A, B, and C.

All of the adhesives employed were high-grade commercial products.
The glue was the same as the No. 4 adhesive used in the earlier work. 4

The coating gums were described by the manufacturer as follows:

These coating gums were made from cornstarch by chemical processes con-
sisting essentially of weak esterification at low temperature with relatively weak
organic acids, yielding products which tend toward slight acidic hydrolysis in
the course of drying of the films. During the course of manufacture the starches
were treated with soluble silicates, so that during the acidic hydrolysis the silicates
are converted into silica gel in situ, and there is produced during the drying of
the adhesive in contact with the clay coat, a combination of starch and silica gel.
The silica gel assists in the bonding of the starch and clay and renders the coat
somewhat more resistant to the leaching effects of water than is obtainable with
the ordinary types of soluble starches previously used for such purposes.

?

All of the adhesives possessed the qualities given in Technologic
Pa per No. 323 as desired in adhesives for coating purposes, namely:
Minimum of insoluble matter, such viscosity as to permit the use of ordinary

equipment at the desired dilution of the coating mixture and within the tempera-
ture range of working conditions, high adhesiveness, good clay-suspending power,
minimum of foam-causing impurities and grease.

III. EQUIPMENT USED
Lhe paper mill of the bureau is equipped for coating paper on a

semicommercial scale under practical mill conditions. The equipment
1 B. B, Tech. Piper No. 323, p. 647.
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employed consists of a 14-inch Waldron flat-bed brush coater with
festoon dryer and rewinder, mixing tanks with power-driven agitators
of the wooden-gate type, and a 5-roll supercalender.
The coating machine is the "single" coater typo, applying the

coating substance to but one side of the paper. It has 6 brushes, 2
rotating and 4 having a laterally reciprocating movement, to spread
and smooth the coating material. The brushes, the first of which
consists of comparatively coarse bristles and the last of fine, are
placed in the following order: One rotating which applies the coating
substance, one working across the surface of the paper with a recipro-
cating motion, another rotating, and three more reciprocating, the

lime - minutes

, . (W 19.6\
Figure 2.—Rate of settling of clay in water I -£=-y-

J

last having very fine badger bristles to eliminate any remaining marks

made by the coarser ones. The pressure of the brushes on the paper

can be adjusted so as to distribute the coating materials uniformly

and smoothly over the paper.
,

The festoon rack is 15 feet long and has a capacity of 28 loops,

each 6 feet in length. With the uptake rack and the rack from the

festoons to the reel, the capacity of the dryer is approximately 400

lineal feet. The dryer is inclosed in a cabinet equipped for air con-

ditioning and temperature control. The photograph of Figure 3,

however, was made before the cabinet was installed.

The mixing tanks used for preparing the coating mixtures aro

shown in Figure 4.
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The supercalender (fig. 5) is equipped to calender paper either in

the web or in sheets. The drive is such that the calender can be run

at almost any speed desired. The lever-weight arms are raised or

lowered hydraulically. The calender is supplied with 3 steel and 3

cotton rolls, so that the rolls can be alternated or the 3 cotton rolls

can be used together.

IV. COATING PROCEDURE

1. PREPARATION OF COATING MIXTURE

The clay used in the coating mixtures was soaked in water over-

night in order that it might become thoroughly wet before the slip

was prepared. The slip was agitated for approximately one hour,

after which the adhesive was added. The resultant coating mixture
was agitated until uniform, the time required being from one to two
hours.

The adhesive materials were added in solution. The casein and
glue formulas developed and adopted in the earlier work and the

formula recommended for the gums by the manufacturer were fol-

lowed in the tests on the respective materials.

The casein was soaked for one hour at room temperature in approx-
imately four times its weight of water and was occasionally stirred

meanwhile. Since casein is insoluble in water, it was brought into

solution by adding alkali solvents and heating the mixture to 130°

to 150° F. The solution was allowed to cool to room temperature
before it was added to the clay slip. Soda ash is probably the best
solvent, or cutting alkali, for casein, but small amounts of borax,
ammonia, and trisodium phosphate (alone or in combination) are
used by mills with very satisfactory results. Nearly every manu-
facturer has a formula of his own, largely determined by the miJPs
coating process and the requirements of its customers.
The glue was soaked in water overnight and subsequently warmed

to not more than 135° F. for solution. The solution was allowed
to cool to room temperature before it was added to the clay slip.

The gmns were mixed with water, heated at 185° to 190° F. until
the solution was amber in color, and, as recommended by the manu-
facturer, added while hot to the clay slip, which was at room temper-
ature.

After being screened through a No. 200 sieve the coating mixtures
were ready to be applied to the body paper. The small scale coating
equipment employed did not permit using the relatively high con-
eentration used with commercial equipment, therefore, the mixtures
wrere of lower concentration and the coatings obtained were conse-
quently of comparatively light weight.

2. COATING
The coating procedure was similar to the commercial practice used

"i applying a single coating to paper. A roll revolving in the pre-
pared coating mixl lire transferred the coating substance to a revolving
brush, which, m turn, applied it to the surface of the paper. By means
ol the series oi brushes pressing against the paper as it passed over
""• aat bed ol the machine, the mixture was immediately smoothed
, " 11 ana brought into good contact with the paper. After leavingw brushes the paper was hung in a series of festoons or loops and
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Figure 3.—Paper coating machine {without drying cabinet)

Paper shown festooned for drying.



B. S. Journal of Research, RP254

Figure 4.

—

Mixing vessels



Figure 5. —Supercalendt
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carried along on an overhead trackway through the drying trailer?
heated by hot air rising from near the floor,an<l then reeledup ready
for calendering. ' J

In order to sufficiently dry the coated paper in the short time
required for it to pass through the cabinet, it was necessary to shut
off the humidifying feature of the equipment. The moisl ure contenl
ol the paper entering the cabinet was approximately 35 ]n . cent and
the interval permitted for drying was about 10 minutes (for 400 feet

)

If the paper admitted had been low in moisture content or could have
been left longer to become dry and conditioned, the automatic humid-
ity control would have been used. The temperature of the drying
cabinet was from 110° to 120° F., but the paper was kept compart
tively cool by the rapid evaporation caused by the large volume of
warm air circulated from beneath.

3. CALENDERING

A combination of alternate steel and cotton rolls was used in cal-
endering the paper, which was passed through in the web. No
attempt was made to obtain a high glossy finish, the smoothness
imparted by light calendering being sufficient for high-grade printing
except for special cases.

V. TEST RESULTS

1. COATING OF PAPER
(a) MINERALS

The clays worked satisfactorily with the different adhesives. No
attempt was made, however, to determine the minimum amount of
each adhesive that could be used with them. The suspension
quality of the clays was good, the coating mixtures screened satis-

factorily, and the slips were spread without difficulty by the coating
machine. Nearly any finish desired could have been obtained in the
calendering but 70 per cent gloss 5 was the finish arbitrarily adopted.
The measurements on the coated papers are given in Table 4.

« The gloss of the finished papers was determined according to the Paper Testing Methods published by
the Technical Association of the Pulp and Paper Industry, 18 East Forty-first Street, New York, N. V.



1198 Bureau of Standards Journal of Research [Vol. 5

g

c 2

© >
~ CO
S co

J3 O

t3 >5 a

© c3 biO

0«

Jgtja

oo
P) CO

— t~ l> CO (30 OJ t^«5-*>0 r^Ot^CO NNSON CO t» CM 00 M OCO>0
UOCOTli^N O O CO O t^CNOJ'^' NHHOiN lO CO Cft ->^ T* •>*< rH ,H 00UOC9MON C0t^t>0 COM t> r^ t^ o £> t^-co«or~co co co t^ co

f- 00 00 (NO
or-- co t— r--
O0 00 00 00 00

«Tt<H00
t-- r~ oo t--

00 00 00 00

OHMOOOW

O O O O C

o

cecoON coodooco2£ eor-<N-*<HO>HCNlO O O O < 0} O O OC) Cj

oooooooooo oooooooo
00NO00
U5 lO lO -*
oooooooo

CO "0 lO CO »o
00 00 00 OO 00

S o »o co
CMiOMOO

oooooo r~

COi-tt-rH <N!N,-HCOCO
lO lO <* <*! CO Tf ^ »

t^CNOOCSi
<*< t* c-5 co
t-r~r~ CO

Sccnioccco
3 CO co co CO r~

CNCOr-ICO

cbo4oeo
>oo>0)>o eoeocococN ustNcoOb.

(NCMCNCMCN

SiOlClOlQilJ

5

CNcNCNCN

*Cfl *cn ^cf ^
»o ub io »o

CNINcNcN CMCM<N(MCM

»o «o »o io "5

CMCStNCNN

S >0 S "3 iO

(NINCNOT
"* Tji <HJ cn
iO>OiOiC

« £

c3 © ®

S-a.
a ©

"SB

CO 00 CN CO

tJ 03 o3 cc3 03 03

C»-<*l t*t)IOK5
. <N CN CN <N CN

.£<,* _; .j _j _j

03 03 03 03

CNCNCNcN

C3 03 03 03

lO lO -# "tf
CNCNCNCN

03 03 03 03 03

iO •* «* Or(<
(NiNcNcNcN

03 03 03 03 03

<N CNCNCNcN !23S

oooiNci
.-h r-5 cn cn° cn

r-i-^oocN cAoSoi ckoocoi 4< <n 4< 4< 4< 4<oeoco
CN* cN* i-H CN rH t-

-

i-i CN HHt-i(NN CN CN CN <N CN CN r$ CN CN

88SSS
10 1000U3

oooo oooo ooooo ooooo ooo<OOOO QOOQ ooooo ooooo ooo<"JOOO IOU3 10 WlOiOOO »S O O O "3 1QU3U3I

ICNCN CNCNCN^Hi-l HHHi

OOOt
CO CO <N "

OOOO OOOO OOOOO
CO CO <«* * lOiOlOlO lOdlOlOiO
COCOCNCN COCOCOCM COCOCOCOCN

lo2BB
\<

o :ooo
oooo «ooS

'

! j O ! IO O

OOOOO OOOO OOOO OOOOO OOOOO OOQOooooo oooo oooo ooooo ooooo oooo10U3 1000 OOOO SlOiOO lOiOWOlO ooooo oooo
"•cncncn"^^ Go-co'co'co" cncncn'cn' <n~cn*'cn'*co"'cn' ncottaiv} Cleocin

88:oo<
§ooo oooo ooooo ooooo oooo°°2 oooo ooooo ooooo ooooooo oooo ooooo ooooo oooo&CNCNCNcN~CN~ tNCsTcNCN" efcfcN'cN" cN(NCN~CN'cn' etfeNofeNef CNCNCNCN

aMO

r

SSSss sis^l SSS2 SI3S2 sll^l ll^iS



Shaw, Bicking,l
O'Leary J Study of Paper-Coating Minerals and Adhesive* 1 199

o <n cn 10 «o i)<ioion

o *-i i-i ^h <c oi 02 o5 cd

a ioniooo

S2232 28^8
OC X 30 00 00 00 00 00 00

>C »-* O) 00 -H U3"50M
00 r^ r-- 00 r- r- to r- t-~
CO <S> O O O COOS

©0**^H OHHiO
se se s ft: sj p s se sj

os 02 o 02 o> C- w o 02

0000000000 00000000

C3c3c3rtc3 C3 « CS C3

OlOtCSOlOl OIOICNOI

COCOxi^CO CO lO CO i-l

oi oi oi oi oi oi oi oi oi

rt CM CN CO CM CO IN CO

OOOiON OOOMCCCONCnN cococot^*

: s* 11°
"® d 2 d a d d d a
s'oS'oS -ceo 3

eocococot^ coojeor-

OOOOO OQOOOOOOO OOOOOOOOO OOOO
ofofofof*" ofofof'*

«s.a
3-0

11

-C.C3 u ^, •

c3-o >»o aS

Ili'l!
s. .„ a & ® _

II

2§
So

. Ui
t- a ®
» 9 &

lag.

Bg-3
M *-' 1>> 0>

§<s£-s.a
.2 -c > a — =3

ill 111



1200 Bureau of Standards Journal of Research [voi.s

As indicated in the table the coatings showed about the same differ-

ences in color as the clays themselves; that is, the coated paper for

which domestic clay B was used was somewhat better in color than

that coated with sample A, and compared favorably with the color of

the papers coated with the foreign clays. There appears to be no
appreciable difference in the adhesives so far as their effect on the

color of the coatings is concerned. Since starch is comparatively a

very white material it might be expected to affect the color least, with

casein and glue following in order, but these differences were not

shown in the measurements. The weight of the single coat applied

was approximately from 10 to 15 pounds on a basis paper 25 by 40
inches, 500 sheets.

Mineral No. 5 is primarily a ceramic material, but because of its

softness and fineness was thought to be a possible coating mineral.

Casein and glue were used as the adhesives in the coating tests.

When the casein mixture was added to the slip of mineral and water
the resultant mixture was very fluid, whereas when the glue solution

was added to the mineral slip the mixture was very thick and plastic.

The coating did not hold well; that is, could be easily picked off. It

was thought that the loss of binding quality of the adhesive was caused
by the alkalinity of the mineral matter. (The chemical analysis,

p. 1191, shows the lime content of the mineral to be very high.

It was thought that the addition of alum might give a product
having some of the characteristics of satin white (a prepared com-
pound of aluminum sulphate and lime used as coating material),
therefore, preliminary tests were made to determine the amount of

alum required to neutralize the alkalinity of the mineral. For 100 g
of mineral 200 g of alum was needed to make the mixture neutral.
Coating runs were made, but the binding quality of the coat was
still unsatisfactory.

It is believed that mineral No. 5 is unsatisfactory for use as a
coating material when casein or glue is used as adhesive and handled
in accordance with the usual coating procedure. There is a possi-
bility that with a special adhesive, one that could be employed when
considerable alkali (lime) is present, it might be suitable for coating use.
The color of mineral No. 5 is not so good as most grades of coating

clays. The greater cost of the material as compared with good
grades of clay would also doubtless be a deciding factor in its use for
paper coating.

(b) ADHESIVES

The amount of casein employed was, except in one case, 17.5 per
cent, and of glue 12.5 per cent, based on the weight of the mineral
being used. The results attributable to these materials were very
satisfactory, and duplicated those previously obtained. (Tech.
Paper No. 323.)

In the work with the starches two different proportions of gum A,
24 and IS per cent, based on the clay content, were employed. No
trouble was experienced in the tests (runs Nos. 149, 150, 154, and
1 " I and the adhesive quality of the gum, as judged by the sealing
wax pick test,8 which approximates the sort of surface pull received
by the paper in the printing operation, was satisfactory.
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In the first series of runs with pun B (Nos. 151 to 153) 24: IS and
12 per cent of gum, respectively, were used. There seemed to 'be a
tendency for the gum solutions to jell after being added bo the clay
slip. Small jell particles remained in the coating mixture even after
it had been screened through a No. 200 sieve. Spots of localized
variations in thickness and translucency ("bird's-eyes") were aotedm the coated papers and were thought probably to have been caused
by the jell particles. Graded in regard to the degree of adhesion of
the coating to the body stock, the papers were in the same relative
order as the amounts of gum used.
A greater quantity of water was used in preparing the gum mixture

for the next runs with gum B. Whereas the ratio had been 1 part
of gum to 4 parts of water in the previous runs, for runs Nos. 163
and 164, 6 and 8 parts of water, respectively, were used. It was be-
lieved that the greater dilution might prevent the formation of jell

particles, but the coating was no better than that obtained when
4 parts of water were used.

In the belief that the chemical preparation of the gum might be
such that when the mixture is agitated a comparatively long time the
jell develops in the slip rather than on the paper during the coating
and drying processes, the coating mixture for the next run (No. 168)
was agitated for a shorter time, and the interval betv een the adding
of the gum to the clay slip and the application of the coat to the paper
was briefer. There was no formation of jell in the coating mixture
before it was applied to the paper, and none of the trouble experienced
in the previous tests was encountered. 7

7 Since the tests were made it has been found that the tendency for the gum to jell during the agitation
of the clay mixture can be eliminated also by increasing the hydroxyl ion concentration of the coating
mixture. Reports to the bureau of subsequent commercial mill tests stated the following:

"In light of the experience gained at the Bureau of Standards, where the pH of the coating mixture was
approximately 8, it was found desirable in commercial mill tests to cook the gum at a higher pH or basicity.
In the commercial runs one-half per cent, based on the weight of gum, of 26° Be. ammonia was added to
the water in which the gum was to be cooked, and the gum was thoroughly stirred in the water before the
direct steam was admitted for cooking. The heating was either continued for a longer period or at a slightly
higher temperature (approximately 195° to 205° F.) than was used at the Bureau of Standards. It was
found preferable to judge the completion of the cooking by the color reaction of the gum, which was a deep
amber when the cooking was completed. It is believed that the gum has better binding quality when
handled this way.
"Further commercial experience showed that it is preferable to add from one-fourth to one-half per cent,

based on the clay, of 26° Be. ammonia to the water in which the clay is stirred, as this makes an improve-
ment in the final coating mixture, in addition to helping to smooth down the clay. When the hot gum
solution is added the pH of the resulting coating mixture is approximately 10.

"Operating on the above basis, the formula for commercial runs would be as follows:

Clay slip Gum

100 pounds clay.
75 pounds water.
One-fourth to one-half pound 26

c

Be\ ammonia.

18 pounds gum.
72 pounds water.
2 to 3 ounces 26° Be\ ammoni;

"Coating gums B and C have been successfully used commercially in coating also with mixtures of

clay and satin white. Due to the fine state of subdivision of satin while and to its somevi bal alkaline

reaction a larger percentage of gum C should probably be used, depending upon the amount of satin

admixed with the clay. Unlike the procedure with casein as the adhesive, the clay satin-* hit*

be at a fairly high temperature when the coating gum is added, as this provides the lower viscositj

better spreading mixture.
"A typical formula for work with satin-white mixtures is as follows:

Clay satin-white slip Gum

75 to 100 pounds water.
100 pounds clay.

200 pounds satin white.

228 pounds water.
One-fourth pound ammonia

(26° Be'.).

57 pounds coating gum.

Stir the clay satin-white mixture for two hours or until i>erfectly smooth and then add the solul

coating gum. To prepare the gum solution stir cold until gum is disjiersed ev<

direct steam until 190° to 195° F. is reached, maintaining this or a slightly higher tempt ratur

riently long period to produce a clear amber-colored solution. Cool the gum solution to i W to Wrr.
and add to the clay satin-white slip, stirring continually meanwhile. 1 hen adjus! the coating mixture

to the necessary concentration and fluidity for application on the coating machine.
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Gum C was used for run No. 162. The coating was very satis-

factorv.

The relative effect of the adhesive on the suitability of the coated

papers for writing was shown in a general way by writing on the

papers with a pen and ordinary blue-black ink and noting the ease

with which the operation was effected and the definition of the lines.

In each case the quality of the writing was satisfactory, but the

casein-bound coatings offered the least resistance to the mechanical

action of the pen, the effort required in execution being greatest

where starch was the adhesive employed.

2. PRINTING TESTS

Printing tests were made at the Government Printing Office on the

coated papers. The cooperation of the Government Printing Office

in making the tests, which were an important part of the investiga-

tion, is gratefully acknowledged.
The experimental coated papers were substituted for the regular

stock being printed by the half-tone process. No changes were
made in the printing machine or the inks. The tests showed the

coatings to be well bound to the body paper and of very good
printing quality. Equally good results were obtained with the

American and foreign clays and with the three different kinds of

adhesives, although the starch-bound coatings may possibly have
absorbed somewhat more ink. Both starch and glue coatings have
generally been found to have less water resistance than casein coat-
ings and, thereiore, may possibly not be suitable for lithographic
processes requiring a high degree of water resistance.8

VI. CONCLUSIONS

The tests indicate the following general conclusions relative to the
materials studied.

1. Present methods of refining American clay have improved its

color, fineness, and suspension quality. American clay that had been
washed and chemically treated compared favorably with foreign
clays as paper-coating mineral. Diatomaceous earth compounds
having a large lime content are not satisfactory when the coating
mixtures are prepared by the usual procedure.

2. Graded as to then clay-suspending property, the adhesives used
are in the following descending order—starch, casein, and glue.
Graded as to the suitability of the coatings for ink writing the appar-
ent order is casein, glue, and starch.

3. Starch coating mixtures are not as free-flowing as mixtures in
\. bich casern or glue are used as the adhesive, but the starch mixtures
Used in the tests spread and brushed out satisfactorily.

4. It is doubtful whether modified starch has quite as strong ad-
hesive (juality as casein or glue, but all sheets of the foregoing tests
containing 18 parts of starch per 100 parts of clay were entirely
satisfactory in this respect, judged by either the sealing wax pick test
( " UM printing experiments. Results reported for subsequent com-
mercial 1'^ts werem_agreement with those obtained at the bureau.9
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5. The surface of starch-bound coated papers appears to be more
absorbent than that of papers for which glue or casein Is used as
adhesive for the mineral, and consequently ink may penetrate it to
a greater extent. For this reason it might be expected that printings
on the starch-bound coatings would tend to be blurred unless special

care was used in the operation, but this tendency was not apparent
in the printing tests on the experimental papers.
The manufacturer of some coated papers ma}7 wish to use casein in

order to give his paper good printing quality regardless of whether
the paper is dampened. A high degree of water resistance is not

required for a large majority of printing papers, such as hook, maga-
zine, and catalogue, however, and starch-coated papers could appar-
ently be used for these very satisfactorily.

6. Notwithstanding its lack of water resistance, modified starch

has a number of attractive qualities. It is clean, does not have an
unpleasant odor, and is cheap. When comparing the price of cnsein

with that for glue or starch, the cost of solvents for the casein must
also be taken into consideration, although in the case of starch, the

greater percentage required reduces the cost differential somewhat.

Washington, September 30, 1930.
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