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Foreword

The publication of Specialty Papers in 1950, followed by The
Technology of Coated and Processed Papers in 1952, presented in-
formation on these subjects in book form for the first time in the
English language. The paper industry is a broad and complex one
and this is especially true of paper converting. No one man or or-
ganization is in a position to cover completely the many facets of
specialty papers. Editor Robert H. Mosher therefore chose a group
of well-qualified men, each a specialist in his own ficld, to prepare
chapters on specific subjects. The results were two informative
volumes that have served as general reference works.

Since the appearance of these two volumes, substantial advances
have been made in the technology of specialty papers. Numerous
new synthetic polymers ‘have reached commercial production and
some of these are of value in coatings. Several of the longer-estab-
lished materials have been greatly reduced in price, offering new op-
portunities in specialty papers. At the same time, the availability of
unsupported plastic film in large quantities at relatively low prices has
drastically affected some markets for coated papers. Growth of
metal foils has also offered both an opportunity and a challenge.
Advances in machinery for preparing and using coated papers have
kept pace with the new materials. This combination of new and
improved materials and machinery has made possible an ever-ex-
panding opportunity for specialty papers.

To bring this information up to date, Mr. Mosher has again obtain-
ed the aid of specialists to handle capably each of the many phases of
the industry. Their efforts are combined in Industrial and Specialty
Papers—Their Technology, Manufacture, and Use in three volumes.

These comprehensive books should serve as valuable references to
a wide audience. While they cover the technology of specialty papers,
the language of the chapters is not highly technical but is written along
practical lines for more general understanding. These volumes should
be helpful to the student as a text on this varied and relatively com-
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viii FOREWORD

plex subject. They should be a source of information and background
to the marketing man. To the laboratory researcher, they should
serve as a reference and source of ideas for new products. Others
may find them of general interest.

The editors and their authors are to be congratulated on bringing
up to date the extensive information in this field.

New York, N.Y. Wm. H. Aiken
August 1967 Vice President, Research,
Union-Camp Corporation

President, Technical Association

of the Pulp and Paper Industry



Preface

The paper industry represents a dynamic and ever expanding tech-
nology. Probably in no other areas have there been more develop-
ments in products and attendant techniques and machinery than in the
fields of specialty papers and the allied coated and processed papers,
particularly since 1950.

This period has seen the explosion in the office copying field, the
evolving requirements of electronic data processing equipment, the
insatiable demand for business forms, and tremendous advances in
the graphic arts industry.

These developments have made necessary a complete revision of
Specialty Papers (1950) and of Technology of Coated and Processed
Papers (1952) to bring them up to date. As before, the purpose of
this new series is to assemble, digest, and concentrate the best available
information on each subject and to interpret this knowledge in the
light of sound operating practice. Together with the host of carefully
selected entries in the bibliographies, the series should serve as an
auxiliary text to the standard volumes used in the leading schools of
pulp and paper technology and as an authoritative technical and mar-
keting reference work.

To attain these objectives properly, the editors have closely ex-
amined the earlier books in the light of their own experiences and
those of their associates. Several chapters required only minor re-
vision to bring the descriptions of certain techniques into conformity
with existing improved procedures. The great majority required
complete rewriting to achieve adequate coverage of technology and
equipment that were entirely unknown fifteen years ago. Several
new areas that were in their infancy at that time have been added.

As far as possible the editors have depended upon the original
authors to revise and rewrite in their fields of interest and experience.
Some have passed on, however, and several have left the industry.
In choosing replacements, as well as the experts to cover new subjects,
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X PREFACE

the editors again sought practical, successful men, rather than mere
theoreticians, who had contributed extensively to recent developments
and could write about them in a lucid manner. Sound, demon-
strated practice has been the approach, yet adequate theory has been
provided where it will shed light on the technigues used in this particu-
lar phase of the paper industry. The present work is definitely not
the result of an academic and unimaginative search of the literature.

Many recent references appear where they support the wide ex-
perience of the authors. The reader will notice a certain amount of
overlapping in the coverage of some of the topics—an intentional
feature that reflects the inherent nature of the industry. There has
been a deliberate orientation toward the end use and marketing aspects
of each product, in comparison with the earlier, more limited tech-
nical approach.

The editors wish to thank the thirty-seven authors who deemed
it worthwhile to take time from their busy schedules to present current
practice authoritatively. Thanks are due a number of industrial
concerns for permission to use photographs and tables not available
elsewhere. The efforts of Mrs. Bairnsfather and others of the staff
of the Hayden and Engineering Libraries of Massachusetts Institute
of Technology aided considerably, as did the painstaking work of
Mrs. Dixie Merson and Marguerite S. Davis in reading proof.

August 1967 Robert H. Mosher
Neenah, Wisconsin

Dale S. Davis
Bailey Island, Maine
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chapter 1

Introduction
R. H. MOSHER

EARLY HISTORY OF SPECIALTY PAPERS

Modern development, techniques, and materials of specialty
papers can best be highlighted against a background of early history.

Prior to 1800, when paper was produced by hand and limited to
single sheets, printing and coating operations were simple and as
primitive as the paper-making technique.

This hand-made paper, which was produced in small volume in
Europe beginning in the 12th century, was used from the earliest
days of its development as a base for printing. All books and docu-
ments were of course hand written or printed prior to the develop-
ment in 1456 of movable block type by Johann Gutenberg at Mainz,
Germany. Previously, the use of woodcuts or engravings was the
only method of commercial printing. The early inks were formulated
from carbon black and vegetable oil and later from carbon black
and mixtures of vegetable and mineral oils. Colored inks were made
with vermilion, cinnabar, indigo, cobalt, and copper oxide as the
pigmenting or coloring medium.

The printing of the surface of hand-made paper was a problem
with the shallow wood cuts and even shallower wood engravings
available at that time, because the surface of the paper was relatively
coarse. This difficulty was overcome to a certain extent by burnishing
the surface of each sheet with some sort of smooth, glossy stone, but
the process was slow and cumbersome. About 1540, the glazing ham-
mer was developed ; this improvement caused a feud between the stone
glazers and hammer glazers that lasted for more than 150 years, but
as in most cases, the mechanically-operated device finally won out.
This process in turn was superseded about 1720 when the Dutch
developed a method of calendering the sheets with a pair of polished
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2 INDUSTRIAL AND SPECIALTY PAPERS

copper rolls, a technique that led to the invention of the sheet plating
machine.

The main object of all these processes was to smooth down the
surface of the paper so that fine engravings and letter press block print-
ing could be produced with the paper available at the time. The print-
ed paper was used for its traditional pictorial value and could not
be considered as a part of the specialty paper industry as we think
of it today.

The real start of the paper-converting industry began with the
development of wallpaper, or paper ‘“hangings’” as they were then
termed. This development must apparently be credited to the Chi-
nese, who also invented paper, but it was brought to the western
world about 1620 when paper hangings were first made in France.
The sheet was produced in its earliest stages by block printing on plain
paper, but artisans soon felt the need for some sort of “grounding”
or base costing that would be capable of holding up the color and
preserving the brilliancy of its hues. A coating was developed from
glue and pigments and this was applied with a brush to supply a
“ground” or ‘“color” for the printing process. Later, someone dis-
covered that the coated surface could be smoothed mechanically and
used as a base for other types of printing operations.® This was the
first purely decorative application of paper, other than as an artists’
medium, and marked the beginning of the specialty paper industry,
even though the paper was still only available in sheet form.

MODERN DEVELOPMENTS

About 1800, the basic invention that changed the paper-making
industry appeared—a machine for the production of paper in a con-
tinuous sheet. The first machine, invented by Louis Robert in 1798,
was developed by Henry and Sealy Fourdrinier and involved the
same fundamentals that had been in use for 2000 years. The machine,
which bears the name of the two brothers who lost a fortune in its
exploitation, was based on an endless wire screen that allowed the
water to run through and form a felt or sheet of paper on its surface.
This sheet was continuously stripped off the end of the wire and either
cut into strips, which were hung up to dry, or wound up in a partially-
dried state and later redried. A second type of paper-making unit,
the cylinder machine, was independently developed in 1806. It con-
tained a wire covered cylinder that rotated in a vat of stock, with the
water again running through the screen and the fiber mat remaining
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on the surface. The two types were introduced to this country in 1816
and 1827 respectively, and soon both were in production. Machines
of the same type, although modified, enlarged, and speeded up, are
still used today, although the early papermakers would scarcely
believe their eyes if they could see them in their present form.%58

The availability of paper in continuous form instead of sheets
soon led to the development of web calenders for smoothing the
paper to produce good printing surfaces, but it was not until the middle
1800’s that equipment was developed for coating the paper by means
of a continuous operation. The use of coated papers had been in-
creasing, and coated labels, fancy papers, and wallpapers were
gradually attaining reasonable volume. Gravure printing that em-
ployed copper plates had been introduced about 1650 with the mez-
zotint process, and lithography was developed by Alois Senefelder
in the early 1800’s. Coated and printed playing cards were developed
prior to 1500. All these products and processes had previously been
limited by the lack of continuous machinery for their production.?

One of the first companies formed for the express purpose of
coating fancy and box papers was the firm of Alois Dessauer, which
was set up in 1810. By 1865 it had grown so that the employment
had risen to 300 and a sizable volume of paper was being handled.
The continuous coating process was brought into Germany in 1866
at the plant of E. Kretzschmar in Dresden by a Frenchman named
Moglin. A similar machine appeared in England at approximately
the same time and in apparent independence of the French develop-
ment.

The first machines faithfully reproduced hand brushing by the use
of the so-called “sun and planets” smoothing unit in which the coating
was smoothed out by brushes that revolved in a motion that imitated
the manual operation. These machines had obvious disadvantages,
however, and in 1874 a cam-driven oscillating-brush unit, similar to
those used through the 1940’s in the paper converting industry, was
developed at the Kretzschmar plant. The evolution of the method
of making paper in a continuous web and the subsequent adaption
of the hand coating technique to the continuous machine-coating
operation was the basis for the specialty paper industry of today.
Continuous methods of printing, staining, embossing, brushing and
otherwise decorating paper for the fancy and decorative trade follow-
ed in relatively short time.1.24

The development of the specialty paper industry in the United
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States followed along the same lines, but with a time lag of several
years subsequent to the European evolution. As noted previously,
the first Fourdrinier paper-making machine was set up in this country
in 1816 and the first cylinder machine in 1827. The wallpaper in-
dustry was a going business at that time as the first factories had been
set up in 1775, and by 1795 mills were producing this type of decorative
sheet in Pennsylvania, New Jersey, and Massachusetts. The early
papers were made in sheets about 30 inches long. 3 As early as 1824,
a wallpaper with a coated and glazed background for the usual block
printing was manufactured and the development was rapidly picked
up by producers of fancy papers. Aside from wallpapers, two other
growing industries—label printing and paper box manufacuring—
were rapidly perfecting the art of coloring, glazing, and printing
paper for both decorative and traditional applications.

In 1839, the firm of Pollack and Doty was formed in Philadelphia
for the express purpose of producing coated label papers. These papers
were coated and plated and then printed in the form of labels for
print works, cotton mills, and proprietary medicines. According to
Wheelwright, 3 “The paper was coated sheet by sheet, the color being
brushed on it by girls whose aprons were covered with blotches of
all sorts of colors; the sheets were then hung on laths which rested

i
ul \

Fig. 1-1. Wall paper coating — about 1860 (Courtesy of Paper Museum
of M.LT).
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on wooden racks, where they remained overnight—someétimes longer
—to dry.”

The industry showed a slow but steady development and growth
with the formation of new converting companies at Albany, N.Y.
and Nashua, N.H., both of which did large and prosperous business.
In 1845, the firm of Doty and Bergen was started in New York; it
later changed to Doty and Scrimgour and the plant moved to Read-
ing, Pa. In 1846, the firm of J. & L. Dejonge was formed at Staten
Island and was set up to produce glazed fancy papers. This firm in
1852 bought a coating machine from the firm of John Waldron Co.
(which had been producing coating machines since 1832 for the
wallpaper industry) for the purpose of making glazed paper on a
continuous basis—an art that was to revolutionize this phase of the
industry. The machine, which was of the “sun and planet” design,
was bought for $225.00.2 The web of paper was coated and festoon-
dried before being rolled up. The rolls were then friction-calendered
or flint-glazed, and sold, either plain or embossed, for labels and box
coverings. In time, rotary brushes for applying color and oscillating
brushes for smoothing the surface gradually supplemented and
replaced the older designs, but the flinting and friction-calendering
operations remained practically the same as when they were first
developed.

In 1875, a new field of application of coated papers was developed
when Theodore Low Devinne conceived the idea of using such paper
for printing purposes where good color reproduction was desired. ?
Up to this time, paper had only been coated on one side, but for such
an application two-side coating was a necessity. Charles M. Gage,
who was manufacturing one-side coated and glazed paper in Spring-
field, Mass., accepted the challenge and produced 100 reams as an initial
order. The resulting paper was printed from fine wood engravings
and the results were very satisfactory. The idea was then temporarily
dropped until 1881 when Gage, then associated with the S.D. Warren
Company at Cumberland Mills, Me., again accepted the challenge
and produced another quantity of the paper. The resulting printing
work was so superior to the supercalendered paper then in use for
gravure printing that soon afterward, when the photoengraving
process was developed, it became the standard paper for fine half-
tone printing.
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NEW TECHNIQUES

In more recent years many further developments have been forth-
coming in this industry. Improved adhesives that employ starch,
casein, soya protein, and synthetic resins and rubbers have been
advanced to take the place of the glue that was used in early work.
Better and more light-fast dyes and pigments, as well as specialized
chemical additives, have been constantly introduced and have raised
the standards of the resulting coatings.

Fig. 1-2. View inside festoon drier (Courtesy of Waterviiet Paper Co.).

Dull- or matte-finished papers, gummed papers, mica-coated
papers, and finally, the varnished and lacquered or plastic-coated
papers, were developed. New methods of coating, which eliminate
the need of the brush coater and based on roll or spray applications,
and the use of an air knife, rolls, or various types of doctor instead of
brushes for smoothing the coated surface, have been introduced and
brought to a high degree of efficiency. The old festoon lines have
been modernized and gradually replaced by enclosed tunnel driers that
increase the speed and efficiency of drying. All these developments
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have tended to improve the variety and quality and to reduce the unit
cost of coated papers.

By 1950 the paper converting industry had only begun to emerge
from its self-sufficient and self-imposed shell. Specialty products
were still being manufactured in a series of small unit processes by
operators with narrow interests. They were truly converters in that
the wide variety of base papers, boards, films and foils were made else-
where by other organizations and shipped to them for processing and
finishing. Major exceptions were those that made machine-coated
publication printing papers directly on the paper machine. This
group, however, was a closely-knit club, because its highly specialized
technology required heavy capital investment in large paper machines.

High grade printing papers as a rule were still manufactured by
means of off-the-machine conversion techniques. The development

Fig. 1-3. Asphalt laminated aluminum foil nursery wraps (Courtesy of
Thilmany Pulp & Paper Co.).
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and commercialization of high-speed blade, off-the-machine coaters
later enabled not only producers of routine publication paper to
upgrade their products, but also opened the door to the smaller
manufacturer who could pass the production of several paper machines
through one piece of high speed, off-the-machine coating equipment.
By 1960 numerous versions of such coaters became readily available
from several of the large machine manufacturers who were also in a
position to recommend coating formulations and know-how where
these were necessary. The expansion in the commercial printing
industry and the growth of markets for specialty coated paper were
reflected directly by expansion of the coated paper industry.

A second major factor and one that altered the profile of the
industry was the trend toward mergers of the smaller companies and
the acquisition of the smaller by the larger ones. Over a period of
years this tendency has eliminated most of the specialty converters
as corporate entities, but in the process it has introduced the knowl-
edge and technology of these highly specialized organizations into
fertile ground for growth of the large corporation. This situation
quickly made possible long-needed expansion of the specialty organiza-
tion through the infusion of readily available capital and the broad
technical and engineering capabilities already present in the large
organizations., The market research and efficient marketing and sales
efforts of the combined organizations have made possible the ex-
pansion of the industry in terms of total production as well as the
broader range of markets serviced.

A list of the specific areas where the converting industry has ex-
panded and where other industries are now invading the paper field
would touch practically any of us in our daily lives. Papers of dis-
tinctive appearance or unique characteristics are constantly sought by
the package designers and others who create the appealing products
and packages that are demanded by a quality-minded purchasing
public. The more useful and specially designed papers have often
replaced cloth, coated fabrics, leather, or wood. The market for
papers with unusual properties is most lucrative.® A look at the
diversified utility of paper and paper-based products is persuasive
evidence that they represent a rare combination of potential charac-
teristics whose commercial acceptance is the result of a similar pattern
in each instance—the most practical way to achieve a group of difficult
specifications, unusual features, or special properties.
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SYNTHETIC MATERIALS

Another feature that has revolutionized the paper-converting in-
dustry is the development and practical exploitation of synthetic resins,
rubbers, and plastics. Nitrocellulose lacquers were found to be
ideal coatings for paper and made possible decorative and functional
effects that could not be obtained with the previously available sub-
stances. Other cellulose derivatives and the synthetic resins and
natural and synthetic rubbers, which were developed with startling
speed, opened new fields where paper was a definite winner, or at least
a very close competitor instead of a poor substitue for more expensive
materials. As the new plastics and chemicals were generally insoluble
in water, an entirely new application technology had to be worked
out. However, this time the development was mainly in the hands

Fig. 1-4. Typical fancy wrapped candy package (Courtesy of Sylvania
Division of American Viscose Corp.).
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of the machine builders and the large chemical companies that were
responsible for the discovery and exploitation of the plastics. These
large and relatively wealthy companies, instead of the paper com-
panies with their more limited facilities, evaluated the new products
and in cooperation with progressive paper converters soon developed
new combinations of paper and plastic as well as economical methods
for their manufacture.

Because the same resinous coating could often be applied by means
of several -different techniques, similar yet competitive products could
frequently be obtained. Solvent coatings were the first developed
and exploited, closely followed by the hot melts. As plastics tech-
nology and chemical process development advanced to the stage
where emulsion polymerization became a commercial reality, water
dispersion coatings were produced. These made possible the ap-
plication of plastic films from an aqueous system.

The most recent advance in the field is the development of paste
dispersion as well as extrusion coatings, and with them the possibility
of laying down thick films with a minimum effort. The use of encap-
sulation techniques offers an additional approach to the application
of coatings with specialized purposes. The development of various
plastic films and the possibility of utilizing metal foils and vacuum
metallizing techniques for decorative and functional products now
permit specialty converters to produce sheets with appearances and
properties that were not even imagined two decades ago. The pro-
ducts of the paper converter do not merely compete with wood,
metals, glass, and other materials, but have often replaced them in
their own fields.

STATE OF THE INDUSTRY

Considerable technical and marketing information is available in
the plastics-treating field inasmuch as every machine and chemical
company that attempts to merchandise its products has available tech-
nically trained sales and service men and maintains customer-service
laboratories for the solution of specific converter problems. The
result has been that the basic information necessary to enter almost
any phase of the paper converting industry is now available in many
places, but the ‘“know-how” on specific sheets is still mainly, as it
should be, in the hands of the individual manufacturers. The purpose
of this series is to concentrate the available information on the various
phases of the industry, to temper this knowledge with operating
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“know-how”, and to condense the subject so that along with the
listed references these volumes can be used as a starting point to
study any specific phase of the speciality converting field.

The many available processes, along with an extremely wide range
of suitable raw materials, make possible the manufacture of a similar
(or even identical) product by different processes from different raw
materials. For example, a greaseproof decorative wrapper can be
made from a saturated or plasticized base sheet that can be coated,
printed, laminated, and calendered or embossed. If it has a pigment
coating, it may have been made on a brush, doctor, roll, spray or
air-knife coating unit. If it is a plastic-type sheet, any one of the
several dozen base resins or rubbers could have been used in the
coating formulation and the coating could have been laid down from
a solvent, water dispersion, hot melt, organosol, plastisol, or extrusion
applicator. The printing may have been done on an aniline press,
or by the gravure, letterpress, electrostatic, or surface technique. If
the paper is embossed, it may have been handled on a geared, flat-
back, or meshed-roll machine. The costs and rate of production vary
widely with differing equipment or even with the same type of machine
in different mills. The specialty-paper industry is fairly unique in the
variety of its manufacturing operations, and every mill unit has
developed its own modification of the usual practice.

To date this growth seems to show that the future will continue
to offer great promise to the specialty paper and converting industry.
According to Macdonald,” however, great resourcefulness on the
part of the paper-use promoters will be required. The enormously
expanding field of plastics products can become predominantly a
branch of the chemical or the paper industry depending upon which
makes the greater product development and promotional efforts.
The opportunity for development and promotion is further dependent
on the quality and intensity of technical effort. Between these two
industries is the converter who takes paper and additive materials and
combines them to create products that have a specific market value.?
The ultimate user buys the best product designs available at a given
price and cares little about how, or of what, they are made. If the
independent converter can direct his efforts along similar lines he
will be able to create products to meet the insatiable demand of the
consuming public.

Against the production of specialties can be contrasted the more
standard pigment-coated papers of the glossy and matte type for the
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fancy paper field, and the enormous quantities of coated stock for the
printing-paper industry. In these areas only a limited number of
adhesives are available, relatively few standard pigments, and only
a half-dozen methods of economic application. This part of the
industry attempts to be as secretive with its coating formulations and
technology as are the highly specialized portions.
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chemical properties of, 101
solubility of, 101
characteristics of, 98
Coating methods, 145
off-machine, 146
Coating, preparation of, 135
properties of, 127
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Coating paper, commercial uses
of, 78
object of, 77
outlook for, 175
Coating technology, 80
effect of drying on, 83
effect of mass and volume
on, 86
flow properties of, 81
influence of materials on, 80
migration of components, 82
Coating variables, 150
wallpaper, 4
Coatings, application of, 182
Condensation polymers, 16
Conductivity, effect of chemicals
on, 171
Copy paper, pressure-sensitive
manifold, 172
Copolymerization, 14
Cross linking, 15

D

Dextrins, 105
Diluents, 236
Dispersion agents, 130, 310
Dispersion coatings, 319
application of, 319
dip, 320
extrusion, 320
knife coater, 320
reverse roller, 320
spray, 320
Dispersing medium, 316
diluent for, 317
organic solvent for, 317
plasticizer as, 317
Driers, 115
cylinder, 155
dielectric, 156
festoon, 6
radiant, 155
zones, 154
Drying, mechanism of, 181
speed of, 181
Dyes, 234

INDEX

E

Eigenfunction, 17
Electrofax process, 170
Emulsions, 87, 92
Encapsulation, 173
Equation, Mark, 40
Staudinger, 39
Esters, rosin, 229
hydrogenated, 229
vinyl, 229
Ethyl cellulose, 200
chemical cost of, 200

F

Facsimile copy paper, 168
Fillers, 234
Film formers, 247
primary, 188
properties of, 188
Flow modifier, 133
Foam coatings, 322
vinyl dispersion, 322
control, 127
Formation of paste dispersion
films, 305
compromise, 246
Functional papers, special, 165
battery separators, 166
purpose of, 166
flashlight cell, 167
offset masters, 165
Fusion, by plasticizers, 318
by dispersing agents, 319

G

Gel phenomenon, 241
Gloss calenders, 158

H

High polymers, theory of, 13
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Hot-melt coatings, application
of, 302
base paper for, 302
formulations for, 291
high melting point blends, 292
introduction, 289
medium melting point
blends, 292
plasticizers in, 295
resins in, 293
Hot-melt equipment, cast
coating, 300
dip coatings, 301
“Equalizer,” 298
gravure, 297
roller, 298
sheet, 299
Hydrophyllics, 130

1

Insolubilizer, 133

of protein, 134

of starch, 134
Insulation, reflective, 167

K

Kady mill, 139
Kneader, 141

L

Latent solvents, 236
Latices, synthetic, 308
acrylic, 108
butyl rubber, 109
functions of, 107
nitrile, 109
polyvinyl alcohol, 109
polyvinyl acetate, 110
styrene-butadiene, 108
vinylidene chloride
polymer, 110
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Leather, artificial, 186
Light spots, 258

M

Microencapsulation, 88
Microorganisms, spoilage of, 132
Mixer, enclosed, 140

open rotor, 136

semienclosed, 138
Molecular weights, 34

N

Nitrocellulose, 190
chemical constitution of, 190
compatibility, 192
effect of nitrogen on, 190
solubility of, 192

Nonionics, 130-1

@)

Organosols, 305
Overprinting, 164

P

Paper coatings, 53
flow curves for, 53
manufacture of, 313
measurement of flow
properties of, 53
rheology of, 313
Papers, crystal, 185
decorative, 184
electrical conductivity, 170
embossed, 185
flock finish, 185
functional, 186
grain and marble, 185
high gloss, 184
matte finish, 184
mother of pearl, 185
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Papers
patent leather, 184
protection, 186
Paste dispersion coating, 305
components of, 310
control of agglomerate, 306
processing technique, 306
swelling of, 309
technology of control of
size, 309
versatility of, 305
viscosity control, 306
viscosity of, 311
Paste dispersion equipment, 314
grinding pigments for, 315
high-shear, 314
pebble mixer ball mills, 314
pony mixer, 314
three-roll mixer, 314
Pigments, colored, 123, 234
luminescent, 122
inorganic, 124
organic, 124
metallic, 125
aluminum, 125
copper and copper-bronze,
125

Pigments, white, 112
black light fluorescent, 123
brightness, 112
configuration, 112
daylight fluorescent, 112
physical properties of, 112
refractive index, 112
zinc-oxide type, 112
Plasticizer, 229, 232, 256, 311
Plastisols, 306
Polyethylene, 217, 252, 254-
Polymer dispersion, 91, 92
Polymerization, 13, 17
bulk, 20
emulsion, 23, 25, 28
solution, 21
suspension, 23
Polymers, chemical structure
of, 17
Polyphosphate, 131
acetate, 250

INDEX

Polyvinyl butyral, 251
chloride, 250
Powders, bronze, 234
Preservatives, 132
Printing, electrostatic, 162
gravure, 161
letterpress, 159
offset, 160
natural coatings for, 160
papers for, 161
Printing paper, applications of,
158

Properties of paper, 257
absorptivity, 257
adhesion, 257
finish, 257
impregnation, 257
mechanical, 257

R

Record paper, 173
electrosensitive, 174
self-contained, 173

Reproduction paper, 79

Resins, phenolic, 228
acrylic, 228
aldehyde-amine, 228
coumarone-indene, 228
natural, 229
synthetic, 42

Rheological behavior, 63

Rheology, 53

Rubber, chlorinated, 254
cyclized, 254

S

Satin white, 119
composition of, 120
function of, 120
properties of, 120

Silica, diatomaceous, 122

Soaps, 131
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Solvency, 241
Solvent coating, explosive
limits, 277
fire, 276
flash point, 276
hazards of, 182, 276
Solvent coatings, blocking of, 259
blushing of, 258
cost of application, 260
cost of solution, 259
curling of, 259
drying of, 265, 283
economics of, 259
effect on film properties, 241
electrical equipment for, 280
history of, 179
ingredients, 188
machines, 270
methods, 270
air brush, 275
comparison, 276
kiss, 274
knife, 271
print, 275
roll, 273
spray, 275
protection vs fire, 283
purpose of, 183
safety measures, 280
solutions for, 270
static eliminators, 283
storage, 280
toxicity of, 284
types of, 184
Solvent recovery, plant for, 263
Solvents, 236
evaporations rates, 242
explosion hazards, 245
formulation, 245-6
lacquer, 238
toxicity, 245
Soya bean protein, 102
Specialty papers, developments, 2
state of industry, 10
techniques, 6
Specks, 258
Spoilage, control of, 132
Stabilizers, 256
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Starch, 103

chemical modifiers for, 105

derivatized, 106

enzyme, conversion of, 104
Streaks, 256
Supercalenders, 157
Surface-active agents, 128
Surface lubrication, 131
Synthetics, 9

T

Talc, 120
composition of, 120
use of, 121
Thixotropic phenomenon, 241
Thixotropy, 57
Titanium dioxide, 117
preparation of, 118
properties of, 118

vV

Vinyl chloride-vinyl acetate
copolymer, 250
Vinyl chloride-vinylidene chloride
copolymer, 250
dispersion paste coatings, 307
advantages, 307
formation, 308
properties, 308
Vinylidene chloride-acryonitrile
copolymer, 250
Vinyl polymer, preparation of, 20
resins, 249, 253
Viscometers, Brookfield, 68
capillary, 69
cone-and-plate, 65
efflux, 70
falling-ball, 70
Ferranti-Shirley, 66
Gardner-Holdt bubble-type, 72
Hoeppler, rolling-ball, 71
rising bubble, 70
Viscosity, choice of, 254
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A

Water-base coatings, early
methods, 76
history of, 75
synthetic adhesives, 76
Wax emulsions, 132
Waxes, 256
Wraps, 7

X

Xerography, 169

Z

Zein, 224
Zinc oxide, 121
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