PART TWO:

PRINTING PROCESS PROFILE






l. PRINTING PROCESSES OVERVIEW!

This section presents a prelimnary identification of the use
clusters in the printing industry. These use clusters define sets of
conpeting chem cals, processes, and technol ogi es used in the industry
and identify the environnental and health considerations associ ated
with the nmenbers of each set. The use cluster approach allows risk
evaluations to be perforned on all nenbers of the cluster and
facilitates the developnent of risk reduction strategies by
identifying viable substitute chem cals, processes, and technol ogi es.

The printing industry is a very diversified and sophisticated
i ndustry owing to the multiplicity of printing processes utilized.

These processes include |ithography, gravure, f 1 exogr aphy,
|etterpress, and screen printing, as well as a nunber of nore
recently developed plateless printing processes. According to
M chael Bruno's Status of Printing, |ithography, gravure, and

fl exography are the dom nant processes, accounting for nore than 83
percent of total U S. printing industry output. Lithography al one
accounts for nearly 50 percent of all donestic output. The
i nportance of letterpress, until the 1940s the dom nant printing
process, is declining very rapidly and is being replaced by
i thography and fl exography. The various plateless printing
processes are gradually becoming a mpjor force in the industry
because of their relative ease of use and the grow ng application of
computer controlled printing operations. In 1991, the plateless
processes accounted for only about three percent of total US.
printing industry output. However, these processes are forecast to
have a 21 percent narket share by 2025 (Bruno 1990, 1991). Industry
trends are sumari zed in Figure 8.

Sonme of the printing processes have several major subprocesses
based primarily on the types of substrate or products printed.
Li thography is divided into three subprocesses: sheetfed offset,
heatset web offset, and non-heatset web offset. G avure includes
publication gravure, packaging gravure, and product gravure.
FI exography consists of publication flexography and packaging
f 1 exogr aphy. The wvarious plateless printing processes, all
conparatively new technol ogies, include: electronic printing, ink

! Except where otherwi se noted, the description of prepress, press, and
post press operations is a synthesis of information fromthe foll ow ng sources:
Adanms 1988; Field 1980; Kirk-CQhner 1982; McGaw H |l 1987; SR 1990. Pl ease see
t he Bi bliography for full citations.
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jet printing, nagnetography, ion deposition printing, direct charge
deposition printing, and the Mead Cycol or Phot ocapsul e process (Bruno
1991).

Each of the printing processes can be divided into three major
st eps: prepress, press, and postpress. Prepress operations
enconpass that series of steps during which the idea for a printed
image is converted into an inage carrier such as a printing plate,

cylinder or screen. Prepress operations include conposition and
typesetting, graphic arts photography, image assenbly, and inmage
carrier preparation. Press refers to actual printing operations.

Postpress primarily involves the assenbly of printed materials and
consi sts of binding and finishing operations. Figure 9 presents a
flow chart of the typical steps in the printing process.

Wthin each process, a variety of chem cals are used. Prepress
operations typically invol ve photoprocessi ng chem cals and sol utions.
I nks and cleaning solvents are the mmjor types of chemcals used
during press operations. Postpress operations can use |arge anmounts
of adhesives, especially where the production of books and
directories is involved. O all the chemcals used in a typica
printing plant, inks and organic cl eaning solvents are the categories
ordered and used in the largest quantities. Mny of the chemicals
used in the printing industry are potential hazards to human heal th
and the environnent. Cccupational exposure to nany of these
chemcals are currently regul ated by the U S. Qccupational Safety and
Heal th Adm ni stration (GATF 1992b).

Extrenmely limted information was found on the volune of
chemi cals, especially specific chemicals, used in the printing
i ndustry. As noted above, inks and cleaners are the chem cal

products used in the largest quantities by the printing industry. No
data on the quantity of cleaners used in the industry was found,
however, information on volumes of ink and ink raw materials was
avai | abl e.

In 1991, the US. market for printing ink was 1.9 billion
pounds. The market is expected to grow at an average annual rate
of 2.2 percent through 1996 when the donmestic market for printing is
expected to total alnmost 2.2 billion pounds. Additional information
on the 1991 and estimated 1996 U.S. nmarket for ink by printing
process is presented in Table 10.

Table 11 shows the estimated amount of solvents, resins,
pi gnents, and additives consuned in the donestic production of
printing inks.

Wth the exception of inmage carrier preparation, prepress
operations are simlar for the five major printing processes.
Therefore, prepress operations, including a general overview of image
carrier preparation, are discussed below in Section I1I. No
di scussion of prepress activities is included for the platel ess
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Table 10. U. S. Market for Printing Inks (mllions of pounds)

Aver age Annual
G owth Rate
Printing 1991 - 1996
Process 1991 1996 (Percent)

Li t hogr aphi c 836 946 2.5
Gravure 477 528 2.0
Fl exogr aphi c 363 441 4.0
Letterpress 154 101 -8.0
Q her 110 141 5.0
Tot al 1, 940 2, 156* 2.2

* Col um does not add due to rounding

Sour ce: SRI 1993
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Tabl e 11. Estimted Donestic Consunption of Raw Materials
for Printing Inks, 1991

M1 1lions of Per cent of
Raw Mat eri al Pounds Tot a
Hydr ocar bon and Oxygenat ed
Sol vent s 660? 35
Resi ns
Rosin Esters & Adducts 132 7
Metal lized Rosin 106 6
Hydr ocar bon Resi ns 99 5
Al kyds 33 2
Acrylics 55 3
Ni trocel | ul ose 2 0.1
Pol yani des 15 1
M scel | aneous? 44 2
Resi n Subt ot al 486 26*
Ols 363 19
Pi gnent s 330 17
Addi tives 66 3
Tot al 1, 905 100

* Subtotal does not add due to rounding

' Printers use an additional 495 to 660 mllion pounds of solvents
at press side to dilute inks supplied by the manufacturer in
concentrated form

2 | ncl udes pol yurethanes, cyclized rubber, shellac, casein,
mel am nes, and ot hers

Sour ce: SRl 1993.
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processes because in these processes alnost all preparatory steps are
acconpl i shed using conputers. Section IIl presents a description of
image carrier preparation and printing for each of the five major
printing processes. This section also includes brief discussions of
a nunber of plateless printing processes. Because the use of
chemicals is nost extensive during image carrier preparation and
printing operations, the chemcals used throughout the entire
printing process (i.e., pre- through postpress) are discussed in this
section. Post press operations, fairly simlar for all printing
processes, are described in Section IV Section V discusses
technol ogical trends in the printing industry.



11. PREPRESS OPERATIONS

A | nt r oducti on

Prepress consists of those operations required to convert
the original idea for a printed image into a printing plate or other
i mge carrier. Prepress steps include conposition and typesetting,
graphic arts photography, image assenbly, and inmage carrier
preparation. Wth the exception of image carrier preparation, the
prepress process is simlar for the five major printing processes.
Pl at el ess process do nost of the prepress steps using a conputer.

B. Typesetting and Conposition

During conposition, text, photographs and artwork are
assenbl ed to produce a "rough | ayout"” of the desired printed image.
The rough layout is a detailed guide used in the preparation of the
paste-up or canmera ready copy from which an inmage carrier can be
pr oduced.

Traditional ly, rough | ayouts and pasteups were conposed by hand
using: drafting boards; light tables; various paste-up tools such as
technical pens, rulers, and cutting tools; and adhesives. The text
used in the paste-up was typeset and printed nechanically.

However, conposition has changed dranatically with the advent of
conputers. Both type and artwork can be generated and edited using
comput ers. Conputer systems can be equipped with both optical
character recognition and phot ographic i mage scanners and digitizers
so that pretyped material and photographi c i mages can
easily be incorporated into the docunent being conmposed. Wth the
systens now becom ng avail abl e, the conputer can directly drive the
typesetting and i mage carrier preparation processes once the page or
entire docunent is laid out and ready for printing.

Typesetting operations assenble the type characters into pages.
There are a nunber of nethods of typesetting including nanual
assenbly of pieces of nmetal type, mechanical assenbly of |ines of
type, and phototypesetting. Until the 1950s, the mgjority of
typesetting was perfornmed using the Linotype machi ne which produces
a "slug" or line of type from nolten netal. Simlar machines
produced single characters of type. Today phototypesetting devices
have al nost conpletely replaced manual and nechani cal nethods of
typesetting.

Phot ot ypesetting devices, first denonstrated in the late
ni neteenth century, were introduced conmercially in the early 1950s.
They rapidly overtook the Linotype and simlar machines in
i mportance. In phototypesetting, individual type characters or
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synbol s are exposed onto photographic film or paper. In early
nmechani cal phototypesetting units, entire fonts of characters were
stored as negatives on film In the |ater generations of conputer-
driven phototypesetters, the image is generated el ectronically, and,
in the latest generation of units, a laser is used to project the
i mage onto the photographic filmor paper. Phototypesetting produces
hi gh contrast, high resolution imges ideal for printing purposes.
G her conputer driven output devices, which include strike-on, line,
ink-jet, and laser printers, do not currently produce inages of
sufficient quality for wuse in large-scale comercial printing
purposes though they are used extensively in in-plant printing
appl i cations.

C. Copy Assenbly and Process Phot ogr aphy

Copy assenbly consists of bringing all original work (text,
pictures, and illustrations) together and preparing photographic
i mges. The photographic inages are in the formof either positive
or negative filnms and are used for photomechanical inage carrier
preparation. Copy mnmust be set up correctly to ensure the finished
image carrier will produce a high quality print. Assenbled copy that
is ready for the photographic process is called a flat. Wen copy of
various sizes and shapes is assenbled for transfer to film the
process is called image assenbly or stripping.

The printing industry depends heavily on the use of highly
speci al i zed phot ographi ¢ equi pnent, methods, and materials to produce
high quality printed material. Process photography refers to the
phot ogr aphi ¢ techni ques used in graphic arts. Prior to the invention
of el ectronic page nmaking systems, virtually all printing processes
enpl oyed phot orechani cal met hods of making i nage carriers.

Two inportant types of photography used in the preparation of
image carriers are |line and hal ftone photography. Neither of these
processes can be used to print a true continuous-tone photograph
(i.e., a photograph with internediate or graduated tones) though
hal ft one can achieve the illusion of continuous tones. Letterpress,
I ithography, screen printing and sone gravure nethods involve both
t hese types of photography.

Li ne photography is used to produce high contrast inages on
film Image areas on the filmare solid black; little or no illusion
of internediate tones can be achieved with this nethod.

As noted above, by using hal ftone photography the illusion of
intermedi ate tones can be achieved for letterpress, |ithography,
| ateral dot gravure, and screen printing. In halftone photography,
conti nuous-tone images are broken down into high-contrast dots of
equal density but varying sizes and shapes. (Depending upon the type

2-9



and quality of printing being done, the density of dots varies from
24 to 120 per centimeter). |If, for exanple, very small dots are used
in one area of an image, that area appears to be lighter than those
areas of the inmage where larger dots are used. This occurs because
nore of the lighter color substrate remains visible in the areas
where the very small dots are used.

D. |l mage Carrier Preparation

Some form of image carrier is used in each of the five
printing processes that now domnate the industry. The i mage
carrier, often a plate, is used to transfer ink in the formof the
image to the substrate. The inmage carrier nmust pick up ink only in
the areas where ink is to be applied to the final inmge on the
substrate. It nust also reject ink in the areas of the inmage where
it is not wanted. Figures 10 and 11 describe the basic principles of
the image carriers used for the major printing processes.

Relief plates used in letterpress and fl exographic printing have
rai sed areas that pick ink up fromthe inking source. Non-printing
areas are recessed below the level of the inking rollers and
therefore are not coated with ink.

The reverse of a relief plate, the printing areas of a gravure
image carrier are recessed below the | evel of the non-printing areas.
The depressions, referred to as cells, pick up small anounts of ink
as they pass through an ink fountain. The ink is then passed to the
substrate fromthe cells. The surface of the plate is constantly
scraped clean with a doctor blade so that no ink is retai ned except
inthe cells. Mst gravure presses use a cylindrical image carrier,
al t hough sone sheet-fed gravure presses and intaglio plate printing
presses use a flat plate.

Pl anographic plates, used in offset |ithography, have both the
i mage and non-image areas on the sane plane. The image and non-i mage
areas of the plate are each defined by differing physicochem ca
properties. The image areas are treated to be hydrophobic (water-
repellant) and ol eophilic (oil receptive). Ink will adhere to these
areas. The non-image areas, on the other hand, are treated to be
hydrophilic (water loving), and will not accept ink.

The image carrier in screen printing consists of a porous
screen. A stencil or mask of an inperneable material is overlaid on
the screen to create the non-image area. The image is printed by
forcing ink through the stencil openings and onto the substrate. The
stencil openings determne the form and dinensions of the inprint
pr oduced.
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PLATE TECHNOLOGIES

RELIEF PRINTING

- The image area is raised above the non-image area

- Examples include letterpress and flexography
PLANOGRAPHIC PRINTING

- The image and non-image areas are on the same plain

- The image and non-image areas are defined by differing physicochemical
properties

- Lithography is a planographic process
INTAGLIO PRINTING

- The image area is recessed and consists of etched or engraved cells of
differing sizes and/or depths

- Gravure is an intaglio process
SCREEN PRINTING

- The image area consists of a porous screen defined by a stencil of a non-
porous material.

PLATELESS PROCESSES

- Electronic - Electrostatic
- Magnetographic - Thermal
- lon-Deposition - Ink-Jet

- Mead Cycolor Photocapsule

Figure 10. |Inmage Carrier Technol ogi es
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The primary nmethod of image carrier preparation is the
phot onechani cal process where a printing inage is produced from a
phot ographic image. Typically, with this process, a light sensitive
coating is applied to a plate or other type of inmage carrier. The
plate is then exposed to a negative or positive of a photographic
i mmge. The exposed plate then undergoes further processing steps.
The individual photonechanical inage carrier preparation processes
are described in greater detail bel ow There are other nethods of
i mage carrier preparation: manual , nechanical, electrocheni cal
el ectronic, and electrostatic. Some of these processes, such as the
manual and the mechani cal processes, are of little or no conmercial
i mportance. O her processes, such as the electronechanica
preparation of gravure cylinders, are discussed bel ow where rel evant.

1. Phot onechani cal I nmage Carrier Preparation

Phot omechani cal image carrier preparation begins with
a plate, cylinder or screen that has been treated with a |ight-
sensitive coating. (The types of light-sensitive coatings used are
di scussed in the following section.) The coated plate is exposed to
light that has first passed through a transparent inmage carrier such
as a filmpositive or negative. The exposed plate is then processed
to produce a plate with defined printing and non-printing areas.
Typically, the exposed areas on the plate are resistant to the
devel opi ng sol utions used to process the plate, though in sone cases
the opposite is true. In either case, during processing the soluble
areas of the coating are washed away while the insoluble areas remain
on the plate.

At this point image carriers produced fromfilm negatives are
essentially finished. The insoluble areas of coating remnaining on
the plate becone the ink carrier during printing. Letterpress plates
and lithographic surface plates are produced this way.

Wth image carriers made from film positives, the insoluble
coating serves as a protective barrier during a further processing
step called etching. The coating on this type of inmage carrier is
often referred to as a "resist" because it resists the acid used to
etch the plate surface. |Inage carriers produced by this nmethod are
used in lithography, gravure, and screen printing.

2. Li ght -sensi ti ve Coati ngs

The three nost inportant |ight-sensitive coatings used
on image carriers are photopolynmers, diazos, and bichromated
colloids. Each of these coatings are discussed in nore detail bel ow
Silver-halide and electrostatic coatings are used infrequently for
speci al purpose plates used in duplicating equi pnent.

2-13



a. Phot opol yneri ¢ Coati ngs

Today, nost inage carriers are nade using any of

a nunber of different types of photopolyneric coatings. These
coatings are characterized by the type of reaction they undergo upon
exposure to light: phot opol yneri zat i on, phot ocr ossl i nki ng,

phot oar rangenent, and phot odegradation. A well known exanple of a
phot opol ymer coating is Kodak Photo Resist (KPR), a photocrosslinking
polymer, which is used in image carrier preparation for all major
printing processes as well as in the preparation of printed circuit
boar ds.

Depending on the type of inmge carrier being produced, the
har dened photopol ynmer coating may remain on the image carrier as
either the image or non-image area followng processing.
Phot opol yner coatings are characterized by wearability, tenperature
and humidity stability, and long storage life. Some al so exhibit

good solvent resistance. For exanple, if baked prior to use,
|'i thographic plates produced using photopol ymer coatings can be used
for press runs in excess of one mllion inpressions.
b. Di azo Coati ngs
Di azo coatings, introduced in the printing
i ndustry around 1950, are wused primarily for coating both
presensitized and w pe-on |lithographic surface plates. For

presensitized plates, the diazo coating is applied by a machine
called a whirler which spreads the coating on the rotating plate.
Wth w pe-on plates the coating is applied by the platemaker with a
sponge or a roller applicator instead of by the usual whirler nethod.
Di azo coatings are very thin and susceptible to abrasion and wear
during the printing run and generally are used for short press runs
of 75,000 inpressions or |ess. However, pre-lacquered plates, plates
supplied by the manufacturer with a | acquer inpregnated in the plate
coating, offer superior abrasion resistance and can be used for press

runs in excess of 100,000 inpressions. Most diazo plates have
negat i ve- process coatings, though positive process coatings are al so
used. Di azo coatings are used to presensitize deep-etch and bi-

netal plates. Additionally, diazo is used to sensitize sone colloid
coati ngs.

The diazo resin nost often used for plates is the condensation
product of 4-diazodi phenylamne salt with fornal dehyde. Di azo oxi des
such as pyridol[1, 2-a] benzi m dazol - 8-yl - 3(4H) - di azo- 4( 3H) - oxo- 1-
napht hal enesul fonate are al so used (Kirk-CQ hmer)

Diazos are not usually affected by tenperature and relative

hum dity and have a relatively long storage life. They can be
processed by automatic plate processing mnachines which speed up
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production and result in nuch higher quality plates than manua
net hods. Aut omati ¢ processing equi pnent can perform plate coating
and exposure all in one continuous process. These machines are used
extensively in newspaper printing.

C. Bi chromat ed Col |l oi d Coati ngs

Bi chromated colloid coatings were w dely used
until the early 1950s; limted use continues today. They consist of
a light sensitive bichromate and a coll odi on. The bichromate of
choice is anmonium bichromate, wth potassium bichromate used in
speci al processes such as collotype. A collodion is an organic
material that is capable of form ng a strong continuous coating when
applied to the image carrier. Collodions used for photoengraving are

shel l ac, glue, albumn, and polyvinyl alcohol. Al bum n, casein,
al pha protein, polyvinyl alcohol, and gum arabic are used for
l'ithography. Gelatin is used nDstIy for gravure, screen printing,
and coll otype. The colloid is forned when the finely divided

bi chromate and the collodion are mxed. Applied to the inmage carrier
and exposed to light, the colloid forns an continuous, insoluble
coat i ng.
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111. IMAGE CARRIER PREPARATION AND PRESS OPERATIONS

A Li t hoar aphy

1. Li t hogr aphi c_Pl at enaki ng

Li t hography uses a pl anographic plate, a type of plate
on which the image areas are neither raised nor indented (depressed)
inrelation to the non-inage areas. |Instead the image and non-i mage
areas, both on essentially the same plane of the printing plate, are
defined by differing physi cochem cal properties.

Li t hography is based on the principal that oil and water do not
m Xx. Lithographi c plates undergo chem cal treatnent that render the
i mage area of the plate ol eophilic (oil-1oving) and, therefore, ink-
receptive and the non-i mage area hydrophilic (water-loving). During
printing, ink is applied to the ol eophilic inmage area of the plate.
Water applied to the hydrophilic area of the plate prevents ink from
magrating into the non-i mage area. During printing operations water
is applied to the plate by a danmpening system The water is applied
in the formof a fountain solution which consists primarily of water
with small quantities of chemcal additives intended to |ower the
surface tension of the water and control pH Traditionally,
i sopropyl al cohol was used to control surface tension but in recent
years it has been largely replaced by glycol ethers, especially 2-
but oxy et hanol . This substitution was notivated by a variety of
factors, including concerns about isopropyl alcohol's possible health
effects, market pressures to reduce VOC enm ssions, and regul ations
requiring reductions in VOC emm ssions (Buonicore; Deldidas).

Sur f ace, deep etch, and bi-netal plates, the are three main
types of plates used in lithographic printing today, are categorized
according to howthe printing and non-printing areas are forned. The
type of plate used by the printer depends largely on the |ength of
the press run. Surface plates, the | east durable of the three types
of plates, are used for short runs; deep-etch for runs requiring up
to 400,000 inpressions; and bi-netal plates for runs requiring up to
several mllion inpressions.

a. Surface Pl ates

Surface plates are made with an al um num base
netal treated with a naturally oil-receptive, light-sensitive
coating. During processing, the coating is exposed to |ight through
a phot ographi ¢ negative or positive, thus rendering the i mage on the
plate. The coating is then renoved fromthe non-i nage areas making
them water-receptive. These plates are used mainly for short runs
due to their poor wear properties. However, applying a |ayer of
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| acquer to the inmage area substantially increases the nunber of
copi es that can be printed.

b. Deep-etch Pl at es

Deep-etch plates also have a water receptive
coating on a base-netal of alum num Images are created on the
plates by creating an oxide coating on the plate in the inage areas,
then applying an inmage bearing coating that adheres to the oxide and
not to the base netal. The inmage becones slightly countersunk during
the processing. These plates are characterized by their |ong runs,
usual ly in excess of 100,000 inpressions. For runs of greater than
400, 000 these plates can be copperized or anodi zed.

C. Bi - Metal Pl at es

Bi -nmetal plates take advantage of the affinity
of sone netals for ink and of others for water. For exanple, copper
and brass are ink receptive while nmetals such as chrom um al unm num
and stainless steel have an affinity to water. Bi-netal plates are

made of two electroplated netal |ayers. Once processed, the ink
receptive netal layer is the image area and the layer with an
affinity for water is the non-inmage area. Copper -surfaced and

chrom um surfaced plates are the two main types of bi-nmetal plates
produced today. The chrom umsurfaced plate is popularly called a
tri-netal plate because it consists of an al um num base, followed by
a layer of copper or brass, and finally a surface |ayer of chrom um

The plates are supplied either presensitized or ready for in-
plant coating. The coating is generally exposed with a negative when
using copper-surfaced plates and is always exposed with a positive

when wusing chrom umsurfaced plates. The exposed areas of the
coating forns a hardened stencil that protects the surface |ayer of
nmetal. An etching solution is then applied to renmove the unprotected

areas of the surface layer of metal and expose the underlying |ayer.
On processed copper-surfaced plates, the copper |ayer forns the inmage
area and the exposed underlying |ayer of alum numor stainless steel
forns the non-image area. On chromum surfaced plates, the chrom um
forns the non-image area and the exposed underlying | ayer of copper
or brass fornms the image area. Bi-netal plates are very durable and
are capabl e of press runs ranging into the mllions of inpressions.
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2. Li t hogr aphi c Presses and Printing

Li t hography is well suited for printing both text and
illustrations in short to nedium length runs of up to 1,000,000
i mpressi ons. Feed stock can be either sheet or web.

There are three basic |ithographic press designs: unit-design,
common inpression cylinder design, and bl anket-to-blanket design
The unit-design press is a self-contained printing station consisting
of a plate cylinder, a blanket cylinder, and an inpression cylinder.
Two or nore stations may be joined to performmnulti-color printing.
Figure 12 shows a typical layout for a unit-design press. A conmon
i mpression cylinder press consists of two or nore sets of plate and
bl anket cylinders sharing a conmon inpression cylinder. This allows
two or nmore colors to be printed at a single station. A blanket-to-
bl anket press consists of two sets of plate and bl anket cylinders
wi thout an inpression cylinder. The paper is printed on both sides
simul taneously as it passes between the two blanket cylinders
(Field).

As noted in the introduction, |ithography can be divided into
t hree subprocesses: sheetfed offset, heatset web offset, and non-
heat set web offset. The three subprocesses and the types of
chem cal s used in each are di scussed bel ow.

a. Sheetfed O f set

The sheetfed offset process is used mainly for
relatively short runs in the production of commrercial and packagi ng
products. The inks used go through an oxidative polynerization
drying process generating very little fugitive volatile organic
conmpound (VOC) enissions. The majority of em ssions that do occur
are fromthe VOCs in the circul ating fountain solutions and sol vents
used in cleaning presses, blankets, ink fountains, and rollers.
Maj or categories of chemcals used in the sheetfed offset process
include fil mdevel opers and fixers, inks, blanket and roller washes,
and fountain solution concentrate. |sopropyl alcohol is wdely used
in fountain solutions though al cohol substitutes are al so avail abl e
(GATF 1992b). A process flow diagramas well as information on the
chem cals used in this process are presented in Figure 13.

b. Heat set Wb O f set

The heatset web offset process is used
primarily for long jobs at high speed (up to 40,000 i npressions per
hour) for the production of magazines, other periodicals, and

catalogs. "Web" refers to the continuous sheets of paper, supplied
inroll form that are used in this type of printing. The web is cut
into individual pages or sheets only after printing. Inks used
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Figure 12. Sinplified Lithographic Press Layout
(Source: Field 1980. Reproduced by perm ssion
of Ayer Conpany Publishers, Inc.)

2-19



SHEETFED OFFSET OPERATION
PROCESS FLOW DIAGRAM
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Fi gure 13.

Sheetfed O fset (Source: GATF 1992b).
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SHEETFED OFFSET (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

In reference to each step in the process flow diagram:

1. Adhesive, cleaning solvent
2. Color scanner cleaner, deletion fluid
3. Film developer and fixer, film cleaner, film system cleaner,

image cleaner/preserver, antistatic spray, adhesive
4, Plate devel oper and finisher, plate toner, plate system cleaner

5/6. Fountain solution concentrate, fountain solution defoamer, fountain
solution additive, isopropyl acohol, alcohol substitute, gum arabic,
phosphoric acid

Sheetfed offset ink, ink preserver, tack reducer

Blanket wash, roller wash, type wash, glaze remover, UV-ink cleaner,
sheetfed ink remover, plate preserver, roller lubricator, copperizing
solution, rubber rejuvenator, blanket hardener, image remover, metering
roller cleaning solvent

Varnish, UV-varnish, silicone coating
Anti-setoff powder
7. Adhesive, ink, bronze powder, metal foil
8. Adhesive
- Specialty operations:

Lamination (glue, varnish, plastics)
Stamping (metal foil)
Thermography (polyamide resin)
Cellophane window (glue)
Numbering (ink)

Bronzing (copper/nickel powder)

Figure 13. Sheetfed Ofset (continued).
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SHEETFED OFFSET (cont'd)
MAJOR CHEMICALS USED

Major Chemicals Used (VVolumes of

Operation/Process Individual Chemica Used Vary Greatly)

Prepress

Film/glass cleaner

Equipment cleaner
Film devel oper
Film fixer

Plate devel oper

Pate finisher/
replenisher

Image preserver
Color proofing

Press
Ink, varnish
Coating

UV-ink
Fountain solution

Acetone, hexane, 1,1,1-trichloroethane, ethanol,
n-propanol, perchloroethylene, 2-butoxy ethanol,
isopropanol

| sopropanol, hexane, acetone

Sodium sulfite, sulfosalicyclic acid, hydroguinone,
potassium sulfite, potassium hydroxide,
butyl-diethanolamine

Ammonium thiosulfate, sodium acetate, acetic acid,
aluminum sulfate

Benzyl alcohol, diethanolamine, polyvinyl alcohol,
ethylene glycol, acetic acid

Dextrin, mineral spirit, sodium hydroxide,
N-methylpyrrolidone, sodium sulfite, potassium
hydroxide

Stoddard solvent, phosphoric acid

n-Propanol

Petroleum digtillates, vegetable ail, resin, rosin,
dryers, pigments containing barium and copper
Polydimethyl siloxane

Acrylates, pentaerythritol tritetracrylates

| sopropanol, 2-butoxy ethanol and other glycol ethers,
gum arabic, ethylene glycol, phosphoric acid

Fi gure 13.

Sheetfed O fset (continued).
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SHEETFED OFFSET (cont'd)
MAJOR CHEMICALS USED (cont'd)

Major Chemicals Used (VVolumes of

Operation/Process Individual Chemical Used Vary Greatly)
Press (cont'd
Wash solvent/plate Aliphatic and aromatic hydrocarbons,
cleaner mineral spirits, acetone, methylene chloride, xylene,
toluene, glycol ethers, vegetable oils, fatty acids,
surfactants
Copperizing Ethylene glycol, isopropanol, methylene
solution chloride
Glaze remover Toluene, methanol, acetone
Postpress
Glue Paraffin wax
Bronzing powder Copper, zinc, duminum, stearic acid

Figure 13. Sheetfed Ofset (continued).
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inthis process are dried by evaporating the ink oil, usually with a
recirculating hot air system although direct flane inpingenent and
infrared drying systens continue in limted use (Buonicore). Ink oi
evaporated and emtted through dryer stacks is a potentially
significant source of VOC em ssions. Major chemcals used are quite
simlar to those used in sheetfed offset (GATF 1992b). A process
fl ow diagram as well as information on the chemcals used in this
process are presented in Figure 14.

C. Non- heat set Wb O f set

The non-heatset web offset process is a high
speed process used largely in the producti on of newspapers, journals,
directories, and forns. The inks used usually do not require drying,
therefore, the VOC em ssions generated during the use of this

printing process are quite snall. Danpeni ng and inking systens
(including danpening chemstry and ink formulations) differ
significantly from heatset web offset. The other major chemicals

used in this process, however, are quite simlar to those used in
heat set web offset (GATF 1992b). A process flow diagramas well as
i nformation on the chemcals used in this process are presented in
Fi gure 15.

3. Vol une of Qut put and Percentage of Total WNharket

In 1991 |ithographic printing accounted for 47 percent
of the total value of US. printing industry output (excluding
instant and in-plant printing). However, by 2025, |ithography's
share of the total U S market is expected to decline to 35 percent,
due largely to competition from flexography and the various
devel opi ng pl atel ess printing technol ogies (Bruno 1990, 1991).

4. Nunber and Rel ative Size of Printing Conpanies

O a total of 59,636 plants with printing presses,
54,472, or 91.3 percent, have offset l|ithographic presses. O the
plants with |ithographic presses, about 92 percent have sheetfed
presses and 11 percent have web-fed presses (sone plants have both
types of presses) (A F. Lewis 1991).

As discussed in Section Il of this report, the overwhel m ng
maj ority of conpanies in the printing industry are small businesses.
This is especially true in lithographic printing where about 85
percent of plants with Iithographic presses enploy fewer than 20
peopl e and roughly half enploy |less than five. The relatively small
nunber of plants with web-fed Iithographic presses, however, tend to
be considerably larger. Al nost 60 percent of these plants have nore
than 20 enpl oyees (A. F. Lewis 1991).
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HEATSET WEB OFFSET OPERATION

PROCESS FLOW DIAGRAM
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Figure 14. Heatset Wb O fset (Source:

2-25

GATF 1992b) .




HEATSET WEB OFFSET (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

In reference to each step in the process flow diagram:

=

5/6.

Adhesive, cleaning solvent
Color scanner cleaner, deletion fluid

Film developer and fixer, film cleaner, film system cleaner, image cleaner/preserver,
antistatic spray, adhesive

Plate devel oper and finisher, plate toner, plate system cleaner

Fountain solution concentrate, fountain solution defoamer, fountain solution
additive, isopropyl acohol, isopropyl acohol substitute, gum arabic,
phosphoric acid

Heatset web offset ink, ink preserver, tack reducer, UV-ink

Blanket wash, roller wash, glaze remover, ink remover, plate preserver, roller
lubricator, copperizing solution, rubber rejuvenator, blanket hardener, image
remover, metering roller cleaning solvent

Varnish, silicone coating

None

Adhesive, ink, metal foil

Adhesive

Specialty operations:
Stamping (metal foil)

Laminating (varnish)
Numbering (ink)

Figure 14. Heatset Wb O fset (continued).
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Operation/Process

HEATSET WEB OFFSET OPERATION (cont'd)
MAJOR CHEMICALS USED

Major Chemicals Used (VVolumes of

Individual Chemicals Used Vary Greatly)

Prepress

Film/glass cleaner

Equipment cleaner
Film devel oper

Film fixer

Plate devel oper
Pate finisher/

replenisher

Image preserver
Color proofing
Press

Ink, varnish

Fountain solution

Wash solvent/plate
cleaner

Glaze remover

Postpress

Glue

Acetone, hexane, 1,1,1 trichloroethane, ethanol, n-propanol,
perchloroethylene, 2-butoxy ethanol, isopropanol

| sopropanol, hexane, acetone

Sodium sulfite, sulfosalicyclic acid, hydrogquinone, potassium
sulfite, potassium hydroxide, butyl-diethanolamine
Ammonium thiosulfate, sodium acetate, acetic acid, aluminum
sulfate

Benzyl alcohol, diethanolamine, polyvinyl acohol, ethylene
glycol, acetic acid

Dextrin, mineral spirit, sodium hydroxide,
N-methylpyrrolidone, sodium sulfite

Stoddard solvent, phosphoric acid

n-Propanol

Petroleum digtillates, vegetable oils, resin, rosin, dryer, pigments
containing barium and copper

I sopropanol, 2-butoxy ethanol and other glycol ethers, gum
arabic, phosphoric acid, ethylene glycol

Aliphatic and aromatic hydrocarbons, mineral spirits, acetone,
methylene chloride, xylene, toluene, isopropanal, glycol ethers,
vegetable oils, fatty acids, surfactants

Toluene, methanol, acetone

Paraffin wax, isopropanol, trichloroethylene, toluene, ammonia,
amines

Fi gure 14.

Heat set Wb O fset (continued).
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NONHEATSET WEB OFFSET OPERATION
PROCESS FLOW DIAGRAM
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Figure 15. Non-heatset Wb O fset (Source: GATF 1992b).
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NONHEATSET WEB OFFSET (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

In reference to each step in the process flow diagram:

1. Adhesive, cleaning solvent, glass cleaner
2. Color scanner cleaner, deletion fluid
3. Film developer and fixer, film cleaner, film system cleaner, image cleaner/preserver,

antistatic spray, adhesive
4, Plate devel oper and finisher, plate toner, plate system cleaner

5\6. Fountain solution concentrate, fountain solution defoamer, fountain solution
additive, isopropy! acohol, isopropyl acohol substitute, gum arabic

Nonheatset web offset ink, ink preserver, tack reducer, UV-ink

Blanket wash, roller wash, glaze remover, UV-ink cleaner, sheetfed ink
remover, plate preserver, roller lubricator, copperizing solution, rubber
rejuvenator, blanket hardener, image remover

1. None

8.  Adhesive, ink, metal foil

- Specialty operations:
Stamping (metal foil)

Thermography (polyamide resin)
Numbering (ink)

Figure 15. Non-heatset Wb O fset (continued).
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NONHEATSET WEB OFFSET (cont'd)
MAJOR CHEMICALS USED

Major Chemicals Used (VVolumes of

Operation/Process Individual Chemicals Used Vary Greatly)

Prepress

Film/glass cleaner

Equipment cleaner
Film devel oper

Film fixer

Plate devel oper

Pate finisher/
replenisher

Image preserver

Press

Ink

Fountain solution

Wash solvent/plate
cleaner
Glaze remover

Acetone, hexane, 1,1,1-trichloroethane, ethanol, n-propanal,
perchloroethylene, 2-butoxy ethanol, isopropanol

| sopropanol alcohol, hexane, acetone

Sodium sulfite, sulfosalicyclic acid, hydrogquinone, potassium
sulfite, potassium hydroxide, butyl-diethanolamine
Ammonium thiosulfate, sodium acetate, acetic acid, aluminum
sulfate

Benzyl alcohol, diethanolamine, polyvinyl acohol, ethylene
glycol, acetic acid

Dextrin, mineral spirit, sodium hydroxide,
N-methylpyrrolidone, sodium sulfite

Stoddard solvent, phosphoric acid

Soybean oil and other vegetable ails, hydrotreated & solvent
extracted naphthenic distillates and paraffin oils, alkyds and
other resins, rosin, dryers, clays, carbon black, pigments
containing barium and copper

Isopropanol, 2-butoxy ethanol, gum arabic, dextrin, phosphate
sats, silicates, surfactants, polyols, ethylene glycol, dipropylene
glycol, synthetic cellulose, isopropanol

Aliphatic and aromatic hydrocarbons, ethanol, mineral spirits,
acetone, glycol ethers, vegetable ails, fatty acids

Toluene, methanol, acetone

Postpress
Glue Paraffin wax, isopropanol, trichloroethylene, toluene
Figure 15. Non-heatset Wb O fset (continued).
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B. G avure

1. Gravure Cylinder Mking

Currently, the dom nant gravure printing process,
referred to as rotogravure, enploys web presses equipped wth
cylindrical, copper-clad plates. |In gravure printing, the image is
transferred from a sunken surface. The image area of a gravure
cylinder consists of a pattern of depressions or cells etched into
the cylinder. Followng etching, the cylinder is conpleted by the
application of an electroplate of chromium which inproves its
durability.

A nunber of other types of gravure presses are currently in use.
Rotary sheet-fed gravure presses are used when high quality pictorial
i npressions are required. They find limted use, primarily in
Eur ope. Intaglio plate printing presses are used in certain
specialty applications such as printing currency and in fine arts
printing. Ofset gravure presses are used for printing substrates
with irregular surfaces or on filnms and plasti cs.

The cylinders used in rotogravure printing can be from three
inches in dianeter by two inch wide to three feet in dianeter by 20
feet wide. Publication presses are fromsix to eight feet wide while
presses used for printing packaging rarely exceed five feet. in
wi dth. Product gravure presses show great variation in size, ranging
frompresses with cylinders two inches wi de, designed to print wood
grain edge trim to cylinders 20 feet wi de, designed to print paper
t onel s.

Five different processes, conventi onal , direct-transfer,
vari abl e-area/ vari abl e-depth, |aser, and el ectronechani cal, have been
used to prepare gravure cylinders. The first four use a chemca
process to etch cells on the cylinder while the fifth process uses an
el ectronically controll ed nechanical process to engrave cells on the
cylinder. Electromechani cal engraving has al nost entirely repl aced
chem cal etching in the preparation of gravure cylinders. Currently,
the el ectronechanical process is used to prepare 100 percent of
publication gravure cylinders and 95 percent of packagi ng and product
gravure cylinders. The remaining five percent of product and
packaging gravure cylinders, intended for various special
applications, are prepared either by the direct transfer or the I aser
process (Tyszka 1993). The cost of preparing gravure cylinders
using any process is high when conpared to other types of image
carriers. The primary advantage of gravure cylinders is that they
have a long service life and will yield a very large nunber of
i mpressions w thout degradation. Each of the five processes are
di scussed in greater detail bel ow
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a. Conventi onal Gravure

The conventional process of preparing gravure
cylinders uses either bichromate-sensitized carbon tissue or special
phot ographic transfer filmas the |light-sensitive coating and et chant
resist. Carbon tissue consists of a pignmented gelatin coating on a
paper substrate. It is sensitized with a bichromate solution
imedi ately before it is used. The cylinder preparation process is
t he same whether the carbon tissue or photographic filmare used.

During the cylinder preparation process, the resist is exposed
twice using a high intensity ultraviolet light, one tinme to each of

two different glass positives. The first exposure is through a
conti nuous-tone positive. The second exposure is through a gravure
screen consisting of transparent lines (150 to 175 per inch) and

opaque dots (Buonicore).

During the first exposure, the bichromated gelatin is hardened
in proportion to the optical density of the positive inmage. During
t he second exposure, nmaxi mum hardeni ng of the gelatin occurs in areas
under the transparent lines in the screen while the pattern of opaque
dots prevents hardening in other areas. The sheet of carbon tissue
and hardened gelatin carrying the image is transferred to a copper-
clad cylinder. Traditionally, the inmage is then etched into the
cylinder with acid. The nore heavily exposed areas of the gelatin
are nore resistant to the effects of the acid. In these areas no
etching will occur or only shallow cells will be etched into the
copper cylinder. Deeper cells will be etched on the copper cylinder
in areas where the gelatin received |ess exposure. The process
results in a regular pattern of un-etched high spots (lands) and
cells of varying depths. In the U S., the conventional process for
gravure  cylinder preparation has been repl aced by the
el ect romechani cal process.

b. Direct-Transfer G avure

In the direct-transfer process, photographic
polyner plates replace the glass photo plates wused in the
conventional gravure cylinder preparation process. A special wap-
around positive consisting of a conbination of half-tone and screened
solids is used to transfer the image to the cylinder (Buonicore).
The half-tone inage is contact printed onto a copper cylinder that
has been treated with a photopol yner enul sion. The cylinder is then
et ched using a process sinmlar to that described for the conventi onal
gravure cylinder preparation process. Cylinders prepared by the
direct-transfer process are currently used primarily for printing
speci al ty packagi ng.
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C. Vari abl e-area/ Vari abl e-depth G avure

Cylinders prepared by this process were once used
for nost multi-color printing in the United States. The met hod
conbines elenents of the two previously described processes for
gravure cylinder preparation. A half-tone and a conti nuous-tone inmage
are both contact printed on to a sheet of sensitized carbon tissue
and gelatin. The carbon paper/gelatin sheet is transferred to the

copper cylinder. The cylinder is etched producing a pattern of
di scontinuous ink cells of varying size and depth which correspond to
the areas of light and shadow on the continuous and half-tone

conposite imge. Cylinders prepared by this process are typically
used in very long press runs because of their good wear
characteristics. In the U S., the variable-area/variable depth
process for gravure cylinder preparation has been replaced by the
el ect romechani cal process.

d. Laser | nmagi ng

A proprietary system devel oped in Japan uses
| aser technology to image a cylinder treated with a photopol yner

resist. However, once the resist has been exposed, traditiona
chem cal etching techniques are used to prepare the cylinder. This
process finds limted use in the preparation of cylinders for

packagi ng and product gravure printing (GAA 1991).

e. El ect r onechani cal Engr avi ng

The el ect ronmechani cal cylinder engravi ng process,
introduced in the late 1960s, has largely replaced the chem ca
etching process for the preparation of gravure cylinders
El ect romechani cal engraving is performed using a conputer-controlled
| at he-type cutting machine. The |athe uses a dianond tool to engrave
a pattern of variable size and depth cells on the copper cylinder.
Engravi ng speeds range from 2,000 to 5,000 cells per second with a
speed of 3,200 cells per second being typical. At 3,200 cells per
second, a typical 30 inch by 40 inch cylinder would require two hours
and 20 mi nutes to engrave.

An el ectronic signal that is varied to represent values from
zero to 100 percent controls the cutting of corresponding size cells
on the cylinder. Typically, the electronic signal originates froma
drum scanner (or one of the nore recent and faster scanning
technol ogi es such as the high-speed drum scanner or the flat-bed
scanner). The image to be engraved is nounted on the drum of the
scanner and as the drum spins, the image is scanned by a conbi nation
m croscope and el ectroni c eye nounted on the scan carri age.
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Wth early electronechani cal engravers, what was seen by the
el ectroni c eye of the scanner was i mredi ately engraved on the gravure
printing cylinder. Today, however, entire imges are scanned into
conputer nmenory to be used whenever needed. The conputer storage of
scans has a nunber of advantages: cylinder quality can be inproved
because stored inmmges can be previewed for errors; inmages can be
el ectronically manipul ated; inages can be engraved as often as
desired without loss of quality; and entire cylinders can be engraved
in one nonstop pass of the engraving head (GAA 1991).

Recently direct digital engraving has becone w despread. Wth
this process the image can be created and mani pul at ed usi ng an i nage
handl i ng conputer. Therefore, the steps of creating, copying, and
rescanning film and the loss of quality inherent in these steps, can
be avoi ded (GAA 1991).

2. G avure Cyvlinder Plating

Today virtually all finished gravure cylinders have
a copper surface coated with a thin layer of chromum The copper
carries the engraved image while the chrome provides a protective
| ayer against the friction of the doctor blade and the printing
substrate (GAA 1991).

Both the copper and chrone layers are applied using an
el ectropl ati ng process. Copper plating is used for plating base
copper onto repaired cylinders and for replating the inmage carrier
| ayer onto the base copper |ayer of previously used cylinders. The
el ectrolyte used in the acid plating process consists of copper
sul fate, sulfuric acid, deionized water, and small quantities of
organic additives. Use of a cyanide based electrolyte for copper
plating is restricted to the original manufacture of cylinders (GAA
1991).

Chrome plating is applied in a very thin layer so as to change
the shape of the cells engraved in the copper as little as possible.
For nost applications the chrome is plated in |layers of about six
m crons (0.00023 inches), though thicker layers are applied to
protect cylinders fromthe abrasive inks used in sonme product gravure
printing (GAA 1991). The primary electrolyte used in chronme plating
consists of chromc acid, sulfuric acid, deionized water, and smal
amount s of organic addi ti ves (GAA 1991).

3. Gravure Presses and Printing

The gravure process has its origins in the early
seventeenth century when the intaglio printing process was devel oped
to replace woodcuts in illustrating the best books of the tine. In
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early intaglio printing, illustrations were etched on netal, inked,
and pressed on paper.

Gavure, still also known as intaglio printing, makes use of the
ability of ink to adhere to a slight scratch or depression on a
polished netal plate. Today alnost all gravure printing is done
using engraved copper cylinders protected from wear by the
application of a thin electroplate of chromum During printing, the
surface of the engraved cylinder is flooded with ink with the excess
removed by a nechanical w per known as a doctor bl ade. Paper or
anot her substrate is brought into contact with the cylinder wth
sufficient pressure that it picks up the ink left in the depressions.
Characteristic of this nethod of printing is a sharp, fine inage.

Web-fed gravure presses account for alnobst all publication,
packagi ng, and product gravure printing. These presses are generally
custom manufactured machines designed for a specific range of
pr oduct s. The typical press is highly automated and consists of
multiple print units. The printing nmechanismin a rotogravure press
consists of a gravure cylinder and a smaller, rubber clad inpression
cylinder. A typical nodern rotogravure press is shown in schematic
formin Figure 16. Rotogravure presses do not use el aborate trains
of inking rollers Iike those in certain types of presses. Instead,
| owviscosity inks are flooded onto the printing cylinder froman ink
fountain. Excess ink is wiped fromthe cylinder by a doctor bl ade.
During printing the paper passes between the inpression roller and
the gravure cylinder. The rubber covered inpression roller applies
pressure to the paper and the ink in the cells on the cylinder is
transferred to the paper.

O her types of gravure presses in comercial use today are
sheet-fed, intaglio plate, and offset gravure. These types of
presses are used primarily for special printing applications.

Sheet-fed gravure is used when very high quality inpressions are
required. Uses include the production of pictorial inpressions for
art books and posters and short runs of high quality packagi ng
materi al such as cosnetics cartons. Sheet-fed gravure presses are
al so used for overall coating of products printed by sheet-fed offset
to provide high brilliancy to the printed sheet and for the
application of netallic inks that cannot be applied by the offset
nmethod. Additionally, sheet-fed gravure presses are used to produce
proof copies prior to |arge rotogravure runs (GAA 1991).

The sheet-fed gravure press differs from the web-fed press
primarily in that paper is delivered to the press as pre-cut sheets
instead of a continuous web. The printing nechanismin a typica
sheet-fed gravure press consists of a gravure cylinder and an
i mpression cylinder of the same size. The plate itself is a flexible
net al sheet w apped around a carrier cylinder equipped
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Figure 16. Rotogravure Press (Source: Field 1980. Reproduced by
per m ssi on of Ayer Conpany Publishers, Inc.)
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with a gripper to hold the plate in place during printing. The gap
inthe cylinder is fitted with a protective cover once the plate has
been mounted. This cover prevents ink fromcollecting in the gap and
consequently producing an unwanted i mage on the substrate. 1Ink is
flooded onto the plate from a fountain roller. In multicolor
printing, air may be directed at the plate to slightly dry the ink
and thus assure proper trapping of the ink in the cells. Alimted
number of sheet-fed gravure presses use a flat plate instead of a
cylinder as the image carrier (GAA 1991).

Intaglio plate printing is used to produce stanps, currency,
bank notes, securities, and stationary itens such as invitations and
busi ness cards. It is also used for fine arts printing. Most
intaglio plate presses use gravure printing cylinders. However, a
flat gravure plate is used for fine arts printing. Intaglio plate
printing presses differ fromother gravure presses primarily in the
i nking system which is designed to handle thick paste-like ink (GAA
1991).

The offset gravure press is a standard gravure unit to which a
rubber-covered transfer roller has been added. The image to be
printed is transferred from the gravure printing cylinder to the
roller. The transfer roller then prints the inmage on the substrate.
The transfer of the image fromthe cylinder to the roller is simlar
to the transfer nethod used in offset |ithography. Ofset gravure
presses are used to print substrates with irregular surfaces such as
wood veneer or decorated netal (GAA 1991).

Anot her type of offset gravure press, the flexo gravure press,
is currently used for printing clear filmoverwaps for paper towels
and tissues as well as high quality plastic shopping bags. A flexo
gravure press is a flexographic press on which the anilox roller has
been replaced by a gravure printing cylinder (GAA 1991).

In order to fill the tiny cells on the printing cylinder or
plate, very low viscosity inks nmust be used in gravure printing. The
inks are maintained in a |l ow viscosity state by the use of solvents.
The solvents nust be evaporated quickly so that the ink will dry
before the paper reaches the next printing station on the press.
This is necessary because wet inks cannot be overprinted wthout
smeari ng and snudgi ng. Therefore, high volune air dryers are placed
after each printing station. The solvent-laden air fromthe dryers
is passed through either a solvent recovery systemor solvent vapor
incinerator. A typical recovery systemuses beds of activated carbon
to absorb the solvent. Saturated beds are regenerated by steam The
solvent laden steam is then condensed and the water and sol vent
separate by gravity. Geater than 95 percent of the ink solvents are
recovered using this process (Buonicore). The solvents can either be
reused or destroyed by incineration.
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Wt er - based inks are now being used in the industry, especially
for packagi ng and product gravure. However, their introduction has
required changes in ink formulation, cylinder engraving, press
operation and dryer design. Wile the use of water-based ink reduces
or elimnates the VOC eni ssions and safety hazards associated with
solvents, their higher surface tension and slower drying rate
continue to be obstacles to their expanded use (Buonicore).

In some printing processes, both sides of the web can be printed
si mul taneously. However, in gravure, printing of one side of the web
nmust be conpl eted before the other side can be printed. 1In practice,
the web is printed on one side, rewund, flipped over, then printed
on the other side. Some rotogravure presses are designed with a
turning station that rotates the web 180 degrees. The web is then
run through a parallel paper path with different cylinders that
prints the opposite side of the paper. These presses are called
doubl e- ended presses.

Currently, an inportant advantage of gravure printing is that it
allows high-quality images on inexpensive paper. Formerly, a mgjor
problemwi th gravure printing was the need to use very snooth and,

t herefore, expensive paper. |In gravure printing, ink transfers by
di rect contact, so depressions and other irregularities in the paper
can cause skips in the printing. 1In the late 1950s a very snooth

coated paper (i.e., trailing-blade coated paper) was introduced that
essentially solved the problem of skips in publication gravure
printing.

The introducti on of an expensive coated paper did not, however,

help printers using newsprint and rough board stocks. The
devel opment of an electrostatic assist method eventually sol ved the
probl em of skips for these types of printers. In the electrostatic

assi st process, a negative charge is applied to the printing cylinder
and hence to the ink and a positive charge to the inpression roller
and hence the paper. The ink is electrostatically lifted fromthe
printing cylinder to the paper during printing.

A distinction is al so nade between gravure web-fed presses used
for different substrates, and chem cal usage is |argely dependent on
substrate. Based on substrate, the three types of gravure printing
are: publication, packaging, and product gravure. These presses and
rel ated chem cal usage are discussed in nore detail bel ow

a. Publ i cati on G avure

Publication gravure is used primarily for very
long press runs required to print mass-circulation periodicals,
directories, inserts, and catal ogs. Publication gravure maintains a
conpetitive edge in the printing of mass-circulation magazines
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because the process offers high speed, high quality four color
illustrations on | ess expensive paper, variable cut-off |engths, and
fl exi bl e folding equipnment. These presses can have as many as ten
printing stations - four for color and one for nonochrone text and
illustration in each direction so that both sides of the web can be
printed in one non-stop operation. They can handl e web wi dths of up
to 125 inches and are equipped to print nost large fornmat
publications in circulation today. Publication gravure presses can
also be fitted with cylinders of differing dianeters to accommodat e
varyi ng page si zes.

The maj or types of chem cals used in publication gravure include
adhesi ves, netal plating solutions, inks, and cl eaning solvents. In
terms of chem cals, publication gravure differs from packagi ng and
product gravure primarily in its heavy reliance on tol uene-based ink
(GATF 1992b). The publication gravure industry has had little
success with water-based inks (Buonicore). The industry has found
that in publication gravure where the substrate is always paper
stock, water-based inks have not been capable of printing
comrercially acceptable quality productions runs of 2,000 to 3,000
feet per mnute. A process flow diagramas well as information on
the chemicals used in this process are presented in Figure 17.

b. Packagi ng G avure

Packagi ng rotogravure presses are used for
printing folding cartons as well as a variety of other flexible
packagi ng materials. In addition to printing, packaging gravure
presses are equipped to fold, cut, and crease paper boxes in a
conti nuous process. Packages are usually printed on only one side,
so the nunber of print stations is usually about half that required
for publication gravure presses. However, in addition to printing
stations for the four basic colors, packaging gravure presses may
enploy printing stations for the application of netallic inks and
varni shes as well as lam nating stations designed to apply foils to
t he paper substrate prior to printing.

Packagi ng gravure presses are designed with the accurate cutting
and creasi ng needs of the packaging material in mnd. However, inmage
quality is generally less inportant in packaging printing than in
nost other types of printing and, subsequently, receives |ess
enphasi s.

The chem cals used in packaging gravure are simlar to those
used in publication gravure. However, the inks used in packaging
gravure are largely alcohol- and not toluene-based (GATF 1992b).
Wt er - based i nks are being successfully used for |ower quality, non-
process printing on paper and paperboard packagi ng and for
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PUBLICATION GRAVURE
PROCESS FLOW DIAGRAM
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Figure 17. Publication Gavure (Source: GATF 1992b).
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In reference to each step in the process flow diagram:

1.

2.

5/6.

PUBLICATION GRAVURE (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

Adhesive, glass cleaner

Photographic processing solution, cleaning solvent

Chromium plating solution, polishing compound, etching solution, copper plating
solution, nickel plating solution, sulfuric acid solution, degreasing salt, dechroming

solution

Cylinder cleaner, gravure ink, cylinder cleaning solvent, roller cleaner, toluene, alkane
hydrocarbons

Gravure ink, imprinting inks, ink remover, splicing cement, ink jet inks
None
Adhesive, cleaning solvent, adhesive remover

Adhesive, adhesive remover

Figure 17. Publication Gavure (continued) (Source: GATF 1992b).
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PUBLICATION GRAVURE (cont'd)

Operation/Process

Prepress

Film/glass cleaner

Equipment cleaner
Film devel oper

Film fixer

Cylinder making

Press
Ink, varnish

Wash solvent

Postpress

Glue, adhesive

MAJOR CHEMICALS USED

Major Chemicals Used (Volumes of
Individual Chemicals Used Vary Greatly)

Acetone, hexane, 1,1,1-trichloroethane, ethanol, n-propanoal,
perchloroethylene, 2-butoxy ethanol, isopropanol

| sopropanol, hexane, acetone

Sodium sulfite, sulfosalicyclic acid, hydroguinone, potassium
sulfite, potassium hydroxide, butyl-diethanolamine
Ammonium thiosulfate, sodium acetate, acetic acid,
aluminum sulfate

Barium chloride, 1,1,1-trichloroethane, aliphatic petroleum
ditillates, ammonium oxalate, ammonium molybdate, barium
formate, calcium benzoate, chromic acid, citric acid, copper
sulfate, dicarboxylic acid, cupric tetrafluoborate, ethyl
acetate, ethylenediamine, formal dehyde, copper, hydrogen
peroxide, hydrochloric acid, muriatic acid, isopropanol,
phosphoric acid, sodium hydroxide, sulfuric acid, zinc
chloride

Hexane, mineral spirits, heptane, lactol spirits, petroleum
naphtha, VM & P naphtha, toluene, xylene, acohols

Toluene, diphatic and other aromatic hydrocarbons, ethanol,
mineral spirits, acetone, isopropanol

Paraffin wax, toluene, 1,1,1-trichloroethane, isopropanol

Figure 17. Publication Gavure (continued) (Source: Mathtech).
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printing on non-absorbent packagi ng substrates such as plastics,

al um num and | am nates (Tyszka 1993). Use of water-based inks is
expected to increase; however, problens still limt their use at press
speeds above 1,000 feet per mnute (Buonicore). A process flow
diagramas well as information on the chemcals used in this process
are presented in Figure 18.

C. Product G avure

The continuous printing surface found on gravure
press cylinders provides the "repeat” required to print the continuous
patterns found on textiles and a variety of other products. 1In the
textile industry, a gravure heat transfer process using sublimng dyes
is used to print images on paper. These inmages are then transferred
fromthe paper to a fabric (usually polyester) through a conbination
of heat and pressure. The gravure process is also used to print
conti nuous patterns on wall board, wall paper, floor coverings, and
pl asti cs.

The chem cal s used in product gravure are simlar to those used
in both publication and packagi ng gravure. However, product gravure
uses both water- and sol vent-based i nks (GATF 1992b). The industry
has used wat er-based i nks successfully on nedi umwei ght papers and on
nonabsor bent substrates such as plastics, alum num and |am nates
(Tyszka 1993). However, problens such as paper distortion and cur
persist with Iightweight papers (Buonicore). A process flow diagram
as well as information on the chemcals used in this process are
presented in Figure 19.

4. Vol une of CQut put and Percent age of Total Market

In 1991 gravure printing accounted for 19 percent of
the total value of U S printing industry output (excluding instant
and in-plant printing). Between 1991 and 2025, gravure's market share
is expected to decline to 16 percent of the total U S. market.

Gravure will continue to be the dom nant process for the printing of

| ong-run products such as mass-circul ati on magazi nes and cat al ogs, and
certain types of packaging. However, the |long-run products market is
relatively mature and little gromh is expected (Bruno 1990, 1991).

5. Nunber and Rel ative Size of Printing Conpanies

Based on a nenber survey, the Gravure Association of
Anerica reports that there were 1,090 plants with gravure presses in
1989 (GAA 1989). Guavure printing is generally used by nmediumto
| arge size printers (Lewis 1992).
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PACKAGING GRAVURE
PROCESS FLOW DIAGRAM
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Figure 18. Packaging G avure (Source: GATF 1992b).
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PACKAGING GRAVURE (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

In reference to each step in the process flow diagram:

1.

2.

5/6.

Adhesive, glass cleaner

Photographic processing solution, cleaning solvent

Chromium plating solution, polishing compound, etching solution, copper plating
solution, nickel plating solution, sulfuric acid solution, degreasing salt, dechroming
solution

Cylinder cleaner, gravure ink, cylinder cleaning solvent, roller cleaner

Gravure ink, imprinting inks, ink remover, splicing cement, isopropyl alcohoal, ink jet
inks

Adhesive, cleaning solvent, adhesive remover

Adhesive, adhesive remover

Figure 18. Packagi ng Gavure (continued) (Source: GATF 1992b).
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PACKAGING GRAVURE (cont'd)

Operation/Process

Prepress

Film/glass cleaner

Equipment cleaner
Film devel oper

Film fixer

Cylinder making

Press

Ink, varnish

Wash solvent

Postpress

Glue, adhesive

MAJOR CHEMICALS USED

Major Chemicals Used (VVolumes of

Individual Chemicals Used Vary Greatly)

Acetone, hexane, 1,1,1-trichloroethane, ethanol, n-propanal,
perchloroethylene, 2-butoxy ethanol, isopropanol

| sopropanol, hexane, acetone

Sodium sulfite, sulfosalicyclic acid, hydrogquinone, potassium
sulfite, potassium hydroxide, butyl-diethanolamine
Ammonium thiosulfate, sodium acetate, acetic acid, aluminum
sulfate

Barium chloride, 1,1,1-trichloroethane, aliphatic petroleum
ditillates, ammonium oxalate, ammonium molybdate, barium
formate, calcium benzoate, chromic acid, citric acid, copper
sulfate, dicarboxylic acid, cupric tetrafluoborate, ethyl acetate,
ethylenediamine, formaldehyde, copper, hydrogen peroxide,
hydrochloric acid, muriatic acid, isopropanol, phosphoric
acid, sodium hydroxide, sulfuric acid, zinc chloride

Toluene, xylene, mineral spirits, acetone, methyl ethyl

ketone, methyl isobutyl ketone, ethyl acetate, isopropy! acetate,
n-propyl acetate, butyl acetate, n-butyl acetate, ethylene glycol
monoethy! ether, methanol, ethanol, isopropanal, tri-decanol
Aliphatic and aromatic hydrocarbons, ethanol, mineral spirits,
acetone, toluene, isopropanol

Paraffin wax, toluene, 1,1,1-trichloroethane, isopropanol

Figure 18. Packagi ng Gavure (continued) (Source: WMathtech).
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PRODUCT GRAVURE
PROCESS FLOW DIAGRAM
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Figure 19. Product G avure (Source: GATF
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PRODUCT GRAVURE (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

In reference to each step in the process flow diagram:

1.

2.

5/6.

Adhesive, glass cleaner

Photographic processing solution, cleaning solvent

Chromium plating solution, polishing compound, etching solution, copper plating
solution, nickel plating solution, sulfuric acid solution, degreasing salt, dechroming
solution

Pate cleaner, gravureink, cylinder cleaning solvent, roller cleaner

Gravure ink, imprinting inks, ink remover, splicing cement, isopropyl alcohoal, ink jet
inks

None

Adhesive, cleaning solvent, adhesive remover

Figure 19. Product G avure (continued) (Source: GATF 1992b).
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PRODUCT GRAVURE (cont'd)

Operation/Process

Prepress

Film/glass cleaner

Equipment cleaner
Film devel oper

Film fixer

Cylinder making

Press

Ink, varnish

Wash solvent

Postpress

Glue, adhesive

MAJOR CHEMICALS USED

Major Chemicals Used (VVolumes of

Individual Chemicals Used Vary Greatly)

Acetone, hexane, 1,1,1-trichloroethane, ethanol, n-propanal,
perchloroethylene, 2-butoxy ethanol, isopropanol

| sopropanol, hexane, acetone

Sodium sulfite, sulfosalicyclic acid, hydrogquinone, potassium
sulfite, potassium hydroxide, butyl-diethanolamine
Ammonium thiosulfate, sodium acetate, acetic acid, aluminum
sulfate

Barium chloride, 1,1,1-trichloroethane, aliphatic petroleum
ditillates, ammonium oxalate, ammonium molybdate, barium
formate, calcium benzoate, chromic acid, citric acid, copper
sulfate, dicarboxylic acid, cupric tetrafluoborate, ethyl acetate,
ethylenediamine, formaldehyde, copper, hydrogen peroxide,
hydrochloric acid, muriatic acid, isopropanol, phosphoric
acid, sodium hydroxide, sulfuric acid, zinc chloride

Toluene, xylene, mineral spirits, acetone, methyl ethyl

ketone, methyl isobutyl ketone, ethyl acetate, isopropy! acetate,
n-butyl acetate, ethylene glycol monoethyl ether, methanal,
ethanol, isopropanal, tri-decanol

Aliphatic and aromatic hydrocarbons, ethanol,mineral spirits,
acetone, toluene, isopropanol

Paraffin wax, toluene, 1,1,1-trichloroethane, isopropanol

Figure 19. Product Gravure (continued) (Source: Mathtech)
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C. Fl exogr aphy

1. Fl exogr aphi ¢ Pl at emaki ng

Fl exographic plates are relief plates nade of either
r ubber or ul traviol et I'ight sensitive pol ynmer s (1.e.,
phot opol yners) . The first step in making a rubber flexographic
plate is the production of an engraving of the job using a
phot onechani cal process. Once finished, the engraving is placed in
a nold press. The nold is produced by pressing the nold material,
whi ch can be either plastic or glass, against the engraving under
controlled tenperature and pressure. The resulting nold is then
used to nake a rubber flexographic plate; a rubber sheet is pressed
into the nold under pressure and el evated tenperature.

The production of photopolyner flexographic plates is a
direct-to-plate process that does not require an original plate or
nmol d. The process differs depending on whether solid sheets of
phot opol ymer or |I|iquid photopolyner are used, though the two
processes are simlar in general outline. In both processes the
pl ates are made in ultraviolet exposure units. A negative of the
job is placed between the photopol yner and the ultraviolet |ight
sour ce. The photopol ymer sheet or liquid is then exposed to
ultraviolet light, hardening the image area. Lastly, the plate is
processed to renove the unhardened non-image area. Photopol yner
pl ates are replacing rubber plates because they offer superior
quality and performance at a | ower cost.

2. Fl exographi ¢ Presses and Printing

Fl exographic presses conbine features of both

letterpress and rotogravure printing. Like letterpress, the
process uses relief plates and, |ike rotogravure, it uses |ow
viscosity, fast-drying inks. Typically, the plates are nade of
| ow- cost rubber or photopol yner. | nexpensi ve, durable plates

coupled with sinple printing techniques and the use of a two roller
system to distribute ink onto the plate cylinder allow for easy
makeup and cleanup. As a result, flexography is one of the |east
expensive printing processes. Fl exographic presses are capabl e of
produci ng good quality inpressions on many different substrates.
Figure 20 presents schematics of a web-fed rotary press and a three
roller ink systemtypical of those used in flexographic printing.

The five types of printing presses used for flexographic
printing are the stack type, central inpression cylinder (CQC), in-
line, newspaper wunit, and dedicated 4-, 5-, or 6-color wunit
commerci al publication flexographic presses. Al five types enpl oy
a plate cylinder, a nmetering cylinder known as the anil ox
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Fountain Roll ' Cylinder

Figure 20. Wb-fed Rotary Fl exographic Press (top) and
Three Roller Ink System (Source: Adans 1988. Reproduced by
perm ssion. Printing Technology, 3rd Edition by J. M chael

Adans, David D. Faux and Ll oyd Rei ber, Del mar Publi shers,
Inc., Al bany, New York, Copyright 1988)
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roll that applies ink to the plate, and an ink pan. Sone presses use
a third roller as a fountain roller and, in sonme cases, a doctor
bl ade for inproved ink distribution.

The stack press is characterized by one or nore stacks of
printing stations arranged vertically on either side of the press
frame. Each stack has its own plate cylinder which prints one col or
of a nulticolor inpression. Al stations are driven froma comon
gear train. Stack presses are easy to set up and can print both
sides of the web in one pass. They can be integrated with w nders,
unwi nders, cutters, creasers, and coating equi pnent. They are very
popular for mlk carton printing. A drawback of stack presses is
their poor registration; the inmage position on every printed sheet is
not as consistent as in many other printing processes.

Central inpression cylinder (CIC) presses use a single
i mpression cylinder nounted in the press frane. Two to eight color
printing stations surround the central inpression cylinder. Each
station consists of an ink pan, fountain roller, anilox roll, doctor
bl ade, and plate cylinder. As the web enters the press it cones into
contact with the inpression cylinder and remains in contact until it

| eaves the press. The result is precise registration which allows
CI C presses to produce very good col or inpressions.

The in-line flexographic press is simlar to the stacked press
except the printing stations are arranged in a horizontal line. They
are all driven by a common |ine shaft and nmay be coupled to folders,
cutters, and other postpress equi pnent. These presses are used for
printing bags, corrugated board, folding boxes, and simlar products.

A newspaper flexographic press consists of nultiple printing
units, each unit consisting of two printing stations arranged back-
to-back in a common frame. The use of paired stations allows both
sides of the web to be printed in one pass. Mul tiple printing
stations are required to print the nmany pages that make up a typical
newspaper. Single and doubl e col or decks, stacked units, or 4-, 5-,
or 6-color units are sonetimes positioned above those units where t he
publ i sher wants to provide single or multiple spot color, spot color
for both sides of the web, or process color, respectively
(Buoni core).

Conmerci al publication flexographic presses are conpact high-
speed presses with wide web capability that utilize dedicated 4-, 5-,
or 6-color units. Typically, two four-color units are paired in one
press to allow printing on both sides of the web. Publ i cati on
f1 exographi c presses generally incorporate infrared dryers to ensure
drying of the waterborne ink after each side of the web is printed
(Buoni core).

There are two primary reasons why flexography is gradually
becomng a major player in the printing industry: 1) it is a
relatively sinple operation; and 2) it is easily adapted to the use
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of water-based inks. The wi despread use of water-based inks in
fl exographic printing nmeans a large reduction in VOC em ssion
conpared to the heatset web or gravure printing processes.
Publication flexography is used mainly in the production of
newspaper, conmics, directories, newspaper inserts, and catal ogs.
Packagi ng fl exography is used for the production of folding cartons,
| abel s, and packaging materials. Large quantities of inks are used
during normal runs on flexographic presses; however, sone printers
are able to recycle a mgjority of their spent inks and wash waters.

Maj or chemicals wused in flexography include platenmaking
solution, water and sol vent based inks, and bl anket/roller cleaning
sol vent s. Figure 21 presents a process flow diagram as well as
information on the chemcals used in publication flexography. Figure
22 presents this information for packagi ng fl exography (GATF 1992b).

3. Vol une of Qut put and Percentage of Total WNharket

In 1991, flexographic printing accounted for 17
percent of the total value of US. printing industry output
(excluding instant and in-plant printing). Between 1991 and 2025,
however, flexography's share of the narket is expected to increase to
21 percent. Gowth areas for flexography which recently replaced
letterpress as the major relief printing process, are expected to be
preprinted | abels for corrugated boxes, pressure sensitive |abels,
newspaper inserts, com c books, and directories and catal ogs (Bruno
1990, 1991).

4. Nunber and Rel ative Size of Printing Conpanies

O a total of 59,636 plants with printing presses,
only 1,587, or 2.7 percent, have flexographic presses. Flexographic
printers, however, tend to be larger than printers using other
processes. Alnost 55 percent of plants with flexographic presses
have 20 or nore enployees conpared to less than 16 percent in the
printing industry as a whole (A F. Lewis 1991).

D. Letterpress

1. Letterpress Pl at enaki ng

Letterpress and fl exographic plates are made using the
same basic technol ogy. The two basic types of plates used in
letterpress printing are original plates and duplicate plates. Only
duplicate plates are used in flexography.
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PUBLICATION FLEXOGRAPHY
PROCESS FLOW DIAGRAM
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Figure 21. Publication Flexography (Source: GATF
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PUBLICATION FLEXOGRAPHY (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

In reference to each step in the process flow diagram:

1 Glue, cleaning solvent, class cleaner

2 Glue

3. Film fixer, film developer, film cleaner, antistatic spray
4

Platemaking photopolymer, plate washing, defoamer, plate etching compound,
plate cleaning liquid, isopropyl acohol

5. Microbial agent

6. Flexo ink (solvent- or water-based), varnish blanket and roller wash, ink
cleaner/remover, plate preserver

7. Adhesive

8. Adhesive

Figure 21. Publication Flexography (continued).
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PUBLICATION FLEXOGRAPHY (cont'd)

Operation/Process

Prepress

Film/glass cleaner

Equipment cleaner
Film devel oper

Film fixer
Flexoplatemaking
solution
Press
Ink
Wash solvent/plate

cleaner
Wash solution

Postpress

Glue, adhesive

MAJOR CHEMICALS USED

Major Chemicals Used (VVolumes of

Individual Chemicals Used Vary Greatly)

Acetone, hexane, 1,1,1-trichloroethane, ethanol, n-propanal,
perchloroethylene, 2-butoxy ethanol, isopropanol

| sopropanol, hexane, acetone

Sodium sulfite, sulfosalicyclic acid, hydroguinone, potassium
sulfite, potassium hydroxide, butyl-diethanolamine
Ammonium thiosulfate, sodium acetate, acetic acid, aluminum
sulfate

Methacrylate monomer, organic

phosphorous compounds, petroleum distillates, anionic
surfactants, potassium hydroxide

Benzi sothiazolinon, ethylenediamine, anmonium hydroxide,
antimicrobial agents, isopropanol, toluene

Aliphatic and aromatic hydrocarbons, ethanol, minera
spirits, acetone, toluene

Ethylene glycol monoethy! ether, amines, anmonia

Paraffin wax

Fi gure 21.

Publ i cati on Fl exography (continued).
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PACKAGING FLEXOGRAPHY
PROCESS FLOW DIAGRAM
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Figure 22. Packagi ng Fl exography (Source: GATF 1992b).
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PACKAGING FLEXOGRAPHY (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

In reference to each step in the process flow diagram:

1. Adhesive
2. Cleaning solvent, adhesive
3. Film fixer, film developer, film cleaning solvent

4. Platemaking fluid, spent platemaking fluid neutralization compound, muriatic

acid
5. Pate cleaning solvent, ink, plating cleaning solution
6. Plate cleaner, plate preserver, flexo ink, varnish, roller cleaning solvent
7. Adhesive, adhesive remover
8. Adhesive, adhesive remover
- Specialty operations:

Lamination (glue)

Figure 22. Packagi ng Fl exography (continued).
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PACKAGING FLEXOGRAPHY (cont'd)
MAJOR CHEMICALS USED

Major Chemicals Used (VVolumes of

Operation/Process Individual Chemicals Used Vary Greatly)

Prepress

Film/glass cleaner

Equipment cleaner
Film devel oper

Film fixer

Flexoplatemaking
solution

Press

Ink

Wash solvent/plate
cleaner

Wash solution

Postpress

Glue, adhesive

Acetone, hexane, 1,1,1-trichloroethane, ethanol, n-propanal,
perchloroethylene, 2-butoxy ethanol, isopropanol

| sopropanol, hexane, acetone

Sodium sulfite, sulfosalicyclic acid, hydrogquinone, potassium
sulfite, potassium hydroxide, butyl-diethanolamine
Ammonium thiosulfate, sodium acetate, acetic acid, aluminum
sulfate

M ethacrylate monomer, organic phosphorous compounds,
petroleum distillates, anionic surfactants, glycol ethers,
sodium hydroxide

Benzi sothiazolinon, ethylenediamine, anmonium hydroxide,
antimicrobial agents, isopropanol, toluene, n-propanal, n-propyl
acetate, ethyl alcohol, n-heptane

Aliphatic and aromatic hydrocarbons, ethanol, minera

spirits, acetone, toluene, isopropanol, methyl isobutyl ketone,
diethylene glycol ether, methyl ethyl ketone

Ethylene glycol monoethy! ether, amines, anmonia

Paraffin wax, toluene, 1,1,1-trichloroethane, isopropanol

Fi gure 22.

Packagi ng Fl exography (continued).
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Oiginal plates are made by photonechani cal nmeans from artwork
or phot ographs that have been converted to either line or half-tone
negatives. The negatives are used to produce either a photoengraved
or photopol ymer plate. Wen the original plates thenselves are used
for printing, they are called direct plates. Cenerally, direct plates
are used for very short press runs. Duplicate plates, cast in nolds
made fromoriginal plates, are used for |onger press runs.

a. Oiginal Plates

Today, original plates are made either from a
variety of nmetals by acid etching nethods or from photopol yner
plastics. Metal plates are conmonly referred to as phot oengravi ngs
or engravings. The three types of engravings used, |line, half-tone,
and conbi nation, are dependent on the type of filmnegative used to
expose the plate prior to engraving. Phot oengravi ngs are nmade in
units snaller than the size of the press cylinder allow ng several to
be nounted on the cylinder to produce a conplete imge. Because
rotary presses dom nate the market, letterpress printing generally
requi res curved pl ates.

A second type of letterpress plate, the waparound plate, is
made using the same general process as used for photoengraving.
However, |etterpress waparound plates are nounted in one piece and
cover the entire surface of the cylinder. W aparound | etterpress
pl ates are used for both dry offset and direct printing.

Phot oengraved pl ates are produced on 16 gauge zi nc, copper, or
magnesi um  Copper is usually used for halftone plates and zinc and
other netals for line engravings. Photosensitive coatings used in
pl ate preparation are bichromated shellac for zinc and magnesi um
pl ates and bichromated glue for copper plates. Phot ocr ossl i nki ng
pol ymers are also used for sone plates. After exposure, the neta
pl ates are subjected to an acid bath where the non-printing areas are
etched away by the acid. Large non-printing areas may be renoved by
mechani cal routing. Ntric acid is frequently used to etch zinc and
magnesi um pl ates while a ferric chloride solution is used for copper
pl at es.

A major problem during etching is undercutting, the unwanted
si deways etching that can undercut the resist and adversely effect
dot size and line width on the plate. Today a techni que known as

powder| ess etching is used to prevent this problem In powderless
etching, the etching bath consists of an emulsion of nitric acid,
oils, and a wetting agent. As the acid attacks the plate, the

wetting agent and oil form a banking agent that clings to the sides
of the etched areas and prevents sideways etching. This system has
been adopted for use on zinc, magnesi um copper and al um num pl at es.
Chem cally, the emul sions used for etching copper and al um num pl at es
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are quite different fromthose used for zinc and magnesi um pl at es.
Powder | ess etching can be used for original photoengraved pl ates as
wel | as waparound pl ates.

Phot opol yner plates can be used for original and waparound
applications or for making duplicate plates. The photopol ynmer pl ates
in use today are typically proprietary products and include Dycril,
Nyl oprint, Letterflex, Dynaflex, NAPP, and Merigraph plates.

Du Pont Dycril plates, introduced in 1959, are used in a w de
variety of flat, rotary, and waparound | etterpress applications as
well as letterset applications. These plates also serve as patterns
for making duplicate plates. Dycril plates consist of a |ayer of
light-sensitive plastic bonded to a netal or filmsubstructure. Wen
the plate is exposed to W light through a halftone or line type
negative, the exposed areas of the plastic coating is polynerized and
becomes hardened. The unexposed coating can be washed away using an
al kal i ne spray.

Nyl oprint plates, produced by BASF, Corp., are nade of a
phot osensitive nylon |ayer bonded to a backing material, usually
al um num steel, or distortion resistant foil. These plates are
used on cylinder presses for printing magazi nes and other long run
j obs.

Letterflex plates, manufactured by W R Gace & Co., are used
extensively in newspaper and book printing. They consist of a liquid
phot osensi tive prepol ymer applied as a coating to a pol yester sheet.
A machine perforns both the coating and exposure process in one
operation. The liquid prepolymer is converted to a solid polyner on
exposed areas of the sheet. The liquid prepolymer remaining on the
unexposed areas is then renoved. Used on cylinder presses,
Letterflex plates are very durable.

Dynafl ex plates, used primarily by the newspaper industry,
consist of a dry prepolyner photosensitive coating on a nmetal
substrate. Once exposed, processing is simlar to other photopol yner
pl ates. The unexposed areas of the plate is easily renoved by water.

NAPP pl at es, devel oped in Japan but manufactured in the U S. by
Lee Enterprises, Inc., use a denatured polyvinyl alcohol coating
bonded to a steel or alum num backing. The plates are delivered to
the printer in a presensitized state that are ready for exposure
wi t hout any other processing. After exposure, the plate is washed in
water to renmove the unexposed material. These plates are used
primarily for letterpress applications but they can be easily adapted
to gravure and |ithographic operations.

Merigraph plates, developed in Japan but manufactured in the
US. by Hercules, 1Inc., wuse a liquid wunsaturated polyester
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phot opol ymer simlar to that found on the Letterflex plate. A
machine is used to coat the plate just prior to exposure.

b. Duplicate Pl ates

A duplicate is a plate cast in a nold nmade from
an original plate. Duplicate plates are used because they can be
made from a nunber of durable materials resulting in plates with

| onger service lives than is possible with original plates.
Furthernore, if a duplicate plate is damaged, a new duplicate can
qui ckly be produced fromthe original. Curved duplicate plates are

produced to fit modern press cylinders.

Duplicate plates fall into four general categories: stereotype,
el ectrotype, plastic, and rubber. Each of these types of plates are
described in greater detail bel ow

Stereotype plates are used only for letterpress newspaper
printing. A stereotype plate is prepared by first making a paper-
mache mat or nold from the original plate. Molten netal is then
poured into the paper-nmache nold to formthe press plate. The netal
used depends on the length of the press run. For |ong runs nickel,
chromium or iron are used.

El ectrotype plates are used in |letterpress operations where high
quality is required. This includes conmrercial printing, books, and
magazi nes. An inpression or nold of the original is nade using hot
plastic. The nold is then plated with silver to make it conducti ve.
The coated nold is then electroplated with a thin |ayer of copper or

nickel. The resulting shell is renoved fromthe nold and backed with
nolten nmetal to give it strength. The face can then be plated with
nickel, iron, or chromumfor |ong press runs.

Pl astic and rubber plates are prepared in a process simlar to
the one used to naeke electrotype plates. The use of plastic or
rubber makes the plates very I|ightweight and |owcost. Pl astic

pl ates are made fromthernoplastic vinyl resins. Qurrently, however,
use of this type of plate is not w despread due largely to the
toxicity of the vinyl nononers used.

Rubber plates can be nolded from either natural or synthetic
rubber or some conbination of the two. These plates are used on
fl exographi c presses for printing wapping paper, bags, envel opes,
corrugated boxes, mlk cartons, and any application where the
fl exi ble characteristics of rubber assist printing on irregular and
rough surfaces. These plates are also used for special "centra
i mpressi on presses” used to print flexible filnms used in packagi ng.
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2. Letterpress Presses and Printing

Letterpress printing dates back to the earliest
nmet hods for applying an image to paper. The three types of
| etterpress presses in use today are platen, flat-bed, and rotary
presses. Schematic representations of two of the nbst common types
of letterpress presses, the unit-design perfecting rotary press and
the rotary letterpress typically used for nmgazine printing, are
shown in Figure 23.

Pl aten presses have been in continuous use since Qutenberg first
invented the printing press. A platen press is made up of two flat
surfaces called the bed and the platen. The plate containing the
image is placed on the bed and | ocked down. The platen provides a
snooth backing for the paper or other substrate that is to be
printed. The plate is inked and then the platen presses the
substrate against the plate producing the inpression. Sone platen
presses are arranged with the bed and platen in the vertical plane.

The plate is inked with an inking roller that transfers ink from
an inking plate to the inmage carrier. |Ink is placed on the inking
plate by an ink fountain roller. The platen style press has been
widely used in printing snmall-town newspapers since the |ate 1800s.
The printing area is usually Iimted to a maxi num of 18 inches by 24
inches. These presses are also used to print |letterhead, billheads,
forms, posters, announcenents, and many other types of printed
products, as well as for inprinting, enbossing, and hot-Ieaf

st anpi ng.

Fl at-bed cylinder presses use either vertical or horizontal
beds. These presses can print either one or two-col or inpressions.
Fl at- bed cylinder presses, which operate in a manner simlar to the

platen press, will print stock as large as 42 inches by 56 inches.
The plate is |ocked to a bed which passes over an inking roller and
then against the substrate. The substrate passes around an
i mpression cylinder on its way fromthe feed stack to the delivery
stack. Ink is supplied to the plate cylinder by an inking roller and
an ink fountain. Fl at-bed cylinder presses are slow, having a

production rate of not nore than 5,000 inpressions per hour. As a
result, nmuch of the printing formerly done on this type of press is
now done using rotary letterpress or lithography. The horizontal bed
press, the slower of the two types of flat-bed cylinder press, is no
| onger manufactured in the United States.

Rotary presses are currently the nost popul ar type of press used
in letterpress operation. They can be either sheet-fed or web-fed
and, in construction, are simlar to other sheet-fed and web-fed
presses. Like all rotary presses, rotary letterpress requires curved
i mage carrying plates. The nost popular types of plates used are
stereotype, electrotype, and nol ded plastic or
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Figure 23. Unit-design Perfecting Rotary Press (top) and

Rotary Letterpress Typically Used for Magazine Printing

(Source: Field 1980. Reproduced by perm ssion of Ayer
Conpany Publishers, Inc.)
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rubber. Wen printing on coated papers, rotary presses use heat-set
inks and are equi pped with dryers, usually the high-velocity hot air

t ype.

Web-fed rotary letterpress presses are used primarily for
printing newspapers. These presses are designed to print both sides
of the web sinultaneously. Typically, they can print up to four
pages across the web; however, sone of the new presses can print up
to six pages across a 90-inch web. Rotary letterpress is also used
for long-run comercial, packaging, book, and magazine printing.

Maj or chemicals used in letterpress printing, very simlar to
t hose used in lithography, include filmdevel opers and fixers, inks,
and bl anket and roller washes (GATF 1992b). A process flow di agram
as well as information on the chemcals used in this process are
presented in Figure 24.

3. Vol une of Qut put and Percentage of Total WNharket

Prior to the Second Wrld War |letterpress was the
dom nant printing process, but since the md-1940s it has been
gradual |y replaced by other printing processes. In 1991, letterpress
printing accounted for 11 percent of the total value of U S. printing
i ndustry out put (excluding instant and in-plant printing). However,
between 1991 and 2025, letterpress’ market share is expected to
decline dramatically to only four percent of the total U S. market.
By 2025, letterpress will no longer rank as a najor printing process.
G avure has largely replaced letterpress in the printing of |ong-run
magazi nes and catal ogs while flexography is replacing it for printing
paper backs, |abels, business forms, newspapers, and directories
(Bruno 1990, 1991).

4. Nunber and Rel ative Size of Printing Conpanies

In 1982, the | atest year for which data are avail abl e,
20,786 plants used letterpress presses. More recent data was
avail abl e on the nunber of plants with sheetfed | etterpress presses;
in 1988, there were 18,961 plants with this type of press. In 1982,
over 83 percent of plants with letterpress presses had fewer than 20
enpl oyees and al nost 46 percent had fewer than five. [In 1988, al nost
85 percent of plants with sheetfed letterpress presses had fewer than
20 enpl oyees and 44 percent had fewer than five (A F. Lewis 1991).
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LETTERPRESS
PROCESS FLOW DIAGRAM
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Figure 24. Letterpress (Source: GATF 1992b).
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LETTERPRESS (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

In reference to each step in the process flow diagram:

1.

2.

Adhesive, cleaning solvent
Color scanner cleaner, deletion fluid

Film developer and fixer, film cleaner, film system cleaner, image cleaner/preserver,
antistatic spray, adhesive

Plate devel oper and finisher, plate toner, plate system cleaner

Letterpressink, blanket wash, roller wash, copperizing solution, anti-setoff
powder

Adhesive, ink
Adhesive
Specialty operations:

Lamination (glue, varnish, plastics)
Cellophane window (glue)

Figure 24. Letterpress (continued).
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LETTERPRESS OPERATION (cont'd)

Operation/Process

Prepress

Film/glass cleaner

Equipment cleaner
Film devel oper

Film fixer
Plate devel oper
Plate
Press
Ink, varnish
Ink thinner
Wash solvent
Linotype

Postpress

Glue

MAJOR CHEMICALS USED

Major Chemicals Used (Volumes of
Individual Chemicals Used Vary Greatly)

Acetone, hexane, 1,1,1-trichloroethane, ethanol, n-propanal,
perchloroethylene, 2-butoxy ethanol, isopropanol

| sopropanol, hexane, acetone

Sodium sulfite, sulfosalicyclic acid, hydroguinone, potassium
sulfite, potassium hydroxide, butyl-diethanolamine
Ammonium thiosulfate, sodium acetate, acetic acid, aluminum
sulfate

Surfactant, Benzyl alcohol, diethanolamine, polyvinyl acohoal,
ethylene glycal, thiol compounds, acetic acid

Photosensitive polymers

Petroleum distillates, vegetable oil, resin, rosin, toluene,
isopropanol, xylene,

pigments containing barium and copper

Hydrotreated or solvent extracted naphthenic distillates
Aliphatic and aromatic hydrocarbons, ethanol, turpentine,
acetone

Lead, zinc, tin

Paraffin wax, methanol, hexane, acetone, ethylene dichloride,
methyl ethyl ketone, polyglycol dimethacrylates, methyl
cyanoacrylates, toluene

Figure 24. Letterpress (continued).
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E. Screen Printing

1. Screen Preparation

A typical inmage carrier used in screen printing
consists of a screen nade froma very finely woven fabric. The inmage
is defined by a stencil or nmask which is adhered to the fabric
screen. Ink will pass through the fabric except where the stencil is
applied, thus formng an inmage on the printing substrate. The fabric
is typically stretched taught over a wooden or netal frame. The
resulting shall ow container formed by the frane will hold a quantity
of ink which is pressed through the fabric by a squeegee that is
drawn across the screen by the printing press.

a. Screen Fabrics

Silk was the original material used to mnake
screens for screen printing. Today, various synthetic material are
t he dom nant screen materials. By far the nost widely used fabric is
nonof i | anent pol yester followed by nultifilanent pol yester and nyl on.
O her screen materials include: cal endared nonofil ament pol yester,
netal li zed nmonofi | ament pol yester, carbonized pol yester, glass, wire
mesh, and stainless steel. Screens nmade of the same material can
differ in thread di aneter, nunber of threads-per-inch, and choice of
nmono- or nultifilanent fibers. Need for various characteristics such
as wearability and dinensional stability will help determ ne the
fabric selected for a particular screen printing job. D aneter of
mesh thread and nunber of threads per inch determ ne the amount of
ink transferred to the substrate during the printing process
(Buoni core and SPAI 1991).

b. Stencils

The stencil, used to cover the non-printing area
of the screen, nust be of a nmaterial that is inperneable to the
screen printing ink. Materials used for stencils include plain
paper, shellac or l|acquer coated paper, |acquer film photographic
film and light-sensitive emulsions. Stencil types available
i ncl ude: hand-cut film photographic film direct coating,

direct/indirect photostencil, and wet-direct photostencil.
A hand-cut filmstencil is made by hand cutting the inmage areas
froma lacquer film sheet on a paper backing. A liquid adhesive is
then used to bond the stencil to the screen fabric. Once the

adhesi ve has dried, the films paper backing sheet is renoved.

Two types of photographic film presensitized and unsensiti zed,
are available for use in the preparation of stencils. Presensitized
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filmis ready to use as purchased, while unsensitized filmmust first

be treated with a photosensitization sol ution. In preparing the
stencil, the filmis exposed to a positive filminmage in a vacuum
frane. It is then developed in a solution that renders the unexposed

image areas soluble in water. The soluble areas are renoved and the
remaining filmis bonded to the screen fabric.

In the direct coating process, a light-sensitive enulsion is
applied to the entire screen and allowed to dry. The screen is then
exposed to a film positive inage. The non-inmage areas of the
emul si on harden upon exposure. However, the coating in the unexposed
imge areas remains soluble and is renoved with a spray of warm
water. Several coats of the light-sensitive nmaterial are applied and
snmoot hed to achieve a | ong wearing screen.

The preparation of direct/indirect stencils conbines el ements of
both the photographic film and the direct coating nethods. An
unsensitized photographic filmis lamnated to the screen and then
sensitized by the direct application of a photosensitive enul sion.
The exposed stencil is processed in a manner simlar to that used in
the preparati on of stencils produced by the photographic filmand the
direct coating nethods. The direct/indirect process produces highly
durable stencils that are used in applications where high print
gquality is required.

A recent developnent in stencil preparation is the wet-direct
phot ostencil process. To prepare a stencil using this process, a
film positive is held in direct contact with a wet photopolymer
enul si on. The enul sion hardens when exposed to WV light. The
unexposed areas of emul sion are then renoved yielding a very durabl e,
hi gh quality screen.

2. Screen Presses and Printing

Reduced to its basics, screen printing consists of
three el ements: the screen which is the inage carrier; the squeegee;

and i nk. The screen is placed in a wooden, steel, or alum num
frame and pulled taught. Proper tension is essential to accurate
color registration. The stencil is then applied to the non-inmage

areas of the screen to render them inpervious to ink. The i mage
areas renmai n porous.

The squeegee is a blade that is drawn across the screen to force
ink through its porous inmage areas and onto the substrate. Many
factors such as conposition, size and form angle, pressure, and
speed of the blade determine the quality of the inpression. At one
time nost bl ades were nade from rubber which, however, is prone to
wear and edge nicks and has a tendency to warp and distort. Wile
bl ades continue to be nmade from rubbers such as neoprene, nost are
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now made from pol yurethane which can produce as many as 25,000
i mpressi ons wi thout significant degradation of the inage.

A significant characteristic of screen printing is that a
greater thickness of the ink can be applied to the substrate than is
possible with other printing techniques. This allows for sone very
interesting effects that are not possible using other printing
net hods. Because of the sinplicity of the application process, a
wi der range of inks and dyes are available for use in screen printing
than for use in any other printing process.

Until relatively recently all screen printing presses were
manual | y oper at ed. Now, however, nobst commercial and industria
screen printing is done on single and multicol or automated presses.
Three types of presses are used by the screen printing industry:
flat-bed (probably the nost wdely used), cylinder, and rotary.
Fl at-bed and cylinder presses are simlar in that both use a flat
screen and a three step reciprocating process to performthe printing
oper ati on. The screen is first nmoved into position over the
substrate, the squeegee is then pressed against the nmesh and drawn
over the image area, and then the screen is lifted away from the
substrate to conplete the process. Wth a flat-bed press the
substrate to be printed is positioned on a horizontal print bed that
is parallel to the screen. Wth a cylinder press the substrate is
nmounted on a cylinder (Field and Buonicore).

Rotary screen presses are designed for continuous, high speed
web printing. The screens used on rotary screen presses are seanl ess
thin metal cylinders. The open-ended cylinders are capped at both
ends and fitted into blocks at the side of the press. Duri ng
printing, ink is punped into one end of the cylinder so that a fresh
supply is constantly naintained. The squeegee is a free floating
steel bar inside the cylinder and squeegee pressure i s maintained and

adj usted by magnets nounted under the press bed. Rotary screen
presses are nost often used for printing textiles, wall paper, and
ot her products requiring unbroken continuous patterns. Figure 25

depicts two types of screen presses, flat-bed and rotary.

Screen printing is arguably the nost versatile of all printing

processes. It can be used to print on a wide variety of substrates,
i ncl udi ng paper, paperboard, plastics, glass, netals, fabrics, and
many other materials. The major chemicals used include screen

emul sions, inks, and solvents, surfactants, caustics and oxidizers
used in screen reclamation. The inks used vary dramatically in their
formul ati ons (GATF 1992b). A process flow diagram as well as
information on the chemcals used in this process are presented in
Fi gure 26.
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Figure 25. Flat-bed Screen Press (top) and Rotary Screen Press
(Source: Field 1980. Reproduced by perm ssion of Ayer
Conpany Publishers, Inc.)
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SCREEN PRINTING
PROCESS FLOW DIAGRAM
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Figure 26. Screen Printing (Source: GATF 1992b).
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SCREEN PRINTING (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

In reference to each step in the process flow diagram:

1.

2.

Adhesive, cleaning solvent
Cleaning solvent, film fixer and devel oper

Mesh preparation compounds, abrading compounds, degreasers, adhesives,
stencil/emulsion systems, blockout solution

Screen printing ink, haze remover

Ink remover, stencil remover

Figure 26. Screen Printing (continued).

2-74




SCREEN PRINTING OPERATION (cont'd)
MAJOR CHEMICALS USED

Major Chemicals Used (Volumes of

Operation/Process Individual Chemicals Used Vary Greatly)

Prepress

Film devel oper
Film fixer

Stencil emulsion

Press

Ink

Postpress

Screen reclamation
solvents

Sodium sulfite, sulfosalicyclic acid, potassium hydroxide,
potassium sulfite, hydroquinone, butyl-diethanolamine
Ammonium thiosulfate, sodium acetate, acetic acid,
aluminum sulfate

Polyvinyl acohol, polyvinyl acetate, benzoate esters, citrate
esters, trinexyl ester acetate, trimethylol propane triacrylate,
pentaerythritol tetracrylate, sodium citrate, phthalocyanine
pigments, diazonium salts

Glycol ethers, aromatic and aliphatic petroleum distillates,
ketones, esters, mono- and multifunctional acrylate
monomers, acrylate oligomers, isocyanates, acrylic, vinyl,
urethane, styrene, cellulosic, polyamide, epoxy, polyester
and melamineresins, silicones, amines, pigments
containing lead, chromium, and cadmium

Mineral spirits, toluene, xylenes, [imonenes, terpenes,

acetone, methyl ethyl ketone, cyclohexanone, butyrolactone,
ethyl acetate, butyl acetate, ethylene glycol mono butyl ether
acetate, propylene glycol mono methyl ether acetate, propylene
glycol mono ethyl ether acetate, diethylene glycol mono butyl
ether acetate, dipropylene glycol mono methyl ether acetate,
isopropanol, diacetone alcohol, benzyl acohoal, terpineal,
ethylene glycol mono methyl ether, ethylene glycol mono ethyl
ether

Fi gure 26.

Screen Printing (continued).
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SCREEN PRINTING OPERATION (cont'd)

Operation/Process

Postpress (cont.)

Screen reclamation
solvents (cont.)

Screen reclamation
surfactants

Screen reclamation
caustics

Screen reclamation
oxidizers

MAJOR CHEMICALS USED

Major Chemicals Used (Volumes of
Individual Chemicals Used Vary Greatly)

Ethylene glycol mono butyl ether, propylene

glycol mono methyl ether, propylene glycol mono ethyl

ether, propylene glycol mono butyl ether, diethylene glycol mong
ethyl ether, diethylene glycol mono buty! ether, dipropylene
glycol mono methyl ether, dipropylene glycol mono ethyl ether,
dipropylene glycol mono butyl ether,

N-methylpyrrolidone,

Alkybenzene sulphonates, alkyl sulphates, alkyl ether
sulphates, aliphatic phosphate esters, alkyl sulphosuccinates,
alkyl phenol ethoxylates, ethoxylated fatty alcohols, EO-PO
block copolymers, tetra alkylammonium halides/phosphates,
betaines, alkylimidazoline carboxy acids

Sodium hydroxide, potassium hydroxide, sodium

carbonate, trisodium phosphate

Sodium metaperiodate, sodium hypochlorite, periodic

acid, enzymes

Figure 26. Screen Printing (continued).
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3. Vol une of Qut put and Percentage of Total WNharket

In 1991, screen printing accounted for |ess than three
percent of the total value of U S, printing industry output
(excluding instant and in-plant printing). Between 1991 and 2025,
screen printing nmarket share is expected to show little or no growh
(Bruno 1991).

4. Nunber and Rel ative Size of Printing Conpanies

The Screen Printing Association |International
estimates that there are at least 40,000 plants in the US. wth
screen presses (Kinter 1993). This estimate does not include an
unknown nunber of electronics plants that use screen printing in the
production of electronic circuitry (Kinter 1992). The mgjority of
screen printing plants are small businesses with fewer than 20
enpl oyees (Kinter 1993).

F. Pl at el ess Processes

1. Descri ption

The various plateless printing processes are quite
different from the five major conventional printing processes
descri bed above. Unlike traditional processes, the new processes do
not use printing plates or any other type of physical image carrier.
Instead, they rely on sophisticated conputer software and hardware to
control the printing elenents. Currently, however, the plateless
processes are restricted largely to in-plant and quick printing
appl i cations.

In ternms of chem cal use, the platel ess processes have a nunber
of advantages over traditional printing processes. Typically, nake-
ready preparations are done electronically so the various chemicals
associated with prepress operations are largely avoided. Plateless
processes do not require solvent washes and with a few exceptions
(e.g., ink jet printers) dry (solventless) inks are used. Though the
chemcals used in plateless processes depends on the particular
process involved, inportant chemcals include Freon 11, inks, and
hydr ocar bon based sol vents (GATF 1992b). A process flow diagramfor
electronic printing as well as information on the chem cals used are
presented in Figure 27.

2. Specific Platel ess Processes

A nunber of commercial platel ess printing technol ogi es
were identified including: electronic printing, ink jet printing,
magnet ogr aphy, ion deposition printing, direct charge deposition
printing, and the Mead Cycol or Photocapsul e process. Each of these
systens is discussed briefly bel ow
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ELECTRONIC PRINTING
PROCESS FLOW DIAGRAM
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Figure 27. Electronic Printing (Source: GATF 1992b).
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ELECTRONIC PRINTING (cont'd)
CHEMICAL/CHEMICAL COMPOUND USAGE

In reference to each step in the process flow diagram:

1.

2.

None
None
Cleaning solvent

Water and solvent based inks, petroleum hydrocarbon additives, ink depositing
solvents

Adhesive

Specialty operations:
Ink jet (water and solvent based inks),
Laser printer (freon and acetone),

Electropress (solvent based inks and petroleum based ink
solvents)

Figure 27. Electronic Printing (continued).
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ELECTRONIC PRINTING (cont'd)
MAJOR CHEMICALS USED

Major Chemicals Used (VVolumes of

Operation/Process Individual Chemicals Used Vary Grestly)
Prepress
None None
Press
Ink Petroleum digtillates, isopropanol, aliphatic and aromatic

hydrocarbons, pigments

Processing
material Freon 113, acetone, petroleum hydrocarbons,
Wash solvent Aliphatic and aromatic hydrocarbons, ethanol, mineral spirits,
acetone, isopropanol
Postpress
Glue Paraffin wax

Figure 27. Electronic Printing (continued).
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a. El ectronic Printing

The nost inportant electronic processes are
xerographic and l|aser printing. Wth one nmjor exception
xerographic and |l aser printers operate on simlar principals. In
both processes an inage is recorded on a drumin the form of an
el ectrostatic charge. The electrostatic charge is then transferred
to a sheet of some material, generally paper. A conductive fine dry
powder, the toner, is then spread on the paper. The toner is
attracted to the electrostatically charged areas of the paper,
t hereby converting the electrostatic image into a visual one. The
paper is then heat treated to nelt and affix the toner to the paper
(Adans 1988; Bruno 1990; Haw ey 1981).

Laser printing and xerography differ in how the image is
inputted and how the electrostatic inmage is forned on the drum In

xerography, light reflected off a hard copy of the text or pictorial
imge (e.g., a printed or illustrated page) is projected on to the
drum t hough a canera lens. In laser printing the inmage is inputted

indigital formfroma conputer. A laser is then used to project the
i mge onto the drum (Adans 1988; Bruno 1990; Hawl ey 1981).

The input and output capabilities of electronic printing
continue to inmprove. For exanple, raster inage processing has nade
the integration of text and graphic inages nuch easier. (Until
recently, nost conputer output devices formed text and graphi c inages
as a series of dots. Wth raster inmage processing, the image is
formed as a series of lines.) The resolution of laser printers is
good but still falls far short of the resolution achieved wth
phot ot ypesetters. To produce high quality reproductions of fine type
and hal ftone screen inmages, a resolution of at |east 1,500 |Iine per
inch is required. However, in 1990, the highest resolution |aser
printers could achieve was a density of 1,200 X 600 dots per inch
(dpi) while nost achieved resolutions of only 300 X 300 dpi .

Currently, electronic printing is used primarily for short-run
in-plant and quick printing. Another use is for the production of
proof copies of printed materials which will be printed using one of
the traditional printing technol ogies. These proof copies are nuch
| ess expensive than phototypeset proofs. In desktop publishing,
electronic printing is often used to produce a canera ready copy of
a docunent that is then printed using one of the traditional printing
technol ogies. According to Mchael Bruno, the current narkets for
desktop publishing include demand publishing, book review copies,
coll ege texts, workbooks, technical manuals, and parts catal ogs
(Adanms 1988; Bruno 1990).
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b. Ink-jet Printing

Ink-jet printers operate by spraying a pattern
of individual ink droplets onto a substrate. The application of the
dot matrix inmage is controlled by conputer input. The two types of
ink-jet printers differ in whether the "jet" of ink droplets is
continuous or occurs only when a drop of ink is needed to form part

of the dot matrix image. |n continuous spray systems, an electric
charge is used to deflect ink drops not needed to formthe image to
an ink recycling unit. In a drop-on-demand system drops of ink are

produced only when they are needed to formpart of the image. Drop-
on-demand systens are |ess conplicated than continuous systens and
use | ess ink; however, they print much nore slowy (Adans 1988).

The advantage of ink-jet printing is the speed with which it can
do addressing and print variable information on repetitive forns.
For these reasons ink-jet printers are credited with revol utioni zing
the direct mailing business. Qher applications include printing bar
and batch codes and printing variable information on conputer
letters, sweepstakes forms, and other personalized direct mai
advertising as well as on payroll checks and other business forns.
Furthernore, because it is a non-inpact printing process, jet-
printers can be used to print on alnost any surface despite the
material, texture, shape, or resistance to surface pressure. Because
of this versatility, ink-jet printing is used to print on substrates
as varied as plastics, sandpaper, and pills (i.e., pharnmaceuticals)
(Adanms 1988; Bruno 1990).

The nmaj or di sadvantage of ink-jet printers is the | ow resol ution
of the images produced. The poor resolution is the result of at
| east three factors: even on the best machines no nore than 300 dots
per square inch are possible; a certain percent of the dots applied
are msdirected; and the dots of inks used tend to spread as they dry
(Adans 1988) .

C. Magnet ogr aphy

Magnet ography is simlar to electronic printing
except that a magnetic, and not an el ectrostatic, photoconductor is
used. The toner mnust, of course, be magnetic material. Magneto-
graphic printing is conpetitive with traditional printing nethods,
such as lithography, for small runs of up to about 1,500 copies
Dr awbacks i ncl ude sl ow speed, high toner costs, and the inability of
currently available printers to do color process printing (Bruno
1990) .
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d. Thernmal Printing

In thermal printing, an image is forned by a
chem cal reaction that occurs when portions of a thermal -coated paper
are subjected to heat. The printing el enent consists of one or nore

heated pins or nibs. Currently thermal printers find use in
facsim | e machi nes and other office applications. A shortcom ng of
thermal print is that it tends to fade over tine. In certain

applications such as fax machines, thermal printers are being
repl aced by electronic printers using plain paper (GATF 1992b).

e. |l on Deposition Printing

The ion deposition process is simlar to
el ectronic printing and other electrostatic processes. The four
basic steps of the process are: 1) an electrostatic inage is
generated on a rotating drumusing a directed array of ions; 2) toner
is attracted to the latent image on the drum 3) the toned inmage is
transferred to plain paper by cold pressure fusion; 4) toner residue
is removed fromthe drum by a doctor blade and the drumis ready for
re-imagi ng (Bruno 1990).

lon deposition printers are wused in various business
applications such as printing invoices, reports, nanuals, forns,
letters and proposals as well as in specialty printing applications
such as tags, tickets, and checks (Bruno 1990).

f. Direct Charge Deposition Printing

In direct charge deposition printing, the inmage
is generated by a direct voltage carried by ionized air. The process
differs fromion deposition printing in that the inmage is projected
on to a dielectric belt and not a drum A nmjor advantage of the
direct charge deposition printers is the durability of both the
dielectric belt and the imagi ng head whi ch can produce up to 200, 000
pages and five mllion pages, respectively, before replacenment. This
technology is wused primarily for printing business forms (Bruno
1990) .

g. Mead Cycol or Phot ocapsul e Process

The Mead Cycol or Phot ocapsul e Process conbi nes
m croencapsul ation technology used in carbonless copy paper wth
phot opol yneri zati on technol ogy found in W curable inks. The process
uses two coated naterials, the Cycolor filmand the Cycol or receiver
sheet. The coating on the Cycolor filmis enbedded with mllions of
m crocapsul es that contain a liquid acrylic nononer, a yellow, cyan,
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or magenta | euco dye base, and one of three photoinitiators. Each of
the photoinitiators is sensitive to the spectrum of visible Iight
corresponding to the final color of the leuco dye itself. Leuco dyes
are dyes which have been rendered colorless by the addition of a
chem cal group referred to as a color block. The color block can be
removed and the appropriate col or devel oped by reacting the dye with
an acid. When the Cycolor filmis exposed to colored light, the
photoinitiators sensitive to the particular color cause the nononer
to polynerize and harden. The contents of the unexposed
m crocapsules remain in a liquid state (Bruno 1990).

The Cycolor receiver sheet is coated with an acid resin that,
during processing, reacts with the leuco dyes in the filmto renove
the col or blocks and form col or dyes. The receiver sheet can be
ei ther paper or a transparency. To print the receiver sheet, it and
t he exposed Cycolor filmare brought into contact under pressure by
feeding thembetween two rollers. The pressure breaks the unexposed
m crocapsules on the film releasing the colorless |euco dyes,
nonorner, and photoinitiator. Subsequently, the | euco dyes react with
the coating on the receiver sheet to form colored dyes and the
nononer hardens as well. The result is a continuous tone col or inmage
(Bruno 1990).

Currently, the Cycolor process is used for color copiers, 35mm
slide printers, color conputer printers for desktop printing, and
color video output for electronic imging (Bruno 1990).

3. Vol une of Qut put and Percentage of Total WNharket

In 1991, the various plateless printing processes
accounted for only three percent of the total value of U S. printing
i ndustry out put (excluding instant and in-plant printing). However,
pl ateless printing is expected to experience explosive growh over
the next 35 years and is forecast to account for 21 percent of the
mar ket by 2025 (Bruno 1991).

4. Nunber and Rel ative Size of Printing Conpanies

No information was found on the current nunber or
relative size of conpanies or plants using plateless printing
processes. However, nmany of these processes, especially xerographic,
el ectronic, and ink-jet printers, are w dely used by thousands of
"quick"™ printing services, the mjority of which are small
busi nesses. These printing technol ogi es are al so used on an enor nous
scale in the office environment and their use in the hone is becom ng
commonpl ace.
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IV. POSTPRESS OPERATIONS

A | nt r oducti on

Post press operations consist of four major processes:
cutting, folding, assenbling, and binding. Not all printed products,
however, are subjected to all of the processes. For exanple, sinple
f ol ded panphl ets do not undergo bi ndi ng.

There are many additional |esser postpress finishing processes
such as varnishing, perforating, drilling, etc. Some types of
greeting cards are dusted with gold bronze. Printed netal products
are forned into containers of various sizes and shapes. Many netal
toys are prepared in the same manner. Containers may al so be coated
on the inside to protect the eventual contents. Qher substrates may
be subjected to finishing processes that involve pasting, nounting,
| am nating, and collating. There are also a nunber of postpress
operations unique to screen printing including die cutting, vacuum
form ng, and enbossi ng.

A limted nunber and vol unme of chem cals are used in postpress
operations. The major type of chem cals used in postpress are the
adhesives used in binding and other assenbly operations. Because
chemcal usage is limted, only a brief overview of each of the four
maj or postpress operations is provided in the follow ng sections.
In-line finishing, an automated process that links the press directly
wi th postpress operations, is also discussed.

B. Cutting

The nachine typically used for cutting large web-type
substrates into individual pages or sheets is called a guillotine
cutter or "paper cutter". These machines are built in many sizes,
capacities, and configurations. In general, however, the cutter
consists of a flat bed or table that holds the stack of paper to be
cut. At the rear of the cutter the stack of paper rests against the
fence or back guide which is adjustable. The fence allows the
operator to accurately position the paper for the specified cut. The
side guides or walls of the cutter are at exact right angles to the
bed. Aclanmp is lowered into contact with the top of the paper stack
to hold the stack in place while it is cut. The cutting blade itself
is normal |y powered by an electric engine operating a hydraulic punp.
However, manual |ever cutters are also still in use.

To assist the operator in handling |arge reans of paper which
can wei gh as much as 200 pounds, sone tables are designed to blow air
t hrough small openings in the bed of the table. The air lifts the
stack of paper slightly providing a near frictionless surface on
whi ch to nove the paper stack.
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The cutter operator uses a cutting |layout to guide the cutting
operation. Typically, the layout is one sheet fromthe printing job
that has been ruled to show the | ocation and order of the cuts to be
made.

Though cutting is generally considered a postpress operation,
nost |ithographic and gravure web presses have integrated cutters as
wel | as equipnent to performrel ated operations such as slicing and
per forating.

C. Fol di ng

Fol ding |l argely conpl etes postpress operations for certain
products such as sinple fol ded panphlets. Qher products are fol ded
into bunches, known as signatures, of from16 to 32 pages. Miltiple
signatures are then assenbled and bound into books and magazi nes.
Though folding is generally considered a postpress operation, npst
lithographic and gravure web presses are equi pped with fol ders.

Three different folders are used in nodern print shops.
They range in conplexity fromthe bone folder to the buckle folder.
Bone fol ders have been used for centuries and are nade of either bone

or plastic. These folders are sinple shaped pieces of bone or
plastic that are passed over the fold to forma sharp crease. Today,
they continue to be used, but only for small, very high quality jobs.

Knife folders use a thin knife to force the paper between two
rollers that are counter-rotating. This forces the paper to be
folded at the point where the knife contacts it. A fold gauge and a
noveabl e side bar are used to position the paper in the machine
before the knife forces the paper between the rollers. The rollers
have knurled surfaces that grip the paper and crease it. The paper
t hen passes out of the folder and on to a gathering station. Several
paper paths, knives and roller sets can be stacked to create several
folds on the sane sheet as it passes from one folding station to
anot her.

Buckle folders differ fromknife folders in that the sheet is
made to buckl e and pass between the two rotating rollers of its own
accord. In a buckle folder, drive rollers cause the sheet to pass
between a set of closely spaced folding plates. Wen the sheet cones
in contact with the sheet gauge, the drive rollers continue to drive
t he paper causing it to buckle over and then pass between the folding
rollers
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D. Assenbl y

The assenbly process brings all of the printed and non-
printed elenments of the final product together prior to binding.
Assenbly usually includes three steps: gat hering, collating, and
i nserting.

Gathering is the process of placing signatures next to one
another. (A signature is a bunch of printed sheets ranging from 16
to 32 pages.) Typically, gathering is used for assenbling books that
have page thicknesses of at |east 3/8 inch.

Collating is the process of gathering together individual sheets
of paper instead of signatures.

Inserting is the process of conbining signatures by placing or
"inserting"” one inside another. Inserting is normally used for
pi eces whose final thickness will be I ess than one-half inch.

Assenbly processes can be nmanual, semautomatic or fully
aut omati c. In manual assenbly operations, workers hand assenble
pi eces from stacks of sheets or signatures laid out on tables.
Sheets or signatures are picked up fromthe stacks in the correct
order and either gathered, collated, or inserted to form bindery
units. Sonme printers use circular revolving tables to assist in this
process. However, due to the high cost of |abor, manual assenbly is
used only for small jobs.

Sem automatic assenbly is conpletely automated except that
stacks of sheets or signatures mnust be manually |oaded into the

feeder wunits. During sem automatic inserting, operators at each
feeder station open signatures and place them at the "saddl ebar" on
a noving conveyer. The nunber of stations on the machine is

determ ned by the nunber of signatures in the conpleted publication.
Conpl eted units are renoved at the end of the conveyer and passed on
to the bindery.

Aut omatic assenblers are simlar to sem automatic units except
that a machine and not a person delivers the sheets or signatures to
the feeder station and places them on the conveyor. In order to
i nprove efficiency, automatic assenblers are typically placed in |line
wi th bindery equipnent.

E. Bi ndi ng
Binding is categorized by the nethod used to hold units of

printed naterial together. The three nost conmonly used nethods are
adhesi ve bi ndi ng, side binding, and saddl e binding. Three types of
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covers are available to conplete the binding process: self-covers,
soft-covers, and casebound covers.

1. Bi ndi ng Met hods

Adhesive binding, also known as padding, is the
sinplest formof binding. It is used for note pads and paperback
books, anong ot her products.

In the adhesive binding process, a pile of paper is clanped
securely together in a press. A liquid glue is then applied with a
brush to the binding edge. The glue nmost commonly used in binding is
a water-soluble |atex that becomes inpervious to water when it dries.
For note pads, the glue used is flexible and will easily rel ease an
i ndi vi dual sheet of paper when the sheet is pulled away from the
bi ndi ng. Adhesive bindings are also used for paperback books, but
t hese bi ndings nust be strong enough to prevent pages from pulling
out during normal use. For paperback book binding, a hot-nelt glue
wi th much greater adhesive strength than a water-soluble latex is
applied. A piece of gauze-like nmaterial is inserted into the glue to
provi de added strength.

In side binding, a fastening device is passed at a right angle
through a pile of paper. Stapling is an exanple of a sinple form of
side binding. The three other types of side binding are nechanical,
| oose- | eaf, and si de-sewn binding.

A common exanple of a form of mechanical binding is the netal

spiral notebook. In this nethod of binding, a series of holes are
punched or drilled through the pages and cover and then a wire is
then run through the holes. Mechani cal binding is generally

considered as permanent; however, plastic spiral bindings are
avai |l able that can be renoved without either tearing the pages or
destroying the binding material. Mechani cal binding generally
requi res sone manual | abor.

Loosel eaf bindings generally allow for the renoval and addition
of pages. This type of binding includes the well known three-ring
bi nder.

Si de-sewn binding involves drilling an odd nunber of holes in
t he bindi ng edge of the unit and then clanping the unit to prevent it
fromnmoving. A needle and thread is then passed through each hol e
proceedi ng fromone end of the book to the other and then back again
to the beginning point. This type of stitch is called a buck-stitch.
The thread is tied off to finish the process. Both sem automatic and
automatic machines are widely used to perform side-stitching. The
mai n di sadvantage of this type of binding is that the book will not
lie flat when opened.
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In saddle binding one or nore signatures are fastened al ong
their folded edge of the unit. The term saddle binding conmes from an
open sighature's resenblance to an inverted riding saddl e. Saddl e
binding is used extensively for news nagazines where wire stitches
are placed in the fold of the signatures. Mst saddle stitching is
perfornmed automatically in-line during the postpress operations.
Large manual |y operated staplers are used for small printing jobs.

Anot her saddl e bi nding process called Snmythe sewing is a center

sewi ng process. It is considered to be the highest quality fastening
nmet hod used today and will produce a book that will lie alnost flat.
2. Covers

Sel f-covers are made from the same nmaterial as the
body of the printed product. Newspapers are the nbst common exanpl e
of a printed product that uses self-covers.

Soft covers are nade from paper or paper fiber material that is
somewhat heavi er or nore substantial than the paper used for the body
of the publication. This type of cover provides only slight
protection for the contents. Unlike self-cover, soft covers al nbst
never contain part of the nmessage or text of the publication. A
typical exanple of the soft cover is found on paper-back books
These covers are usually cut flush with the inside pages and attached
to the signatures by glue, though they can also be sewn in place.

Casebound covers are the rigid covers generally associated with
hi gh-quality bound books. This nethod of covering is considerably
nore conplicated than any of the other nethods. Signatures are
trimmed by a three-knife trimmng machine to produce three different
| engths of signature. This forns a rounded front (open) edge to give
the finished book an attractive appearance and provi des a back edge
shape that is conpatible with that of the cover. A backing is
appl i ed by clanping the book in place and splaying or nushroom ng out
the fastened edges of the signatures. This nakes the rounding
operation pernmanent and produces a ridge for the casebound cover
Gauze and strips of paper are then glued to the back edge in a
process called |ining-up. The gauze is known as "crash" and the
paper strips are called "backing paper."” These parts are eventually
glued to the case for inproved strength and stability. Headbands are
applied to the head and tail of the book for decorative purposes.

The case is nmade of two pieces of thick board, called binder's
board, that is glued to the covering cloth or |eather. The covering
material can be printed either before or after gluing by hot-stanping
or screen nethods.
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The final step in case binding consists of applying end sheets
to attach the case to the body of the book.

F. I n-Li ne Finishing

H storically, the finishing operations described above were
| abor-intensive operations handl ed either in-house or by trade shops.
Even when performed in-house, finishing operations generally were not
integrated with the presses or with each other. Today, web presses
are often linked directly to conputer controlled in-line finishing
equi pnent . Equi pnent is available to performvirtually all najor
post-press operations including cutting, folding, perforating,
trimmng, and stitching (Adans).

In-line finishing equipment can also be used to prepare
materials for mailing. The conputer can store and provi de addresses
to ink-jet or label printers, which then address each publication in
zi p code order (Adans).

One of the nost inportant results of conmputer in-line finishing
is the introduction of denographi c binding, the selective assenbly of
a publication based on any one or nore of a nunber of factors
i ncluding geographic area, famly structure, incone, or interests.
For exanple, an advertisenment will appear only in those copies of a
magazi ne i ntended for distribution in the advertisers selling area.
Denogr aphi ¢ bi nding has proven to be a successful marketing tool and
is already wi dely used, especially by major nmagazi nes (Adans).

One conparison found that the use of in-line finishing equipnent
can reduce the nunber of operators and hel pers required for an off-
[ine finishing operation by alnost half, while at |east doubling the
rate of production (Adans).
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V. TECHNOLOGICAL TRENDS

The printing industry has been experiencing a period of change
that promses to be greater than any it's experienced since the
i ntroduction of automated printing presses. Mich of the change is

being fueled by the already w despread and still rapidly grow ng
application of conputers to the printing industry. Maj or trends
i ncl ude:

Prepress

o] Continued rapid devel opment in conputer-based front-end

platforns that allow users to create, manipul ate, and store
text, graphic inmages, and entire documents prior to

printing;
0 | mproved tel econmuni cations and introduction of digita
dat a exchange standards that will allow the exchange of

text, graphics, and entire docunents between different
press systens;

o] Devel opnent of direct-to-plate and direct-to-press
t echnol ogi es;

Press

o] I ncreasi ng automati on of press operations;

o] Introduction of waterless |ithographic plates that do not
requi re a danpeni ng system

o] I ntroduction of a new generation of |low or no VOC non-
al cohol fountain solutions and of | ow VOC press cl eaners;

0 Growing use of low or no VOC ink technol ogies such as
vegetable oil- and water-base inks, high-solids inks,

ultraviolet and el ectron beam curabl e inks, and chemically
reactive inks;

o] Overall trend toward reduction or replacenent in the press
room of chemcals that pose a potential hazard to human
health or the environnent;

0 I ncreased recycling of ink;

o] Maj or growth in nmarket for platel ess printing technol ogi es;
Postpress

o] I ncreasi ng automati on of postpress operations;

0 G owi ng use of in-line finishing; and

0 I ncreasi ng use of water-base adhesi ves.
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TECHNOLOGICAL TRENDS
IN THE PRINTING INDUSTRY

PREPRESS

- Rapid development in computer-based front-end platforms (e.g. desktop
publishing)

- Improved telecommunications and introduction of digital data exchange
standards

- Direct-to-plate and direct-to-press technologies

PRESS
- Automation
- Waterless lithographic plates that do not require dampening systems

- New generation of non-alcohol fountain solutions and low-VOC press
cleaners

- Low- or no VOC ink technologies such as vegetable oil- and water-base inks,
high-solids inks, ultraviolet and electron beam curable inks, and chemically
reactive inks

- Ink recycling

- Plateless printing technologies

- Reduction in the use of materials that pose a potential hazard to human
health or the environment

POSTPRESS
- Automation
- In-line finishing

- Water-base adhesives

Figure 28. Technological Trends in the Printing Industry
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In the foll owi ng sections, new products, emerging technol ogi es,
and other factors affecting the printing industry are explored in
nore detail

A Trends in Prepress Technol ogy

Prepress technol ogi es made najor strides in the |ate 1980s
and early 1990s and rapid progress wll continue throughout the
current decade. Mbst of the prepress tasks at both prepress shops
and printers are now perforned using a conbination of conputer
hardware and software commonly referred to as a front-end platform
(Bruno 1990; SRI 1990).

1. Front-End Platforns (Desktop Publishing)

Front-end platform (FEP) is a term used by the
industry to describe the conbi nati on of desktop conputer hardware and
peri pheral s and sophisticated software that allow users to create,
mani pul ate, and store text, graphic inages, and entire docunents
prior to printing. These systens are found not only in the printing
industry but in literally thousands of hones and offices across the
country. FEPs and desktop publishing will continue to devel op and
grow in inmportance well into m d-decade (SR 1990).

Usi ng FEPs, the |lay person can perform many prepress operations
and produce a high quality copy ready for printing. When used
properly, a primary benefit of this energing technology will be a
significant reduction in the cost of producing |ay-outs ready for the
plate maker. This, in turn, will make it profitable for printers to
accept shorter-run jobs. According to the Gaphic Arts Technica
Foundati on (GATF), however, |ay persons rarely use FEPs properly when
preparing materials for printing. Instead their limted know edge of
the printing process often creates nore work for the printer (Jones
1993).

| nportant new products avail able for prepress functions include:

0 Graphics-oriented Workstations. FEPs, now based |argely
on |lowcost personal conputers, wll evolve toward
graphi cs-oriented workstations running production-|evel
sof t war e. The software will be based on products
originally devel oped for CAD CAM applications (Bruno 1990;
SRl 1990).

o] Color Electronic Prepress Systems (CEPS). CEPS provide the
capability to perform conpl ete col or page makeup i ncl udi ng
col or bal ancing and correction. Newer systenms will be
priced econom cally thus reducing the price-per-printed-
page. CEPS will be capable of performng integrated text
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and graphics functions in both black and white and col or.
It will be possible to fully network CEPS w th other
digital equipnment including, for exanple, nodens for
tel ecommuni cations and directly-driven inage «carrier
preparation systens (Bruno 1990; SR 1990).

0 Digital Scanners. Lower cost flat-bed scanners are
expected to largely replace the drum scanners in new
systens by 1994. These systens use charge-coupl ed device
(CCD) technology as the prinmary i magi ng el enent. Fl at-bed
scanners will be used in both color and black and white
work and will be capabl e of scanning a conplete page at a
time. These systens will be driven by either persona
conputers, graphics workstations, or CEPS. Initially, the
cost of these systenms will be high, but w Il probably
decline to levels affordable to the snmall to nmedium size
print shop by m d-decade (SR 1990).

2. Tel econmuni cati ons

According to a report prepared for the Printing 2000
Task Force, by 1995 prepress systens will be able to transmt text,
graphi c i mages, and even entire docunments between different printers'
hardware systens (SR 1990). Al ready, two ANSI standards for digital
data exchange in the printing industry have been published and four
addi tional standards are under devel opnent (Bruno 1990).

Cont i nui ng i mprovemnent s in hi gh- speed/ hi gh vol une
t el ecommuni cations coupled with the growing use of front-end
platforms will lead to the increasing globalization of the printing

and publishing industries. Mre and nore frequently custoners wll
use printers |located at great distances or even in foreign countries
(SR 1990).

3. Proof i ng

The increasing use of teleconmunications and |oca
area networks, coupled with workstations, will result in faster, nore
accurate proofing of materials being readied for the press at a
significant reduction in cost. Renote or "soft" proofing (i.e.
proofing froman el ectroni c medi um as opposed to a hardcopy), wll be
used in initial checking of materials.

During the 1990s it will becone possible to produce high-quality
color proofs fromdigital inputs. Advances in digital proofing wll
be facilitated by the continui ng devel opment of high quality ink-jet
printers to produce color and bl ack-and-white proofs. The ink-jet
technology will be particularly useful to textile houses,
architectural firns, and advertisers (SR 1990).
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4. Direct-to-Plate and Direct-to-Press Technol ogi es

A variety of techniques that allow the direct
application of an image to a printing plate or other image carrier
Wi t hout various intermediate steps are under devel opnent or just
entering comercial use.

Direct-to-plate (or conputer-to-plate) technology is expected to
play a mpjor role in offset printing by the md-1990s. The
introduction of direct-to-plate processes in offset printing does not
requi re additional technological breakthroughs. Instead, it calls
for the integration and refinenent of existing technologies. |nage
| aser setters are available as are silver and zinc oxide plates
sufficiently sensitive for use in the direct-to-plate process.
Addi tional refinements required include nodification of |aser inmage
setters to accommpdate a w der range of materials, greater |aser
power, and increased plate coating sensitivities. These inprovenents
coupled with photopolymer plates will allow the introduction of
digital-to-plate technology to traditional comercial printing
operations (SRl 1990). Large and nedium size printers are expected
to nove rapidly to the use of direct-to-plate technol ogies. The
trend will then slow significantly as smaller printers (20 or fewer
enpl oyees), which account for the majority of printing plants, make
the transition (Purcell).

In addition to direct-to-plate technol ogies, direct-to-press (or
comput er-to-press) systens are now becom ng avail abl e. In these
systens, conputer controlled equi pnent allow the application of the
image directly to the printing cylinder while the cylinder is nounted
on the press. For exanple, Heidel berg USA has a press that includes
an imaging systemthat will create a waterless plate directly on the
press unit. The use of this and sinmlar systenms are reported to
result in major reductions in plate preparation time as well as press
downti me (Petersen 1992).

By the m d-1990s, as nmuch as 7 percent of all printed naterial

will be produced using direct-to-plate systens. Some industry
anal ysts expect this to increase to as nuch as 50 percent by 2000
(SR 1990). However, as noted above, other analysts are |ess

optimstic because they expect the transition to direct-to-plate
technology to be slow anong the large nunber of snall printers
(Purcell).
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B. Trends in Press Technol ogy

1. CGeneral Press Trends

a. | nks

The major environnental factor driving the
devel opment of new ink technologies is the need to reduce VOC
em ssions which are subject to increasingly stringent state and
Federal regulations. In response to VOC requirenents and other
heal th, safety, and environnmental concerns with solvents and pi gnent
systenms, new and inproved vegetable oil-based and water-based inks
wi || appear during the 1990s and currently avail able ultraviol et and
el ectron-beam curable inks will be wdely used by all the mgjor
printing technol ogies. In general, the new inks wll resist
smearing, emt fewer volatile organic conpounds, and make the use of
color in new narkets possible (Bruno 1990; SRl 1990).

I nks based on soybean oil are increasingly popular in the U S.,
where they are currently used mainly in nonheatset web offset
printing. In 1987, five newspapers were experinenting with soy-based
inks in the US.; by 1990 these inks were being used by over 1,000
newspapers. Newspapers use prinarily color soy-based inks, replacing
i nks based on petroleumdistillates (Bruno 1990).

WAt er - based inks generally contain small anmounts of solvents,
typically an alcohol. Water-based screen printing inks, however, do
not contain alcohols. Al t hough water-based inks are now used
primarily in flexographic and gravure packaging printing, their use
is spreading to other areas of printing except |ithography. Water-
based inks can not be used in lithographic printing because the
process depends on the affinity of the imge area of the plate for
oi | -based i nks and of the non-image area for water (Branco; Centaur;
Kinter 1993; SRl 1990).

Anot her approach being taken by industry in reducing VOCs is the
use of high solids ink, particularly for certain products printed
usi ng heatset |ithography. By increasing the solids (i.e., pignent
and/or resin) content of the ink, the solvent |evel can be reduced
fromas nmuch as 45 percent by weight to 30 percent (Centaur; MG aw
Hll).

A nunber of no-solvent technologies that emit no VOCs are al so
available including ultraviolet (UY) and el ectron beam (EB) curable
i nks. W and EB inks polynerize or "cure" upon exposure to the
energy source indicated by their nanes. In general these inks
consi st of an oligomer, a reactive diluent (usually a nultifunctional
acrylate), and a pigment. WV inks also require a photoinitiator. A
number of health risks are associated wth exposure to the
mul tifunctional acrylates found in these inks. UV and EB inks are
general |y nmore expensive than conventional inks and the capital costs
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of the curing equipnent is high. However, the curing systens use
much less energy than the drying systenms often required for
conventional inks. Additionally, W and EB inks dry alnost
i nstantaneously so their use can increase productivity. These inks
provide high gloss print that is both chemcal and abrasion
resistant. WV and EB inks are used in |ithography, screen printing,
letterpress, and flexography (Centaur; GCIU, MGawH Il; SR 1990).

Anot her no-solvent technology is chemcally reactive inks.
Typically, these are two conponent systens that polynerize upon
m xing. To date, however, chem cally reactive inks have found only
very limted commercial use (MGawHI1).

b. Danpeni hg Syst ens

Si nce the 1950s, isopropyl al cohol (IPA) has been
widely wused in fountain solutions for danpening systens on
l'ithographic presses. However, due to increasingly strict state and
Federal control of VOCs, the trend is towards the use of al cohol-free
fountain solutions. dycol ethers have been the primary repl acenent
for alcohols in fountain solutions. 2-Butoxy ethanol, a glyco
ether, is currently the major substitute for |IPA; however, its use
requi res process changes (Branco; Petersen 1991).

Another alternative is waterless plates that do not require the

use of danpening systens. Waterless plates are discussed in nore
detail in section IV.B.2.a of this report.

C. Press C eaners

Currently, there are three prinmary categories of
press cleaners: chlorinated solvents, aromatic  petrol eum
distillates, and aliphatic petroleum distillates. Pot enti al
substitutes include: 2-butoxy ethanol; N nethylpyrrolidone; D
I i monene; and | ow vapor pressure m xtures of aliphatic and aronatic
petroleum distillates (Branco). O hers consist of surfactants,
surfactant and solvent mxtures, or non-volatile oils such as
vegetabl e oil (H cks; Petersen 1991).

Traditionally, presses have been cleaned manually. Today,
however, automatic press cleaning systens are wdely available.
Conpared to nmanual cleaning of presses, these systenms shorten press
down-tinme and reduce (though do not elimnate) solvent use (Hi cks).

Most newspapers now use dry-type (i.e., solventless) automatic
bl anket washers. According to industry sources, while dry systens do
not clean as well as manual or autonatic systens using solvents, they
are viable substitutes (Hicks).
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d. Process Col or

Process col or techniques allow the creation of
virtually any col or by overprinting some conbi nati on of transl ucent
inks of only four colors: cyan, nmagenta, yellow, and black.
| nprovenents in turnaround tine and quality will cause the use of
process color to growin the 1990s. This growth will be fed by the
continued preference of consumers for <color inmages in daily
newspapers and news rmagazi nes. Qher factors include: technol ogical
devel opnents that allow economes in short-run offset color printing,
new prepress systens for processing color inmnages, and the
availability of acceptable quality from laser printers and col or
copiers. Qher factors that will contribute to the growth of process
color including: the devel opnent of water-based and vegetable oil -
based inks suitable for use in all major printing processes and the
introduction of integrated prepress systens that sinplify the
preparation of color pages and reduce color processing costs (SR
1990) .

2. Ofset Printing

In the 1990s, there are expected to be nodest
i nprovenments in offset platemaking and ink technol ogy. The maj or
trend in lithographic printing, however, will be in the autonmation of
printing press operations (SR 1990).

M croconput er technology will be enployed in the areas of data
col l ection and process control. M croconputers now avail able run at
the speeds required to nonitor and adjust the operation of high-speed
presses. Furthernore, extremely sensitive and responsive sensors are
now available that are capable of nonitoring the perfornmance of
printing presses in real-tinme. These two technol ogi es have been
integrated to create closed-1oop control systens that can nonitor and
control nearly every aspects of the nodern high-speed press (SR
1990) .

During the 1990s, the increasing application of automation to
offset printing will increase speed, reduce waste and i nprove quality
as well as reduce |abor requirenents. Areas where autonmated
nonitoring or control are either being inplenented or studied include
(SR 1990):

o] Pl at e changi ng and unl oadi ng;

o] Paper roll replacenent;

o] I nki ng control;

o] TerPerature control of inks, water, press dryers, and chill
rollers;
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o] Regi stration

o] Paper speed and tension control;
o] Press cl eani ng;

0 Wb tear detection; and

o] In-1ine finishing.

Waterless plates, an inportant developnent in |ithographic
pl ates, are discussed below Qher changes in offset technol ogy wll
i ncl ude nodest inprovenents in plate technology, including the
comercial introduction of |aser-exposed plates and w der presses
that will allow faster printing speeds (2500 to 3000 feet per m nute)
and signatures of up to 72 pages (SR 1990).

a. Wat erl ess Pl at es

Waterl ess plates are a type of |ithographic plate
that requires no water to prevent the non-imge areas of the plate
from accepting ink. The non-inmage areas of waterless plates are
coated with silicone rubber which has such | ow surface energy that it
will not be wet by ink. However, early waterless plates, introduced
in the US. in 1970, had poor scratch resistance and durability.
Furthernore, they were sensitive to heat, and el evated tenperatures
caused toning of non-inmge areas. These plates were withdrawn from
the market in 1977. A second generation of plates was introduced in
Japan in the late 1970s that |argely overcane these problens. Today
waterl ess plates are in wi despread use in Japan and are beginning to
achi eve comercial acceptance in the U S. (Bruno 1990; Stanilus).

Waterl ess plates require the use of special waterless inks based
on high viscosity nodified phenolic or nodified hydrocarbon resins
and high boiling point nonaromatic or alpha-olefin hydrocarbon
sol vent s. The inks are higher viscosity than conventional offset
i nks. Because of their special rheological properties, the inks need
to be maintained within a narrow range of tenperatures during
printing. For this reason presses using waterless plates nust be
equi pped with chillers (cooling systens) or printers nust stock a
variety of inks designed for wuse under different tenperature
conditions (Lustig and Stanulis). Cooling systens are optional on
nost new presses and retrofitting of existing units is wusually
possi bl e (Toray).

There are di sadvantages to using waterless plates: the plates
are nore expensive and | ess durable than conventional |ithographic
pl ates and processors for waterless plates run about $40,000. The
i nks used are al so nore expensive. Furthernore, chillers for presses
using waterl ess plates cost between $60,000 and $100, 000 (American
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Printer and Branco). This technology has increased energy
requi rements over traditional technology. Plate and ink chem stry
di fferences also need to be exam ned (Kalina 1993).

From an environnental and health and safety standpoint, the
advant age of waterless plates is they do not require danpening and,
therefore, print without the alcohol and other chemicals used in
danpening systens (Stanilus). However, the plate devel oping
chem stry is solvent based (Jones 1993).

3. Rot ogravure Printing

A steady decrease in the tinme required for cylinder
preparation as well as increasing automation will keep rotogravure
conpetitive with both |ithographic offset and fl exographic printing.

H storically, the major disadvantage of the gravure process in
conparison to other printing processes has been the substantially
greater amount of time required for cylinder preparation. Autonmation
and the devel opnent of a nunber of direct-to-cylinder preparation
t echni ques have reduced the time required for cylinder preparation;

however, gravure still remains uneconom cal for smaller press runs.
The m ni mum nunber of inpressions is usually dictated by econom cs
and the type of product. U S. publication gravure printers sel dom

print below 500,000 copies while in other parts of the world
publication print orders of 100,000 to 200,000 copies are not
unconmon. On the other hand, a specialty gravure (i.e., wall
covering) run nay total only a few hundred yards of printed material
(Tyszka 1993).

During the 1990s, a nunber of direct-to-cylinder techniques
currently either under developnent or in the early stages of
conmerci alization prom se to decrease gravure cylinder preparation
time significantly. For exanple, a conputer-to-cylinder systemthat
uses a laser to carve cells in a polymer coated gravure cylinder has
recently been installed in a nunber of U 'S. printing plants. German
conmpanies are leading in the devel opment of photopol ynmer cylinders
for gravure presses (Adans 1988; Bruno 1990; SRl 1990).

Aut omation of rotogravure presses will occur at a slower rate
than for offset presses due prinmarily to the very large size of
rot ogravure presses. However, w despread automation of cylinder

changeover and of paper roll transport and |oading has already
occurred. The introduction of fully automated presses controlled by
a single operator is expected by the late 1990s (Bruno 1990; SR
1990) .

A nunber of other significant changes are anticipated in

rotogravure printing during the next few years. Special polyners and
other new materials will partially replace copper and steel in
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cylinders thereby reduci ng wei ght and naki ng hi gher press operating
speeds possi bl e. Al t hough gravure renains heavily dependent on
sol vent - base i nks, a growi ng anmount of water-based and ultraviol et -
curable inks wll be used; however, acceptable water-based
publication gravure inks have yet to be identified. Wder presses
will be introduced, allowing increased output (Bruno 1990; Jones
1993; SR 1990).

4. Fl exogr aphic Printing

I nportant inprovenents will occur in both flexographic
pl ates and inks. The use of photopolyners in plate manufacture wl|
both | ower the cost and inprove the quality of flexographic plates.
Edge sharpness wi |l inprove approaching that achieved with offset.
I nprovenents in the density and consi stency of the water-based col or
i nks used in flexography are al so expected (SR 1990).

A najor problem in flexographic printing has been so-called
pl ate or image plugging. However, this problem will be largely
overcone as a result of inproved wash- up devices and inking systens.
This will result in black-and-white hal ftone quality approachi ng that
achieved with offset printing (SR 1990).

Continuing inprovenents in process color printing by flexography

wi Il make the process increasingly conpetitive with Iithography in
t he nedi um qual ity magazi ne market (Bruno 1990).

5. Pl at el ess Printing

A variety of plateless technologies are currently in
use. These processes, expected to undergo continuing inmprovenents
and refinements during the 1990s, include: electronic printing; ink-

jet printing; thermal printing; ion deposition printing; and
magnet ogr aphy. Anticipated market trends for these processes are
di scussed bel ow The technol ogies thenselves are described in
Section Ill.F. 2 of this report.

Pl at el ess technol ogies are currently inportant primarily in the
office, in-plant, and quick printing markets. They are also
inmportant in direct mailing and personalized adverti sing. These

markets are expected to be the growh leaders in the printing
i ndustry during the 1990s. As plateless technol ogies inprove and
becone w dely available, a growi ng share of the business that would
formerly have been done by snmall- to nmediumsize commercial printers
using traditional technologies will instead be done in the office or
at the quick printer (Bruno 1990; SR 1990).

In 1990, plateless processes accounted for only about three

percent of the total value of the output of the U S. printing market.
However, these processes' narket share will grow explosively in the
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next 35 years, accounting for 11 percent of the market by the year
2000 and 21 percent by 2025 (Bruno 1990).

a. El ectronic Printing

El ectronic printing is used primarily for short-
run office, in-plant, and quick printing. Qick printing i s expected
to be one of the fastest grow ng segnments of the printing industry in
the foreseeable future and its growh will be fueled in part by the
continuing increase in the quality and econony of electronic printing
technol ogies (SR 1990). For exanple, there have been dramatic
i nprovenents in the quality of color copiers. These copiers are soon
expected to be conpetitive with traditional printing methods in the
short-run (500 to 10,000 copies) color market (GATF 1992a).

Laser printers, connected to personal conputers in both the
office and home environments, wll becone w despread. Currently,
prices are falling and lowend |aser printers are available for as
little as $600. More sophisticated printers capable of using the
Postscript page definition |anguage are available for well under
$2,000 (SRl 1990).

Use of high dot-density col or el ectrophotography machi nes with
dot densities ranging from 400 dots per inch (DPl) to 2000 DPI wll
become nore widely used in the office, in-plant, and fast-services
environments. The quality of the printed output will increase
during the 1990s but printing speed will continue to be very slow
when conpared to other nethods (SR 1990).

Anot her grow h area for electronic printing is in the production
of relatively inexpensive proof copies of printed naterials that wll
be printed using one of the traditional printing technol ogi es (Adans
1988; Bruno 1990).

b. Ink-jet Printing

Continued technol ogical i mprovements  will
stinulate the increased use of ink-jet printers in the printing
i ndustry. The ink-jet printer's speed in addressing and printing
variable information on repetitive forms is credited wth
revol utioni zing the direct mailing business as well as personalized
direct nmail advertising (Adans 1988; Bruno 1990). The principle use
for this technol ogy, however, is expected to remain in the office
envi ronnent . Ink-jet printers fall between dot-matrix and |aser
printers both in cost and quality of printed output. However, ink-
jet printers have the capability to produce both graphics and text in
a variety of colors on plain paper and transparencies. These
capabilities will ensure broadening use in the office environnment for
engi neering graphics and ot her business applications. Higher quality
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color ink-jet printers will be devel oped in response to the grow ng
anount of sophisticated graphics software available for persona
conmputers (SRl 1990).

C. Thernmal Printing

Thermal printers will continue to enjoy alimted
increase in market share during the 1990s. This gromh wll be
stinulated by inprovenments in resolution, color capability, and
reduced paper cost. However, a nunber of drawbacks remain, including
the need for special papers, a low rate of output, and, despite
i nprovenents, conparatively poor image quality. Thermal printing is
currently used in facsimle machines and other office applications
(SRl 1990).

d. | on Deposition

I on deposition printing, an energi ng technol ogy
simlar to electronic printing and other electrostatic processes,
wi Il show marked inmprovenment during the m d-1990s. Currently, this
technology is used primarily in the office environnent where it is
used to print forns, reports, and other business docunents. One area
where this technology is expected to be applied in the 1990s is in
mul ti pl e-color printing. However, ion deposition printing wll
requi re consi derabl e devel opment and refinenent before it can conpete
with laser printing (Bruno 1990; SR 1990).

e. Magnet ogr aphy

Magnet ography is simlar to electronic printing
except that a magnetic, and not an el ectrostatic, photoconductor is

used. The use of magnetography is limted to a few specialty
printing markets such as printing identifier |abels, bar codes,
pressure sensitive l|abels, and glossy substrates. No nmaj or

i nprovenments in this technology are expected in the 1990s.
Furthernore, due to shortcom ngs such as slow speed, high toner
costs, and the inability to do color process printing little or no
mar ket growh is anticipated (SR 1990).

C. Post press Technol ogy

Until recently the automati on of postpress operations has
been limted, and, for many printers, postpress operations remain
| abor intensive. One source estinates that nearly 80 percent of the
cost of sone print jobs is material handling. Because nmuch of the
| abor in postpress operations involves materials handling, there is
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the opportunity to decrease postpress costs substantially through
further automation (Bruno 1990; SRl 1990).

The major devel opnent in postpress technology has been the
i ntroduction of conputer-controlled in-line finishing systens that
directly link the press with postpress operations. |n conparison to
off-line finishing, these in-line systens can typically finish three
to four tines the nunmber of units per hour with roughly half the
personnel (Adans 1988; SRl 1990).

In addition to traditional binding and finishing operations,
sone in-line finishing systens can perform a nunber of specialized
operations such as addressi ng and denographi ¢ bindi ng. Denographic
bi nding refers to the selective assenbly of a publication based on
any of several factors including geographic area, famly structure,
i ncome, or interests. The technique can be used, for exanple, to
i nclude advertisenents only in those copies of a magazine that wll
be received by persons in the advertisers selling area (Adans 1988).

Sel ective binding techniques used to target printed products to
sel ect ed geographic areas and markets are wi dely used today and have
been proven to be very effective marketing tools. The use of this
technology will continue to expand at a rapid rate due, primrily,
to the intense interest shown by advertising agencies and other
direct marketing organi zations (Bruno 1990; SRl 1990).

Wt er - based adhesi ves have | ong been used in printing facilities
oper at i ons. However, an inportant chemcal trend in postpress
operations is the increasing use water-based adhesives in place of
sol vent - based adhesi ves contai ni ng toluene and nethyl ethyl ketone.

During the 1990s, the introduction of robots for postpress
materials tracking and handling is anticipated (Bruno 1990).
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