CHAPTER II

THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Theoretical background

2.1.1 Basics of flexogr:

Flexo is related : 2 (it also prints from a raised image. Its
printing plates are g e xible ‘, clastomeric materials. The area of the
plate carrying the i f) ¢ obtained by removing and lowering the
nonprinting areas t i poldi , etehing, dissolving or washing them

away.

Plate materl include , da @ural and synthetic rubber

compounds an oto er materials.®Plates are generally affixed to a plate
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central 1snpress1on uses one common impression cylinder around which two to seven
printing stations are placed. The inline design involves a tandem series of printing
stations placed in a row. The stack version involves individual printing stations
mounted on frames one above the other in two “stacks” generally one to four on each

side of a vertical frame.
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The typical flexo printing station or roller grouping from ink reservoir to

substrate impression cylinder generally includes four rollers. A rubber roll turning in

ink delivers ink to a steel or ceramic inking roll, a plate cylinder and the impression

cylinder figure 2-1.
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Flexography is unique-other ocesses_in that it was developed

primarily for the ;r"._;"— iice packaging materials are

mostly used in roll fr@m for feeding into from and fill, ﬁerwrapping, bag making and

other contmuﬂ UEW“W Ez]qﬂeﬁlwlynrm flexographic printing

is done roll to roil
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2.1.2 Photopolymer plate

The direct photopolymer plat is one of the major innovations in modern
flexographic printing. It affords the ability to transfer an image from a photographic
negative directly onto the surface of the printing plate, thereby giving excellent image
fidelity.

Photopolymers are ultrav{

‘*’f}}'tive materials and are used to prepare
a0
printing plates for flex @rpsess &t, as well as printing resists and

ograj
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proofing films. Flexom—_‘ : | _ \'ﬂmmtes are similar to molded-

Photopolymer materials,

L 2

printing plates whe& exposéii""fc}?ﬁtrd\;i et

negative image of thefartwork to be )i 10topolymer is then processed

1 - _—
to develop the relief irlge figure 2-2.
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Figure 2-2 Structure of a monolayer flexographic plate.



2.1.3 Plate system (2)

Photopolymer plates are expected to produce good area coverage with low dot
gain , fine reverses and light halftones. In corrugated post printing, the system used
may often differ in the type of the potopolymer plate employed, the cushion material

used and the double-sided tape applied. The choice of the particular elements used

have an impact on the plate’s per

.

dot gain is dependent o and G f plate, the pressure absorbency
| ———

e dot gain and ink release, the extent of

characteristics of the ¢

In practice painters have used different phoﬂpolymer printing plates in

combination \ﬁ.ﬂfﬁrﬁawm %szjﬁﬂqﬁms has been done to

make maximurfi/advantage of plate characterlstlcs such as elast1c1ty durometer and
ink tran Waalﬂ\g F})ism N %pq @ %1%*’} a %}rtam substrate.
The most common demand is for plate to produce and even and dense ink transfer,
with 10 percent dot gain. Other frequent requirements are for accurate and clean
print-out of fine reverse and line elements, the elimination of filling-in and smooth
printing of difficult tone gradation (60 l/cm — 150 lpi with conventional halftone

screens). The plate is required to be suitable for all ink sysytem, not only for water-
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based and solvent-based ink system, but also for test UV curing inks. In hardness term

it should exceed 60 ShA (ISO) so as to reduce dot gain characteristics, but at the
same time printers are looking for high elasticity for ease of mounting and to reduce
make ready times.

As recognized throughout the industry, one of the unfortunately characteristics

of flexography is that print pressure is always set higher than theoretically required

in order to achieve an even ink tran .'This is done to overcome inconsistencies in

plate thickness, mounting.pi: : tructure of the substrate in use.

The pressure is partial in th i , which can lead to differing
A highly unifo i “is achieved, & hen using the entire printing

1|""J*".I' :
P

The photopé mv plate is att cily to the steel cylinder by
‘ A
means of foam adhestl tape or to the hard sleeve. C hould be taken to match the

tape’s adhesi\ﬂ ﬁiﬂﬂ%gm Wgﬂqﬂmﬁ compressibility to the

imprint. For puﬂ! harftone printing, A softer undercut should be u e to avoid increased
am@wa&mmummwnam@aaammmm
combmatlon halftone and line work on a plate, on the other hand, a harder foam tape
should be use adhesive the necessary solid density.

The structure of a soft, foam-coated sleeve provides the compressible sub-
structure desired. Such sleeve are mostly equipped which upper layer made of

compressible material. The sleeve’s compressibility must match that of the print. In
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this system, the printing plate is fixed to the sleeve using a non-compressible film

tape. The tape adhesive properties should be matched to the surface of the sleeve and
the back of the photopolymer plate. Tape most suitable for this application usually

have sizes with widely varying adhesive powers.

2.1.6 Print evaluation (5)

The opportunity for

on pe/w@ppare plate with various print in

to achieve a stable print

the paper .
A number o
quality
1. Checking the techni s such as register, balance of
anilox roller, doct | systems ect .
2. Checking the pla _ eproduction properties, thick-ness

¥ a1 e e

tolerances, ink transfer-picpertics,dot haracteristics,clean printout etc.

3 -
3. Checking refergfice values such-as p 1¢, mount-ing,storage ect.
Checking press settin@ and material specification: pla@system, cushion, ink , paper

=i U INYNTNYINT

The estdblishing of standard °procedures is recommended for producing a high
wn @R N T NN TINY VR Y
- Determme the colour sequence e.g. four colour (CMYK), three colour
(CMY), colour switch: (darkest colour first, lightest colour last).
- Fill the ink duct. Determine the ink quantity being transferred. Determine
viscosity, pH value and temperature.

- Set the minimum pressure necessary between plate and impression cylinder.
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- Set the register carefully.

- Optimise grey balance.
- Set high and low print speeds, run several sheets and determine accurate
register.

- Evaluate the printing result and supply data to your pre-press partner

2.1.7 Material preparati

Unexposed pl

Typically, on a sheet er, there \ all border of cured material
around the edges of the s 3 e ! \ \

The film negativg'size i R N aterial, which is then placed

arefully to minimize waste.

face-up on the sheet-cuttgr b 4.Sta th,'c uts should be made either with a
sharp knife or a “hot kni allowing-a order around the copy to provide a

clamping edge.

It is more y;-;:-’f:ﬁ:-m everal neg: \;“ ouped together to from a

single sheet exposuremhus eliminating the necessity tm:ut individual sheets of raw

material. Wheﬁwﬁ %w ﬂwﬁwaguﬁ ﬁagje adhesive tape should

be use to eliminate gaps and to ensure that the negatlves are kept ﬂat

quﬂﬂﬂ‘im UAIINYA Y

2.1.7.1 Back exposure
The back exposure is completed first. The sheet material is placed base-side
up on the exposure unit and exposed to UV light. Some automated systems are
equipped with dual light sources. In that case, the sheet is placed base-side-down over
the bottom set of lamps. The back exposure is responsible for the polyester backing

sheet, and presensitizing the material for shorter main exposure times. Negatives are
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not used during back exposure. The exact back-exposure times are determined using

back-exposure step-test procedure.

2.1.7.2 Main exposure
The plate material is turned over and the coversheet is removed. Clean

negatives are placed emulsion down on the material and the vacuum sheet is

is'combined with the back-exposure
step. The UV lights are then tusne or a specified amount of time. When the plate
the areas corresponding to

clear areas on the photographie neg areas, corresponding to the

Face-test expe

e

e e the exposure necessary
4

. Y
to reproduce the 'V c af]

copy detail and tonal alued are avallable from various suppliers. Once the desired

back exposurﬁ u E*Qi ‘ﬁ:ﬂfﬁ;ﬁ %&‘tﬂ’};ﬂ %’for various periods to

establish the tlme necessary for plate’ production. .,

ARIANN 3TN UA1INYAY

s containing a variety of
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2.1.7.4 Plate processing

After exposure, the plate is ready to be processed in the washout unit.
This unit removes uncured photopolymer material leaving the cured image in relief. A
processing solution together with a brushing action removes the uncured material,
which then dissolves in the solution. Washout conditions may vary considerably from

one manufacturer’s system to another. Most plate material suppliers also supply an

alternative, more environmentally ‘4{’ e of solvents than those marketed in the
past. Plate processing uni i both /ﬁmhne versions. Some important

considerations in pro

replenishment of solvent
chemistry. Typically, s 1 _ ; ow relief, tacky and uneven

background (floor), an : scum-(drie r on image surface). Long

Ultraviolet ﬂexographlc ink differ s1gn1flcantly in composition from solvent-

based ink. M(ﬂ Pﬂc&]tal ﬁ@fﬁt%ﬁ}?ﬂ%ﬂ ﬂ ‘iut what separates UV

ink from conventlonal sovent-based or water-based ink is the mse of oligomers,
monors i IOk Eoh ) EELVRLEL e v i
The functional properties are dictated by the choice of oligomers and monomers.
Unlike conventional ink, the press properties of UV inks are not sacrificed by
attempting to achieve superior end use or performance characteristics. This is due to
the ink’s capacity for intermolecular bonding or crosslinking. Another unique trait of

UV inks is that their superior functional properties can be modified by the addition of
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monomers. Monomers, link solvents in conventional link, are used to adjust the

viscosity of an ink Unlike their solvent counterparts, monomers do not evaporate, but
rather crosslink and become part of the cured ink film.

Photoinitiators are molecules that absorb UV energy and then use that energy
to initiate a polymer chain reaction. The two most common photochemical

mechanisms use in UV flexo inks are free radical and cationic. They each have their

i ‘,’f tant to look into both chemistries when

.passed under a source of UV

advantages and disadvantages, s

choosing a UV ink

After the ink 1

energy, typically a UV-cuy V-curing system is composed of a UV
lamp, a reflector, a powesfSug r , ontrol unit. lamp is a transparent quartz
tube filled with an inert gas, #p; ‘:a‘ amount of mercury. Quartz is

use because it is transpagént jfo normal glass is not. Mercury is used

because of its strong emissions/jn. the ultraviolét range. The systems are rated in watts

per linear inch. Newer systeﬁi%”%*" C -600 watts per linear inch. The

reflectors for UV-c ,prw;, nits ty the energy delivered to the chemistry.

This focused UV ene@r is then abso

transform lntﬁﬁﬁcﬁ (m gj W%Wﬁﬁyﬁﬁronsted acids for the

cationic cherms

ama\m‘sm UR1ANYIA Y

Free-radical and cationic ink utilize a chemically different set of oligomers

bed Dy the photmitiators. The photoinitiators

and monomers, so the end properties are also affected. Free-radical acrylate-modified
epoxies, urethanes, polyesters and other materials. Coinitiators are added to prevent
oxygen inhibition of the free-redical curing. Cationic chemistry is based on epoxies,

which crosslink when reaction to acids. The initiator in cationic curing is a blocked-
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acid catalyst which is released by UV energy. There are advantages and disadvantages

to each chemistry.

2.1.9 Contact Angle

General definition of classification of contact angle has been studied for

almost 200 year since the publication by Young. (8) Contact angle is the angle

obtained between a surface substrate 2 yd droplet. The well known Young
equation (9) was developed : n ided s@e, namely a perfectly smooth,
chemically homogeneous iig spluble I i noft: reactive surface. The contact angle
on such a solid surfacegdS called the i frinsic contact ang e”. Most real solid surfaces
are rough and chemically hetgrog - us For, such surfaces, the contact angle may
change from one poin an@ther r e contact line. The angle between the
direction of the tangent to the solid Suifas ] point and the direction of the

tangent to the liquid-fluid interface-at poin alled “smooth” solid surface, as seen

by using relatively lo: ______________m of the tangent to the liquid-
g yl ¥

— '

G
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fluid interface is called
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2.1.10 Film Splitting Machanism
Banks and Mill (10) described the process of repetitive ink film splitting at the
exit of a nip formed by two cylinders. They considered a four-step sequence : (1)
cavitation , (2) filament formation , (3) elongation , and (4) rupture. In printing nips,
fresh ink comes into contact with an unlinked paper surface, and splits only once.

However, it has been assumed that ame four-step process is also in operation

volved ﬁtﬁng process are found in the
——

meters and the behaviour of inks

under printing condition .

The printcipal p n
Appendix. The interrelr-"
during splitting may : by obsetving the for pation and the evolution of a

filament of ink attach ' -1- e two cylinders forming the nip as shown

in Fig 2. Only one o cayitationt bubbles and filaments across the nip are

Stage I

G

y

At the nip center‘-tgc.dlstance, h, be&yeen the two cylinder surfaces at the nip

cote iscquaf 1 idkndkolol 34 i i MR . e cyinders rotte at
U
tangen&il ﬁ()ﬁita(\ﬁ ﬁs iﬁﬁnﬁeﬁ]ﬁ nip _exit, urfaces of the
e
cylinders, recede from each other. The separation velocity (Vs) and a tensile force is

applied to the ink film. The tensile stress is relieved by cavitation within the ink film

(group 1). At this point, the pressure in the ink decreases suddenly.
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Figure 2-3 The development.ar ot { aments during splitting of ink films.
As the ink film (X) eme : inting sthe distance from the nip center
(d), and so h and Vs, increase g \\.I on, at the nip exit, through the
formation and elongatio [ e ink film splits through the

rupture of the filame

Stage I1
As they are carriec J‘ aAWay e nip, the surfaces of the cylinders
continue to separate and the A and vertically. Filaments of ink are

formed between fas | open to the atmosphere.

M
Subsequent cavities am'llaments are formed as long as ink continues to emerge from

th““’(g”“"FfTIEI’JVIEWlﬁW gIN3
q RIAINTNUURIINYIANY
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Stage 111
The filaments (gfou inner as they continue their
\\
travel away from the nip. elongate is equal to the rate

at which V, increases.

ﬂ'lJEJ’J‘VIﬁ‘VTﬁW‘EJ’]ﬂi

1gure 2-3 (cont

Wﬁaﬁmmummmaa

The ink film splits as the filaments (group 1) rupture, probably through tensile
failure. The length of the filaments at rupture, hr , may be considered to be a measure
of the ‘shortness’ of an ink. Ink shortness has been related to misting and picking

during printing.
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Stage V
The ruptured oward the cylinder surfaces.
2, etc) until all of the ink on
the image area on the‘pringingffofm has passed thre ‘\ > nip.

At commercial prinfing speeds, ] a\\- d from the moment the ink film
on the printing form enters fhe printing nip «\ itting of the film at the exit, is in
the order of about. a —-Q";E ,-fé pr ing speed of 2.6 m/s, the filament

acceleration in the i -piesttar30S-tirertakt=th ------‘ ‘ deration the differences in

)
sac

the radii of the print glnde

“mm“ﬁﬁﬁﬁﬁﬁﬁ%%aWﬂi

Vgg

awwaiQJMMmqawﬂwaﬂ

acce.@'ation is found in found in a

T ® 3 4 5 6 7
Figure 2-3 (contd.)
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2.2 Literature Review

Lagerstedt and Kolseth (11) concluded that the surface roughness exerted a
greater influence on the ink transfer than the surface energetics even though this was
not self-evidently valid at low tone values. The surface energy affected the ink
transfer in the border zone between printed and non-printed areas through a poorer

’M}ne values gave rise to visible effects

effect of substrate properties and

adhesion of the ink to the paper

De grace and Ma 1n$est
—

condition on ink transfé / perrmts significantly greater
amounts of ink to be hydeduli¢ally impre 'ntlng than does a non-porous

substrate at the same le

. i
little effect on the transfer of inl o el

o YA .
roughened polymer filmsandifo ne&)__ S hen pressure is increased
Lindholm and Stré

detect the amountl-lﬂf ink. Since™ wat ed oraphic inks were used, the

instrument was expe

the amount of ink coqd be determined on the bams@f an initial calibration. The

measurementsﬂewftﬂr%tﬁ] %dﬁ wg@ 'ﬂa‘gravelength of 1.94 pm

where the IR aby)rption by water is Highest. The IR camera measuged continuously on
the moaqjﬂ\ifllxalﬁ,m ﬁemeu Mt:l] gb”hz-l;llﬁ;aﬂn of the signal
was adjusted to cover the span between the lowest and the highest measurements. The
response time of the device was adjusted to yield a useful signal without too much

disturbance.
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