Don't let pesky
pinholes put the

brakes on your
production flow.
Instead, learn
what factors
cause them and
how to control
your screenmaking
environment and
procedures to
keep them

at bay.
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B creen printers the world over
battle with the ubiquitous pinhole, a
stencil defect that reduces production
efficiency, profitability, and print quality.
Printers who are continuously plagued
with pinholes spend more time and mo-
ney to complete jobs than competitors
who have taken steps to reduce, if not
eliminate, pinholes from their produc-
tion process. This article will identify
the many causes of pinholes and explain
screenmaking procedures that any shop
can use to keep pinholes out of their
stencils.

DENNINGS

What are pinholes?
According to the Specialty Graphic Imag-
ing Association (SGIA) Glossary of Screen
Printing and Related Technologies, a
pinboleis an “imperfection in the form
of tiny transparent dots that appear in
printing screens or in process films
after development.” For this dis-
cussion, we’ll expand the cat-
egory of pinholes to also
include the fisheye, de-
fined in the Glossary
as “aflaw in an emul-
sion-coated screen
that resultsina
generally circular
thinning defect
in the emulsion
film” Fisheyes
(Figure 1) are
essentially large
pinholes that

emerge until a job is on press.

occur when a screen contaminated with
oil or other chemicals is coated with
emulsion.

Sometimes the term “pinhole” is
used to describe an imperfection in a
film positive or stencil before the screen
leaves the screenmaking department.
Press operators also may describe a job
as“pinholing on press” if a stencil that
appeared sound when it left the screen
room begins to get pinholes during a
print run. As Table 1 shows, many factors
can influence whether pinholes occur in
prepress or on press. This month, we’ll
take a closer look at conditions that can
lead to pinholing in the screen depart-
ment. The factors that contribute to pin-
holes on press will be next month’s focus.

Mesh contamination
All mesh requires thorough degreasing
and rinsing prior to coating. Even new
mesh is not clean mesh. Sizing chemicals
and lubricants are used during mesh man-
ufacturing and may still remain on mesh
fabric, despite the fact that mesh is washed
by the manufacturers after weaving.
Additionally, dust, dirt, and oils will likely
accumulate on the mesh due to handling
by the manufacturer, local distributor,
and/or employees in your own shop.
You should use a commercial-grade
mesh degreaser and apply it with a soft,
nylon-tipped brush to the mesh of any
new or reclaimed screen prior to emul-
sion coating or stencil-film application.
Make sure to brush both sides of the mesh.

FIGURE 1 PINHOLES AND FISHEYES

Tiny pinholes and larger fisheyes (shown) can appear on your stencils
due to contaminated mesh, poor quality or incorrectly prepared stencil

materials, or failure to control other variables in screenmaking. These

defects may be detectable before printing begins, but they often don’t




A complete rinsing should follow. This
can be done with a pressure washer to
thoroughly dislodge any debris caught
in the mesh openings.

Be particularly careful and thorough
when rinsing frames that have channels
and grooves in them. These frames are
more apt to hold contaminated water and
chemicals that may drip onto the mesh
after rinsing and cause pinholes and fish-
eyes. Complete the process with a low-
pressure, high-volume rinse to remove
any contamination caused by potential
blowback from the washout booth dur-
ing the high-pressure rinsing stage.

Many screen printers are now
purchasing automatic ink-washout and
emulsion-removal systems. If you are not
among those fortunate printers and are
using one washout booth for all steps of
the reclaiming process, a word of cau-
tion: When you use one booth for several
wet processes, such as degreasing, de-
veloping, reclaiming, and ink or haze re-
moval, you should be prepared to care-
fully clean the entire washout booth daily
to reduce the chance of debris splashing
back onto a clean screen. It is best to have
dedicated washout booths—one booth
for degreasing and developing, another
dedicated to reclaiming, and if possible
a third for ink residue and/or haze remov-
ing. A dedicated solvent-recirculation
tank to capture ink residue also is a good
investment.

You should only abrade mesh to
improve stencil adhesion if you use in-
direct and capillary stencil films. When
properly degreased, coated, and exposed,
direct-emulsion screens should not need
abrading, because the emulsion encap-
sulates the mesh to form a very durable
stencil.

Poor drying techniques

after degreasing

A common technique for drying a fresh-
ly degreased screen is to place the wet
screen on the floor in front of fans. The
problem with this technique is that the
floor and the fans are usually the dirtiest
things in the room. To illustrate this point,
try wiping the floor with your hand to
see if you pick up any dirt. If you do, there
is a good chance the fans also are picking
the dirt up and blowing it onto your wet
screens.

Another technique I don’t recom-
mend is to set the wet screens outside in
the sun to dry. Of course, it is nice to take
advantage of cost-free drying with a warm
sun and fresh breeze, but the great out-
doors also is not the cleanest environ-
ment for a wet screen.

TABLE 1 CAUSES OF PINHOLES IN PREPRESS AND ON PRESS

Causes of prepress pinholes Causes of on-press pinholes

° Mesh contamination

°Poor drying techniques after degreasing

¢ Dirty screenmaking department

e Improperly prepared emulsion

e Particles in the emulsion or stencil film
e Poor emulsion quality

e Improper coating speed or trough design

e Chemical breakdown
* Mechanical breakdown

e Improper coating technique

e Incomplete drying of emulsion prior to exposure

°|mproper exposure

e Contaminated exposure glass and/or film positives

To reduce the chance of contamina-
tion, some shops drip-dry screens with-
out fans, placing the screens on the floor
or in a rack. Although this method is the
safest mentioned so far, it still involves
wet screen mesh, and it takes an unnec-
essarily long time. If water is allowed
to sit on the mesh too long, it acts like
amagnet and attracts just about any air-
borne particle, including dust, lint, skin,
hair, and threads from clothing.

Probably the best option for screen
drying is to use an enclosed drying cabi-
net with racks for multiple screens. Dry-
ing cabinets are available with filtered
fans and their own heat source to accel-
erate the drying process.

For those who can’t justify the
expense of a drying cabinet, my sugges-
tion is to use a water-extraction device
after degreasing the screens. This device
consists of a wet/dry shop vacuum that is
equipped with a wand designed specifi-
cally for screens (Figure 2). A vacuum sys-
tem like this can effectively remove more
than 90% of the water from a screenina
matter of seconds. You can buy a shop
vacuum in almost any major hardware or
department store, and the special wands
are available from most screen-printing
supply distributors.

When using a vacuum device for
screen drying, it is important to keep the
tip of the suction wand clean. It should
be clipped to or hung up on the washout
booth or a wall for storage and not allowed
to touch the floor. After vacuuming water
from a screen, the screen frame should
be wiped off with clean rags or towels.
Then the screen should be stored in a
clean place, preferably off the floor.
Screen-racking carts are often used
for this purpose.

Extracting water with a vacuum will
help improve screen turnaround time,
allowing the screens to dry in about
5-10 min, instead of 45-60 min. The
shorter drying time means less chance
for contamination and fewer pinholes.

Some printers use compressed air to dry
their screens, but I've found this to be a
slower process, and if the air is not com-
pletely clean and oil free, it can recon-
taminate the mesh.

Screens should be coated as soon
as they are completely dry. The longer
the screens remain unused between dry-
ing and coating, the more contaminated
they can become. If the screens have sat
around for a long time, you might con-
sider using a tacky roller to remove any
loose debris they’ve collected.

Dirty screenmaking department
The screenmaking process should be
done in a clean-room environment. The
coating and drying area should be the
cleanest area in the department because
airborne contamination is attracted to
screens freshly coated with emulsion.
Unfortunately, this area is often neglected.
An ideal screen-coating and drying
room is one in which the walls and ceil-
ing have a flat surface and are painted
with gloss-finish paint. Flat surfaces have
less surface area on which dust can col-
lect, and they are easier to clean. The
gloss finish will provide a durable surface
that can withstand frequent washing.
The same principle applies to the floor—
the flatter the surface, the easier to clean.
Using a sealant on the floor also will help.
Whether you are a T-shirt printer or
a glass printer, screen rooms set up this
way will be much easier and faster to
clean. Cleaning involves washing all sur-
faces as frequently as necessary to keep
the dust down to an absolute minimum.
Some shops damp mop their floors
every day just prior to coating screens.
Incorporating a portable air purifier
in the coating and drying area helps to
clean or “scrub” the air and is recom-
mended for achieving an even cleaner
environment. For less than $200, these
units will filter airborne particles down
to 0.3 microns in size. Most use a HEPA
(hospital grade) filter, as well as a char-
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coal filter, and often employ an ionizer
to attract particles. An air purifier will
exchange the air in the room up to sev-
eral times per hour and provide a better
method of circulating the air than a
dirty fan.

Improperly prepared emulsion

If the sensitizer is not thoroughly dis-
solved when using diazo-sensitized emul-
sion, hard, insoluble agglomerations (par-
ticles) may form on the screen. These par-
ticles show up after stencil developing as
specks of emulsion locked into the mesh
throughout the coated area of the screen.
Make sure the diazo is totally dissolved in
water before adding it to the emulsion.
Then make sure to thoroughly mix the
sensitizer into the emulsion.

‘When mixing diazo-sensitized emul-
sion in a room with yellow safelights, it is
often difficult to see if the sensitizer has
been thoroughly stirred in because the
yellow safelights mask the yellow color
of the sensitizer. By taking the mixed
emulsion into a room with white light,
it will be very easy to see if the sensitizer
has been properly mixed. The emulsion
is not very reactive to white light while
it'’s in the bucket, because there is so much
water present in the emulsion. Mixed di-
azo-sensitized emulsions do not become
fully light reactive until the water is
removed. This is why we need to get
emulsion-coated screens thoroughly
dry before exposing them.

Distilled water is recommended for
mixing the diazo sensitizer because tap
water may have high iron content that
can have adverse effects on the emulsion.
Using warm water will make it easier to
dissolve the sensitizer. It also is helpful to
fill the diazo bottle only half full initially,
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FIGURE 2
WATER EVACUATION
To accelerate dry-
ing and reduce the
chance of contami-
nation from dirt and
debris, use a shop
vacuum equipped
with a special
screen-drying head
to remove water
from your screens
after degreasing.

so that when it is shaken, the agitation
of the water will better dissolve the di-
azo crystals. Pour the dissolved sensi-
tizer into the emulsion and fill the bottle
only half full again. Shake to dissolve any
remaining residue and pour the rest of
the sensitizer into the emulsion.

After mixing diazo-sensitized emul-
sions, let the air bubbles escape by allow-
ing the emulsion to rest undisturbed for a
couple of hours, or preferably overnight.
Any air bubbles remaining in the emul-
sion after mixing can transfer to the
mesh if the screen is coated too soon.

When using presensitized SBQ
“pure photopolymer” emulsions or their
derivatives, it is not necessary to stir be-
fore use. This will only introduce air bub-
bles into the emulsion and delay the use
of the product while the air disperses.
Stir only if there is water on the surface
of the emulsion due to condensation in
the bucket or if there is an obvious sepa-
ration of the product.

Particles in the

emulsion or stencil film

On rare occasions, the components of
the emulsion can form hard, insoluble
particles that do not react with the sen-
sitizer. This is a condition that cannot be
totally controlled during emulsion man-
ufacturing—it can occur at any stage in
the life of an emulsion.

These solid particles form false or
“pseudo” pinholes that appear as clear,
bright spots when viewed against a back-
light, but are actually areas of emulsion in
which no pigment is present. Depending
on the ink chemistry and types of sol-
vents used on press, these false pinholes
may or may not form on-press pinholes
that allow ink to leak through.

To maintain optimum control over
this intermittent condition, monofila-
ment mesh between 175-240 threads/in.
may be used to filter the emulsion after
it has been sensitized. Filtering also will
assist in reducing the amount of air that
is trapped in the emulsion. Other con-
taminants, such as hair, dust, lint, etc.
also seem to find their way into the bucket
of emulsion, especially if you pour un-
used emulsion from a coating trough
back into the bucket. Filtering the emul-
sion will help assure that you remove any
undesirable debris from the product.

Capillary film is not immune to
contamination either. If the manufac-
turing process is not closely controlled
to prevent contamination from airborne
particles, the film can form stencils with
pinholes.

Poor emulsion quality

Making a defect-free coating requires
high-quality, expensive, raw materials.
Low-end emulsions may not contain
these materials and, hence, are more
likely to form pinholes, especially when
other conditions are less than perfect.

Improper coating
speed or trough design
Coating too fast can cause air to become
trapped in the mesh. This is usually the
result of the emulsion not being able to
flow through the mesh fast enough to
keep up with the coating trough. The
emulsion will begin to roll over itself in
the coating trough, picking up air in the
process, which then gets deposited into
the mesh (Figure 3). These air bubbles
can break open during the printing pro-
cess to form pinholes.

The emulsion’s viscosity and its
characteristics under shear play a part
in how fast you can coat screens. Less vis-
cous emulsions flow faster into the mesh
without the tendency to roll in the coat-
ing trough, and therefore may be easier
to coat. However when coating very
coarse mesh counts, the low-viscosity
emulsion may tend to drip as it is drying.

Coating troughs are designed with
different edge diameters that range from
less than 1 mm to about 2.5 mm. Each style
has its place and function, but be careful
with the sharper trough designs—they
tend to introduce more air into the coat-
ing. When possible, use a trough with a
larger edge diameter.

Incomplete drying of

emulsion prior to exposure

If the emulsion is not absolutely dry
when the screen is placed into the expo-




FIGURE 3 AIRBUBBLES

Coating screens too quickly can cause
air bubbles to become trapped in your
stencils. During printing, these bubbles
can rupture, creating pinholes through
which ink will pass.

sure unit, the stencil will show signs of
underexposure after developing. This
can happen even if you calculate and use
the appropriate exposure time. Improp-
erly dried emulsion is a difficult problem
to catch because the emulsion may feel
dry to the touch.

When too much moisture is left
in the emulsion coating, it prohibits the
chemical-crosslinking reaction between
the diazo sensitizer and the polyvinyl al-
cohol (PVA). This causes the stencil to
remain somewhat soft instead of harden-
ing all the way through. Under these cir-
cumstances, some of the unreacted emul-
sion will wash away from the squeegee
side of the screen when the stencil is
rinsed for development. As a result, the
emulsion loses its encapsulation around
the threads of the mesh, creating weak
spots in the stencil. Some of these weak
spots may show up as prepress pinholes,
while others may show up as on-press
pinholes. Additionally, areas of the sten-
cil that have very little emulsion, such
as fine emulsion lines and dots that will
print as negative images, may fall off the
screen during printing because they are
poorly anchored to the mesh.

To ensure complete drying of
screens, it’s important to control the
drying environment. For best results,
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dry screens in a room or cabinet with
a temperature of 80-100°F and rela-
tive humidity of 30-50%.

Improper
exposure
Underexposed screens
can suffer the same conse-
quence as screens that
were not dried properly—
soft, weak stencils prone
to pinholes and premature
breakdown. Other conse-
quences of under expo-
sure are difficulty in re-
claiming the emulsion due
to solvent lock-in from con-
tact with ink and increased
ghosting/haze problems.
An aged exposure bulb can
contribute to excessive pinholes,
even when the screens are dry and the
exposure times are properly calculated.
Over time, metal-halide bulbs, the pre-
ferred light source, lose intensity and
experience a spectral shift as the addi-
tives that control their output wave-
length are used up. Some manufacturers
of these bulbs recommend replacing
them after six months or 1000 hours of
use. Other manufacturers recommend
replacing them when their intensity falls
to 50% of their original output. Many
of the light integrators used today with
exposure units can calculate this infor-
mation automatically.

Contaminated exposure

glass and/or film positives

Dust or dirt caught anywhere in the path
between the light source and the emul-
sion during stencil exposure can cause
pinholes. Particles can find their way be-
tween the vacuum-frame glass and the
film positive or emulsion, or between the
film positive and the emulsion. Scratches
on the glass are even more problematic
because they diffuse and refract light to
cause pinholes. Film positives that have
not been processed correctly also con-
tribute to pinholes.

Today, many alternatives to tradi-
tional photographic film positives are
available. Some examples include paper
and vellum positives, as well as newer
polyester-film positives designed to be
imaged in laser, inkjet, or thermal-image-
setting systems.

Vellum positives are the most diffi-
cult to use because they do not have a
clear base. This means that in order to
reduce pinholes, you must increase ex-
posure times by 30% or more over the
times you would use with clear films.

It’s essential to use vellum with output
systems that print high-density images
so that light won’t leak through the
image areas during exposure.

With the wide variety of positives,
all providing different ranges of image
density and optical clarity, it can be chal-
lenging to achieve optimum stencil ex-
posure without incurring some pinholes
along the way. Ideally, your positives
should have a minimum print density of
3.8 Dmax to ensure consistent results. A
transmission densitometer is useful for
verifying film densities.

Try to avoid piecing positives
together in multiple layers to form a com-
plete image for exposure. Each layer dif-
fuses and refracts light, causing inconsis-
tent stencil hardening that may result in
weak spots in the stencil. Also remember
that the emulsion-coated surface of the
film positive should be in direct contact
with the coated screen during exposure.

On to the pressroom

This installment revealed the wide range
of processing errors that can cause pin-
holes even before your screens leave
the screenmaking department. But
sometimes pinholes are reluctant to
show themselves until a job is on press
and well under way. Next month, we’ll
look at how pinholes manifest during
printing and trace these occurrences
back to their roots in screenmaking. ll

Have a comment about this article? Call our
Jree automated reader response line at 800-
925-1110, extension 390.
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