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In the | ast decade a new rod coating
t echnol ogy has been devel oped for
coating on paper nmachines. This
technol ogy has al so been adapted for
use on converting and corrugating
lines. The main advantages of these
new coaters are w de coat weight
range, ease of operation, precise
coat wei ght regul ation, and good
cross machine uniformty.

Rod coating or "Mayer rod coating"
has been in exi stence since the
early 1900's.

In 1905, Charles W Mayer founded

t he Mayer Coating Machi nes Conpany
in Rochester, New York. The firm
made equi pnent for manufacturers of
carbon and wax papers, two new and
growi ng i ndustries. These machi nes
used "equalizer bars" or "doctor
rods", the fore-runners of today's
precision netering rods. The rods
were made of carbon steel wound with
different sizes of nusic wre.

Mayer was issued a series of patents
on his coating machi nes, including
one in 1912 which covered his
equal i zer bars.

Coaters of carbon and wax papers
found that they could easily change
t he t hickness of their coatings by
swi tching rods, so they began
ordering rods with different wire
sizes. Also, the early rods would
rust and wear out, so Mayer found a

ready and growi ng market for

repl acenent rods, which becane an
i nportant part of his business as
nor e machi nes were shi pped.

Mayer's success in the coating

machi nery busi ness becane the target
of federal anti-nonopoly |aws, and
he was forced to rel ease his designs
and patents to others in the 1930's.
New comnpani es sprang up, whose

machi nes used doctor bl ades and rol
coating nmethods, in addition to

wi re-wound rods.?

Wre wound rod coaters have for over
70 years been considered a sinple,
easy to operate method of coating.
The mai n technol ogi cal breakt hrough
has been the devel opnent of
stainless rods, stainless wire and
preci sion wi ndi ng equi pnent. In the
| ast several years, rods that were
turned with threads i nstead of being
wound with wire have al so been

devel oped.

The traditional wre wound rod
coater has devel oped al ong the Iines

of Figure I, above. This coater
appl i es an excess of coating to the
web with an applicator roll. The

applicator roll usually is supplied
wi th edge wipers or "deckl es" which
wi pe the coating off the roll at the

TRADITIONAL WIRE WOUND ROD COATER

WIRE WOUND
ROD | — WRAP CONTROL ROLL
STATIONARY —
ROD HOLDER | APPLICATOR ROLL
| — COATING PAN

FIGURE |

edges. This allows the substrate
being coated to be run with a dry
edge for cleanliness.

! Donald M. MacLeod, "Rod Coating
Comes of Age", Proceedings of the
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TAPPI 1988 Polymers, Laminations and
Coatings Conference, September,
1988, p. 205

The applicator roll is usually
driven by a variable speed drive,
which follows |ine speed at an
adjustable ratio. The web passes
over the applicator roll where it

pi cks up an excess of 3 to 10 timnes
the desired final coat weight. It
t hen passes over a wire wound rod
whose wire size deternmines the fina
coat weight. The wire rod is

i ndependently driven, usually
counter to web direction.

The thickness of the coating is
governed by the cross-sectional area
of the grooves between the wire
coils of the rod. The geonetry of
this systemcreates a wet film

t hi ckness which is roughly
proportional to the dianeter of the
wire used. For exanple, you can
roughly doubl e the coating thickness
by doubling the wire size.

The groove between the wires

determ nes the anount of coating
material which will pass through
The initial shape of the coating is
a series of stripes, spaced apart
according to the spacing of the wire
wi ndi ngs. Al nost inmmediately,
normal surface tension pulls these
stripes together, formng a
relatively uniformsurface, ready
for drying in air or under heat.?2

The coating that is wiped off is
separated out fromthe coating
within the pan, so that it can be
deaerated and strained to renove
contam nants, before returning to
t he application pan.

Coating uniformty on Mayer rod
coaters is dependent on having a
conmpletely flat web in intimate,
even contact with the surface of the
wire. The only force available to
ensure contact is provided by web
tension. Unfortunately, it is
general ly inmpossible to ensure
tension uniformty across a web of
even noderate wi dth, which can cause
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| arge variations in the nmetering
capability of the rod. This, in
turn, causes coat wei ght

non-uni formty. Additionally,
because web tension is constant, and
the force necessary to resist the
hydraulic force that devel ops under
the web increases with |ine speed,
the Mayer rod coater becones

unst abl e at speeds above 200- 300
MPM  The actual point where control
is | ost depends on the coating

rheol ogy, the web tension, and the
wrap angl e over the rod.

VWhat was needed was a way to keep
all of the benefits of rod coating,
while elimnating its speed and
uniformty limtations. The
solution was to nmake a rod coater

t hat operated independently of web
tension variations. It utilized the
concept of a rod pressing agai nst
the web supported by a backing roll

There are a nunber of manufacturers
of this type of equipnment. Most
manuf acturers utilize some form of
air pressure |oading. These designs
allowthe rod to float freely in

si de gui ded hol ders.

An air bl adder under the hol der
provi des uni form cross nachi ne
pressure. Oher ol der designs
utilize mechani cal |oading by
attaching the holder to a flexible
spring bl ade.

Modern rod coater designs are
primarily divided into two groups,
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for I ow and hi gh speed operation
Low speed operation, bel ow 300

m mn., generally enconpasses the
converting industries and recycl ed
paper boar d machi nes.

A typical |ow speed air |oaded rod
coater is shown in Figure Il, above.

LOW SPEED AIR LOADED ROD COATER

FIGURE 1l

This coater utilizes nost of the
traditional wire rod coater design
It has an applicator roll with

vari abl e speed drive and a pan which
separates the coating returned from
the rod fromthe fresh coating in

t he pan.

The main difference between the
coaters shown in Figure | and I
occurs after the web | eaves the
applicator roll. On air |oaded rod
coaters, the web waps its uncoated
side to an el astonmer covered backi ng
roll, which supports the web as it
passes through a nip created by the
rod and the backing roll

Pan designs for both coaters are
simlar. Figure Ill, above, shows a
typi cal pan for coatings that are
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not overly susceptible to problens
caused by large recircul ation

rati os. The coating enters the
center of the pan's main chanber
under a diffusion baffle, and flows
outward over weirs at each end of
the pan. The overfl ow coating m xes
with the coating com ng off the rod
so that every surface of the pan is
continually washed. This type of
circulation elimnates eddies and
dead zones that m ght cause buil dup
Figure IV, above, shows a pan with
reduced recirculation rate for
agitation sensitive coatings. In
this configuration, the coating

comng off the rod is channeled by a
baffle plate to the ends of the main
portion of the pan. Due to its

| ower density, caused by air
entrainnment, this coating is first
to overflow the end weirs. Since
the coating is reintroduced to the
pan outside the coated area of the
web, only fresh coating is brought
to the rod for nmetering. This
drastically reduces the
recirculation rate without affecting
coat er perfornance.

The rod on the coater shown in
Figure Il is held in a precisely
machi ned plastic hol der el enment,
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which is free to float in a retainer
slot. It is pushed against the
backing roll by a flexible air

bl adder whose pressure can be
adjusted fromO to 2.7 bar (40 PSI).
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The rod, plastic holder, and air

bl adder are |inber enough so that at
pressures above .2 bar (3 PSI), the
rod is uniformy | oaded agai nst the
backi ng roll regardl ess of backing
roll deflection. Since the web is
on the roll prior to the application
of metering force, web tension has
no effect on coat weight. The
backing roll is driven by its own
vari abl e speed drive followi ng |ine
speed.

For a given coating fornulation

coat weight is dependent on four
factors: paper absorbency,
applicator roll speed, rod size, and
ai r bl adder pressure.

The applicator roll is generally run
in the direction of web travel at
15% to 60% of web speed, applying an
excess to final coat weight ratio of
3:1to 10:1. Running in the
direction of the web reduces film
split pattern and tends to provide a
nore uni form excess by snearing it
on the web. In general, the
application roll should run just

fast enough to allow some coating to
run back down the incom ng side of
the roll.

The rod size determ nes the coat

wei ght range that the coater will
operate over. Snooth chromne-pl ated
rods between 1/8" (3.2 nm and 1"
(25.4 mm) provide coat weights
between 2 and 25 gmnt with a w de
variety of coatings. Mich heavier
coatings can be achi eved by using
wi re wound rods rather than snooth
rods.

To date, nmachines are in operation
coating a variety of waterbased,
sol vent based and sol ventl ess
coatings. Viscosities from20 cps
to 20,000 cps and above have been
run successfully, at speeds of 50
FPM to over 3000 FPM Coati ngs have
i ncl uded silicones, adhesives, fax,
car bonl ess, varnishes, clays,

cal ci um carbonate, titanium waxes,
and other proprietary fornul ations.

By changing fromone rod size to
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anot her, a conpletely different coat
wei ght range is available to react
to the needs of a changing

mar ket pl ace. If the rod is changed
fromthe snmooth type to a wire wound
or grooved rod, the coater becones
an entirely different type of

coater.

A snooth rod coater is a leveling
coater. The coating that is applied
tends to fill in the | ow spots of

t he paper. Depending on the paper
roughness, this tends to | eave far

| ess coating on the high spots than
in the | ow spots.

A wire rod coater is a contour
coater. It neters volunetrically so
that the sane anount of coating
flows out on any part of the web.
The coating flow coats the fibers,
roughly follow ng the sheet contour

This type of rod provides better
opacity, but the surface snoothness
is not as good as with the snooth
rod.

Many coati ng operations conbi ne one
or two snooth rod coaters with a
contour coater to make an extremnely
snoot h sheet that al so has good
coverage wi thout nottle.

Coat wei ght adjustment is
acconpl i shed by totally separate
nmeans dependi ng on whet her a snooth
rod, wire wound rod, or a threaded
rod is used in the coater.

Snooth rod coating is acconplished
by floating the entire rod on a film
of liquid above the surface of the
paper. Coat wei ght depends on the

t hi ckness of the hydraulic wedge

t hat devel ops between the rod and
the coated substrate. This is very
simlar to a lubricated bearing.

To increase coat weight, using the
same rod size, the coating can have
its viscosity increased by using
viscosity nodifiers, or by

i ncreasing solids content, which

i ncreases the viscosity as well as
reduci ng the water content.
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There are several nechanical ways to
i ncrease coat weight. The sinplest
way is to decrease the pressure in
the air bl adder under the rod. The
normal air pressure range for air

| oaded rod coaters is 5 - 25 PSI
with the majority of coaters
operating between 5 - 10 PSI

In general, as soon as enough
pressure is devel oped to deformthe
backi ng roll covering, increasing
the rod pressure decreases coat

wei ght, and decreasing rod pressure
i ncreases coat weight. There is a
very sharp change in coat weight
between 5 and 15 PSI (dependi ng on
paper absorbency it can be anywhere
from30%- 70%. Above 15 PSI, the
ef fect of increasing rod pressure
tapers of f quickly, until at
approximately 30 - 35 PSI no
addi ti onal reduction is possible.

A very interesting condition can
occur at very low rod pressures
where the rod is just bal anced

agai nst the paper w thout deform ng
t he backing roll covering. The
metering force is equal to the rod
| oad divided by the area of contact.
Since there is very little area, we
are dividing a small nunber (the rod
| oad) by a nunber al nost equal to
zero. The resultant unit force can
be very high. The end result is
that as rod |l oading is increased
slightly, the rubber backing rol
cover deforns, which increases the
area of contact at a faster rate
than the rod | oadi ng i ncreases.
Thus for a short increnent, coat

wei ght may actually increase with

i ncreased rod load. This quickly
changes back to the standard

condi tions where increasing rod

| oadi ng pressure decreases coat

wei ght .

Changi ng snmooth rod size affects
coat wei ght by changing the w dth of
the nip created between the backing
roll and the rod. For any air
pressure, a larger nip area causes
the nmetering force (cal cul ated by
dividing | oad by area) to decrease
as the rod size is increased. This
provides a |l arger coat wei ght each
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time rod size is increased.

Wre wound or grooved rod coating
works by a different principle.
Instead of floating on a uniform
film the wire, wound, or grooved
rod may, in fact, contact the paper
on the high points of the wire or
grooves. Coat weight is obtained by
t he amount of coating that can
squeeze through the small openings
created between the wires or

gr ooves.

To allow nore coating to pass

t hrough t he openi ngs, you decrease

the viscosity. This is illustrated
by the standard Zahn cup viscosity

test. The lower the viscosity, the
sooner the cup enpties.

If two wire wound rods of different
di ameter but the same wire are used,
a slightly higher coat weight will
be provided by the |arger rod.
However, a one or two thousands
(.001" or .002") increase of wire
size on the smaller rod will usually
provi de the sanme coat wei ght.

For nmost rod core sizes, the mgjor
ef fect on coat weight is provided by
wire size alone. The viscosity
required to run a wire rod is | ow,
so no significant hydraulic wedge
can develop to float the rod off of
the sheet. If there is no wedge to
adj ust, pressure change will have
little effect. Wen larger rod core
sizes are used (5/8" to 1") the
larger nip allows nore of a wedge to
devel op. The force of this wedge is
easily overconme. At nost, with a 1"
rod, rod bl adder pressure wll

effect the coat weight by 10 - 15%
with wire sizes from.010" to .020"
di anet er.

As wire dianeters decrease (from
.010 to .000), rod bl adder pressure
has an increasing effect on coat
weight. As wire dianeter increases,
rod bl adder pressure has little or
no effect. The general rule is to
run a bl adder pressure under a wire
rod that is high enough to ensure
uniformty. It can be increased 3
to 5 PSI to trimcoat weight
slightly. Any additional pressure
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will increase rod wear. High
pressure may al so cause streaking by
deform ng the paper where it
contacts the rod.

There are several other benefits to
air |oaded rod coating. The rod
turns slowy against the direction
of sheet travel. This allows it to
continually clean itself, in order
to run w thout streaks.
Additionally, the rod has a
polishing effect that tends to
orient coating particles in the sane
direction, which inproves coated
surface snoot hness. Because the
backi ng roll supports the sheet
under the rod, coating can be
acconpl i shed at hi gher solids and
viscosities than ever before.

Figure V, above, shows a high speed
coater arrangenent. The three main
differences between it and the | ow
speed coater are the backing rol
size, flooded nip applicator rol
configuration, and the backing rol
wash/ noi sture addition unit.

The backing roll size is adjusted to
provi de sufficient recovery tinme for
the el astonmer cover on each
revolution. This reduces heat
bui | dup and | engthens the tine

bet ween covering regrinds. On large
machi nes (over 120" wi de) the
deflection of the roll is also a
consi deration in determ ning rol

di aneter.

The fl ooded nip application rol

runs with a precisely adjusted gap
in the range of .005" - .020" to the
substrate. This preneters the
excess being applied to the web, and
reduces the effect of any air
entrained in the coating. Coaters
with this type of applicator rol

are runni ng on paper machines in
excess of 1000 ni min.

An addi tional premetering doctor can
be used on the flooded nip roll for
even hi gher speeds or for ultralight
coat weights. The prenetering
doctor can reduce the excess to the
point that the rod neters off very
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little coating. Running in this node
utilizes the rod nore to snooth and
equal i ze the coating, than to reduce
its thickness.

H gher speed coaters are generally
wi der than their ol der, slower
predecessors. This requires an
application pan design w th higher
recircul ation rates and better
distribution to achieve a nore

uni form nmetered application to the
web. A typical high speed coater
pan design is shown in Figure VI,
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The wash roll/noisture addition unit
sprays a fine mst of water on the
backing roll, which is renoved by a
chrone-plated roll. A doctor blade
runni ng on the chromed roll renoves
t he excess water and any dirt
particles by directing theminto a
sl oped drai n pan

The water m st keeps the backing
roll cool, extending its life. The
doctored m st carries away dirt or
coating buildup that m ght affect
coating uniformty.

Anot her useful function is to apply
a netered anount of noisture to the
back of the web. Wth the doctor

bl ade out of engagenent, the wash
roll can be run as a sinple
premetered size press. Side funnels
nmust be added to carry away the
excess water that flows out the ends
of the nip. Water volune and nip
pressure determne the final

nmoi sture addition. This is very

hel pful as a neans of curl control
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