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INTRODUCTICN

One of the main problems in applylng a continuous
film to a fibrous surface such as paper is that coating
must cover fibers that 1lie in every direction, This
produceg a relatively rough mat, with some fibers pro-
truding, The surface of paper varies, but all papers
and boerd have a surface configuration resembling a
renge of mountains. In paper, the interstices can be
loaded with fillers, but with boards, fillers are not
practical due to the amount necessary, Thus, in coating
board with a continuous film, the surface configuration
of the board is the mein determining factor of the
amount of coating necessary. Calender treatment of
boerd will tend to flatten the tops of the sharp peaks,
but the stray fibers sticking up will not be decreased
materially. To correctly bslance the continuity and
adheslon of a film with the surface configuration of the
gsheet to which it 1s applied is the problem of the grease

reglistant paper manufscturer,
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One of the fastest growing flelds in the Paper
Industry today is the manufacture of coated papers, Few,
if any, other fields can show the startling increases in
tonnage that coated naper sales have shown, In 1935,
less than a thousand tons of coated peper were sold., In
1942, the amount sold was 300,000 tong for an average
annual increase of 7,000 tons, But, after the wer, the
total rose even faster, and by 1968, the tonnage was one
million, six hundred thousand. Estimates for 1959 pro-
duction place the total around one million, 752 thousand
tons,

Even higher increases in tonnage are predicted for
coated paperboard, although figures on production are
not available, The Department of Commerce does not
specify whether board 1s coated or uncoated, but esti-
mateg for 1958 are three million, 400 thousand tons,
This, of course, 1s due in part to the high basisg weight
of paperboard, but also to new packaging uses for the
board, especially in regards to food packaging., In a re-
cent test by the Food and Drug Administration on the
purlty of milk carton stock, it was found that there are
actually more bacteria in the milk itself than in the
stock used to package 1it,

Of all the types of coated papers made, one of the
most interesting, and challenging to the manufacturer,
1s the greaseproof coated pasper, The film applied to a

sheet must be absolutely continuous, or the film is not

grease reslstent, Very few fibers need to protrude thru

4,
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the coating in order to ruin it as a grease barrier,

The protruding fibers act as capillary tubes or wicks,
conducting the grease thru the film and into the sheet.
This 1s especially bad in papers that are coated on both
sldes since the grease acts as a sheet plasticizer, and
unnoticed, may cause a point of failure later in the fin-
ished product,

Requirements for a grease resistant film are high,
The film must resist the solvent action of the grease.
It must be applied heavily enough to cover minor surface
irregularities, but not so heavily that i1t is too ex-
pensive, Films must adhere strongly to the sheet so
that they will not split or pull loose from the sheet.
They should be flexible enough to be scored and bent,
without ecracking, during conversion operations, Sheets
should not "block" during prolonged storage.

In food packaging, several more requirements are
necessary, The film should be tasteless, odorless, non-
toxie, and be printable with existing equipment,

In spite of these exacting requirements, there are
meny films on the market today that satisfy them, and
many different processes of application. However, there
ere only 4 basic types of coating: lacquer or golvent,
emulsion, dispersion, and hot melt or extrusion. Re-
gardless of the equipment used, each willl form a grease-
proof film,

Not 211 coating processes are applicable to all
coatings, and some films form better by one process than

by another. Lacquer type coatings have come to mean ali
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coating maeterials that form a film by evaporation of a
solvent vehicle, This type of system will apply & very
thin continuous film, but has several diesadvantages,
Unless a recovery system is included, solvent costs make
this an expenslve process., There 1s the ever present
danger of fire and toxicity, and the relatively low per
cent golide possible, although a large amount of solvent
will evaporate qulckly at room temperature or moderate
heat, If forced drying 1s needed, driers using steam
are essentlial for safety.

Dispersion coating utilizes droplets of polymer in
a water suspension, carrying 35-50% solids by weight.
The coating 1s appllied and the water vehicle is driven
off by low heat, around 110-120 degrees C, There are
several advantages to this system: equipment is easily
cleaned with Hy0; there 1s no danger of fire or health
hazard, The heat utilized may be steam or gas driers.
Comparable adhesion and strength for dispersion coatings
to solvent coatings 1s claimed for most commerclal pro-
ducts. Gloss of water base coatings 1s lower than that
of solvent coatings., There are also several disadvantages
to dispersion coating: the film deposited is not con-
tinuous, but must be fused during the drying since cold
flow of the droplets would be teco slow. Since most films
that form at low temperature also have tack problems, the
cholce of materials is further restricted, Fusion with
solvents or plasticlzers 1s also possible, but this in-

creases production costs. Curl problems are more



pronounced in thinner sheets when coated on one side and
using plasticizers,

Emulsion coating 1s also applied from a water
vehicle but the polymer is in the form of a latex
emulsion, An emulsifying agent is necessary which may
augment curl problems and sometimes contaminates the film
which 1s formed., The same adfantages as dlspersion coat-
ing apply to emulsion coating. However, film formation
1s generally at a lower temperature, and somewhat higher
per cent solids cen be applied, minimizing the amount of
heat needed for evaporation,

Hot melt or extruslion coating came about from early
attempts to harden paraffin wax coatings. Until the de-
velopment of the hot knife coater, only low molecular
welght coatings could be applied. The hot knife coater
can coat polymers up to 10,000 polses viscosity. The
standard method now, however, 1s the extruder., It forms
a very thin continuous film of hot polymer which may be
applied to any sheet product and forms an effective
barrier against grease., It gives thinner continuous
films than any other process, but requires special equip-
ment and a large amount of heat, Thermoplastic resins
are needed, and sometimes cause "blocking" problems.

In the determination of the degree of grease resist-
ance, the base stock 1s equally as important as the film
being formed and, in facty plays a deciding role. It
must have definite properties and characteristics to be

coated by any of the processes. The stock must have



enough strength to hoktd together during the coatling
operaticn, It must have 1ittle callper varlation for
this varies with the thickness of the coating applied.
Density in relation to the procese to be used must be
considered, The type of finish and sizing used& is im-
portant, as 1s dimensionzl stability. But the biggest
variations and most important properties of the base
stock, from the point of view of film forming, are the
surface properties,

Surface configuration 1s defined as the profile of
the sheet, that i1s, the height, depth, width, frequency
and distribution of the surface varlations. It cannot be
done exactly with an instrument since the film 1s af-
fected by individual variations, and an instrument cannot
be expected to cover a sheet completely. The value that
an instrument gives is useful only if it can be correlated
to the observed performances in production.

Smoothness of a sheet affects the adherence which a
film has for that sheet. A rough, highly porous sheet
will give maximum adhesion to an &pplled film due to the
coating belng driven into the interstices between fibers,
However, this same rough, highly porous sheet will in all
probability give a very low film continuity, Fibers and
high spots in the sheet will protrude, and the coverage
will be poor unless & very heavy coating is applied. Ex-
cluding the process of extrusion or hot melt, the problem
of the greaseproof paper manufacturer becomes one of main-

taining a high enough basis welght for strength of the



finished product, and balancing the amount of coating

and degree of adheslon against the smoothness and
porosity of the sheet. A thin film is very desirable
from & cost stand point, but is seldom continuous, Very
smooth supercalendered sheets are easy to coat with a
thin film, but adhesion 1s poor and dpying 1ls slow, due
to the hardening of the sheet, Loading of sheets pro-
duces a smooth surface, but the strength of the sheet 1s
adversly affected by excessive loading. By balancing the
adhesion and film thickness against smoothness and

porosity, a middle ground is sought,



EXPERIMENTAL

Tests were conducted to determine the porosity of
21 samples of various boards, Smoothness wasg determined
both by an alr leakage instrument (Bekk) and also by re-
cording the exact size and shape of the surface vari-
ations of the samples. This was done by using the Brush
Surface Analyzer, The Surface Analyzer 1s a combination
of a pilezo-electric crystal and an electron tube amplifier
to form a generator of alternating current, whose fre-
quency, amplitude and polarity are determined by the ver-
tical flexing of the crystal. A diamond pointed stylus
osclllates back and forth across the surface of the sheet,
and the voltaege produced is transferred to an oscillo-
graph which records the value of the voltage. By suit-
sble callbration, the graph obtained is read directly in
microinches, The response of the plezo-electric crystal
is accurate to * 1%, if the surface has an average rough-

ness of not more than 500 microlnches. Above this value,
a larger stylus 1s necessary. The area covered by the
stylus is either .0625 inches or .625 inches, depending
on the adjustment of the stylus drive mechanlism,

By using thesge instruments to record the character-
1stics of the surface of the sheets, an attempt was made
to relate the amount of coating required by the sheets to
make a continuous film to the surface properties of the

sheets,



The fillm that was applied and evaluated was a so-
lution of ethyl cellulose in 20% alcohol-80% benzene,
applied by a series of drawdowns with Mayer rods of dif-
ferent sizes, The solution was 20% ethyl cellulose by
weilght, with a viscosity of 340 centipolses. Continulity
of the films was determined by_application of the Tappi
greaseproof test. This test uses pure red-dyed turpen-
tine, epplied to a cone of sa&nd one inch in dlameter at
its base, and lesting for 30 minutes, If the film fails
within 30 minutes, the film 1s considered to be non-
resistznt to greases., Only those films which sucessfully
reelicted the turpentine tests were evaluated as to smooth-

nese and sgurface configuration,
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From interpretation of graphs of surface config-
uration of the same twenty-one samples, several points
are readily apparent. One of the most surprising is
that the actual height of the irregularities has
little effect on the continuity of an applied film,

The postulated mechanism is as follows: at the instant
the Mayer rod passes over an irregularity, 1t is com-
pletely covered with coating. At any time thereafter,
the coating, being quite fluid, will be flowing down
from the high to the lower areas, The slope of the
sldes of the high area will determine the rate at which
the coating will flow downward., Thus, a sharper ir-
regularity will require more coating than a broad
irregularity of identical height since the faster flow
downward of the coating will uncover the peaks before
the coating has time to gel. It is quite evident that
in this case, the viscosity of the coating wlll be
equally as important as the surface to which it is ap-
plied, 1In a solvent coating system, such as was used
in this investigation, the solvent is being continuously
driven off, even at room temperature, Gelation of the
coating may take nlace before the peaks of the irregul-
arity are uncovered, 1f the slope 1s relatively gentle,,
or if the costing 1s relatively viscous. The ultimate
in viscoslty may be regarded as a hot melt polymer,
which can range in viscosity up to 10,000 centipolses.
A pvolymer such as this can be applied to a plece of

window screen and still form a continuous film,



Naturally, a surface with many large but gently
gloping irregularities will, when coated in accordance
with the above statements, contein innumerable small air
pockets where the ccating does not touch the sheet,

This may help tc explain why a gresse resistant coating
fails upon scoring. The unsupported areas will tend to
fracture before the areas where the stock and cosating

are in contact, eince the shear of such areas 1s lower,

When thie line of reasoning 1s applied to disper-
sion coating, a few modifilcations are needed. Disper-
glon coatings may be plctured as a series of small
globules spread over a rough surface, Heat is needed
to fuse these discrete particles. Between the globules
there are spsces which are quite small, filled elther
with water, or ailr., TIf moderate heat is applied, the
globules flow, forming a screen-like film. However,
there are stlill spaces between particles, filled with
either air or water. The more heat 1s applied, the more
the fusion of the globules progresses until a contin-
uous film is formed., But, in order to fill the tiny air
and water spaces, the visible surface of the coating
surface will be lowered. 1In this case, the determining
factor seems to be not the'size of the peaks but the
distance apart in relation to the size cof the polymer
globules, Thils method of coating undoubtably requires
more coating polymer than solvent coating, since the air
spaces left are much smaller. However, many polymers

can be used in dispersion cocating that are impractical



or impossible to use in solvent coating and the proper-
ties of such polymers or theilr cost may offset the add-
ed amount needed, plus the required extra heat for
fusion.

A mathematicé&l relationship between the Brush
Analyzer graphs and the amount of coating needed for a
continuous film was not found, It was found, belatedly,
that Mayer rods do not deposit a thin enough film or
cne which may be bullt up in precise increments., The
film deposited by any Mayer rod varies with the smooth-
negs of the sheet, when uslng coatings of fairly low
viscosity., As viscoslity increases, the surface config-
uration ceases to be the determing factor.

Combined with this effect is that of the coating
trapping air between 1t and the sheet, which would pre-
gent the coating from flowing downward at all until the
alr had leaked through the sheet, This i1g a means used
to measure porosity. Graphs of porosity of the samples
versus coating weight showed that there was a definite
influence on the amount of coating required for a con-
tinuous film by the porosity of the sample. However,
other variables lowered the correlation, go results
were somewhat inconclusive,

It 1s felt that, if porosity, variables in appli-
cation of the film, and & method of progressively bulld-
ing up a film in small increments, could all be kept con-

stant, there would be found a direct relationship between
poroslty and coating weight needed for a greaseproof

film, when using fairly fluid polymers for coating paper.
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