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ABSTRACT



ix

The heat sealing properties of lacquers containing
ethyleellulose were studled., Adhesion, bloock, flexibllity,
and appearance were considered to be the properties most
important in determining the usefulness of a heat sealing

agent.

The experimental procedure consisted in the formue-
lation and testing of various lacquer systems. Usata from
these aystems are presented in the form of arsas on triangular
composition plots.

Two lacquers, HS 148 and HS 1906, fulfilled the prob-

lem requirements. The compositions of these lacquers are

HS 148 HS 196
OthyloelluloBe..secesrees 55,08 ©thyleellulose.eesesvees 45.0%
Dow resin 276~V2.....e44s0 30,0 Dow resin 278«V2.,.s.0.4 40,0
tricresyl phosphate.ssses 14.7 Dow plastiocizer No. 5... 14.7

0arnauba WaXesevecoaseres 0.3 carnauba WaXevsesooesose 0,3

HS 148 samples have been applied on industrial heat

sealing machinery. The seals made in this manner compare
favorably with those produced on the same machines with
normally aocepted industrial lacquers, HS 196 produces seals

slightly inferior to those of HS 148. It is recommended for
use in handling foods, however, as it has no detectable

toxlolity.



INTRODUCTION



This investigation is a study of the bonding
charaocteristiocs of films containing ethylcellulose,.

Adhesives are usually oclassified as animal deriva~
tive, vegetable derivative, cellulose derivative, or synthetie.
Animal glues, usually ocold liquids, are composed of liguid
extracts from the bomes, skins, and hoofs of animals. Casein
adhesives, made from a product of the coamgulation of milk, are
also classified as of animal origin. Animsl glues are general

purpose adhesives which produce medium strength bonds between

many different materials.

The term vegetable adhesive includes gum emulsions,
dextrin adhesives, latex cements, natural resin adhesives.
Gum adhesives, consisting of agueous emulsions of natural gums,
such as arabie, are used for cheap, low strength bonding.
Dextrin glues are prepared from a product of the degradation
of staroh at higher temperatures, When molsture resistance
is unimportant dextrin-base adbesives form good bonds between
wood, paper, and similar substanses. Rubber latex 1a the cured
milk sap of the rubber tree or quauale shrub, An extremely
sticky substance, latex has found wide usage 1n general purpose
bonding. Shellacs and rosins are used either alone or with

added compounds to form many edhesives. Their use 1s similar

to that of synthetio resins in adhesives. The principal appli-

cation of natural rosins 1s in mixtures containing other



vegotable or synthetle materlals. Cellulose derivative lac-
quers are widely used to replace both rubber cements amd
animal glues, Either as pure substances or mixed with plasti-

cizers and resins, cellulose derivatives are dissolved in

suitable solvents and applied as ¢o0ld liquids. ielted from
solid form, cellulose derivativea are called "hot melts".
The derivatives most common to éoating and adhesive appli-
cations are nitro cellulose, cellulose acetate, and ethyl
cellulose. Cellulose derivatives may be made to fomm strong

water-resistant bonds. They are, however, affected by heat,

organic solvents, and, in some cases, light.

Synthetic adhesives are too numerous and varied in
form to be discussed individually. Synthetic ocompounds have
been made whose properties duplicate and surpass those of
many natural adhesives. A large majorlty of these syntheties
are phsnolic, urea, aorylic, or vinyl in nature. The applica-
tion of synthetie adhesives 1s for strong, permanently resistant
bonds.

Adhesives are applied in several ways. The oldest
and most common consists of brushing a ligquid adhesive
material on one or both surfaces to be joined and holding the
coated surfaces together until the liguid has dried or set.

In many cases heat 13 applied to speed up the drying or setting

operation. Although liquid application is often aocomplished



by machine brushes, rolls, or dootor knives, the prinociple
remains unchanged,

The so called dry method {1) consists of coating
liquid adhesives on the surfaeeé to be bonded. After drying
the coated surface, bonding is obtained by means of heat and
pressure. Both thermoplastic and thermosetting adhesives can
be handled in this manner. Although several other means of
applying adhesives are used, the liquid and dry prineciples
cover the majority of present day techniques.

Industries using adhesives on a large scale are
numerous and wide spread. Wood fabrioation and packaging can
be chosen as representatiie of those users. Aslde from the
manufacture of cheap toys, novelties, and various low strength
articles, the fabrication of wood demands high strength
adhesives. The manufacture of plywood furniture and prefabri-
cated wooden parts requires durable bonds that will strengthen
rather than weaken the final produet. Synthetlic thermosetting
resin adhesives are, therefore, best sulted to wood fabrication.
The two adhesives most common to that industry are phenol and
urea formaldehydes., Both glues of phenol and urea, like most
thermosetting adhasifas, must be bonded under heat and
pressures. Curing requires from one seocnd to four hours, and

heated presses are many times sulted to industries employing

thermosetting adhesives.



The packaging industry used some form of each
adhesive olassified. Bonding metal foils, papers, plﬁstios,
and cardboards requlres many glues and techniques, The
flimsy, temporary nature of products from the packaging
industry make high bond strengths unnecessary; therefore there
is limited use for the high strength synthetics used for wood
bonding.

Until recently, all paékaging operations used liquid
animal or vegetable glue. Those glues still predominate in
that field. In the last flfteen years, however, the dry
method of adheslve application has become more acceptable.

In order to inorease production speed and elimina;e the
handling of liquid glues, bonds are made by sealing ocertain
thermoplastioc films under heat and pressure. That proceas is
known as heat-sealing. Adhesives or heat sealing agents are
coated on the material to be bonded. The ccated foll or paper
can then be sealed or packed for distribution to other sealing
operations.

Heat sealing agents are thermoplastic materials whioh
require only instantaneous applications of heat and pressure
for bonding. Continuous rapid sealing processes can therefore
be used. The high sealing speeds and almost immediate setting
of the bond after sealing makes heat sealing a proocess readily

adapted to the packaging industry. Heated rolls, metal tapes,



irons, wheels, and presses are all utilized to form heat seals.

Heat sealing films are classified by means of the
constituent present in the highest concentration. OClassified
in that way, most heat sealing agents are either wax, rubber,
resin, or cellulose derivative adhesives. Adhesives of each
type almost invariably contaln one of the other named consti-
tuents. Many contain all of them.

Wax coatings have been used for heat sealing more
than have the other types. Paraffin coatings, beeswax films,
carnauba hot melts, and other microcrystalline waxes have been
sealed by means of heat for many years. The use of wax to seal
letters dates back to the Roman Empire. Bonds of wax sealed
coatings are, at best, of low strength. Wax seals are used
predominantly for applications where moisture resistance, not

strength, controls,

‘Rubber and resin compounds have not been widely
used as heat sealing agents. Both are frequently found in
heat sealling lacquers as modifying agents, but seldom are
they present in amounts over 25 per cent. Rubber derivative
adhesives are soft and sticky or tacky at relatively low
temperatures. That property limits the use of rubber in
lacquers which must be non-tacky for shipment and storage.

Properly formulated cellulose derivative lacquers

offer the non-tackiness of wax at low temperatures and



satisfactory adhesion at elevated temperatures. Nitrocellulose,
ethylocellulose, and cellulose acetate all have thermal pro-
perties suited to the temperature and pressure requirements of
heat sealing. Ethyleellulose, of the three, is recognized as
the best material for heat sealing (2).

A heat sealing agent for the packaging industry
must meet several specifications. The first and most important
is that the materlal produce satisfaetory bonds at the speci-
fied temperatures. In order that rolls of foll or paper
coated with such a fillm can be stored the laoquer must not
be sticky or tacky at ordinary storage temperatures. To
adhere to the folls and papers used in the packaging industry
the film must be flexible. It is of particular importance to
the food packager that compounds used in connection with
edibles be free from taste, odor, and toxiocity.

The work desoribed in the following thesis is an
attempt to farmﬁlate a heat sealing agent with ethylcellulose
as a major constituent, The coating was to be applied as a
ligquid and dried before sealing. Under minimum pressure it
was to seal at temperatures from 120 to 1609C, to aluminum
foil, glassene paper {3), oellophane, films of the lacquer
itself, and other related substances. The film was to be
tack-free after 24 hours exposure to 50°C. under one pound

per square inch, It oould have no taste, odor, or toxicity.



It must be flexlible and sulted to standard means of appli-

cation.



HISTORICAL



The use of thermoplastio waxes for the sealing of
lettere and private papers was, probably, the first distinet
heat sealing operation (4). Seals of that type have been
found among relics of anoient Xgypt.

Heat sealing has not, until recently, had a separate

place in the fleld of adhesion. The use of heat and pressure
to aid drying or setting of liquid glues was, of ocourse, a
common practice; that practioce, however, cannot be temmed
heat sealing. It is purely a means by which the ligquia
sealing operation is sped up and improved. Work with hot
melt coatings led to the development of heat sealing agents
for industrial operations. R. Gordan (5) was among the first
to recognize the use of ethyl eellulose hot melt coatings and
their use as adhesives, He introduced a coating containing
ethyloellulose and latex to be applied in melted form. The
film was quite tacky and therefore not sulted to storage on
rolls or in packages.

Staundinger (6) and Henkle (7,8), closely following
Gordan, patented hot melt coatings in 1938 and 1939. The
coatings patented by Staundinger and the two by Henkle
differed but slightly. Both contalned ethylcellulose, staroch,
and adme polymer. Coatings of this type polymerize on being
applied as hot melts and have no further application as heat

sealing agents.
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The most significant patents on hot melt and heat
sealing ocompounds lssued in 1939-1940 were to Bidsald and Farre
(9), Nobel (10) and C, E, Pitman (11). Those patents covered
three phase formulations of ethylcellulose, resin, and plasti-
oizer. The films of Bidald and Farre ani Nobel were hot melt
adhesives. That of Pitmen was designed to be applied in
melted form or from solvent solution. Mr. Pitmen also oclaimed
that films, when formulated according to his specifications,
when placed together will seal under 311ght addition of heat,
I, G. Farben and Company (12), also in 1914, referred to a
lacquer having properties similar to those developed by Pitman,
They'did not, however, glve any indication of the content of
this material.

Six patents were issued in 1942-43 for heat sealing
agents. The patent to Ryan and Watkins (13) covered the use
of ocellulose aheeting in the lamination of glass for shatter-
proof esutomobile windows. The glass plates and separating
ethylcellulose sheeting are bonded by means of heat and
pressure. A plasticizer is added to the ethylcellulose
sheeting to lower its melting temperature. Both Kauppe (14)
end Thinius (15) obtained patents for films to be heat sealed
to tin and lead foils. ZEach oontained ethylcellulose, phose

phoric acid, and a plastiocizer. W, J, Barrow (16) developed

a £film ocomposed of ethylcellulose and a plasticizer to
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preserve old parchments, The parchments are cocated by hot

pressing the ethylcellulose film to the surface to be aoated.
Temperatures of less than 100 degrees C. are used in the prooess.
Alexander Szware (17) a Canadisn, and John M, DeBell (18), en
Englishman, patented, almost simultaneously, heat sealing

agents that today are wldely used in the packaging industry.

The two lacquers differ in both compesition and plastiocizer.
They are, however, of the same three component type, con-
taining ethylcellulose, pine wood rosin, énd a plasticizer.

Leinbach (19), in 1943, made a substantial literary
contribution to the theory and practice of heat-sealing. Mr.
Leinbach discussed both heat~sealing and heat sealing agents.
His major contribution was in proposing certain specifications
for the standardization of the evaluation tests of heat sealing
lacquers. Mr. Leinbach defined heat sealing only from the
standpoint of sealing a film to films of the same material,

A paper by Binner and Miller (20), in 1944, broad-
ened Leinbach's definition to include sealing a thermoplastie
£film to any other material. The paper also discussed the
process of laminating folls and papers by means of heat
seal ing methods,

The field of patents on ethylcellulose containing
heat sealing agehta was very broad in 1944. Among those
receiving most attention were patents to Collins (21), Kooh
(22), Robinson (23), Bacon (24), and Mack (25), Collins



claimed an éthylcellulose £ilm for laminating plasties
suitable for use as phonograph records. The film has a high
‘melting temperature and strong resistance to cold flow.

Koeh, Robinson, Bacon, and Mack all patented three component
ethyloellulose heat sealing lacquers. Each of those agents
was designed for the bond ing of packaging pespers.

The year 1945 produced only two heat sealing agents
containing ethyleellulose. In the first, Rhodes and Wendorf
(26) perfected an ethylcellulose wax combination for use in
paper sealing processes. The objeot of this combination is
to produse heat sealed bonds with the water resistance of
wax seals and the strength of ethyl c¢elluleose. A form of

waxed paper has been developed with this lacquer. The iInsolu-
bility of the wax constituent makes it necessary to coat
Rhodes and VWendorf's film as a hot melt. The second patent,
awarded to N. E., Tillotson (27), covered an ethylecellulose,
resin hot melt for use on papers and plastic sheeting.

The pertinent literature in 1945 was devoted, almost
entirely, to discussing the heat sealing of solid plastie
objects. Jones (28), Thomas (29), and Metzler (30) wrote
related articles on the subject of welding plastie bcdias
together, the reaction to solvent sealing, heat sealing, and

cambinations of the two were discussed. The conclusions

concerning ethyleellulose showed it to be the cellulose deriva-~
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tive plastic most adapted to heat sealing.

The established theories and methods for the use of
ethylecellulose heat sealing lacquers were discussed in three
articles published in 1946, Lamination by use of thermoplastic
films and heated rolls was outlined and analysed by Smith (31)
and Leinbach (32). Both the method of applying the adhesive
as a liquid and the use of a solld film of adhesive were out-
lined and explained. A, Jones (33) compared ethyl cellulose
heat sealing films to those of other ¢ellulose esters. His

conclusions recommend the use of ethylcellulose for most heat

sealing operations.



THEORY
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Heat sealing, for the purpose of this discussion,
will be defined és that process in whieh a dry thermoplastie
substance 1s bonded to any material by means of heat.

This proocess consists of three operations. In
proper order these operations are melting, or extreme
softening in the film at the proper temperature, establishing
close contact between the surfaces to be bonded, and the
setting of the melt to form the bond. All these operations
take place more or less instantaneously in that it is 4iffi-
cult to distinguish one from the other. The melting or
softening of the film is brought about by contact with some
outside source of heat. Varled sources are in use, including
electrically heated iroms, rolls, metal tapes, presses, and
steam heated rolls. Recently dleleectric heating has been
applied in certain ocases, The actusl temperature to which a
film is subjeoted is & function of the tamperatuée of the
heat source, time of exposure to the heat source, and the
overall heat transfer coefficlent from the source to the film.
The temperature at which a film melts or becomes plastic is
a funotion of its composition and differs for each lacquer,
FPresaure 1s applied to the softened film to establish contaot
between the materials to be bonded. In cases where the

sealing film is only softened by the application of heat,

more pressure is required to insure a good seal. Heat
sealing operations are generally continuous, and both the
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exposure to heat and application of pf&asure are only momene
tary for each seal. Since the papers and foils are thin and
retain very little heat the softened films resolidify quiockly.
To deorease the setting times, some operations include chilling
seals immediately following the application of heat. In many
instances ohilling has a hardening effect which tends to
strengthen the bond.

Heat sealing agents are deflined as thermoplastie
materials which can be formed into films or can be coated
upon paper or other films and are reasonably normal, non-
stioky solids at ordinary temperatures, but which melt or
became very stlcky at temperatures ranging from 150 to 300
degrees ¥. (34).

As in the case of paraffin wax, some of these agents
are pure substances. The large majority, however, are produced
from the combination of two or more pure constituents to fomm
a laoquer or hot melt coating. The formmulation of a coating
to be used in heat sealing consists of adjusting three pro-
perties of the laoguer system in question. The first property
to be adjusted 1s adhesion. The lacquer must be made to stick
to the materials to be bonded. Secondly, the lacqaer‘s

melting or softening polnt must be ad justed to the desired

temperature. The final adjustment oomes in meking the film

as flexible as possible without softening it to the point of
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tackiness. In the pure state, ethyloellulose films adhere
poorly to most substances. To improve adhesion the addition

of certaln modifying agents is necessary. The modifying
agents usually added for the purpose of inereasing adhesion

are resins, either natural or synthetio., Resin addition, as

will be discussed later, also affects other properties., Resins
added to ethyleellulose films must be of a type that will form
solid solutions with the ethylcellulose. By adding the proper
resin, ethylecellulose films can be made to adhere to almost
any surface., BEthylcellulose, in the pure state has a melting
temperature of from 170 to 220 degrees C. Its exact melting
point is s function of its ethoxy ocontent. The ethoxy content

is a measure of the number of C,Hy units joined to each

oellulose ring. Figure 1 i3 a curve correlating melting
temperature with ethoxy content of pure ethyleellulose.

To change the temperature of pure ethylcellulose,
it 13 necessary to add masterials to different melting points.
In addition to resins, non drying ligquids called "plasticizers™
are added for the purpose of melting polnt control. For gensral
heat sealing the melting point of pure ethylcellulose is too
high., It is the general rule, therefore, that the modifying
resin and plasticizer have melting points below that of ethyl-

cellulose. The resins most common to coating applications

melt at temperatures of from O degrees C. to 150 degrees C,.






There are resins designed for extremes in temperature, but

they are not widely used as lacquer constituents, Plasti-
oigers which are liquids at normal temperatures melt at
temperatures below 0°C, The addition of elther or both of
these materials, if a solld solution with ethylcellulose is
iormed, results in a temperature below that of ethylecellulose.
Figare 8 is the melting point diagram for ethylcellulose of
45% ethoxy oontent, in solid solution with Amberol ¥-7,

The term compatibllity is used to designate the
ocomposition range over which two or more constituents go
together to form a homogenous solid solution. The addition
to a system of enough of any one component to exceed the
limit of compatibility gives a f£4ilm having a non-~homogenous
appearance. Such an appesarance is called blushing, By
proper addition of resins and plasticizers compatible with
ehtylcellulose and having known thermal properties, a film
can be made having the desired melting point.

Films of ethyl cellulose are gquite flexible. The
addition, however, of so0lid resins tends to destroy that
flexibility and form films that are too brittle for use. If
such a resin is to be used, the film must be plastioclized to
retain flexibility. 7The usefulness of plasticizers is limited
by their softening effect on ethyl cellulose films., Films

only slightly softer than pure ethyl cellulose begin to show
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signs of blocking under normal storage condltions of heat
and pressure.

The adjustment of adhesion, melting temperature,
flexibility, and blocking characteristics is a matter of
experimental fomulation. In practice, known mixtures of
ethyl cellulose, resin, and plasticizer are dissolved in some
suitable organic solvent. The liquids thus fomed are coated
on some carrier medium and evaluation tests made. The general
requirement of resins and plastiolzers is that they increase
adhesion, lower the melting point from that of ethyleellulose,
preserve the film flexibility, and have minimum softening
effect.

Ethyl cellulose lacquer systems, as has been
previously explained, are three component systems. It is,
therefore, convenient to express the results of property
evaluations on triangular coordinate graphs (35). Such a
graph is illustrated in Figure 3. It consists of an equie
lateral triangle divided by equally spaced lines parallel to
the three'basesa Each apex of the triangle repressnts 100%
of the material there shown. Each base line represents 0%
of the material shown at the opposite apex. The altiﬁuae
drawn from any one apex is divided into 100 equidistant
units representing per cents from 1 to 100,

The perpendioular distances from any point on the
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surface of the diagram to the three sides is equal to the
altitude of the triangle. Therefore, any point within the

triangle represents 100 parts of total solids. For example,
point A represents a lasquer containing 50% Bakelite BR-254,
35% Ethyl cellulose, and 15% Dow Plasticizer 6, or a total of
100%. It is evident, therefore, that all possible mixtures
of the three oomponents are represented oﬁ one trilinear
diagrem.

Lasquers are formulated to represent points evenly

distriduted over their triangular ooordinate dlagram (36).

The laoquers thus formulated are tested for the properties

desoribed previously. By conneoting with a continuous line
all compositions having the same property, a ocurve is obtained.

That curve separates areas passing the tests from those that
do not. Figure 5 is a curve of the type desoribed above.
Figures 5 and 6 are similar diagrams showing cold check
resistance and print resistance. OCustomarily, the area
containing the descriptive word has that property designated
by the word. k

A system, to satisfy the requirements speoified
for this work, muast have a triengular chart whose flexibility,

non~blocking, and adhesive areas overlap each other.



P
i
i

ETHOCEL ; 10 CP3. STANDARD-ETHOXY

BAKELITE BR-254 DOW PLASTICIZER .l

Pigure 5

DEFINING THE ARBA OF LACRJUER
COMPCSITIONS WHICH HAVE COLD
CHECK RESISTANCE

ETHOCEL ; 10 CPS. STANDARD~ETHOXY

BARELITE BR-254 DOW PLASTICIZER 6

DEFINING THE AREA CF LACUER
ICH ARE PRINT

RBSISTANT

Q
2
3
(9]
0
H
-3
=4
O
=
1 2

25



EXPERIMENTAL




a7

ERQCEDURE

The experimental prosedure followed consisted of
avaluating the heat sealing proﬁartiaa of different lacquer
systems. The evaluation was made up of three operutiona:
formulation, mpplication, and testing.

Triangular composition diagrams were prepared for
each system to be tested, On these dlagrams evenly distributed
points were chosen over the entire area. The points ohosen
for each system are plotted sn‘rigura 11. Esch of the chosen
points represented a sample lacquer formulation., Ten grams
was chosen as the total solids welight for each sample., Thia
welight made it possible to formulate, without further oompu-
tation, a laequer from compositions shown on the system's
triangular chart. Samples having the desired composition
were dissolved in a 70-30% mixture of toluene with ethanol.
Enough solvent was added to lower the lacquer viscosity to
a point where it flowed esasily under the blade of a ,008
inch dootor knife. Normally the amount of solvent was 7.3
o0 solvent per gm. ethyl cellulose. Formulae containing
carnauba wax required heat to dissolve the solids completely.
An eleotric hot plate was used to supply the necasaaéy heat.

Aluminum foll was specified as the medium on which
teat films were to be ocast. Ths.roil used on these tests
was Reynolds' 28H 2-C, ,004 inches thiock. Films were cast



by hand on the polished face of the foll by doctor blades
(37) or the Dow Ethooel Caster. Figure 7 shows films being
cast with the Ethoocel Caster. Be;h blades and caster were
set to cast films to a wet thickness of .006 inches., Dry
£ilm thioknesses, determined on a Randall~Stickney thickness
gauge, differed for each formulation. Films were air dried
for 24 hours before testing.

The following tests were set up for the evaluation

of film propertlies:
Adhesion

Aluminum foil, ooated with the £ilm to be tested
was cut into strips 2 by 4 inches, Strips having the same
dimensions were prepared from the material to which a seal
was to be made., This material was usually foll, glassine
paper, cellophane, or a similar strip of coated foil, The
two materisls were then placed face to face, separated by the
laocquer film coated on the aluminum foil strip. The two

materials were sealed by pressing with an eleotric hand iron.

The face of the iron was regulated to 150 degrees U, by means
of an iron-constantan thermocouple, One pass of the iron was
used. Fressure on the sample was that of the iron only and

was approximately .3 psi. Sealed samples were quickly cooled

to room temperature by being held on a water ccoled steel plate.
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Semples, after having been sealed, were tested for
adhesion. Two methods were used to make the adhesion test,
The first oonsisted of pulling the sealed strips apart by

hand., Bonds that held untll the foll or paper tare were
rated adhesive, Although the hand stripping method has the
advantage of speed, it is not accurate., Bonds not strong
epough to be tearing bonds can not be further rated by hand
stripping.

Slowar but more accurate adhesion tests were made
on the Scott Film Tester. This method was applied to samples
that sealed with atraﬁgtha less than tearing bonds. The
Scott Fllm Tester was originally designed to test tensile
strengths of films, fibers, and paekaging materials., It
consists of a low speed, variable drive motor, a balance
dial, and clamps for holding thin films. The ends of the
rilm to be tested are placed in the two olamps. Tension is
slowly applied to the £1lm by the motor. A continuous
measurement of this slowly inocreasing tension 1s registered
on the socale.

Seal strengths are measured on the Scott Tester by
placing the ends of the sealed materials into the olemps.

Tension is then applied at right angles to the seal. Since
the scale is arranged to read maximum strengths, it will

show the highest strength developed by the seal before
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failure. Figure 8 shows Scott Film Testers in operation,
Blocking

The problem requlired the film to be non-blocking at
50°C, under 1 psi., Test samples for the block test, as in the
adhesion test, were aluminum foll strips coated with the film
to be tested. The sample strips were folded, film inside,
thus making a film-to~-film contact. Semples folded in that
way were, then, placed on the center tray of a convection
oven set at S0°C. under a pressure of one psi. After 24
hours at 50°C. the samples were removed from the oven and
cooled to room temperature. The folded foll was then hand
stripped in the same manner as were the samples tested for
adhesion. Samples showing no tendenoy whatsoever to stick or
become tacky were rated non-blocking.

The flexlbility of sample films was rated by hand
ereasing. Aluminum foll strips coated with the film to be
tested were coreased, film side out, by hand. The oreasing
was repeated with a rolling motion for 25 complete creasings.
Mioroscople examination revealed any film oracking caused by
this test. Films showing no eracks after 25 oreasings were
rated as flexible.

e i

A slight haze, oalled blushing, is a goed indication
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of basic incompatibility. Several other facetors, however,
can temporarily cause a film to blush. Improper solvent,
abrupt cosling, and insuffieclent mixing are the most prevalent
of those factors. Samples showing any tendenocy to blush when
drying on aluminum foll were remelted., This was done by
passing the coated foil over a hot plate at 200°C, Films
blushing after this treatment were rated incompatidle.
Hardness

The standard Pencil Test (38) was used to rate the
hardness of sample films, A set of sharpened drawing pencils
was used in the test. Sample lacquers were coated on glass
panels and air dried for 24 hours. Testing the films con-
sisted of marking the films with pencils of increasing hard-
ness. Hand pressure must be kept constant. The hardness
rating of any film is reported as the softest pencil that
will make a distinet mark in the film. Pigure 9 shows
films being subjected to the pencil test, It was decided,
however, that the bloeking test and hardness tests for
purposes of this work duplicated each other. The hardness
test was discontinued as the blocking was the more pertinent
property.

Aglpg
The retention of properties in f1ilms passing all

other tests was checked. Foll coated with the film to be

tested was out into strips. Various fomms of the coated foll,
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both sealed and unsealed, were made up and stored at room
temperature. Adhesion, blocking, and flexibility tests were
run on these samples at intervals of 7 days. ¢Changes in the
original properties of the sample were noted.
Cold Storage

Samples passing adhesion, blocking, and flexibility
testa were tested for loss of properties at cold storage
temperatures (39). Uamples prepared in the same way as were
those for aging tests were placed in direot contact with dry
ioe., After 24 hours contact with dry ice, they were transg-
ferred to the freezing compartment of an 8 ocu., ft. electrio
refrigerator. Following 72 hours in the freezing compartment,
the samples were tested for adheaien; blocking, and flexibility.
Changes from the original properties of the sample tested were
reocorded. |

\S iy

Samples considered to be sultable for use as heat
sealing agents were tested by industrial appllcation. Two
operations in the Brown and Williamson Tobacco Company plant
in Loulsville, Kentucky, require a heat seal. The first
consists of sealing the longitudinal paper seam on a clga-

rette. In the case of one partidular brand a cork tipping
is also sealed in this operation. A liquid glue is used to

seal the cork to the cigarette paper. The overlapping cork
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to cork Joint is the only portion of cork exposed to a
sealing iron., The second operation consists of the manu-
facturing of a one plece cligarette package. This package,
made of foll precoated with a heat sealing agent, is sealed
entirely by heat sealing procedures. Figure 10 is a sample
of foll laminate used in this operation. Careful inspection
will show the adhesive patterns coated on the edges of the
laminate, Ethyl cellulose lacquers were tested on these
machines by hand coating them on rolls of cork tipping and
packaging foll. The film was thoroughly dried before re-
rolling the foll or tipping. Cigarettes and packages were
made with these coated materials. The lacquers were rated
by comparing products sealed with them to those sealed by
the regularly employed adhesives., The results from each
system were plotted on a triangular diagram. Figures 11, 12,
13, and 14 1llustrate, for the system ethyl cellulose-
Nevillac S~Arochlor 1262, the method by which all the triang-
ular diagrams were made. The dlagrams were first plotted
from the results of individual tests. These plots were made,

as is 1llustrated in Figures 11, 12, and 13, by separating
the laogquers passing a given test from those failing to pass

the same test. The individual plots were then combined to
form the overall dlagram. Such a combination 1s illustrated

in the combining of Figures 11, 12, and 13 to form Figure 14,
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RESULTS

Results from adhesion, bdlocking, and flexibility
tests were rated as good, fair, and poor. "Good" indicates
satisfactory passage of the test. "Fair" represents inter-
medliate results while "poor" indicates complete failure of
the test.

A large majority of the systems tested were not
suiteble for the formulation of a heat seallng lacquer. 1In
general the best adhesive properties ocourred in laequers
of high resin and low ethyl cellulose composition. High
ethyl cellulose compositions give the best blocking char-
acteristios. Only three systems were found from which lae-
quers combining adhesion and non-~blook could be formulated.
Table I indicates the results obtained by rating, for easch
system tested, the properties of the lacquer that best com~
bined the properties adhesion, non-block, and flexibility.
Tables II, III, and IV 1ist the properties of all two-component
lacquers tested. Properties of all three~component laoquers
are graphically shown in Figures 14 through Z1.

The three systems best combining these properties
are ethyl cellulose~Arochlor 1262, ethyl cellulose~Dow resin
276-V2-triocresyl phosphate, and ethyl cellulose-low resin
276~V2-Dow plastioizer No. 5. Carnauba wax was added, in

emall quantities, to sach of these systems to improve blocking
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characteristies.

The following 1s a desoription of the properties
of these three systems;

1) The etnyl cellulose~Arochlor 1262 system pro-
duced strong seals. Tearing bonds were made with aluminum
foll, glassine paper, cellophane, and other packaging papers,
Bond ing lacgquers of this system is easlily accomplished at
180°¢,

To produce tearing bonds these laequeis must cone
tain more than 20% Arochlor 1262. Laoquers containing less
than 20% of the Arochlor resin are non-blooking under the
specified test conditions. All fomulations of the system

passed the flexibility requirements. The best ocombination
of adhesion and blocking characteristios in the system 1s

found in the laoquer containing
ethyl cellulose ----- 75,0%
Arochlor 12628 ~=-~= -- 25.0%
‘*he necessary solvent ratic was 5 c¢ of the 70-30% toluene-

ethanol mixture per gm. of solids. This lacquer will pass

the block test only if the temperature requirement 1is lowered
to 40°9C,
Carnauba wax was added to make the lacquer non-
blocking at the specified 500C, The formulation then becomes
ethyl cellulose ~---- 74.6%
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Arochlor 1262 =--e=-= 25,0%

Carnauba wax -----=== 0.,4%
In order to dissolve the wax, it is necessary to heat the
lacquer to the boiling point of the toluene~ethanol solvent
mixture. |

The final ethyl oellulose~Arochlor-wax combination

seals with tearing bonds, is non~-blocking, transparent, and
flexible. Table II lists the formulations of the systems

that were tested and rates the adhesion, blocking, and

flexibility properties of sach.

(2) The system ethyl cellulose-Dow resin 276-V2-
tricresyl phosphate alsoc gave good results. Seals of tearing
bond were made from lacquers of this system to all the mater-
jals listed in Table V., The blocking resistance developed
in thls system is greater than that of the Arochlor formula-
tion. B8inoce the Dow resin is itself a liquid, all formulations
of the system are flexible. Figure 14 shows the adhesion,
blocking, and compatibility characteristics of thls system.

A formulation of

ethyl 08llulose ~e=~= 55.0%

Dow resin 276-V2 ee-- 30.0%

trioresyl phosphate - 15,0%
best combined the properties of adhesion and non-block. A
solvent ratic of 4 co of solvent per gm. solids 1s sufficient
to bring this lacquer to the proper viscosity.
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Carnauba wax was added to this system to raise its
blocking temperature. With the wax addition the formulation
becomes

ethyl ¢ellulose ====== 55,0%
Dow resin 276-V2 «-wee 30,0%
trioresyl phosphate -- 14,7%

carnauba wax e=e--e--e 0,3%
This lacquer will be referred to as HS-148,
Samples of HS8-148 were subjected to the cold
storage, aging, and mechine tests described earlier. No loss
of properties was noted in the fllms after 24 hours contact

with dry ice and 30 days in the freezing compartment of an
eleotric refrigerator. The aging test was run on this formu-
lation for 5 months. No loss in adhesion, non~block, or
flexibility was noted.

The cork tipping and package seals made with HS-148
in the Brown and Williamson plant were compared to the same
seals made with regular industrial adhesives. In the case
of cork tipping 300 seals were tested, Table VI lists the
result of this testing. 88% of these seams were tighter and
more durable than the regular seal, 7% were not as good as
the regular seal, but no difference could be detected in the
remaining 5%. The foll-to-foll seams made on the all-metal
package were rated in comparison with packages made with the
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regular adhesive., Little or no difference could be detected
between the seals of HS«148 and those of the regular laequer.
An attampt to substitute Dow Plastiocizer No, § for

tricresyl phosphate resulted in the following formulation
whioch will be referred to as HS-1906: |

ethyl cellulosSe ~~mwwe~w= 45,0%

Dow resin 276eV2 ~wewe~- 40.0%

Dow plasticizer No. 5 -~ 14.7%

carmuba !j‘{ax - . T - 0’5%

Toluene was found to be the best solvent for this material.
Pilms of HS-196 adhere with tearing bonds to the materials
listed in Table V. They are flexible and transparent. The
carnauba wax addition makes it possible for HS-198 films to
pass the blocking teat. Under extreme cold, lacguers of
this formmulation became brittle but did not lose adhesion.
An aging test of two months showed no change in the properties
in films of HS-198.

Figure 15 shows the adhesion, blocking, and compati-

bility characteristiocs of this system,




TABLE I

Adhesion, Blooking, and Flexibility Characteristics of the
Formulation of Each System Beat Combining These Properties.

System Adhesion Bloecking TFlexiblility
Ethyl cellulose~Dow Plastic- good poor good
izer No. 6
Ethyl Cellulose~Arochlor 1262 good good good
Ethyl Cellulcse-Bakelite poor poor good
XR 14987
Ethyl Cellulose-Nevillac S- fair fair good
Aroohlor 1262
Ethyl Cellulose~Bakelite 254« poor good good
Dow Plastlcizer No. 6
Ethyl Cellulose Super Beoka~ poor good good
cite 1001-Dow Plasticizer
No. 6
Ethyl Cellulose~Tricresyl fair fair falr
Phosphate~Rosin WW :
Ethyl Cellulose-Tricresyl good poor good
Phosphate-3taybelite Resin
Ethyl Cellulose-Poly Pale poor good fair
Resin~Bakelite XJ 15330
Ethyl Cellulose~Dow Resin good good good

276-V2~Trioresyl Phosphate

Ethyl Osllulose-Dow Resin good good good
276-V28«Dow Plasticizer No., 6




TABLE IX

Adhesion, Blocking, and Flexibility Charaoteristiocs of

the System Ethyl Cellulose-Arochlor 1262
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Adhesion, Blooking, and Flexibility Characteristics of the

TABLE IIX

System Ethyl Cellulose~Dow Plasticizer No, 8
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TABLE IV
Adhesion, Blooking, and PFlexibility Characteristics of the
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System Ethyl Cellulose-~-Bakelite XR 14987

20 80 poor poor good
30 70 poor poor good
40 60 poor poor good
50 50 poor poor good
60 40 poor fair good
70 30 poor fair good
80 20 poor good - good
90 10 poor good good
TABLE V

Materials to Whish Formulations H3-148 and HS-196 Were Sealed

Aluminum Foil Glass
Magnesium Sheeting Celluloid
Cellophane Wood

Bond Paper Cork

Glasaine Paper Cardboard

Cigarette Paper

Steel and Iron Plate
Low Grade Fapers

Ethyl Cellulose Sheeting
Vinyl Sheeting
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TABLE VI
Comparison Between Cork Tipping Seams Made With HS-148
and Those Made With the Regular Industrial Adhesive
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e
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DRISCUSSION

Three lacquers have been formulated that fulfill
the physiocal requirements for a heat sealing agent. No
reference had been made, however, to toxieity. The prodlem
requirements state that a £ilm to be applied to the packaging
of food and related products must be free from toxic effects.

The following is a discusslon of the toxielity
present in eaoh of the thrge Qropcsed laoquer formulations:

(1) The lacquer containing Arochlor 1262 has a
marked toxic effect on everything with which it oomes in
contaoct, Tbe toxiec nature of this lacquer is entirely due
to the Arochlor 1262. Arochlor 1262 has a strong corrosive
effeot on human tissue. Extended contact with the hsaiy
liquid causes deep burns., Fumes of this resin are sharp and
aorid. If drawn into the lumgs they cause asmarting and
coughing.

Laequers containiug such toxic constituents can not
be recommended for use in the packaglng of rooda. Its effeot
on human skin meke even the manufaeture of such lacquers
quite dangerocus.

(2) Lacquer HS-148 contains ethyl cellulose, Dow
resin 276-V2, trioresyl phosphate, and carnaubas wax. With
the exception of trioresyl phosphate, none of these oconsti~-

tuents possess detectable toxioity.
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4 letter to the Monsanto Chemical Company of St.
Louis, Missouri, concerning the toxicity of trioresyl phos-
phate made by them brought the following reply from Dr. R, E,
Kelly, Medical Direotor: "The triecresyl phosphate manufactured
by us contains less than two per cent of the ortho isomer.
The ortho isomer has been incited as the toxioc elsment of
triocresyl phosphate, but I do not believe it can be said that
even a meta para mixture possesses no toxicity.

"The advisability of using triocresyl phosphate as
a coating to be applied in the food packaging industry would
depend on whether or not this material could be abstracted
from the coating by the food. If such a situation ocould be
present we would not advise its use as we think that even a
low ortho isomer tricresyl phosphate possesses toxieity.”

The infomation in Dr. Kelly's letter imdicated that,
although containing only 14.7% tricresyl phosphate, HS~148
possesses a potentlal toxieity. Since the lacquer itself is
never applied in direot contact with food, it is quite doubt-
ful that thils toxic effect would be felt. The only guarantee
of safety, however, would be the actual testing of this
lacquer in contact with the food to be packaged.,

(3) HS-196 contains ethyl ¢ellulose, Dow resin 276-
V2, and Dow plasticizer No. 5., All these materlals are pro-
ducts of the Dow Chemical Company of Midland, Michigan. Mr.
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K. D, Bacon of that company states that these three materials
are entirely free from toxicity. From this information it
can be stated that fomulation HS-196 has no toxie effect and

is, therefore, sulted to application in the packaging of food

and related products.
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Two lacquers have been formulated which meet the
problem specifications. Both are clear, flexible films whioh
form tearing bonds with aluminum foil, glassine paper, ¢ello~
phane, and other packaging papers. £Each is non-blocking at
50 degrees C. under 1 psi,

HS~148, composed of

ethyl celluloge =-==-= 55.0%

Dow resin 276eV2 ===-- 30,0%

trioresyl phosphate -~ 14 .7%

sarnauba wax ~ee=-e-== 0,3%
has better adhesion and blocking charaoteristics than has
HS-196., For this reason HS~148 1s recommended as the best
formation for general heat sealing spplicatiopn.

HS«196, composed of

ethyl cellulose =----- 45.0%

Dow resin 276«V2 ~w-=- 40,0%

Dow plastiocizer No.5 - 14.7%

carnaubs wax =----- -—— 0.3%
is free of all toxicity. For this reason it is recoammended
for application where contact with food products is unavoid-

able..
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HAIZRIALS!

Name
Arochlor 1262
Bakelite BR 254
Bakelite XR 14987
Bakelite XJ 15330
Nevillac S
Poly Pale Resin

Resin 276 V2
Rosin W W

Staybelite Resin

Super Beckascite
1001

Trade Name

Dow Plasticizer
No. B

Dow Plasticizer
No., &

Flexol PO

Santicizer Bl6

Tricresyl Phosphate

RESINS

Type
Chlorinated Diphenyl
Phenolio
Phenolie
Modified Phenolio
Coumarone~Indene

Hydrogenated Rosin
Ester

Styrene Verivative

Natural Rosin
Natural Rosin Ester
Phenolie

PLASTICIZERS
Chemical Name
Diphenyl Monophosphate

Dimonophenyl Phosphate

Polyethlene Glyocol
Di-2-Ethylhexoate

Butyl Phthalyl Butyl
Glycollate

Trioresyl Phosphate

68

manufacturer
Monsanto Chem. Co.
Bake 1ite Corp.
Bakelite Coxp .
Bakelite Corp .
Neville Co.

Heroules Powder
Co.

Dow Chemiocal Co.

Hercules Fowder
QO-

Hercules Powder
QOQ

Reichold Chemicals
Ino.

Manufacturer
Dow Chemioal Co.

Dow Chemiecal Co.

Carbide & Carbon
Chemicals Corp.

Monsanto Chemical
QOQ

Monsanto Chemical
000
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