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THESIS ABSTRACT

Delamination in bottle cap closures refers specifically to
a part, or all, of the liner in the cap separating, splitting or
falling out of the cap. The problem was to discover the factors
that bring about the failure of the liner and of the adhesive
individually or as a unit in ‘the complete closure.

It was therefore decided to tackle the problem in these three
parts: adhesives, liners and complete closures, and to determine
the factors that in each case will bring about delamination.

In the case of adhesives, tnis necessitated a study of the
physical and chemical factors that influence adhesion, for an
inadequate bond will aid delamination. In addition, a brief
review of existing commercial adhesives and their properties was
carried out.

The study of liners involved not only the complete liners,
but the various types of facings and backings that are commercially
available. Furthermore, tests were carried out on liner board to
determine the effects of various liquids on the laminate strength
of the board.

Rigid plastic and metal screw cap closures were examined and
the factors that bring about delamination of their liners carefully
analyzed. These include the pH factor, hydrodynamic action, exces-
sive or insufficient torque and liquid penetration. A series of
tests were carried out to examine the effects of liquid penetration
on the laminate strength of the closure assembly and further tests

made to determine the effects on delamination of wax on liner facings.
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It was concluded that an incorrect choice of the adhesive
to be used in the closure would result in an inadequate bond
which could result in delamination. The adhesive film must be
as strong as the other materials used in the closure and capable
of resisting any chemical or physical forces to which it might
be subjected.

Similarly, an incorrect choice of liner materials will result
in delamination, for in addition to the liner being capable of
resisting chemical and physical forces applied to it, it must be
able to resist liquid penetration which will otherwise seriously
lower its laminate strength.

Finally, the combination of adhesive and liner in the complete
screw cap closure must be capable of resisting the torque forces
applied to it, the hydrodynamic forces to which it might be sub-
jected, pumping and sweating, liquid penetration and chemical
attack.

It is recommended that further research be carried out on the
wider application of direct plastic laminations as liners, for
these will eliminate many of the aforementioned factors which can

cause delamination.
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INTRODUCTION

Delamination refers specifically to the separating or
splitting action usually caused by lack of adequite or suf-
ficient adhesion in laminated or plied goods. In the case
of bottle cap closures, the delamination may be caused by
failure of the adhesive adhering tne liner to the inside of
the bottle cap or by the separation of the liner material
itself.

This delamination is most undesirable from both the
manufacturer's and tne consumer's standpoint. After delam-
ination occurs, the closure no longer acts as an efficient
seal and the enclosed product may be contaminated as a
result, the product may leak out, or in the case of the
packaging of nighly volatile products, excessive evaporation
will occur. This defeats the whole purpose of an efficient
reusable closure and is a source of considerable annoyance
to both consumer and manufacturer, for the latter may lose
a considerable amount of sales as a result of the former's
adverse reactions.

The delamination may occur on the initial opening of
the closure or after several openings and closings. If the
former occurs, it is ,robably due to bad container and closure
design and engineering or incompatibility of the adhesive

and liner with the contents of the container.



The second type of delamination is due to a variety of
causes, the most coiunonly encountered one being the split-
ting of the pulp backing material after repeated uses of the
product. This condition results from the product being used
from the container and some of it being left on the glass
threads. This then gets on the inside of the cap and the
edges of the liner material, eventually soaking into the
backing and aiding delamination.

It is the purpose of tnis paper to analyze the causes
of the second type of delamination; to devise means of fest-
ing liners and adhesives for delamination; to draw conclu-
sions on these tests; and finally, to suggest means of over-
cohing these problems on the basis of observations made dur-

ing the tests.



CHAPTER I
ADHESIVES

THEORY OF ADHESION

Introduction

Many factors influence adhesive acuion and these may
be divided according to their physical and chemical propesr-
ties. In addition, the adhesive action will be closely
related to the surface chemistry and physical properties of
the adherends. Today, tackiness in adhesives is considered
of little importance as it has no correlation with the
strength of the final aissembly. In fact, adhesives that
retain their tackiness may show an increase in the rate of
creep under stress compared with those having little or no
tackiness,

In the general overall picture, the selection and adap-
tation of an adhesive dependg upon the che@nical ind physical
progserties of the adhesive itself, the adherends and the
product being packaged. Although there are some very versa-
tile adhesives capable of application to most surfaces, no
one at present knows of an adhesive with outstanding proper-

ties for all bonding problems.

Physical factors influencing adhesion

1. Surface tension - The suitability of a liquid adhe-

sive for a y;iven surface is related in part to the ability



of that liguid to wet the surface. The wettability in turn
depends on the viscosity of the liquid adhesive and on its
surface tension. The tendency of a liquid to spread or wet
the surface is measured by the wetting angle, wnich is the
angle of contact formed between the liquid and the surface.
As the adhesion of the liauid for the surface increases,

the angle of contact dianinishes until a point i35 reached
where the work of adhesion of the liquid to solid equals the
cohesion of the liguid and tne angle of contact vanishes.
The surface tension 1n a liguid adhesive can be lesssned by

the use of heat in curing tne adnesive and causing it to

flow nore freely before setting. The work of adhesion (work
required to separate the two) between the solid and liquid
has been shown to depend upon the surface tension of the
ligquid and the lowering of the free surface energy of the
solid through equilibrium with the saturated vapour of the
liquid.?!

Solid surfaces are often contaminated with foreign
matter, usually in the form of a thin film of grease, an
adsorbed film of gas or an oxide film. Grease may be removed
by washing with suitable chemicals but the adsorbed gas is
most difficult to remove. In the practical application of

adhesives, the presence of tne adsorbed gas film can be

assumed, but if ic can be removed the adhesion between the

1Harkins, “.D., and Livingston, H.K., Journal Chem. :hys. 1942.




solid and the liquid would be improved. Generally speaking,
therefore, the cleaner the surface of the solid, the better
the adhesion.

2. Porosity of surface and relative smoothness - The
performance of adhesives is greatly influenced by the rela-
tive porosity of the surface to which they are applied.
Wood, paper and leather are porous in that numerous capil-
laries are present in them and these will conduct away the
more highly mobile portions of the adhesive, disturbing the
balance of the solute and solvents or the molecular weight
distribution of the polymers. This is often advantageous
in that it develops quick drying properties. However, too
rapid a disappearance of the mobile portions of an adhesive
may leave a starved glue joint as sometimes occurs in ply-
wood manufacture.

3. Physical properties of adhesive film - The charact-
eristics of a cemented assenbly are very largely influenced
by the physical properties of the adhesive film and in deter-
mining these physical properties it is advisable that tests
should be run using a thickness of adhesive film that will,
in fact, be employed in practical use. In addition, drying
of the test film should be performed under conditions simi-
lar to those of the intended application. Furthermdfe, the
mechanical properties of the adhesives depend upon humidity
and the rate of loading in certain cases, and these must be

carefully controlled during the test. In this respect, the



synthetic resin adnesives behave much more satisfactorily
at moisture extremes than do adhesives from animal or vege-
table sources.

One of the most important pnysical properties of adhe-
sive films is the modulus of elasticity, which reflects the
ability of the glue to absorb and distribute the lozds from
one surface to another. It may be pointed ocut that from a
structural viewpoint, a modulus at the yplue line conparable
to that of the materials being bonded is uost desirable.l
However, this is very difficult to achieve, particularly
when metals and organic plastics are being bonded because
of the wide differences in the moduli of the two materials,

In structural applications where adhesives may be under
sustained loadings, creep under stress may seriously affect
the efficiency of the glue joint. ilore highly plasticized
materials are apt to creep under stress more readily than
the stiffer, more rigid thermosetting materials. During the
process of stressing, shear or tensile loads rupture the
adhesive bonds originally established after application. A
true permanent adhesive bond possesses neyligible creep
under stress.

The retention of volatiles at the ylue line also con-
tributes to the weakening of the adhesive film and the 1loss
of its cohesive strength. The removal of these volatiles is

dependent upon the manner of application of the adhesive and

lDelmonte, J. dhe Technology of Adhesives, p. 350.




the surfice conditions of the adherends., The non-porous
types will retain the volatiles more readily and will result
in lower strenpgth films at the glue line.

4, “thickness of the adhesive film and viscosity of
adhesive solution - The physical properties of the adhe:zive
film are related to the thickness of the film and the per-
centage of voids due to the evaporation of solvents. 'he
viscosity of the adhesive solution is related to the film
thickness in that more viscous solutions tend to form the
thickest films with tne most voids. Hence, the greater the
probability of loss in cohesive strength of the adhesive film
when employing highly viscous adhesives. Wnen the pressure
of assembly exercises sufficient control of glue line thick-
ness, this factor is less important. Generally, the thinnest
films prepared from solvent t,pe adhesives exhibit the great-
est bond strength. It has been shown experimentally that
there is a direct relationship between bond thickness in
inches and bond strength in pounds per square inch of ten-
sion, i.e. the thinner the bond, the greater the bond strength.l

rinally, three stages of failure are evident in the film:

a., Failure in the glue film due to insufficient
cohesive strength.
b. Failure at the interface - partly in the adhe-

sive and partly as evidenced by pockmarks or separated fibers

on the faces of the adherends.

tae Bruyne, N. A., and Houwink, R. Adhesion and Adhesives.




c. Complete failure in the idherend - an ideal
conditbion from the adhesive point of view.

5. Methods of application of adhesives - This influ-
ences the strength of the bond in several ways depending on
three variables: pressure, temperature and tine. The last
two will determine wien a film has been completely dried and
the first factor will determine the thickness of the film.
On uneven or porous surfaces, pressure is pxrticularly desir-
able until the adhesive has developed sufficient cohesive
strength to keep the assembly tosether.

6. Relation between strength of bond and area of adhe-
sive film - Tests carried out by the Collegpe of Forestry at
New York State University snow that as the area of adhesion
increases so does the strength of the bond. In fact, the
strength of the bond was reduced by 17.1% when the bound area

was decreased by one half.1

However, lir. Yavorsky argues
that owing to the non-uniform stress distriputions winich
occur in conventional test specimens, the load at failure,
rather than the stress (load divided by area under test)
snould be employed as the criterion of strength of the glue
Joint.2

The area of the bond does not appear to be as important

however, as the length of tne periphery of the bond. It has

IQavorsky, J., Cunningham, J. H. and Hundley, N. G. '"Survey

of Factors Affecting Strengtn Tests of Glue Joints," Forest
Products Journal, October 1955.

°Tbid.
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been found that the plot of bond strength iinst length of
periphery of the failure area resulted in a strai;;nt line.

Presumably, once the periphery fails, the specimen fails.1

Chemical factors influencing adhesion

1. DPolar characteristics - That the polar chiaracteris-
tics of an adhesive influence the strength of adhesion is
generally accepted, but the importance of this has been the
subject of considerable controversy. Generally, substances
with feeble polar groups possess small adhesion since polar
groups are stroangly adsorbed. Strong ;oints can never be
made to polar surfaces with non-polar adhesives and vice-
versa., Outstanding adhesives generally have strong polar
groups in them. For exanple, the OH group in the phenolic
resins, and the carboxyl group of the polyester resins are
strongly polar.2 Cnlorinated rubber derivatives have snown
good bonding to metal surfaces for the C-Cl polar bond is
strongly adsorbed at clean metal surfaces.

2. Polymerization and molecular weight - Somewhere
between the more highly polymerized and the unpolymerized
fractions lies a range of molecular weight or degree of poly-
merization best suited for adhesive purposes. Sticky and
tacky vinyl polymers for example, are formed within the range

of fifty to three hundred degrees of polymerization.

lMarra, 41an A. Ph.D. Thesis, University of Michigan, 1954,
2de Bruyne, N. A. and Houwink, R. Adhesion and Adhesives.
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As the highest degree of polymerization yields the tough-
est films with the best cohesive strength and that the lowest
degree of polymerization yields compounds which are usually
mobile liquids, the optimum range of adhesive properties for
thermoplastic polymers will be found in that range where good
specific adhesion tu the surface can be established and where
the film possesses sufficient cohesive strength to establish
permanency in the assembly.

3. Side groupings on polymer chains - The nature of the
side grouping on the polymer chain is of the utmost signifi-
cance in determining the merits of the polymer as an adhesive.
Two factors appear to be directly related to the influence of
side chains on adhesive act.on, firstly, polar characteristics,
and secondly, che:ical compatibility. For example, A polymer
may have good polar characteristics but may be extremely dif-
ficult to dissolve due to its incompatibility with most sol-
vents.,

4, Evaporation and diffusion of volatiles from adhe-
sive films - 1his is very important in tne developmnent of
good adhesive strength. Except for the temporary benefits
of permitting molecular rotation and polar adjustments, vol-
atiles do not contribute much to the final adh:sive proper-
ties., However, excessively fast evaporation should be avoided
to prevent skinning-over of the adhesive film before the parts
are pressed together. If the presence of volatiles is detri-
mental to the final bond, the sooner the volatiles are evap-

orated the better.
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The wetting power of the volatile solvent arnd its pene-
trating characteristics may considerably alter the strength
of the bond. With better penetration, there is a tendency
towards starvation of the glue line and consequently lower
strength. Another bad effect is that a surface, such 1s wood
or paper, is more likely to become brittle if it is easily
penetrated by a resin. To prevent this excessive penetration,
thermoplastic polymers in small percentages may be added to
thermosetting formulations to obtiin higher strength.

5. Acidity or alkalinity of the glue line - The influ-
ence of the pH of the glue line upon the adhesive strength
has been the subject of much investigation. It is generally
recognized that strong acids and strong alkalies are detrimen-
tal to the adhesive bond, particularly if they exert a pro-
nounced effect upon the materiails being bonded. Cellulosic
bodies such as wood and paper are affected more than non-

porous organic plastic solids or metallic bodies.

Conclusion

It must be stressed that the preceding comments are
merely an introduction to the theory of adhesion and many
detailed studies are available on the subject. However, one
may conclude by quoting N. A. de Bruyne's two basic rules of
adhesion which are that an adhesive should be used that wets
the surface, i.e. that his a similar polarity, and that on

solidification the adhesive must not develop residual stresses



sufficient to disrupt the bond.l In addition, adhesives
should be used waich are coapatible with the adherends and
the product and which are strong enough to resist any normal
range of forces to which the bond may be subjected.

Testing procedures on aithesives are fairly numerous and
can be found in the Handbcok of the American Society for

Testing iMaterials, D 897-46T.

CHEMICAL CLASSIFICATICN AND FROPERTIES OF ADHESIVES

Thermosetting synthetic resin adhesives

These include the following adhesives:

Adhesive End Use
Phenol-formaldehyde Woods, cloth, paper, nisc.
Phenol-furfuraldehyde Woods, cloth, paper, misc.
Resorcinol-formaldehyde Wwoods, plastics, rubber
Urea-formaldehyde Woods, textiles
Melamine formaldehyde Woods, textiles
Furanes Plastics, rubber, misc.
Polyester resins Cloth, glass, fabrics
Aniline formaldehyde jyloods, plastics
Polyurethanes #oods, misc,

Thrcugh the action of heat, catalysts, or both, these
resins may be converted into an infusible and insoluble state.

Generally, the phenolics are insoluble in water and are
resistant to acids and wild alkalies. ‘hey are however,
soluble in a solution of alcohol and monochloronaphthalene.
Both urea and melamine are insoluble in water when set, the

latter resin having a particularly low water absorbtion rate.

1de Bruyne, N. A. “Some Basic Ideas," Structural Adhesives.
Lange, Maxwell & Springer, p. 3.
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They are both soluble to a certain extent in alcoinol but are
highly resistant to aromatics (benzene compounds). Ureas
tend to set in an acid medium whereas melamine resins may
set in neutral or faintly alkaline conditions. Aniline for-
maldehyde is insoluble in water when set as are the furanes,
All thermosetting resins are soluble to some extent in alco-

hol and acetone.

Thermoplastic synthetic resin adhesives

These include the following adhesives:

Adhesive End Use
Polyisobutylene Tapes, foils, misc.
Polyvinyl acetate Metals, paper, misc.
Polyvinyl chloride Miisc.

Polyamides Metals, woods, misc,
Silicones Insulating materials
Polymethacrylic & polyacrylic esters Safety glass, misc.
Polyvinyl butyral Safety glass, misc.
Polystyrene Shoe cements
Polyvinyl ethers Paper, wood, misc.
Maleic anhydride adducts-glycerol-

fatty acid resins Plasticizers, nmisc.

Polyvinyl acetate adhesives are very popular and have
excellent compatibility chiracteristics with other synthetic
resin adhesives and various plasticizers and solvents. 1In
this respect, they are far superior to the chlorinated poly-
vinyl esters which have poor compatibility. As general pur-
pose adhesives for porous and some non-porous materials,
polyvinyl acetate and chloride are widely used. Polyvinyl
acetate is soluble in water to a slight extent and very sol-

uble in methyl acetate, toluene, alcohol and ether. However,
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its solvent rctention is very pronounced and forced drying

is often necessary to remove all the solvent. rolyvinyl
ethers are not widely used as adhesives nor are jpolystyrene
and the acrylic resins. rolyvinyl chloride is usually halo-
g:nated to give a polymer which is much more readily soluble
in cheap laccuer solvents such as butyl acetate, benzene,
acetone and ethylene dichloride. Polyvinyl acetates are
generally in the form of white or lipht colored emulsions
which give strong, dried films. ‘lheruoglastic filas are gen-
erally fast setting, li:ht colored, humidity and greise resis-

tant.

Rubber adhesives

These include the following adhesives:

Adhesive bnd use
Rubber latex Cloth, paver, misc.
Natural rubber Ruuber, metal, :isc.
Chlorinated rubber rubber, metal, misc.
Cyclized rubber rubber, metal, paper
rolychlororrene Leather, misc.

Butadiene-acrylo-nitrile ccgolymer Paper, metals, misc.
Synthetic resin-rubber combinations Metuls, plastics, misc.
Cnlorinated synthetic rubbers “Misc., :

Rubber adhesives are g:nerally characterized by good
flexibility, nigch 1nitial tack and in certain cas=s, aigh
specific adhesion to metal surfaces. In addition, tney have
other specific advantages over the 1ore rigid synthetic resin
4dhesives., NOt only are they capable of develoging good spe-

cific adhesion for various surfaces but their hign elongation

permits the adinesive film to absorb a large azount of strain
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compared with a .ore brittle resin adhesive in waich greater
stress concentrations will exist when loaded.

Latex adnesives tend to be slow drying due to the pre-
sence of slowly evaporating water ind have not 2 nign initial
tack, but do have the advantige of containing no toxic sol-
vents. They are soluble in naphtha, carbon tetriachloride
and benzene. Natural rubber dissolved in naphtha, benzene,
carbon disulfide, carbon tetracnloride or tricanloroethylene
forms hignly viscous solutions wnich are capable of deposit-
ing tacky adhesive films. Cyclization of rubber is accom-
plished by treatiny rubber with concentrated sulfuric acid
and then thorougnly wasning it to remove traces of the acid,
Rubber conditioned in this manner c¢an form a much more effi-
cient bond tnan uutreated rubber., Synthetic resin-rubber
combinations have produced some very strong adhesives, for
example, phenol-modified rubbers possess an adhesicn to smooth
surfaces far superior to otner rubber derivatives. Numerous
adhesives made from polychloroprene are widely used to bond
rubber to metal. bried rubber films are usually very water

resistant.

Cellulosic and starch derivatives

These include the following adhesives:

Adhesive End Use
Cellulose nitrate Leather, paper, misc.
Cellulose acetate Leather, paper, aicc.
Ethylcellulose Cloth, paper, aisc.
Methylcellulose Paper, nodifier, thickcner

Sodium carboxymetnyl cellulose Paper, thickener
Starch, dextrin Paper, wood, textiles
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Cellulose derivatives have taken 1 proaninent position in
the adhesives industry and generally are capiable of forming
tacky films, well suited to the bornding of paper, leathner and
similar products. The softening point and chemical resistance
of this type of adnesive depends greatly on the degree of
substitution as well as on the chain length of the substituent.
Thermoplastic cements prepared from cellulose nitrate or ace-
tate in combination with a polybasic acid-polyhydric alcohnol
synthetic resin, yield strong, durable adnesives which can be

heat-weclded, are waterproof, flexible and resistant tc the

action of oils and greaczes.

An analysis of solvents for the cellulose esters is
important to the formulation of adhesives from these materials.
The cementing of two cnemically incompatible bodies will not
result in a strong assenbly, even if the solvent cementing
agent is satisfactory for eacn material individually, there-
fore chemical compatibility is wost important to obtain a good
bond. Cellulose derivatives are soluble in metnyl acetate,
acetone, ethyl acetate, metayl ethyl ketone, etihyl alcohol,
butyl and amyl acetate. Cellulose acetate, however, is insol-
uble in ethyl alcohol. Ethylcellulose is soluble in the coal
tar hydrocarbons and ketone. iiethylcellulose is unique among
the commercial cellulose esters in that it is completely
water soluble. Sodium carboxymethyl cellulose is only slightly

soluble in water.
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Chemically, starcan has the same constitution as cellu-
lose (C6H1005)x. Starch is sligatly soluble in water and
dextrins are even more soluble, lost dexcrins are fluid,

filmy, coamparatively fa-t-setting materials.

Protein adhesives

These include the following adhesives:

Adhesive End Use
Casein Jood, paper, lisc.
Soyabean protein Flywood
Zein Faper, misc.

Adhesives from protein substances are widely used in
the marufacture of plywood and for general purpose wood tond-
ing. Since the development of synthetic resin adhesives, pro-
tein adhesives have suffered as a result of their poor per-
formance in resisting moisture, although they are still widely
used in the manufacture of coated papers. Casein adhesives
have moderate to high water resistance and can be diluted with
aamonia or alcohol. 7The dried films are strong, continuous
and fairly light in color and are usually soluble in alkaline
solutions. They have be.ter adhesion to plastics, inked, or
varnished surfaces than vegetable or animnal glues and usuially

have alkaline pH.

Adhesives of animal origin

These include the following adhesives:

Adhesive End Use
Glue (hide, bone extract, green bone) ¥ood, tapes, misc.
Fish offal Wood, misc.

Blood albumen Modifier
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Hide glue possesses great strength whereas green bone
glue has very weak strength characteristics. Lhey are all
soluble in water, the amount of sclubility depending on the
physical form of the glue, the more readily soluble types
being more finely divided. Animal glues are also slightly
soluble in glycerine ind ;,lucose, The adhesiveness of animal
glues and elatin nas been improved by adding alcohols of
higher molecular weight or sulfonation products therecof.

The dried films exhibit good strength and have a slightly

acid pH.

Natural resins and oils as adhesives

These include the following adhesives:

Adhesive fBnd Use
Rosin and rosin esters Flasticizers and nodifiers
Shellac Insulation, uisc.,.
Ashphalts Minerils, misc.
Gum tragacanth Thickeners for protein and starch
Ester gum Plasticizer and nodifier
Linseed o0il (oxidised) Linoleum, misc.

Matural recins are often sticky in themselves and are
definitely thermoplastic in nature. Various water soluble
gums are derived from the exudations of the various kinds of
Acacias, particularly gum arabic, which is soluble in two or
three times its weight of water. Gum tragacanth is not as
soluble in water as pun arabic and manila gum is only soluble
in denatured alcchol. shellac is very soluble in ethyl or
methyl alcohol. Ashphalts are a composition of many compounds
and are abundant, low in cost, resictant to water and suscep-

tible to temperature changes.
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Inorganic adhesives

These include the following adhesives:

Adhesive £nd use
Sodium silicate Corrugated paper, paper products
Plaster of Paris Ceramics, misc.
Portland cement “wineral aggregates

Sodium silicate has wide 1pplications in the piper indus-
try and is manufactured by the fusion of sind ind sodium oxide
to yield 2 soluble silicate, usually sold in a coiicentrated
water solution. Because of the abundance of raw matsrials,
sodium silicate adhesives are extremely cheap. Tney are not
as strong s animal or protein adhesives but give betuer
strength than some starch and dextrin types. ‘they lack high
tackiness but demonstrates a1 great cnange of viscosity with
changes in tne moisture content above a certain range. Sodium
silicate adhesives have 2 strong alkaline reaction which pre-
vents them from being used i1 certain specinl cac<es, ‘i'ney
cet rapidly, depending for tineir setting properties upon dif-

fusion of water into a porous medium such 1s paper and wood.

CONCLUSION

There are at precsent, about twenty thousand adhesives
commercially available and one has therefore considerable
choice in selecting an adhesive for 2 specific purposc. If
the cap liners are goin; to be adhered to the inside of the
cap, then in the light of the information contained in the

earlier parts of this chapter on the theory of adhesion and



the cnemical and physical proporties of adhesives, the follow-
ing points shnould be borne in mind when choosing the adhesive:

1. 71he nature of the arherends or in tue comnoﬁ
vernacular, "what do you want to stick to whatv"., Certain
adhesives will not adhere to metals unless the aeials are
coated and this is very important when using astal caps. In
addition, tne nature of various paperboards will affect the
adhesive bond as a result of their sizing, coating and density.

2. Is color a factor? Certain adhesives are colored
or can be colored whilst others are transparent.

3+ 1s odour a factor? Food packaging calls for
adhesives with 3 ninimum of odour.

4, Is excessive dry heat a factor in the production
process? For example, arc the bottles sealed while the pro-
duct contained therein is not? The idhesive when set, must
have a higher melting point than any teaperature to which it
is subjected.

5. Is dry cold a factor? This will occur often in
storage or transportation in cold climates. The adhesive
when set, must retain its bond strength at low temperatures
and the adherends must also remain stable.

6. Is moisture resistance, excessive humidity or
sweating a factor? This is most important in toilet articles
which are opened in steamy bathrooms, for example. Reference
to the chemical properties of the adhesive will rcsult in the

choice of a2 water resistant ty,e.
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7. Is immersion in liguid 1 tactor? 'hic is par-
ticularly important as the product may creep «around tne liner
and into the backing =nd adhesive. An adhesive must be chosen
winiicnh is not soluble in any of the cnenical solvents containcd
in the product being packaged,

8. Is toxicity a factor?Y If food products are to
be packaged then a non-toxic adnesive nmust be used.

9. 1s pH a factor? The alkalinity or acidity of
the adhesive and adherends must be Jetsrmined md uan 2dhesive
chosen which is chemically compatible.

10. Should the 1dhesive contain an idditive to cive
further properties to 1t such as increased water resistance?
For example, fillers can be added to most resins to increase
their resistance to water or other chemicals withouv affecting
their strength.

11. How is the ainesive to be applied? The speed
at which the adhesive is to be applied i1s well as the metaod
of applicaticn is important, for differ.nt settling times are
required for differ<nt adhesives., Aihesive manufacturer's
specifications will always include the setting time required
18 well as information as to whether pressure should be
applied to the bond while it is setiing.

12. What consistency of adhesive is reguired? This
will affect the spreading of the adhesive and the wetting angle
which will in turn influence the strength of the bond.

13. 1Is there air drying time before combin:ing?



Excessive air drying time may result in 2 skin forming on the
adhesive and thus weakening the cventual bond.

14, Can heat be used to reduce viscosity but retain
nign solids? Ilieat must sometimes be a1, plied to mike the idlhe-
sive flow more freely in order to obtain a better bond but it
must not cause a delerioration in the adhesive or adherends.

15, Is strength a factor? If excessive loads or
torques are to be applied to the bond, the adnesive must be
capable of resisting these forces 2and must also be capable of
resisting any warping that may occur in the adaerend,

16. A final check should ilways be made if overn-
ment or consumer specifications are stated to insure tuat
these will be met in the choice of the particular adhesive.

If all these cu:-stions are considered in selectiny an
adhesive to glue a liner tc a screw cip, a sitisfiactory bond
will result and the adhesive will not be the cause of any

delamination that occurs.



CHAPIER II

LINERS

LINER BACKINGS

Introduction

A liner backing is generally a materiil of varying
degrees of resilience and compjressibility whicn will conform
to the contour of the sealing surface of the bottle. They
provide the necessary cusinion behind suitably chemically
inert facing materials to wnich they are bonded, and they pro-
duce a gasket effecf or seal between the container and the

cap closure,

Pulpboard and newsboard

These are the most widely used materials for backings
and are jpenerally manufactured on a cylinder macnine with
bleached or semi-bleached pulp. Pulpboard contains no size
and therefore has extremely low water resistance. 'ith 2
suitable faciny;, these backings perform satisfactorily -and
are of very low cost. However, their resilience is lowered
after excessive application of torgue ani as a result their
performance as an effective scal diminishes., Tihis latter
consideration is most important when volatile products are

being packaged.

Composition cork

This is often used as 2 backing because, being comjposed



of scrap cork flakes and granules combined with 1 binder such
as casein or vegetable glue, it is of lower cost thin pure
natural cork wnicn is extremely expensive nd is dewvendent on
foreign suppliers., It shows much greater resilience than
pulpboard at normal cap-sealing pressures. However, conno-
sition cork his generally to be backed with paper in order to
reduce its tendency to curl, whicn sometimes causes the liner
to fall out of the cap. Cork backing with the prop:r facing
material is widely used for sealing certain liguors, perfumes,

volatile solvents and essential oils.

Gray felt and white felt

I'hese backing materiils are used in fairly large quanti-
ties in closures for those products where pulpboard and news-
board have been found to be too hard and vhere the excellent
sealing efficiency of composition cork is not required. Tiners
backed with white or yray felt have been found effective in
molded closures having a relatively thin constiuction and sub-
ject to breakage when torcue is applied to them. By using a
felt backing, greater compression into the liner is made by
the ilass finish at low sealing pressures. Felt backings have

been found adequate tor many volatile products.

Plastic-lined caps

Theoretically, in this type of closure, the facing, back-

ing and adhesive are 211 one and the same material. Vinyl-
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resin plastisol composition is molded into the caps with a
thin center section and a series of concentric rings in the
sealing area, to provide for multiple sealing points and
easier flow of liner materiul around irregularities in the
glass finish. Flastic liners of this ty;e are usually lipnter
in weight than composition cork, are not subject to the exces-
sive drying and loss of sealing properties of cork liners,
have a more uniform performance than composition cork anéd can
be modified to becoume chemically resistant to certain products.
Furthermore, they are odourless and supplies are not dependent
on foreign sources. Under test, their product retention capa-
bilities have proved tou ve as gouod as tnose of composition
cork 1ind have pgenerally shown excellent resealing efficiency.
Additional imjportant advantages of vinyl-resin liners over
composition cork are in the abs:nce of liner discolouration,
the comparative freedom froa particles of the liner sticking

to the glass finish and their generally cleansr agpeurance.l

LINER FACINGS

Introduction

Recent developments in synthetic resins have mide avail-
able a large number of faciug materials for use in bottle cap
liners. The following is a brief description of the aore
comnon facings used at present in the industry and some of

their characteristics.

1Brockett, H. E., Modern Packaging, meptember 1355, pp. 135-4C.




Tin foil

This material is the ideal facing for packaéing medici-
nals, pharmaceuticals and biologicals containing highly vola-
tile organic chemicals, or preparations containing 2n ecuiva-
lent a3lcohol content in excess of fifty per cent. However,
it is relacively eixpensive, depends on overseas sources for
raw materials, and synthetic rezins not dependent on overseas

sources of sugply are being developed to take its place.

Aluminium foil

This material is fairly extensively used as 2 facinyg,
particularly in crown closures in the brewing industry. Lam-
inated to a suitable backing, it is used in continuous thread
cips for sealing non-alkaline products of a3 not too volatile
nature but containing ingredients that readily 2ffect varnish,
synthetic resin or wax coatings. ‘1The foil is usually laminated
to 2 composition cork backing, because this foil has a haird
surface and 1 resilient cork backing permnits better conformity
to the glass finish. It is, however, importaint tc rean.uver
vhat very thin aluminium folls have a considerabhle moisture
vapour transmission rate due to the presence of minute pin-
holes in tnin foils. Tnis can rcsult in the pro uct passing
through the facing and into the backing material and tnis will
contribute to the delamination of the liner facin; from the

backing.
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Lead foil

This hais been used for sealing concentrated sulfuric
acid, petroleun hydrocarvons and 2romatics but it cannot be
used on food products or cosuetics becauce of the _Joessibility

of lead poisoning resulting from the toxicity of lezad,

Pliofilm

This film of ruboper nydrochloride provides a very versa-
tile facing and is uced in large quintities for sealiny alco-
nulic beverages, canlorinaced wiasning fluids, drugs and piar-
maceuticals. 1s a rubber derivative, it should not be ucsed
for sealiny oils, oily prolucts or for hot-packed nroducts.
It has a very low waler vapour transmission rate ai:d excellent

conformity to g lass finigsaes,

Laminated cellophane

This is manufactured for liners by ccmbining molsture-
proof 4nd non-moistureproof trinsparent cellophane or regen-—
erated cellulose to paper. It is recowmnended for use with
mineral, veg2table and fish oils and on certain essential oils

and organic solvents.

Laminated saran

This is made by combining seventy-five or one hundred
gauge poly-vinylidene-cnloride film to paper with a tnerno-

plastic adhesive to pioduce a very resistant liner., It hac
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outstanding propceriies of ai h jlous and attractive appear-
ance, toughness, flexibility, minimum odour ini taste, chemni-
cal resistance and strong bonds can be formed between Lhe
film and the backing. It his 1 very low va.our transmicsion

rate and is very satisfactory for sealing perfumes, face

RE

creans, loticns, deodorants and many drugs and cheaicals.,
direct saran lanination to wihite-lined pulptoz2rd produces an

attractive, efficie¢nt, fairly low coz=t liner.

Varnish and resin coated paper

These liner miaterials are ;roduced in very larie cuwnti-
tics LY applying resistaunt oleoresinous baking viarnishes to
bleached kraft paper. ‘ihese liners hive high gloss, pood
flexibility, and adequate resistance to water and to vepctable

oils. "Yhey are widely used in tne food packing industry for

they are very inexpcnsive.

Synthetic—-coated paper facings

The principal facing used in the closure industry is
compozed of urea-formaldehyde-melamine resin applied to pure
or bleached kraft paper. Its principgal properties are solvent
and oil resistance and 1t is - used is a substitute for tin or
aluminum foil on products Qnere a white liner is reauired and
liner costs are very important. This facing has good water
resistance but does not conform well to glass finishes and as

a result, relatively high evaporation loss will ocvcur on ague-
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ous or volatile products. Ilrese lo-:ses ire picticularly evi-
dent when the bottles are of s1all voluae and haive 1 relatively

lurge diameter opening.

Dark brown acid resisting paper

This is manufactured by coatiry xraft paper with an
oleoresinous varnish containing gilsonite or an asphalt base,
It provides a liner with unusu+ily _ocd resistance to acid

(&)

products.

Dark brown 2cid resisting saper (casein coated)

Basically the facing is sinilar to dark brown cid resis-
ting paper but a casein coating nas been added for resistance

to orgarnic solvents and oils.

Casein coated tin foil

This is used wnere greater sealin; efficiency 1is recquired
than can be obtiined witn plain tin foil, e.g. in s2aling
aineral oils, ve_ctible oils and viriovus organic solvents.
i'his (reater sealing efficiency is a result of the casecin
coating providing, a4 better couforaity to the lass fiiish
than the plain tin foil.

Al

axed composition cork

This is used in packaging products wshere Lhe nigh seal-

ing efficiency of cork is required and wiere the prolduct 1ig



of 5 mild nature 2! will not atback the wax whicn is readily
socluble in such organic compounds as carbon tetrachloride,
toluene, heptane and decane. Yaxes, being esters of nigher
monohydroxy alconols, cin be used in packaging products with

2 high alco.iol content., In addition, wiax ccating . are applied
to many other liners to imvrove the sealing efficiency of the
closure and to act 1s a lubricant .hen torgue fcrces are
applied to the screw cap ind prevent tine liner sticking to

the glass finish.

Calendered coavings

Paper, chilendered and coated with vinyl chloride acetate,
his been used for miany yeirs without outstanding success in
the drug and pharmaceutical field. This type of l.ner has
excellent chemical recistance to veak acids and alkalies and
nany other chemical solutions. In addiitiocon, it his 1 very
attractive appearance, is low in cost but has a rather nign
water vapour transmission rate. Calendered polyethylene 1is
made by 1 similar process to the vinyl chloride acetite. It
has a uiga chenical resistance and a1 very low water vapour

transmission rate.

Wax coatings

These liners have 2 base coating of refined parafin wax,
microcrystaline wax, ceresine wax or a formulation of all three.
They are not suitable for products containing mineral, vogetable,
fish or essential oils nor for procducts containing solvents

which mi ht affect tihe wax.



DELJUIINATLON "8203 O Lolir BACKIRG °1 JCWMRIAL
Objective

The object of inzse tests wis tou show the effects of
various liguids on the delamination of backing material -ind
to see shether specific liqguids, or liguids generally, will

increase the poasibility of delamination.
i

Test equipment

1. Baldwin-Emery 3. R. 4 testing maciine, Xodel FG

2. 20 steel blocks with mille® faices, 2 x ;+ x ! inches
5. 10 glass beakers (50C cc.)

4, Bleached cylinder-board, thickness .0025 inches

5. Adhesive: "Weldwood contact cement

6. Standard rea_ents (see test results)

Procedure

At present there are no accurate scientific tests that
have been standardized to ineasure the delaanination of paper-
board. Indecd, the American Society for Testin: ilaterials'
test is literally a rule of thumb judgement.l

Ten specimens of cylinder-board were cut to a size,
# X % inch, giving a curface area of .625 square inches
which is equal to the surface area of the ends of the steel
blocks. Each specimen wis bonded between two steel blocks

using %Weldwood contact cement (which has excellent 1dacsive

lASTM Standards on Paper and Iaper rroducts, p. 251. “ept. 1955.
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properties to mztil and paper and ie insoluble in water),

the assembly tnen being allowed to dry for three hours under
standard conditions of 780 F. and 52% relative nuaiidity.

After 2a:ch part of the tect, tane 1scemblies were =2,331in pre-
pired in the above minner, The ton 2ssenblies were then sub-
jected to 1 direct tensile tcst or the Baldwin-Baery testing,
machine at 21 platen speed of .C5C inches per .inute until
failure of the speciinen occured. Tne pounds of force reuuired

to bring about total fauilure of the asseably were then recor-

ded.

Results
Fart I - Stceel plocks and liner iscemblies .ere sbored
at scandard condit.ons for six ncurs prior to the wnest,

S2mple nunber Lbs. of force au waich
complete delaiminition occurs

0.722

L e

1.5% -
1.38
2.18
246
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sdean
Part II - Steel blocks and lincr asseablics .ere
immersed for thirty mninutes in discilled witer, and all
assemblies failed before removal froma the water.
Part III - Steel blocks and liner assemblies .ere

immersed for thirty wminutes in a 10% sodium hydroxide solu-



tion, and 2ll aissemblies failed before removal froa the
solution.

Fart IV - Steel blocks and liner assemblies were immersed
for thirty minutes in a 1% sodium hydroxide solution, and all
assemblies failed before removal froz the solution.

Part V - bSteel blocks and liner acseablies wers inncrsed
for thirty minutes in a 1(C% sodium chloride solution, and all
assemblies failed before reamoval from the solution.

Fart VI - Steel blocks and liner asseimblies were iliaerscd
for thirty minutes in 95 ethyl alcohol, an2d all isseablies
failed before removal from the alcohol.

Part VII - Steel blocks and liner assemblies were inmmer-
sed for thirty minutes in 507% ethyl alcohol, and all assem-
blies failed before removal from the alcohol,.

Part VIII - Steel blocks ind liner assemblies were
immersed for thirty minutes in acetone, and 211l asseublies
failed before removal.

Part IX - Steel blocks and liner asseaublies were immer-
sed for thirty minutes in ethyl acetate, and 2ll acsenblies
failed btefore removal.

Part X - Steel blocks and liner assexblics were inmersed
for thirty minutes in N-heptane, and 2ll assemblies failed
before renoval.

Part XI - Steel blocks and lincr assemblies were immersed
for thirty minutes in a 3% solution of sulfuric acid, =nd all

assemblies failed betfore reroval,
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Part XII - Steel blocks and lirer a.senblies vwere immer-
sed for thirty .inutes in 1 30% solution of sulfuric acid,

and all assembilies failed before removal.

Conclusions

A measure of the pounds of force necessary to bring
about complete delaminition of cylinder-board can be found
using a tensile test on the Baldwin-Emery testin  maichine.

Tne laminated strenpth of the cylinder-board is greatly

reduced by contact with liguids for any length of tvine.

THECRY CF FAILURE OF P \PER AND 2CARD UNDER TENSILE STRAOS

In Part 1 of the above test, a progressive failurc in
the bocard was evidenced by tne erratic moveaents of the record-
ing needle on tae t_sting wuaciiine, This progressive failure
may be accounted for by the mechanical properties of the paper
or board and their actions wnen subjected to strain., The
strain on the paper ccnsists of four components: 1) the exten-
sion of individual fibers which 1s a recoverable elastic
strain; 2) uncoiling of the filers which is an unrecovcrable
creep; %) slipping of unbounded fibers over one another waich
is 1lso an unrecoverable creep; 4) relative novement of bound
fibers which is primary creep associited in the paper or

board with the bonding between the individual fibers.1

1Steenberg;, B. "Paiper as 2 visco-elastic body," Svensk Iipp.
Tidn., fart 1.




Finally, there are two other import int factors that
influence the strength of paper and board and which, 435 a
result, will influence delamination., Firstly, the de;ree of
beating of the pulp is important in that continued beating
will progressively increase the area of adhesive cellulose
wnicn will result in ua progressively stronger bond structure
up tc a2 point wiere tne effect of the break-up of the fibers
results in a itower overall strength structure.l

Secondly, it is 1 well-reco_nized fact thait cylinder-
board, if made on more than one cylinder is ccusideratly
weaker tinan a4 simnilar thickness of fourdrinier board, for in
the former, the individuul layers of pulp tend to ceparate
very easily compared with the homogenecus structurz of four-

drinier board,

lMeredith, R. Mechanical Properties of %¥ood ind TPaper, p. 212.




CHAPTER III

SCREW CAP CLOGLURES

INTRODUCTION

The discussion that follows is limitel to metal caps
and rigid plastic caps for semi-rigid closures such s poly-
ethylene caps do not _enerally ccntiin liners ind the dslan-
ination problem does not arise, ‘i'he screw type closure is
widely used in the glaiss packiging industry is it offzers a
mechanically simple means of applyin;, cufficient force to
provide an erficient scal, not only o initial application

but on subsequent resealings.

TYFES OF SCReY CAP CLCEUKES

tletal caps

In using metal caps the liners are gencrally net adhersd
to the inside of the cap, but depend on 1 ti_ht pre:s fit,
the liner being held in place by the protruding netal turscads
on the inside of the capy. This eniables 1 sm2ll 1ir pocket to
form bet .een the inside of the met4l cap and the liner baick-
ing and since the me2tal conducts het rpidly, a decrease in
the outside tem.erivure causes 2 different rate of cooling to
take jplace betwecen the cz2p and the liner bucking. As 2
result, condensation will occur in this 1ir spnce and tue
pasisture may warp the liner or lower its laminate streingbih o

that it is no longer 1 ti ht fit and it will easily delani-

nate or fall out of the cap.
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1his increase in molsture belween the bacilng nd the
inside of tne cap is known s swenvlng 1cuvion and 1s much nore
noticesavle in metal caps than In plastic 01ps.l

Very litile tersile force is reguired t. pull lincrs out
of metal caps as they are ..ot achered to btne incide cf the
cap and %he sligibcst sticking of the lin.r f{ucling -0 the
glass finish will resualt in delaminntion of the liner froa the
m2tal cap. 'W'his often occurs if the proiuct is of arn 24hesive
nature snd =oae of it renains on the _liss finisa :fter .our-
ing, dhcring the liner to the _lass finich on reccaling.

wmet2l screw caps are sore resistant to shiock cran riid
plzztic caps but are exsily owidized znd corrcded U, a1ny
chenicals unless a2 coabing 15 applied to taewm whica, houwsver,
will raise th2ir cost.

Metal caps, as n2s ilready been ostated, do rot ererally
have tnheir liners adaered to them, wnéd 215 1 result shear
forces set up when torgues is ap;plizsd are less2ned sli; atly
as the liner can rotate 1in the cuap.

Chiun.es in temperature in addicion to causing the sweait-
ing effect can 2lso ciuse s pumping effect to tike place by
chinging the pressure in the air pocket netwecn the liner
baicking 2nd the iaside of tae wetal cap. The juaping =and

swe2ating effect combined, can loosen th2 pulp bicking, from

lBorg, Henry A. tnsolved Delaminition Trobleas in Screw Cap
Closures Used on Certain Bristol lyers products (term paper,
Forest rroducts Dept., M. S. Ue., 1255), p. 35.
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the liner facing causing delziumination. 1his cuin be aveided
by applying a small amount of soft wax between tihe pulp bick-
ing and the metal cap in conjunction with an insulating type

of coating laside the metal cap.

Rigid plastic caps

In this type of cap the liner is gencrally adahered to
the inside of the cap to keep it in place, However, this
results in shear forces occuring when torgue is applied to
the cap. These forces can bz overcome only by using an adhe-
sive and liner, the combination of whica is sufficiently
strcng to overconme taese Iforces in 11l norwmil torque ranges.

These shear forces can be reduced by using wax on the
facing of the cap liners. Tnis wax acts as 3 lubricant and
also prevents the liner facing from sticking to tne ¢lass
finish. ‘lests were made wita and witaout wax on the facing
at various torgue ranges and the results (see test below)

confirm this .roperty of the wax.

Torgue test on waxed and unwaxed liners

Objective - ‘he object of this test was toc show that
wax on liner facings icts s a lubricant and .revents the
liner from sticking to the gliss finisn.

kEquipment -
1. Owens-1llinois torque tester 0-25 inch 1lbs.
2. Biguty test bottles, 23 MW, /% oz. aaber flasks
3. Eiphty plastic caps, 23 M, 400 LUS
4, Eighty vinyl faced pulpboard liners
5. N-heptane
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Procedure - All of the test was cirried out in tne coun-
ditioning room under standard conditions (720F., S5c» relative
hunidity). The liners were ilr:ady =zdnered in the caps and
on forty of these the wax was removed froam the faicing by
ligntly rubbing it off wita a1 cloth soaked in N-neyptane.

Care must be taken while decing this as N-heptine dissclves
the vinyl as well as the wax. However, wax is much more
soluble in the heptane than the vinyl and light rutbing fol-
lowed by rubbing with a3 cloth scaked in distilled water will
remove the wax without affecting; tne tacing tc any extent.
The caps were then screwed onto the bottles at variocus torque
levels from ten to twenty-five inch pounds of torgue, ten
waxed and ten unwaxed liners being used at each torcue level,
The caps sere then removed from the tottles and the amount of
torgue recuired for rcmoval measured and recorded.

Results - In inch pounds of removal torgue at seclected

applied torgue levels:

applied, qjon jyg, 15" 1bs. 20" 1bs. 25" 1bs,
torque
W U* v U W U W U
7.0 8.5 9.5 1.5 15.0 16.5 20.0 20.5
6.5 9.0 9.5 11.0 13.5 19.0 19.5 19.0
8.0 10.0 11.5 12.5 14.0 18.C 18.0 21.0C
7.C  1C.0 11.0 12.5 15.C 15.5 19.C 23.5
6.5 8.5 10.5 11.0 15.0 15.0 11.5 24.5
8.0 9.0 10.0 13.c 17.0 18.0 18.0 23.C
7.5 10.0 11.5 13.0 15.5 17.0 18.C 25.0
7.0 5.0 10.5 14.0 16.5 18.0 18.0 23.5
2.5 10.0 11.0 12.5 13.5 15.5 17.5 24.C
) 10.0 9.0 12.0 16.5 16.0 19.5 .

¥

N

122 15715 1685 185

*W - Waxed liners, U - Unwaxed liners

Mean:

N
4
]
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Statistical analysis of torque test results - o see if
the results on waxed and unwaxed liners are staticstically

different at each applied torgue level.

2 2 Degrees of
Applied torque Waxed &£d Unwaxed Zd freedom
10 inch 1lbs. 2.6 3.9 18
15 ¢ " 7.C8 10.6 18
20 o " 15.225 16.525 18
25 " " 7.5 36.025 18

Using the for:nula:

— - Mo
2 2
\/;11 + 245 (_1. . l)
(nl + n2)-2 ny D,
Where:

Ml= Mean of waxed liners

M2= Mean of unwaxed liners
n,= Nunber of samples of waxed liners (10)
n,= Number of samples of unwaxed liners (1C)
Sdi: Sum of the séuares of the deviations from Ml
Id§= Sum of the squares of the deviations fron 52
Results:
at 10" 1lbs. of applied torque the "T" value= 8.18.
Therefore the level of significance (180 of freedom) = .01
and therefore the difference is statisticully significant at
the 1% level.
at 15" lbs. of applied torgue the "T" vilue= 4.Cl.
Therefore the level of significance (18O of frzedom) = .Cl
and therefore the difference is statistically siyniflicant at

the 1% level,
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at 20" 1lbs. of applied torgue the "T" value= 2,872,
Therefore the level of significance (18O of freedom) = .C2
ind therefore the difference is statistic21ly sigrificant at
the 2% level.

at 25" 1lbs. of applied torque the "I'" vilue= G.547.
Tnerefore the level of signifiéance (18O of freedom) = .01l
and therefore the difference is statistically significant at
the 1» level.

Conclusions on statiscical analysis: There is
sipynificant ditference betwecn the recmoval torque reqguired
for waxed and for unwaxed liners at every selected torque
level. The values for the waxed liners aie lower at every
torque level indicating that the wax acts as a lutricunt and
prevents the liner from sticking to the ;lass finish., 4ds a
result, less torque is required to remove the cap, wnd the
liner nd idhesive are therefore less subject to excessive
snear forczs which can cause delaaination. For 2 graphical

represesntation of the tast results see page 42.

GANZRAL FACLTORES CAUSING DELAMINALTICN
pH factor

Materials that are strongly acidic or alkaline can
undergo changes thit bring their pH closer to netural result-
ing in a change in their physical and chemical properties,
If a liner and adhecsive arc sclected that are incocmpatible
with the product cor with each other, decomposition of the

adhesive, the liner or the product may occur. It is tnerefore



a GRArHICAL REPRESENTATICN CF HE WiLAsICKLHIP
BETWEEN APFLIED ALD REMCVAL TCORGUES CN TAXED
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most important, as has already been stated, to insure tiat
the product, the facing, the backing and the adhesive are all

chenically comratible.l

larking the facing

Certain mianufacturers stamp an identificuation number on
the facing inside inside the c3ap e.g. on Bristol ‘yers'
Vitalis. Sometimes this stamping pisses comzletely through
the facing and as a recsult destroys its utility for the gro-

duct can then penetrate the backing and cause delamination.

Hydrodynamic effects on delanination

Hydrodyramic action in a filled jlass container is
ciwused by 2 suidden acceleration of the slass container with
respect to its ccntents, followed by i sudlen deceleration
of the contiiner. 3esides causing possible breakage of the
container, hydrodynaaic action causes a "sucking" effect to
take place within the container. This "sucking" action has
a tendency to weaken the adhesive tond between the facing

and bucking of the closure, contributing to the delanination

rroblem.

Torqgque ranges

Determining the prorer torgue range for each l.ner con-

binaticn will give longer shelf life to vhe product and keep

IFor liner compatibility tests see pPacka ing Institute Tesy
Procedures, PI Closures 2t-Cl.



delanination :t a ainimum. As yet there 1s no scientific
method of determining the correct amount of rtoryue nec:ssary
for each cap gize and liner combination. An empirical chart
designed by the Owens-l1lllinois Coapany of Tolz:do, Ozic, lists
a genernl guide for use in determlining approxiamaite torqgue
values on closure sizes from 15 to 70 millimeters., ‘The
figures listed below ire entirely eapirical and constitute a
general guide rather thun definite recouwnendations to fit
specific circumstances.l

CHAxT OF sUGGES LD TORQUE RANGES

Closure Sus.gested tightness of ipplica-
size in tion in units of inch pounds of
millineters torque as applied by hond

15 6 - 9

20 8 - 12

24 9 - 15

28 10 - 1&

%23 12 - 21

28 15 - 25

43 17 - 27

48 19 - 720

o2 21 - 26

58 23 - 40

05 25 = 3

70 28 - 50

Ifackaging research Division, Owens-Illinois Glass Ccapany,

‘foledo, Ohio.
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Toryue settin s cun cause liner delwminalion to U zk2
place in tvwo ways:

1. Uver—borgﬁe Ciu cuse 1 crusalilng of vhe pulp,
cricking of tae facing or ciuce tue ficing to stick co tne
plass finish, so that in sucseguent remov-ils of tne closure
tne contents of tue contalner miay penetrate into tae pulp
weikening the liner vond wnd caucing delaainastion.

<+ YUnder-torgyue can caiuse a seepipge of the con-
tents under the fucing and into the pulp, gradually discol-
ving the 2ihesive bond betvw.ecen tane pulp, cap and fucing,
ciusing deluninztion to taike place.

Finally, the consamer will oftcn cpill tne contents of
the continer cut. the lise finisn nd often onto thne liner
facing. The clooure 1o t.en replaced wd ti_htconed ounto the
1183 contiiner, Ials ti_atenin; of tne closure forces socae
of the provduct up into tae edges of the liner as well 4is
sticking the liner to tae ,lass finish. This process may
be repeiated many times and will contribute greatly to delamn-

ination.

Deterioration of liners cius:d by liuuid pgencetration

we have already seen in Chapter I1 the deleterious
effects on cylinder-boird of liguid penetration and 2 sini-
lar effect takes pliuce in complete clusures, ni is 1 very
pertinent factor in brin in, about delwiinailion ciussl by
failure of lhe bicking, the bond between tine facing ind back-

ing or the bond betseen the backing 11d the insite of tne caip.
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Test for delniination iu screw cap closurces

Objective - 1o deteraine the effect cn delaninzxtion of
various liqguids coualng 1nto contact wita the complete cap
assenbly, i.e. liner adu=red to the inside of the cap.

Equipnent -
l. Bildwin-sSmery 3.R. 4 testing :machine, 'lodel FGT
2. Bildwein S.R. 4 load cell
3. ©Gteel gripping device (see "Part 1" page 47)
« +0lid steel cylinders with .ailled faces and
vpposite =nds threi:ded (see "Part II" paye 47)
5. Tlastic caps (28 Ui, 4C0 LUS) in? vinyl raced
sulpbecwrd liners adhered Lo cups
6. 500 cc. {liscs beakers
7. Distilled water
8. 955 etayl alconol
9. ineril oil
10. 10w sodium hydroxide solution
11. 3% sulfuric acid
12, W-heptane :nd toluene for cleuning purposes

IS

Procedure -~ The facings of the liners in tns caips =»ere
cleaned vwith N-heptin: to remove tne wax and to enable tne
milled face of ei1ch solid steel cylinder to ve adiiered to
each liner witn wel:wood contact ceaent, Tnis adnesive was
chosen because it is inscluble in water and oils, his 2 neu-
tral pH and foras excecllent bends between plastics and aetals.
It requires neitner heat nor pressure wiile drying and the
nanufacturers recomuend a dryin. time of three nours.

After drying under standard conditions for lnree aours, the
steel cylinders with the ciaps aduered to tuen ..c¢re resaoved
from the conditionin;, room for the test, A steel cylinder
and ca, assembly was screwed into the platen of the Baldwin-

Emnery testin:; michine ind the claws of the claaping device

Llynited States Plywood Corp. Techrnical Dita Sheet 20U-1.
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were hocked over the edge of the cap (see page 47). A ten-
sile load was then applied at a platen speed of .CG5C inch:s
per minute until final failure of the specimen occurs and the
load in pounds at failure recorded (s=e test results). 4s
in the case of the tensile tests on cylinder-board in Chapter
II of this paper, a progressive failure in the structure
occurs up to final delamination.
Results -

Part I - After drying, the ten assenblies were

kept under standard conditions for twelve hours and the load

at final failure recorded for each one.

Sample No. Failure load Remarks
1 5.32 1bs., Complete delarination of pulpbd.
2 5.86 1lbs. Complete delamination of pulypbd.
3 5.81 1lbs. Couaplete delamination of pulpbd.
4 4.46 1bs. Delamination of facing from backing
5 7.66 1lbs, Complete delanination of pulpbd.
S 5.18 1bs. Complete delamnination of pulgbd,
7 5.60 1lbs. Complete delamination of pulpbd.
8 5.18 1bs. Complete delamination of pulpbd.
9 4,42 1bs, Complete delanination of pulpbd.
10 5.87 1lbs. Complete delamination of pulpbd.

Part I1 - After drying, the ten assemblies were

placed in distilled water for thirty minutes prior to test.

sample No. Failure load Remarks
1l 0.94 1lbs. Complete delamination of pulpbd.
2 1.%2% 1lbs. Complete delamination of pulpbd.
3 1.11 1bs. Complete delamination of pulzbd.
4 2.3%38 1lbs,. Complete delamination of pulpbd.
5 1.65 1bs. Complete delamination of pulpod.
6 0.98 1lbs. Complete delamination of pulypbd.
7 2.86 1lbs. Complete delamination of pulobd.
8 2.16 1bs, Complete delamination of pulpud.
9 1.27 1lbs. Complete delaminztion c¢f _ulpbd.
10 1.02 lbs. Complete delarinition of pulptd.
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Part IIT - After drying, the ten assenblies .ere

placed in 95% ethyl alcohol for thirty minutes prior to test,

Sample No. Failure load Remarks
1 1.91 1bs. Complete delanination of pulpbd.
2 1.90 1lbs. Complete delamination of pulpbd.
3 0.87 1bs. Complete delamination of pulpbd.
4 0.85 1lbs., Delamination of facing from backini.
5 1.97 1lbs. Complete delanination of pulpbd.
S 1.39 1lbs. Complete delamination of pulpbd.
7 1.94 1lbs. Complete delanination of Lulpld.
8 1.32 1bs. Complete delaminaction of pulpbd.
9 1.27 1lbs. Complete delamination of puljbd.
10 1.68 1lbs. Complete delaninztion of pulptd,
Fart IV - After drying, the ten assemblies were

placed in minerzl oil for thirty minutes prior to test.

Saaple No. Failure load Remarks

1 3.%6 1bs. Couplete delanination of .ulpbd.

2 6.58 1lbs, Comnplete delamination of pulpbd.

3 9.16 1bs. Complete delaimination of pulpbd.

4 7.1% 1lbs., Conplete delanination of pulpbd.

5 8.96 1lbs, Conplete delamnination of vulpybd,.

6 %2.92 1lbs. Complate delaniniation of pulpud.

7 l.4% 1bs, Delaninatior of facin,, from backiig
3 2,90 1bs. Complete delamination of pulphd.

9 .84 1bs, Complete delaminition of pulpbd.
1C 1.73 1bs. Delanination of fucing from bickin

Part V - After drying, the leon assenmblies vere placed

in a 10% sodium hydroxide solution for thirty muinutes prior

to test.
Samnple No. Failure loid Renarks
1 0.67 lbs. Conplete delaniration of pulpbd,
2 0.28 1lbs. Compleve delamination of pulpbd.
3 0.71 1lbs., Complete deliaination of pulpod.
4 C.51 1lbs. Complete delamination of pulgbd.
5 0.57 1lbs. Cocmplete delamination of pulpbd.
o C.42 lbs. Ccnmplete delunination of pulytd.
7 C.5C 1lbs. Coaplete delanmination of pulpnhd.
8 0.61 1lbs. Complete delamination of pulyud,.
9 0.54 1lbs. Complete delamination of pul.bd.
10 C.06 lbs. Conplete dslaminacion of _.ulptd.



placad in 3% sulfuric acid for thirty ainutes prior

Sinple o,

Part VI - After drying,

Failure load

1-8smulie
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Renarks

1 1.41 1lbs. Delamninavion of facing fro.x vicking
2 0.79 1lbs, Delasination of facing fro: backing
3 1.Co 1bs. Delanination of facin, from tackin,
4 0.99 1bs. Delauination of ficing from backing
5 1.28 1ts. Complete delauiniticon of _ulgbd.
© 1.12 1bs. Dzlanination of facing frox backing
7 1.C3% 1lbs. Delaaination of facing froa biciking
8 C.91 1lbs. Coajlete delanination of pulpbd.
9 1.16 1bs. Complete delanintion of pul:sbd,
10 C.87 lbs, Delanination of facing, from bacliing
Statistical analysis of tensile test results - 1o sz2e if
there are statistically sipaificant differences betuescn tuae
failure loads of each of tne otzaer parts of tie tast.
. 2 De; rzes of
i ~ . rf " - - (&)
l'est part ilean failure load 2d freedom
1 5.54 1lbs. 7« 2540 18
II 1.57 lbs. 4,0314 13
1TI 1.51 1bs. 1.6521 18
v 4,C 1lbs, 7%.C919 13
\' 0.52 1lbs, 0.2173% S
VI 1.Co 1lts. C.2698 13

"T "

Usirg the formula:

Ml

—Md

2

Zdl

+ Edz

2 1.1
(ﬁl + n2)-2 nl+ n,

= #ean of Firt I of tne test

i2an of tlie otner part of the test belng
compared with Part 1
= pum of the sguares of the deviations froa Kl
%= Sum of the sguarzs of the deviaticuns from M-
c o
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n,= Nunber of sazples in Fuat L of the test

n.,= luabze of sangles 1n the otacr part of tue
T test beln_ coupared ilh Part I

25UuLtse

Part L compurzd with bart IT; the "I vlue= 11.15,
therefore the level of sij nificance (18O of freedom) = .01
and therefore the difference is staitistically si nificint at
the 1% lcvel.

fart 1 compred with Part III; the "I'" value= 12+,
canerefor . the level of si nificance (180 of frcedom) = .CO1
ad tnererore wne difference is statistically sionaificant 1t
the 1% level.

Tirt I compwred witih kart 1V; tas "T" vilue= C.u705,

s e
T2l

) . 0 )
fore tae lovel of coonitic:nce (1:7 of freedom) = s

-

W

N )

G therefore She difference i1s not stitisiically siaificant,

¢

fcr the level is ¢reater than 50%.

turt I compared with part V; the "T" value= 1o+,
therefore the level of si_nificince (18° of freedom) = .01
and therefore the difference i1s statistieally cignificant 2t
the 1% level.

Iart I conmpured with Part VI the "T" value= 15+,
therefore the level of cignificaince (180 of freedom) = .Cl
and therefore the difference is stautistically si nificant at
the 1» level.

Conclusions - With the exception of the aineral oil
test (Purt IV) there ic 1 sigaificaint diffcorence between the

load 2t final failure of the dry liners (Pirt 1) ind the load
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4t failure of tne liners when souzked in liqguid. 1n th:
cases the liguid had crept around the edge of the liner and
soaked com letely througn the backing causing the pulgboard

to lose its strength and delaminate wmore readily.

The lack of si_nificance between Iart I aind Part IV
is statistically, a result of the wide deviition between the
sample readiﬁés. The writer is 2t a loss to explain the rea-
son for this, and more particularly, tne reison wvhy some read-
ings are as kigh or anigher than tuose rezcorded ia Part I of
th: test. A parvial explwmition may lie in the fact that the

surface tension of wmineral oil is mucn hi_her btaan that of any

Bl

of thne othcer liguids uszd, 2nd 15 2 result, less iineral vil
penetrutes the porous wateriul (pulibourd) of whicin the back-
ing 1is éomposcd. Tnis will result in f:ilure lowds nearer to
those of Part L. 1In 1ddition, the surface tonsion of the
mincral oil is 1 force wunici has to e overcone by the ten-
sile force as well as the force required to delamirnate the
pulpboard. In thit fibers have to be pulled throug,h the cur-
face of the ainernl oil to bring about deliaination, a force
is required to do this, und this additional force his to be
added to the ori;innl force ctnat is required to delininate
the pulpboard. It is reco.mended that further investigation
on tue effects of .mineral oil on the tensile strengtih of

paper ind boird be carried out.






CHaPl'ERr IV
CCNCLUCICHNS

INTRCDUCTLCN

Yihen delaminition occurs in a screw cap closure, the
sealing efficiency of the closureris destroyed. This is a
state of affiirs the packager wishes to avoid as it is a
source of coﬁsiderable irritation to both retailers and con-
sumers.,

The delamination may be caused by one factor or a couapi-
nati.n of factors, and when designing the closure, each fac-

tor must be concidered.

ADHESIVE DELWIINALION

An incorrect choice of the adhesive tc bz used to adhere
the backing Lo the cap or to adhere the facing to the bzcking
will result in a weak bond which will aid delamination when
torque forces are applied. The adhesive nmust be as strong as
tne other materiils used 1i.. the éap and liner asseably and
nust be capable of resisting the forces spplied to it when
torque is applied to th=s complete closure. ‘1'ne adhesive nust
be compatible with the adherends and with the product being
packagad. If the product comes in contact vith the 2’hesive
it must h.ve no deleterious effects on the strength of the
bond, and in addition, the surface chemnistry of the adherends

must be considered. In this lattur respect, strong Jjoints
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cannot be made to polar surfaces with non-polar -dnesives

and vice versa. Outstainding adhesive.. {2nerally have strong
polar groups. strong acids and alkalies are generally detri-
mental to an adhesive bond wiich must also be unaffected by
any changes in temperature to which it might be subjected.
The adhesive film must be s thin as possible, for de Bruyne
has chown that thickness of the adhesive film greatly affects
the strength of the bond; the tninner the film, tLhe stronger
the bond. Finally, the area of coverage should be specified
in that the periphery of the glue line is related to the
strength of the bond; the longer the periphery, the stronger

the bond, other things being equal.

LINAR DuLamIn vi'1ON

An incorrect cnoice of liner materials will result in
delamination, for if the backing 3nd facing are not suffi-
ciently strong to resist the forces applied to theim when
torque is applied to the complete closure delamination will
ozcur. If the liner facing is incompatible with the product,
the latter will either dissolve or seep through the facing
and into the backing causing it to delaminate or warp. In
connection with product seepage through the facing, manufac-
turers should avoid stamping identification numbers on the
facing, for this will 21id product penetration. Facings with
a high moisture vapour transmission rate should also be aveided

for the same reasons.
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Unwaxed liner facings show a (reater tendency to stick
to the lass finish tnan waxed facings +and this results in

xcessively high removal torque having to be 2, plied to the

(T

closure. This sets up unnecessarily hign she ir forces in

the liner and adhesive waicih will aid delamination. 'This can
be prevented by using wax on the facings to act 1s a lubri-
cant,

The backing :aust be of a2 mz2terial, the laainite strenzth
of which is sufficiently great to rasist the shear or Lensile
forces which may be applied to it. In this respect, it should
be pointed out thnt the most ccanon dpicking material in screw
type closures is pulpboard amanufactured on i cylinder machine,
Cylinder-board, of several plies, delaminates inuch more reud-
ily than 3 voard of similar thickness manufactured oxa a4 Four-
drinier maciiine. 'I'he cost between the t.wo processes would
not differ greatly for a voaird of similar compoesition tirough-
out, and the Fourdrinier board would resist delanination muach
more than the cylinder-board. Furthernore, pulpboard is mnade
from unsized mechanical pulp ind the addition of size would
2id the resistance of the backing to liquids and help prevent

delamnination.

COMPLETE CLOSURE DELAVIIATION

tietal caps

In these caps, the liner is not generally idhered, ind
as a result, it may warp under cnanging temperature conditions

or when the humidity increases in the air gocket or woen
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liguid penetration occurs. In addition, if the liner sticks
to the glass finish very litile force is reqguired to pull it
out of the cap. Better performance would be obtained by

adheriny it to the cap, although this will increase tne cost

of the closure.

Rigid plastic caps

In this type of cap, the liner is idhered and the combi-
nation of facing, backin; and adhesive must be zufficiently
strony to resist the shear forces to whica they miy be cuo-
jected. Turthernore, the plasvic from which the cap is made

must not be aifected by the product, liner or adhesive.

General delaminatlon faictors

Liquid penetration - Liquid penetration is senerally
brou: ht about by the Liguid creeping or being forced between
the edge of Lhe liner and the inside of the cap. This will
happen if insufficient toryue is applisd to the closure or
if the product reumains on the glass finish and the application
of torque forces this product up into the gap between the
edipe of the liner and the inside of the cap. Tine groduct
then seeps into the backing and considerably wezkens its
laminate strength.

pH factor - The pH of the product, facing, backing,
1dhesive and cap must be carefully considered. Strong acid-

ity or alkalinity in one of these parts may cauce a detericr-



ation in ore of ithe other parts which may lower its strength
and aid delamination.

Hydrodynamic factor - The bond betwesen the facing ird
backing and between the backing and the cap must be strong
encugh to resist the continual "sucking" effects that occur
as 1 result of hydrodynamic action, otherwise delamination
may OCcCur,.

Torgue ranges - Excessive torque caiuses crushing of the
backing, crnacking of the facing, or causes tnz fa2cing to stick
to the lass firish and thece thre: effects all wvezkan the
lin2r assembly and =2id delamination. 1n dlition, =¥cessive
torque will force any liguid on the lass finish up into tre
gap betweern the edgs cf the linsr and the inside of tie cup
and into the backing. Insufficient torque enables the pro-
duct to seep between the liner facing and tane glass finish
ané tren up into the yip between the edge of the liner and the

cap ané into the backing.

RECOMMELDATIUNS

lnineral 0il

In view of the wide divergence of the results in Part IV
of the tznsile test on complete lincr and cap assenbliess in
Chapter III, it is recommended thit furthsr research te dore
orn tiie effects of mineral oil on the properties of paper and

board.,.
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Plastic lined caps

Further investi_stions snould be carried cut on the
e¢fficiency of vinyl-resin pluastisol laminated directly to the
inside of metail caps. Othner direct luminations of 2 white
rubber-based plastic are also being uced in snall cuantities
in the industry and these appear to be particularly suitable
on wide-nouthed jars. Tyhey ire applicd to the inside of the
cap 25 2 ring around the edge winere the glass finish comes
into contact with the cap. ZTrovided they are comupatible
with the product, s2epage of the nroduct will nct affect thaen
for it cannot occur 4s tie lin=r ring is a homno;8n2o0us 413S.
Hydrcdyianic action will not affect it, rnor will pumping or
sweating caused ty chaingec 1n teaperature for there is not
an alr jocket 1n exictence, 1t aypears to te suftficicntly
resilient to conform well to the glacs finish and adsoro a
certbuin amount of Lorgue forces. Its cdhesive chiracteristics
iare such tnat a strong bond is fourmned betwszen it and the metal
screw Cdp.

koth the vinyl-resin plastisol wd tie raibber-brsed
plastic used as direct laminations haive a further zdvantaje
in that tliey 4re produced froa raw mzaterials obt :inable in
the Lnite: Statzs nd no reliance ic therefore reguire: on
hi,n cost forei¢n sources of su_ply, =5 for exiupls, occurs:
wien composition cerk is ea loyed, Tais vy of lirer is
craduilly finding wider u.e in bottle closurszss ' oany

wider applications are envisag2d for the futurs,
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