otentially, a low level of tin oxide hot end

coating will be deposited onto the finish of glass
containers in norrmal cornmercial praduction dug
to the environment surrcunding recently formed bottles
and to the dsvice used to deposit these coatings.
These coatings can interact with iron-bearing closures
via electro-chamical reactions to cause oxidation of the
closure. For botiles with minimal amounts of tin oxide
on the finish, insignificant amounis of closure rusting
will be produced. However, as the thickness of tin oxide
increases, the severity of closure rusting also increases
eventuaily to objectionabls levels. Thus, it is important
to limit the amount of coating deposited onto the finish
of containers in order to avold potential problems with
closure rusting in the trade.

The glass packaging industry has generally
established that 17 CTU Is the maximum thickness of
tin oxide that can be tolerated on the finish of containers
without creating objectionable fevels of closure rusting.
Data is presented in this paper to confirm this threshold
value.

i ERED

Rusting is a problem that can oceur under certairs
conditions with iron-bearing crown or twist crown
closures after being applied to the finish of glass
containers. Closure rusting can ccour by threa
mechanisms: Normal atmospheric oxidation; corrosion in
the presence of a tiquid; or by electro-chemical reactions
with tin oxide coating on tha glass surface. Of these
three mechanisms, the electro-chemical reactions are
the rnost problematic. Since the extant of rusting is more
pronounced and occurs more quickly compared to simpls

Figure 1: Example of the effects of closure risting,
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exidation reactions fn afr, which are
relatively minoz, ar by corrosion
reactions with water. The focus of
this study was on the more savers
electro-chemicat reactions.
Electro-chemical reactions
between tin oxide coatings and
elemental fron in closures occur
according to the following half-cell
chemnical reactions {with a liguid
providing the electron pathway
between the two surfaces):

Fe” {closure) ==> Fa* + 2 electrons
Snt (hot end coating) + 2 electrons == Sn?

In these reactions, efemental
iron in the closure is oxidised, while
tin {+4) in the ceating is reduced.
The exidation of iron is manifested
visually as rust, which can bs
cbserved on the interor surface of
the closure and as a corresponding
deposit on the finish of tha bottles,
as shown by the example in figure 1.

One msthod of avelding closure
rusting by tha electro-chemicat
process is to assure that ali liguid is
removed from the region between
the closurs and tha finish surface
daring the filing process. If tha
electron pathway is eliminated,
the electro-chemical reactions will
not oceur, even in the presence of
significant thicknesses of tin oxide,
This is nearly impossible to do and
some liquid, either in the form of the
product or rinse water, will inevitably
be trapped beneath the closure and
the glass surface. Thus, since the
presence of water cannot be totally
avoided, it becomes necessary to
consider how tin oxide coatings may
affect closure rusting.

Tin oxide hot end coatings
are deposited mainly from the
pyrohydrolytic reaction of stannic
chloride or moncbutyl tin trichoride
[MBTC) vapours with hot glass
surfaces. These coatings are applied
at the hot end of glass container
plants, immediately after the freshly

formed containers have bsen placed
onto the flight conveyor and during
their passage to the annealing

lehr. Prior unreported studies at
Amgrican Glass Besearch have
indicated that these coatings consist
almost entirely of stannic oxide
{Sn+4). Furthermore, the chemistey
of the resultant deposited tin oxids
coating is independent of the two
pradominant sourca materials. No
anionic or hydrocarbon ramnants of
these materials have been found in
the deposited tin oxide coatings.
This s due to the relatively high glass
temperatures encounterad when
the coating is deposited, completely
decomposing the source materials.

Most cornmercial hot end
coating application devices have
soms means of assuring that
this coating is deposited onto the
sidewsll regions of bottles, while
liniting the amount of coating
deposited onte the finish regions.
However, due to the nature of
producing bottles at rates of up
to 750 bottles/min and due to
air currents in the environment
surrounding the battles and
application hood, potentially some
tin oxide can be deposited onto the
finish of containers. Thus, since
neither [fquids trapped beneath
the closure nor tin oxide coatings
deposited onto the container finish
can be totally avoided, some level
of electro-chemical reactions will
nossibly occur and these situations
must be considered.

The purpose of the current
study was to determine the
refationship between tin axide
coating thicknesses and the severity
of closure rusting when subjected
1o conditions promoting electro-
chemical reactions. The study was
underiaken in the laboratory, under
controfled experimental conditions,
50 as to avold any confaunding
influenca of extraneous varisbles on
the resuits.
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Figire 2: EDX anzlysis of closue metat,

i LRI
Bottle samples: Twelve ounce
capacity, non-refillable, flint beverage
bottles (with a twist-crown finish)
were used as the subsirats in these
studies. Flint glass containers were
chosen intentionally, since rust
deposited onto the finish would

be more visible thar with the use

of amber contsiners. Thus, the

relationship betwean tin oxide coating

thicknesses and closure rusting could

be dsterminad more accurately.
Thesa glass samples were

cbtained from a container production

plant in which the tin oxide hot

end coating was deposited from a

commercial system using MBTC,

During sefection of the samples,

the MBTC application hood was

Tons ) ¢ Very stight (1}

Sight 2)

: E;camples of rust classifications.
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Coating i Mean coating Maan st Numbigr of
Jange [CTUE 1 thicknsss {CTU) severity
L [ 24
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> 255 ; 60 1

Table | Rusking tests using lacquer-coated closures on ﬁnish;zs with various
thicknesses of tn oxide,

intenticnally miss-adiusted to allow the deposition of tin
oxide onto the cantalner finishes. The MBTC flow rates
and adjustments of the application hood were varied to
achieve coating thicknesses in the ranges of 0-10 CTU,
10-20 CTU and 20-30 CTU. A final group of samples
were selected with the coating hood turned off and with
barriers placed in the hoced to inhibit fugitive vapours from
contacting the glass surfaces. This was undertaken to
produce a group of unceated samples that were used as a
baselins in the rusting tests. The sample botites were all
selected at the end of the lehr after normal, commercial
annealing and prior 1o the applicetion of any cold end
coating.

To assure that no hot end coating was present on the
baseline, uncoated group, the finishes of these samples
wara subsaguently treated with hydrofluoric acid in the
taboratory, prior to use in the experiments, This acid
chemically removed any trace of tin oxida that might have
baeen inadvertently deposited during the preparation of
these sarnples in the glass plant.

Closure samples: The typical, commaercially available
crown closures used in this study were composed of
a metal alloy, consisting mostly of iron, with a smaller
amount of chromium, as shown by an energy disparsive
X-ray spactrum in figure 2. Metal on the interior of the
closure was coated with a normal, thin layer of a lacquer
material. All of the closures were applied to the test
containers by & hand-operated device. Capping forces
were adjusted 1o achieve a crimp [evel of 1.130, a value
that is typical of twist-crown closures.

Test environment: As discussed previously, a liquid
[either product or rinse water) is a necessary component

- in the electro-chermical process to alfow electrons to flow

from the closure 1o the hot end coating. To ensure that
liquid was present between the closure and the glass
finish in these [aboratory studies, the capped botifes were
inverted and the neck and finish regions were Immersed
in ordinary tap water for a few minutes, Any air bubbles

- Severe (6}

Selane i oty




trapped at the interface between the closure and finish
surface were removed with a needle. These samples were
then removed and placed upright in a closad chamber to
inhibit water evaporation, Once the cantziners were placed
upright, sames of the tap water flowed from beneath the
closure as a result of gravity. The rernainder of ths water
was held between tha closure and container finish due to
surface tension effects. This experimental procedure was
used to mimic the conditions typically encountered in the
trade when liquids are not totally eliminated frorn beneath
the clesure skirt prior to storage.

I actual practice, rusting would occur only in those
regions of a closure where the lacquer material had
been disrupted during ths capping process, thereby
exposing the underlying iron-bearing metal, allowing it
to be oxidised [atmospheric oxidation, tiquid corzosion
or electrochemical reaction). However, efectrochemical
rusting will oceur only in those isolated areas where a
liquid coincides with the region where the lacquer material
was disrupted. Thus, closure rusting becomes somewhat
of a probability lssue, related to exposure of the iron matat
combined with those locations where liquid was prasent.
Such random events ara typical of commarcial practice
and the current study was designed to simulate those
situations,

Rust assessment: After 24 hours of storags, the
samplas were withdrawn from the chamber and the
closures were immediately rermoved. The samples wers
allewed to air dry and the extent of rust on the finish
of the container was subjectively determined by visual
observation. The extent of the closure rusting was
classified as: None, very slight, slight, slight to moderate,
rnoderate, moderately severe and severe. Representative
exarnples of these rust classifications are shown in
figure 3.

Thess subjective classifications wera assigned
rumerical values of 0, 1, 2, 3, 4, 5 and B, respectively.
These numerical values were used to characteriss
analytically the amount of rust on each sample, so
that compariscrs between rust severitias and coating
thicknesses could be parformed.

Hot end ceating thicknesses: Tin oxide coating
thicknesses were measured with an AGR Finish Coating
Measurement Systern {(FCMS), at four evenly spaced
circumferential locations on the E-wall of tha fest bottles.
This davice measures the intensity of light reflacted from
the glass surface and convarts the signal into a coating
thickness unit {CTU} that is calibrated to the amount of tin

Av 7|

10 15

0 5

oxide present on the glass surface.

Typicatly, tin oxide is the only
compaound present and tha light
reflectance is solely due to this
coating. However, in the present
situaticn, some iren oxide may also
be on the glass surface, making
it necessary to removs it from
the finish of the bottles to avoid
any spuricus light reflection that
would interfere with the accurate
deterrnination of tin oxide coating
thicknesses. This was done by
immarsing the finish regions of the
botiles in concentrated hydrochtoric
acid {HCH.

Since iron oxide is soluble in HC,
while tin oxids Is not, this process
was effactive in removing any rust
that might be present on the finish
surface, without affecting the amount
of tin oxida that was present. The
resuiting measured four coating
thicknesses thus obtained from each
sampls wers averaged to obtain an
overall assessment of tha amount
of tin oxide that was present on the
finish of each sample bottls.

Number of samples and data
comparison: Twenty four sarmples
were selected from each of the four
targeted coating groups, as described
previously. Thus, a total of $6 bottles
were used in these studies. The
average coating thickness cbtained
from each bottle was caloulated
and recorded as noted abova. The
resuits were then grouped according
to their average coating thicknesses
into the following ranges: 6 CTU,

1-5 CTY, 8-10 CTU, 11-15 CTU,
16-20 CTU, 21-25 CTU and greater
than 25 CTV. For ali bottles within
each of these seven groups, mean
coating thicknesses were calculatad
and compared to the mean numerical
value associated with the st
severity.

20 25 30

Average Coating Thickness {CTU) on the E-wal}

Figure 4: Closure rusting 25 a function of tin oxide thickness
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Data correlation between closure rusting
and tin oxide coating thicknesses are
summarised in Table | and plotted in
figure 4. As shown in this figure, some
lavel of closure rusting eceurred, even
in the absence of tin exide coatings
{uncoated, baseline sarnples — 0 CTU).
This relatively minor lavel of rusting is
attributed to the corrosion mechanism
between ions in the tap water and
iron in the closurs. if the corrosion
mechanism was tha predominant cause
aof closure rusting, this samea minor
tevel of rusting would be cbserved
independent of tin oxide coating
thicknesses. Howaver, as shown by
the data, closure rusting increased to
more severe levels as tha thicknass

of tin oxide increased, Thus, it was
concluded that the slectro-¢chamical
reactions predominated over the
corresion mechanism as the thicknass
of tin oxide increased.

Based on this result, it is important
te establish limits on the maximum
thicknass of tin oxide that can be
tolerated on the finish of a containar,
without creating visualfy objectionable
levels of closure rusting. Throughout
the intemational container industry, the
general guideling for the maximum tin
oxide coating thickness that can ha
tolerated on the finish of containars,
without any adverse effects on closure
rusting, is 17 CTU, when messured
with an FCMS. As shown i figure 4,
greater thicknasses of tin oxide cause
more severe clogure rusting while lower
thicknesses cause less severe rusting,
Thus, caution must be exercised in tha
deposition of tin oxide to assure that
cnly minimal amounts are deposited
onto the finish of containers.

Routine testing using an FCMS
should be implemented to ensure that
coating thicknesses on tha finish of the
conhtainers are limited to a maximum
value of 17 CTU. Otherwise, thers is
an increased risk of having excessive
and subjectively objectionable levels of
closuwre rusting, depending on whsther
the conditions for elsctro-chemical
reactions are present, i
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