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Influence of corona treatment energy and storage time on the changes

of the contact angle of activated polystyrene film

RAPID COMMUNICATION

Summary — Corona treatment was applied to modify surface of general
purpose polystyrene (GPPS) film to improve its molecular interaction with
lacquers, paints and adhesives. Results of corona treatment unit energy (E;)
effect on changes in the contact angle of the film using water, glycerol, diio-
domethane and o-bromonaphthalene as well as results of changes in the con-
tact angle occuring during six weeks storage after corona treatment have been
presented. The significant influence of Ej on the contact angle changes, espe-
cially when tested with water and glycerol (polar liquids) has been found. It
turns out from presented results that the wettability sultable for technical
purposes can be obtained when Ej values reach ca. 1.2 kJ/ m”. Due to gradual
disappearance of the activation process effects, storage time of the tested film
can not be longer than 2 weeks.

Key words: polystyrene film, surface layer modification, corona treatment,

wettability, contact angle.

Nowadays the consumptlon of polystyrene (PS) in
Europe reaches ca. 3.5 - 10° tons/ year comprising 10% of
the consumption of all polymers [1]. This polymer is
amorphic, brittle and transparent. The surface layer (SL)
of PS is hydrophobic and therefore this polymer belongs
to materials characterized of low surface free energy.
Two varieties of PS are generally used in the packaging
industry , i.e. high impact polystyrene (HIPS) and gene-
ral purpose polystyrene (GPPS) being the virgin PS
modified by means of elastomers. Compared to virgin
PS, the GPPS has better mechanical properties and HIPS
is impact resistant [2]. Majority of PS is used for film
production for food packaging purposes. Domesnc HIPS
consumption in 2001 did not exceed 7 - 10* tons, includ-
ing 55% of the total amount transformed into films and
subsequently into packagings. Packagings are produced
primarily by thermoforming using gluing and printing.

Because of hydrophobic properties of SL, the wetta-
bility of PS is not sufficient for paints and lacquers nor-
mally used in technology. This is particularly true for
paints and lacquers with water based solvents, preferred
due to the ecological requirements [3]. This feature
makes using PS for printed, glued or laminated packag-
ings difficult without prior SL modification. Therefore,
the main aim of SL modification of PS film is to alter the

physical and chemical structure of the material towards
increasing molecular interactions between film and
paint, lacqeur or adhesive, thus improving the wettabil-
ity of PS film. The most known methods of SL modifica-
tion of PS packagings are flame and corona treatment
[4—6].

The corona treatment method [3, 5] consists in expos-
ing SL of PS to short-lasting (0.01—0.10 s) corona dis-
charges in air under standard atmospheric pressure. The
method is mostly used directly prior to printing of PS
film. Corona treatment is also used during film extrusion
and corona treatment device is an integral part of the
technological line for this process [7]. The basic parame-
ters of the treatment are:

— Specific treatment energy, defined as a quotient of
discharge energy and surface to be treated. Depending
on kind and amount of additives in polymer (especially
slip agents) and properties of paints, lacqeurs or adhe-
sives, the polymer materials are t'reated with specific
treatment energy in the 0.5—3.0 kJ/ m? range.

— Transport speed of the material to be treated
through the discharge gap. In the industrial lines such
speed does not exceed several dozen m/min.

— Gap width between the electrodes within the
1.5—3.0 mm range.
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— Parameters of the corona treatment device, espe-
cially power and frequency of the generator, number
and shape of the high voltage electrodes, kind of insulat-
ing material of the earthing electrode. As a rule the gene-
rator power does not exceed several kW and frequency
of the corona discharges ranges 15—35 kHz.

The literature does not give any information concern-
ing relationships of contact angle of GPPS versus specific
energy of corona treatment and contact angle versus sto-
rage time. To fill up this gap we present herewith the
selected results of our works concerning those pheno-
mena.

The aim of the work was to establish the relationship
of contact angle of GPPS versus specific energy of corona
treatment and to investigate the changes of the treating
effect in time. Several different tests have been con-
ducted in order to establish the changes in the contact
angle.

EXPERIMENTAL
Material

The investigated material was three-layered PS film
of 0.2 mm thickness, extruded by the slotted extrusion
head in MiA Folia Company (Poland). The external layer
was 0.02 mm thick and made of GPPS, whereas the two
other layers were made of mixture HIPS/GPPS (75:25).
The film was subsequently used in production of ther-
moformable packagings, mainly for dairy industry. Di-
mensions of the film samples to be tested were 100 x 20
mm.

Test methods

Modification of the tested film SL was carried out on
a special test stand, the description of which is given in
reference [5].

The corona treatment was carried out w1th specific
treatment energy of 0.5, 1.2, 3.0 and 5.0 kJ/ m”. Energy
(Ej) was set by changing corona discharge power (P) and
by changing transport speed (v) of the film of width (I} in
the gap between the electrodes. Its value is determined
according to the following formula [3]:

E=— 0
Iv

Frequency of the discharging voltage was 35 kHz,
electrode gap was 2.0+0.2 mm; ambient temperature was
kept at 23+2°C at relative humidity of 50+3%.

Contact angle measurements were carried out di-
rectly after corona treatment of GPPS film and after 1, 2,
4 and 6 weeks, respectively, using type G10 goniometer
made by Kriiss GmbH. Film to be treated was condi-
tioned at 22+2°C and relative humidity of 50+3%.

The following test liquids were used: twice distilled
water (W), glycerol (G), diiodomethane (D) and o-bro-

monaphthalene (B), ie. liquids usually applied in tests of
surface properties. The volume of liquid droplet was
3 mm".

RESULTS

Influence of the of Ej value on contact angle changes
in GPPS film using different test liquids has been pre-
sented in Fig. 1. Results show that, irrespectively of test
liquids, the greatest changes in contact angle occur when
Ej is changed in the 0—1.2 kJ/ m? range. However, the
highest rate of changes in the contact angle was seen for
water and glycerol at 35 and 30° respectively. At E;
values above 1.2 kJ/m” the chages were significantly
smaller; in case of diiodomethane such angle remained
practically constant.
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Fig. 1. Influence of specific treatment energy on the contact
angle of non-treated GPPS; liquids: W — twice distilled
water, G — glycerol, D — diiodomethane, B — o-bromo-
naphthalene
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Fig. 2. Influence of storage time on the contact angle of GPPS
film (explanations as in Fig. 1)

Figure 2 presents the influence of storage time on the
contact agle for untreated GPPS film. Measurements of
the contact angle were performed directly after film ex-
trusion and one, two, four and six weeks later.

Results show that contact angles increase during the
first four weeks after extruding GPPS with the two polar



136

POLIMERY 2003, 48, nr 2

test liquids, i.e. water and glicerol, by 11° and 8°, respec-
tively. No further changes were reported in the next two
weeks. The reported changes might have been caused by
migration of slip agents to the film surface.

Significantly smaller contact angle changes occur in
case of non-polar liquids, i.e. diiodomethane and o-bro-
monaphthalene [8]. However, unlike diiodomethane,
contact angle measured by o-bromonaphthalene slightly
decreases in time. This was due probably to the stronger
interaction between a-bromonaphthalene molecules
and additive molecules (migrating to the surface of poly-
mer material) than interaction between molecules of this
liquid and molecules of GPPS.

Changes in contact angle in time post treatment of
GPPS film are presented in Figs. 3—6. When the GPPS
film was treated with low energy values (Ej = 0.5 and 1.2
kJ/m? — Figs. 3 and 4) changes in contact angle were
similar to those observed for non-treated samples (Fig.
2). The interpretation of this phenomenon can follow
similar lines.
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Fig. 3. Influence of storage t1me on the contact angle of GPPS
film treated with Ej = 0.5 kJfm ( explanations as in Fig. 1)
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Fig. 4. Influence of storage tzme on the contact angle of GPPS
film treated with Ej = 1.2 kj/m’ (explanations as in Fig. 1)

Contact angle for the treated samples with higher
specific treatment energy values (Ej = 3.0 and 5.0 kJ/ m?
— Figs. 5 and 6) increases over the whole time period.
The highest increase is observed for glycerol (16.7° and
18.3° respectively), slightly lower in the case of diio-
domethane and water (13.5 °, 15.6° and 10.3°, 11.9°, re-

spectively), and the smallest for a-bromonaphthalene
(9.7° and 7.8°).
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Fig. 5. Influence of storage t1me on the contact angle of GPPS
film treated with Ej = 3.0 k] fm® (explanations as in Fig. 1)
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Fig. 6. Influence of storuge ttme on the contact angle of GPPS
film treated with Ej = 5.0 k] jm? (explanations as in Fig. 1)

Basing on above mentioned results one can presume
that in the case of more modified (oxidized) SL in treated
GPPS film, reactions running in this layer, associated
with decomposition of polar functional (hydrophilic)
groups, continue for a long period of time after the co-
rona treatment. Confirmation of this thesis needs further
tests concerning changes in composition of SL in treated
GPPS, e.g. by photoelectron spectroscopy or by mass
spectroscopy of secondary ions, what will be the subject
of our further investigation.

CONCLUSIONS

Presented results of investigating changes in the con-
tact angle of GPPS film carried out within 6 weeks from
its treatment date allow to formulate the following con-
clusions:

— GPPS film treating by corona discharge causes in-
crease of wettability of SL what can be confirmed by
changes in the contact angle of this layer by different test
liquids.

— Changes in wettability of treated GPPS film de-
pend on specific treatment energy. Highest changes of
wettability have been observed for energy values in the
range up to 1.2 kJ/ m?. Such value should be applied in
the industrial processes of treating GPPS films.
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— Changes in contact angle measured by polar test
hqulds (i.e. water and glycerol) in the energy range up to
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