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New UV /ozone freaitmen
improves adhesiveness
of polymer surfaces

BY DR.

STEWART McINTYRE*

and MARY JANE WALZAK?**
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or most polymers, the outer-
most surface is hydrophobic
B due to a preponderance of
nonpolar bonds and is diffi-
cult to wet. Many of the paints, ad-
hesives, and printing inks used to
coat polymer products are hy-
drophilic. They do not form strong
chemical interactions with a hy-
drophobic polymer surface, and can-
not properly adhere. Thus, there is

a real commercial incentive to de- LIGHT AND OZONE

TEGH PAPE

HYDROPHOBIC POLYMERS
WITH ULTRAVIOLET

(UV) and ozone to increase the
number of oxygen-functional
groups. This UV/ozone (UVO) ap-
proach appears to overcome many
of the negative features of other
surface treatments, especially for 3-
D objects.

The UVO process has been tested
on polypropylene (PP) and polyeth-
ylene terephthalate (PET)} sub-
strates. Both materials show rela-
tively rapid and reproducible

velop methods capable of modifying *——————————————————— uptake of surface oxygen function-
the outermost surface of the polymer GREATLY INCREASES al groups with UVO exposure. At-

in order to improve its adhesion.
Modification processes usually

POLYMER SURFACE ENERGY.

tachment of oxygen groups greatly
changes the surface energy and can

involve the incorporation of oxygen,
and/or nitrogen into the surface of
the polymer. This enables the formation of stronger
interactions between the surface and the coating, im-
proving adhesion without affecting bulk properties.

The main gas-phase techniques for modifying
polymer materials involve excited state chemistry
processes such as plasma glow discharge, corona
discharge, or flame treatment. Plasma glow dis-
charge is currently under intense study and a num-
ber of commercial processes have been introduced
in Japan and Europe. However, the processes are ex-
pensive and complex because they require a high
vacuum to create the plasma (ionized gas) needed for
operation. Therefore, plasma glow discharge is ap-
plied only to high value-added materials.

By contrast, corona discharge is an ambient air
process which does not require a vacuum. However,
the process is difficult to apply to 3-D objects.

Flame treatment is a low-cost process, but it can be
uneven when used on 3-D objects and unsuitable for
materials that are sensitive to high temperatures.

Recently, an alternative surface modification
process that also uses excited state chemistry has
been developed in Canada (Ref. 1). This process ex-
poses the polymer surface to both ultraviolet light
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lead to improved adhesion of paint
and other materials. Results show
that the UVO technique can change the surface prop-
erties of polymers economically.

How does UVO work?

The major process development has been targeted at
the treatment of 3-D plastic components. These are
suspended or tumbled inside a reactor chamber at
room pressure and temperature, while exposed si-
multaneously to UV (mercury) light and various con-
centrations of ozone (O3) gas. The chamber is usual-
ly cylindrical, with mercury lamps lining its
periphery, such that all surfaces of the components

Water droplet A is on unireated polypropylene;

droplet B is on polypropylene that was treated for
10 minvtes with UV/ozone. The significantly low-
er contact angle in B demonsirates the increase in
surface energy and wettability. [Photo, lan Craig]
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posure. Most of
the ozone gas is supplied by an attached commercial
generator which uses an electrical discharge to cre-
ate Og in an airstream. Ozone level is varied by ad-
justing the air flow and is monitored spectroscopi-
cally. Air exiting from the reactor contains ozone
and can be exposed to an “ozone killing” lamp
which converts O3 to normal oxygen.

A prototype UVO reactor has a reaction volume of
3.5 ft.3 and a bank of low pressure mercury vapor
lamps with a total power of 200 W. The important
UV wavelengths emitted by the lamps are 185 and
254 nm. A rotatable cage placed in the center of the
reactor can hold up to 50 flexural bars at a time and
tumble them to achieve maximum UVO exposure.
Based on experi-
mental results
from a small re-
actor, treatment
times can be as
short as 5 min.
depending on the
polymer. There
is no significant
pre- or post-treat-
ment waiting pe-
riod. Residual
ozone is removed
in a 60 sec. expo-
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Two different
analytical tech-
niques are used to measure the change in polymer
surface chemistry. One of these, contact angle go-
niometry, indicates the change in surface energy by
measuring the angle made by a droplet of water re-
ceding or advancing on the treated polymer surface.
A hydrophilic (high energy) surface allows the
droplet to spread due to the attraction caused by the
higher number of oxygen functional groups attached
to the surface. A reduction in the contact angle re-
sults as the treatment alters the surface (photos).

The second technique, X-ray photoelectron spec-
troscopy (XPS) directly measures the concentration
of oxygen functional groups that have bonded to the
surface as a result of the UVO surface treatment.
Moreover, XPS can indicate the nature of the chemi-

cal bonds formed by the oxygen atoms.

UVO boosts surface energy

Changes to the near-surface chemistry of PP have
been followed as a function of UVO treatment time.
The contact angle changes rapidly in the first 5 min-
utes of UVO exposure (graph). During this time, the
surface oxygen/carbon atomic ratio (O/C), as mea-
sured by XPS increases from 0 to about 0.05. This is
equivalent to attaching an oxygen functional group to
between 20-40% of all PP carbon atoms on the outer-
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most surface. Similar results have been obtained with
treated PET specimens. Since PET already has oxygen
in the polymer structure, the change in O/C com-
pared to the original composition increases dramati-
cally with exposure to UVO for 2 min.’

Ozone treatment, without UV radiation present,
also results in surface functionalization, but the re-
action times are longer. This treatment could still
be practical for treatment of very large sample
charges where time is more flexible. It is thought
that the products of ozone-only reactions last longer
than the groups generated at surfaces treated by
UVO. Other surface chemistries for ozone-treated
polymers may be possible to fabricate.

The stability of PP surfaces treated by UVO is very
high. Relatively little change occurs in the receding
contact angle on a PP surface that has been aged in air
for a period of up to 28 days. Changes that take place
in the surface chemistry during this period are not sig-
nificant. In addition, the UVO modification of the
polymer extends to depths of up to 1 micron. The ex-
tent of plasma treatment is usually shallower.

Additional ozone source

UVO has been used in the semiconductor industry to
remove carbon contamination from wafer surfaces
(Ref. 2). The technique produces ozone as a byprod-
uct of the UV irradiation of oxygen in the vicinity of
the target sample. The technology was not considered
for modification of polymer surfaces because the reac-
tion rates were too slow. The work reported here has
shown that realistic reaction rates (order of minutes)
can be achieved by adding an external source of ozone
in addition to that produced in situ by UV radiation.
The primary mechanism of surface functionalization
appears to occur via atomic oxygen arising from the
decomposition of ozone by UV radiation. The pho-
todecomposition of ozone occurs primarily between
200 nm. and 308 nm. This is similar to some of the
plasma-based processes (Ref. 3), but in the case of
UVO, far fewer side reactions are present.

UVO technology for plastic surface modification
appears to offer a number of advantages over related
processes:

B The equipment needed is simple and inexpensive
B The equipment can be safely operated by nontech-
nical personnel

B No chemical reagents are required

B There are no residual polluting byproducts

B The process has the potential to effectively modify
the surfaces of 3-D objects.

While the reaction times are longer than those
used with plasma, this can usually be overcome by
batch processings. -Edited by William A. Kaplan Q
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\ Chemical blowing agent for Rubber

“copolymers.

Mikrofine ADC-L/H/F \
Chemical blowing agent for PVC, EVA-
Copolymers, PVC-Nitrile rubbers, ABS,
PP, HDPE and LDPE.

Mikrofine AZDN

Chemical blowing agent for PVC thick
section foam products by compression
moulding, Polymerisation initiator for
Acrylic monomers, Free radical generating
agent for halogenation of organic
compounds"

Mikrof /l/e OBSH
Che | blowing agent for LDPE, EVA-
lymers & Flexible PVC.

Chemical blowing agent for ABS, HDPE,
PP, HIPS, rigid PVC and Engineering
Plastics.

Mikrofine SSS
Chemical blowing agent for Rubber
Compounds.

Mikrofine TSH

‘Compounds for
pkocessing.
Mikrofine ADC-K

Cheniical blowing agent for PVC - nitrile
rubbers .

Mikrofine ADC-EV/Mikrofine PT
Chemical blowmg agent for EVA

low temperature

Mikrofine ADC-21
Chemical blowing agent for EPDM Rubber

Mikrofine ADC-T
Chemical blowing agent for LDPE, EVA-
Copolymers and polychloroprene.
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‘The Perfect Chemistry for your Requirements.
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