This article was downloaded by:

On: 22 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

. The Journal of Adhesion

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453635

oty The Influence of Oxygen on the Nitrogen Corona Treatment of Polyolefins
J. M. Evans®

 Physical Chemistry Section, Pulp and Paper Research Institute of Canada, and Department of

Chemistry, McGill University, Montreal, Quebec, Canada ® Polymer Supply and Characterisation

Centre, Rubber and Plastics Research Association of Great Britain, Shawbury, Shrewsbury, England

To cite this Article Evans, J. M.(1973) 'The Influence of Oxygen on the Nitrogen Corona Treatment of Polyolefins', The
Journal of Adhesion, 5: 1,9 — 16

To link to this Article: DOI: 10.1080/00218467308078434
URL: http://dx.doi.org/10.1080/00218467308078434

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713453635
http://dx.doi.org/10.1080/00218467308078434
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:16 22 January 2011

Downl oaded At:

J. Adheston, 1973, Vol. §, pp. 9-16
© 1973 Gordon and Breach Science Publishers Ltd.
Printed in Northern Ireland

The Influence of Oxygen on the
Nitrogen Corona Treatment
of Polyolefins

J. M. EVANSY}

Physical Chemistry Section, Pulp and Paper Research Institute of Canada,
and Department of Chemistry, McGill University,
Montreal, Quebec, Canada

(Received February 23, 1972)

The resultant surface activation of polymers by corona discharges has been found to be
markedly influenced by the type and purity of gases used in the corona. In this work it is
shown that for the nitrogen gas corona treatment (15 KV, 15 mins) of polyethylene and
polypropylene, traces of oxygen, >0.5% and <0.159 respectively, are sufficient to
produce chemical changes in the polymer surface.

INTRODUCTION

One of the standard ways of improving the wettability of polymers, particu-
larly polyolefins, is to subject them to a corona discharge. This will produce a
surface which may be more easily dyed, printed and bonded. Relatively few
studies have been made to elucidate the chemical nature of changes produced
on a polymer surface from this treatment especially when inert gases are used
in the corona. An understanding of any chemical changes may give an insight
into the processes involved in producing the highly active surface.

It has been shown' that oxygen, nitrogen and air coronas are all instru-
mental in improving the wettability and surface energy of polymers. Prelimin-
ary infra-red spectroscopy measurements in this laboratory? have indicated
that both air and oxygen corona treatments give changes in the chemistry of
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the treated polymer surface whereas pure nitrogen corona does not give any
apparent change. Similar findings have been reported by Koikov et al.? for
polyethylene, polystyrene and polyethylene terephthalate. Stannett and Meats*
also found no apparent change in the nitrogen corona treatment of poly-
ethylene even under extreme conditions, However these results are contrary
to those of Kelen and Dick® who found a much increased unsaturation in
polyethylene after a nitrogen corona. Carlsson and Wiles® have also reported
changes in the infra-red spectrum of polypropylene after exposure to a nitro-
gen corona.

Arising from this controversy and from incidental experiments conducted
in this laboratory it is likely that the purity of the gases used in a corona
greatly influences the type of surface produced. This observation is consistent
with that of leda et al.”7 who have been investigating the decay processes of
surface charges produced on polyethylene films from corona treatment with
different mixtures of nitrogen and oxygen gases. They found that trace
quantities of water and carbon dioxide present in the corona restricted any
meaningful interpretation of the resultant data.

This article is concerned with whether trace quantities of oxygen containing
gases, particularly oxygen itself, do in fact influence the nitrogen corona
treatment of polymers. Polyolefins have been chosen to simplify the chemistry
of the processes. The experimental conditions necessary for subsequent
investigations into the inert gas corona treatment of polymers have been
established.

EXPERIMENTAL

Materials

Polyethylene A-——A high density polycthylene film of thickness 0.002 inches
obtained from Union Carbide Co.

Polyethylene B—-A low density polyethylene sheet 1/32 inch thick (C.I.L.
220 G) obtained from Dow Chemical Co.

Polypropylene—Film of isotactic polymer 0.003 inches thick obtained
from Hercules Chemical Co.

All samples were cleaned by immersing then in a detergent solution at 60°C
for a few minutes, rinsing with water followcdzby methanol, and then drying
in vacuo for 48 hours.

Oxygen gas was obtained as 99.6 % purity from Liquid Air, Canada, and
used without further purification excepting that it was passed through a one
inch diameter by four foot long silica gel column prior to admitting it to the
test apparatus.
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Nitrogen gas, obtained as 99.997 % purity from Matheson Co., Whitby,
Ontario, was further purified by passing through two glass columns, 3 ft. x 3

. inches diameter, containing pure copper turnings heated to 475°C. Analysis

of the gas treated in this manner by mass spectrometry showed it to be free of
oxygen.
Apparatus

A diagrammatic representation of the system used for treating the polymer
samples is given in Figure 1. The cell, see insert, consists of two stainless

Atmosphere

Nitrogen g g
Injet dHE 4 ¢ Spacer

Ditfusion Dielectric
Pump

Copper
Turnings

Heating Coit

Vacuum
Pump
FURNACE

Ground

TEST CELL

FIGURE 1 Diagram of apparatus used for the nitrogen corona treatment of polymers
with modifications for oxygen gas treatments.

steel electrodes 2} inches in diameter each covered with a 0.03 inch thick
glass plate as a dielectric. The sample is placed on the lower electrode and the
top electrode is supported directly over this with 0.12 inch thick glass spacers.
The treated area of the sample is thus a 24 inch circle. The top electrode is
connected to the output of an A-C power supply (60 Hz, 15 KV) and the
lower electrode to ground.

In operation, the cell with the sample in place, was evacuated to <107*
Torr for about 30 minutes and then isolated from the high vacuum source.
Nitrogen gas was then admitted into the cell to atmospheric pressure and the
cell was again evacuated. The cell was again filled with nitrogen and then
opened to atmosphere via a small bleed, maintaining the nitrogen flow rate at
25 ml/min,

In cases where mixtures of oxygen and nitrogen gases were required a
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stationary gas phase was used. The procedure for filling the cell was slightly
different. Following evacuation of the cell it was found expedient to allow
oxygen to enter the cell to a certain pressure and thence to fill the cell to
atmospheric pressure with nitrogen gas. In any event the nitrogen was intro-
duced slowly at slightly above atmospheric pressure to prevent any of the
mixture recirculating into the nitrogen supply. Furthermore, the experiments
were conducted in the order pure nitrogen first and gradually increasing the
oxygen content to pure oxygen to aid achievement of accurate mixtures.

Infra-Red measurements

A Wilks Model 9 Multiple Internal Reflection (MIR) attachment was used in
conjunction with a Unicam SP 200G infra-red spectrophotometer. Further
spectra were also obtained by modifying the MIR attachment to fit into the
cell-well of a Unicam SP 100G infra-red spectrophotometer.

Measurements were made on rectangular samples (1.7 x 0.8 ¢m) cut from
the treated areas of the films and held on each side of a KRS 5 crystal with
slightly smaller pieces of thin latex rubber sheet as compression agents. The
angle of incidence used was 45° and the scanning speed was set slow.

Direct transmission spectra of the bulk films were obtained using either or
both the Unicam SP 100G and SP 200G infra-red spectrophotometers.

RESULTS AND DISCUSSION

It has been well established that exposing a sample of polyethylene to a nitro-
gen, oxygen or air corona for a duration of fifteen minutes at 15 KV A-C will
increase autohesion by a factor of at least six times that obtained with un-
treated material. The method used in deriving this comparison has been given
elsewhere®. All the samples used were given this same time of corona treatment
chosen to achieve a suitably advanced stage of surface activation.
Examination of the MIR infra-red spectrum of the untreated polyethylene
(A) surface reveals several differences to that of the corresponding bulk
adsorption spectrum. It was found that the surface contained a fairly broad
peak with predominant adsorption at frequencies of ~1655 and ~1750
cm™!, These peaks presumably arise from C—C and C=0 groupings which
occur on the film during manufacture or from subsequent surface oxidation.
On subjecting polyethylene sample (A) to a pure nitrogen corona, no
difference in the MIR spectra to that of the untreated sample was detectable.
Similar effects were found when nitrogen containing 0.08%;, 0.10%, 0.2%
and 0.5% of oxygen gas was used in the corona treatment. When a gaseous
mixture of 0.8 % oxygen in nitrogen was used a change in the MIR spectra
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FIGURE 2 MIR infrared spectra of polyethylene surfaces, measured on a Unicam
SP100G, after treating in nitrogen/oxygen corona discharges. Also included are the bulk
and surface spectra of the untreated polyethylene.
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was observed. This is shown in Figure 2 where a marked change occurs
between the spectra obtained for treatments using nitrogen gas containing
0.5% and 0.8% of oxygen. Adsorption peaks at 1755 and 1655 cm~! fre-
quencies are prominent for the cases of 1009, 209, 1.3%; and 0.8 %, oxygen
in nitrogen mixtures. Although not illnstrated here, further peaks appear at
~865 and 1295 cm~! for nitrogen gas containing 20%; and 100%, of oxygen.
These changes in the MIR spectra describe the progress of the oxidative
degradation occurring during the corona treatment of which detailed dis-
cussions have been given elsewhere®®:1°, Sharples® also cites cases where
carboxyl, nitrate, nitrite, ether linkages and ozonides have been identified,
presumably from corona discharge treatments in air. A quantitative inter-
pretation of the spectra was not attempted at this stage but will be reported
subsequently.

Noticeable also was the clarity and definition of the spectra derived from
pure nitrogen and pure oxygen corona treated polyethylene. The peak broad-
ening associated with the spectra from the gaseous mixtures would arise from
the complex reactions occurring in such coronas. In no instance did the treat-
ment with the pure nitrogen corona give any increase in the unsaturation of
the polyethylene surface as has been reported by other workers®-©,

For polypropylene samples very similar effects were found. There was no
change in MIR spectra for nitrogen corona treated samples whereas for
coronas of nitrogen containing only 0.015 9, oxygen a marked change occur-
red at a frequency of ~1655 cm™1, Practical difficulties prevented attaining
lower proportions of oxygen in nitrogen. Figure 3 shows the change produced
in the MIR spectra of a polypropylene surface by corona discharge treatments
in various mixtures of oxygen and nitrogen. The relative ease of degradation of
polypropylene to polyethylene would be related to the more numerous
pendant methyl groups of the polypropylene chain.

Another surface analysis technique, reported by Johnson!'!' was initially
applied to polyethylene (B) samples. In this technique the surface of five
samples, a surface area of 24.5 sq. in., was lightly abraded with potassium
bromide powder. The powder was then pressed into a disc ensuring that the
contaminated potassium bromide was mainly distributed in the central por-
tion. The disc was analysed by direct transmission infra-red spectroscopy
using both the Unicam SP 100G and SP 200G spectrophotometers. No change
in the absorption spectra of the surface of polyethylene was detected after
subjecting it to nitrogen corona discharges at 15 KV for 15 minutes or 1 hour.

The complete absence of any form of chemical change in the polyolefin
surface through subjection to a nitrogen corona was not altogether un-
expected, as an examination of the surface by scanning electron microscopy
and transmission electron microscopy had revealed no topographical change
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FIGURE 3 Comparison of MIR infrared spectra obtained for polypropylene after
corona discharge treatmsnt in mixtures of nitrogen and oxygen, using a Unicam SP 200G
spectrophotometer.

from this treatment. In contrast a decidely rough surface was produced when
polyethylene was exposed to oxygen or air corona discharges'”.

CONCLUSIONS
These results do indicate that it is possible to obtain a high level of polymer

surface activation without unnecessary surface oxidation using pure nitrogen
corona discharges. The purity of the nitrogen gas required to achieve this will
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differ with the polymer treated. The level of activation is dependent upon the
time of exposure to the corona and the variables influencing the power of the
corona. In the present work the level of activation may be much greater than
that approached in “plant’” conditions where exposures may be less than 1
second but using more powerful coronas. Other work has shown that very
short exposures to air or oxygen coronas, <0.5 seconds, give little alteration
to the surface chemistry whilst the wettability and autohesion, e.g. of poly-
ethylene, have been found to increase in the same manner as produced by
nitrogen coronas. In the early stages of corona treatment identical mech-
anisms may prevail for both nitrogen and oxygen containing gases. Distinction
should be made between the effects produced by surface treatment in different
plasmas. Glow discharge treatment, usually at less than 100 Torr, gives
different results, e.g. CASING?!3, than the corona discharge, >100 Torr,
where this has been found absent.
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