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Abstract

Plasma Processing of Poly(ethylene terepthalate) (PET) in an Oxygen Decoupled

Plasma Source

In a novel use of a decoupled plasma Sy'stem (DPS), polymer samples were exposed
to an energetic oxygen discharge in order to modify the local surface properties of
poly(ethylene terepthalate) (PET) samples. Samples were placed at differing distances
(13 cm and 20 cm) from the center of the discharge coil to assess the change in
interaction between the sample and the DPS discharge resulting from an increase in
sample distance from the center of the discharge coil. Radio frequency discharge
generated at 13.56 MHz was used to modify the surface of 200 mm samples. The
discharge was generated in a pure oxygen atmosphere at varying pressures of 100, 300,
500, and 1000 mtorr at applied power levels of 250, 500, 750, and 1000 watts.

Optical emission spectroscopy (OES), used as a diagnostic tool, allowed non-invasive
monitoring of spectra enabling the characterization of the interaction between the oxygen
discharge and the samples during processing. Spectra were acquired between 250 nm and
900 nm. The spectra showed increased overall intensity related to the increase in power.
Additionally, the spectra showed a decrease in intensity at pressures above 300 mtorr
attributable to increased recombination of oxygen. Increased intensities of CO, OH and
atomic Ol, andH,, as well as a continuum attributed to chemiluminescent recombination
of CO™, were also seen as applied power levels increased.

Surface energy () of the PET samples was monitored using the sessile drop method
equating the change in the contact angle to the degree of change in the surface energy of

the sample as a result of processing. The samples showed a reduction in contact angle of
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48 degrees, indicating a change from the initial hydrophobic (78°) to an average value of
30° after processing. Additionally, visible changes were seen in the samples ranging from
a light roughening of the surfaces at lower applied power levels to distortion and melting

of the samples at applied power levels of 750 and 1000 watts.
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Chapter 1

Introduction

1.1 Glow Discharges

The use of a glow discharge to modify engineering materials in manufacturing
processes is not new. The ability of glow discharges to modify the chemical qualities of a
sample surface is well known.!? Industrial processes have used glow discharges and
related treatments (flames and corona discharges) as methods for secondary processing of
sheet and other forms of plastics for many years.>* Wider application of glow discharges

15,6 sterilization of sealed

include adhesion enhancement through surface modification,
packages, "® processing of metals,? boundary layer flow control,® and reforming of
methane (C'H,) gas.!' Consumer and automotive-related products are manufactured
using batch processing of plastic parts in glow discharges as a means of enhancing the

adhesion of paint and printed decoration.? 4

1.2 Use of Plastics

The development of new engineered polymer materials has allowed major changes in
the design and manufacture of consumer products. The ability of plastics to be molded
into shapes and finishes never before available has led to the utilization of these materials
in an increasingly wider number of devices and products ranging from plastic
blow-molded automobile parts (bumper supports and covers) to grocery bags and

containers for liquids and creams; plastic artifacts have become ubiquitous. Each of these



product examples, as well as others, requires, or benefits from, secondary processing to
enhance or modify the material qualities, to cleaning the product after manufacturing.
Glow discharges are able to perform these modifications through the interaction of
energetic electrons, neutrals, and ions with the surface atoms and molecules of plastic
products. Functionalization of the surface, i.e., leaving remains of the process gas and
fragments of the sputtered plastic attached to the surface, as well as increasing the
roughness of the surface through sputtering or etching away the plastic surface, are the
most often used methods of enhancing the ability of adhesives, printing, painting, and
other decoration to adhere to the modified surfaces.>% Discharges are additionally used
for cleaning mold release and other contaminants from molded parts as well as the
sterilization, by inactivation of bacteria, of sealed and unsealed packages.”® Surface
enhancement technology has advanced from early techniques involving flame treatment
and abrasive blasting, although adequate to create changes in the macro structure of
processed materials, to glow discharge processes able to modify the micro structure of

materials. 15717

1.3 Secondary Processing

Low pressure glow discharges are able to modify material properties at the atomic
and molecular level. Exposure of the material surface to active species in the process
atmosphere allow interaction between the process and material at an atomic level.
Functionalization of the material surface permits controlled local tailoring of the chemical
properties of the surface without modifying the bulk properties of the part. The control
of energetic particle interaction with the material surface by controlling input power,
pressure, and process atmosphere enables these processing methods to act with a degree
of control not available with more traditional methods. Perhaps most important is the
ability to modify materials with minimal heat addition to the process. Traditional, non

8

plasma, secondary processes add significant amounts of heat to the workpiece,® creating



the need for heat control and protection schemes not required by glow discharge
processing. An investigation into the ability of processes and tools developed for use in
the semiconductor industry, where production quality and quantity are equally
important, re-purposed for use in modification of polymer products, would bring an
increased knowledge of surface processing of plastics.

This dissertation examines the question: can an inductive decoupled plasma
discharge (DPS) processing system process poly(ethylene terepthalate) (PET) polymer
samples in a more efficient manner that can justify or recommend the use of the DPS
style of system as a production processing system for the modification of polymer surface
qualities? Others researchers have studied the behavior of PET exposed to a glow

1921 and inductive®?%?3 RF discharges but the use of an

discharge in both capacitive
inductive DPS system specifically for the modification of the surface qualities of PET
polymer has not been widely studied. The differences between these systems will be
discussed in Chapter 2.

This research study is organized as follows. Chapter 2 presents a survey of published
research literature, industry white papers, patents, and presentations organized by the
major types of glow discharges currently used for materials processing in industry:
capacitive discharge, dielectric barrier discharge, and inductive discharges. Comparison
and examination of these various processing methods will provide accepted diagnostic
methods and procedures as possible candidates for use in this work. Examination of the
data collection techniques used by other researchers will enable the frugal choice of
setpoints and procedures. The results of other studies will enable the contextual
placement of this work within the wider scope of related research.

Chapter 3 outlines the experimental design used in this study. A description of the
chamber, vacuum system, radio frequency (RF) power supply, matching of the loads for

maximum power delivery, and modifications to the chamber will be discussed. The major

diagnostics such as material diagnostics and optical emission spectroscopy (OES) will



also be presented.

Chapter 4 presents the data gathered during the processing steps. The data will be
organized to first present a summary of preliminary work that led to the present study, a
comparison of the changes found based on the use of inductive discharge processing, and
an enumeration of new findings.

Chapter 5 consists of the experimental results compared to previous studies and
summarizes the conclusions reached as a consequence of the research. Future work
possibilities will also be discussed.

The appendices present supporting data and collections of data too large for
inclusion in the body of the study. Appendix A contains contact angle plots showing the
measured contact angles of the treated samples plotted with reference to the average
value derived in Chapter 3. Appendix B contains video stills of the interface between the
sample surface and the test fluid used to calculate the sessile drop contact angle testing
results. Appendix C contains optical emission spectra for each of the processing runs
using the inductive decoupled plasma system (DPS) acquired with the sample 20 cm
distant from the center of the discharge (Far). Appendix D contains optical emission
spectra for each of the processing runs (Near) using the inductive decoupled plasma
system (DPS) acquired with the sample 13 ¢cm from the center of the discharge. Finally,
Appendix E contains the text of the ASTM-2855 Testing standard as well as data sheets
for the testing pens used for initial characterization of polymer materials at incoming

inspection (Chapter 4).



Chapter 2

Literature Review

2.1 Overview

The semiconductor industry introduced capacitively coupled discharges into the
manufacturing processes of integrated circuits in the 1960s because previous methods
using wet chemicals like HF did not give the desired result. The use of capacitive
discharges for processing was the mainstay of the semiconductor industry from the
mid-1970s to the late 1990s. Ongoing research targeted the improvement of special
manufacturing processes for the etching of silicon devices as well as development of more
efficient processing tools.?4%5 In the 1990s, inductively coupled plasma discharge (ICP)
systems were scaled up to manufacturing size to ameliorate problems that developed with
capacitive systems, in particular the non-uniformity of processing that resulted as the
electrodes were made larger in order to process the larger wafer size introduced to
increase production output.?%2” ICP systems showed a processing advantage over
capacitive systems due to the increase in density and uniformity of the discharge, a widely
studied topic.?*26729 ICP systems from the LAM 9400 planar system (1992) and the
Applied Materials Omega series inductive solenoid system (1993) were widely adopted as
the primary styles of processing system used by semiconductor manufacturers.?%?8 The
increased density and uniformity of these discharges suited them for uses in other
manufacturing processes formerly served by the less dense capacitive discharges.?¢:?8

Divisions in processing discharges emerged, shown in Table 2.1, each serving to fill a



broad processing need. Note that T, stands for electron temperature and 7; stands for
ion and atom temperature; 7; is always much less than 7, in these types of discharge.

Table 2.1: Non-thermal plasma discharges used in materials processing.

Electron
Discharge type Pressure Density(cm™3) T, (eV) T, to T;
Inductive 1 mtorr - 2 torr 101 — 1013 01-5 T,<<T,
Decoupled Plasma Source 1 mtorr - 2 torr 10 — 104 01-5 T, <<T,
Capacitive 1 mtorr - 2 torr 10% — 100 01-5 T,<<T,
Dielectric Barrier ~ 760 torr 10 — 1015 01-5 T,<<T,

Most discharges used in surface modification are produced using a radio frequency
(RF) generator at 13.56 MHz although additional frequencies are sometimes used for
special applications.?™3° The two main types of RF processing discharges (Table 2.1) are
capacitive and inductive systems. Capacitively coupled discharges transfer the energy
carried by RF fields to a gaseous system where a small population of electrons (due to
their small mass and relatively large charge) gain enough energy to escape the hold of the
atom (ionize) and randomly excite nearby atoms/electrons as they move toward the
positive electrode. Once enough of the population is ionized, a cascade of electrons and
ions are produced and breakdown is achieved.?' The discharge begins to glow, while
showing a decrease in electrical resistance due to the increase in the number of created
ions and electrons; the glow and decrease in electrical resistance of the system is an
indication of a plasma state. The degree of ionization of these types of discharges is
extremely small, approximately m of total atoms are ionized. Any RF discharge
operating at a frequency above 1 MHz will create a sheath area between the bulk plasma
and the power electrodes (anode and cathode). The sheath accelerates the electrons and
ions increasing collisions with the materials to be processed. The basic mechanisms of
plasma discharges have been widely discussed by Chen,?® Lieberman and Lichtenberg, 2"
and others. 32734

Inductively coupled discharges transfer energy from the RF generator to the

discharge through the interaction between the changing field of the RF coil and the



electrons of the process gas in the chamber. The combination of the coil and the
discharge act as a transformer with the physical coil serving as the primary winding and

26,35 interacting according to Faraday’s law:

the plasma as a single turn secondary winding
VzE = —‘55—? where the magnetic flux generated by the time-varying current in the coil
induces a varying electrical field in the discharge that accelerates the electrons and
sustains the discharge as described by Keller,?6 Godyak,?® Hopwood,?® and others. 273336

The decoupled plasma discharge is a refinement of the inductively coupled discharge
in that the electron density is controlled by a high frequency rf source applied to the
inductive coil, as described above, while control of the ion energy is separated
(decoupled) from the inductive source and driven by lower frequency rf energy applied to
the chuck or substrate holder. Separation of electron density from ion energy allows for
independent control of both the electron density and the ion energy. 273337

Non-thermal processing discharges generate lower electron densities (< 10%cm™3) at
processing (electron) temperatures of 0.1 to 5.0 eV, at much lower pressures (less than 2
torr), and with a power input of 10 to 1000 watts, substantially less than the
requirements for a thermal plasma. 53839 Electron temperatures (7,) are much greater
than the ion temperatures (T;), resulting in a discharge that is not in thermal equilibrium
(T; << T.). Low pressure discharges are used for materials processing as a gentle method
for modification of sensitive materials; however, the reduced pressure required by these
processes (1 mtorr - 2 torr) limits their use to materials that are able to withstand
processing in a vacuum.?% Large or bulky units requiring surface modification before
painting or removal of mold release from molded plastic parts (automobile bumpers,
plastic tanks or tubs) as well as high-value items (integrated circuit dies/wafers) that
require the removal of photolithographic masks or cleaning between process steps are
often batch processed using these non-thermal discharges. 940742

Many of these secondary processes employ dielectric barrier discharges. The

dielectric barrier discharge plasma (DBD) is formed between parallel, dielectric covered



surfaces at atmospheric pressure (760 torr) if sufficient energy is supplied to maintain the
process. DBD is a low temperature, high density plasma and is attractive for use in
treatment processes where the process product cannot survive exposure to vacuum or
where processing in a vacuum would be impractical. DBD is often used in the treatment
of dielectric sheet goods (plastic films, paper goods, and fabrics) as it is well adapted to
inclusion in the manufacturing process as an in-line processing step.*? Although
researchers® have also examined the ability of this process to inactivate both E. coli
bacterium on surfaces and P. phosphoreum, L. sakei and L. monocytogenes in sealed
containers to increase shelf life in packaged seafood, the bulk of DBD research examined

here is concerned with surface modification of polymer materials.46:48:51-53

2.2 Polymers

Polymers, such as poly(ethylene terepthalate), polyester, polyurethane,
polycarbonate, and polyamide (nylon), are all products of condensation polymerization
reactions. In condensation polymerization the reaction between multiple molecular
compounds create the required monomer. Poly(ethylene terepthalate) (PET), is the
result of the condensation polymerization of terepthalic acid (CsH4y(COOH )3) and
ethylene glycol (CoHgOs). The reaction of the alcohol and the acid serves to join the two
into a monomer (n) of PET as shown in Figure 2.1. In this reaction, a molecule of water
(H50) is squeezed out, leaving an available acid (HO) and alcohol (OH) molecule on
either end of the polymer chain available for further reaction. Unlike some condensation
reactions,® the PET reaction begins with a condensation reaction that creates the
monomer, shown in Figure 2.2, followed by an additive reaction that joins and lengthens
the polymer chains until all of the reactive material is consumed.

In a thermo plastic polymer, the molecular chains, shown in Figure 2.2, lie side by
side without any connection between the individual strands; these polymers can be

formed and reformed after an addition of energy raises the temperature above the glass



HO—C C —OH HO— CH,,CHz—OH
I I
HO—C C—O—CH2CH2—OH

Figure 2.1: Condensation reaction between terepthalic acid (Cs H4(COOH)5) and ethylene
glycol (CyHgOy) showing H,O byproduct.

transition temperature (7},), which allows the polymer strands to move and slide freely
over one another. In a thermoset polymer, curing is brought about by the action of a
catalyzing agent (heat or chemical) that causes reactions at active sites cross-linking the

polymer strands into a three-dimensional structure. Cross-linking of polymer strands

+O0—CH,CH—0—C C+

Figure 2.2: poly(ethylene terepthalate) monomer



i i i i i i
—O0—C @ C —O—CHZCHZ—O —C @ Cc _O_CHZCHZ_O_ C @ C —O—CHZCHZ—OH

Figure 2.3: Polymer chain formed by addition polymerization reaction

creates larger molecules with higher weight and a transition temperature (7},) generally
above the temperature required to cause chemical decomposition of the polymer.
Thermoset plastics, as a rule, are not able to be reformed (by the application of heat) in
the same manner as thermoplastics and are generally recycled by grinding and reuse as
filler in reformulated compounds,3® although other methods of recycling such as pyrolysis
using fluidized bed reactors® and glycosis (depolymerization) to recover the original
bis(hydroxyethyl) terephthalate (BHET) monomer for re-polymerization® are current

topics of research. 15:38:39:56

2.3 Plasma processing of plastics

The increased use of plasmas for processes not solely engaged with the preparation

5758 gignaled a beginning of the expansion of

for or creation of features on silicon wafers
plasma processing into other areas of the semiconductor manufacturing process and
ultimately into the processing of materials other than semiconductors. 1?16:243459 United
States patents filed in the 1980s by Polak of UOP® and Heinecke of Standard Telephone
& Cables® show the early use of a discharge for the secondary processing of plastics
products. Prior to this time (1969), a patent filed by Keane and Lough of E. I. du Pont
de Nemours®? detailed chemical washes and flame treatments used to prepare the surface
of plastic items for metal plating. Increased use of discharges for the processing of
polymers is evidenced by numerous papers and articles discussing the use of inductive
plasmas in materials processing in the late 1980s and early 1990s.2428:6365 Berins,? in

the Plastics Engineering Handbook of The Society of Plastics Engineers, discusses

finishing processes common in the early 1990s. Secondary processing of polymers was

10
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Appendix D

Spectra of Runs in Inductive Decoupled Plasma System (DPS)(13.0 cm)
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Appendix E

ASTM-2855 Test Protocols and Equipment
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A
INTERNATIONAL

(ﬂglb) Designation: D 2578 — 08
i 14

Standard Test Method for

Wetting Tension of Polyethylene and Polypropylene Films'

This standard is issued under the fixed designation D 2578; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This test method covers the measurement of the wetting
tension of a polyethylene or polypropylene film surface in
contact with drops of specific test solutions in the presence of
air.

1.2 The values stated in SI units are to be regarded as
standard. The values given in parentheses are mathematical
conversions to inch-pound units that are provided for informa-
tion only and are not considered standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Specific hazards
statements are given in Section 8.

Note 1—This test method is equivalent to ISO 8296.

2. Referenced Documents

2.1 ASTM Standards:?

D 618 Practice for Conditioning Plastics for Testing

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

2.2 ISO Standard:

ISO 8296 3

3. Summary of Test Method

3.1 In this test method drops of a series of mixtures of
formamide and ethyl Cellosolve* of gradually increasing sur-
face tension are applied to the surface of the polyethylene or
polypropylene film until a mixture is found that just wets the
film surface. The wetting tension of the polyethylene or
polypropylene film surface will be approximated by the surface
tension of this particular mixture.

! This test method is under the jurisdiction of ASTM Committee D20 on Plastics
and is the direct responsibility of Subcommittee D20.19 on Film and Sheeting.

Current edition approved Nov. 1, 2008. Published November 2008. Originally
approved in 1967. Last previous edition approved in 2004 as D 2578 - 04a.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, http://www.ansi.org.

#Registered trademark of Union Carbide Corp. for ethylene glycol monoethyl
ether.

4. Significance and Use

4.1 When a drop of liquid rests on the surface of a solid, and
a gas is in contact with both, the forces acting at the interfaces
must balance. These forces can be represented by surface
energies acting in the direction of the surfaces and it follows
that:

YGL cos 6 = yGS — ySL (€Y
where:
0 = angle of contact of the edge of the drop with the
solid surface,
vyGL = surface energy of the gas - liquid interface,
vGS = surface energy of the gas - solid interface, and
ySL = surface energy of the solid - liquid interface.

4.1.1 The right side of the above equation (the difference
between the surface energies of the gas - solid and solid -
liquid interfaces) is defined as the wetting tension of the solid
surface. It is not a fundamental property of the surface but
depends on interaction between the solid and a particular
environment.

4.1.2 When the gas is air saturated with vapors of the liquid,
YGL will be the surface tension of the liquid. If the angle of
contact is 0° the liquid is said to just wet the surface of the
solid, and in this particular case (since cos 6 = 1) the wetting
tension of the solid will be equal to the surface tension of the
liquid.

4.2 The ability of polyethylene and polypropylene films to
retain inks, coatings, adhesives, etc., is primarily dependent
upon the character of their surfaces, and can be improved by
one of several surface-treating techniques. These same treating
techniques have been found to increase the wetting tension of
a polyethylene or a polypropylene film surface in contact with
mixtures of formamide and ethyl Cellosolve in the presence of
air. It is therefore possible to relate the wetting tension of a
polyethylene or a polypropylene film surface to its ability to
accept and retain inks, coatings, adhesives, etc. The measured
wetting tension of a specific film surface can only be related to
acceptable ink, coating, or adhesive retention through experi-
ence. Wetting tension in itself is not a completely acceptable
measure of ink, coating, or adhesive adhesion.

Note 2—A wetting tension of 35 dynes/cm or higher has been
generally found to reveal a degree of treatment normally regarded as
acceptable for tubular film made from Type 1 polyethylene and intended
for commercial flexographic printing. It is, however, possible that some
other level of wetting tension may be required to indicate the acceptability

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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of polyethylene films made by other processes, or from other types of
polyethylene, or intended for other uses.

At the present date, insufficient experience has been gained to state a
generally acceptable level of wetting tension for polypropylene films for
commercial flexographic printing.

5. Interferences

5.1 Since the wetting tension of a polyethylene or polypro-
pylene film in contact with a drop of liquid in the presence of
air is a function of the surface energies of both the air - film and
film - liquid interfaces, any trace of surface-active impurities in
the liquid reagents or on the film may affect the results. It is,
therefore, important that the portion of the film surface to be
tested not be touched or rubbed, that all equipment be
scrupulously clean, and that reagent purity be carefully
guarded. Glass apparatus in particular is likely to be contami-
nated with detergents having very strong surface tension
reducing ability unless specific precautions are taken to ensure
their absence such as cleaning with chromic-sulfuric acid and
rinsing with distilled water.

6. Apparatus

6.1 Cotton-Tipped Wooden Applicators, approximately 150
mm (6 in.) in length.

6.2 Burets, two, 50-mL.

6.3 Bottles, 100-mL, with caps and labels.

7. Reagents and Materials

7.1 Prepare mixtures of reagent grade formamide
(HCONH,) and reagent grade ethyl Cellosolve
(CH;CH,OCH,CH,0H) in the proportions shown in Table 1
for the integral values of wetting tension in the range over
which measurements are to be made. For extremely precise
work, mixtures for determining fractional values of wetting

TABLE 1 Concentration of Ethyl Cellosolve—Formamide
Mixtures Used in Measuring Wetting Tension of
Polyethylene and Polypropylene Films

Formamide, Ethyl Cellosolve,” Wetting Tension,?
Volume % % dynes/cm
0 100.0 30
25 97.5 31
10.5 89.5 32
19.0 81.0 33
26.5 73.5 34
35.0 65.0 35
42.5 57.5 36
48.5 51.5 37
54.0 46.0 38
59.0 41.0 39
63.5 36.5 40
67.5 325 41
71.5 28.5 42
74.7 25.3 43
78.0 22.0 44
80.3 19.7 45
83.0 17.0 46
87.0 13.0 48
90.7 9.3 50
93.7 6.3 52
96.5 35 54
99.0 1.0 56

A Cellosolve is the registered trademark of Union Carbide Corp. for ethylene
glycol monoethyl ether.
B Measured under conditions of 23 = 2°C and 50 + 5 % relative humidity.
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tension may be made up by interpolating between the concen-
trations shown in Table 1.

Note 3—Although the mixtures of ethyl Cellosolve and formamide
used in this test method are relatively stable, exposure to extremes of
temperature or humidity should be avoided.

7.2 If desired, add to each of the formamide ethyl Cello-
solve mixtures a very small amount of dye of high tinctorial
value. The dye used should be of such color as to make drops
or thin films of the solutions clearly visible on the surface of
polyethylene or polypropylene film and must be of such
chemical composition that it will not measurably affect the
wetting tension of the solutions in the concentration used.’

7.3 Fully prepared mixtures of these reagents in varying
concentrations are available from a number of commercial
sources. Pens containing these mixtures are also commercially
available. However, correlations between these options and
freshly prepared solutions have not been established.

Note 4—Care must be taken when handling pens. Prolonged exposure
to the atmosphere, temperature or humidity extremes, exposure to
contaminants, or use beyond the stated expiration date will change their
characteristics creating a potential for erroneous results.

8. Hazards

8.1 Formamide may cause skin irritation and is particularly
dangerous in direct contact with the eyes. Safety goggles
should be worn when making up new test mixtures.

8.2 Ethyl Cellosolve is a highly flammable solvent.

8.3 Both ethyl Cellosolve and formamide are toxic and pose
exposure risks. Consult the applicable MSDS before use and
ensure that the appropriate Personal Protective Equipment
(PPE) is used, especially when preparing new solutions.

8.4 All tests should be performed with adequate ventilation.

9. Sampling

9.1 The minimum amount of film required for this test
depends upon the skill of the operator. This usually amounts to
one sample across the entire width of a roll in order to obtain
a representative value.

9.2 Extreme care must be taken to prevent the surface of the
film sample from being touched or handled in the areas upon
which the test is to be made.

9.3 Usually it will be adequate to make one determination at
each location Y4 , Y2, ¥ of the way across the width of the
film, to arrive at an average value for the sample or to
determine when treatment is uneven.

10. Conditioning

10.1 Conditioning—Condition the test specimens at 23 *
2°C (73.4 = 3.6°F) and 50 = 10 % relative humidity for not
less than 40 h prior to test in accordance with Procedure A of
Practice D 618 unless otherwise specified by agreement or the
relevant ASTM material specification. In cases of disagree-
ment, the tolerances shall be =1°C (%£1.8°F) and *5 %
relative humidity.

° “DuPont Victoria Pure Blue BO” at a maximum concentration of 0.03 % has
been found satisfactory.
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10.2 Test Conditions—Conduct the tests at 23 = 2°C (73.4
* 3.6°F) and 50 *= 10 % relative humidity unless otherwise
specified by agreement or the relevant ASTM material speci-
fication. In cases of disagreement, the tolerances shall be =1°C
(*£1.8°F) and *5 % relative humidity.

Note 5—In specific cases, such as control testing, where the condition-
ing requirements cannot be met and the data are of direct assistance to the
operation, other conditioning procedures can be used and recorded in the
report.

11. Procedure

11.1 Wet the very tip of a cotton applicator with one of the
mixtures. Use only a minimum amount of liquid as an excess
of reagent can affect the end point of the test.

11.2 Spread the liquid lightly over an area of approximately
6.5 cm? (1 in.?) of the test specimen. Do not try to cover a
larger area lest there be insufficient liquid to give complete
coverage.

11.3 Note the time required for the continuous film of liquid
formed in 11.2 to break up into droplets. If the continuous film
holds for 2 s or more, proceed to the next higher surface
tension mixture, but if the continuous film breaks into droplets
in less than 2 s, proceed to the next lower surface mixture. A
clean, new cotton applicator must be used each time to avoid
contamination of the solutions (even for successive dips into
the same solution).

Note 6—The solution is considered as wetting the test specimen when
it remains intact as a continuous film of liquid for at least 2 s. The
“reading” of the liquid film behavior should be made in the center of the
liquid film. Shrinking of the liquid film about its periphery does not
indicate lack of wetting. Breaking of the liquid film into droplets within 2
s indicates lack of wetting. Severe peripheral shrinkage may be caused by
too much liquid being placed upon the film surface. Experience with the
test will give excellent insight into “reading” the liquid film behavior.

11.4 Proceeding in the direction indicated by the results of
11.3, continue repeating 11.1 through 11.3 until it is possible to
select the ethyl Cellosolve-formamide mixture that comes
nearest to wetting the film surface for exactly 2 s. The surface
tension of this mixture in dynes per centimetre is called the
wetting tension of the polyethylene or polypropylene film
specimen.

Note 7—Since the surface tension of the formamide/ethyl cellosolve
solutions can change, for example, through evaporation of one or both
components, or through contamination, and is dependent upon tempera-
ture, the actual surface tension of the solution that wet the film for exactly
2 s should be measured. This can be accomplished very simply with a
surface tensiometer.®

11.5 Experience with this test has shown that on occasion

erroneous wetting tension results can be obtained when the
final wetting tension is determined by working progressively to

lower surface tension mixtures when practicing 11.1-11.4. It is
recommended that the test analyst should check the reported
wetting tension of the film by working progressively to higher
surface tension mixtures.

12. Report

12.1 Report the average value of the wetting tension of each
sample to the nearest 0.5 dynes/cm.

12.2 If the polyethylene or polypropylene film has been
unevenly treated, it may not be possible to arrive at a single
value of wetting tension. In this case, report the individual
values whenever the largest value exceeds the smallest by more
than 1 dyne/cm.

13. Precision and Bias 7

13.1 Precision:

13.1.1 Table 2 is based on an interlaboratory study con-
ducted in 1995 in accordance with Practice E 691 involving
three materials and thirteen laboratories. Each test result was
the average of three individual determinations. Each laboratory
obtained three test results for each material on two days.

13.1.2 The values of the repeatability standard deviation S,,
reproducibility standard deviation Sk, the 95 % repeatability
and reproducibility limits on the difference between two test
results, r and R, respectively, for different treatment levels have
been determined and are shown in Table 2. The results
demonstrate that the precision of the results depends on the
treatment level (wetting tension) of the film, the higher the
treatment level, the higher the variability between single test
results obtained in different laboratories, or the lower the
precision.

13.1.3 Definitions:

Warning—The following explanations of r and R are only
intended to present a meaningful way of considering the
approximate precision of this test method. The data in Table 1
should not be rigorously applied to the acceptance or rejection
of material, as those data are specific to the interlaboratory
study and may not be representative of other lots, conditions,
materials, or laboratories. Users of this test method should
apply the principles outlined in Practice E 691 to generate data
specific to their laboratory and materials, or between specific
laboratories. The principles 13.1.3-13.2 would then be valid for
such data.

¢ The Fisher Surface Tensiometer, Model 20, has been found satisfactory for this
application.

7 Supporting data are available from ASTM Headquarters, Request RR:D20-
1236.

TABLE 2 Interlaboratory Study Results.

Treatment Average Repeatability Reproducibility
) Power, Wetting
Material > ) Standard Standard r R
W/t Tension, - .
. Deviation, S, Deviation, Sg
/min dyne/cm
PP film 20 39.45 0.74 1.97 2.06 5.52
PP film 1.6 36.27 0.32 1.85 0.90 5.19
PP film 0.5 33.07 0.38 0.87 1.06 2.43
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13.1.3.1 S, = the within laboratory standard deviation for the
individual material. It is obtained by pooling the within-
laboratory standard deviations of the test results from all of the
participating laboratories.

13.1.3.2 Si = the between-laboratories reproducibility, ex-
pressed as standard deviation.

13.1.3.3 r = the within-laboratory critical interval between
two results = 2.8 X S,. The two test results should be judged
not equivalent if they differ by more than the r dyne/cm for that
treatment level.

13.1.3.4 R = the between-laboratories critical interval be-
tween two results = 2.8 X Sg. The two test results should be
judged not equivalent if they differ by more than the R dyne/cm
for that treatment level.

13.1.3.5 Any judgment in accordance with 13.1.3.1 and
13.1.3.2 would have an approximate 95 % (0.95) probability of
being correct.

13.2 Bias—No statement can be made about the bias of this
test method because wetting tension is defined in terms of the
test method.

SUMMARY OF CHANGES

Committee D20 has identified the location of selected changes to this standard since the last issue
(D 2578 - 04a) that may impact the use of this standard. (November 1, 2008)

(1) Revised Section 10.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk

of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website

(www.astm.org).
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UV PROCESS SUPPLY, INC.

CON-TROL-CURE® DYNE PENS
PART # N001-010 (Levels 36-48)

INSTRUCTION FOR USE

For maximum accuracy when testing, an ink from the middle of the range should first be
applied. (e.g. 40 dynes/cm) If the ink wets the surface within two seconds without forming globules,
the treatment level of the film is either higher than, or exactly that of the liquid.

A second test using the ink of the next higher value, in this case 42 dynes/cm., should then be
performed and the process repeated using inks of increased values until the ink forms globules within
the first two seconds of application.

However, should the first application of ink have formed globules within two seconds, then the
same ink test should be repeated, but using the next lower value.

In this way, one is able to pinpoint the treatment level measurement through two tests. For
example, it can be established that the level of treatment of the tested film is between the levels of
two inks — 36 to 38 dynes/cm. With a certain amount of practice it can be accurately estimated
whether the level lies closer to 36 or 38 dynes/cm.

This test is a suitable test carried out by the machine operator and gives a trained person an
easy and effective means of determining the treatment levels achieved on film samples.

Since the inks are made up of liquids with various surface tensions and are also hydroscopic,
it is imperative that the caps be firmly replaced immediately after use.

The surface tension is a definite criteria for the adhesion of ink onto PE and PP. There are,
however, other factors such as migration of slip additives that influence the adhesion of inks quite
negatively, that in turn do not necessarily register on surface tension testing. Consequently, even
though good surface tension results were found, the ink adhesion can result negatively. It is also
possible that polymer plastics with the same surface tension can give varying degrees of print
adhesion.

In most cases, however, one can disregard these exceptions and get the best possible results
of ink adhesion with the surface tension of between 38 and 41 dynes/cm. Too low of a surface
tension value, approximately 35 dynes/cm., almost always result in poor adhesion.

UV Process Supply, Inc. 773-248-0099 » 800-621-1296 « 888-UVLAMPS
1229 W. Cortland St. FAX 773-880-6647 e 800-39FAXUV
Chicago, IL 60614-4805 email: info@uvps.com ¢ www.uvprocess.com

Copyright © 2004 UV Process Supply, Inc.
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UV PROCESS SUPPLY, INC.

CON-TROL-CURE®© DYNE PENS
PART # N001-010 (Levels 36-48)

This document provides information about a product distributed by
UV Process Supply, Inc ("the Seller"). The information provided in this document
is offered in good faith and is believed to be reliable, but is made
WITHOUT WARRANTY, EXPRESS OR IMPLIED, AS TO MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, OR ANY OTHER MATTER.

This document is not intended to provide advice (technical, legal or otherwise)
for a particular set of facts, but is of a general nature. Users of this document
should consult with their own advisors and appropriate sources. The Seller and its
employees do not assume any responsibility for the user's compliance with any
applicable instructions, laws or regulations, nor for any persons relying on the
information contained in this document.

All risk arising out of the performance of this product and/or the understanding of its
usage remains solely with the Buyer. In no event shall the Seller be held liable for
lost profits, lost savings, incidental or direct damages or other economic consequential
damages regardless of any statement, expressed or implied, of such liability by the
Seller's employees or any of its authorized agents. In addition, the Seller and
its suppliers will be held harmless for any damages claimed on behalf of any third party.

The Buyer of this product accepts full responsibility and understanding for the
terms and specifications set forth herein.
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