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CHAPTER! 

INTRODUCTION 

1.1 Purpose of investigation 

Nearly all products are packaged at some point in their life-cycle. Plastic films 

are widely used in packaging, and continue to grow in use as more and more 

applications switch from rigid to flexible packages. Flexible packages generally take 

up much less space than the rigid structures they replace, especially before they 

are filled with product. They co=only require less material, as well. Therefore, 

switching from rigid to flexible packaging can provide significant economic 

savings in warehouse space and transportation, as well as in package cost. On the 

other hand, because flexible packaging does not usually have as much strength as 

rigid packaging, stronger distribution packaging may be required. Opening and 

reclosing of flexible packaging may also be less user-friendly, and consumers may 

perceive some types of products in flexible packaging as being lower in quality than 

equivalent products in rigid or semi-rigid packages. 

Co=on flexible packaging forms include wraps, bags and pouches. In these 

packages, plastic films may be used alone or combined with paper and/or metal to 

serve the basic packaging functions of containment, protection, co=unication and 

utility in the delivery of quality products to the consumer. While plastic films are 

most often found in flexible package structures, they may also be used as a 

component in rigid or semi-rigid package structures, for example, as a liner inside a 

carton, or as lidding on a cup or tray. 

The most co=on film used in packaging is low-density polyethylene (LDPE), 

defined broadly to include linear low-density polyethylene (LLDPE). Appreciable 

amounts of high-density polyethylene (HDPE), polypropylene (PP), polyvinyl 

chloride (PVC), polyvinylidene chloride (PVDC), polyethylene terephthalate (PEn, 

polyamide (Nylon) and other plastics are also used [1]. 
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Polyethylene terephthalate (PET) film is an important raw material for flexible 

packaging industry. PET has many advantages such as good mechanical strength, 

toughness, polishing resistance at elevated temperature and high melting temperature 

and inexpensive. But it is not appropriate for some applications. The relatively 

hydrophobicity of PET affects its wettability, printability and biocompatibility. 

V arlo us modification techniques have been developed and applied for improving 

hydrophilicity of PET. Traditionally, a variety of surface modification techniques 

have been proposed and many of them are regularly employed on an industrial scale. 

Some of the most important surface modification techniques include corona 

discharge, plasma and chemical coating. 

Corona and plasma treatments are used in many industries. The corona was 

produced from a corona discharge in ambient atmosphere by using high energy 

electromagnetic field. Thus, it can create oxygen-containing functional group at the 

surface. Corona treatment is used in continuous process which is suitable for 

industries. However, the operation cost is high. The plasma treatment utilizes a 

similar principle to that of the corona treatment. Plasma was generated by gas feeding 

in a high energy-electromagnetic field under a vacuum condition. However, the 

operation cost also high similar to corona treatment. The chemical treatments are 

divided into two main types; wet treatment and surface grafting. These treatments 

have been purposed to resolve problems associated with undesirable properties of the 

polymer. 

1.2 Research objectives 

The objective of this research is to characterize the surface-modified PET film 

from industry. The equipment used in this study are attenuated total reflectance

Fourier transform infrared spectroscopy (ATR FT-IR) and Raman spectroscopy for 

analyzing chemical structures or functional groups after modification, and atomic 

force microscopy (AFM) for determining the nanotopographical changes on the 

polymer surface. Contact angle and dyne solution for determining the surface tension. 
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1.3 Scope of investigation 

1. Comparison the chemical changes of PET film under corona treatment, 

plasma treatment and chemical treatment by using ATR Ff-IR and Ff

Raman spectroscopy. 

2. Comparison the nanotopography changes of PET film after modified under 

corona treatment, plasma treatment and chemical treatment by using 

atomic force microscopy (AFM). 

3. Comparison the surface tension of PET film after modified under corona 

treatment, plasma treatment and chemical treatment by using contact angle 

and dyne solution. 



CHAPTER II 

THEORY AND LITERATURE REVIEWS 

2.1 Poly (ethylene terephthalate) or PET 

PET is usually produced by a condensation polymerization of dimethyl ester 

of terephthalic acid and ethylene glycol. The PET structure containing aromatic ester 

units is shown in figure 2.1. 

Figure 2.1 The PET structure. 

PET has many advantages such as good mechanical properties, and heat 

resistance. Therefore, it is used in various industries such as textile industries, food 

packaging, and general purpose. 

Polyethylene terephthalate is formed by condensation polymerisation of 

monoethylene glycol and purified terephthalic acid or dimethyl terephthalate. PET has 

good barrier properties, especially for gas. The barrier properties can be improved by 

metallize process. Typical PET properties are listed in table 2.1. 
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Table 2.1 Typical properties of poly (ethylene terephthalate) film [1]. 

Property 
PET Polymer 

Unoriented Oriented 

Tg ("C) 73-80 73-80 

Tm(°C) 245-265 245-265 

Heat distortion temperature, at 455 kPa ( •q 38-129 

Density (glcm") 1.29-1.40 1.40 

Tear modulus (GPa) 2.8-4.1 

Tear strength (MPa) 48-72 220-270 

Elongation (%) 30-3,000 70-110 

WVTR, at 37.8 "C and 90% RH (g J.mllm' d) 390-510 440 

02 permeability, at 25 •c (10' em' J.Un/m• d atm) 1.2-2.4 1.1 

2.2 Biaxially-oriented PET (BOPET) film processing 

Orientation of plastic ftlms improves some of the physical properties 

such as tensile strength, impact strength, clarity and stiffness. And also 

improvement in gas and water vapor barrier properties. 

The first step of processes for plastics ftlm is often extrusion. Chips are fed 

from a hopper into the barrel of the extruder then melted by heat and the mechanical 

action of the screw. The action of the screw forces the molten plastic through to a die. 

The shape of the die determines the type of product produced. An alternative die 

design will create thin flexible plastics ftlms of the type used for foods packaging. 

[15]. 
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Extrudate 

I 
Unit 

\ 
Screw / Ole 

Heaters 

Figure 2.2 Extrusion [15]. 

Packaging film can be produced by extrosion followed by cooling on chill 

rolls. During the production process, cast film can be oriented by stretching. This 

strengthens the film and can also improve the gas permeation. Orientation can be in 

one direction only (uniaxial orientation) figure 2.3, or on both directions (biaxial 

orientation) [15]. Stretching is achieved by diverging the clips in machine and 

transverse direction on a closed loop figure 2.4 [16]. 

ExtrudH Chill rolls MDO 

Figure 2.3 Extrusion casting and stretching [15]. 
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Cast Film Simultaneous Stretched Film 

l!lpre 14 TmD8vene di1mioD afletching [16,1. 

%.3 Slll'face mocJjljc:etjon fHhniqaea 

MoctificatiM• of pla&lic films ate gaaally uaed to improve !Dee'b•nical 

or phylical properties so thallbe films ate suitable fos certain app&atinns Thill can 

be ~ by aubjc:aing the films to JDCX!baniad or c'hcmic:lll lm'tmc:nts. Thua, 

8Ulfac:e treatments modify die sarfacc topography, ilu:leABc the surface c:ncraY ud 

mnove c:cmtamin•nt•. Removlll of contanrin•nm is lllllCUW)' for sood adhesion of the 

8Ulfac:e to olllcr aubstEatea. A n1111111« of surface moctification tedmiques, sach as 

plasma, OOIOill1 disdlarge and dwnic:allm'tments. 

Plaama treatment is ODC of !be moat effective melhoda of aurface 

moctificatioD at polymenc matemla. 'l'be plasma activates gu moleculea. II1ICh aa 

oxygm aDd Dilrogm. The activated species iDtenct with the polymer's llllrl'acea. The 

plaama poeess removes arg&Dic contamjnanta auch aa ,.,aiclual orgui.c aolvalfa. 

These alllface c:cmtaminants IIJidaso repetitive chain scisaiml 1IDIIR the influence of 

iom, fm: ndicaJ. md c:lccmms of the plasma 1ZIIIil their mo1eculllr wclgb1 is 

sufficielldy low to volati!im in the vacuum [1,13]. 

Ccmma bmlmll!lt tec\mique. a mflicieutly high-voltap electrlclll discluqe is 

applied to the sarface of a moving aubstrate. 'l'be level af tmotment is govaned by the 

U"na!nr ouqm aDd the speed af tbroughpm. The comna treatment functioDa at 
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atmospheric pressure and relatively high temperature. In this case, very significant 

surface oxidation occurs. 

Chemical modification of the surface of polymers is an attractive method of 

improving the barrier characteristics of polymers. This modification can be achieved 

by reacting the polymer on the film surface. In some applications, the acidity of the 

primary film former or other components of the formulation will be sufficient to 

catalyze the reaction of partially alkylated and high imino (-NH) melamine resins. 

[1,19]. 

2.3.1 The corona treatment 

The corona treatment is used to increase the wetting power and the 

adhesiveness on the surface of web film. The corona treatment activates the 

atmosphere and discharges electrons to oxidize the uppermost atomic layers of the 

web surface. Increasing the oxidation increases the surface energy. The created 

functional groups are polar which in turn create adhesive centers the applied printing 

inks, lacquers and adhesives [10]. 



U.Ll System desafptloD 

The system geuerally consists of the foUowing components: 

3 4 

14 131211 
~----J 

F1gure 2.5 Corou. system description [10]. 

Description of items in figure 2.5 

1 Corou. generalOr 

2 'l'rallsfonDer coDilecting cable 

3 Hi£h-voltage lrlmafO!Dlel' 

4 Exhaust system 

S Electrode CODDeCting cable 

6 Air-vane switdl 

1 eorou. samon 

8 Canh:l roll 

9 Ccmma electrode 

10 Web 

11 Speed control 

12 m.ectmcle limit awitc:h 

13 CoMf'dDt bolt 

14 Comrol cable 

10 9 8 SL8000·01 

9 
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Z.U.l Pre1rftdment ltatioD 

'I'be pmtma1mm11 stalioD (Blow station) is used 1D modified the film's 

&urfaces, for better IIII!UiiOil of tile dqwi!wl layers. The c:adral c:cmq••~a~t of 

1b pid7t!8tm"'• lllllioo is the Mapelron glow C'tlw!&. 'I'be pn~lle•lmeDt 

&tamm is placed befcm: the c:oeting lllllion of mml1izing. 

DetcriptiOD of items iD. figme 2.6 

1 Spleadrr mll 1D apread the film web 1D be :f.bd. 

Z Cathode 

3 Guide m1ler eiiSIIla the film liiiiS almlg the preftilmmt ataliOil 

withoat fal.da or ~ntact 
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2.3.2.2 Gas system 

The process gases required for glowing are argon (Ar) and oxygen 

(02). The gases can be used separately (only Ar or 0 2), or as a gas mixture (Ar 

+ 02). These process gases are used as follows: 

• Argon Required to condition the cathode. 

• Oxygen Primarily used only to pretreat the film. 

• Oxygen + Argon Primarily used to clean and pretreat the film. 

The process gases flow from the gas bottles via separate supply lines 

past a gas flow controller and then directly to the gas inlet of the glow cathode. 

2.3.2.3 Body of the cathode 

The following diagram shows the mechanical structure and main parts 

of the Magnetron glow cathode. 

2 3 - ~ 

Figure 2.7 Body of the cathode [12]. 

Description of items in figure 2.7 

1 Gas distribution tube 

2 Magnets 

3 Body of the cathode 

4 Cooling plate 



5 Graphite film 

6 Target 

7 Cooling water connection 

8 Cathode lid 

2.3.3 The coating treatment 

2.3.3.1 Construction of coating unit 

4 

Figure 2.8 Top view of coating unit structural components [11]. 

Description of items in figure 2.8 

1 Trolley receiving frame 

2 Coating unit 

3 Drive block with protective fence 

4 Mass carriage Coating Unit 

12 
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Figure 2..9 Coating with pressure roller [11]. 

Description of items in figure 2.9 

1 Substrate web 

2 Spreader roller 

3 Pressure roller 

4 Grawreroll 

5 Mass solution transfer unit 

6 Mass solution transfer unit adjusting vertical 

7 Mass solution transfer unit adjusting horizontal 

8 Rail guide of lrolley 

9 Machine frame work 

10 Smoothing station 
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2.3.3.2 Coating UDit 

The coating unit is used for singl~sicled coating of mnning substrate

webs. The coating unit consists of the drive console, the base frame and a 

mobile trolley. The trolley colllains the coating system with the mass solution 

transfer head • The trolley can be moved out of the base frame shown in figure 

2.10. 

Figure 2.10 Web route, coating application [11]. 



5----... 

4-----.. 
3---~ 

2601_008 

F1pre 111 Mass traDsfet head CODStmction [11]. 

Mass tnmsfer bead consttw.:tion 

I Collt¥Jing solution 

2 Handle 

3 s(WNI of doctor blade clampiDg 

4 Docl.ar blade clampjDg 

s Docl.ar blade 

6 pneumatically adjustable 

7 Gravure ron 
8 Mala solution mpply 

9 Mass solution return coDD.CCtion 

IS 
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The mass solution transfer head is connected with the mass solution supply 

system via the supply and return connections. The coating system is supplied with 

mass solution via pumps. Wetting of the gravure roll is effected by the mass solution 

transfer head directly with the gravure rolls running in opposite direction to the web 

direction. 

The mass solution fills the recesses of the gravure roll. Doctor blades scrape 

the excessive mass from the gravure roll. The doctor blades are pressed against the 

gravure roll. The pressure roller must cover the coating width shown in figure 2.12 . 

... 

Figure 2.12 Rubber roll. 

The coating quantity depends on: 

• the type and quantity of cell of the gravure roll 

• the viscosity of the coating solution 

• the production line speed 

• the relative speed of the gravure roll with line speed 

• the hydrophilic or hydrophobic substrate 
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2.4 Spectroscopic characterization techniques 

Generally, a simple transmission experiment is widely used in the analysis. It 

provides spectral information of the sample which is related to chemical structure and 

chemical composition. The simple transmission technique is not suitable for surface 

analysis. As a result, the reflected radiation and scattered radiation are employed for 

surface analysis and opaque samples. The ATR Ff-IR and Ff-Raman are the 

spectruscopic techniques for the measurement of the internal reflected radiation and 

scattered radiation, respectively. 

2.5 Atomic force microscopy 

AFM provides a number of advantages over conventional microscopy 

techniques. AFMs probe the sample and make measurements in three dimensions, x, 

y, and z, thus enabling the presentation of three-dimensional images of a sample 

surface. This provides a great advantage over any microscope available previously. 

With good samples, resolution in the x-y plane ranges from 0.1 to 1.0 urn and in the z 

direction is 0.01 urn. Contact mode AFM is one of the more widely used scanning 

probe modes, and operates by rastering a sharp tip across the sample. An extremely 

low force is maintained on the cantilever, thereby pushing the tip against the sample 

as it rasters. Either the repulsive force between the tip and sample or the actual tip 

deflection is recorded relative to spatial variation and then converted into an analogue 

image of the sample surface [18]. 

2.6 Contact Angle 

The contact angle is a measure of the ability of a liquid to spread on a surface 

of non-treated and treated film. To Determine surface energy/surface tension with the 

shape of a drop placed on the surface. The contact angle is linked to the surface 

energy and surface tension [21]. 
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2.7 Literature reviews 

Zhang and Fang (2009) studied plasma surface treatment of polyester fabrics 

in composite atmosphere with air and 10% Ar under different experimental 

conditions. After plasma treatment the samples were printed with pigment inks. 

The results show that surface modified polyester fabrics exhibited enhanced color 

yields and excellent pattern sharpness. SEM and XPS analyses indicated that this 

improved color performance was mainly contributed by not only the etching 

effect but also oxygen containing polar groups induced onto fiber surfaces 

through plasma treatment. 

Pandiyaraj et al. (2009) studied the adhesive properties of the plasma modified 

polypropylene (PP) and polyethylene terephthalate (PET) film surfaces. 

Hydrophilicity of these polymer film surfaces was studied by contact angle 

measurements. The chemical composition of the polymer films was analyzed by X

ray photoelectron spectroscopy (XPS). Atomic force microscopy (AFM) was used to 

study the changes in surface feature of the polymer surfaces. The adhesion strength of 

the plasma modified film was studied by T -peel strength test. The results showed a 

considerable improvement in surface wettability even for short exposure times. The 

AFM and XPS analyses showed changes in surface topography and formation of polar 

groups on the plasma modified PP and PET surfaces. These changes enhanced the 

adhesive properties of polymer film surfaces. 

Esena et al. (2008) studied the plasma interaction with the surface produces 

modifications of its chemical structure or morphology. Surface modifications through 

cold plasma. The present work shows the surface modification of polyethylene 

terephthalate (PET) films after the exposure both to low-pressure plasma (film 

deposition by plasma enhanced chemical vapour deposition) and to an atmospheric 

pressure dielectric barrier discharge (surface etching). For the atmospheric pressure 

plasma-treated samples, contact angle and atomic force microscope analysis enable us 

to determine roughness changes. For the low-pressure plasma samples, contact angles 

and Fourier transform infrared absorption spectruscopy analysis are used to estimate 
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the chemical composition. Both plasma treatments (film deposition and etching) cause 

changes in optical properties as indicated by reflectivity measurements. 

Pandiyaraj et al. (2008) studied in the present work, Poly (ethylene 

terephthalate) films have been exposed to glow discharge air plasma to improve their 

surface properties for technical applications. Surface energy values have been 

estimated using contact angle value for different exposure times and different test 

liquids. Surface composition and morphology of the films were analyzed by XPS and 

AFM. Crystallinity of the plasma treated samples were studied by XRD analysis. The 

improvement in adhesive strength was studied by measuring T-peel strength and lap 

shear strength tests. It was found that the plasma treatment modified the surfaces both 

in chemical composition and morphology. Change of chemical composition made the 

polymer surfaces to be highly hydrophilic, which mainly depends on the increase in 

oxygen-containing groups. The AFM and XRD observation showed that the surface 

roughness and crystallinity of the PET film increased due to plasma treatment. 

Laskarakis et al. (2007) studied improvement the production of Flexible 

Electronic Devices (PEDs) by plasma treatment in large-scale manufacturing 

processes. Plasma treatment can be successfully employed for the improvement of 

the bonding structure and surface properties of flexible polymeric substrates. In this 

work report on the effect of Pulsed DC N + ion bombardment using different ion 

energies, on the bonding structure, electronic and optical properties and surface 

nanotopography of Poly(Ethylene Terephthalate) (PEn substrates. For the 

investigation of the optical properties, then have used in-situ and real-time 

Spectroscopic Ellipsometry from theIR to Vis-far UV spectral region, in combination 

to advanced modelling procedures, whereas Atomic Force Microscopy has been 

employed for surface nanotopography investigation. As it has been found, the N + 

bombardment leads to the appearance of new chemical bonds (C=N or C=O), as well 

as partial disappearing of the C-O bond of ester group, on a surface layer of PET. 
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Mirabedini et al. (2007) studied Low-pressure plasma treatments in an of 

discharge of 02 and Ar were employed to introduce polar functional groups onto the 

biaxial-oriented polypropylene (BOPP) surfaces to enhance the wettability and 

activation. The effects of plasma treatment on the morphology and wettability of the 

BOPP films were characterized using static contact angle measurements, attenuated 

total reflection (ATR}--FfiR spectroscopy, scanning electron microscopy (SEM) and 

atomic force microscopy (AFM). A clear increase in the surface energy of BOPP 

films due to 02 and Ar plasma treatments was observed. The surfaces became highly 

hydrophilic when exposed for 20 s or longer to the plasma discharge. The wettability 

of polymer surface can be improved when oxygen functionalities are generated, which 

can be achieved directly in 0-containing plasmas or via post plasma reactions. Small 

reduction in surface energy of plasma treated BOPP films, after 30 days aging showed 

that the plasma-induced cross-linking in BOPP film was not the dominant phenomena. 

With increasing the treatment power and time, rate of the decrease in surface energy 

after aging is reduced. AFM and SEM images revealed distinct changes in the 

topography of BOPP due to 02 and Ar plasma treatments. Nodular structure is formed 

on the BOPP film during the treatment and the size of the nodules increases with the 

treatment time. 

Meiron and Saguy (2007) studied a top-view vibration system for measuring 

the apparent contact angle corresponding to the global energy minimum was applied 

in quantifying the effect of plastic film, roughness, and surface treatment on 

wettability. Liquids representing typical pure liquids (diiodom ethane, ethylene 

glycol) and food products (10% ethanol, 3% fat milk, 10% sucrose, triolein) were 

tested on low linear density polyethylene (LLDPE) and polyethylene terephthalate 

(PET), exposed, or not, to commercial corona discharge treatment (CDT). Apparent 

contact angle values increased with surface tension of the liquid. The major effect of 

CDT was to enhance surface polarity by significantly increasing the polar component 

of surface free energy. 

Ardelene et al. (2005) studied Chemical functionalities, topography and 

adherence between AI and polyethylene terephthalate (PET) films, modified by laser 
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treatment below the polymer ablation threshold fluence in air and in helium at 

different wavelengths, fluences, pulse numbers and by low pressure plasma treatment 

in He 95% with 0 2 5%, at 0.2 W/cm3 were investigated by XPS, AFM, water contact 

angle and adhesion measurements. XPS results revealed formation of polar

oxygenated functional groups (C=O, 0-C=O) by laser treatments in air and (ii) 

incorporation of ester and ether groups by plasma treatment in He 95% with 02 5%. 

After deposition of thermally evaporated AI on laser or plasma treated PET films, U

Peel tests indicated that laser treatment in air at 248 nm and 20 mJ/cm2
, and plasma 

treatment improved Al/PET adhesion. XPS studies revealed the presence of an 

increasing number of Al-0-C stable and cohesive interfacial complexes formed by 

chemical interaction between aluminium and the laser treated in air or plasma treated 

in He 95% with 02 5% PET films. These interfacial compounds play an important 

role in the enhancement of the metal/polymer adhesion. 



CHAPTER III 

EXPERIMENT 

3.1 Instrument 

1. Ff-IR spectrometer equipped with a mercury cadmium-telluride 

(MCT) detector Nicolet 6700. 

2. DXR Raman microscope thermo scientific 

3. Atomic force microscope commercial SPA-400 (Seiko Instrument, 

Inc., Japan). 

4. Contact angle. 

3.2 Instruments and apparatus 

1. Conventional ATR accessory: Single reflection attenuated total 

reflection (SATR) accessory (the Seagull 1M, Harrick Scientific, USA) 

equipped with a ZnSe IRE at the angle of incident of 45 degrees) 

2. Homemade diamond !!A TR probe developed by Sensor Research Unit, 

Department of Chemistry, Faculty of Science, Chulalongkorn 

University, Bangkok 10330, Thailand 

3. Homemade portable vertical contact angle. 

3.3 Chemicals and materials 

1. Formarnide-AR grade ; Merck. 

2. Ethyl cello solve-AR grade ; Fluka. 

3. Distilled water. 

4. De ionized water 

5. PET film ; Polyplex (Thailand) Public Co., Ltd. 
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3.4 Sample preparation 

3.4.1 PET film 

The examined polymeric films were industrially supplied biaxially 

oriented PET films with thicknesses of 12-36 fUll· 

Table 3.1 Modification techniques parameters. 

Current 

Gas 
feeding 

Line Speed 
(rnlmin) 

KW 

Oxygen 
(seem) 

Argon 
(seem) 

Chemical Plasma Corona 

320 390 600 150 210 410 

8-9 4 6-9 

800 

- Ambient 
600 

3.5 Characterization of modified PET films. 

3.5.1 Surface analysis by ATR FT-IR and Raman spectroscopy technique. 

3.5.1.1 ATR FT -IR spectroscopy 

ATR spectra were recorded in the frequency ranging from 750 to 

1800 cm·1 on Nicolet 6700 Ff-lR spectrometer with a mercury

cadmium-tellurium (MCT) detector at resolution of 4 cm-1
. All samples 

were collected at 128 co-addition times. The ATR spectra of samples 

were acquired in the reflection mode of infrared microscope. A 

homemade diamond J.!ATR probe, developed by Sensor Research Unit, 

Department of Chemistry, Faculty of Science, Chulalongkom 

University, Bangkok 10330, Thailand, 



Figure 3.1 ATR Ff-IR microspectroscope: ContinuJlill™ infrared 

microscopeattached to the Nicolet 6700 FT-IR spectrometer. 

3.5.1.2 Raman microspectroscopy 
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A PET sample was placed on the tray, which is specifically 

designed for Raman characterization. The laser light from Raman 

spectrometer was focused on the sample. The focused point can be 

seen and adjusted through the camera that equipped with a computer. 

The PET specimen was subsequently collected by Raman 

spectrometer. 
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Figure 3.2 Thermo scientific DXR Raman microscope. 

3.5.1.3 Curve fitting 

The observed ATR FT-IR and Raman spectra were resolved by 

the curve fitting algorithm in the OMNIC software. 

3.5.2 Surface morphology by atomic force microscope 

Atomic force microscope (AFM) for the observation of the surface 

nanotopography was a commercial SPA-400 atomic force microscope (Seiko 

Instrument, Inc., Japan) with a calibrated 20 micrometer XY-scan and 10 

micrometer Z-scan range PZT -scanner. AFM measurement was carried out in the 

non-contact mode using silicon tips with a force constant of 13 N/m and resonance 

frequency is 132KHz in ambient air. All reported images were scanned with scan 

rates in the range of 0.5-1.0 Hz. 
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Figure 3.3 Commercial SPA-400 atomic force microscope. 

3.5.3 Surface tension (dyne test) 

Film surface tension was evaluated by using dyne solution test 

following the guideline given by ASTM D 2578-04. 

Table 3.2 Surface tension test solution preparation method [ 17]. 

Dyne value 
Formamide-AR Ethyl cello solve-AR Distilled water 

grade (ml) grade (ml) (ml) 

38 27.0 23.0 -
40 31.5 18.25 -
42 35.75 14.25 -
44 39.0 11.0 -
46 41.5 8.5 -
48 43.5 6.5 -
50 45.35 4.65 -
52 46.85 3.15 -
54 48.25 1.75 -
56 49.5 0.5 -
58 50 0 -
60 32.5 - 17.5 
62 23.5 - 26.5 
64 15.3 - 34.7 
66 9.1 - 40.9 
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3.5.4 Contact Angle 

Film surface wettability was evaluated by using contact angle 

following the guideline given by ASTM D 724-99. 

Figure 3.4 Portable vertical contact angle. 



CHAPTER IV 

RESULTS AND DISCUSSION 

4.1 Surface analysis by ATR FT-IR and Raman spectroscopy techniques 

4.1.1 ATR FT-IR 

ATR Ff-IR spectra of the corona treated PET films and the non-treated films 

are illustrated in Figure 4.1. For the ATR Ff-IR spectra of the non-treated and the 

corona treated films, show peaks at the area of -1710-1720 em- 1 is related to the 

C=O stretching bond, the peak at 1505 cm- 1 is C-H deformation mode, the peaks at 

-1470 and 1340 cm- 1 are C-H2 bending and wagging mode, the peaks at -1024 and 

1408 cm- 1 are the C-H bond deformation of the parasubstituted benzene rings, the 

peak at 1255 cm-1 is ester group, the peak at 1020 em- 1 is C-H benzene ring 

deformation and the peak at -970 em- 1 is C-0 stretching vibration, respectively 

[4, 14]. The band assigriffients of PET were shown in table 4.1. 

The spectra can't specified the new chemical structure or functional group 

because of corona treated PET films and the non-treated films are shows the peaks at 

the same wavenumber (em·'). 
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Figure 4.1 The ATR Ff-IR spectra of non-treated and corona-treated PET films 

(a) non-treated, (b) corona treated 1, line speed 410 m/min, 9 KW, (c) corona 

treated 2, line speed 210m/min, 9 KW, (d) corona treated 3, line speed 150 

m/min, 9 KW. 

Table 4.11nfrared band assignments of PET [4]. 

Wave number (cm-1
) Bands assignment 

1715 C=O stretching of aromatic ester 

1613 C=C stretching vibration of aromatic ring 

1578, 1505, 1408 Skeletal vibration of aromatic ring conjugation 

1408, 1024 C-H deformation of parasubstituted benzene ring 

1371, 1338 -CH2- wagging 

1255 Ester group stretching 

1239, 1097 
Asymmetric and symmetric stretching of C-0-C 

group of aromatic ester 

1173, 1117, 1017 Skeletal ring indicated 1 ,4-substitution 

970 C-0 stretching vibration 

871 C-H deformation of aromatic ring 
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The spectral of corona treated PET films show in figure 4.2 for C=O 

stretching at 1730-1710 cm-1 shows (a) non-treated, (b) corona treated 1, line speed 

410 m/min, 9 KW, (c) corona treated 2, line speed 210 m/min, 9 KW, (d) corona 

treated 3, line speed 150m/min, 9 KW at the same wavenumber (cm-1
) also in figure 

4.3 for C-0 stretching at 975-965 cm-1 and figure 4.4 for ester group at 1260-1240 

cm-1• 

OJ 

C=O stretching -1715 cm-1 

06 

0.5 

OA - a 

0.3 
d 

0.2 -

0.1 

0.0- ~~--==---------------- T-1750 1740 1720 1700 

Figure 4.2 The A TR Ff -IR spectral C=O stretching of non-treated and 

Corona treated PET films (a) non-treated, (b) corona treated 1, line speed 410 

m/min, 9 KW, (c) corona treated 2, line speed 210m/min, 9 KW, (d) corona 

treated 3, line speed 150m/min, 9 KW. 
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Figure4.3 The ATR Ff-IR spectral C-0 stretching of non-treated and corona 

O.t 

05 

0.4 

~ 
~ 

" 0.3 
"' _, 
0 
~ ... 
"' 02 

D.l 

o.c 

treated PET films (a) non-treated, (b) corona treated 1, line speed 410 rnlmin, 

9 KW, (c) corona treated 2, line speed 210m/min, 9 KW, (d) corona treated 3, 

line speed 150 rnlmin, 9 KW. 

Ester group -1255 cm-1 

b 

a 

132() ::.310 1290 117() 1250 1230 1210 119C 

W'avenlll11bercm·1 

Figure4.4 The ATR Ff-IR spectral ester group of non-treated and corona treated 

PET films (a) non-treated, (b) corona treated 1, line speed 410 rnlmin, 9 KW, 

(c) corona treated 2, line speed 210 rnlmin, 9 KW, (d) corona treated 3, line 

speed 150 rnlmin, 9 KW. 
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ATR Ff-IR spectra of the plasma treated PET films and the non-treated films 

are illustrated in figure 4.5. For the ATR Ff-IR spectra of the non-treated and the 

plasma treated films, show peaks at the area of -1710-1720 em- 1 is related to the 

C=O stretching bond, the peak at 1505 cm- 1 is C-H deformation mode, the peaks at 

-1470 and 1340 cm- 1 are C-H2 bending and wagging mode, the peaks at -1024 and 

1408 cm- 1 are the C-H bond deformation of the parasubstituted benzene rings, the 

peak at 1255 em-' is ester group, the peak at 1020 em- 1 is C-H benzene ring 

deformation and the peak at -970 em- 1 is C-0 stretching vibration, respectively 

[4, 14]. The band assigmnents of PET were shown in table 4.1. 

The spectra can't specified the new chemical structure or functional group 

similar to corona treated PET films. 

0.800 HJr 

0.700 

0.500 
Q 

~ 0_400 -
""'"'""'"""'"'' 

.! 5 0.300 
~ 

Ester group 
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., 

.<f 0 ?00 -

0 100 

0 (()0 

1811 1714 162_8 1522 1425 .2_329 1232 1136 1039 943 847 750 

\Vavenurnbel' (cm-1) 

Figure4.5 The ATR Ff-IR spectra of non-treated and plasma treated PET films 

(a) non-treated, (b) plasma treated, line speed 600 rnlmin, 4 KW. 
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The spectral of plasma treated PET film show in figure 4.6 for C=O 

stretching at 1730-1710 cm-1 shows (a) non-treated, (b) plasma treated 1, line speed 

600, rnlmin, 4 KW at the same wavenwnber (cm-1
) also in figure 4.7 for C-0 

stretching at 975-965 cm-1 and figure 4.8 for ester group at 1260-1240 cm-1
• 

0.800 

0.700 

0.600 

0 SDO 

~ 
;;-0.400 

~ 
,C0.300 
<: 

0 200 

0.100 

0.000 
1765 

C=O stretching -1715 cm-1 

1755 17·15 1736 1726 1716 1707 1697 1687 16'78 

"\Vavenumber (em 1 ) 

Figure 4.6 The ATR Ff-IR spectral C=O stretching of non-treated and plasma 

treated PET films (a) non-treated, (b) plasma treated, line speed 600 rn!min, 4 

KW. 
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The ATR Ff-IR spectral C-0 stretching of non-treated and plasma 

treated PET films (a) non-treated, (b) plasma treated, line speed 600 m/min, 4 

KW. 
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The ATR Ff-IR spectral ester group of non-treated and plasma treated 

PET films (a) non-treated, (b) plasma treated, line speed 600 m/min, 4 KW. 
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ATR Ff-IR spectra of the chemical treated PET films and the non-treated 

films are illustrated in Figure 4.9. For the ATR Ff-IR spectra of the non-treated and 

the chemical treated ftlms, show peaks at the area of -1710-1720 cm- 1 is related to 

the C=O stretching bond, the peak at 1505 cm- 1 is C-H deformation mode, the peaks 

at -1470 and 1340 cm- 1 are C-Hz bending and wagging mode, the peaks at -1024 

and 1408 cm- 1 are the C-H bond deformation of the parasubstituted benzene rings, 

the peak at 1255 em-' is ester group, the peak at 1020 em- 1 is C-H benzene ring 

deformation and the peak at -970 em- 1 is C-O stretching vibration, respectively 

[4, 14]. The band assigr~IDents of PET were shown in table 4.1. 

The spectral of chemical treated PET film shows in figure 4.10 at 1130-1110 

em·' and expect to amine group due to the coating solution have some part of amine 

compound. 

The spectra can't specified the new chemical structure or functional group 

similar to corona treated and plasma treated PET films. 
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Figure 4.9 The ATR Ff-IR spectra of non-treated and chemical treated PET films 

(a) non-treated, (b) chemical treated 1, line speed 390 rnlmin, 

(c) chemical treated 2, line speed 390m/min. 
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Figure 4.10 The ATR Ff-IR spectral C-NH2 of non-treated and chemical treated 

PET films (a) non-treated, (b) chemical treated 1, line speed 390 rnlmin, (c) 

chemical treated 2, line speed 320 rnlmin. 
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4.1.2 Ff-Raman spectroscopy 

Raman spectrum of corona treated PET film was collected by FT-Raman 

spectrometer. Peak assignments of PET are shown in table 4.2 [1-4]. TheFT-Raman 

spectra of the corona treated PET film was compared with that of non-treated PET 

figure 4.11. 

The spectra of corona treated PET film in figure 4.11 shows (a) non-treated, 

(b) corona treated 1, line speed 410 rn!min, 9 KW, (c) corona treated 2, line speed 210 

rn!min, 9 KW, (d) corona treated 3, line speed 150 rn!min, 9 KW at the same Raman 

shift (cm.1
) also in figure 4.12 for C=O stretching at 1730-1720 cm·l, figure 4.13 for 

C-0 stretching at 1290-1270 cm·1 and figure 4.4 for ester group at 1260-1240 cm·1
• 

The spectra can't specified the new chemical structure or functional group. 
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Figure 4.11 The Raman spectra of non-treated and corona treated PET films 

(a) non-treated, (b) corona treated 1, line speed 410 rn!min, 9 KW, 

(c) corona treated 2, line speed 210 rn!min, 9 KW, (d) corona treated 3, line 

speed 150 rn!min, 9 KW. 



38 

Table 4.2 FT-Raman bands assignment of PET spectrum. 

Raman shift (cm"1
) Bands assignment 

3080 Aromatic C-H stretching 

2964,2907 Aliphatic C-H stretching 

1726 C=O stretching 

1614 C=C aromatic ring 

1459 C-H deformation, residual glycol in PET film 

1414 C-C stretching of aromatic ring 

1372 CHz wagging 

1288 Aromatic ring and 0-C stretching 

1184 C-Hin plane bending of aromatic ring 

1116, 1095 C-Hin plane bending and C-0 stretching 

999 C-C stretching, glycol 

857 C-C breathing 

795 C-C out of plane of aromatic ring 

703 C-C-C out of plane of aromatic ring 

632 C-C-C in plane bending of aromatic ring 
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Figure 4.12 The Raman spectral C=O stretching of non-treated and corona treated 

PET films (a) non-treated, (b) corona treated 1, line speed 410 rn!min, 9 KW, 

(c) corona treated 2, line speed 210 rnlmin, 9 KW, (d) corona treated 3, line 

speed 150 rnlmin, 9 KW. 
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Figure 4.13 The Raman spectral C-0 stretching of non-treated and corona treated 

PET films (a) non-treated, (b) corona treated 1, line speed 410 rnlmin, 9 KW, 

(c) corona treated 2, line speed 210 rnlmin, 9 KW, (d) corona treated 3, line 

speed 150 rnlmin, 9 KW. 



1,40J 

l,lU:J 

~ 
~ !,DDJ :. 
~ 

c g()~ 

·~ = 
" = 

&00 -= 5 400 

"' r::: 200 

J 

1,11! I 

C-H bending, C-0 stretching 

-1116 cm-1 

a 

:,10H 

c 

-1095 cm-1 

b 

1.0/:J 

Figure 4.14 The Raman spectral C-H bending, C-0 stretching of non-treated and 

corona treated PET films (a) non-treated, (b) corona treated 1, line speed 410 

rn!min, 9 KW, (c) corona treated 2, line speed 210 rn!min, 9 KW, (d) corona 

treated 3, line speed 150 rn!min, 9 KW. 
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4.2 Atomic force microscope (AFM) 

The surface topography of non-treated and treated PET films were observed by 

AFM. Figure 4.15 shows the roughness of corona treated film 1-3 (b, c and d) are 

more than non-treated film (a) PET film. The surface roughness of the treated PET 

films increased as the treatment time increased (the treatment time increased as the 

production line speed reduced due to fixed the treatment power-KW), the corona 

treated PET films had inconsistency on roughness (comparison b, c and d) but got 

similar surface tension (dyne value 58-61), shows in table 4.3. 

Figure 4.15 Surface nanotopography of PET films (a) non-treated, (b) corona 

treated 1, line speed 410 m/min, 9 KW, (c) corona treated 2, line speed 210 

m/min, 9 KW, (d) corona treated 3, line speed 150m/min, 9 KW. 
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Figure 4.16 shows the roughness of corona treated 4 (c) has smoother than 

corona treated 1 (b) due to low treatment power (6.7 and 9.0 KW) but similar the line 

speed but got similar surface tension (dyne value 58-61), shows in table 4.3. From 

this result the treatment power can be reduce to the suitable conditions for energy 

saving. 

Figure 4.16 Surface nanotopography of PET films (a) non-treated, (b) corona 

treated 1, line speed 410 m/min, 9 KW, (c) corona treated 4, line speed 410 

m/min, 6.7 KW. 
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Figure 4.17 shows the roughness of chemical treated f:Llms (b and c) are 

smoother than non-treated PET film (a), but got similar surface tension, shows in 

table 4.3. Due to the thin film of chemical coated to cover the surface of the film. 

Sometime the chemical treated PET film has inconsistency on roughness (a and b) 

which may be from improper preparation coating solution or unequal coating of 

chemicals, shows in figure 4.18. This problem not effect to normal application but 

will effected to some special application such as metallize process (aluminium coating 

by thickness 200-500 angstrom), the problem is alwniniwn peel off due to low 

bonding strength. 

Figure 4.17 Surface nanotopography of PET films (a) non-treated, 

(b) chemical treated l,line speed 390m/min, (c) chemical treated 2, line 

speed 320 m/min. 



Figure 4.18 Surface nanotopography of PET films (a) chemical treated (good 

one), line speed 320m/min, (b) chemical treated (bad one), line speed 

320m/min. 
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The comparison of surface roughness between plasma and corona treatments 

figure 4.19 shows that plasma treatment (b) makes smoother surface to corona 

treatment ( c and d). Due to plasma treatment used low power treatment and higher 

production line speed, but got similar surface tension (dyne value 58-61), shows in 

table 4.3. 

The comparison of surface roughness between plasma and non-treated films 

figure 4.19 shows that plasma treatment (b) makes nearly similar surface roughness to 

non- treated (a) but got higher surface tension (dyne value 58-61for plasma treated 

and 40-42 for non-treated), shows in table 4.3, due to main effect of plasma treatment 

to the chemical structures or functional groups but not too much effect to the surface 

roughness. 



Figure 4.19 Surface nanotopography of PET films (a) non-treated, (b) plasma 

treated, line speed 600 m/min, 4 KW, (c) corona treated 1, line speed 410 

m/min, 9 KW, (d) corona treated 2, line speed 210m/min, 9 KW. 
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4.3. Surface tension 

4.3.1 Dyne value 

The extent of hydrophilicity of the surface modified PET films was 

investigated by dyne value measurement. Table.4.3 show the variation in the dyne 

values of the PET films for different treatment times and different modification 

techniques. As it can be observed, the dyne value of the non-treated surface is 40-42. 

The dyne values reached up to 58 - 61 after being treated by corona and plasma 

treatments. For chemical treatment, the dyne values reached up to 56- 61. After kept 

the sample around 2 years at ambient temperature 30-40 "C found that dyne value of 

non-treated, corona treated and chemicals treated not changed but has changed for 

plasma treated film, the dyne value was dropped from 58-61 to be <40 and matched to 

the result of contact angle table 4.4 show the contact angle of plasma treated to similar 

to non-treated film. This may due to bonding of chemical functional groups from 

plasma treatment was broken and also the surface of plasma treated film is very 

smooth similar to non-treated film (dyne value 40-42). 
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Table4.3 Surface tension of films after treatment. 

Non- Chemical Plasma Corona 
treated 1 2 1 1 2 3 4 

Production line 
420 390 320 600 410 210 150 410 

Speed (m/min) 

KW - - - 4 9 9 9 6.7 

Dyne value 
40 56 56 58 58 58 58 58 

Minimum 
Dyne value 
Minimum 40 56 56 - 58 58 58 58 

After kept 2 years 
Dyne value 

42 61 61 61 61 61 61 61 
Maximum 
Dyne value 
Maximum 42 61 61 <40 61 61 61 61 

After kept 2 years 

4.3.2 Contact angle 

The surface modified PET films after kept around 2 years at ambient 

temperature 30-40 •c was investigated by contact angle measurement. Table 4.4 

shows the variation in the contact angle values of the PET films for different 

treatment times and different modification techniques. As it can be observed, the 

contact angle of the non-treated and plasma treated films are around 69-69.6. The 

contact angle of corona treated films are 60-65 and chemical treated films are around 

65.5-66.5. The result are matching to dyne value table 4.3. 
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Table4.4 Contact angle of films after treatment and kept 2 years. 

Contact angle (9) avg. 

Non-treated 69.6 

Corona treated 1, line speed 410 m/min, 9 KW 62.3 

Corona treated 2, line speed 210m/min, 9 KW 59.8 

Corona treated 3, line speed 150 m/min, 9 KW 64.8 

Corona treated 4, line speed 410 m/min, 6.7 KW 61.3 

Plasma treated, line speed 600 m/min, 4 KW 69.1 

Chemical treated 1, line speed 390 m/min 65.7 

Chemical treated 2, line speed 320 m/min 66.4 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATION 

5.1 Conclusion 

Corona. plasma and chemical treatments improve the surface properties of PET films. 

Attenuated total reflectance-Fourier transform infrared spectroscopy (ATR Ff-IR) and 

Raman spectroscopy can't analyze the changes of the chemical structures or functional 

groups such as C--0, O=C--0 and C=O after modification due to the depth of modified 

surface not enough. The AFM observation showed the etching effect on the polymer surface. 

Contact angle and dyne value observation showed the variation of the surface tension. 

The changing of chemical structures or functional groups is more important than 

nanotopographical changes because of the films with similar roughness (plasma treated and 

non-treated} or the smooth surface (chemical treated and non-treated) are able to reach the 

higher surface tension. 

Plasma treated film can't keep for the long time after treated may from unstable of the 

bonding of chemical structure or functional group from treatment. 

5.2 Recommendation 

Due to this study have to used attenuated total reflectance-Fourier transform infrared 

spectroscopy (ATR Ff-IR} and Raman spectroscopy but can't analyze the change of the 

chemical structure or functional group, recommended to use X-ray photoelectron 

spectroscopy (XPS} to analyze the changes of chemical structures or functional groups. 

Due to etching effect of corona treatment on film surface, the production line speed should 

match electric corona power being applied to prevent the bulk mechanical properties changes 

and for energy saving. 
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