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Abstract : Effectsof capillary plasmadischargeirra-
diationat different goplied energy on polyethylenetereph-
thaate (PET) polymer filmshave beeninvestigated by
Fourier transforminfrared (FTIR) spectroscopy, and ul-
traviolet-visble (UV-VI1S) spectroscopy. Moreover, Ir-
radiation of polymers has become animportant tech-
niquein producing specid materidsfor € ectronic appli-
cations. Atmospheric pressurenon-thermd plasmasare
of great interest in polymer surfacetreatment duetother
convenience, effectivenessand low cost. Moreovey, ir-
radiation of polymers has become animportant tech-
niquein producing specid materidsfor € ectronic appli-
cations Surfaceof polyethylenetere-phthdate (PET) was
modified by plasmaproduced fromthecapillary dis-
charge. Somephysicd propertiesof PTFE sampleswere
studies. Inthispaper the changein thesurfacefreeen-

INTRODUCTION

Thecapillary device, typically madeout of Teflon
and Artelon which are closed at one end by an elec-
trode, the other end being open, with an annular elec-
trode. Thetwo e ectrodes are connected by awirerun-
ning through the capillary and by an external circuit.
Thiscircuit includesapre-charged storage devi ce, usu-
ally acapacitor bank, and aswitch to closethecircuit.
When the switchisclosed thewirerapidly heats and
explodes, initiating aplasmadischargeinthe capillary

ergy of (PTFE) sampleswhichisinduced by the capil-
lary plasmadischarge, isinvestigated. Inaddition, FTIR
techniqueisapplied for ssmpleanalysis, to study the
changeinthestructureof thefilm asirradiated. Theex-
perimentd andyssof thefilm hardnessillustratethat the
Vickers’s micro hardness of the film increases upon
plasmatreatment. Themorphol ogy of the particulateand
surface structurewhich generate by theplasmaablation
isinvestigated. The surface morphology of thepristine
andirradiated PET and PTFE samplesareinvestigated
asimaged by Scanning Electron Microscope (SEM).
© Global Scientificlnc.

K eywor ds: Capillary discharge; Plasmaablation;
Polymer; Spectroscopy; SEM.

which then carriesthe current. Theefflux of material
from the open endiscompensated for by material be-
ing ablated fromthecapillary wall. Theareaof plasma
polymerizationisnow well recognized asanimportant
part of material science. Severd surfacemodification
methodsareemployed to modify the polymer surfaces,
such aschemical, thermal, mechanical and electrica
treatmentd?Y. The plasmadischargetreatment of poly-
mers hasbeen gaining popul arity asasurface modifica:
tion techniquewith theaimto increasethe polymer sur-
face“attractivity” for applications in tissue engineering
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and eectronicg?.

Another interesting property of radiation-modified
polymersistheformation of conjugated doublebonds
between carbon atomsand increased e ectrica conduc-
tivity of themateria which may support their coloniza-
tionwithliving cellshigher or adhes on of subsequently
deposited meta §3. Theplasmaproduced from thecap-
illary in our work hasawiderange of applicationson
somepolymer samples; oneof thesesamplesisthepoly-
ethyleneterephtha ate (PET) film. Polyethylenetereph-
thaate (PET) filmisused in many technologicd fields
for awidevariety of applications (packaging, decora-
tivecoatings, capacitors, magnetictape, .. .) Snceithas
someexcellent bulk properties, such asvery good bar-
rier properties, creaseres stance, solvent resistance, high
melting point, res stanceto fatigue, and hightenacity as
ether afilm or afiber. However, PET issometimesan
unsuitable material to useduetoitslow surfacefree
energy, leadingto poor wettability and poor adhes onf*®,
Itisnecessary to modify their surfacesto increasethe
surfacefreeenergy without changeinther bulk proper-
tiesfor many commercia applications.

PET, an aliphatic-aromatic polymer composition
and thermopl astic, showsarather hydrophobic nature
due to itsrigid structure. Moreover, PET, having a
chemical composition of C, H, and O, can beexpected
to behighly infrared active. It was, therefore, decided
to carry out a careful infrared spectroscopy using a
FTIR spectrometer to understand the molecular bonds.
Thechemica structureof aPET is--

Thetwo carbonyl functionstogether withthearo-
matic ring providethestructural rigidity of the macro-
molecule; littleflexibility arisesdueto the presence of
the ethylene group intherepeating unit.

For another polymer namely Polytetrafluoroethylene
(PTFE)), another specific experimentswerecarried out.
Polytetrafluoroethylene (PTFE) isasemi-crystalline
polymer having outstanding chemica, physical, eectri-
cal and mechanical properties, such asexcellent ress-
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Polyvethvlene terepthalate (PET)

tanceto chemical reagents, thermd stability inawide
temperaturerange, low dielectric constant, high elec-
tricresistance, very low surfacefreeenergy andfriction
coefficient. Thisself-lubricating property of PTFEis
exploited in awiderange of applicationsfrom rubber
ink stamps, i ce-miaking machines, and ultrahigh vacuum
bearings. Polymer films (PTFE) used inthisstudy was
irradiated by capillary plasmadischargeat different en-
ergies. Moreover, Physical properties of pristine
Polytetrafloroethylen (PTFE) is: - white colour, trans-
parent, density=2.2 g/cm® glasstrangitiontemperature
(T,)=120°C, meltingtemperature (T, ) =327 °C Com-
position: [C2F4] n

A Scanning Electron Microscope (SEM), X-ray
Florescence (XRF) was performed to examine the
changeof surface morphology for thepristineandirra:
diated polymer. The present study aimstoimprovethe
adhesion for PTFE by increasing the wettability and
surfacefreeenergy. Thiscan bedoneviainducing struc-
tural changewith some surface modificationsfor the
polymer through plasmairradiation.

METALLIZATION OFPTFEBY CAPILLARY
PLASMATREATMENT PROCESS

A crucia rolein preparing metal layerson poly-
mersisplayed by theinterface propertiesbetween sub-
strate and deposited metal . Thisattribute can benefit
fromion beam treatment of the polymeric surface. Just
by varyingthetreatment conditions, itispossibleether
toincrease or to decreasethe wettability of the given
polymeric surface. In order to understand the changes
made to the surfaces during treatment, we need ana-
Iytical techniquesthat can accurately characterizethe
surface beforeand after modification. Metd deposition
on polymerscan be carried out by sputtering, vacuum
deposition, and aso by variouse ectrochemica proce-
dures®, Thestructureof themetd layerismainly influ-
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enced by nucleation processes”8,

Metdllized polymer filmsarewiddy usedinindus-
triesranging from food packaging to biosensors®. In-
teresting studies have been made on vari ous aspects of
metal/polymer interfaceformation*®. Metalized poly-
mers have been used in varioustechnol ogies such as
magneti crecording media, dectro conductivefilms com-
puter technol ogy, and flexible printed circuits™. Dif-
ferent properties of metalized polymersarerequired
depending ontheir applications. PTFE isapromising
material for flexible printed circuitsand capacitorsdue
to good thermal and dielectric properties. Although
PTFE has superior properties, their practical applica-
tion has been hampered because of their poor adhe-
sion dueto their chemical inertness. In order to im-
provetheadhes on between meta sand polymers, many
researchershaveinvestigated various methods such as
ion beam sputtering, wet chemical etching, plasmatreet-
mentl213, Theeffect plasmairradiation onthewettability
and surfaceenergy of PTFE polymer has beeninvesti-
gated. Uponirradiation, C-F and C-C bonds are bro-
ken and freeradicad sare produced, whichinteract with
the ambient oxygen. Inthisway, oxygen are created,
whichincreasesthepolymer surface polarity.

Theirradiated aswell astheun-irradiated PET and
PTFE filmswere studied by different techniques.

1. Fourier Transform Infrared Spectroscopy (FTIR)
2. Scanning Electron Microscope (SEM)

3. X-ray Florescence (XRF)

4. Uv/VisbleAbsorption Spectroscopy

EXPERIMENTAL SET-UP

A Photograph of the experimental arrangement

anditsprincipleisshowninFigure 1. Thesystem con-
sists mainly of: the electrothermal source section
(plasmagun), the capacitor bank, theair gap switch,
the triggering system, the electrical power supply,
transmission line, associated diagnostics, and safety
procedures. Detailed description of each part will be
given below.

The capacitor is connected to the cathode of the
gunviaatransmissionlineand aspark gap switch. The
anode of thegunisinsertedinthecenter of thecapillary
tube. Thedectricad energy of thecapacitor isdischarged
through the gun upon closureof theswitch. Theplasma
gunistypicaly operatedinair and ahighdectrica cur-
rent vaporizesan aluminumwirein asmall tubeand
generates hot plasmaby joule heating. Moreover, the
plasmasourceisgenerated by therapid discharge of
3.5 kJ of eectrical energy into aTeflon (Lexan) capil-
lary. Thisenergy isstored ina 70 uF capacitor charged
toamaximum of 10kV. The capacitor was discharged
with awireload through aspark gap switch and induc-
tance L. In the experiment, inductance L could be
changed into eight valuesfrom 1.3to 80 «H by an ex-
ternal coil. Thecapillary is (3mm-8mm) in diameter,
(20 mm- 200 mm) long, and isopen at oneend only.
Thedischargeisinitiated with athin copper or alumi-
num fusewires (lessthan 1 mm), ablation and ioniza-
tion of material from the capillary surface sustainsthe
discharge. The peak current through theplasmaisap-
proximately 37 kA for astorage energy of 0.9kJ, and
the periodic discharge duration timeis approximately
(moreor less 200 us). The anode is made of copper
and the cathode ismade of a uminum. Theauminum
wireisenclosed inacylindrical tube, and hasagood
contact to two el ectrodes.

Figurel: Photographicview of an electr other mal capillary dischargedevice
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Thedischargevoltage acrossthecapillary inthis
experiment was measured asafunction of timeusinga
high voltage probe (BK-PR-28A). Thedischarge cur-
rent trace was measured using aRogowiski coil and
thesignal wasintegrated with respect totimeto get the
total current intheplasmacircuit during thedischarge.
Boththecapillary tubeand thetwoflangesareinstalled
on aholder such asthe car which alows easy move-
ment forward and back and a so inwhichyou can press
ontheflangesin order toinsure proper installation.

RESULTSAND DISCUSSION

Current and voltagemeasur ementsof thecapillary

Inamospheric pressureaclear sgnatureof thewire
explosionisevident (the current sharply dropsandin-
creases again shortly afterwards)™. The peak inthe
current and voltage (resi stance) isknown asthe““wire-
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burst.” The wire fragmentation is accompanied by a
small inflectioninthecurrent profile. Moreover, thedis-
charge current trace showsaclear double peak struc-
ture. Thefirgt peak isdueto theignition wireexplosion
and the second peak represents the main discharge.
Thegunvoltageand current for al.3 KJdischargeis
showninFigure2for charging voltage=3.5KV. The
gunvoltageis measured acrossthe source section with
ahigh voltage probe (BK-PR-28A). The current trace
was measured using aRogowiski coil and thesignal
wasintegrated with respect to timeto get thetotal cur-
rent inthe plasmacircuit during thedischarge. Thegun
voltageincreasesrapidly after theinitiation of thedis-
charge, typically reaching the maximum voltagewithin
10 ps. The current increases much more slowly than
thevoltage. It takesabout 22 ps from the initiation of
thedischargefor the current to reachitsmaximum. Itis
gpparent inthefigurethat the gun current lagsthegun
voltage; thisindicatesthat the source section hasan
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Figure5: SEM photographsof a PET sampleafter exposed tothe plasmawith ener gy of (A) 875J and (B) 1715.J
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Figure7: SEM photographsof a PTFE sampleafter exposed to the plasmawith energy of (A) 875J and (B) 1715J
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inductive component.

Dischargecurrent and ener gy ver susinput capaci-
tor voltage

Figure 3illustratestheinput energy and maximum
gun current versusthegpplied voltageresultsof theelec-
trothermal plasmagun. The applied voltageisthe ca-
pacitor voltagebeforeinitiating thedischarge. It canbe
seen from thefigurethat the peak of energy increases
with increasinginitial voltage and the peak of current
increaseaso. Theinput energy intheabovefigureis
cdculated fromthefollowing relation:

E = 1 Ccv?

2
Where Eistheinput energy, Cisthe capacitance, equd
to 70uF ofthe electrothermal gun and V is the applied

voltage.

SURFACE MORPHOLOGY OFPET
POLYMER

Thestructure of the surface of PET with different
trestment energy of capillary plasmadischarge (875 J
and 1715 J) was studied by SEM and shownin Figure
5. The surface of PET without capillary plasmadis-
chargetreatment issmooth (Figure4). Asthetreatment
energy increasesthe surface of the PET sample appear
morechange. Theplasmatreatmentisaprocessinwhich
the plasmaand PET interacts. Thereare plenty of ac-
tive particlesin the atmosphere capillary plasmadis-
charge, likecarbon, carbon oxide, neutra particle, free
radical, ultraviolet radiation and so on. Some of them
caninteract withthesurface of PET to bresk the chemi-
cal bondson the surface of PET.

SURFACE MORPHOLOGY OFPTFE
POLYMER

Inorder toinvestigatethe changeinthe surfacemor-
phology for the pristineand irradiated PTFE by capil-
lary plasmadischarge at different energies, SEM was
performed. The pristine sample showed avery smooth
surface, asshownin Figure 65, Themorphology of
theirradiated sampleswith capillary plasmaisshownin
Figures 7. The SEM photographs of the irradiated
samplesreved that thereisachangeinthemorphology

astheenergiesisincreased. It can beseenfrom Figure
7 that numerous microfibers and small voids were
formed onthesurfaceof theirradiated PTFE with plasma
energy of 1715J.

Figure7A showsthe sampleof PTFE after expose
o the plasmawith energy of 875 J, the SEM results
illustrate abig spots on the surface of the sample. Fig-
ure 7B showsalot of big spotsof thecopper materials
deposited onthesurface of the sample. Itispointed out
that moremain chainswere broken by incident plasma,
and heavy metal erosion occurred onthe surfaceof the
sample. SEM resultshaveevidencethat theirradiated
samples have ahigher degree of adhesion for metal
deposition than the un-irradiated film and the surface
being more homogeneous™.

Ascan beseenfrom Figures 6 and 7, the surface
morphology of the pristineand irradiated PTFE il-
lustrates achangein the surface color. The color of
films changes gradually with started the plasmato-
wards the surface of the sample, the changein the
color of polymer could be attributed to the forma-
tion of hydrogenous carbon clusters and the density
of such clustersincreaseswith increasing the plasma
energy.

X-RAY FLUORESCENCE (XRF)ANALYSIS

Figure8 showsthe XRF resultsof thepristine PTFE
sampl e before exposed to the plasma and the major
el ementsconcentrationsisthe Rh and no other e ement
appear. In general, especialy inthe caseof thinfilm
deposition, thestructureand morphol ogy aswell asthe
stoichiometry of thefilm depend strongly on the ener-
getic conditionsat the surface’¥. Herewe present the
study of the PTFE Sampleasathin film deposition by
means of atmospheric pressure of e ectrothermal
launcher Plasma. Weuse acapillary tube asasource of
plasmawith amaximum power 106 MW. Themain
purpose of these coatingsisto provide materialswith
added resistanceto wear, corrosion, and oxidation and
may a so have applicationsin electrica and el ectronic
fieldg™el.

Ascanbeseen, Figure9(A) and (B) show aquite
different of thesurface of the sampleand clearly showed
the appearance of pure copper film deposited onthe
surface according to XRF analyses. It wasfound by
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Figurell: FTIR spectrumof unirradiated (A) and irradiated (B) PET sampleshowing transmittance(T%) asafunction of

wavenumber (cm?) for ther ange 4000-500 cm?

analysis someother elementsappear like copper and
Rh peaks appearson the surfaceas shownin Figure9.
The operating voltageand the current of the X-ray tube
were 30kV and 0.6 mA, respectively. The measure-
ment timefor the determination of the main compo-
nents of the sampleinside the XRF system was 300
seconds. The sample exposed to the plasmafor a10
shotswith energy of 875 Jand the other PTFE sample
exposed to the plasmafor a 10 shots with energy of
1715 J. The appearance of copper peaks deposited
on the surface of thetwo samplescan beexplained as
the exploding of the copper wire and the anodewhich

made al so from copper dueto the energy supply. The
XRF resultsof the PTFE sample after exposed to the
plasmashowsthat the major €l ements concentrations
isthe copper which are (99 %). Other eement such as
Rh was observed with low concentrationswhichis
(0.3851%) asshownin Figure.

ULTRAVIOLET-VISIBLEABSORPTION
(UVNVIS)

Theabsorption of light energy by polymeric materi-
ad¥¥in (UV/VIS) regionsinvolvestransition of elec-
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troninn,  and o orbital from ground stateto high en-
ergy states. (UV/VIS) spectroscopy hasbecomeanim-
portant tool to estimatethe value of optical energy gap
(Eg). Figure 10 showsthe (UV/V1S) spectracof the PET
irradiated tothe capillary plasmaat different energy. The
resultsshowed that the highest shift in aosorption wave-
lengthisintherange 295-320 nm. Thisindicatesthe
carbonization of thePET under irradiation.

Itisnoticed that irradiation resultsin ashifting of
the spectratowards|onger wavelengthsfor al irradi-
ated polymer samples. The absorbance spectrum shows
how the absorbance of light dependsupon thewave-
length of thelight. Thespectrumitself isaplot of absor-
bance versuswavelength and is characterized by the
wavelength (4 . ) a which the absorbanceisthe great-
est. Thevalueof / . isimportant for several reasons,
Thiswavelengthischaracterigtic of each compound and
providesinformation on the e ectronic structure of the
crystal or sample.

FOURIER TRANSFORM INFRARED
(FTIR) SPECTROSCOPY

FTIR spectroscopy is one of the most powerful
toolsamong the quaditative and quantitative methods of
studying molecular bonding, structure and functional
group andysis. Thetechnique namely FTIR spectros-
copy isusedinthiswork to analyzetwo samples ex-
posed to the plasma, these sampl es are pol yethylene
terephthalate (PET) and Polytetrafluoroethylene

ORIGINAL ARTICLE

(PTFE).

Thepeaksin FTIR spectrafor PET givedud infor-
mation®, Firstly, every pesk positionisfundamentd to
molecular bonding Structureor functiond group existing
intheinfrared activemateria. So, any shiftinthe peak
positioninaspectrum directly refersto achangein bond
strength or bond angle. Secondly, variationinintensity
of particular peak in aspectrum correlatesto the pro-
portion of that functional group presentinthematerial.

Infra-red spectroscopy is one of the most com-
monly used spectroscopic tools, which measuresthe
vibration energy levelsof molecules. FTIR spectros-
copy isused to determinethe extent of structural de-
sructionin PET induced by ion beams. FTIRisanim-
portant tool to check the orientation of different seg-
mentsin polymer. Thistechnique appliedtoinvestigate
themodificationsinducedin polymersby ion beamir-
radiationf2.

Capillary PlasmaDischarge of asolid target (poly-
mer) causessgnificant changesinthestructureand prop-
erties of the bombarded surface. These changesinthe
bombarded surface depend mainly on the energy, the
materia used and thetypeof irradiated ions, their ki-
netic energy and the density of ion flux.

Full FTIR spectrum (4000 to 500 cm-1) for irradi-
ated and unirradiated PET sampleshasbeen shownin
Figure 11 (B) and (A) respectively. FTIR resultsfor
capillary plasmairradiated PET samplesdongwith that
for theunirradiated sample have been compiledintoa
compositegraph (Figure 11) for easy comparison. In

'l 1 1
—PET sample exposed to 10 shot (875 J)

30 - PET sample exposed to 10 shots 1117‘15.J)| -
| \ ,'r— N/ '..VIII‘Y'/\I &l
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Figurel2: FTIR spectrumof irradiated PET sampleshowing transmittance (T%) asafunction of wavenumber (cm?) for the

range 4000-500 cm*
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thisfigure, the FTIR spectraof PET sampleswith suc-
cessivecapillary plasmairradiationsaredepictedinthe
region 4000 cm-1 to 500 cm-1 to focuson themain
region of interest only. Theusual practice of plotting
transmission (in %), asafunction of wave number (in
cm-1), hasbeenfollowed.

From Figure 11(B) there are some peaks not ap-
pear after exposed to the plasmathese peaksindicates
to some bonds are broken in the particular bonding

structure. Moreover, there are peaks shifted towards
thelonger wave numbersthat meansthe bonds become
stronger thanbeforeirradiations. Also, thebond shifted
towardstheshorter wave number becomeswesker than
beforeirradiations.

Thedipsin the transmission spectrarefer to ab-
sorption maximacorresponding to characteristic mol-
ecules and groups*?. In polyethylene terephthal ate
(PET), therearemol ecular groups (involving carbon,

7 PET sample before
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Figurel3: FTIR spectraof PET samplebeforeexposed tothe plasma.
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Figurel4: FTIR spectraof PET sampleafter exposed tothe plasmawith ener gy of 875 J.
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Figure18: FTIR spectrafor the PTFE filmsexposed to plasmawith energy of 1715J.

hydrogen, and oxygen), which arehighly infrared ac-
tiveand have characteristic absorption peaks.

So, any shiftin peak positioninaspectrumdirectly
refersto achangein bond strength or bond angle. This
meansany changeinthepeek directly influencethebond-
ing (=CO,—CHO,—OH, etc.) of the material. The influ-
enceether weskensor strengthensbonding correspond-
ingtoafunctiona group. Weakening and strengthening
of abond shiftsthewave number of the corresponding
absorption pesk tolower and higher va ues, respectively.

Absence of aparticular molecular bond relatesto scis-
sionor bresk inthe particular bonding structure®®. From
Figure12, for the PET pristinefilm, therearetwo wave
numbersregionsof interest: thefirst isbetween 3600to
2500 cm-1, wherethe C-H and O—H for stretching vi-
brationsof different typesof H-bonds, thesecondisbe-
tween 1680-1430 cm-1 typical for vibration modes of
thearomaticrings, for stretching vibrations of double
bondsand for CH, bending vibrationg®3.

Theband at 1578 cm-1isassigned to the normal
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vibration (C-H stretching) of the phenyl ring. It isfound
to bestablefor PET exposed to the plasma. The stabil-
ity of aromatic group isduetoitsability to delocalize
the excited energies®. TheR spectraof theirradiated
PET samplesby capillary plasmadischarge show that
this polymer was partialy damaged by the plasmaen-
ergy dissipated into the samples. Thisenergy could be
used for many processes, such ascross-linking of un-
saturated adjacent radicals, amorphization of thecrys-
talinefraction of the polymer, scisson of thechainsand
oxidation(22,

Aninteresting result isthe absorbance of the 730
cm-1 vibration band, which correspondsto the bend-
ing (rocking) vibration of the CH, group of crystal
phasg?. Atlower energy fluence, thereisno changein
the absorbanceband, followed by apartial decreasein
the absorbance at higher energy fluence (1715 J) as
showninFigure 12. Thismight be ascribed to the pos-
sibletransent re-crystalli zati on phase upon according
to the energy applied, which eventually get destroyed
(partidly amorphisation) at higher energy.

The absorbance spectrum shows how the absor-
bance of light dependsupon thewave ength of thelight.
Thespectrumitsalf isaplot of bsorbanceversuswave-
length andis characterized by thewavelength (4__ ) at
which theabsorbanceisthegreatest. Thevalueof 4__
isimportant for severa reasons. Thiswavdengthischar-
acteristic of each compound and providesinformation
ontheelectronic structure of thecrystal or sample.

In order to better understand of the effect of the
plasmaon the surface of the polymer, itisimportant to
study theinter actions between the plasmaand poly-
mer surface. FTIR spectraof three samples namely,
PET samplebefore exposed to theplasma(Figure 13),
PET sampleexposed to the plasmawith energy of 875
J(Figure 14), and PET sampleexposedto the plasma
with 1715 J(Figure 15).

Itisfoundthat the FTIR spectraof the PET sample
before exposed to the capillary plasmado not indicate
any significant differencein the surfacechemica com-
positions. Absenceof any digtinctivedifferenceinthe
FTIR spectraof the PET sample beforeand after ex-
posed to the plasma can be attributed to the fact that
theinteraction of the plasmatakes placeat very thin
surfacelayer, whereas sampling depth of FTIR tech-
niqueismany timeslarger to detect structurd dteration

after theplasmatreatment!®!

FTIR studies were carried out to determine the
extent of structural changes (bond breaking) in PTFE
polymer. Figure 16 illustratestheresultsobtained with
FTIR spectroscopy for the sample before exposed to
theplasma(prigtine). The PTFE sample(thickness 0.5
um) wereexposed to the capillary plasmadischarge at
different energies (875 and 1715 J) wasshownin Fig-
ures 17 and 18 respectiveley.

The spectraof the pristine PTFE revea the char-
acteristic bandsat 500- 770 cm™ that areassigned to
CF, rocking, bending and wagging vibrations*. The
nominated peaks are asfollowing: thefirst at 1123
cm™ that isdueto—CF - symmetrical stretching and
the second at 1296cm-1that isdueto —CF,— asym-
metrical stretching. A strong band at 2387 cmtisa
combination band of two modes associated with CF,
backbone?,

Onirradiationwith capillary plasmadischargethe
bandsthat lieat therange 500-770 cm-1 remain unaf-
fected by theirradiation. However, theintensity of the
bands at 1123, 1296 and 2360 cm-1 decrease with
theincreasing energy of the plasmaproduced. These
bands are serioudy weskened in comparisonwith those
of the pristine PTFE. Thisindicatesthat the polymer
film experienced seriousdefluorination. Asthe plasma
isincreased the de-fluorination effect is aggravated.
Therefore, it may be concluded that the plasmairradia-
tion leadsto C-C bond splitting and, at the sametime,
to liberation of CF2 groups. The later together with
other degradation products containing C and F were
detected earlier duringthe PTFE irradiation(®.,

TheFTIR spectrum of PTFE irradiated withion
beam fluence above 10* ions/cm? showsthat the peak
at 1790 cmrtisgradually disappeared. In addition to
the disappearance of apeak around 1790 cm?, there
isgradud disappearanceintheintensity of theband at
2360 cnrt dueto anincreaseinion fluenceasshownin
Figures 17 and 18. Thisindicated that chain scission
may take place at the carbonate sitewith probable de-
struction of the carbonyl group (CP% O)!#, Hence,
chain scission generation leadsto the conclusion that
theoxidation of aPTFE sampleincreaseswithincress-
ingtheirradiation dosg®.

Themaindifference between PTFE and other com-
mon polymeric materialsasexposed toion beamra-
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diaionisthehighradiation sengtivity and extremely high
ablationyidd. Thedifference can beexplained by dif-
ferent mechanismsof degradation, product cregtionand
their different structures. Theirradiation of PTFE pref-
erentially breakstheweaker C-C bonds (290 kJ/mol)
while much stronger C-F bonds (480 kJ/mol) remain
untouched® 1, This also confirms that the surface
wettability and surfacefree energy will increasewith
increasing theion beam fluenceg®.

CONCLUSION

The surface morphology of the pristineand irradi-
ated PET and PTFE sampleswere observed by SEM.
Thepristine PET and PTFE Film are transparent and
their surfacesare smooth. The color of films changes
gradualy withirradiation from colorlesstoye lowishto
dark brown. Thechangein the color of polymer could
be attributed to the copper deposition onthe surface of
the sample and formation of hydrogenous carbon be-
causethedischarge occursin atmosphere.
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