Available online at www.pelagiaresearchlibrary.com

4 4 . .
o~ ' : Pelagia Research Library

\ ' — Advancesin Applied Science Research, 2012, 3 (5):2766-2773
Library

Library
I SSN: 0976-8610
CODEN (USA): AASRFC

Thermal and Electrical behaviour of 100 keV N* and Ar™ ion implanted
Poly( methyl methacrylate) (PMMA) polymer

Renu Gupta®, V. Kumar? P. K. Goyal?, Shyam Kumar® and Sneh L ata Goyal®

4Department of Physics, Kurukshetra University, Kurukshetra 136119, India
"Department of Applied Physics, Guru Jambheshwar University of Science and Technology,
Hisar 125001, India

ABSTRACT

Poly (methyl methacrylate) (PMMA) samples were implanted with 100 keV N* and Ar* ions at fluence upto 2x10™®
iong/cn?. lon implantation induced modifications have been observed in the thermal as well as electrical behaviour
of PMMA. Thermogravimetric analysis reveals an increase in the thermal stability and hence an increasing trend in
the values of thermal degradation energy as a conseguence of ion implantation for both the ions has been obtained.
Electrical conductivity behaviour shows an increase in the values of conductivity in the implanted samples of
PMMA. Structural rearrangements as revealed through FTIR spectroscopy were found to be in strong association
with the observed changes in thermal and electrical behaviour of PMMA.
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INTRODUCTION

In today’s era of science and technology, thegebsisic need of more and more performing mateal/mers, in
this respect, prove to be excellent engineeringeri@ds because of their excellent inherent proegrélongwith
their tunability by various modes [1-7]. PMMA hasmerged as one of the promising material, widelylisi and
extensively utilized in various applications [8-11)wing to its light weight, optical transparenayechanical
strength etc it provides an adequate substance tdilized in aerospace applications [12-16]. lis #trena, PMMA
must not only provide excellent mechanical propsribut it should also retain its chemical inertnesdsctrical
behaviour after exposure to high levels of radieidGood thermal stability is also appreciabledolymers to be
utilized in various applications.

In the present study, we have emphasized on theficadtbns produced in the thermal and electricahauctivity
behaviour of PMMA as an effect of ion implantatidkn attempt has been made to investigate the méexharof
alterations produced in the polymeric sample dueridmplantation.

MATERIALSAND METHODS

2.1 Sample preparation

The samples (1cm x 1cm) of PMMA (Goodfellow, UK) neecut from a flat sheet of thickness 500 um and
subjected to implantation of 100 keV Bnd Af ions using Low Energy lon Beam Facility (LEIBF)adable at
Inter University Accelerator Centre (IUAC), New DelIndia. The irradiation of these samples wadgrared at
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room temperature under high vacuum (£16rr) upto a maximum dose of 2x£0dons/cnf. The beam current
density was kept low in order to avoid thermal @elgtion during ion implantation. The average pri@@cange of
the implanted ions has been found to be 342 nmi&& nmfor N* and Af ion, respectively in PMMA, as
calculated using SRIM code (version 2008.04).

2.2 M easurements and characterization
Thermal behaviour has been studied by thermograviengnalysis using Q600 TA Instrument. Thermogsaior
the pristine as well as implanted samples wererdetbat a linear heating rate of 10°C/min, in tbeperature

range ~30-600°C.

The DC current voltage measurements of pristine iandmplanted samples of PMMA were carried outthe
voltage range 0 to 100 V at room temperature ugiaighley 6517 digital programmable electrometeeifdaced
with computer. In order to ensure good electricaitacts, the samples were silver coated with aicegap between
the two electrodes.

To reveal the structural changes due to ion impléom, the pristine and ion implanted PMMA samplesre
subjected to FTIR spectroscopic analysis using 8tiirua IR-Affinity-I, FTIR Spectrometer equipped wipecular
reflectance accessory (Shimadzu, SRM-8000A) and Addessory (Pike, ATR-MAX-Il with Ge crystal).

RESULTSAND DISCUSSION

3.1 Thermal behavioural studies

3.1.1 Thermogravimetric analysis

Thermogravimetric Analysis (TGA) is a potential meao determine the influence of polymer morpholagy
thermal stability through the process of thermairddation. Various kinetic parameters related todhgradation
process such as activation energy, frequency faftee energy of decomposition, entropy of actvatirate
coefficient etc. can be obtained using this tectiff. 7-19].

In order to investigate the effect of ion implaidat on these kinetic parameters, TGA and DTG themams
(Figure 1(A) and 1(B)) of the pristine PMMA and TGlermograms of 100 keV™Nnd Af ion implanted samples
(Figure 2(A) and 2(B)) of PMMA at different ion #inces have been recorded.

0.0

100+ -

90

80 \
] Y

30

20

1)

T g T g T
100 200 300

Temperature (°C)

T
400

T 1
500 600

-0.24

LN
=
1

164
(B)

3
1 11} 3 w 3
04 i
¥
70+ =.= 0.6
2 604 F ) :
g ] =, 0.8 ;
£ 50+ E’ 1.0 ;
E 40- g :
B £ 1. 2 |

18 :
100 150

T
200

T T T
250 300 350

Temperature (°C)

T
400

T
450

1
500

Figure l: (A) TGA; (B) DTG thermograms of pristine PMMA.
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Figure 2: TGA thermogramsfor (A) N* and (B) Ar*ion implanted PMMA

It can be clearly seen from figure 1(A) and 1(Bjttthermal degradation of pristine PMMA takes plectour steps
[20-21] which may be associated to different preessof degradation. The first step falls in thegerature range
0-150C remains almost stable upto a temperature ofH which initial degradation starts. This is assted
with the radical transfer to the unsaturated clesid. The second step in the temperature range 3@ 2nd the
third step upto a temperature of 320may be due to homolytic scission of chains dud-td bonds and free radical
transfer in the unsaturated chain ends, respegtiVéle second and the third steps are more orclagsled to each
other as the hemolytic scissions of the chain magyrce free radicals which initiate the third stggradation
process. The fourth and the main step of the datjaadprocess extends upto 4C0and is associated with random
scissions. Beyond this temperature a residual msdeft out. Figures 2(A) and 2(B) clearly showradpal increase
in the thermal stability of ion implanted samplesshwncreasing ion fluences. It can also be sean tie changes
produced are more prominent in the case ofdN implantation as compared to that for Aon implantation which
can further be confirmed by kinetic analysis.

3.1.2. Kinetic analysis

a) Determination of activation energy

The TGA thermograms have been used to evaluat®usikinetic parameters of the degradation readbpn
adopting most commonly used method of Horowitz Adet [17, 19-27].

The activation energies of pristine and ion imptgntsamples of PMMA corresponding to the main stép o
degradation process have been evaluated usingphnession [26]

Wo —Wr\) _ Edf
ln(ln(w_wf ))— RTZ ™ v e (1)

wherewy is the initial weightw is the remaining weight at temperature T,iswhe final weight, Eis the activation
energy, R is gas constant ahe T-Tswith Tsas the reference temperature corresponding tg w/ive.

The activation energyJ€an be calculated from the slope of the lineageditine between In(In(\WW; / W-W;)) and
0 as illustrated in Figure 3(A) and 3(B) for nd A" ion implanted samples respectively, alongwith phistine
sample and these values are tabulated in Table 1.

b) Determination of frequency factor
The corresponding values of frequency factor fer phistine and the ion implanted samples of PMMAehbeen

determined by substituting the values of activagaergies in the expression [26]

. ART? ( Ea) )
= TBE, exp RT.) e (2)
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where A is the frequency factor afids the constant rate of heating.
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Figure 3: Plots of In(In(Wo-W+W-Wj)) vstemperature for (A) N* and (B) Ar*ion implanted PMMA.

The values of frequency factor, so determined fistipe as well as ion implanted samples of PMMAiéhdeen
enlisted in Table 1. An increasing trend has bdeeved in the values of activation energy as agthe frequency
factor with the increasing ion fluence. Such améase in the values of activation energy may kréated to the
initialization of cross-linking, possible enhancermeén the packing density due to carbonization, paatness,
reorganization of molecular arrangements etc. i gblymeric sample which signifies the increasethiarmal
stability of the polymer. Corresponding to the ewmse in values of activation energy, the valudseguency factor
also increases. Such an increment in the valués@fiency factor signifies the enhanced rate oftiea. This may
be due to the formation of some interstates asutref cross-linking or carbonization which incsea the reaction
rate as an effect of ion implantation [19-23].

The observed values of various kinetic paramefEablé 1) clearly indicate that the extent of changeduced in
the case of Nimplanted PMMA is more pronounced than that predudue to Af implantation in PMMA. This
can be justified by considering the range of theas in PMMA polymer. As already mentioned, thegarmf these
ions have been found to be 342 nm and 148 nm Tarid A ion in PMMA respectively, at the same energy (100
keV) of the incident ion. Since 'Non has impinged PMMA deeply as compared t6 in in the host polymer,
hence, the modifications produced due to ion implgon are more prominent in the case 6fidh as compared to
Ar*ion [11-15, 22].

3.2 Electrical studies

3.2.1 DC Conductivity
The current-voltage plots were recorded for prestis well as Nand A ion implanted samples of PMMA in the

voltage range 0-100V and are presented in figu(é3 dnd 4(B), respectively. It can be clearly sdegm these
figures that the current raises gradually with ithereasing ion fluence for both ions. From thisaddhe surface
conductivity of pristine and implanted PMMA sampless been calculated using the relation [28-2%mjikelow
and presented in Table 1.

d
h™ (5=
cos (Zro)

— (3

O =

where,cs = surface conductivity, d = separation betweattsddes, y = radius of the circular electrode, R =
resistance measured through the I-V measurementedmplanted surface.

Figure 5 presents the variations in conductivityhwiespect to the ion fluence for botA Bnd Af ion implanted
samples of PMMA and the corresponding values haea enlisted in table 1.
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Figure 4: Plotsof current vsvoltagefor (A) N*and (B) Ar* ion implanted PMMA.
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Figure5: Plots of conductivity vsion fluencefor N* and Ar* ion implanted PMMA.

It is clear from figure 5 that initially the condiwity values for N and Af ion implanted PMMA are almost of
same order upto a dose of 1X1Gns/cnt and afterwards, conductivity values fof Mn implantation rises

drastically compared to that for Aion implantation at ion fluence to 2xf@ons/cnf. This can be suggested to be
due to the large penetration depth dfibh as compared to that of Alon at same energy of incident ion. Further

the observed changes in the conductivity of ionlamfgd PMMA may be due to the incorporated stratahanges
as an effect of ion implantation. The possible oaibation, compactness, cross-linkage in the igplamted PMMA
may be responsible for the enhanced conductivitiopfimplanted PMMA [28-29]. These structural chasgre

confirmed through FTIR spectroscopy.
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3.3 FTIR Spectroscopy

FTIR spectroscopy is a powerful tool for identifgithe bonding structure of polymers. Figure 6 pneséhe FTIR
spectrum of virgin PMMA. It exhibits various peassdifferent wavenumbers which may be assignedfterent
bonding parameters using the available literatB0e32].
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Figure 1: FTIR spectra of virgin PMMA.

The major absorption peak at 1732 toorresponds to the C=Orbital stretching vibratiomsng to free carbonyl
group present in PMMA. The peaks in the region 10DB00 cni represents C-O-C stretching vibrations. In
particular, the peaks at 1066, 1150 caxhibit symmetric C-O-C stretching, while those1400, 1242, 1270 ¢
corresponds to antisymmetric C-O-C stretching mdde smaller peaks in the wavenumber range 910889
shows O-CH rocking, while the peak at 842 &nis due to CH rocking vibrations. The peak at 752 tmay be
attributed to C-O bending. All these peaks confithesmonomer structure of PMMA [30-32].

The maodifications in the polymeric sample can beady observed from the FTIR spectra of &hd Af ion
implanted PMMA (figure 7). There is a gradual retitug in the intensities of all the peaks with ieasing ion
fluence. Some of the peaks in the region (700-1@80) have started dissappearing. All these changesatalthe
removal of hydrogen like specices, formation of pawt carbonaceous structures etc in the implardeples of
PMMA. All these structural changes support the olasg modifications in thermal and electrical belaviof the
polymeric sample as an effect of ion implantation.
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Figure 7. FTIR spectrafor N* and Ar*ion implanted PMMA.
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Table1: List of parametersof thermal stability and electrical conductivity of virgin and ion implanted PMMA.

Activation 1 DC Conductivity
S. No. I(ﬁ)gr{glc?%e Energy (kJ/mol) Frilq+uency faCterSS ) (siemen/cm)
N* Ar® N* Ar®
1. Virgin 224.1 224.1 | 5.7E17 5.7E17 11E-14 1.1E-14
2. 1x10% 259.4 249.7 | 1.1E20 4.7E19 2.3E-11  7.6E-11
3. 2x10% 261.7 2538 | 4.3E20 5.1E19 2.7E-10 5.9E-11
CONCLUSION

The observed variations in thermal stability arectlcal conductivity of ion implanted PMMA may k4o tailor
the polymeric sample to suit specific requirmeds.increased electrical conductivity of the sampbeipled with
an enhanced thermal stability as an effect of mplantation may find extensive applications in gas elecronic
and opto-electronic devices.
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