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ABSTRACT

A comprehensive study of structural modificatiohgamma irradiated polymers in the dose range dfG@pto 16

Gy, was conducted using FT-IR technique. The resuméire varied in nature, proving that all polymets not
undergo similar type of destruction under similaadiation conditions. The IR spectrum of polyprigme polymer
confirmed the total destruction of isotactic arramgents of the polymer. The destruction of the popypene
polymer lead to the formation of alcoholic and kétogroups. For polyacetate polymer, eliminationcoafrbon
dioxide took place due to destruction of the egpeup. Interestingly, for polycarbonate polymer@lst was
observed that at the dose of°®y, phenolic group formed due to cleavage of dsterds. For polyvinyl chloride,
there was a clear spectral indication regarding tFmmation of C=C bond and simultaneous decrease in
concentration of C-Cl bond which took place upomgaa irradiation.
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INTRODUCTION

The study of radiation induced modifications inypoérs is a recent yet expanding field of reseathing to its

technological applications, it has received an imsgeamount of attention and is being extensivelgstigated.
Madifications induced by irradiation may sometimeggble in achieving desired improved physical dmehdcal

properties of polymers, thus modifying them for gfie use. Thus the study of polymer modificationdich

comprises a study of physico—chemical variationgdtymers due to irradiation is of great importaficd 5]. These
modifications are the result of superimpositiorseferal mechanisms including the interaction oidiexst particles
with matter, causing initiation of different secang reactions. These changes in polymers deperteoradiation
doses, internal structures of polymers such asstgpéunctional groups present, chain lengths, letgeneral, most
of the radiation-induced modifications can be tchback to changes taking place in the structuréhefparent
polymer. Some of the changes have been attributetthe scissoning of the polymer chains by incidiemts,

breaking of covalent bonds, promotion of crossdigds, formation of carbon clusters, liberation alftile species
and, in some cases, even formation of new cherbaads.

It is expected that materials’ response to highrggn®n-beams is considerably different from thosduced byy-
rays. However, unfortunately though most of the kgdn recent years have been limited to energeta/ ions,
low energy ions and fast electrons, only few wdnkse been reported on gamma irradiation effectpatymers
[16-20]. Our group has been working on modifications of pwys by high doses of gamma radiation for last
couple of years [21-26]. It is observed that imsocases the changes are very significant andrire stase the
changes are very negligent. In this paper, a congmsve analysis of the interesting results obsetheough IR
spectroscopic studies are reported in details.
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MATERIALSAND METHODS

Several types of polymers like Polypropylene (F®)lyvinyl chloride (PVC), Polycarbonate (PC), Pagtate,
Poly Allyl Diglycol Carbonate PADC were studied.Bales of sizes 3x3 cimseven numbers for each set of
polymers) of each type polymer were prepared fromroercially available sheets. They were then iatadl with
various doses of gamma radiation in the dose rafd®—1¢ Gy. The gamma exposure was conducted at room
temperature using 3Co gamma source having a dose rate of 3kGphe exposure time varied from 12s to nearly
14 days in order to deliver the required doses. diners in doses ranged from 8% for low doses @y) to about

1% for high doses.

The properties of the polymers studied are givehahble 1.

Table 1. Properties of different polymersunder study

Name Common Name Thickness Density Manufacturer
Polycarbonal PC 100 un | 1.20gcn-3 | Bayel AG, FRC
Polyallyldiglycol carbonat PADC 1500um | 1.32g cn—=3 | Homalite,US#
Polyallyldiglycol carbonate PADC 650 um 1.32 g cm-Rmerican Acrylics corp.
Cellulose Acetate Butyrate Triafol-BN 120 pn 1.26ng-3 | Bayer AG, FRG
Polyvinylchloride PVC 100 pm 0.90 gcm~3 CommealigiAvailable
Polypropylene PP 80 um 0.90 gcm+3 Commerciallylavie

FT-IR spectra of the irradiated and pristine polyggere taken in the solid state. The spectra wesrerded using a
Nicolet Impact 410 Fourier transforming instrumanthe range 4000 cito 400 cnit. However for polycarbonate
polymers having a thickness of 100um, FT-IR measergs were carried out using an Equinox 55, Bruker
spectrophotometer.

RESULTSAND DISCUSSION

IR spectra ofpolyvinylchloride (PVC) polymer recorded both before and after irradiation do give any
significant information. Some of the charactersstpeaks are totally unchanged even after the gaexpasure.
However it can be observed that dehydrochlorinatibthe polymer takes place, leading to the fororawf C=C
bonds. This is confirmed by the appearance of IBogition band at 1620-1680 ¢nfcharacteristic. of C=C
stretching).[22]Intensity of the absorption bands for the C-H stigtg vibrations (3100-3000 chregion) also
reduces for the PVC polymer with increasing gammsed. These changes are significant at the dosé’ay.
This signifies that due to gamma exposure, sciggijpof C-H bond takes place resulting formation sodouble
bonds. The probable mechanism of structural chapiggmsed [22] is as follows:

H
| 10° Gy
*—— CHy;— C——+
2 | Gamma Dose - HC'
n

Cl

The FT-IR spectra of pristine and irradiafalypr opylene (PP) polymer with the highest dose of 4Gy is shown
in Fig.1. The characteristics peaks are assigaddilaws [23]:

Peak Name Wave number (§m Interpretation

A 2958 Va CH3

B 2885 Vae CHs

C 2838 Vae CHs

D 1461 32 CH,

E 1380 8ac CHs

F 1165 isotactic bonds
G 997 isotactic bonds
H 977 isotactic bonds
| 843 Ic-H

J 1670-1690 v C=0

K 3300-3415 ve O-H
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It is observed in the IR spectra that the isotabtiads at 1165 ¢ 997 cm and 977 crl (3/1 helix) almost

disappear with gamma irradiation at the dose 8fGM) which means the isotactic arrangement of tignper is no
longer present in the polymer matrix.
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Fig.l. FT-IR spectra of pristine and gamma irradiated Polypropylene

The characteristic peaks of methylene and metlodgs A, B, D and E disappear, indicating the fhat tnethylene
and methyl groups get ruptured at the dose 8f@W Interestingly no new sharp peak is observes tdugamma
exposure. Only one broad band around 330berB415cnt appears in the spectra, which is the signaturel lo&n
alcoholic group (O-H stretching). This indicateatteome alcoholic groups are formed in the irradigiolymer. It

can be observed in the spectrum of irradiated pofyyene that a slight shoulder develops in theedength region
1670 cn to 1690 crit, probably due to the formation of some C=0 groups.

The mechanism for formation of alcoholic or keto(@=0) groups is not very clear. Gamma degradgtratess
involves initiation, propagation, and terminatidages. The initiation reaction may take place feugint sites of
the PP chain [1]. When energy is absorbed from gamays, it causes scissioning of the covalent baébSince it
is evidenced that the isotactic arrangements dsase¢he C-H bond of the methylene group breaksus@f several
preferred initiation routes proposed by Tidjani &ddtanabe [1], the most probable mechanism may hellaws:

GHa 10" Gy 0 :I 0
. . 2
M‘CHE—?—CHZMM —_—  » CH@ + MCHQ—?—-CW _"'"""CHE'_(E_CHZ e
H H H

Afterwards propagation occurs by unzipping or kgical abstraction of neighbouring H atom. The resfikhis is
that radical is transferred to another chain othier down the same chain. So the possible mechaftsrthe
formation of alcohol or C=0 as proposed by us [23s follows:

' 7 i
MCHQ_?”CH,_ o MCH;,“(';—CHZ wawene —"2X*“CH2—Q—CH2“‘“‘ + 0,
H H H
o’ H H
| H shift ? ? .
8) #wCHp—C—CHgme  ———— 4CHy—C—Chpww or  mwCHy—C—CH wew
H H
O a
B CHy—C I . i .
CHaz ?_CH?"‘"“ > ww(CH,—C—CHywww + H or wCHo—C—H +  CHywww
H
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The FT-IR spectraolycarbonate polymer, both pristine (100 um) and also irradiated ahbigdoses are shown in
figures 2 and 3. It is clear from both the figutlat the peak intensities and positions for somiefmajor bands
change drastically due to gamma exposure at dosgmrhthan 18Gy. Though neither total destruction nor
formation of new peaks take place at the dose ¥by0the intensities of peaks corresponding to Co8ds (1725
cm?), aromatic C-O bonds (1434 &n C-O-C bonds (1206 ch), C-H bonds of Cklgroup (2968 cm and 2874
cm?), and aromatic C-H bonds (999 ¢rdecreases. This indicates that scissioning cfett®nds take place at this
dose. When the dose becomes as high ¥3yl@he changes become very apparent. At this doest of the major
peaks almost disappear (Fig. 3) and a strong peedaas at 1063 ci The carbonyl peak shifts from 1725 to 1599
cm™. This shift towards lower frequency of carbonyhHas probably due to the decrease of the C=0O looter.
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Fig. 2. FT-IR spectra of pristine polycarbonate polymer

Because of irradiation, scissioning of chains tpleee and as a result, the free radical density other words the
electron density in the polymer matrix increasdss increase in electron density is responsiblegterdecrease of

the C=0 bond order which subsequently lowers tlsogdbion due to the carbonyl groups. Again, onesamthat a
broad band appears around 3500'cm
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Fig. 3. FT-IR spectra of gamma-irradiated polycarbonate at the dose of 10°Gy

This broad band is due to the formation of phengitimups (-OH groups). It is evident from the IR cipem of the
polymer irradiated with 10Gy that due to gamma exposure, the ester linkagesk and probably ester radicals are
formed (see mechanism), thus leading to the foomatif oxygen radicals. The oxygen radicals oncenéat can
easily pick up hydrogen radicals (which are forrdee to cleavage of C -H bonds) and form phenoliugs. In an
effort to explain the chemical changes that talke@| a probable mechanism has already been profitsged

1368
Pelagia Research Library



Dipak Sinha Adv. Appl. Sci. Res., 2012, 3(3):1365-1371

H, __ o 10° Gy : I
o CH
(DL b
CH CH
3 I3 ?
| "ok,
|

T cH,
(FH — (II) ?H — ntl?(\ _002
CH, CH,

CH . ¢

. H (from polymer matrix) @ @ .
O OO
n | |

CH,

(at 10¢ Gy) CH,

FT-IR study ofTriafol-BN also gives some information about its structurages. In some of the relevant regions
like the 1600 t01800 crh(ester carbonyl region) and the 2850 to 3000 ¢B+H stretching region), the absorbance
decreases due to gamma exposure at the highestTtuwsg@eak position at around 2360 Grwhich is due to the
presence of C§also becomes very intense af Gy. This is possible if some of the ester groufphe detector are
destroyed by radiation and produce &@ich, in turn, remains trapped in the detectorrimg®1] as is indicated by
the spectra:
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Fig.4. FT-IR spectra of pristine and gamma irradiated (10°Gy) Triafol-BN [21]

For PADC polymeric detectors, there is no apparent change in the IR spectraamigamma exposure (Figure 5).
Moreover, due large thickness of PADC detectors, B spectra goes below the base line, so the elsatig not
become apparent, even though it was observed foone ©ther studies that the bonds joining polyahdins with
diethylene glycol could have been ruptured formiadjcals [27]
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Fig.5. FT-IR spectraof pristine and gammairradiated (10°Gy) PADC (American Acrylics)[27]
CONCLUSION

On the results of FT-IR spectroscopy, it is conelidhat due gamma exposure structural modificatiohs
polymeric materials takes place and this modifaratiare significant mostly at the highest dose5f@y. Given
below are the conclusions that have been deduoedtfris work:

1. Random destruction of the polypropylene polymethain takes place with the probable formation obhablic

and ketonic groups

2. For Polyvinyl Chloride polymer, at the dose of 1By, observable scissioning of the C-Cl bonds tgiese

leads to formation of double bonds in the matrix

3. Owing to gamma exposure, polycarbonate polymer $opimenolic group at the dose off Ty. This phenolic
group forms due to cleavage of ester bonds.

4. For PADC polymeric detectors, there is nho appachange in the IR spectra due to gamma exposure.

5. TOQe ester groups of the Triafol-BN film detectoe aestroyed by gamma radiation and produce &@he dose
of 10°Gy.
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