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INTRODUCTION

Nowadays, the polymer materials are important irthed fields and activities, being
present more and more in every day life. The factehich generate the degradation of
polymer materials are physical factors like haght| and other radiations of high energy (X
rays), mechanical treatments, ultrasounds, chenfiéadbrs like gas, solvents oxygen and
ozone or other chemical agents. These factors camdupe different reactions
depolymerization, the scission of macromoleculaichoxidation etc. The obtained products
may contain also new groups which can modify thabity or toxicity of the molecular
compound. The process of degradation is undesirableemaking and exploitation of
macromolecular substances. These facts make tieedbihis thesis to be of present interest.
There were selected same polymers like high-denpitjyethylene, polystyrene and
polypropylene, polymers with multiple use in medliteld, industry and everyday life. The
selected studying methods are the electron spionexe (ESR), FT-IR and Raman
spectroscopy, nuclear magnetic resonance (NMR).sElection of these methods had been
imposed by the necessity of characterization ofsda@ples from point of view of physical
and chemical behaviour at microscopic level and dorphasizing of eventual structural
changes at molecular level induced by these intierac

During the applications, these polymers are unldereffects of solicitant conditions
e.g. X, UV and gamma rays, thermal treatments, ivban produce changes on macroscopic
and microscopic scale. The aim of this thesis wees ihvestigation of these actions for
establishing the optim condition of their utilizaii
Preliminar studies were accomplished in this thesisrder to establish the category of the
most important degrading agents with possible &ffapon the properties of these materials.
The thesis is organized as follows, the introdurct theoretic part regarding the polymeric
materials in general, the characterization of gtddiystems, methods of investigation and the
apparatus used, a part of experiments regardingethdts of studied systems, conclusions
and bibliography.

The introduction presents a syntetic descriptionpofymers and of theirs main
charateristics. The description is backed up byrég and footnotes to references of

bibliography. This chapter consists in a theoréticoduction in the research of polymers
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degradation and a short classification of thesgmets.

The characterization of the investigated systems aescribed in the second chapter.
The observed polymers were presented and all floemation regarding their physical and
chemical properties and also their practical apphns.

The methods of investigation and the apparatus wsaé@ shortly described in the
third chapter. The apparatus used consists in FR&#nan, NMR and ESR spectometers.

The results of experiments chapter is structuradany sub chapters which deals with
three researched polymers, the high-density pojeatle, the polystyrene and the

polypropylene.
This work ends with conclusions wich result frorststudy and the references.

Mihaela Pop, PhD Thesis 4



_ Spectroscopic investigation of some conmmon polgmeder the action of some degradant physical agent

THE EXPERIMENTAL RESULTS

Due to their special physical and mechanical prioggersynthetic polymers take an
important place in all the domains of activity, figgipresent more and more in every day life.
Taking into consideration the diversity of medieald pharmaceutical fields, the synthetic
polymeric biomaterials ( simple or compound) isaatual topic with a special dynamics. The
systems studied in this thesis are HDPE, PP are PS.

1. High-density polyethylene (HPDE)

Polyethylene is often used in the field of medicthee to its physical, chemical and

mechanic properties. Its structure is as follokgyre 1).

! \~—r/ !
HE _;n

Figure 1 Molecular structure of highmdiy polyethylene.

Molecular structure of High-density polyethyleneshbnear fashion rather than
branching out to form long chains and it is preddrem polymerization of ethylene under a
medium and low pressure, using molybdenum oxide ememe trioxide as catalytic
components. Also it can be prepared through Zieghdta polymerization using titanium
compound catalytic and conducting the reactiorht datmospheric pressure. HDPE has the

mass density from 0,94 to 0,96 gf;m white aspect, it is also harder and more opaque
1.1. The radioactive degradation

The degree of radioactive degradation dependseoiviivelength of the irradiation, of
the rradiation,of the intensity and the dose of thaediation, of the conditions of the
irradiations and the structure of irradiated polymi¢ is very important that any risk of

radioactive contaminations to be eliminated inrttedical field. We observed in this research
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that the sample of polyethylene was investigateunfithe point of view of microscopic
modifications after it had been X and UV gammadiated, with different doses.

a) ESR investigation

Generally the irradiation with gamma and X radiasiomay produce atomic or molecular,
ionizations, breaking of chemical chains or modifions local conformation [1]. Through
ESR spectroscopy | studied the changes of theostopic structure of the polyethylene. It is
possible that after this irradiation this sampleptoduce free radicals or to appear some
atomic species with a different spin states [2Je Tdrming of free radicals in the high-density
polyethylene which had been gamma irradiated isomapt for further research [3-13]. |
compared the possible effects of changes on maeadale after irradiation. The witnes

sample presents a large RES signal without a hyygecbupling (fig.2) [14].

g=2.04
D= 3561Gy

g=2.03
W D= 1399Gy

M D= 890Gy

W D= 79Gy
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T T T T
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Figure 2. The ESR spectra
of HPDE gamma irradiated
at different dose.

Starting with irradiation doses of 1399 Gy, the oreled spectra presents an
additionally a narrow signal at the value of B= @3B magnetic field and g = 2,03. So this
means beginning to D = 1399 Gy there are unpailetirens associated to formation of free
radicals or other energetic configurations [15]. v can assume that there is an effect of
ionization or even a breaking chain [2]. The snaatiplitude of the signal doesn’t allow the
detection of a hyperfine coupling. It is possililattan electron under gamma radiation action
to be set free from a chemical chain and to becoameunpaired electron. If the dose of
radiation is increased, this signal still existappears at the same value of magnetic field and

its intensity is bigger. After the exposure stofie system is relaxed ( Figure 3). We can
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associate this effect with a process of recomlnatn fact, the capture of the electron [13-
14].

V”J’HAM,/W/,M’”\kﬁmfdf/ﬂ,ﬁ, efter 1302zile
d,,,,mfx_,i,n-/”’“\\\ﬂkM‘~////,_/~ after 31zile
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Figure 3.The ESR spectra
for HPDE relaxe.

Amplitude (a.u.)

In the case of irradiated sample with UV rays, ESplectra were recorded immediately after
the irradiation stopped. After 1 hour of irradiatithe signal is light and it has a relative small
intensity (Figure 4), so we can assume that tis¢ dilectrons appear unpaired [16]. If the time
of irradiation is longer the signal still persiand also the intensity increases. It is possible

that an electron to be released from a chemicahah&ler the pressure of UV irradiation [8].

after 30h
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Figure 4. The ESR spectra of
HDPE UV irradiated.
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b) NMR investigation

Generally, the effect of aggressive agents (gammdaxairradiations) leads to changes
like, the damage of the organization (damage ofctlystal or amorph state), the breaking of
polymeric chains [17-20]. | analized the compaelgithe'*C spectra andH NMR spectra
for irradiated sample and the sample which wasmadiated. From thé’C CPMAS spectra
of the prove of the polyethylene which was not draded we can identify an maximal
absorption value, tall and narrow at 32 ppm anargelr maximal absorption value at 31 ppm
[21-23] (Figure 5). These values are associatednéthyl group of crystallographic and

amorph component.
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Figure 5. CP MAS*C NMR spectra of a) pul
b) gamma irradiated and c) X-ragradiatec
high density polyethylene.

After the irradiation with gamma radiation we cadmserve a slightly modification of
the spectra related to the appearance of one nealeai 34 ppm. This peak can be associated
with a crosslink effect of the group carbon-car§@aC) [22-24]. In the case of irradiation
with X rays, we can observe the appearance of amadvabsorption peak at 34 ppm related
the crystaline phase carbon-carbon (C-C). Theivelatintensity of this registred maximal

absorption value of the irradiation with X rayshigiger than the registered peak of gamma
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radiation of the same sample. We took into conaiatan the fact that the dose of irradiation
was 25 times smaller than in the case of X irrémiiasample, so we can conclude that this
type of radiation produces a much bigger damage ihahe case of polyethylene radiation
with gamma rays [21]. So it is obvious that X rayadiation and also gamma encouraged the

rearrangement of polymeric chains.
¢). Raman and IR investigation

| used Raman and IR mehods to emphasize the pesdiahges on molecular scale
induced by irradiation [25-27]. As regards Ramaecsum, the most intense bands are 1060
cm' and 1125 cm C-C stretching band, 1295 &nCH twisting band, 1428 c¢h—CH2
bending band, 2842 chand 2878 ci-C-H stretching band [28] (Figure 6 ).
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Figure 6. The Raman spectra of the HDPE
with different doses of irradiation.

The vibration bands appear at the same wavenurfdretfse gamma rradiated sample and the
unirradiated one, so we can conclude that we d@ve modifications related to the chemical
structure of the molecule. The strong absorptiamdsacan be easily destinguished in the IR
spectra of the polyethylene situate®@46 cniaccording to the vibrations of stretching C-H,
1474 cnt according to the vibrations of bending chains C1M461 cnit according to the
vibrations of waving groups GHind band situated at 733-720 &rdue to long vibrations of
the chains with 4 or more groups £[29-31]. The doublet situated between 730-719 tm
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corresponds to crystallinity region of polymersgiie 7).
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Figure 7. IR spectra of the HDPE
with different doses of irradiation.

After gamma irradiation the vibrations bands of kiigh-density polyethylene appear
at the some wave numbers. Altogether with the ameeof the dose, these vibrations bands
develop their amplitude. The increase of theseatitan bands is determined by the increase
of the number of chemical chains involved in thisdkof vibrations. More chemical chains
can vibrate when the molecules are free to movgossible effect ofy irradiation is the

scission of the chains which leads to the incref$ecal dynamics of polymeric chain.

1.2. Thermal degradation

As a result of overheating, the polymers sufferfedént physical and chemical
modifications followed by the elimination of gasequroducts, liquids, colour changing. The
chemical reactions of polymers which occur due verbeat ca be split in two groups,
reactions which appear altogether with the breakihthe main molecular chain, reactions
which appear without the breaking of the main mol@cchain [32-33]. We paid attention to
the changes of microscopic structure of the polgetie in accordance with different thermal

treatments (248C melting process, cycles of heating and coolinthattemperature of 134
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°C degrees, for 45 minutes, and the immersion inltgeid nitrogen at the temperature of -
196 °C, for 5 minutes). When the polymer is heating, ¢mergy of thermal movement in

some places of the system becomes equal with tef chemical chain and finally the

chemical chain breaks down. The bond C-C is onthede chains stable at thermal action.
The presence of H atoms attached to the C-C boadsl|¢o the decrease of the thermal
stability of C-C bond.

a). ESR investigation

We interested to observe by ESR spectroscopy thesille changes of the
microscopic structure of the polyethylene in aceok with different thermal treatments.
ESR spectra were registered immediately after tre¥ntal treatment had stopped. We
analyzed the witness sample in comparison withttieemal sample already damaged. The
witness sample in characterised by an ESR sigrtabwi a hyperfine structure which means
that there aren’t unpaired electrons. Beginnindhiite first cycle of heating the registered
spectra shows am additional signal at B= 3350 G,itbbas a slight intensity. The slight
amplitude of the signal doesn’t allow the detectadra hyperfine structure (figure 8). It is
possible that broken chains and oxidation to appéer the thermal degradation and also
some cross-links in some cases [2-3]. This phenomé&nfollowed by the appearance of an

unpaired electron.
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Figure 8. ESR spectra of HPDE after thermal desgjrad.
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Similar behaviours have also the melted polyetre/lsample. But the intensity if its
signal is much bigger at this signal appears withdame value of magnetic field B=3350 G.
In the case of the sample immerssed in liquid mgm the RES signal completely

disappeared.
b). NMR investigation

The change of the spin-spin relaxation timeasTassociated generally with the change
of mobility of polymeric chains [34]. This mobilitgan be associated with the breakings
within the polymeric chains, or by changes of nbming of these groups. The reference
sample in comparison with the sample which wasntlaétreated shows different evolutions

of transversal magnetization which are associatigkd gvystalline and amorph components

changes.
3 HDPEmelted / \ N\ b)
3 HDPE eited 3
3 3 o
E g HDPE liquid nitrogen
2 /[ =
b= HDFE liquid nitrogen =
£
g 3
/N HOFEpure HDPE pure
1IE5 184 1E3 00l 01 1 1E3 0,01 o1 1 10

T,6 T®

Figure 9. The corresponding &), b) T distributions for
the pure and aged in liquidnitrogen, meltPE.

All distribution from the Laplace spectra preseots peaks (Figure 9). The mainpeak
is located at the lowesk, values, around 200 ms, therefore characterizec lygduced
mobility, and can be associated with the crystallinase of HDPE. The second peak located
between 1-2 ms, characterize the mobility of linkgalymer chains therefore can be
associated to the amorphous phase of HDPE. Withootker of magnitude higher one can

find a peak associated to the more mobile chairmsets like the loose loops from the
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amorphous phase, while with two orders of magnitode can find peaks which can be
associated with the extremely mobile polymer chségments like the end chains. The
positions of peaks in th& distributions for HDPE aged in liquid nitrogen eEspond with
the peaks of pure HDPE. Nevertheless, the effeé& wiin cure in liquid nitrogen leads to a
more organized chain distribution into the crystall as can be observed from the
corresponding narrowed peaks. The highest homoiyeiseproduced by melting the HDPE
sample. This treatment will increase also the nitghbilf loose loops from amorphous phase.
The melting cure lead to significant changes atdo the saturation recovery build-up curve
of the same pure and aged HDPE samples (see Qaly tbmponents can be identified in the
T, distributions and these can be associated froht t@left (decreasing values) with the
crystalline, interface and amorphous phase of HIZHE The discrepancy betwedp andT;
distributions arises from different NMR sensitiviby these two parameters for describing
multiphase in polyethylene. In contrast to the nhedrtreatment, irradiation with X-rays leads
to a small ordering of HDPE network. The meltingreculestroys a significant part of
amorphous and crystalline phase and increase teefacial high density polyethylene
network.

2. The polystyrene (PS)

Polystyrene is a thermoplastic substance made nefali macromolecules without
branches. It appears as a commercial product i@ &84 it is a colorless white substance and
a good electric insulator. Polystyrene's chemicaimiula is presented in figure 10. The
polystyrene is obtained through the radical polyration of styrene, with the presence of a

catalyser or without it, if the styrene is not mixsith inhibitors of polymerization.

CH?\ / \ /Hz'\ /CHE\ /CHE\_ /

685066

polystyrene

Figure 10. The molecular structure
of thepolystyrene.
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2.1 The radioactive degradation

The researches regarding the effects of ionizirjateons of high energy ( X and
gamma), especially upon medical devices which sbnisi polystyrene, are increasing
because of the requests of medical sterilizatitre Jample of solid polystyrene was exposed
to the gamma radiation and also UV. The gammaiatiath was accomplished using®%o
source, from a 5,3 Gy/h dose rate, the accumuladtges being from 367 Gy to 8989 Gy and
coresponding to times from 1 hour to 67 days. Sofrte polystyrene proves was irradiated
with X rays, accumulating a 367 Gy dose for 13 dagsthis research | also irradiated the
polystyrene prove with UV rays, using a VL lamptwé wavelength 254 nm for 1 hour to 4
hours and 30h [35].

a) ESR investigation

We followed through ESR the detection of free rallicformed during the gamma
irradiation sample. ESR spectra were registereddadiately after the irradiation had stopped.
It was analyzed in comparison the unirradiated samapd the gamma irradiated sample.
(Figure 11)

m D796y
’;
a
[}
k=]
2 D=367 Gy
=
€
<
reference
T T T T T T T T T T
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BG
Figure 11. ESR spectra of PS gamma
irradiated at different doses.

We can observe in the spectra of the unirradiat@lgsfyrene a single signal without a
hyperfine structure. This result shows the fact thare aren’t free electrons. In the case of

UV irradiated sample the ESR spectra were regdteémmediately after the irradiation
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stopped. It can be noticed a large signal of 34qC0F@gure 12). This signal is still slight after
1h of irradiation and it has a relative low intépsso we can conclude that the neighboring of

unpaired electron is changed.

23
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< / after 4n
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Figure 12. ESR spectra of the UV irradiated
polystyrene at differerpieriods of irradiation.

When the time of irradiation is increased this aigstill persists, but it's a little bit more
intense. The value of magnetic filed is the samenatter of the time of the sample exposed
to irradiation. It is possible that an electrorbwset free from a chemical structure under the
pressure of UV radiation. We can presume an etieainization occurred or even a broken
chain [36-37].

b). NMR investigation

| compared the possible effect of the modificatimm the microscopic scale after
gamma and X irradiation using CP MAS NMR methode Tunirradiated sample present
important maximum at 145 ppm associated to aroncatibon group B and also a maximum
at 128 ppm associated to aromatic carbon groyd®43].

After the irradiation, the NMR signal shows the sammaximum value of the
frequency of the resonance but with a less am@i{iagure 13).
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Figure13. NMR CP MAS spectra of 13C folygtyrene
a) pure statg¢ ghmma irradiated; c) X rays irradiated.

The reduction of lines’ intensity is associatedegaily with the reduction of number of spins
which give a resonance signal. It is possible ghpart of molecules to be chemically broken.
The result is that the monomers or precursor momemappeared and they have a signal for
another research field than the studied one. So.cawmot identify modification of the
chemical bonds till the D= 979 Gy irradiation do¥¢e don’t have modified structures of the
monomer, although it is possible to appear sometstre modifications in the neighboring of
the polymeric chain with the repercussions upon digeamic. During the next stage we
observed the effect of radiations upon the relaxatiime of different functional, aromatic and
aliphatic groups. We measured the relaxation of-#Becarbon for the aliphatic and aromatic
group. The gamma irradiated sample and the unatedione present different evolutions of
transversal magnetization, and there are also rdiffeevolutions between aromatic and

aliphatic groups. A general diminution of relaxattome can be observed after the irradiation.
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The time for the aromatic group is half reducedttie case of the gamma irradiated

polystyrene, and a much faster reduction of tink@oat 5 times faster, takes place fort the

second part of the same group (Tablel).

C aromatic C metilen-metin
Sampel
Tip(MS) T1p(MS) T1, (MS)
PS nonirradiated 1,9 81.,3 63,8
PS gamma irradiategl 0,7 14,3 32,7
Table 1

So the relaxation time and the irradiation decréadbe same time. The same effect can be

observed in the case of the carbon from metilerimggbup, where the relaxation time is also

half reduced. All these results can be associateld & reduced effect of crystallization

induced by irradiation. The change of relaxationetiis associated in general with the change

of polymeric chains mobility [40-45].

¢). Raman and IR investigation

The Raman and IR methods were used to emphasizeo#sible changes induced by

the irradiation. The possible interactions withinetpolymer can be studied through

comparing the initial state of samples with thdmte after irradiation. These spectra are

presented in the figure 14.
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Figure 14. IR spectra of polystyrene
with different doses of irradiation.
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You can easily observe that the spectra of putte gtalystyrene contains well distinguished
bands at 720-2900 ¢ The aromatic ring s generates bands of vibration higher than
3000 cnt. The aspect and the amplitude of the spectraligietly changed and the bands of
vibrations appears at the same wavenumbers, agitioess sample. Also one may observe
that the increasing of the irradiation time is lre tsame time with the increasing of Raman
bands intensity which are at the same wavenumiée483. The increasing of bands vibration

is induced by the increasing of chemical chainsmemmvolved in this kind of vibrations.
2.2 The thermal degradation

The absorption of energy through heating may determeversible or irreversible
phenomenon which leads to the changes of physichhreechanical parameters or in the case
of oxygen from the atmosphere, it leads to the ghanof chemical properties. The
polystyrene was under the effect of different thertreatments, as follows: a) heating to it's
melting temperature of 25 b) immersion in liquid nitrogen at a temperatafe 196 °C.

All these treated samples were brought at the testyre of the envinronment. We followed
through ESR spectroscopy and NMR the possibleifination of the microscopic structure

of polystyrene which was under these thermalitneats.

a). ESR investigation

It is possible that after the thermal degradaticee radicals to appear in this sample
or to appear some kind of atoms with different sgiate. We follow through ESR
spectroscopy the possible changes of microscopictate of polystyrene according to
different thermal treatments. ESR spectra weresteggd immediately after the thermal
treatment stopped. We analyzed in comparison fleeergce sample structuiigure 15). In
the case of the melted polystyrene, the registepettra presents a supplementary signal at
B= 3450 G, but with a low intensity. This low intety doesn’t allow the observation of the
hyperfine structure. We can assume that aftertteental degradation the broken chains can
appear [49-50]. When the temperature is over ¥50the polymer suffers processes of

thermal degradation.
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b). NMR investigation
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Figure 15. ESRpectra of PS
after thermal degradation.

We compared through this method the possible efiechanges of the polymer at

molecular scale after different thermal treatmelmtsorder to observe the possible effects on

local dynamics we measured the relaxation spin-§ptime and also measured the relaxation

spin lattice T time (Figure 16). One may notice the differencesvieen the reference sample

and the thermal treated samples.
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Figure 16. a).The transversal evolution of magaéivn b). the
longitudinal magnetization of polystyrene under thermaltreatments
accordina to tim.
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Regarding the relaxation time, the differences lbetw the reference sample and the
immerced one in the liquid nitrogen are very feval§él 2). The melted sample shows a
longer relaxation, so we can conclude that the olyoaf polymeric chains increases after
melting, due to the breaking of chemical chaing.[4he fraction of higher dynamic states

are much more after the melting.

Sample Relaxion time{s) Relaxion timeJ(ms)
PS pure 0,44 53,87
PS melted 0,50 55,98
PS immerced liquid 0,43 40,41
nitrogen

Table2.

3. The polypropylene (PP)

The polypropylene is a polymer similar with the ymhylene. It is a solid substance ,
white, thermoplastic. The molecular structure @& golypropylene is presented in Figure 17.
Alike polyethylene, it can be considered a sdédranolecular hydrocarbon ( molecular

weight of 80 000 — 200 000). It is a stable polym@eaggressive environments.

1]
e,

Figura 17. The molecular structure of polypropylene

_(?_I
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The polypropylene is an interesting thermoplastibstance from point of view of
biomedical applications, because of mixture of spmgsical and chemical properties (a good
chemical and thermal resistance, good electric rardhanical properties) with a slightly

processing.
3.1 The radioactive degradation

There are two main modalities for forming free cad in a polymeric chain, chemical
methods and radiation methods with the help aftedenagnetic medium and big energy. The

gamma and X radiation produce the ionization ofalid substances.
a). ESR investigation

Electron spin resonance can be used for explaifimm quality point of view the
appearance of free radicals after gamma irradiatidre forming of free radicals in the
polypropylene exposed to gamma radiation was thén napic for many specialized
researche$51-53]. The ESR spectra were registered immediadéier the irradiation had
stopped. We analyzed the unirradiasaimpleand the irradiated one in comparisdrhe
reference sample doesn’t shows a convincing sigagalrding a magnetic field of B= 3400 G.
When the irradiated dose is 367 Gy, the registepedtrum shows a narrow signal. The value
of magnetic field is the same 3400 G and the gigme#c factor is g = 2,01. The result shows
that the first unpaired electrons appeared. Theifdgensity of the signal doesn’t allow the
observation of the hyperfine structure. It is pblsithat because of the gamma radiation
process an electron to be set free from the chémlwain, becoming in this way a free
electron. This signal still persists when the radradose is increased and it has the same

value of magnetic field, but the intensity of teignal increases (Figure 18).
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Figure 18. ESR spectraHB gamma
irradiated at diffat doses.

We observed that when the value of the dose is R41zy the value of the magnetic field is
still B=3400G, but the amplitude increases, so e suppose that the number of free
electrons increases and there can be possiblecagzof ionization.

b). NMR investigation

In order to emphasize the modifications inducedth®y effect of the gamma and X
radiation over the polypropylene, we analyzed tamma irradiates sample with a 8989 Gy
dose and the X irradiated sample with a 353 Gy dossomparison with the unirradiated
sample. One may identify a high and narrow maxinuirabsorption of 26 ppm in the NMR
CP MAS spectra. This maximum of absorption is aissed to CHgroup (Figure 19a). After
the irradiation with gamma rays we observed a sligbdification of the spectrum as an
additional peak appeared at 32 ppm (Figure 19bs pbak can be associated with a cross-
linking effect in the carbon-carbon group (C-C){58]. The dose of gamma irradiation was

25 times lower than in the case of X ray sample.
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Figure 19. The R NMR CP MAS 13C spectrum of theypapylene
a) pure ; b) gamma irradiated ; c) X ray irradiated

The NMR CP MAS spectra of irradiated sample withe)(s is presented in Figure 19c
and it can be observed that is identical with fhectra of the unirradiated sample. As in the
case of the polystyrene this type of radiation poas a significant degradation bigger than in

the case of gamma rays irradiation

¢). Raman and IR investigation

The Raman spectroscopy provides information able@tmolecular structure of the
material [57]. The effects of polypropylene’s raafitive degradation can determine the
modification of the vibration spectra noticed thghu Raman spectroscopy. An objective of
our research was the analysing of Raman and IRrspkx the sample exposed at different
doses of gamma radiation. One may observe thatiRhepectra of the polypropylene
unexposed to gamma irradiation contains think baatd800-2954 cni'. These bands are
drawn in the figure 20. The most intense bandsaardollows: 2954- 2832 crit -C-H
(stretching vibration) and -1166 cih-C-H deformation [58]. The doublet situated at 972
1000 cmi* assigned to the amorph part of the polypropylene.
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Figure 20. The IR spectra of the PP
at different doses of gamma irradiation

In the case of the gamma irradiated sample, weobaarve that the vibration bands appear at
the same wavenumbers, but their amplitude incresisadtaneously with the dose of gamma
radiation. The increase of bands intensity is deiteed by the number of chemical bonds
involved in these kind of vibrations. A possibldeget of the gamma radiation is the split of
chains and the effect is the increase of the ldgaamics of the polymeric chain [58-61]. The
Raman spectra of the polypropylene at different ganirradiation doses is presented in the

figure 21. The polypropylene in initial state spaot contains thick bands of vibration at 390-
3000 cmi™.
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Figure 21. The Raman spectra of the polypropylene
at different doses of gamma irradiation

The differences between the spectra at differeatiation doses are very small. The aspect
and the amplitude of the spectra are slightly ckdnghe vibration bands appear at the same
wavenumbers as in the case of the unirradiated Isarbpt their amplitude increases at the

same time with the increasing of radiation dose.
3.2 The thermal degradation

Many polymers over the high temperature endure npygical changes which are
not followed by the tearing of chemical bonds. Whiiese polymers are heated the
elimination of the substitute take place and itngdes into a more stable polymer. The
substances with a linear structure are the mostibetable. The branching polymers are less
stable. At the next step the samples of polypromylevere under the influence of heating
processes till the melting temperature 240 After that they were cooled off till their
temperature was very close to that of the envinemmin this research | performed 3 cycles
of sterilization. At the temperature of 138, for 45 minutes. Then the samples were cooled
off at the room temperature. In order to follow tpessible changes of the damaged
microscopic structure of the researched polymeoutl this sample under thermal shocks

through the immersion on liquid nitrogen und at penature of — 198C, for 5 minutes. After
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that the sample was heated till the temperatusmeinronment. | accomplished NMR, IR and
Raman measurements over all these samples and gatedhthe registered spectra to the

spectra of the reference sample.

a). NMR investigation

By nuclear magnetic resonance we wished to follegvgossible changes of the local
dynamic after the thermal degradation, we accom@tismneasurements of the relaxation time
of the spin-spin proton,J using the CMPG method and measurements of th&atbn spin
lattice time T, using the method of recovering of the longitutlim@agnetization and
saturation [25]. The relaxation times of the trarsal magnetization, the relaxation time of
longitudinal magnetization of the polypropylene séanover different thermal treatments are

presented in the table 3.

Sample Relaxation time Relaxation time
To(S) T4(s)
PP pure 0,15 9,8
PP melted 0,24 15,56
PP liquid nitrogen 0,20 10,67
Table 3.

One may observe a very small difference in the chdlge spin-spin relaxation time of
the sample after the thermal treatment. We cancagsosmall changes of the local dynamic
to these differences. In this case these measuten@nthe spin-spin relaxation time
emphasize the effects of the thermal treatment tdwverpolypropylene. In the case of the
relaxation of the transversal magnetization, thie $attice relaxation time for the melted
sample is bigger (I=15,56 s) than the untreated sample £8,8 s). The melted sample
presents a longer relaxation, so we can concluatethinough melting process the dynamic of
polymeric chains was encouraged, and also theiagie$ chemical bonds.
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b). Raman and IR spectroscopy

The Raman spectroscopy provides information abdw& molecular vibration
states[60]. | compared the Raman spectra of thi@alistate of sample during many cycles of
thermal heating. The spectra of the polypropylenmitial state contain vibrated thick bands
at 808-840 cm. The bands of 808 and 840 ¢hare associated with the crystalline state of
the sample. In this way, at 808 ¢h the vibration band is associated to the “heliatiain
from the ,, crystalline” structure and there igd@ublet with two partat 840 cm™* asscriated
to, shorter helix chains 830 cfnand to ,,unhelix”chains. In this domain the spadook like

in the figure 22.
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Figur. Zhe Raman spectra of the polypropylene
over the different cycles of heating

These bands appear also in the case of the saxmbsed to the thermal treatment [61-62].
The crystallinity didn’t change over these treattsen

Mihaela Pop, PhD Thesis 27



_ Spectroscopic investigation of some conmmon polgmeder the action of some degradant physical agent

CONCLUSIONS

The used methods (ESR, RAMAN, IR si NMR) emphasieeeffects of degradation
over the analyzed polymers.

The effect of X and gamma radiation over the piblylene is the same as in the case
of UV radiation and leads to the process of reamghstructure. Analyzing the ESR spectra
of the gamma irradiated sample and those of unated one, we observe that starting with
the D=1399 Gy the first unpaired electrons appe@amve have an ionization effect or even the
tearing of chemical bonds. The small amplitudehef gignal doesn’t allow the observation of
the hyperfine structure. After the exposing to gamma radiation stops, the polyethylene
relaxed, which indicates the appearance of thembgmtion phenomenon of the free
radicals. The relaxation spin-spin times dnd spin-lattice relaxation time; Tneasured
emphasize the changes of mobilities of polymerigirth The Raman analyze of the gamma
irradiated polyethylene samples with doses of 1&34doesn’'t show the modification of
chemical structure. After the thermal degradatiendcission of polymeric chains appears and
the effect of the liquid nitrogen leads to moreasnged distribution of the crystaline and
amorph phases. The biggest homogeneity is prodbgethe melting of the sample. As
regards the Raman spectroscopy there aren’'t amygeBaafter the irradiation. The vibration
bands appear at the same wavenumbers before ardgafhma irradiation, so there aren’t
any changes in the chemical structure of the pojjene.

The gamma radiation produces a more significagratation than X radiation in the
case of the polypropylene. This fact is confirmgdhe NMR. The Raman analysis of the
polypropylenem sample over the thermal treatmerdsd® indicate any changes of the
chemical structure, its crystallinity didn’t changdthough through the Raman spectroscopy
one may observe the effect of the gamma irradiatieer the polypropylene and also the
increasing of the local dynamics of the polymer.

In the case of the UV irradiated polystyrene azation effect appears and even the
scissio of some chemical bonds, showed by the HBRre aren’t any changes of chemical
bonds till the D=979 Gy gamma dose. There is aaedweffect of crystallinity induced by
gamma irradiation, also confirmed by NMR. The chanf the relaxation time is associated
in general with the change of the mobility of pobme chains. This mobility can be modified

through the scission of some chains or through hhieged of neighboring of polymeric
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chains. The dynamic of polymeric chains was enapeaaby melting. The polymer suffer

thermal degradation processes at the temperat@s03€.
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