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Electret stability of gamma irradiated PP and PET films
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The influence of the gamma irradiation on electrets stability of the polymer films of polypropylene and poly(ethylene terephtalate)
was studied by following the surface potential decay with time and with sample’s storage temperature. The electret surface potential
was measured by the method of the vibrating electrode with compensation. Polymer film samples were subjected to integral irradiation
doses ((Ey) = 1.25 MeV, 0Co source) of 5 kGy and 25 kGy accumulated in air at a dose rate of 0.26 Mrad/h. After irradiation, the
samples were charged in a corona discharge by means of a corona triode sistem for 1 minute under room conditions. Positive or negative
5 kV voltage was applied to the corona electrode and 1 kV voltage of the same polarity as that of the corona electrode was applied
to the grid. Significant changes in the electret behaviour of the polimer films after gamma irradiation were established. The surface
potential dacay depended on factors such as the corona polarity, the type of material and the irradiation dose. At 25 kGy the gamma-
irradiation-induced enhancement of the electrets efficiency of the PP films achieved the highest value. The possible mechanisms of

surface potential decay responsible for the observed irradiation dependent behaviour are discussed.
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INTRODUCTION

Electrets are dielectric materials capable to retain
electric charges over a long period of time and to cre-
ate an external quasistatic electric field. The electret
state is an important cross-scientific subject of di-
electric physics, material science, sensor engineering,
medical and bio-engineering [1-3]. Over the years, a
considerable interest in the surface potential decay of
corona-charged polymeric materials has been shown.
Besides the electret’s material and conditions of elec-
tret’s manufacturing the surface potential decay de-
pends on a number of factors under which the elec-
trets have been stored or used, for example: temper-
ature, humidity, pressure, gamma irradiation etc. [4—
6]. The influence of these factors on the charge decay
has been studied in order to obtain stable electrets for
numerous applications. However, there are only a few
publications about the influence of gamma irradiation
on the charge decay of polymer electret films. In [7]
the gamma irradiation effect (up to 100 kGy) on the
electret behaviour of corona charged biobased poly-
mer films of polylactic acid have been investigated. It
has been shown by viscometric, DSC, and SEM stud-
ies that the degradation process is predominant. As
compared to the non-irradiated samples the values of
the surface potential of the irradiated samples, inde-
pendently of the corona polarity and irradiation dose,
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were higher. In [8] the surface potential decay after
dc corona charging of gamma irradiated low density
polyethylene (LDPE) has been studied. The irradi-
ation was carried out in air, nitrogen gas and vac-
uum to investigate the effect of the irradiation envi-
ronment on the surface potential of LDPE. Significant
changes occurred in the surface potential decay char-
acteristics in dependence on irradiation dose. The dy-
namic behavior of the surface charge of gamma rays
irradiated polybutylene naphthalate has been studied
in [9] by applying a negative bias voltage between two
aluminum plate electrodes. It was established that
with the increase of the total dose of gamma irradi-
ation, both the capacity of surface charge and the rate
of charge decay decrease. The charge accumulation
depends upon the density of localized surface states,
which is varied by the radiation induced cross-linking
and the degradation reactions of the molecule struc-
ture. The decay is caused by the recombination of
surface charge with ions of the opposite sign in air.
The gamma irradiation effect on the chain segment
motion and charge detrapping in polyamide 610 has
been investigated by means of thermally stimulated
depolarization current in [10]. The gamma irradiation
increases the stability of trapped charge in both amor-
phous phase and interphase, but does not affect the
stability of trapped charge in crystalline phase. The
effect of 1.25 MeV gamma radiation on the struc-
tural properties of pristine and gamma irradiated (0—
2000 kGy) poly(ethylene terephthalate) polymer sam-
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ples have been analyzed in [11] and certain increase
in the crystallinity was observed. Polymeric materi-
als as polypropylene (PP) and poly(ethylene tereph-
thalate) (PET) are widely used for the formation of
electrets, because of their important commercial sig-
nificance, structure and appropriate mechanical and
electrical properties [12, 13]. In the literature how-
ever, there are no data available for the influence of
gamma irradiation on the charge decay of PP and PET
electret films. Therefore, we undertook such a study
on some polymers. The present paper reports on the
influence of low dose gamma irradiation on the sta-
bility of electret characteristics of corona charged PP
and PET films.

EXPERIMENTAL

Formation of gamma irradiated polymer films

Initially, the 20 ym PP and 40 um PET films were
cleaned in an ultrasonic bath with alcohol for 4 min-
utes, followed by rinsing with distilled water and dry-
ing on filter paper in air at ambient temperature. Sam-
ples of 30 mm diameter were cut from the clean films
and subjected to gamma irradiation treatment. The
irradiations were performed in air by a °Co source
with total doses of 5 kGy and 25 kGy accumulated
in a single step at a dose rate of 0.25 kGy/h. It was
checked by thermometric control that the sample tem-
peratures during the irradiation did not appreciably
increase above room temperature. This was expected
because of the low dose rate of the irradiation.

Corona charging and surface potential
measurement of the samples

The charging of the samples in a corona discharge
was carried out by a conventional corona triode sys-
tem (Fig. 1), consisting of a corona electrode (needle),
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Fig. 1. Corona charging set-up: 1 —sample on a metal pad;
2 — corona electrode; 3 — grid; 4 — grounded plate elec-

trode; U, — grid voltage power supply; U, — corona voltage
power supply.
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a grounded plate electrode and a grid placed between
them. The distance between the corona electrode and
the grid was 10 mm and the distance between the grid
and the grounded plate electrode was 3 mm.

The samples of the non-irradiated (0 kGy) and
gamma irradiated (5 kGy and 25 kGy) PP and PET
films were charged at a room temperature for 1
minute. Positive or negative 5 kV voltage was ap-
plied to the corona electrode. Voltage of 1 kV of the
same polarity as that of the corona electrode was ap-
plied to the grid. The electret’s surface potential of the
charged samples was measured by the vibrating elec-
trode method with compensation and the estimated er-
ror was less than 5%.

RESULTS AND DISCUSSION

Influence of time storage on
electrets surface potential decay

The dependences of normalized surface potential
on the time of storage under room conditions for
positively and negatively charged non-irradiated and
gamma irradiated PP and PET films have been fol-
lowed for 115 days. The surface potential was mea-
sured once a week except for the first 30 days because
the charge was rapidly decaying. After this period
(115 days) steady state values of the surface potential
were established for all of the samples.

Time dependences of the normalized surface po-
tential for PP electrets charged in a positive or in a
negative corona are presented in Fig. 2 and Fig. 3, re-
spectively. Similar dependences for PET electrets are
presented in Fig. 4 and Fig. 5, respectively.
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Fig. 2. Time dependences of the normalized surface poten-
tial for positively charged non-irradiated and gamma irra-
diated PP films.
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Fig. 3. Time dependences of the normalized surface po-
tential for negatively charged non-irradiated and gamma
irradiated PP films.
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Fig. 4. Time dependences of the normalized surface poten-
tial for positively charged non-irradiated and gamma irra-
diated PET films.
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Fig. 5. Time dependences of the normalized surface po-
tential for negatively charged non-irradiated and gamma
irradiated PET films.

Each point in the figures is a mean value from 6
samples. The calculated standard deviation was bet-
ter than 5% from the mean value with confidence level
95%.

The results, presented in Figs. 2-5 show the fol-
lowing peculiarities:

e For all investigated samples the normalized sur-
face potential are initially decaying exponen-
tially for the first 30 days and then are slowly
decreasing and are practically stabilized to the
115" day.

The value of the surface potential of electrets de-
pends on the amount of trapped charges in the dif-
ferent localized surface states of the samples. In the
initial period of time after the charging in the corona,
the surface potential rapidly decreases due to the re-
lease of the weakly captured charges from the shallow
energy states. Then the surface potential stabilizes
to a steady state value caused by the tightly captured
charges in the deep energy traps.

e The final values of the normalized surface po-
tential are higher for the PP electrets than those
for the PET electrets irrespective of the corona
polarity. We assume that this is due to the dif-
ferent structures of the polymers, which leads
to the formation of different localized surface
states that capture electrical charges.

e The surface potential values of the samples irra-
diated by dose of 25 kGy, independently of the
corona polarity and the type of material were
higher in comparison with the non-irradiated
samples and the irradiated ones by dose of 5
kGy. The final values of the normalized surface
potential for the PP electrets charged in a neg-
ative corona and irradiated by dose of 25 kGy
are the highest.

Therefore, the gamma irradiation by a greater dose
of 25 kGy leads to an increase of the electrets sur-
face potential value and to obtain the stable electrets.
When the semicrystalline polymers as PP and PET
are exposed to irradiation, the crystalline lamellas
may be broken into two or more portions, whereas
the long molecular chains of amorphous regions may
be broken at different places, leaving a free smaller
chains which immediately comes to a stable position
by collecting its whole length into regularly arranged
lamella form, of course, of smaller size [14]. Proba-
bly the low dose of 5 kGy causes changes that have
blocked the formation of charge trapping surface state
but the increase of dose to 25 kGy leads to a density
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increase of the localized surface states and the cap-
tured surface charge increase.

Influence of the temperature storage on
electrets surface potential decay

The dependences of the normalized surface poten-
tial on the temperature for positively and negatively
charged non-irradiated and gamma irradiated PP and
PET films were investigated. The surface potential
measurements were performed by means of the sur-
face potential measurement set-up at elevated temper-
atured. The surface potential was measured every two
minutes for two hours at a constant temperature in-
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Fig. 6. Temperature surface potential decay curves for
positively charged non-irradiated and gamma irradiated
PP films.
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Fig. 8. Temperature surface potential decay curves for
positively charged non-irradiated and gamma irradiated
PET films.
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crease rate — 1.2°C/min. Temperature dependences
for the normalized surface potential for PP electrets
charged in a positive or in negative corona are pre-
sented in Fig. 6 and Fig. 7, respectively. Similar de-
pendences for PET electrets are presented in Fig. 8
and Fig. 9, respectively.

The results presented in Figures 6-9 show that for
all investigated samples two relaxation processes are
observed.

The first process corresponds to the decay of the
normalized surface potential in the range of 22°C to
40°C for positively and negatively charged PP sam-
ples and in the range of 22°C to 55°C to positively
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Fig. 7. Temperature surface potential decay curves for
negatively charged non-irradiated and gamma irradiated
PP films.
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Fig. 9. Temperature surface potential decay curves for

negatively charged non-irradiated and gamma irradiated
PET films.
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and negatively charged PET samples. These is the
low energy process, i.e. it was observed at tempera-
tures near room temperatur, and it is most likely due
to the release of the weakly captured charges from the
shallow energy states.

The second relaxation process depends on the type
of material (PP or PET), the corona polarity (positive
or negative) and the dose of irratiation (0 kGy, 5 kGy,
25 kGy). In Table 1 the temperature ranges for the
second decay of the normalized surface potential are
presented.

Table 1. Temperature ranges for the second decay of the
normalized surface potential

Materials Corona AT, °C

polarity 0 kGy 5kGy  25kGy
PP positive ~ 43-67  48-75 46-78
PP negative  44-82  51-74 50-89
PET positive 54-84  57-92 56-85
PET negative  57-73  60-87 58-91

It can be seen from the data presented in Table 1
that the second process is observed at higher tem-
peratures. According to our experimental data from
DSC measurements with DSC 204 F1 Phoenix NET-
ZSCH, Germany it has been established that there is
a release of energy at these temperatures. Hence, we
could assume that the charges are released from the
deep energy traps and a sharp decrease of the surface
potential is observed. The decrease of the normalized
surface potential is observed. The decrease of the nor-
malized surface potential is shifted to the higher tem-
peratures for gamma irradiated samples compared to
the non-irradiated samples, irrespective of the radi-
ation dose. Consequently, the gamma irradiation of
different polymer materials leads to creation of high
energy traps. It has been established that the temper-
atures at which the decrease of the surface potential
is shifted are higher for samples of PET, compared
to those of PP, irrespectively of the corona polarity.
Threfore, the generated charge trapping surface state
in PET are more highly energetic than those in PP.

CONCLUSION

The observed significant changes in the electret
behaviour of the polymer films induced by gamma ir-
radiation are of complex origin. The surface potential
decay depends on several factors. The corona polar-
ity, polymer matrix type and gamma irradiation dose

are factors that interplay. The PP electrets charged in
a negative corona and irradiated by dose of 25 kGy
achieved the highest surface potential. The possible
surface potential decay mechanisms responsible for
the above may be due to degradation, scissioning and
crosslinking of the polymer chains with the increasing
dose of gamma irradiation and formation of different
charge trapping surface states.
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EJIEKTPETHA CTABUJIHOCT HA y-OBJIBYEHU ITOJIMMEPHU ®1JIMU
OT ITOJINITPOITWJIEH U TTOJIMETUJIEHTEPE®TAJIAT

A. BMpaHeBal, T. MoBuesa', K. er>1<032, C. COTI/IpOBl

L ousuuecku paxynmem, ITnosduscku yHusepcumem “Ilaucuti Xunendapcku”, ya. “Llap Acen” N°24, ITnoedus 4000, Benzapus
2 Uncmumym 3a sdpenu uscnedsanus u sdpena enepeemuxa, bsnzapcka akademus Ha HayKume,
6yn. “Ilapuzpadcko wioce” N°72, 1784 Cogus, Banzapus

(Pesome)

B HacrosmaTa pa6oTta e u3CcaenBaHO BIAMSHMETO Ha Y-00MbUBAHETO BHPXY €IEKTPETHATa CTAGMIHOCT Ha MOAMMEPHU GUWIMU OT
niommponieH (I1IT) u nonueruneHtTepedranat (ITET). IIbpBoHavasaHo ITI1 1 IIET ¢duamuTe ca 06rbYBaHM C KOGAITOB M3TOUHUK 80¢o ¢
pasnuunu go3u: 0 kGy, 5 kGy u 25 kGy. Ciep ToBa o6rpueHMTE 06pa3iy ca 3apeXkgaHyu B KOPOHEH pa3psif C TOMOILTA HA TPUETeKTPOgHA
cucTeMa B IPOIB/DKEHMe Ha 1| MuHyTa Ipu crajiHa teMrepatypa. Ha KopoHupauius eeKkTpoy, e ofaBaHo HamnpexxeHue +5 kV, a Ha
penreTkara HarpeskeHye +1 KV cbc cblraTa HOMSIPHOCT KAKTO Ha KOPOHMPAIINS e/1eKTPOZ,. [IOBbPXHOCTHUST IIOTEHI[MAI Ha [TOTyYeHUTe
eJIeKTPeTy e M3MepBaH 10 MeToJa Ha BUOPMPAIIS eleKTPOoJ, C KOMITeHCalMs.

3a ompezensiHe HAa BIMUSHMETO HA Y-00TbYBAHETO BbPXY CTAOMIHOCTTA Ha eJIeKTpeTHUTe GuamMm e n3cjieBaHo CliaJaHeTo Ha Io-
BBPXHOCTHMS TIOTEHLIMAJ C BpEMETO U C TeMIlepaTypaTa Ha ChbXxpaHeHMe Ha o6pa3nuTe. BpeMeBuTe 3aBUCMMOCTM HA HOPMMUPAHMS I0-
BBHPXHOCTEH IMOTEHIIMAaN ca IoKa3aHu Ha dur. 1 u dur. 2.
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®ur. 1. BpemeBu 3aBUCHMOCTH HAa HOPMUPAHUsS TTOBbPX- @ur. 2. BpemeBu 3aBUCUMOCTH HA HOPMUPAHUS MTOBBHPX-
HOCTEH HOTeHnnaJI 3a Heobrbaenn u y-obiavaenu I1IT 06- HOCTEH IOTeHnnaJI 3a Heobrbiaenn u Y-ooavaenu IIET o6-
pasI. pa3IH.

TMosyyeHNUTE Pe3y/ITaTH IIOKA3aXa 3HAYUTETHO M3MEHEHMe B eJIeKTPETHOTO [TOBEIeHNe Ha IOJMMepHITe GUIMM Cef 06TbYBaHeTO
MM C pa3iMy4Hy JO3U Y-Ibuu. Belre ycTaHOBEHO, Ue CraJjaHeTo Ha MOBbPXHOCTHMS OTEHIIMAN 3aBUCH KOMILIEKCHO OT HSKOMKO (ak-
TOpa: MOMSAPHOCT HA KOPOHATA, BUJ HA MaTepuaaa u 103a Ha o6mbYBaHe. B cTaTusaTa ca OUCKYTUPAHU MeXaHU3MUTe, OTTOBOPHM 3a
CIIafiaHeTo Ha MOBbPXHOCTHUS MOTeHIMAI. EKCIIeprMeHTaTHO Gellle oKa3aHo, ye Y-06rbuBaHeTo ¢ 4o3a 25 kGy Boau 1o yBenyaBaHe
Ha eJleKTpeTHaTa e(eKTUBHOCT Ha M3cIeqBaHuTe GriMmn.

126



