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INTRODUCTION

The application of polymeric track detectors in the analysis
of ionizing particles (e.g. fission fragmenta, alpha particles) is
mainly based on the development of the latent tracks produced by
iona by means of chemical etching (Fleischer, Price & Walker,
1975). The formation of etchable tracks in polymers is associated
with phyasical and chemical changes (Katz and Kobetich, 1968;
Chambaudet, Bernas and Roncin, 1977; Monnin, 1970; Chambaudet and
Roncin, 1982; Albrecht, 1983). It has been shown that there is no
(or small) difference in the nature of the chemical transformations
induced by radiation with high and low linear energy transfer
(LET). However it seems of interest to study the effects caused by
differences in the spatial diatribution of energy absorbed and

radiation-induced reactions in tracks.

EXPERIMENTAL

Three kinds of commercial polymer films have been examined.
They are: 1) Polyethyleneterephthalate (lavsan 'and Hostaphan RES5)
willh Luc uuminal Lhichuess lo i 10 aud J pm, r1espociiveiy.

2) Polycarbonate (Makrofol KG), 1o = 8 im.
3) Polypropylene, 1o = 10 ¢m.

The samples were irradiated in a vacuum with accelerated heavy
ions from the cyclotron U-300 at the Laboratory of Nuclear
Reactions, JINR, Dubna. The beams of 132Xe(121 MeV), 129Xe(124
MeV), 84Kr(74 MeV) and 5900 (68 MeV) were used. The ion fluence
ranged from 6.105 to 1.10ll cn_z. Additionally, some speci-eng were
irradiated by single ions passing through a narrow diaphragm. The
track density in the range of up to 1010 cm-2 was determined using
a JSM-840 scanning electron microscope. The etching process was
carried out in a conductance cell by simultaneous measurements of
the electric conductivity of the foil investigated (Apel,1982; Apel
and Pretzsch,1986). O.1N NaOH, 1.0M KZCO3 and 2.5M K2003 solutions
were used as etchantsa in the case of PETP and PC. The PP film
4 and K,Cr,0, (50

g/1) at 8o°c. Absorption spectroscopy measurements were performed

was etched in a solution composed of 16N H280

in the I.R. and U.V. spectral region with a Specord M80 and Specord
M40, respectively. The solubility of the irradiated films was
determined gravimetrically using the appropriate solvents.

Viscosity measurements were performed in a capillar viscometer.




RESULTS

PETP. The effective pore diameter 4deff of the investigated
specimens, as a function of time t, was calculated from the
electrical conductivity. If measurements had been performed in O.1N
NaOH, before calculating deff the surface conductivity conditioned
by the surface charge (Apel and Pretzsch,1986) was subtracted from
the measured conductivity. In the cases where the ratio Vt/VO is
high ()103) after the break-through time the phase of the fast pore
diameter enlargement begins and continues for up to about 10 na.
Further, the radial etching rate decreases to a minimum and then
rises again tending with increasing diameter to a constant value
Vo (Fig.1). The pore radius r depending on the etching time in the
range of r > 7 nm is describable approximately by the relation

Vr = dr/dt = Voexp(-a/r).

The parameter a depends on the type of bombarding particle and its
energy. Consequently, the decreasing etching rate in the "penumbra”
of a track is caused-by the effect of the passing ion and may be
conditioned by the cross 1linking of the polymer. One can
suppose that the formation of the cross links results in the
increasing rigidity of polymer and, therefore, in the increasing

activation energy of the chemical etching.
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The parameters a and r‘ (see fig.1l) tend to increase with
increasing particle energy (in the range from ~ 1 MeV/nucleon to
0.1 HeV/nﬁcleon). The values of a for the tracks of xenon, krypton
and cobalt are equal to 6-9, 4-7 and ~ 3 nm, respectively.

I.R. spectra showed that the accumulation of the carboxyl
end-groups (3256 cn-l) takes place under heavy-ion irradiation. A
general increase in the absorption background in the 1400-700 cm—l
region was observed. This effect is usually related to the ecross
linking of PETP, particularly to the formation of polyphenyl systems
(Slovokhotova et al, 1962). The shift of the continuous absorption
boundary in U.V. spectrum to the long wave region also indicates
that irradiation produces systems of conjugated phenyl rings or
double bonde. Cross 1linking of PETP under ion bombardment is
evident from the fact that polymer irradiated with a xenon fluence
of lOll cn-z (a dose of 1.1 MGy) only partly dissolves in a mixture
of dichloroethane and phenol at 80°c.
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PC. The change of the radial pore etching rate with increasing
radius is similar to that observed in PETP. We have also found the
existence in track "penumbra” of a zone where the etching rate is
lower than Vo although this tendency is weaker (Apel et al,1987).

This result is in accordance with the data obtained by Mazzei et al.
(1985) and partly with the results of Schnoor et al.(1982)
but contradicts to the reports of Guillot and Rondelez (1981)

‘and DeSorbo (1979). One can suppose that the competition between

the chain scission and cross linking of PC macromolecules in the
track penumbra can lead both to the increasing and decreasing
etching rate.

The r'l values measured for the xenon and krypton tracks in PC
coincide within the experimental error with those obtained in the
case of PETP. The viscosity of polymer solutions rises starting

from the fluence of xenon ions of 5.109 cn—z. The gel formation

was observed at a fluence of ca. 2.10lo

en” 2 (solvent: chloroform).
PP. The etching ratio Vt/Vo for xenon tracks in PP amounted to
20-30. This value is too low to provide the possibility of studying
track structure by means of the conductometric techniqdé. In this
case a monotonically increasing deff vs t curve with the smeared
initial stage was registered. In the U.V., spectrum of the
irradiated PP well resolved bands with maxima at 240 and 295 nm
eppear whinh anrraacnand +n the farmatinn of Adienea and trienes with
conjugated double bonds. The maximum lying at 210 nm was also
observed and tentatively assigned to the accumulating products of
the structure —9:9—?:0 . These products could be formed due to the
post-radiation oxidation. After the xenon ion fluence of
1.10lo cm-2 the PP film is partly insoluble in tetralyne at 140°C,
the gel fraction has been found equal to 5%. Since the dose of gel
formation is to be related to the size of cross linked zones in the
tracks one can believe that in the case of PP the radius of "penum-
" is also large.
CONCLUSION
We assume that around the highly destroyed track core which

bra

can undergo selective etching a halo exists where the cross
linking may predominate over the chain scission. The intensive
damage in the core may be due to the well-known mechanism of an ion
explosion spike. The cross linking process takes place at radii of
up to (30-50) nm. It is an unexpected result because the local dose
at such large distances is relatively low ({ 10 kGy), as known from
the literature. The gel formation in PETP, PC and PP under ion

irradiation occurs at the fluences which correspond to the dose



values of 100 kGy - 1 MGy, i.e. 10-20 times lower than the doses of
r-radiation required for network formation in these polymers. This
indicates that the efficiency of the cross linking process in
heavy-particle tracks is very high. Probably, this could be

explained by the high concentration of radicals formed in the "pe-
numbra” of tracks due to the eliminating hydrogen atoms from poly-

mer chain. It is not clear whether the radicals are formed only
under the influence of delta electrons or according to a certain
special mechanism. In principle, one can admit that within the short
time of the existence of ion explosion only the most mobile hydrogen
ions can be displaced by electrostatic forces from the ionized mole-~
cules located not in the nearesat vicinity of an ion path. In any
case it seems obvious that the formation of tracks in polymers is
a more complicated process than it is described by the model of

delta rays proposed for plastic detectors.
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Anene N.0. u ap. . ) E18-88-540
CTpyKTypa TpexoB B HEKOTOPHX MNACTWUKOBHX NNEHKAX,
obnyyeHHuX TAMENHMW HOHAMU

NccnepoBaHs W3MEHEHWA, NPOUCXOAAWME B NonuaTuneHTepedTanaTHux /NITH/,
nonuxkapboHaTHux /NK/ n nonunponuneHosux /NN/ ToHkMx nneHxax npu obnyuerun
TAKENHMU nmoHamu. 0CoBeHHOCTH TpaBNeHWA TPEKOB MCCNeaoBaHu B CybGMmukpockonu-=
YeckoM AnanasoHe auameTpos /1-60 HM/ Npn NOMOWM KOHAYKTOMETPHUECKOrO METOAA.
AnA uccnepoBaHMA PaAuayMoOHHO-XMMMUECKUX NPOUECCOB B Ha3BaHHWX NONUMEpPax Mc-
nonbL3oBanu MeToas abcopbBunoHHOR cnekTpockonuu 8 ynsTpadnoneTosod /Y®/ n wun-
opakpacHoit /UK/ obnacTu, BUCKO3WMETPUA PaACTBOPOB NONMMEPOR W 30Nb=TeNb aHa-
n3a. 06HapyweHO, 4TO BO BCEX Tpex NONMMepax OARHOBPEMEHHO MNPOUCXOAAT Npoueccu
RECTPYKUMM M CUIMBAHWA MONEKYNAPHuX uyenew. B cepauesunHe Tpexa anameTpoMm B He-
CKONbKO HaHOMeTpoB npeobnagaeT AecTPyKuua nonmmepa. Npouecc obpasosanna none-
PeUHHX CBA3el NOKANW3OBaH B OKPECTHOCTH CepALEeBMHH TPExa Ha PacCTOAHWAX AO
30-50 HM 1 aupémen Haubonee cunbHOo B cnyuae N3T®, B KOTOpPOM CuMBaHWe Mmaxpoue-
neit npeobnapaer Hag AecTpyKumed Ha GonbwUx PACCTOAHUAX OT TPAaeKTopuH WMOHA.

Pabora swnonHeHa B NlabBopaTopun agepHux peakuyui OUAH,

ﬂpénpum O6BenuHeHHOro HHCTHTYTa AAEPHLIX HecenosaHuit. Qy6Ha 1988
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Track Structure In Some Heavy-lon Irradlated Plastlc Films

The changes occurring In thin polyethylene terephthalate /PETP/,polycar-
bonate /PC/ and polypropylene (PP) f]Ims Irradlated with heavy ions .have been
Investigated. The track etching properties were studled In the submicroscoplc
diameter range of 1-60 nm. The method of absorption spectroscopy in ultravlo-
let /U.V./ and infrared /).R./ regions, viscosimetry of polymer solution and
sol-gel analysls were used to investigate radiation chemical processes in the
polymers. It has been found that in all the three polymers both the chaln
rupture and cross linking processes occur simultaneously. The chain ruptures
predominate In the track core with a dlameter of several nanometers. The
cross linking process takes place in the vicinity of the track core at radli
of up to 30-50 nm and appears most clearly In PETP where cross linking events
prevail over the destructlon at large distances from the ion path,

The investigation has been performed at the Laboratory of Nuclear Reac-
tlons, JINR,
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