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As detectors high-energy ions polymeric films from polyethyleneterephthalate (PETF) were used. Films were ir-
radiated on the Kharkov heavy ions linear accelerator MILAC with the accelerated ions of nitrogen and argon with
energy of 1 MeV/u. Multilayered samples consisted of polymeric films of a various thickness contacting with each
other (3,6,10 um) from which various combinations of thickness of contacting films were made. For revealing of
tracks after irradiation samples were handled in an alkali solution. Methods of optical microscopy investigated sur-
faces of films and formation of tracks by the accelerated ions of argon and nitrogen was compared. Researches are
carried out and thresholds of registration of the accelerated ions of an argon and nitrogen in multilayered PETF films

are spotted depending on energy losses
PACS: 61.80.Jh; 61.82.Pv

1. INTRODUCTION

The Kharkov Multicharge Ion Linear Accelerator
(MILAC) is a unique physical and technology complex
[1]. The structural scheme of the accelerator is given in
Fig.1.

The complex is consists from: the first prestripping
section PSS-15 (Fig.1, p.2), the second prestripping sec-
tion PSS-4 (Fig.1, p.5), the main section MS-5 (Fig.1,
p-3) and the system of the ion irradiation (Fig.1, p.8).
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Fig.1. Structural scheme of the MILAC

The linear accelerator IH accelerating of structures
of various modifications was leaded in MILAC [2].
That is given the possibility to expand considerably a
scientific and applied range of researches. Experimental
investigations with the heavy ion beams were carried
out for obtaining track-etched membranes, production
of unique radionuclides, developments of proton and ion
therapy, studying of radiating characteristics of
constructional materials of nuclear power, research
processes of fusion-fission superheavy nucleus and
other problems of nuclear physics. Experimental
investigations of polymeric films irradiated by heavy
ion beams were carry out in MILAC with the aim of
obtaining of track-etched membranes [7-8]. The triple-
charge Ar,’" ions were accelerated to the energy of
1 MeV/u with the intensity of 10'° particles/s in the
MILAC prestripping section. PETF films of 6...10 um
thickness were irradiated of such ions and experimental
samples of track-etched membranes with through pores
from 2 to 0.05 um in diameter were obtained after sub-
sequent physical and chemical treatment (Fig.2).

A special system for the polymer film ion irradiation
by horizontal beam scanning with the frequency of
20kHz and sinusoidal voltage up to 20kV was
developed with the aim to provide uniform track
distribution with the specific density and orientation.

-

Fig.2. Pores at the cross section and the surface of
track-etched membrane

In the presented work we describe the results of
experiments where MILAC linear accelerator was used
for the polymer film irradiation by ions lighter than Ar.
On the last years different types of polymeric films are
used for production of track-etched membrane with a
system of through pores ranging from micrometers to
sub-micrometers in diameter. The PETF
(polyethylenetherephtalate) films belong to a polymer
that are using for track membrane production most often
because that polymer is characterized by high
mechanical strength and by simple enough membrane
production way. Xe ions having the energy of 1 MeV/u
are most commonly used for irradiation of films.
Methods for etching and sensitization of those tracks are
investigated in a large number of works [3-6].
Nevertheless, application of Xe ions for track-etched
membrane  production demands large power
consumption. On the last years it was shown that high-
energy Ar ions can be used for manufacturing of track-
etched membranes too [7-8]. Since acceleration of Ar
ions is much less power-intensive process, cost of
membranes should decrease essentially. Interaction of
lighter than Ar ions with PETF films is not practically
investigated.

In this study we investigate the etched-track forma-
tion in PETF films irradiated by N ions. We compare
the conditions of the track etching in PETF films irradi-
ated by N and A4r ions. The Ar ions are chosen for com-
parison because they are one of the lightest ions used for
a track membranes production.
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2. EXPERIMENTAL DETAILS

PETF films were irradiated with accelerated of N
and Ar ions with energy of 1 MeV/u at the MILAC
heavy ion linear accelerator. Irradiation doze corre-
sponded to the track density of 5-10° sm™ for N ions and
density of 10 cm™ for Ar ions. Samples were consisting
from contacting films of different thickness with each
other. We used the films with thickness of 3, 6 and
10 um and we made various combination of thickness
of contacting films. The samples were etched in 5N so-
lution of NaOH at 55°C for 1 hour and were examined
in the optical microscope (MIM-10).

3. RESULTS AND DISCUSSION

For description of the received results, it is enough
to consider two types of samples: the first consists from
films with thickness 3, 3 and 6 um, the second-3, 3, 3
and 6 pm. All other combinations of film thickness (3,
6, and 10 um; 6 and 10 um; 3, 3 and 10 um; 3, 3, 3,
3 um) yielded similar results.
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Fig.3,a. Schematic image of the multilayered sample
irradiated with Ar and N ions. The sample was con-
sisted of two films with thickness of 3 microns and one
film with thickness of 6 microns

Schemes of the irradiated samples and etched tracks
on their surfaces are shown in Fig.3,a,b. The 4r ions are
shown by bold lines, N ions - by thin lines. The triangu-
lar grooves are shown of etched tracks.
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Fig.3,b. Schematic image of the multilayered sample
irradiated with Ar and N ions. The sample was con-
sisted of three films with thickness of 3 microns and one
film with thickness of 6 microns

It is established that tracks of Ar ions only were
etched on (a) and (b) surfaces of all samples. Photos of
these tracks are shown in Fig.4.

The small amount of etching pits of N ions tracks
has appeared on surfaces (c) except of etching pits of Ar
ion track. On surfaces (d) and (e) of both samples all
tracks of 4r and N ions were etched. Their density cor-
responds to the irradiation doze. Photos of the Ar and N
ion etched tracks are shown on Fig.5.

Tracks of Ar and N ion were not etched on the sur-
face (f) (Fig.3,a). On a surface (f) (Fig.3,b) all tracks of
N ions and about a half of 47 ion tracks were etched. On

a surface (g) (Fig.3,b) about 80% of N ion tracks were
etched and there were no tracks of Ar ions. On a surface
(h) (Fig.3,b) tracks of any ions were not etched.
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Fig.4. Etched tracks of Ar ions on the surface (@)
of a sample (Flg 3a)
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Fig.5. Tracks OfAr and N ions on the Surface (d)

of a sample (Fig.3,b)

Analyzing all samples with various combinations of
film thickness, we have established that Ar ions with
energy of 1 MeV/u have path about 9 microns in PETF
films and form etched tracks along the whole path. N
ions of the same energy have path about 10 microns.
The main received result is as follows: the N ions are
not formed the etched tracks in the beginning of path.
These ions begin to form tracks only when ions will
travel the distance of about 3 pm in the film bulk and
lose some part of its energy. It is possible to explain this
result as follows. It is known that each detector is charac-
terized by the value of a threshold of registration i.e. the
minimal energy losses which a given ion must produce in
a given detector for the etched track formation. On Fig.6
dependences of ionization losses for various ions in vari-
ous detectors from energy and velocity of ions are shown
[9]. The registration thresholds of tracks in these detec-
tors are shown by dotted horizontal lines. From [10] we
established that the energy of N ions is decreased to
0.7 MeV/u after 3 micron of path in polymer.

Then the value of the registration threshold of tracks
in PETF films is such as shown in Fig.6 by the continu-
ous horizontal line. It is seen that Ar ions with energy of
1 MeV/u, having in the beginning of path energy losses
are higher than the registration threshold, create etched
tracks along all trajectory of their movement. The N
ions of the same energy in the beginning of path make
energy losses below the registration threshold. These
ions begin to create etched tracks only after their energy
losses become higher than the losses corresponding to a
threshold of registration, i.e. after 3 micron of path.
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Fig.6. Dependences of the ionization losses from energy
and velocity of various ions in various detectors [9]

Thus, a simple method of definition of a registration
threshold of high energy ion tracks in polymeric films is
found. Earlier the threshold of registration was deter-
mined as a result of the long experiments based on an
irradiation of detectors by ions of various mass and en-
ergy [9]. We found that the usage of a multilayered
sample allows to determinate of a registration threshold
after only one irradiation. The result will be more exact
if one uses layers as thin as possible. Also it is estab-
lished that N ions create etched tracks only when their
energy is < 0.7 MeV/u. Ions of such energy have path
about 7 um in PETF films. It defines the maximal
thickness of the filter which can be obtained after irra-
diation of PETF films with &V ions.

CONCLUSIONS

It is shown that Ar ions with energy of 1 MeV/u
form etched tracks along all trajectories of movement in
PETF films. The N ions of the same energy do not form
etched tracks on an initial part of a path (about 30% of
full path). This phenomenon related with the fact that
the energy losses of N ions are less than a registration

threshold of tracks in PETF films on this piece of a path.

The method of determination of a registration thre-
shold of high energy heavy ions in polymeric films is
suggested. This method is based on an irradiation and
etching of the multilayered samples.
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OIIPEJIEJIEHUE IIOPOT'A PETUCTPAIIMM YCKOPEHHBIX TSKEJIBIX HOHOB
MHOI'OCJIOMHBIMHY OJUMEPHBIMHU IVIEHKAMHU

U.B. Bopoovesa, b.B. 3aiiyes, A.D. Koobey

B kauecTBe IETEKTOPOB BBICOKOIHEPICTUYHBIX HOHOB UCIIOJIb30BAIKCH MTOJUMEPHBIC TUIEHKH U3 MOJUITUICHTE-
pedranara (II13TD). [Tnenku obayyanuch Ha XapbKOBCKOM JIMHEHHOM YCKOpHTENE Tshkeabix HoHOB JIYM3U ycko-
PEHHBIME MOHAMH a30Ta M aproHa ¢ 3Heprueii 1 MaB/aykin. MHoOTOCIOWHBIE 00pa3Ibl COCTOSUTH U3 KOHTAKTHPYIO-
[IUX APYT C JPYroM MOJUMEPHBIX IUICHOK pa3ardHON TONIUHEI (3,6,10 MKM) M3 KOTOPBIX COCTABILUIUCH Pa3iIHy-
HbIC KOMOHMHAITH TOJIIIHH KOHTAKTHPYIOUINX TUICHOK. J[JIs1 BBIABICHHUS TPEKOB IOCIe 00IydeHus o0pasisl oopada-
TBHIBAJIIICH B PACTBOpE HIeN0Yr. MeTogaMu ONTHYEeCKOH MHUKPOCKOIIHH HCCIIEIOBAIHNCH MOBEPXHOCTH IUIEHOK H TIPO-
BOAMJIOCH CpaBHEHHE (POPMUPOBAHUS TPEKOB YCKOPEHHBIMI HOHAMH apTrOHA U a30Ta. [IpoBeZeHbI HcCIeI0BaHUS U,
B 3aBUCHMOCTHU OT DHEPTeTHUYECKHX ITOTEPh, ONPEACICHBI IOPOTH PETUCTPAIlA YCKOPEHHBIX HOHOB aproOHa M a30Ta
B MHOTOCHONHBIX [IDT® nnénkax.

BU3HAYEHHS ITOPOT'A PEECTPAIII MPUCKOPEHUX BAKKHX IOHIB BAT'ATOIIIAPOBUMM
MNOJIMEPHUMMU IIJIIBKAMU
L.B. Bopooiiosa, b.B. 3aiiyes, A.Il. Kobeun

Sk meTexkTopM BHCOKOCHEPTETUYHUX 10HIB BHKOPHCTOBYBAIHCS TOJIMEPHI IUTIBKH 3 TONieTHICHTEepedTataTy
(ITET®). [iBku onpomiHIOBamIcS Ha XapKiBCBKOMY JIHIHHOMY NPHCKOPIOBadi BaxXkux ioHIB JIYM3I npuckope-
HUMH i0HaMH a30Ty i aprony 3 enepriero 1 MeB/nykin. baratomaposi 3pasky ckiagaincs 3 KOHTAKTYIOUUX OJHA 3
OJIHOIO TMOJIMEPHHUX IUTIBOK pi3HOT TOBIIMHH (3,6,10 MKM). JIasl BUSBICHHS TPEKIB ITICIIS OMPOMIHEHHS 3pa3ku 00-
poOIIsIMCS B pO34MHI Jayry. MeTogaMu ONTHYHOT MIKPOCKOIII TOC/TIIKYBAIMCS MOBEPXHI IUIIBOK 1 MPOBOAUIOCS
NOPIBHSHHA (POpMyBaHHS TPEKiB IPUCKOPEHUMH 10HAMHU aproHy Ta a3otry. [IpoBeneHo OCiPKeHHSI METOJaMHU OTI-
THUYHOI MIKPOCKOIIIT 1 3aJIe)KHO BiJI €HEPreTHYHMX BTPAT BU3HAYEHI IIOPOTH peecTpallii IPUCKOPEHUX 10HIB aproHy i
azory B OararomapoBux [IET® miBkax.
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