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Abstract :

The characteristics of cellulose acetate foils as alpha particle track
regisiration detector has been investigated. The sensitivity, etching
kineties, frack stability, fading effects and energy resolution have been
discussed on the bases of experimental data. The environmental
effects such as presence of oxygen, humidity and temperature on the
track formation is described.

Introduction :

In the last few years fine tracks were observed along the heavy
charged particle trajectory when passing through some insulators.
Silk and Barnes (1) 1959, observed directly by electron microscope
tracks of 100 A~ diameter caused by fission fragments in mica, Fleis-
cher, Price and Walker (2,3) 1962, showed that tracks could be made
visible by chemical etching in a variety of dielectries such as mica,
glass and especially orgaiic polymers. The latter category of track
detectors proved to be considerably more sensitive than inorganic
detectors, permitting not only the detection of heavy, densely ionizing
charged particles, but also alpha particles up to several Mev in energy.
Even proton tracks have been registered at energies near the Bragg's
peack i.e. about 100 Kev (4).

Since then the method of charged particle track imaging in
insulators, particularly organic polymers, by etching found several
applications in numerous fields of science including nuclear physics e.g.
neutron spectroscopy (5,6), nuclear reactions and neutron flux distri-
bution in nuclear reactors, space physies such as studies of heavy
charged particles in space (7), dating of meteorites, minerals, archeo-
logical artifiets ete. (8,9).
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Compured Lo the widespread interest in seeking new applicalions
of the track etching technique, research on the basic characteristics
and mechanism of these detectors has been relatlively neglected.

in the present paper the main characteristics, such as relative
sensitivity, etching kinetics, fading stability and energy resolution of
cellulose acetate as an alpha particle detector has been studied.

Mechanism of track formation in polymers ;

Two mechanisms have been proposed to explain the etchable iracks
in dielectrics. One for inorganie materials depending on the ion
explosion spike model (10) which suggests that a region of positive
charges is produced along the path of heavy charged particles due to
the ejection of electrons, and that the mutual vepulsion of the remain-
ing heavy positive ions result in atomic displacement in the crystal
lattice.  These regions of disordered imperfections are more easily
attacked by an etching reagent than the surrounding undamaged
material.  Besides this mechanism others such as «thermal spike»
{local heating) or «displacement spike» (elastic collision) may play
A minor role.

The ion explosion spike mechanism as applied to orgunic polymers
has not been successful (11). The most acceptable theory for organic
‘polymers is based on radiochemical damage mechanism (12,13). Ac-
cording to this mechanism the ionizalion and excitation caused by
.charged particles lead to chain fracture of long polymer chains, the
production of free radicals, ion molecule reactions and the subsequent
“production of excited, chemically altered species which are more suscep-
tible to etching than the original polymer molecules.

Etehing Linetics, sensitivity and track stability :

Cellulose acetate foils supplied by VEB-Wolfen have been used.
“The samples have thickness varying between 100 to 80 micron. It was
irtadiated orthogonally with respect to their surfaces by an alpha
emitter for different periods of time ranging from several minutes to
several hours.

The samples were then etched in 305: K OH solution at 60°C
under identical conditions. They were then rinsed in tap water.
wished with distilled water and dried perior to counting.

Tig. 1 shows how the diameler of alpha particle tracks very with
‘the etching time. The curve follows the emipirical formula given by
:Somogyi (14) for alpha particle trails in cellulose nitrate.



The {rack density in irradiated ceilulose acetatuc foils show u
maximum at an etching time of two hours, 515 elear in fig. 2. This is
mainly due to the fact that the tracks of alpha particles which has
4 LET below threshold registration when passing through {he
original surface of the plastic may be above that threshold LET close
io the end of their tracks in deeper layers by bulk etching, and =o
smaller etch pits become more visibile with increasing etching time.
If etching is continued the track density passes over a2 maximum then
decreases, because larger ctch pits become over etehed and scie of
them grow on the expence of smaller ones.
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In fig. 3 the number of visible tracks versus etching time for
cellulose acetate foils kept one day perior and during irradiation i
vacuum — {o remove any chemically unbound oxygen —-, nitregen and
air is drawn. The difference between vacuum and nitrogen exposed
foils may be attributed to small oxygen content of the impure nitrogen
used.

Not only thie number but also the size of the etch pits is affected
hy the presence of oxygen. It was found that for 2 given etching time
the diameter is about 304% larger for foils treated in air than for those
treated in vacuum,

Jf the foils treated in vacuum were kept perior to etching in air
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or oxygen atmosphere they exhibited the same sensitivily, which means
that oxygen playes its role during exposure rather than after exposure.
The oxygen affects the etching speed along the particle trajectory and
this causes the regisiration thresholds in the plastic irradiated in oxy-
gen free environment to be smaller than these in the piastic irradiated
in air.

To investigale the humidity effect, the etch pit diameter of alpha
particles was drawn versus the etching time in fig. 4 for foils treated
in vacuum, dry air and 10065 relative humidity. It is clear that the
diameter is considerably greater in case of foils treated in humid air.
The presence of water causes softening of the plastic and enhances
the eiching speed along the particle trajectory.

The latent alpha tracks are quite stable at storage femperatures
up to 60°C, as clear from fig. 5. At 90"C there was fading and at
120-C (near the softening point of the plastic) about 207 ofthe latent
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tracks were destroyed.  After one day at 120°C only 10 to 209 of
the initial tracks become visible if etching was extended. This indica-
tes that the fading may be more a surface than volume effect.

In order to illustrate the energy resolution of this track registra-
tion method, the diameter distribution of alpha holes belonging to
Amz241 (energy about 5.5 Mev), Po210 (energy about 5.3 Mev) and U228
(max. energy 4.2 Mev) is shown in fig. 6. It-is clear that the resolu-
tion of this method for track imaging in cellulose acetate is fairly high.
It could also be noticed that low energy particles create large holes
while the high energy parficles create smaller holes. This is because
the width of the damage region is corrolated to the local energy loss
of the particle. It seems plausible that the relation d? « di'.% will hold.
The energy loss varying along the trail is given by Bethe-Bloch for-
mula, according to which it is approximately inversely proportional to
the energy of the particle consequently the radins of the hole is deter-
mined by its Initial energy.
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Couchision : .

1{ might be concluded that the presence of oxygen increases the
sensitivity of the detector by making tracks etchable which would have
not contained sufficient concentration of brocken or displaced bonds.
free radicales ete. in the absence of oxygen. The oxygen present in
air is sufficient for the saturation of this effect.  The presence of
water causes softening of the plastic material without affecting the
actual damage mechanism.

Qo the method of track imaging in cellulose acetate is one of the
most suitable, high resolving and stable methods for alpha particle
studying techniques.

The autherz wish to express their thanks to prof. Dr. M. Moktar
and prot. Dr. M. Mahrous forencouragement. ~Thanks are also due to
the National Institute of Standards for some of the experimental
facilities.



- 138 -

Ref crences :-

?)

4

-]

10.

11.

12,

13.
14.

1. Silk; E.C.H. & Barnes, R.S., Phil. Mag., 4, 970 (1959)
2,

Price, P.B. & Walker, R.M., Phys. Rev. Letiers, 8, 217 (1962).
Fleischer, R.L. & Price, P.B., I. Appl. Phvs., 34, 2903 (1963)

Beaujean, R., Proc. Int. Conf. on Nuclear Track Registration,
Clermont-Ferrand (1969).

Becker, K., USNRDL-TR, 904 (1965).

Kerr, G.D. & Striekler, T.D., Hith. Phys., 12, 1141 (1966).
Benlon, E.V, & Collver, M.M., Hith. Phys., 13, 495 (1967).
Becker, K., Biophysik, 5, 207 (1968).

Fleischer, R.L., Price, P.B. & Walker, R.M., Se. Amer., 220, 30
(1969).

Fleischer, R.L., Price, P.B. & Wulker, R.M., J. Appl. Phys., 36,
364 (1965)

Benton, E.V., USNRDL-TR, 68, 14 (1968).

Katz, R. & Kobelich, E.J., Phys. Rev. 170, 401 (1968).
Becker, K., Hlth. Phys., 16, (1969).

Somogyi, G., Nuel. Instr. & Methods, 42, 312 (1966).



