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SYNOPSTS

This thesis attempts +to contribute to the understanding cf
the properties of plastic detactors in order to apply thsm t=

the study of problsms in nuclear phy=ics and dosimetry.

The first chapter dealz with hiztrical and basic infarmaticos

concerning the interaction of charged particlies with matoer

il

and pelymers. The track formation meodels and the etchanls

track formation criteria were disscussed brierly.

In the second chapter the properties of the solid =tartc
nuclear track detectors {CR-39, LR-115 and CaA 30~15) used in
this work were reported. Several experiments were carried
Qut  to study the influence of the etchant temperature and
concentration  on the bulk etching rates V.. It is rfound that
the bulk etching rate of the CR-3% rfoils etched in Naldi or
KOH sclutions of concentrations ranging frem 2N to 12N, our
data for the wvariation of the bulk etching rate in diffarent
etchant concentration at different temperatures for both
NaOH and KOH are in excellant agreement with the relation
V= aexp E .KT. It is observed that for the same molarity

and etching temperaturs, Ve is higher in KCH than NaQH.

The camphor content in cellulose nitrate plastics and its low
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sulubility in the etchant lsads to the formation of a collieid
dlayer during the stching whilch producs zignificant

altarnaticns in  ths =tohing propertii=ss. 4 white precipitate

15 formed at the surtace of the cellulose GDitrats dzstzctor,

this pracipitate =eems to incrsase at higher etchant
Toncentrations. The meazursments foeor LE-115 Ravs ot besn

wut=ndsd above §M becausza in Atronds stonants the surface o
LE-115  tecomes heavily pitted and corrmisd and th zuitline of
roe tracks hecomes very  irregular, in Jeneral, Fne o oulk
2Lohing rate increases slowly at low etemant sonecannratisns,
and  then mnore rapidly with hureasing nhe =tchant
coneentration,

Since the Lulk zlohing raze Airffer T whe same lemeotars
fram batch to bacten due ©o many reasons, 2.4, the adopriosn ar
dirfrferent initiators, initiator cuncentration and Suring
yvcle. However. the amount  of surface  removal hove oo [or=
monitored <uach time samples wars etohnimodg.

The critical angle and the track registration efficicency were

Atuitied, It is found that, in £encral the track registration

J)

[

sfficiency is 10G% ac high angle: 0f  inecidence but the
registratinon  efficienecy drops zharply for obliquely incident
Lranks. The critical angle for the alpha tracks 1is
approximately 24, and fFor the Tission fragment tfracks is

arround 2. [t 1s interesting to note that tne number

densities in plastic detsmrtors do not  rfall suddenly to zern
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at the critical angle rather. they show a smooth rounding-off

near it. This feature may be explained az being dus to tha
finitenagz of the collimastor aperture and to the cnergy
spectrum  of the fission fragments from the break-up of ths

CE-252 nuecli. The results predicts the existance of

different critical angles of stching for diffarsnt groupza of |

figgion fragmentz. since the track etching rate which depends
o the damage produced.  will be dirffsrent  for different

=nerdy Jroups of the fission fragments.

The third chapter deals with the equipment which designed to
aid the =xperiments. The slectrochemical etching apparatus,
the 2lzctrochemical stching cells, microprocessor-based inags
measur=ment. system, programming the microprocessor, the alpha

particle irradiation chamber and the scintiliator system.

The electrochemical etching (ECE) of CR-39 plastie is
discussed in details. it is observed that there is a
thresheld electrie field strength value below which no
treeing intiation can oecur, Generally the plot of BECE
versus the =lectric field. freguenay. etchant concentration,
2tching temperature and <tching time shows a common features
in the relation of the track-diameter to any mentioned above
parameters. The track diameter increases rapidly, then

decreases or/and reaches a plateau.
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It 1is possible to express Mason’s equation, as applicable to
electrochemical etching of polymsrs, in terms of phyzically
msaningful track-etching parameters. An important parameter,
viz. the critical or breakdown electrical stress of the CR-39
rlastic. has been obtained experimentally.

In chapter five the environmental effects on ths
characteristiecs of track registration in CR-39 were discussed
in details. The influsnce of temperature (ranging from -187
o to 200C b} on the registration properties of CR-33. It is
found that, compléte annealing of “*‘Am alpha particle tracks
occurs after 2 h  of annealing at 180 T, Total fading of
fission-fragment tracks from a “®=C{ sources takes place
after 2Zh of heating at 250 °C. The latter treatment alsc
produces many cracks in the surface of the plastic and brings
about a change in its colour.

It is found that, the exposure of the CR-39 to Gamma-ray
energy could sensitize the CR-39 rlastic and thus improve
the Z/B threshold for track registration,. It is also found
that, the exposure of CR-39 plastic to ultraviolet light
increases the extent of damage in the latent damage trail,
which in turn increases the track etching velocity, i.e. the
ultraviolet decreases the critical angle 6, and increases the

CR-38 efficiency.
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Chapter six deals with the concentration of radon and its
decay products in the general environment and their hazard
for the publicz. The working level concept and +the ICRP
recommendations were discussed. A description of the redon
and radon daughters measurement techniques also included, and
some basic calculations of the radon daughters activity in WL
units.

In  chaptesr esven the advantages of using 8SNTD’s faor radon
and thoron measurements were revealed. The secintillator
method for rapid assessment of track density was adopted for
the radon dosimetry, the tracks were enlarged as a result of
applng electrochemical and/or chemical etching. The ZnS:Ag
was employed as sintillator material. The sample preparation
and the readout methods were described. Several modification
to improve the reproducibility of results as well as the
efficiency of counting were introduced.

The ==2Rn and *#*“Rn concentration profils inside long tubes
under different conditions of source strength and
temperature, and their transport in scil with different
moisture content were studied.

Design and performance of a Pssive system for radon and
thoron measurements, using an electret made in our
laboratory. The collection efficiency of the electret for
the radon decay products was found te depend upon the
relative humidity and radon concentration. This method

Provides an inexpensive, fast, and accurate means of making

radon and thoron measuremsntwn
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