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BUMIART

The present study deals with radiation response of
gome aolid state detectors, aticntlon was paid to twe
main clesses of solid state dstoctors, these are glasses

and ecarhonate plastic destectors.

In the introductery chai¥er, the radiation units,
interaction of radiation with maiter, solld state deteators

.as wall as the aim of work we o discussed.

Chapter two deals with response of phosphate, borate
and silicate glasses to gomma pays and its applicetion in
aos imetr:.f .

The experimental arrangemgnt and measuring techni-

gues wera explained.

The experimental results show that ag o result of
gomua ray interaction with glass, trop centros cre formed
and the radiation sffect could be measured optically,
specirophotometrically or by thermeluminescence counting.
Optical measurementis showed that boraie glase can yield
informotion regording tha‘ ~ray absorbed dose up to 140
kGy, while phosphate gloss up to 60 kQy. Spectrophotopetric
results showed that for unirradicted samples, phosphate
glass has flat response, while borate glass has a peak ot »
4100 4° which highly resolved with increasing gemma rays do=-
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Due te irradiation of phesphate glasse a pesk at
s220 & slightly appeared, and increases by increasing the
exposure to gamma rays. while for silicate glass two
bands at 4200 A% and 6400 A° wera observed, ite intensities

increases as goammo nbsorbed dose increases.

TL measurements indieate thot the TL yield of phesphote
somples was higher than that for* borate and esilicate glasses.

For doaimetrie ap.lication using phosphate, berate and
silicate glasses in the field ol gamma rays Josimetry the
following factors should be talian into consideration:i=

i~ TFading results indlcate tha stability of the radiation
affecta over 40 days for borate glass, and 87 % drop

in the optical density for phosphate and silicate
gamples within one week and a stable level may be

reached after one menth £rem the end of exposure.

11~ Attention should be paid to heating of the sapples,
experience with heoting tho somples at 200°C for
ten minutes showed that it has mnajor effeat on
phosphate glase {the removal of the radiation effect)

and it has no reeponse on thoe borate glass,

iii- Borate glass con be used as integral dosimeter up to
14C kGy for its good properties of no fading, while .
phosphate glass can not bo wsed as integral desimeter
due to ite fading propertios, it can be resued for
dosimetry up te 60 kGy aftoer annealing.
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48 a mixed field dosimeter, the phosphate, borate
ag well as silicate glass showad measurable amount of
radioactivity when the glass detsctors were irradiated
near the cere of the reacter, thoe optical properties,
spectrophotometric as well as TL properties of the samples
oxpesed to mixed field are sﬁmilar tao that propertics of

samples exposed to high lewel of gomma ryas absorbed docse.

The induced activity of the irondiated glass ie identified

to be 32p 4n pheosphate glass, s in borate glass and

24Nn in silicoate gloss., Since these dosimetrs are recomm-
endeC for use in mixed field of radistion and for radiation
protection purposes, the resopectlive dose eguivalent reeived

by the rodiation worker should ba as low as reasonably

achisvable.

Chapter three was devoiad %o carbonate plastie
(R-39 ae sclid stote nuelear track detector, while

experimental results and discussions are reported in ths

next chapters.

In Chapter four, the Amorican lLexylic CR-39 detector

was used and it proved to offer sxeellent properties not
anly for track formation but alac for detegiion of charged
particles and neutrons.

The track kinities wero investigated and the reaults
conld be semmerized in the followding:~
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1~ Chemicnl gtching
Both NaOll and KOH solutions may be used for chemieal

etching of (R-39 detectors, tho rccommended etching

conditione for fast nesutrons &q‘cection is 3 hours.

Furthermore #0H solutions are rsoommended for etching
bacause of the formatlion of I—Ia(l)a during the prejeration

of Ha0OH solutione.

Bxperimental results alac show that the rate of
track fromation is & linear function of etehing time for
abeout 180 minutes then saturation occurs.

Also, the studles of the offect of NaOH and RCH
concontration showed Moewrinerocasg of track density as

concentratlon Incrcasa.

_ In an attempt to estimate the bulk etching rate of
R~39 by the gravimetric techingue showed that at 80%¢
oné using 305 KOH solutlon it -re found to be (2.320.1)

microns per hour,.

2~ Zrack diameter measurements
Typieal photographe of charged partiele tracks

are presented and the fregquency distribution of the
recorded trocks 1s given for dotegtors chomically etched
for 5 hours at 60°C in 809 KON soluticn,
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As a result of the intowaction Ors ¢ 'm—o oK ¢ B

3 0 2 *
two types of troeks were obscrwdl; a spherieal with average

track diomoter 10.8 + 1.9 miergns and c¢onical with average
track dimmeter 4 + 0.8 microns,

Prowatching of the detoctors gave fise to formation
of smnll size tracks, thoss tracks are assumed to be dae
tritans, while for the EGE traelks are assumed to be due
alpha particles. This assumption is based upon the
energy of the partdeles and i%s ronge in R-38 detector,
noting that the chorged partideloes are resulted from the
interaction of incident thermal nouirons with Orae
axternal radiantor plnced in eunitaot with the detector.

The avernge trask diametor 1s found to be enlarged
Irom 54 mioxrdne to 66 mierona for BXE ¢tracks and from

10 to 13.3 microns for non BB tracks when the detcotors
is ogain chemieally etched,

_ The seperation distanse potween the tracks 48 noticed
to be 40 mierons, it is also obsoryed that ns the charged
particle fluenee is increasoed the track density inerecesd
but the average track diameter is decresse, The lotter
observation and its theortigal oonsiderctions woe reported
by Al~liajjor et al (1978}.
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3; Rgepopeg to_charszed parf{ielgq and ngutrons

Three alpha particle sowrcos were used these are 235U
(4,66 Mov), 2*Lin (5.5 Mev) ond “py (5,15 Mev). The
frequency distribution of trac’: dlameter of alphz particle
troeks reeorded in (R-39 from 3351) source is shown zs it
woe noticed that the average track diameter is 31.3 picrons.
The emlission rate of the soureco per unit area is 820 alpho
particle per second from 235U. - 2013 alpha portiecle for a‘}lz;m

239.

source and 500 for ““ Pu source, the latter result is in tha

source ecertifente supplied by the soures manufacture.

Furthermors, variatioq gf traek density with the pa?ticla
enorgy (variation of particle enargy due to change the dle-

tance between the source and tho Jdateetor} wns measursd

241

experimentally using Am and zagPu sources, results indiqaﬁesJﬁ

considerable cdecrease In ¢rac’: density as the energy decreasc.

¥or fast neutrons , several sources were used namoly 252@',

252 moderated neutrons y oand JFu~Ba nouirons.

The response to fast noulrons varies from 0.82x10™%
tracia/meutron for IO-Be neutrons to _lamﬂtrac‘izs/nautrm

=3
rop ?“‘J’CE' neutron moderated by Al.

Therefore &=-39 is recmr-iended as o fast neuiron
threshold detector and its thrgsiiold energy was reported

by Griffith et al as 0.1 Hev.

For thermal neutrons tha aystep of -39 in contact
with S1if foil as external radlator was used, the responsse
of tho system to thermal neutron is gx10™% tracis/neutron

when ECE traclks are gounted only, and it is 1. 84x1073

noutron when E@otattiRrand AR SREHSUARRSRPmted.

tracly/

-
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In Chapter five the a;:-;?;;_cability of CR=39 for dosimoliry
is resented, for alpha particlos, the absorbed dose rate 18
gcaleulated for sources usually avaliable ot nuclear physies
and research Laboratories. _

The sensitivity of OR~39 for fast neutron dosimeiry
is catimated to be 380 trac!:/c;mz_. oSv or 3.8 traelio /om®.m rom,
as anibodo=dosimeter ((CR~39 Gf.if}_ s sensitivity is found to bo
maximum when the system is placod on phantom and for (X uncovered
systom. '

T.:m_en the thickness of 6

Iif is greater than 2,5 mg/cmz

the average response of the Gl covered albedo sysiem to 2825

neutrons, Pu-Be neutrons, zszm‘qmodemted neutrone wi " AL

and 52

F moderated neutrons with Dy0 was found to be in
average 613 tracl»:afcmz. mSve Several (n, °<) comvertars are
tried such as introductory °I&z foil, Ii, B,0, in Hanitine
dosinoter, )
Results show that Od~covorad (CR-39 6I.~il.f')'r system aopuld
be recomended for newdron dosimoury . and the relation ship

betwasn the track dcmsi‘ty at both faces of the CR-39 detector

and the neutron dose equivalont c¢ould be represented by the

ralation :
T, - -
.G .G
pe hoome | T2l TR
04970 610
wheres
T, is the track demsity in (R-39 face in contact with Orir Foid

p
T, 4is the track density in O%-39 second face.

TB.G 1s the back ground trac!: density.
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