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ABSTRACT

The dosimetric characteristics of prepared MgB,0, doped with Dy have
been studied using the thermoluminescence (TL) technique. The TL was
observed at the most intense temperature of 187+2 °C that is applied on
varied Dy concentration. The response recorded was linear with gamma
dosesintherangefrom 1 Gy up to 2 kGy and agood linear index coefficient
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at all applied doses but notin dose range from 100 to 500 mGy. The
MgB,0,:Dy dosimeters have shown a TL-sensitivity of 2.2 times higher
than that of TLD-100. Furthermore, the study indicated that the dosimeters

subject of study, are highly affected by fading.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Individual s occupationa and medical exposureof
toionizing radiationsisacommon feature of person
day life. Thedetrimental effectsof excessveexposure
are well recognized. However, the accurate
measurements of dose exposurein somesituationsas
inmedicineand occupationa regionsaresignificant. In
thefirst case, the minimum exposures consistent with
good diagnostic and trestment should beachieved, and
inthelater case, the monitoring of personswith not
exceeding therecommended permissibledoses. Inthe
last few decades, the thermol uminescence detectors
could measurethe properties stated above with higher
accuracy.

Thermoluminescence (TL) isthe phenomenon of
light emission duringwarming aprevioudy irradiated

subgtancewith uniform heating rate. Most of substances
either organic and inorganic show the property of
luminescence, but principal materialsusedin various
application of luminescence, involvesinorganic solid
insulating materialssuch asakali and dkaline earth
haides, Quartz (SiO,), Phosphates, Borates, and
Sulphatesetc. Luminescencesolidsareusudly referred
to as Phosphors.

Whilelithiumfluoridehasbeen anextremdy popular
sinceit givescons stent responseto radiation, compared
with many other substances such as. oxides (e.g.
Al,O,:C; MgO), fluorides (e.g. LiF:Mg,Cu,P;
CaF,:Mn), sulphates (e.g. CaSO,:Dy) and borates (e.g.
Li,B,O0,:Mn; MgB,0,:Tm) exhibit adifferent response
for the different types of radiation. The different in
response of the TL dosimeters givesadvantageto be
usedinmany fieldsasclinica, retrospective, spaceand
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persond dosimetry.

Due to borates significant properties: being
equivalent to human tissue with an effective atomic
number of 8.4 and their considerableresponsefor al
types of radiation!, the borate dosimeters shall br
condidered for further study. In addition, the borates
arerelaively stablechemica compoundsand respond
to radiation without serious problemsto attemptsto
dopethemwith TL sensitiserssuch astherareearths.

Schulman et al. 196713, concluded thefirst study
onthe TL of lithium borate compounds, afterwards
many studieson variousalkali and alkalineearthwith
detailed TL properties were done® ™. In spite of the
fact that the magnesium borate (MgB,0,) compound
werefirst prepared by Prokic®9, there are very few
related i ssueswere published. Driscoll et a.* found
the sengitivity of their prepared magnesium borate
(MgB,0,) was up to 12 times of Harshaw LiF chips
after measuringthe TL immediatdly after irradiation. They
asofound dsoareductionin TL responsewith 90(+2)
% after 100 hours. At the sameyear, Barbinaet al.™
prepared magnesium borate with decrease in TL
response for about 65% from the original value after
15 days and with less sensitivity 4 times that of LiF
chips. In 1999, Furettaet al .2 activated theMgB,0O,
dos meterswith Dy and Na, thischangeled toincrease
in the sensitivity to be 25 times and the fading was
improved to be only 35 % after storage at room
temperaturefor 17 days.

All the previous work led to a conclusion that
MgB,0, isasignificant dosmeter that canbemotivated
to prepareahomemade M @B ,O,. Therefore, we shall
attempt practically to improve the dosimetric
characteristicsof that substance.

EXPERIMENTAL PROCEDURE

Samples of magnesium borate (MgB,0,) with
dysprosium (Dy) asadoped activator were prepared.
Thedoping materid Dy, O, of 99.90% purity ranging
from 0.01 to 0.4 wt% was added. Glass system
composed 75 B,O,. 20 MgO. 5Na,0. x Dy, O, mal.
%, (0<x <0.4gm)wasarranged. Thematerialsused
wereof chemicaly puregradein theform of H,BO,,
MgO, Na,Co, and Dy,0O..

TheMgB,0,:Dy specimenswere prepared by melt
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guenching technique using platinum 2% rhodium
cruciblesin an electric furnace. The batch was pre-
heated at 500-600°C for amost an hour to evaporate
thecarbonates. Thetemperatureof mdtingwas1200°C
for one hour after ensuring the last traces of batches
were disappeared. To avoid the presence of bubbles
the glasses have been continuously stirred during the
glass preparation. After that, themelt is poured onto
stainlessstedl mold, then annealed at around 400°Cto
removethermd strains. Sabs of thedesirablesamples
were prepared by grinding, then polishingwith paraftin
oil and addingaminimum amount of water. Thethickness
of the MgB,O,:Dy slabs was about 3 mm; whereas
both thewidth and thelength was not exceed than 6mm
(thedimension of the TL-tray). The polishing process
was compl eted with stannic oxide. Thehomogeneity of
theglasseswas examined using two crossed polarizers.

Two gammasourcesare used inthisstudy for both
low and high doses irradiation. High gamma doses
irradiation ranging from 500 Gy up to 7 kGy was
performed usinga®Co point gammasource (irradiation
cell) instaled at the National Center for Radiation
Research and Technology (NCRRT) of the Egyptian
Atomic EnergyAuthority (EAEA). Thesourceactivityis
50K Ci, with adoserate of about 4.0 kGy/h at sample
position. Low gammadosesirradiation rangingfrom 100
MGy upto 20Gy wasperformed using ®Co Gammeatron
therapy unit (manufactured by Siemens, Germany) at
Nationd Inistitute of standards(NIS). Thedoserateis
2.97 Gy/h & onemeter from the center of the, cdibrated
%Co source, caibrated by the secondary standard
dosimetry system of NIS (NPL system). TheHarshaw
4500 TLD Reader wasequipped withtwo photomultiplier
tubesthat can read independently; thereader operates
on WinREM S software, which runsunder Windowson
aseparate computer. Glow curveswereperformed over
theexperimentdly studied range of temperature (100 -
400°C). All TL measurementsweretaken after 24 hours
withrateof 2°C/s. The prepared dos meterswerereused
by annedlingthem at 400°C for one hour.

RESULTSAND DISCUSSION

Glow curvestructure

By changing the concentrations of thedoping Dy
from 0.01 upto 0.4 Wt %, it wasfound that the highest

Snvivonmental Science (=
A Jndian ﬂo«/maZ



ESAIJ, 8(10) 2013

Nabil El-Faramawy et al.

TL wasachieved with doping Dy of 0.3wt%. Theshgpe
of theglow curvesfor different dose valuesrecorded
from 100 mGy to 7 kGy are represented in Figures.
(1aandb). Theglow curvestructure of thehome made
MgB,O.:Dy phosphor isvery s mpleand consisting of
asinglewell defined peak which maximum valueis
achieved at around 187°C, which seemsto be constant
in position within +2°C for al dosesdelivered. Non-
existence of high temperature pesks meansthat thereis
no non-radiative recombinations of the luminescence
centersand trapped e ectrons (retrapping) through the
irradiation process.
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Figurel: Typical glow curvesof MgB,O.: Dy obtained with a
linear heating rateof 2°C/sfor different dose, (a) of low values
from0.1t010 Gy, and (b) of high valuesup to 7 kGy
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Dose response

TheTL responseasafunction of the exposureto
gammaradiation was measured from 100 mGy upto 7
kGy asrepresented in (Figure 2). Two gammasources
were used to study this wide range of doses. It was
found that the dose response curve can bedivided into
threeranges. Thefirst range representsthe sub-linear
portion from 100 mGy to 200 mGy, the second range
representsthelinear regionfrom 0.2 Gy upto 2kGy
(fitted region) and thel ast range specified the supra-
linear range from 2 kGy up to 7 kGy. Each of these
ranges can be represented by the power equation:
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Figure2: TheTL-dosedependence.

H e =2* D°(GY) @)
whereH ek istheheight of themain peak, D isthedose
in Gy and a, b arethe slop and the order of the power
equation. AsFigure 2 isrepresented on log-log scale
which meansthat thelinear part that hasthe order of
the power equation (b) isequal to unity. Fitting that
portion, it yieldsavalue of b=1.02with aregression
coefficient R2=0.9972. Theresultsdisplayed alinear
doseresponseranging from 0.2Gy up to 2 kGy wider
than that obtained by previousresearchers. kGy For
example, Barbina et al.™ and Furetta et al.™™ had
obtained alinear response up to only 1Gy and 40 Gy,
respectively.

A good check of thelinear property of the materia
can bedoneusing the so-called linearity index or dose

functionf(D) (14).
H /D
f (D)= o=~ 2
H n( peak) / Dn
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where, H e isthe height of the applied dose of the
normalized D, . Figure 3 showstheplot of f(D) versus
dose. Thereisahigh divergencefrom the normalized
line at the lowest values (100 mGy) which can be
attributed to the high uncertainty at that range. Also, a
dight suprdinearity effect seemsto start from 2kGy up
tothehighest vauesof theddivered doses. Thestarting
and ending points of the linear part represent the
minimum and maximum detectable doserespectively.
Theminimum detectable dose dependsessentially on
thegrain sizeof the detector, whereit increasesasthe
grainsizedecreases. However, thelow detectable dose
depends mainly onthe heat trestmentsand eval uation
proceduresto eiminatetheresidual dose(zero doseor
unirradiated readout ) and decrease the standard
deviation of thisvaluein order to minimizethe low
detectabledose.

Linear index, f(D)
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Figure3: Thelinearity index, f(D), plotted against thedose

TL sensitivity

Theintringc TL sengtivity of athermoluminescent
materia whichisexpressed asthe TL yield per unit of
massdivided into unitsof doseof ionising radiation. It
provided acorrection isapplied to take into account
the spectral TL emission to match the pesk response of
the TLD reader. In this study the TL sensitivity is
expressed asthe areaunder the glow curve area per
unit of massof dosmeter and per unit of doseof gamma
rays (TLmg'Gy?) and compared relatively tothe TL
sengtivity of LiF:-Mg, Ti (TLD-100). Theinvestigated
MgB,0,:.Dy TL dosmetersshow aTL sensitivity equal
to 2.2 timeshigher thanthat of (TLD-100) asmeasured
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with the 4500 TL reader, taking into account the
dependency onthespectra responseof the TLD reeder.

Thecurrent study revealed asensitivity of 2.2times
higher than that of TLD-100; Furettaet a.[*? with the
same dooping (1.9 times of TLD-100), while, the
sensitivity wasincreased by adding Tmwith Dy to 7
times® and 6 times after adding Nawith Dy,

As the sensitivity depends on the readout and
annedling regimes, itisvery critica toknow theimpacts
of that system for both theinvestigated materid andthe
standard reference one (such as TLD-100) in order to
compare between different data. Theannealing system
depends on annealing temperature, time of annealing
and cooling mechanism. Thereadout system depends
onthetemperaturerange, the readout heating rate, the
pre-irradiation readout (zero dose). Abd El-Hafez and
Maghraby!™® concluded that TLD-100 is affected
dramaticaly with thepre-irradiation readout, whilethat
isnot the caseinother materid suchasCal,. Tm (TLD-
300) asfound by Abd El- Hafez et al.,1*. The same
behavior of theinvestigated dosimeter (MgB,0,:Dy)
and CaF,: Tm (TLD-300) arenoticed, i.e. thereisno
high temperature peaks in both detectors. In other
words; thereisno non-radiative recombination of the
luminescence center and the trapped e ectronsin the
irradiation process.

Fading

Asmentionedintheintroduction section, al types
of thepreviousprepared magnesumborate TL materids
showed high fading of the main pesk ranging from 35 -
65% through two weeks, at room temperature**12,
This shortcoming has been overcome by the
development of MgB,O,:Dy withasmpleglow curve,
i.e., asinglepeak at about 187°C, and consequently
fading wasfound to bedrastically reduced. In order to
determine the fading characteristics, MgB,0,:Dy
sampleswereannealed and irradiated to adoseof 1.0
Gy of ®Co. Theinvestigated sampleswerestoredin
dark conditionsat roomtemperature between 25-30°C.
Inorder tominimizetheeffect of aposs blereader drift,
the sampleswere exposed at different periods of time
prior of readout, from 1 day to 1 month. Readout was
performed for all theirradiated samples at the same
time

Figure4illustratesthe TL output asapercentage
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valuereferred to that at zero storagetime versusthe
storagetimein days. As per thefigure, itisremarkable
that theMgB,O.:Dy - TLD samples demonstrated a
decrease of the TL response during the el gpsed period
of timeinan exponentia function.

Y=Y, +A* exp (-x/t) 3)
where (Y ) is represented the corresponding
background TL i.e. theresidua signal after annealing
the samplestwo times at least; (A) isthe measured
highest TL intensity immediately after theirradiation
process (t = 0time). Whereas, (Y) isrepresented the
residua TL signa after storagetime(t). It wasfound
that main peak was faded about 39%fromitsorigina
valuein about two weeks and decreased with 54%in
onemonth a theambient temperature. Thefitted curve
in Figure 4 has aregression coefficient R equal to
0.95987. Theresultsarein good compliancewith the
lowest fading of theprevioudy publishedresultsdthough
they arenot satisfying. Further effortsshould be exerted
to minimizethat unacceptableva ue of thefading effect.
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Figure4: Fading characteristicof MgB,0,: Dy dosimeters
at theambient temperatureup to30days.

Reproducibility

Thereproducibility of thedose measurementswas
assessed by reiterating the readouts of irradiated
MgB,0,:Dy dosimeters, subject of study, irradiated with
adoseof 1 Gy. Figure5 showsthe TL intensity against
number of repetition for 7 repeated cycles. The
illustrated TL val uesrepresented theaverageof readings
of three dosimetersthat read out at the same conditions
and with standard deviation (o), taking into account
that this property was achieved with the same
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dosimeters. Theresults show that the dosimeters can
mesasuregammadoseswithlessthan 11.5%asvariation
based on standard deviation for 7 sequential
measurements. Theother researcherswho used thesame
doping material Dy did not mention the effects of
reproducibility. Our resultsarein compliancewithavaue
of 10 % that was obtained by Dogan et al., 2009 for
Ceasadoping materia.
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Figure5: Thereproducibility of theradiation response of
MgB,0,:Dy dosimeter sfor seven successivecycles

CONCLUSIONS

Using the thermoluminescence technique, the
dosimetric characteristicsof in-houseprepared MgB, O,
doped with Dy wereinvestigated and compared with
results obtained by previous researchers studied the
dosimetric propertiesof MgB,O.:Dy. Thereason for
thisshortageis most probabl e attributed to their high
fadingin very short time. However, the current study
revealed ahigher sensitivity than that prepared with
similar doped dosi meters by Barbind™ and Furettaet
a.l*3. In addition, the range of the photon responseis
0.2 Gy-2 kQGy is bigger than that obtained by the
previousresearchers.

The prepared MgB,0,: Dy shipsdisplayed agood
dosimetric properties, however further study isneeded
to add adifferent doped materiaslikeNaand Tmwith
Dy to find some way to minimize the percentage of
fadinginorder toincreasetheapplication of MgB,0O,:Dy
indifferent fieldsespecidly in higher dosedosimetry.
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