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Introduction

The presence of radioisotopes and complex nuclear radiation fields have to be considered
in numerous cases e.g. in industry, radiation therapy, avionic and space activities, technologies
of nuclear energetics, operation of informatics systems, research at nuclear particle accelerators,
etc.. In media exposed to a radiation environment different radiation damage processes can be
induced by the energetic particles of the radiation environment. The first steps of the radiation
damage are excitations of the electron structures of the media and displacement of energetic
atomic nuclei. Both kind of process can lead to formation of imperfections both in the electron
structure and the atomic and molecular network of the media. The changes of the internal
structures can lead to modification of the characteristics of the media. The knowledge of the
radiation induced damages of the human body and their biological effects are especially

important.

Numerous types of application specific dosimeters and dosimetry methods have been
developed and available [1] [2] [3]. The increasing number of industrial, medical and
agricultural applications based on the use of ultraviolet, X-rays, beta and gamma radiations
account for the need to constantly search for new materials with adequate dosimetric
characteristics. Radiation dosimetry with solid luminescent materials is a well-established
method of monitoring ionizing radiation [4]. McKeever in the year of 1985 [5], McKeever et
al. in the year of 1995 [6] and Furetta et al. in the year of 1998 [7] published a comprehensive
description of the thermoluminescent properties required by a material for dosimetric purposes.

The dosimetric compounds, glass systems, polycrystalline ceramics and vitroceramics are
of great interest due to their optical transparency, relatively simple preparation, easy shaping
and long-term stability. Several studies were published from the investigation of the
thermoluminescence properties of the borate glasses (doped with alkaline, alkaline earth,
transition metal or rare-earth), the phosphate, tellurite and silicate compounds [7] [8] [9] [10]
[11] [12] [213] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25]. It was stated that
luminescence materials based on silicates as host material exhibit strong chemical stability,
high energy ion irradiation resistance and high UV and visible light transmittance [25]. From
the viewpoint of dosimetry applications it is interesting to mention that it was observed that in
the cases of borate glasses and glass-ceramics (vitroceramic) with congruent compositions that
the glass-ceramics presented more defined thermoluminescent (TL) signals than the glasses

[26]. This phenomenon is worth to study in the cases of other types of glasses and vitroceramics.



The scope of the present Thesis was studying the thermoluminescence (TL) of
XY 203:(60-x)P205-40Si0> vitroceramics compounds exposed to radiation fields of electrons

and mixed neutron-gamma fields.

One of the motivation of my study was the nature of the vitroceramics structure of the
XY203:(60-x)P205-40Si02 materials. In the vitroceramic structure approximately 90% of the
material is in polycrystalline phase and the crystals are embedded in the non-crystallized
amorphous phase. The crystals sizes range between 0.1 and 1 um [27] and the structure is
practically void free. Taking these features into account, vitroceramic materials present inherent
advantages over the conventional glass and ceramic compounds, such as significantly small or
even negative thermal expansion coefficient and improved properties under mechanical stress
[28]. Adding yttrium into the composition enhances vitroceramics characteristics because
yttrium is known to play a role as an impurity gathering element due to its ability to remove
excess oxygen from the bulk, and also as a trivalent component which increases the

vitroceramic system resistance to water attack [15].

Exposition of the xY203-(60-x)P20s5-40Si0, materials to radiation environments with
gamma photons and electrons leads to radiation induced thermoluminescence of the materials.
Furthermore, Yttrium enhances the TL response of the material (the luminescence efficiency).
The Yttrium is activator in the TL material and it is acts as luminescent center [29]. Therefore,
studying the effect of the yttrium content on the TL response and the dose dependence of the
TL response were interesting from the point of view of potential dosimetry applications of the
materials. The xY203:(60-xX)P205-40SiO2 vitroceramic compounds doped with xY203 at
various concentrations (0 mol%, 5 mol%, 10 mol%, 15 mol%, 20 mol% and 30 mol%) were
studied. On the basis of our results the 30Y203-30P20s5-40Si0> material proved to be the most

suitable for TL dosimetry purposes and it was selected for further detailed studies [30].

One of the motivations of this study was the fact that (xP20s (1-x)SiO2) phosphosilicate
glasses are used in many microelectronic devices (e.g. in MOSFETS) and fibre-optics systems
that have to operate in harsh and complex radiation environments (e.g. spallation neutron
sources [31], IFMIF-DONES / DEMO / IFMIF-EVEDA [32] [33], ITER [34]). Thus, it is
important to study the radiation tolerance of these glasses. Also, it is important to search for
methods that can be suitable for monitoring the radiation damage preferably using the same
material with the same structure as radiation monitor [35]. For monitoring the radiation damage
of these devices thermoluminescent dosimeters made of xY203:(60-x)P205-40Si0O2 seem to be

good choice.



In the last decade phosphosilicate glasses with high YOz content attracted attention, too.
Neutron activated microspheres of this kind of glass have been considered as new generation
potential carriers of the ™Y radioisotope used for human brachytherapy applications. Christie
et al. (2011) [36] and Fu and Christie [37] have demonstrated via classical molecular dynamics

simulations that adding Y203 improves the stability and the durability of the glass structures.

In radiation environments with neutron component the 30Y203-30P.05-40SiO> materials
can become radioactive via different nuclear reactions: *'P(n,y)*?P, 3P(n,p)3!Si, 3P(n,2n)%P,
8y (n, 7)™y, 8y (n, p)®¥Sr and the &Y(n,2n)%Y. The radioactive decay of the produced
radioisotopes can lead to formation of recoiled (displaced) energetic and highly ionized nuclei.
These recoils can induce defects in the electronic band structure of the material, too. All these
effects suggest that the 30Y203-30P205-40Si02 material can be used both as activation and
thermoluminescent neutron dosimeters. The cross sections of the neutron induced reactions
depend on the neutron energy. This means that the responses of 30Y203-30P20s5-40SiO>
material to neutrons (induced radioactivities and thermoluminescence) have to depend not only
on the neutron fluence and the absorbed neutron dose but on the neutron energy, too. Therefore,
one of the aims of the present Thesis was to obtain experimental information on the neutron
energy dependence of the thermoluminescence response of the 30Y203-30P20s-40SiO>
material [35].

My research was performed at Faculty of Physics of Babes-Bolyai University (Cluj-
Napoca, Romania), in the Interdisciplinary Research Institute on Bio-Nano-Science of Babes-
Bolyai University and at the Hungarian Academy of Sciences Institute for Nuclear Research
(HAS Atomki, Debrecen, Hungary).

This Thesis presents the background and the experimental details of my research and
summarises my new results and the conclusions of my investigations in the form of 5 Thesis

statements.
Thesis statements

e Detailed comparative investigations of the nuclear radiation induced
thermoluminescence properties of new types of xY203:(60-x)P205-40Si0O>
vitroceramics compounds doped with Y203 at various concentrations (x = 0, 5, 10, 15,
20, 30 mol%) was carried out for the first time. | demonstrated that the
30Y203-30P205-40Si0> vitroceramic material gives the highest thermoluminescent

response to unit absorbed dose of B -particles and, of the six investigated materials, this
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material is the most suitable for dosimetry purposes. This vitroceramics exhibited the
less complicated glow curve structure. The dominant high-temperature peak presents
the brightest signals and the best degree of linearity (from 0.75 Gy to 9 Gy). This
vitroceramics material has acceptable batch homogeneity, poor fading of the signal,

good repeatability and the minimum detectable absorbed dose is a few mGy [30].

I have developed an experimental method for investigating the characteristics of the
thermoluminescence response of the 30Y203-30P.0s-40SiO2 vitroceramic material
exposed to mixed n-y fields. The studies were carried out using broad spectrum d+Be
neutrons and gquasi-monoenergetic d+D neutrons. | used a neutron activation method for
monitoring the neutron fluences and a twin ionization chamber technique for measuring

the separate neutron and gamma absorbed-dose rates [35].

I validated the relevant neutron spectra of the d+Be and d+D neutron sources that were
obtained either from extrapolation of the data of Brede et al. [38] (d+Be) or interpolation
of the data taken from Reimer [39] (d+D). The saturation activities were calculated (C)
using the neutron spectra of the d+Be and d+D neutron sources and the excitation
functions of the monitor nuclear reactions. The measured saturation activities (E) were
compared with the calculated (C) ones. The results of the comparisons (C/E) validated

the neutron spectra obtained in the present study [35].

Estimations for the relative neutron sensitivity of the 30Y203-30P20s5-40SiO;
vitroceramic material in the cases of the broad spectrum d+Be (En, = 0-14.5 MeV) and
the quasi-monoenergetic (En = 12.4 + 0.22 MeV) d+D neutron sources were carried out.
The obtained results suggest that the relative neutron sensitivity depends on the neutron
energy [35]. Furthermore, in the cases of the two neutron sources the obtained results
suggest that the estimated TL dose responses of the vitroceramic as a function of the
neutron, gamma and total absorbed doses are linear within uncertainties of the dosimetry

measurements.

| studied the possible effect of the fast neutron induced displacement damage on the TL

response of the 30 mol% Y203 vitroceramic to B~ particles. In the first step samples



never irradiated before were exposed to  -particles and the absorbed doses were in the
Dp =0.75 - 1000 Gy range. In the second step samples irradiated before with D, = 80 -
110 Gy neutron absorbed dose range were selected and exposed to -particles and the
absorbed doses were in the Dg = 0.75 — 500 Gy range. The results obtained in the two
cases were compared. It was found that the TL properties of the non-irradiated and
neutron irradiated samples of the 30 mol% Y203 vitroceramics agreed within the
uncertainty of the measurements. In other words, no statistically significant effect of the

neutron induced damage on the TL properties of the material was observed.
. RESULTS AND DISCUSSION

The thesis summary reports the results that were achieved studying the TL properties of
the XY203-(60-x)P20s5-40Si02 (0 < x <30 mol%) vitroceramics compounds in B~ and mixed n-

v radiation fields. The following results are presented:

Beta electron field

e the TL glow curves and the dose response in the 0.75 Gy - 9 Gy absorbed doses
region measured at x = 0%, 5%, 10%, 15%, 20%, 30% Y03 concentrations via
the single aliquot protocol (without preheat and with preheat),

e the dose responses measured with the 20 mol% Y203 and 30 mol% Y203
vitroceramics in the 0.75 Gy - 9 Gy absorbed doses region via the single aliquot
protocol and the multiple aliquot protocol,

e the repeatability test of the 20 mol% Y203 and 30 mol% Y203 vitroceramics and
the measurements performed via the single aliquot protocol,

e the TL glow curves and dose responses measured with the 30 mol% Y.03
vitroceramics in the 0.75 Gy - 9 Gy (low dose) and the 15 Gy - 1000 Gy (high

dose) absorbed dose ranges, after the experiments in the mixed n-y fields.

Mixed neutron-gamma fields

e validation the neutron spectra of the d+Be and the d+D neutron sources,

e results of dosimetry measurements in mixed n-y fields,

e the TL glow curves measured with the vitroceramics with x = 30 mol% Y203,

e determination the TL signals induced by fast neutrons in the vitroceramics with x
= 30 mol% Y03 material,



e determination of the relative neutron sensitivity of the vitroceramics with x = 30
mol% Y03 for irradiations with two different neutron sources,

e determination of the relative neutron sensitivity as a function of the neutron energy
in the case of the vitroceramics with x = 30 mol% Y203,

e estimated the TL dose response of the vitroceramics with x = 30 mol% Y203 as a

function of the neutron, gamma and total absorbed dose.

1. The TL investigations of the xY203-(60-x)P205-40SiO2 vitroceramics in the B~
particles field

Thermoluminescence glow curves

TL glow curves were recorded at a controlled heating rate (5 °C/s) after beta irradiation
to 6 Gy both with and without applying thermal treatments. During reading out of the TL signal,
the sample was heated to 500 °C. Upon irradiation, bright TL signals have been displayed by
most samples, with multiple TL emissions both in the low (100 °C) temperature range as well
as in the dosimetric interval (200 °C and above). The shape of the glow curve is changed by
adding Y203, with an increased relative importance of the high temperature peaks although
there is no clear trend with concentration. As the low temperature TL peaks are not expected to
be thermally stable and decay in a period of tens of hours, a time similar to the storage time of
regular dosimeters before readout, we have applied a thermal treatment in order to remove these
unstable signals and to recreate the possible charge transfer from the low temperature traps to
the high temperature peaks during storage. The thermal treatment consisted of a preheat with a
duration of 10 s at 150 °C for samples doped with 0—15 mol% Y03 and to 175 °C in the case
of 20 mol% Y203 and 30 mol% Y.Og, respectively. Figure 1-1 presents a comparison among
the samples glow curves as function of Y203 concentration (0—30 mol%) following the thermal
treatment and without the thermal treatment. It can be noted that the glow curve structure is less
complicated in the case of 20 mol% Y203 and 30 mol% Y203 and the increased concentration
leads to brighter signals. The glow curve recorded for the 30Y203.30P20,40SiO2 compound
was similar in terms of structural simplicity (showing one dominant high-temperature peak) and
position of the dosimetric peak (placed around 220 °C) with the glow curve obtained from the

MCP-7 standard thermoluminescent dosimeter.
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Figure 1-1. Comparison of the TL glow curves obtained with the vitroceramics samples that
have different Y,O3 concentration. The glow curve for 30 mol% Y>03 was normalized to 1 mg
while the other TL glow curves were normalized to 10 mg sample mass.

Multiple aliguot protocol and minimum detectable dose

Based on glow curves structure and brightness, the dose dependence of the
20Y203-40P,05-40Si02 and 30Y203-30P.05-40SiO2 TL signals was further studied in a
multiple aliquot procedure, the rest of the concentrations being discarded due to their poorer
dosimetric characteristics. A set of aliquots was prepared and for each applied dose (0.75, 1.5,
3, 6, 9 Gy) a different number of fresh aliquots was used (n = 1-15). Samples have been
individually irradiated with the built-in ®Sr—°°Y beta source and the TL signals have been
recorded. The selected region of interest was 150-300 °C. As shown in Figure 1-2, both
samples exhibited a linear dose response relationship in the investigated dose range (0.75-9
Gy). The sensitivities obtained for 10 mg of material were S = 79596 counts/Gy for
20Y203-40P205-40SiO; and S = 760478 counts/Gy for 30Y203-30P205-40Si0O, respectively.
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Figure 1-2. The dose response of the 20 mol% Y203 and the 30 mol% Y203 vitroceramics, as
a function of the delivered absorbed doses (0.75, 1.5, 3, 6 and 9 Gy). The n denotes the number
of aliquots applied for each absorbed dose.
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The minimum detectable dose (MDD) was calculated as the dose for which the signal is three
times the standard deviation of the corresponding background. In the case of
20Y203-40P205-40Si0> the estimated MDD for instantaneous measurements was 16 mGy,
while for the 30Y203-30P205-40SiO> a value of 4 mGy was obtained.

Single aliguot protocol and repeatability

Using a thermoluminescence dosimeter in a single aliquot protocol requires much more
sample material, is less time consuming and gives a better precision. In a single aliquot protocol
the accrued dose and the dose response can be constructed on one single portion of material as
long as the samples are characterised by a satisfactory repeatability. In order to apply such a
protocol on the investigated samples, the presence of a sensitization or desensitization trend for
20 mol% Y203 and 30 mol% Y20z vitroceramics, respectively was further tested. In the cases
of using these vitroceramic materials repeated irradiation-readout cycles were performed
irradiating the aliquots with 6 Gy absorbed dose and there was no waiting time between the
irradiation and the readout. The integrated TL, signal obtained in the case of the n-th
measurement cycle and normalized for 10 mg was compared with the integrated TL1 value
obtained from the initial (1st) measurement cycle and normalized to 10 mg. One can conclude
that sensitization was observed in the case of the 20Y,03-40P,05-40Si0> vitroceramic and the
sensitization increased up to 46% after ten measurement cycles. In the case of the
30Y203-30P205-40Si0> vitroceramic desensitization was observed and the desensitization
decreased to 9% after ten measurement cycles (good repeatability). The results presented in

Figure 1-3.
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Figure 1-3. Results of the repeatability test in the case of 20Y203-40P,05-40SiO> (a) — average
response of 6 aliquots and 30Y203-30P20s-40Si0- (b) — average response of 5 aliquots.

The TL dose response of both vitroceramic material (20 mol% Y203 and 30 mol% Y>053)

was studied by a single aliquot regeneration protocol. The TL signal was integrated for the 150
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— 300 °C temperature region. The absorbed doses were 0.75, 1.5, 3, 6 and 9 Gy. In the case of
20Y203-40P205-40S10: five different aliquots were used. Eight aliquots were used in the case
of the 30Y203-30P20s5-40S10, material. The TL response was linear function of the absorbed
dose for both material. The dose responses are shown in Figure 1-4, where each data point

represents averaged TL signal.
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Figure 1-4. The TL responses obtained by the single aliquot regenerative dose protocol and

applying preheat (for 10 s at 175 °C).

IIntegral TL signal (counts for 10 mg)‘
IIntegral TL signal (counts for 10 mg)‘

In the case of the single regeneration aliquot protocol, the average sensitivity of
30Y203-30P,05-40SiO> vitroceramics was ~ 650,000 cts for 10 mg/Gy. This value is consistent
within 2o with the average sensitivity obtained with the multiple aliquot procedure (~ 760,000
cts for 10 mg/Gy). Furthermore, the average sensitivity of the 20Y203-40P20s5-40SiO>
vitroceramics was ~ 76,000 cts for 10 mg/Gy. This value is consistent within 2c with the
average sensitivity that was obtained with the multiple aliquot procedure (~ 80,000 cts for 10
mg/Gy). From these results it can be seen, that the dosimetric properties of 30 mol% and 20
mol% Y203 vitroceramic can be determined by the single aliquot regenerative protocol.

It can be concluded that the 20 mol% Y203 vitroceramic shows a lower TL glow curve
and the sensitivity of the material is lower by one order of magnitude than that of the
30Y203-30P205-40Si0O2 material. The sensitivity of the 20 mol% Y03 vitroceramic increased
significantly (up to 46% after ten cycles) during the repeatability test. Therefore, our further

investigations focused exclusively on the 30Y203-30P20s-40SiO vitroceramic material.
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Further investigation on dosimetric properties of the 30Y203-30P20s5-40SiO» vitroceramic:

batch homogeneity and fading

The batch homogeneity and the fading study for the 30Y203-30P205-40SiO; vitroceramic
were performed using fresh material. About 1 g of material was irradiated with approximately

3 Gy absorbed dose in a homogeneous

20 field of ®°Co gamma photons. After
is O Fading of 30Y,0,30P,0,40Si0, irradiation the TL measurements were
o 64 c i -
ED 141 carried out instantaneously and then 10
~ [l i (S h, 16 h, 22 h, 34 h, 168 h, 288 h, 1200
SARL FF ==
£ os. T?@ @@ .. h and 2880 h after the end of the
£ t o .
-1 IRl It irradiation. Before reading out the
= 0,41
i samples they were stored in dark at
0,0 e

: 1 W . % room temperature. Different numbers

[Time delay (h)] of aliquots (5 — 15) were used for the
Figure 1-5. The fading of  the

30Y203-30P205-40Si0O>  vitroceramic. The
uncertainty bars correspond to three times of the  months the fading reached ~ 70%. The
standard uncertainty of the mean value (3c).

different measurements. After four

relative standard deviation of the
integrated and normalized TL signals varied between 10% and 28%. The fading results are

presented in Figure 1-5.
2. Study of the 30Y203-30P205-40SiOz vitroceramic material in mixed n-y fields

The TL response of the 30Y203-30P20s5-40Si0> vitroceramic material was studied in
mixed n-y fields of the d+D and d+Be fast neutron irradiation facilities at the MGC-20E
cyclotron, too. Broad spectrum d+Be (En = 0 — 14.5 MeV) and quasi-monoenergetic d+D (En =
12.4 £ 0.22 MeV) neutrons were used. Six irradiation experiments were carried out. The 1st,
3nd and 5th irradiations were done at the d+Be neutron source. The d+D neutron source was
used in the 2nd, 4th and 6th irradiations.

The irradiation experiments

The powder samples of the vitroceramics were placed in 0.1 mm thick polyethylene
sachets. Then they were fixed on a 1 mm thick support plate made of AIMgSi alloy. The
thicknesses of the specimens were about 1 mm. For monitoring the neutron fluences high purity

aluminium (Al) and iron (Fe) discs were fixed behind the TL sample on the back side of the
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support plate. Figure 2-1 shows the general sketches of the arrangements of the irradiations

and the dosimetry checks at the different neutron sources used.

Beam stop:
W (0.2 mm) Window foil:
Aluminium support plate or Nb (5 pm)
’Be Target l
' SSD
= ! E, ~ 10 MeV
Fe — ? Air | deuteron
[ ——— ’ ......... .-......o_....._.....: ............................ .Ji- -
U 9 = 0° direction D,-target | !
Al o
. . . Filling gases:
30Y,0,-30P,0.-40Si0, vitroceramic sampl
@ &8 v ' ple Deuterium gas, p = 1.8+£0.05 bar
or
Air, p=1.0 bar
The longitudinal axis of the chambers
I : E,~ 10 MeV
SSD : Air | deuteron
! i
abiinmmr w3y e A I o R F WA N =1 = & e el ol 'T"‘_"‘
= o Ai H ! i
3 = 0° direction | | D,-target i
I i
Beam stop:
W (0.2 mm) . .
Twin ionization chamber ar Window foil:
Nb (5 pym
(T2 and M2) “Be Target (5 pm)

Figure 2-1. The general sketches of the arrangements of the irradiations (upper) and the
dosimetry checks (below) performed at the quasi-monoenergetic d+D neutron source and at the
broad spectrum d+Be neutron source.

The geometry center of the support plate was positioned to the 8 = 0° direction (the
direction of the bombarding beam) and the support plate was perpendicular to the § = 0°
direction. The source-to-sample distance (SSD) was the distance measured from the geometry
center of the target along the 9 = 0° direction.

A pair of twin ionization chambers (twin ionization chambers) were employed for
determining the separate neutron (Dn) and gamma (Dg) absorbed dose at the irradiation
positions (SSD) of the 30 mol% Y0z vitroceramic samples. The dosimetry measurements were

performed before and after irradiation of the TL samples. The measurements were carried out
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separately with the T2 and M2 ionization chambers. The geometry centers of the chambers
were positioned to the § = 0° horizontal direction and the longitudinal axes of the chamber was
perpendicular to the 8 = 0° direction. The sample-to-source distance (SSD) of the chambers was

the same than that of the vitroceramic samples.

Estimation of the neutron fluences

Al and Fe discs were irradiated with the vitroceramic samples for monitoring the neutron
fluences. The Al and Fe discs were activated via the *°Fe(n,p)**Mn, #’Al(n,p)>’Mg and
2" A1(n,a)**Na nuclear reactions. The nuclear data and their uncertainties were taken from the
WWW Table of Radioactive Isotopes evaluated by Chu et al. (1999) [40]. After irradiation the
gamma activities of the discs were measured with a calibrated HPGe detector. The full energy
photopeaks were counted. Then the saturation activities of the °*®Mn, Mg and ?*Na
radioisotopes were determined. The obtained results were used for estimating the neutron
fluence delivered to the vitroceramic sample. Also, the saturation activities were calculated
using the neutron spectra of the d+Be and d+D neutron sources [35] and the excitation functions
of the monitor nuclear reactions. The measured saturation activities were compared with the
calculated saturation activities. This method was used for validation of the estimated neutron

spectra, too.

Figure 2-2 shows the extrapolated neutron spectrum [35] and the data taken from Brede
et al [38] for extrapolation of spectrum in the case of d+Be neutrons. Furthermore, Figure 2-2
shows interpolated neutron spectrum [35] and the data taken from the published PhD thesis by
Peter Reimer [39] for interpolation of spectrum in the case of d+D neutrons. The D,-gas target

used by Reimer was identical with the target used in our studies.

1L.8OE+15

1,60E+15 < —6— Spectral neutron yield 0,12 4

(Eq =9.02 MeV)

—©-E, =991 MeV -
0104 ~©-E =942 MeV -This w
’ ~©- £, =9.01 MeV - Reime
—©-F,=8.10 McV -

140E+15 -

1,20F+15 o
0,08 4
LOOE+15

8,00E+14 - 0,06 -

6,00E+14 0,04 4

4,00E+14 4

ISpcclral neutron yield (sr'C'MceV ')‘

0,02

ISpcctraI necutron yicld (relative units)

2,00E+14

0,00F+00 - - 9696000 0,004 @

o 2 4 6 s w1 ow o 2 4 6 8 1 1 1
Neutron Energy (J\‘le\')l
Figure 2-2. Spectral neutron yields of the d+Be and the d+D neutrons at the 3 = 0° direction.
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The extrapolated spectrum of the d+Be neutrons and the interpolated spectrum of the d+D
neutrons spectra were used for calculation of the expected neutron fluence rates, saturation

activities and neutron KERMA rates.

The measured and calculated saturation activities

The excitation function data for the monitor nuclear reactions were taken from the
ENDF/B-VII.1 library [41]. The FGM gamma spectrum evaluation code (Székely, 1985) [42]
was used for determining the net area of the full energy photopeaks.

Table 2-1 lists the calculated (C) saturation activities, the averaged experimental (E)
saturation activities, the (C/E) ratios and the estimated uncertainties obtained from the activity
measurements, as well as the neutron fluence rates resulted from the spectrum adjustment
procedures. The received neutron fluence rates refer to the centre of the vitroceramic sample.
The C/E ratios show that the agreement between the calculated and measured saturation
activities was within the uncertainty of the activity measurements in the cases of Irradiation 1
and 2. Furthermore, the C/E ratios can be considered as a kind of validation of the expected
neutron spectra, too. In the case of the validation of the broad spectrum of the d+Be neutron
source, the difference between the calculated and averaged experimental saturation activities
was + 3% or less (Irradiation 1). In the case of the validation of the neutron spectrum of the
quasi-monoenergetic d+D neutron source the agreements between calculated and averaged

experimental saturation activities were within = 5% (Irradiation 2).
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Table 2-1. The calculated (C) and averaged experimental (E) saturation activities and the C/E ratios. Eq is the deuteron energy.

Saturation activity
Neutron | Number of Ed Nuclear (Bq) Neutron fluence rate

source irradiation (MeV) Target reaction : (cms?)
Calculated Experiment C/E

ZIAI(n,p)* Mg | 3.55E+03 | 3.49E+03+8% | 1.02
1 9.02 ZIAl(n,0)%Na | 8.45E+02 | 8.70E+02+6% | 0.97 1.2E+07 + 8%
56Fe(n,p)®®Mn | 8.74E+02 | 8.49E+02+8% | 1.03

2IAl(n,p)?>’Mg Not calc. 1.84E+04 +4% | N/A
2IAl(n,0)**Na Not calc. 5.34E+03+8% | N/A Not calculated’
5Fe(n,p)**Mn Not calc. 1.11E+04 £ 4% | N/A

Be

d+Be 3 8.64 d=3mm

ZAInp)¥ Mg | 3.70E+04 | 3.54E+04+29% | 1.04
5 9.04 2AI(n,0)%*Na | 8.80E+03 | 9.91E+03+29% | 089 1.2E+08 + 10%
5Fe(n,p)®®Mn | 9.10E+03 | 9.67E+03+4% | 0.94

ZAl(n,p)¥Mg | 1.03E+04 | 1.04E+04+7% | 0.99
2 9.42 ZIAl(n,0)®Na | 1.28E+04 | 1.22E+04 +10% | 1.05 4.2E+06 + 10%
6Fe(n,p)®®Mn | 7.74E+03 | 8.10E+03+6% | 0.96

D2-gas 27 24

Al(na)?®*Na | 4.59E403 | 5.48E+03+5% | 0.84
4 9.35 | p=1.8%0.05bar (n.) ° 4.3E+06+ 10%
SFe(np)®Mn | 2.82E+03 | 3.11E+03+3% | 0.91

d+D

ZIAI(n,0)*Na | 7.72E+03 | 6.96E+03+6% | 1.10
6 9.37 6.7E+06 + 10%
%Fe(n,p)*®Mn | 4.74E+03 | 4.23E+03+4% | 1.12

"No extrapolated spectrum was available.
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Results of the dosimetry measurements in mixed n-y fields

Estimation of the relative neutron sensitivity of the TL signals of the vitroceramics
irradiated in mixed neutron-gamma fields of the d+Be and d+D neutron sources needs the
determination of the separate neutron and gamma absorbed doses. The neutron absorbed dose

can be calculated from the neutron spectrum and from dosimetry measurements.

The twin ionization chamber technique described by Broerse et al. (1981) [43] and
Wootton et al. (1980) [44] was used for determining the separate neutron and gamma absorbed
dose for the positions where the vitroceramic were irradiated. Thimble type ionization chambers
(EXRADIN T2 and M2) were employed. The two chambers have identical geometry with 0.55
cm? sensitive volume (cavity). The material of the T2 chamber (TE-TE chamber) was made of
Shonka A-150 electrically conducting plastic (Shonka et al., 1958) [45], which is approximately
human striated muscle tissue equivalent (TE) material [43]. The filling gas mixture was the
tissue equivalent gas mixture [43]. The material of the M2 chamber (Mg-Ar chamber) was made

of magnesium. The filling gas was the argon gas.

Table 2-1. Results of the dosimetry measurements and dosimetry calculations.

e From
Twin ionization chambers evaluated
n-y | Number of | SSD (EXRADIN T2 and M2) data
fields | irradiation | (mm) Measured absorbed doses Calculated
Dn (Gy) Dc (Gy) Dn+c (Gy) K" (Gy)
1 259 | 2.51+8% | 0.24+14% 2.75+ 16% 2.81™
d+Be 3 259 8.12 + 8% 1.34 £ 14% 9.46 £ 16% Not calc.f
5 259 | 84.19+ 8% | 13.91+14% | 98.10 + 16% 108.6™
2 933 | 1.49+8% | 0.18+14% 1.67 £ 16% 1.43™
d+D 4 88.3 | 4.50+ 8% 0.63 + 14% 513+ 16% 4,99
6 91.3 | 25.55+8% | 527+14% | 30.82+16% 23.177

“Calculated for Shonka A-150 plastic applying the KERMA factors published by Chadwick et
al. [46].

“Estimated applying the extrapolated spectrum for Eq = 9.02 MeV. The spectrum was
extrapolated from the measured data published by Brede et al. [38].

““Estimated applying the interpolated spectrum for Eq = 9.42 MeV The spectrum was
interpolated from the calculated data published by Reimer [39]. The contribution of break up
neutrons produced in the W beam stop of the D2-gas target was not included.

"No extrapolated spectrum was available.

The energy distributions of the fluence rates of the d+D and d+Be neutrons and the

fluence to KERMA conversion factors were used for neutron KERMA estimation. The
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elemental fluence to KERMA conversion factors were taken from the literature (Chadwick et
al. [46]). The obtained neutron KERMA rates refer to the positons where the vitroceramics

sample was irradiated.

The obtained measured neutron absorbed doses were compared with neutron KERMA
values. The neutron absorbed doses and the neutron KERMA values refer to the Shonka A-150
plastic. For each irradiation of the 30YY203-30P.0s5-40SiO- vitroceramic material the measured

neutron and gamma absorbed doses and the estimated KERMA values are shown in Table 2-1.

3.  Thermoluminescence of the 30Y203-30P205-40Si0O2 vitroceramic material irradiated

with broad spectrum d+Be and quasi-monoenergetic d+D neutrons

On the basis of the obtained results the relative neutron sensitivities of the 30 mol% Y>03
vitroceramic were estimated both for the d+D and d+Be neutrons used in our studies. The results

suggest that the relative neutron sensitivity of the TL material depends on the neutron energy.

After each irradiation different number of aliquots were prepared for measurements of
the TL signals. Before reading out of the irradiated samples a thermal treatment was applied,
that was a preheat at 175 °C for 10 s. Then the sample was heated up to 500 °C at 5 °C/s (heating
rate). The TL signals were integrated in the 150 °C to 300 °C temperature range. Both TL glow

curves and the integrated TL signals were normalized to 10 mg sample mass.

The TL glow curves obtained after the irradiations done with mixed n-y fields

The shapes of the measured TL glow curves were compared with the TL glow curves
obtained from the experiments done with beta electrons. It can be concluded that in the 150 °C

to 300 °C temperature region:

e the shape of the averaged normalized TL glow curves of the aliquots is practically
independent of

o the neutron spectrum,
o the absorbed neutron dose.

¢ the shape of the averaged normalized TL glow curves of the aliquots is very similar to
the averaged normalized TL glow curves obtained from the measurements done with
beta electrons.

Thus, the 150 °C to 300 °C temperature region is suitable for obtaining the integrated TL signal
both in the case of the beta electrons and the mixed n-y fields of the d+D and d+Be neutrons. It

has to be mentioned that the TL glow curves measured after Irradiation 6 were slightly different
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from the TL glow curves measured after Irradiation 5. The difference can be observed above
300 °C. The reason for the difference has not been understood. Figure 3-1 shows the averaged
and normalized TL curves with their standard deviations.
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Figure 3-1. The averaged and normalized TL curves obtained after irradiations. The irradiation
was done in the mixed n-y fields of the broad spectrum the d+Be neutron source and quasi-

monoenergetic d+D neutron source. The standard deviations were plotted for 10 °C broad
intervals.
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Determination of the TL signals produced by fast neutrons and estimation of the relative

neutron sensitivity of the vitroceramic

In the case of the mixed n- y fields both the gamma photons and the neutrons could

contribute to the obtained TL signal. The net mass normalized TLy.¢ signal induced by the

mixed n-y irradiation filed was calculated as the difference of the mass normalized ﬁfﬂ%ﬁ%rm

wrreference

signal obtained for the sample and the mass normalized TL;,;,m signal obtained for the

unirradiated control sample:

TInsc = TLy gmorm — Thnorm Eq. 3-1

The calculation of the contribution of the TL signal attributed to the gamma absorbed
dose was based on the gamma absorbed dose measurements performed by twin ionization
chambers and the measured S beta/gamma TL sensitivity of the material (i.e. S = 760478 cts/Gy

for 10 mg) as

TLG =8 DG Eq 3-2
The TLn contribution of the neutron component of the mixed n-y field was estimated using

the calculated TLg value and the measured TLy ... Then the TLy value was calculated as

TLN = ﬁN+G - TLG Eq 3'3
The kv relative neutron sensitivity of the 30 mol% Y203 vitroceramic was estimated as

_ Rvje _ (TLn/TLg) -
key = Rp (Dn/Dg) Eq. 3-4

Table 3-1 summarizes the results of the dosimetry measurements and the TL
measurements with the 30 mol% Y03 vitroceramics irradiated in the mixed n-y fields. In the
cases of the irradiation of the 30 mol% Y2O3-vitroceramic samples at the d+Be neutron source
the obtained relative neutron sensitivities were in the (ky) 445, = 0.030 — 0.035 range. Their
uncertainties were in the 26% — 30% range. The averaged relative neutron sensitivity of

vitroceramic sample was (Ev)d+Be: 0.032 £ 7% where the indicated 7% is the relative standard

deviation of the (ky)44+5. Values. In the cases of the irradiation of the 30 Y203 mol%
vitroceramic samples at the d+D neutron source the obtained relative neutron sensitivities were
in the (ky)44p = 0.127 — 0.156 range. Their uncertainties were in the 27% — 30% range. The

averaged relative neutron sensitivity of vitroceramic sample was (EV) e 0.136 + 10% where

the indicated 10% is the relative standard deviation of the (ky)44p Values.
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Table 3-1. Results of the irradiation experiments performed in mixed n-y field with the 30Y203-30P,0s-40SiO2 vitroceramic. Irr. ID is the 1D
number of the irradiation. The ky is the averaged relative neutron sensitivity of vitroceramic material.

Twin ionization chambers Thermoluminescent vitroceramics
(EXRADIN T2 and M2) (30Y203-30P205-40Si02)
ny | Irr. | Sample Absorbed dose Relative neutron sensitivity
field | ID ID Measured Calculated
Dn Dc net TLy,g TLe TLn K K
(Gy) (Gy) (counts/10 mg) | (counts/10 mg) | (counts/10 mg) v v
1 1 2.51 + 8% 0.24 + 14% 227892 + 15% 171378 + 14% 56514 + 21% 0.032 + 30%
1 o o 1194725 + 10% o 186168 + 17% 0.030 £ 27%
d+Be | 3 [Tgr | 82w EN | L3AEN o ie0s 7o | 100000 F 1% T 330730+ 16% | 0.056' £ 26% | 0.032+7%
1 o o 5573635 + 16% o 972705 + 21% 0.035 + 30%
S [T | BAI9E8% | 1391 14% o o ieg 850 | 4000930 4% o e 16% | 0.030 < 27%
2 1 1.49 + 8% 0.18 + 14% 262458 + 14% 125750 + 14% 136708 + 20% 0.131 + 29%
1t 535761 + 14% 67796 + 20% 0.020" + 29%
. + &9 . + 0 + 0
d+D 4 3 450+ 8% 0.63 14% 891422 + 12% 467965 £ 14% 423457 + 18% 0.127 +28% | 0.136 + 10%
1 2772283 + 16% 1070121 £21% | 0.130 + 30%
. + K9 . + 0 + 0
6 3 2555+ 8% | 5.27+ 14% 2990635 + 10% 1702163  14% 1288473 £ 17% | 0.156 +27%

fOutlier data that has not been understood. The data was not used for calculation of the averaged relative neutron sensitivity.
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Despite of the large uncertainties of the results the data suggest that not only the gamma photons
but fast neutrons, too, induce thermoluminescence response of the 30 mol% YOz-vitroceramic.
Furthermore, the obtained relative neutron sensitivities suggest a neutron energy dependent TL

response of vitroceramic in the case of the D, = 1.5 — 85 absorbed dose region.

Estimation of the TL dose response of the 30Y203-30P>05-40Si0O> vitroceramic in mixed n-y
fields

Samples of the 30Y203-30P205-40Si0O vitroceramics material were irradiated at the
broad spectrum d+Be and the quasi-monoenergetic d+D neutron sources in mixed n-y fields.
The separate neutron and gamma absorbed dose were measured by the twin ionization chamber

technique.

The task was the estimation of the separated TLc and TLn signals from the measured
TLy. Signal, from the separate Dy and Dg absorbed dose and the beta/gamma TL sensitivity

of the vitroceramic.

The estimated TL dose response of vitroceramic material in the mixed n-y field of the d+Be

neutron source

The total absorbed doses were 2.75, 9.46 and 98.10 Gy. The gamma absorbed doses were
0.24, 1.34 and 13.91 Gy. The neutron absorbed doses were 2.51, 8.12 and 84.19 Gy. The result
suggest that the dose response of the 30Y203-30P20s-40SiO> vitroceramics as a function of the
total, neutron and gamma absorbed doses were linear within that uncertainties of the dosimetry
measurements. Figure 3-2 show the estimated dose response of the vitroceramics material as
the function of the absorbed doses. The indicated uncertainties were obtained from the

dosimetry measurements and the TL signals measurements.

The estimated dose response functions of vitroceramic material in the mixed n-y field of the

d+D neutron source

The total absorbed doses were 1.67, 5.13 and 30.82 Gy. The gamma absorbed doses were
0.18, 0.63 and 5.27 Gy. The neutron absorbed doses were 1.49, 4.50 and 25.55 Gy. The result
suggest that the dose response of the 30Y203-30P,05-40SiO> vitroceramics as function of the
total, neutron and gamma absorbed doses were linear within that uncertainties of the dosimetry

measurements. Figure 3-2 show the estimated dose response of the vitroceramics material as
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function of the absorbed doses. The plotted uncertainties were obtained from dosimetry

measurements and the TL signals measurements.
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Figure 3-2. The TL dose response of the 30Y203-30P.05-40SiO> vitroceramics material as
function of the total absorbed dose (Dn+g).

4. Investigation of the TL of the neutron irradiated 30Y203-30P20s-40SiO2 vitroceramic

with p~-particles

The aims of the investigations were

e check if 80 -110 Gy neutron absorbed dose resulted in observable permanent
alteration of the TL glow curve and dose response of the material or not,

e measurement of the TL response as a function of the 3~ absorbed dose in the Dg =
0.75 — 1000 Gy absorbed dose range.

Samples 2&4 and Sample 3 were used for the studies. Samples 2&4 were never irradiated
before and, hereinafter, they are referred to as the reference samples. Sample 3 had been

irradiated with fast neutrons (Dn ~ 100 Gy) in earlier experiments.

Samples 2&4 and Sample 3 were exposed to low (0.75, 1.5, 3, 6, 9 and 15 Gy) and high
(30, 45, 60, 80, 100, 200, 400, 500 and 1000 Gy) B~ absorbed doses at the *°Sr-2°Y beta source
(Risg TL/OSL Model TL/OSL-DA-20). Three irradiation experiments were carried out. It has
to be emphasized that Sample 3 was not irradiated with 1000 Gy.

The TL glow curves of the vitroceramic material and the TL response as the function of the 5~

absorbed doses

The thermal treatment consisted of a preheat with a duration of 10 s at 175 °C. The

integrated TL signals and TL glow curves were normalized to a mass of 10 mg for each aliquots.
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The glow curves

The TL glow curve of the 30Y203-30P20s5-40Si0; vitroceramic material had one peak
with a maximum at around 220 °C. The region of interest (ROI) of the TL glow curve had to
be broadened when the absorbed dose was increased. In the cases of the 0.75, 1.5, 3, 6, 9 and
15 Gy absorbed doses the ROI selected for integration of the TL signals was the 150 °C - 300
°C temperature range. In the case of the 30 Gy absorbed dose the selected ROI was the 150 °C
to 350 °C range. In the cases of 45, 60, 80 and 100 Gy absorbed doses the selected ROl was the
100 - 400 °C range. In the case of the 200 Gy absorbed dose the ROI selected for integration of
the TL signals was the 100 °C - 450 °C temperature range. In the cases of 400, 500 and 1000
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Figure 4-1. The averaged TL glow curves as a function of absorbed dose.
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Gy absorbed dose the selected ROl was the 50 °C - 500 °C range. Each aliquot of the
30Y203-30P205-40Si0; vitroceramic material showed similar results as a function of absorbed

dose. The relevant averaged TL glow curves of the aliquots are shown in Figure 4-1.

The dose response

On the basis of the results the 150 °C - 300 °C, 100 °C - 400 °C and 50 °C - 500 °C ranges
were used for integration for obtaining the dose response of the TL signal, that is depend from

the absorbed dose range.

In the absorbed dose range between 0.75 Gy and 9 Gy the dose responses of the Samples
(Sample 2&4 and Sample 3) were linear. The sensibility of Sample 2&4 was 3.38 E+05 +
6.77E+03 cts for 10 mg/Gy. The sensibility of Sample 3 was 2.84E+05 + 8.60E+03 cts for 10
mg/Gy. In the 9 Gy - 45 Gy range the dose responses of the Samples (Sample 2&4 and Sample
3) were not linear and a second order polynomial was fit to the data. In the 45 Gy - 100 Gy
range the dose responses of the Samples (Sample 2&4 and Sample 3) were linear. The
sensibility of the reference sample was 1.92 E+06 + 7.28E+04 cts for 10 mg/ Gy. The sensibility
of the Sample 3 was 2.04 E+06 + 1.17E+05 cts for 10 mg/Gy. In the 15 Gy - 100 Gy range the
dose responses of the Samples (Sample 2&4 and Sample 3) were not linear and a fourth degree
polynomial was fit to the data. In the 0.75 Gy - 100 Gy range the dose responses of the Samples
(Sample 2&4 and Sample 3) were not linear. No fit was found for the whole absorbed dose
range. In the 100 Gy - 1000 Gy range the dose response of the Sample 2&4 was not linear and
a second order polynomial was fit to the data. In the 100 Gy - 500 Gy range the dose response
of the Sample 3 was not linear and a second order polynomial was fit to the data. Figure 4-2
shows the representative dose response of Samples (Sample 2&4 and Sample 3) as a function

of the B~ absorbed dose.
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Figure 4-2. The representative dose response of Samples (Sample 2&4 and Sample 3).

Comparison the TL responses of the samples irradiated and not irradiated with fast neutrons

In the case of irradiations Sample 2&4 and Sample 3 were used and the obtained dose
response functions were similar in the 0.75 - 1000 Gy range. Figure 4-3 shows the comparison
of the averaged dose response functions. The averaged TL signals are presented for the 0.75 Gy
- 9 Gy range (a), for the 45 Gy - 100 Gy range (b), for the 15 Gy - 100 Gy range (c) and for the
100 Gy - 1000 Gy range (d).

In the 0.75 - 1000 Gy range the dose response functions of Sample 3 and Sample 2&4 are
similar. The dose response of Sample 2&4 is non-linear in the 0.75 Gy - 1000 Gy range. The
dose response of Sample 3 is non-linear in the 0.75 Gy - 500 Gy range and similar to the dose
response of Samples 2&4 in this dose range. Figure 4-4 shows the comparison of the averaged
dose response functions. The averaged TL signals are presented for the 0.75 Gy - 1000 Gy range
(a) and for the 0.75 Gy - 500 Gy range (b).
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Figure 4-3. Comparison of the averaged dose response of Samples 2&4 and Sample 3.
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Figure 4-4. The dose response curve of Samples 2&4 and the Sample 3.

After reading out the aliquots of the samples each of them were irradiated individually
again with the same B~absorbed dose chosen arbitrarily from the set of dose values used during
the experiment. Then the TL signals were measured. In the case of each aliquot the TL signals
obtained from dose response study were compared to the TL signals obtained from “repeat”

(TL from study/TL from repeat). Furthermore, the ratio of the averaged TL signals of the
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aliquots was calculated. The results obtained from the “repeat procedure” are shown in Figure

4-5. The TL signals ratio of each aliquots suggest statistical fluctuation and not a trend.
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Figure 4-5. The results obtained from the “repeat procedure”.

We wanted to get information on the possible effect of the fast neutron induced
displacement damage on the TL response of the 30 mol% Y203 vitroceramic to 3 particles.
Therefore, the TL signals obtained from the dose response study done with Samples 2 and 4
(not irradiated with neutrons) and Sample 3 (irradiated with fast neutrons) were compared by
calculating the &= TLsamples 284/ TLsamples 3 ratios. The TL signals of the samples were averaged
and normalized to 10 mg mass. The B~ absorbed doses were Dg = 0.75, 1.5, 3, 6, 9, 15, 30, 45,
60, 80, 100, 200, 400 and 500 Gy. On the basis of the obtained results it can be concluded that
the former irradiations with fast neutrons had no statistically significant effect on the TL
response of the vitroceramics. The ratios from the three irradiations are presented in Table 4-1.

Table 4-1. The & = TLsamples 284/ TLsamples 3 ratios of the average TL signals as a function of the
[~ absorbed dose.

Irradiation 1 at the 2°Sr-0Y source

Dose (Gy) 60 100 | 100 Integration region
3 0.914 | 0.909 | 0.911 100-400 °C
Irradiation 2 at the **Sr-*°Y source
Dose (Gy) | 0.75 1.5 3 6 9 15 Integration region
3 1.213 | 1.180 | 1.179 | 1.184 | 1.047 | 1.093 150-300 °C
Dose (Gy) 30 45 60 80 100 Integration region
3 1.098 | 1.132 | 1.087 | 1.039 | 1.005 100-400 °C

Irradiation 3 at the 2°Sr-0Y source

Dose (Gy) | 60" 60" | 100" | 200 400 | 500 | 500 | Integration region
E 0.906 | 0.949 | 0.997 | 1.027 | 1.105 | 1.135 | 1.157 50-500 °C

“The TL signals were integrated between 100 and 400 °C.
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5. Overview of the absorbed doses delivered to the 30 mol% Y203 vitroceramic

Table 5-1 summarized the beta absorbed doses delivered to the samples (1, 2, 3 and 4)
by the *°Sr-0Y beta source.

Table 5-2 summarized the neutron and the gamma absorbed doses delivered to the

samples (1, 2, 3 and 4) by the d+Be and d+D neutron sources.

Table 5-1. Beta absorbed doses delivered to the samples.

Radiation Number of Sample 1 Sample 2 Sample 3 Sample 4
type irradiation Dose (Gy) Dose (Gy) Dose (Gy) Dose (Gy)
6- particles 1 100 430 60 430
of 905 -9y 2 40 395 475 410
3 0 2865 1260 2865
Total B~ absorbed dose 140 3690 1795 3705

Table 5-2. The neutron and gamma absorbed doses delivered the samples (1, 2, 3 and 4) in the
cases of the d+Be and the d+D neutron sources.

o Nurmber of Sample 1 Sample 2 Sample 3 Sample 4
Radiation type irradiation Dose (Gy) Dose (Gy) Dose (Gy) Dose (Gy)
n Y n Y n Y n Y

Mixed ny field 1 251 | 0.24 0 0 | 251 | 0.24 0 0
'ng d”;g;e'e 3 812 | 134 | 0 | 0 | 812|134 0 0

5 8419 | 1391 | O 0 |8419|1391| O 0

Total n-y absorbed dose 94.82 | 15.49 0 0 (9482|1549 | 0 0
Mixed n-y field 2 1.49 | 0.18 0 0 1.49 | 0.18 0 0
of d+D 4 450 | 0.63 0 0 | 450 | 0.63 0 0

6 25.55 | 5.27 0 0 |2555| 5.27 0 0

Total n-y absorbed dose 31.54 | 6.08 0 0 |3154| 6.08 0 0

II. CONCLUSIONS

Detailed comparative investigations of the nuclear radiation induced thermoluminescence
properties of new types of xY203-(60-x)P-05-40SiO, vitroceramics compounds doped with
Y203 at various concentrations (x = 0, 5, 10, 15, 20, 30 mol%) was carried out. The
30Y203-30P205-40Si0> vitroceramic material gives the highest thermoluminescent response to

unit absorbed dose of B—particles, the following main conclusions can be drawn:

— the vitroceramics exhibited the less complicated glow curve structure;
— the dominant high-temperature peak presents the brightest signals and the best degree
of linearity (from 0.75 Gy to 9 Gy);
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the material has acceptable batch homogeneity, poor fading of the signal, good
repeatability and the minimum detectable absorbed dose is 4 mGy;

it is a suitable candidate for dosimetry purposes.

From the study of the thermoluminescence properties of 30Y203-30P20s5-40SiO>

vitroceramics in mixed n-y fields, the following main conclusions can be drawn:

the fast neutrons contributed to the thermoluminescency response of the 30 mol%
Y 203-vitroceramics;

the obtained results suggest neutron energy dependent relative neutron sensitivity of
the material in the Dn = 1.5 — 85 absorbed dose region;

in the case of d+Be neutrons (En =0—14.5 MeV; E,, = 3.5 MeV) the averaged relative
neutron sensitivity of the vitroceramics was (ky ) depe— 0-032£7%;

in the case of the d+D neutrons (En = 12.4 £ 0.22 MeV) the obtained averaged relative
neutron sensitivity of the vitroceramics was (ky) ,, = 0.136 + 10%;

in the cases of the d+Be and d+D neutron sources, the obtained results suggest that
the estimated TL dose responses of the 30 mol% Y203 vitroceramics as a function of

the neutron, gamma and total absorbed doses are linear within the uncertainties of

the dosimetry measurements;

| studied the possible effect of the fast neutron induced displacement damage on the TL

response of the 30 mol% Y203 vitroceramic to B~ particles, the following main conclusions can

be drawn:

the TL glow curves and the dose response of the non-irradiated and neutron irradiated
samples of the 30 mol% Y03 vitroceramics agreed within the uncertainty of the
measurements;

furthermore, the TL signal ratios of the non-irradiated and neutron irradiated samples
of the 30 mol% Y03 vitroceramics were fluctuated around 1,

on the basis of the obtained results it can be concluded that no statistically significant
effect of the neutron induced displacement damage on the TL properties of the

material was observed.

Based on the obtained results it can be concluded that powder samples of the

30Y203-30P,05-40SiO> vitroceramics are candidate for dosimetry purposes in radiation fields

of P -particles, gamma photons and in mixed n-y fields, too. Furthermore, the
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30Y203-30P205-40Si0> thermoluminescent vitroceramics is a good choice for monitoring the

radiation damage of microelectronic devices (e.g. in MOSFETS) and fibre-optics systems that

contain phosphosilicate glasses.
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