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The influence of the high temperature annealing in air to the deep traps formation in
KMgF; and LiBaF; fluoroperovskites was the subject of this study. An additional absorp-
tion and blue emission connected with O2? ions presence in annealed crystal were revealed.
The thermal destruction of colour centres in x-irradiated samples is accompanied by
intensive recombination luminescence in high temperature TSL peaks. This phenomena was
explained by pyrohydrolysis of crystal surface and oxygen diffusion into the crystal
volume. Hydrolysed crystals were found to store the energy under UV irradiation.

Pabora mocBsameHa W3YUEHUIO BAUSHUA BBICOKOTEMIIEPATYPHOTO OTIKMTa Ha BO3AYyXe Ha
obpasoBaHMe Ty0OKHuX JNOByIIeK B duooponeposckutax KMgF; u LiBaF,;. O6mapysxeno, uTo
B OTOXKJKEHHBIX KPHCTAJJaX BO3HMKAET AOMOJHUTENLHOE IOTJIOIeHWe M CuHee CBeueHUe,
cBssamHOe ¢ npucyrcrBueM 02~ noHoB. TepMHUUecKoe paspylleHHe [eHTPOB OKPACKH B 06pas-
max, OOJIYUEHHBIX PEHTTeHOBCKUM M3JIyYeHHEM COIIPOBOKIAaeTCsd HWHTEHCHMBHOM pPEeKOMOMHA-
MUOHHOKN JIOMHUHECIeHIINel, IposaBIAINelica B BbicOKoTemmeparypHbix numkax TCJI. 9to
ABJIEHNE MOKeT OBITH O0BACHEHO IHPOTHUAPOJH30M IOBepXHOCTH U Auddysueii Kuciopoga B
obbem Kpucrasjaa. IlokasaHo, UTO THUAPOJM30BAHHLIE KPUCTAJJILI 3alacaioT SHEPTUI0 IIPHU
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Y@ obnyuenun.

It is known that in the thermally stimu-
lated luminescence (TSL) analysis reproduci-
bility of results at multiple use of the
dosimetric material is of particular signifi-
cance. Ionic processes stimulate the aggre-
gation of defects during irradiation and
further heating. That is why in practice it
is customarily to perform an intermediate
annealing of samples at temperatures suffi-
cient for the recovery of structure to the
initial state. In a number of cases such
thermal treatment is carried out in air. An-
nealing of fluorides (LiF, CaF,, MgF,, etc.)
may result in pyrohydrolysis, i.e. enrich-
ment of the subsurface layer by the prod-
ucts of the matrix interaction with air (0%,
H-, H,0, CO%‘, etc.) [1-4]. Multiple experi-
ments on the study of absorption charac-
teristics of fluorides showed that in the hy-
drolysed crystals formed the impurity (oxy-
gen and hydrogen containing) defects that
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have an essential effect on energy storage
in the process of posterior ionizing irradiation
[1, 2]. Elucidation of the role of high tem-
perature annealing in air in the deep trap
formation in fluoroperovskites LiBaF; and
KMgF; has been the subject of the present
paper.

Nominally pure and Eu, Mg and oxygen
doped LiBaF; and KMgF3; crystals were
grown by the Stockbarger method. The im-
purities were introduced into melt in the
form of corresponding fluorides and oxides.
The control of transparency was realized by
measuring the absorption spectra in the IR
region (spectrometer UR-10) and in the
UV/VIS range (spectrometer SPECORD-
M40). The emission and thermolumines-
cence spectra (0.2°Cs™! in air) were obtained
using the mentioned above devices [5]. An-
nealing of crystals was carried out in air in
the temperature range of 500-700°C. X-ray
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Fig. 1. UV-absorption of as growth (1) and
hydrolysed (2) KMgF; crystals. Heat treat-
ment 700°C, 6 h in air.

irradiation was carried out at room tem-
perature at a dose rate of 600 Gyl 1.

shows the absorption spectra of
initial and subjected to high temperature
annealing in air KMgF; crystals. Hydrolysis
of crystals is accompanied by the appearance
of additional absorption bands in 200-280 nm
region. Simultaneously, the bands corre-
sponding to oxygen radicals are at 3555—
3605 and 3400 cm™!. The value of the ra-
diation induced by the ionizing radiation
absorption depends on the hydrolysis prod-
ucts presence in crystals ( ). The addi-
tional absorption increases in the region of
190-220 nm and a new band at 330 nm
arises.

Colour centres (CC) in the initial samples
are completely destroyed at 150-200°C
while in the hydrolysed crystals both intrin-
sic and additional CC turn to be thermally
stable up to 300 °C. Investigation of the
induced by annealing in air defects using
the thermostimulated luminescence method
showed the following ( ). In the initial
KMgF5 crystals the intensity of TSL is low
and the glow curve consists of two peaks:
the main at 86°C and very weak at 200°C.
The TL spectrum represents a band with
maximum at 590 nm corresponding to the
well known luminescence of Fy-centres (Fig.
3.1). The pre-irradiation high temperature
annealing of the samples (T = 540°C, from
0.5 to 4 hours) evokes a strong rise of the
TSL intensity (Fig. 3.2). Straight after fin-
ishing the irradiation at RT there appears
an afterglow in the green part of the spec-
trum (500-550 nm) take place. The effect
becomes more pronounced if the annealing
duration is elongated, for instance,
tree times as much after 1 hour and
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Fig. 2. Optical absorption of x-ray irradiated
KMgF,; (a) and LiBaF; (b) crystals. Dose
300 Gy. Insets: induced absorption in initial
(1) and annealed at 540°C, 1 h (2) crystals.

300 times after 4 hours. In the hydrolysed
samples the TSL peaks at 460°C and 560°C
with the green luminescence similar to that
observed right after irradiation are clearly
discriminated.

High temperature TSL peaks typical for
annealed in air undoped sample reveal in
the oxygen doped KMgF; crystal. In case of
oxygen and europium co-dopant the TL
spectrum becomes more complicated and f-f
luminescence (the line 359 nm) of EuZ* ion
is clearly defined (Fig. 3.3). The ratio be-
tween intensities of f-f Eu?* emission (the line
359 nm) and green luminescence essentially
depends on the content of europium in the
crystal and dramatically increases if Eu,0O5
concentration exceeds 0.1 %. As it was
shown earlier the light sum which is re-
leased in TSL process in KMgF3(Eu,03) is
hundreds times higher than in LiF(Mg,Ti) [6].

TSL in LiBaFj; crystals was described in
[7]. Similar to KMgF5;, CC bleaching in pure
crystals occurs in the region of 100-150°C.
In Li;O doped crystals there appears a TSL
peak at 200°C and CC become more stable.
In case, of oxygen and Mg2* co-doping the
process of radiative release of energy be-
comes quite different. There appears an in-
tensive peak at 330°C with the luminescence
at 600 nm. Colour centres are thermally
stable and revealed in the absorption spec-
trum even after annealing up to 300°C. It
should be noted that in the hydrolysed
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Fig. 3. Thermostimulated luminescence of
x-ray irradiated KMgF;: undoped initial (1)
and hydrolysed (2) Eu,0O5 doped (3) crystals.
Insets: TL spectra of high temperature peaks.

KMgF; energy storage process takes place
not only under ionizing irradiation but also
at UV-exposure [5]. Co-doping by oxygen
and europium leads to increase of UV sensi-
tivity even to a higher extent as compared
to hydrolysis.

The presented results testify to the fact
that in ternary fluorides (LiBaF;, KMgF3)
the interaction of crystals with air compo-
nents leads to the variation of dosimetric
characteristics of the material: appearance
of new TSL peaks, rise of energy storage
efficiency, redistribution of energy between
different traps. These changes are initiated
by the process of air components’ diffusion
into the crystal. At high temperatures in
air an efficient hydrolysis of the fluorop-
erovskite surface takes place. It becomes ap-
parent in the emergence of additional ab-
sorption bands in the IR and UV regions.
The closeness of the induced by pyrohydro-
lysis absorption and thermoluminescence
properties to those formed due to oxygen
doping allows to assume that it is just 0%~
ions play the decisive role in the formation
of additional absorption centres and fluores-
cence as well as deep trapping levels and
centres of radiative recombination.

Excitation of the hydrolysed or oxygen
doped crystals at 230-250 nm stimulates
"blue” luminescence (380—-420 nm) related
to O2~ ions [5—7]. Analogous processes take
place in the described experiments too. It
should be noted that removal of the surface
layer from the hydrolysed samples does not
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eliminate completely the spsific absorption
and thermoluminescence. This points to the
fact that (the same way as in LiF crystals
[1]) products of pyrohydrolysis and first of
all 02~ ions which are formed on the sur-
face of fluoroperovskites diffuse into the
lattice volume during annealing.

One more effect connected with the pres-
ence of 02~ ions in KMgF; crystals is forma-
tion of deep carrier traps. A possibility of
making super high temperature TSL do-
simeters based on such crystals was men-
tioned elsewhere [6]. The highest energy
store efficiency could be provided by simul-
taneous doping with oxygen and Eu2* (ra-
diative f-f transition in Eu2™ is not
quenched up to 600°C).

Obtained results show that the problems
of energy storage instability in fluorop-
erovskites can be surmounted. Stabilization
of the high temperature TSL peaks’ parame-
ters can be achieved by means of purposeful
preliminary doping of crystals with oxygen
ions. Stability of high temperature TSL
peaks in KMgF;(Eu,0) at their high tem-
perature annealing in air means that the
additional number of oxygen ions that has a
significant effect on energy storage in pure
crystals is insignificant for the doped
(Eu,O) perovskites. The similar effect was
also observed for LiBaF; crystals containing
Mg2* and OZ ions [T7].

The energy storage effect at UV-expo-
sure is of particular interest, this effect
was found in hydrolysed KMgF; as well as
in KMgF3(Eu,0) crystals. Besides, TSL after
UV-irradiation was recently detected in hy-
drolysed LiCaAlFg:Ce crystals [8]. As it was
mentioned above the similar effect is known
for CaF, and MgF, based dosimeters [3, 4].
To understand the nature of phenomenon
the further investigations are required.
However, even now it can be assumed that
responsible for the said effect are the prod-
ucts of pyrohydrolysis, first of all, 0%~
ions, and possibly H~ ones, which create
trapping and radiative recombination cen-
tres in the subsurface layers of fluoride
crystals.

The studying of deep traps formation in
annealed in air KMgF; and LiBaFjy
perovskites allow formulating several basic
conclusions. After thermal treatment there
appears an additional absorption in IR and
UV region and luminescence connected with
02~ centres. Destruction of colour centres
during the thermal activation process is ac-
companied by intensive recombination lumi-
nescence which is manifested in the form of
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high temperature glow curve peaks. TSL in-
stability is explained by pyrohydrolysis of
the crystal surface and diffusion of the re-
action products (mainly oxygen) into the
volume. The formed defects stipulate deep
trapping levels of charge carriers and radia-
tive recombination centres. Purposeful dop-
ing of crystals with oxygen allows stabiliz-
ing the dosimetric parameters of traps and
making them independent on the annealing
atmosphere. The hydrolysed crystals were
found to be able to store energy under the
UV-radiation.
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I'mu6oki macten y kpucraxax KMgF; i LiBaF,

A.B.'ekmin, H.B.Illupan, C.B.Heiiueea, I.M.Kpacoséuyvkra

Po6oTy mpucBAYEHO BMBUEHHIO BIJIMBY BHCOKOTEMIIEPATYPHOTO Bifmanay Ha IOBITpI Ha
VTBOPeHHA TIMOOKMX macToK y (uooponeposckitax KMgF, i LiBaF;. Busasneno, mo y
KpHcTajax Iicjs Bigmany BUHHMKAaE NOLATKOBE IOINIMHAHHA 1 cuHE  CBITiHHSA, SKe 1OB’aA3a-

He 3 mpucyrHictio OZ~ jomi. TepMiune pyHHYBAHHA IEHTDIB 3aGapBieHHS

B 3pasKax,

ONIPOMiHEHUX PEHTTeHiBCbKUM BUIPOMiHIOBAaHHAM, CYIIPOBOAKYETHCA iHTEHCHBHOIO DPEKOMOi-
HaIifHOIO JIOMiHecueHnieo y Bucokoremneparyprux nikax TCJI. e aBume moxke OyTm mosic-
HEHO IIiporigpoJsidomM moBepxHi Ta audysieo KuCHIO B 06’eM Kpucrana. [lokasaHo, IO TiApoJri-
30BaHi KpUCTaJN HAKOMWUYYIOTh €HEepriio mix mieio Y@® ompomMiHeHHA.
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