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Radioluminescence (RL) of magnesium aluminate spinel transparent ceramics has been
studied. The ceramics were obtained by hot-pressing technique using MgAl,O,:LiF powders
prepared by dry or sonic mixing of components. It is shown that the RL spectra contain a
wide band with maximum at 4.9 eV related to recombination luminescence of electrons
with localized holes, a band at 2.39 eV which is assigned to Mn2* ion emission, and red
luminescence with sharp lines related to emission of Cr3* ions. Resolution of the UV band
into Gaussians results in two bands with maxima at 5.05 and 4.7 eV, which are tentatively
identified with electron-hole recombination luminescence at hole centers and anti-site
defects. Investigation of the RL intensity increase kinetics for different bands suggests
the competing processes of the excitation transfer to impurity ions and recombination of
electrons with localized holes.

Wsyuena penrremomiomunecennus (PJI) mpospaunoili KepaMHMKU MarHUi-aJIlOMUHUEBOMR
mmuHenu. KepaMuka IIoqydyeHa MeTOJOM ropsduero mpeccopaHus mopomkos MgAL,O,:LiF,
IIPUTOTOBJIEHHBIX CYXUM HUJIM YJbTPA3BYKOBBIM II€peMeIlnBaHueM KOMIIOHeHTOB. IlokasaHo,
uro crekTpsl PJI comepaxar mosocy ¢ makcumymom npu 4.9 sB, 00ycioBIeHHYIO peKoMOMHA-
I[MOHHON JIOMUHECIeHI[Mell 9JIeKTPOHOB HA JOKAJM30BAHHBLIX ABIPKAX, moJsocy upu 2.39 B,
AeHTU(UIIPOBAHHYI0 ¢ HaIydeHmeM moHOB MnZ¥, a Tak:Ke KpPACHYIO JIOMUHECIEHIIHIO C
JMHeHAUATEIM CIEKTPOM, 0GYCIOBIEHHYI0 naaydeHreM moHoB Cri*. PasnoskeHmeM Ha rayccua-
HBI IMIUPOKOH Y@ I0JIOCHI ITOJYyUYEHBI JBe djJeMeHTapHBIe IOJIOCHI ¢ MakcuMyMamu mpu 5.05
u 4.7 3B, KoTopbIe MPEAIIOJOMKUTE]ILHO NAeHTU(PUIMPOBAHL ¢ PEKOMOMHAIIMOHHON JIOMUHE-
CIleHIIMell Ha ALIPOYHBLIX I[EeHTpax U ge()eKTaxX aHTUCTPYKTYpPHI. VcciegoBaHne KUHETUKU
pocTa MHTeHCHUBHOCTH mojioc PJI yKaselBaeT Ha KOHKYPHUPYIOIINE IIPOIleCCHl Iepefadyud BO3-
Oy K/JeHNs HA IPUMeCHbIe MOHBI U PEeKOMOMHAIINN 3JIEKTPOHOB Ha JIOKAJN30BAHHBIX JBIPKAX.
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Due to high melting point, high hard-
ness, and resistance to chemical attack, the
magnesium aluminate spinel (MAS-MgAl,O,)
has found use in a variety of technological
applications. The spinel single crystals and
transparent ceramics show excellent dielec-
tric and optical properties and are of good
promise in electronic and optical devices,
such as insulators, windows, and sensors.
Many applications of this material are based
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on luminescence properties of nominally
pure spinels or those doped with different
ions. The spinel single crystals doped with
chromium are potentially useful sensor
probes for the fiber-optic thermometers due
to long photoluminescence lifetime and
large temperature coefficient [1]. The spinel
serves also as matrix for preparation of lu-
minescent nanoparticles of MgAl,O4 Eu, Dy
with green persistent luminescence after ex-
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posure to UV radiation [2]. Searching for
dosimetric materials based on the thermolu-
minescence (TL) or optically stimulated lu-
minescence (OSL) results in conclusion that
MAS is a prospective material for radiation
dosimetry due to a high OSL signal linearly
related to the absorbed dose [3]. It should
be noted that the centers responsible for
OSL signal are not identified. Unlike simple
constituent oxides (MgO and Al,03) having
intense emission bands related to F- and F'-
centers, the quantum efficiency of these
centers in MAS is very low. The investiga-
tions of TL spectral composition of nomi-
nally pure MAS irradiated with X-rays and
X-ray stimulated luminescence (XRSL) at
different temperatures show several emis-
sions related to impurity ions such as Cr3*
(zero-phonon line at 688.7 nm) and MnZ*
ions with emission band at 520 nm. More-
over, an intense emission in UV-range was
registered which is attributed to electron-
hole recombination processes including
mainly anti-site defects [4, 5].

In this work, we provided the detailed
investigations of X-ray stimulated lumines-
cence in optical ceramics obtained by differ-
ent preparation methods to elucidate the
emission processes and origin of the lumi-
nescence centers. The stationary lumines-
cence and the increase kinetics were meas-
ured for different emission bands on the
irradiation time.

The spinel ceramics were prepared by
hot-pressing technique in the shape of
9 mm thick disks 50 mm in radius. The ce-
ramics was produced by hot pressing of
spinel powder MgAILL,O, LiIF (1 wt. %) at
1550°C and 35 MPa pressure in vacuum.
The spinel powder was prepared of pure
magnesium aluminate spinel (Baikalox
S30SR) and lithium fluoride by dry mixing
(the DM series) or sonic mixing (the SM
series).The main impurities declared by sup-
plier were (ppm): Na-10, K-200, Fe-20, Si-
50, Ca-30. The samples for studies were cut
from a segment of the disk that we could
search for differences in optical properties
along the radius from center to periphery.
The 1.2 mm thick slices were polished to
optical finish. It was revealed that the
slices were optically inhomogeneous in a ra-
dial direction. Near the arc rim, there is a
transparent area (a); further towards the cen-
ter of the slice exists a smoke-colored strip
which transforms into a diffusive U-type
shape with a transparent area (c) inside the U
shape (picture is shown in Fig. 1).
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Fig. 1. Absorption spectra of ceramic samples
taken from peripheral (a) and central (c)
parts of disks obtained from spinel powder
prepared using dry mixing (DM) and sonic
mixing (SM) methods: I — sample DM, part
(a); 2 -DM, part (c); 3 — SM part (a); 4 — SM
part (c).

To characterize the properties of samples
for RL investigations, the optical absorp-
tion spectra were measured using a single
beam SF-46 spectrophotometer in the wave-
length range of 186-960 nm (1.3-6.6 eV).
We have measured the optical absorption
over the length of a strip in spots (a) and
(c) to obtain information on the radial dis-
tribution, the nature, and concentration of
point defects in the ceramic disc. The ob-
tained spectra show a quite different ab-
sorption (Fig. 1) in absolute values of ab-
sorption coefficient. In periphery part of
the disk, there is an indication on the exist-
ence of wide absorption band at 4.75 eV
which is usually identified with absorption of
FT-centers. The stationary RL was measured
under X-irradiation from X-ray tube with Cu
anode operated at 37 kV and 400 pA. The
emission was measured directly from irradi-
ated surface using an MDR-1 monochromator
and registered with FEU-106 PMT. The spec-
tra were corrected for spectral sensitivity of
the photomultiplier.

The review RL spectra of a sample cut
from spinel ceramics disk pressed from a
dry-mixed powder is shown in Fig. 2. Simi-
lar to the nominally pure spinel single crys-
tals, the RL spectra of spinel ceramics contain
three main bands: a wide UV-band with maxi-
mum at 4.9 eV, green band at 2.39 eV, and a
discrete spectrum of red emission with the
main zero-phonon line at 1.8 eV.

The previous investigations [8] have
shown that RL in UV range is the most
intense in nominally pure crystals. The
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Fig. 2. The review RL spectra of samples cut
from spinel ceramics disk pressed from dry
mixed powder (DM): 1 — part (a); 2 — part (c).

characteristics of this emission (intensity
and spectral composition) depend on the
crystal growth method or ceramies produc-
tion technology. Taking into account the
data on RL in other oxide crystals of com-
parable composition and structure, this
emission was assigned to the recombination
luminescence of electrons with localized
holes. The temperature dependence of this
emission indicates this mechanism [4]. The
UV emission intensity drops sharply at the
temperature at which holes start to be mobile.

The comparative RL spectra in UV-range
for peripheral and central parts of disks of
both series are shown in Fig. 3. The shape
deviation of the UV emission band for dif-
ferent samples, and its large width indicates
the nonelementary composition of this band.
All the spectra were expanded into three
Gaussian bands of about 0.8 eV half-width,
which is typical of luminescence involving
the lattice defects. Therefore, we obtained
three bands with maxima at 5.05, 4.7, and
3.7 eV. The first two bands of slightly dif-
ferent spectral position were observed in
thermoluminescence and in RL spectra.
These bands were identified with electron-
hole recombination on different types of
V-centers [6]. The band at 4.95 eV was also
observed in RL of MgO crystals which is
also attributed to electron recombination on
V-type centers [7]. Also, the band of lower
energy has been ascribed to recombination
of electrons with holes trapped at anti-site
defects ([Mg]p ~-centers) [8]. Therefore, we
assign the band at 4.7 eV to recombination
luminescence on anti-site defects and the
5.05 eV one, to recombination luminescence
on V-type centers. Because the intensity
ratio of RL bands at 5.05 and 4.7 eV in
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Fig. 3. The comparative RL spectra in UV
range for peripheral (a) and central (c) parts of
disks for both series and deconvovution into
Gaussians: a) part (c), curve I — DM and 2 —
SM; b) part (a), curve I- DM and 2 — SM..

spinel ceramic disk is higher as compared to
that of periphery, we may conclude that
concentration of hole centers in central part
is much higher. The third emission band
with maximum at 8.7 eV appeared mainly
in ceramics and it can be related to presence
of lithium fluoride in the investigated
spinel ceramics.

In the spectra of photo-, radio-, and
cathodoluminescence of both nominally pure
and manganese doped spinel, there appears
green luminescence with main band at 2.38—
2.4 eV which is ascribed to transition of
474G > 84,(8S) in Mn?* ions. Numerous
spectroscopic investigations suggest that
Mn2* ions of (8d)® electron structure in
spinel lattice are situated in oxygen tetrahe-
dral position [9]. Under X-ray irradiation,
there are two channels resulting in lumines-
cence of Mn2* ions. When electron-hole pair
is created, Mn2* jon attracts at first a hole
forming Mn3* ions, while subsequent elec-
tron capturing from the conduction band
results in radiative recombination and tran-
sition of Mn2* ions into ground state. In
another channel, in contrast, there exists a
possibility for electron to be trapped from
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Fig. 4. The comparative RL spectra of Mn2*
and Cr3* bands for peripheral (a) and central
(c) parts of disks of both series : a) part (c),
curve 1 — DM and 2 — SM; b) part (a), curve
1 — DM and 2 - SM..

conduction band by Mn2* ion, then a hole
from valence band radiatively recombines
forming Mn2* ion in ground state.

In both channels, the electron or hole
trapping processes occur at a high prob-
ability because (i) the (3d)-orbitals of Mn2*
ion are well overlapped with O-2p_, ones
which compose the valence band, and (ii)
the conduction band consisting mainly of
AR* (38s) and (3p) and/or Mn2* (3s) orbitals
is well hybridized with higher energy orbi-
tals of Mn2* ion substituting Mg2* ion. That
are the reasons for the high transfer effi-
ciency of ionizing irradiation excitation en-
ergy to Mn2* luminescence center.

The RL in the red spectral region con-
sists of several narrow lines, the most in-
tense one being at about 1.8 eV and related
to 2E(ty%) —» 444(ty%) transition in Cr3*
(3d3) ions in octahedral sites. Under X-irra-
diation, the formation of Cr4* or Cr2* ions
takes place and subsequent electron or hole
trapping causes the excited state of Cr3*
ions [10, 11]. The most intense RL bands of
Mn2* and Cr3* ions are observed in the cen-
tral part of disc prepared from sonic-mixed
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Fig. 5. The growth of RL intensity for UV-
emission (1) and emission of MnZ*-ions (2)
under X-ray irradiation.
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Fig. 6. Fluorescence decay after termination
of X-ray irradiation of UV-emission (1) and
emission of Mn%t-ions (2).

powder which corresponds to perfect crystal
spinel structure (see Fig. 4).

For each luminescence bands, there were
measured the RL increase under prolonged
X-ray irradiation and the luminescence
decay after the irradiation is over. The typi-
cal kinetics of the RL increase represented
in semi-log scale is shown in Fig. 5. The
comparison of luminescence increase curves
at lattice defects and impurity ions gives
information on processes causing the lumi-
nescence. Initially, the direct excitation of
Mn2* ions results in a sharp increase of RL
intensity. The further intensity increase oc-
curs according to two channels described be-
fore through the subsequent trapping of
charge carriers generated by irradiation. Si-
multaneously, the accumulation of hole cen-
ters at cation vacancies and anti-site defects
takes place and radiative recombination of
electrons with holes causes a gradual in-
crease of UV-band intensity. At a high con-
centration of hole centers (irradiation time
exceeding 500 s), the electrons released

Functional materials, 17, 1, 2010



O.K.Tyutyunik et al. / Radioluminescence mechanism ...

under irradiation primarily recombine with
holes localized at lattice defects, thus caus-
ing the decreasing luminescence intensity of
impurity ions.

The irradiated spinel samples demon-
strated a long afterglow for all emission
bands. The fluorescence decay law cannot be
described by one exponent; thus indicating
the complex process of energy relaxation in
irradiated samples. We have presented the
decay kinetics also in semi-log scale and
found these dependences to be also different
for UV-luminescence and luminescence of
impurity ions. Now we are under way to
develop amodel which could be applied to
explain this difference.
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MexaHi3M peHTTreHOJIOMiHECIeHIIil MPo30pol KepaMiku
MAarHii-aJdoMiHi€eBOl mImiHei

O.K.Tromwonukx, A.O.Mockeéimin, I0.I''Kasapinose, B.T.I'puyuna

Hocaimsxeno penrrenoatominecmeniito (PJI) mposopoi kepamikm wmarwmiii-amromimieBoi
mrizeni. Kepamiky BUIOTOBI€HO MeTOZOM rapadoro mpecyBaHHs mopomkis MgAL,O,:LiF,
HIPUrOTOBAHUX CyXMM ab0 yJIbTPa3BYKOBMM S3MIiIlIyBaHHAM KOMIIOHEHTiB. SHAWIEHO, IO
cuektpu PJI mictare cmyry mpu 4,9 eB, symoBiaeHy pekoMOiHAIifiHOIO JIIOMiHECIEHIIICIO
€JIeKTPOHIB Ha JOKaaidoBaHux gipkax, cmyry npu 2,39 eB, imenrudiroBany 3 BUIIPOMiHIO-
BaHHAM ioHiB Mn?*, a TakoK uepBOHY JMIOMiHeCIeHII0 8 JiHIfUATHM CIIEKTPOM, 3yMOBJIEHY
BunpoMminoBagaam iouis Cré*. Poskiagom mupokoi Y@ cMyru Ha rayciaHu BHABIEHO IBi
eJleMeHTapHi cmyru 3 Makcumymamu npu 5,05 ta 4,7 eB, mo Biporizuo imeHTH(iKOBaHO 3
pexoMOiHaIi{iHOI0 JIIOMiHECHEHIIi€l0 Ha MipKOBUX I[eHTpaxXx Ta JgedeKTaX aHTUCTPYKTYDPHU.
HocaigxkeHHda KiHeTMKM pocTy iHTeHcuBHOcTi cmyr PJI BKasye Ha KOHKYpyIOui Ipoliecu
nepenaui s0yIsKeHHA Ha ioHM JOMImIOK Ta peKoMOiHaIii eJleKTPOHIB Ha JIOKaJi3oBaHUX

Iipkax.
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