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Po3rnsiHyTO TpoOneMy peectpamii 3MilIaHOTO BUNPOMIHIOBAHHS TEIIOBMX HEHTPOHOB Ta TaMMa-BUIIPOMIHIOBAHHS 3a
JIOIIOMOTOI0 HOBOT'O KEepaMidHOro MaTepially Ha OCHOBI JPiOHOKPUCTAJIIYHOTO JOBrOXBHJILOBOTO cuuHTHIISITOpa O - ALO;:Ti
(tikopy) i ¢ropucroro mitito. IlpuBeneHO XapaKTepHUCTHKH CHUHTHISATOpIB 13 Qotompuitmauamu Tumy Si-PIN-OJ] i
(OTOENEKTPOHHUMH TIOMHOXYBauaMu Ha O-yacTkax ’Pu , eleKTpoHax BHYTpIilHBOI kousepeii 207Bi i y- kBanTax **'Am i
137Cs. OuinoeThes e)eKTUBHICTD PECCTPALL] TEMIIOBMX HEMTPOHIB MaTepiaaMi Ha OCHOBI TIKOPY i JIiTir0 TOPUCTOrO.

PaccMoTpena npobiemMa perncTpainii CMEIaHHOTO H3Ty4YEeHHs TeIIOBOr0 HEHTPOHA U Y-M3JTy4eHHMS ¢ IIOMOIbIO HOBOTO Ke-
paMHuecKoro MatepHraia Ha OCHOBE MEIKOKPHUCTAIUTHYECKOTO JUTMHHOBOJIHOBOTO cuuHTIILIATOpa O-ALO;5:Ti (THKOpA) U PTopH-
croro juTHs.IIpUBEICHBI XapaKTEPUCTUKH CUHHTWLIATOPOB ¢ (oTonpueMHukamu tuma Si-PIN-PD u (oTo351eKTpOHHBIMU
YMHOMKHUTENSAMH Ha O-yacTuuax >’Pu, s1eKTpoHax BHyTpeHHel konsepcur “’Bi u y-kBanrtax **'Am u *’Cs. Ouenuaercs sddex-
THBHOCTb PETHCTPALINH TEIUIOBBIX HEHTPOHOB KOMITO3UIIMOHHBIMU MaTepruajaMi Ha OCHOBE THKOPa U JIUTHsI ()TOPUCTOTO.

Detection of mixed radiation of thermal neutrons and gamma-rays have been realized using a new ceramic material based on
small-crystalline long-wave scintillator a-Al,Os:Ti (Ticor) and lithium fluoride. Characteristics are presented for scintillators with
Si-PIN-PD type photoreceivers and PMT under *Pu alpha-particles, *’Bi internal conversion electrons, as well as **' Am and
¥Cs gamma-quanta. Detection efficiency of thermal neutrons is estimated for composite materials based on Ticor and lithium

fluoride.

INTRODUCTION

Titanum-doped aluminum oxide (Ticor) is an active
medium for tunable solid-state lasers. Activator ion is
Ti** with emission maximum at Am»=750-780 nm. In-
trinsic luminescence lifetime of Ti** remains constant to
7=200 K and falls at 7=300 K to the values of T = 3.09
us (80%). When the temperature is increased to 7=500
K, the photoluminescence lifetime decreases almost by
an order —to T=0.29 ps [1].

Ticor was tested as an active medium in screens for en-
ergy beams [2]. In our studies [3], no noticeable varia-
tion of light output linearity was observed for Ticor un-
der irradiation by proton beams up to 210" cm™. The
degree of pulse heating of the screens caused by the
beam was 50-70°C. X-ray luminescence studies have
shown that Ticor single crystals with Ti** concentration
(3-7)10"® cm™ that had been subject to high-tempera-
ture treatment (2200 K) at the reduction potential in the
annealing media € = 20 — 150 kJ/mol can be considered
as a highly efficient material [4].

EXPERIMENTAL PROCEDURES
Search for new methods of detection and identification
of neutrons has always been one of the top priorities in
studies of new scintillation materials.

One of such methods is the use of small-crystalline
scintillators and substances including hydrogen nuclei,
SLi and '°B. PMT were most commonly used as photore-
ceivers, though a trend has appeared recently to broader
use of long-wave scintillators of ZnSe(Te) and CdS(Te)
type in combination with Si-PIN-PD photoreceivers [5].

Rather low atomic number and small thermal neu-
tron capture cross-section suggest good prospects of us-
ing Ticor crystals in dispersed detectors for measure-
ment of thermal neutron fluxes in mixed fields. In this
paper, we report our studies of Ticor crystals and dis-
persed detectors on their base.

In Table 1, comparative characteristics are given for
long-wave scintillators obtained in the Concern “Insti-
tute for Single Crystals”.

Cristal Amax, NM T, Us o, cm’! Z. | a,rel. un Tnax, K
ZnSe(Te) 600 - 620 2-20 0,05-0,15 33 100 400-450
630 - 640 >20
ARO3: Ti** 790 3,0-5,0 0,002-0,05 12 16 -20 560

Here a is scintillation light absorption coefficient, S
is relative light output, 7. is maximum working tem-
perature.

The energy resolution of Ticor measured using Si-
PIN-PD S-3590-01 (Hamamatsu, Japan) for *°Pu alpha-

particles of the energy E, =5.15 MeV is R, = 11.6%, for
*’Bi internal conversion electrons (E. = 0.976 MeV)
Reip = 15% (R was measured using the right-hand
half of the pulse amplitude distribution peak).
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Alpha to beta ratio for Ticor is ~0.28-0.39, and after-
glow is less than 0.1% after 10 ms.

By means of uniaxial hot compaction of the initial
powders of magnesium, barium and lithium fluoride at
temperatures below the melting point, as well as Ticor
microcrystals, samples of transparent light-scattering ce-
ramics were obtained, with dimensions of 15 mm x 3
mm and 40 mm x 3 mm.

Especially interesting was ceramics based on Ticor
microcrystals and lithium fluoride. Fig.l1 shows the
pulse amplitude spectrum of such ceramics measured in
a mixed field of thermal neutrons and gamma-quanta of
a 239Pu-Be (0, ny) source located in a polyethylene
sphere of 150 mm diameter. For protection from low-
energy gamma-quanta of *Pu, a 50 mm thick lead
shield was used.
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Pulse amplitude spectrum of ceramics based on
Ticor microcrystals and lithium Auoride in the Thermal
neutron field, measured using a R 1307 PMT
(“Hamamatsu”, Japan)

Sensitivity to thermal neutrons was determined by

the thermal difference method. As a thermal shield, a 10
mm thick lithium fluoride crystal was used.
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Detection efficiency of thermal neutrons determined
in this way was &., = 15%.

CONCLUSIONS

The results of our studies have shown that it is possi-
ble in principle to develop high-temperature scintillation
detectors on the basis of lithium fluoride and small-crys-
talline Ticor.

The values of scintillation parameters and thermal
neutrons detection efficiency obtained for the prepared
ceramic materials suggest that such scintillation materi-
als are promising for extreme conditions of high temper-
atures and powerful radiation fields, e.g., for detection
and identification of neutrons from fuel-containing
masses.
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