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Development of Oxide and Halide Based Scintillating Crystals

Valery I. TCHANI

Svetcha, Canada

This report summarizes my research during three-month
visit to IMR, Tohoku University from September 1 to
November 30, 2016. My past experiences of
collaboration with IMR included Postdoctoral Fellowship,
employment as a staff member and as a visiting
researcher/professor.

The purpose of the visit was to participate in research
projects associated with development of novel scintillating
materials and crystal growth of oxide, halide, and other
crystals with wide spectrum of possible applications.

1. Growth of Lu;0O3 Crystals.

The growth of single rare-earth oxide crystals including
Lw,O3; is complicated task in spite of their chemical
simplicity. ~This is associated with their exceptionally
high melting point of about 2500°C.  Nevertheless,
growth of these crystals by Czochralski (CZ), heat
exchanger method, Bridgman method, laser heated pedestal
growth (LHPG), Verneuil process, floating zone, and flux
method were attempted. Additionally, growth of such
crystals by micro-pulling-down method (p-PD) in
atmosphere of Ar+H, was established in Tohoku
University.

Main disadvantage of the u-PD growth of LuxOs; and
other rare-earth oxides is associated with difficulty of the
process control.  Application of automatic diameter
control based on weight measurement like in CZ is not
easy because solidification rate (g/min) in the pu-PD is low.
As a result, visual monitoring of the meniscus shape and its
dimensions is mostly practiced in the pu-PD growths.

The p-PD growth of the LuxOs crystals established in the
past was performed using the apparatus where the Ar+H,
atmosphere of the hot zone was isolated from exterior
environment with vertical quartz tube. The tube was
positioned inside the induction coil used for the crucible
heating (Fig.1 and Fig.2, tops). This tube sited just a few
mm away from the extremely hot ceramic forming the hot
zone. As a result, degradation of the tube transparency
was progressed very fast. At the beginning of the growths,
the transparency was sufficiently high. Therefore, the
seeding was mostly successful. However, thereafter the
visibility was lost due to partial re-crystallization of the
fused quartz and deposition of evaporated materials in the
interior parts of the tube.

Oppositely, in the case of the p-PD system with
chamber design the window is positioned at room
temperature. Therefore, its transparency does not change
(Fig.1 and Fig.2, bottoms).

In this work, the growths were performed using
u-PD system with chamber design and Re crucible

that was about 30 mm in outer diameter. The

RF-Coil

Window

Chamber

)
—l Crystal

Fig.1. Schematic diagram of the u-PD growth with quarts tube (top)
and chamber (bottom) designs.

the die (5 mm in diameter) are illustrated in Fig.3. The
seed was made from W/Re wire, and it was attached to the
alumina seed holder (Fig.4). Examination of Y03
ceramic as a seed material was not successful.

Number of attempt were made to optimize the growth
conditions. The best results were obtained when the
thermal insulation of the hot zone was constructed
according to Fig.5

Two types of after-heaters were tested. The original
one (Fig.6) was excessively massive. As a result, the
temperature gradient established below the crucible was
not sufficient to support solidification of the melt under the
die. Therefore, the after-heater that was about twice
shorter and had wvertical cross-cut was used in the
optimized growths. Finally, the crystal with dimensions
illustrated in Fig.7 was produced.

The results of X-ray powder diffraction analysis
demonstrated that the produced material was single phase
Lu,0Os.  This project is in progress.

2. Topics of Other Activities (Assistance to IMR Staff,
Students, etc.)

1. Effects of Na co-doping on optical and scintillation
properties of Eu:LiCaAlF¢ neutron scintillator crystals

2. Growth and scintillation properties of 2inch diameter
Srlx(Eu) single crystal.
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Fig.2. View of the actual u-PD systems with quarts tube (top) and
chamber (bottom) designs.
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Fig.3. Bottom part of the Re crucible.

Fig.4. W/Re wire seed.
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Fig.5. Schematic diagram of the hot zone with Zr>O ceramic thermal
isolation.

Fig.7. As grown Luz0; crystal. Scale is in mm.
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