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1. Introduction – Among other methods of detection, scintillation can be used to detect the effect of 

incoming thermal neutrons (e.g. the energy of alpha particles produced) in the form of light. This type of 

neutron detection consists of, first, a nuclear interaction of the incoming neutron radiation with atoms of 

the material and, then, detection of the radiation produced by this nuclear reaction, e.g.: 

6
3Li + 10n ⟶ 31H + 42α + 4.78 MeV. 

In order to interact with neutrons at a sufficient rate, the detecting material should contain isotopes with a 

high neutron capture cross-section, such as 3He, 6Li, 10B or 157Gd. The shortage of 3He has posed a 

challenge for new materials with properties suitable for thermal neutron detection. Apart from having the 

high cross section for neutrons, such a material should be of low density and atomic number in order to 

decrease the sensitivity to gamma-radiation background. For many years, materials that contain the 

elements mentioned above and, simultaneously, show scintillating properties have been one of the areas 

of major interest.  

This work presents the results of our research into two families of ceramic mixed oxides: lithium 

aluminates and lithium-strontium borates. The lithium aluminate group contains three stoichiometric 

phases in the Li2O–Al2O3 pseudobinary phase diagram, namely LiAl5O8, LiAlO2 and Li5AlO4. These 

phases are not intrinsic scintillators, therefore, they need to be doped. As possible dopants, Cu+ (in Li 

sites), and V4+ and Ti3+ (in Al sites) were chosen for their suitable ionic radii and luminescence properties. 

In the borate group, we focused on LiSr4(BO3)3 and LiSrBO3 to investigate their scintillating 

characteristics upon doping by europium or cerium and, for LiSr4(BO3)3, to see whether it is possible to 

prepare it in the form of light-transmitting pellets (be it translucent or even transparent). 

 

2. Experimental – Precursor powders of doped LiAl5O8 and LiAlO2 were prepared by Pechini 

polyesterification method, while those of doped borates and Li5AlO4 were prepared by wet 

homogenization method. The cubic structure of LiSr4(BO3)3 makes it a potential candidate for the 

preparation of translucent pellets by spark plasma sintering (SPS). Therefore, we processed undoped 

LiSr4(BO3)3 samples by SPS to prepare ceramic pellets. All doped samples were characterized in terms of 

their phase composition (by XRD) and their optical properties characterized by radioluminescence (RL) 

and photoluminescence (PL) measurement and their kinetics. 

 

3. Results and conclusion – The luminescence of V4+ was negligible in 

all aluminate matrices. Doping by Cu+ rendered the expected 

luminescence emission, while doping by titanium resulted only in charge-

transfer luminescence of Ti4+ ions, as Ti3+ could not be stabilized by the 

matrix. However, the luminescence intensity was lower when compared to 

the standard BGO, and depended on the matrix being doped: the same 

dopant luminescence was more intense in LiAlO2 than in LiAl5O8. 

Nevertheless, the lithium aluminates are perspective matrices for further 

doping concepts research. 

While europium doping did not show any promising results in neither of 

the two prepared mixed borates, cerium-doped LiSr4(BO3)3 and LiSrBO3 

showed high RL intensity and promising RL and PL kinetics that implied low impact of matrix traps on 

the charge carrier transport. The SPS processed samples showed translucence (see Image 1), the degree of 

which depended on the final sintering temperature. This promising result enables to combine the 

previously explored doping with SPS synthesis and to prepare a material that would detect thermal 

neutrons with high light yield. 
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Image 1. Translucence of the LiSr4(BO3)3 
sample in natural light 


