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Glass formation and glass ceramics in the system CaO-GeO2-Li2O-B2O3-Re2O3  
(Re2O3=Eu3+, Tb3+, Dy3+) 

Light emitting diodes are especially important for the modern  technologies because they possess many advantages over conventional light sources. The luminescence of  the rare earth activated phosphors depends 
strongly on the composition of  the host, concentration of  the activator and methods of  preparation. Glass-ceramics combine the mechanical and optical properties of  both glass and crystal. They are cheaper and 
easier for manufacturing from technologically view point compared with single crystals. The obtained crystal  phase can be controlled by thermal treatment conditions. The main disadvantages of  glass-ceramics is 
possibility to crystal phase more  phases and  that active ion may be distributed between different crystallizing phases and the glass part in the sample. Borate glasses containing alkali oxides possess high electrical 
resistance and hardness, excellent chemical stability and low melting temperature compared to silicate glasses. The presence of  Li2O in glass compositions is important because of  its electrical conductivity and ion-
exchange kinetics.  
 
The purpose of  this study was to find out glass compositions permitting obtaining glass-ceramics containing the Re3+ doped Ca2GeO4, Ca5Ge3O11 and Li2CaGeO4 (Re=Eu3+, Tb3+, Dy3+) nanophase and to investigate the 
optical properties of  the initial and doped glasses. 
 

Glasses with different compositions were prepared from the oxide system CaO-GeO2-Li2O-B2O3 
in order to find out ranges, where after thermal treatment of  the initial glasses crystallize 
Ca2GeO4, Ca5Ge3O11 or Li2CaGeO4 as a main phase. By XRD analyses was established that, 
from CaO rich glasses crystallizes Ca2GeO4 and from GeO2 rich glasses crystallizes 
predominantly Ca5Ge3O11. These phases are located relative to each other. In  both cases the 
crystallization of  the desired phase requires higher content of  CaO in the glass compared to 
the stoichiometric amount. The crystallization region of  Li2CaGeO4 is narrow and the glasses 
with composition of  the phase-forming components is very close to stoichiometric ones. The 
four-component phase diagram can be represented as three component diagram, because the 
two of  the components can be hold in the same molar ratio. In Fig. 1 are presented the studied 
parts from the phase diagrams CaO-GeO2-LiBO2 and CaO-B2O3-Li2GeO3. Table 1 shown the 
glass compositions from the phase diagram CaO-GeO2-Li2O-B2O3 selected for further optical 
investigations and the main crystal phases obtained after thermal treatment.  

Fig.3. FTIR spectra of  a) non-doped 
glasses, b) Eu3+ doped glasses, c) Tb3+ 
doped glasses and d) Dy3+ doped 
glasses with compositions G1, G8 and 
L9. 

Color coordinates of  Eu3+, Tb3+ and Dy3+ doped glasses with compositions G1, G8 and L9 are presented in Fig. 4. 
Color coordinates of  Eu3+ doped samples are located in a narrow area in the red-orange part of  the chromaticity 
diagram. CIE coordinates of  the Tb3+ doped samples are widely located in the green-yellow region while these of  
the  Dy3+ ion doped are located in very narrow yellow region.   
  

CONCLUSIONS 
The studied glasses from the system CaO-GeO2-Li2O-B2O3 doped by 
Eu3+, Tb3+ or Dy3+ can be used as red,  green-yellow and yellowish 
phosphors. 

ИОНХ 

Fig.1. Investigated glass compositions in the phase diagram CaO-GeO2-Li2O-B2O3 and crystallizing phases in the glass-
ceramics after thermal treatment. 

  CaO 
[mass.%] 

GeO2 
[mass.%] 

Li2O 
[mass.%] 

B2O3 
[mass.%] 

Main crystallizing 
phase 

Glass           
G1 45 38 5 12 Ca2GeO4 
G8 40 43 5 12 Ca5Ge3O11 

L9 28 53 15 5 Li2CaGeO4 

Table1. Glass compositions from the phase diagram CaO-GeO2-Li2O-B2O3 selected for optical investigations. 

The selected glasses were doped with the rare earth ions Tb3 +, Eu3 + and Dy3 +. All luminescence spectra (Fig. 2)  
consist of  the characteristic peaks for the above mention ions. 

Fig.2. Excitation and emission spectra of  Eu3+, Tb3+ and Dy3+ doped glasses with compositions G1, G8 and L9. 

Some difference is observed in the spectra of  Tb3+-doped glasses depending on the glass composition. In the PL 
spectra of  Eu3+ and Dy3+ doped glasses these differences are slight. Probably these small differences are observed due 
to the close glass compositions and quite narrow area of  the desire phase existence. 

Based on the information from the infrared 
spectra of  the pure and Eu3+ doped, Tb3+ doped 
or Dy3+ doped glasses (Fig. 3), some connection 
can be found between structure and emission of  
the glasses. In the non-doped glasses spectra 
bands at 1130 and 1115 cm-1, which are 
attributed to vibration of  B-O from BO4 units, 
are very weak in the spectrum of  L9 glass 
composition. The band at about 425 cm-1, which 
is connected with LiO4 units, is clear presented 
and Li2CaGeO4 crystallizes after thermal 
treatment. The absorption band at 680 cm-1 is 
not observed in the G8 glass composition 
spectra, so B-O-Ge bonds do not exist in this 
glass. Bands at 560 and 460 cm-1 are more 
pronounced, which indicate district presence of  
GeO4 units and CaO units. After cooling of  this 
glass composition  Ca5Ge3O11 crystallizes as a 
main phase. In the Eu3+ doped glasses with 
composition G1 all bands for BO3, BO4, GeO4 
units and B-O-Ge linkages are observed. In the 
glasses with composition L9 BO4 unit bands are 
not observed and peaks in the emission range 
580-610 nm are more prominent. In the glasses 
with composition G8 borate and germanate 
units are isolated and peaks in the emission 
spectra are wide and with close intensity. 

Fig.4. Color coordinates of  Eu3+, Tb3+ and Dy3+ doped glasses with compositions G1, G8 and L9.  

mailto:ikosseva@svr.igic.bas.bg

	Slide Number 1

