Na-Gd Phosphate Glasses For scintillators
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In search for an efficient detector of neutrons, - and X-rays our research team has very recently made an attempt to increase luminescence efficiency by forming a rare earth sublattice in a suitable material. This idea was tested in cerium doped sodium phosphate glasses in which the sublattice of gadolinium was formed. It was found that this sublattice supported resonant energy migration and that the radioluminescence intensity of these glasses increased with Gd concentration [1]. This result defined the goal for the technological research - to find an appropriate procedure for the preparation of high quality and stable Na phosphate glasses with a concentration of Gd as high as possible.

Sodium phosphate NaPO3 is an efficient glass former and samples of cerium doped sodium-gadolinium phosphate glasses were prepared by a rapid quenching technique using reagent-grade Na2CO3, P2O5, GdPO4 and CePO4. The starting materials in the required molar ratios were melted in a quartz crucible in air at 1200 °C and after homogenization the melt was cast into a graphite mould and cooled down to room temperature. 

Thermal properties of the prepared glass samples, such as the temperatures of glass transition, crystallisation and melting of the devitrified phases were determined by differential scanning calorimetry (DSC). Temperatures of glass transition were also determined by thermomechanical analysis (TMA) on samples of about 3x3x2 mm3 in size. The glassy state and composition of the devitrified phases were determined from X-ray diffraction measurements.
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Na/Gd/Ce
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Tm


99/00/1

325
417
627
0,438

90/09/1
338
335
451
608
0,739

80/19/1
313
321
460
577
1,188

70/29/1
377
390
547
680
1,180

60/39/1
412
409
598
747
1,268

50/49/1
432
441
642
790
1,358

40/59/1
426
425
557
720
0,810

30/69/1
386


621


20/79/1
497
493
686
766
2,413

10/89/1
522
519
593
809
0,343
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Table 

The composition of glass samples and their thermal properties 

The most important result obtained in our research into phosphate glasses was the preparation of Ce-doped (1 mol %) Na-Gd phosphate glasses with a Gd concentration up to 90 mol % [2]. Prepared samples were transparent, colourless, without any cracks and 1x1x2.5 cm3 in size. This progress in glass preparation was reached thanks to the detailed study of structure and composition of glassy and devitrified samples. 

The compositions of glasses prepared, their thermal properties and numerical measures of glass forming tendency Kgl are summarised in the Table. Both the TMA and DSC curves showed very nice effects of glass transition but the effects of glass crystallization and melting on DSC traces were weak and it was sometimes difficult to identify them. 
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Fig. 

The X-ray excited radioluminescence spectra of glasses with compositions 90/9/1 (a), 70/29/1 (b), 50/49/1 (c), 30/69/1 (d), 10/89/1 (e) and BGO (f).

Glass transition temperatures range between 300 and 600 °C what guarantees a good temperature stability of glasses in application. Temperatures of glass transition, crystallisation and melting change with Gd concentration in glass and follow the liquidus line in a phase diagram of binary system in which two eutectics and a congruently melting compound exist. The minimal temperature of glass transitions of 313 and 386 °C were found for Gd concentrations of about 20 and 70 mol %, respectively. As intermediate compound, NaGd(PO3)4 was determined by X-ray diffraction in devitrified samples. The glass-forming ability was evaluated according to the relation 

Kgl = (Tc - Tg)/(Tm - Tc),








(1)

where Kgl is the numerical measure of glass forming tendency, Tg, Tc and Tm are the temperatures of glass transition, crystallisation and melting [3]. The Kgl are greater than 0.5 what means that the glass-forming tendency is high.

X-ray excited radioluminescence spectra of glass samples are shown in the Fig. The radioluminiscence efficiency increased sharply with Gd concentration and for the Gd concentration of 89 mol % (10/89/1) it is three times greater than that of BGO.
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