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Enhanced Photoluminescence of Ba,SiO4:Eu’* Phosphor by Ca®* or Mg** Substitution
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(1. School of Materials Science and Engineering, Nanchang University, Nanchang 330031, China;
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Abstract: (Ba; Me,);955104:0.05Eu (Me=Ca, Mg) phosphor was synthesized in a reducing atmosphere by a high-temperature
solid-phase method. Ca®" and Mg?'solubilities in Ba,SiO4-phase should be 10% (mole fraction, the same below) and 30%, and the
solid solution induces an increase in green fluorescence brightness under ultraviolet excitation. The intensity of
(BayoCag1)1.95S104:0.05Eu and (Bag;Mgg3)1.955104:0.05Eu phosphors is 110% and 140% greater than that of Ba,SiO4:Eu under
365 nm, and 105% and 125% greater than that of Ba,SiO4:Eu under 254 nm. Based on the analysis by X-ray diffraction,
(Ba;_Ca,); 95Si04 (0.1<x=<20.3) is T-phase but not Ba,SiO,-phase. Ca®"or Mg2+ substitution does not decrease in cell volume but
causes the better crystallization (i.e., the diffraction peak is higher, and the half-width is more narrow). Further more, b decreases a
little more quickly than ¢, indicating that Eu®* ions prefer 9-coordinated Ba®'(Il) sites more than 10-coordinated Ba®'(I) sites.
According to the high-resolution photo luminescent spectra, Eu?*(I) contributes more than Eu**(Il) for the green luminescence
intensity. Moreover, Eu®(I)/Eu*(Il) ratio increases as Ca*’or Mg*" solubility increases. The high-resolution X-ray photoelectron
spectra of Eudd indicate that the valence of Fu is rarely changed after cation substitution. Ca?" or Mg substitution can improve the
crystallinity, promote Eu®*to enter Ba>*(I) site(which would has higher luminescent efficiency) and keep Eu ion valence stable due to
the improvement of phosphor luminescent intensity by cation substitution.
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Table 1 Cell parameters of Ba,SiO, phase powder in
(Ba;_Me,),SiO, (Me=Ca. Mg, x<:0.3) series

Compositon a/mm  b/mnm  ¢mm  V/inm® FWHM 200

Ba,Si04 0.5819 1.0227 0.7513 0.447 1 0.177

(Bag.oMgo.1)28i04 0.5811 1.0207 0.7503 0.4450  0.178

(Bag.7Mgo3)28i04 0.5805 1.0200 0.7499 04440  0.163
(Bag.sMgo3)1.955104:0.05Eu 0.580 6 1.0200 0.749 9 0.444 1 0.163
(Bag.sCay.1)2S104 0.5816 1.0210 0.7505 0.4457  0.161
(Bag.sCay.1)1055104:0.05Eu 0.5815 1.0210 0.750 5 0.4457  0.161
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Fig. 3 Second electronic images of (Ba; Me,),SiO, (Me=Ca,
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Table 2 Energy-dispersive spectroscopy analysis of

(Ba;_Me,);955104:0.05Eu (Me=Ca, Mg, x<<0.3)

powder

Mole fraction/%
Composition
O Si CaorMg Ba Eu

Ba, 95S104:0.05Eu (Fig. 3a) 57.48 14.59 0 26.32 1.61
(Bag7Mgo3)1.955104:0.05Eu (Fig. 3b)  59.42 13.94 6.64 18.64 1.36
(BagoCag1)1955104:0.05Eu (Fig. 3c)  57.85 14.82 3.07 22.86 1.40
(Bay7Cag3)1955104:0.05Eu (Fig. 3d)  58.25 14.76 7.36 18.30 1.33

While light

(a) (Ba;_,Ca,)1.95S104:0.05Eu

While light
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Fig. 4 Photos of (Ba;_Ca,);95S104:0.05Eu and (Ba;_Mg,); 95Si04:
0.05Eu phosphor under UV light excitation
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Fig. 5 Photo luminescent spectra of (Ba;_Me,); 95S104:0.05Eu
(Me=Ca or Mg, x=0.3-0)
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Fig. 6 High-resolution photo luminescent spectra of Ba,SiO,
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