
IOP Conference Series: Materials
Science and Engineering

     

OPEN ACCESS

Synthesis and Luminescent Properties of Sr2SiO4
Phosphors
To cite this article: H Nishioka et al 2011 IOP Conf. Ser.: Mater. Sci. Eng. 18 102008

 

View the article online for updates and enhancements.

You may also like
Structural Phase Formation and Tunable
Luminescence of Eu2+-Activated Apatite-
Type (Ca,Sr,Ba)5(PO4)2(SiO4)
Yanlin Huang, Jiuhui Gan, Rui Zhu et al.

-

Energy Transfer Between Activators at
Different Crystallographic Sites
Docheon Ahn, Namsoo Shin, Ki Deog
Park et al.

-

Effect of NH4F Flux on Structural and
Luminescent Properties of Sr2SiO4 : Eu2 +

Phosphors Prepared by Solid-State
Reaction Method
Hai Guo, XiaoFeng Wang, XinBo Zhang et
al.

-

This content was downloaded from IP address 18.218.218.230 on 29/04/2024 at 15:49

https://doi.org/10.1088/1757-899X/18/10/102008
https://iopscience.iop.org/article/10.1149/2.026111jes
https://iopscience.iop.org/article/10.1149/2.026111jes
https://iopscience.iop.org/article/10.1149/2.026111jes
https://iopscience.iop.org/article/10.1149/2.026111jes
https://iopscience.iop.org/article/10.1149/2.026111jes
https://iopscience.iop.org/article/10.1149/2.026111jes
https://iopscience.iop.org/article/10.1149/2.026111jes
https://iopscience.iop.org/article/10.1149/2.026111jes
https://iopscience.iop.org/article/10.1149/1.3152231
https://iopscience.iop.org/article/10.1149/1.3152231
https://iopscience.iop.org/article/10.1149/1.3454723
https://iopscience.iop.org/article/10.1149/1.3454723
https://iopscience.iop.org/article/10.1149/1.3454723
https://iopscience.iop.org/article/10.1149/1.3454723
https://iopscience.iop.org/article/10.1149/1.3454723
https://iopscience.iop.org/article/10.1149/1.3454723
https://iopscience.iop.org/article/10.1149/1.3454723
https://iopscience.iop.org/article/10.1149/1.3454723
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjss8S3gzuIJFR6X8CSddt6vsHWpBWCptbbcxKS4OXH20jxhZUHaYq5aQaLWIldKmjBKhH-ZNGRkm-s70IKO2ABF_L0e5ZfmE_BEsfhpKf2ANFMFvMpDJUSYwJKInNSMgLjzmEtYahozNr-bOhUemQStANb1h8kxgee8miXtyYZHVRBkTo_96WbQ6uf6d8MgLE7-8geaOZoryBy5ojaBCpR2jFN1Sq7lrnW58QKWJYtpU6vD2LX8zTwYOEJi8OwMYSm4-ZFvyD1YVb9ejnGYfGoBNSt1rGIOTBtWVuAqYbI8efqcI11Arjax8s3YU66lcyFMIPJKLXXCHPHEZcT1T-OJ9p3s6sg&sig=Cg0ArKJSzOfyiIomyKU_&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


 

 

 

 

 

 

Synthesis and Luminescent Properties of Sr2SiO4 Phosphors 

H.Nishioka, T.Watari, T.Eguchi and M.Yada 

Graduate School of Science and Engineering,,Saga University,1 Hojo-Machi,Saga 

840-8502,Japan 

Corresponding author,watarit@cc.saga-u.ac.jp 

Abstract. Sr2SiO4:Eu
2+
 phosphors and Sr2SiO4:Eu

2+
, Dy

3+
 persistent phosphors were 

synthesized by solid-state reaction method at 1300℃ using  SrCO3, SiO2(silica: 3μm and 

fumed silica: 7nm) , Eu2O3( 0.01 to 0.06 mol% Eu) and Dy2O3( 0.005 to 0.02 mol% Dy) 

powders. The amount of the stable β- Sr2SiO4 phase had decreased and the amount of the α’-

Sr2SiO4 increased with the increase of the Eu content. The solid solution of Eu
2+
 ion stabilized 

α’-Sr2SiO4 at room temperature. The emission color of the Sr2SiO4:Eu
2+
 products changed 

from the turquoise blue to yellow with the increase of the Eu content. The maximum emission 

peak position changed to the higher wavelength with the increase of the Eu content. The 

emission peak at 490nm(green color) was from β- Sr2SiO4 phase and that at 560nm(yellow 

color) was from α’-Sr2SiO4 phase. The change of the phase content in the products affects the 

color and the emission peak. The emission intensity of the products from fumed silica is 

stronger than the products from silica. Sr1.98-xSiO4:Eu0.02, Dyx persistent phosphors products 

showed the persistent emission for a few minutes with the naked eyes. The behavior was 

observed from all products. The product from fumed silica at x = 0.01 showed the strong 

emission for tens of seconds. 

 

 

1.  Introduction 

In recent years, phosphors and long persistent phosphors were actively studied. Phosphors can convert 

light energy into a visible light, and long persistent phosphors store light energy and emit another 

color-light in dark.  

Phosphors were used for Fluorescent Lamp, Plasma Display Panel(PDP), etc. Long persistent 

phosphors were used for Emergency Plate, Dial Plate, etc. Also, since phosphors showed the variety 

luminescent color, phosphors were used for white light emitting diodes (LEDs) which were widely 

studied. White LEDs composed of blue LEDs and yellow emitting phosphors have been developed 

and are widely applied to lighting systems in these days. As yellow phosphors, 

Y3Al5O12:Ce
3+
(YAG:Ce

3+
) and strontium silicate materials are mainly used for white LEDs[1-3]. 

Since Sr2SiO4:Eu
2+
 phosphors have the merits of the stability under high irradiation powers and the 

durability in the packaging resin, they are also commercially used in white LEDs instead of 

YAG:Ce
3+
[2,4]. Sr2SiO4:Eu

2+
 phosphor has two phases of α’-type(monoclinic) and β-

type(orthorhombic). β-Sr2SiO4 is stable at room temperature and transforms to α’-Sr2SiO4 at 85℃  

Recently, Sr2SiO4:Eu
2+
, Dy

3+
 have attracted attention since they show high water-resistant and 

luminescence characteristics[5]. 
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In the present work, the effects of the particle size of raw silica, and the Eu content on the crystal 

structure and the luminescence properties of Sr2SiO4: Eu
2+
 powders were examined. Moreover, the 

effect of the Dy addition on the crystal structure and the luminescence properties of Sr2SiO4: Eu
2+
, 

Dy
3+
 persistent phosphors were also examined. 

2.  Experimental 

The Sr2SiO4 phosphors and persistent phosphors were synthesized by the general solid-state reaction. 

SrCO3(Aldrich, 99.9%), Eu2O3(Aldrich, 99.5%), Dy2O3(Aldrich, 99.9%) and SiO2(two kinds of silica 

particles : silica: 3μm and fumed silica: 7nm) were used as raw materials. These were mixed with 

small amount of ethanol as the dispersing agent for 1h. The resulting slurry was dried at room 

temperature. The dried mixtures were heated at 1300℃ in the atmosphere (10%H2 + 90%N2) for 3 h.  

All products were examined for the phase formation using the X-ray diffractometer (Shimadzu, 

XRD-6300) with CuKα radiation. The photoluminescence characteristics of the products were 

evaluated using the USB 4000-UV-Vis fiber optic spectrometer (Ocean optics), using the black-light 

(peak wave length: 356nm) as an excitation source. After irradiating the black-light for 5 min, the 

afterglow time was observed by the naked eyes until the products becomes dark. All measurement 

were carried out at room temperature. 

3.  Results and discussions 

3.1.  Characteristics of Sr2-xSiO4:Eux  phosphors  

3.1.1.   XRD analysis of the products 

XRD patterns of the products with various amounts of Eu, Sr2-xSiO4:Eux  prepared from silica and 

fumed silica, are shown in Figures 1 and 2. Both products at x = 0.01 has α’-Sr2SiO4 and β-Sr2SiO4 

phases. However, the products at x = 0.06 has only α’-Sr2SiO4 phase. Therefore, the solid solution of 

Eu
2+ 
ion stabilized α’-Sr2SiO4 at room temperature. 

 

 

3.1.2. Luminescence characteristics 

Emission spectrum of the products are depicted in Figures 3 and 4. The emission spectrum are broad, 

ranging from 400nm to 650nm.The emission color of the products changed from the turquoise blue to 

yellow with the increase of the Eu content. The maximum emission peak position changed to the 

higher wavelength with the increase of the Eu content. The emission peak at around 490nm(green 

color) was from β-Sr2SiO4 phase and that at around 560nm(yellow color) was from α’-Sr2SiO4 phase. 

The change of the phase content in the products affects the color and the emission peak. The emission 
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Figure2. XRD pattern of Sr2-xSiO4:Eux  using 

fumed silica : (a) x =0.01, (b) x =0.02, (c) x 

=0.03, (d) x =0.06. 

 

 

 

 

 

 

 

 

Figure 1. XRD pattern of Sr2-xSiO4:Eux  using 

silica : (a) x =0.01, (b) x =0.02, (c) x =0.03, (d) 

x =0.06. 
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intensity of the products from both silica at x = 0.01 becomes maximum value. The emission intensity 

of the products from fumed silica is stronger than the products from silica. 

 

 

 

 

3.2.  Characteristics of Sr1.98-xSiO4:Eu0.02, Dyx persistent phosphors  

3.2.1. XRD analysis of the products 

XRD patterns of the products with various amounts of Dy, Sr1.98-xSiO4:Eu0.02, Dyx prepared from silica 

and fumed silica, are shown in Figures 5 and 6. The products from fumed silica at x = 0.01 has only 

α’-Sr2SiO4 phase. On the other hand, the products from silica at x = 0.02 has only α’-Sr2SiO4 phase. 

Therefore, the solid solution of Dy
3+ 
ion stabilized α’-Sr2SiO4 at room temperature. But, the optimum 

value of the Dy contents is different from silica particle size. 

 

 

 

3.2.2. Luminescence characteristics 

Emission spectrum of the products are depicted in Figures 7 and 8. The emission color of the products 

from fumed silica at x = 0.01 was yellow. However, the emission color of the other all products were 

lime green. The emission intensity of products from both silica at x = 0.01 becomes maximum value. 

The emission intensity of the products from fumed silica is stronger than the products from silica. The 

persistent emission was observed for a few minutes with the naked eyes. The behavior was observed 
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Figure 5. XRD pattern of Sr1.98-xSiO4:Eu0.02, 

using silica : (a) x =0.005, (b) x =0.01, (c) x 

=0.02. 
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Figure 6. XRD pattern of Sr1.98-xSiO4:Eu0.02, 

Dyx using fumed silica : (a) x =0.005, (b) x 

=0.01, (c) x =0.02. 

 

 

 

 

 

 

 

 

 

 Figure 3. Emission spectrum of Sr2-xSiO4:Eux  

using silica : (A) x =0.01, (B) x =0.02, (C) x 

=0.03, (D) x =0.06. 
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Figure 4. Emission spectrum of Sr2-xSiO4:Eux  

using fumed silica : (A) x =0.01, (B) x =0.02, 

(C) x =0.03, (D) x =0.06. 
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from all products. The product from fumed silica at x = 0.01 showed the strong emission for tens of 

seconds. 

 

 

 

 

 

 

4.  Conclusions 

The Sr2-xSiO4:Eux  phosphors and Sr1.98-xSiO4:Eu0.02, Dyx persistent phosphors showed two phases, α’-

type and β- type, and the solid solution of Eu
2+
 and Dy

3+
 ions stabilized α’-Sr2SiO4 at room 

temperature. Both products at x = 0.01 showed the strongest emission intensity. The emission intensity 

of the products from fumed silica is stronger than the products from silica. Sr1.98-xSiO4:Eu0.02, Dyx 

persistent phosphors showed the persistent emission for a few minutes with the naked eyes. The 

behavior was observed from all products. The product from fumed silica at x = 0.01 showed the strong 

emission for tens of seconds. 
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Figure 8. Emission spectrum of Sr1.98-xSiO4: 

Eu0.02, Dyx using fumed silica : (A) x =0.005, 

 (B) x =0.01, (C) x =0.02. 
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Figure 7. Emission spectrum of Sr1.98-xSiO4: 

Eu0.02, Dyx using silica : (A) x =0.005,  

(B) x =0.01, (C) x =0.02. 
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