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Luminescence characteristics of Eu’t-activated white-emitting
phosphor prepared from solar cell cutting Si powder
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Abstract: Eu®T-activated white-emitting phosphors were synthesized by the process of
ammonia nitridation at high temperature with the raw material of silicon powder from
crystalline silicon solar cells cutting sludge. The effect of Eu?" doping concentrations
on structural and luminescent properties of phosphors was studied in detail. It turns
out that the principal crystalline phase of the sample is the mixture of Ca2SiO4, CaSiO3
and Ca2SisNg. These phosphors can be effectively excited in the range of 300~450 nm,
showing intense absorption in ultraviolet to near-ultraviolet region. In addition, they

exhibit intense white emissions with CIE (Commission Internationale de L’Eclairage)
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coordinates of (0.327 5, 0.386 6) under 370 nm excitation with color temperature of
5 705 K(5 431.85 °C). There are two luminescence centers in the host, which locate at
470 nm and 570 nm, respectively. With the increase of the doping concentration of Eu?",
the emission reaches an intensity saturation and the optimum doping content of Eu?" is
10.0 mol% due to the interaction among the activator ions which result in an concentration
quenching. Using such a single phosphor, a white light output can be directly achieved
combined with UV chip.

Key words: ammonia nitridation; Eu?' doping; nitride phoshor; white LED
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Tab. 1 The composition of silicon powder from monocrystalline silicon solar cells

Element Conc/% Element Conc/%
C 5.770 Si 85.561
N 5.229 S 0.675
O 2.766 H 0.000
10 100 10 100
Silicom-Ethanol Silicom-Water
8r 480 8r 180
! I
6F 160 § 6 160 R
S S
41 ’ 4140 & 41 ” 140 8
1 H I 1 ’” ‘ H I
0 "!!I”H H“llh. 0 0 ,||!|||‘| ‘ ||||I|.. 0
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000

Diameter/um Diameter/pum
BT ZKCRTIRORS 73 BIGR] H ke (kAR 23 A1 P

Fig.1 Distribution of Si particle in water and ethanol solution
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K2 kR SEM K
Fig.2 The SEM image of Si particle
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Fig.3 XRD patterns of different Eu?* doped phosphor
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© 500 um
K4 10.0 mol% Eu*T BA42% K1 SEM K
Fig.4 The SEM image of 10.0 mol% Eu?** doped phosphor
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Tab. 2 Lattice parameters for the compounds of the phosphor

Concentration Space group a/A b/A c/A Density
CagSisNg Cc(9) 14.352 5.610 9.689 3.055
5.0 mol% Eu?t Cc(9) 14.345 5.600 9.685 3.063
10.0 mol% Eu?t Cc(9) 14.378 5.603 9.721 3.048
15.0 mol% Eu2+ Ce(9) 14.331 5.594 9.690 3.068
CazSiOy P21/n(14) 9.310 6.756 5.506 3.280
5.0 mol% Eu?t P21/n(14) - - - -
10.0 mol% Eu2+ P21/n(14) 9.327 6.769 5.493 3.319
15.0 mol% Eu2+ P21/n(14) 9.295 6.678 5.542 3.201
CaSiO3 C-1(2) 10.104 11.054 7.305 3.070
5.0 mol% Eu?t C-1(2) - - - -
10.0 mol% Eu?* C-1(2) 10.127 11.066 7.282 2.935
15.0 mol% Eu?* C-1(2) 10.160 11.004 7.299 2.940
45
40
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©
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2
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Fig.5 Diffuse reflection spectra of the phosphor
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Fig.6 Emission spectra of 10.0 mol% Eu?* doped phosphor with different excitation factors
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Fig.7 Excitation spectra of 10.0 mol% Eu?" doped phosphor monitored at 470 nm and 570

nm emissions
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Fig.8 FEmission spectra of different Eu?* doped
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Fig.9 Temperature dependent emission spectra of 10.0 mol% Eu®* doped phosphor
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Fig. 10 Temperature-dependent emission intensity versus temperature of 10.0 mol% Eu?"
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Fig. 11 Color coordinate of the white-emitting sample
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