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Á�: ±ü¬7��U>³���)�7Y���, ÏLR�zó²p§�(��
 Eu2+-

u���x1F1®, ïÄ
 Eu2+�,ßÝéF1®u15U�K�. Ô�©Û(Jw«, ¤

Ü¤�F1®�·ÜÔ, Ì�¬�� Ca2SiO4!CaSiO3ÚCa2Si5N8. ÏL©ÛF11Ì, uy

F1®�k�-u��� 300*450 nm. 3 370 nm Cb	1-ue, F1®¥Ì��3ü�

u1¥%, ©O u 470 nm Ú 570 nm, u1ôÚªCux1, Ú�I�(0.327 5, 0.386 6), Ú

§� 5 705 K (5 431.85 ◦C). ÏLUC Eu lf�,ßÝuy: F1®u1rÝkO��~�,

�Z Eu2+�,þ� 10.0 mol%; �L�Z�,ßÝ, dulfm��p�^��ßÝ|«. Ï

Lü�F1®�Üb	�¡-u���¼�x1ÑÑ.
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Luminescence characteristics of Eu2+-activated white-emitting

phosphor prepared from solar cell cutting Si powder
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Abstract: Eu2+-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 Eu2+ 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 Ca2Si5N8. 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 Eu2+,

the emission reaches an intensity saturation and the optimum doping content of Eu2+ 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; Eu2+ doping; nitride phoshor; white LED
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b	–Cb	-ux1 LED ì²´Cc5ïÄuÐ�9:[1]. �éuDÚ�x¾�!

F1�, x1 LED äk!U!NÈ�!UÑ$!Æ·�!�A¯!�ÝpÚ��ÃÀ/�

`:, �¡�1o�ÉÚ1
, 3�¬ÚÆâ.É�
4�'5[2-5]. 8c, x1 LED Ì�A

^u�¶4w«!�«�«�!Ü©�´ì²!µ*ì²�, ¿×�/�ð���!LCD

�µ1
![Ìì²�+�?�. x1 LED �¢y�ªÌ�k1=�.!õÚ|Ü.!õ

þf².Úþf:.�[3-8].

8c½|þA^�1=�.x1 LED Ì�ÏL“71 InGaN �¡-u YAG:Ce3+�Ú

F1®”5¢yx1u�, ¦+ YAG:Ce3+�ÚF1®�u1�Ç�p, �duù«a.�x

1 LED ´dF1®��ÚF1� LED �71·Ü
¤, ì��u1ôÚÉ°Ä>ØÚF1

®µCþÝ�K�é�, Úç��5�, wÚ�ê$, � YAG:Ce3+�u1rÝ��¸§Ý

�,p
ü$, u19­½5Øn�[8-15]. Ïd, �
)ûþã¯K, <�}Áæ^b	-C

b	(350∼410 nm) InGaN +�-uùÉ7nÄÚF1®5¢yx1 LED. �,2EÜF1

®�)x1��Yk"¼�pwÚ5, �ØÓF1®�m�3ôÚ2áÂÚ�'�N�¯

K, Úç��5É���K�, Ïd<��F"3��-ux1�F1®á�¥¼�x1

u�[16-20]. Ïd, ï�·Üb	-Cb	-u���x1F1®äk�©­��¿Â. 8c

�����x1F1®=�uA«7�íÚ'�íá�, Kim �[21-23]��
·uCb	1

-u� Ba3MgSi2O8:Eu2+
!Sr3MgSi2O8:Eu2+Ú Sr2SiO4:Eu2+

!Mn2+��x1F1®, ��

M2MgSi2O7:Eu2+
!Dy2+(M=Ca, Sr)!Ca2MgSi2O7:Eu2+

!Mn2+�ü�Ä�F1®���,

�"�ÑxÚF1®�Øv. Chang �[24-28]��
b	1-u� Sr3B2O6:Ce3+
!Eu2+��

x1F1®, ?�ÚíÄ
 LED �uÐ.

�©|^ü¬7��U>³7f��ç��¤�)�7Y���, 3Rí���í¨

¥, ÏLR�zó²p§�(��
 Eu2+ �,���x1F1®, ¿éÙu15�?1


ïÄ. �éuDÚ�{, ù��{Ø=¢y
Cb	-ux1F1®�¤õ��, 
�é�

�¤�)�7Y?12|^, äk�á�íd!´��`³.

1 ¢��L�

1.1 ÁJ�����

Ì��zÆÁJk: Eu2O3(99.99%)!k�(AR)!CaH2(AR), ±þ�¬þ	gI�8

ìzÆÁJk�úi; ü¬7��U>³7f��ç���)�7Y, EDS ÿÁÙ��|¤

XL 1 ¤«. 7Y²Lï��©OM)3�lfYÚË°¥, ^�([�®�¤�(, õÇ
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� 300 W, �m� 10 min, ,�?1âÝÿÁ, Xã 1 ¤«, ÙâÝ��� 0.1∼1 µm. ã 2 ¤

«�×£>fw�º(Scanning Electron Microscope, SEM)e7YeÈZH���*/m, 7

Y®"¥Ø5K�âG, º��C 1 µm, �-1âÝ¤ÿÁ�(JCq.

LLL 1 üüü¬¬¬777������UUU>>>³³³777YYY���|||¤¤¤

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

ã 1 YÚË°©ÑJ¥7Y�â»©Ùã

Fig. 1 Distribution of Si particle in water and ethanol solution

881nm

927nm

2.00 µm

ã 2 7Y� SEM ã

Fig. 2 The SEM image of Si particle

�����: KSY-80-18 .+ªp§¬(þ°¢ï>¬k�úi); QM-3SP 1(¥�Å(H

®4Ù�E¢�k�úi); DZF-6210 .ý�ZH�(þ°��¤ìk�úi)�.

1.2 F1®���L§

ÏLR�zó²p§�(�� Eu2+-u���x1F1®, ¿ïÄØÓDèlfßÝé

F1®(��K�. Äkò��7Y�ue%ZH�¥, $§e%ZH 24*48 h, ï�Lç, U

ìzÆOþ'©O¡� Eu2O3(99.99%)!k�(AR)!CaH2(AR)!7Y, ·Üþ!�, �uçØ

ïÄ¥ï� 1 h, �Ñ��uý�ZH�¥, $§ZH 5 h. �ÑZH�¬�3�z¾l�¥, 3

NH3 í¨e, 1 400 ◦C �§ 2 h �, ,§� 1 500 ◦CUYú� 4 h, ,§�Ý� 10 ◦C/min. ��
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A(å�, �¬�¬e%�¿§, �Ñ�¬®�=�8IF1®�¬.

1.3 ÿÁ¤ì�^�

F1®¬N(��ÿÁæ^�I)�� Bruker D8 ADVANCE û�¤, ÙË�
�

CuKαq, Ú°� 0.02◦, ×£��� 5◦*80◦, ó�>Ø� 40 KV, ó�>6� 40 mA. ÏL

Horiba JobinYvon úi)�� FluoroMax-4 F11Ì¤5ÿÁu�1ÌÚ-u1Ì, Ù-u1


� 150 W ��, ×£�Ý� 1 200 nm/min. æ^Fá Hitachi S4800 |u�×£>fw�º

?1®N�/mL�. û��1Ì�ÿÁæ^ HITACHI úi)�� U-3900 .b	-��©1

1ÝO. ±þÿþþ3¿§^�e?1.

2 (J�©Û

2.1 �¬� XRD ©Û

��x1F1®� XRD(X-Ray Diffraction, X ��û�) ÌXã 3 ¤«. ÏL�IO®"

û�k¡é', ��Ùû�¸êâ� JCPDS#82-2489!JCPDS#33-0302 Ú JCPDS#42-0547

k¡êâ��, =¤��¬�·ÜÔ, Ì¬�� Ca2Si5N8!Ca2SiO4 Ú CaSiO3. � Eu2+��

,ßÝ� 5.0 mol%�, Ì�� Ca2Si5N8¬�. Eu2+ �\\¦ Ca2Si5N8 û�¸� ��~/�

��Ý £, `²3\9�(L§¥Úå
¬��ÆC. du��¥¹k�Ü©����, m©

/¤ Ca2SiO4 Ú CaSiO3 �, ¤±3 Ca2Si5N8 �)
�½� VCa(W� )"�, ��¬�Xê

C�, XRD ¸ ���Ý £. ÏL:
~ê�°(O�, L 2 ¥¬�~ê�~��y
d*

:. � Eu2+��,ßÝ� 10.0 mol% �, du���'�Cz, �Ô¥E,�·Ü¬�, Ì�

� Ca2Si5N8!Ca2SiO4 Ú CaSiO3, Ù¥, Ca2Si5N8 ��û�¸rÝ~f, Ñy#� Ca2SiO4 Ú

CaSiO3�û�¸. ÏL¬�~ê�é', uyd�¬�~êO�, `²�,Úu
¬�ÆC. d

	, ÏL SEM, (JXã 4 ¤«, Ù£ã��¬�*/m¥²w�ÎG�ìà�¬G, �Ô/

m��É��y
·Ü¬.�`{. � Eu2+ �,�ßÝ� 15.0 mol% �, �X����Oõ,

Ca2SiO4 ��û�¸Cr, CaSiO3 �û�¸Cf, ¬�~ê�kÂ �ª³(L 2).

ã 3 ØÓ Eu2+ �,ßÝF1®� XRD Ì

Fig. 3 XRD patterns of different Eu2+ doped phosphor

2.2 F11ÌÚû��1Ì©Û

�
ïÄTF1á��1Æ5�, ÿþ
dX��¬�û��Ì, Xã5¤«. dã��, T

F1®3 250*550 nm �mk�°�áÂ�, T°�áÂ´du Eu2+�4f7→4f6 5d ��[Ú

å[29]. TX�F1®��°áÂÌ�L²Ù���c�Ì6b	±971�¡k�-u, ¢y

Ù3x1 LED ì²+��A^.
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50.0 µm

ã 4 10.0 mol% Eu2+ �,F1®� SEM ã

Fig. 4 The SEM image of 10.0 mol% Eu2+ doped phosphor

LLL 2 FFF111®®®������|||¤¤¤���:::


ëëëêêêLLL

Tab. 2 Lattice parameters for the compounds of the phosphor
Concentration Space group a/Å b/Å c/Å Density

Ca2Si5N8 Cc(9) 14.352 5.610 9.689 3.055

5.0 mol% Eu2+ Cc(9) 14.345 5.600 9.685 3.063

10.0 mol% Eu2+ Cc(9) 14.378 5.603 9.721 3.048

15.0 mol% Eu2+ Cc(9) 14.331 5.594 9.690 3.068

Ca2SiO4 P21/n(14) 9.310 6.756 5.506 3.280

5.0 mol% Eu2+ 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 3.291

CaSiO3 C-1(2) 10.104 11.054 7.305 3.070

5.0 mol% Eu2+ C-1(2) – – – –

10.0 mol% Eu2+ C-1(2) 10.127 11.066 7.282 2.935

15.0 mol% Eu2+ C-1(2) 10.160 11.004 7.299 2.940
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ã 5 F1®�û��1Ì

Fig. 5 Diffuse reflection spectra of the phosphor

ã 6 ���x1F1®3 330*410 nm ØÓ-uÅ�e�u�1Ì. Eu lf± Eu2O3

(Eu3+) �/ªÚ\, ²L 1 400 ◦C �( 2 h!1 500 ◦C �( 4 h �, Eu2+ ��u CaSiO3

Ú Ca2Si5N8 NX¥. 3ØÓ-uÅ�e, �u�Ì¥þ�¹ Eu2+ �u1A5, Eu2+ 3

CaSiO3ÚCa2Si5N8 NX¥ÏLUC-uÅ�, �©O½Ó�-u. dã 6 ��, u�1Ì�¸

�Å� u 470 nm Ú 570 nm, ù´du Eu2+ ?\ CaSiO3 Ú Ca2Si5N8 ü«Ä�¬�¤�;
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��X-uÅ�d 330 nm O\� 410 nm, 470 nm ?¸�rÝ~f, 570 nm ?¸�rÝkOr

�~f, 
 Eu2+¥� 5d ;�É>f��AÚ¬N|�K�, Ä�¥?uØÓ� � Eu2+¥�

5d ;�¬©O3��ü�U?, �)�°�-u�ÚØÓ��[áÂ�.

ã 7 ´©Oiÿ 470 nm Ú 570 nm ¤���-u1Ì. ü-u1Ìþ´°�, ©Ù3

300*450 nm Å���S, áu Eu2+ �[A�-uÌ�. iÿ 470 nm ¤�-u1Ì�¸� 

u 330 nm ?; 
iÿ 570 nm ¤�-u1Ì¥, ¸� u 370 nm ?. ü�u��¤éA�-

u1Ì²wØ��, (Üþã XRD �©Û(J, ?�Ú`² Eu2+ lfÓâüaØÓÄ�¥�

Ca2+ � , /¤�´üaØÓ�u1¥%. d	, 570 nm Å�iÿe�-u1Ì�Øé¡�,

Ðy
²w�áÂ>A�, TáÂ>d�zÔÄ� Ca2Si5N8 ���d����[¤Úå, �©

z¥�Ä���áÂ��[30].

ã 6 ØÓ-uÅ�e 10.0 mol% Eu2+ �,ßÝF1®�u�1Ì

Fig. 6 Emission spectra of 10.0 mol% Eu2+ doped phosphor with different excitation factors

ã 7 10.0 mol% Eu2+ �,ßÝF1®3 470 nm Ú 570 nm ?�-u1Ì

Fig. 7 Excitation spectra of 10.0 mol% Eu2+ doped phosphor monitored at 470 nm and 570

nm emissions

ã 8 �ØÓ Eu2+ �,ßÝ�¬�u�1Ì. �±wÑ, u�1Ìdü�u��|¤,  u

470 nm!570 nm ?, ©OéA�zÔÄ� Ca2SiO4!CaSiO3 Ú�zÔÄ� Ca2Si5N8¥ Eu2+

lf�u1. �X Eu2+ ßÝUC, u�1Ìu)é�Cz: � Eu2+ ßÝ� 5.0 mol% �, ±£

�u�¸�Ì, �¬¥y�Ð�£�Ú, �©z [31] ¥ Ca2Si5N8:Eu2+ �u15U�¬Ü; �

Eu2+ßÝO\� 10.0 mol%�, u1¥%ê8Oõ, u1rÝO�, 470 nm 7¸Ú 570 nm £�

¸�u�rÝ��O\, � 470 nm 7¸O\�¯, 
��¬�F1ôÚ¥xÚ, ù«F1®N
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ÚCz�¬�|¤k'. dã 3 ��¬ XRD ÛÜ��ã��, �,lfßÝ� 10.0 mol% �,

¬�|¤¥�zÔCa2SiO4!CaSiO3�¤©Oõ, Eu2+ lf3�zÔÄ�¥�u1¤©(470

nm �Å�) ×�O\. UYO\ Eu2+ ßÝ� 15.0 mol%, 470 nm Ú 570 nm �u�¸rÝþk

¤ü$. ù´du�-¹lf Eu2+ ßÝ�u,��.��, u)ßÝ|«y�. Ì��Ï3u

��u1¥%� Eu2+ lfê8��,ßÝO\
Oõ, ¦� Eu2+ lfmålC�, lfm�

�p�^²wOr, u)��µþy�9�Ë��[�, ��u�¸�u1rÝü$[32].

ã 8 ØÓ Eu2+ �,ßÝ�u�1Ì

Fig. 8 Emission spectra of different Eu2+ doped

�â©z [31,33-35], üu�¸�Eu2+ßÝ�Cz�2g�y
 Eu2+ lf?\�zÔÄ

�Ca2SiO4!CaSiO3Ú�zÔÄ� Ca2Si5N8¥/¤
ØÓ�u1¥%. ã 8 ¥w« Eu2+lf

3�zÔÄ�¥Úå�470 nm u1¸ �ßÝCzA�vkUC. 
3�zÔÄ�¥ Eu2+ l

f�u1�lfßÝ�O\¥yl 555 nm � 580 nm �ù£. 3 M2Si5N8: Eu2+ (M=Ca, Sr,

Ba) NX�zÔF1®¥, u1Å�� Eu2+ lf�,ßÝ�O\
�)�ù£Ì�´d Eu2+

lf?\ M2Si5N8 ¥�ØÓwè7á� � ¤Úå�Uþ�[¤�[36].

3x1 LED �A^�¡, F1®�9­½5´���~­��Eâ�I, ûÐ�9­½

5�±�±x13ÚÝÚ�Ý�¡�­½5. ã 9 � 10.0 mol% Eu2+ F1®�u�rÝ�§

Ý�'X­�. dã��, �X§Ýl 20 ◦C ,� 250 ◦C, F1®�u�¸rÝÅìü$, �3

470 nm Ú 570 nm ?u�¸rÝü$�§Ýk²w�O, 570 nm ?u�¸rÝÉ§ÝK���.

dã 10 ��, �§Ý�� 250 ◦C �, 470 nm ?�u�¸rÝ�±3Ð©rÝ� 58% ?, 570 nm

ã 9 10.0 mol% Eu2+ F1®C§u�1Ì

Fig. 9 Temperature dependent emission spectra of 10.0 mol% Eu2+ doped phosphor
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?�u�¸rÝ�±3Ð©rÝ� 41% NC. �X§Ý�,p, Ä�¬��Ä\r, XÚUþO

\, �Ë��[�AÇ�ÌO\, �õ�>fl-u�U?±�Ë��[�/ª£�Ä�[37-38],

��u�1ÌrÝü$.
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ã 10 10.0 mol% Eu2+ F1®u�rÝ�§Ý�'X­�

Fig. 10 Temperature-dependent emission intensity versus temperature of 10.0 mol% Eu2+

doped phosphor

2.3 Ú�Iã

ã 11 ´ØÓ Eu2+ �,ßÝ�F1®Ú¬ã(λex=370 nm). �â CIE (Commission

Internationale de L’Ecalirage, ISì²�
¬)�¬�u�1ÌêâÚ CIE 3 1931 c�Ù�Ú

ÝÆIO, O�Ñ CIE �¬�Ú�I�(0.327 5, 0.386 6), ¿O���Ú§� 5 705 K(5 431.85
◦C). L²�¬äkûÐ�x1u�5U. dd��, §´�±¹ädå���x1F1®, U


A^u��Nì²9�¬²¡�1��+�.

ã 11 ��x1�¬�Ú�I

Fig. 11 Color coordinate of the white-emitting sample
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3 ( Ø

±ü¬7��U>³���7®���, ÏLR�zó²p§�(��Ñx1 LED ^

Eu lf�,���x1F1®. ¤���F1®�7�í(�Ú�zÔ(��·ÜNX, Ù

u1rÝ�X Eu2+ßÝ�O\
O�, 3 Eu2+ �ßÝ� 10.0 mol%�äk�`�u�rÝ,

Ù�u)ßÝ|«. 3b	-Cb	1-ue, F1®UÓ�u�¸�� 470 nm Ú 570 nm!

1Ì��3 420*670 nm �·Üx1. ¤�x1Ú�I�(0.327 5, 0.386 6), Ú§� 5 705 K

(5 431.85 ◦C). ù��{é��¤�)�7Y?1]
2|^, �á�íd!´�, TF1®U

3b	-ue���)x1, 3x1 LED !Uì²+�äk2��A^cµ.
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