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30Here, we report on the effect of mixing state of raw materials on the solid-state synthesis of Ce3+-doped
31Y3Al5O12 (Y2.97Al5O12:Ce0.03

3+ , YAG:Ce3+) phosphors for white light emitting diodes. The mixed powders
32were prepared by the mechanical method using an attrition-type mill. Homogeneously mixed powder
33in nanoscale of raw powder materials was favorably obtained by the mechanical method. It achieved
34the synthesis of YAG:Ce3+ by heating at 1400 �C which was 400 �C lower than the synthesis temperature
35of the mixed powder by ball milling. Besides, larger crystallite size was obtained by heating the powder at
36higher temperature. The YAG:Ce3+ phosphor synthesized at 1800 �C exhibited the largest crystallite size,
37thus led to maximum external quantum yield of 55%, and the luminous efficiency of 97% at 150 �C. It
38revealed the highest efficiency in the previously reported values.
39� 2016 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder
40Technology Japan. All rights reserved.
41
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44 1. Introduction

45 Ce3+-doped Y3Al5O12 (yttrium aluminum garnet, YAG) phos-
46 phors have been widely used for white light emitting diodes
47 (LEDs). A blue LED excitation of Ce3+ leads to the yellow 5d? 4f
48 emission band. The complementary relationship between blue
49 and yellow gives white light. The emission wavelength can be
50 easily controlled by changing the chemical composition of host
51 materials [1,2]. Furthermore, the manufacture of YAG:Ce3+ phos-
52 phor is low cost compared with other phosphors. Conventionally,
53 YAG:Ce3+ phosphor is manufactured by solid-state reaction at high
54 temperatures. The raw powders such as Y2O3, Al2O3, and CeO2 are
55 mixed by ball milling under dry or wet conditions, and then the
56 mixed powder is calcined for a few hours over 1600 �C to obtain
57 YAG:Ce3+ [3]. On the other hand, a decrease of the calcination tem-
58 perature is necessary from a view point of energy saving. To
59 decrease the synthetic temperature, the addition of BaF2 as a flux
60 has been reported [4]. A single phase YAG:Ce3+ was obtained at
61 lower temperature. BaF2 reacts with raw materials to form eutectic
62 compositions with lower melting point, and the subsequent solid–
63 liquid reaction proceeds to the formation of YAG:Ce3+. However,

64the flux method still needs much energy by the complicated pro-
65cess including washing of the product by acid, and needs additional
66cost of flux.
67The emission intensity of YAG:Ce3+ phosphor is improved by
68the particle growth [4,5]. In addition, the properties of thermal
69quenching of YAG:Ce3+ phosphor are related to the thermal relax-
70ation from a 5d excited state to a 4f ground state [6,7], and greatly
71affected by the band gap and the defect of its host material [8]. To
72obtain the high-quality YAG:Ce3+ phosphor with a single phase and
73larger crystallite size by solid-state synthesis, the preparation of
74the homogeneous mixed powder of raw materials in nano-scale
75is required, thus leads to lower temperature synthesis and larger
76crystallite size by further heating [9,10]. However, the relationship
77between the mixing state of the starting powder and the fluores-
78cence properties of the synthesized phosphor remains to be
79unclear.
80The particle size and the mixing state of raw materials are
81important for lowering the synthetic temperature of YAG:Ce3+

82and gaining its high-quality phosphor. In this paper, we focused
83on the mixing state of nano-sized raw materials for the solid-
84state synthesis of the YAG:Ce3+ phosphor. The raw materials of
85YAG:Ce3+ were processed by using an attrition-type mill, and the
86mixed powders were calcined at various temperatures. The fluo-
87rescent properties of the obtained YAG:Ce3+ phosphors were
88evaluated.
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89 2. Experimental

90 2.1. Raw materials

91 Nano-sized powders of Y2O3, Al2O3, and CeO2 were used as raw
92 materials. These high-purity powders were purchased from
93 Kojundo Chemical Laboratory (Japan). Some characteristics of
94 these powders are summarized in Table 1. The median size (D50)
95 of the raw powder was calculated by the particle size distribution,
96 measured by the laser diffraction-scattering method (Microtrac
97 MT3300EXII, NIKKISO, Japan). The specific surface area (Sw) of
98 raw powders was measured by a N2 adsorption instrument
99 (micromeritics ASAP2010, Shimadzu, Japan) based on the BET

100 method. The primary particle size (dBET) was calculated from the
101 BET specific surface area as follows: dBET = 6/(q � Sw), where q is a
102 theoretical density. The primary particle sizes of the used Y2O3,
103 Al2O3, and CeO2 were 72 nm, 134 nm, and 5 nm, respectively.

104 2.2. Powder mixing and solid-state reaction

105 In this study, we selected the chemical composition of
106 Y2.97Al5O12:Ce0.033+ as YAG:Ce3+. Stoichiometric quantities of raw
107 materials (total amount of 30 g) were put into the chamber of an
108 attrition-type mill. The milling apparatus has been illustrated else-
109 where [11]. The main parts of this mill are a fixed chamber (inner
110 diameter of 80 mm, depth of 50 mm) and an oval rotor, which
111 made by a stainless steel. The gap between the chamber and the
112 rotor was fixed at 1 mm. The powder processing by using this
113 attrition-type mill was carried out while cooling the chamber wall
114 by water. The milling was conducted at electric power of 2 kW for
115 5 min and 3 kW for 30 min, where this electric power is defined as
116 the load power applied to the motor shaft. For the sake of simplic-
117 ity, the mixed powders obtained at 2 kW for 5 min and at 3 kW for
118 30 min are denoted as sample A and sample B, respectively. In
119 order to compare the mixing state of raw materials, the conven-
120 tional ball mill was also conducted. The same amounts of raw
121 materials were put into a ZrO2 pot together with ZrO2 balls (diam-
122 eter of 5 mm). The ball milling was performed at a rotation speed
123 of 60 rpm for 6 h. The ball milled powder is denoted as sample C.
124 YAG:Ce3+ phosphors were synthesized by solid-state reaction.
125 The mixed samples A, B, and C were calcined from 1200 �C to
126 1800 �C for 3 h in a N2 atmosphere. After synthesis, the YAG:Ce3+

127 products were pulverized to get powders.

128 2.3. Characterization

129 The particle morphology was observed by scanning electron
130 microscopy (SEM, Carlzeiss, Ultra plus). The crystalline phases of
131 the YAG:Ce3+ products were identified by a powder X-ray diffrac-
132 tion measurement system (XRD, Rigaku, Ultima IV). The crystallite
133 size (D) was estimated from the Scherrer equation as follows:
134 D = 0.9k/(b � cosh), where k is the employed X-ray wavelength, h
135 is the diffraction angle, and b is defined as the half-width. Crystal-
136 lite size was estimated by using (400) peak of YAG phase.
137 The photoluminescence (PL) properties were measured by a flu-
138 orescence spectrophotometer (HITACHI, F-7000). The external
139 quantum yield (QYo) and the temperature quenching were

140measured by a quantum yield measurement device (Hamamatsu
141Photonics Quantaurus-QY C11347-01).

1423. Results and discussion

1433.1. Mixing state of raw materials

144Table 2 shows the powder properties of the mixed powders. By
145the strong compressing and shearing forces, the median size (D50)
146and primary particle size (dBET) of the mixed samples of A and B
147were larger than those of the mixed sample C. However, their par-
148ticle size dBET ranged less than 200 nm. Figs. 1 and 2 show the SEM
149images and EDX elemental maps of the mixed powders obtained
150by the mechanical milling and the ball milling.

Fig. 1. SEM images of the mixed powders: (a) sample A (attrition type mill, 2 kW,
5 min), (b) sample B (attrition-type mill, 3 kW, 30 min), and (c) sample C (ball mill,
6 h).

Table 1
Powder properties of the starting materials used in this study.

Materials Purity (%) D50 (lm) Sw (m2/g) dBET (nm)

Y2O3 99.99 0.6 17.2 72
Al2O3 99.99 0.4 11.3 134
CeO2 99.99 0.3 163.4 5

Table 2
Powder properties of the mixed powders prepared under different mixing conditions.

Sample Mixing condition D50 (lm) Sw (m2/g) dBET (nm)

A 2 kW–5 min 0.6 13.4 88
B 3 kW–30 min 0.8 6.9 171
C Ball milling-6 h 0.5 16.2 73

2 K. Kanai et al. / Advanced Powder Technology xxx (2016) xxx–xxx

APT 1152 No. of Pages 5, Model 5G

5 February 2016

Please cite this article in press as: K. Kanai et al., Low temperature synthesis of YAG:Ce3+ phosphor by mechanical method, Advanced Powder Technology
(2016), http://dx.doi.org/10.1016/j.apt.2016.01.019

http://dx.doi.org/10.1016/j.apt.2016.01.019


Download English Version:

https://daneshyari.com/en/article/10260349

Download Persian Version:

https://daneshyari.com/article/10260349

Daneshyari.com

https://daneshyari.com/en/article/10260349
https://daneshyari.com/article/10260349
https://daneshyari.com

