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Abstract: Eu2+ activated Ba3Si6O12N2 oxynitride green phosphors were synthesized by microwave sintering method 

with the aid of fluxes, namely BaCl2, H3BO3, KF, and NH4F. We employed a combination of X-ray diffraction, photo-

luminescence spectra and scanning electron microscopy measurements, in conjunction with detailed quantum effi-

ciency (QE), life time and thermal quenching studies of luminescence properties to understand the origins of the im-

proved luminescence properties. The results showed that the photoluminescence intensity of the phosphors was in-

creased obviously by using varied fluxes and the intensity rise was recorded in order of fluxes as following: H3BO3 > 

KF > BaCl2 > no flux > NH4F. The maximum emission intensity of the Ba3Si6O12N2:Eu2+ phosphor was achieved at 

containing 1.0wt% H3BO3, due to the high crystallinity, narrow particle-size distribution and smooth surface, which 

showed low thermal quenching, shorter life time and increased external quantum efficiency, compared with that of the 

sample with other fluxes or without flux. 
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White light-emitting diodes (W-LEDs) have attracted 
significant attention over the past few years as a potential 
replacement for incandescent and fluorescent light sources. 
Normally, the common approach for fabricating the 
W-LEDs is to combine an InGaN blue chip with a yel-
low-emitting phosphor, Y3Al5O12:Ce3+. Yet Y3Al5O12:Ce3+ 
is not ideal as it suffers from poor color rendition because 
of weak luminescence in the red spectral region[1-2]. As the 
phosphor considered as one of the pivotal and techno-
logical parts in W-LEDs, photoluminescence (PL) prop-
erties of the phosphor can determine the performance of 
the LED device[3]. So, a wide variety of nitride or oxyni-
tride phosphors have been developed recently for use in 
W-LEDs[4-8], such as Ca-α-SiAlON:Ce3+[4], Ca-α-SiAlON: 
Eu2+[5], β-SiAlON:Eu2+[6], M2Si5N8:Eu2+(M=Ca,Sr,Ba)[7], 
and CaAlSiN3:Eu2+[8], owing to the advantages of these 
rare-earth doped nitride phosphors, including strong ab-
sorption from the ultraviolet (UV) to the blue region, 
high quantum efficiency, and excellent thermal quench-
ing characteristics compared to oxide and sulfide-based 

phosphors, they are vastly used as efficient conversion 
phosphors for W-LEDs. Among the phosphors, 
green-emitting phosphors have gained increasing atten-
tion because of the broad band emission in the green- 
light wavelength range, which significantly enhances the 
color rendering index of W-LEDs. Recently, Ba3Si6O12N2:Eu2+ 
has attracted considerable interest due to its high effi-
ciency, excellent thermal properties, and chemical stabil-
ity[9-13]. However, a pure phase of Ba3Si6O12N2:Eu is 
hardly obtained, due to the low chemical reactivity of 
starting powders Si3N4

[4]. 
In recent years, microwave sintering is a relatively new 

technique. The advantages of high temperature microwave 

processing have been demonstrated in such fields as sin-

tering and joining of ceramic materials, inorganic synthe-

sis, development of composite materials[14], which attracts 

the attention of many researchers due to its advantages 

over the conventional sintering, such as rapid heating rate, 

decreased sintering temperature, improved physical and 

mechanical properties, high purity, and lower environ-
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mental hazards[15-18]. For the Si3N4 systems, microwave 

heating has been observed to accelerate or enhance diffu-

sion processes, such as sintering and grain growth[18]. In 

our previous report, Eu2+- activated Ba3Si6O12N2 phos-

phors were synthesized by both solid state reaction and 

microwave sintering methods. Comparatively, microwave 

sintering method could significantly reduce the firing time 

for the Ba3Si6O12N2: Eu2+ phosphors. The highest PL in-

tensity was obtained in the Ba2.8Si6O12N2:0.2Eu2+ phos-

phor prepared by microwave sintering method at 1275℃ 

for 4 h using a 0.8Si3N4 rich composition[19]. There are 

several important factors to affect the luminescence prop-

erties of the phosphor, such as particle shape, surface, size, 

crystallinity and composition homogeneity. In general, the 

particles with a uniform shape and a smooth surface have 

better photoluminescence intensity than that of the parti-

cles with an irregular shape and a rough surface[20]. Add-

ing flux in the raw material has been used in order to con-

trol these factors in various synthetic processes. Since the 

flux materials, such as oxides, halides, fluorides, and car-

bonates, usually have low melting points, they behave like 

a liquid phase to facilitate the particle growth. Therefore, 

the flux method has potential advantages such as the mass 

productivity and the ability to obtain the fine particle 

morphology as well as the control of the particle size of 

products, and so on. There are reports which have postu-

lated that the use of fluxes can improve the photolumines-

cence properties of phosphors, such as NH4Cl, SrCl2, SrF2, 

and AlF3 for SrSi2O2N2:Eu2+ green phosphors[3], NaCl for 

KSrPO4:Eu2+ blue phosphors[21], H3BO3 for CaAl2O4:Eu2+, 

Nd3+ blue phosphors[22], BaF2, CaF2, AlF3, H3BO3, NH4Cl, 

and NH4F for Y2O3:Eu3+ red phosphors[23], NaF, BaF2, 

H3BO3, and NH4Cl for Lu3-xAl5O12:xCe3+ green phos-

phors[24], and BaF2 for CaAlSiN3:Eu2+ red phosphors[8]. 

There are too many investigation for the preparation and 

structure of the Ba3Si6O12N2:Eu2+ phosphors[9-13], however, 

the influences of fluxes on its luminescence is too limited, 

to the best of our knowledge, there are no works that sys-

tematically report on the effect of fluxes in the case of 

Ba3Si6O12N2:Eu2+ green phosphors. Further more, the se-

lection of an appropriate flux material and understanding 

of flux effect on the optical properties may differ from one 

phosphor to another.  

In present work, different fluxes (BaCl2, H3BO3, KF, and 
NH4F) were added when synthesizing Ba3Si6O12N2:Eu2+ 
phosphors by microwave sintering method and the effects 
of these fluxes on the phase formation, morphology, parti-
cle size, and PL intensity of the Ba3Si6O12N2:Eu2+ phos-
phors were investigated. Thermal quenching, life time and 
quantum efficiency (QE) of the Ba3Si6O12N2:Eu2+ phos-

phors with various kinds of fluxes were also measureol. 
We concentrate on finding the appropriate flux material 
which can improve the optical performance for Ba3Si6O12 

N2:Eu2+ green phosphors, which is an important factor 
from the perspective of applicability. 

1  Experimental 

1.1  Preparation 
A series of Ba2.8Si6O12N2:0.2Eu2+ samples added with 

fluxes of 0.5wt%–5wt% of BaCl2, H3BO3, KF, and NH4F 
were synthesized by microwave sintering method. 
Stoichiometric mixtures of Eu2O3 (Sinopharm Chemical 
Reagent Co., Ltd, 4N), α-Si3N4 (UBE, SN-E10), BaCO3 
(Aladdin, AR), SiO2 (Aladdin, 99.99%), BaCl2 (Sinopharm 
Chemical Reagent Co., Ltd, AR), KF (Sinopharm Chemi-
cal Reagent Co., Ltd, 4N), NH4F (Sinopharm Chemical 
Reagent Co., Ltd, AR) and H3BO3 (Sinopharm Chemical 
Reagent Co., Ltd, GR) were weighted out and mixed in a 
mortar by hand and then packed into the BN crucibles. For 
the microwave sintering technique, firstly, we put the 
filled BN crucibles into an attemperator with heating as-
sistant materials, then put the attemperator into microwave 
reaction furnace, and finally sintered the powder samples 

under a reducing atmosphere (15% H2/N2) from 1100℃ 

to 1300℃ for 4 h. 

1.2  Characterization 
The crystalline phase of the samples was analyzed by 

an X-ray powder diffraction (XRD, Advance D8, Bruker, 
Karlsruhe, German) using the Cu Kα, λ=0.15418 nm, op-
erating at 40 kV and 40 mA in the 2θ range of 10°–60° 
with a step size of 0.02° and 0.2 s per step. PL spectra 
were measured at room temperature using a fluorescent 
spectrophotometer (F-4600, Hitachi Ltd., Tokyo, Japan) 
with a 150 W Xe lamp as an excitation source at room 
temperature. The morphology of the samples was ob-
served by scanning electron microscope (FE-SEM, S-4800, 
Hitachi, Japan). The particle size was analyzed on a parti-
cle size analyzer (S3500-special, Microtrac, USA). The 
absorption, quantum efficiency and thermal quenching of 
the prepared phosphor were measured using a QE-2100 
(Otsuka Electronics Co., Ltd., Japan) and the reflection 
spectrum of BaSO4 white standard was used for calibra-
tion. The decay curves were obtained by Fluorolog spec-
trofluorometer (FL3-111, Horiba, Japan) using a Nano 
LED (pulse duration =1.2 ns, λem=457 nm) as the excita-
tion source. The thermal quenching measurements were 

conducted under the excitation of 455 nm from 25℃ to 

300℃ at an interval of 50℃ with holding time of 10 min 

at each temperature. The CIE chromaticity coordinates at 
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various temperatures were given by the QE-2100 system. 
Photographs of the samples under 365 nm UV light were 
taken by the digital camera. 

2  Results and discussion 

2.1  Properties of Ba2.8Si6O12N2:Eu2+ synthe-
sized with different fluxes 

 The influence of temperature on the emission intensity 
of the Ba3Si6O12N2:Eu2+ phosphors with 1wt% adding 
amount of different fluxes (BaCl2, H3BO3, KF, NH4F) firing 
at various temperatures are presented in Fig. 1(a). In all case, 
the emission intensities of all the samples increase firstly, 
and then fall down after the emission intensity reaches the 
maximum value. For the phosphors without flux and with 
BaCl2, H3BO3, KF, NH4F fluxes, the optimal sintering tem-

peratures seem to be 1250℃, 1200℃, 1250℃, 1200℃ and 

1150℃, respectively, likely correspond to the temperature 

for obtaining highest crystallinity. Fig. 1(b) presents the 
XRD patterns of Ba2.8Si6O12N2:0.2Eu2+ synthesized without 
flux and with BaCl2, H3BO3, KF, NH4F at the optimum 
temperature for each kind of the flux, indicating that the 
photoluminescence intensity of the phosphor is deeply af-
fected by the crystallinity. Therefore, adding the flux could 
reduce the optimal sintered temperature and enhance the 
crystallinity, because fluxes melt at lower temperature than 
the solid state reaction temperature and serve as solvents for 
the reactants accelerating the reaction. 

The influence of the content of fluxes on the crystalline 
structure and the emission intensity of the Ba3Si6O12N2: Eu2+ 
phosphors will be investigated for further clarification (Fig. 2 
and Fig. 3). Under the optimum temperature for each kind 
of the flux as shown in Fig. 1, the fluxes content was tested 
with an increased tendency from 0.5wt% to 5wt%, how-
ever, the desired product of Ba3Si6O12N2:Eu2+ was hardly 
obtained due to the agglomeration of phosphors  

particles for the higher flux adding amounts above 2wt% 
and 3wt% for KF and NH4F, respectively. For the sample 
doped with BaCl2 flux (Fig. 2(a)), it seems that there is no 
perceptible influence of the flux amount on the crystalline 
structure of the Ba3Si6O12N2: Eu2+ phosphors, and the obvi-
ous change is that the BaSiO3 impurity phase disappears, in-
stead, Ba4Si6O16 emerges. In the case of H3BO3 flux (Fig. 2(b)), 
different from the case of BaCl2, more silicate Ba4Si6O16 
phase are detected when the H3BO3 adding amount in-
creases to 5wt%. For another flux, such as KF and NH4F, 
the weak diffraction peaks of impurities BaSiO3 phase are 
detected, as can be seen from Fig. 2(c) and (d). The above 
phenomenon may be due to the process of the phase forma-
tion of the Ba3Si6O12N2: Eu2+ phosphors[19]. 

The adding amounts of fluxes have a deep influence on 
the intensity of the emission. As shown in Fig. 3(a), a 
maximum intensity of the emission is obtained for each 
kind of phosphors added with 2wt%, 1wt%, 0.5wt% and 
1wt% of BaCl2, H3BO3, KF, and NH4F fluxes, respectively. 
Therefore, a proper flux adding amount used in the syn-
thesizing sample can obtain an optimal emission intensity 
of the phosphor. 

Fig. 3(b) shows the excitation and emission spectra of 

the Ba3Si6O12N2:Eu2+ phosphors prepared with various 

kinds of flux. It shows a great similar shape of the spectra 
except for the PL intensity, which resulted from the same 

dominant phase of Ba3Si6O12N2. The excitation spectra of 
the Ba3Si6O12N2:Eu2+ phosphors show a typical broad ab-

sorption band from near-UV to blue region (280–500 nm), 

consisting of two bands with maxima at 313 and 428 nm. 
The emission spectra exhibit a single broad band centered 

at 527 nm under the 428 nm excitation, which is attributed 
to the typical 4f65d→4f7 transition of the Eu2+ ions. The 

emission intensity of the sample with the various fluxes is 
founded in the following order: H3BO3 (1wt%) > KF 

(0.5wt%) > BaCl2 (2wt%) > no flux > NH4F (1wt%). 

 

Fig. 1  Photoluminescence intensity (a) of the Ba3Si6O12N2:Eu2+ phosphor sintered without flux and with 1wt% flux as a function of the 
calcination temperature (λex=428 nm) and XRD patterns (b) of the Ba3Si6O12N2:Eu2+ phosphor sintered at various temperatures without 

flux and with 1wt% flux 
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Fig. 2  XRD patterns of the Ba3Si6O12N2:Eu2+ phosphor adding various amounts flux 
(a) BaCl2 (1200℃); (b) H3BO3 (1250℃); (c) KF (1200℃); (d) NH4F (1150℃) 

 

Fig. 3  Effects of flux adding amounts on the emission intensity (a) of the Ba3Si6O12N2:Eu2+ phosphor and excitation and emission 
spectra (b) of the Ba3Si6O12N2:Eu2+ phosphors 

λex=428 nm; λem=527 nm 

 

2.2  Particle size distribution and SEM observation 
Figure 4 shows the particle size distribution of the 

Ba3Si6O12N2:Eu2+ phosphor with various kinds of fluxes. 
The particle size of the synthesized sample without flux 
is ~ 3.64 μm (D50), whereas the particle sizes of the 
samples with BaCl2, H3BO3, KF and NH4F are ~ 6.71, ~ 
4.87, ~ 14.24 and ~ 15.06 μm (D50), respectively. We may 
safely draw the conclusion that the addition of a flux can 
help to facilitate the particle growth, and improve the nar-
row particle-size distribution. Moreover, high crystallinity 
could reduce the defects in the lattice and on the surface of 

the phosphor, it makes sense the enhancement of emission 
intensity. 

Furthermore, the typical scanning electron microscopy 
images of all the samples are shown in Fig. 5(a)-(e), the 
surface morphologies indicate a better grain growth with 
shape anisotropy and less aggregation after introducing the 
fluxes of BaCl2, H3BO3, and KF except for NH4F. The 
NH4F can have a twofold role in determining the crystal-
lization. Firstly, NH4F is easy to be decomposed into NH3 

and HF during the high temperature process, then it could 
reduce the contact degree of raw materials in the process 
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of releasing, which exhibits a hard aggregation and 
shows an obtuse boundary (indicating poor crystallization) 
(Fig. 5(e)), lead to the lowest PL intensity. Secondly, dur-
ing the sintering process of silicon oxide powder with 
NH4F as additives in the H2/N2 atmosphere, the following 

reactions may exist in the low temperature (<1000℃)[25]: 

 4 3NH F NH +HF              (1) 

2 4 2SiO +4HF SiF +2H O           (2) 

4 3 2SiF +2NH Si(NH) +4HF          (3) 

  2 3 4 33Si(NH) Si N (amoph)+2NH        (4) 

That is to say, NH4F may act as a catalyst on the nitri-
dation of silicon by the consumption of silicon oxide. Ac-
cording to the paper[10], one can suppose that the phase 
formation of the Ba2.8Si6O12N2:0.2Eu2+ samples could be 
composed of three sequential processes: Firstly, the 
low-melting point barium orthosilicates emerge when the 

temperature is up to above 1000℃; Secondly, silicon ni-

tride starts to dissolve in the Ba-Si-O liquid phase when 

the temperature further rises to 1200–1300℃; Thirdly, the 

target phase then precipitates from the nitrogen saturated 
liquid phase. As a result, the secondary reactions (1)-(4) 
mentioned above were unfavorable to form Ba-Si-O liquid 
phase and ultimately affect the crystallization of the prod-
uct (Fig. 1(b)). For KF acting as flux, it is likely to gener-
ate aggregation in Fig. 5(d). For BaCl2 acting as flux, as 
displayed in Fig. 5(b), this might be due to the surface 
segregation of barium. The surface segregation results 
from the surface energy and strain in the matrix, and at-
oms with larger radii are more likely to segregate to re-
lease the matrix strain in the host lattice. The radius of 
Ba2+ ion is larger than that of Eu2+, thus Ba2+ could segre-
gate to the phosphor surface. It is to be noted that the 
amount of europium increases at the surface with a de-
crease in barium, which was addressed in the production 
process of red K4(WO4)2:Eu3+ phosphors with R2CO3 
(R=Li, Na, K) fluxes[26]. It has been known that H3BO3 

decomposes into B2O3 and H2O at around 500℃[27]. The  

 

Fig. 4  Particle size distribution of the Ba3Si6O12N2:Eu2+ phosphor with various kinds of flux 
(a) None (1250℃); (b) BaCl2 (1200℃, 2wt%); (c) H3BO3 (1250℃,1wt%); (d) KF (1200℃, 0.5wt%); (e) NH4F (1150℃, 1wt%) 

 

Fig. 5  SEM images of the Ba3Si6O12N2:Eu2+ phosphor with various kinds of flux 
(a) None (1250℃); (b) BaCl2 (1200℃, 2wt%); (c) H3BO3 (1250℃, 1wt%); (d) KF (1200℃, 0.5wt%); (e) NH4F (1150℃, 1wt%) 



第 6 期  HAN Bin, et al: Role of Fluxes in the Synthesis and Luminescence Properties of Ba3Si6O12N2:Eu2+… 657 
 

 
 
 

 

 

low melting point of B2O3 and the low viscosity of melts 
of boric oxide provide the opportunity for low temperature 
consolidation of these materials to enter the reaction zone. 
The premature liquid formed via the melted flux increases 
the surface tension during the reaction process, making 
raw materials coagulate together. The presence of B2O3 
seemingly increases the reactivity of Si3N4, probably due 
to dissolution of Si3N4 in B2O3

[28]. Meanwhile, phosphors 
prepared with H3BO3 shows a smooth surface as can be 
seen from Fig. 5(c). The above factors make the effect of 
H3BO3 flux perform the feat. 

2.3  Quantum efficiency and thermal quenching 
Generally, the fluorescence QE is the probability for a 

sample to emit a photon through fluorescence when it is 
excited by a single photon. The external quantum effi-

ciency ( external) can be calculated by the following 

equation (5)[10]: 

external

( )d

( )d

P

E

  


  
 


             (5) 

Where E(λ) and P(λ) are the intensity per unit wave-
length in the spectra of excitation and emission of the 
phosphor, respectively. Fig. 6 shows the external QE of 
the Ba3Si6O12N2:Eu2+ phosphor with various kinds of 
fluxes. The external QE of the sample with 1wt% H3BO3 
is higher than that of the samples without flux and with 
other fluxs under 365, 405, or 450 nm excitation, respec-
tively. The enhanced QE may be due to the increased 
crystallinity, particle size and smooth surface of the pow-
ders, as mentioned above in Fig. 4 and Fig. 5. 

The decay curves of Ba3Si6O12N2:Eu2+ samples excited 
at 457 nm and monitored at 527 nm are shown in Fig. 7. 
The decay curve of Ba3Si6O12N2:Eu2+ has been analyzed 
by curve fitting, and it can be well fitted through a sin-
gle-exponential function. We have obtained a single life-
time τ, which is attributed to the Eu2+ substitution for 
Ba2-sites in Ba3Si6O12N2

[9]. The values of lifetime were 
found to be 1.245, 1.269, 1.275, 1.302, and 1.369 μs val-
ues for H3BO3, KF, BaCl2, without, and NH4F fluxe- mof-
dified phosphor, respectively. 

Thermal quenching is one of the important technologi-
cal parameters for phosphors used in W-LEDs. The tem-
perature dependence of the PL spectra of the 
Ba3Si6O12N2:Eu2+ phosphor prepared with 1wt% H3BO3 
flux is shown in Fig. 8(a). The inset shows the temperature 
dependence of the PL intensity for the selected samples. 
The emission spectrum is blue-shifted as the temperature 
is raised, which is due to the thermally induced lift up of 
the lowest 5d energy levels. When the phosphor is heated 

up to 150℃, the luminescence still remains about 80% of 

the initial intensity measured at room temperature. The 

excellent thermal stability of the Ba3Si6O12N2:Eu2+ phos-
phor can be attributed to the rigid structure caused by the 
nitrogen coordination and high degree of cross-linking 
between SiO3N tetrahedral, further may be ascribed to 
smaller band gap and longer Ba-N distance[9]. In addition, 
the probability of the thermal quenching process is 
strongly dependent on the energy barrier ΔEq, a greater 
ΔEq is correspond to a lower thermal quenching of the 
phosphor. The activation energy for thermal quenching 
ΔEq can be calculated from the Arrhenius equation de-
scribed by the follow equation (6)[29-30]: 

0

1 exp( )



 

T
I

I
Eq

c
kT

            (6) 

Where I0 is the initial emission intensity, IT is the inten-
sity at different temperatures, C is a constant for a certain 
host, ΔEq is the activation energy, k is the Boltzmann con-
stant (8.629×10−5 eV/K), and T is temperature. Fig. 8(b) 
shows the plots of −ln[(I0/IT) −1] versus 1/kT for the 
Ba3Si6O12N2:Eu2+ sample mentioned above. The best fit 
following equation (4) gives the comparable activation 
energy ΔEq of 0.243 eV for the Ba3Si6O12N2:Eu2+ phos-
phor with 1wt% H3BO3 flux, which is a little higher than 

 

Fig. 6  External quantum efficiencies of the Ba3Si6O12N2:Eu2+ 
phosphor with various kinds of fluxes 

 

Fig. 7  Fluorescence decay curve of 527 nm emission for sam-
ples prepared with various kinds of fluxes 
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Fig. 8  PL emission spectra (a) as a function of the calcination temperature of the Ba3Si6O12N2:Eu2+ phosphor prepared with 1wt% 
H3BO3 and plots of −ln [(I0/IT) −1] vs 1/kT for the Ba3Si6O12N2:Eu2+ sample (b) prepared with 1wt% H3BO3 

The inset indicating the emission intensity at varying temperatures of the sample (λex=455 nm) 

 
the value (0.20 eV) reported in Sr2Si5N8:Eu2+ phos-
phor[31], which indicates that phosphor has a better 
thermal stability. Using the same method, the activation 
energy ΔEq for KF, BaCl2, without, and NH4F fluxe- 
mofdified phosphor were foud to be 0.181, 0.236, 0.170, 
and 0.205 eV respectively. 

The CIE coordinates of the Ba3Si6O12N2:Eu2+ phosphor 
with 1wt% H3BO3 flux blue-shift from (0.29, 0.62) to (0.27, 

0.56) when the temperature rises from 25℃ to 300℃ 

shown in Fig. 9. Bright luminescence of green is generated 
as shown by the logo of CAS and letters CNITECH under 
the 365nm excitation in the inset of Fig. 9. 

 

Fig. 9  CIE chromaticity coordinate of the Ba3Si6O12N2:Eu2+ 

phosphor from 25℃ to 300℃ calculated by using the emission 

spectra under 455 nm excitation.  
The inset shows the colorless powder of the Ba3Si6O12N2:Eu2+ phosphors 
which are filled into the logo of CAS and letters CNITECH. The logo 
and letters display green color under 365 nm UV light 

3  Conclusions 

We investigated the effect of the BaCl2, H3BO3, KF, and 
NH4F fluxes on the properties of the green-emitting 
Ba3Si6O12N2:Eu2+ phosphor synthesized by microwave 
sintering. Fluxes were added to a reaction system, the liq-
uid interfaces were produced among crystal grains, and 
then the crystal grains reunited and resulted in a bigger 
particle size. The addition of H3BO3 flux highly improved 
the morphology of the Ba3Si6O12N2:Eu2+ phosphor sin-

tered at 1250℃, such as less aggregation, narrower size 

and shape distributions. Additionally, B2O3 decomposed 
from H3BO3 has a higher reaction activation energy, which 
could effectively reduce the energy barrier, and then ob-
tain the highest PL intensity for the resultant powders, and 
the powders showed low thermal quenching, shorter life 
time and increased external quantum efficiency. The 
phosphor showed optimal properties when the amount of 
flux was 1wt% H3BO3. The PL properties showed that all 
samples could be efficiently excited by blue light (455 nm), 
and that they could emit green light (527 nm), which cou-
pled well with the characteristic emissions blue LEDs. 
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助溶剂对 Ba3Si6O12N2:Eu2+氮氧化物荧光粉制备 

及光学性能的影响 

韩 斌 1,2, 王义飞 2, 刘 茜 3, 黄 庆 2 

(1. 上海大学 材料研究所, 上海 200072; 2. 中国科学院 宁波材料技术与工程研究所, 宁波 315201; 3. 中国科学院 

上海硅酸盐研究所, 高性能陶瓷和超微结构国家重点实验室, 上海 200050) 

摘 要: 采用微波法制备了 Eu2+ 掺杂的 Ba3Si6O12N2绿色氮氧化物荧光粉, 着重研究了不同助熔剂: BaCl2、H3BO3、KF

和 NH4F 对 Ba3Si6O12N2:Eu2+发光性能的影响。利用 X 射线衍射(XRD)、荧光光谱仪、扫描电子显微镜(SEM)和量子

效率(QE)等检测方法研究了不同助溶剂的作用机理。研究结果表明: 添加助溶剂能够显著提高荧光粉的发光强度, 添

加不同助溶剂制备荧光粉的发光强度大小依次为 H3BO3 > KF > BaCl2 >无助溶剂 > NH4F。当添加 1.0wt%的 H3BO3

时, 所制备的荧光粉粒径分布比较均匀, 形貌较好, 荧光粉的发光强度最大, 且与不添加助溶剂制备的荧光粉相比, 

有较高的量子效率和吸收效率, 不同温度下的发射光谱表明其热淬灭性低, 荧光寿命较短。 

关  键  词: 氮氧化物荧光粉; 助溶剂; 微波烧结技术; 量子效率 

中图分类号: TQ174                文献标识码: A 

 


