
International Journal of Electrical and Computer Engineering (IJECE) 

Vol. 13, No. 5, October 2023, pp. 4958~ 4965 

ISSN: 2088-8708, DOI: 10.11591/ijece.v13i5.pp4958-4965      4958  

 

Journal homepage: http://ijece.iaescore.com 

BaAl1.4Si0.6O3.4N0.6:Eu2+ green phosphors’ application for 

improving luminous performance 
 

 

My Hanh Nguyen Thi1, Nguyen Le Thai2, Thuc Minh Bui3, Tam Nguyen Kieu4 
1Faculty of Mechanical Engineering, Industrial University of Ho Chi Minh City, Ho Chi Minh City, Vietnam 

2Faculty of Engineering and Technology, Nguyen Tat Thanh University, Ho Chi Minh City, Vietnam  
3Faculty of Electrical and Electronics Engineering, Nha Trang University, Nha Trang City, Vietnam 

4Faculty of Electrical and Electronics Engineering, Ton Duc Thang University, Ho Chi Minh City, Vietnam 
 

 

Article Info  ABSTRACT 

Article history: 

Received Jul 12, 2022 

Revised Mar 7, 2023 

Accepted Mar 9, 2023 

 

 The molten salt synthesis (MSS) method was used to effectively prepare 

green phosphors BaAl1.4Si0.6O3.4N0.6:Eu2+ (or BSON:Eu2+) via one 

homogeneous sphere-like morphology utilizing NaNO3 in the form of the 

reacting agent. The phosphors produced one wide stimulation spectrum 

between 250 and 460 nm, as well as a significant green emission has 

a maximum point at 510 nm owing to the 4f65d1-4f7 (8S7/2) shifts for Eu2+ 

ions. With illumination under 365 as well as 450 nm, the ideal discharge 

strengths for the specimen prepared utilizing melted salt would receive a 

boost of 17% and 13%, surpassing the specimen prepared utilizing the 

traditional solid-state reaction (SSR) approach. The abatement of 

concentration for the ions of Eu2+ from BSON:Eu2+ is 5 mol%. In addition, 

the interactivity of dipole-dipole would be the cause of said abatement. Heat 

abatement would be studied utilizing the formation coordinate method with 

abatement temperature reaching ∼200 C. Elemental mapping as well as 

power-dispersing X-ray spectroscopy (EDS) spectra demonstrated that the 

expected BaAl1.4Si0.6O3.4N0.6:Eu2+ materials were formed. 
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1. INTRODUCTION 

Because of their minimal energy consumption, extended lifespan, and absence of reliance on 

contaminants such as mercury, white light-emitted diodes (WLEDs) have lately been considered important 

solid-state light sources for the next-generation environmentally friendly lighting sector and display systems 

[1]–[3]. Most white light-emitted diodes (LEDs) on the market today are made up of InGaN blue chips as 

well as yellow phosphor Y3Al5O12:Ce3+ (abbreviated as YAG:Ce3+). Nevertheless, this kind of white LED 

has various drawbacks, including insignificant chroma rendition indicator (CRI), huge correlated 

chromaticity temperature (CCT), as well as a shortage of a full range of visible light owing to the shortage of 

green and red colors, making it unsuitable for use as an interior light source [4]–[6]. Other two ways are used 

to handle these issues: employing a blend containing phosphors in red as well as green rather than a yellow 

phosphor or using close-ultra violet LED (UV LED) chips alongside phosphors in red, green, as well as blue 

[7], [8]. As a result, BSON:Eu2+ is important in increasing the luminous characteristic and quality of white 

LEDs. Rare earth activated oxynitride/nitride based phosphors garnered significant interest for having 

excellent performance, amazing chemical stability, and outstanding heat quenching property [9]–[11]. In the 

literature, some silicon oxynitride/nitride green phosphors have been found. Strong green colors are emitted 
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by β-sialon:Eu2+ and MSi2O2N2:Eu2+ (M=Ca, Sr, Ba) [12]–[14]. It was shown that incorporating nitrogen into 

host lattices triggered via Eu2+ or Ce3+ results in absorptivity as well as discharge under substantially bigger 

wavelengths, surpassing the oxide hosts. Ferrero et al. [15] investigated the impact of nitridation via (SiN)+ 

substitution for (AlO)+ in MAl2O4 (M=Ca, Sr, Ba), as well as discovered that BaAl2O4 was a superior host 

lattice for (SiN)+ inclusion owing to the huge ionic size of Ba2+. Despite their benefits, these 

oxynitride/nitride phosphors generated by the solid-state reaction (SSR) method at high temperatures 

necessitate extensive soaking times and other crucial conditions [16]. Furthermore, the SSR oxynitride/nitride 

phosphors exhibit inadequate chemical uniformity and poor particle shape. As a result, finding a novel 

synthetic approach to address these limitations is critical. Since Arendt initially used the molten salt synthesis 

(MSS) approach to manufacture BaFe12O19 and SrFe12O19 in 1973, it has been widely used for the synthesis 

of electronic ceramic powders as well as several inorganic useful substances [17]–[19]. Molten salts play four 

roles: i) increasing the rate of reaction and decreasing the temperature of the reaction, ii) increasing the 

degree of uniformity (the distribution of constituent elements in the solid solution), iii) controlling particle 

size and shape, and iv) controlling the agglomeration state [20]. As a result, as compared to the SSR 

technique, the MSS technique would be among the easiest as well as cheapest ways that are employed to 

procure crystalline, chemically pure, one-stage powders under inferior temperatures, mostly with an inferior 

overall reacting period with minimum leftover contaminants [21]. Several scholars have successfully 

obtained luminous substances utilizing this approach, including Gd2MO6:Eu3+ (M=W, Mo), Y2O3:Eu3+, and 

Lu2O3:Eu3+ [22]. Nevertheless, to the greatest of our understanding, no publication on molten salt synthesis 

of oxynitride/nitride-based phosphors exists.  

In this study, we synthesize BSON:Eu2+ oxynitride phosphors using the MSS approach in this study. 

The effect of molten salt on the shape and luminous characteristics of green phosphors BSON:Eu2+ is 

examined. This phosphor's heat and concentration quenching mechanisms are further described. The 

phosphor application in WLED two-layered remote phosphor model is also presented. Its influences on 

chromaticity and luminosity of the generated white light is investigated and discussed to demonstrate the 

prospect in utilizing BSON:Eu2+ for high-power and modern WLED devices. 

 

 

2. EXPERIMENTAL 

2.1.  Phosphor synthesizing 

The following materials were utilized in the manufacture of BSON:Eu2+ oxynitride phosphors: 

BaCO3 (A.R.), Eu2O3 (99.99%), Al2O3 (A.R.), Si3N4 (99.9%), and NaNO3 (A.R.). All raw ingredients were 

used immediately without being purified. BaCO3, Eu2O3, and Al2O3 powders were completely ground and 

calcined at 1450 °C within 3 hours under a standard MSS procedure. Posterior to chilling to ambient heat level, 

appropriate amounts of α-Si3N4 and molten salt (NaNO3) were added to the powder, with the mass ratios of raw 

materials and NaNO3 being 1:0.5, 1:1, 1:1.5, 1:2, and 1:2.5, and the mixes were heated at 1,300 °C for 6 hours 

under a N2/H2 (8:1) reductive atmosphere. We cooled the powders till they reach room temperature in a 

furnace, then thoroughly washed with deionized water multiple times to remove the reactant residues and 

molten salt, then dried using a drying oven under 80 °C for 5 hours. The SSR approach was used to generate 

samples with the same compositions for comparison of luminescence characteristics and morphology [23]. 

 

2.2.  Characterizing methods 

The scanning electron microscope (SEM) method was used to examine the microstructures of the 

as-prepared specimens. The products synthesized without utilizing NaNO3 exhibit a poor crystal shape, an 

uneven size distribution, and many microscopic particles covering large particles. In contrast, the specimens 

generated in NaNO3 medium may be considered monodispersed and nonaggregate. At the same time, the 

particle size follows a regular distribution. This would be caused by the fluid stage in ionic salt creating an 

absorption layer on the crystalline phase's surface, as well as throughout the melted salt’s reacting activity, 

the ions of Na+ enter the created crystals, preventing assemblage. It should be observed that with the addition 

of NaNO3, the morphology of the as-prepared phosphors changes from amorphous particles to regular 

shapes, with a propensity to become sphere-like. The production of product particles is commonly recognized 

in the standard MSS technique to be divided into two procedures, comprising the nucleation and the growth, 

respectively [24]. 

 

2.3.  Computational approach 

For the task of generating illumination having decent performance as well as reasonable discharge 

hue characteristics, merging certain effective phosphors would be necessary. A second key requirement in the 

utility of phosphors is their excitability, or if their excitation spectra would be consistent with the pumping 

LED’s discharge. Because of this, phosphors for fluorescent lights, even when thoroughly tuned, are often 

ineffective for use inside LED devices. Said phosphors would be primarily subjected to excitation via 
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mercury's discharge bar at 254 nm. Furthermore, particle shape contributes to the variation in strength. 

According to the matching SEM pictures, the specimen created by the SSR process has poor crystalline, a 

broad particle-size distribution, and substantial numbers of microscopic fragments covering large particles, 

resulting in some flaws in the particles that scatter or trap the released illumination [25]–[27]. 

 

 𝑅𝐶 ≈ 2 [
3𝑉

4𝜋𝑥𝑐𝑍
]

1/3

 (1) 

 

xc indicates the critical concentration of Eu2+ within the host, Z indicates the cation amount for the unit cell 

that were substituted by Eu2+ ion, and V indicates the unit cell’s volume. For the expression herein, 

V=831.19 Å, Z=8, and xc=0.05 is the ideal doping concentration. As a result, the RC value is judged to be 

15.84 Å. The nonradiative energy transfer process between Eu2+ ions is usually mediated by the exchange 

interaction or multipolar interaction. Exchange contact, which happens with a substantial overlap between the 

stimulation and emission spectrums, is commonly utilized to define prohibited transitions. Furthermore, the 

critical distance for energy transfer is less than 4 Å. The 4f→5d transition of Eu2+ ions, on the other hand, is 

permitted by transition rules, and the critical distance of the as-prepared specimen is substantially greater 

than 4 Å. It is shown that exchange contact is not the primary energy transfer mechanism in this kind of 

phosphor. As a result, the power shift among the ions of Eu2+ is primarily accomplished by electrical 

multipolar contact. 

 

 

3. RESULTS AND DISCUSSION 

Figure 1 displays a reverse shift for BSON:Eu2+ dosage as well as yellow YAG:Ce3+. The changes 

were recorded at three CCTs, including 3,000 K, 4,000 K, and 5,000 K, as presented in Figures 1(a) to 1(c), 

respectively. Specifically, when the concentration of BSON:Eu2+ phosphor surges (5% to 10%wt.), the 

YAG:Ce3+ dosage declines, regardless of CCTs. This reduction in yellow phosphor weight percentage is 

essential to retain the average values of CCT. Moreover, it is reported that the change in amount of 

integrating phosphors can influence the absorptivity and dispersion of emitted and light within the WLED 

device. Thus, using BSON:Eu2+ as the second phosphor film for the two-layered remote phosphor module 

can help modify the scattering and transmission of light to regulate the chroma outcome along with luminous 

flux within WLEDs. For this reason, the BSON:Eu2+ concentration chosen determines the color quality of 

WLEDs. 

 

 

  
(a) (b) 

  

 
(c) 

 

Figure 1. The reduction in YAG:Ce3+ concentration as a function of 5 to 10% BSON:Eu2+ phosphor content 

at CCTs of (a) 3,000 K, (b) 4,000 K, and (c) 5,000 K 
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Figure 2 depicts the photoluminescence spectra in BSON:Eu2+ observed under 3,000 K, 4,000 K, 

as well as 5,000 K in Figures 2(a) to 2(c). The specimens had a wide stimulation band ranging from UV to 

blue, while the emission spectra had one wide bar (460 to 600 nm) having an intense green emitting peak 

under 510 nm, which was assigned to the 4f65d1→4f7 shift in divalent europium. The emission spectra were 

examined underneath the 295 nm stimulation to further confirm that Eu3+ is not present. Furthermore, the 

forms and positions of the stimulation and emission spectra with varying molten salt content are nearly 

identical. Nevertheless, the luminous strengths of the phosphors made without and with NaNO3 differ to 

some amount. The luminescence intensities steadily grow and eventually fall as the molten salt content 

increases. This is due to the fact that excessive and insufficient liquid phase environments are formed at high 

and low molten salt content, respectively, resulting in an incomplete reaction that may generate impurity 

phase. As a result, it suggests that the MSS approach has an ideal molten salt content. As the molten salt 

content increases, the emission intensities increase because the optimal value is progressively approached, 

and subsequently fall because the molten salt is too far away from the value. When the mass ratio of raw 

ingredients and NaNO3 is 1:2, the specimen exhibits maximum intensities that are 17% and 13% greater than 

those produced without NaNO3, under stimulation at 365 and 450 nm, respectively. The reason for this 

behavior could be that the pure phase is simpler to obtain using NaNO3 than the specimen acquired utilizing 

the SSR approach. 

 

 

  
(a) (b) 

  

 
(c) 

 

Figure 2. WLED’s emission spectra along with BSON:Eu2+ concentration: (a) 3,000 K, (b) 4,000 K, and  

(c) 5,000 K 

 

 

Figure 3 illustrates the influence of BSON:Eu2+ concentration upon the emitted light flux of this 

dual-sheet remote phosphor layout in the WLED device observed under 3,000 K in Figure 3(a), 4,000 K in 

Figure 3(b), and 5,000 K in Figure 3(c). The luminous flux emitted surges noticeably when the BSON:Eu2+ 

content is boosted from 5% to 10% by weight. This increase could be attributed to the stronger intensity of 

wide spectral region of BSON:Eu2+ photoluminescence illustrated in Figure 2. The discharge spectra for 

BSON:Eu2+ covers the two emission bands (460 to 480 nm, 500 to 600 nm) which are essential to generate 

white illumination. The increase for the emission spectra indicates that the illuminating beam is augmented. 

Furthermore, the WLED’s dispersion of blue illumination would be encouraged, implying that the phosphor 

film’s, along with the WLED’s dispersion surged, favoring hue consistency. 

The hue divergence was considerably reduced alongside said content under every median value of 

CCT, demonstrated via Figure 4 which contains the data observed under 3,000 K in Figure 4(a), 4,000 K in 

Figure 4(b) and 5,000 K in Figure 4(c). This phenomenon is the result of the absorption from the green 

phosphor spheres. When BSON:Eu2+ phosphor takes in the blue illumination of the LED chip, BSON:Eu2+ 

granules transmute the illumination into green illumination. Though the yellow light is also absorbed by 
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BSON:Eu2+ particles but it is insignificant when compared to the blue-light one, due to the absorbing 

qualities offered by the material. As a result of the addition of BSON:Eu2+, the amount for green ray for the 

WLED devices surges, augmenting the hue consistency index. Managing chroma consistency in the remote 

sheet setting subject to significant heat level, particularly, may become problematic, but BSON:Eu2+ can be a 

potential solution. Besides, hue uniformity is essential for a high-quality WLED lamp. Therefore, if the hue 

consistency is enhanced, it would increase the price of WLED light. The advantage of employing BSON:Eu2+ 

is its inexpensive cost, making it possible to be commonly applied. 

 

 

  
(a) (b) 

  

 
(c) 

 

Figure 3. WLED’s lumen along with BSON:Eu2+ dosage: (a) 3,000 K, (b) 4,000 K, and (c) 5,000 K 

 
 

  
(a) (b) 

  

 
(c) 

 

Figure 4. WLED’s CCT along with BSON:Eu2+ dosage: (a) 3,000 K, (b) 4,000 K, and (c) 5,000 K 

 

 

To have good color quality of white light, not only the color coordination but also the color 

rendition is crucial. Hence, subsequent works provide CRI along with composite quality score (CQS) to 
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analyze the color rendering and reproducing ability of white-light sources. When CRI is subject to 

illumination, it assesses authentic chromas in entities. Figure 5 shows a decrease in CRI with the increasing 

concentration of BSON:Eu2+ phosphor under 3,000 K in Figure 5(a), 4,000 K in Figure 5(b), and 5,000 K in 

Figure 5(c). Regardless, such decreases in CRI would be acceptable since it is merely one limitation of CQS. 

Particularly, CQS would be more sufficient and efficient for gauging chroma outcomes in WLED, surpassing 

CRI, because it covers CRI, and hue coordinate, along with beholder's choice. Figure 6 displays the CQS data 

of WLEDs observing under CCTs of 3,000 K, 4,000 K, and 5,000 K shown via Figures 6(a) to 6(c). The CQS 

increases alongside the presence of BSON:Eu2+ phosphor. Additionally, when the BSON:Eu2+ concentration 

is raised, CQS does not alter considerably with BSON:Eu2+ concentrations just under 10% wt. When the 

BSON:Eu2+ content exceeds 10% wt., CRI, as well as CQS, would noticeably shrink, resulting from 

substantial chroma penalty under green dominance. In particular, the chroma imbalance would be generated 

through immoderate green light that probably overshades the blue and yellow ones, consequently decreasing 

WLED color fidelity. Hence, prior to taking advantage of BSON:Eu2+, determining the necessary dosage 

would be very important. 
 

 

  
(a) (b) 

 

 
(c) 

 

Figure 5. WLED’s CRI along with BSON:Eu2+ dosage (a) 3,000 K, (b) 4,000 K, and (c) 5,000 K 
 

 

  
(a) (b) 

 

 
(c) 

 

Figure 6. WLED’s CQS along with BSON:Eu2+ dosage (a) 3,000 K, (b) 4,000 K, and (c) 5,000 K 
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4. CONCLUSION 

Finally, green phosphors BaAl1.4Si0.6O3.4N0.6:Eu2+ were effectively synthesized utilizing the MSS 

approach and the reaction medium NaNO3. When compared to the SSR-prepared specimen, the emission 

strengths are raised by 17% and 13%, respectively, under 365 and 450 nm illumination. Because of the usage 

of molten salt, particles with a homogeneous sphere-like shape, higher crystallization, and improved 

dispersibility are generated. Because of the energy transfer between Eu2+ ions, concentration quenching 

occurs when the activator doping content is up to 5 mol%. The essential energy transfer distance is calculated 

to be 15.84 Å, implying that dipole-dipole interactivity would be the key cause of dosage abatement. 

Furthermore, the T50 thermal quenching temperature may be calculated to be around 200 °C, indicating that 

this phosphor has a low thermal quenching characteristic. Given the abundance of molten salts, we have 

reason to assume that an extremely effective molten salt system for a given phosphor can be developed. This 

suggests that there is still room to improve the shape and luminescence strength of other oxynitride phosphors 

while also providing an economical and realistic way to address the drawbacks of traditional SSR methods. 
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