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 The study investigated the effectiveness of coating silica nanoparticles 

(SiO2) and resin-silica nanocomposites poly methyl methacrylate (PMMA)-

silica over the surface of Y2O2S:Eu3+ red phosphors. The purpose of this 

surface coating is to enhance the optical properties, including the 

photoluminescence (PL) and long-term stability, of Y2O2S:Eu3+. Two 

methods used to coat the phosphor with 5-mm silica nanoparticles are dip-

coating and sol-gel (Stöber) methods. SiO2 nanoparticles were formed via 

hydrolysis and condensation reactions, while radical polymerization was 

performed to fabricate the poly (1-vinyl-2-pyrrolidone). The Y2O2S:Eu3+ 

surface coating of PMMA-silica composite was performed via two reactions. 

One is the reaction of SiO2 nanoparticles with methyl methacrylate (MMA) 

monomer, and the other is MMA-tetraethyl orthosilicate (TEOS) reaction. 

The results showed that by using the latter method, Y2O2S:Eu3+ yielded 

better PL and long-term stability. Additionally, surface coating with the 

PMMA-SiO2 nanocomposite using the second technique resulted in 5% 

enhancement in PL and stabilized the cathode luminescence (CL) intensity 

of Y2O2S:Eu3+, compared to those properties of uncoated Y2O3S:Eu3+ 

phosphor particles. 
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1. INTRODUCTION 

The white light-emitting diode (WLED) has emerged as a potential conserve energy device that can 

replace the traditional incandescent and halogen light bulbs [1], [2]. In addition to that, these traditional 

lighting sources generate lots of heat, which probably causes danger and discomfort to the users. Compared 

to these conventional light sources, the LED has been reported to consume less energy to run, has longer 

lifespan, lower the cost of maintenance, and even increase the comfort and safety for users [3]-[5]. Thus, 

LED development and production have been intensively and continuously investigated and carried out. In the 

LED package, phosphor is considered as an indispensable component; and the phosphor mostly used in LED 

fabrication is the YAG (Y3Al5O12:Ce) yellow phosphor. The commercial WLED is comprised of a LED chip 

emits blue lighting and YAG phosphor emits yellow lighting, yet the color rendering indicator (CRI) of this 

WLED is poor (approximately 60-70) as there are only two color components in its generated white light. 

Then, the three-color principle was applied to white LED production [6]-[8]. In particularly, it is possible to 

fabricate a WLED by combining green, red and blue-emitting components in the package. Previous studies 

reported the combination of green, red and blue LED chips in one package, or precoating the UV LED with 
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three phosphors emitting those colors, or spread the red and green phosphors over the blue LED chip. The 

three phosphors that have been generally used for the WLED with a near-UV InGaN-LED chip are the red 

Y2O2S:Eu3+, green ZnS and blue BaMgAl10O17Eu2+ phosphors. However, to achieved a better CRI using this 

three-phosphor combination, it requires a large proportion of Y2O2S:Eu3+ red phosphor due to the lower red-

phosphor photoluminescence intensity, by comparison with the blue and green-phosphor one [9]. 

Additionally, the red Y2O2S:Eu3+ has an unstable performance under the near-UV radiation. As a result, it is 

essential to address the problems red phosphor Y2O2S:Eu3+ have been facing for the further development of 

WLEDs. To reach this goal, various researches have been conducted [10]-[12]. Among that, the doping 

compound of alkaline earth sulfides and rare earth ion activators have been introduced to be better than the 

red phosphor Y2O2S:Eu3+. Nevertheless, they are prone to instability under moisture or other air components. 

Besides, the phosphor’s surface coating has been studied with an aim of solving the mentioned problems of 

Y2O2S:Eu3+ red phosphors to enhance their performances, when being applied in LED productions. In 

particular, the oxide-coating was proposed to phosphor particles, for instances, silica, Y2O3, ZnO, MgO, and 

organic polymer-coatings, to be compatible with specifications of WLED devices [13]-[15]. The surface 

coating can strengthen the phosphor-glass substrate adhesion, enhance the stability of phosphor materials 

under the air condition, and avoid the radiation damaging the phosphors. 

To prevent the significant decrease in PL when using the coated phosphor materials, the coating 

layer must be transparent, and the amount of oxides must be carefully calculated and uniformly spread over 

the surface of each phosphor particle. A homogenous coating layer also improves the stability of the 

phosphor. It is noted that a uniform coating layer can be achieved when using the small particles whose sizes 

are even by comparison with each other. Therefore, the preparation of disaggregated monodisperse 

nanoparticles is crucial to the phosphor-coating-layer fabrication. In this article, we use silica (SiO2) 

nanoparticles and poly (meth-ylmethacrylate) (PMMA)-silica nanocomposite for covering film over the 

outside of red-color Y2O2S:Eu3+ phosphor in order to achieved the enhancement in both intensity and stability 

of photoluminescence. To coat the red phosphor particle with SiO2 nanoparticles, we use two different 

processes of dip-covering (P1) and sol-gel (P2). The PMMA-silica (PMMA-SiO2) nanocomposite phosphor-

coating is also fabricated via two processes. The first one is reacting the mixture of SiO2 nanoparticles, 

methyl methacrylate (MMA) monomer, initiator, and phosphor (P3), while the second one utilizes 

simultaneously reacting mixture containing MMA monomer along with tetraethyl orthosilicate (TEOS) (P4). 

The preparation of the phosphor for surface coating layer, the simulation of the WLED with the coated 

phosphors, and the scattering analysis of the phosphor are presented in the next part, section 2. The achieved 

results in terms of the coated phosphors’ morphology, PL and stability are reported and discussed in section 

3; and section 4 is the outcome in which the study process and achievements are summarized. 

 

 

2. PREPARATION AND SIMULATION 

2.1.  Materials and procedures 

To fabricate SiO2 nanoparticles for the phosphor coating, the concentrations of the substances 

participating in reaction processes, including TEOS, H2O, the catalyst (ammonium hydroxide), the heat along 

with the atmosphere required for the reactions are varied to control the size of SiO2 nanoparticles. In addition 

to that, changing the heat and atmosphere during the reaction process helps in the prevention of 

agglomeration of silica nanoparticles with sizes lower than 25 nm. The reaction of silica nanoparticles with 

other substances was carried out for an hour. 

We used a JEM-3010 transmission electron microscope (TEM) for the task of assessing the 

morphologies in the SiO2 nanoparticles and the uncoated and coated Y2O2S:Eu3+ red phosphors [16]-[18]. 

The images of each sample were then taken from 10 different specimens. A software for analyzing image 

(Korea) was applied to analyze and compute 10 obtained TEM images to result in the average particle size. 

The silica-coated and PMMA-silica nanocomposite coated phosphors were investigated with FTIR (USA) 

and energy dispersive spectroscopy (England). A detector of monochromator and photomultiplier (Korea) 

was used to measure the PL of the phosphor. The measurement was performed at the temperature of 30 oC 

under a 254-mn wave excited from a xenon lamp (150 W), and the 1-nm emission slit width was used to 

record the exhibited PL spectra. For each phosphor, there were PL examinations conducted on its 5 

specimens, all of which were double-tested and the average results were recorded. The lasting steadiness of 

the phosphors along the irradiation process or degraded period was tested via the cathodeluminescence (CL) 

measurement which was performed under an electron beamline bombardment of 10 kilovolts as well as 

current strength measured at 45 µA/cm2 within 30 minutes. Besides, for testing the endurance and resistance 

of the coated phosphor against the heat and moisture, the samples were put into a container with heat-

controlled moisture (Korea) and aged under the condition of 100 C and 80% fairly moisture, subsequently, 

the shifts in their PL strength within the degraded period were examined. 
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2.2.  Simulation 

The simulation of double-film phosphor configuration WLEDs was made with the LightTools 8.1.0 

application, supported by using the scattering analysis of phosphor particles based on Mie-theory,  

see Figure 1. These two media also applied to investigate the effects of SiO2@Y2O2S:Eu3+ phosphor on the 

optic characteristics of WLEDs with low and high (5600 K and 6600 K) color correlated temperatures 

(CCTs), as shown in Figures 1(a) and (b). Figure 1(c) presented the details of the WLED model used in the 

study. According to Figure 1 (d), the in-cup phosphor structure of the WLED package is the dual-film layout, 

in which the phosphor YAG:Ce3+ emits yellow light was put below the red phosphor layer of 

SiO2@Y2O2S:Eu3+, and both of them are located above the blue LED chips. 

 

 

  
(a) (b) 

 

 

 

 
(c) (d) 

 

Figure 1. Picture depicting a WLED device’s configuration; (a) real WLED device, (b) binding graph,  

(c) pc-WLED device’s model, and (d) WLED modeling utilizing LightTools application 

 

 

2.3.  Scattering computation 

The scattering calculation was carried out using the hypothesis of Mie-scattering [19], [20]. 

Accordingly, the computation of the diffusing factor μsca(λ), anisotropy factor g(λ), as well as decreased 

diffusing factor δsca(λ) are expressed via: 

 

𝜇𝑠𝑐𝑎 = ∫𝑁(𝑟)𝐶𝑠𝑐𝑎 (𝜆, 𝑟)𝑑𝑟 (1) 

 

𝑔(𝜆) = 2𝜋 ∫∫ 𝑝(
1

−1
, 𝜆, 𝑟)𝑓(𝑟)𝑐𝑜𝑠𝑑𝑐𝑜𝑠𝑑𝑟 (2) 

 

𝛿𝑠𝑐𝑎 = 𝜇𝑠𝑐𝑎(1 − 𝑔) (3) 

 

In which, 

N(r): the diffusive particles’ distribution density (mm3) 

Csca: the diffusing cross sections (mm2) 

p(θ,λ,r): phase function 

λ: illuminating wavelength (nm) 

r: diffusive granules’ radius (µm) 

θ: diffusing angle (°C) 

The Stöber method was applied to synthesize the nearly mono-disperse and spherical SiO2 

nanoparticles [21], [22]. As previously established, altering the dissolvent (methanol or ethanol), quantity for 

participating ingredients in the reacting process (H2O, TEOS), as well as ammonium hydroxide (NH4OH) 

catalyst resulted in SiO2-nanoparticle production with particle sizes ranging from 10 to 450 nm. It is reported 

that as the concentrations of TEOS and NH4OH decreased, and the content of water increased, the size of 

particles showed a decline [23], [24]. Accordingly, the solvents utilized for synthesizing the nearly mono-

disperse silica nanoparticles (particle size ranging from 50 nm to 450 nm) and the silica nanoparticles 

(particle size from 10 nm to 50 nm) were ethanol and methanol, respectively. As the nuclei size in different 

solvents is not the same as each other, there are variation in silica nanoparticles’ size with the corresponding 
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solvents. It is reported that the formation of nearly monodisperse and spherical nanoparticles was observed 

with the particle size above 25 nm. Yet, the particle aggregation also occurred when the size of SiO2 

nanoparticles was smaller than 25 nm. Therefore, it is important to get the SiO2 particle size decreased to 

avoid the aggregate formation, which can be obtained via the change of the medium and temperature 

condition in the reactions. 

The change in particle size of silica nanoparticles was observed with various reaction temperature, 

as demonstrated in Figure 2. It is noted that the concentrations of reactants and the catalyst were fixed (0.28 

mol TEOS, 10 mol water, 2 mol NH4OH), while the used solvent was methanol (1 L). The result showed that 

when the reaction temperature increased, the particle size tended to go down and then became constant.  

At 30 oC reaction temperature, the particle size of nearly monodisperse silica nanoparticles was 50 nm, and 

started to decrease when the temperature increased. At or above 80 oC, the obtained particle size of nearly 

monodisperse silica nanoparticles was 10 nm. Besides, when the particle size grew over 30 nm, it formed the 

nearly monodisperse and spherical nanoparticles. Meanwhile, the aggregate formation was also observed 

with primary silica nanoparticles having the particle size smaller than 20 nm. This can be attributed to the 

aggregate features of the particles. Particularly, the formation of smaller particles leads to the higher number 

of produced particles. In addition, because the outer tension of small particles is larger than large particles, 

they are more inclined to agglomerate in order to stabilize their surface. Hence, the aggregation forming the 

network structure can be observed in the case of primary silica particles with smaller size (below 20 nm), 

while it did not occur in the formation process of spherical particles with larger size (30 nm). 

The size reduction of silica nanoparticles also occurred with the increase in water concentration, 

specifically, at 30 oC reaction temperature, increasing the water amount could decrease the silica nanoparticle 

size to 10 nm from its prepared size of 50 nm. Moreover, when increasing the water concentration, and the 

reaction temperature to 80 oC simultaneously, the particle size was further lower, as presented in Figure 3. 

However, the aggregate formation still occurred as the particle size was below 20 nm. Therefore, it can be 

said that, heightening the reaction temperature can get SiO2-nanoparticle size further reduced but cannot 

prevent the formation of particle aggregation. 

 

 

  

 

Figure 2. Reduced scattering coefficient in granules 

of SiO2 under 450 nm as well as 550 nm 

 

Figure 3. The diffusing cross section in granules of 

SiO2 under 450 nm as well as 550 nm 

 

 

3. RESULTS AND DISCUSSION 

We added vinyl pyrrolidone monomer (VPM) into the mixture of reactants to prevent the 

aggregation when fabricating the nearly mono-disperse SiO2 nanoparticle with the size smaller than 20 nm. 

Adding VPM in conjunction with a suitable amount of azobisisobutyronitrile (AIBN) initiator can 

simultaneously activate the hydrolysis and condensation reactions, resulting in silica nanoparticles, as well as 

the fundamental chemical process, resulting in polyvinylpyrrolidone (PVP). The amounts of VPM and AIBN 

initiator in the mixture of reactants were fixed at 0.2 mol and 0.5 wt% of VP monomer, respectively. The 

changes of silica nanoparticle size with different reaction temperatures were displayed in Figure 4. As can be 

seen, the size of silica nanoparticles decreased with the presence of VPM in the mixture, at all values of the 

reaction temperature. Moreover, with VP monomer, the primary silica nanoparticles with the size about 10 

nm did not form any aggregate, as shown in Figure 5. Nevertheless, when the size of silica nanoparticles 

decreased to about 5 nm, the aggregate formation still occurred. 

To eliminate the formation of aggregate with the primary silica nanoparticles equal or smaller than 5 

nm, we increased the concentration of VP monomer to 0.4 mol. It is noted that, the concentrations of the 

others components in the reaction mixture remained the same. The results demonstrated in Figure 6 met our 
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expectations. The silica nanoparticles were formed without aggregate formation as their size was decreased 

from 10 nm to 5 nm. Additionally, when continuing reducing the particle size to approximately 3 nm, the 

aggregate formation did not occur. From these results, it is obvious that the VP monomer can help to prevent 

the aggregation of small particle (less than 20 nm) when it is added into the reaction mixture with an 

appropriate amount. Besides, due to the property of PVP, being soluble in water and methanol, using 

centrifugation can easily separate the formed silica nanoparticles from the resulting solution. In short, mixing 

a suitable proportion of VP monomer with the reaction mixture can fabricate the nearly monodisperse silica 

nanoparticles with particle size below 25 nm without forming particle aggregation. Finally, the silica 

nanoparticles with the size reduced to 5 nm were selected producing the phosphor surface coating in this 

study. 

 

 

  

  

Figure 4. The adjustment of phosphor 

concentration for retaining the mean CCTs 

Figure 5. The hue rendering indicator in the WLED 

device along with YAG:Ce3+ content 

 

 

The PL in the silica-coated Y2O2S:Eu3+ (SiO2@Y2O2S:Eu3+) was analyzed and displayed in  

Figure 7. The PL strength of the uncovered and covered Y2O2S:Eu3+ phosphors stayed at about 627 nm. This 

implied that the phosphors yielded red emission in the visible wavelength. Besides that, the in the case of 

SiO2@Y2O2S:Eu3+ fabricated using P1 and P2 methods, the luminous intensity declined slightly. Meanwhile, 

the phosphors coated with P3 and P4 methods showed an improvement in lumen output. For P1 and P2 

methods, the surface coatings of the phosphor particles are inhomogeneous, which could lead to the decrease 

in luminous output. In the case of P3 and P4 methods, the enhancement in PL intensity can be explained with 

the following reasons. First, the transparency of the organic and inorganic nanocomposites is generally 

greater than that of the inorganic xerogel. Second, the refractive index (RI) of PMMA (1.49) is nearly equal 

to the RI of the silica (1.46), thus minimizing the difference in RI at the coating surface of the phosphors, 

reducing the light scattering, and enhancing the luminous flux [25], [26]. The matching RI of PMMA-silica 

also makes the PMMA-silica nano composite coating more transparent than the coating of only silica 

nanoparticles. In addition to that, PMMA-silica nanocomposite coating contributed greatly to the diffraction 

and multiplication of visible lights emitted from the phosphors, which probably boost the luminous intensity 

of the coated phosphors. 

 

 

  
  

Figure 6. The hue quality scale in the WLED device 

along with YAG:Ce3+ content 

Figure 7. The illuminating beam in the WLED 

device along with YAG:Ce3+ content 
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The effectiveness of using PMMA-silica nanocomposite surface coating to protect the phosphors 

from being damaged by environmental factors were verified via CL aging examination. The accelerated 

aging testing with an electron beam was a 30-minute procedure carried out at a 10-kV acceleration voltage 

and a 45 µA/cm2 average current density. The normalized CL intensity for the phosphors with and without 

surface coatings, under the cumulated aging time. The the phosphors’ CL intensity without surface coating 

dropped as the bombardment period rose, but the CL intensity of the phosphor coated using technique P4 

remained stable. The examination of stability and resistance against the heat and moisture were carried out 

for both non-coated and coated red phosphors to further investigate the advantages of the surface coating 

method. These two experiments were carried out by aging the phosphors in a heat-controlled moisture room 

with a heat of 100 °C and a moisture level of 80%. The results demonstrated that stability of the uncoated 

phosphor was reduced when being exposed to the heat and moisture. Meanwhile, the PMMA-SiO2-

nanocomposite coated phosphors (applying P4 coating method) showed a great stability under heat and 

moisture during the aging time. Therefore, it can be concluded that the nanocomposite of PMMA and silica 

nanoparticles is suitable for the surface coating to prevent the irradiation and atmospheric components 

damaging the phosphor materials. 

 
 

4. CONCLUSION  

In this study, we used four different ways to coat the surface of phosphor Y2O2S:Eu3+ accompanied 

by silica nano-granules as well as PMMA-silica nanocomposite to improve the light output and stability 

under environmental circumstances of the red phosphor Y2O2S:Eu3+. The phosphor surface coating was 

carried out on 5 nm nearly mono-disperse SiO2 nanoparticles. The addition of VP monomer accompanied 

with a proper content of AIBN initiator into the reaction mixture could prevent the aggregate formation when 

the primary particle size of silica nanoparticles decreased to 5 nm. The phosphor silica coating on the 

phosphor surface using the methods of dip coating or sol-gel was inhomogeneous and led to a small decline 

in PL strength. Meanwhile, the phosphor coating with PMMA-silica nanocomposite was uniform and 

continuous and subsequently the increase in luminous intensity was observed. In addition to that, PMMA-

silica nanocomposite coating using P4 method enhanced the luminous intensity by 5%, compared to the 

phosphor without surface coatings. Moreover, the PMMA-silica nanocomposite is suitable to be used as the 

protective layer. It can enhance the long-term stability of the phosphor because of the effectively protection 

the phosphor from the negative impacts of irradiation and atmospheric components. 
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