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AbstractSeveral forms of precursive agents were made via the soggy chemical approach, beginning with yttrium–europium–aluminum nitrate(YEAN) compound as well as disparate precipitants, comprising urea, oxalic acid, as well as ammonium carbonate. The precursiveagents were heat-treated within nitrogen aerosphere for acquiring Y3Al5O12:Eu3+ featuring garnet formation YAG:Eu. Proceduresemployed for thermic degradation as well as constitution for precursive agents were validated via thermic assessment as well as FTIRspectroscopic assessment. Relationship among thermic degradation stages, as well as gaseous constitution developed throughoutthermic procedure was identified via the merger between thermic assessment as well as FTIR. Ultimately, the disparate constitutionfor precursive agents signifies the luminescent attributes for matching phosphor samples. Urea as well as ammonium carbonategenerate YAG samples featuring garnet formation as well as certain red discharge. Regarding oxalic acid, the precipitant yieldsan ununiform sample featuring yttrium oxide in the form non-pure stage. Said sample would be a merger between Y2O3:Eu3+,Y4Al2O9:Eu3+, as well as Y3Al5O12:Eu3+, yielding greater discharge intenseness. When used in tandem with YAEN, AlAs was investigatedfor its particle size’s effect on optical properties, such as scattering coefficient, YAG:Ce concentration, correlated color temperature(CCT), chroma aberration, lumen, and color rendition. It was found out 19 wt.% would be the most optimal particle size when all ofthese properties are taken into account.
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1. INTRODUCTION

Non-organic phosphor samples see copious research as they
would be applicable to illumination techniques as well as man-
ufacturing better displaying apparatuses including illuminating
diode unit (LED), three-chroma fluorescent lights, field dis-
charge display, etc. When it comes to augmenting brightness as
well as resolution for such apparatuses, creating phosphor sam-
ples featuring significant proficiency, regulated granule form
as well as magnitude would be compulsory (Thuy et al., 2025;
Rianjanu et al., 2025) .

YAG integrated with disparate rare-earth elements includ-
ing Sm, Tb, Eu and so on, would be among the optimal sub-
stances employed for disparate uses for having greater me-
chanical consistency, small thermic extension, small phonic
penalties as well as desirable optic attributes (Sagadevan et al.,
2023) . For instance, integrating Nd3+ as well as Ce3+ into YAG
helps create colorant laser as well as novel illumination appa-

ratuses. Triggering YAG via Eu3+ yields powders or narrow
sheets employed for cathode beam as well as field discharge
apparatuses. Crucial criterion that yields desirable proficiency
for said apparatuses involves creating hyperfine phosphor gran-
ules featuring significant discharge intenseness (Esmerio et al.,
2022; Hadi et al., 2025) . The synthesizing procedure for YAG
samples is conducted through disparate approaches including
precipitance, sol-gel, ignition, as well as sprinkle pyrolysis. The
study herein concerns creating YAG:Eu sampling units via the
soggy chemical approach accompanied by reactivity approach.
Several precursive agent forms were made via the reactivity
approach beginning with YEAN compound as well as disparate
precipitants. The precursive agents were heat treated for ac-
quiring YAG:Eu (Sagadevan et al., 2023) .

The research herein concerns more thorough assessment
for procedures occurring throughout thermic degradation for
precursive agents (Novianti et al., 2022) . As such, thermic as-
sessment involving gaseous advancement assessment as well as
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FTIR assessments were conducted. Additionally, our research
validates the influence for precipitant upon formational as well
as luminescent attributes for YAG samples (Leong et al., 2022) .
Furthermore, AlAs with disparate particle sizes was employed
for assessing the particle size’s influence on various optical at-
tributes, including scattering coefficient, YAG:Ce concentration,
correlated color temperature (CCT), chroma aberration, lumen
and color rendition. A particle size of 19 wt.% is considered
the most balanced choice for all of these attributes. As of now,
data on utilizing advanced gaseous is limited, and as such, the
feasible activities manifesting throughout the degradation for
precursive agents applied to creating YAG samples.

Compared to an earlier study on utilizing Sr8ZnSc(PO4) 7:
Eu2+ and AlAs to enhance scattering (study A), AlAs integrated
into YEAN of the study herein yields similar performance in
color rendition (Cong and Anh, 2025) . However, its influence
on scattering as linear and inversely proportional as study A,
while CCT variance is also far less volatile. It is worth noting
that the lumen in this case is inversely proportional to AlAs
particle size, as opposed to study A, meaning that YEAN does
not benefit lumen when AlAs particle size is huge. Meanwhile,
in comparison to another study on using KBaYSi2O7:Bi3+,Eu3+

phosphor for boosting color quality in WLED (study B), the
YEAN sample and AlAs of this study produce far more con-
sistent CRI, YAG:Ce concentration and CCT variance (Loan
et al., 2024) . However, the CQS and lumen outputs always de-
crease with bigger AlAs particle sizes of this study, unlike study
B which reports CQS and lumen increasing with higher particle
sizes of KBaYSi2O7:Bi3+,Eu3+ phosphor. As such, compared to
its counterparts, YEAN sample generally only benefits optical
properties if the particle size is smaller.

2. EXPERIMENTAL SECTION

2.1 Materials
YAG:Eu samples were made via the soggy chemical approach
while administrating reacting agents through disparate pre-
cipitant forms of precipitation substances including urea cor-
responding to sample A, ammonium carbonate (AC) corre-
sponding to sample B as well as oxalic acid (OA) correspond-
ing to sample C. Yttrium- europium-aluminum (YEA) precur-
sive agents were made using Y(NO3) 3·5H2O, Al(NO3) 3·9H2O,
Eu(NO3) 3·5H2O for providing metal ions as well as urea, am-
monium carbonate, oxalic acid dihydrate for providing anions
(Dang et al., 2021; That and Anh, 2021). Said commercial
materials required no further purification. TiO2 and YAG:Ce
were obtained with high purity.

2.2 Procedure
The synthesizing procedure for YAG:Eu was conducted through-
out two periods. The initial period involved synthesizing YEA
precursive agents via precipitating process involving equivalent
quantities for YEAN compound accompanied by urea, ammo-
nium carbonate, or oxalic acid concurrently administered unto
weakened compound containing matching precipitant. The
period posterior to precipitating for precursive agent lasted

within one day, comprising aging, cleansing, centrifugal proce-
dure as well as desiccating. The final period for the approach
involved thermic procedure for the precursive agents within N2
aerosphere. The acquired samples were cleansed, desiccated
then strained. The creation procedure for phosphor did not
require ball-grinding (Li et al., 2019; Li et al., 2018).

2.3 Instrument and Analysis
Precursive agents underwent various examinations. Thermo-
gravimetric as well as divergent thermic assessment was con-
ducted via an analytic apparatus employed for thermogravime-
try (TGA) (METTLER TOLEDO/SDTA851). Advanced
gaseous assessment was conducted via a Nicolet 6700 FT-
IR Spectrometric apparatus (Thermo Scientific) accompanied
by one TGA component and HR Nicolet TGA Vapor stage
database. Fourier-Transform infrared absorptivity spectro-
scopic assessment was conducted via the same spectrometric
apparatus utilizing the KBr pilule approach. Exterior zone
assessments were conducted via a TriStar II3020 apparatus
(Micromeritics) featuring a decontaminating process within
nitrogen flux. Scanning electronic microscopic assessment was
conducted via a JSM 5510LV scanning electronic microscopic
apparatus (JEOL) utilizing powdered samples daubed with Au.
Attribute assessment for phosphor samples was conducted via
X-ray diffraction using D8 Advance X-ray diffractometric appa-
ratus (BRUKER) with Cu K𝛼 radioactivity. Photoluminescent
assessments were conducted via FP-6500 spectrofluorimetric
apparatus (JASCO) utilizing WG 320 glass sifter (Limbu et al.,
2020; Lissner and Urban, 2011) .

3. RESULTS AND DISCUSSION

3.1 Thermic Degradation Stages and Gaseous Constitution
Developed Throughout Thermic Procedure

For determining the impact from precipitants upon formations
as well as photoluminescent attributes for YAG:Eu, several
forms of YEA precursive agents were made via the soggy chem-
ical approach, including sample A made via urea, sample B
made via AC, as well as sample C made via OA. Posterior to
thermic procedure for precursive agents, phosphor sampling
units were acquired. The precursive agent constitution was
identified via thermic assessment as well as spectroscopic as-
sessment. Relationship among thermic degradation periods,
proportion penalty as well as constitution for gaseous advance-
ment throughout thermic procedure for precursive agents was
validated via merging thermic assessment as well as FTIR ap-
proach (Liu et al., 2019a; Liu et al., 2019b).

The precursive agents’ constitution was examined via ther-
mic assessment as well as infrared spectroscopic assessment.
The interaction among thermic degradation stages as well as
gaseous constitution developed throughout thermic procedure
was identified via the merger between thermic assessment as
well as FTIR. The thermic assessment yields data concerning
the alterations manifesting throughout the thermic processing.
The DTA arches concerning the precursive agents made via
disparate precipitative substances display thermic influences

© 2025 The Authors. Page 1210 of 1214



Loan et. al. Science and Technology Indonesia, 10 (2025) 1209-1214

for the primary stages. The degradation phases for sample
C (OA) would be clearly displayed via pronounced endother-
mal apexes compared to B (AC) as well as A (urea) precursive
agents. Said alterations may result from multiple activities
including abolishment for assimilated water; abolishment for
chemical-bound water in the case of samples A, B, C; degra-
dation for oxalate-derived category in the case of sample C,
degradation for elementary carbonate as well as nitrate com-
pounds in the case of samples A, B; degradation for carbonate
as well as oxycarbonate substances in the case of sample C.

Figure 1. Relationship between Scattering Coefficient and
Wavelength

Advanced gaseous assessment yields further data on the
activities manifesting throughout the transmutation for the
precursive agents to form matching phosphor samples. The
primary degradation features a significant gaseous discharge
manifesting under lower temperatures for samples A and B as
well as greater temperatures for sample C. The primary gases
advanced throughout the thermic processing for the precursive
agents include CO2, NH3, water, N2O, NO2, and CO. The
unleashed gases comprise ammonia for sample A; water for
samples A, B, C; as well as CO2 for samples A, B, C. The
CO2 abolishment under small heat levels signifies the degra-
dation for hydroxide carbonate composites. The concurrent
discharge for NH3, CO2, as well as water in the case of sample
A signifies that composites featuring complicated constitution
comprising ammonium hydroxide carbonate substances would
be generated throughout the precipitating activity.

With the progress in thermic processing as well as the surge
in heat level, every precursive agent concurrently unleash CO2,
as well as a tiny water quantity, resulting from the degrada-
tion for metal elementary carbonate substances. Ammonia
remnants remain within sample A. Furthermore, novel bands
manifest, resulting from the dinitrogen oxide discharge (metal
nitrate degradation). As time passes, the distinctive absorptivity
in water grows greater, surpassing CO2, in the case of sam-

Figure 2. YAG:Ce Presence Interacting with Particle Size of
AlAs

ples A and B. Based on said mechanism, the primary activity
may be the degradation for metal hydroxide substances. NO2
remnants remain within samples A and B. Under said phase,
the degradation for metal nitrate substances is reaching its end.
In the case of sample C (OA), a significant gaseous discharge
primarily comprising CO2 as well as CO manifests. Based on
said mechanism, the primary element in sample B’s precursive
agent would be metal oxalate substances. Ammonia as well as
water remnants can be perceived, indicating the degradation
for tiny quantities of ammonium oxalate. Under high temper-
atures, every precursive agents abolish CO2, resulting from
carbonate degradation.

Figure 3. CCT Alteration Based on Particle Size

3.2 AlAs’s Influence on Optical Properties
Due to its unique optical properties, including a high refrac-
tive index and favorable dispersion characteristics, AlAs is ad-
vantageous when used in conjunction with optical phosphor
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materials in WLED devices. When integrated into phosphor
sheets, AlAs grains may modify the interaction between light
and materials. AlAs may serve as effective tiny dispersers that
direct and scatter light produced by LED chips, enhancing light
distribution and ensuring consistent lighting distribution. By
modifying the AlAs dose in conjunction with other phosphor
samples, one may effectively control optical characteristics like
as color rendition, correlated color temperature (CCT), and
luminous flux. In addition to dispersion, the use of AlAs with
typical phosphor samples such as YAG:Ce may enhance chro-
matic rendition.

Figure 4. Variation in Hue Aberration under Alas Particle Size

Figure 1 features the changes of the scattering coefficients
under different wavelengths. The scattering coefficient may
assess optical performance in WLED devices by enhancing
dispersion activities, hence improving consistency in light dis-
tribution and color quality. Nonetheless, excessive quantities
of the specified element may diminish luminosity, since light
would be inadequately contained or directed. The coefficient
is directly proportional to the AlAs concentration, rising with
higher levels of AlAs. When it comes to influence from wave-
length, said coefficient shows a noticeable increase as the wave-
length reaches 500 nm. Afterwards, it shows a slight abatement
at 600 nm and a much greater abatement at 700 nm, which
causes dispersion for the light produced by the blue chip to
propagate and then more convert into rays at longer wave-
lengths. These changes appear to be the result of an inverse
mechanism (Liu et al., 2012; Shi et al., 2023). Then, when
the blue-ray dispersion in the front discharge surge with the
blue-ray repeating absorptivity and rear-dispersion decreased,
the luminescence will be increased. When the AlAs particle
size increases, the YAG:Ce content must decrease in order to
achieve this goal, which is demonstrated by Figure 2 exhibit-
ing the YAG:Ce content being influenced by the particle size.
When included into YAG:Ce phosphor sheets, AlAs enhances
light dispersion due to its substantial refractive index. This

dispersion enhances angle chroma consistency for produced
light, guaranteeing visual uniformity across different viewing
angles. As can be seen, the content falls as the particle size of
BaF2 escalates. The presence of AlAs requires careful monitor-
ing, since excessive amounts reduce luminosity owing to a part
of light being absorbed by phosphor sheets. Conversely, AlAs
induces redshift in the discharge spectrum, modifying CCT
levels in the WLED system, as seen in Figure 3. The particle
size also affects CCT levels, as shown by Figure 3. Under all
particle sizes, the CCT displays mostly small fluctuations with
barely any significant changes. Under a particle size of 17 and
21 wt.%, the CCT shows the most noticeable fluctuations, but
shows smallest fluctuations under 19 wt.%, indicating highest
CCT consistency at this level of particle size. The CCT is at
its lowest under particle size of 17 wt.%. In contrast, the CCT
reaches its peak under the particle size of 21 wt.%.

Figure 5. LED Lumen Generated Based on Alas Particle Size

The hue aberration shows fluctuations under various par-
ticle sizes, as demonstrated by Figure 4. Notably, the hue
aberration shows a very significant decrease when the particle
size reaches 19 wt.%. With greater particle sizes, however, it
considerably surges. For the lumen in LED shown in Figure
5, it undergoes inverse changes, displaying a consistent abate-
ment when the particle size surges. The maximum lumen is
attained with the smallest particle size at 17 wt.%, suggesting
that this particle size is optimal for achieving the desired lumen
output. The observed changes may be the consequence of the
difference in color allocation and the lower intensity of the blue
discharge due to increased rear-dispersion and repeated ab-
sorptivity. It should be noted that as particle size increases, the
phosphor sheet typically has a wider width, which lowers the
energy of the whole spectrum. As a result, the lighting trans-
mutation between blue and yellow or red-orange will be more
pronounced. This indicates that the transmuted beam may
participate in rear-reflection under extremely large particle
sizes, which would reduce the luminous intensity and produce
a higher CCT level (Tang et al., 2021; Anh and Lee, 2024).
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Figure 6. CRI Subject to Changes in AlAs Particle Size

Figure 7. CQS Under Influence of AlAs Particle Size

The particle size has an impact on the WLED device’s color
generation output as well. In Figures 6 and 7, there are consid-
erable declines for CRI and CQS as the particle size grows. The
color difference between the orange-yellow, blue, and green
components may be the cause of several crashes that have been
seen. The reason for this discrepancy is that with large particle
sizes, the increased dispersion produces more orange-yellow
components since the discharge color of the rays often favors
the orange-yellow zone. Therefore, excessive dispersion may
result in lower CRI and CQS (Tung et al., 2024a; Tung et al.,
2024b). If all aforementioned optical properties are taken into
account, in addition to CRI and CQS, 19 wt.% would be the
most optimal particle size.

Concerning the task of measuring hue quality, CRI would
be considered the most common and the oldest index. In order
to gauge hue quality, CRI assesses eight hue samples under
testing illumination and natural illumination, then compares

the conditions. CRI proves to be useful when it comes to as-
sessing hue performance in illumination with wide spectrum.
However, this index was developed well before the develop-
ment of LED devices, and thus, is not suitable to apply on
these devices. Using only the few hue samples from CRI, the
desaturation resulted would be too much for appropriately as-
sess chromatic output from LED devices (Cong et al., 2024;
Le et al., 2024). CQS was proposed to remedy this weakness,
by assessing fifteen hue samples, and thus is capable of yield-
ing more authentic hue assessments. In addition to increased
hue samples, CQS also include other factors: individual’s taste
and hue disparity. As a newer index proposed in a modern
era, CQS would be a more fitting index for examining the
hue performance in modern devices like LED (Anh and Lee,
2024) .

4. CONCLUSIONS

YEA precursive agents were subject to precipitation via urea,
ammonium carbonate as well as oxalic acid by utilizing soggy
chemical approach and concurrently administering reacting
agents. The thermic assessment involving gaseous assessment
validated the activities manifesting throughout the thermic pro-
cedure for precursive agents applied to the synthesizing pro-
cedure for YAG:Eu samples. The primary degradation period
for precursive agents leads to a significant gaseous discharge.
Urea as well as ammonium carbonate yield YAG samples fea-
turing garnet formation as well as distinctive discharge. Oxalic
acid yields an ununiform phosphor featuring greater discharge
intenseness. In addition to YAEN, AlAs was investigated for
its particle size’s effect on optical properties, such as scattering
coefficient, YAG:Ce concentration, correlated color tempera-
ture (CCT), chroma aberration, lumen and color rendition. It
was found out 19 wt.% would be the most optimal particle size
when all of these properties are taken into account.
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