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We report luminous polylactic acid (PLA) composite prepared via a solvent casting method using different amounts of phosphor
strontium aluminate (SrAl,O,: Eu’"and Dy3+) (SAO). The reason for doing this is that the changes of fluorescence and mechanical
properties in the composites with different SAO contents can be directly evaluated. The SAO particles should have a variety of
excellent characteristics in the PLA matrix, among which dispersibility and compatibility are particularly important; so, they can
be modified by 3-aminopropyltriethoxysilane (APS) to achieve the target characteristics. The results showed that the
fluorescence and mechanical properties were affected by SAO addition. The mechanical properties significantly improved with
5wt% SAO; further, addition had no impact. And the emission band of fluorescence and phosphorescence is just at the peak of
524nm. The composites with 15wt% SAO have the best fluorescence properties. The fluorescence decreased with further
doping. Fluorescence decay curves with various amounts of SAO particles show a similar tendency as pure SAO particles; the
speed of decrease in afterglow intensity was higher for the first 30 min. In addition, the detailed morphological scanning and
study by scanning electron microscope (SEM) showed that the particles had good adhesion to the matrix. In conclusion, the
concentration of SAO into the PLA matrix impacts the fluorescence and mechanical properties of a SAO/PLA composite material.

1. Introduction

Long persisting luminescent (LPL) materials have an impor-
tant feature, and they can continue to emit light for a long
time (even hours) after excitation; so, they are often used
as inorganic photoluminescent materials, and they are also
widely used in energy storage materials and because of the
specificity of this characteristic, LPL materials—especially
aluminates like SrAl,O,: Eu** and Dy’ (SAO) widely used
in luminescent ceramics and coatings, as well as in emer-
gency escape clothing and signs [1]. Because of their high
luminous efficiency, long persistence time, stable chemical
properties, and lack of radiation pollution, SAO phosphors

are widely developed [2]. Biodegradable polymers like poly-
lactic acid (PLA) are frequently used with SAO [3, 4]. This
sustainable and environment-friendly material has a good
prospect in medical materials, home decoration materials,
packaging materials, and other fields [5]. Although PLA
has excellent processability in many equipment and offers
good attachment and strength, however, it is frangible and
brittle, which limits its use. Thus, PLA should be modified
for most practical applications [4, 6].

Luminous PLA composites can be prepared with SAO to
improve their mechanical properties. These composites have
excellent phosphorescence, fluorescence, plasticity, elasticity,
and self-degradation [7]. Over the last few years, this
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material has gained a lot of interest in areas such as radiation
detection [8], industrial applications [9, 10], and in vivo
imaging [11]. This preserves the properties of the aluminates
and improves PLA’s mechanical properties.

Here, SAO particles were added to a PLA composite.
Samples were processed via solvent casting using different
amounts of SAQO particles. The effects of SAO content on
the microstructure, thermal, tensile, and afterglow properties
of SAO/PLA composite were investigated in detail. To
enhance the behavior of these composites, SAO particles
were treated with a 3-aminopropyltriethoxysilane (APS) cou-
pling agent [12]. The treated SAO particles were then doped
at 5, 10, 15, and 20 wt% in a copolymer solution (polyethyl-
ene glycol was added to increase the compatibilization of
SAO in the PLA matrix). The final product was prepared
via solvent casting with characterization of optical properties,
mechanical properties, and morphological characteristics.

2. Materials and Methods

2.1. Materials. PLA 4032D was purchased from Nature
Works Company. Long-persistent luminescent materials
doped with strontium aluminate (SrAl,O,:Eu** and Dy’";
SAO) were provided by Zhejiang Minghui Luminescence
Technology Company. Polyethylene glycol 2000/PEG2000
was provided by Shanghai Yuanye Biotechnology Company.
Dichloromethane solution was provided by Shanghai Alad-
din Biotechnology Company. Anhydrous ethylene alcohol
was supplied by China Pharmaceutical Group Chemical
Reagent Company. Silane coupling agent APS (KH550)
was purchased from Linan Karl Biotechnology Company.

2.2. SAO/PLA Composite Material Preparation and Methods

2.2.1. Modification of SAO Particles. The deionized water
(20ml), absolute ethanol (180 ml), and KH550 (2wt% of
the total weight) were added to a 400 ml beaker and mixed
by a magnetic stirrer at a speed of 500-700r/min for
60 min. The sample was magnetic stirred for 1 hour at a
speed of 500-700r/min. The above solution added with
SAO was stirred under 60°C at 500-700 r/min. Ethoxy is a
special group that can be hydrolyzed in water or solvent to
form silanol, and it is also a group contained in KHS550.
The -OH group of PLA can react with silanol, which in turn
makes a stable covalent bond formed on the surface of the
PLA polymer [13, 14] (Schemes 1 and 2). The treated SAO
was vacuum filtered in a drying box at 80°C for 6 hours.

2.2.2. Preparation of SAO/PLA Composite Materials. The
PLA powder was dried for 24 hours at a temperature of
about 70 degrees Celsius, and then the solution was stirred
adding 0.1 g/mol PLA powder into dichloromethane for 1
hour at 1000-2000r/min followed by 0.5g polyethylene
glycol and pretreated SAO powder into the solution. Poly-
ethylene glycol disperses the SAO particles to facilitate
attachment to the PLA surface [15]. Next, copolymer solu-
tions containing 5, 10, 15, and 20 wt% SAO particles were
melt spun. These solutions were stirred by ultrasonic stirring
for 30 min, and then each group of solution samples was
kept for 12 hours and dried at 60°C for 24 hours.
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2.3. Testing and Characterization

2.3.1. XRD Analysis. The XRD patterns of the polymers were
collected on a SHIMADZU XRD-6000 diffractometer with a
scanning speed of 2°/min (20 from 5° to 60°) using a nickel-
filtered Cu-Ka radiation (A=1.54056A) as the radiation
source (40kV, 40 mA).

2.3.2. FT-IR Analysis. At room temperature, the infrared spec-
trum of each powder sample sandwiched between two KBr
particles was recorded through a Perkin-Elmer 1100 Model
with a wavelength range of 4000cm™ to 500cm™ (the spec-
trum was measured using 32 scans at 4cm™' resolution).

2.3.3. DSC Analysis. The Netzsch STA 409PC Maia instru-
ment was used for DSC analysis in a nitrogen atmosphere
(purge flow rate of 50 mL/min). In order to obtain the curing
heat flow curves of the powder samples, different heating
rates (such as 5, 10, 15 and 20 K/min) were used in the mea-
surement, while dynamic DSC measurements were made in
the thermal sweep range from 40°C to 250°C. Each new sam-
ple is about 5-8 mg in an aluminum tray protected by N, gas.

2.34. TGA Analysis. A thermogravimetric analysis was
performed on each sample with an initial weight of approx-
imately 10 mg using the STA 409PC by storing the samples
in an open Pt pan with high purity nitrogen as purge gas
and raising the temperature from room temperature to
800°C at a heating rate of about 20°C/min.

2.3.5. Tensile Property Test. An electronic universal testing
machine (with a 2 KN load cell) manufactured by Meister
Industrial Systems Company was used to test the tensile
properties of the sample at a crosshead speed of 2 mm/min.
Each sample measured 75 mm x 4 mm X 1 mm. A total of 10
samples were used in the experiment and tested repeatedly.

2.3.6. SEM Analysis. Under the acceleration voltage of
15000 V, through Hitachi SU8010 (S-4800-1) field emission
scanning electron microscope and then scanning SEM micro-
graphs imaging of the fracture morphology of the impact spec-
imens, the gold thickness was 10nm. The fracture surfaces
were coated with a thin evaporated layer of gold.

2.3.7. Fluorescence Spectrum Analysis. The sample was irradi-
ated for 12 hours under ultraviolet light (wavelength range
320-400 nm, central wavelength 360 nm, power 60 £W/cm?).
A fluorescence spectrophotometer F97PRO (Shanghai Prism
Light Technology Company) was used to measure the fluores-
cence spectra. The peak value is 524nm (A =524 nm). The
decay curves were obtained by measuring continuously for 1
hour. The fluorescence emission spectra at room temperature
and phosphorescence spectra at 1min were obtained by
excitation of the sample with a wavelength of 360 nm.

3. Results and Discussion

3.1. Crystallization Behavior. Figure 1 shows XRD patterns
of neat PLA, 5wt% SAO/PLA, 10wt% SAO/PLA, 15wt%
SAO/PLA, and 20 wt% SAO/PLA composites. The peaks at
20=21.8°, 28.8°, 29.6°, 30.1°, and 34.6° are present in XRD
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ScHEME 1: Hypothetical reaction of KH550 and SAO particles.
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ScHEME 2: Crosslinking reaction of silylated SAO with PLA.
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Figure 1: XRD patterns of pure PLA, 5wt% SAO/PLA, 10 wt%
SAO/PLA, 15wt% SAO/PLA, and 20 wt% SAO/PLA.

patterns of SAO particles indicating that the crystal types of
the SAO/PLA composite changed upon addition of SAO
particles, and its characteristic peak obviously decreased.
Moreover, the characteristic peak of PLA/SAO composite
containing 15wt% SAO almost disappeared, which was
related to the strontium aluminate phosphor particles [16].
This means that the addition of SAO particles enhances
the elongation at break and decreases the melting point,
barrier property, and heat resistance.

3.2. FT-IR Spectra. The FT-IR spectra of pure PLA, 5wt%
SAO/PLA, 10wt% SAO/PLA, 15wt% SAO/PLA, and
20wt% SAO/PLA composites are shown in Figure 2. Two
distinct peaks at 2800cm™ and 1221 cm™ demonstrating
the presence of -OH groups indicating that the addition of
SAO particles enhances crosslinking between SAO and
PLA. The specific FT-IR spectrum diagram is shown in
Figure 2. Peaks at 2342 cm™® proved that the SAQ is properly
copolymerized on PLA. The 1450-1480 cm™ band is weak-
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FIGURE 2: FT-IR spectra of pure PLA, 5wt% SAO/PLA, 10 wt%
SAO/PLA, 15wt% SAO/PLA, and 20 wt% SAO/PLA.

ening vibration of the -CH, group, which shows SAO parti-
cles transforming into the luminous SAO/PLA particles. At
1109cm™ in the figure, a new peak can be seen, and the
asymmetric stretching vibration of Si-O-Si just corresponds
to this peak. This is obvious versus pure PLA and other
SAO/PLA composites. All these indicate that the SAO parti-
cles have successfully combined with the PLA surface.

3.3. Thermal Properties. Nonisothermal curing behaviors of
SAO/PLA composites with different amounts of SAO parti-
cles were investigated by DSC. DSC traces of SAO/PLA
composites containing different amounts of SAO particles
are shown in Figure 3. A glass transition occurs near 63°C,
and there is a cold crystallization peak near 75°C. The melt-
ing peak occurs near 90°C in all samples [17]. The addition
of SAO content leads to a melting peak that shifts to the
right as a whole, and the melting temperature increased.
The glass transition temperature of those samples shows that
the blends of SAO and PLA are compatible, and the compat-
ibility of 5wt% and 15wt% is better than all other samples.

To investigate the effect of SAO content, we measured
the thermal stability of as-prepared SAO/PLA composites
(Figure 4). T, first decreases with increasing SAO loadings.

The initial weight loss of neat PLA occurred at around
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FiGURrE 3: DSC curves of pure PLA, 5wt% SAO/PLA, 10 wt% SAO/PLA, 15wt% SAO/PLA, and 20 wt% SAO/PLA.
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FIGURE 4: TG (a) and DTG (b) curves of pure PLA, 5wt% SAO/PLA, 10 wt% SAO/PLA, 15wt% SAO/PLA, and 20 wt% SAO/PLA.

350°C; the lowest temperature is about 320°C. The addition
of SAO decreases the thermal stability of PLA, but the rate
of decline is slow. This is because hydrogen bonding
between SAO and PLA promotes thermal movement of
PLA macromolecules by PLA itself. This reduces the energy
required to break the chain among the macromolecules [18].
DTG data are plotted in Figure 5(b). The temperature corre-
sponding to the peak temperature of DTG is the maximum
weightlessness rate T, .. The T, . of neat PLA is 423.36°C
. The temperature T, of the maximum weight loss rate
of SAO/PLA composite decreases with addition of SAO
because SAO inhibits the crystallization of PLA and
decreases the thermal stability. There is a hydroxyl effect
from the SAO after treatment with the silane coupling agent.

3.4. Mechanical Properties. To investigate the mechanical
properties of the as-prepared SAO/PLA composites, we
measured the tensile strength, fracture elongation, and

modulus of elasticity (Table 1, Figure 6). The tensile strength
of SAO/PLA composites increases with 5wt% SAO particles
and then decreases at higher contents. This suggests that the
tensile strength of the composites is impacted when the
crystallinity of the system decreases [19-21]. The fracture
elongation decreased when more SAO is added to the com-
posite while the elastic modulus decreases. The toughness
and fracture elongation decrease with increasing SAO con-
tent. The best overall performance occurs in the SAO/PLA
composites containing 5wt% SAO: 2.7% increase in tensile
strength, 29.8% increase in fracture elongation, and 6.3%
decrease in fracture elongation. These results indicate that
the final mechanical properties of luminescent composite
are highly influenced by the addition of SAO [22, 23].

3.5. Micromorphology. Tensile fracture SEM images with
different amounts of SAO particles are shown in Figure 5.
The fracture surface of pure PLA is shown in Figure 5(a),
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FIGURE 5: SEM images of fractures for (a) pure PLA, (b) 5wt% SAO/PLA, (c) 10wt% SAO/PLA, (d) 15wt% SAO/PLA, and (e) 20 wt%

SAO/PLA.

the fracture is relatively flat, smooth, and arranged regularly,
with only some shapes like the lines of rivers, and it can be
seen from the above situation that it conforms to the charac-
teristics of brittle failure. The SEM image (Figure 5(b))
shows some tiny SAO particles on the surface of pure PLA,
which indicates that SAO particles in the composite agglom-
erate due to its relatively high surface energy. The SEM
images of SAO/PLA (Figures 5(c)-5(e)) show a moderately
fair dispersion and uniform distribution of PLA at the micro
level; some agglomerations on a pure PLA surface can be
observed. However, the filaments may be formed during
the preparation of the composites via hydrogen bonding,
and the orientation of treated SAO particles is obvious under

external force [24]. While SAO particles are uniformly dis-
tributed into the PLA matrix, some agglomerations of SAO
particles are also present, and this may negatively affect the
tensile properties. However, the relatively random distribu-
tion of SAO particles is favorable and helps the luminous
SAO/PLA composite radiate green light after excitation [25].

3.6. Fluorescence Properties. The fluorescence spectra and
phosphorescence spectra of pure SAO are shown in
Figure 7 and include 5wt% SAO/PLA, 10wt% SAO/PLA,
15wt% SAO/PLA, and 20wt% SAO/PLA composites. The
above fully shows that it can be excited by the lowest
320 nm and the highest 400 nm broadband, and the highest
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TaBLE 1: Tensile properties of tensile strength, elongation at break, and modulus of elasticity.
SAO (wt%) Tensile strength (MPa) Fracture elongation (%) Modulus of elasticity (MPa)
0 14.94 + 4.06 491.95 +284.06 94.78 + 6.43
5 15.31+£5.32 699.61 +£416.29 88.83 +6.96
10 9.74+1.36 478.93 + 143.38 77.44 +15.86
15 9.07 £2.22 408.08 + 82.63 80.53 +17.76
20 9.82+2.13 262.87 £45.79 98.04 +7.46
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FIGURE 6: Effect of SAO loading on the tensile properties of PLA.
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FiGUrE 7: Fluorescence spectra (a) and phosphor spectra (b) of SAO, 5wt% SAO/PLA, 10 wt% SAO/PLA, 15wt% SAO/PLA, and 20 wt%

SAO/PLA.

excitation intensity is exactly 360nm in this range. By
observing the emission spectra of phosphorescence and fluo-
rescence, it can be found that the SAO particles have a max-
imum continuous broadband band at 524nm on both
spectra, but it is not difficult to find that the amplitude of
fluorescence emission spectrum is significantly higher than
that of phosphorescence emission spectrum (Figures 7(a)
and 7(b)). Figure 7(a) shows that the fluorescence emission

spectra of the composites are similar to those of SAO parti-
cles. This indicates that the composite does not change the
crystal phase of SrAl,O,:Eu** and Dy’*, which belongs to
the energy transition between the 4f°5d" excited state and
the 4f’ ground state of Eu* ions [26]. For the same quality
samples, the luminescence intensity increased upon addition
of SAO content, but the 15wt% SAO composites have the
best luminescence intensity. This indicates that increasing
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FIGURE 9: Long afterglow luminescence properties of composites
with different SAO contents.

the SAO content does not further increase the luminous inten-
sity. No special emission peak was found for Dy*", indicating
that Dy”" is not the luminescent center, but it does prolong
the afterglow time as a trapped energy level [20, 27, 28].
Figure 8 shows the afterglow decay curves of SAO/PLA
composites with different amounts of SAO. All samples have
the same luminescence decay trend (Figure 8). However,
with the gradual increase of the SAO concentration, the
initial afterglow intensity will gradually decrease (except of
15wt%). This is probably because one part of the excitation
energy was absorbed and reflected by the PLA crosslinking
with the rare-earth-doped particles. However, part of the

energy emitted by SrAl,O,:Eu** and Dy’* phosphors was
also absorbed and reflected by the PLA. Therefore, when
the initial PLA concentration is 15wt %, the cellulose emits
more light energy due to the increase of excitation energy.
The afterglow decay curve can be divided into two parts,
one is fast decay, and the other is slow decay. After the exci-
tation of the low trap energy level ceases, it begins to release
electrons by means of thermal disturbance. The low trap level
had a shallow depth, low energy, and small binding effects on
the electrons [24]. Therefore, it can be known that the reason
for the faster decay of the original brightness is related to the
faster escape of electrons from the low trap energy level.

Figure 9 shows the long afterglow luminescence charac-
teristics of composite materials with different SAO contents
after sunlight exposure for 2 hours. The luminescence inten-
sity of the composite gradually decreases with time, and it
increases with SAO particle content. We concluded that
the solvent casting method does not impact the afterglow
properties of SrAlL,O,:Eu*" and Dy’".

4. Conclusions

The luminous SAO/PLA composites were prepared by a
solvent casting method for the first time. The study demon-
strated that SAO/PLA composites have the ability to
successfully develop materials with fluorescent properties
while maintaining good mechanical properties. It only
requires SAO particles as a functional agent and PLA as a
matrix. All these indicate that the compatibility between
SAO and PLA is better improved because of the presence
of silane coupling agent. The tenacity, elongation at break,
and modulus of the SAO/PLA composites decrease by
increasing the SAO content in the composites; 5wt% SAO
composites have the best mechanical properties. The melting
and crystallization behavior of the PLA matrix changed
upon addition of SAO content. The SAO particles show a
moderately fair dispersion and uniform distribution of
PLA at the microlevel. The melting and crystallization
behavior of the PLA matrix changed after the addition of
the SAO particles. Therefore, SAO particles have not been
destroyed in the blend with PLA matrix; they retain their
luminescent properties. Meanwhile, the decay curves of the
composite have a similar behavior to pure particles. By
observing the phosphorescence spectra and photolumines-
cence spectra of the composite SAO particles, we can see that
there is a main emission peak at 524 nm of the spectrum,
which is consistent with that of pure SAO particles. It can
also be seen that the attenuation curve reflected by the com-
posite material is highly similar to that of pure particles.
Meanwhile, 5wt% SAO composite has better fluorescence
properties. In conclusion, by controlling the addition of
SAO particles, a SAO/PLA composite can be prepared with
excellent mechanical properties and useful fluorescence per-
formance. This product may have utility in materials appli-
cations. In the future studies, works can be carried out in
the following ways: (1) test more different concentration
ratios of SAO to find the best one. (2) Better applications
should be found for the materials studied in this paper.



Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Conflicts of Interest

It is declared by the authors that this article is free of conflict
of interest.

Acknowledgments

This work was supported by the Planning Project of Zhejiang
Provincial Collaborative Innovation Center for Bamboo
Resources and High-efficiency Utilization (2017ZZY2-15)
and Opening Project of Zhejiang Province Key Laboratory
for Digital Design and Intelligent Manufacturing of Charac-
teristics Cultural Creative Products (ZD201803). We thank
LetPub (http://www.letpub.com/) for its linguistic assistance
during the preparation of this manuscript.

References

[1] Y. Wei, L. Cao, L. Lv et al., “Highly efficient blue emission and
superior thermal stability of baAll2019:Eu2+ phosphors
based on highly symmetric crystal structure,” Chemistry of
Materials, vol. 30, no. 7, pp. 2389-2399, 2018.

[2] Y.H. Wang, Y. Gong, X. H. Xu, and Y. Q. Li, “Recent progress
in multicolor long persistent phosphors,” Journal of Lumines-
cence, vol. 133, pp. 25-29, 2013.

[3] K. G. Santosh, A. Maya, P. Z. Jose, A. P. Alexander, and Y. B.

Mao, “Samarium-activated La2Hf207Nanoparticles as multi-

functional phosphors,” ACS Omega, vol. 4, no. 19,

pp. 17956-17966, 2019.

C. Shi, X. Y. Shen, Y. N. Zhu, X. Q. Li, Z. Y. Pang, and M. Q.

Ge, “Excitation wavelength dependent dual-mode lumines-

cence emission for dynamic multicolor anticounterfeiting,”

ACS Applied Materials & Interfaces, vol. 11, no. 20,

pp- 18548-18554, 2019.

[5] J.Y.Zhong, W.R. Zhao, F. Du et al., “Identifying the emission
centers and probing the mechanism for highly efficient and
thermally stable luminescence in the La3Si6N11:Ce3+ phos-
phor,” The Journal of Physical Chemistry C, vol. 122, no. 14,
pp. 78497858, 2018.

[6] C.C.Lin,Y.T. Tsai, H. E. Johnston et al., “Enhanced photolu-
minescence emission and thermal stability from introduced
cation disorder in phosphors,” Journal of the American Chem-
ical Society, vol. 139, no. 34, pp. 11766-11770, 2017.

[7] X.X. Zhang, Z. F. Zhou, F. Ye, X. Liu, and Q. R. Li, “Fabrica-
tion and study of properties of the PLA/Sr,MgSi,O,:Eu*",
Dy’* long-persistent luminescence composite thin films,”
Materials Science in Semiconductor Processing, vol. 40,
pp. 130-135, 2015.

[8] S. Sachhidananda, K. S. Nithin, S. Kumara, K. N. Shilpa, R. B.
M. Jagajeevan, and S. Hatna, “Orange-red fluorescent polymer
nanocomposite films with large stokes shift: an opto-electronic
exercise,” Journal of Luminescence, vol. 208, pp. 488-494,
2019.

[9] Z. Hosseini, W. K. Huang, C. M. Tsai, T. M. Chen,
N. Taghavinia, and E. W. Diau, “Enhanced light harvesting

[4

s

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

Scanning

with a reflective luminescent down-shifting layer for dye-
sensitized solar cells,” ACS Applied Materials & Interfaces,
vol. 5, no. 12, pp. 5397-5402, 2013.

Z. H. Li, Y. Tao, S. Huang, N. Gao, J. S. Ren, and X. G. Qu,
“Lanthanide-based hollow mesoporous nanoparticles: a novel
multifunctional platform for simultaneous gene delivery and
cell imaging,” Chemical Communications, vol. 49, pp. 7129-
7131, 2013.

W. B. Dai, K. Huang, Y. M. Fan, H. Li, and M. Xu, “Struc-
ture, valence change, and optical properties of BaMgSiO4:
Eu phosphor,” Journal of Luminescence, vol. 222, pp. 117-
137, 2020.

Y. P. Huang and J. W. Lin, “The trap bag concept of afterglow
luminescence,” Scientific Reports, vol. 7, p. 8475, 2017.

A. Sepahvandi, M. Eskandari, and F. Moztarzadeh, “Fabrica-
tion and characterization of SrAlL,O,: Eu® * Dy® */CS-PCL
electrospun nanocomposite scaffold for retinal tissue regener-
ation,” Materials Science and Engineering: C, vol. 66, pp. 306—
314, 2016.

Z. C. An, S. T. Che, Y. H. Song et al, “Ca (Mg0.8Al10.2)
(Si1.8Al10.2) O6: Ce3+, Tb3+ phosphors: structure control,
density-functional theory calculation, and luminescence prop-
erty for pc-wLED application,” Inorganic Chemistry, vol. 59,
no. 7, pp. 4790-4799, 2020.

D. Zhang, X. T. Zhang, Z. C. An et al,, “Photoluminescence
and color-tunable properties of Na4Ca4Mg21(PO4)18:Eu2
+,Tb3+/Mn2+ phosphors for applications in white LEDs,”
Inorganic Chemistry, vol. 59, no. 19, pp. 14193-14206, 2020.

A. Ebrahimzade, M. R. M. Mojtahedi, and R. R. Semnani,
“Study on characteristics and afterglow properties of luminous
polypropylene/rare earth strontium aluminate fiber,” Journal
of Materials Science: Materials in Electronics, vol. 28,
pp. 8167-8176, 2017.

S.Z.Liao, X. Y. Ji, Y. F. Liu, and J. L. Zhang, “Highly efficient and
thermally stable blue-green (Ba0.8Eu0.20)(A1203)4.575x(1+x)
phosphor through structural modification,” ACS Applied Mate-
rials & Interfaces, vol. 10, no. 45, pp. 39064-39073, 2018.

W. K. Peng, H. F. Xia, Z. H. Zhang et al., “A surface corrosion
and expansion mechanism on thermal degradation of SrA-
1204:Eu2+, Dy3+,” Journal of Alloys and Compounds,
vol. 753, pp. 35-40, 2018.

M. L. Wan, X. Jiang, J. L. Nie et al, “Phosphor powders-
incorporated polylactic acid polymeric composite used as 3D
printing filaments with green luminescence properties,”
Applied Polymer, vol. 137, no. 18, p. 48644, 2020.

C. Shi, X. Hou, and X. Li, “Preparation and characterization of
persistent luminescence of regenerated cellulose fiber,” Journal
of Materials Science: Materials in Electronics, vol. 28, pp. 1015-
1021, 2017.

M. Tayebi, S. O. Movahed, and A. Ahmadpour, “The effect of
the surface coating of a strontium mono-aluminate europium
dysprosium-based (SrAl204: Eu2+, Dy3+) phosphor by poly-
ethylene (PE), polystyrene (PS) and their dual system on the
photoluminescence properties of the pigment,” RSC Advances,
vol. 9, no. 66, pp. 38703-38712, 2019.

A. Erdman, P. Kulpinski, T. Grzyb, and S. Lis, “Preparation of
multicolor luminescent cellulose fibers containing lanthanide
doped inorganic nanomaterials,” Journal of Luminescence,
vol. 169, pp. 520-527, 2016.

J. Liu, J. Wang, L. Zhu et al., “A high-safety and multifunc-
tional MOFs modified aramid nanofiber separator for


http://www.letpub.com/

Scanning

[24]

(25]

(26]

(27]

(28]

lithium-sulfur Dbatteries,” Chemical Engineering Journal,
vol. 411, p. 128540, 2021.

H. C. Francisco Leonardo, R. P. Moreira, C. F. C. Felinto
Maria, V. C. Teixeira, H. F. Brito, and O. L. Malta, “SrALO,:
Eu?t, Dy3+ persistent luminescent materials functionalized
with the Eu®*(T'TA)-complex by microwave-assisted method,”
Journal of alloys and compounds, vol. 882, 2021.

Y. N. Zhu, Q. C. Yu, L. B. Zheng, Z. Y. Pang, and M. Q. Ge,
“Luminous properties of recycling luminous materials
SrAl,O,: Eu**, Dy’ based on luminous polyester fabric,”
Materials Research Express, vol. 7, no. 9, 2020.

A. Szczeszak, N. Jurga, and S. Lis, “Effect of the Ce* ions co-
doping on the emission color of the up-converting NaYbF4
doped with Ho3+ ions,” Ceramics International, vol. 46,
no. 16, pp. 26382-26387, 2020.

A. Kumar, G. Kedawat, P. Kumar, J. Dwivedia, and B. P.
Gupta, “Sunlight-activated Eu2+/Dy3+doped SrAl204water
resistant phosphorescent layer for optical displays and defence
applications,” New Journal of Chemistry, vol. 39, no. 5,
pp. 3380-3387, 2015.

L. Zhu, J. Wang, J. Liu et al., “Smart formaldehyde detection
enabled by metal organic framework-derived doped electro-
spun hollow nanofibers,” Sensors and Actuators B: Chemical,
vol. 326, article 128819, 2021.



	Effect of the Concentration of SrAl2O4: Eu2+and Dy3+ (SAO) on Characteristics and Properties of Environment-Friendly Long-Persistent Luminescence Composites from Polylactic Acid and SAO
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. SAO/PLA Composite Material Preparation and Methods
	2.2.1. Modification of SAO Particles
	2.2.2. Preparation of SAO/PLA Composite Materials

	2.3. Testing and Characterization
	2.3.1. XRD Analysis
	2.3.2. FT-IR Analysis
	2.3.3. DSC Analysis
	2.3.4. TGA Analysis
	2.3.5. Tensile Property Test
	2.3.6. SEM Analysis
	2.3.7. Fluorescence Spectrum Analysis


	3. Results and Discussion
	3.1. Crystallization Behavior
	3.2. FT-IR Spectra
	3.3. Thermal Properties
	3.4. Mechanical Properties
	3.5. Micromorphology
	3.6. Fluorescence Properties

	4. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

