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In the changing process of garment development, nanoaluminate rare earth material has unique advantages as a new garment
material, such as easier preservation and brighter color, changing the visual beauty of traditional clothing. In order to in-depth
study the role of nanoaluminate rare earth long afterglow luminescent composite materials applied to ethnic costumes, this
article uses material preparation methods, numerical analysis adjustment methods, and equipment parameter introduction
methods to analyze nanoaluminate rare earths and simplify them and create a luminous composite material that can be used
in the field of ethnic minority clothing. To study the luminescence characteristics of the composite material, CXHP samples
with different doping concentrations of Cr ions were irradiated with an ultraviolet lamp with a center wavelength of 225 nm
for 4.5 minutes, and after 12 minutes attenuation, the afterglow emission spectrum was studied. The results show that the
sample has near-infrared afterglow emission ranging from 645 nm to 740 nm, and the two emission peaks are located at
680 nm and 700 nm, respectively. The performance of its application on clothing was studied again. The water consumption in
the experiment was 1500ml, and the grams of composite material added for the three times were 0.6 g, 1.2 g, and 1.8 g,
respectively. The hanging dyeing method was adopted during the experiment. Through experiments, it can be obtained that
when the composite material is 1.8 grams, the visual effect is more similar to the hue, brightness, purity, and other aspects of
the clothing. This way, when combined with the composite material for secondary design, a better visual effect will be
achieved. From the practical application level, it has been verified that composite materials can be used in ethnic costumes.

1. Introduction

In recent years, with the continuous advancement of various
sciences and technology of nanomaterials, the research of
rare earth luminescent materials has been further developed.
Within the nanometer standard size, due to special effects
such as surface reaction, quantum measurement effect, small
size effect, and macroscopic quantum tunneling effect, nano-
materials exhibit many mechanical, electrical, magnetic, and
optical properties that are distinct from general materials.
Rare earth-doped nanoluminescent materials have excellent
optical properties such as good light stability, large Stokes/
anti-Stokes shift, long fluorescence lifetime, and narrow
spectral line width. They are used in ultrasonic inspection,

detection, treatment, luminescence display, photovoltaic
devices, and other fields show broad application prospects
and have become a hot research topic in recent years.

As the carrier of the traditional culture of ethnic minor-
ities, ethnic clothing is not only an important mark of each
ethnic group but also an indispensable part of the cultural
heritage of ethnic minorities. It is the precious wealth of
the entire Chinese nation. Inheriting and protecting the tra-
ditional culture of ethnic minority clothing is nowadays new
topics of general concern to society. However, with the influ-
ence of various factors such as economic globalization and
social modernization, the ethnic costume culture that has
sunk for thousands of years has almost disappeared, and
some have even disappeared. The protection situation is very
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strict. Although there are already some protection methods
and research methods, they are far from enough, and mod-
ern chemical methods are needed. It is of irreplaceable sig-
nificance to use nanoaluminate rare earth long afterglow
luminescent composite materials to preserve ethnic cos-
tumes and to study whether their luminous characteristics
can reproduce the gorgeousness of ethnic costumes.

Many scholars have been doing research on ethnic
minority clothing for a long time, but in recent years, more
and more scholars have begun to study the luminescence
properties of composite materials on clothing. In 2016,
Kaewkhao et al. observed the highest emission intensity in
the development glass prepared under the condition of
0.4mol% Dy2O3. From the perspective of X-ray-induced
optical luminescence, the emission spectrum is the same as
the emission spectrum measured by PL, but the intensity
observed on the glass quenched with 0.45mol% Dy2O3 is
the highest. Finally, the overall scintillation efficiency of the
developed nanocomposite glass was determined to be 27%
of that of commercially available BGO crystals. However,
their research is not rigorous [1]. In 2017, the purpose of
Hernández was to study the luminescence properties of lan-
thanum aluminate powders prepared by improved Pechini
(MP) method. The samples were prepared with different
Eu3+ concentrations and calcined at 1600°C. The lumines-
cence characteristics are analyzed by photoluminescence
(PL) and thermoluminescence phenomena. Studies have
shown that polycrystalline LaAlO3 : Eu3+ powder calcined
at 1600°C has interesting luminescence properties. But this
research is radioactive and harmful to humans [2]. In
2018, Oleshko et al. studied the emission spectra and
dynamics of Sn- and Fe-doped Ca2O3 crystals excited by
nanosecond electron beams. Compare with data obtained
using electron beam current pulses of sub-nanosecond dura-
tion. The results show that as the duration of the beam pulse
increases, it is produced by cathodoluminescence in the
range of 300-450 nm. However, there are errors in the exper-
imental process [3]. In 2017, Bezkrovnaya et al. studied the
spectral and luminescence properties of three laser dyes in
the 600-700 nm spectral range. These dyes were incorpo-
rated into a xerogel matrix preliminarily calcined at 700C.
Compared with methanol, this effect is manifested in reduc-
ing nonradiation losses and increasing the quantum yield of
dye luminescence in the calcined xerogel in this state. Unfor-
tunately, there is no research on its application [4]. In 2021,
Kyselova and Shandrenko explained how to find harmony in
modern clothing design projects. Research methods include
analytical applications in the field of fashion, as well as
methods of source, aesthetics, and structural composition
analysis. Conclusion: design forms and expressions are
mainly due to changes in social needs, value systems, and
psychological norms. Among them, seeking harmony is also
very important-external and internal. However, the research
did not involve composite luminescent materials [5]. In
2016, Krause et al. constructed a multivariate model to
examine the extent to which sociodemographic, interper-
sonal, and behavioral factors explain the instability of
minority housing. A composite optical instrument was used
to collect data. The research found that housing instability

may originate from early life experiences and proposed an
intervention point to prevent the housing instability of
sexual minority males. But the basic research approach is
wrong [6]. In 2020, in order to use commercial sulfur-
based cathodes to obtain sufficient capacity and long-term
cycle performance, Ghosh et al. introduced ultrathin lithium
aluminate nanosheets as a polysulfide fixing agent with
excellent lithium ion conductivity. At the high current speed
of 3C, the capacity decay rate per cycle is extremely low,
only 0.02%. This work demonstrates a promising strategy
to directly utilize commercial sulfur powder in actual
lithium-sulfur batteries. However, the research purpose is
not pure enough [7].

The innovations of this paper are as follows: (1) The
effects of solvothermal conditions and the organic additive
sodium citrate on the crystal phase, morphology, size, crys-
tallinity, etc. of the product are systematically studied. (2)
The temperature-varying fluorescence test shows that the
nanocrystals are superior. The conversion luminescence
characteristics can be well matched within the temperature
range of 10-623, and the sensitivity is equivalent to the
reported rare-earth-doped upconversion fluorescence ther-
mometer. (3) We have found a universally adjustable rare
earth upconversion nanomaterial luminescence perfor-
mance. The method provides a theoretical basis for future
material selection. Through the above work, it is ensured
that the composite material or product proposed in this
paper has good performance and can be used in ethnic
minority clothing. (4) This paper uses energy transfer tech-
nology and thermal decomposition method to decompose
the luminescent components in the nanoaluminate rare
earth long-acting luminescent composites. Finally, it is con-
cluded that how the nanoaluminate materials promote the
effect of clothing luminescence.

2. Method Based on the Luminescent
Properties of Nanoaluminate Rare Earth
Composite Materials in Ethnic Costumes

2.1. Introduction to Ethnic Costumes. National costumes
refer to the costumes of ancient costumes that still uphold
and maintain the inherent characteristics of each ethnic
group over time. Specifically, it refers to materials, patterns,
luster, patterns, and production techniques that are less
affected by other ethnic cultures. The influence of this coun-
try still retains more of the national style and characteristics,
clothing that can represent and reflect the characteristics of
the national history and culture [8]. Our country is a multi-
ethnic country with 56 ethnic groups. In the long historical
development, each ethnic group has formed a totem that
can reflect the traditional culture, religious beliefs, living
habits, ethnic consciousness, geographical environment,
artistic tradition, aesthetic concepts, and totems of their
own ethnic groups. They worship the unique costumes.
For example, the Yi people admire martial arts. They believe
that the tiger is a symbol of bravery and sturdiness. There-
fore, the tiger totem is the most common totem pattern in
Yi costumes; Yi women often embroider small figures on
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the trousers, reflecting the Yi people’s preference for many
children and grandchildren. The Miao people regard the
butterfly as the founder of the world, and respectfully call
it the “butterfly mother.” In order to highlight the Miao peo-
ple’s admiration for the butterfly mother, the Miao people
use the butterfly as their totem; the Miao people believe that
humans evolved from dragons, Nuwa. The prototype is the
body of the human head dragon, respecting the dragon
and offering sacrifice to the dragon is equivalent to respect-
ing the ancestor and offering sacrifice to the ancestor. The
Miao people naturally regard the dragon as their own totem
[9]. This article has found some national costumes, as shown
in Figure 1 [10].

It can be seen from Figure 1 that each ethnic group
has its own totem worship, which is directly reflected in
their clothing. Therefore, the clothing of each ethnic group
contains its unique totem, pattern style, and other impor-
tant element structures, and the element structure is the
main basis for the study of national costumes in this
article [11].

2.2. Nanoaluminate Rare Earth and Its Luminescence
Characteristics. Solid luminescence dynamics introduced
the movement mechanism and forms of glow ion center
excited state. Contents include the center of the ion transi-
tion, electron phonon interaction, and interaction between
ions influence on luminescence process; this paper use of
luminous dynamic ion elements contained in the dress
material is analyzed, and examples to illustrate.

(1) Rare earth elements

Rare earth elements are a collective term of 17 elements
in total from 15 lanthanides from 57 to 71 in the periodic
table. Rare earth elements have similar chemical properties,
close ionic radius, and symbiosis in nature [12]. Because rare
earths coexist in nature, it was difficult to study rare earths in
the past where the separation technology was not developed.
Therefore, it was mistaken that the content of rare earth ele-
ments was scarce, so it was named rare earth. It has been
found that rare earth elements are not scarce. For example,
cerium (Ce) is ranked 25th in the earth’s crust in abundance,
which is higher than lead; the lowest rare earth element lute-
tium (Lu) is also more abundant than common metals. Gold
is nearly two hundred times higher [13].

(2) Nanomaterials

Nanomaterials, also known as ultrafine particle mate-
rials, are mainly composed of two parts: nanocrystalline
grains and grain interfaces. The size of the nanoparticle is
very close to the size of the atom, but it is neither a micro-
scopic system in the general sense nor a typical macro-
scopic system, but a mesoscopic system. Because of its
very small particle size, it has many novel characteristics,
which are different from the microscopic properties of the
constituent material units-atoms and molecules, and also
different from the macroscopic properties of the material
materials [14].

(3) Aluminate

Aluminate-based luminescent materials have become a
research hotspot in the field of luminescent materials in
recent years due to their very stable physical and chemical
properties, simple synthesis process, relatively low synthesis
temperature, and excellent luminescence performance [15].
Upconversion luminescent materials usually consist of a
matrix and an activator, and some materials also contain a
sensitizer. Rare earth ions have a rich energy level structure
and are currently used as activators for up-conversion mate-
rials [16]. According to the matrix components, currently
commonly used upconversion luminescent materials can
be divided into fluorides, oxides, sulfides, and composite
oxides. From the perspective of practical application, the
matrix material must have good chemical stability, thermal
stability, and good corrosion resistance.

Aluminates in oxides are often used as luminescent
matrix materials due to their excellent chemical and thermal
stability. For example, they are often used as long afterglow
luminescent matrix. As a member of aluminate family,
dodecalcium heptaaluminate is often used as rare earth, with
low cost and the lowest synthesis temperature in this system.
Due to its special nanocage structure, especially the weakly
bound anions in the cage, it has a wide application prospect
in the fields of electronic compounds and catalysis. At the
same time, the weakly bound anions in the cage can also
be used to regulate the luminescence characteristics of rare
earth luminescent ions. As previously used in this group,
the anion in the cage is replaced with easily conductive,
which improves the cathodoluminescence of C12A7: CE
and obtains low-voltage excited field emission display phos-
phors. In addition, by replacing the anion in the cage in
C12A7 : EU, the modulation of radiation transition proba-
bility and nonradiation transition probability is realized, so
as to adjust its luminescence characteristics. Figure 2 is a
schematic diagram of the crystal structure of [17].

It can be seen from Figure 2 that studies have shown that
the inherent disorder makes CaGdAlO4 a better luminescent
host material [18]. Chemical precipitation method is also
one of the methods of separation and purification. It makes
the target component (ion) in the solution selectively precip-
itate out in the form of insoluble compounds by virtue of the
role of precipitant. In the study of luminescence dynamics,
the experimental light path is shown in Figure 3.

It can be seen from Figure 3 that through the construc-
tion of the experimental optical path, we can study the prep-
aration method of rare earth luminescent nanomaterials,
and the thermal decomposition method is selected in this
article. Thermal decomposition is heating metal oxides,
iodides, carbonyl compounds, and so on to decompose pure
metal, generally applicable to silver, mercury, and other
inactive metal elemental extraction. The synthesis of nano-
particles by thermal decomposition is the most commonly
used method among many wet chemical synthesis methods,
usually under anhydrous and oxygen-free conditions. The
nanoparticles obtained by the method have high crystallin-
ity, good dispersibility, and controllable morphology and
crystal phase. First, the metal organic compound (usually
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Figure 1: National costumes of the Yi, Miao, Zhuang, and Tujia nationalities.

Figure 2: Schematic diagram of crystal structure.
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metal trifluoroacetate) is used as a precursor, and it is added
to a high-boiling organic solvent with coordination proper-
ties, and then, the temperature is increased; the precursor
decomposes and crystallizes into a nucleation reaction. The
specific process is shown in Figure 4 [19].

It can be seen from Figure 4 that octadecene (ODE) is
generally used as a solvent during the thermal decomposi-
tion reaction because of its higher boiling point. Oleic acid
(OA), oleylamine (OM), and trioctyl phosphine oxide
(TOPO) have groups that can coordinate with metal ions
and are often used as surfactants, and all three structures
contain long hydrocarbon chains, which can be effective in
preventing agglomeration of nanoparticles [20]. During the
reaction process, by adjusting the reaction temperature,
reaction time, surfactant type, precursor concentration,
etc., rare earth upconversion luminescent nanoparticles with
good crystallinity, monodisperse, and controllable morphol-
ogy and size can be obtained [21].

(4) Algorithms involved

Diffraction technology is a method of incident high-
energy electron beam with respect to the atomic plane of
the crystal sample at a specific angle, resulting in strong elas-
tic scattered waves, mutual interference, and characteristic
electron diffraction patterns related to the crystal structure.
The crystal structure can be analyzed by using this mode.
We use an integrating sphere with a combined fluorescence
spectrometer to test the absorptivity and quantum efficiency
of the material. When testing, we set the slit, excitation, and
emission wavelengths, ix, iy, and iz as required and calculate
the absorption rate through the following formula [22]:

x =
iy − iz
iy

+ ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ua + ub

p + 1
2 : ð1Þ

Among them, x is the total score, test f y and f f as
required, and calculate the quantum efficiency according to
the following formula [23]:

ϖl =
f f− 1 − xð Þ ∗ f y

ix ∗ x
: ð2Þ

When a ≥ 0:05, the XRD diffraction peak position
appears to shift significantly. This is because according to
the Bragg equation,

2wcosμ = oβ ± ∐
∇

η
⟵
γ

Ψ: ð3Þ

Among them, w represents the interplanar spacing;
this is because according to the calculation formula of
the concentration quenching critical distance ef proposed
by B:

ef = 2 3m
4μazo

� �1/3
+〠RI: ð4Þ

Among them, m represents the unit cell volume,
where the absorption rate is calculated by the following
formula:

x =
iy − iz
izy

∗
1
2 ⊕

Y
y

z

" #
: ð5Þ

Among them, x represents the absorption rate of the
phosphor; iy represents the scattering on the surface of
the integrating sphere when the phosphor and the
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Figure 3: Schematic diagram of luminescence dynamics test device.
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excitation light are not on the same optical path; the
quantum efficiency is calculated by the following formula:

ϑe =
f f − 1 − xð Þ ∗ f y

iv ∗ x
+ 1
3 : ð6Þ

ϑe represents the quantum efficiency; f y represents the
emission intensity detected when the phosphor and the
excitation light are not on the same optical path; using
the Arrhenius formula:

us =
up

1 + zuzi −f x/gsð Þ : ð7Þ

Among them, us represents the luminous intensity of the
phosphor at a certain temperature; after the above formula is
mathematically processed, the following another expression
form can be obtained:

out
up
us

− 1
� �

= −
z
gs

∗ f x: ð8Þ

The converted Arrhenius formula can be regarded as a lin-
ear function of outððup/usÞ − 1Þ versus −z/gs, the fluorescence
decay curve of the phosphor and use the first decay function
with origin software.

us = upuzi −s/υð Þ +∯
wu

xe
2

� �
: ð9Þ

According to the energy transfer efficiency formula,

σs = 1 −
ςp
θt

+ ∞
ψ

∗ 〠
x

y

l +〠
z

l

" #
: ð10Þ

Among them, σs represents the energy transfer efficiency;
according to Dexter’s energy transfer equation for multipole
action, we know

μp
μt

∈ zo/3
sy3++f v3+ + zc: ð11Þ

Among them, μp represents the quantum efficiency of a

single-doped sy3+ sample; the value of μp/μt is similar to
up/ut , so

up
ut

∈ zo/3
sy3++f v3+ + uc + ub: ð12Þ

The ratio of the fluorescence intensity of the upper and
lower energy levels of the thermal coupling energy level of
Er3+ is in accordance with the following relationship:
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Figure 4: Schematic diagram of synthesis of nanoparticles by thermal decomposition reaction.
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e = u522
u550

= epuzi −
∇f
−gys

 !
: ð13Þ

Among them, u522 and u550 are the integrated intensity
of green light emission at 522nm and 550nm, respectively,
ep is a proportional constant independent of temperature,
∇f is the energy level difference of the thermal coupling
energy level of Er3+, and s is the thermodynamic tempera-
ture. Further, according to formula (13), the linear relation-
ship can be as follows:

uoe = out u522
u550

= −
∇f
gys

1
s
+ z: ð14Þ

In the upconversion fluorescence thermometer based on
the fluorescence intensity ratio of the thermal coupling
energy level pair of Er3+, an important parameter to be
investigated is the relative sensitivity of the temperature
measurement [24]. It can be expressed as

te =
1
e
we
ws

= ∇f
gys

2 : ð15Þ

According to the Boltzmann distribution, the popula-
tion of particles on the energy level is related to the energy
of the energy level, the surrounding temperature and the
degeneracy of the energy level. The specific relationship is

ou = huuzi −
f u
gys

 !
−

f k
mbt

: ð16Þ

Among them, hu represents the degeneracy of the
energy level, f u is the energy of the energy level, gy is
Boltzmann’s constant, and s is the Kelvin temperature.
When the energy level interval is Δf , the ratio of the num-
ber of particles in two adjacent energy levels is

o2
o1

= h2
h1

uzi −
∇f
gys

 !
: ð17Þ

Among them, o2 represents the number of particles at a
high energy level, o1 represents the number of particles at a
low energy level, h1 and h2, respectively, represent the
degeneracy of these two energy levels, and the relationship
between the fluorescence intensity and the number of par-
ticles is also known:

uu = εouϖupgzρup + π0upyλρup, ð18Þ

where uu is the upconverted fluorescence intensity and ε is
a set factor related to the structural environment; therefore,

u2
u1

= ∂20ϖ20o2
∂10ϖ10o1

= ∂20h2ϖ20
∂20h1ϖ10

uzi −
∇f
gys

 !
: ð19Þ

An important parameter to be studied in the conversion
of the rate of catalytic reactions into fluorescent thermom-
eters based on thermal coupling is the relative sensitivity
of temperature measurements. For Er3+ ion, it can be
expressed as

e = u522
u558

= o 2g10/2
� �
o 2t3/2ð Þ =

hg∂gϖg

ht∂tϖt
uzi −

∇f
gys

 !
= zuzi −

∇f
gyt

 !
:

ð20Þ

Among them, e is a constant; in other words, for the
same sample, its ratio can be used to characterize the tem-
perature of the sample [25].

2.3. Long Afterglow Luminescent Materials. “Luminescence”
is a kind of nonequilibrium radiation, which means that
under the excitation of some external conditions (light map-
ping, external electric field or electron beam bombardment,
etc.), the object absorbs external energy, and the system
deviates from the original equilibrium state. Energy transfer
refers to the process of energy transfer from high-
temperature region to low-temperature region. The mecha-
nisms of energy transfer include conduction, convection,
and radiation. In the process of restoring to the equilibrium
state, the object emits excess energy in the form of light in
addition to thermal radiation. The emission process has a
certain duration, that is, after the external excitation stops,
the brightness will not disappear immediately, but gradually
weaken. Afterglow is the phenomenon that light can be
continuously emitted when the external action stops. Long
afterglow is a special phenomenon that materials with
energy storage function absorb the energy radiated by
external light and store it. After the excitation stops, they
slowly release the stored energy by emitting light under
appropriate conditions.

A long afterglow luminescent material is a special photo-
luminescent material, which can absorb the energy irradi-
ated by external light such as visible light or ultraviolet
light and store it. After the projection stops, under certain
conditions, the stored energy will slowly emit light in the
form of light. Long afterglow luminescent materials have
been widely used in architectural decoration, information
display, and safety instructions and are now gradually
expanding to application fields such as information anti-
counterfeiting, biological detection, and optical imaging. In
the application of biomedical imaging, long afterglow
luminescent materials have special advantages: ultralong
afterglow lifetime, which can delay detection and imaging.
Other energy transfer methods include energy transfer on
the same potential energy surface, such as rotation transla-
tion, rotation, vibration, vibration translation, and vibration
rotation, as well as energy transfer involving the change of
electronic state of species, such as electron translation,
electron vibration, and electron. Long afterglow materials
can be excited in vitro, thereby effectively avoiding tissue
auto fluorescence and reducing damage to cell tissues. And
the biological transmission window is 600-900nm; the light
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in this wavelength range is the least absorbed by water,
which accounts for the largest proportion of the human
body; and its luminescence mechanism is shown in
Figure 5. Working in the near-infrared region can increase
the transmittance of the deep tissue of the detection light.
Therefore, the application of near-infrared long afterglow
luminescent materials in the optical imaging of living organ-
isms can effectively avoid interference, achieve high signal-
to-noise ratio, and obtain better imaging results. The action
of a catalyst to change the rate of a chemical reaction is
called catalysis, and it is essentially a chemical effect. Chem-
ical reactions take place in the presence of a catalyst. This
reaction is called catalytic reaction. Catalysis is an important
phenomenon that exists in nature and covers almost the
entire field of chemical reactions. Therefore, near-infrared
long afterglow materials have outstanding advantages in
bioimaging. They are the most potential bioluminescent
markers and have become a research hotspot.

It can be seen from Figure 5 that, so far, the research on
visible light long-lasting luminescent materials based on rare
earth ion- (Eu2+-) doped aluminate and silicate systems has
achieved rapid development. When a catalyst is added, the
aluminate and silicates react slowly. According to the type
of matrix, long-lasting luminescent materials are mainly
divided into several major systems; this article focuses on
the aluminate system.

Since et al. discovered that SrAl2O4 : Eu2+ has long
afterglow characteristics in 1968; the long afterglow lumines-
cent material of the aluminate system has been highly con-
cerned by researchers. In 1996, after Ma et al. synthesized
the SrAl2O4 : Eu2+, Dy3+ long afterglow material with excel-
lent performance by codoping with europium ion (Eu2+)
and dysprosium ion (Dy3+), blue long afterglow materials
and red long afterglow materials were also developed one
after another. It can be seen that the aluminate long after-
glow material mainly uses Eu2+ ions as the activator, alkaline
earth metal aluminates as the matrix, and rare earth ions
such as Dy3+ and Nd3+ as auxiliary activators. The role of
catalysts in chemical reactions is shown. In a catalytic reac-
tion, the catalyst reacts with the reactants, changing the reac-
tion pathway and thus reducing the activation energy of the
reaction. Aluminate system materials have outstanding
advantages such as long afterglow time, good light stability,
better chemical stability, simple production process, and
environmental protection, which makes researchers attach
great importance to their research and become the second
generation of main long-lasting materials. However, the
aluminate system materials also have the disadvantage of
being unstable in water, and their luminous color is boring,
concentrated in the blue-green color of 420-500nm, which
limits its application to a certain extent.

Now, the relevant research is mainly carried out from
two aspects: one is to adjust the element composition ratio
and other methods to find new aluminate matrix materials;
the other is to dope appropriate luminescent centers to
expand the luminous color range of aluminate materials.
The commonly used materials of aluminate system can be
seen in Table 1.

3. Experiments and Conclusions Based on the
Design and Realization Method of the
Luminescent Properties of Nanoaluminate
Rare Earth Composite Materials in the
Application of Ethnic Minority Clothing

3.1. Selection of Experimental Reagents and Equipment. The
name, molecular formula, concentration, and detailed infor-
mation of the manufacturer of the main samples used in the
experiment are shown in Table 2.

The main equipment used in the experiment is shown in
Table 3.

3.2. Sample Synthesis Method and Steps. All the samples in
this paper are synthesized by a simple high-temperature
solid-phase method. The flow chart of the synthesis steps
of the high-temperature solid-phase method is shown in
Figure 6.

It can be seen from Figure 6 that the raw materials are
weighed according to the stoichiometric ratio and placed in
an agate mortar for uniform grinding for 20 minutes. The
obtained mixture was transferred to a corundum crucible
and placed in a box-type resistance furnace for pre-sintering
at 850°C for 4.5 hours. The obtained prefired product was uni-
formly ground for 12minutes and then transferred to a corun-
dum crucible again and placed in a box-type resistance furnace
for calcination at 1100°C for 1.5 hours. The obtained product
is ground into powder to obtain the product, which is bagged
for later use. Part of the samples needs to be synthesized in a
reducing atmosphere, just place the corundum crucible con-
taining the sample in a large corundum crucible filled with
reduced carbon particles to form a simple reduction device.

3.3. Preparation Conditions. We use the high-temperature
thermal decomposition method to change the reaction con-
ditions in the experiment, such as the total amount of reac-
tants, the type and amount of alkali, the reaction time, and
the reaction temperature, to achieve a series of super grain
sizes ranging from 2.2 to 10.1 nm. For precise control of
small nanocrystals, the specific preparation conditions are
shown in Table 4.

3.4. Luminous Performance Research. For the convenience,
we denoted Zn3Al2Ge3O12 as CXHP. We weigh each initial
raw material accurately according to the stoichiometric
ratio. The weighed raw materials are put into an agate
mortar, mixed and fully ground for about 1.2 hours, and
then pressed by a powder tablet machine at a pressure of
10MPa for about 12 minutes, and pressed into a diameter
of 16mm and a height of about 2.1mm. Then, the disc-
shaped sample is placed on the corundum crucible, placed
in a box-type high-temperature sintering furnace, and sin-
tered in the air. The sintering temperature is set to 1250°C,
the temperature is kept for 11 hours, and the heating rate
is 4.9°C/min. Finally, wait for it to cool to room temperature
and take it out to get the desired sample.

The Cr3+ ion is a typical transition metal ion with a 3d
electronic configuration, because its 3d electrons are directly
exposed to the outside, lacking an effective barrier for outer
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electrons, and it is obviously affected by the crystal field envi-
ronment. Figure 7 is the energy level splitting T-S diagram in
the octahedral crystal field, which reflects the relationship
between the crystal field splitting energy f of the transition
metal ion energy level and the crystal field parameters.

It can be seen from Figure 7 that it reflects the relation-
ship between the crystal field splitting energy f of the transi-
tion metal ion energy level and the crystal field parameters.
It represents the strength of the crystal field and is related
to the average distance between the metal ion and the sur-
rounding lattice ions. Figure 8 shows the XRD patterns of
various a series samples of CXHP.

It can be seen from Figure 8 that the main diffraction
peaks of all samples are basically consistent with the CXHP
standard XRD card pattern. There is no sign of the presence
of Ge element found from the XRD spectrum, which is prob-
ably because Ge ions replaced aluminum ions well into the
octahedral site of CXHP, so other impurity phases did not
appear obviously.

3.5. Attenuation Curve Analysis and Application Analysis.
Figure 9 is the afterglow emission spectrum of CXHP sam-
ples with Cr3+ different doping components after being irra-
diated by an ultraviolet lamp with an average wavelength of
225 nm for 4.5 minutes and decreasing for 12 minutes.

It can be seen from Figure 9 that the sample has an after-
glow ejection in the range of 645nm to 740nm, and the two
emission peaks are located at 680nm and 700nm, respectively.
The afterglow emission spectrum is basically consistent with
the shape and emission peak position of the fluorescence spec-
trum, indicating that the emission center of the afterglow is
Cr3+, and the fluorescence emission and the afterglow emis-
sion also come from the Cr3+ ion 2E⟶4A2 feature span,
and the R line at 680nm is caused by theCr3+ ion crossing that
occupies the ideal polyhedron is generated, while the N2 line
at 700nm is formed by the Cr3+ ion 2E⟶4A2 energy level
crossing with antipotential loopholes around it. The appear-
ance of these two afterglow emission peaks once again proves
thatCr3+ ions are in two different crystal field environments in
the synthesized long-lasting luminescent material. CXHP
samples without Cr3+ ions have very weak afterglow, which
may be related to the intrinsic defects of the matrix, such as
zinc vacancies, oxygen vacancies, and germanium vacancies.
The above results indicate that Cr3+ ions not only act as lumi-
nescence centers but also play an important role in long after-
glow luminescence. Figure 10 shows the afterglow decay curve
of the series of samples CXHP.

It can be seen from Figure 10 that the sample is irradi-
ated with a light with a center wavelength of 225nm for
4.6 minutes before testing. The curve uses the afterglow
decay time as the abscissa, and monitors the afterglow
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Figure 5: Mechanism of phosphors with sensitizer.

Table 1: Aluminate system Longhui material.

Matrix Activator Emit peak (nm) Yu Hui time

SrAL2O4 Eu2+, Dy3+ 510 >30 h
CaAL2O4 Eu2+, Nd3+ 440 >16 h
BaAL2O4 Eu2+, Dy3+ 490 >2 h
SrAL2O4 Cu3+ ⟶ Zn2+ 510 >5 h
Sr4AL14O25 Eu2+, Dy3+ 480 >20 h
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emission at a wavelength of 680nm and draws its luminous
intensity as the ordinate, which can reflect the change state
of the afterglow performance over time. There are two pro-
cesses in the sample CXHP afterglow decay curve: fast decay
process and slow decay process. The afterglow luminescence
intensity of all samples decreased rapidly at the initial stage

and then gradually became slow with the increase of time
and lasted for a long period of time with corresponding inten-
sity, indicating that there may be traps of different depths. We
found that samples with different ion doping concentrations
have different afterglow times and decay rates. As shown in
the figure, when the concentration of doping Cr3+ increases,

Table 2: Main reagents and purity.

Name Chemical Purity Manufacturer

Zinc oxide ZnO X.E+99.9% National medicine group

Alumina Al2O3 X.E+99.9% National medicine group

Chromium oxide Cr2O3 X.E+99.9% National medicine group

Gallium oxide Ca2O3 99.9999% National medicine group

Oxide GeO2 99.9999% National medicine group

Lithium carbonate Li2CO3 99.9999% National medicine group

Anhydrous ethanol C2H5OH Analyze pure Chongqing Chuandong chemical

Table 3: The main equipment used by the experiment.

Name Equipment model/specification Manufacturer Message accuracy

Electronic balance TP-115 Sad Denver 93.6%

Box high-temperature sintered furnace KSL-1600A Hefei Crystal 94.2%

Powder tablet machine LD-4X Tianjin Expandorum Instrument 91.3%

Agate mortar 13 cm Huanyu agate 90.5%

Planetary ball mill AQN-2I Nanjing science 96.5%

Ultrasound cleaning machine FWXX-8090 Shanghai Song 96.6%

Dry box WGK-7080X Shanghai Dongyu 97.1%

Raw material Precursor Pre-fired products Product fluorescent 
pollen

Burn for 5 hours at 1200 degreesPut it in the corundum crucibleGrind with an agate mortar

Figure 6: Flow diagram of high-temperature solid-state method.
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Table 4: Synthetic conditions for ultrasmall object in different sizes.

Grain size Types of alkali The amount of alkali added Reaction time Temperature reflex

2.5 LIOH 3 115 298

3.3 LIOH 4.5 225 298

4.4 KOH 3 59 298

5.9 KOH 4.5 115 298

6.9 KOH 3.9 249 318
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the afterglow luminescence performance of the sample is grad-
ually enhanced, reaching the highest point when the doping
concentration is 1.9%, Unlike a = 0:9% fluorescence emission
concentration quenching, CXHP afterglow concentration
quenching may be due to the increase in the number of traps
due to the increase of ion doping concentration. We found
through experiments that the sample with a doping concentra-
tion of 1.9% has the best the afterglow performance; the after-
glow time is more than 12 hours.

Then, the thoroughly optimized product was used in
ethnic clothing. In order to achieve the color matching the
purple luminous yarn used before, a series of dyeing experi-
ments were carried out on the dye to achieve the best match-
ing effect, as shown in Table 5. In the experiment, the
amount of water used was 1500ml, and the grams of com-
posite material added for the three times were 0.6 g, 1.2 g,
and 1.8 g, respectively. The hanging dyeing method was used
during the experiment.
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Figure 10: Afterglow decay curve of the sample.

Table 5: Dyeing experiment.

Experiment Composite dosage Dyeing effect Accuracy Experimental error

Experiment 1 0.6 Bad 99.6% <0.5
Experiment 2 1.2 Just so so 99.6% <0.1
Experiment 3 1.8 Good 99.3% <0.05
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Through experiments, it can be obtained that when the
composite material is 1.8 grams, and the visual effect is more
similar to the hue, brightness, purity, and other aspects of
the clothing. This way, when combined with composite
materials for secondary design, a better visual effect will be
achieved, so this composite material is used to dye the fabric.
Although the types of colors are far inferior to traditional
fabrics with diverse colors, delicate changes, and richness,
it also has advantages that traditional fabrics do not have.
Using the unique advantage of luminous effect, these two
materials are recombined and designed. The color combina-
tion of luminous materials and ordinary textile materials in
all aspects and multiple methods, in practice, find the best
decorative combination form to be used in ethnic minority
clothing, becoming the focus and highlight of color design,
forming the visual center, and making clothing. The colors
of the light form a visual effect similar to ordinary clothing
in the light state, but in the dark state, it can also give play
to the advantages of the material itself and show the color
beauty of clothing in the dark.

4. Discussion

Upconversion luminescent materials have been tried to use
in medical imaging, photodynamic therapy, temperature
detection, infrared detection, and other fields and have
achieved good results. However, during use, it will receive
a certain amount of radiation from other high-energy parti-
cles such as X-rays and electron flow, and these radiations
will bring about some changes in the characteristics of the
material itself, and the upconversion luminescence charac-
teristics of the material will also follow. The excellent perfor-
mance of upconversion luminescent materials makes it
applicable to temperature detection, environmental indica-
tor warning, radiation intensity detection, etc. under condi-
tions of outer space in the future. Luminescent materials in
nanoaluminate are functional materials that can convert var-
ious forms of energy absorbed from the outside into non-
equilibrium light radiation. Luminescent materials widely
exist in people’s life, and people have a perceptual under-
standing of this.

When designing, according to the style and characteris-
tics of the clothing, we can make better use of the rebuilt
luminous fabrics, which can innovate and change the design
form of the traditional clothing partial shape, and the result-
ing changes can make the clothing produce refreshing sen-
sory enjoyment. Through the design of the shape of the
garment technology, the reorganization and shift design,
and the sewing design, a solid foundation has been laid for
the sewing and inlaying of pieces of reconstituted fabrics,
which can achieve an unexpected and reasonable form effect,
so that remanufactured fabrics play a finishing touch to the
local shape of clothing. Whether it is the hand crocheting
of the fabric for decorative effects in the secondary regener-
ation, or the basting before the perfect stitching of the recon-
stituted fabric and the ordinary fabric, it shows the demand
of the reconstituted fabric for the garment craftsmanship.
The material innovation of clothing fabrics and the innova-
tion of fabric remanufacturing techniques can both cause

changes in the clothing production process and can add
new design techniques and a steady stream of artistic charm
to the design of ethnic minority clothing.

5. Conclusions

This thesis mainly focuses on the design and application of
luminous materials, namely luminous yarns and luminous
paints, in the design and application of ethnic minority
clothing. In order to achieve this goal, this article uses a vari-
ety of scientific methods mainly in the fields of material
preparation, clothing design, etc., and analyzes luminescent
composite materials. Finally, a luminescent composite mate-
rial that can act in this field was designed. Based on the prep-
aration of the previous material, the afterglow attenuation
performance of this composite material was studied. Before
the test, the sample was irradiated with an ultraviolet lamp
with a center wavelength of 225nm for 4.6 minutes. The
curve uses the afterglow decay time as the abscissa and mon-
itors the afterglow emission at a wavelength of 680nm and
draws its luminous intensity as the ordinate, which can
reflect the change of the afterglow performance over time.
When the concentration of Cr ion is increased, the afterglow
luminescence intensity of the sample is gradually enhanced,
reaching the maximum value when the doping concentra-
tion is 1.9%, and then weakening due to the quenching effect
of the afterglow concentration, which is consistent with the
changing trend of the afterglow spectrum. We found
through experiments that the sample with a doping concen-
tration of 1.9% has the best afterglow performance, and the
afterglow time exceeds 12 hours. At the same time, when
the number of grams of composite materials is 1.8, the opti-
mization design will get more practical and exquisite prod-
ucts. The shortcomings of this paper are as follows: firstly,
in the process of the combination of composite luminescent
materials and traditional technology, only a few representa-
tive practical forms are selected. Secondly, at this stage, the
research on the development and application of follow-up
products of luminous materials, especially clothing products,
mostly stays in the surface stage. In the application, it mainly
shows the functional design of luminous materials. The
decorative and aesthetic characteristics of this material need
to be further excavated. Therefore, in further research, we
should not only focus on the excellence of luminous perfor-
mance but also integrate with a variety of traditional pro-
cesses to make the appearance of clothing more beautiful,
but also more in line with the characteristics of ethnic
minority clothing.
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