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Due to the excellent electrical properties, stable temperature characteristics, and abundant material systems of ferroelectric thin
�lm materials, in recent years, ferroelectric devices based on silicon technology have been used in microelectronic mechanical
systems, new energy photovoltaics, especially nonvolatile memory and other �elds. During the preservation of the artist’s oil
painting works, the temperature change will directly cause the physical e�ects of thermal expansion and contraction of the oil
painting and the chemical reaction speed of the material in nature.�erefore, it is of great signi�cance to introduce the technology
of nano-PZTferroelectric thin �lm into oil paintings to prevent fading.�is article aims to study the research on preventing fading
of the artist’s oil paintings based on nano-PZTferroelectric thin �lms and analyze the characteristics of ferroelectric materials, the
application of ferroelectric �lms, the preparation methods of ferroelectric �lms, and the basis of the main environmental factors
that a�ect the fading of oil paintings. In the above, we studied the fading process of di�erent concentrations of oil paints under
simulated sunlight aging and the e�ect of di�erent concentrations and thicknesses of PZT ferroelectric thin �lms coated with
nano-TiO2 coatings on the color stability of oil paints. �e experimental results show that after �ve times of simulated solar aging
for the four concentrations, the total color di�erence△E: 0.05% group is the largest, 0.4% group is the smallest, the higher the oil
paint concentration, the smaller the color di�erence, the better the color stability, and the antisimulation of sunlight fading.

1. Introduction

Oil paintings are often aging due to light and heat during the
preservation process, which will cause the pigments to
change or fade and eventually lose their value. For this
reason, domestic and foreign researchers have tested various
methods to improve the discoloration resistance of oil
paints, and conducted a lot of research, such as mixing
ultraviolet absorbers, light stabilizers, and sunscreens, to
improve the discoloration resistance of oil paintings. But no
obvious e�ect was seen [1, 2].

Due to its special structural characteristics, the perovskite
PZT material has excellent properties such as iron, piezo-
electric, dielectric, and thermoelectric. In recent decades, it
has attracted great attention from domestic and foreign de-
signers and has become a new type of functional material in
the world [3, 4]. Widely used in energy, intelligence, military,

and other high-tech �elds. Traditional ferroelectric and pie-
zoelectric materials and their process size are limited, and it is
di�cult to adapt to the miniaturization, miniaturization, and
integration requirements of modern electronic devices. Since
the 1950s, researchers have been exploring the preparation,
properties, and applications of iron PZT �lms.

In recent years, many researchers at home and abroad
have conducted research on improving the discoloration re-
sistance of pigments and preventing the fading of oil paintings,
and have achieved good results. Choosing color matching
pigments with high discoloration resistance and various aging
resistance is an important way to improve the discoloration
resistance of oil paintings, and it is also the development trend
of oil paints [5, 6]. Some scholars have studied the resistance to
discoloration of silicone rubber SY-1 colored with oil paints
(after special treatment), inorganic dyes and gouache dyes
under ozone aging, thermal oxidation aging, natural aging,
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and dark aging.+e results show that among the pigments, oil
paints have excellent heat resistance, ozone aging resistance,
light resistance, and weather resistance, as well as better color
stability [7, 8]. Some scholars believe that the fading of pig-
ments exposed to the sun is not a process of gradual disap-
pearance of colored substances, but a chemical change caused
by ultraviolet rays. +e ultraviolet light reacts with the dye or
stimulates the dye. Air, water vapor, and pigments become
colorless or light-colored compounds, causing macrofading of
oil painting [9, 10]. Some researchers have tested the dis-
coloration resistance of five kinds of pigments in oil paintings,
indicating that the initial color change of oil paintings may be
caused by the fading of ultraviolet-sensitive pigments, and the
color change is long term [11, 12]. Since photo-oxidation aging
plays an important role in the fading of oil paintings, re-
searchers are trying to add light stabilizers to oil paintings to
delay the fading of oil paintings. According to the mechanism
of action, light stabilizers can be divided into shielding agents,
ultraviolet absorbers, quenchers, and free radical scavengers
(mainly inhibitory amine derivatives) [13, 14]. At present, the
major research in foreign countries is UV absorbers.+emain
functional principle of light stabilizers can be determined by
their chemical structure and form. Some can shield, reflect, or
absorb ultraviolet light to form harmless light energy [15, 16].
In the research on enhancing the discoloration resistance of
paints, some researchers have carried out in-depth research on
the antitarnish performance of three oil paintings (sticky gray
ocher, ocher oil paint, inorganic salt pigment) under natural
aging conditions and concealment of oil paintings [17, 18].
Looking at the literature at home and abroad, it can be seen
that a large number of scholars have conducted research on
improving the color stability of oil paints, and there has been
some progress. However, there have been few studies on the
prevention of fading in artists’ oil paintings based on nano-
PZT ferroelectric films for many years, so it is necessary ex-
plore it in depth. +e analysis of the aging phenomenon has
certain practical significance for solving the aging phenom-
enon of polymers [19].

On the basis of consulting a large number of domestic
and foreign references related to the antifading of oil
paintings, this paper found that the temperature stability of
the PZT ferroelectric thin film has a certain effect on the
protection of oil paintings from fading [20]. +erefore, this
article combines the characteristics of ferroelectric materials,
the application of ferroelectric thin films, the preparation
method of ferroelectric thin films, and the main environ-
mental factors that affect the fading of oil paintings. +e
color stability of oil paints was studied experimentally by
covering with nano-TiO2 film.

2. Preventing Color Fading in Artist’s Oil
Paintings Based on Nano-PZT Ferroelectric
Thin Film

2.1. Characteristics of Ferroelectric Materials

2.1.1. Spontaneous Polarization. Spontaneous polarization
refers to the inherent characteristics of ferroelectrics,
whose polarization tendency changes under the influence

of electric charges. As shown in Figure 1, the virtual
model of the ferroelectric crystal is introduced and its
dielectric behavior is explained [21, 22]. In the virtual
model of the ferroelectric crystal, various coupling modes
between the body and the body are considered at the same
time [23].

At a certain temperature, all Z and P ions are adjacent,
so as shown in Figure 1(a), adjacent Z and P ions form a
dipole, and the polarization directions of these dipoles are
the same. +is is the spontaneous polarization phenome-
non of the aforementioned crystal, as shown in the top
three rows of Figure 1(b). +e ferroelectric crystals have the
same layout rules of ferroelectric dipoles, as shown in
Figure 1(b), but the layout rules in adjacent places are
different. In direct proportion to the characteristics of
ferromagnetic chips, the spontaneously polarized regions
in the same direction in these places are strong electric
fields [24].

2.1.2. Electric Hysteresis Loop. One of the most important
characteristics of ferroelectric materials is that they have an
electrical group. At the same time, as shown in Figure 2,
another main criterion for judging the properties of fer-
roelectric materials is the electrical group. +at is, when the
external charge changes, the electrode vector changes.
+erefore, the degree of polarization of ferroelectric ma-
terials increases as the charge increases. When the total
charge exceeds the extreme point B line, due to the con-
tinuous increase of the total charge, the increase in the
polarization of the crystal changes very little [25, 26].
However, due to the existence of induced polarization,
once the total charge continues to increase, the voltage
change of the total polarization responds to the continuous
increase of the BC line. So the electrode current reaches the
saturation value from point C. After point C, due to the
continuous weakening of the total charge, the polarization
current changes along the CBD curve. +erefore, when the
total charge intensity is zero, the total polarization of the
crystal is not zero.

2.1.3. Dielectricity. Studying the dielectric properties of
ferrous materials is the most basic and important task in the
research of ferrous materials. Parallel plate capacitor
formula:

C �
ε0εrA

d
. (1)

In the formula, ε0, εr represent the vacuum dielectric
Changshu and the dielectric constant to be calculated. If the
relative area of the parallel plates of the two capacitor parallel
plates is equal to the distance between the parallel plates, the
capacitance is C when the medium is full; if there is a gap
between the plates, the capacitance is C0. It can be obtained
by

εr �
C

C0
. (2)
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It can be seen from formulas (1) and (2) that when there
is a dielectric between the two plates instead of a vacuum, the
capacitance of the plate capacitor increases. +e relative
dielectric constant can be used to express the multiple of the
increase in capacitance, and the multiple of increase is the
value of C/C0 εr is the relative permittivity; permeability is
usually called relative permeability, which is a dimensionless
number (its value is greater than 1). For simplicity, the
relative permeability is generally reduced to the dielectric
constant. It can be found that when the relative area of the
parallel plates of the parallel plate capacitor is equal to the
distance between the parallel plates, the greater the dielectric
constant of the dielectric, and therefore the greater the
capacitance of the capacitor.+erefore, whenmanufacturing
a capacitor with a relatively constant capacitance, choosing a
dielectric with a higher dielectric constant will reduce the
size and thickness of the electrode, which will help to make a
smaller capacitor. +ere are many factors that affect iron-
based materials, such as the chemical composition, crystal
structure, and manufacturing process of the material.

2.1.4. Pyroelectricity. +e characteristic that the polarization
state of a crystal changes with temperature is called the
pyroelectric effect [27]. +e change of spontaneous polari-
zation is ΔPs, the temperature change of the crystal is ΔT,
and the pyroelectric coefficient p is expressed by

p �
ΔPs

ΔT
. (3)

At a constant temperature, the single-field ferroelectric
protects its combined charge through the action of free
charge, so the charge generated at both ends, that is, the
external electrical effect, will not appear. As the external
temperature increases or decreases, the internal polarization
of the crystal will be redirected, so that the combined load
generated by the spontaneous polarization of the crystal
cannot be fully protected. +erefore, if the crystal is con-
nected to an external circuit, the current in the circuit can be
detected. When the temperature changes, a current is
generated in the crystal, and when the temperature increases
or decreases, a current is generated in the opposite direction.
Due to the pyroelectric effect, temperature is an important
factor for changing the spontaneous polarization of the
crystal. In the case of piezoelectric materials, the main factor
for the spontaneous polarization is the applied voltage.

2.2. Application of Ferroelectric 0in Film

2.2.1. Memory. Memory is one of the main applications of
thin-film iron films, and its commonly used types mainly
include nonvolatile random access memory (FRAM), dy-
namic random access memory (DRAM), and ferroelectric
field effect transistor (FFET).

FRAM is widely used based on the principle of residual
polarization after polarization of iron-based materials. +e
storage process must use the “0” and “1” bits. +ese cor-
respond to the remaining two polarizations in the iron ring.
+e positive and negative are opposite.+e zero electric field
of the remaining polarization stabilizes the stored

(a) (b)

Figure 1: Schematic diagram of two-dimensional ferroelectric crystal structure. (a) PZT relative position. (b) Electric dipole sequencing.
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Figure 2: Schematic diagram of hysteresis loop of ferroelectric
materials.
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information and is not easy to lose. +erefore, it can be
known that this type of memory requires iron materials with
higher residual polarization and lower leakage current to
store more information. +e coercivity must also be small
enough and fatigue-resistant enough to ensure that after
repeated storage can still maintain performance. RAM is
now widely used in the fields of information, transportation,
and consumer electronics.

+e gate material between the source and drain of the
FFET is made of iron film instead of conventional materials.
It varies greatly, and the current between source and drain
can be used to represent “1” and “0” in the binary system.
+ere is no need to reverse the polarization of the gate
material. +is read state behavior is nondestructive and is
very suitable for creating electrically erasable read-only
programmable memories. FFET has the advantages of
nonvolatile, simple structure, nondestructive reading, and
high integration and is a very ideal storage device.

2.2.2. Miniature Piezoelectric Driver. When a certain ex-
ternal electric field acts on the piezoelectric material, the
piezoelectric material changes under the influence of the
electric field, and the piezoelectric material acts as a driving
function through the inverse piezoelectric effect of the pi-
ezoelectric material. Small piezoelectric actuators are now
used in applications such as microelectronics engineering
and high-precision machining because of their small size,
low noise, and high displacement resolution.

2.3. Preparation Method of Ferroelectric 0in Film

2.3.1. Sol-Gel Method. +e basic principle of the Sol-Gel
method is to dissolve the alkoxide of each membrane com-
ponent in a specific solvent to react to form a double alkoxide,
add a catalyst and water to make it hydrolyzed, and then
converted into a solution and gel, spin-coated, dried, and
sintered to produce the desired film. Due to the solution
reaction step, it is easy to dope some trace elements uniformly
and quantitatively to achieve uniform doping at the molecular
level. +e basic chemical reactions include hydrolysis and
polymerization. +e Sol-Gel method can be divided into two
categories. One is the conventional dimetal alkoxide method,
which mainly utilizes the reaction of metals and alcohols to
form alkoxides, which are then hydrolyzed and polymerized
to form gels. +e other is metalloid alkoxide. +e alkoxide
method uses titanium alkoxide and strontium inorganic salt
as raw materials, which are hydrolyzed and polymerized in a
specific system to form a gel. +e advantages of the Sol-Gel
method are low preparation temperature, precise control of
the chemical composition ratio of the film, uniformmolecular
level of the film, convenient doping changes, simple equip-
ment, low cost, easy preparation of large surfaces, micro-
electricity, and compatibility.

2.3.2. Magnetron Sputtering Method. Sputtering is a com-
plex scattering process on the target. After the incident
particles collide with the target molecule, a part of the

momentum is transmitted to the target molecule. After the
target atom collides with another target molecule, a cascade
process occurs. In this scaling process, the target molecules
near the specific surface move outward to acquire the
corresponding momentum and release the target, thereby
producing the film.

+e specific mechanism of sputtering is as follows:When
the accelerated gas incident light molecules collide with the
surface of the target substance (cathode), an electron is
released. +e gas molecules collide to form the molecules
needed for self-sustained flash discharge.+e so-called mean
free path of the initial electron increases with the increase of
the electron capacity, and decreases with the increase of the
pressure. At low temperature, high-temperature wall dam-
age is caused by ions generated away from the cathode. As
the electrons move, the ion efficiency is very low, and even
the ions required for self-sustaining flash discharge cannot
be obtained. Although the mean free path of electrons in-
creases with the acceleration trend, it still cannot effectively
increase the ion efficiency.

2.3.3. Pulsed Laser Deposition Method. Pulsed laser depo-
sition is a relatively new and rapidly developing coating
method. +e basic principle is that the high-power pulsed
laser generated by the pulsed laser concentrates on the target
surface to form a high-temperature removal zone, generates
high-temperature and high-pressure plasma, locally guides
and expands the plasma, and the thin film is deposited on the
substrate.

Compared with sputtering technology that must use
working gas such as argon, molecular beam excitation
technology can only operate under high vacuum, while
pulsed laser deposition systems can operate under relatively
high-purity experimental atmospheric pressure to prepare
oxide films. At the same time, the pulsed laser deposition
system technology can accurately transfer the ceramic
components of the composite target to the film according to
the stoichiometric ratio by controlling the plume and de-
position process generated by the laser stripping target.

2.4. 0e Main Environmental Factors Affecting the Fading of
Oil Paintings

2.4.1. Light. Light is a kind of energy, which is very dangerous
to all organic compounds. It can damage the objects it ir-
radiates. Ultraviolet rays can destroymost of the C-C andC-O
chemical bonds in organic substances and reduce the strength
of the material. +e photodegradation reaction self-oxidizes
in the presence of oxygen molecules to generate peroxide free
radicals, triggering a new chain reaction, accelerating the
aging process of the material, causing the destruction of oil
paints and reducing the strength of the canvas. +e oil
painting is composed of a variety of colors. Some coatings can
absorb more near-infrared rays than others, which can cause
fragmentation and damage caused by local heating, which can
change the size of the image and be accompanied by cracks,
cracks and discoloration. Under the action of light, long-term
use of natural triterpene resins, dama resins, and frankincense
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resins that restore oil color will be more prone to aging and
yellowing. +e copper with acid resin commonly used in oil
paintings is initially transparent green, but under the influ-
ence of light, it turns into an opaque brown. Pigments such as
carmine and eosin, which are used as flesh-colored shades, are
also easy to change color.

2.4.2. Temperature. Temperature changes can directly cause
the natural effects of thermal expansion and contraction of
oil paints and the chemical reaction rate of materials in
nature; oil paintings are composed of multiple materials, and
the physical properties (expansion coefficients) of different
materials are different, and temperature changes can cause
catastrophic. Effects such as temperature rise, the moisture
content in solid oil paintings increase, material degradation,
oxidation, hydrolysis and other reactions accelerate, oil
painting materials are damaged and look dry. Discoloration
accelerates the relative aging process and fragility of oil
paintings. When the temperature reaches 40°C, the bitu-
minous pigment in the paint layer will dissolve, forming
dark brown spots and polluting the picture.

2.4.3. Humidity. Changes in humidity levels are obvious
during the expansion or compression of the oil painting.
Because the base materials of linen, wood board, and paint
generally have high water absorption, especially the fabric
base materials, which are particularly sensitive to dry and wet
reactions, the chemical reaction between the base material
and the paint layer is relatively slow. +e canvas will expand
shortly after being damp, or shrink again when the relative
humidity drops. At this time, the tension on the back side rises
sharply, but the tension on the front color layer does not
change much, resulting in uneven stress. +e base and color
layers are due to Partial bulge after separation, small cracks on
the picture, deformation or shedding of oil paint; moisture
promotes the corrosive effect of light, and promotes the
oxidation of metal pigments, such as cadmium, strontium,
titanium, and lead, making the painting surface oily yellow or
whitish, making the painting discoloration; it also breeds
mold growth and reproduction. Humidity will also affect the
internal and external crates of the oil painting, which will
become softer and longer (shortened when dry) and de-
formed by traction after being absorbed. Due to the extrusion
and deformation of the canvas, the deformation of the crate
will also damage the canvas.

2.4.4. Air Pollutants. +e air contains gaseous pollutants
and dust in the form of particles and dust. Most gaseous
pollutants are caused by fuel combustion in power plants,
factories, residential areas, and automobiles. Today, the most
important gaseous pollutants in the world are sulfur dioxide,
nitrogen dioxide, and ozone, and the main components of
powder are acid, alkali, and salt. Sulfur dioxide has a
bleaching effect. In addition, it easily reacts with oxygen to
form sulfur trioxide. Sulfur trioxide can quickly combine
with water to form sulfuric acid. Sulfuric acid is a strong acid
that is very corrosive to canvas and paint.

2.4.5. Mold. +e particles fall on the surface of the oil
painting, attach and absorb water, provide a way for the
growth and growth of mold, and provide a place and food for
the microorganisms in the air to multiply andmultiply in the
oil painting.When the environment is suitable, the mold will
grow rapidly, and the fibers in the oil painting vegetables and
organic matter are decomposed and used as nutrients,
causing immediate damage. +e organic acid produced by
the mold in the metabolic process causes acid corrosion on
the oil painting, and the pigment produced by the mold
colony contaminates the oil painting in various ways,
forming mildew spots.+e heat generated by the mold in the
metabolic process accelerates the destruction of the painting.

3. Experiment

3.1. Preparation of PZT Ferroelectric 0in Film. At present,
there are many methods for preparing PZTferroelectric thin
film materials, such as sputtering method, hydrothermal
synthesis method, pulsed laser deposition method, molec-
ular beam epitaxymethod, sol-gel method (Sol-Gel method),
and metal organic chemical vapor phase deposition method
(MOCVD method). +is paper chooses the Sol-Gel method
to prepare ferroelectric thin films. Table 1 shows the ex-
perimental raw materials for the preparation of PZT films.

Figure 3 is the overall process of preparing PZT thin
films. +e composition of PZT is selected as
Pb1.1(Zr0.51Ti0.47)O3, and the Pb excess is 10%. +e prep-
aration process of PZT ferroelectric thin film is as follows:

(1) Weighing: According to the stoichiometric ratio of
the amount of material n(Pb) : n(Zr) : n(Ti)� 1.1 :
0.51 : 0.47, weigh an appropriate amount of lead
acetate and zirconium nitrate.

(2) Dissolution: When the temperature reaches 40°C,
add appropriate amount of glycol methyl ether to
lead acetate, stir while heating, seal with plastic wrap,
add appropriate amount of glycol methyl ether to
zirconium nitrate, and place in a constant temper-
ature water bath.

(3) Mixing: first add the dissolved zirconium nitrate
solution to the lead acetate solution, then slowly add
an appropriate amount of acetic acid and acetyla-
cetone, stirring constantly during the dissolution
process.

(4) Weighing of tetrabutyl titanate: Because tetrabutyl
titanate easily reacts with moisture in the air, use a
needle to weigh tetrabutyl titanate and ethylene
glycol methyl ether, and add them to the mixture as a
chelating agent. In the middle, the mixture is
thoroughly mixed and stirred.

(5) Standing: Put the prepared mixture in an environ-
ment below room temperature 20°C (so that it can be
used for a long time after storage) for 3 days.

(6) Film spin-off: First, filter the 0.2mol/L PZT static
precursor twice, coat the PZT solution on the Pt/Ti/
SiO2/Si substrate with a homogenizer, and then put
it into a rapid annealing furnace under O2. After
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drying and cracking, the process is repeated several
times, and the last layer is annealed with O2 to obtain
the desired thickness of PZT ferroelectric �lm.

In the PZT solution prepared by the sol-gel method, a
hydrolysis-overcondensation reaction occurs between the
raw materials to form a sol PZT containing oxygen-metal
bonds Ti-O, Zr-O, and Pb-O. When mixing and stirring, the
OC4H9 butoxy bond of the titanium polymer replaces the
Zr-O and Pb-O bonds, and �nally forms a network polymer
that combines oxygen andmetal elements, thereby forming a
uniform PZT colloidal solution. �e chemical reaction that
occurs is:

(1) Hydrolysis reaction of Zr(NO3)45H2O inorganic salt:

Zr NO3( )4 +H2O⟶ Zr NO3( )3(OH) +HNO3,

Zr NO3( )3(OH) +H2O⟶ ZrO NO3( )(OH) +HNO3
.

(4)

(2) Hydrolysis reaction of Pb(CH3COO)2 organic salt:

Pb CH3COO( )2 +H2O

⟶ Pb(OH) CH3COO( ) + CH3COOH.
(5)

(3) Hydrolysis reaction of butyl titanate Ti(OC4H9)4
metal organic salt:

Ti OC4H9( )4 +H2O⟶ Ti OC4H9( )3(OH) + C4H9OH.

(6)

(4) Polycondensation reaction

Ti OC4H9( )3 − (OH) +(OH) − Ti OC4H9( )3
⟶ C4H9O( )3 − Ti − O − Ti − OC4H9( )3 +H2O,

Ti OC4H9( )3 − (OH) + Ti OC4H9( )4
⟶ C4H9O( )3 − Ti − O − Ti − OC4H9( )3 + C4H9OH

.

(7)

Table 1: Table of raw materials for PZT �lm preparation.

Reagent name Chemical formula Purity (%) Molecular weight
Lead acetate Pb(CH3COO)2 · 3H2O 99.5 379.19
Zirconium nitrate Zr(NO3)4 · 5H2O 99.5 429.32
Tetrabutyl titanate [CH3(CH2)3O]4Ti 98 339.86
Ethylene glycol monomethyl ether CH3OCH2CH2OH 99.5 76.08
Acetic acid CH3COOH 99 60.04
Formamide CH3NO 99.5 45.03

Zirconium 
nitrate

Tetrabutyl 
titanate

Lead acetate PZT solution

B solution

A solution

Ethylene glycol 
monomethyl 

ether

Ethylene glycol 
monomethyl ether

Ethylene glycol 
monomethyl ether

Formamide

Acetic acid

Drying: 180°C/500 s Pyrolysis: 400°C/300 s Annealing: 650°C/200 s

Uniform glue: 400 rpm/10 s
3000 rpm/24 s Repeat n times

Figure 3: �e overall process of PZT ferroelectric thin �lm preparation.
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3.2. Specimen Production. Add 0.16 g of nano-TiO2 to the
PZT film, stir evenly, divide into 4 parts, then add 0.01 g,
0.02 g, 0.04 g, and 0.08 g paint, respectively, mix quickly,
manually stir and mix for 30 minutes, the preparation and
use concentration is 0.05%, 0.1%, 0.2%, and 0.4% PZT film
until the pigment is completely dispersed.

After mixing the prepared PZT colored film with the
catalyst 1 : 2, use a syringe to inject a mold with a diameter of
20mm and a thickness of 15mm, place it in a vacuum box,
and hold at − 0.1MPa for 30 minutes. Release the negative
pressure to evaporate, place it in a constant temperature
water bath, keep the temperature at 37°C for 24 hours,
remove the edges and make a test piece with a diameter of
20mm and a thickness of 15mm.+ere are ten test pieces in
each group, a total of four groups. After making it, store it in
a dark place for later use.

3.3. Simulated Solar Aging Method and Color Measurement

3.3.1. Simulated Solar Aging Method. After completing the
test piece, measure the original spectrum data of the test
piece and derive the L∗a∗b∗ value. Place the sample under a
simulated solar aging lamp with a temperature of about 24°C
and a relative humidity of about 53%, and illuminate for
about 17.14 hours (equivalent to 200 hours of sunshine at
noon), and then re-measure the spectral data of the sample
to derive L∗a∗b∗ value, and estimate the value of ΔE, ΔL, Δa,
and Δb. +en, repeat it four more times in the same way.

3.3.2. Measurement and Calculation of Color. +e color
measurement and calculation use the following formula:

Poor brightness:

ΔL∗ � L∗ 1 − L∗ 2. (8)

Color difference:

Δa∗ � a∗ 1 − a∗ 2,

Δb∗ � b∗ 1 − b∗ 2
. (9)

Total color difference:

ΔE∗ ab � (ΔL∗ )
2

+(Δa∗ )
2

+(Δb∗ )
2

􏽨 􏽩
1/2

. (10)

3.4. StatisticalAnalysis. +e data are entered and statistically
analyzed by SPSS13.0 statistical software. +is paper uses a
two-factor analysis of variance to analyze the interaction of
different concentrations, different aging times, and the in-
teraction between concentration and aging time on ΔE, ΔL∗,

Δa∗, and the influence of Δb∗; P< 0.05 is statistically
significant.

4. Discussion

In the L∗a∗b∗ system, L∗ in Table 2 represents the degree of
brightness, a positive change in L∗ value means brighter, and
a negative change means darker. +e difference between the
brightness of the nano-PZT and the ferroelectric film after
coloring of the four concentrations of oil paint is particularly
obvious in the early changes.

Table 3 shows the a∗ value, where a∗ is the difference
between red and green, positive represents red, negative
represents green, and zero represents colorless. +e colored
nano-PZT ferroelectric coating in oil paint gradually de-
creases with the a∗ value of the duration of solar radiation in
the simulation, and the change is most obvious in the early
stage. +e a∗ value of the color concentration of the four
cadmium red oil paintings is positive and gradually de-
creases, that is, the color gradually becomes lighter on the
whole.

+e b∗ value in Table 4 is yellow-blue quality difference,
positive represents yellow, negative represents blue, and zero
represents colorless.+e nano-PZTferroelectric film colored
by the four low-concentration oil paints has a positive b∗
value as the duration of simulated sunlight increases, and
shows a gradual increase, that is, it turns yellow in the overall
trend, but changes early. It is more obvious.

It can be seen from Figure 4 that under the simulated
sunlight aging of the 0.05% oil paint group, there is a sig-
nificant difference in ∆E between the first and second aging
and the other four agings (P< 0.05). +e ∆E changes of
various oil paints of different concentrations are mainly
concentrated in the first aging; the ∆L of the 0.1% and 0.2%
oil paint groups is negative after the first and second aging,
that is, the lightness becomes darker; 0.4% oil paint group of
simulating solar aging was negative for the first time and
positive for the second time, and there was a significant
difference between the two (P< 0.05).

According to Figure 5, there is no significant difference
in ΔL between the second aging and the third aging for the
0.05% oil paint group specimens under simulated sunlight
aging (P> 0.05); the 0.2% oil paint group has no significant
difference in the third aging and there was no significant
difference between the second aging, the fourth aging and
the third aging (P> 0.05).

It can be seen from Figure 6 that the color difference ΔE
after five simulated solar aging tests with four concentrations
is the highest in the 0.05% group, and the lowest in the 0.4%
group; the lightness difference ΔL: except that the 0.4%
group is positive. +e remaining concentrations are all

Table 2: L∗ value of different concentration and different exposure times.

Concentration 0 1 2 3 4 5
0.05 59.92± 0.32 55.27± 0.3 53.9± 0.31 52.57± 0.32 51.41± 0.34 50.46± 0.31
0.1 50.47± 0.51 47.38± 0.53 46.14± 0.54 45.04± 0.57 44.12± 0.58 43.34± 0.57
0.2 44.39± 0.36 41.73± 0.37 41.78± 0.38 41.67± 0.36 41.58± 0.35 41.51± 0.36
0.4 39.44± 0.61 37.98± 0.61 39.39± 0.59 40.13± 0.58 40.86± 0.61 41.21± 0.57
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Table 3: a∗ value of different concentration and different exposure times.

Concentration/% 0 1 2 3 4 5
0.05 13.9± 0.13 11.11± 0.23 10.08± 0.22 9.68± 0.22 9.39± 0.21 9.3± 0.22
0.1 21.92± 0.29 18.19± 0.42 16.97± 0.41 16.51± 0.42 16.15± 0.41 16.02± 0.41
0.2 29.07± 0.3 24.38± 0.34 22.66± 0.4 21.59± 0.42 20.95± 0.41 20.47± 0.38
0.4 46.39± 0.25 41.29± 0.3 37.81± 0.3 35.52± 0.29 33.74± 0.29 32.55± 0.35

Table 4: b∗ value of different concentration and different exposure times.

Concentration/% 0 1 2 3 4 5
0.05 − 2.47± 0.13 19.39± 0.47 24.73± 0.57 27.37± 0.58 29.8± 0.59 31.81± 0.6
0.1 1.3± 0.09 18.23± 0.15 22.83± 0.22 24.77± 0.21 26.43± 0.22 27.94± 0.21
0.2 6.85± 0.18 17.82± 0.27 20.91± 0.25 22.7± 0.26 23.6± 0.29 23.97± 0.3
0.4 24.49± 0.39 25.25± 0.41 24.75± 0.39 23.81± 0.4 21.87± 0.42 19.53± 0.41
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Figure 4: +e values of ∆E, ∆L, ∆a, and ∆b (a) after the first time and (b) between the first time and the second time under simulated solar
aging.
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Figure 6: ΔE, ΔL, Δa, and Δb values (a) between the fifth and fourth times and (b) after the fifth time under simulated daylighting.
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negative values, that is, except for the brightness of the 0.4%
group, the brightness of the other concentration groups are
all darkened, and the 0.05% darkening degree is the highest;
the chromaticity difference Δa of the four concentration
groups are all negative values. Among them, the 0.4% group
is the highest, that is, the 0.4% group has the highest degree
of color fading after the four concentrations after aging, and
the 0.05% group has the lowest color fading; the chroma-
ticity difference △b of the four concentration groups is
negative when divided by the 0.4% group. +e others are all
positive, and the highest in the 0.05% group, that is, the
highest degree of yellowing in the 0.05% group.

5. Conclusions

+e paint is a necessary part of oil painting creation. +e
quality of the paint determines the quality and effect of the
color of the picture, and also determines the long-term
preservation of the painting. Oil paintings are easily affected
by factors such as light in the air, temperature and humidity,
and mold, which make oil paintings fade seriously. +e
temperature characteristics of the PZT ferroelectric film can
improve the color stability of oil paints, enhance the ability
to resist fading, and effectively protect the fading of oil
paintings. +erefore, the method of applying PZT ferro-
electric film to cover nano-TiO2 cover film to enhance the
color stability of oil painting is an effective method.
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Conflicts of Interest

+e author declares that there are no conflicts of interest.

References

[1] W. X. Guo, X. P. Ouyang, B. Li et al., “Simulation of proton
radiation on electrocaloric effect in BaTiO_3 ferroelectric thin
film,” Materials Letters, vol. 215, pp. 318–320, 2018.

[2] S. Ryu and T. Y. Seong, “A ferroelectric thin-film transistor
based on sputtered HfZrO and IGZO,” ECS Meeting Ab-
stracts, vol. MA2020-02, no. 28, p. 1944, 2020.

[3] N. Tsutsumi, R. Tanaka, K. Kinashi, and W. Sakai, “Re-
Evaluation of the energy density properties of VDF ferro-
electric thin-film capacitors,” ACS Omega, vol. 5, no. 47,
Article ID 30468, 2020.

[4] A. Chouprik, R. Kirtaev, M. Spiridonov, A. M. Markeev, and
D. Negrov, “Nanoscale tailoring of ferroelectricity in a thin
dielectric film,” ACS Applied Materials & Interfaces, vol. 12,
no. 50, pp. 56195–56202, 2020.

[5] B. Peng, Q. Zhang, B. Gang et al., “Phase-transition induced
giant negative electrocaloric effect in a lead-free relaxor fer-
roelectric thin film,” Energy & Environmental Science, vol. 12,
no. 5, pp. 1708–1717, 2019.

[6] G. Chen, K. Zou, Y. Yu et al., “Effects of the film thickness and
poling electric field on photovoltaic performances of (Pb,
La)(Zr, Ti)O3 ferroelectric thin film-based devices,” Ceramics
International, vol. 46, no. 4, pp. 4148–4153, 2020.

[7] C. Ren, C. Tan, L. Gong et al., “Highly transparent, all-oxide,
heteroepitaxy ferroelectric thin film for flexible electronic
devices,” Applied Surface Science, vol. 458, pp. 540–545, 2018.

[8] G. Chen, Y. Zhang, Q. Zhang, Y. Lu, and Y. He, “Superior
ferroelectric photovoltaic properties in Fe -modified (Pb, La)
(Zr, Ti)O3 thin film by improving the remnant polarization
and reducing the band gap,” Ceramics International, vol. 46,
no. 10, pp. 15061–15065, 2020.

[9] T. Carlier, M. H. Chambrier, A. Da Costa et al., “Ferroelectric
state in an α-Nd2WO6 polymorph stabilized in a thin film,”
Chemistry of Materials, vol. 32, no. 17, pp. 7188–7200, 2020.

[10] X. Li, B. Huang, W. Hu, and Z. Zhang, “Electrical and optical
modulation on ferroelectric properties of P(VDF-TrFE) thin
film capacitors,” Journal of Materials Science & Technology,
vol. 35, no. 10, pp. 2194–2199, 2019.

[11] M. Park, J. Wang, and A. Ansari, “High-overtone thin film
ferroelectric AlScN-on-Silicon composite resonators,” IEEE
Electron Device Letters, vol. 42, p. 1, 2021.

[12] F. Yu, W. C. Hong, G. Li, Y. Li, M. Lu, and Y. Lu, “Negative
capacitance MgZnO-channel thin-film transistor with fer-
roelectric NiMgZnO in the gate stack,” IEEE Electron Device
Letters, vol. 42, no. 3, pp. 355–358, 2021.

[13] T. H. Ryu, S. J. Yoon, S. Y. Na, and S. M. Yoon, “Crystalli-
zation annealing effects on ferroelectric properties of Al-
Doped HfO2 thin film capacitors using indium–tin–oxide
electrodes,” Current Applied Physics, vol. 19, no. 12,
pp. 1383–1390, 2019.

[14] M. Li, Z. Li, X. Li et al., “Comparative profiling of sarco-
plasmic phosphoproteins in ovine muscle with different color
stability,” Food Chemistry, vol. 240, pp. 104–111, 2018.

[15] B. Gordillo, G. T. Sigurdson, F. Lao, M. L. Gonzalez-Miret,
F. J. Heredia, and M. M. Giusti, “Assessment of the color
modulation and stability of naturally copigmented anthocy-
anin-grape colorants with different levels of purification,”
Food Research International, vol. 106, pp. 791–799, 2018.

[16] H. K. S. Souza, N. Mateus, V. de Freitas, M. P. Goncalves, and
L. Cruz, “Chemical/color stability and rheological properties
of cyanidin-3-glucoside in deep eutectic solvents as a gateway
to design task-specific bioactive compounds,” ACS Sustain-
able Chemistry & Engineering, vol. 8, no. 43, Article ID 16184,
2020.

[17] M. Koseoglu, B. Albayrak, P. Gül, and F. Bayindir, “Effect of
thermocycle aging on color stability of monolithic zirconia,”
Open Journal of Stomatology, vol. 9, no. 3, pp. 75–85, 2019.

[18] L. Wu, C. Hou, B. Xi, L. A. I. Boga, and D. Zhang, “Sheep
plasma hydrolysate inhibits lipid and protein oxidation to
improve color stability in mutton patties,” Food Science and
Technology Research, vol. 24, no. 4, pp. 661–668, 2018.

[19] Bo Gao, N. Xu, and P. Xing, “Shock wave induced nano-
crystallization during the high current pulsed electron beam
process and its effect on mechanical properties,” Materials
Letters, vol. 237, no. 15, pp. 180–184, 2019.

[20] T. Yunchao, C. Zheng, F. Wanhui, N. Yumei, L. Cong, and
C. Jieming, “Combined effects of nano-silica and silica fume
on the mechanical behavior of recycled aggregate concrete,”
Nanotechnology Reviews, vol. 10, no. 1, pp. 819–838, 2021.

[21] S. Haggard, D. Luna-Vital, L. West et al., “Comparison of
chemical, color stability, and phenolic composition from
pericarp of nine colored corn unique varieties in a beverage
model,” Food Research International, vol. 105, pp. 286–297,
2018.

[22] M. A. Al-Qarni, G. Das, S. Saquib, M. Sibghatullah,
M. M. Alahmari, and S. Arora, “+e effect of arabian coffee,
black tea and orange-juice on microhardness and color

10 Mobile Information Systems



stability of hybrid composite resins. An in vitro study,”
Materiale Plastice, vol. 58, no. 1, pp. 218–227, 2021.

[23] X. Xu, B. Karami, and D. Shahsavari, “Time-dependent be-
havior of porous curved nanobeam,” International Journal of
Engineering Science, vol. 160, Article ID 103455, 2021.

[24] B. Zaarour, “Effect of needle diameters on the diameter of
electrospun PVDF nanofibers,” International Journal of BIM
and Engineering Science, vol. 4, no. 2, pp. 26–32, 2021.

[25] B. P. Gugelmin, L. C. M. Miguel, F. Baratto Filho,
L. Fd Cunha, G. M. Correr, and C. C. Gonzaga, “Color
stability of ceramic veneers luted with resin cements and pre-
heated composites: 12 Months follow-up,” Brazilian Dental
Journal, vol. 31, no. 1, pp. 69–77, 2020.

[26] R. Sherif, W. Abd El-Fattah, and R. Afifi, “Color stability and
surface roughness of an organically modified ceramic
(ormocer) and a methacrylate based composite resins (an in-
vitro STUDY),” Alexandria Dental Journal, vol. 45, no. 1,
pp. 100–105, 2020.

[27] F. d C. P. Pires-de-Souza, E. J. Soares, F. D. J. Silame,
R. Tonani-Torrieri, R. Franca, and R. FdL. Oliveira, “Color
stability, translucency, and wettability of a lithium disilicate
dental ceramics submitted to different surface treatments,”
International Journal of Prosthodontics and Restorative
Dentistry, vol. 11, no. 1, pp. 4–8, 2021.

Mobile Information Systems 11


