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1 Introduction
Hollow turbine blade is the key component of 
aeroengine[1-3], which has he complex inneral cooling 
channels to improve high temperature resistance[4,5]. 
The intricate cooling channels within hollow blades 
are fabricated using ceramic cores through precision 
casting[6-9]. Due to the high production efficiency, hot 
injection is widely used to prepare ceramic cores, 
which faces the challenge of preparing complex-
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Fig. 1: Preparation process of Al2O3-based ceramic samples

structured ceramic cores[10-13]. The vat photopolymerization 
3D printing solidifies the photosensitive resin layer by layer 
to obtain a solid model[14-16], which provides a new option for 
preparing complex-structured ceramic cores[17-20].

Ceramic cores usually include SiO2-based ceramic cores 
and Al2O3-based ceramic cores. Al2O3-based ceramic core 
has excellent chemical stability and creep resistance, and its 
operating temperature is higher than that of SiO2-based ceramic 
core[21]. Therefore, Al2O3-based ceramic cores are widely used in 
high-temperature casting of superalloy blades[22]. However, the 
very high chemical stability of Al2O3 poses challenges during 
the leaching process, making core removal difficult. To ensure 
the effective dissolution of the core after casting, the porosity 
of the Al2O3-based ceramic core should be greater than 20%. In 
addition, Al2O3-based ceramic cores require flexural strength 
greater than 20 MPa at 25 °C, and greater than 15 MPa at 
1,500 °C[23]. The flexural strength and open porosity requirements 
are contradictory. The higher sintering temperatures improve 
the flexural strength but significantly reduce the porosity of the 
Al2O3-based ceramic cores. This limits its wider application 
prospects. Therefore, mineralizing agents are usually added to 
Al2O3-based ceramic cores to reduce sintering temperatures 
while improving the flexural strength and porosity[24]. The 
selection of mineralizer plays a decisive role in core shrinkage, 
deformation, and high temperature mechanical properties[25]. 
Zircon has excellent high temperature properties and chemical 
stability, which can hinder the flow of liquid phase and 
improve the creep resistance and high temperature properties 
of the cores. Therefore, zircon is often used as a mineralization 
agent for Al2O3-based ceramic cores.

The current research has improved the performance 
of 3D printed ceramic cores to a certain extent, but due 
to the step effects during the 3D printing process, the vat 
photopolymerization ceramic cores still have significant 
anisotropic problem in terms of sintering shrinkage, which is 
unfavorable to the casting process. Moreover, the comprehensive 
performance of vat photopolymerization ceramic cores still 
needs to be further improved. The shortcomings of sintering 
anisotropy and insufficient performance of Al2O3-based 
ceramic cores have restricted the wide application of vat 
photopolymerization 3D printing technology. 

In this study, Al2O3-based ceramic samples with different 
zircon contents were prepared by vat photopolymerization 
3D printing technology. The influencing mechanism of 
zircon addition on the anisotropy of sintering shrinkage, 
microstructure, and properties of vat photopolymerization 
3D printed Al2O3-based ceramic cores was systematically 
studied. The results of the study will contribute to enhancing 
the application of Al2O3-based ceramic cores produced by vat 
photopolymerization 3D printing technology in the aerospace 
industry.

2 Experiment
2.1 Materials and preparation process
The preparation process of the ceramic samples included 
slurry preparation, vat photopolymerization molding, 
degreasing, and sintering. The ceramic slurry was composed 
of 55vol.% solid phase (ceramic powders) and 45vol.% 
liquid phase (photosensitive resins). The ceramic powder 
was composed of sieved Al2O3 (D50=14.5 μm, Hecheng 
New Material Co., Ltd., China) and zircon (D50=19.0 μm, 
Hecheng New Material Co., Ltd., China). Considering that 
the impurities in zircon may negative affect the sample 
performance, five compositions were designed: 0vol.%, 
5vol.%, 10vol.%, 15vol.%, and 20vol.%. The liquid phase 
included TMPTA (Trimethylolpropane triacrylate, DSM-AGI), 
HDDA (1,6-Hexanedioldiacrylate, DSM-AGI), BASF 
819 (Phenyl bis(2,4,6-trimethylbenzoyl)-phosphine oxide, 
BASF), and EFKA FA 4608 (BASF dispersant, BASF). The 
ceramic slurry was milled in a high-speed planetary ball mill 
at a speed of 400 rpm for 2 h (Changsha Mickey Instrument 
Equipment Co., Ltd., China). The diameter of the grinding ball 
was 10 mm, and the mass fraction ratio of the grinding ball 
to the ceramic slurry was 2:3. After vacuum defoaming, the 
ceramic slurry was printed by a vat photopolymerization 3D 
printer (Beijing TenDimensions Technology Co., Ltd., China) 
to obtain 40 mm×10 mm×4 mm ceramic green bodies. Figure 1 
shows the preparation process of the Al2O3-based ceramic 
samples. The exposure time for each layer was 5 s, and the 
thickness of each layer was 100 µm, with a printing power 
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Fig. 2: Microstructure of Al2O3-based ceramic sample with 20vol.% zircon: (a, b) lamellar structure of ceramic samples; 
(c) schematic of the distribution of ceramic particles

of 3.56 mW·cm-2. After the excess slurry on the surface was 
washed off, the green bodies were dried naturally in the shade. 
Finally, the green body was buried in 100 μm corundum sand. 
It was then subjected to degreasing at 500 °C for 1 h, followed 
by sintering at 1,400 °C for 6 h in air.

2.2 Performance testing
According to the size and weight change of ceramic samples 
before and after sintering, the shrinkage and weight loss rate of 
the ceramic samples were calculated. The calculation equations 
of sintering shrinkage and weight loss rate are as follows:

                            
 (1)

m0

m0

m
                         

 (2)

where S is the sintering shrinkage (%), L0 is the length before 
sintering (mm), L is the length after sintering (mm), M is the 
weight loss rate (%), m0 is the weight before sintering (g), and 
m is the weight after sintering (g).

The open porosity and bulk density of ceramic samples were 
measured by Archimedes drainage method. The calculation 
equations of bulk density (ρ) and porosity (Wa) are as follows:

                  (3)

                         
(4)

where ρ is the bulk density (g·cm-3), m1 is the dry weight (g), 
m2 is the floating weight (g), m3 is the wet weight (g), and ρwater 
is the density of the deionized water (g·cm-3).

In order to simulate the service environment of ceramic 
cores, the tested ceramic samples were heated to high 
temperature of 1,500 °C and held for 30 min before flexural 
testing. Both room temperature (25 °C) strength and high 

temperature (1,500 °C) strength were tested by a high 
temperature flexural strength testing machine (HSST16-
3000LX/W, Sinosteel Luoyang Institute of Refractories 
Research Co., Ltd.). The calculation equation of flexural 
strength (σ) is as follows:

  
1

                                    (5)

where σ is the flexural strength (MPa), P is the maximum load 
(N), L1 is the length between the fulcrums (mm), b is the width 
of the samples (mm), and h is the height of the samples (mm).

2.3 Microstructure characterization
The fracture morphology and microstructure of the ceramic 
samples were characterized by a field emission scanning 
electron microscope (FE-SEM, FEI, Inspect F50, USA) 
equipped with an energy dispersive spectroscope (SEM-EDS). 
The phase constitution of ceramic samples with different 
zircon contents was characterized by an X-ray diffractometer 
(XRD, RIGAKU, SmartLab 9 kW, Japan). To further investigate 
the sintering behavior of the ceramic samples, the morphology 
and element distribution were characterized by a transmission 
electron microscope (TEM, JEOL, JEM-2100F, Japan) equipped 
with an energy dispersive spectroscope (TEM-EDS).

3 Results and discussion
3.1 Microstructure and phase constitution
Figures 2(a, b) show the SEM images of 3D printed Al2O3-based 
ceramic sample with 20vol.% zircon, where the distribution of 
zircon particles in the microstructure can be clearly observed. 
The 3D printed ceramic samples exhibit obvious lamellar 
structures and its thickness is slightly less than the set layer 
thickness. The anisotropic shrinkage along the three axes 
originates from the sintering-induced contraction of ceramic 
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particles and the non-uniform shrinkage of the layered 
structure[26]. Figure 2(c) shows the microscopic diagram of the 
layered structure of the 3D printed ceramic sample and the 
distribution law of the ceramic particles. The distribution of 
ceramic particles is affected by the size of powder. The 
large-size zircon particles are enriched in the middle of the 
lamella, while the small-size zircon and Al2O3 particles are 
mainly enriched at the interface of the lamella. The pores 
between the particles provide a channel for the resin to escape 
during the sintering process. 

Figure 3 shows the SEM images of ceramic samples with 
different zircon contents. At the sintering temperature of 1,400 °C, 
zircon undergoes obvious decomposition phenomenon. Zircon 
distributes among Al2O3 particles and hinders the sintering 
of Al2O3 particles. With the increase of zircon content, the 
inhibiting effect on sintering becomes more obvious. As shown 
in Figs. 3(a, b), at a lower content of zircon, ZrO2 is almost 
invisible. When the zircon content becomes high, the zircon 
particles decompose significantly, generating a large number 
of submicron ZrO2 distributed around the Al2O3 particles, as 
shown in Figs. 3(c, d). With the decomposition of zircon, the 

formed SiO2 promotes the sintering of Al2O3 particles and 
blocks some pores.

To analyze the decomposition behavior of zircon, the ceramic 
samples were further analyzed by EDS. Figure 4 shows 
the EDS images of the Al2O3 ceramic sample with 20vol.% 
zircon. Figure 4(a) shows that zircon with large particle size 
is embedded between Al2O3 particles. In Figs. 4(e, f), Si and 
Zr elements mostly coincide, and the excess Zr elements are 
scattered in surrounding areas, proving that ZrO2 is dispersed 
within the materials and distributes among other ceramic 
particles in the form of submicron particles. This proves that 
the sintering temperature of 1,400 °C can meet the temperature 
conditions for the decomposition of zircon[27-29].

To further analyze the phase constitution of Al2O3-based 
ceramic samples with different zircon contents, the ceramic 
samples were tested by XRD, and the results are shown in 
Fig. 5. The phases in the patterns include Al2O3 (PDF#46-
1212), ZrO2 (PDF#79-1796) and ZrSiO4 (PDF#80-1809). SiO2 
and mullite phases are not detected, which is not significantly 
correlated with the content of zircon. There are two reasons 
for why SiO2 and mullite phase are not detected: (1) the 

Fig. 3: Microstructure of Al2O3-based ceramic samples with different zircon contents: (a) 5vol.%; 
(b) 10vol.%; (c) 15vol.%; (d) 20vol.%

Fig. 4: EDS images of ceramic sample with 20vol.% zircon: (a) SEM image; (b-f) element distribution images
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Fig. 5: XRD patterns of Al2O3-based ceramic samples with 
different zircon contents

Fig. 6: Properties of Al2O3-based ceramic samples with different zircon contents: (a) shrinkage; (b) weight loss rate; 
(c) open porosity and bulk density; (d) flexural strength

decomposition of zircon results in a relatively low content of 
SiO2, which leads to a smaller amount of mullite formation; 
(2) the intensity of Al2O3 phase is too high, covering up the 
low signal ceramic phase. Therefore, there are no SiO2 and 
mullite phases in the XRD patterns.

3.2 Effect of zircon content on properties
Figure 6(a) shows the shrinkage of sintered Al2O3-based 
ceramic samples in different axes. With the increase of 
zircon content, the shrinkage along X-axis and Y-axis firstly 
decreases and then increases, but the variation fluctuation is 
generally stable within 2%. The formation of small particles 

causes an increase in the shrinkage of the X and Y axes. The 
shrinkage in Z-axis changes greatly and decreases with the 
increase of zircon content. With the increase of zircon content, 
the amount of SiO2 and submicron ZrO2 produced by zircon 
decomposition increases, which fills the pores of the ceramic 
particles. The shrinkage of Z-axis is significantly higher than 
that of the other two axes, which is resulted from the layer-
by-layer forming of vat photopolymerization 3D printing in 
the direction of Z-axis[30]. Specifically, the small size zircon 
particles are distributed at the interface, and the ZrO2 formed 
by zircon fills the interface particles of the core and hinders the 
sintering of the Al2O3 particles, thereby reducing the shrinkage 
of Z-axis with the increase of zircon content.

Figure 6(b) shows the weight loss rate of the sintered 
Al2O3-based ceramic samples. When the zircon content is 
0vol.%, the weight loss rate of the ceramic samples is the 
largest, which is 19.13%. The weight loss rate of ceramic 
samples with zircon content of 5vol.%, 10vol.%, 15vol.%, 
and 20vol.% is 16.98%, 18.23%, 17.60%, and 16.57%, 
respectively. The disappearance of photosensitive resin is 
the main reason for the weight loss of ceramic core samples. 
During the sintering process, part of the Al2O3 sintered powder 
enters the pores or binds to the sample surface, leading to the 
existence of closed pores and impeding gas overflow, thus 
causing a small difference in the weight loss rate.

Figure 6(c) shows the open porosity and bulk density of 
Al2O3-based ceramic core samples with different zircon 



 597

CHINA  FOUNDRYVol. 22 No. 5 September 2025
Research & Development

Fig. 7: TEM image (a) and element distribution images (b-f) of Al2O3-based ceramic sample with 15vol.% zircon

contents. When the zircon content is less than 20vol.%, 
the porosity of the ceramic samples remains above 30%. 
The increase of zircon content reduces the porosity of 
Al2O3-based ceramic samples, which may be due to the fact 
that the submicron ZrO2 generated by the decomposition 
of zircon fills part of the pores. At the same time, the pore 
is blocked by viscous flowing SiO2 generated by zircon, 
which reduces the open porosity of Al2O3-based ceramic 
samples. As the zircon content increases to 20vol.%, the 
porosity of Al2O3-based ceramic samples decreases by less 
than 5%. When the sintering temperature is 1,400 °C, the 
zircon is partially decomposed, generated limited amounts 
of SiO2 and submicron ZrO2, thus, the sintering densification 
effect is not obvious[31]. When the sintering temperature is 
higher, the influence of zircon content on the porosity is 
more obvious[32]. In general, the bulk density is inversely 
proportional to the porosity. Figure 6(c) also shows that 
the bulk density gradually increases from 25.06 g·cm-3 to 
25.89 g·cm-3 with the increase of zircon content from 0 to 
20vol.%. When the zircon content is not more than 20vol.%, 
the porosity and bulk density of Al2O3-based ceramic samples 
meet the use requirements of ceramic cores[23]. 

Figure 6(d) shows the relationship between flexural strength 
and zircon content of Al2O3-based ceramic core samples at test 
temperature of 25 °C and 1,500 °C. When the zircon content 
increases from 0vol.% to 15vol.%, the flexural strength of 
Al2O3-based ceramic core samples increases sharply from 
14.95 to 61.54 MPa at test temperature of 25 °C. When the 
zircon content is 20vol.%, the flexural strength of Al2O3 
ceramic samples slightly reduces. With the increase of zircon 
content, the amount of submicron ZrO2 and SiO2 produced 
by zircon decomposition increases, which fills part of the 
pores, weakens the delamination phenomenon of the core, 

and gradually enhances the bending strength of the core. SiO2 
reacts with Al2O3 to form high-temperature stable mullite 
with fine crystal strengthening effect, reducing the adverse 
influence of SiO2 on strength[33]. When increasing the zircon 
content to 20vol.%, the strong light-absorption of zircon leads 
to weakened interlayer bonding, resulting in a decrease in 
flexural strength at room temperature. Al2O3-based ceramic 
cores have low flexural strength at high temperatures because 
of low sintering temperatures[34,35], but they can still meet the 
requirements for core application.

3.3 Strengthening mechanism of zircon on 
structure

Figure 7 shows the TEM results of Al2O3 ceramic samples with 
15vol.% zircon content. Figure 7(a) shows the high magnification 
TEM bright field image. The Si-rich region and Zr-rich 
region partially coincide with a size of about 1 μm, which 
indicates that the particle size of zircon decreases after 
sintering, but it is not completely decomposed. The Zr-rich 
area is distributed in a network, and the particle size of ZrO2 
generated by zircon decomposition is far less than 1 μm. ZrO2 
bonds to the surfaces of Al2O3 particles, and the nano-sized 
ZrO2 forms an interconnected network that envelopes the 
Al2O3 particles. This enhances the bonding strength between 
the Al2O3 particles, increases the flexural strength of samples, 
and reduces their porosity. Combined with Figs. 7(b-d), it is 
found that a part of Al elements diffuses into SiO2, reaching 
the mullite nucleation condition, and nano mullite is formed 
on the surface of Al2O3 particles [as shown by the red arrow in 
Fig. 7(a)]. The viscous flow of SiO2 promotes the sintering 
among Al2O3 particles, zircon particles, and nano ZrO2 
particles, and therefore enhances the strength. The coincident 
of Al-rich area and Si-rich area in the vicinity of ZrO2 proves 
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the interdiffusion of Al and Si ions. At the same time, it is 
proved that there is a prerequisite for the formation of mullite.

In the presence of impurities, the decomposition temperature 
of zircon can be reduced to about 1,200 °C[36]. At the sintering 
temperature of 1,400 °C, zircon decomposes into high activity 
SiO2 and reacts with Al2O3 to form mullite. The chemical 
reaction equation is as follows:

ZrSiO4→ZrO2+SiO2                            (6)

3Al2O3+2SiO2→3Al2O3·2SiO2                               (7)

Combining Eq. (6) and Eq. (7), we can obtain:

3Al2O3+2ZrSiO4→3Al2O3·2SiO2+2ZrO2                 (8)

According to Gibbs Helmholtz approximate equation[37]:

                                              (9)

where  is the standard Gibbs free energy of the substance 
(kJ·mol-1),  is the standard enthalpy of the formation of 
the substance (kJ·mol-1),  is the standard entropy of matter 
[J·(mol·K)-1], and T is the temperature (K). It is calculated that 
mullite can be generated spontaneously at 1,700 K (1,427 °C). 
However, the actual formation temperature is lower than the 
theoretical formation temperature.

Robie[38] pointed out that the free energy of ZrSiO4/Al2O3 
react ion can be expressed by the l inear equat ion of 
temperature:

                        (10)

It is concluded that mullite can be formed by reaction at 
a temperature greater than 1,400 K (1,127 °C). The linear 
equation of free energy of ZrSiO4/Al2O3 reaction given by Li[39] 
is:

                       (11)

It is concluded that mullite can be formed when the 
temperature is greater than 1,372 K (1,099 °C). The variation 
in the formation temperature of mullite reported by different 
authors can be attributed to differences in the impurity content 
of raw materials. These impurities play a significant role in 
influencing the decomposition of zircon and the subsequent 
formation of mullite. In this study, both the decomposition 
temperature of zircon and the formation temperature of mullite 
have been reduced to below 1,400 °C due to the presence of 
impurities. Additionally, the particle sizes of the zircon powder 
and Al2O3 powder differ significantly. The particle size of 
zircon has a direct effect on the degree of decomposition[40]. 
The relationship between reaction rate constant (k) and radius 
(r) is:

k=α/r2                                        (12)
where α is a constant. When taking equal radius particles per 
unit weight, the specific surface area (S) is:

π π                     (13)

Combining Eq. (12) and Eq. (13), we can get:

                                (14)

Therefore, the smaller the particle size, the larger the specific 

surface area, which is conducive to improve the reaction rate 
constant. In this experiment, the particle size of zircon is less 
than 75 μm, thus significantly reducing the decomposition 
temperature of zircon and the formation temperature of 
mullite.

In the sintering process, zircon is decomposed into ZrO2 
and amorphous SiO2 according to TEM results in Fig. 7. 
Amorphous SiO2 dissolves into Al2O3 and then reacts with 
Al2O3 to form mullite. Unreacted Al2O3 particles still dispersed 
in the matrix. The reaction between SiO2 and Al2O3 could be 
divided into three steps: Al ions in Al2O3 particles migrate to 
amorphous SiO2 phase; Al ions diffuse to the growing mullite 
grains; Al2O3 and mullite are combined into mullite lattice.

The nucleation of amorphous mullite is directly from the 
amorphous silicate matrix. Mullite nucleation activation 
energy can be calculated as follows:

a
                             (15)

where  is the constant, Ea is the crystallization activation energy, 
and R is the gas constant (8.31 J·mol-1). The higher the sintering 
temperature, the shorter the nucleation time of mullite.

The activation energy of mullite growth can be calculated by 
the following equations:

a n

                         (16)         

a

                           
(17)

where a is the volume fraction of mullite (vol.%), t is the 
sintering time (s), n is the reaction order, and k0 is a constant. 
According to the above equations, the higher the temperature 
and the longer the sintering time, the larger the volume 
fraction of mullite and the reaction rate coefficient k. With high 
melting point and good creep resistance, the mullite formed at 
high temperatures significantly enhances the high temperature 
flexural strength of Al2O3 ceramic cores. In addition, the 
whisker or columnar structure of mullite can effectively 
disperse stress and improve the mechanical properties of the 
material at room temperature.

Figure 8 shows the decomposition behavior of zircon in 
Al2O3 ceramic samples. Zircon is distributed between Al2O3 
particles, which hinders the migration of Al2O3 particles, 
resulting in a large number of pores between ceramic particles. 
After sintering, due to the incomplete decomposition of zircon, 
small-sized SiO2 and ZrO2 particles appear around the zircon. 
[Fig. 8(b)]. ZrO2 particles migrate to Al2O3 particles and are 
encapsulated in viscous flowing SiO2 [Fig. 8(c)]. As shown in 
Figs. 8(d, e), the decomposition of zircon and the viscous flow 
of SiO2 promote the sintering of ceramic particles and increase 
the shrinkage of X and Y axes.

Figure 9 shows the crack propagation behavior in the 
ceramic core samples after the three-point bending test. The 
fracture surface of the ceramic core samples is irregular, and 
there is no obvious cracking within the ceramic particles, 
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Fig. 9: SEM images (a-c) and element distribution images (d-h) of nano particle reinforced Al2O3-based 
ceramic samples, and schematic diagram showing cracking propagation behavior (i-k)

which proves that the cracks mainly propagate along the 
interface between the two particles [Figs. 9(a, b)]. In Fig. 9(c), 
ZrO2 particles adhere to the surface of Al2O3 particles formed 
by the decomposition of zircon particles. Meanwhile, SiO2 is 

filled between Al2O3 particles and ZrO2 particles as a binder. 
Figures 9(i-k) are a schematic diagram of crack propagation 
behavior in ceramic samples. The strength of pure Al2O3 
ceramic cores mainly depends on inter-particle sintering, 

Fig. 8: Schematic diagram of zircon decomposition (a-f)
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Fig. 10: SEM images (a-c) and element distribution images (d-g) of ceramic cores

which leads to the easy expansion of cracks. After adding 
zircon to the samples, the ZrO2 and SiO2 formed by the partial 
decomposition of zircon promote the bonding between ceramic 
particles, thereby hindering crack propagation and enhancing 
the strength.

3.4 Formation and strengthening mechanism 
of composite layered interface

Figure 10 shows the influence of zircon on the interface 
of Al2O3 ceramic samples. The decomposition of zircon is 
accompanied by the diffusion and migration of Si to Al2O3, and 
viscous flow in the pores of ceramic particles, which reduces 

the porosity of core and hinders crack propagation [Fig. 10(b)]. 
The accumulation state of zircon and Al2O3 particles in ceramic 
samples is shown in Fig. 10(c). ZrO2 precipitated from zircon 
is distributed between Al2O3 particles and zircon particles as a 
stable phase at high temperatures and migrate to the pores of 
ceramic particles which hinder the shrinkage of lamella. As an 
unstable phase, SiO2 diffuses from zircon to Al2O3 particles, 
and part of SiO2 fills between ceramic particles by viscous 
flow, which promotes the sintering of ceramic particles at the 
interface and weakens the delamination phenomenon of the 
ceramic cores, therefore improves the mechanical properties. 

4 Conclusions
In this study, Al2O3 ceramic cores with different zircon 
contents were prepared by vat photopolymerization 3D 
printing technology, and the influence of zircon content on 
Al2O3 ceramic cores was studied. The results are as follows:

(1) As the zircon content increases from 5vol.% to 20vol.%, 
the sintering shrinkage of ceramic samples along the X and Y 
axes generally exhibits an upward trend, whereas the Z-axis 
shrinkage shows an overall downward trend. The open porosity 
of the ceramic samples exhibits an overall decreasing trend 
while the bulk density shows a corresponding gradual increase. 

(2) When the zircon content is 15vol.%, the Al2O3 ceramic 
core sample demonstrates optimal comprehensive performance. 
At this time, the porosity of ceramic core samples is 30.75%, the 
flexural strength is 61.54 MPa at 25 °C, 11.59 MPa at 1,500 °C, 
and the bulk density is 2.69 g·cm-3.

(3) At 1,400 °C, zircon decomposes to form ZrO2 and 
SiO2 phases, weakening the interface delamination of the vat 
photopolymerization 3D printed Al2O3 ceramic core.

(4) This study solves the problems of weak mechanical 
properties and sintering anisotropy in vat photopolymerization 
Al2O3-based ceramic cores. It is expected these results can 
establish a theoretical foundation for the application of vat 
photopolymerization-fabricated Al2O3-based ceramic cores 
with complex structure in the aviation field.
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