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Abstract
Wax-binder-free silica-based ceramic core with high collapsibility plays a critical role in precision casting. However, the collapse
performance will dramatically reduce because the densification was induced by liquid phase sintering from the indispensable
fused silica component, which makes the core hard to be removed by mechanical vibration, especially for the semi-enclosed
parts. Herein, we propose a liquid phase sintering restraint strategy for improving collapsibility by adding surface-modified fused
silica powder. The results show that a high-temperature resistant alumina/mullite shell can be formed by pre-coating alumina sol
on the surface of fused silica powder after the processing of preheating and casting. Compared with utilizing pure fused silica
powder, when adding 25 wt% modified fused silica substituted some part of pure fused silica, the flexural strength, porosity and
bulk density of ceramic core reaches 5.95MPa, 31.61% and 1.56 g/cm3 respectively. These parameters completely satisfied the
requirements of high collapsibility for casting, which is attributed to effectively inhibiting sintering and maintaining the porous
structure by the alumina/mullite layer. Finally, the actual collapse experimental result shows that the cores can be completely
removed through mechanical vibration lasting 30min. This strategy offers a new method for improving the collapse properties of
the wax-binder-free silica-based ceramic core by adding surface modified fused silica powder.
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Highlights
● Due to using inorganic binder sodium silicate, the preparation of wax-free silica-based ceramic cores was successfully

achieved, and the sintering process did not require wax injection and wax removal.
● The synergistic effect of modified fused silica, cristobalite, and graphite formed a skeleton structure with high porosity

inside the ceramic core.
● The addition of modified fused silica improved the collapse performance of silica-based ceramic cores by inhibiting

liquid phase sintering.
● Based on the structural design, the ceramic core porosity was maintained at 31.61%, and the moderate flexural strength

(5.95 MPa) was conducive to achieving 100% removal of the core only through mechanical vibration.

1 Introduction

Silica-based ceramic cores are widely used in the field of
precision casting due to their excellent properties as a spe-
cial structural material [1, 2]. In order to obtain high-quality
products, extensive research has been undertaken into the
production process of ceramic cores [3–5]. Ceramic cores
must have sufficient flexural strength, high-temperature
creep resistance, thermal expansion matching, chemical
compatibility and collapse performance. As one of the
complex problems in the study of ceramic cores, the col-
lapse performance has attracted the attention of many
researchers. Collapse performance mainly depends on por-
osity and improves with increasing porosity. The collapse of
ceramic cores requires immersion in a leach solution, but
the researchers found that the core removal process
adversely affected the casting [6]. Therefore, it is essential
to completely remove of the core while protecting the
casting from being affected.

In our previous work, the effects of cristobalite addition
on the crystallization, densification, mechanical, and col-
lapse properties of the cores were systematically investigated
[7]. According to reports, in order to further improve the
collapse performance, the researchers adopted the method of
adding sintering inhibitor [8–10] and pore-forming agent
[11–13]. As a sintering inhibitor, cristobalite can be used as
a seed crystal to change the initial temperature and promote
crystallization. During the cooling stage, the phase trans-
formation of cristobalite to tridymite will form micro-cracks
in the core to improve the collapse performance. Graphite is
a frequently used pore-forming agent that can increase the
porosity of the core and significantly improve the collapse
performance. If both cristobalite and graphite are added to
the formula of the ceramic core, the ceramic core can be
removed using only physical methods due to a combination
of microcracks and pores. In contrast, the existence of micro-
cracks and pores will reduce the mechanical properties of the
ceramic core. How to guarantee that the ceramic core has the
necessary mechanical properties and maximize its collapse
performance is the key to this problem.

The modification of fused silica can significantly enhance
the dispersion between SiO2 particles and their compatibility

with substances [14]. Furthermore, surface modification
allows for coating the SiO2 surface with active groups,
effectively improving or controlling its surface activity
[15–17]. This provides the possibility for ongoing grafting
or functionalization of particles. The groups on the surface
of SiO2 can be physically modified or chemically modified.
Common powder modifiers for physical modification
include polymer and inorganic substances, which can
effectively adsorb and change surface properties [18, 19].
The research [20] has found that the introduction of a core-
shell structure is highly beneficial for enhancing the
mechanical properties of the material, playing a significant
role in both the “pinning effect” [21] and the “bridge effect”
[22]. Cracks in the ceramic core matrix are influenced and
either pinned or obstructed when passing through the core-
shell particles. This results in a deviation from conventional
transgranular fracture to a combined mode of transgranular
and intergranular fracture [23]. For silica-based ceramic
cores, synthesizing a nano-alumina coating on the surface of
fused silica powder can effectively enhance the core’s
strength and resist crack propagation. However, the forma-
tion of the mullite phase during the casting process makes it
more difficult for the ceramic core to dissolve in alkaline
solutions, which does not improve leaching performance
[24]. Based on this, modified fused silica is incorporated
along with graphite and cristobalite. It is possible to enhance
the strength of the ceramic core while maintaining its fra-
mework structure and porosity, thereby meeting the
mechanical performance requirements of the ceramic core.

Hence, this research has presented a novel processing
strategy to enhance the collapsibility of silica-based
ceramic cores. We synthesize an alumina/mullite coating
on the surface of fused silica powder to form a core-shell
structure and add cristobalite and graphite to obtain a
porous skeleton structure, which improves the collapse
performance. The effects of different addition amounts of
modified fused silica on the microstructure and mechan-
ical properties of silica-based ceramic cores were inves-
tigated. The improvement in collapse performance
eliminates the need for alkaline leaching of ceramic cores,
aligning with the principles of green and sustainable
development.
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2 Methods

2.1 Preparation of modified fused silica

Fused SiO2 powder coated with alumina/mullite was
prepared by using molten SiO2 powder and nano-colloidal
Al2O3 as raw materials. First, an Al2O3 coating layer is
prepared on the surface of molten SiO2. Water molecules
can be physically and chemically adsorbed on the surface
of molten SiO2, hydrolyzing the molten SiO2 powder into
substances with a large amount of [-OH]. In addition, H+
ions can be adsorbed on [-OH] on the surface of Al2O3

nanoparticles, making them positively charged. When 5 g
of molten SiO2 is added to Al2O3 nanoparticles in 100 ml
of oxygen-containing acidic solution(water: alumina col-
loid= 1:1, pH ≈ 5) and stirred, the SiO2 is covered by the
Al2O3 adsorption layer due to the electrostatic attraction
between opposite charges. After obtaining the Al2O3

nanoparticle coating layer, a high-temperature sintering
method is used to prepare the alumina/mullite coating
layer. After heating for 2 h at a sintering temperature
exceeding 1300 °C, the molten SiO2 surface reacts with
the Al2O3 nanoparticles in situ to form a mullite phase and
form a core-shell structure.

2.2 Preparation of ceramic core samples

SiO2 powder with an average particle size of 30 μm
(purity: 99.9%, Beijing Jingci New Material Technology
Co., Ltd.) and 270 nm (purity: 99.9%, Beijing Jingci New
Material Technology Co., Ltd., China) was selected as
the basic component. In addition, graphite (30 μm purity:
99.9%, Beijing Jingci New Material Technology Co.,
Ltd.) was added as a pore-forming agent, cristobalite
(100 μm, purity: 99.9%, Beijing Jingci New Material
Technology Co., Ltd.) as a sintering inhibitor, and
modified fused cristobalite to form the ceramic core for-
mulation. The compositions of these materials are listed
in Table 1, and the preparation process of the high-
collapse silica-based ceramic cores is shown in Fig. 1.
After mixing the raw materials evenly according to the
formula, 4 wt% sodium silicate and 8 wt% water are
stirred to form a slurry, and then the core is prepared by
injection molding. It is sintered in a muffle furnace to
1200 °C and held for 1 h, then simulated casting at
1500 °C for 0.5 h.

2.3 Characterization

The phase composition and microstructure of SiO2-based
ceramic core materials were characterized by XRD (Smart
Lab 9 kW, Rigaku Co., Ltd., Japan), scanning electron
microscope (SEM, S8100, Hitachi Co., Ltd., Japan). The

samples used for XRD analysis were all in block shape,
with dimensions of approximately 15 × 12 × mm, and both
sides were ground smooth. Crystallinity is calculated based
on the position, number and relative intensity of the crystal
diffraction peaks in the XRD pattern. The calculation for-
mula is as follows:

Xc ¼ Ic
Ic þ Ia

� 100% ð1Þ

where Xc is the crystallinity (%) determined by X-ray
diffraction; Ic is the intensity of the crystalline diffraction
peak; Ia is the intensity of the non-crystalline dispersion
peak.

Use a vernier caliper to measure the size of the sample
after sintering, the accuracy is 0.01 mm, and the sample
sintering shrinkage is calculated by the following formula
(2):

SL ¼ L0 � L1
L0

� 100% ð2Þ

where SL is the sample sintering shrinkage (%); L0 is the
Sample length before sintering (mm); L1 is the length of the
sample after sintering (mm).

The bulk density and apparent porosity of the samples
were determined by the Archimedes method and calculated
according to formulas (3) and (4), respectively.

ρV ¼ m1

m3 � m2
� ρW ð3Þ

Kα ¼ m3 � m1

m3 � m2
� 100% ð4Þ

where ρV is the bulk density (g/cm3); Kα is the apparent
porosity (%); m1 is the weight of the dry specimen (g); m2 is
the weight of the saturated specimen suspended and fully
immersed in water (g); m3 is the weight of sample in air
when saturated (g); ρW is the density of water at room
temperature (g/cm3).

The mechanical property was characterized by flexural
strength, which was tested at room temperature by a

Table 1 The ceramic core mixed powder composition(wt%)

Sample 30 μm
SiO2

powder

270 nm
SiO2

powder

Modified
fused SiO2

Cristobalite graphite

P-0 75 25 0 0 0

SF-1 60 25 15 0 0

SF-2 30 25 45 0 0

SF-3 0 25 75 0 0

SF-4 30 25 15 20 10

SF-5 30 25 25 10 10

SF-6 30 25 35 0 10
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universal testing machine (1036 PC, Taiwan Baoda
Instrument Co., Ltd., China). The three-point bending
strength was calculated according to formula (5), with a
span of 30 mm and a loading rate of 1 mm/min. Each final
value was averaged over five measurements, and the ran-
dom errors were represented by standard deviations.

σω ¼ 3PL

2bh2
ð5Þ

where σω is the flexural strength (MPa); P is the load on the
specimen at fracture (N); L is the span between the two
pivot points (mm); b is the width of the specimen (mm); h is
the thickness of the specimen (mm).

In order to simulate specific industrial application
conditions, the collapse characteristics of the sintered
silica-based ceramic cores were investigated by using
physical vibrations (Mechanical Vibrators, HZ-A, Xian-
xian Xusheng Construction Testing Instruments Co.,
Ltd., China). The weight loss of sintered silica-based
ceramic cores for different physical vibrated times was
tested. The calculation formula for the collapse rate is as
follows:

σω ¼ ΔW

W
ð6Þ

where σω is the collapse rate (%); 4W is the total weight
loss (g); W is the initial total weight (g).

3 Results and discussion

3.1 Characterization of modified fused silica powder

The XRD patterns and SEM images of the four raw mate-
rials of micron and nano-sized fused SiO2 powders, cris-
tobalite, and graphite are shown in Fig. 2. It can be seen that
the silica particles exhibit spherical morphology at both
particle sizes. Cristobalite and graphite powder have good
crystallinity and irregular particles.

The XRD patterns, microscopic morphology images,
EDX mapping and binary phase diagram of modified
fused silica powder before and after high-temperature
sintering are shown in Fig. 3. As shown in Fig. 3a, b, the
particle surface becomes smoother after sintering at
1300 °C, indicating that the alumina coating on the sur-
face of fused silica reacts with cristobalite to form the
mullite phase. Meanwhile, the EDX results indicate that
the sintered product is mainly composed of Si, Al and O,
proving that the alumina/mullite coating was successfully
formed.

3.2 Phase Composition of the silica-based
ceramic cores

Silica-based ceramic cores with different amounts of mod-
ified fused silica were prepared according to the formula in

Fig. 1 a Preparation technology of modified fused Silica; b Preparation process of the high collapse silica-based ceramic cores
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Table 1. Figure 4a shows the XRD patterns of silica-based
ceramic cores after sintering with different formulas. After
adding modified fused silica, the cristobalite diffraction
peak intensity of the sample decreased. Adding modified

silica with alumina/mullite coating incorporates nano-
alumina particles into the reaction system. As a result,
cristobalite precipitates on the surface of fused silica and
reacts with nano-alumina to form a mullite phase, which

Fig. 2 The phase composition and micromorphology of raw materials by XRD and SEM. (a, e), (b, f), (c, g) and (d, h) are 30 μm fused SiO2

powder, 270 nm fused SiO2 powder, cristobalite powder and graphite powder, respectively

Fig. 3 SEM images (a–b) and EDX mapping of O (a1–b1), Al (a2–b2) and Si(a3–b3) of modified fused silica powder before and after high-
temperature sintering; (c) XRD pattern of modified fused silica; (d) binary phase diagram of alumina and silica [29]
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reduces the content of cristobalite in the ceramic core [25].
Meanwhile, the intensity of the cristobalite diffraction peak
in the ceramic core decreases simultaneously with the
crystallinity, and a small number of diffraction peaks of
alumina and mullite phases are observed. It is also note-
worthy that when cristobalite and modified fused silica are
added simultaneously to the formulation, the diffraction
peak intensity of the cristobalite increases as the additional
cristobalite induces crystallization. The modified fused
silica is composed of silica surrounded by alumina/mullite
shells and has a higher crystalline phase content. In parti-
cular, the relative crystallinity of the SF-4 sample reaches
96.33%.

For studying the effect of adding modified fused silica
on the ceramic cores, Fig. 5 shows the comparison of TG-
DTA curves before and after adding modified fused
silica. Compared with the original formulation (P-0), the
addition of modified fused silica to the sample resulted in
a decrease in the phase transition temperature from
844.3 °C to 774.4 °C, indicating that the alumina/mullite
coating reduced the phase transition temperature. The
exothermic peak at 261.5 °C is the weight loss process of
the ceramic core. An endothermic peak is observed at
600 °C, which is attributed to the formation of cristoba-
lite. The transition temperature of the fused silica ceramic
core increases the rate of transition from fused silica to
cristobalite. Cristobalite precipitates on the surface of
silica, inhibiting the mass transfer process and hindering
sintering densification.

3.3 Porosities of the silica-based ceramic cores

In order to quantify the effect of varying amounts of
modified fused silica on the densification of the silica-
based ceramic core during sintering, Fig. 6 shows the
variation of bulk density and apparent porosity of the
silica-based ceramic cores with different addition
amounts of modified fused silica. For samples SF-1, SF-2
and SF-3, when the additional amount of modified fused

Fig. 5 a TG-DTA curve of
original formula(P-0); b TG-
DTA curve of the formula added
modified fused silica (SF-5)

Fig. 6 Bulk densities and apparent porosities of the ceramic cores with
different adding amount of modified fused silica

Fig. 4 a XRD patterns of
ceramic cores with different
adding amount of modified
fused silica after sintering at
1500 °C; b Crystalline phase
contents of the ceramic cores
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silica is 45 wt% (SF-2), the minimum packing density of
the ceramic core is 1.82 g/cm3 and the porosity is
18.55%. For the SF-4, SF-5 and SF-6 samples, the
incorporation of cristobalite and graphite significantly
increased the porosity of the ceramic core. When the
additional amount of modified fused silica is 25 wt% (SF-
5), the minimum packing density of the ceramic core is
1.56 g/cm3, and the porosity is 31.61%. It has been
reported that the porosity of typical silica-based ceramic
cores is less than 35%, and high porosity is beneficial to
the collapse of the core [26]. The liquid-phase adhesion
of the nano-alumina coating incorporated by modified
fused silica hinders the liquid-phase movement between
silica particles, thereby increasing the porosity of the
ceramic core. On the other hand, the addition of cristo-
balite as a heterogeneous nucleating agent will induce
crystallization and hinder the sintering process. There-
fore, the ceramic core porosity increases. However, the
mullite phase generated by the reaction between alumina
and cristobalite on the surface of modified fused silica is a
low melting point liquid phase. The liquid phase fills part
of the pores during its movement and causes a decrease in
porosity. Although adding cristobalite can improve silica
ceramic cores’ porosity, excess cristobalite may weaken
this improvement. Consequently, the addition of 25wt%

modified fused silica (SF-5) is conducive to obtaining the
best porosity of the silica ceramic core.

The microstructure changes of silica-based ceramic core
materials with different amounts of modified fused silica
were compared through BS mode of SEM. As shown in Fig.
7, the microstructure of the ceramic core used large particles
fused silica crystal as a framework and small particles were
dispersed in the matrix to connect the particles. Some open
pores and closed pores can be observed on the surface of the
ceramic core, and the morphology changes are consistent
with the porosity change trend. For samples SF-1, SF-2 and
SF-3, as the amount of modified fused silica increases, the
structure is the loosest when the addition amount is 45 wt%.
For samples SF-4, SF-5 and SF-6, when the additional
amount of modified fused silica reaches 25 wt% (SF-5), the
surface micropores are the most. On the one hand, the
addition of cristobalite and graphite effectively improves
the micromorphology of the ceramic core surface. On the
other hand, the liquid phase adhesion of modified fused
silica particles inhibits liquid phase sintering and increases
the porosity of the ceramic core. In Fig. 7e, f, there is an
apparent liquid phase coating on the particle surface, which
proves that the alumina/mullite coating causes liquid phase
adhesion to prevent the liquid phase from filling the pores.
As the additional amount of modified fused silica increases,

Fig. 7 The SEM images in BS mode of ceramic cores with different adding amount of modified fused silica after sintering at 1500 °C. a SF-1; (b)
SF-2; (c) SF-3; (d) SF-4; (e) SF-5; (f) SF-6

Journal of Sol-Gel Science and Technology (2024) 111:659–670 665



the particle size does not change significantly, but the
porosity increases significantly.

In order to further observe the microstructure inside the
ceramic core, the structural changes after the porosity
change were verified. The SEM images of the fracture
surfaces of ceramic cores with different compositions after
final sintering at 1500 °C are shown in Fig. 8. The particles
on the surface of the fracture in the figure are complete,
many small powder particles surround large powder parti-
cles, and irregular particles remain in the sintered body. On
the other hand, the precipitated cristobalite undergoes a
phase transformation from β-cristobalite to α-cristobalite
during the reaction, which results in a 5% volume reduction
and the extension of microcracks in the ceramic core. Fur-
thermore, many narrow and long micropores are observed
in Fig. 8d–f. The micropores formed by these will destroy

the internal structure of the ceramic core and increase the
possibility of mechanical vibration to remove the silica-
based ceramic core.

3.4 Mechanical performance of the silica-based
ceramic cores

The mechanical properties of the silica-based ceramic core
are related to whether the ceramic core can be easily
removed by mechanical vibration while maintaining the
essential strength. Figure 9a shows the flexural strength of
ceramic cores with different formulas at room temperature.
For the SF-1, SF-2 and SF-3 samples, as the addition of
modified fused silica increases to 75 wt% (the fused silica is
completely replaced), the flexural strength of the ceramic
core first decreases and then increases. When the additional

Fig. 8 SEM images of the
fracture surfaces of ceramic
cores with different adding
amount of modified fused silica
after sintering at 1500 °C. a SF-
1; (b) SF-2; (c) SF-3; (d) SF-4;
(e) SF-5; (f) SF-6

Fig. 9 a Flexural strength of ceramic cores with different adding amount of modified fused silica; (b) Shrinkage of ceramic cores with different
adding amount of modified fused silica
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amount of modified fused silica reaches 45 wt%, the
minimum flexural strength is 11.34 MPa. The minimum
flexural strength for the SF-4, SF-5 and SF-6 samples was
5.95MPa when the additional amount of modified fused
silica reached 25 wt%. The main reason for the decrease in
flexural strength is that adding cristobalite and graphite
builds a loose and porous skeleton inside the ceramic core.
The combined effect of micropores and microcracks redu-
ces the flexural strength of the ceramic core. On the other
hand, the formation process of the mullite phase reduces the
alumina and cristobalite content in the core material. As the
two main reinforcing phases in ceramic cores, reducing their
content will decrease the core’s flexural strength. However,
the alumina/mullite coating can prevent crack propagation
on the silica surface, and adding excess amounts of mod-
ified fused silica will reduce the core’s porosity. Therefore,
under the high addition amount of modified fused silica, the
flexural strength of the ceramic core has a slight rebound.
The SF-5 formula has the lowest flexural strength and can
meet the mechanical performance requirements for ceramic
cores, which is conducive to the collapse of ceramic cores.

Figure 9b shows the shrinkage rate of silica-based cera-
mic cores with different amounts of modified fused silica.
The ceramic core shrinkage rates are around 0.8%, meeting
the performance requirements [27]. For the SF-1, SF-2 and
SF-3 samples, when the modified fused silica is used as a
complete replacement for fused silica (75 wt%), the
shrinkage initially decreases and then increases. For the
three groups of formulations adding cristobalite (0–20 wt%)
and graphite (10 wt%), the shrinkage rate is as low as 0.62%
when the modified fused silica addition is 25 wt%. The
main reason for the change in shrinkage is the volume effect
caused by the crystalline transformation of cristobalite and
the volume shrinkage caused by the densification of the core
during the sintering process. Notably, the abnormally
increased shrinkage in Fig. 9b could be attributed to the
increase in the percentage of glass phase in the specimen
during the simulated casting process. When the liquid phase
wets the surface of a solid powder, the distance between the
powder particles is reduced due to the surface tension of the
liquid phase. Therefore, the shrinkage rate of the specimen
suddenly changes. The shrinkage rate of ceramic cores for
all formulas mainly stayed the same, meeting the require-
ments for the use of ceramic cores.

3.5 Collapse performance of the silica-based
ceramic cores

Figure 10 shows the collapse performance of the silica-
based ceramic core. Three core formulas(P-0, SF-2, SF-5)
were selected to observe the collapse process of the ceramic
core through mechanical vibration. The weight loss of the
ceramic core gradually increases with the increase of the

mechanical vibration time. After 30 min of mechanical
vibration, the core of the casting inner cavity no longer loses
weight. The results show that only 18.96% of the ceramic
core with the P-0 formula was slowly removed through
mechanical vibration. In contrast, the ceramic core with the
SF-5 formula completely fell off after 30 min of vibration.
A collapse rate of up to 100% means that the silica-based
ceramic core of the SF-5 formula has good collapse
performance.

In order to better prove the excellent collapse perfor-
mance of the modified ceramic core, Fig. 11 shows the
optical photos of the ceramic core (a) and the photo of metal
parts cast with ceramic cores prepared by P-0 and SF-5
formula (b). After 30 min of mechanical vibration, the
collapse rate of the core is shown in Fig. 11c, d. Compared
with the unmodified P-0 formula, the SF-5 formula has
better collapse performance. Metal castings cast with SF-5
ceramic cores have no core residue inside, and the collapse
rate is as high as 100%.

3.6 The action mechanism of modified fused silica

The action mechanism diagram of modified fused silica is
shown in Fig. 12. The coated fused silica particles form a
“core-shell” structure that inhibits the coarsening of the
sintering neck, and the alumina/mullite coating forms a
barrier layer that inhibits liquid-phase sintering of the core.
It is known that the diffusion activation energy of alumina is
higher than that of fused silica, so it is difficult for the
coated fused silica particles to form sintering necks through
surface diffusion. Furthermore, the alumina/mullite coating
forms a barrier layer that impedes liquid phase movement
between the coated fused silica particles, thus preventing
the pore-filling process. According to the powder sintering

Fig. 10 The collapse rate of ceramic cores with different adding
amount of modified fused silica
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theory, as the particle size of the powder particles becomes
smaller, the adhesion effect will become stronger. This
adhesion is an essential factor in the bonding, aggregation
and rearrangement between powder particles during the
sintering stage. As the amount of modified fused silica
increases, the porosity, shrinkage and flexural strength of
the ceramic core change uniformly. The alumina/mullite
coating inhibits the tendency of the liquid phase to fill the

pores and increases the viscosity of the system. As the
porosity increases, the flexural strength decreases. As the
content of modified fused silica further increases, the con-
tent of fused silica decreases relatively, and sufficient alu-
mina enters the system to react with silica to form a low
melting point liquid phase (3Al2O3·2SiO2). The formation
of the mullite phase increases the liquid phase in the sin-
tered sample content, porosity is reduced, and the flexural

Fig. 11 a Optical photos of the front, back and side of the ceramic core after sintering; b The photo of metal parts cast with ceramic cores prepared
by P-0 and SF-5 formula; c Ceramic core after mechanical vibration (P-0); d Ceramic core after mechanical vibration (SF-5)

Fig. 12 The mechanism diagram of modified fused silica
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strength is slightly increased. Therefore, the additional
amount of modified fused silica should not be excessive,
and the appropriate addition amount (25 wt%) is enough to
improve the collapse performance of the silica-based cera-
mic core. The inhibition of microcrack propagation by the
alumina/mullite coating also increases the flexural strength
of the core [28]. The binary phase diagram of alumina and
silica is shown in Fig. 3d. The main shrinkage process of
the core is divided into two stages: the heating stage
(1100–1550 °C) and the cooling stage (200–300 °C). The
first stage may be related to shrinkage caused by densifi-
cation of the specimen during sintering. The second
shrinkage stage may correspond to the phase transformation
of β-cristobalite to α-cristobalite during cooling, resulting in
a volume change of approximately 5%. The most important
shrinkage occurs in the first stage (heating). The combined
effect of micropores and microcracks can effectively
improve the collapse performance of the silica-based cera-
mic core. Therefore, after simple mechanical vibration, the
inner wall ceramic core of the metal casting is completely
removed without residue and without alkali boiling.

4 Conclusions

In this study, we present a novel strategy a novel strategy to
prepare high-collapse silica-based ceramic cores success-
fully. Experimental results show that surface modification
of fused silica powder and the addition of pore-forming
agents and sintering inhibitors greatly improve the collapse
performance of silica-based ceramic cores. At the same
time, it meets the mechanical performance requirements for
the use of ceramic cores. Furthermore, we systematically
investigated the effects of modified fused silica addition on
the crystallization, densification, mechanical and collapse
properties of the ceramic cores. When the modified fused
silica addition reached 25 wt%, the porosity reached as high
as 31.61%, and the flexural strength was only 5.95MPa.
After 30 min of mechanical vibration, the core collapse rate
reached 100%. The successful preparation of high collapse
silica ceramic cores without wax removal is expected to
reduce the damage to castings and core residues during the
core collapse process and promote the wider application of
silica-based ceramic cores in precision casting.
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