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1 Introduction
Additive manufacturing (AM) is a revolutionary 
manufacturing technology that integrates digitalization, 
intelligence and environmental friendliness and can 
directly fabricate shell moulds for the investment casting 
process without wax patterns [1-4]. The AM technologies 
of the casting shell moulds have the advantages of 
reduced manufacturing lead time, shortened process, low 
cost, and high flexibility [5,6]. Currently, AM processes 
that can be used to fabricate casting shell moulds mainly 
include stereolithography (SLA), selective laser sintering 
(SLS), binder jetting, and slurry extrusion-based additive 
manufacturing. Chen et al. [7] prepared alumina moulds 
using SLA and investigated the effects of particle size 
distribution and sintering temperature on the properties, 
and the results showed the sample possessed relatively 
low sintering shrinkage, proper mechanical strength, 
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porosity, and high-temperature properties that meet the 
requirements for casting purposes. Gu et al. [8] fabricated 
Al2O3 ceramic cores with fine complex geometric shapes 
by SLA, and the flexure strength and open porosity of 
ceramic cores were supposed to meet the requirement of 
ceramic cores for the fabrication of superalloy blades. A 
novel binder-coated Al2O3 sand for SLS was developed 
to manufacture complex sand moulds for metal casting, 
which shortened the trial production cycle of the 
six-cylinder engine from five months of the traditional 
casting method to 10 days [9]. The mullite ceramic shell 
moulds could be fabricated by SLS combined with the 
high-temperature sintering process, and their mechanical 
properties far exceeded those of shell moulds fabricated 
by the traditional shell-making process [10]. Based on the 
binder jetting process, a shell mould with a thickness of 
10 mm was manufactured using hemihydrate calcium 
sulphate as the powder material and 2-pyrrolidone as the 
binder, indicating that it has the advantage of creating  
sand moulds with less time and much more complex 
geometries [11]. Another material composed of furan resin 
and silica sand was also used to prepare sand moulds 
using the binder jetting process. It was found that the 
three-point bending strength of 3D printed sand mould 
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attained its maximum when cured at 100 °C for 2 h, regardless 
of the binder content [12]. 

The slurry extrusion-based additive manufacturing is an 
AM process based on the principle of direct ink writing [13-16]. 
It uses high solid loading ceramic slurry with shear thinning 
characteristics, and the filaments formed by the extrusion 
of ceramic slurry are stacked layer by layer on the building 
platform to form moulds. The slurry can be accurately deposited 
at preset positions, providing a AM method for complex 
structures such as unsupported suspension or hollow wall with 
network infills [17, 18]. This process has advantages such as wide 
adaptability, flexible process, simple equipment, and short 
production cycle. The investigation of extrusion-based additive 
manufacturing of Y2O3-based ceramic shell moulds found that 
small amounts of CaTiO3 can reduce sintering temperature 
and significantly increase bending strength [19]. Choi et al. [20] 
proposed a new extrusion-based additive manufacturing process 
combined with an organic-inorganic binder conversion process 
to fabricate a ceramic core with high dimensional stability. 
Xing et al. [21] proposed a structural analysis algorithm for 
shell-like models for ceramic materials and presented a 
computational framework to enhance the structural stability. 
The experimental results for Al2O3 refractory products showed 
that layer height was an effective parameter for tuning the 
inter-space size and the adhesion between layers [22].

In addition to materials and processes, the infills are 
also an important factor affecting the properties of parts 
prepared with the extrusion-based additive manufacturing 
process [23, 24]. The infills provide stable and sturdy structural 
support for the appearance and properties. Fused deposition 
manufacturing (FDM) is the most typical extrusion-based 
additive manufacturing process. The acrylonitrile-butadiene-
styrene (ABS) samples with different infill patterns and infill 
densities were manufactured using FDM and the strength 
test results showed that the influence of the different printing 
patterns caused a variation of less than 5% in infill density 
and the change in infill density mainly determined the tensile 
strength [25]. Another study on the synergistic effects of different 
infill patterns and infill densities with varying thicknesses 
of layers on ABS samples revealed that the infill pattern 
greatly affected both tensile and impact strengths [26]. 
Through the comparative study of finite element analysis and 
physical experimentation on polylactic acid (PLA) samples, 
the mechanical properties of samples with different lattice 
topologies showed that vin tile cellular structure bears less stress 
and the lowest deformation [27]. Man et al. [28] investigated the 
effects of topological structures on the mechanical properties 
of the hollow load bearing boards prepared from the slurry 
of kaolin clay and alpha-Al2O3 powder and proved that the 
honeycomb grid was the most appropriate structure. The 
hollow ceramic cores with lattice structures prepared by SLA 
proved that the lattice structure improved the core-removal 
efficiency by over three times [29].

A hollow wall with an internal porous structure can provide 
lightweight and material-saving benefits for the casting shell 
mould. However, when preparing the shell mould with a 

hollow wall using AM processes such as SLA, SLS, and 
binder jetting, their manufacturing characteristics determine 
the inevitable presence of unstructured excess materials in the 
internal structure of the wall. Therefore, for internally hollow 
structures, it is necessary to reserve openings to facilitate 
the removal of unstructured excess materials [1, 29-32]. The 
slurry extrusion-based additive manufacturing process does 
not have such limitations. The hollow wall with internal 
controllable porous structure can be directly prepared by 
setting the “infill” parameter in slicing software, and there will 
be no unstructured materials inside the hollow wall during 
the manufacturing process. Our research team previously 
investigated the influence of wall structure (wall thickness, 
wall height, and infill pattern) on the dimensional accuracy 
of shell moulds, with findings demonstrating the significant 
impact of infill patternson the dimensional accuracy [33]. In 
this study, the effect of infill patterns on the properties of shell 
moulds was further investigated. The shell mould with hollow 
walls was designed and prepared using slurry extrusion-based 
additive manufacturing. The effect of different infill patterns 
on the properties of shell mould was evaluated. Furthermore, a 
trial casting was carried out to verify the feasibility of the shell 
mould with a novel structure for casting.

2 Experimental
2.1 Slurry preparation
The slurry was prepared with bauxite as refractory powder and 
silica sol as the binder. The nominal particle size of bauxite 
powder was 15 μm, and the SiO2 content of silica sol was 
30wt.%. The contents of bauxite and silica sol in the slurry 
were 66.0wt.% and 26.5wt.%, respectively. Other ingredients 
included sodium polycarboxylate (3.5wt.%), glycerol 
(3.0wt.%), and PEG400 (1.0wt.%). The mixture of silica sol, 
sodium polycarboxylate, glycerol, and PEG400 was prepared 
by magnetic stirring for 10 min. Then, the bauxite powder was 
added to the mixture to ball mill at 50 r·min-1 for 40 min to 
achieve a good dispersion. Finally, the viscosity of the slurry 
was adjusted with the acid thickener. The steady-state shear 
viscosity of the slurry used for extrusion is shown in Fig. 1, 
which was measured with a viscometer (NDJ-8S, Fangrui, 
China). The slurry shows good shear thinning characteristics.

Fig. 1: Steady-state shear viscosity of slurry
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Fig. 2: Schematic diagram of extrusion-based additive 
manufacturing equipment 

Fig. 3: Structural diagram of infill patterns: (a) rectilinear; 
(b) grid; (c) honeycomb

Fig. 4: Schematic diagram of heat-transfer ability 
measurement

2.2 Additive manufacturing and subsequent 
processing

The additive manufacturing process of the shell mould was 
performed by extrusion-based equipment with the delta 
mechanism and screw extruder, as shown in Fig. 2. The feeding 
system was a mechanically driven plunger type. The CAD 
models were designed and then output as the STL files. The 
G codes were generated after slicing according to the layer 
thickness. The slurry was loaded into the barrel and fed to a 
screw extruder driven by a motor. The nozzle moved along the 
printing paths to stack the extruded filaments layer by layer 
to form the green parts. The nozzle movement speed was 
20 mm·s-1, and the extrusion rate was set to multiplier 1.0 (the 
feeding amount of the slurry and theoretical deposition volume 
of filaments were equal).

The green parts were first freeze-dried in a vacuum freeze-
dryer for 24 h, then, placed into a muffle furnace and heated to 
1,100 °C at a rate of 10 °C·min-1. After being sintered at 
1,100 °C for 4 h and cooled to room temperature naturally, the 
shell moulds were ready for testing and casting. Due to the 
very low organic content in the materials, the preparation of 
the shell mould did not require a specific debinding process.

2.3 Design of infill patterns
In this study, a nozzle with a diameter of 1.2 mm was used, 
and the layer height was set to 0.96 mm (80% of the nozzle 
diameter). If the layer height is set too low, the extruded slurry 
will exert significant pressure on the previous layer and is 
prone to randomly overflowing out of the contour, resulting in 
poor accuracy and increased possibility of collapse. If the layer 
height is set too high, both the interfacial contact area between 
newly extruded filament and previously deposited layer, and 
the dynamic pressure exerted by the extruded slurry will 
decrease. This results in weakened interlayer bonding. When 
the interlayer bonding strength is too low, interlayer cracking 
may occur during the sintering process. After preliminary 
experiments, a layer height of 0.96 mm can achieve high 
forming accuracy while ensuring better interlayer bonding 
effect.

A comparative study was performed on three infill patterns: 
rectilinear, grid, and honeycomb, as shown in Fig. 3. In this 
experiment, the outline layer was first filled, and then the infill 

was filled. The infill percentage was set to 80% and the infill 
angle was set to 45°. The rectilinear pattern had a structure 
with two sets of parallel lines that were filled alternately every 
two layers and orthogonal to each other. The grid pattern 
orthogonally filled two sets of parallel lines in one layer. A set 
of parallel lines was first filled, and then another set of parallel 
lines orthogonal to the previous set of lines was filled in the 
same layer. Similar to the rectilinear pattern, the structure of 
the honeycomb pattern was also repeated every two layers, but 
its path was a combination of line segments with a angle of 
120°. 

2.4 Characterization
The surface morphology and microstructure were observed 
using scanning electron microscopy (SEM, Sigma300, ZEISS, 
Germany). The three-point flexural strength was measured 
by a computerized electronic universal testing machine
(WDW-100D, Suns, China), which was performed under 
working parameters of 60 mm span and a loading rate of 
0.5 mm·min-1. The sample size was 100 mm×10 mm×10 mm. 
For each infill pattern, five samples were measured and the 
average value was calculated. The heat-transfer ability of the 
shell mould was measured, as shown in Fig. 4. Two K-type 
thermocouples were respectively placed inner and outer 
sides of a 5 mm-thick shell mould wall. After pouring A356 
aluminum alloy melt, the temperature was recorded using a 
data acquisition instrument and the temperature difference 
between the two thermocouples was calculated.
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Fig. 5: Measurement directions of linear shrinkage

Fig. 6: Appearance of samples with different infill patterns

(1)

Linear shrinkage, L, was calculated according to Eq. (1):

where, l1 is the dimension of the freeze-dried sample, and l2 is 
the dimension of sintered sample.

For each infill pattern, three samples with the size of 
60 mm×10 mm×6 mm were prepared and the measurement was 
the average of dimensions of three positions. The structure 
size of the sample shows significant differences in the building 
plane (X-Y plane) and height direction (Z direction), therefore, 
the shrinkage in different directions needs to be separately 
measured. The size of the sample in the Y direction was 
small and the internal periodic structures were limited, so the 
shrinkage of the sample in the X direction was selected to 
evaluate its shrinkage on the building plane. The X, Y, and Z 
directions of the sample are shown in Fig. 5.

Archimedes’ method was used to measure the open porosity 
of sintered sample, P, which was calculated by Eq. (2). The 
measured porosity is the sum of macroscopic and microscopic 
pores.

(2)

3 Results and discussion
3.1 Appearance and microstructure
To examine the formability of the walls of shell moulds 
with different infill patterns and their robustness under high-
temperature processing, the appearance was compared for the 
three-point flexural strength samples before and after sintering. 
As shown in Fig. 6, the samples exhibit no discernible 
deformation or macrocracks, while the extruded filaments 
demonstrate excellent continuity and uniformity. The layered 
features on the samples’ lateral surfaces are distinct, forming 
a rough surface texture. Although the samples has different 
internal structures, their design structures of outermost layer 
are identical, no discernible difference in the appearance. 
Notably, the sintering conditions for all samples are identical, 
and the bonding characteristics of bauxite powder are solely 
determined by the sintering process, so the internal filling 
structures at the millimeter scale can not affect the interparticle 
microstructure at the micrometer scale. Consequently, in 
the SEM observations presented in Fig. 7, the sample with 
rectilinear infill pattern was selected as a representative example 
to demonstrate the surface morphology and microstructure 
before and after the sintering process.

In Figs. 7(a) and (c), the microcracks can be observed on the 
surface, especially at the intersection of filaments, which can 
be attributed to shrinkage during freeze-drying and sintering. 
Notably, compared with the samples before sintering, the 
samples after sintering show fewer microcracks, as sintering 
promotes the connections among particles and causes 
shrinkage. As shown in Figs. 7(b) and (d), the microstructure 
of the extruded filaments in samples is composed of bauxite 
particles and interconnected micropores, which do not shows 
significant changes before and after sintering. The macropores 
formed through infills (Fig. 3) and the micropores among 

where, m1 is the mass of the sintered sample, m2 and m3 are the 
weight of water-saturated sample in water and air, respectively.

particles [Fig. 7(d)] construct a hierarchical porous structure 
in walls. This is the characteristic of shell moulds prepared by 
the additive manufacturing technology, which is significantly 
different from traditional shell moulds of investment casting 
that only have micropores among refractory particles.

3.2 Flexural strength
The shell moulds should have enough flexural strength to 
avoid deformation, cracks, and damage under complex stress 
during handling, pouring, and other processes. The flexural 
strength of shell moulds for investment casting is generally 
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Fig. 7: SEM micrographs of surface and fracture microstructure of samples with rectilinear infill pattern: 
(a, b) before sintering; (c, d) after sintering

(a) (b)

(c) (d)

not less than 4.0 MPa [34-37]. In Fig. 8(a), the flexural strength 
of all samples with three various infill patterns is greater than 
9 MPa. The average strength of samples with honeycomb 
pattern is the highest, which is 19.3% higher than that with 
rectilinear pattern and 17% higher than that with grid pattern. 
The strength of the sample mainly comes from the formation 
of the mullite phase after high-temperature sintering of bauxite 
and the crystallization transformation of silicate gel after 
dehydration of silica sol [38]. As shown in Fig. 7(d), the bauxite 
particles come into contact with each other and fuse together at 
high temperatures, resulting in tight connections of filaments 
and layers. For rectilinear pattern and gird pattern, the filling 
paths are straight line and the contacts of filaments between 
layers are in the same position. While the hexagonal filling 
path of honeycomb pattern forms a larger contact area and 
more particle connection points, and the contact positions are 
more dispersed. As a result, samples with honeycomb pattern 
have the strongest resistance to bending deformation and the 
highest average flexural strength. 

Figure 8(b) shows typical applied stress-deflection 
curves, which represent the resistance behavior to flexural 

deformation. The curves for the three infill patterns are very 
similar. As the deflection increases, the stress gradually 
increases in the initial stage, then presents a plateau region 
in the middle stage, and increases rapidly until the sample 
fractures in the final stage. When the flexural deformation 
of the sample is relatively small, no fracture occurs within 
the internal structure, and the deformation follows the law of 
elastic deformation. Due to the complexity of the hierarchical 
porous structure, the stress increases nonlinearly with 
deflection. When the flexural deformation is large enough, 
the network structure of infills inside the sample begins to 
fracture. The fracture of infills is gradually propagated from 
the midpoint with the maximum deformation to both sides. In 
the fracture propagation stage, the stress is nearly unchanged 
with deflection, resulting the plateau region. In the last stage, 
the deflection continues to increase, and the outer layers bear 
almost all of the deformation resistance. The integrity of the 
outer layers means that fracture requires greater external 
force, and sample undergoes disintegration as the outer layers 
fracture. Therefore, the stress values of the plateau region 
for different infill patterns are almost the same. However, 

Fig. 8: Flexural strength testing results: (a) flexural strength; (b) stress-deflection curves 

(a) (b)
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the flexural strength values reflect the disintegration of the 
samples, and vary for different infill patterns. The maximal 
difference in average flexural strength reaches 1.88 MPa.

The filling paths for rectilinear and grid patterns are straight 
lines, while those for honeycomb pattern consist of multiple 
line segments with a angle of 120° (Fig. 3). Therefore, when 
the sample undergoes a flexural deformation, the polygonal 
line path provides greater buffering than the straight line path. 
The sample with honeycomb pattern produces more significant 
deformation than the samples with the other two patterns. 
Moreover, the honeycomb infill exhibits higher deformation 
energy consumption, which can provide stronger support 
for the outer layers. As a result, the sample with honeycomb 
pattern exhibits greater deflection and higher flexural strength.

3.3 Porosity and shrinkage
The total porosity for sintered samples with three different 
infill patterns is shown in Fig. 9(a). The porosity is the highest 
for honeycomb pattern, followed by rectilinear pattern, and 
the sample with the grid pattern has the lowest porosity. It 
should be noted that the porosity is composed of both the 
macropores in the internal filling network structure of infills 
and the micropores among bauxite particles. According to the 
preset infill density of 80%, theoretical porosity of macropores 
should be 20%. The measured porosity is significantly higher 
than 20%, which is mainly attributed to the increase in total 
porosity by micropores [Fig. 7(d)]. Other factors that may 
bring about changes in porosity include the actual diameter 
of the extruded filaments, the overlapping between layers 
and the connections between infills and outer layers. For 
rectilinear and honeycomb patterns, the extruded filaments in 
different layers are in point contact, while for the grid pattern, 
they are in line contact, which leads to the main difference in 
porosity. Overall, the sample with the honeycomb pattern has 
a higher porosity, indicating that the shell moulds have the 
characteristics of lightweight and high air permeability, which 
is beneficial for high-quality castings.

Comparing Fig. 8(a) and Fig. 9(a), it can be seen that 
there is no corresponding relationship between porosity and 
flexural strength, which is different from traditional casting 
shell mould. Because the additive manufactured shell moulds 
are hierarchical porous structure with heterogeneous material 

distribution inside, their strength is mainly determined by the 
internal network structure of infills rather than the volume of 
pores. This result further indicates the advantages of slurry 
extrusion-based additive manufactured shell moulds: by 
optimizing the infill structure, the porosity and permeability 
can be improved without reducing strength.

During sintering, the shell moulds unavoidably undergo 
shrinkage, and due to the anisotropy of the structure, the 
shrinkage in various directions may be different. Figure 9(b) 
shows the shrinkage of the samples in X and Z directions. The 
samples with the grid pattern and honeycomb pattern undergo 
similar average sintering shrinkage. The difference values in 
shrinkage in X and Z directions are very small, only about 0.2%, 
which can be generally considered as isotropic shrinkage. The 
samples with rectilinear pattern have the lowest shrinkage, 
with a Z-direction shrinkage as low as 0.46%. However, the 
anisotropy of shrinkage is significant, and the difference in 
shrinkage in the X and Z directions can reach 1%.

The shrinkage in X direction is greater than that in Z 
direction, which is attributed to the fact that the porousness 
on the building plane is more pronounced than that in the 
height direction. The difference in shrinkage for different 
infill patterns is due to the different resistances of the internal 
network structure to the sintering shrinkage. As shown in Fig. 3, 
the rectilinear pattern has the finest porous network structure, 
resulting in effective dispersion of sintering shrinkage and the 
lowest shrinkage. Although the porous network structure of the 
honeycomb pattern is finer than that of the grid structure, its 
hexagonal network structure has weaker resistance to shrinkage 
of outer layers compared to the linear network structure of the 
grid pattern, resulting in similar shrinkage for both structures. 
In Z direction, the contact mode of extruded filaments between 
adjacent layers is the main factor responsible for variations 
in shrinkage. For the rectilinear pattern, the filaments in each 
layer are stacked perpendicular to that in the previous layer, 
and the filaments between adjacent layers are in point contact. 
The grid pattern is linear contact, while the honeycomb pattern 
is a mixture of point contact and line contact. As a result, the 
shrinkage in Z direction is the lowest for rectilinear pattern. 
Although the shrinkage of the sample with rectilinear pattern 
is the lowest, the significant anisotropy shrinkage is not 
conducive to accuracy control up to a point.

Fig. 9: Porosity and shrinkage of sintered samples: (a) porosity; (b) shrinkage

(a) (b)
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3.4 Heat-transfer ability
The different internal structures of walls with three various 
infill patterns affect the heat-transfer ability of the shell moulds. 
After pouring the alloy melt, the temperature difference inside 
and outside the shell moulds will be different. The temperature 
difference test results of samples with different infill patterns 
are shown in Fig. 10. The actual recorded highest temperature 
is lower than 600 °C, while the pouring temperature of A356 
aluminum alloy is 720 °C, which is due to the cooling effect of 
the armored thermocouple and the shell mould.

The temperature curves show a similar trend, with the 
temperature rapidly reaching its maximum value and then 
slowly decreasing. Therefore, after the alloy melt is poured, 
the heat transfer through the wall can be divided into two 
stages. In the first stage, the innermost layer of the wall quickly 
reaches its maximum temperature, but the outermost layer 
takes 2-3 min to reach its maximum temperature. The bauxite 
skeleton undergoes a temperature rise process, and the air in 
the macropores and micropores is heated and expanded. The 
second stage of heat transfer is from the moment the wall 
reaches its maximum temperature until the casting cools down, 
and the shell mould gradually dissipates heat. The bauxite 
skeleton and the air in pores gradually decrease in temperature 
and undergo volume shrinkage. The heat transfer of shell mould 
is a combination of the conduction through bauxite skeleton 
and the convection of air in internal pores. In the first stage, 
the shell mould is mainly subjected to be heated, while in the 
second stage, the shell mould undergoes a cooling process. 

Figure 10 indicates that the temperatures inside the shell 
moulds with rectilinear, grid, and honeycomb patterns reach 
up to 583 °C, 590 °C, and 586 °C, respectively, with little 

differences. While, the maximum temperatures outside the 
shell moulds are 273 °C, 318 °C, and 342 °C, respectively, 
with significant differences. Therefore, in the first stage, 
the heat-transfer ability of the shell moulds with three infill 
patterns, from high to low, is honeycomb, grid, and rectilinear. 
As shown in Fig. 10(d), it is obvious that in the short period after 
pouring (about 3 min in this study), the greatest temperature 
difference between the inside and outside surfaces of the 
wall can be observed for rectilinear pattern. The reason 
is that the rectilinear pattern forms much finer and denser 
pores in the network structure inside of wall, which hinder 
heat dissipation and lead to better insulation performance. 
Compared to the second stage, the first stage has a greater 
impact on the microstructure and properties of metal parts, as 
the solidification of the melt occurs during this stage, making 
honeycomb pattern more advantageous.

3.5 Evaluation and trial casting
According to the above investigations, the properties of shell 
moulds prepared with three infill patterns can be compared 
and evaluated. The flexural strength and shrinkage of the 
shell mould with a rectilinear pattern are the lowest, and the 
anisotropic shrinkage is significant. For the shell mould with a 
grid pattern, the porosity is the smallest. The shell mould with 
a honeycomb pattern exhibits the highest bending strength, 
porosity, and also demonstrates the best heat transfer ability 
and acceptable shrinkage. Taken together, the honeycomb 
pattern exhibits superior performance among the three infill 
patterns. High strength makes the shell mould less prone to 
damage. High porosity can improve permeability. A faster heat 
transfer is convince to obtain finer microstrcture and shorten 

Fig. 10: Temperature curves after pouring (a-c) and temperature differences between inside and outside the shell 
moulds (d) with different filling patterns: (a) rectilinear pattern; (b) grid pattern; (c) honeycomb pattern

(a) (b)

(c) (d)
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Fig. 11: Preparation and casting process of shell moulds with honeycomb pattern

the production cycle. The shrinkage can be controlled within 
2%, and the shrinkage in all directions is almost uniform. 

A trial casting process was carried out using shell moulds 
with a honeycomb infill pattern prepared by the slurry 
extrusion-based additive manufacturing process. As shown 
in Fig. 11, two shell moulds were designed and fabricated, 
one forming the cavity of the casting, and the other forming a 
sprue (also serves as a riser) for the top pouring. Figure 11 also 
provides the details of the honeycomb pattern in the G-codes 

and printing process. The shell moulds were assembled after 
freeze-drying and sintering. The A356 aluminum alloy melt 
was poured into the mould cavity at 720 °C. After solidification 
and cooling, the shell mould was broken, and the casting was 
obtained. There is no obvious deformation or cracking of the 
shell moulds during the preparation and casting process, and 
the surface of the casting shows a layering appearance with 
additive manufacturing features.

4 Conclusion
The casting shell mould with a novel hierarchical porous 
structure, formed by the infill of the wall, can be fabricated 
by the slurry extrusion-based additive manufacturing process. 
The macropores formed through infills and the micropores 
among particles construct a hierarchical porous structure 
in the wall of shell mould. The different infill patterns lead 
to changes in the porous structure, thereby affecting the 
properties of the shell mould. The samples with the rectilinear 
pattern show the lowest bending strength, minimal shrinkage, 
and the worst heat-transfer ability. The porosity of samples 
with the grid pattern is the smallest. For the samples with the 
honeycomb pattern, their bending strength and porosity are 
the highest, and the heat-transfer ability is the best. Based 
on the comprehensive analysis, it is recommended to use the 
honeycomb infill pattern to prepare the shell mould. This 
research not only provides an alternative approach to preparing 
porous shell moulds with controllable porosities and properties 
but also highlights their potential applications as lightweight, 
high-strength shell moulds. Additionally, it reduces the usage 
of moulding materials, thereby contributing to sustainable 
development.
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