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Abstract
The support for the membrane is the basis for the preparation and application of the zeolite membrane. Moreover, its cost 
and properties directly determine the performance of the zeolite membrane and its industrial applications. A novel porous 
silicon carbide (SiC) support for zeolite membrane bonded with needle-like mullite (3Al2O3·2SiO2) was prepared using 
SiC powders as the raw material and kaolin, Al(OH)3, and AlF3 as the needle-like mullite precursor additives via an in situ 
high-temperature reactions in an air atmosphere. Effects of the support material composition and the sintering temperature 
on the sintering behavior, pore structure, permeability, and microstructure of the resultant supports were extensively inves-
tigated. The needle-like mullite formation consumed silicon oxide (SiO2) and generated a rigid skeleton structure with a 
good pore structure and bonding phase. Hence, the porous SiC support exhibited high porosity, with relatively large pore 
size and mechanical strength, which helped improve the support performance. Notably, the porous SiC support sintered at 
1480 °C with in situ inter-particle needle-like mullite bonding exhibited excellent filtration and permeability performance. 
The porous support materials and methods used in this work are suitable for designing and preparing a novel porous SiC 
support for zeolite membranes.
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Introduction

Zeolites have magnificent prospects with their unique advan-
tages in separation and purification technology and mem-
brane reactor applications. Hence, zeolites have become 
popular research material for inorganic membranes (Gao 
et al. 2021; Chen et al. 2021; Wang et al. 2019; Park et al. 

2017). Many years ago, Mitsui (Japan) shipbuilder intro-
duced the zeolite NaA membrane to industrial applications 
(Morigami et al. 2001). However, the high demand for its 
raw and support materials for membrane synthesis has led 
to its high production cost, thus limiting its expansion and 
application. Moreover, the selection and preparation of 
the support material for the zeolite membrane and their 
research findings directly affect the development and appli-
cation of the membrane technology (Zhu et al. 2021; Liang 
et al. 2021; Cho et al. 2010; Caro et al. 2000; Li et al. 2013; 
Huang et al. 2013; Shao et al. 2014; Das et al. 2010; Sato 
and Nakane 2007). Hence, to obtain adequate and efficient 
zeolite membranes, the support materials for the zeolite 
membranes, including their material properties and micro-
structure characteristics, must be designed and appropriately 
synthesized (Zhu et al. 2021; Sato and Nakane 2007; Lik 
et al. 2000; Chen et al. 2022; Maarten Biesheuvel and Ver-
weij 1999; Liu et al. 2021).

Although silicon carbide (SiC) shares some character-
istics with ceramic oxide materials, its uniqueness lies in 
high corrosion and heat shock resistance and almost zero 
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water wetting angle (Liu et al. 2021; Xu et al. 2021; Jiang 
et al. 2021). Such excellent hydrophilic property highlights 
the potential of using SiC porous material as a zeolite NaA 
membrane support, which can significantly improve the 
dehydration efficiency and reduce the handling product 
costs, especially for the dehydration process of industrial 
solvent. However, as a covalent compound, SiC generally 
requires a higher than 2000 °C sintering temperature, thus 
increasing the material manufacturing costs. Studies have 
attempted to lower the SiC sintering temperature and prepa-
ration costs. Dey et al. 2013 adopted a preparation method 
that depends on the base reaction process to generate silicon 
dioxide (SiO2) as the binder phase, thus reducing the sinter-
ing temperature to 1300 °C.

Nevertheless, the thermal expansion of SiO2 is more 
significant than that of SiC. In other words, the membrane 
support prepared using SiO2 as the binder phase has lower 
mechanical properties and thermal shock resistance. Besides, 
the existence of SiO2 can weaken the corrosion resistance to 
alkali during the hydrothermal synthesis of the alkali zeolite 
membrane. Hence, SiO2 cannot meet the requirements as 
the support materials for the zeolite membranes. In con-
trast, mullite (3Al2O3.2SiO2) has a lower thermal expansion 
similar to SiC, which translates to a lower sintering tem-
perature and excellent acid resistance (Schneider et al. 2008; 
Chen et al. 2015; Wong et al. 2001; Kazemimoghadam et al. 
2004; Asghari et al. 2008). Notably, mullite has an elemen-
tary composition close to that of zeolite NaA, which may 
suppress the ionic diffusion and reaction between support 
and membrane materials during the synthesis of the zeolite 
membrane. Hence, mullite has recently been studied as the 
primary support material for zeolite membrane application 
(Chen et al. 2015; Wong et al. 2001).

Unfortunately, as a porous material, the presence of 
excessive pores in support can lower its mechanical property. 
One of the effective ways to toughen and reinforce ceramic 
materials is using whiskers (Asghari et al. 2008; Guo et al. 
2012; Colombo 2008). Currently, there are two main meth-
ods to improve the mechanical strength of ceramic materi-
als, i.e., through external introduction or base generation 
(Colombo 2008). For example, whiskers can be prepared 
and introduced to the base materials externally. However, 
it is difficult to sinter the materials and disperse the whisk-
ers effectively without introducing defects and/or poor 
spray deposition and uniformity (Chen et al. 2015, 2008). 
Such a problem is less likely to occur if whiskers are pre-
pared through base generation by adding the raw materials 
under high temperature to the basal body, leading to better 
mechanical strength.

Mullite whiskers with needle-like structures have been 
reported to provide stable pore structure, thus enhancing 
the penetrating quality of cellular material due to the rigid 
skeleton provided by the whisker (Asghari et al. 2008; 

Guo et al. 2012; Colombo 2008; Chen et al. 2008). When 
a mullite precursor is added to the SiC, the needle-like 
structure can be generated in situ. Although this can be 
an ideal method for preparing a highly porous SiC sup-
port with excellent mechanical properties as the membrane 
support, there are only a few related studies. Besides, to 
our best knowledge, a base-generated binder phase with 
a needle-like mullite whisker is yet to be developed and 
characterized as SiC support for the zeolite membrane.

In this work, we developed a novel porous SiC sup-
port for zeolite membranes via the sintering reaction 
using SiC powder as the aggregate, and the added kao-
lin, aluminum fluoride, and aluminum hydroxide as the 
material of needle-like-structured mullite precursor. We 
systematically investigated the effects of several process 
parameters on the microstructure, pore structure, and pen-
etrating and mechanical properties. We also explored the 
formation mechanism of the porous SiC support for zeolite 
membranes.

Experimental

Materials and sample preparation

Silicon carbide (SiC) particle (D50 = 8 μm, Hebei Tenai 
Welding Material Co., Ltd., China) and high-purity kao-
lin (Al2O3·2SiO2·2H2O, #1000 Mesh, China Kaolin Clay 
Co., Ltd) and aluminum hydroxide (Al(OH)3, industrial-
grade with 65 wt.% alumina content), aluminum fluoride 
(AlF3, Shanghai Aladdin Biochemical Technology Co., 
Ltd, China) were prepared as the primary starting materi-
als. Two starting powders were prepared: SiC and SiC 
+ Al2O3·2SiO2·2H2O + Al(OH)3, denoted as S and SM, 
respectively. The pure SiC was used to form the green 
body directly. The SM was doped with 5 wt% AlF3. Here, 
we briefly described the preparation procedures: (a) add 
85% high-purity SiC (with 5 wt.% AlF3) directly to the 
15% kaolin and Al(OH)3 mixture (with 65 wt.% alumina), 
(b) grind the mixtures of the starting powders, (c) add a 
certain amount of binder and lubricant after adequate mix-
ing, (d) condense the mixture on the powder crystal tablet 
machine, with the fake body sized of φ 30 × 2 mm and the 
strip body sized of 50 × 6 × 6 mm (769YP-24B, Tianjin 
Keqi Hign & New Technology Cooperation, China), (e) 
dry the sample in an oven at 110 °C for 5 h, (f) sinter 
the prepared support material in the specified air atmos-
phere temperature from 1330 to 1530 °C for 2 h with the 
heating rate of 3 °C min−1 using a programmable electric 
stove (PD-MJ17, Luoyang Pengda electric furnace factory, 
China), and lastly (g) cool the product gradually to room 
temperature.
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Characterization

A scanning electron microscope equipped with an energy-
dispersive X-ray spectroscopy (SEM–EDX, FEI Quanta200, 
Netherlands) was used to observe the morphology and chem-
ical composition of the samples. The phase composition of 
the samples prepared at different sintering temperatures 
was analyzed by a powder X-ray diffractometer (XRD, D8 
advance, Bruker Instrument Co., Ltd., Germany) with the 2θ 
range of 10-80°. The samples' average pore size was deter-
mined using the gas bubble pressure method, following the 
American Society for Testing and Materials (ASTM) Pub-
lication (F316–80). We also measured the sample's porosity 
according to the Archimedean method (GB1996-80) with 
water as the liquid medium, as briefly described here: (a) 
weigh the prepared sample (dry weight) and record it as 
mo, (b) mix it with deionized water and boil the mixture 
for 2 h, (c) weigh the sample again in the water and air, and 
record them as m1 and m2, respectively, and (d) calculate 
the porosity using Eq. (1). Moreover, we also characterized 
the samples (support materials) for their bending (mechani-
cal) strength. We used a universal test machine (CMT6203, 
Shenzhen Reger Instrument Co., Ltd., China) according to 
the three-point bending method with a 40 mm supporting 
point span and 0.5 mm min−1 loading rate.

Filtration and permeability tests

Figure 1 shows the schematic diagram of the experimental 
cross-flow filtration setup for testing the filtration and per-
meability performance of the support sample using deion-
ized water as the medium. Here, we briefly described the 

(1)P =
m2 − m0

m2 − m1

testing procedures: (a) operate the pressure difference for 
the filter between 0.1 and 0.3 MPa, (b) obtain three groups 
of data for each operating pressure, (c) calculate the average 
flow rate for each corresponding pressure, (d) determine the 
filtration and permeability performance of the porous sam-
ples using Eq. (2) (Lukasiewicz and Reed 1988; Reed 1993), 
where Q is the volume flow rate of deionized water, P is the 
operative pressure, η is the viscosity of deionized water, L is 
the sample thickness, and Aeff is the effective filtration mem-
brane area of the sample, (e) calculate the volume fraction 
of the sample's pore structure based on the open-pore and 
closed-pore using Eq. (3), where r is the average pore size of 
the sample; the open-pore structure can be sub-divided into 
the structure with one end closed and the structure with both 
ends open and connected; the structure with both ends open 
and connected plays a role during the filtration process of 
porous materials and lastly (f) calculate the fraction of pen-
etrating porosity for open-pore using Eq. (4), where ɛo is the 
sample's open-porosity measured by Archimedean method.

Results and discussion

Characterization

Figure 2 shows the SEM images of the two raw material 
samples (SM and S) sintered at 1480 °C in an air atmos-
phere for 2 h. We noticed that distinct needle-like particles 
formed their connections among the silicon carbide (SiC) 
particles (Fig. 2a). At the same time, the net-like structures 
also appeared in the sample (Fig. 2b). They were interwoven 
with the produced needle-like particles, which could still 
provide sufficient porosity and enhance the penetrating qual-
ity. Moreover, the analysis of the chemical composition of 
the needle-like particles prepared with the SM raw materials 
indicates 9.38, 42.04, 27.85, and 0.73 wt.% of C, O, Al, and 
Si, respectively. This result, especially for the Al and Si con-
tents, confirms the presence of mullite (3Al2O3·2SiO2) as the 
support material by meeting its stoichiometric composition. 
Unlike the SM sample, the SiC particles piled up together 
after the sintering reaction in the S sample (Fig. 2c). We also 
noticed that the silicon dioxide (SiO2) generated from the 

(2)KP =
dQ

dP

�L

Aeffr
2

(3)�eff = 24
dQ

dP

�L

Aeffr
2

(4)� =
�eff

�o

× 100%

Fig. 1   Schematic diagram of cross-flow filtration experimental equip-
ment [1—Centrifugal pump; 2—Valves; 3—Rotameter; 4—Pres-
sure gauges; 5—Temperature gauge; 6—Ceramic membrane module 
plate; 7—Feed tank]
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oxidized SiC at high temperatures managed to connect the 
SiC particles through pore-to-pore contact (Fig. 2d). At the 
same time, this oxidation reaction yielded mellow and full 
SiC particles that piled up the pore structure in the sample.

Figure 3 displays the powder XRD patterns of the pre-
pared S and SM samples sintered at 1480 °C in an air atmos-
phere for 2 h. We noticed that the distinct diffraction peaks 
of the S sample indicate the presence of SiC composition 
only, i.e., without mullite (3Al2O3·2SiO2) and cristobalite 
(SiO2). Unlike the S sample, the different diffraction peaks 
of the SM sample indicate it comprised mostly the SiC 

binder and some mullite (3Al2O3·2SiO2) but only a bit of 
cristobalite (SiO2) when we added the needle-like mullite 
precursor to the SM sample. The weaker intensity for cristo-
balite (SiO2) characteristic peaks can be ascribed to the base-
generated reaction at a high sintering temperature between 
the needle-like mullite precursor and the generated SiO2 
from the oxidized SiC to form the mullite (3Al2O3·2SiO2). 
The results also demonstrate that the needle-like particles 
formed among the SiC particles had yielded the mullite 
phase for the sample. As a result, the production of the 
needle-like mullite phase significantly decreased the SiO2 
content in the SiC sample under the high-temperature oxida-
tion in the air atmosphere.

Sintering mechanism

Figure 4 shows the powder XRD patterns of the prepared 
samples using the needle-like mullite precursor sintered at 
1330, 1380, 1430, 1480, and 1530 °C in an air atmosphere 
for 2 h. This analysis was carried out to gain insights into 
the sintering mechanism. Based on the diffraction patterns, 
the mullite (3Al2O3·2SiO2) and cristobalite (SiO2) phases 
appear at 2θ of 16°, 27°, 66°, and 22°, respectively, after 
sintering at 1330 °C. However, the characteristic peak of the 
cristobalite phase at 2θof 22° grows more substantially at 
1480 °C than at the other temperatures. This result suggests 
that the content of the cristobalite phase gradually increases 
with increasing sintering temperature in the samples below 
1480 °C. This can be ascribed to the gradual transformation 
of amorphous SiO2 formed through the accelerated oxida-
tion on the SiC surface (Eq. (5)) into the cristobalite phase 

Fig. 2   SEM images of the 
prepared (a–b) SM and (c–d) S 
samples sintered at 1480 °C in 
an air atmosphere for 2 h

Fig. 3   Powder XRD patterns of the S and SM samples sintered at 
1480 °C in an air atmosphere for 2 h



Applied Water Science (2022) 12:249	

1 3

Page 5 of 9  249

with increasing sintering temperature. When the sintering 
temperature reaches 1530 °C, the diffraction peak of the cris-
tobalite phase in the sample weakens. This may be due to its 
transformation to the glass phase at a high sintering tempera-
ture, which contributed to the formation of the mullite phase.

Similarly, the mullite phase's diffraction peaks at 2θ 
of 16°, 27°, and 66° also intensify with increasing sinter-
ing temperature. This phenomenon can be ascribed to the 
generation of topaz (Eqs. (6–9)) with the addition of the 
needle-like mullite precursor. After that, the topaz continu-
ously reacted (Eq. (11)) with the SiO2 generated from the 
oxidized SiC (Eq. (5)) and produced more mullite (Eq. (11)). 
Lastly, the final phase composition of the sample was mainly 
affected by the sintering temperature (Fig. 4). Mullite con-
tinuously formed the mullite phase in the sample made at 
a higher sintering temperature. Hence, the diffraction peak 
of the mullite phase also intensifies. Figure 5 illustrates a 
schematic diagram of the sintering process of needle-like 

mullite-bonded SiC support using the needle-like mullite 
precursor.

On the one hand, needle-like mullite consumed the SiO2 
from the oxidized SiC under high temperature. It simultane-
ously established a rigid skeleton structure with the mullite 
network that connected aggregates by point-to-point contact, 
providing novel porous support for zeolite membranes with 
high porosity and relatively large pore size. As a result, the 
amount of SiO2 gradually decreased in the sample while the 
amount of needle-like mullite formed in the bonded phase 
gradually increased. Hence, the SiO2 residues after the reac-
tion were extremely low. Moreover, because SiO2 was prone 
to react with alkali, reducing its content could substantially 
improve the alkali resistance of the sample. Hence, the sin-
tering process significantly enhanced the strength of particle 
boundary, which promoted the sample's mechanical strength 
and chemical stability.

On the other hand, kaolin (Al2O3·2SiO2·2H2O) mainly 
experienced thermal treatment reactions during the heating 

(5)SiC + 2O2 → SiO2 + CO2

(6)
Al2O3 ⋅ 2SiO2 ⋅ 2H2O (kaolin)

400−500◦ C
⟶ Al2O3 ⋅ 2SiO2 + 2H2O

(7)2
(
Al2O3 ⋅ 2SiO2

) ∼950◦ C
⟶ Si3Al4O12 + SiO2

(8)
3Si3Al4O12

⟩1050◦ C
⟶ 2

�
3Al2O3 ⋅ 2SiO2

�
(mullite) + 5SiO2

(9)2AlF3 + 2SiO2

800−950◦ C
⟶ Al2

(
SiO4

)
F2(topaz) + SiF4

(10)3SiF4 + 2Al2O3 → 4AlF3 + 3SiO2

(11)
6Al2

(
SiO4

)
F2 + SiO2 → 2

(
3Al2O3 ⋅ 2SiO2

)
(mullite) + 3SiF4

Fig. 4   Powder XRD patterns of the different specimens sintered at 
1330, 1380, 1430, 1480, and 1530 °C in an air atmosphere for 2 h

Fig. 5   A schematic showing the sintering process of needle-like mullite-bonded SiC support
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process in accordance with Eqs. (6–8) (Eom et al. 2009). 
Studies suggested that the following main reactions occurred 
during the preparation of needle-like mullite-bonded SiC 
support (Haught and Talmy 1990a, 1990b): (a) SiF4 gener-
ated in Eq. (9) reacted with Al2O3 in the powder material to 
generate AlF3 and SiO2 (Eq. (10)), (b) AlF3, SiO2, and Al2O3 
in the raw material reacted until they were transformed into 
topaz (Eqs. (9) and (10)), (c) when the temperature con-
tinued rising to 1200 °C, more SiO2 were generated in the 
sample due to the accelerated oxidation on the SiC surface 
(Eq. (5)), (d) at this moment, the topaz generated in the pre-
vious step began to react with SiO2 to generate more nee-
dle-like mullite (Eq. (11)) and simultaneously consumed the 
SiO2 generated from the oxidized SiC surface (Eq. (5)).

Porosity and pore structure

Figure 6 shows the porosity of the prepared S and SM sam-
ples sintered at various temperatures in an air atmosphere for 
2 h. The porosities of both S and SM samples decreased with 
increasing sintering temperature. However, the porosity of 
the SM sample prepared using needle-like mullite precursor 
was significantly higher than that of the S sample prepared 
solely using SiC. The S sample's porosity decreased from 
36.3% at 1330 °C to 30.6% at 1530 °C. This result can be 
ascribed to the SiC surface continued to oxidize, forming the 
SiO2 glass phase, thus increasing the sintering degree among 
particles with increasing sintering temperature.

Similarly, the SM sample's porosity decreased from 
43.8% at 1330 °C to 37.2% at 1530 °C. By adding Al(OH)3 
to the SM sample, the aluminum piled up at SiC particles. 
However, it began to decompose and formed pores during 
the heating at high temperature, thus increasing the porosity 

of the support sample. However, the reduction in porosity 
for the SM support sample (with needle-like mullite precur-
sor) was slower than that of the S support sample (without 
needle-like mullite precursor) when the sintering tempera-
ture was above 1380 °C. Such phenomenon can be ascribed 
to the generated SiO2 from the oxidized SiC reacted with 
Al2O3 (Eqs. (6–11)) at a higher temperature (above 1380 °C) 
and simultaneously generated needle-like mullite (Fig. 4). 
Moreover, the melting point of mullite was higher than that 
of SiO2. The viscosity of mullite was lower at high tempera-
ture (Eom et al. 2009).

Figure 7 shows the average pore size of the prepared S 
and SM samples sintered at various temperatures in an air 
atmosphere for 2 h. The average pore size of SM sample 
(with needle-like mullite precursor) increased gradually 
from 1.01 µm at 1330 °C to 1.32 µm at 1480 °C with increas-
ing sintering temperature. However, its average pore size 
decreased to 1.23 µm when the sintering temperature rose 
to 1530 °C. This result is because the in situ reaction among 
SiC ceramic particles gradually occurred, generated needle-
like mullite, and formed the neck connection with increasing 
sintering temperature due to the addition of needle-like mul-
lite precursor (Fig. 5). Due to the growth of mullite crystal, 
the pores among SiC particles were enlarged, which resulted 
in the formation of large pores and the disappearance of 
small ones, thus increasing the pore size to a certain extent 
(Chen et al. 2008). However, an excessive amount of the 
silica glass phase could form due to the rapid oxidation on 
the SiC surface when the sintering temperature exceeds a 
certain value. This amorphous glass phase can diffuse into 
the pores of the support sample, thus decreasing the porosity 
and pore size of the support sample. On the other hand, the 
S sample's surface with only SiC was oxidized to generate 
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Fig. 6   The porosity of the support samples sintered at various tem-
peratures in an air atmosphere for 2 h

Fig. 7   The average pore size of the support samples sintered at vari-
ous temperatures in an air atmosphere for 2 h
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a SiO2 glass phase, demonstrating densifying behavior as 
the sintering temperature increased. Hence, its pore size 
decreased as the sintering temperature increased.

Filtration and permeability performance

Figure 8 shows the pure water flux as a function of pressure 
drop from the cross-filtration test for the support samples 
(SM) prepared at different sintering temperatures. All the 
samples exhibited increasing water flux with increasing 
pressure drops and sintering temperature. The only excep-
tion to increasing water flux with sintering temperature rise 
is the sample sintered at 1480 °C. The sample sintered at 
1480 °C displayed the highest water flux with the highest 
pressure drop (gradient) from 6,000 to 16,000 L m−2 h−1 
and 0.10 to 0.30 MPa, respectively. Such trend aligns well 
with Darcy's law, where the water discharge rate is propor-
tional to the pressure gradient (Lukasiewicz and Reed 1988). 
Moreover, these results are consistent with the change in 
pore structure within the sample at this sintering tempera-
ture, i.e., the largest average pore size for the SM sample 
sintered at 1480 °C (Fig. 7).

Figure 9 shows the penetrating porosity of the prepared 
support samples SM at different sintering temperatures 
calculated using Eq. (4). Interestingly, the same SM sam-
ple sintered at 1480 °C exhibited a maximum penetrating 
porosity of 33.2%. According to Eq. (4), the penetrating 
porosity of the SM sample at this sintering temperature 
accounts for 81.5% of the total open porosity. This result 
can be ascribed to the fact that mullite had yet to form with 
needle-like mullite precursor in the sample during the ini-
tial sintering stage. At this stage, the partial oxidation on 
the SiC surface produced the amorphous glass phase, thus 

increasing its viscous flow with increasing sintering tem-
perature. With temperature rise, Al(OH)3 decomposed into 
aluminum oxide and acted as a pore-forming agent. Further-
more, the aluminum oxide particles filled inside the pores as 
the sintering temperature increased. Then, the SiC particles 
were fused into the glass phase at a high temperature, pro-
ducing needle-like mullite via the in situ reaction. Lastly, 
the pore structure became opened among the particles in the 
sample and formed a penetrating structure, thus enlarging 
the open porosity and enhancing the sample's permeability 
performance.

Three‑point flexural strength

Figure 10 shows the three-point flexural strength of the 
support samples at different sintering temperatures. The 
mechanical strength of the samples increased as the sintering 
temperature rose from 1330 to 1530 °C. When the sintering 
temperature was above 1,430 °C, the mechanical strength 
of the SM sample increased significantly from 23.2 to 
37.4 MPa. This phenomenon is most likely due to the in situ 
reaction between aluminum oxide in the sample and SiO2 
from the oxidized SiC surface at this temperature range, thus 
reducing the glass phase content and rapidly increasing the 
mullite phase content in the sample. However, the three-
point flexural strength of the support made up of pure SiC 
sintered at 1330 °C for 2 h was only 7.8 MPa. As the sinter-
ing temperature rose to 1530 °C in 2 h, its three-point flex-
ural strength increased to 21.2 MPa. The flexural strength 
of the S sample did not significantly increase throughout 
the temperature range. This is because the strength of the 
S sample was mainly determined by the degree of sintering 
between particles. The SiC surface continuously oxidized 

Fig. 8   Pure water flux with the pressure drop results from the cross-
filtration test for the support samples SM prepared at different sinter-
ing temperatures

Fig. 9   Penetrating porosity of support samples SM sintered at various 
temperatures in an air atmosphere for 2 h



	 Applied Water Science (2022) 12:249

1 3

249  Page 8 of 9

with increasing sintering temperature to form the SiO2 
glass phase, and the sintering degree among SiC particles 
intensified.

Conclusion

A porous silicon carbide (SiC) support for zeolite mem-
brane bonded with needle-like mullite (3Al2O3·2SiO2) was 
prepared via an in situ reaction at high temperature in an 
air atmosphere using SiC powder as the raw material and 
needle-like mullite precursor as the additive. Effects of sin-
tering temperature on the formation of porous SiC support 
microstructure were examined systematically. Then, the for-
mation mechanism of needle-like mullite bonding as a bind-
ing phase was explored. We observed that the formation of 
needle-like mullite managed to consume silicon oxide (SiO2) 
formed by high-temperature oxidation of SiC. This process 
generated needle-like mullite with a rigid skeleton structure. 
Hence, the porous SiC support exhibited good pore struc-
ture and bonding phase with high porosity, relatively large 
pore size, mechanical strength, and resilience, which helped 
improve the porous SiC support performance.

The porous SiC support for zeolite membrane prepared 
through this method with the bonding phase of needle-like 
mullite was adopted to establish a network structure. This 
network structure enabled connections with point-to-point 
contact of aggregates, significantly intensifying the par-
ticle boundary. Hence, the sample's mechanical strength 
and chemical stability were enhanced significantly. The 
porous SiC support sintered at 1480 °C displayed excellent 
permeability performance with in situ needle-like mullite 
inter-particle bonding. At 1480 °C, the porous SiC support 

achieved 40.7% porosity with 1.32 µm average pore size and 
34.1 MPa flexural strength. Consequently, the porous sup-
port materials and method used in this work are applicable 
to make a novel porous SiC support for zeolite membrane.
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