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Abstract: Mesoporous Al/MCM-41 was synthesized by extracting silicon carbide sludge and gran-
ite sludge as the sources of silicon and aluminum. Different concentrations of aminosilane (2.5,
5, 7.5 vol.%) were used to reflux the grafted NH2-Al/MCM-41 with amine functional groups
(NH2-Al/MCM-41). The physical and chemical characteristics were analyzed. The results con-
firmed that silicon carbide sludge and granite sludge can effectively synthesize Al/MCM-41 with low
cost and environmental protection. Reflow grafted amine functional groups can effectively improve
the surface properties of NH2-Al/MCM-41. The moisture adsorption and desorption capacity of
grafted NH2-Al/MCM-41 with amine functional groups was also studied. Based on moisture adsorp-
tion and desorption capacity, the surface properties of NH2-Al/MCM-41 were studied. When 5 vol.%
of NH2-Al/MCM-41 amine functional groups is added, the moisture adsorption and desorption
capacity is best. When the relative humidity = 95%, the equilibrium moisture content is 39.4 kg/kg,
which complies with the standard of Japanese Industrial Standard (JIS A 1475). Therefore, the use of
waste derived from the industry to replace expensive commercial materials was simple and environ-
mentally friendly, and the grafted NH2-Al/MCM-41 with amine functional groups can be utilized in
multiple applications, particularly as moisture regulation materials in building engineering.

Keywords: waste recycling; reuse; solid waste; MCM-41; functional groups; surface grafted

1. Introduction

The development of urban and rural areas has been accompanied by a concentration
of urban populations, and the intensive expansion of high-rise buildings has resulted
in the production of large amounts of waste in related industries. For example, widely
used granite stone buildings have greatly increased residual granite sludge (GS) in the
stone industry. Stone slabs are polished with natural lines and gloss, as well as hardness
and performance fire resistance, making them ideal building materials. These have been
widely used for floors and walls in modern buildings. However, steel grit and lime milk
must be added in the sawing process of granite in steel grit. The granite waste obtained
from the granite cut industry is in the form of sludge, specifically GS. GS contains fine
particles of small diameter, has excellent water permeability of less than 10−7 cm/s and has
a low dehydration rate. According to Taiwan Environmental Protection Administration,
the amount of GS produced in Taiwan is approximately 370,000 tonnes per year [1]. If
not recycled, GS will cause environmental pollution, such as in landfills. According to
the European Union (EU) environmental data, the EU’s waste recycled rate is only 38%.
However, more than 60% of waste is still treated as landfill. Therefore, through the target
requirements of the EU environmental policy, the potential of these wastes to be managed in
an environmentally sound manner and to use the secondary materials contained therein has
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been increased [2]. Several studies have investigated issues related to sludge management
and potential new product production. GS is used industrially as a cement, zeolite LTA
and biochar [3–5]. Due to the high content of silica and alumina in GS, effective use of
this waste as a new material will diminish the load on the environment and will provide
sustainable and greener development and it will help in preserving natural resources. In
addition, in the process of silicon processed and production, silicon carbide (SiC) sludge
is a by-product of the grinding process. SiC is mixed with a small amount of Al2O3, and
the wastewater product is processed to produce a large amount of SiC sludge, which
causes serious environmental pollution. According to statistics, the amount of SiC sludge
produced annually exceeds 200,000 tonnes in Taiwan [1]. Due to the rapid growth of the
population, the need for industrialization is also increasing. So a huge amount of solid
waste is generated as a byproduct from these industries. Transportation and recycling of
these wastes are very expensive. Dumping in large landfills poses an immense problem.
The waste generated is hazardous and causes a negative impact on the environment.
Therefore, how to recycle and reuse these wastes is very important. Efficient recycling of
wastes rich in silicon and aluminum sources and generated economic value are important
issues for environmental protection and sustainable management.

In order to promote its recycling, SiC sludge and GS should be manufactured into
high value-added products, such as novel humidity control material. Recent research on
preparing humidity control material [6,7] has led to a proliferation of relevant studies on
improving comfort and saving energy in buildings [8]. The humidity regulating material
has the capability of absorbing water vapor to lower the humidity once the indoor RH
is more than 70%, and vice versa, it can release the adsorbed water vapor to raise the
humidity when the humidity falls under RH 40% [6]. However, intelligent humidity
control composite materials with high moisture adsorption ability, proper humidity control
range and fast response to humidity changes are still under wide investigations [9].

Many researchers have studied other chemical techniques used different silica pre-
cursors to produce mesoporous silica, especially MCM-41. Mesoporous MCM-41 is a
hexagonal, one-dimensional material with mesopores in a uniform capillary system [10].
The capillary size ranges from 2 to 10 nm. Large surface areas and excellent acidity have led
to its widespread use in support materials [11]. However, the relatively high production
costs of synthetic mesoporous MCM-41 materials through pure chemicals limit them to
industrial applications. Therefore, it is necessary to find inexpensive procedures that can
replace the synthesis and improve the electrical conductivity and hydrothermal stability.
The internal space of ordered mesoporous silica can be grafted by used amine groups.
Amine functionalized MCM-41 can be used to design metal complexes into ordered meso-
pores [12]. The presence of amine groups can greatly enhance the capability of adsorbing
water vapor of the material.

This research will try to synthesize regular morphological mesoporous materials from
mixed SiC sludge and GS and functionalize them with amine functional groups to improve
the hydrophilic properties of the materials. In this work, the possibility of reused SiC
sludge and GS produced in the technical industrial process is proposed. The purpose is
to increase the potential for large-scale recovery and reuse of mixed sludge waste in the
sludge treatment industry in the future. However, the novelty of our approach is the use
of SiC sludge and GS as raw materials, and to functionalize them with amine functional
groups. The method not only provides low-cost production and but also recycles the
industrial solid waste to the environment.

2. Experimental Materials and Methods
2.1. Raw Materials and Chemicals

In this study, SiC sludge was collected from a photovoltaic manufacturing plant in
Taoyuan, Taiwan. GS was collected from the stone-processed industry in Hualien, Taiwan.
Sodium hydroxide powder (NaOH) and (3-aminopropyl) triethoxysilane (3-APTES, 99%)
were obtained from Sigma-Aldrich. Cetyltrimethylammonium chloride (CTMACl) was pur-
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chased from Tokyo Kasei Kogyo Co. Sulfuric acid (H2SO4, Nippon Shinyaku Co., Ltd., Japan),
ammonia (Fisher Scientific, United States), cetyltrimethylammonium bromide (CTAB, Acros
Organics, United States) and anhydrous toluene (VNK Supply & Services, Malaysia).

2.2. Synthesis of NH2-Al/MCM-41

The mesoporous silica nanomaterials studied in this article were prepared by alkali
fusion and hydrothermal methods from solid waste generated in industrial processes. The
alkali fusion method was used to extract silicon and aluminum sources from SiC grinding
mud and stone mud and then to prepare mesoporous materials through hydrothermal
reaction. The effect of surface functionalization of amine groups on the product structure
and the environmental application of the product as a hydrophilic adsorbent were studied.

First, we mixed GS and SiC sludge to NaOH powder (in a weight ratio of 1:1.25) and
heated it at 450 ◦C for 1 h to obtain alkali fused powder. An aluminosilicate precursor
rich in silicon and aluminum sources was obtained from the alkali fused powder. Next,
the template mixture was obtained by dispersed ammonia in distilled water contained
CTAB, added the aluminosilicate precursor and stirred uniformly, and used sulfuric acid
(1 M) to achieve a pH of 10. Finally, the mixed solution was placed into a high temperature
autoclave, and a hydrothermal reaction was carried out at a hydrothermal temperature of
120 ◦C for 48 h. The resulted solid product was washed, filtered, and dried in an oven at
105 ◦C. Finally, the obtained powder was calcined at 550 ◦C for 5 h. This sample is referred
to as Al/MCM-41.

Under vigorous stirring on an electromagnetic stirrer, we refluxed Al/MCM-41 (1.0 g)
and 3-APTES (2.5, 5.0, 7.5 vol.%) in anhydrous toluene and kept the temperature at 120 ◦C.
The mixture was placed in a reflux device, introduced into a nitrogen atmosphere and then
refluxed at 120 ◦C for 12 h. The product was filtered and dried for 24 h. This sample is
referred to as NH2-Al/MCM-41.

2.3. Characterization of Materials

Field emission scanned electron microscopy (FE-SEM, JSM7001F, Japan) and transmis-
sion electron microscopy (HR-TEM, JEM2000FXII, Japan) were used to examine the surface
morphology of the sample. An XRF fluorescence analyzer (Rigaku® RIX 2000, Japan) was
used to measure the chemical element composition of the raw materials. The powder X-ray
diffraction (XRD) pattern was obtained by used a Rigaku MiniFlex 600 diffractometer with
Cu Kα radiation. The solid-state 27Al MAS NMR measurement was performed at the
resonance frequency of (NMR, Solid State NMR 400, Germany). In the material grafted
with amine functional groups on the surface, an elemental analyzer (elementar vario EL
cube, Germany) was used to confirm the carbon, hydrogen and nitrogen contents of the
organic groups. Nitrogen adsorption isotherms were measured with a Micromeritics Tris-
tar 3000, and the specific surface area and pore size distribution were calculated by the
Brunauer–Emmett–Teller (BET) and Barrett–Joyner–Halenda (BJH) methods. The mois-
ture adsorption and desorption curve was drawn with reference to Japanese Industrial
Standard (JIS A 1475:2004) Method of test for hygroscopic sorption properties of building
materials stipulated by the Japanese Industrial Standard/Japanese Standards Association.
The moisture adsorption and desorption capacity of the material in different humidity
environments (RH% = 0–95%) at 23 ◦C was tested, and the feasibility of the material as a
building material was discussed.

3. Results and Discussion
3.1. Characterization of Raw Material

In order to achieve the stability and reliability of the experiment, we collected more
than 100 kg of raw material samples, and tested the basic physical properties of the raw
materials after drying, grinding in a cylindrical ball mill and passing them through a
100 mesh circular sieve (passed 149 µm) (Table 1). The results showed that the pH values of
SiC sludge and GS were 7.61 and 8.52, respectively. It was found that SiC sludge and GS are
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all alkaline materials. In addition, the proportions of SiC sludge and GS are 2.55 and 2.92,
respectively. The particle size of SiC sludge was mainly 44–590 µm, accounting for 87.89%
of the total; and the particle size of GS was mainly 37–177 µm, accounting for 84.93% of the
total, and the particle size was less than about 37 µm, accounting for 13.38% of the total. In
addition, in order to improve the uniformity of the material, all used materials were sieved
through 200 mesh before use. Figure 1 shows the particle size of the raw materials tested
before sieving. Table 2 shows the XRF results of the raw materials, confirming that the raw
materials contain a large amount of SiO2 and Al2O3, which can be used as an alternative
source for the synthesis of NH2-Al/MCM-41 through the extraction of the alkali fusion
system [13].

Table 1. T Basic characteristics of SiC sludge and GS.

Sample pH (1:10) Specific Gravity Density (g/cm3) Moisture (%) Fineness (m2/kg) Loss on Ignition (%)

Silicon Carbide Sludge 7.61 5.55 1.44 0.03 353.8 0.08
Granite Sludge 8.52 2.92 1.66 0.01 519.8 0.10
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Figure 1. Particle size distribution of SiC sludge and GS.

Table 2. Chemical composition of raw materials.

Composition (%) Silicon Carbide Sludge Granite Sludge

SiO2 98.70 70.40
Al2O3 0.52 15.20
MgO N.D. 0.70
SO3 0.05 0.11
K2O 0.01 4.26

Fe2O3 0.52 3.18
TiO2 0.01 0.47
CaO 0.07 2.56

Na2O N.D. 2.88
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3.2. Total Metals and TCLP Leaching Concentration of Raw Materials

Table 3 shows the total metals and the TCLP leaching concentration of raw materials.
The results showed that the SiC sludge was mainly Cu with a content of 1029.65 mg/kg.
According to NIEA R201.13C and the toxicity characteristic leaching procedure (TCLP), the
GS and SiC sludge were subjected to heavy metal leaching procedures, and flame atomic
absorption spectrometry was used to test the heavy metal leaching of all materials. Table 3
shows the leaching concentration of raw materials. From the leaching concentration of
heavy metals in TCLP, SiC sludge had a relatively large amount of Cu leaching, and its
leaching amount was 8.29 mg/L. The GS had only trace amounts of Cu and Zn leaching
out. According to the results of the TCLP leaching test, the leaching concentrations all met
the regulatory limit of the Taiwan Environmental Protection Agency and has the potential
for resource reuse.

Table 3. The total metals and TCLP leaching concentration of raw material.

Total Metal (mg/kg) Pb Cr Cu Zn Cd Ni

Silicon Carbide Sludge N.D. N.D. 1029.65 20.02 N.D. 4.29
Granite Sludge N.D. N.D. 111.54 145.86 N.D. N.D.

TCLP (mg/L) Pb Cr Cu Zn Cd Ni

Silicon Carbide Sludge N.D. N.D. 8.29 0.10 N.D. 0.03
Granite Sludge N.D. N.D. 0.40 0.70 N.D. N.D.

Regulatory Limits 5.00 5.00 15.00 – 1.00 –

3.3. Crystal Phase of NH2-Al/MCM-41

Figure 2 shows a small-angle XRD pattern of grafted NH2-Al/MCM-41 with amine
functional groups. The result showed that the main characteristic peak of d(100) at 2θ of
2.32◦ indicated an ordered hexagonal mesoporous structure [14]. At 2θ of 2.32◦, 3.92◦, 4.56◦

and 6◦, there are characteristic peaks of d(110), d(200) and d(210), respectively, indicated the
typical XRD spectra of mesoporous materials [15]. The d(100) interplanar spacing of grafted
NH2-Al/MCM-41 without amine functional groups was calculated to be 3.84 nm, and the
pore wall thickness was 0.77 nm (Figure 2a). It is proved that the Al source enters and
strengthens the NH2-Al/MCM-41 framework structure. The highly ordered mesoporous
framework is due to the addition of CTAB. Insufficient or excessive amounts destroy the
micelle structure and reduce the order of the pore structure [16]. In addition, 2θ between
3–5◦ has two secondary characteristic peaks, the lattice positions of which are d(110) and
d(200). This is the influence of the change in surfactant accumulation parameters and
CTAB dilution, which promotes the slow hydrolysis rate of the silicon source [17]. When
the addition amount of grafted NH2-Al/MCM-41 with 2.5 to 7.5 vol.% amine functional
groups is calculated (Figure 2b), the main characteristic peak d(100) exists at 2θ of 2.18–2.28◦.
Therefore, the NH2-Al/MCM-41 retains ordered hexagonal pores and characteristics [18].
However, when the number of amine functional groups increases, it indicates that the
amine functional groups enter the pore surface and cause the d(200) characteristic peak
to disappear. Previous studies have shown that the intensity of the significant peak of
NH2-Al/MCM-41 is reduced, which proves that amine functional groups mainly appear
in mesoporous channels [19].
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Figure 3 shows a FTIR spectra of grafted NH2-Al/MCM-41 with 5.0 vol.% amine
functional groups. The presence of functional groups was identified using FTIR analysis
(Figure 3). In the Figure, broad absorption bands focused at 3412 cm−1 indicate the presence of
–OH functional groups [19]. The absorption peaks observed at 693 and 2928 cm−1 correspond
to the vibration of the N–H group confirming formation. The observed peak at 1066 cm−1 is
assigned to Si–O–Si associated with the formation of a condensed silica network [12].
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3.4. SEM Images of NH2-Al/MCM-41

Figure 4 shows SEM images of grafted NH2-Al/MCM-41 with amine functional
groups. The grafted NH2-Al/MCM-41 without amine functional groups is spherical
in appearance and exhibits agglomeration of fine particles, which is a typical form of
mesoporous materials [20]. In addition, the calculated average particle size range is
approximately 0.09–0.36 nm. The small image in Figure 4a shows the TEM observation
results. The results showed a complete and ordered honeycomb hexagonal structure,
indicating a typical porous structure and highly ordered mesopores [21]. The results
confirm the successful synthesis of MCM-41 with a long-range order and two-dimensional
hexagonal pore structure [22]. When the additional amount of grafted NH2-Al/MCM-41
with 2.5 to 7.5 vol.% amine functional groups is calculated (Figure 4b–d), the particle size
is approximately 0.13–0.30 µm. The spherical particles of grafted NH2-Al/MCM-41 with
amine functional groups is usually used for adsorption studies [23]. However, grafted
NH2-Al/MCM-41 with amine functional groups show different morphologies where most
of the nanoparticles are aggregated, compared to the grafted NH2-Al/MCM-41 without
amine functional groups. In addition, when the amount of amine functional groups
increased, the phenomenon of particle-to-particle bonding and agglomeration becomes
more obvious; the particle size is about approximately 0.13–0.30 µm. However, the results
showed that there is no difference in the morphology of NH2-Al/MCM-41 grafted by
amine functional groups. Compared with MCM-41 reported by other researchers, the
FE-SEM image of the synthesized NH2-Al/MCM-41 showed that the mesoporous structure
did not change significantly after grafted the amine functional groups, the results showed
that the basic hexagonal unit structure of MCM-41 was retained after grafting [19,24,25].
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3.5. Pore Size Distribution of NH2-Al/MCM-41

Figure 5 shows the pore size distribution and N2 isotherm adsorption-desorption
curve of grafted NH2-Al/MCM-41 with amine functional groups. The results show that the
average pore size is 12.20, 9.75 and 9.31 nm, and the average pore volume is reduced from
0.103 to 0.063 cm3/g after calculation by the BJH method. When the NH2-Al/MCM-41 has
a smaller pore volume and pore diameter, fewer nitrogen molecules condense in the pore
structure. There are organic groups in the framework, and water molecules can still be
adsorbed on the surface of periodic mesoporous organic silica, water molecules first adsorb
on the surfaces of silicate units prior to those of organic groups and finally the mesopores
are filled by capillary condensation of water molecules. The grafted amine functional
groups are bonded to the surface of the molecular sieve, resulting in dense amine functional
groups in the pore walls and thus a decrease in specific surface area of 30.57, 34.12 and
24.45 m2/g. However, the average pore volume and average pore diameter are relatively
small. After grafted amine functional groups NH2-Al/MCM-41, the BET surface area,
total pore volume and pore diameter decrease [12]. In addition, the nitrogen isothermal
adsorption and desorption curve of NH2-Al/MCM-41 belongs to the type IV isothermal
adsorption and desorption curve of medium-sized pore adsorption materials [16,26], which
has a hysteresis loop of the H4 type, and the nitrogen adsorption and desorption curve
showed typical mesoporous characteristics [27]. According to the measurement of nitrogen
adsorption and desorption, the average pore diameter is approximately 3.98 nm, and a
large number of mesopores distributed in the range of 3–20 nm can apparently improve the
water adsorption performance [9]. Table 4 shows the pore structure parameters of grafted
NH2-Al/MCM-41 with amine functional groups.

Processes 2021, 9, x FOR PEER REVIEW 9 of 13 
 

 

urement of nitrogen adsorption and desorption, the average pore diameter is approxi-
mately 3.98 nm, and a large number of mesopores distributed in the range of 3–20 nm can 
apparently improve the water adsorption performance [9]. Table 4 shows the pore struc-
ture parameters of grafted NH2-Al/MCM-41 with amine functional groups. 

In addition, Rahimi et al. used TGA to analyze the organic content of MCM-41 and 
NH2-MCM-41 nanostructures [12]. The results showed that the NH2-MCM-41 revealed 
higher weight loss compared to that of MCM-41. Weight loss observed at above 150 °C 
for NH2-MCM-41 was related to the decomposition of the amine group anchored to the 
pore walls [28]. The weight loss obtained below 150 °C for both ungrafted and grafted 
MCM-41 corresponded to the desorption of water molecules [19]. It is confirmed that the 
NH2-Al/MCM-41 exhibits relatively higher thermal stability. 

 
Figure 5. Pore size distribution and N2 isotherm adsorption-desorption curve (5.0 vol.%) of grafted 
NH2-Al/MCM-41 with different amine functional groups. 

Table 4. The pore structure parameters of grafted NH2-Al/MCM-41 with different amine functional 
groups. 

Sample Surface Area (m2/g) Pore Volume (cm3/g) Pore Diameter (nm) 
2.5 vol.% 30.57 0.103 12.20 
5.0 vol.% 34.12 0.094 9.75 
7.5 vol.% 24.45 0.063 9.31 

3.6. 27Al Solid-State NMR of NH2-Al/MCM-41 
Figure 6 shows the 27Al NMR spectrum of NH2-Al/MCM-41. When the chemical shift 

of the NH2-Al/MCM-41 sample is 53 ppm, it has tetrahedral coordination. When the chem-
ical shift occurs at 0 ppm, it is shown as the octahedral coordination of aluminum, and the 
hydrolysis and condensation of NH2-Al/MCM-41 in the synthesis stage affect its coordi-
nation [29]. In addition, the chemical shift at 52 ppm is due to the addition of amine func-
tional groups. Different positions of chemical shifts can distinguish aluminum atoms as 
tetrahedrons or octahedrons in the framework [30]. When the aluminum atom is in the 
form of a tetrahedron, a chemical shift occurs at 56 ppm. The figure showed that as the 
addition of amine functional groups increases, the chemical shift produced is still con-
sistent with Al/MCM-41, indicating that the addition of amine functional groups does not 

Figure 5. Pore size distribution and N2 isotherm adsorption-desorption curve (5.0 vol.%) of grafted
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Table 4. The pore structure parameters of grafted NH2-Al/MCM-41 with different amine functional groups.

Sample Surface Area (m2/g) Pore Volume (cm3/g) Pore Diameter (nm)

2.5 vol.% 30.57 0.103 12.20
5.0 vol.% 34.12 0.094 9.75
7.5 vol.% 24.45 0.063 9.31
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In addition, Rahimi et al. used TGA to analyze the organic content of MCM-41 and
NH2-MCM-41 nanostructures [12]. The results showed that the NH2-MCM-41 revealed
higher weight loss compared to that of MCM-41. Weight loss observed at above 150 ◦C
for NH2-MCM-41 was related to the decomposition of the amine group anchored to the
pore walls [28]. The weight loss obtained below 150 ◦C for both ungrafted and grafted
MCM-41 corresponded to the desorption of water molecules [19]. It is confirmed that the
NH2-Al/MCM-41 exhibits relatively higher thermal stability.

3.6. 27Al Solid-State NMR of NH2-Al/MCM-41

Figure 6 shows the 27Al NMR spectrum of NH2-Al/MCM-41. When the chemical
shift of the NH2-Al/MCM-41 sample is 53 ppm, it has tetrahedral coordination. When the
chemical shift occurs at 0 ppm, it is shown as the octahedral coordination of aluminum,
and the hydrolysis and condensation of NH2-Al/MCM-41 in the synthesis stage affect
its coordination [29]. In addition, the chemical shift at 52 ppm is due to the addition of
amine functional groups. Different positions of chemical shifts can distinguish aluminum
atoms as tetrahedrons or octahedrons in the framework [30]. When the aluminum atom is
in the form of a tetrahedron, a chemical shift occurs at 56 ppm. The figure showed that
as the addition of amine functional groups increases, the chemical shift produced is still
consistent with Al/MCM-41, indicating that the addition of amine functional groups does
not affect the NH2-Al/MCM-41 framework structure, and the Al coordination mode with
the tetrahedral structure is still maintained [31].
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3.7. Equilibrium Moisture Content Curve and Humidity Control Performance of NH2-Al/MCM-41

This study is based on the Japanese Industrial Standards (JIS A 1475) for the determi-
nation of the equilibrium moisture content of building materials. The ambient temperature
was constant at 23 ◦C with different ambient humidity (RH% = 10%, 33%, 55%, 75%,
85%, 95%) to determine the equilibrium moisture content of NH2-Al/MCM-41. Figure 7
shows the equilibrium moisture content curve of grafted NH2-Al/MCM-41 with different
amine functional groups. With the addition of amine functional groups from 2.5 vol.% to
7.5 vol.% (RH% = 95%), the equilibrium moisture content range is 37.3–39.4 kg/kg. The
figure showed that when the amount of amine functional groups is increased to 7.5 vol.%,
the equilibrium moisture content showed a downward trend. However, the addition
of amine functional groups at 5 vol.% has the best moisture adsorption and desorption
capacity, and as the relative humidity rises from 10% to 95%, its equilibrium moisture
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content is 39.4 kg/kg. It is possibly that the number of grafted amine functional groups
is more appropriate to coordinate with the number of Si-OH groups on the surface of
Al/MCM-41. Therefore, when the amount of amine functional groups is 5 vol.%, the
concentration of amine functional groups grafted to NH2-Al/MCM-41 is more prone to
capillary condensation, so it has better moisture adsorption and desorption capacity under
high relative humidity. Moreover, water molecules hardly adsorbed on amine. In contrast,
water molecules can be adsorbed on the surfaces of periodic mesoporous organosilicas
in spite of the presence of organic groups within the frameworks [32]. In this case, water
molecules first adsorb on the surfaces of silicate units prior to those of organic groups and
finally the mesopores are filled by capillary condensation of water molecules though the
surfaces are more hydrophobic than those of ordered mesoporous silicas [17].
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4. Conclusions

In this work, the possibility of reused SiC sludge and GS produced in the technical
industrial process is proposed. The purpose is to increase the potential for large scale
recovery and reuse of mixed sludge waste in the sludge treatment industry in the fu-
ture. This research uses SiC sludge and GS as a raw material of silicon and aluminum,
and explores the feasibility of extracting Si and Al sources from this material by alkali
fusion treatment. A hydrothermal and reflux grafted method was used for the synthesis
of NH2-Al/MCM-41, and the macro- and microscopic properties and humidity control
performance were analyzed. The synthetic NH2-Al/MCM-41 located at d(100), d(110), and
d(200), showed the characteristic peak of mesoporous materials. When the concentration
of the amine functional groups is 5.0 vol.% in the mixed solution, the average pore size
of the NH2-Al/MCM-41 was 9.75 nm, and the surface area was 34.12 m2/g. The equi-
librium moisture content (39.4 kg/kg) of the humidity control test met Japan Industrial
Specifications (JIS A 1475), which mark the potential to be a humidity-controlling building
material. The results showed that the recycling of SiC sludge and GS generated in industrial
processes can effectively replace chemicals and can also be used as a new application.
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