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Abstract  Öz 

Molding sand, which becomes solid waste after casting processes, is an 
important item to be recycled and used, as well as turning it into useful 
products with economic value, due to the fact that it creates an 
environmental problem and increases storage costs. The studies on this 
subject are still insufficient. In this study, the SiC phase were obtained 
from solid waste casting sand whose basic material is silica and from 
phenolic resin as a C source, and their usability as an abrasive was 
investigated. Densities of the products were measured with a Helium 
pycnometer; the hardness with a Shore D device; pore structure and 
distribution with the BET method; the surface functions with a FTIR 
Fourier Transform Infrared Spectrometer; the development of bonds in 
the structure and morphology with a Confocal Raman Microscope; the 
phase analysis using the XRD method; and microstructural 
examinations with SEM analysis. As a result, it was determined that a 
high temperature was needed to obtain the SiC phase with the 
conventional pressure less sintering method using solid waste casting 
sand, but the resin used did not withstand the required high 
temperature. 

 Döküm işlemlerinden sonra katı atık haline gelen kalıp kumu, çevresel 
bir sorun yaratması ve depolama maliyetlerini artırması nedeniyle geri 
dönüştürülerek kullanılması ve ekonomik değeri olan faydalı ürünlere 
dönüştürülmesi önemli bir maddedir. Bu konuda yapılan çalışmalar 
henüz yetersizdir. Bu çalışmada, temel malzemesi silika olan katı atık 
döküm kumu ve C kaynağı olarak fenolik reçineden SiC fazı elde edilmiş 
ve aşındırıcı olarak kullanılabilirlikleri araştırılmıştır. Üretilen 
ürünlerin yoğunlukları Helyum piknometresi ile; sertlik değeri Shore D 
cihazı ile; gözenek yapısı ve dağılımı BET yöntemi ile; yüzey 
fonksiyonları FTIR Fourier Dönüşümlü Kızılötesi Spektrometresi ile; 
yapı ve morfolojideki bağların gelişimi Konfokal Raman Mikroskobu ile; 
faz analizi XRD yöntemi ile; mikroyapısal incelemeler SEM analizi ile 
yapılmıştır. Sonuç olarak, katı atık döküm kumu kullanılarak yapılan 
konvansiyonel basınçsız sinterleme yöntemi ile SiC fazının elde edilmesi 
için yüksek sıcaklığa ihtiyaç duyulduğu, ancak kullanılan reçinenin 
gerekli yüksek sıcaklığa dayanamadığı belirlenmiştir. 

Keywords: SiC, abrasive, phenolic resin, waste recovery, foundry 
sand. 

 Anahtar Kelimeler: SiC, aşındırıcı, fenolik reçine, atık geri kazanımı, 
döküm kumu. 

1 Introduction 

Casting is the manufacturing method used to obtain the desired 
shape of a part by pouring molten metal alloys into the cavity of 
a mold prepared for the part to be produced and solidifying it 
after cooling [1]. The iron-casting industry is an industry in 
which raw iron, steel scrap, and ferro-alloys are melted in 
furnaces such as induction furnaces, arc furnaces, or cupola 
furnaces, then poured into sand, ceramic or metal molds and 
shaped, producing products such as steel, gray cast iron, 
spheroidal cast iron and malleable cast iron needed by the 
industry [2]. 

Literature includes new applications using advanced materials 
in casting technologies. For example; Bolat et al. (2022) studied 
about Al 7075/bubble alumina syntactic foams that were 
fabricated by recyclable pressure infiltration casting method. 

 
*Corresponding author/Yazışılan Yazar 

They found that foam density increased, foams had higher 
compression strength compression strength due to higher heat 
treatment [3]. Bolat et al. (2021) produced pumice filled 
aluminum syntactic foams by a fully automated cold chamber 
die casting technique. As the pumice particle size increased, the 
average compressive strength and densities of foams decreased 
in this study [4]. 

Kumar et al. fabricated Al7150 alloys-based hybrid 
nanocomposite incorporating boron carbide and graphene 
nanoparticles by double ultrasonic two-stage stir casting 
method. They indicated that nano reinforcements improved the 
mechanical properties of the hybrid nanocomposite because of 
enhanced interfacial bonding and dislocation strengthening [5]. 

Lai et al. studied in order to develop porous dual-scale 316L 
stainless steel by incorporating the 3D-printed templates used 
to offer macro-scale gyroscopic channels into anisotropic 
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micro-scale lamellar porous structures through the freeze-
casting process. They successfully built macro-scale gyroid 
channels into the micro-scale open-cellular lamellar porous 
scaffolds [6]. 

The casting methods can be divided into two groups according 
to whether the mold materials used can be reused or not, as 
methods use consumable (non-permanent) and non-
consumable (permanent) molds. The methods using non-
permanent molds are primarily traditional sand mold casting, 
shell mold casting, ceramic mold casting, plaster mold casting, 
and precision casting. The casting methods using permanent 
molds are permanent mold casting, pressure casting, 
centrifugal casting, and continuous casting. The casting method 
to be selected in manufacturing by casting varies according to 
the type of alloy to be cast, part size, and production cost, and 
the limitations of each casting method necessitate 
manufacturing with another casting method. The most 
commonly used, economical, and economical method, where 
parts of different sizes can be cast, is the sand mold casting 
method, in which silica sand grains are bonded with an 
optimum amount of water and clay as a binder. The model is 
placed in a degree, and the mold is prepared by compacting the 
surrounding area with sand. When the model is removed, the 
mold cavity is formed. When the liquid metal is poured, it fills a 
mold cavity and solidifies. The sand mold is broken, but the 
casting part is removed and cleaned. The main reasons why 
silica sand is preferred in foundries are that it is easy to find, 
has low cost, and has refractory properties that can withstand 
and absorb molten metal interactions [7, 8]. 

The molding sands are broken down after the casting process, 
and the large particles in the sand are sieved and removed; the 
process continues by adding new sand to the amount the 
original sand has decreased [9, 10]. Ultimately, the sand used in 
casting becomes unusable for molding more than a certain 
number of castings, and this waste casting sand must be 
removed from the production site [11-13]. The physical-
chemical deterioration of the used sand, contact with molten 
metal at a temperature of around 1500°C [14], a loss of binding 
power of the bentonite in the molding sand and mechanically 
breaking of the sand grains are all undesirable situations [15].  
In addition, the low strength of the molding sand causes surface 
defects in the part [16]. 

After being used in the foundry industry, foundry sand is 
discarded into storage areas. Waste foundry sand (WFS) 
generated in large quantities is stored in regular storage 
facilities without re-evaluation. Over 100 million tons of WFS is 
produced annually in the world-wide foundry sector. Due to the 
increasing amount of waste, increasing storage costs, and 
insufficient storage areas an important environmental and 
economic problem is created. Therefore, ensuring that this 
sand is recycled and used, turning it into useful products with 
economic value, and reducing the consumption of natural 
materials is an important issue. In addition, it is clear that this 
recycling will provide great savings in terms of production and 
waste disposal costs [17]. 

WFS was studied for use in similar applications such as the 
production of concrete in the construction sector, structural 
fillings in road construction, and covering material in the 
ceramics and glass sectors [17]. In addition, foundry sands are 
potentially precursors, fillers or aggregates for geopolymer 
mortars [18]. 

WFS is useful as a construction material due to enhanced 
compressive and flexural strength in mortar and concrete 
respectively [19].   

Srinivasan et al. studied engineering stones from waste foundry 
sand by using an epoxy-phenalkamine binder and suggested 
that it could be the best alternative material over natural and 
artificial stones due to its high potential in performance [19].   

Studies on the recycling of WFS in different sectors are 
insufficient. Vijayakumar et al. extracted silicon from foundry 
sand with magnesium, the silicon was converted into silica, and 
finally SiC was produced by the reaction between silica and 
carbon particles [20]. Hossain et al. synthesized SiC using 
automotive waste glass (rich in silica) and waste coffee grounds 
(rich in carbon) [21]. 

In our previous work, different from this publication, the 
production of a phenolic resin-based abrasive by recycling solid 
waste casting sands was studied, and the Silicon Carbide (SiC) 
phase formation was investigated by obtaining C from phenolic 
resin and silica from solid waste casting sand. This study is also 
important in the prevention of environmental problems caused 
by the solid waste of molding sand and to produce abrasives 
economically by recycling waste. 

The phenolic resin has great hardness, compressive strength, 
corrosion resistance, good heat resistance, and is used as a 
matrix in friction materials [22]. 

SiC ceramics have important properties, such as a high elastic 
modulus, fracture toughness, hardness, good thermal and 
chemical stability, low thermal and electrical conductivities and 
low thermal expansion coefficients [23]. 

Silicon carbide (SiC) is a synthetic material developed for 
engineering applications and was first obtained by Acheson in 
1883 [24].   

Silicon carbide is one of the hardest high-tech ceramics and has 
been a competitor and complement to sintered silicon carbide 
abrasive synthetic diamonds. This product, which was found in 
studies to obtain extremely hard materials by the reaction of 
clay and carbon, was named Carborundum. The invention was 
made by giving a high current to the carbon electrode placed 
between the clay-coke mixture placed in an iron bowl that 
served as an electrode. This was then analyzed and formulated 
as SiC and later patented under the name Carborondum. SiC is 
mixed with high-purity quartz, quality coke, or anthracite and 
produced in Acheson furnaces at temperatures above 200°C. 
Silicon carbide ceramics are required for many difficult 
application areas due to their high thermal conductivity and 
superior corrosion resistant properties. Silicon carbide (SiC) or 
carborundum is a synthetic abrasive produced by the fusion of 
high-grade silica sand and finely ground carbon (petroleum 
coke) in an electric furnace at high temperatures (1600-2500 
°C) [25, 26]. 

SiC can be used as an abrasive and a refractory due to its high-
temperature properties, low thermal expansion coefficient, and 
high thermal conductivity [27]. Silicon carbide is also a material 
used in the processing of materials such as cast iron, non-
ferrous metals, glass, rubber, and others. It is also used in 
processes related to sectors such as electric heating elements, 
aviation, composite materials, and others. [28]. 

There are two different crystallographic structures of SiC 
powders such as noncubic α-SiC and cubic β-SiC. The sintered 
α-SiC consists spherical grains, whereas the β -SiC consists of 
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elongated grains that increase the fracture toughness of the 
ceramics [29]. 

Silicon carbide has a covalent bond structure and is a material 
that is difficult to sinter without additives to achieve high 
density by either a solid-state or liquid-phase sintering 
mechanism [27]. 

Different sintering methods result in various properties. For 
example, high-pressure sintering (HPS) is essential in the 
production of dense SiC with fine grains and strong 
intergranular bonding. This can provide the improvement of 
hardness and fracture toughness of SiC. [29]. 

With spark plasma sintering (SPS), SiC ceramics can be sintered 
in shorter periods and at lower temperatures. In this technique, 
pressure is applied during sintering, while direct current is 
applied to graphite molds and pressed powders, thereby 
heating the powders. Since SPS is a fast technique, the 
microstructure can be easily controlled. As the growth of grains 
is restricted and the density is increased, the mechanical 
properties can be improved, and sintering is possible in short 
periods (5-10 minutes) by applying lower temperatures (1700-
1800 °C) [30]. 

The aim of this study is to obtain an abrasive composite 
material containing SiC particles embedded in carbon matrix. 
The innovation lies in the in-situ formation of SiC fillers through 
the pyrolysis of foundry industry waste sand dispersed in 
previously cured phenolic resin. Thus, a suitable industrial 
method has been developed to recover foundry industry waste 
sand and give it a second life. 

2 Materials and methods 

The XRF (Brand-Model) analysis results of the waste foundry 
sand supplied by Kondöksan and the properties of the resol 
type phenolic resin (ÇZR-8005) supplied by the Çukurova 
Chemical Industry Joint Stock Company are shown in Table 1 
and Table 2.  

The XRF analysis of the waste foundry sand (Table 1) shows 
that the waste mainly contains SiO2 and Al2O3. 

 

Table 1. The XRF analysis result of waste foundry sand 
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Table 2. The Properties of ÇZR-8005 Phenolic Resin 

Molar Ratio of Phenol  % 31 

Molar Ratio of Formaldehyde % 60 

Solid Content % 75-80 

Gelation Temperature 49 °C.dk-1 

Density 20 °C-1.20 / -1.30 g.ml-1 

Viscosity 25 °C-800-1000 Pa.s 

 

Foundry waste sand supplied by the Kondöksan company was 
separated into different grain sizes using the Retsch AS200 

brand vibrating screen system, and studies were carried out 
using sub-63 micron particle size powders. 

Firstly, based on a 2/1 resin/waste ratio, reference (R, R-A 
coded) abrasives were produced using waste sand and resin 
with and without active carbon. In the first stage, resin, powder 
additive, and ethyl alcohol (5% by weight) were homogenized 
using an İTK-MK350 brand heated magnetic mixer at 50°C for 
thirty minutes to prepare the mixture. Alcohol was initially 
mixed into the resin, and then waste was added. 

The second stage was the casting and curing process. A syringe 
with an inner diameter of 8 mm was used as a mold. After the 
casting, the molds were subjected to vibration in an Elmasonic 
S60H model ultrasonic bath to remove the air bubbles inside. 
The curing process was carried out in a Binder VD23 brand 
device at 65 °C for one hundred and twenty hours.  

After the curing process, the compositions were subjected to 
heat treatment at 170 °C for sixteen hours, maintaining their 
structural integrity. They were subjected to traditional heat 
treatment without pressure under nitrogen gas in an MSE 
Furnace ATM-ELV-1700-12-(CH) brand oven for one hour at 
600 °C with a heating rate of 5°C.min-1, and at 1000 °C with a 
heating rate of 3 °C.min-1, respectively (Figure 1). 

 

Figure 1. A flow chart of the experimental methods 

Literature studies were examined to support the formation of 
SiC. In a study conducted by Zhu et al., it was stated that the 
mechanical properties of SiC material increased at 2150°C in 
the study that was conducted with B4C and activated carbon 
additions [31]. In addition, productions were carried out for 
another study conducted with the addition of Y2O3 and Al2O3 
based on a study conducted by Yun et al. 2021. It was stated that 
the SiC phase was obtained using Al2O3: 58.8, SiO2: 23, and Y2O3: 
18.2 by weight [32]. 

In addition, according to the literature, γ-aminopropyl 
triethoxy silane (APTES) was added to form cross-linked 
polymers, improving the crosslinking density of the resins and 
polymeric modification. APTES is a widely used coupling agent 
due to its amino group. Amino-terminated silica particles can 
be used as fillers in rubber and plastic to increase tensile 
strength and wear resistance as well as improving rheological 
behavior [33, 34]. APTES is the most widely used silane 
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molecule to functionalize oxide surfaces [35]. Oxide surfaces 
have high surface energy hydroxyl groups (-OH) that can 
rapidly interact with silane molecules and form a covalent bond 
[36]. 

Considering the literature studies, in this study, abrasive 
production was also carried out by adding B4C+activated 
carbon and B4C+activated carbon+APTES, and adding 
Y2O3+Al2O3, Y2O3+Al2O3+APTES. All the compositions produced 
are shown in Table 3. In addition, all the abrasive compositions 
mentioned were mixed using ethyl alcohol. 

Table 3. Recipes of all produced compositions  
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The samples produced with B4C and Y2O3 additives were left to 
cure for one hundred and twenty hours at 65 °C and then for 
sixteen hours at 170 °C. After this, the samples were heated to 
600°C at 5 °C.min-1 and kept at this temperature for thirty 
minutes, after which the temperature was increased to 1000 °C 
at 3°C.min-1 and kept at this temperature for one hour. The 
high-temperature processes were carried out in an Optosense 
brand oven under an argon atmosphere.  

The raw materials used in the study include 3-
aminopropyltriethoxysilane (APTES) supplied by ROTH, with a 
molecular weight of 221.37 g.mol-1. Yttrium oxide (Y₂O₃) was 
purchased from Nanokar, with a purity of 99.9% and an average 
particle size of ten microns. Boron carbide (B₄C) was also 
obtained from Nanokar, with a purity of 99.5% and an average 
particle size of one hundred microns. Alumina was supplied 
from Global Monarch with a purity of 99% as white fused 
alumina powder. The Alumina and Norit brand activated 
carbon grain sizes were below 63 microns. 

For the material coded B-A-G, it could not be performed due to 
foaming and hand disintegration, and for other abrasives 
produced with Y, Y-G, and B-A and additives: 

⮚ Sample density Helium pycnometer Micromeritics–
Accupyc2 1340, 

⮚ Pore structure and distribution BET Quantachrome–
Quadrasorb Evo 4, 

⮚ Hardness measurement Loyka LX-D-2 brand Shore D device, 

⮚ Surface functions FTIR Fourier Transform Infrared 
Spectrometer (FT-IR Thermo Scientific–Nicolet iS20), 

⮚ Development of carbon-carbon covalent bonds in the 
structure and 3D distribution of particles in the matrix Confocal 
RAMAN Renishaw by way of a Reflex Confocal Raman 
Microscope, 

⮚ Phase analysis XRD PANalytical EMPYREAN 

⮚ Microstructural examinations SEM Hitachi–SU 1510 were 
measured (Figure 1). 

As a result of the experimental studies, to understand whether 
the resin could withstand the high temperatures required for 

SiC powder synthesis, the resin was cured on its own for one 
hundred and twenty hours at 65 °C and for sixteen hours at 170 
°C. After this, heat treatment was applied under a vacuum at a 
heating rate of 5°C.min-1 for thirty minutes at 600 °C, one hour 
at 1000 °C with 10 °C.min-1, and one hour at 1500 °C after 
sweeping. 

3 Results and discussion  

The densities of the produced materials were examined, and 
the analysis results made with the Helium pycnometer are 
shown in Table 4. The Y2O3 added material is denser compared 
to the other produced materials. In addition, APTES creates a 
higher crosslinking density of resin. All the compositions with 
additives were measured as denser than the reference material. 

İn order to densify SiC at lower sintering temperatures, 
sintering additives were used. Sintering additives such as Y2O3 
could form liquid-phases, the eutectic reactions were below 
2000 °C and then enhanced particle rearrangement and 
densification by way of capillary action during Liquid-phase 
sintering was conducted [37]. 

 

Table 4. The pycnometer densities of the produced samples 

Material R Y Y-G B-A 

Density (g.cm-3) 
0.7611 1.7631 1.7621 1.3589 

 

 

(a) 

 

(b) 

 

(c) 

Figure 2. The images of a) R, b) Y, and c) B-A materials after 
1000 °C heat treatment  
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During the experimental studies, it was observed that a more 
viscous mixture was obtained when preparing the abrasive 
mixture containing B4C and that the abrasive was formed on a 
rougher surface at the end of the heat treatments. It was also 
observed that the materials with Y2O3 additives had smoother 
surfaces than the materials with B4C additives as a result of the 
heat treatment (Figure 2).  

The surface roughness/porosities on the surface could 
influence the hardness of the material (Figure 2, Figure 3, Table 
5). Hardness was measured using the Shore D hardness 
measurement method. Free from fillers, the R sample was the 
hardest with more than 85 shore D hardness. The addition of 
Y2O3, B4C, APTES and/or AC reduced the hardness which may 
decrease down to 75 shore D with Y2O3 (Y) and below 60 shore 
D with the combination of B4C and APTES (B-A) (Figure 3). 

The residual stresses generated by the formation of multiple 
secondary phases could reduce the hardness that can change in 
grain boundaries because of the sintering additives in SiC 
ceramics. The hardness of the B4C-SiC composites degraded 
with mixed Al2O3-Y2O3 additives [38] are similar to our results. 

 

 
Figure 3. The Shore D hardness measurement values of the 

samples  

 

Table 5. The BET Analysis Results 

Material Y-G B-A  Y R 

BET surface area (m2.g-1) 50 41 48  3 

Adsorption Average Pore Width 
(4V/A by BET) (nm) 

3.06 2.89 3.09 0 

 

The BET analysis results obtained by applying gas adsorption 
to the composite materials show that the matrix is affected by 
the additives (Table 5). The specific surface area of all the 
composites is higher than the reference material. This increase 
is higher in those structures containing Y2O3 supporting a 
chemical interaction. It is thought that the interaction with B4C 
may be more physical. A high amount of pore former like active 
carbon will increase the total pore volume and large pores in 
the SiC material [39]. Additionally, lowering of the reaction 
temperature by sintering additives may promote a higher 
surface area [40]. 

After density, the hardness and BET measurements, FT-IR 
analysis of the produced materials was performed. A graph 

drawn in line with the data obtained after the analysis is shown 
in Figure 4. 

 

Figure 4.The  FT-IR analysis results of the produced materials  

 

The FTIR peaks observed above 2500 cm-1 are typical from the 
single bonds (C-H, O-H, N-H…) present in the chemical 
structures [41]. The R sample does not present marked peaks 
in this spectrum domain indicating a successful polymerization 
and carbonization during the heat treatment. Concerning the Y 
sample, the addition of both Al2O3 and Y2O3 promoted the 
presence of peaks at about 3400, 3100 and 2900 cm-1, which 
are characteristic of both additives [42, 43]. The peak at 3400 
cm-1 disappeared when APTES was introduced in the Y-G 
sample suggesting a chemical structure modification due to a 
reaction with the oxides. However, the reaction did not affect 
the APTES structure where characteristic peaks in the 2900-
3000 cm-1 were present [44]. The presence of these peaks 
supports the bonding role of APTES which creates chemical 
bridges between the matrix and the oxide fillers. Finally, the 
peaks between 2900-3100 cm-1 in the FTIR spectrum of the  
B-A sample suggest the B4C structure remains during the 
process [45]. 

 

 
Figure 5. The Raman analysis results of the produced 

materials 

 

Although they were prepared under the same conditions, it was 
seen that the characteristics of the C-C bonds in the matrix 
changed according to the additive materials. In the Raman 
spectrum, the G (1580 cm-1 - Csp2) band represents 
regular/aromatic structures, while the D (1350 cm-1 - Csp3) 
band shows the irregularities of the carbon structure, 
amorphous structures and structures that change as a result of 
oxidation [46]. Since the ID/IG signal intensity ratios are 
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parallel to the Csp3/Csp2 ratios in the structure, the ID/IG ratios 
that can be calculated from the material spectra are compared 
with each other and used to evaluate the structural irregularity 
in the matrix. While the ID/IG values are at the level of 1.12 in 
the Y2O3 doped material, this value is approximately 0.98 with 
the other materials. Therefore, it is thought that the matrix 
contains more Csp3 when doped with Y2O3, and this can only be 
due to an interaction between the matrix and the additive 
material. 

The fact that the ID/IG ratios in the reference, Y2O3+APTES, and 
B4C materials are almost unaffected shows that the matrix 
structure is not affected by the additives; that is, there is no 
reaction between the additive and the matrix. In particular, the 
fact that the amount of Csp3 does not increase in the Y2O3 doped 
material with the addition of APTES is supported by the Raman 
results (Figure 5), which show that the APTES doping reduces 
the reactivity of the Y2O3 material, consisting of the FTIR 
results. 

The change in material properties with the increase in specific 
surface area and average pore width values is also reflected in 
the SEM images and it was observed that pores were formed in 
welded structures (Figure 6). 

 

 

 (a) 

 

(b) 

 

 

(c) 

 

(d) 

Figure 6. The SEM images of a) R, b) B-A, c) Y and d) Y-G 

 

The SEM analyses of the materials are shown in Figure 6. When 
the microstructures were examined, it was observed that a 
small number of macro pores occurred on the surface of the 
reference material where cracks formed. It was observed that 
the pores became more pronounced with the additives. When 
the image produced with the Y2O3 additive was examined, it 
was seen that the pores were relatively smaller. It was further 
seen that the pores observed in the microstructure also 
supported the BET results. 

The waste casting sands and other additives (B4C, Y2O3 and 
APTES) mixed in the phenolic resin matrix were cured as a 
result of the polycondensation reaction above 100°C after 
mixing. The released water molecules evaporated at this 
temperature and moved away from the composite material, 
forming spherical pores on the surface of the material (Figure 
6). However, the sizes and distribution of the pores formed due 
to the possible changes in the matrix viscosity and mechanical 
properties due to the effect of the B4C, Y2O3 and APTES additives 
change. While the pores in the B4C-added composites are large 
and their distribution is heterogeneous, the pores in the Y2O3-
added composites are both smaller and their distribution is 
more homogeneous. In addition, the number and size of the 
pores were further reduced with the addition of APTES.  

100 μm 

100 μm 

100 μm 

100 μm 
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The XRD analysis results of the produced materials are shown 
in Figure 7. When the XRD analysis results are examined, SiC 
peaks are observed in the B-A sample incorporating B4C and 
active carbon as sintering additives, but there were no SiC 
peaks in any of the samples. The reason for this is thought to be 
insufficient heat treatment in order to make the complete 
conversion of the raw materials into silicon carbide. When the 

literature is examined, since the abrasive properties of the final 
abrasives are intended to be provided with SiC additive 
particles, the SiO2 particles forming the waste sand should react 
with carbon at a temperature of at least 1200 °C [47]. 

 

 

 

Figure 7. The XRD analysis of a) R, b)Y, c) Y-G and d) B-A.

 

Figure 8. The XRD analysis of the reference material after 1500 °C heat treatment. 
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As a result of the analysis, the presence of the SiC peak was  
detected and it was thought that it would be appropriate to 
carry out the heat treatment at 1500 °C for 1 hour. However, 
the material that reached this temperature disintegrated in the 
hand. 

In order to understand whether the resin could withstand the 
high temperatures required for SiC powder synthesis, the resin 
was cured on its own at one hundred and twenty hours at °C 
and sixteen hours at 170 °C. After this, heat treatment was 
applied under a vacuum after sweeping at 600 °C for thirty 
minutes and 1000 °C for one hour at a heating rate of  
5 °C.min-1. As can be seen in Figure 9, the resin breaks down at 
high temperatures. Therefore, as a result of the studies, it would 
be more suitable to produce perform SiC powder synthesis and 
then convert it into abrasive form with resin. 

 

 

Figure 9. An image of resin heat treated at 1500 °C 

4 Conclusions 

For abrasives produced with Y2O3, B4C, and Y2O3+APTES 
additives, it was observed that the material incorporating of the 
Y2O3 additive was denser. Sintering additives such as Y2O3 could 
form liquid-phases and enhance densification of SiC. Sintering 
additives could decrease the hardness of SiC due to generated 
residual stresses. The surface roughness/porosities on the 
surface could also influence the hardness of the material. 

The specific surface area (BET) and the pore size of all the 
composites is higher than the reference material. Former 
additives such as active carbon may increase the total pore 
volume and large pores in the SiC material. 

According to the FTIR analysis result, considering the 
electronegativity differences of boron and carbon as well as the 
electronegativity differences of Y2O3 and carbon, the B-A is 
weakly polar bonded while the Y-G is a stronger polar. While 
the Y₂O₃ is well dispersed throughout the structure, the B₄C 
tends to form agglomerations. The carbon bonding rates of the 
B4C and Y2O3+APTES additives are extremely close. When the 
BET analyses were examined, the pore amount was seen to be 
slightly lower in the B4C. The APTES additive showed a pore-
filling effect in the material. When the XRD analysis results were 
examined, no SiC formation was observed in the entire 
structure. This was thought to be due to an insufficient 
temperature. According to the results of the SEM analysis, while 
the pores in the B4C-added composites are large and their 

distribution is heterogeneous, the pores in the Y2O3-added 
composites are both smaller, and their distribution is more 
homogeneous. In addition, the number and size of pores are 
further reduced with the addition of APTES. Considering these 
developments, it is thought that the composite properties 
change due to the effects of the additives. 

As a result of the experimental studies, it was determined that 
the resin did not withstand the high temperatures for SiC 
powder synthesis, and it was predicted that it would be more 
appropriate to perform the SiC powder synthesis first and then 
convert it into an abrasive form with resin. 
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