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In this study, casting filter production parameters were investigated by coating SiC with superior mechanical and chemical
properties on polyurethane sponge. Many methods in which SiC filters are produced have been researched and considering
its simple applicability, the replication method has been chosen as the production method. In the experiments, polyurethane
sponges with different porosities were coated with varying proportions of water, bentonite, gum arabic and SiC, and then
subjected to pyrolysis and sintering. The characterization of the samples was carried out by weight loss, compression test,
Archimedes scale and SEM methods. According to the test results, the highest weight loss was obtained with 46% by adding
30 mL of water into 30 ppi polyurethane sponge. In the sintering tests, the highest strength was obtained with the value of 472
kPa in the experiment performed at 1,450 °C. The same sample gave the optimum result with a density of 3.101 g/cm® and
porosity of 1.24%. At the end of the study, the samples produced successfully were used in the real casting process and it was
observed that they were effective in filtering..
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Introduction press at 99.9% density. At this density, a hardness
value of 25 GPa was reached, and the thermal con-
Silicon carbide (SiC) ceramics have gathered much ductivity value was found to be 80 Wm'K™'. As can
attention in the area of porous materials in recent years. be seen, SiC significantly improves the properties of
Silicon carbide's high mechanical strength, wear resist- the structures to which it is added [20]. The work done
ance, high thermal conductivity, low thermal expansion by Hwan Ahn has shown that SiC's resistance to
coefficient, high thermal shock resistance and high abrasion at high temperatures is increased and the
chemical resistance make it a preferred material in material can be used with high performance in these
various applications. These properties of SiC make it applications [21].
superior when compared to its alternatives in many SiC products are especially important in the area of
areas of application. SiC products are commonly used filter production. These products are used in industry in
in a wide range of applications including grinding the areas of water filtration, porous burners, honeycomb
supplies, separation applications, catalyzer additives, structured diesel particle filters, metal-matrix composites,
sound insulation, high-temperature structural elements, polymer-matrix composites, membranes, hot gas filters
heat insulation, strengthening of composite materials, and molten metal filters [22-26].
refractory industry and casting filters [1-17]. There are The main reason for using SiC as filter material is its
many studies on SiC ceramics in the literature. In these low density, high selectivity and high surface area when
studies, different properties of the material are emphasized. it is produced as polymer composite. These properties
Ceramic materials have low toughness values compared are achieved by controlling the composition of the
to metals. In Seok Nam's study, it was observed that porous material. Amount of open and closed pores,
the addition of SiC increased the strength values by distribution of pore size affect the properties of the
preventing crack-healing [18]. In the study of Joo et al., material. All these properties depend on the production
It was stated that SiC increased the thermal resistance method of the material [27].
in polymer-derived fibers [19]. Min So et al. examined Many methods have been developed to produce
the sintering conditions of SiC-TiC composites and porous ceramics for use in SiC filter production [28].
showed that the material can be obtained with a hot The main methods used in the production of cellular

ceramics like foams, honeycomb structures, interconnected
rods, fibers and hollow spheres were studied by Hye

*golrfefggggisnég%u%og% Eom recently [29]. In this study, the methods are
FZxZ 490226 815 5319 divided into five categories as follows: (i) partial
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direct foaming and (v) bonding methods [29].

The partial sintering method is a basic method to
produce SiC ceramics, which have porosity under 65%
and pore dimensions ranging between 0.1 and 10
micrometers. In this process, the condensation is delayed
by decreasing the sintering potential. A decreased
sintering potential is achieved by lowering the sintering
temperature, limiting the rough powder network, granulator
sintering and recrystallization. The sacrificial template
method is the most appropriate method to control the
distribution of pore dimensions and the shape of pores
in the production of porous SiC structures. The decisive
parameters about these properties in this method are
the dimensions, shape and composition of the template
used in the process. In the sacrificial template method,
the pore dimension is between 1 and 700 micrometers,
and the porosity is between 15% and 95%. Pore dimension
and porosity vary depending on the template and the
process parameters. The direct foaming method is a
simple and fast method for obtaining a wide variety of
pore sizes, up to 95% porosity and both open and
closed-cell structures. The bonding method is a cheap
and low-temperature method to achieve a porosity
value between 15% and 60% in the macro-porous SiC
ceramics production. The process temperature varies
between 800 and 1,550 °C depending on the composition
of the binding agent. The replica method is used to
produce open-cell SiC ceramics with the pore dimensions
ranging between 10 micrometers to 5 millimeters [27].

The aim of this study is to produce open-cell SiC
filters to be used in metallurgical casting applications.
Metal casting technology is growing rapidly with 110.7
million tons of global shipment in 2019. The biggest
problem of foundries is to produce parts according to
the design and the quality specifications without the
defects that occur during the casting process [29-32].
To produce quality products with the casting process,
the design of the mold is one of the most important
parameters. Using low-quality sand in the mold causes
mold failure and insufficient mold strength during the
casting process and thus lead to the production of
lower-than-desired quality products. Parts produced
by casting process are subjected to processes like
sandblasting, welding and machining to obtain final
products. In addition to these defects, the impurities
and the inclusions in the material lead to undesired
material compositions and to the need for additional
processes mentioned above to finalize the product after
the casting process. The impurities must be eliminated
from the structure to ensure proper interaction between
the molten metal and the mold surface during the grain
formation from the molten metal on the inner surface
of the mold during the solidification process. For this
reason, the molten metal must be filtered before
interacting with the mold surface [32]. The liquid metal
filtration process is a widely used purification process
in iron and non-iron alloy casting applications. The

filtration process eliminates the residue that occurs
in the melting (high temperature) process and thus
increases the mechanical properties of the final product
machinability. This process also increases the surface
quality and density of the final product and thus
decreases the cost of the machining process after the
casting process [33, 34]. It can be used in all metal
casting applications since SiC maintains its shape at
temperatures above 1,500 °C [35]. The permeability,
the selectivity and the thermal resistance are the most
important properties of a filter which will be used in
the casting process. In addition to the superior selectivity
and high-temperature resistance properties of SiC, the
replica method, which has simple applicability, was
chosen as the production process in this study. The aim
of this study is to determine the optimum mixing and
sintering parameters of SiC filter production with the
replication method and to investigate the effects of
using the produced filters in casting applications.

Material and Method

Material

SiC, bentonite, gum arabic and porous polyurethane
sponge materials were used in the studies for the
production of SiC-based ceramic foam filters with the
replica method. Bentonite supplied by Smart Chemical
was used to adjust the viscosity of the slurry and take
advantage of its binding effect. XRD result of this
sample is presented in Fig. 1. XRD analysis was
performed with CuKa (k = 1.5406 A) radiation in the
range of 0-90 for 2 hours using 0.02° step size and 4 ve
/ min speed was used for the investigation of SiC
samples. Sample structures were determined with the X
Pert High Score program. When Figure 1 is examined,
it is seen that SiC gives the highest intensity (10000)
peak at 36 degrees. Apart from that, there are 13 more
SiC peaks in the graph and each peak matches the
pattern number 01-074-1302 pdf. According to Fig. 1 it
is clearly seen that the sample does not contain any
impurity.

Gum arabic was added to bentonite as a binder and it
was supplied from Shaanxi Undersun Biomedtech. Gum
arabic characteristic properties is shown in Table 1.

After adding binders to the sponge, SiC was added as
the material to be formed on the foam, this material was
supplied from Nanokar Chemical Materials Manufacturing
and Trade Limited Company. Experiments were carried
out with SiC’s in two different grain sizes of 100 and
32 pm. Polyurethane sponge, which was supplied from
Sunger Dokum, was used as skeleton material in 5, 10,
30 pore/inch dimensions.

Method

The first stage of the experimental studies is the
preparation of the sludge. At this stage, gum arabic and
bentonite were dissolved by mixing with Thermomac



512 Mehmet Bugdayci and Gizem Baran
_|murgllan S1
2000 — |
M | ‘ |
0 T W
L e e e e e e e L e A i b S e e e e S s SRS S S b S el
10 20 30 40 50 ] 70 0 %0
Postion[ZThets] (Cogper (O)
Fesklis
0074102 SC
l [ | " 1 1 .

Fig. 1. XRD results of SiC sample.

Table 1. Characteristics of Gum Arabic

Galactose, % Arabinose, % Rhamnose, %

Glucuronic acid, % 4-O-methylGacid, % Nitrogen, %

44 27 13

14.5 1.5 0.36

magnetic stirring device at 350 rpm for 30 min, after
SiC powder was added to the solution for 30 min, and
a homogeneous sludge was obtained.

In the second stage of the experimental studies, the
process of absorbing the sludge into the sponge and
removing the excess sludge from the sponge was
carried out. Polyurethane sponge was cut as 3 x 3 cm
for 10 and 30 ppi pore size and 3x5 cm for 5 ppi pore
size. The prepared ceramic mud was absorbed into the
polyurethane sponge and the excess mud was squeezed
away from the sponge.

The third stage is the drying process. The drying
process was carried out in ETUV at 105 °C for 1 h.
Ceramic particles are deposited on the sponge as the
result of the drying process.

The fourth stage of the experimental studies was
pyrolysis. Nevo QTZ ash oven was used for this
process. Nevo—QTZ Series furnaces have an operating
temperature of 1,100 °C; 4 1t. and 7 It. They are ash
furnaces with internal volumes. Pyrolysis was applied
for 30 min at 600 °C at 10 °C/min heating rate. Poly-
urethane sponge and gum arabic were removed from
the structure by the pyrolysis process.

The final stage of the experimental studies was the
sintering process. The mixture, which was first subjected
to pre-sintering at 1,050 °C, was then subjected to final
sintering at various temperatures. With the sintering
process, the structure was provided to be concentrated.
The process was carried out in MSE VF 1700 furnace.

This furnace can heat from 450 °C to 1,700 °C under
10> mbar vacuum.

Characterization Techniques

In the first stage of characterization studies, weight
loss amounts were determined with the SHIMADZU
TX-423L scales. X-ray diffraction (XRD) analysis was
done with BrukerTM D8 Advanced Series powder
diffractometer (operated at 35 kV and 40 mA) with
CuKa (k = 1.5406 A) radiation at 2 h range of 0-90°
using a step size of 0.02° and a rate of 4°/min was used
for investigations of the SiC samples. Microstructure
images of the products were taken with Carl Zeiss/Gemini
300 brand-model SEM-EDS device. A compression
test was performed to measure the strength of SiC
filters. Compression experiments were carried out by
using a Zwick/Roell device according to ASTM D695
standart. TGA analysis (Seiko, TG/DTA 6300) was
performed with the device. Chemical analysis of casting
samples was performed with a Hitachi High-Tech
Analytical Science Foundry Master series optical emission
spectrometer. Finally, density measurements were made
by Archimedes method using the ASTM C 373 standard.

Results and Discussion

In the studies carried out to produce SiC filter, the
mixture consisting of gum arabic and bentonite was
absorbed into the polyurethane sponge to obtain the
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desired structure. The final product should only consist
of the SiC ceramic structure. TGA analysis was used to
determine the heating regime to be used to remove the
polyurethane sponge and arabic gum from the structure
without destroying the ceramic structure. According to
the findings presented in Fig. 2, gum arabic is removed
from the structure at 500 °C while the polyurethane
sponge is removed at 600 °C. Fig. 2 shows that there
was no change in SiC structure at these temperatures
where pyrolysis and sintering took place. Data obtained
in pyrolysis and sintering experiments also support the
results of the TGA analysis.

In the first stage of the experiments, sludges that
contain different amounts of water (20 ml, 25 ml, 30
ml) were prepared. Prepared sludges were absorbed
into polyurethane sponges with different porosities (5
ppi, 10 ppi, 30 ppi). Then, the samples were held at
600 °C for 1 hour and subjected to pyrolysis. Samples
were removed after the oven was cooled to room
temperature, weight losses were calculated, and the
results are given in Fig. 3.

When the weight losses were analyzed, it was seen
that the highest loss rate was obtained as 46% with a
30 ppi sponge and 30 mL water content. For each pore
size, the weight loss rate increased with an increasing
amount of water. When the mixtures containing 20 mL
of water were examined, it was seen that weight loss
was 36% for 30 ppi and 10 ppi mixtures, and weight
loss was 30% for 5 ppi mixture. As the amount of water
increased, the difference between samples with 30 ppi
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Fig. 3. Weight losses for different amounts of water.

and 10 ppi pore size increased by 4%. In the sample
with 5 ppi pore size, the maximum weight loss was
calculated as 37% and the other sample was far behind
the two samples.

After examining the effect of the increased amount of
water in the first stage of experimental studies, in the
second stage, the effects of bentonite and gum arabic
additions were investigated. 5%, 10% and 15% bentonite
and gum arabic were added to the mixture using a 10
ppi sponge and the results are given in Fig. 4.

It is seen in Fig. 4 that the amount of weight loss
decreases by increasing the amount of bentonite. This
is because bentonite has a high water holding capacity
and does not move away from the structure at 600 °C.
According to the results of the TGA, gum arabic
removal temperature is 500°C. This is the reason for
the increase in the percent loss with an increasing
amount of gum arabic in Fig. 4. This is the reason for
the increase in the percent loss with increasing amount
of gum arabic in Fig. 4.

The weights of the polymeric sponges before and
after the mud coating were determined. The amount of
mud accumulated in the polyurethane sponge was
determined according to Eq. (1).

(Final weight - Initial weight) (1)

%Coating = > -
Initialweight

Fig. 5 shows the effect of gum arabic on the coating
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Fig. 4. Weight losses for different amounts of bentonite and gum
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Fig. 5. Effect of gum arabic on the coating of the ceramic sludge
on the polyurethane sponge.
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of the ceramic sludge on the polyurethane sponge (10
ppi). As the amount of gum arabic is increased, the
amount of coating increases. However, since the
amount of gum arabic is directly proportional to the
viscosity of the sludge, the viscosity increases, and the
increase in the gum arabic amount causes a decrease in
the porosity amount in the structure.

In the next step, the samples were subjected to com-
pression test according to ASTM C1424 standard, and
the maximum load they could bear are given in Fig. 6.
According to Fig. 6, sufficient compression strength
could not be obtained in the samples sintered at 1,050
°C and 1,150 °C. However, in samples sintered at 1,350
°C and 1,450 °C, the compression strength increased to
317 kPa and 472 kpa respectively. Therefore, the sintering
temperature of 1,450 °C, where the highest strength
was obtained, was determined as the optimum parameter.

After examining the removal of binding materials
from the structure, microstructure studies of the samples
were performed. In microstructure studies, polyure-
thane sponge was initially examined, and the results are
given in Fig. 7. When the SEM image of the poly-
urethane sponge is examined, it is seen that there is
enough roughness to hold the sludge. EDS results of
the polyurethane sponge are given in Table 2, and no
impurities were found in the structure.

The polyurethane sponge was impregnated with silicon
carbide, bentonite and gum arabic, and pyrolysis was
applied at 600 °C for 1 h. SEM image of the pyrolysis
sample is given in Fig. 8, and EDS results are
presented in Table 3.

It is seen in Figure 8 that the SiC particles are
successfully attached to the sponge. When the EDS
results given in Table 3 are examined, it is seen that

g & 8 8

Standart Force, [kPal

8

1050°C 1150°C  1250°C  13509C 1450°C
Temperature

Fig. 6. Effect of temperature on the compression strength of the
samples.

Table 2. EDS results of polyurethane sponge
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bentonite and gum arabic components were completely
removed from the structure.

Experiments continued with the sintering process.
Samples were sintered at 1,050 °C, 1,150 °C, 1,250 °C,
1,350 °C and 1,450 °C for 1 h. Fig. 9 shows the SEM
image of the sample sintered at 1,050 °C, and Table 4
shows the EDS results of the same sample.

According to the SEM image, the neck formation
between SiC powders begins at 1,050 °C. Therefore, it
is necessary to reach higher temperatures to reach
higher density values. According to EDS data, the
amount of oxygen increased, and a denser structure
was obtained compared to the results obtained in the
pyrolysis process.

Then, samples are sintered at higher temperatures
and the effects of high temperature on the structure

Fig. 7. SEM image of polyurethane sponge.

Fig. 8. SEM image of the pyrolysis sample.

Table 3. EDS Results of the pyrolysis sample.

Element Series wt. %
Carbon 26.09 Element Series wt. %
Oxygen K-Seri 14.84 Carbon 18.50
. -Ser
Nitrogen eries 3.06 Oxygen K-Series 25.05
Hydrogen 56.02 Silicon 56.45
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Fig. 9. SEM image of the sintered sample at 1,050 °C.

Table 4. EDS Results of the sintered sample at 1,050 °C.

Element Series wt. %
Carbon 3.40

Oxygen K-Series 49.65
Silicon 46.95

Fig. 10. SEM image of the sintered sample at 1,350 °C.

were examined. SEM image of the sample sintered at
1,450 °C is given in Fig. 10. According to Fig. 10,
condensation was completely realized, and the grains
were fully connected.

After the microstructure analysis of the samples, their
density was measured and the porosity amounts were
calculated accordingly. The density values of the

Table 5. Effect of SiC filter on CuSny, alloy casting.
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samples at varying temperatures are given in Fig. 11.
According to Fig. 11, bentonite or SiO, sourced liquid
phase sintering was performed up to 1,350 °C, and SiC
was sintered after 1,350°C. The porosity values
according to the density sample are determined from
Eq. (2). Fig. 10 also shows the porosity values of the
samples. Accordingly, the porosity value decreases
from 14.08% to 1.24% after 1350°C. It proves that the
sintering process is completed at 1450°C. The density
calculated here shows not the grade of the general
skeleton, but the density of the material absorbed on
the structure.

%Porosity = (1 — q puk/ eheoretica) X 100 )

After the production of SiC filters was carried out by
replication method, their effects on casting applications
were investigated. SiC filtered and unfiltered castings
were performed in the production of CuSnj, alloy
performed in Benzesik casting, and the findings are
given in Table 5.

When Table 5 is examined, it is clearly seen that
there is a decrease in the amount of all materials except
copper, with the effect of the filter. Accordingly, the
amount of copper, which has the highest percentage
among the alloying elements, increased with the
filtering process. Analysis results show that the filter
successfully reduces the amount of impurities in the
alloy.

Conclusion

In conclusion, SiC filters developed for use in the
casting process was successfully produced by the
replica method. In the experimental studies, the effects
of sponge porosity, varying water and binder amounts
on production parameters were determined. Accordingly,

(%)— Zn P Sn P Mn Fe Ni Sb C Cu
No Filter 0.19 0.91 12.89 0.005 0.0011 0.157 1.07 0.085 0.11 84.58
Filtered 0.14 0.86 12.52 0.003 0.0005 0.07 1.02 0.075 0.10 85.21
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the highest weight loss in the experiments was
determined as 46% by adding 30 mL of water to a 30
ppi sponge. Afterwards, the strength values of the
samples were examined, and 472 kPa strength was
obtained in the sample sintered at 1,450 °C. When
SEM images of the samples were examined, it was seen
that neck formation started at 1,050 °C, and densification
was completed at 1,450 °C. Then, porosity and densifi-
cation rates were calculated and 1,450 °C sintered sample
gave the best results with 3.101 g/cm? densification and
1.24% porosity values. Finally, the filtering effect of
the sample sintered at 1,450 °C was observed in the
actual casting process. It has been observed that the filter
can both preserve its structure at the casting temperature
and perform the filtration process successfully.
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