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Ceramic membrane technology plays an essential role in separation fields such as 
wastewater treatment. Fly ash as a membrane material has proven to be very 
effective for many separation processes, including water and air purification, as 
well as industrial and environmental resource recovery. This study aims to 
develop a microfiltration ceramic membrane based on fly ash with the addition of 
dolomite. The synthesized ceramic membranes were then characterized using 
XRD, SEM, and TGA. Ceramic membranes are used to reduce COD and BOD levels 
in tofu industrial wastewater. The results showed that the value of membrane 
porosity tends to increase with the addition of dolomite 0% (D0) to 30% (D30). The 
increase in the porosity value in the membrane was followed by a decrease in the 
average pore size, namely 1.6994 m at D0 and 1.1730 m at D30. The membrane with 
30% dolomite composition has the best mechanical properties with a 
compressive strength of 35.29 MPa and superior thermal resistance. This is very 
beneficial for the use of membranes in the long term. Meanwhile, the membrane 
filtration ability and the ability of the membrane to reduce COD and BOD levels of 
waste increased with the addition of dolomite from 0% to 30%. However, the 
decrease in COD and BOD was smaller in the membrane with 45% dolomite.  D30 
membrane can reduce COD 80% and BOD up to 71.44%. D30 membrane is the most 
effective fly ash and dolomite composition in forming pores on the membrane 
with the best COD and BOD reduction performance. 

 

1. Introduction 

Inorganic membranes, commonly called ceramic 
membranes, have been widely used in various industrial 
fields [1]. Ceramic membrane technology is a very 
competitive choice compared to traditional separation 
technologies or organic separation membranes because it 
has the advantages of excellent chemical and thermal 
stability and has strong pressure resistance [1]. In one of 
its applications, ceramic membranes can be used in 
wastewater treatment. Liquid waste is a by-product of the 
activities of every industry, one of which is the tofu 
industry. Tofu liquid waste still has potential as an 
environmental pollutant due to its smell, color, high BOD 
and COD values, and high suspended solids content [2]. 
However, the application of ceramic membranes is 
severely limited by the high cost of production from the 

starting material to the sintering process [3]. In recent 
years, many researchers have focused on developing new 
models of inorganic membranes, such as carbon 
membranes [4], zeolite membranes [5], and natural 
mineral-based ceramic membranes [6, 7, 8, 9]. 

On the other hand, fly ash production in Indonesia 
reaches 5.4 million tons/year. A broader application of fly 
ash needs to be further developed to use solid waste 
resources better. The main chemical components of fly 
ash, namely silica, and alumina are similar to clays and 
kaolin, used as starting materials for making porous 
ceramic membranes [10]. Therefore, fly ash can be 
considered a potential material to be applied in preparing 
porous ceramic membranes. As the main ingredient of 
membrane technology, fly ash has proven to be very 
effective for many separation processes, including water 
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and air purification, as well as resource recovery in 
industry and the environment [11]. In previous studies, 
coal fly ash was used as raw material to make mullite 
membranes (3Al2O3•2SiO2) [12, 13], cordierite membranes 
(2MgO2Al2O3·5SiO2) [14] and anorthite membranes 
(CaO•Al2O3•2SiO2) [15]. These studies focused on the 
physical properties of ceramic membranes through 
controlling the phase assemblage and pore structure. 
Meanwhile, the brittle nature of ceramic membranes, 
which can inhibit large-scale production and application 
[11], has not received much attention. 

In this study, to improve the structure and 
mechanical properties of the membrane, dolomite was 
used as a support for a porous ceramic membrane. 
Dolomite (CaMg (CO3)2) is a natural mineral with 
abundant reserves throughout the world, including 
Indonesia. The thermal decomposition of dolomite 
follows two stages: CaMg(CO3)2 first decomposes to 
CaCO3, MgO, and CO2, which is then converted to CaCO3 to 
CaO and CO2 [16]. The addition of dolomite to the support 
of the porous ceramic membrane is intended to increase 
the porosity and permeability as well as to provide biaxial 
flexural strength to the membrane [15] by developing 
using a co-sintering or coating-sintering reaction. The 
effect of dolomite on the structure and properties of 
porous ceramic membranes is discussed in detail based on 
the distribution of porosity and pore size, and 
microstructure. This article discusses the expansion of fly 
ash waste to developing inexpensive microfiltration 
ceramic membranes with the addition of dolomite, which 
is intended to improve the mechanical quality of the 
membrane used to reduce COD and BOD levels in liquid 
tofu waste. This research is significant to expand 
applications in waste treatment and is expected to help 
reduce environmental pollution. 

2. Methodology 

2.1. Tools and Materials 

The tools used in this research were glassware, hot 
plate, magnetic stirrer, mortar and pestle, analytical 
balance, furnace, stopwatch, hydraulic press with 4 cm 
diameter mold, X-Ray Fluorescence (XRF) EQUA Powder 
Mylar, A set of membrane mechanical properties test 
equipment (Pearson Panke Equipment Ltd.), Scanning 
Electron Microscope (SEM) Quanta 650, X-Ray 
Diffraction (XRD) Panalytical Type Empyrean, and 
Thermogravimetric Analysis (TGA) NetzscR 
STA449F3A00. The materials used to prepare the 
microfiltration ceramic membrane were distilled water, 
coal fly ash from PT. PJB PLTU UBJO&M Rembang, 
Mineral Dolomite, Polyethylene Glycol (PEG) 1000, 
Polyvinyl Alcohol (PVA) Technical with Mw 13,000-
23,000, and HNO3 p.a (65% = 1.39 Kg/L, Merck). While the 
materials used for testing the levels of COD and BOD in 
wastewater were standard solution K2Cr2O7 0.05 N (Mr = 
294.216 g/mol; E. Merck), silver sulfate-sulfuric acid 
(Ag2SO4.H2SO4) reagent, indicator ferroin, FAS standard 
solution (Fe(NH4)2(SO4)2) 0.1 N (Mr = 390.00 g/mol; 
E.Merck), 0.025 N Na2S2O3 solution (Mr = 248.21 g/mol; E 
. Merck), MnSO4 solution, Mercury sulfate (HgSO4) 
powder or crystals, KOH-KI solution, H2SO4 pa, starch 

indicator, Tofu liquid waste produced from the tofu 
industry in Sumur Jurang Village, Gunungpati District, 
Semarang City. 

2.2. Preparation 

Fly ash was prepared by calcining at 700°C for 2 
hours and then sieved with 200 mesh. A total of 6 g of PVA 
was mixed with 10 mL of 1 M HNO3 and 190 mL of distilled 
water. The mixture was stirred with a magnetic stirrer for 
1 hour at 80°C. Heating was given to accelerate the 
dissolution of PVA [17]. 

2.3. Solid membrane preparation 

0.1 g of PEG was added with 2.26 g of PVA solution and 
10 g of coal fly ash. Then the mixture was dry pressed by 
pressing indirectly into cylindrical pellets (40 mm in 
diameter and 2-3 mm thick) at 3700 Psi. The pressing 
results were calcined in a furnace at a temperature of 
1100°C for 2 hours with a heating rate of 10°C/minute 
(Heating for 2 hours starts when the temperature reaches 
1100°C). 

2.4. Membrane Coating Process 

A mixture of fly ash and a mixture of dolomite 
0%(D0), 15%(D15), 30%(D30), and 45%(D45) was made into 
a liquid slurry with the addition of PEG and PVA. Then the 
mixture was stirred until homogeneous. This mixture was 
then coated onto fly ash by the dip-coating method. After 
coating, the membrane was dried at room temperature 
for 24 hours. It was then heated using a furnace at a 
temperature of 700°C for 2 hours with a heating rate of 
10°C/minute (Heating for 2 hours starts when the 
temperature reaches 700°C). Four types of membranes 
that had been made were then tested for water flux, 
mechanical testing, and analyzed using a Scanning 
Electron Microscope (SEM), X-Ray Diffraction (XRD), 
and Thermogravimetric Analysis (TGA) to examine the 
characteristics of the membrane. 

2.5. Membrane Thermal Resistance Analysis Using 
Thermogravimetric Analysis (TGA) 

The thermal resistance of the membrane was 
evaluated by thermogravimetric analysis (TGA). This 
method can characterize a material or sample based on 
how much the sample loses its mass or the occurrence of 
decomposition, oxidation, or dehydration. The 
membrane sample was cut and weighed 10-20 mg. TGA 
analysis was carried out using argon as carrier gas and 
heating rate of 10°C/min from ambient temperature to 
sintering temperature. 

2.6. Application of Microfiltration Ceramic Membrane 
for Lowering COD and BOD of Liquid Waste 

The membrane was put in a vacuum filtration device 
connected to a vacuum pump. Then 100 mL of liquid waste 
flowed through the membrane with a vacuum pump 
pressure of 0.5 bar. The liquid that had passed through the 
membrane was collected and analyzed for its COD and 
BOD levels. In addition, before passing the liquid waste on 
the membrane, the levels of COD and BOD were measured 
first. 
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2.6.1. Chemical Oxygen Demand Analysis of Liquid 
Waste 

5 mL of sample was put into a 250 mL Erlenmeyer, 
then 0.2 grams of HgSO4 powder was added. Furthermore, 
5 mL of 0.05 N potassium dichromate solution and 15 mL 
of sulfuric acid – silver sulfate reagent were added slowly 
while cooled in cooling water. Then the mixture was 
heated using a hotplate for 2 hours at 150°C. The mixture 
was cooled to room temperature, added 2 to 3 drops of 
ferroin indicator, titrated with 0.1 N FAS (Ferro 
Ammonium Sulfate) solution until a brownish-red color, 
and noted the need for FAS solution. Furthermore, the 
same steps were carried out for distilled water as a blank. 
FAS solution requirement (SNI 06-6989.15-2004) was 
recorded 

2.6.2. Biological Oxygen Demand Analysis of Liquid 
Waste 

Eight bottles of BOD were prepared, then put the 
sample solution, namely liquid waste, into eight bottles 
until they were full, then the bottles were tightly closed to 
avoid the formation of air bubbles. A total of 4 sample 
bottles were incubated for five days while the rest were 
not (D0 and D5). 5 mL of liquid waste was prepared in an 
Erlenmeyer, then 1 mL of MnSO4 and 1 mL of KOH-KI were 
added and shaken until a brownish white precipitate was 
formed. Then, 1 mL of concentrated H2SO4 was added, 
shaken, and allowed to stand until a brown color was 
formed. The sample was then titrated with 0.025 N 
sodium thiosulfate to form a pale-yellow solution. The 
solution was then added with five drops of starch 
indicator and titrated again with 0.025 N sodium 
thiosulfate to form a colorless solution. The volume of 
sodium thiosulfate used is equal to the final DO value (SNI 
6989-72.2009). 

3. Results and Discussion 

3.1. Characteristics of Starting Materials 

The results of the crystallinity test of the starting 
material and the membrane are presented in Figure 1. 
Figure 1 (a) shows that the diffraction peaks from the fly 
ash analysis show the main content of minerals (Q) quartz 
(SiO2) and (M) Mullite (3Al2O3.2SiO2), which are primarily 
amorphous phases. The main mineral Quartz is shown by 
sharp diffraction peaks at 2θ = 22º and 26º, while Mulite 
at 2θ = 29°, 35º, and 42º is of low intensity. These results 
are in agreement with previously reported studies [15]. 

The dolomite diffractogram used in the preparation 
of the ceramic membrane presented in Figure 1(b) reveals 
that the purity of the dolomite sample is very high at 2θ = 
30° and is in accordance with previously reported [18]. 

a.  

b.  
Figure 1. XRD pattern (a) fly ash (b) dolomite 

3.2. Mineral Composition and Phase 

Characterization using XRD was carried out to 
determine the composition and analyze the mineral 
phase of the ceramic membrane. Samples were analyzed 
with Cu radiation at 30.0 mA 30.0 kV. The diffraction 
peaks resulting from the analysis are then matched with 
the search and match method with reference journals. 
The composition and mineral phase of the membrane 
with various variations of the addition of dolomite can be 
known. XRD diffractograms of various membranes are 
presented in Figure 2. 

 

Figure 2. Diffractogram of membranes with variations in 
dolomite content 
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Ceramic membranes with various dolomite 
compositions showed different intensities at each 
diffraction peak of quartz (SiO2) and mullite 
(3Al2O3.2SiO2) minerals. Low intensity and broad humps 
formed between 2θ = 20° and 2θ = 40°, indicating the 
characteristics of an amorphous gel. SiO2 peaks appear as 
quartz at 2θ = 25° and 32° and as mullite (3Al2O3.2SiO2) at 
2θ = 35°, 39°, 49°, and 60° with low intensity. This is 
following the results of studies that have been reported 
[9, 15, 19, 20]. The dolomite peak is seen at 2θ = 30° 
according to the literature [15]. 

3.3. Membrane Morphology 

The use of SEM in this study is a direct method to 
determine the character of the membrane. This method 
can be used to see membrane morphology which includes 
pore structure and membrane pore size. The SEM 
micrograph of the membrane with the addition of 
dolomite is presented in Figure 3. It can be seen that the 
membrane sample has % porosity which tends to increase 
with the average pore size decreasing with the addition of 
0% to 30% dolomite (D0 to D30). The results of the pore 
size analysis using the Image J program are presented in 
Table 1. 

The more dolomite is added, the more dolomite 
decomposes into more CO2. The more CO2 resulted in the 
resulting membrane being more porous and increasing 
the porosity of the membrane with relatively small pore 
size. Meanwhile, the addition of more than 30% dolomite 
decreased the porosity of the membrane, with an average 
pore size of 1.8472 µm. Dolomite effectively inhibits fly 
ash densification so that the addition of too much 
dolomite makes the membrane porosity decrease, with 
the pore size tending to be large. This indicates that the 
fly ash is not well densified. SEM on D45 showed the 
presence of microgram grains of fly ash that were not 

densified, the same as the membrane at the addition of 
0% dolomite (D0). 

Table 1. Data on % porosity and average pore 
membranes, which were analyzed using the Image J . 

program 

Membrane Porosity Average pore diameter 

D0 54.77% 1.6994 μm 

D15 41.42% 1.2621 μm 

D30 65.56% 1.1730 μm 

D45 39.50% 1.8472 μm 

3.4. Thermal Resistance of Membrane 

Thermal analysis is used to determine the stability of 
the ceramic membrane against heat so that it can be seen 
whether the membrane still functions well even at high-
temperature conditions. The membrane TGA curve 
presented in Figure 4 shows that transformation occurs 
through membrane phase decomposition. 

 

Figure 4. TGA curves of membranes a) D30, b) D45, c) D0, 
d) D15 

    
a. c. 

    
b. d. 

Figure 3. SEM images of membranes with dolomite variation. On the left is the appearance of the membrane pore 
threshold obtained using Image J software. Meanwhile, on the right is the original appearance of the membrane with a 

bar scale of 10 m, with a) membrane D0, b) membrane D15, c) membrane D30, d) membrane D45. 
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Weight loss regularly occurs at a temperature of 
100°C to 200°C, a water release process [21]. The TGA 
results showed that the continuous weight loss from low 
temperature was associated with dehydration and 
dehydroxylation of amorphous aluminum hydroxide. 
Then the kaolinite disappears after dynamic heating 
above 500°C [22]. The weight reduction observed in the 
temperature range of 300°C, and 500°C was associated 
with the decomposition of uncarbonated brucite and 
dehydroxylation of hydromagnesite. The weight 
reduction in the temperature range of 500-800°C was 
mainly associated with the decomposition of calsate and 
decarbonization of HMC (Hygroscopic Moisture 
Content), which was hydromagnesite and nesquehonite 
on dolomite [23]. 

From the comparison of various samples, it can be 
seen that the membrane with the addition of 30% 
dolomite (D30) has a higher temperature resistance than 
other variations. It can be seen that the decomposition 
that occurs is only about 0.396% for a temperature of 
409°C. This value is relatively small compared to that 
which occurs in other variations. This is in accordance 
with SEM analysis that the D30 membrane has the smallest 
average pore size, which is 1.1730 µm. The pore structure 
formed on the membrane affects the properties of the 
membrane, including its thermal resistance and 
mechanical properties [24]. The D30 membrane, in 
addition to having the best thermal resistance, also has 
the highest compressive strength. Meanwhile, the D0 and 
D45 membranes have almost the same thermal stability. 
The same properties were also shown in the SEM test 
data, which showed that the pore formation of the two 
membranes was similar. 

3.5. Compression Strength 

The compressive strength test was carried out to 
determine the strength of the ceramic membrane 
produced against a given pressure. The sample is made 
with a thickness of 15 cm and a diameter of 4 cm to be 
pressed. The compressive strength test of ceramic 
membranes with variations in the addition of dolomite 
can be seen in Figure 5. 

 

Figure 5. Compressive strength of ceramic membranes 

Figure 5 shows the compressive strength of the 
membranes after the addition of dolomite. At the addition 
of 0% to 30% dolomite (D0 to D30), the compressive 
strength increased from 25.06 MPa to 35.29 MPa and 

decreased with the addition of 45% dolomite. This 
decrease in the physical strength of the membrane is 
associated with the analysis of the average pore size 
formed, which affects the physical strength of the 
membrane. The results of SEM analysis showed that the 
addition of dolomite 0% to 30% caused the pore size to be 
smaller and more evenly distributed, which is 1.6994 µm 
at D0 and 1.1730 µm at D30. With the addition of 45% 
dolomite, the membrane formed the larger pore size was 
1.8472 µm. This is following the physical test results on 
the compressive strength of membranes which weakened 
with the addition of 45% dolomite. The addition of 
dolomite concentration further impairs the formation of 
the membrane due to the phase transition of the dolomite 
material leading to the release of gas, thus forming a 
macropore structure and resulting in a weakening of the 
physical strength of the membrane [25]. 

3.6. Membrane Filtration Capability 

The flow rate or flux is an important parameter to 
determine the efficiency of membrane separation. These 
parameters are influenced by membrane composition, 
structure, distribution, and pore size. Flux is the flow rate 
that indicates the amount of water that moves through 
the membrane with the help of a driving force; pressure. 
The membrane water flux test was carried out on distilled 
water by applying a pressure of 0.5 bar. The volume of 
water that comes out is accommodated using a measuring 
cup and collected every 10 minutes. Measurements were 
carried out for up to 10 minutes to 4 or for 40 minutes. The 
results of the membrane flux measurement are shown in 
Figure 6. 

 

Figure 6. Water flux of various membranes 

The flux value is related to the separation efficiency 
in the membrane filtration process. The membrane 
structure influences the flux value, such as pore size 
distribution, pore shape, and porosity. Figure 6 shows 
that the longer the filtration time, the smaller the flux 
produced. The decrease in flux value is due to the blockage 
of the membrane pores by micro particulates and the 
denser the membrane structure [26]. 

The addition of dolomite in the membrane 
composition affects the flux value. The flux value with the 
addition of 0% to 30% dolomite decreased, while the 
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addition of 45% dolomite caused the flux value to 
increase. This is because adding 0% to 30% dolomite 
causes the best composition to be achieved, which 
functions to form denser membrane pores, resulting in 
decreased flux. The addition of dolomite concentration 
further impairs the formation of the membrane due to the 
dominance of the brittle nature of dolomite so that the 
pores become larger and result in an increase in the flux 
value. This is following the results of the SEM analysis, 
which shows the smaller the pore size of the membrane 
until the addition of 30% dolomite. 

With the addition of more dolomite, the porosity 
increases up to the addition of 30% dolomite. The 
addition of dolomite up to 45% reduced porosity 
significantly. However, it was not matched by data on 
water flux (ease of water passing through the membrane 
pores) and average pore size. The calculation of 
membrane porosity (%), analyzed with the Image J 
program using membrane SEM images. 

3.7. Ceramic Membrane to lower COD and BOD 

The reduction of COD and BOD levels was carried out 
by flowing liquid tofu waste through a membrane 
arranged in such away. The membrane ability test in 
reducing COD and BOD levels was carried out with a 
vacuum pressure of 0.5 bar. Then the liquid waste after 
filtration was analyzed for COD and BOD using the 
titration method. The physical appearance of the solution 
before and after it is passed on the membrane is seen from 
the difference in the color intensity of the liquid waste 
before and after passing through the membrane. It can be 
seen directly that organic compounds are retained on the 
membrane so that the COD and BOD levels of wastewater 
that have passed through the membrane decrease, as 
shown in Figure 7. The membrane filters or blocks organic 
compounds in liquid tofu waste whose molecular size is 
larger than the membrane's pore size. 

  
(a) (b) 

Figure 7. Photo of liquid tofu waste (a) before filtration 
(b) after filtration 

The sample of liquid waste used is liquid waste from 
the tofu industry, which comes from Sumur Jurang 
Village, Gunungpati District, Semarang City, Central Java. 
Before being treated with the filtration method, the liquid 
tofu waste was analyzed for COD and BOD to determine 
the quality of the waste. The results of the analysis of 
liquid tofu waste before and after filtration are presented 
in Table 2. 

 

Table 2. Analysis of COD and BOD content of liquid waste 
from tofu production in Sumur Jurang Village 

Treatment COD (mg/L) BOD (mg/L) 

Before filtration 1224 408.16 

D0 571.2 174.88 

D15 326.4 155.5 

D30 244.8 116.56 

D45 408 174.96 

The initial characteristics of tofu factory effluent 
before filtration application showed that the COD and 
BOD values exceeded the specified quality standards. The 
COD and BOD values for tofu wastewater were 1224 mg/L 
and 408.16 mg/L, respectively. Meanwhile, the quality 
standards for soybean processing industrial waste are 300 
mg/L and 150 mg/L, respectively (Ministry of 
Environment Regulation, 2014). Tofu liquid waste in 
Sumur Jurang Village is not suitable to be disposed of 
directly into the waters because its COD and BOD exceed 
the quality standard of wastewater. The waste needs to be 
treated before being discharged into the waters. 

Table 2 shows that the decrease in COD and BOD 
levels using ceramic membranes with the addition of 
dolomite from 0% to 30% has a greater decrease with 
dolomite. However, the decrease in COD and BOD was 
smaller in the membrane with 45% dolomite. This is in 
accordance with the results of SEM analysis which shows 
that the pore size and porosity of the membrane are 
getting better with the addition of 0% to 30% dolomite 
because many organic compounds are retained by the 
pores on the membrane surface and cause a decrease in 
COD and BOD. 

The physical waste treatment process (filtration) 
affects the decrease in BOD and COD concentrations 
caused by the adsorption of waste pollutants into the 
membrane. The particles accumulate and form a layer on 
the surface and pores in the membrane, which helps to 
reduce the concentration of COD and BOD [27]. In 
addition, the decrease in COD and BOD can also occur due 
to adsorption events on the surface of the fly ash 
contained in the membrane. The process that occurs is a 
combination of filtration and physical adsorption by a 
ceramic membrane. The smaller the membrane pores 
lead to an increase in the membrane's selectivity so that 
it is more difficult for organic matter to escape from the 
membrane pores. The adsorption of organic substances 
by the membrane can result in reduced organic 
compounds contained in wastewater so that the amount 
of oxygen needed to oxidize organic substances becomes 
less [28]. Meanwhile, the increase in the concentration of 
dolomite further enlarges the pores because the 
dominance of the dolomite composition changes the 
membrane structure to become brittle. This causes the 
selectivity to COD and BOD to decrease [21]. The 
composition of the D30 membrane is the most effective 
composition of fly ash and dolomite in forming pores on 
the membrane so that the resulting membrane has the 
best COD and BOD reduction performance. 



 Jurnal Kimia Sains dan Aplikasi 24 (7) (2021): 228–235 234 

The appearance of the membrane after using 
membrane filtration shows that the membrane pores 
tend to look clean. The pore diameter analysis results 
using the Image J program also did not show much 
difference between the membranes before and after 
filtration was used. This indicates that the membrane is 
not clogged and can be used again. The accumulation of 
retained organic matter is only on the upper surface of the 
membrane. 

4. Conclusion 

From this study, it can be concluded that the addition 
of dolomite to ceramic membranes tends to increase the 
porosity of the membrane, with the average pore size 
decreasing with the addition of 0% to 30% dolomite (D0 
to D30). The D30 membrane has the best thermal stability 
and has the highest compressive strength. Ceramic 
membranes with the addition of dolomite from 0% to 
30% had a higher COD and BOD reduction but lower COD 
and BOD reduction in membranes with 45% dolomite 
addition. D30 membrane is the most effective fly ash and 
dolomite composition in forming pores on the membrane 
with the best COD and BOD reduction performance, 
namely 80% for COD and 71.44% for BOD. 
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