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Abstract: In the present research an economically effective porous fly ash-based filter candle (FFC) was developed
for the treatment of domestic wastewater using fly ash, sodium silicate, wood dust, silica fume and water. The four
testing specimens of FFC having different sizes (10, 20, 30, and 40 mm) were prepared. The parameters such as
turbidity, total suspended solids (TSS), dissolved oxygen (DO), total dissolved solids (TDS), and pH of domestic
wastewater were studied before and after treatment. The test results showed that there is a decrease in values of
turbidity from 7 to 5.9 NTU, TSS from 300 to 218 mg/L, TDS from 400 to 302 mg/L, pH from 10.6 to 7.9, and
BOD from 9.5 to 7.9 while DO values decreased in the range of 8.9 to 7.7. The observed porosity, compressive
strength, and flow rate of FFC fall in the range of 24.55-27.26 %, 1.5-2.3 MPa, and 180-290 ml/h, respectively. The
filtration tests using FFC exhibited good performance with >92 % filtration efficiency. Overall results have shown
that FFC having a 30 mm bed thickness is recommendable for effective wastewater treatment. Thus, an attempt
has been made to introduce a novel technology for domestic wastewater treatment using industrial fly ash waste.
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Introduction

Water pollution is one of the most critical problems
worldwide. All environmental biotic components
need water to grow and develop. Maintaining water
quality is extremely important since clean water is
necessary for a healthy life. Growing population, rapid
industrialization and urbanisation are the main reasons
for water pollution in India. The effluents laden with
contaminants are directly or indirectly discharged into
aquatic bodies without any satisfactory analysis leading
to water pollution. For treating wastewater, different
physical methods such as membrane-filtration processes
(electrodialysis, reverse osmosis, nanofiltration, etc.)
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and adsorption techniques have been used (Koshy and
Singh, 2016; Mushtaq et al., 2019; Visa, 2016; Visa
and Chelaru, 2014). Abdel-Raouf et al. (2012) reported
that microalgae cultures offer an elegant solution
for the removal of heavy metals and toxic organic
compounds. Sukla et al. (2019) described wastewaters
afford essential nutrients in an aqueous medium for the
cultivation of microalgae and simultaneous elimination
of pollutants like heavy and toxic metals, TSS, TDS,
FOG, BOD, and COD from the wastewater. Fly ash is
a pulverised fuel ash, rich in carbon content and having
2000-6800 cm? surface area. It has been established that
fly ash has a significant role in wastewater treatment.
Shah et al. (2015) performed experimentations using
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coal fly ash beds coupled with ferrous sulphate and
lime for treating wastewater from dyes and pigment
industries. They observed a remarkable decrease in
colour, COD, turbidity and TSS by 48%, 32%, 50%, and
51%, respectively, in coagulation using ferrous sulphate
and lime. But when the coal fly ash beds (CFAB) was
embedded with a coagulants mix, it showed an enhanced
removal of colour, COD, TSS, and turbidity by 88%,
67%, 92%, and 89%. Gupta et al. (2015) found that the
cultivation of algae in aquaculture wastewater helps
the nutrient removal efficiency and the production of
biomass and various metabolites (proteins, lipids, and
carbohydrates) have strain-specific and adaptability
towards aquaculture wastewater (Gupta et al., 2015).
Zeolite-carbon composites using fly ash were produced
for studying the removal of petroleum substances. The
adoption of fly ash singly and in distinct combinations
with wood ash was evaluated for treating domestic
laundry wastewaters. The outcomes of different
parameters like combination ratios of fly ash and wood
ash, adsorbent dosage, contact time, and adsorbent
particle size were analysed. It was found that TSS
dropped from 350 ppm to 15-20 ppm, and pH dropped
from the highly alkaline range to 8.5-9.5 (Bandura et
al., 2021). An effective adsorbent A-type zeolite for
nickel cations was produced using coal ash which was
generated as waste in power plants. A-type zeolite was
used to remove nickel cations (Ni*") from wastewater
and its efficacy was observed up to 94 % (He et al.,
2020). A novel zeolite material ZSM-22 was prepared
with alkali fusion via the hydrothermal treatment of coal
fly ash and it was used in the adsorption of dyes from an
aqueous environment (Supelano et al., 2020). A porous
SiC candle filter was developed using SiC powder, and
clay as a binder in the presence and absence of alumina
by ramming process, which was followed by heating
treatment in air at 1400°C. The dust filtration efficiency
and air permeability of the porous SiC candle filter were
evaluated at a laboratory scale. SiC candle filter showed
good performance with a filtration efficiency of >97%
employing airborne fly ash particle filtration tests (Das
and Kayal, 2021). Dewatered sludge, clay, and fly ash
(1:1:1) were utilised to prepare filter media sludge-
flyash ceramic particles (SFCP). Thus, SFCP paved a
sustainable path for utilising wastes, for instance, sludge
and fly ash in the treatment of wastewaters (Han et al.,
2009). A fly ash particle media filter was designed in
this investigation and used for decentralised wastewater
treatment systems (Ahmedi and Pelivanoski, 2013).
An experimental study was carried out employing fly
ash waste as an adsorbent in treatment of domestic

sewage water. One filter media was constructed
and characterised for removing impurities utilising
sand, fly ash, and pebbles, with different thicknesses
(Saravanakumar et al., 2019). An economical fly ash
filter bed was used to analyse BOD and COD in
domestic wastewater (Sanas and Gawande, 2016). This
research work highlights the preparation method of FFC
and its applications in domestic wastewater treatment.

Experimental Section (Materials
and Methods)

Raw Materials

Raw materials practiced in preparation for FFC were
fly ash, binder, wood dust, silica fume, and water. Fly
ash (conforming to ASTM C 618) obtained from the
captive power plant of National Aluminium Company
(NALCO), Anugul was utilised for the manufacturing
of FFC. The binder plays an important role during
the mixing process. It assists in the binding of fly
ash particles to form a mould. Sodium Silicate was
used as a binder. Chemicals were purchased from
Finar Chemicals Supplier Ltd, India. Sawdust or wood
shavings, a by-product of woodwork operations were
procured from local shops. Water plays a vital role in
mix design influencing the workability and setting time
of the mixture.

Preparation of Fly Ash Filter Candle (FFC)

FFC was prepared by mixing fly ash, a binding agent
(sodium silicate), wood dust, silica fume and water. The
mix compositions of different fly ash filter specimens
are given in Table 1.

At first, the raw fly ash was possessed from the
thermal power plant. The fly ash was conditioned via
washing with distilled water to remove the unstable
or water-soluble particles present in it. After washing,
the fly ash was subjected to sun drying for removing
moisture. Then the dried fly ash was sieved. Afterwards,
it was allowed for raw mixing with sodium silicate,
wood dust, silica fume and water. The mixture was
then poured into the mould and allowed for sintering
at a temperature of 1200°C. After that, the sample
was cooled and subsequently demoulded. During the
sintering process wood dust and coal were added to
develop the porosity in the candle. For the time being,
the sintering process of FFC the wood particles are
burnt and fly ash particles are sintered around the sand
particles leaving elliptical/circular large size pores in
between. The pores are separated by thin fly ash walls
(membranes), which are semi-permeable and contain



Cost-Effective Utilisation of Industrial Fly Ash Waste in Treatment of Domestic Wastewater 25

Table 1: The percentage composition of fly ash, wood
dust and binder

Filter Fly ash Wood Binder  Thickness
code dust (mm)

1 70 25 5 10

2 75 20 5 20

3 80 15 5 30

4 85 10 5 40

ultra-fine capillary openings and thus pores are not
connected to each other. The capillary openings of the
clay walls (membrane) bridge the large pores. The water
travels from one pore to another pore through capillary
openings in the fly ash candle walls (membranes). The
preparation of FFC is illustrated in Figure 1.

Characterisation Methods

The particle size distribution of fly ash was determined
employing a MALVERN particle size analyser
instrument. The chemical composition of the fly
ash sample was analysed using EDXRF (Model no.
EDX7000, Rigaku, Tokyo, Japan). The mineral phase
was determined with the help of an X-ray diffractometer
(Model no. XRD, Axios-mAX, PANalytical B.V.,
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Figure 1: Process flow sheet of fly ash candle for
water treatment.

Almelo, The Netherlands). The morphology was
observed by using a scanning electron microscope, SEM
(Model no. S-3400N, HITACHI, Tokyo, Japan). The
FTIR analysis of fly ash sample was also conducted. The
porosity measurements of FFC were carried out using
mercury intrusion porosimetry (MIP: MicroMetrics
Autopore III 9400 analyser, MicroMetrics, Norcross,
GA). The compressive strength of the filter candle was
measured by the compressive strength machine. Water
quality parameters such as turbidity, TSS, TDS, pH, DO,
and flow rate was examined in water samples before
and after treatment as per standard methods.

Results and Discussion

Particle Size Distribution Analysis of Fly Ash

The particle size distribution (PSD) of fly ash was
analysed using a MALVERN particle size analyser
instrument with isopropyl alcohol as dispersing agent.
PSD of fly ash varies from sample to sample ranging
from 0.01 to 200 pm based on coal combustion
parameters, the energy efficiency of boilers, and type of
coal burnt in the power plant. The particle distribution
diagram of class F fly ash is shown in Figure 2.
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Figure 2: Particle size distribution of class F fly ash.

EDXRF Analysis of Fly Ash

EDXRF analysis was performed for analysing the
chemical composition of fly ash and the results are
given in Table 2. Fly ash is mainly composed of silica,
alumina, iron with oxides calcium, and magnesium. It
is observed that the major element Si content in fly ash
is 59.512 %. Similarly, the Al and Fe contents in fly
ash are 26.078 % and 7.509 %

XRD and SEM Analysis of Fly Ash

The XRD pattern of fly ash is given in Figure 3a. XRD
pattern of coal fly ash shows small peaks which can
be associated with the small amounts of quartz and
mullite thus confirming its presence. The morphological
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Figure 3: XRD and SEM analysis of fly ash.

Table 2: Chemical composition of fly ash

Analyte Si Al Fe K

Ca Mn Cr Pb Zn

Weight (%) 59.512 26.078 7.509

1.888

1.492 0.075 0.048 0.024 0.039

study of fly ash using SEM shows that the samples
are composed mostly of small, spherical particles
(Figure 3b).

FTIR Analysis of Fly Ash

The FTIR spectrum for fly ash is plotted in Figure 4.
The region from 4000 to 400 cm ' observes sharp and
narrow peaks. Three broad bands representative of
aluminosilicates are observed. The most prominent peak
is at 1069 cm™ ! corresponds to asymmetric stretching
vibrations of Si—O-Si and Al-O-Si. The bands that
appeared at 794 and 460 cm ! are attributed to Si-O—
Si and O-Si—O symmetric bending vibrations and
imply the presence of quartz. The peak at 584 cm ™' is
ascribed to Al-O—Al stretching vibrations specifying
the presence of mullite.
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Figure 4: FTIR analysis of fly ash.

SEM Analysis of FFC

The microstructure at the fracture surface of FFC is
shown in Figure 5. The adequate intra-particle pore sizes
are found in the range of 0.2-0.5 um. Large inter-particle
porosity has been observed in this microstructure, which
is not continuous but is interlinked by small intraparticle
pores. The highly porous structure of the filter candle is
found to be responsible for >92% filtration efficiency.

Compressive Strength and Porosity

The porosity of FFC specimens was reduced with a
decrease in the percentage composition of wood dust
and the compressive strength of FFC showed an increase
with the increase in porosity. The porosity and pore size
plays an important role in filter manufacturing. FFC

Figure 5: SEM from fracture surfaces of FFC.
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exhibited a median pore size of 2 mm and porosity in
the range of 24.55-27.26 % (Figure 6). This is because
FFC specimens with more combustible materials have
more void spaces. The porosity of the fired mass is
proportional to the volume of combustible matter
added. All FFCs had pore sizes in the range of nano-
and micron-scales. The micron-scale and nanoscale
pores are capable to trap multicellular organisms/
larger microbes, and viruses respectively. Pore sizes of

Figure 6: Fly ash filter candle (FFC) specimen.
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Fly ash based Filter Candle

FFC were found between 0.05 and 1 pm in size. The
filter codes for FFC specimens with the corresponding
thickness (mm), porosities (%), compressive strengths
(MPa), and flow rates (ml/h) are tabulated in Table 3.

Table 3: Thickness, porosities, compressive strengths,
and flow rates of different filter specimen codes

Filter Porosity ~ Compressive  Flow rate Thickness

code (%) strength (MPa)  (ml/h) (mm)
1 27.26 1.5 290 10
2 26.29 1.7 265 20
3 25.63 2.1 215 30
4 24.55 23 180 40

The flow rate is increased when the combustible
material ratio is increased while combined with fly
ash. The combustible materials after burning off leave
networked pores responsible for a better flow rate of
the FFC. This may be a result of the firing temperature
employed in the preparation of FFC. Filters comprising
large surface areas exhibit greater flow rates whereas
filters having small surface areas observe lower flow
rates. The test results for 10 mm, 20 mm, 30 mm, and
40 mm FFC observed flow rates of 290, 265, 215, and
180 ml/hr, respectively.

Graphical Abstract - Domestic waste water treatment by Fly ash filter candle.
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Removal of Total Dissolved Solids from Domestic
Wastewater

TDS (total dissolved solids) refers to solids that are
absolutely dissolved in water. Estimation of TDS helps
to determine whether water is appropriate for drinking,
agriculture, and industrial purposes. The amount of
TDS was 400 ppm before treatment. TDS value was
decreased from 400 ppm to 376, 358, 328, and 302 ppm
with 10, 20, 30, and 40 mm of FFC after treatment.

Removal of Total Suspended Solids from

Domestic Wastewater

TSS (total suspended solids) indicate solids whatever
do not dissolve in water. TSS was found to be 300 ppm
before treatment. After treatment, the TSS value was
decreased from 300 ppm to 280, 268, 233, and 218 ppm
with 10, 20, 30, and 40 mm thickness of FFC.

Decrease in DO Level of Domestic Wastewater

The amount of oxygen naturally present in water is
known as dissolved oxygen (DO). DO estimation is
an important parameter in water pollution control and
wastewater treatment methods. The oxygen content
diminishes when there is an increase in nutrients
and organic materials from sewage discharges,
industrial wastewater, and surface runoff. The DO level
of domestic wastewater increases after the inclusion of
surf, detergent, etc. After treatment, the DO value was
decreased from 8.9 to 8.5, 8.3, 7.9, and 7.7 mg/L in the
thickness of 10, 20, 30, and 40 mm of FFC.

Removal of Turbidity from Domestic Wastewater
Turbidity in influent and effluent water samples was
examined using a turbidity meter (Model No. CL52
D NEPHELOMETER). Before treatment, the level of
turbidity was 7 NTU. After treatment, the turbidity value
was decreased from 7 to 6.7, 6.5, 6.2, and 5.9 NTU, in
the thickness of 10, 20, 30, and 40 mm of FFC.

Reduction of pH

Before treatment, the pH level of domestic wastewater
was 11.5. After treatment, the pH value was decreased
from 10.6 to 9.35, 8.54, 8.1, and 7.9, in the thickness
of 10, 20, 30, and 40 mm of FFC.

Reduction of BOD

Before treatment, the BOD level of domestic waste
water was 9.5. After treatment, the BOD value
decreased from 9.5 t0 9.1, 8.7, 8.3 and 7.9, the thickness
of 10, 20, 30, and 40 mm of FFC. The water quality
parameters for domestic wastewater before and after
treatment are given in Table 4.

Table 4: Water quality parameters before and
after treatment

Water quality Before treatment ~ After treatment
parameters
TDS (mg/L) 400 302
TSS (mg/L) 300 218
pH 10.6 7.9
Turbidity (NTU) 7 59
DO(mg/L) 8.9 7.7
B.O.D 9.5 7.9

Conclusion

This study throws light on the potential use of fly ash as
a media filter in domestic wastewater treatment systems.
The water quality parameters were estimated using an
experimental method of physical filtration. The main
outcomes of this study are as follows:

1. FFC is a low-priced efficient model for removing
TDS, TSS, turbidity, pH, and BOD reduction as
a result of its immense porosity and adsorption
capacity.

2. The observed porosity falls in the range of 24.55-
27.26 % and compressive strength of 1.5-2.3 MPa.

3. The filtration tests using FFC exhibited good
performance with >92 % filtration efficiency.

4. It is concluded that FFC having a 30 mm bed
thickness is the optimum standard and it can be
recommended in domestic wastewater treatment
systems.

Conflict of Interests

The authors declare no conflict of interest in the present
work.

Acknowledgements

The authors would like to acknowledge Synergy
Institute of Engineering and Technology, Dhenkanal,
Odisha, India for providing a laboratory facility to
complete the work.

References

Abdel-Raouf, N., Al-Homaidan, A.A. and I. Ibraheem (2012).
Microalgae and wastewater treatment. Saudi Journal of
Biological Sciences, 19(3): 257-275.



Cost-Effective Utilisation of Industrial Fly Ash Waste in Treatment of Domestic Wastewater 29

Ahmedi, F. and P. Pelivanoski (2013). A fly ash particles
media filter for decentralized wastewater treatment
systems. Water Practice and Technology, 8(3-4): 350-358.

Bandura, L., Panck, R., Madej, J. and W. Franus (2021).
Synthesis of zeolite-carbon composites using high-carbon
fly ash and their adsorption abilities towards petroleum
substances. Fuel, 283: 119173.

Das, D. and N. Kayal (2021). Permeability and dust filtration
behaviour of porous SiC ceramic candle filter. Materials
Today: Proceedings, 39: 1235-1240.

Gupta, S. and F. Bux (2019). Application of microalgae in
wastewater treatment. Springer, Switzerland.

Han, S., Yue, Q., Yue, M., Gao, B., Li, Q., Yu, H., Zhao, Y.
and Y. Qi (2009). The characteristics and application of
sludge-fly ash ceramic particles (SFCP) as novel filter
media. Journal of Hazardous Materials, 171(1-3): 809-
814.

He, X., Yao, B., Xia, Y., Huang, H., Gan, Y. and W. Zhang
(2020). Coal fly ash derived zeolite for highly efficient
removal of Ni*" in waste water. Powder Technology, 367:
40-46.

Koshy, N. and D.N. Singh (2016). Fly ash zeolites for water
treatment applications. Journal of Environmental Chemical
Engineering, 4(2): 1460-1472.

Mushtaq,F., Zahid, M., Bhatti, I.A., Nasir, S. and T. Hussain
(2019). Possible applications of coal fly ash in wastewater
treatment. Journal of Environmental Management, 240:
27-46.

Sanas, M.V. and S.M. Gawande (2016). Fly ash using in
wastewater treatment. International Journal of Emerging
Engineering Research and Technology, 4(6): 11-14.

Saravanakumar, P., Gopalakrishnan, P., Sivakamidevi, M. and
E.S. Archana (2019). Domestic wastewater treatment using
fly ash as adsorbent. International Journal of Engineering
and Advanced Technology, 8(5): 1465-1468.

Shah, S.F.A., Aftab, A., Soomro, N., Nawaz, M.S. and K.
Vafai (2015). Waste water treatment-bed of coal fly ash for
dyes and pigments industry. Pakistan Journal of Analytical
& Environmental Chemistry, 16(2): 48-56.

Sukla, L.B., Subudhi, E. and D. Pradhan (eds.) (2019). The
role of microalgae in wastewater treatment. Springer
Nature: Singapore, pp. 129-135.

Supelano, G.I., Cuaspud, J.G., Moreno-Aldana, L.C., Ortiz,
C., Trujillo, C.A., Palacio, C.A., Vargas, C.P. and J.M.
Gomez (2020). Synthesis of magnetic zeolites from
recycled fly ash for adsorption of methylene blue. Fuel,
263: 116800.

Visa, M. and A.M. Chelaru (2014). Hydrothermally modified
fly ash for heavy metals and dyes removal in advanced
wastewater treatment. Applied Surface Science, 303:
14-22.

Visa, M. (2016). Synthesis and characterization of new zeolite
materials obtained from fly ash for heavy metals removal
in advanced wastewater treatment. Powder Technology,
294: 338-347.



Asian Journal of Water, Environment and Pollution

Volume 19 Number 4 July, 2022

Contents

Editorial

U Snapshots

Heavy Metal Contamination in Aquatic and Terrestrial Animals Resulted from Anthropogenic
Activities in Indonesia: A Review
Khairunnash Ahmad, Muhammad Ighrammullah, Diva Rayyan Rizki, Aulia Aulia,
Aulia Qisthi Mairizal, Agnia Purnama, Intan Qanita, SN Abdulmadjid
and Kana Puspita

Fluoride Delineation and Bacterial Diversity of Potable Water in Mandal Parishads
of Kurnool District, Andhra Pradesh, India
P. Raghuveer Yadav and Pindi Pavan Kumar

Thermal and Biological Degradation of Herbicides to Treat Wastewater and Soil Pollution
Inas J. Al-Nuaemi, Kafaa F. Abbas, Ramy M. Jebir Al-Alawy and Hussam N. Al Ani

Operational Constraints on Flight Navigation due to Fog and Consequent Economic
Implications at the Rajiv Gandhi International Airport, Hyderabad, Telangana, India
Kavitha Chandu, Dharma Raju A., S.V.J. Kumar, Madhava Prasad Dasari
and Y.K. Reddy

Influence of Copper Amendments on Soil Properties, Growth and Metal Accumulation
by Mentha arvensis L.
Mamta Bisht, Chitra Pande, Geeta Tewari and Sonal Tripathi
Features of Pesticide-Contaminated Surface Water
Dmitriy Spitsov, Elena Korobeynikova, Alexander Grigoriev and Larisa Kondratenko
Impact of Silica Fume on Fly Ash Based Concrete Material
A.K. Sahoo and B.B. Kar
Microbiology of Contaminated Water
Shengnu Qiu, Dmitry Snegirev, Viadimir Domatskiy, Dmitry Gura and Nikita Fedotov

Evaluation of Groundwater Quality by Water Quality Index During Successive Periodic Intervals

in the Selected Villages of Gara Mandal of Srikakulam District in Andhra Pradesh
Vaddi Dhilleswara Rao and Mushini Venkata Subba Rao

A Study of Characteristics of Greywater Generated from Different Sources of
Residential Buildings
Shamim S.K.

The Relationship Between Sulphur Dioxide and Trehalose and Their Effect on Some
Biochemical Characteristics of Tomato Plants
Majid Jasim Fahad and Asaad Kadhim Abdullah

Analysis of Groundwater Flow for Saltwater Interaction Range Using Visual Modflow: A Case
Study of Coastal Belt in Srikakulam District of Andhra Pradesh, India
G. Venkata Rao, P. Shiva Kumar and K. Srinivas
Corporate Sustainable Development — Motives, Steps, Challenges and the Role of HR
Raghavendra Sode and Kalaa Chenji

Trophic State Index for Euphrates River Passing Through Samawa City
Ansam Saad Al-Khafaji and Ibtehal Ageel Al-Taee

Environment News Futures

il

17

25

33

41

49

55

63

73

81

91

99

105

113




