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Abstract

Due to the expansion of industries and the increase in the volume of industrial

wastewater, as well as the reduction of natural water resources and the water shortage
crisis in human societies, adopting appropriate methods to remove pollutants and treat
wastewater has become necessary. In this way, the high volume of industrial effluents can
be optimized by recycling the water used to bring the pollutants to the standard level for
various purposes such as washing factory equipment, watering green spaces and trees, etc.
Among different methods such as membrane filtration, reverse osmosis, etc., the use of
absorbents to remove pollutants can be effective in achieving the goal with optimal
efficiency and low cost. Coagulants, both chemical and natural, are used to remove the
blockage of the absorbent and reduce the need for their regeneration or replacement. This
research aims to compare the performance of several different coagulants from different
groups, along with zeolite adsorbent, to treat the central sewage effluent of Semnan
Industrial Park. The role of this process in reducing COD, TSS and turbidity is also
investigated. The obtained results show the optimal performance of polyammonium
chloride with a reduction of 60% for COD, 85% for TSS and 85% for turbidity. Similarly,
Moringa, as a natural absorbent, exhibits high removal efficiency, with a reduction of 70%
for COD, 75% for TSS, and 80% for turbidity. The use of two chemical and natural
methods will be very effective in reducing pollutants to the allowed amount depending on
the type of wastewater.
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1. Introduction the use of the adsorption process is considered an
Due to the expansion of industries, the increasing economlcarI] method in the mdusgy._An |dmport_ant
volume of industrial wastewater, the reduction of aspect of the separation process during adsorption
natural water resources, and the water scarcity IS the selection of a suitable adsorbent with an
crisis in human societies, it is essential to adopt ~ acceptable mesh size. Due to the wide range of
appropriate methods for pollutant removal and these materials, various materials from natural to
wastewater treatment. Such measures make it be synthetic have been used as adsorbents in various
possible to utilize industrial effluents by recycling processes. Including chitosan, silica gel and
the water used to bring the pollutants to the zeolites, activated carbon, carbon nanostructure
standard level for various purposes such as materials, etc.. These adsorbents, sometimes
washing factory equipment, watering green alone or with structural modifications, have
spaces and trees, etc. (Abd Wahid et al., 2016). demonstrated excellent performance for various
The purpose of this research is to evaluate the  aPplications (Dashti et al., 2022).
performance of various chemical and natural ] .
coagulants on reducing the pollution load of 3. Results and discussion
effluent from the central treatment plant of The obtained results show the optimal
Semnan Industrial Park Company. performance of polyammonium chloride, with a
reduction of 60% for COD, 85% for TSS, and
2. Methodok)gy and experimenta| 85% for turbidity. _Similarly, I_Vloringa, as a
. natural absorbent, achieved reductions of 70% for
section . COD, 75% for TSS, and 80% for turbidity,
Wastewater sample was collected every morning indicating a high capacity for pollutant removal.
from the target factory, and COD™ and TSS The use of two chemical and natural methods can
measurements were performed. Then, using a jar be highly effective in reducing pollutants to a
test, coagulants were added to maintain the permissible level, depending on the type of
uniformity  of laboratory and operational wastewater. Polyaluminum chloride performs the
conditions.  The ~ performance of chemical coagulation process through its two main
coagulants such as cationic —polyelectrolyte, mechanisms: entrapment in sedimentary flocs and
gg}?/z\?bun?inu n?'”?ﬁ?gr%e Svld/gst&inveasltti]gr]gfte d ar][g neutralization and stabilization of the electrical
- e charge. It hydrolyzes rapidly in water, producing
reduce COD, TSS, and turbidity at a specific various cationic compounds that can attract
time, temperature, and stirring speed. negatively charged compounds, neutralize them,
_Among different methods such as membrane and consequently destabilize these particles.
filtration, reverse osmosis, etc., the use of Using the correct amount of polyaluminum
absorbents to remove various pollutants can be chloride is important; using an incorrect amount
effective in achieving the goal with optimal in this process can lead to the particles recharging
efficiency and low cost (Aboulhassan et al., and becoming unstable, and increased sludge
2014). formation.  Polyaluminum  chloride initially
Chemical and natural coagulants are used to stabilizes colloidal particles and creates
remove the blockage of the absorbent. The aim of microflocs by holding them together. At this
this research is to compare the performance of stage, a flocculant, such as a polyelectrolyte, is
several coagulants from different groups, along added to the water to connect these smali flocs
with zeolite adsorbent, to treat the central sewage together and provide sedimentation conditions.
effluent of Semnan Industrial Estates Company. As a result, polyaluminum chloride has shown the
To investigate the role of this process in reducing best performance in reducing COD and turbidity,
COD, TSS and turbidity. As discussed, in while other coagulants had comparatively lesser
addition to natural and chemical coagulants, the effects on reducing these parameters.
use of adsorbents in the surface adsorption In summary, to enhance the efficiency of the
process as a complementary process in removing treatment process and achieve better quality
pollutants and reducing the microbial load of effluent at the outlet of the central treatment
wastewater is very effective. The surface plant, it is necessary to use appropriate coagulants
adsorption process is now used as one of the to control the quality of the effluent from the
separation techniques in various industries. central treatment plant. Regarding the central
The surface adsorption process for water or  treatment plant of the townships company, adding
wastewater treatment has a relatively simple polyaluminum chloride or Moringa plant
process design and operation, and produces a coagulants has demonstrated very good results.
high-quality treated effluent stream. Moreover, The optimal site for adding these additives is after
since surface adsorption is reversible in some the activated sludge process and before entering
cases, adsorbents can be reused using appropriate the secondary sedimentation basins.
regeneration processes. Therefore, in most cases, Based on existing studies, the use of chemical
coagulants is the most effective option for
! Chemical Oxygen Demand (COD) reducing wastewater pollution load, due to their
2 Total Suspended Solids (TSS) reasonable  cost and availability.  Also
additionally, one of the most important
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techniques for pollutant removal is the use of
adsorbents, which, depending on their porosity
and type, can effectively remove waste materials.
An important consideration in the use of
adsorbents is the pollution load of the fluid
entering it high pollution levels can lead to
premature clogging and ineffectiveness of the
adsorbent over time.

Therefore, efforts are focused on reducing the
wastewater pollution percentage through the use
of additives as coagulants and coagulant aids.
Subsequently, proper removal in a reasonable
time with optimal efficiency through the
adsorption process as a complementary method
can be achieved. An economic comparison
between adsorbents, chemical coagulants, and
natural coagulants for pollutant removal shows

that each has its own advantages and
disadvantages. Adsorbents which offer high
efficiency and reusability, are suitable for

removing a wide range of pollutants however,
their high cost and difficulty in recovery are
among their disadvantages. Chemical coagulants,
with their low cost and easy access, have high
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operational speed in pollutant removal, but their
high sludge production and environmental
impacts are  considered among their
disadvantages. In contrast, natural coagulants,
with environmental compatibility and low cost,
have lower efficiency compared to the other two
groups and may require larger amounts to achieve
the desired result. Ultimately, the choice of the
most appropriate method for pollutant removal
depends on various factors, including the type and
concentration of pollutants, cost, environmental
considerations, and legal requirements. In some
cases, a combination of methods can be the most
effective solution.

4. Conclusions

The performance of polyaluminum chloride
achieved a reduction of 60% for COD, 85% for
TSS, and 85% for turbidity Similarly, Moringa, as
a natural absorbent, achieved a reduction of 70%
for COD, 75% for TSS, and 80% for turbidity, a
high capacity for pollutant removal.
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Table 1. Types of chemical and natural coagulants and their effectiveness in industrial wastewater treatment

Chemical coagulants

Coagulant Optimal Parameters Removal
Coagulant Industry state value checked efficiency Ref:
. 30 mg/L and Turbidity 71% (Aboulhassan
PAC and Shendi Wastewater Powder 400 mg/L coD 63% etal., 2014)
; q Sewage q - (Gautam et
Ferric chloride wastewater Solution 400 ppm Turbidity 98% al., 2020)
Turbidity 97%
Alum and cationic Tannery Dr 100 and 5 TSS 97% (Ahmed et al.,
polymer (C-492) wastewater y mg/L total COD 36.20% 2016)
chromium 98.40%
Natural coagulants
Wastewater | Coagulant | State Optimal Removal
Coagulant source state matter (%) RIS efficiency Ref.
Moringa Dairy . Direct L (Bangar et al.,
(425 um) wastewater Deoiled powder 300 mg/L Turbidity 90% 2017)
Moringa Dairy 8 Direct AT (Bangar et al.,
(212 um) wastewater Deoiled powder 500 mg/L Turbidity 93.50% 2017)
Moringa ;
oleifera+N Parlnniwlﬁ il Deoiled ) 4000+7000 Suggleigged 99.30% (Bhatia et al.,
0,
A#g{) effluent powder mg/L coD 52.50% 2007)
Moringa Textile Turbidity 61.60% ;
and industry | Powder | S | 50:50:00 BOD 80.67% (Bhgt(')%%t al,
Alum effluent COD 66.73%
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Fig. 1. A picture of an industrial treatment plant
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Fig. 2. COD reduction graph with the help of coagulants a) chemical for the inlet of the treatment

plant and b) natural for the outlet of activated sludge
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Fig. 8. Absorption filters
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Table 2. Analysis results from dynamic tests on absorbents

COD

TUR TSS coD o TDS  Time :
gt INTUL pem  pppm)  SCI™ TCO gy i P
- 36 86 163 184.2 243 4330 0 Initial
4724 1526 39 86 181.6 24.6 4010 30
3497 204 40 106 181.7 253 4010 60
3743 13.74 71 102 178.6 25.1 4130 90 A
4356 1452 34 92 1785 25.1 4080 120
4601  14.49 58 88 179.2 25.1 4140 150
3865 147 46 100 178.6 253 4070 180
: 15.70 30 91 182.4 24.2 3960 30 AC
6 14.37 46 9 181.6 24.1 4250 180
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Fig. 9. The process of reducing COD for the effluent of Semnan Industrial Park by ZA
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Fig. 13. The TSS reduction trend for the effluent of the settlements company by AC
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