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Bentonite is a readily available natural clay that can be modified using simple and
inexpensive procedures, making it a cost-effective option for removing various organic and
inorganic contaminants. In this study, the raw bentonite (RB) is modified using acid and
heat treatments. The physiochemical modification of bentonite (MB) was analyzed using
the Buranner-Emmett-Teller (BET) technique to determine its surface area, and Fourier
transformation infrared spectroscopy (FTIR) was used for further characterization. Post
modification, bentonite has a better surface area from 35.15 m?/g for RB to 102.6 m?/g.
The porosity of MB has also increased, offering more adsorption sites and overall enhanced
surface properties. Fixed bed columns filled with MB and a mixture of MB and sand
(MB+S) were used to investigate MB secondary wastewater purification capacity.
Filtration was completed at a flow rate of 1 mL/min (a flow velocity of 3.1 cm/h) onto MB
and MB+S mixture, respectively. The results show that the maximum removal efficiency
for total suspended solids (TSS), turbidity, phenol (pH), chromium Cr¢*, COD (Chemical
Oxygen Demand), BODs, total coliform (TC), fecal coliforms (FC), and electrical
conductivity (EC) onto MB are 100, 100, 93.67, 90.43, 93.75, 97.78, 100, 100, and 30%
respectively. The efficiency for these parameters is slightly reduced in modified bentonite

(MB) and sand mixtures.

1. INTRODUCTION

Reusing effluents from public wastewater treatment plants
(WTP) is crucial in improving water resources management
practices [1]. Treating secondary wastewater allows
identifying alternative freshwater sources, partially addressing
the growing water shortage in dry areas. The degree of
intervention needed remains a controversial matter. Only a few
nations are making fast progress toward implementing modern
treatment methods that may bring wastewater to a quality
similar to fresh water. Such progress is needed to protect the
land and aquifers from contamination [2]. The primarily
measured unit activities in wastewater treatment are TSS,
TDS, BOD, COD, and pathogens. Typically, particle filtration
techniques vary from using sand to employing nano-
membranes. Techniques like chlorination, ozonation, UV
disinfection, and membrane filtration remove pathogens [3].

The outer cell envelope macromolecules of bacterial cell
surfaces are exposed to the extracellular environment and
contain ionized phosphoryl and carboxylate substituents,
which give them a net negative electrostatic charge. The study
focused on examining the adsorption of microbes on solid
surfaces that have been changed to have positive charge
centers [4]. Such surfaces also remove heavy metals (anionic
detergents like chromate and arsenate). Negatively charged
surfaces like montmorillonite (a clay mineral) are used to
remove heavy metals found in cationic forms. Additionally, it
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can eliminate anionic organic compounds, such as dyes and
phenols [5, 6].

Bentonite is abundant naturally in massive quantities
worldwide, especially in Iraq and the northern and western
regions [7]. Bentonite is identified as a promising medium for
water pollutant removal. However, bentonite used for
wastewater treatment needs further enhancements since it has
a small surface area and carries a net negative charge [8]. This
study aims to modify bentonite’s physico-chemical properties
to increase its wastewater treatment capacity. The
modification of RB was carried out using the physicochemical
method via an acid-thermal activation process. The MB was
used as filter media in a fixed bed filter for removing TSS,
turbidity, chromium Cr¢", pH, COD, BOD, TC, FC and total
dissolved solid expressed as EC.

2. MATERIALS AND METHODS
2.1 Collection of wastewaters samples

Secondary effluents were acquired from the Al-Rustamiyah
sewage treatment facility in Baghdad, Iraq, using the grab
sampling method. The public wastewater treatment facility
uptakes around 175,000 cubic meters of wastewater per day
and serves a population of approximately 1,500,000 people.
The wastewater treatment plant is a traditional activated
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sludge operation. Table 1 displays the average properties of
the discharged wastewater.

Table 1. Mean effluent characteristics of Al-Rustamiyah
water treatment plant

Parameter Mean Value

BOD (mg/L) 80

pH 7.2

COD (mg/L) 150
Turbidity (NTU) 50

TSS (mg/L) 115
Chromium Cr¢* (mg/L) 5
pH (mg/L) 15

TC (*CFU/100mL) 105

FC (*CFU/100mL) 7.5%x104

EC (mS/cm) 1

*CFU (Colony Forming Unit)

2.2 Preparation of filtration media and its properties

The clay mineral, bentonite, and quartz sand were obtained
from the mining survey director (Ministry of Industry and
Mining, Iraq). An energy-dispersive X-ray spectrometer
(EDX; LINKISIS 300) attached to a scanning electron
microscope (SEM; Cam Scan S4) was used to analyze natural
bentonite Physical-chemical composition and architecture
(Tables 2 and 3).

Table 2. Chemical composition of bentonite

Constituents Composition (%)

ALOs 17.12
SiO2 60

K20 0.32

Fe203 2.56

MgO 2.24

CaO 1.12

Na2O 3.11

TiO2 0.74

Loss of ignition (LOI) 6.63
Cation exchange capacity (meq/100g) 89

Table 3. Physical characteristics of bentonite

Characteristics Value
Bulk density 843 kg/m?

Moisture content 6.55 %
Specific surface area  35.65 m?/g

Particle size 700pum

An N, adsorption isotherm (Quantachrome Instruments,
Nova 2200e) was used to measure the surface areas of RB and
MB. A Fourier Transform Infrared Spectrometer (FTIR,
Perkin Elmer Spectrum 100) was used to evaluate the change
in spectra of the surface functional groups of MB post-
modification.

This work used the acid-thermal modification of bentonite,
also known as the physiochemical modification by following
the methodology reported elsewhere [9] with slight
modifications. The process is broken down into two distinct
stages. A thermostatic shaker (SI-600R) (providing stable
temperature conditions and mixing speed) was used to activate
the acid. A 0.1 M HCL solution was used to treat the RB. At a
ratio of 1:10, the acid-to-clay ratio was maintained. One
thousand milliliters of hydrochloric acid treated one hundred
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grams of bentonite. Agitation was performed at 180
revolutions per minute for three hours. After adding a
significant quantity of deionized water, the reaction was
discontinued after three hours. An intensive washing process
was performed to free samples from CI ions at a pH of 5. The
next step (calcination at 100°C) involved exposing the acid-
activated bentonite to thermal activation for 20 min.
Subsequently, the contents were allowed to cool in a
desiccator. After that, samples were crushed, powdered, and
sieved using asieve (700 pm). The samples were then gathered
and dehydrated in an oven (70°C) for 24 hours before use [9].

2.3 Experimental units

At first, a batch system was used to evaluate the impact of
acid-thermal modification on RB removal efficiency. Phenol
(C¢HsOH) was used as an indicator to examine the
modification process’s success. A weight of 0.2 to 1.2 g of RB
and MB was added to a 100 ml flask containing 50 mg/L
phenol synthetic solution. A shaker incubator (30°C, 200
RPM) was used to stir the contents of the flasks. To guarantee
that equilibrium is attained, the agitation was carried out over
24 hours [10].

Column filtration was performed in a 50 cm long column (5
cm diameter and 20 cm active layer). A 3 cm layer of gravel
was used to cover the bottom of the column (Figure 1). Two
experiments were carried out for each of MB and MB+S. The
ratio is 4/1 (w/w) of MB to sand. Using a peristaltic pump,
solutions of secondary effluents were pumped into the column
(1 ml/min). Measurements of COD, BODs, TSS, turbidity, EC,
pH, Cr®", and microbiological tests were taken for the starting
solution as well as in each collected portion of 100 mL and
were taken into consideration. Three technical replicates were
made for each measurement, and the average was calculated.

RB.MB

‘Water
distributor

S esIsIelse@N
Sressastens.
Adsorbent bed

Agitation

(&Y

Filtrate analyzed

C: final

Feed tank 15 L

Figure 1. Schematic diagram of the experimental set up for
(A) batch system and (B) continues process

2.4 Physical and chemical analysis

Utilizing a UV-visible spectrophotometer (Perkin Elmer
Lambda 10), spectrophotometric analysis was performed to
calculate the COD. For the BODs analysis, an incubation
period of five days was used. For electric conductivity (EC)
measurement, an EC-pH-TDS meter (Hanna instruments, HI
9812) was used. The HACH DR-2010 Portable Data Logging
Spectrophotometer measured turbidity and total suspended
particles. Both TC and fecal coliform tests were carried out
with the assistance of a Millipore filtering system, which
consisted of a Millipore pump paired with an autoclaved



funnel made of stainless steel. A sterile cellulose nitrate filter
(#11406-47-can, 0.45 upm, Sartorius Stedim Biotech,
Germany) was also used. After repeated dilutions, the total
microbial count was measured using the conventional plate
technique. A spectrophotometric analysis was conducted to
measure the phenol amount in the effluent. A reading was
taken at 470nm to determine the absorbance of the coloured
complex of phenol with p-nitroaniline following the reaction.
A standard spectrophotometric approach was used to
determine the Cr®', and a spectrophotometer (model UV-160
A from Shimadzu) was utilized. The maximum wave
absorbance was measured at 540 nm [11].

All  these tests were done at Mustansiriyah
University/College of Engineering’s sanitary laboratory using
conventional water and wastewater testing methodologies
[11]. The percentage of removal (R%) after each test is
computed using the Eq. (1):

o_Ce

Removal(%) = % (1)

o

where, Co and Ce are the initial

concentrations.

and equilibrium

3. RESULTS AND DISCUSSION

3.1 Characterization of acid-thermal modified filtration
media

3.1.1 Surface area and pore size

Interestingly, MB surface area increased from 35.65 to
83.65 m’g’! after acid activation, reaching a maximum of
102.6 m?g! when the acid and heat activation were conducted.
Several factors could contribute to the increase in surface area
of bentonite. One possibility is the replacement of certain
cations with H" ions, such as K*, Na*, and Ca®". Another
possibility is the leaching of Fe3*, AI’', and Mg?*" from
tetrahedral sites and the octahedral in bentonite when exposed
to the edges of the platelets [12]. According to a study by
Taher et al. [13], the particles within the dissolved octahedral
sheet underwent splitting, increasing the surface area of the
activated bentonite.

The characterization of RB and MB included evaluating
their average pore size after modification. It was determined
that the RB had an average pore size of 48.32 A. The acid-
thermal activation decreases the pore size to 40.87 A.
Removing contaminants and replacing exchangeable cations
with H* ions (known for their small size) are the two factors
responsible for this reduction in pore size [14]. Additionally,
pore size reduction could have resulted from the vacant
tetrahedral sites left behind after Mg*2, Fe™3, and Al*® leaching
during activation [15]. The findings also demonstrate the
effectiveness of modifying natural bentonite using the acid-
thermal approach.

3.1.2 FTIR of RB and MB

An analysis of the FTIR spectra of bentonite was conducted
within the frequency range of 4000-400 cm™ to examine the
impact of acid-thermal activation on bentonite. Intensity
variations of functional groups serve as an indicator of the
alterations that take place during acid-thermal activation.
FTIR spectra were then analyzed to examine the impact of the
activation on bentonite structure (Figure 2) compared to
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inactivated bentonite. The FTIR spectrum showed a
discernible alteration in the band morphology, indicating the
successful completion of the activation process. When RB is
activated, protons enter its layers and interact with its OH
groups. This interaction changes the adsorption bands of the
OH groups and octahedral cations. The intensity detected at
3626.16 cm™' (Al-OH-Al and Al-Mg-OH) of the stretching
bands faded as the acid concentration increased. The
intensification of acid treatment leads to a reduction in the
peaks of adsorbed water bands at wavelengths of 3425.58,
2639.22, 2835.36 cm’! (H-O-H stretching), and 1643.35,
1554.63, 1413.13 c¢cm™! (H-O-H bending) as a result of
adsorbed water evaporation at high temperatures during
bentonite thermal activation—the variation in the bands’
intensity results from the successful bentonite activation
process [16, 17].

Figure 2. FTIR of (1) RB and (2) MB

Furthermore, the Si-i-Si band peak at 1029.99 cm™' showed
no change in intensity due to the treatment [18]. The band’s is
disappearance at 918.12 cm™! may be attributed to the
enhanced acid strength, resulting from the higher Al*" ions
substituting Fe*" ions. The tetrahedral sheet underwent a
transition with a frequency of 798.53 cm™'. The formation of
amorphous silica due to bentonite acid activation is evident
from the increased intensity of the peak. This could potentially
increase the number of adsorption sites available. The band
strength at 513.07 cm’!, associated with bending Al-OH-Si
bonds, decreased with increasing acid quantity. This suggests
that the AI*" ions in the octahedral sheet of bentonite
underwent partial dissolution [19].

3.2 Batch results

Phenol removal using MB was analyzed using synthetic
wastewater to evaluate the influence of activation on MB
pollutants removal ability. Figure 3 shows that MB achieved
about 96% of phenol removal, while RB removed only 73%.
The results mean that RB’s thermal-acid modification
improved its post-modification treatment capacity. Al-Khatib
et al. [20] used Jordanian naturally occurring and acid-
activated bentonite to examine the adsorption characteristics
of Methylene Blue (MB) from a water-based solution. The
study showed a significant increase in the efficacy of dye
removal after acid treatment (from 75.8% to 99.6%).
Therefore, bentonite is a potentially cost-effective adsorbent
and can be used in wastewater treatment to eliminate color and
dyes [20, 21]. In another study, Nasir [22] stated MB
(organoclay) was prepared by adding the required quantity of
hexadecyltrimethyl ammonium chloride solution (25%
wt./vol.) to the desired quantity of bentonite. The particle size
of local bentonite, calcium type, of 0.075mm was prepared by



drying the mixed mixture in the electrical oven at 85°C for 48
hours and then ground by agate mortar and screened. The
removal efficiency of MB reached 84, 88.4, and 90.6% for
phenol, paranitrophenol, and salicylic acid, respectively [22].
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Figure 3. Removal efficiency of phenol using MB and RB
3.3 Fixed bed experiments

The results are in Figure 4 to Figure 8 show the effect of
filtration using MB and mixed MB and sand (MB+S) onto
several parameters using Al-Rustamiyah secondary effluents.
The results shown in Figure 4 indicate a substantial decrease
in TSS for all samples collected. The initial TSS concentration
at time zero was 115mg/L, which was reduced to Omg/L at 120
minutes, resulting in a removal efficiency of 100%. However,
there was a slight increase in concentration afterward, possibly
due to channeling that could have occurred in the filter.
Consistent with this result, Figure 4 demonstrates a drop in
turbidity from 50 NTU to 0, indicating a 100% removal
efficiency. The experiments are repeated at the same filtration
rate using MB and sand (MB+S). The turbidly and TSS are
reduced to 3 and 4.3 mg/L, respectively, which indicates that
the mixture reduced the efficiency from 6% to 3.7%. Filters
that contained a micelle-clay complex in addition to sand were
utilized by Khamis et al. [23] to evaluate the efficacy of these
filters in the purification of tertiary-treated wastewater using
loose ultrafiltration membranes. The turbidity and TSS were
eliminated, decreasing from initial values of 14 NTU and 6
mg/L, respectively. Subsequently, there was an overall decline
in the removal efficiency [23]. The use of bentonite in
reducing water turbidity has been quantified, with reductions
of up to 80-90% observed in municipal and industrial
wastewater.
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Figure 4. Variation of TSS and turbidity of different samples
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Figure 5 shows the variation of phenol (pH) and chromium
Cr® concentration from an initial value of about 15 and 5
mg/L, respectively, to final values of 0.95 and 0.475 mg/L
where the removal efficiencies are 93.67 and 90.43%,
respectively. This phenomenon is because, at a lower dose,
metal ions compete for a limited number of adsorption sites.
However, as the dose increases, the larger surface area
provides more vacant sites, increasing the adsorption
percentage [24]. In contrast, the removal efficiencies of the
mixed media are 87.43 and 85.46%, respectively. In a batch
system, Koyuncu [25] studied the removal capacity of natural
bentonite towards Cr® chromium found in artificial
wastewater. The results showed that 1.0 g of bentonite
accomplished a 75% removal of Cr®. The adsorption
percentage showed an upward trend when the adsorbent dose
was increased [25]. The exceptional effectiveness of bentonite
clay in removing pollutants from wastewater is attributed to its
remarkable adsorption capabilities on particle surfaces. This is
primarily due to silicon ions, which act as cations and are
attracted to the anion particles, causing gradual flocculation
[26].

Modifying bentonite surfaces is needed to enhance its
adsorption capacity for specific contaminants, like heavy
metals and organic pollutants. Techniques like acid activation
or impregnation with other materials increase its effectiveness.
The findings demonstrate the impact of filtering using the MB
column on the measurements of BOD and COD (Figure 6). As
the filtering process was ongoing, there was a significant
decrease in both COD and BODs readings. The BODs reduced
from 80 to 1.778 mg/L (97.78%) and COD from 150 to 9.375
mg/L (93.75%). It was determined that the more successful
COD was removed by bentonite because the clay had a wide
surface area, which allowed for the effective adsorption of
organic materials. When bentonite is present, the elimination
of COD is significantly improved [27]. While on the mixed
media, the removal efficiency of BODs and COD increased to
95.28 and 83.65 %, respectively. Bentonite has demonstrated

a significant reduction in COD and BOD, often by more than
70%, indicating effective organic pollutant removal.

Aygun and Yilmaz [28] used RB. They treated it with ferric
chloride to enhance the elimination of COD from wastewater
samples obtained from the discharge point of a recycling
facility in Tiirkiye. They found that using MB provided 84%
of COD removal [28].

Figure 7 illustrates the significant decrease in the overall
bacterial count, measured in colony-forming units (CFU) per
mL after the MB column filtered the secondary effluent. No
colonies were found in the samples after 90 to 180 min (i.e.,
100 % removal efficiency for TC and FC); fewer colonies
were detected afterward. MB+S reduced the total and fecal
coliform to about 2600 and 2500, respectively. A study
conducted by Napotnik et al. [29] examined the effectiveness
of three bio-sand filters of varying sizes.

These included the Center for Affordable Water and
Sanitation Technology v10 concrete filter, a 5-gallon bucket
filter, and a 2-gallon bucket filter. The filters were tested with
different depths of fine sand (10, 15, and 54 c¢cm) and were
evaluated for their ability to remove bacteria, protozoa, and
viruses. The study also considered the impact of adding iron
nails to the diffuser basin. The filters were tested over pause
periods ranging from 1 to 72 hours.

Figure 8 shows the increase in the EC from 1000uS/cm
(ImS/cm) to a final value of 700 puS/cm, where the removal
efficiency is 30%, which is considered relatively high
compared to high-cost activated carbon (46%) [30]. However,
using MB+S reduced the maximum removal efficiency to
24%.

Moreover, judging by the data from Demirci et al. [31],
using bentonite for wastewater treatment is efficient and
economically justified.

Table 4 shows the difference between results obtained in the
present study and those obtained in other studies using MB to
remove several organic contaminants from contaminated
water.

Table 4. Comparison of pollutant removal using different MB

Type of modification Contaminant Type Removal % References
Organic bentonite was synthesized Solution pH, ionic strength, and
Bentonite by adsorbl_ng the surfacta_nt D|clofen_al ¢ (DCF) temperature affected OBHDTMA [32]
hexadecyltrimethylammonium and cadmium (I1) DCE sorotion
(HDTMA) P
. Hexadecyl trimethyl ammonium S Removal was 81.9% at 19 ppm and
Bentonite (DK1) Amoxicillin 87.5% at 2 ppm [33]
. the surfactant . The greatest OBHDTMA DCF
Bentonite HDTMA DCF sodium sorption capacity was 388 mg/g [34]
Trp-Na-bent and Fe-Na-bent were The greatest adsorption capacit
Bentonite  modified with L-Tryptophan and FeCl: Synthetic Estrogen g 9 P / pacity [35]
4H,0 was 4.20 mg/g
Bentonite HTAB Amoxicillin 93 % [36]
Acid yell Acid yellow=71.1%
Bentonite Acid activation Acid blue Acid blue=98.4% [37]
Acid red Acid red=85.25%
Cationic surfactants NB-CTAB=96%
Bentonite Amoxicillin (AMX) (CTAB &TMAB) and NB-TMAB=70% [38]
thermal activation CB=94%
The maximum removal efficiency
. for TSS, turbidity, pH, Cre*, COD,
Bentonite Acid activation chr-lc;?nsiint'rlj rglrglt)é:(gg BODs, TC, FC, and EC onto MB are Present
' ' 100%, 10%, 93.67%, 90.43%, work

BODs, TC, FC, and EC

93.75%, 97.78%, 100%, 100%, and
30%, respectively
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Based on the analysis above, it was found that bentonite, a
readily available natural clay, may be changed easily and
cheaply to remove organic and inorganic pollutants. This study
modifies RB with acid and heat. MB’s porosity has improved,
providing more adsorption sites and better surface
characteristics. Fixed bed columns loaded with MB and MB+S
were utilized to study MB secondary wastewater treatment. At
1 mL/min (3.1 cm/h), MB and MB+S mixtures were filtered.
TSS, turbidity, phenol (pH), chromium Cr¢*, COD, BODs, TC,
FC, and EC have maximal removal efficiencies of 100, 100,
93.67, 90.43, 93.75, 97.78, 100, 100, and 30% on MB. These
characteristics are slightly less efficient in changed bentonite
and sand mixes.

Our results agreed with Abdullah et al. [27] which indicated
that textile effluents have been regarded as a water
contamination source. Effective procedures were used to
remove dyes and colorants from textile effluents. This study
used modified bentonite clay (MBC) to remove textile dye
reactive red 223 (RR 223). Acid treatment MBC. Under
optimal settings, MBC adsorption characteristics towards RR
223 were examined using the batch method at temperatures
303-318 +2 K. Adsorption equilibrium data were fitted in
Langmuir, Freundlich, and Dubinin-Radushkevich isotherm
models, and constant values were calculated using standard
graphical methods. Langmuir model fits best based on r?
values. RL and Es adsorption feasibility were also determined.
Adsorbent pHPZC was estimated by pH drift. Free energy
(AG®), enthalpy (AH®), and entropy (AS°) were determined for
the system. Dye removal kinetics showed a pseudo-second-
order rate constant. SEM imaging revealed adsorbent surface
morphology. Fourier Transform Infrared Spectroscopy
determined the adsorbent-adsorbate interaction forces.
Desorption trials also recovered dye and regenerated
adsorbent. MBC has 95.15% and 78% sorption and desorption
capability.

Our results agreed with Mokokwe and Letshwenyo [38] in
which stated that the adsorption of copper, iron, and nickel
ions from an aqueous solution utilizing Makoro granite clay
brick waste was examined through batch and fixed-bed
column methods. The maximal adsorption capacities for iron,
copper, and nickel are 7.60, 6.70, and 6.20 mg g' media,
respectively, with an optimal duration of 60 minutes. The
greatest adsorption capacities at an adsorbent dosage of 5 g L™
were 10.0, 7.60, and 7.20 mg L™! for iron, copper, and nickel
ions, respectively. The adsorption capacities from the fixed-
bed column reactor were 2.23, 2.22, and 0.74 mg g
medium. The thermodynamic parameters of enthalpy change
(AH) were 5.21, 9.32, and 5.22 kJ mol™! for copper, iron, and
nickel ions, respectively, while the corresponding entropy
changes (AS) were -0.04, -0.05, and -0.03 kJ mol™? K™,
respectively, indicating that the process is non-spontaneous
and exothermic. The Thomas and Yoon-Nelson models
produced comparable low coefficients of determination (R?)
0f 0.06 and 0.07 for copper and iron ions, respectively.

Our results agreed with replacing aluminium salts as
adsorbents and coagulants, bentonite and its combinations
were tested for wastewater treatment via adsorption, ion
exchange, and coagulation-flocculation. The optimal pH and
coagulant dosage for bentonite, bentonite-zeolite, bentonite-
alum, and bentonite-limestone were found. Bentonite was
discovered to be a good coagulant that can absorb 90.5%
COD. Bentonite-zeolite mixture removed iron (98%) and
turbidity (95%) from others at the optimal dosage. Bentonite-
limestone mixture had lowest zeta potential and sludge volume

590

index. The zeta potential of treated and combined bentonite
was -26.7 mV for bentonite-alum, -20.7 for RB, -19.9 for
bentonite-zeolite, and -17.6 for bentonite-limestone,
indicating coagulation and adsorption. However, contact time
showed that mixture bentonite absorbed more than RB.

4. CONCLUSION

Therefore, acid-thermal modification of Iraqi bentonite may
be feasible to improve the surface area and treatment
capabilities. Conducting a broader experiment that includes
using the MB and other components in sewage treatment
systems will help determine the most cost-effective
combination to improve the quality of water used for
irrigation. The surface area of MB was increased from 35.65
to 102.6 m?g’! after the acid-thermal activation. The acid-
thermal activation of RB results in a reduction in pore size
from 40.87 A to 48.32 A. This decrease may be due to
substituting exchangeable cations (K", Ca>", Na*) with smaller
hydrogen ions. FTIR analyses confirmed RB modification
with acid-thermal activation. The variations in the intensities
of functional groups serve as indicators of the alterations that
occur throughout the activation process. The maximum
removal efficiency for TSS, turbidity, pH, Cr¢", COD, BODs,
TC, FC, and EC onto MB are 100%, 10%, 93.67%, 90.43%,
93.75%, 97.78%, 100%, 100%, and 30%, respectively. The
efficiency of these parameters was slightly lower when using
MB+S.

It is advisable to conduct additional experiments, including
the utilization of industrial wastewater, the competition of
anions, and further characterization and modification of the
media. Moreover, Bentonite is a natural material that poses no
adverse effects when introduced to water. Numerous treatment
facilities in the region do not utilize alum for low-turbid water;
rather, water is directly transferred from sedimentation basins
to filters without further treatment. This procedure exerts
pressure on the filters, which are the sole components that
diminish turbidity, hence requiring frequent cleanings. More
investigation regarding this procedure is needed.

In contrast to chemical-based methods, it offers an
environmentally acceptable, less costly, safe, effective, and
economically viable technology for wastewater treatment. The
recyclability of wasted natural and Na-bentonite indicated that
the pollutant removal percentages were adequately high.
Additional research is required to confirm the efficacy of the
novel Na-bentonite as an adsorbent for the removal of methyl
violet dye and to assess its capacity to absorb pollutants
concurrently. In addition, the utilization of Na-bentonite in
wastewater treatment before discharge is recommended and it
was suggested to increase the production of this material due
to its great efficacy in the treatment process.
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