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a b s t r a c t
Brilliant green, also known as ethanaminium, is a triarylmethane dye derivative that has been 
employed as a coloring agent in the textile industry. A sizable volume of vivid green dye was made 
in a lab while the physio-chemical properties were investigated. This study looked at how to extract 
the brilliant green dye from the aqueous reagent using the coagulation–flocculation method to pro-
vide the desired features. Used as a flocculant and coagulant, respectively, polyaluminum chloride 
(PAC). Sodium bisulfate (NaHSO4) solution and hydrochloric acid (HCl) employed to alter the pH 
during the treatment process. Different pH values and coagulant and flocculant dosages used in a 
series of jar tests. The supernatant aqueous effluent determined by numerous experimental stud-
ies termed turbidity, chemical oxygen demand (COD), colour, and suspended solids (SS) after every 
experimental analysis and after the practical investigation. The effectiveness of the treatment ranged 
from a turbidity reduction of 40%–98% to the elimination of 15%–99.2% of COD and a range of 
20%–97.3% of suspended particles. In order to optimize removal efficiency, the optimal parameters 
for the entire quadratic model found using the analysis of variance (ANOVA). By using SEM, XRD, 
and FTIR analyses, the surface morphology of the sludge characterized. The treatment of brilliant 
green dye in aqueous solution identified as the successful solution by this coagulation–flocculation 
procedure using jar test equipment.
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1. Introduction

In numerous industries, including those that process 
food, make cosmetics, textiles, plastics, and paper, dyes are 
utilized extensively. A tenth of all dye products released into 
the waste stream during the production process [1]. Most 
of these colours escape traditional wastewater-treatment 

facilities, persist in the environment, and contaminate 
waterways. When this water is reprocessed by local humans, 
animals, and plants, it often becomes tainted with lethal tox-
ins [2]. These are products made from synthetic dyes. It is 
made of dangerous chemical composites that are toxic to 
consume. The dye pollution is overrun and dye-contented, 
according to the two main issues [3]. Chemical mixtures 
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that are toxic to living things are used to create synthetic 
colours. These businesses produce colours using low-cost 
ingredients and collect fees locally and internationally [4]. 
Brilliant green is a biological hydrogen sulphate salt with 
a counterion made up of four diethylamino phenyls. Its 
main character is a fluorochrome, an antibacterial med-
icine, a sterile agent, a venomous substance, and an envi-
ronmental contaminant [5]. The network structure created 
by the molecular bars of the component parts of coagulant 
promotes coagulation–flocculation and bridge performance 
of coagulant as a flocculent compared with other experi-
ment like adsorption, microfiltration and nano filtration. 
The findings of the pore size measurement are shown in 
the histogram. The histogram shows a hierarchy of pore 
types, from micropore to mesopore to fracture macropo-
res [6]. The lowest and highest average crystalline sizes are 
also shown below the histogram [7]. The best methods for 
eliminating suspended particles and inorganic materials 
are coagulation and flocculation [8]. When present in high 
concentrations, many of these pollutants can make water 
taste bad and turn it brown or orange. The removal of sus-
pended particles and harmful elements from the samples 
accomplished using coagulant [9]. They include molecules 
that are positively charged, which contributes to the effi-
cient neutralization of water. Jar Test allows for the precise, 
ideal dosing of chemical coagulants intended to remove 
suspended particles and contaminants [10]. The best dos-
age and use of chemical coagulants are determined by the 
laboratory Jar test findings, which caricaturists a full-scale 
operation in the treatment process. Precipitation is the 
chemical process by which detectable constituents become 
discernible elements [11]. Coagulation and flocculation are 
based on a chemical reaction that promotes the develop-
ment, aggregation, or clopping of such materials in order to 
allow for their exclusion from solution [12]. The dosage or 
quantity of a precipitant, coagulant, or flocculant needed to 
coagulate and remove the particles present in effluent relies 
on the concentration of the solution as well as a number 
of other factors, such as pH and chemical conditions [13]. 
This research explored coagulation and flocculation tech-
niques were utilized in the current work to remove vivid 
green dye from wastewater. A jar test apparatus designed 
for laboratories is used for this. The focus of the investiga-
tion is on controlling factors such turbidity, COD, color, and 
suspended solids [14]. The regulation of the ideal pH and 
dosage for coagulation and flocculation through a series of 
jar tests. The entire quadratic model was developed using 
the analysis of variance [15]. SEM, XRD, and FTIR inves-
tigations were used to determine the surface morphology  
of the deposited sludge.

2. Materials and methods

2.1. Reagents

As a coagulant and flocculant, Louswolf, US Ltd.’s 
sodium bisulfate (NaHSO4) solution and Aquachem, India’s 
polyaluminum chloride (PAC) utilized, respectively. Sydney 
Solvent’s hydrochloric acid (HCl) utilized to control the pH 
level of effluent during the treatment procedures [16]. HCl 
is used to alter pH. NaHSO4 employed as a flocculant, and 

PAC is used as a coagulant. The concentrations of HCl 85%, 
PAC was between 30% and 40%, and NaHSO4 was 0.20%. 
Table 1 describes the specifics of the utilized materials.

2.2. Standard solution preparation

By liquifying solid dye in distilled water, the brilliant 
green dye solution produced. 300  mg of the dye liquified 
per liter of distilled water to create the sample, which is like 
true commercial dye effluent [17]. The number of potassium 
chloride salts increased and tuned the conduction of the 
solutions.

2.3. Jar test

The standard method for optimizing the computation 
after adding coagulants and flocculants has been the jar test. 
The purpose of this preparation is to predict how synthetic 
coagulation–flocculation reduce the colloidal, suspended, 
and non-settable substance from the effluent. The variable 
amount bump in the coagulation–flocculation phase evalu-
ated using the same standard [18]. It categorically decided 
to use 250 mL sample for each jar test due to the number of 
potential jar tests and the total effluent amount of 20 L avail-
able for all these tests. The resulting ideal pH and chemical 
dose then pragmatically applied to 650 and 950  mL of the 
remainder sample, with the same experimental results as 
those for 250 mL [19]. A workshop jar test made by Yatherm 
Scientific, India, with five parallel beakers was the equip-
ment employed. Each beaker had a capacity of 250  mL for 
the brilliant green dye effluent. Hydrochloric acid (HCl) 
utilized to adjust the pH for coagulation, while sodium 
bisulfate solution [NaHSO4] and polyaluminum chloride 
(PAC) used as coagulants in various mixes to promote floc-
culation. While flocculation required slow mixing at 50 rpm 
for 5  min, followed by 30  min of subsidence, coagulation 
required rapid mixing at 250 rpm for 5 min. Two sets of jar 
tests conducted in accordance with the conventional test 
procedures. Between 1.0 and 3.0 mL of coagulant and floc-
culant combined in the first series [20]. The pH ranges for 
coagulation and flocculation in the second sequence varied 
from 6 to 9 and 5 to 8, respectively. The supernatant’s ultimate 
pH, COD, SS, colour, and turbidity were then controlled.

2.4. Analysis

Table 2 displays the procedures and tools used to mea-
sure pH, COD, SS, and turbidity. The Standard Methods 
were followed for all studies.

Table 1
Reagent characteristics

Chemicals Formula Physical 
form

Molecular 
weight (g/mol)

Hydrochloric acid HCl Liquid 36.458
Polyaluminum chloride PAC Powder 80.45
Sodium bisulfate NaHSO4 Liquid 120.06
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2.5. ANOVA analysis

An investigation technique in statistics called analysis of 
variance (ANOVA) separates methodical elements and ran-
dom factors from an experiencing cumulative inconsistency 
originating from exclusive statistics established. It estab-
lishes the influence that an independent unknown has on 
the dependent variable in a regression analysis [21]. In this 
study, the relationship between the dependent and inde-
pendent variables is determined using a one-way ANOVA. 
The ANOVA method has often been utilized to determine 
the significant outcome level of persuasion parameters on 
response. This strategy used in this study to stimulate each 
individual parameter’s mean square competence, and the 
calculation results are analysed. The following equations 
are used in the ANOVA method to calculate the degree of 
freedom (DF), sum of squares (SS), mean of squares (MS), 
F values, and influence ratios of each parameter. Cross 
authentication, testing, and estimation are common meth-
ods for accomplishing this. The models for testing alone are 
used as the foundation for the calculation of testing [22]. In 
corporeal science, however, this is frequently not possible 
because there are typically insufficient examples. Then, a bet-
ter technique is employed, which tries to do caricature fore-
cast testing by repeatedly eliminating things from the data  
collection.

F =
MST
MSE

where F = ANOVA coefficient; MST = mean sum of squares 
due to treatment; MSE = mean sum of squares due to error.

To enhance the erratic in the evolution of coagulation and 
flocculation, experimental data should be analysed using 
a second-order polynomial model. The analysis of alter-
ation was also established by a design specialist.

2.6. Characterization

2.6.1. SEM analysis

The technique of SEM analysis resulted in the acqui-
sition of floc pictures. The estimation of flocculation and 
aperture properties of surface area using geometrical data 
in two-dimensional photographs done using an image 
dispensation software package. This software’s ability to 
control the edge to accurately mimic entity geometrical 
information eliminates the need for manual human verge 
alteration, which is one of its main advantages. This sig-
nificantly reduces the quantile mistake generated by visual 
perception [23]. This type of software has been effectively 

employed by lab and other researchers to compute floc pos-
sessions in earlier works. In addition, to effectively avoid 
a potential loss of floc geometrical parameter data, flocs in 
more than 10  photos within 1  min used to determine floc 
size and fractal dimension at the consistent instant. This 
was in line with prior studies. Examining was done using 
scanning electron microscopes (SEM), specifically an APE-80 
syrmaks P-480 SEM equipped with a 600 EDS spectrometer 
and an HDP-EDS detector, in order to confirm the depos-
ited sludge during the flocculation process. Acerbating the 
samples and subjecting the saturated segments to a rasping 
procedure allowed for the execution of all extent on elegant 
segments [24]. To evaluate any compositional modification 
dependent on the complex array of various capabilities con-
tained within the cohort of the analytical signals. The stud-
ies completed at a magnification of 600 to provide data that 
was at least passably illustrative. This resembles squares 
about 1  mm2 in size. In both configurations, the analyses 
carried out by searching four areas for each taster.

2.6.2. XRD analysis

The elimination of BG dye in aqueous solution yielded 
a coagulant and flocculant base. Maximum predicted a 
dense resolution between cancrinite and hydroxycancrin-
ite, whereas calcite and analyte are less important, are the 
primary components in BG as indicated by XRD. The mud’s 
cation exchange capacity was only high, and its pH level was 
8. Measurements of the overall concentration of the major 
and minor components in the coagulant made using a tube 
that stimulated X-ray fluorescence (XRF) [25]. To reduce 
background results and advance monochromaticity, quan-
tity distributed utilizing an X-ray tube with a secondary 
board in orthogonal geometry. The operational parameters 
of the Topins X-ray apparatus model MSLH06 were 40  kV 
and 45 mA. 3,000 s were spent irradiating. A Si (Li) detector 
used to create the X-ray spectra, which were then analysed 
using the reiterative smallest quadrangular accurate com-
puter code. As part of the quality control of the measure-
ments, IFEA standard orientation material analyses were 
completed. A photograph taken inside the research coop as 
well as a representation schematic of the stream cell configu-
ration at the Diamond Light Source [26]. Using a centrifugal 
micro-pump, a locally heated development brine is mixed 
within a bolted loop between the flow cell and a 2 L vessel. 
A coagulant sample with recorded electrochemical responses 
and diffraction patterns is housed in the stream cell. The 
arrangement’s primary strength is that it supports in situ 
electrochemical dimension. The flowing brine makes it pos-
sible to achieve the deflection patterns. After the flow started 

Table 2
Analytical method and equipment’s

Parameter Method Apparatus Range

Turbidity Nephelometry Turbid metre (Sky Technology, India) 0.01–1,200 NTU
Suspended solids Evaporation Moisture analyser (Nordson, US) 1%–40%
pH Electrometry pH meter (Omega, India) 1–12
COD Spectroscopy Photometer (Hitech Lab, India) 10–10,000 mg/L
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through the cell, the XRD measurements started 5–8  min 
after the pump was turned on since it took that long to 
finish the security checks and leave the experimental hutch.

2.6.3. FTIR analysis

Using a Spectrum Two-Perkin Elmer Model at room 
temperature, Fourier-transform infrared spectroscopy 
(FTIR) employed to observe the real clusters in molecu-
lar structures. The IR spectra used to monitor the actual 
assembly. The vibration of the band at 640 cm–1 is associated 
with (AlCl). Due to different surroundings, (Al–O’s) vibra-
tion appeared in two distinct frequencies (Al–O) [27]. As a 
result, the peak at 1,874 cm–1 is like the NaCl bond expand-
ing. Stretching and bending of the bands seen at 1,825 and 
2,840 cm–1 are attributed to (OH). The vibration of the band 
at 3,252  cm–1 is (Al–OH). These allotted objects make up 
the coagulant stages. The characteristic peaks of the amide 
groups band in FTIR are useful for studying the structure 
of the deposited sludge since they offer a wealth of useful 
information [35]. Different temperature-treated coagulation–
flocculation FTIR spectra were shown. The samples treated 
for 40 min at various temperatures (10°C, 30°C, 50°C, 70°C, 
and 90°C) [28]. FTIR spectra were obtained from discs con-
taining coagulant-deposited sludge samples. The spectra 
were measured from 8,000 to 800  cm–1 using an infrared 
spectrophotometer at an 8 cm–1 per point data capture rate.

3. Result and discussion

3.1. Coagulation–flocculation process

The coagulation–flocculation procedure took five steps 
to complete. The pH of the effluent raised to 6.5 in the first 
step since 4.7–6.8 is the ideal pH range for polyaluminum 
chloride. Coagulant added in the second stage to desta-
bilize the colloidal emulsion particle. In order to function 
best in the pH range of 4.7–9, pH was adjusted to 8.5 in the 
third phase using HCl [29]. The destabilized colloidal parti-
cles brought together to form larger flocs in the last step by 
the addition of a flocculant called sodium bisulfate. In the 
second series of trials, the pH values for coagulation and 

flocculation altered while the concentration of the coagulant 
and flocculant remained unchanged which is represented 
in Fig. 1. On the elimination of COD, suspended particles, 
colour, and turbidity, the effects of coagulant–flocculant 
concentration and pH were examined, respectively [30].

3.2. Removals of COD, suspended solids, colour and turbidity

3.2.1. pH study

At constant pH values of 4 for coagulation and 9 for floc-
culation, the effects of coagulant and flocculant dosages on 
the removals of COD, SS, and turbidity examined. pH is one 
of the stable measures that serves as a gauge for the acidic 
and basic states of water. Since most chemical processes in 
an aquatic environment are governed by changes in pH, 
this straightforward parameter is also very crucial [31]. 
Sample 1 (S1) had 0.5  mL of coagulant in the pH range of 
4.5, Sample 2 (S2) had 1 mL of coagulant in the pH range of 
5.2, Sample 3 (S3) had 1.5 mL of coagulant in the pH range 
of 6.3, Sample 4 (S4) had 2.0  mL of coagulant in the pH 
range of 7.6, and Sample 5 (S5) had 2.5 mL of coagulant in 
the pH range of 9, which all placed in Table 3 and Fig. 2.

3.3. COD study

The COD removal investigated during the coagula-
tion and flocculation processes. During the coagulation 
research, the COD removal increased with the addition of 
more coagulant and flocculant doses until the maximum 

 
Fig. 1. (A) Concentrated Brilliant Green effluent, (B) Jar test experiment, and (C) deposited coagulant.

Table 3
pH range of coagulant

Samples Coagulant (mL) pH ranges

S1 0.5 4.5
S2 1.0 5.2
S3 1.5 6.3
S4 2.0 7.6
S5 2.5 9.0
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values attained. In the concentrated effluent, the COD 
between 6,500  mg/L. When the coagulant and flocculant 
doses 0.5  mL in the 250  mL S1 sample, the COD removal 
rate was around 15%, but it increased to 64% on the concen-
tration of coagulant 1.0  mL, the COD concentration being 
2,300  mg/L in S2, which is still insufficient for the needed 
standard [32]. The COD removal efficiency was 95.3% 
when the doses were increased to 1.5 mL (S3), 96.9% when 
they increased to 2.0  mL (S4), and 99.2% when they were 
increased to 2.5  mL (S5), as shown in Table 4 and Fig. 3, 
respectively. The COD removal efficiency was 96.9% when 
the doses increased to 200 mg/L (S4).

3.4. Turbidity study

The removal of turbidity during the coagulation and 
flocculation processes examined in Table 5. During the 
coagulation research, the removal of turbidity increased 

with the addition of more coagulant and flocculant dosages 
until the maximum values attained [33]. The concentrated 
wastewater had a turbidity range of 98NTU. It climbed to 
63% on the concentration of coagulant of 1.0 mL in S2, which 
is still insufficient for the required level, when the doses 
of coagulant and flocculant 0.5  mL in 250  mL S1 sample. 
Increasing the doses to 1.5 mL (S3) allowed for the reduc-
tion of turbidity to reach 31 NTU. The S4 level’s coagulant 
range was 2.0  mL with 18  NTU turbidity removal effi-
ciency, while the S5 level’s range was 2.5 mL with a 3 NTU 
removal, as shown in Fig. 4.

3.5. Suspended solids study

The removal of suspended particles during the coag-
ulation and flocculation processes was studied (Table 6). 
During the coagulation research, the removal of suspended 
solids increased when the coagulant and flocculant doses 
raised until the maximum values attained [34]. The con-
centrated effluent included a range of suspended parti-
cles of 3,800  mg/L. The removal of suspended solids was 
around 76% in the 250  mL S1 sample when the coagulant 
and flocculant doses 0.5 and 1.0 mL, respectively. However, 
the concentration of suspended solids in the S2 sample was 
2,030 mg/L, which is still insufficient for the required stan-
dard. When the doses increased to 1.5  mL (S3), 92.1% of 
the suspended solids removed in the range of 1,900 mg/L. 
At the next level, S4, the coagulant range was 2.0 mL, and 
the suspended solids removal efficiency was 95.3% with a 
concentration of 980 mg/L. At the final level, S5, the coag-
ulant range was 2.5 mL, and 98.7% of the suspended solids 
were removed in the concentration of 520 mg/L.

 
Fig. 2. Level pH in different coagulant concentration.

Table 4
COD removal

Samples Coagulant (mL) COD (mg/L)

S1 0.5 6500
S2 1.0 2300
S3 1.5 300
S4 2.0 200
S5 2.5 50

 

Fig. 3. COD removal efficiency in different dose.

Table 5
Turbidity removal

Samples Coagulant (mL) Turbidity (NTU)

S1 0.5 98
S2 1.0 63
S3 1.5 31
S4 2.0 18
S5 2.5 3

 
Fig. 4. Turbidity removal efficiency in different dose.
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3.6. ANOVA variable analysis

The demand for justification with an attempt on fore-
cast ability and consistency of the elements for interpreta-
tion arises as soon as the ANOVA model is obtained. The 
two most common techniques for doing this are annoyed 
authentication and forecast testing. A few samples are set 
aside for testing purposes exclusively during forecast test-
ing. Incorporeal research, however, frequently finds this to 
be impossible because there are typically insufficient sam-
ples available [35]. Then, a better approach is to employ 
F-value and p-value, which imitates prediction testing by 
gradually removing objects from the data set. For instance, 
one might exclude entity 1 in the first round and model the 
remaining entities before testing the model on the initial 
object. This continues until every sample has been examined 
once. The progression is sometimes referred to as leave-
one-out DF, or onefold SS, where one sample is omitted at a 
time. F-value is a hypothesis that says a model is significant 
if it has an F-value higher than F-critical. The models have 
an F-critical analysis since their F-values are 96.53 (Table 7). 
The p-value utilized to determine whether the F-value is 
large enough [36]. In other words, p-values  <  0.003 show 
that the regression model is statistically significant. These 
models take into account both linear and quadratic effects 
as well as the two-way interactions between the variables 
under study. the representation of empirical correlation 
in mathematics. The correlation coefficient value acts as 
an evaluation of the model’s adequacy based on the actual 
values of these elements created by the factors included.

3.7. Characterization

3.7.1. SEM results

Fig. 6 illustrates the surface morphologies of the coag-
ulant at 800x and 2,000x magnifications following coagu-
lation investigations that revealed holes of various sizes 
and shapes. The macropores and mesopores classifications 
are pore diameters that are unique to synthetic materi-
als. Experimental results showed that the coagulant has a 
rough surface and is mostly constituted of sodium bisulfate 
and polyaluminum chloride, which supports its chemical 
makeup [37]. Through flocculation, interparticle bridging, 
or coagulation interactions, particles may be joined to these 

synthetic strands. A dense-net structure that is more condu-
cive to particle coagulation and flocculation as a result of 
adsorption and bond generation among flocs as connected 
with branched structure also influenced by the morphology. 
Bulky clusters caused by element flocculation are shown in 
Fig. 6. Additionally, adsorption of particles on chemical sur-
faces has been linked to a reduction or filling of the number 
of holes on synthetic surfaces. SEM utilized to examine the 
surface morphology of the coagulant that had been deposi-
tion. Fig. 6 displays the SEM images of deposited coagulant. 
The coagulant’s surface is ragged in contrast to its smooth 
counterpart [38]. The network structure created by the molec-
ular bars of the component parts of coagulant promotes 
coagulation–flocculation and bridge performance of coagu-
lant as a flocculent. The findings of the pore size measure-
ment are shown in the histogram in Fig. 6. The histogram 
shows a hierarchy of pore types, from micropore to meso-
pore to fracture macropores. The lowest and highest average 
crystalline sizes are also shown below the histogram. [39]. 
The specified pore dimension areas for the synthetic metric 
image and pore dispersion are shown in Fig. 6. It exposed the 
coagulant–flocculant clustering in the surface atmosphere.

3.7.2. XRD analysis

The XRD spectrum showed potential coagulant chemical 
linkages. However, the goal of this experiment to use X-ray 
powder diffraction to identify the compounds or phases. 
The XRD of the coagulant–flocculant is shown in Fig. 7. 
Polyaluminum chloride and sodium bisulfate component 
rays were present in the surface morphology during the 
major phase of the spectrum [40]. This suggests that the coag-
ulant should not simply be a mixture of the basic ingredients 
shown in Fig. 7 but rather a novel polycrystalline complex 
comprising polyaluminum chloride, sodium bisulfate, and 
other polymeric species [41]. Fig. 7 shows the XRD spectra 
of coagulant and flocculant samples with various synthetic 
molar ratios. The analysis’s findings revealed that the group-
ing of these samples includes crystals of NaHSO4, PAC, and 
HCl in addition to other crystals. For coagulant samples, a 

 
Fig. 5. Suspended solids removal efficiency in different dose.

 
Fig. 6. SEM analysis of coagulant.
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new peak at 20.0 was found, indicating that the composite 
coagulant had undergone some shaping. The XRD spectra 
also showed that NaHSO4 had a larger concentration of the 
deflection peaks than PAC [42]. Additionally, the concentra-
tion of the deflection peak differed and the molar ratios were 
varied. Due to the cumulative nature of the coagulation–floc-
culation molar ratio, the intensity initially decreased, then 
increased, reaching its minimum value at a mole ratio of 
10%. It stated that adding the right quantity of BG dye could 
result in improved scattering, larger ratios of the products’ 

approximate structures, and decreased crystallinity [43]. It 
is also possible that the NaHSO4-induced rise in the molec-
ular weight of the BG resulted in shoddier chain section 
gesture, a restriction on fragment dispersion, and investi-
ture to crystal, which helped attain subordinate crystallinity.

3.7.3. FTIR spectroscopy

Fig. 8’s representation of the FT-IR spectrum for 
the coagulant reveals a broad absorption peak in the 

Fig. 7. XRD analysis of coagulant.

 
Fig. 8. FTIR analysis of coagulant.
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4,580–4,000 cm–1 range for both coagulants during floccula-
tion, which is attributed to the stretching vibration of OH 
[44]. The medium peak in the region of 1,312–1,200 cm–1 is 
attributable to the bending vibration of the OH groups in 
water molecules, specifically the HOH angle distortion fre-
quency, suggesting that the coagulant may contain structural 
and adsorbed water. For coagulant, the peaks at 1,145 and 
1,120  cm–1 are responsible for the SO4 stretching vibration. 
The peaks at 543 and 512 cm–1 for the coagulant are associ-
ated to the bending vibration of Fe–OH and Fe–O, respec-
tively [45]. Fig. 8’s FTIR spectrum of complex coagulants 
shows strong absorption peaks at 6,800–6,400 and 1,784 cm–1, 
which are attributed to the expanding vibration of –OH and 
quivering of absorbed water. The proportional stretching 
vibrations of Na–OH–Na and Na–O, respectively, detected 
as the peaks at 743 and 812 cm–1, respectively. This suggested 
that the coagulant that had been prepared was a coagulant 
sympathetic to those created by the OH bridges. On the 
peak shapes of PAC and NaHSO4, no notable changes were 
found [46]. The establishment of the new Na–OH connec-
tion between the PAC may be blamed for the appearance of 
a new crowning at approximately 1,264  cm–1. As opposed 
to a straightforward combination of the raw components, 
NaHSO4-PAC was more resistant to defining new chemi-
cal species. The molecular weight of the coagulant and the 
accumulating charge of a single particle increase as Na3+ 
strength builds up [47]. These changes may be beneficial for 
bridging and adsorption, charge neutralization, and co-pre-
cipitation netting. While the peak morphologies of the PAC 
samples almost identical, NaHSO4-PAC had a higher con-
centration of the absorption peak at 1,452 and 1,647  cm–1. 
This proved that Ce3+ accumulation order could stimulate 
Ce–OH–Fe growth [48]. The order of PAC and NaHSO4 
build-up harmful for producing the compound coagulant. 
The blueshift of samples with the maximum absorption 
at around 821  cm–1 was pragmatically related to the PAC 

sample. It was primarily caused by NaHSO4’s stronger orga-
nizational capabilities than PAC, which strengthened the 
link between Na–O and Na–O–Na. Although this mountain 
transformed for its state [49]. It might be attributed to the 
fact that the increase in Ho encouraged the substitution of 
Na and thus sparked the emergence of some Na–OH–Na. 
The blueshift was therefore translated as weak.

4. Conclusion

Brilliant green dye treated using a synthetic coagulation–
flocculation technique that was investigated. Coagulation–
flocculation therapy proven to be a quick and effective way 
to get rid of BG dye. The original pH of the solution, any 
potential change in turbidity, SS, color, and COD all affect 
how effectively BG is excluded. Turbidity removal ranged 
from 40% to 98%, whereas SS and COD removal ranged 
from 15% to 99.2% and 20% to 97.3%, respectively. The jar 
tests reveal, however, that the treatment advancement very 
slight in relation to the pH levels and the doses of coagu-
lants and flocculants utilized for effluent treatment. The key 
parameters (COD 6,500 mg/L, SS 3,800 mg/L, and turbidity 
98  NTU) successfully brought to their target values using 
the coagulant and flocculant doses of 2.5 mL, respectively. 
The results of the jar test further supported by a success-
ful pilot-scale experiment to remove BG dye using sodium 
bisulfate (NaHSO4) and polyaluminum chloride (PAC) as 
coagulants and flocculants, respectively. The analysis of 
FTIR, SEM, and XRD revealed that the reactions between 
PAC and NaHSO4 not simply physical mixtures but rather 
resulted in the formation of the new bond Na–OH–Na. 
After the build-up of Na3+, the coagulant’s molecular 
weight and the accretion charge of the single element both 
increased. The F-critical analysis for the ANOVA models is 
performed since their F-values are 96.53. The F-large val-
ue’s sufficiency was controlled by the p-value. The find-
ings of the regression model are statistically significant 
when the p-value is less than 0.003. The decolorization rate 
of straight green when treated with NaHSO4-PAC may 
reach 99%. Under the same conditions, the decolorization 
rate of direct green wastewater was higher than that of 
directly debauched burgundy dye wastewater. It has been 
established that the chemical coagulation and flocculation 
method is a workable option for the treatment of BG dye in  
aqueous solution.
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