
Manuscript 3388 

Optimization of The Starch Chitosan-based Flocculant Crosslinked by Optimization of The Starch Chitosan-based Flocculant Crosslinked by 
Ethylene Glycol Dimethacrylate on Removing Dypro 19 Textile Dye from Ethylene Glycol Dimethacrylate on Removing Dypro 19 Textile Dye from 
Wastewater Wastewater 

Asep Nurohmat Majalis 

Putri Ramadhani 

Hendris Hendarsyah Kurniawan 

Axel Dimaz Sanusi Pasaribu 

Hafiizh Prasetia 

See next page for additional authors 

Follow this and additional works at: https://kijoms.uokerbala.edu.iq/home 

 Part of the Biology Commons, Chemistry Commons, Computer Sciences Commons, and the Physics Commons 

https://kijoms.uokerbala.edu.iq/home/
https://kijoms.uokerbala.edu.iq/home/
https://kijoms.uokerbala.edu.iq/home?utm_source=kijoms.uokerbala.edu.iq%2Fhome%2Fvol11%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/41?utm_source=kijoms.uokerbala.edu.iq%2Fhome%2Fvol11%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/131?utm_source=kijoms.uokerbala.edu.iq%2Fhome%2Fvol11%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/142?utm_source=kijoms.uokerbala.edu.iq%2Fhome%2Fvol11%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/193?utm_source=kijoms.uokerbala.edu.iq%2Fhome%2Fvol11%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
https://uokerbala.edu.iq/en/
https://uokerbala.edu.iq/en/


Optimization of The Starch Chitosan-based Flocculant Crosslinked by Ethylene Optimization of The Starch Chitosan-based Flocculant Crosslinked by Ethylene 
Glycol Dimethacrylate on Removing Dypro 19 Textile Dye from Wastewater Glycol Dimethacrylate on Removing Dypro 19 Textile Dye from Wastewater 

Abstract Abstract 
Dyes used in industry, especially textile dyes, are one of the water pollutants that receive much attention 
because they are potentially toxic, carcinogenic, mutagenic, and generally challenging to decompose 
naturally. Textile dyes from wastewater can be removed through coagulation-flocculation. However, 
conventional coagulation-flocculation based on Fe and Al salts and synthetic polymers often leaves 
residual pollution.. In this research, the performance of the new biopolymer-based flocculant, namely 
starch-ethylene glycol dimetacrylate-chitosan (SEC), which can act as coagulants and flocculants in solid-
liquid separation of textile dyes, has been optimized using response surface methodology (RSM) 
approach. The influences of several independent variables, such as initial pH, SEC dosage, and rapid 
stirring time, were studied. The design experiment was the box-Behnken design (BBD), which involved 
three factors, three levels, and 15 treatment combinations. Based on the fitting results, the quadratic 
model is significant and accurate in predicting the solid-liquid separation of Dypro 19 (p-value 0.0002, F-

value 51.94, and R2 0.9894). Numerical optimization based on the desirability function shows that using 

initial pH variables of 8, SEC dosage of 2.2 mL L-1, and rapid stirring time of 3 minutes can produce a 
predicted removal of Dypro 19 of 97.01%. Model validation through experiments on these variables shows 
that 95.71% of Dypro 19 can be removed. These results indicate that the proposed model's validity, 
accuracy, and acceptability are good. 

Keywords Keywords 
Optimization; Flocculant performance; Flocculation; Starch-ethylene glycol dimethacrylate-chitosan; 
Response sur-face methodology; Box-Behnken design; Solid-liquid separation; Textile dye 

Creative Commons License Creative Commons License 

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 4.0 
License. 

Authors Authors 
Asep Nurohmat Majalis, Putri Ramadhani, Hendris Hendarsyah Kurniawan, Axel Dimaz Sanusi Pasaribu, 
Hafiizh Prasetia, Fitri Yuliani, Andreas Andreas, and Hartati Hartati 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


RESEARCH PAPER

Optimization of the Starch Chitosan-based Flocculant
Crosslinked by Ethylene Glycol Dimethacrylate on
Removing Dypro 19 Textile Dye From Wastewater

Asep N. Majalis a,*, Putri Ramadhani a, Hendris H. Kurniawan a, Axel D.S. Pasaribu b,
Hafiizh Prasetia a, Fitri Yuliani a, Andreas Andreas a, Hartati Hartati c

a Research Center for Chemistry, National Research and Innovation Agency (BRIN), KST BJ Habibie, South Tangerang, Indonesia
b Undergraduate Program of Chemistry, Airlangga University, Surabaya, Indonesia
c Department of Chemistry, Airlangga University, Surabaya, Indonesia

Abstract

Dyes used in industry, especially textile dyes, are one of the water pollutants that receive much attention because they
are potentially toxic, carcinogenic, mutagenic, and generally challenging to decompose naturally. Textile dyes from
wastewater can be removed through coagulation-flocculation. However, conventional coagulation-flocculation based on
Fe and Al salts and synthetic polymers often leaves residual pollution. In this research, the performance of the new
biopolymer-based flocculant, namely starch-ethylene glycol dimetacrylate-chitosan (SEC), which can act as coagulants
and flocculants in solid-liquid separation of textile dyes, has been optimized using response surface methodology (RSM)
approach. The influences of several independent variables, such as initial pH, SEC dosage, and rapid stirring time, were
studied. The design experiment was the box-Behnken design (BBD), which involved three factors, three levels, and 15
treatment combinations. Based on the fitting results, the quadratic model is significant and accurate in predicting the
solid-liquid separation of Dypro 19 ( p-value 0.0002, F-value 51.94, and R2 0.9894). Numerical optimization based on the
desirability function shows that using initial pH variables of 8, SEC dosage of 2.2 mL L¡1, and rapid stirring time of
3 min can produce a predicted removal of Dypro 19 of 97.01 %. Model validation through experiments on these variables
shows that 95.71 % of Dypro 19 can be removed. These results indicate that the proposed model's validity, accuracy, and
acceptability are good.

Keywords: Optimization, Flocculant performance, Flocculation, Starch-ethylene glycol dimethacrylate-chitosan,
Response surface methodology, Box-Behnken design, Solid-liquid separation, Textile dye

1. Introduction

T he availability of clean water is very important
to support human life and socio-economic

development [1]. As the home of humans and other
living things, the earth provides clean water needed
by living entities. However, with the progression of
the era supported by population growth, and the in-
tensity of industrialization that does not prioritize
sustainability and climate change, the existence of
clean water is increasingly threatened [2,3].
Currently, especially in cities in developing countries,

the availability of clean water is increasingly vulner-
able [1,4]; even more depressing, the existing of
quality water sources are starting to be controlled by
corporations [5]. As a result, the human right to water
and sanitation in developing countries is difficult to
realize because access to quality drinking water is
limited [5,6]. Moreover, water pollution caused by
industrial activities is often found in developing
countries [7]. Pollutants in water are generally heavy
metals and organic compounds [8].
Dyes used in industry, especially textile dyes, are

one of the water pollutants that have received much
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attention because they are potentially toxic, carci-
nogenic, mutagenic, and generally not readily
biodegradable [9e12]. In addition, dyes in water can
limit sunlight's entry, reducing photosynthetic ac-
tivity and thus affecting the entire aquatic biota
[10e13], increasing chemical oxygen demand
(COD), and changing the salinity and pH of water
[9]. Therefore, dyes in water and wastewater must
be removed before being discharged into streams.
Dypro Multi-Purpose Dye 19 Deep Blue or Dypro

19 is one dye used in the dyeing industry. This dye
is suitable for dyeing natural fabrics such as cotton,
linen, viscose, wool, silk, nylon, spandex, rayon,
lycra, and 3D-printed items. It can also be used to
dye buttons and feathers. The constituent in-
gredients of this dye and its hazard classification are
presented in Table 1.
The removal of dyes from wastewater can be

accomplished through physical, chemical, and bio-
logical processes or a combination of these pro-
cesses [14]. Specifically, these processes are
oxidation, ozonation, coagulation and flocculation,
electrocoagulation, adsorption, photochemistry,
membrane separation, and biological treatment [15].
Among these processes, coagulation-flocculation is
the most widely applied due to its easy handling
and high effectiveness, as well as low energy use
and investment costs [16e18].
Recently, the development of biopolymer-based

flocculants has become an attractive option to
replace not only the Fe and Al-based coagulants but
also the synthetic polymer-based flocculants
[19e21]. As is well known, Fe and Al residues in
water have negative impacts. Fe residues can reduce
the service life of metal-based water treatment
equipment, while Al residues can cause Alzheimer's
disease [19,22]. Synthetic polymer residue from the
flocculation process is also known to be toxic,

potentially carcinogenic and not easily degraded in
the environment [19]. Meanwhile, biopolymer-
based flocculants have the advantage of being
abundant in raw materials [23]. They are sustainable
so that the cost can be cheaper [21,24], less hazard-
ous [19,21], easily degraded naturally [24,25], and
can act as coagulants and flocculants. For example, a
ternary copolymer of starch-acrylic acid-chitosan
copolymer (SAAC) has been able to reduce acid
blue 113 dye by 99.7 % [25], and a ternary copolymer
of starch-acrylic acid-itaconic acid (SAI) has been
able to reduce crystal violet dye by 91.2 % [26].
Optimization of flocculation treatment parame-

ters is necessary to improve the performance of
biopolymer-based flocculants. Conventionally, the
optimization process can be carried out using One
Variable At a Time (OVAT) method [27,28]. How-
ever, the drawback of OVAT is that the correlation
of various optimized parameters cannot be deter-
mined simultaneously, which results in a larger
number of experiments and a longer time. Recently,
the response surface methodology (RSM), as a more
advanced experimental design, has been widely
used to optimize coagulation-flocculation processes
in wastewater treatment [18,27,29e32]. Optimiza-
tion with RSM can simultaneously assess the rela-
tionship between the independent parameters and
the expected measured response parameters to
build a mathematical equation model so that the
number of experiments is reduced and time can be
shortened [27].
There are three types of response surface design,

namely complete factorial design (FFD), central
composite design (CCD), and box-Behnken design
(BBD) [33e35]. Experiments using FFD must
consider all possible combinations of all potential
factor levels, so FFD requires many trials, which
implies time and cost [33]. Therefore, CCD and BBD

Table 1. The ingredients content and its hazard classification in Dypro 19.

No Ingredients Hazard
classification

1 Acid Blue 113
(disodium 8-anilino-5-[[4-[(3-sulfonatophenyl) diazenyl] naphthalen-1-yl] diazenyl]
naphthalene-1-sulfonate)
(C32H21N5Na2O6S2)

Eye Dam. 1:H318;
Skin Sens. 1:H317

2 Direct Yellow 12
(disodium 4,40-bis[(4-ethoxyphenyl) azo] stilbene-2,20-disulphonate)
(C30H28N4O8S2Na2)

Eye irrit. 2: H319

3 Disperse Yellow 42
(4-anilino-3-nitro-N-phenylbenzenesulfonamide)
(C18H15N3O4S)

Skin Sens. 1:H137

4 Disperse Red 82
(2-[N-(2-acetyloxyethyl)-4-[(2-cyano-4-nitrophenyl) diazenyl] anilino] ethyl acetate)
(C21H21N5O6)

Skin Sens. 1:H137
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are often used in optimization [27]. The CCD
method is usually used for two-level factor design,
and each factor has five different levels. In CCD,
axial points must be outside the ‘cube’ to test for
possible extremes that are not in the desired region.
BBD has only three different levels of factors. In
BBD, there are no axial points outside the defined
boundaries. Therefore, BBD is more practical
because it has fewer design points and experimental
tests than CCD [27].
In this study, the performance of the new

biopolymer-based flocculant that can act as coagu-
lant and flocculant, i.e. the starch chitosan cross-
linked by ethylene glycol dimethacrylate or the
starch-ethylene glycol dimetacrylate-chitosan,
abbreviated as SEC, in removing Dypro 19 from
wastewater was optimized using the response sur-
face methodology box-Behnken design or RSM-
BBD. The optimized treatment parameters were
initial pH, SEC dosage, and rapid stirring time. The
results showed that SEC could act as a coagulant
and flocculant, removing Dypro 19 textile dye from
wastewater up to 95.71 %.

2. Materials and methods

2.1. Materials

The materials used in this research included sol-
uble starch (CAS No. 9905-84-9), acetic acid (CAS
No. 64019-7), sodium hydroxide (CAS No. 1310-73-
2), ethylene glycol dimethacrylate (EGDMA) (CAS
No. 97-90-5), sulfuric acid (CAS No. 7664-93-9), and
azobisisobutyronitrile (AIBN) (CAS No. 78-67-1), all
in analytical grade, were obtained from Sigma-
eAldrich. Low molecular weight chitosan (CAS No.
9012-76-4) with a degree of deacetylation of 75 %
and a maximum limit of impurities of 10 % was
obtained from Central Drug House (CDH). Ethanol
(CAS No. 64-17-15) and acetonitrile (CAS No. 75-07-
8), in analytical grade, were obtained from Merck.
The textile dye, i.e., Dypro 19 deep blue multipur-
pose dye or Dypro 19 (Product code: 0101603119)
was obtained from Professional Fabric Dyes Ltd.

2.2. Methods

2.2.1. Synthesis and characterization of SEC
2 g of starch was gradually dissolved in 60 mL of

ultrapure water at 90 �C while stirring at 450 rpm.
Then, the starch solution formed was cooled at room
temperature and diluted in a 100 mL volumetric
flask. Subsequently, the starch solution was mixed
with EGDMA at a ratio of EGDMA: starch of

0.75 ml g�1. The mixture was stirred at 850 rpm for
15 min at room temperature. Afterward, 50 mL of
2 % (w/v) chitosan solution in 1 % (v/v) acetic acid
was added to the mixture and stirred at 850 rpm for
30 min at 60 �C. In the next step, AIBN, as the
polymerization initiator, was added to the mixture
(AIBN: starch mass ratio of 0.8 % g g�1) and stirred
at 850 rpm for 60 min at 60 �C. Finally, the mixture
was poured into an autoclave and then polymerized
at 90 �C for 5 h. The polymerized liquid was then
named SEC and used for experiments in the opti-
mization process.
For characterization, the polymer obtained (SEC)

was precipitated by adding ethanol (ethanol: starch
2.5 mLg�1) and left for 48 h. Furthermore, the pre-
cipitate and liquid were separated by centrifugation
at 6500 rpm for 15 min. The precipitate obtained was
dried at 50 �C for 24 h. Then, the dried precipitate
was crushed and characterized by FTIR, XRD, and
SEM.
FTIR (Brucker-Tensor II, US) was used to identify

SEC functional groups and compare them with the
functional groups of its constituent materials, i.e.,
starch, chitosan, and EGDMA. For FTIR analysis,
each SEC powder, starch, chitosan, and the EGDMA
liquid was mixed with KBr at room temperature and
formed into pellets. FTIR analysis was performed in
the wave number range of 4000e500 cm�1, with a
resolution of 2.0 cm�1 and a scan number of 45.
Furthermore, to identify the X-ray diffraction

pattern and crystallinity of SEC and its constituent
materials, an X-ray diffractometer (Malvern Pan-
alytical AERIS, UK) with an X-ray source of copper,
a scattering angle (2q) of 5e85�, a scanning speed of
0.2�/second and a step size of 0.02�, was used, and
the surface morphology of SEC and its constituent
materials, i.e., starch and chitosan, was character-
ized using SEM (PhenomProx Desktop Scanning
Electron Microscope, Thermo Fisher Scientific, US)
by fixing a few drops of each powder on an iron stub
of the SEM coated with gold. The zeta potential (z)
of the dispersed material of SEC at pH 7 and Dypro
19 at pH 7 was measured by laser Doppler electro-
phoresis using a zeta potential analyzer (Horiba SZ
100, Javan) with a measurement range from �500 to
þ500 mV. Digital microscope VHX-5000 series
(Keyence, Japan) is used for imaging the settled flocs
from jar test experiment.

2.2.2. Experimental design and modelling

2.2.2.1. Single factor experiments. Single-factor ex-
periments through jar tests were conducted to
determine the range of the initial pH and SEC
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dosage to be used for setting up the RSM-BBD
experiment. The initial pH set in the single-factor
experiment was 5, 6, 7, 8, and 9, and the fixed pa-
rameters were a flocculant dosage of 2 mL L�1,
wastewater volume of 500 mL, rapid stirring at
200 rpm for 2 min, slow stirring at 30 rpm for 15 min
and sedimentation for 1 h. The SEC dosage set in
the single-factor experiment was 1.4, 1.6, 1.8, 2.0, 2.2,
2.4, 2.6, 2.8, and 3.0 mL L�1, and the fixed parame-
ters used were an initial pH of 7, a wastewater vol-
ume of 500 mL, rapid stirring at 200 rpm for 2 min,
slow stirring at 30 rpm for 15 min and sedimentation
for 1 h.

2.2.2.2. The box-Behnken experimental design. RSM-
BBD set-up and analysis were performed using
Design Expert software 12 (State-Ease Inc., Minne-
apolis, US). The RSM-BBD experiment parameters
are presented in Table 2. Three-factor levels of the
BBD model were used to optimize Dypro 19 removal
from wastewater. Three independent variables were
selected: initial pH, SEC dosage, and rapid stirring
time. Three levels (�1, 0, þ1) of the independent
variables were, respectively, A (initial pH of 7, 7.5,
and 8), B (SEC dosage of 1.8, 2.4, and 2.6 mL L�1),
and C (rapid stirring time of 1, 3, and 5 min). Dypro
19 removal was the response of the optimization
process. The total number of experiments performed
is calculated using Equation (1) [27].

N¼2*KðK�1Þ þC0 ð1Þ
Where, K is the number of independent variables,
and C0 is the number of center points.
In this research, the number of center points is set

at 3, so the number of experiments is 15. Each
experiment was conducted three times, and the
average of the responses obtained was used as the
actual response value for each condition. The
experimental data were then fitted using the sec-
ond-order polynomial equation (Equation (2)) [27].
Furthermore, the effect of independent variables
(linear, interaction, and quadratic) on the response
was examined.

Y¼b0 þ
Xk

i¼1

biXi þ
Xk

i¼1

biiX
2
i þ

X
i< j

bijXiXj þ 3 ð2Þ

Where Y is the response variable predicted by the
model for the input of independent variables (Xi;Xj).
b0;bi;bii;bij are the regression coefficients for inter-
cept, linear, quadratic, and interaction. And 3 is the
random error from different sources of variability.
Furthermore, the statistical significance of the

equation model was tested by analysis of variance
(ANOVA) through the F and p-value. The model
fitting is expressed by R2, adjusted R2, and adequate
precision value. The interaction of independent
variables is shown by the 3D surface response plots
and contours. Numerical optimization with desir-
ability function is determined by setting input, i.e.,
initial pH “in range”, SEC dosage “in range”, rapid
stirring time “in range”, and the Dypro 19 removal
as a response, “maximum”. Finally, the numerical
model was validated by conducting four experi-
mental tests under optimum conditions.

2.2.3. The jar test procedure
In jar test experiments, wastewater was artificially

made by dissolving 0.25 g Dypro 19 and then
diluting it to 8 L. Each 500 mL of wastewater,
conditioned for pH and SEC dosage, was poured
into a beaker glass for the flocculation test. Next, the
beaker glass was placed in a jar test apparatus
(VELP Scientifica, Italy), which was run at a pre-
determined stirring speed and time.

2.2.4. Analytical techniques
The UV-visible spectrophotometer method (Agi-

lent Cary 60 UV-visible, US) was used to evaluate
the removal of Dypro 19 from wastewater. Wave-
length scanning on a UV-visible spectrophotometer
was carried out in the range of 400e800 nm to obtain
the lmax that resulted in the maximum absorbance
of Dypro 19. Furthermore, the wastewater from each
jar test result was determined for its absorbance at
the maximum wavelength obtained. The standard
reference used to determine the absorbance was

Table 2. The parameters set up and their respective levels of box-Behnken design for SEC optimization.

Independent variables (unit) Symbol Coded levels

Lower limit (�1) Center (0) Upper limit (þ1)

Initial pH A 7.0 7.5 8.0
SEC dosage (mL L�1) B 1.8 2.2 2.6
Rapid stirring (minute) C 1 3 5

Respond variable (unit) Constrains
Dye removal (%) Y Maximize
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ultrapure water. The removal of Dypro 19 from
wastewater was calculated using Equation (3).

Dypro 19 removal ð%Þ¼A0 �At

A0
*100 ð3Þ

Where A0 is the absorption of Dypro 19 before
flocculation and At is the absorption of Dypro 19
after flocculation by SEC.

3. Results and discussion

3.1. The synthesis and characterization of SEC

SEC was synthesized by polymerizing starch and
chitosan using EGDMA as a cross-linker and AIBN
as an initiator. Polymerization was carried out under
hydrothermal conditions without purging with N2.
The polymerization parameters used in the syn-
thesis of SEC were the ratio of EGDMA: starch
0.75 mL g�1, the ratio of starch: chitosan 2 g g�1, and
the ratio of AIBN: starch 0.8 % g g�1.
The FTIR spectrum of SEC (Fig. 1) shows that it

has functional groups derived from each of its
constituents. SEC has functional groups that appear
at specific wave numbers, namely: OeH
(3292 cm�1), CeH (2976 and 2944 cm�1), C¼O
(1723 cm�1), C¼C (1636 cm�1), NeH (1566 cm�1),
CH3 and CH2 (1451, 1382, 1321 and 1296 cm�1), and
CeO (1244 and 1015 cm�1). Based on the FTIR
spectrum of SEC, it is likely that the cross-linking

between chitosan and EGDMA occurs in the NH2

functional group, and the cross-linking between
starch and EGDMA occurs in the CH2eOH func-
tional group. The NH2 functional group does not
appear in SEC, and the peak for the OH functional
group in SEC has a lower intensity than that in
starch. The similar result has also been reported by
previous researchers, who explained that specific
peaks of starch and chitosan appeared in the spectra
of the prepared flocculant (starcheacrylic
acidechitosan (SAAC)) [25].
The X-ray diffraction patterns presented in Fig. 2

show that SEC appears more amorphous than
starch and chitosan, and the crystallinity of chitosan
is qualitatively higher than starch. The diffraction
peak of starch at 16.89� indicates graminose type A
starch. This type of starch has a semi-crystalline
structure stabilized by intermolecular hydrogen
bonds between starch macromolecules [36]. The
diffraction peaks of chitosan appear at 19.98, 29.37,
31.65, and 45.39�. The diffraction peaks of starch and
chitosan do not appear in SEC, and the tendency of
the SEC diffraction pattern is amorphous. This in-
dicates that cross-linking between starch, EGDMA,
and chitosan produces a new amorphous com-
pound, which strengthens the obtained FTIR char-
acterization results.
SEM images of chitosan, starch, and SEC (Fig. 3),

show that chitosan has a rougher surface than SEC,
and the surface of SEC is rougher than starch. The

Fig. 1. The FTIR spectra of starch, chitosan, EGDMA and SEC.
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difference in surface roughness is obvious in SEM
photos with a magnification of 10,000 times (Fig. 3a',
Fig. 3b', and Fig. 3c'). Qualitatively, the shape of SEC
looks like starch, which is spherical but large. SEM
photos confirm the synthesis process using a starch:
chitosan mass ratio of 2 g g�1, which means the
proportion of starch is twice that of chitosan; from
SEM photos, it appears that the dominant structure
of SEC is starch.

3.2. SEC performance test

The performance test of SEC flocculant in
removing Dypro 19 from wastewater was evaluated
by the UV-visible spectrophotometer method. The
maximum absorbance of Dypro 19 was scanned
from 400 to 800 nm. From the scanning results, the
maximum absorbance of Dypro 19 was obtained
at a wavelength of 588 nm, as presented in Fig. 4.
Accordingly, a wavelength of 588 nm (lmax) was
set to determine the absorbance value during the
experiment.

3.2.1. Single factor experiments
Generally, pH, temperature, coagulant dosage,

and flocculant dosage significantly affect coagula-
tion and flocculation performance. Then, the opti-
mization process with RSM-BBD requires setting
the lower and upper limits of independent param-
eters. Since SEC can act as both coagulant and
flocculant, the single-factor experiment was only
conducted on initial pH and SEC dosage.
Based on single factor experiments (Fig. 5a),

Dypro 19 removal of 80.11 % was obtained at an
initial pH of 7, and at the initial pH of 8, Dypro 19
removal changed to 77.61 %. In addition to the initial
pH, the results according to Fig. 5a were obtained at
fixed parameters, namely a SEC dosage of 2 mL L�1,
a rapid stirring of 200 rpm for 2 min, a slow stirring
of 30 rpm for 15 min, and sedimentation for 1 h. The
graph in Fig. 5a shows that with changes in initial
pH, the Dypro 19 removal also changes significantly.
These results indicate that changes in Hþ and OH�

derived from acids and bases will significantly
determine the performance of SEC flocculants. This

Fig. 2. The XRD spectra of starch, chitosan and SEC.
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condition indicates that changes in pH will change
the zeta potential value of the dye in wastewater so
that it will change the optimum conditions of the
dye removal process by SEC. This phenomenon
indicates that one of the flocculation mechanisms by
SEC is charge neutralization. To confirm the floc-
culation mechanism, the zeta potential values of
SEC and Dypro 19 were measured at pH 7, and the
results are shown in Fig. 6.
The flocculation performance of SEC is slightly

different from that of previous reports that used SAI

[26] and SAAC [25] biopolymer-based flocculants.
The starch-acrylic acid-itaconic acid (SAI) based
flocculant performs excellent flocculation in
removing crystal violet dye under weakly acidic to
neutral conditions. In contrast, the starch-acrylic
acid-chitosan (SAAC) based flocculant has good
flocculation performance in removing acid blue 113
dye in the pH range of 4e10. The differences in
biopolymer-based flocculant performance highly
depend on the degree of grafting and the type of
monomers and crosslinkers. The degree of grafting

Fig. 3. SEM image of chitosan in magnification of 3000� (a) and 10,000� (a’), starch in magnification of 3000� (b) and 10,000� (b’), and SEC in
magnification of 3000� (c) and 10,000� (c’).
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indicates the composition of the monomers and
crosslinkers. The type of monomers and cross-
linkers will determine the particle charge of the
biopolymer-based flocculant.
Dypro 19 removal by SEC as the effect of the

dosage is presented in Fig. 5c. The dosage that
produces the highest Dypro 19 removal is
2.4 mL L�1. In the dosage from 2 to 2.4 mL L�1, the
change in Dypro 19 removal is not significant,
respectively 92.18, 92.43 and 92.84 %. According to
Fig. 5c the results were obtained at fixed parame-
ters, i.e., initial pH 7, rapid stirring at 200 rpm for
2 min, slow stirring at 30 rpm for 15 min, and
sedimentation for 1 h. The changes in the dosage
that cause the changes in Dypro 19 removal can be
understood from the flocculation mechanism,
namely charge neutralization and adsorption. At
low flocculant dosages, the adsorption and
neutralization processes are not optimal, so the dye
is still in the liquid phase. In optimum conditions,
charge neutralization and adsorption occur, so the

removal of the dye increases. In excessive dosages,
which have implications for charge reversal, the
dye that has been adsorbed and neutralized will
stabilize again and come back to the liquid phase.
In addition to charge neutralization and adsorp-
tion, a possible flocculation mechanism between
SEC and Dypro 19 is interpolymer bridging [24],
which is confirmed by the large size of the flocs, as
presented in Fig. 7.

3.2.2. Optimization of the SEC performance
The jar test results from the single-factor experi-

ment method were used as a base design in the
experimental conditions for optimization with the
RSM-BBD. The independent parameters chosen for
variation in optimization with RSM-BBD were the
initial pH, flocculant dosage, and rapid stirring time.
At the same time, the response was the Dypro 19
removal, as presented in Table 2. The fixed param-
eters for the jar test process were as follows: 500 mL
of wastewater, a dye concentration in the waste-
water of approximately 31.25 mg L�1, a rapid stir-
ring at 200 rpm, a slow stirring at 30 rpm for 15 min,
and sedimentation time for 1 h.
In this research, RSM-BBD was designed for three

independent parameters, i.e., initial pH (7e8), SEC
dose (1.8e2.6 mL L�1), rapid stirring time (1e5 min),
three center points, and 15 experiments. The effect
of each independent parameter and its interaction
on the response was investigated. Table 3 displays
experimental conditions and the corresponding
responses.

3.2.3. Model development
Three independent variables (A, B, and C) and a

response variable (Y) are represented in a second-
order polynomial-coded regression model, as
shown in Equation (4) [28].

Fig. 4. The lmax of Dypro 19.

Fig. 5. The correlation of the initial pH (a) and SEC dosage (b) on the Dypro 19 removal obtained from single factor experiments.
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Y¼b0 þ b1Aþ b2Bþ b3Cþ b12ABþ b13AC

þ b23BCþ b11A
2 þ b22B

2 þ b33C
2

ð4Þ

Where, b0 is the regression coefficient, b1;b2;b3 are
linear coefficient, b12;b13;b23 are interaction effect
coefficient, b11;b22;b33 are quadratic coefficient.

The second-order response variable, representing
Dypro 19 removal by SEC flocculant, can be
expressed as an independent variable using the
coded quadratic equation in Equation (5). This
equation is obtained by performing a multi-regres-
sion analysis of the experimental data presented in
Table 3.

Y¼87:28þ 12:75A� 16:78Bþ 2:9Cþ 20:01AB

� 3:79ACþ 1:92BC� 3:24A2 � 14:35B2 � 3:17C2

ð5Þ

In this research, all coefficients in Equation (5) were
used even though their influence on predicting the
response variable was insignificant. Based on
Equation (5), the value of Dypro 19 removal (Y) can
be determined within the range of the BBD variable.
According to the data in Table 3, the predicted value
of Dypro removal obtained by the model is close to
the experimental value. The diagnostic plot shows
the relationship between the predicted data ob-
tained from the model and the experimental data

Fig. 6. The zeta potential of SEC (a) and Dypro 19 (b) at pH 7.

Fig. 7. The flocs formed from the destabilization of Dypro 19 by SEC.
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(Fig. 8). The existing data points align closely with
the diagonal line, indicating strong agreement be-
tween the experimental and predicted data [27,37].

3.2.4. Model verification through analysis of variance
(ANOVA)
The statistical significance of the linear, interac-

tion, and quadratic relationships between the in-
dependent and response variables is presented in
Table 4. Based on the statistical model fitting results,
the quadratic model with a sequential p-value of
0.0032 and an R2 value of 0.9894 is more significant
than the linear model (sequential p-value 0.0172),

the 2-factor interaction model (2FI) (sequential p-
value 0.0276), and the cubic model (sequential p-
value 0.3649). The smaller the sequence p-value in-
dicates, the more significant the model.
The R2 value shows how much the dependent

variable changes when the independent variable
changes. It measures how accurately the model's
predictions match the actual results. The R2 value of
0.9894 indicates that more than 98 % of the variation
in Dypro 19 removal is influenced by the indepen-
dent variables (initial pH, SEC dosage, and rapid
stirring time), and less than 2 % of the total variance
cannot be explained by the model.
The response model for Dypro 19 removal (Y)

exhibits a high F-value (51.94) with a relatively small
p-value (0.0002), suggesting the model is suitable for
analyzing and predicting results. A smaller p-value
indicates that the related coefficient is significant in
predicting results. Insignificant in the “Lack of Fit”
of the model ( p-value 0.3649) justifies the signifi-
cance of the model. In Table 4, the F and p-values
indicate the significance of the independent vari-
ables on Dypro 19 removal in the following
sequence: SEC dosage (F-value 173.05 and p-value
<0.0001), initial pH (F-value 99.91 and p-value
0.0002), and rapid stirring time (F-value 5.17 and p-
value 0.0721).
The difference between the adjusted R2 value and

the predicted R2 value is 0.102 (<0.2), indicating a
reasonable agreement between the adjusted R2

value and predicted values. Furthermore, the
adequate precision value, indicating a strong signal
and weak noise, is 25.2432. This value indicates that
the model is acceptable because of >4. The adequate
precision value in this research also indicates that

Fig. 8. The correlation between predicted and actual data of response
(Dypro 19 removal).

Table 3. The box-Behnken design matrix with actual and predicted responses.

Run Experimental conditions Response (Y)

Initial
pH (A)

SEC dosage
(mL L�1) (B)

Rapid stirring
(minute) (C)

Dypro 19 removal (%)

Actual Predicted

1 8 (þ1) 2.2 (0) 1 (�1) 91.51 94.52
2 7 (�1) 2.6 (þ1) 3 (0) 19.76 20.16
3 8 (þ1) 2.6 (þ1) 3 (0) 88.49 85.67
4 7 (�1) 2.2 (0) 1 (�1) 61.65 61.44
5 8 (þ1) 2.2 (0) 5 (þ1) 92.52 92.73
6 7 (�1) 1.8 (�1) 3 (0) 90.91 93.73
7 7.5 (0) 1.8 (�1) 1 (�1) 88.17 85.56
8 7.5 (0) 2.6 (þ1) 5 (þ1) 55.20 57.81
9 7.5 (0) 2.2 (0) 3 (0) 90.29 87.28
10 7.5 (0) 2.2 (0) 3 (0) 84.47 87.28
11 7.5 (0) 2.6 (0) 1 (�1) 48.36 48.17
12 7.5 (0) 1.8 (�1) 5 (þ1) 87.34 87.53
13 7.5 (0) 2.2 (0) 3 (0) 87.09 87.28
14 7 (�1) 2.2 (0) 5 (þ1) 77.83 74.82
15 8 (þ1) 1.8 (�1) 3 (0) 79.62 79.22
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the model's data prediction is reliable and can pre-
dict data within the design range. Additionally, the
model's coefficient of variance (CV) value is 4.73 %,
which indicates that the model is reproducible, ac-
curate, and reliable. CV value is the ratio of the
standard error to the mean value of the response.

3.2.5. The interactive effect of independent variables
on Dypro 19 removal
The 3D surface and contour shown in Fig. 9

illustrate the interaction as a function of two inde-
pendent variables in Dypro 19 removal, while the
other at the center of the BBD is held constant. The
3D surface and contour's color variations indicate
response values, with red representing the
maximum response and blue representing the
minimum response.
The interaction between the function of the initial

pH and SEC dosage in the solid-liquid separation
of Dypro 19 from wastewater at a fixed rapid stir-
ring time variable of 3 min is shown in Fig. 9a. The
interaction of the initial pH and SEC dosage effect
is significant for Dypro 19 removal from waste-
water. In the range of flocculant dosage parameters
and an initial pH set, the higher the SEC dosage
and the lower the initial pH of the treatment, Dypro
19 removal tended to decrease. An increase in SEC
dosage accompanied by a decrease in pH implies
an increase in the zeta potential value of the system
so that the destabilization of Dypro 19 does not
proceed appropriately. At pH 7, the potential zeta
values of SEC and Dypro 19 were þ42 mV and �37
mV, respectively (Fig. 6). With increasing SEC dose

and decreasing pH, the zeta potential value of SEC
became greater than þ42 mV. The same thing
happened to Dypro 19, with decreasing pH, the
zeta potential value increased above �37 mV. So,
the flocculation mechanism, namely charge
neutralization, could not be achieved. The signifi-
cance of the interaction between initial pH and SEC
dosage (AB) on Dypro 19 removal was confirmed
by the large F-value and the small p-value ac-
cording to the results of the ANOVA analysis pre-
sented in Table 4.
Furthermore, Fig. 9b shows the interaction of

initial pH and rapid stirring time in influencing
Dypro 19 removal. The fixed variable in this condi-
tion is the SEC dosage of 2.2 mL L�1. In the rapid
stirring time range, the higher the initial pH, the
higher the percentage of dye removal. Based on the
F value of 4.42 and p-value of 0.0895, the interaction
of initial pH and rapid stirring time (AC) in influ-
encing Dypro 19 removal is quite significant.
Finally, the interaction of SEC dosage and rapid

stirring time in removing the Dypro 19 at a fixed
initial pH of 7.5 is shown in Fig. 9c. In the design
rapid stirring time range, the higher the SEC
dosage, the lower the percentage of Dypro 19
reduction. Likewise, the SEC dosage factor domi-
nates the interaction of two factors. Based on the F
value 1.13 and p-value 0.3364, the effect of the
interaction of SEC dosage and rapid stirring time
(BC) in removing Dypro 19 is lower than the effect of
the interaction of initial pH with SEC dosage (AB)
and the effect of the interaction of initial pH with
rapid stirring time (AC).

Table 4. ANOVA statistical results of the response surface quadratic model for Dypro 19 removal.

Source Sum of Squares df Mean Square F-value p-value

Model (Quadratic) 6083.58 9 675.95 51.94 0.0002 Significant
A ¼ Initial pH 1300.25 1 1300.25 99.91 0.0002
B ¼ SEC dosage 2252.21 1 2252.21 173.05 <0.0001
C¼ Rapid stirring 67.28 1 67.28 5.17 0.0721
AB 1600.80 1 1600.80 123 0.0001
AC 57.53 1 57.53 4.42 0.0895
BC 14.71 1 14.71 1.13 0.3364
A2 38.74 1 38.74 2.98 0.1451
B2 760.24 1 760.24 58.41 0.0006
C2 37.03 1 37.03 2.84 0.1525
Residual 65.07 5 13.01
Lack of Fit 48.08 3 16.03 1.89 0.3649 Not significant
Pure error 16.99 2 8.50
Corrected Total Sum of Square 6148.65 14
Coefficient of variance (CV, %) 4.73
R2 0.9894
Adjusted R2 0.9704
Predicted R2 0.8687
Adequate precision 25.2432
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3.2.6. Numerical optimization using desirability
function
This section uses numerical optimization using

the desirability function to maximize Dypro 19
removal by simultaneously optimizing independent

variables. Desirability is an objective function that
has a value from 0 to 1. The closer to the value of ‘0’,
the further the response value is from the expected
value, and the closer to the value of ‘1’, the closer
the response value is to the expected goal [27,38].

Fig. 9. 3D response surface plots and two-dimensional contour plots showing the effects of initial pH (A), SEC dosage (B), and rapid stirring time (C)
on the Dypro 19 removal. (a) Response surface and contour plots of Dypro 19 removal as a function of A and B. (b) Response surface and contour
plots of Dypro 19 removal as a function of A and C. (c) Response surface and contour plots of Dypro 19 removal as a function of B and C.
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The numerical optimization is carried out by
formulating independent variables “in range,” while
the response is set to “maximize”.
According to the rump plots (Fig. 10), the opti-

mized independent variables are the initial of 8,
SEC dosage 2.24 mL L�1e2.2 mL L�1, and rapid
stirring time 2.80754 mine3 min. The desirability of
each optimized independent parameter is 1
(Fig. 11), indicating that all parameters are within
the design range. The Dypro 19 removal as a
response to the numerical optimization of inde-
pendent parameters has a desirability value of
0.998796. If all independent parameters from the
numerical optimization results are combined and
used to produce a response, the target is the

combined desirability value. Based on the numer-
ical optimization of the independent parameters, a
predicted response of 97.01 % was obtained. In
addition, Fig. 12 shows two-dimensional contour
plots and predicted responses under desirable
conditions.

3.2.7. Model validity by experiments
The four of experimental tests were conducted to

verify the validity and predictability of the numeri-
cal optimization model. The difference between the
predicted and actual responses was insignificant
(Table 5). The Dypro 19 removal discrepancy be-
tween the actual and predicted data was 1.3 %. This
result indicated that the quadratic model through
RSM-BBD could predict results close to the actual
values. A discrepancy below 10 % is acceptable in
experiments related to flocculation parameters
[18,39]. Therefore, the model proposed in this study
is reliable and applicable within the specified design
range.

3.2.8. Comparison with relevant flocculant
The comparison of the SEC synthesis method

and its flocculation performance with other
biopolymer-based flocculants and conventional
coagulants is presented in Table 6. SEC has the
advantage of being a simple synthesis process and
environmentally friendly material, but it can also
remove composite dyes from wastewater. Gener-
ally, the dyes used in the textile industry are com-
bined or composite dyes. Dypro 19 used in this
study is a composite dye, as presented previously
in Table 1.
In terms of its constituent materials, SEC is

composed of more environmentally friendly

Fig. 10. The setting of independent parameters for numerical optimization using desirability function.

Fig. 11. The desirability of independent parameter and response based
on numerical function from optimization.
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materials. Starch and chitosan, as monomers of
SEC, are natural materials. EGDMA is used as a
crosslinker and has lower toxicity to aquatic organ-
isms than acrylic acid or acrylamide. AIBN, as the
initiator in the synthesis of SEC, is also less harmful
than cerium ammonium nitrate.

Fig. 12. 2D contour plots of desirability and the prediction of Dypro 19 removal.

Table 5. Validation of predicted results by experiments under optimum
conditions.

Response Mean ± SD

Actual Predicted

Dye removal (%) 95.71 ± 1,08 97.01

SD ¼ standard deviation (n ¼ 4).
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4. Conclusion

Optimization of SEC flocculant performance in
solid-liquid separation of Dypro 19 by RSM-BBD
was carried out on the independent variables of
initial pH (A), SEC dosage (B), and rapid stirring
time (C). SEC can effectively remove Dypro 19
because it has a positive particle charge, its surface
is quite rough, and it has functional groups such as
OeH, C¼O, C¼C, NeH, and CeO, which can
facilitate destabilization, polymer bridging, and
adsorption of Dypro 19. Based on the fitting

results, the quadratic model has a good signifi-
cance and degree of accuracy in predicting the
solid-liquid separation of Dypro 19 from waste-
water ( p-value 0.0002, F value 51.94, and R2 0.9894).
The interaction between initial pH and SEC dosage
(AB) had a more significant effect on solid-liquid
separation of Dypro 19 than the interaction be-
tween SEC dosage and rapid stirring time (BC) and
the interaction between initial pH and rapid stir-
ring time (AC). Numerical optimization based on
the desirability function showed that the use of

Table 6. The comparison of SEC with relevant flocculant.

Flocculanta Synthesis and preparation process Performance Ref

SEC Initiator AIBN, 90 �C, 5 h, without N2

atmosphere.
SEC has high-performance flocculation for
removing Dypro 19 (the composite dye from
Acid Blue 113, Direct Yellow 12, Disperse
Yellow 42, and Disperse Red 82). Optimum
variables: dosage 2.2 mL L�1, pH 8 and rapid
stirring time 3 min. Dye removal achieved
95.71 %.

This work

SAI Neutralization degree of acrylic acid 70 % by
sodium hydroxide, composite initiator of
NaHSO3 dan (NH4)2S2O8.
N2 atmosphere, room temperature, 5 h

SAI showed high crystal violet color removal
efficiency at wide pH, temperature, and ionic
strength scopes. The SAI dose of 25 mg/L
reduced 100 mg/L CV by 91.2 %.

[26]

SAAC Neutralization degree of acrylic acid 70 % by
sodium hydroxide, initiator cerium
ammonium nitrate, 50 �C, N2

atmosphere, 5 h

SAAC has High-performance flocculation for
removing acid blue 113 (up to 99.7 %) at a wide
range of pH and flocculant dosage. The ratio of
optimal flocculant dosage to the initial dye
concentration was 2.0, 2.0, 1.5, and 1.67 for the
initial dye concentrations of 25, 50, 100, and
150 mg/L.

[25]

CAMFA Dual initiator (K2S2O8 and Na2S2O3),
60 �C, 5 h

The flocculation performance of CAMFA in
reducing Acid blue 113, reactive black, and
methyl orange was 97.0 %, 91.6 %, and 38.2 %,
respectively, at a dose of 283 mg/L CAMFA for
100 mg/L dye.

[40]

CGSt Corn starch as raw material,
methacryloyloxyethyl trimethyl ammonium
chloride (DMC) as cationization agent grafting
monomer, N.N0-methylenebisacrylamide
(MBA) as crosslinking monomer. Initiator
Fenton (containing H2O2 and FeCl2.Fe2O).
Crosslinking-grafting copolymerization at
35 �C, 1.5 h

CGSt has high-performance flocculation for
removing Acid Light Yellow G, Direct Lake
Blue 5B, and Reactive Brilliant Blue KE-GN.
The dye removal achieved is 97.2 % (Acid
Light Yellow G), 96.3 % (Direct Lake Blue 5B),
and 97.2 % (Reactive Brilliant Blue KE-GN).
The optimum pH is 9, and the optimum
dosage ranges from 5 to 12 g/L. The dye
concentration is 300 mg/L.

[36]

g-AP Free radical polymerization, initiator
potassium persulphate (KPS), 65 �C, N2

atmosphere, 1 h.

g-AP has high-performance flocculation for
methylene blue and reactive blue. The
optimum variables for removing methylene
blue are pH 9, dosage 9 ppm, and dye
concentration 30 mg/L. The optimum
variables for reactive blue removal are pH 4,
dosage 9 ppm, and dye concentration 30 mg/L.

[41]

FeCl3, AlCl3, dan natural
coagulant Okra pods

FeCl3 and AlCl3 prepared by diluting 1 g of
these salts in 1 L of deionized water.
Washed Okra pods dried in oven at 45 �C,
24 h. Grinding until 150 mm. Furthermore, 1 g
Okra pods powder is diluted in 1 L distilled
water

FeCl3, AlCl3, and Okra pods can remove Vat
Green 3 dye by 97.3, 94.5, and 92.5 %,
respectively. At an 80 mg/L dye concentration,
the optimum pH and dosage are FeCl3 (pH 6,
dosage 400 mg/L), AlCl3 (pH 7, dosage
400 mg/L), and Okra pods (pH 6, dosage
200 mg/L).

[42]

a SAAC (starch-acrylic acid-chitosan), CAMFA (chitosan-acrylamide-fulvic acid), CGSt (cross-linked grafted cationic starch flocculant),
g-AP (amylopectin grafted with poly acrylic acid), SAI (starch-acrylic acid-itaconic acid).
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variable initial pH 8, SEC dosage 2.2 mL L�1, and
rapid stirring time of 3 min can produce a pre-
dicted Dypro 19 removal of 97.01 %. Validation of
the model through experiments on these variables
shows that the actual Dypro 19 removal that can be
obtained is 95.71 %. These results indicate that the
validity, accuracy, and acceptability of the pro-
posed model are good.
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