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26 March 2024 Pineapple leaf-activated carbon-magnetite (PLACM) was used as a sorbent for the removal of
Revised rhodamine 6G (R6G) dye from the aqueous phase. In this study, PLACM was characterized
9 May 2024 using Fourier transform infrared spectroscopy (FTIR), field emission scanning electron
Accepted microscopy (FESEM), and Brunauer-Emmett-Teller (BET) techniques. FTIR spectra showed
11 May 2024 the presence of a Fe-O bond at 592 cm™" in the PLACM, while FESEM analysis showed a
Published online rough, porous surface with some pores deposited by Fe;O, particles. BET surface area for
30 May 2024 PLACM was 439.53 m?/g. The removal efficiency of R6G dye was determined by UV-vis
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spectrophotometry and optimized using response surface methodology (RSM). Box-Behnken
design (BBD) was employed to maximize R6G dye removal based on 17 experimental data.
The parameters studied were the pH of the sample solution (pH 5-11), initial dye
concentration (5-15 ppm) and sorbent dosage (6-14 mg). High correlation coefficients
(R?=0.9852) and low standard deviation (SD=1.47) confirmed the consistency of predicted
values with respective experimental values and the adequacy of the quadratic model. The
optimum conditions to remove R6G dye were pH 7.19, initial dye concentration of 10 ppm and
10 mg of PLACM. Good linearity was achieved with R?>=0.9853, while the limit of detection
(LOD) and limit of quantification (LOQ) were 0.124 ppm and 0.376 ppm, respectively.
Maximum removal of R6G dye in aqueous solution during optimization was 88.40%. As for
real sample analysis, the removal percentage for R6G dye was 10.70+8.09%. Low adsorption
ability was affected by the nature of the sorbent surface involved in the adsorption process.
Negative charged PLACM surface site was applicable to positive charge basic dyes.
However, disperse dyes used in the Uwin Textile Industry possess a negative charge in the
solution, resulting in low removal performances due to the electrostatic repulsion between the
negatively charged disperse dye and the negatively charged PLACM surface.
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1.0 INTRODUCTION

According to World Bank research, textile dyeing and treatment account for 17-20% of industrial water contamination [1]. The
most significant sources of this pollution come from various industries, such as textile, leather, food, cosmetic, paint/varnish,
pharmaceutical, and pulp/paper industries. Dyes like methylene blue, rhodamine B, methyl orange, rhodamine 6G (R6G), methyl
red, crystal violet, and others are commonly utilized in these industries. However, the presence of minute amounts of dyes in
water (even less than 1 ppm) can impair the clearness of water, causing aesthetic issues due to the high visibility features of
dyes [2]. Therefore, the amount of dissolved oxygen necessary to break down organic pollutants by microorganisms is studied
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and referred to as biochemical oxygen demand (BOD, an indicator of the degree of organic pollution in water). When a high
level of BOD is detected, it suggests the presence of oxygen deficiency due to significant organic pollution and intense microbial
activity. The intense microbial activity results in higher oxygen demand and exceeds the normal replenishment rate, leading to
an oxygen deficit in water. In coloured wastewater, BOD lowering (<50 ppm) is a harder task owing to the artificial origin of dyes
with complex aromatic structures [3]. Moreover, dyes in aqueous environments reduce photosynthesis by preventing light
penetration into the deeper layer of water, thus lowering the water quality. Therefore, decolorization of textile wastewater has
long been a key environmental concern.

There are several approaches for treating dye effluents [4, 5]. Chemical approaches for treating wastewater containing
dyes include coagulation-flocculation, photolysis, electrochemical and oxidation. Acid, direct, reactive, and vat dyes cannot be
effectively decolored by coagulation-flocculation techniques. However, they can effectively decolorize some pigments, such as
sulphur and dispersive dyes [5]. These techniques are often more expensive than physical and biological procedures. The
limitations of these chemical approaches include high energy consumption, huge amounts of chemicals, and the need of
adequate equipment. Furthermore, harmful by-products may be produced during the treatment process. Next, biological
treatment is the employment of different biological organisms or technologies to remove contaminants from industrial effluent
[6]. This technique aims to provide an efficient mechanism for disposing of breakdown products. Regarding wastewater
purification, biological procedures outperform chemical and physical processes due to their ease of implementation, zero sludge,
fewer chemical reagents needed, energy-saving features, and more eco-friendly and non-toxic by-products. However, the
biological technique has a few drawbacks, including a long operation period and the inability of the biological organisms to
function against harmful chemical substances. Wastewater generated by dyes can also be treated using various physical
techniques, such as membrane filtration, irradiation, adsorption and ion exchange [7]. These physical techniques offer various
advantages, such as simplicity of design, low cost, low chemical requirements, high flexibility, and ease of operation. While
some of these procedures might not be ideal due to their limitations, like the generation of secondary sludge and partial
application. Among these approaches, the adsorption process is one of the efficient and cost-effective ways to remove dyes,
pigments, or colourants [9]. It is a process that transfers pollutants from one phase to another. Several sorbents, such as
activated carbon [9-11], carbon [10], metal-organic framework [11], metal oxide [10], and polymer-based [14] sorbents, have
been shown to remove dyes from wastewater effectively.

Because of their unique properties, these sorbents are employed to remove dyes from wastewater. Carbon-based
materials such as graphene, carbon nanotubes and carbon nanofibers have tunable characteristics and high adsorption
capacities, but they can be expensive to develop on a large scale. Metal-organic frameworks are porous materials of metal ions
or clusters linked by organic ligands [13]. They often enable precise control over pore size and surface chemistry, but they can
be difficult to synthesize and may have stability concerns in aqueous settings. Metal oxide-based sorbents, such as iron oxide
(FesO4) or titanium dioxide (TiOz2), are long-lasting and interact strongly with pollutants. Still, they may have a weak affinity for
certain organic adsorbates [10]. Polymer-based sorbents such as chitosan or polymeric resins are cost-effective, easy to
regenerate, and can be modified for specific applications. However, modifying them for enhanced adsorption properties might
be challenging due to their complex structure and composition. While activated, carbon is widely available, has a large surface
area due to its high porosity, and is effective in adsorbing various pollutants, making it an excellent sorbent for dye [16-17].
Therefore, activated carbon is the most commonly used sorbent for dye removal through adsorption [1, 15]]. Activated carbon
can be produced from natural resources or agricultural solid waste [16, 18], which is more cost-effective. This is due to the fact
that agricultural solid waste generated by agricultural operations is readily available. Examples of the natural resources for the
making of activated carbon include coconut shell [9, activated corn leaf carbon [20], lemongrass leaf [21], citrus sinensis leaf
[22], cattail biomass [23], Palmyra (palm) shell [24], etc. Pineapple leaf can also be used as a raw material for sorbent due to
its high fibre content, which can form more porous structures. Moreover, pineapple leaf is an abundant agricultural waste product
in Malaysia, making them a sustainable and environmentally beneficial supply of activated carbon. Therefore, these inexpensive
and abundant raw materials have the potential to produce activated carbon with a large surface area [25], which contributes to
high adsorption capacity. In this study, pineapple leaf-activated carbon-magnetite (PLACM) was developed as a sorbent for the
removal of R6G dye. The sorbent was magnetized to simplify the sorbent separation process with external magnetic strength.
Box-Behnken design (BBD), one of the common experiment design tools used in response surface methodology (RSM), was
also adopted in this study to optimize the R6G removal process. After validating the adsorption process, PLACM was applied
to remove R6G in real textile wastewater.

2.0 EXPERIMENTAL
2.1 Materials
All reagents were analytical reagent grade and used without further purification. Ferrous sulphate heptahydrate (FeS04.7H20,

99.5%), ferric chloride hexahydrate (FeCls.6H20, 99.5%), orthophosphoric acid (HsPOs4, 85.0%), sodium hydroxide pellet
(NaOH, 99.5%), ethanol (C2HsOH, 99.8%), and hydrochloric acid (HCI) were acquired from QReC (Shah Alam, Selangor,
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Malaysia). Deionized water (DI) was obtained from the Millipore water purification system (Molsheim, France). Dye standard
R6G was purchased from BDH Chemicals Ltd Poole (England). Pineapple leaves are purchased from local markets. A series
of standard solutions ranging from 5 to 15 ppm were prepared by dilution from stock solution for instrumental calibration
purposes.

2.2 Preparation of materials

2.2.1 Preparation of pineapple leaf activated carbon (PLAC)

The PLAC had been previously synthesized in-house in accordance with the method developed by Kamarulzaman [26]. At first,
30 g of pineapple leaf was immersed in 150 ml of 55% w/w acid (HsPOs) to pretreat the leaf. After that, excess acid was removed
from the material and dried overnight at 104°C. The material was calcined at 550°C for 2hr, producing black activated carbon.
Then, the material was centrifuged at 4000 rpm for 10 min and rinsed several times until the pH reached neutral. The final
product was then dried for 2 hr in an oven at 110°C. The PLAC product was ground to a fine powder and stored in a desiccator
before usage.

2.2.2 Synthesis of pineapple leaf activated carbon magnetite (PLACM)

The PLACM was previously synthesized in-house using the method developed by Kamarulzaman [26]. 1.38 g of FeClsz and 0.70
g of FesO4 were mixed into 100 mL of distilled water. Then, 0.5 g of PLAC was added to the solution and agitated for 15min.
After that, the solution was agitated again at 60°C for 2 hr. The pH was then adjusted by adding 10 M NaOH dropwise until it
reached pH 10, and the mixture was agitated constantly for another 2hr. The presence of black precipitate indicated the
occurrence of a co-precipitation process. Following that, the solution was kept at room temperature for 24 hr. To establish a
neutral pH, magnetite particles were repeatedly washed with deionized water and ethanol. Lastly, the product was dried at 80°C
for 24 hr and stored in a desiccator before use.

2.3 Characterization of Materials

The instrument used to study R6G dye was Shimadzu UV-visible spectrophotometer (UV-1800) (Petaling Jaya, Selangor,
Malaysia). For sorbent characterization, Perkin EImer TM400 Fourier Transform Infrared Spectrophotometer (FTIR) (Waltham,
USA) was employed for functional group study in the range of 4000-400cm™'. JEOL-6710 Field Emission Scanning Electron
Microscopy (FESEM) (Tokyo, Japan) was used for morphology analysis. The Brunauer-Emmett-Teller (BET) surface area
analysis was performed to determine the sorbent’s surface information with Elementar Analyzer Vario Micro Cube (Germany).
The vortex mixer from Velp Scientifica (Shah Alam, Selangor, Malaysia) was employed for the complete sorbent dispersion in
the aqueous phase. pH meter (pH 700) obtained from Eutech Instrument Pte Ltd (Ayer Rajah Crescent, Singapore) was used
to adjust the solution pH. Microwave oven from Memmert (Schwabach, Bavaria, Germany) and furnace box from Ney Vulcane
3-550 (Yucaipa, California, USA) were employed in this study for heating or drying purposes. Ohaus analytical balance
(Singapore) was employed for mass measurement. Software DX7 Design Expert 7 (Stat-Ease Inc, United States) was used for
the optimization study using the BBD method.

2.4 Removal study

All the experiments were conducted according to the BBD matrix. Minimum and maximum values of the three optimization
parameters (solution pH, initial dye concentration and sorbent dosage) were determined from pre-trail experiments. 10 mg of
PLACM was added into 10 mL of sample solution of dyes with an initial concentration of 10 ppm. After that, the solution pH was
adjusted to pH 8 by adding 0.1 M of HCI or NaOH. The mixture was shaken for 5 min. Then, an external magnetic field separated
the sample and the aqueous phase. UV-vis analysis for R6G was carried out to study the efficiency of the sorbent.

2.5 PLACM surface charge study

Six Erlenmeyer flasks (250 mL) containing 40 mL of 0.1 M KNOs salt solution were prepared. These solutions were adjusted to
pH 1, pH 2, pH 4, pH 6, pH 8, and 10 as pHi by using 0.1 M to 1.0 M of NaOH and HNOs. 100 mg of PLACM was added to each
flask and shaken at maximum speed at room temperature for 24 hr. Then, the final pH (pHr of each solution was measured.
Difference between pHi and pHs (ApH) against pHi was plotted.
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2.6 Optimization study

Experimental design, response surface modelling and process optimization were included in this study. Three parameters, which
are solution pH, initial dye concentration and sorbent dosage, are labelled as X1, X2 and Xs, respectively. Each variable consisted
of 3 levels: a low, middle, and high level, which were designated as -1, 0, and +1, respectively. Mathematical relationships
between response and variables were calculated by developing a polynomial equation. The accuracy and reliability of the model
were analyzed using coefficients obtained through the application of ANOVA and multiple regression analysis. To optimize the
removal experiment, parameters included solution pH (5-11), initial dye concentration (5-15 ppm) and dosage of sorbent (6-14
mg) were evaluated. A total of 17 experiments were performed to estimate the coefficient.

3.0 RESULTS AND DISCUSSION
3.1 Characterization of PLACM sorbent

PLACM was characterized using FTIR, FESEM, and BET analysis to determine its functional groups, morphology, and specific

surface area. The point of zero charge, pHpzc, was studied to understand the charge of the sorbent surface under different pH
conditions.

3.1.1 FTIR study

Figure 1 (i) a, b and ¢ shows FTIR spectra for PLAC, Fe3O4, and PLACM, respectively. From these three spectra, 3437, 3437
and 3431 cm™' peaks are assigned to OH stretching. C-H stretching is evident in PLAC and PLACM, with adsorption bands at
2920 and 2924 cm™. Next, OH bending in PLAC, Fe30s, and PLACM due to adsorbed water molecules has corresponding
adsorption peaks at 1627, 1634, and 1629 cm™', while 633 and 583 cm™" in FesOs are assigned to Fe-O bonds. The adsorption
peak at 592 cm-! in PLACM is ascribed to the Fe-O bond, indicating that a magnetic composite was successfully synthesized
[27]. However, the absence of the Fe-O bond in PLAC was determined as there is no spectrum below 600 cm".
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Figure 1 (i) FTIR spectra of (a) PLAC (b) FesO4 and (c) PLACM,; (ii) FESEM images of (a) PLAC (b) FesOsand (c) PLACM.

3.1.2 FESEM study

Figure 1 (ii) (a) depicts PLAC at a magnification of 2,500%. Porous structures on the sorbent surface were observed due to
phosphoric acid's activation process. This is because phosphoric acid is an effective activating agent, triggering chemical events
with the carbon precursor. It reacts with carbonaceous material during activation, causing gasification and chemical etching.
Eventually, these processes result in the formation of pores inside the material's structure. Also, an uneven distribution of



32 Lim et al. | J. Mater. Life Sci. 3:1 (2024) 28-40

activation agents occurred during the activation process, resulting in variances in pore creation across the material's surface.
Furthermore, impurities or non-carbonaceous components in the precursor material may contribute to the formation of non-
porous residues or surface coatings, preventing pore development in specific places. Ash was observed on the surface of the
sorbent, as evident by the white spot on the image. Figure 1 (ii) (b) shows the surface morphology of FesO4 at a magnification
of 10,000x%. The spherical form particles are found aggregated due to the magnetic dipole attraction [28]. In Figure 1 (ii) (c),
PLACM at 5,000% magnification was observed, with some pores being covered. The particles covering the pores are most likely
Fes304 particles. This could be due to the co-precipitation reaction between PLAC and an iron salt combination containing FeCls
and FeSOsa.

3.1.3 BET study

The BET report of PLACM showed that its specific surface area and pore volume were 439.53 m?/g and 0.5717 cm?Qg,
respectively. It can be concluded that PLACM had both micro- and mesoporous properties, with the average radius of pores of
5.311 nm and the size ranging from 0.31 to 1.0 nm. A bigger surface area of PLACM could provide more active adsorption sites.
At the same time, a larger pore volume may allow the R6G molecules easier access to these locations, contributing to its high
adsorption performance for R6G.

3.1.4 Surface charge study PLACM

The pH of PLACM at neutral conditions is known as pHezc. pHrzc is identified from the x-intercept of the graph that plots the
ApH against pHi. Based on the graph, pHezc is pH 7.2. The sorbent surface acquires positive surface charges at solution pH
levels lower than pHrzc. In contrast, negative surface charges appear on the sorbent surface when the solution pH exceeds
pHezc. When sorbent surfaces become protonated at acidic conditions, electrostatic repulsion arises between the positive
surface charge and the basic R6G dye in the presence of bulk H* ions. This reduced the sorbent’s adsorption capabilities in
acidic conditions. The adsorption of R6G dye on PLACM is preferred at alkaline conditions due to the electrostatic attraction
between the negative charge surface and the positive charge. Although electrostatic repulsion persists, physisorption continues
due to weak Van der Waal forces between the R6G dye and the sorbent surface.

3.2 Response surface modelling
The process variables were optimized using BBD, an RSM optimization tool. RSM is better suited for optimization than traditional

single-variable optimization, as it can save more time, space, and raw materials. Table 1 lists the three parameters in this study
that were optimized using RSM.

Table 1 Process control variables and their limits.

. Limit
Variable unit Nofatio — ;
n 0

1

1

pH - pH 5 8 1
Initial mg/ 1 1
concentration L Co 5 0 5
Dosage of sorbent mg D 6 :) 1

The optimization method was carried out using the BBD matrix. Table 2 presents the experimental data and results. Two
removal tests were performed per run, with the average removal percentages recorded. RSD less than 10% indicates great
precision. The analysis of variance (ANOVA) tables was generated to determine the significance of linear term (A, B, C),
quadratic (A2, B2, C?) and the interaction term (AB, AC and BC) for regression coefficient. The best fit of the model is shown in
equation 1:

Y=84.99 - 6.54X1 - 3.91X2 + 4.19X3 — 1.98X1X2 - 3.14X1X3 + 2.00X2X3 -7.95X1? - 0.84X2? — 3.33X3? (Equation 1)

where Y refers to adsorption ability, X1, X2, and X3 are pH, initial concentration for dye solution and dosage of sorbent,
respectively. The accuracy and significance of the model can be further estimated by using the ANOVA method as well. From
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Table 3, this model was significant with a large F value (Fmodet = 51.83) and low p-value (pmodel <0.0001). There was only a
0.01% chance that this large Fmodel value could occur due to noise. Lack of fit measures the model's failure to represent data in
the experimental domain at points not included in the regression [29]. Besides, it can be used to determine how the proposed
model fits well with experimental data and the effect of each variable on the response. P value (<0.05) confirms that the quadratic
model is statistically significant for response and, therefore, can explain the actual relationship between response and significant
variables [29]. F and P values of lack of fits for this model were 5.93 and 0.0592, respectively. This implies that lack of fit is not
significant relative to the pure error, and the model represents the relationships of variables well within the ranges selected.
Therefore, the experimental result was best fitted with Equation 1. It was known that the smaller the P-value and the larger the
degree of the F-value, the more significant the corresponding coefficient is [31]. From F-value, a variable that brings the most
significant effect is pH. Besides, model terms A, B, C, AB, AC, BC, Az, C2 were significant because the P-values were less than
0.0500.

Table 2 BBD matrix.

Ru p C D Removed percentage 1 Removed percentage 2 Average percentage SD RSD
n H 0 (%) (%) (%) (%)

2 5 5 1 85.30 85.75 85.53 0.3 0.37
0 2

15 11 5 1 77.20 76.43 76.82 0.5 0.71
0 4

12 8 5 6 81.99 82.17 82.08 0.1 0.16
3

16 8 5 1 86.43 84.07 85.25 1.6 1.96
4 7

10 5 1 6 73.24 71.77 72.51 1.0 1.43
0 4

1 11 1 6 63.50 67.12 65.31 25 3.92
0 6

5 5 1 1 87.91 88.89 88.40 0.6 0.78
0 4 9

14 11 1 1 67.30 69.96 68.63 1.8 2.74
0 4 8

8 8 1 1 85.14 85.43 85.29 0.2 0.24
0 O 1

17 8 1 1 83.55 86.52 85.04 21 2.47
0 O 0

4 8 1 1 84.85 83.97 84.41 0.6 0.74
0 O 2

7 8 1 1 84.34 83.47 83.91 0.6 0.73
0 O 2

9 8 1 1 84.93 85.64 85.29 0.5 0.59
0 O 0

6 5 1 1 80.86 78.24 79.55 1.8 2.33
5 0 5

3 11 1 1 61.30 64.52 62.91 2.2 3.62
5 0 8

13 8 1 6 70.30 74.5 72.40 29 4.10
5 7

11 8 1 1 82.18 84.94 83.56 1.9 2.34
5 4 5

* SD=standard deviation; RSD=relative standard deviation
Table 3 ANOVA table for response surface quadratic model.
Source Sum of df Mean F p-value Prob >

Squares Square Value F
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Model 1010.41 9 11227 51.83 < 0.0001 Significant
A-pH 342.17 1 34217 157.95 < 0.0001
B-initial 122.15 1 122.15 56.39 0.0001
concentration
C-dosage 140.62 1 140.62 64.91 < 0.0001
AB 15.72 1 15.72 7.26 0.0309
AC 39.50 1 39.50 18.23 0.0037
BC 15.96 1 15.96 7.37 0.0300
A? 265.97 1 265.97 122.78 < 0.0001
B2 2.96 1 296 1.36 0.2811
Cc? 46.63 1 46.63 21.52 0.0024
Residual 15.16 7 217
Lack of Fit 12.38 3 413 5.93 0.0592 Not
significant
Pure Error 2.79 4 0.70
Cor Total 1025.58 1
6

In addition, the normal distribution or normality of residuals of a model could be verified by a normal probability plot of
the residuals. Normal distribution could be proved with the regression data fitted almost near a straight line on the graph and
approximately linear (Figure 2 (i)). A plot of predicted versus actual values of the experiment is shown in Figure 2 (ii). The
consistency of predicted values with respective experimental values could be confirmed with high correlation coefficients
(R?=0.9852) and low standard deviation (SD=1.47). This indicates the adequacy of the fitted quadratic model for predictive
applications [32]. R? indicates how perfect the model is for estimating experimental data, while adjusted R? determines the
amount of variation in the mean by model. Raq? =0.9662 suggests that the total variation of 96% for percentage removal to
independent variables and only an approximation of 4% of the total variation cannot be explained by the model. Moreover, high
adjusted correlation coefficient values (Rag? =0.9662) close to 1 indicate high reliability in predicting the experimental data [33].
The signal-to-noise ratio consists of the predicted value at the design point and the average prediction error. "Adeq Precision"
that measured the signal-to-noise ratio was desirable with a ratio greater than 4. In this study, the ratio of 21.097 indicated an
adequate signal [33].
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Figure 2 (i) Normal plot of residuals; (ii) Plot of predicted versus actual values.
3.3 Effect of process variables
The interaction of process variables significantly affects removal percentages. The effects of process variables on pH and the

initial concentration of dyes (AB), pH and the dosage of sorbent (AC), and the initial concentration of dyes with the dosage of
sorbent (BC) were studied from their respective 3D surface and contour plots.
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3.3.1 Effect of pH and initial concentration of dye

The interactive effect of solution pH and initial concentration of dye on the adsorption by PLACM is shown in Figure 3 (a). The
removal percentage depended on the solution pH as its linear and quadratic effects were significant (p< 0.05). Hence, the graph
showed a curvilinear nature. pH is one of the important factors as pH can affect the degree of ionization of dye. The percentage
removal of R6G dye decreased with increased pH. At 15 ppm dye concentration, percentage removal decreased from 84.56%
to 67.93%, while at 5 ppm, percentage removal decreased from 85.53% to 76.52%. Theoretically, adsorption of positive charge
R6G dye is favourable under alkali conditions as PLACM has pHpzc=7.2. A positive surface charge of PLACM exists under
solution pH 7.2. Electrostatic repulsion exists between R6G dye and sorbent at low solution pH. In this study, the removal
percentage increased at low solution pH and decreased after pH 8. Dye adsorption on PLACM was not favourable under alkaline
conditions [34]. This is due to the attraction of the negative charge cloud towards the positive charge PLACM surface. The
negative charge cloud is formed by delocalizing “ir” electrons in the aromatic ring [34].

Initial dye concentration was another factor contributing to the percentage of removal with its significant linear, interaction
term and an insignificant quadratic term. Thus, there was a linear decrease in removal percentage with an increase in initial dye
concentration for all pH. At solution pH 5, percentage removal decreased from 85.53% to 79.55%; at solution pH 11, it decreased
from 76.82% to 62.91%. This is due to the limited active site on the sorbent surface, which is not applicable for all adsorbates
in bulk solution to be adsorbed onto the sorbent surface. At constant dosage of sorbent, low percentage removal of R6G is due
to less availability of adsorption site of sorbent at higher initial dye concentration [36]. The highest removal of R6G dye (86.04%)
was achieved under the conditions: solution pH 8, 10 ppm of initial concentration and constant of 10 mg sorbent.
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Figure 3 3D surface plot and Contour plot based on the effect of (a) pH and initial concentration of dye; (b) pH and dosage of
sorbent; (c) initial concentration of dye and dosage of sorbent.

3.3.2 Effect of pH and dosage of sorbent

Figure 3 (b) shows the combined effect of pH and dosage for sorbent. pH and sorbent dosage were important factors as a linear
term, quadratic term, and interaction term were significant for both factors. The percentage removal for R6G increased at lower
solution pH and decreased after pH 8. Percentage removal decreased from 72.51% to 65.31% when 6 mg of PLACM was used
in adsorption. When 14 mg of PLACM was used, percentage removal decreased from 88.40% to 68.63%. There was a decrease
in percentage removal with 14 mg compared to 6 mg of PLACM. Solution pH only slightly influenced adsorption when the low
dosage of sorbent was used. This is because R6G from bulk solution can still adsorb onto the limited active sites on the surface
through physisorption and without considering the ionization degree of R6G.
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In addition, the removal percentage of dye increased with increasing sorbent dosage. Linear rising (72.51% to 88.40%)
and slowly rising (65.31% to 68.63%) removal percentages were observed at low and high pH, respectively. This is because
the adsorption of R6G dye onto PLACM was favourable under low pH or slightly acidic conditions. As pH 5 is higher than Rh6G's
pKa (about 2.34), most Rh6G molecules are likely deprotonated. Rh6G is negatively charged when deprotonated. While the
adsorbent exhibits a positive surface charge and interacts electrostatically with the R6G at pH 5 [37]. More adsorbate can also
adsorb on high dosages of PLACM due to additional active sites compared to low dosages under low pH. The Linear increase
in removal percentage at low pH was due to a significant difference in the amount of adsorbate absorbed onto the surface.
Therefore, the highest removal percentage for R6G dye (88.04 %) was determined at pH 5 and 14 mg sorbent, while 10 ppm of
dye solution was kept constant.

3.3.3 Effect of initial concentration of dye and dosage of sorbent

The response surface plot for the interactive effect of the initial concentration of dye and dosage of sorbent is shown in Figure
3 (c). There was a slight increase in removal percentage (83.56% to 85.25%), with a decrease in initial concentration observed
in high sorbent dosage. This is due to a large number of active sites on the sorbent surface with increasing dosage. Almost all
the adsorbate in bulk solution is being adsorbed onto the surface. Similarly, Gecgel et al. [38] also reported that the initial dye
concentration does not bring significant changes in the dye removal percentage.

Besides, the removal percentage increased linearly with a dosage of sorbent, where 82.08% increased to 83.56% at 5
ppm and 72.40% increased to 83.56% at 15 ppm. This is due to the number of active sites on the sorbent surface that is directly
proportional to the sorbent dosage. Maximum removal of R6G dye (85.29%) was determined at 10 ppm of dye solution, 10 mg
sorbent and at constant pH 8. The graph showed a curvilinear nature as linear and quadratic terms for dosage are significant
(p<0.05).

3.4 Method validation

Method calibration graph for R6G dye solution in the concentration range from 3.4 pm to 9.4 ppm was performed. Fixed
conditions employed throughout the adsorption experiment were solution pH 7.19, 10 mg of sorbent, and 5 min of stirring time.
The optimum condition from RSM was solution pH 7.19, 5.40 ppm of initial concentration for dye solution, and 10 mg of sorbent.
The coefficient of determination (R2) was 0.9853, while the limit of detection (LOD) and limit of quantification (LOQ) were
calculated as 0.124 ppm and 0.376 ppm, respectively. The calculated linear index for this graph (x'/x) was from 0.97 to 1.20.
Precisions of the experiment were performed and expressed by repeatability (intra-day precision) and reproducibility (inter-day
precision). The experiments were precise, with an RSD of less than 10%, as shown in Table 4.

Table 4 Repeatability and reproducibility of adsorption experiment on optimum conditions: solution pH 7.19, 5.4 ppm of initial
concentration and 10 mg sorbent.

Removal percentage for Average removal
triplicate (%) percentage (%)
82.95

Repeatability Day 1 82.19 81.90 1.22 1.48
80.57
84.69

Repeatability Day 2 87.08 86.19 1.30 1.51
86.79
83.96

Repeatability Day 3 84.33 84.36 0.42 0.50
84.80
82.95
82.19
80.57
84.69

Reproducibility (n = 9) 87.08 83.98 1.89 2.25
85.27
83.96
84.33
84.80

* SD=standard deviation; RSD=relative standard deviation

Precisions SD RSD (%)
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3.5 Removal of dyes in real wastewater

PLACM was used to remove R6G dye from dye effluent. The real dye wastewater was from Uwin Textile Industries, Larkin
Industrial Estate, Johor Bahru. Prior to analysis, the sample was filtered first using filter paper, and 50 ml of the sample was
spiked with R6G dye standard solution to reduce the matrix effect in the wastewater sample. The initial and final absorbance of
the sample was analyzed using a UV-vis spectrophotometer to determine removal efficiency.

Based on the matrix-matched calibration graph, the coefficient of determination (R?) was 0.9892, while LOD and LOQ
were calculated as 0.026 ppm and 0.079 ppm, respectively. The calculated linear index for this graph was from 0.96 to 1.12.
However, the removal percentage for dye wastewater was low, 10.70 £ 8.09%. This might be due to the nature of the sorbent
surface involved in the adsorption process, which is one of the major factors in determining the adsorption performance. PLACM
has a negatively charged surface site, which applies to basic dyes with a positive charge. However, the main dye ingredient of
the wastewater obtained from the Uwin Textile industry was disperse dye. Disperse dye is a non-ionic dye that often possesses
a negative charge in solution. Therefore, electrostatic repulsion might occur between the dispersed dye and sorbent, resulting
in poor removal percentages. Also, these dyes always form colloids in solution due to low solubility in water. The colloidal nature
and low solubility of dispersed dyes could lead to poor adsorption of dyes on carbon [39].

4.0 CONCLUSION

PLACM had been utilized as a sorbent in removing R6G dye due to its high surface area and adsorption capacity. Techniques
like FTIR, FESEM and BET were performed to characterize PLACM. These characterization results indicate that the PLACM
was synthesized successfully. BBD was employed to study the optimization removal of R6G dye, with pH (5-11), initial dye
concentration (5-15 ppm) and dosage of sorbents (6-14 mg) as the studied variables. The optimum conditions for removal of
R6G dye were pH 7.19, initial dye concentration of 10 ppm and 10 mg of PLACM. These optimized data were further validated
by a standard calibration curve of R6G dye, with R2 =0.9896, LOD of 0.124 ppm and LOQ of 0.376 ppm. The precision of
experiments was validated through repeatability study with removal percentages of 81.90% + 1.48 (day 1), 85.68% + 1.45 (day
2), 84.36% * 0.50 (day 3), and reproducibility with 83.98% + 2.25. The concentration of R6G in real industrial wastewater was
found to be 0.8 ppm. LOD and LOQ for industrial wastewater analysis were determined as 0.026 ppm and 0.079 ppm,
respectively.
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