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The presence of dye molecules in water has a number of negative
effects on aquatic and terrestrial animals. This study aimed to
synthesize and characterize a composite of hydroxyapatite and
chitosan to adsorb Indigo Blue (IB) dye from water, and to optimize
its use for the adsorption process using the Response Surface
Methodology (RSM) modelling tool. The combination of
hydroxyapatite obtained from goat bone and chitosan obtained from
periwinkle shell was carried out to enhance the mechanical strength
and removal efficiency of the adsorbent. The formulated adsorbent
was characterized using BET surface area, SEM-EDX, FTIR, XRD,
and XRF techniques. Response surface methodology (RSM) using
Box-Behnken Design (BBD) was employed to develop a series of

batch-wise adsorption experiments. Findings revealed the R? value
of the RSM optimization tool to be 0.9854. The optimized conditions
used for the adsorption experiments were 180 min, 8.6, 150 mgl/L,
and 1 g for the adsorption time, pH, dye concentration, and
adsorbent dosage, respectively, resulting in an adsorption efficiency
of 80.92 %.
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1. Introduction

Water, a basic need for all living things on earth, occupies the vast bulk of the planet and accounts
for about 71 % of the earth’s total surface area [1]. However, freshwater supplies around the world
have been threatened due to the rise in contamination from natural or anthropogenic sources [2].
Owing to the importance of water to human activities and environment functions, the United Nations
is calling for worldwide access to low-priced potable drinking water by 2030 and this has been listed
as one of the Global Sustainable Development Goals (SDGs) [3]. Sectors such as the food
packaging, pulp and paper, textile and cosmetics industries, have high utilization of hydrophobic
compounds, which are difficult to remove due to their sparing solubility and tendency to
bioaccumulate [4]. Literature reports the use of over 8,000 distinct chemicals in producing textiles,
with an estimated 5 billion kg of dyes and other chemicals in use today [5].

Natural water bodies remain highly contaminated because the majority of chemicals are not entirely
broken down during effluent treatment. Also, weak enforcement of laws concerning wastewater
discharge in many countries contributes to this menace. This scenario can be seen playing out in tie
and dye Adire production in Nigeria where the effluents usually contain dye and reducing agents
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like caustic soda to make the dye molecules soluble in water [6]. To easily remove dye, treatment
methods such as coagulation-flocculation [7], biodegradation [8], electrolysis [9], ion exchange
[10], and adsorption [11], have been applied. While coagulation and flocculation is relatively cheap,
it results in sludge formation [12]. Biodegradation is not very effective in recent times as a result of
the non-biodegradability of modern synthetic dyes [13]. Although the electrolysis technique has
been found to be efficient, its high-cost implications have limited its application. Adsorption, on the
other hand, has shown potential for dye removal from wastewater because of its excellent removal
efficiency at low concentrations [14].

Adsorption is a widely utilized technique generally considered a water-conservative approach that
is efficient, applicable on a large scale, and cost-effective for water purification processes. It can be
used in dye removal processes where particles are bound to an adsorbent surface by chemical forces
(chemisorption) or physical forces (physisorption) [14]. Even though adsorption has numerous
benefits, its limitations include finding suitable and cheap adsorbents, and expensive product
recovery [15]. To solve this emerging problem, adsorbents obtained from plant and animal waste
materials can readily be used due to their low cost, availability, and renewability thereby providing
a cheap and efficient process for long-term safe water discharge into the environment [16].

Hydroxyapatite-chitosan (HAP-CS) composite obtained from low-cost, readily available goat bone
and periwinkle shell has been identified and used as an adsorbent to remove Indigo Blue (IB) dye
from aqueous solution in this study. HAP is white and powdery and is used in fuel-cell materials,
fluorescent lights, pollutant adsorption, and catalysis [17]. It can be synthesized chemically or
obtained naturally from mammalian bone, marine sources, shell sources, plants and algae, and
mineral sources [18]. Despite its advantages, HAP has low porosity, poor stability, and poor
mechanical properties, resulting in decreased adsorption properties such as selectivity, capacity, and
kinetics [19]. Combining HAP with biopolymers can alleviate these drawbacks. Chitin is a widely
used biopolymer for synthesizing HAP composites and is present in shells, cuticles of insects, scales
of fish, yeast, and algae. Chitosan (CS) is a biopolymer obtained by partially deacetylating chitin.
Due to its availability from renewable sources, low cost, and high activity, it is attractive for
adsorption-related processes such as dye and heavy metal removal, and gas capture [20].

This study provides data for the prevention and mitigation of environmental pollutant dye from
wastewater using Hydroxyapatite-chitosan composite from agricultural waste (hydroxyapatite
obtained from goat bone and chitosan obtained from periwinkle shell). The investigation of the
adsorption optimum parameters carried out by RSM will provide data for future processes and its
industrial applications.

2.0. Materials and Methods

2.1.  Materials

Goat bones and periwinkle shells were sourced locally from a slaughterhouse in Benin City, Edo
state, Nigeria. The bones and shells were extensively washed and sun-dried for 5 days. The dry goat
bones and periwinkle shells were crushed into smaller particles and processed into fine powder. The
powder was sieved to separate particles of approximately 300um. Analytic grade acetone,
hydrochloric acid, sodium hydroxide pellets, acetic acid, and indigo blue dye were purchased from
a chemical store in Benin City.

2.2.  Composite Synthesis

Hydroxyapatite (HAP) and Chitosan (CS) were prepared using a modified method from the
literature [24]. Goat bone char (300 um) was heated in a muffle furnace from ambient temperature
to 800 °C for 3 h, then cooled to obtain HAP. The yield was calculated using Eq 1.
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Where Y represents the HAP yield, Wy and Ws denote the weight of HAP and the bone powder
respectively.

Periwinkle shell powder was soaked in 7% (v/v) HCI for 24 h and then in 10% (w/v) NaOH for
another 24 h to remove minerals and proteins respectively. It was filtered, washed to a pH of 7, and
dried at 90 °C for 1 h [24], [25]. The dried powder was refluxed in acetone for 3 h for decolorization,
yielding chitin [26]. The chitin was then treated with 50% (w/v) NaOH for 4 h at 30 °C to obtain
CS (2-acetamido-2-deoxy-D-glucose-N-(acetyl glucose amine), which was washed and dried for 1
h at 90 °C [26]. The yield was calculated using Eq 2.

weight of chitosan
weight of periwinkle powder

Chitosan yield = x 100 2

2 % acetic acid was added to the CS and was stirred for 1 h to aid dispersion and bubble removal.
The HAP was then added to the CS in a 1:1 ratio and further stirred at ambient temperature for 48
h, before filtration, and drying at 80 °C to obtain the HAP-CS composite.

2.3.  Characterization of HAP-CS Composite and Experimental Setup

The FTIR spectrum was captured using a BRUKER model Tensor 27 (Germany) and the KBr disc
technique, scanning electron microscopy-energy dispersive X-ray (SEM-EDX, KYKY-EM3200,
China) for surface morphology, X-ray diffraction (XRD: Philip X’pert) and X-ray Fluorescence
(XRF) for crystallite phase and composition analysis, and BET (Brunauer-Emmett-Teller) analysis
was used to measure textural properties. An indigo blue (IB) stock solution of 500 mg L' was
prepared in deionized water, with diluted concentrations (20, 85, and 150 mg L) for subsequent
tests. The experimental design followed a four-variable Box-Behnken design (BBD) approach with
five replications at the middle point using Design Expert® 13.0.0, yielding 29 trials to model the
relationship between input variables (time, pH, dye concentration, adsorbent dosage) and removal
efficiency. ANOVA was applied to validate model accuracy and the relevance of the coefficients of
regression.

Table 1: Levels of the Experimental Factors in the BBD Design.

Variables Unit Symbol Variable coded levels
Low level High level
Time Minute (min) A 15 180
pH - B 3 11
Dye concentration mg/L C 20 150
Adsorbent dosage g/L D 1 3

2.4. Experimentals methodology

Adsorption studies were conducted at room temperature with continuous stirring at 180 rpm. Each
experiment used the required volume of IB solution and adjusted the initial pH with 0.5 M NaOH
or 1 M HCI. Dye concentration was measured at 615.7 nm using a Thermo Scientific Genesys 10S
UV-Vis spectrophotometer. Adsorbed dye per gram of adsorbent (qe) was calculated using Eq. 3

14
qe = (C; — Ce)% 3)
where V (L) is the IB solution volume, Ci (mg L) and C. (mg L) represent the initial and
equilibrium concentrations respectively, and m (mg) is the adsorbent mass. The percentage removal
of IB was given by Eq. 4
removal % = (£=52) 100 (4)

Ci
where C. and C;are the equilibrium and initial concentrations (mg L™).
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Freundlich, Langmuir, and Henry isotherm models were applied to assess the adsorption interaction
of Indigo Blue on the HAP-CS composite, while the adsorption kinetics of Indigo Blue on HAP-CS
were evaluated using pseudo-first-order, pseudo-second-order, and intra-particle diffusion models
to study the sorption mechanism and optimize treatment efficiency.

3.0. RESULTS AND DISCUSSION

3.1.  Characterization of HAP-CS

SEM-EDX Analysis

The morphology and composition of the HAP-CS composite material pre and post-adsorption
studies were captured. Fig 1 shows the surface morphology of the HAP-CS composite before and
after the adsorption process. Fig 1(a) shows the morphology of the HAP-CS composite before dye
adsorption, revealing a coarse and porous surface, which depicts high adsorptive capacity. These
results are similar to those of previous research where HAP-CS composite was used for Remazol
Blue Dye (RBD) adsorption [21], indigo dye removal [22], Congo Red (CR) dye adsorption [23],
and the removal of brilliant green dye [24]. Fig 1(b) reveals the morphology of the HAP-CS
composite after dye adsorption, with clogged pores ascribed to dye adsorption. Fig 2 revealed the
EDX analysis of the HAP-CS composite before and after dye adsorption. Fig 2(a) shows the main
components; Ca, C, O, and P while Fig 2(b) shows the EDX analysis after dye adsorption,
demonstrating compositional modifications and an increase in the amount of C and Na linked to
effective dye adsorption onto the HAP-CS composite. These findings are consistent with previous
studies on dye removal using HAP-CS composite [25].
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Fig. 1 SEM images of the HAP-CS adsorbent composite (a) before and (b) after adsorption
process at x9000.
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Fig. 2 The EDX analysis of the HAP-CS adsorbent composite (a) before (b) after the
adsorption process.

Textural properties

Adsorption/desorption isotherms were plotted to evaluate the porous structure of the manufactured
composite, and they were used to identify morphological traits of the HAP-CS adsorbent composite.
Pure HAP had a BET surface area of up to 275.623 m?g™*, a measured pore volume of 0.136 cc g},
and a pore diameter of 2.118 nm. The Chitosan (CS) had a BET surface area of up to 331.941 m?g"
! a measured pore volume of 0.162 cc g%, and a pore diameter of 2.144 nm. Such high numbers of
BET surface area for both the HAP and CS can be ascribed to the excellent crystalline structure of
the material [26]. In comparison, the HAP-CS composite adsorbent had a BET surface area
of 369.715 m?g?, a pore volume of 0.209 cc g?, and pore diameter of 1.853 nm comparable to
previous work [26]. This represents an increase in surface area after combining HAP and CS. Hence,
the BET surface areas increased in the order HAP > CS > HAP-CS. The presence of additional pores
introduced by chitosan is responsible for the increase in BET surface area as evident from the
textural analysis. Chitosan has a porous structure with interconnected void spaces. Hence, when
combined with HAP, it produces a composite material with a higher pore volume. These additional
pores provide more surface area for adsorption and contribute to the overall BET surface area [27].
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Fig. 3: BJH adsorption summary of HAP-CS adsorbent

X-ray Diffractogram (XRD) Analysis

X-ray diffractogram of the HAP-CS composite depicted in Fig 4, where the HAP crystalline peaks
at 20 =26.5",32°,33°,33.4°, and 40 ° are present with little shifting in 26, indicative that the HAP
crystallite structure was preserved in the composite. This outcome is consistent with other research
[24], [28]furthermore, the HAP-CS composite diffractogram confirmed the crystalline nature of
HAP and chitosan powders composite, and the preservation of HAP crystal structure in the HAP-
CS composite as reported in literature [29]-[33].
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Fig. 4 XRD diffractogram of HAP-CS composit

FTIR Analysis

FTIR spectra of HAP which were obtained in the range of 400- 4000 cm™ represented stretching
functional groups. Because of the bending and stretching of PO, the spectra of HAP displayed a
broad band between 450 — 600 cm™ and 1000 - 1150 cm™. Additionally, P=0 stretching vibrations
between 1150 and 1350 cm™, and a matching symmetric stretching was seen between 800 and 1000
cm [28]. The large bands at 3200 to 4000 cm™ were ascribed to the O-H groups contained in HAP
[25], [28]. Also, the Chitosan powder was subjected to FTIR spectroscopic examination with 4 cm’
! resolution and a frequency range of 400 — 4000 cm™. At wave numbers ranged 3200 — 4000 cm,
the chitosan's spectrum showed a large broad signal, which is connected to the overlap of the
polysaccharide's inter-hydrogen bonds and the overlap of the -OH and -NHz> stretching vibrations
[34]. The symmetric and asymmetric -CH> groups were attributed to peaks in [25], [29].

The FTIR spectrum of the HAP-CS composite adsorbent represented in Fig 5 revealed a band within
the range of 1000 - 1250 cm™, which was caused by the chitosan's C-O-C group's stretching
vibration, thereby confirming the synthesis of the adsorbent. Due to the interaction with chitosan,
the peak of the PO4% group shifted. Chitosan's -NH group vibrated in a stretching and bending mode
at ranges between 3200 - 4000 cm™*, which overlapped with the O-H groups bands in the HAP-CS
adsorbent [28].
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Fig. 5 FTIR analysis of the HAP-CS adsorbent.
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XRF Analysis

According to the elemental analysis using XRF, the HAP-CS powders comprised two primary
elements, calcium, and phosphorus, which corresponds to the SEM analysis (refer to Fig 1) with
additional elements present in trace amounts. Table 2 shows the XRF compositional analysis results
of the HAP-CS composite adsorbent. The outcome demonstrated that the HAP-CS composite also
had high amounts of CaO and P»Os, with concentrations of 68.686 and 25.139 % respectively. The
high proportion of CaO and P>Os shows that HAP is potentially rich in calcium and phosphorous
which is vital during the synthesis of HAP-CS [35]. The higher adsorption capability of natural
hydroxyapatite can be related to the presence of additional trace mineral components [36].

Table 2: XRF analysis of HAP-CS composite adsorbent.

Component Concentration
SiO; 1.550
V205 0.022
Cr.03 0.004
MnO 0.034
Fe,03 0.231
C0304 0.005
NiO 0.001
CuO 0.028
Nb20s 0.006
MoOs 0.000
W03 0.009
P20s 25.139
SOs 0.052
Ca0o 68.686
MgO 0.000
K20 0.058
BaO 0.156
Al;Os 2.543
Ta,0s 0.011
TiOz 0.027
Zn0 0.014
Ag.0 0.000
Cl 0.714
ZrO; 0.062
SnO; 0.646

3.2.  Optimization of Batch Adsorption of Indigo Blue
Fig 6 shows the percentage (%) removal of IB dye on the composite surface as a function of varied
contact times with initial concentrations of 80 mg L™, 1 g of adsorbent, and pH of 3. At these
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conditions, the removal rate of the dye by the adsorbent composite surface is 54.29 %. The dye
adsorption procedure demonstrated that the adsorption percentage rose significantly and eventually
reached equilibrium. The highest removal efficiency was achieved at an optimum adsorption time
of 180 min with a small change observed after 120 min. At equilibrium, further treatment was
insignificant as all the pore spaces were occupied. The initial high adsorption rate can be attributed
to the high BET surface area, leading to more active sites on the outer layer of the adsorbent
composite. This explains the initial high adsorption rate resulting from the vacant pores. The
adsorbent’s porosity also plays a role as evident in the SEM micrographs (refer to Figl) where the
sample revealed small, loosely packed grains with large pores, indicative of the presence of active
sites required for an efficient adsorption process [37], [38]. Similar results were reported by
Bhowmik et al. [39], where equilibrium was reached at 150 min with a small amount of change after
120 min. Previous studies have also revealed that with an increase in time, the surface of the
adsorbent is saturated and unable to continue removing IB dye from the solution [40]. This
behaviour is attributed to the high level of interaction between the molecules of the adsorbate and
the adsorption sites of the adsorbents [22]. Moreover, at the point of saturation, the repulsive force
between the molecules of the dye and the HAP-CS surface attains equilibrium [41].
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Fig. 6 Effect of time on the adsorption of IB dye

3.3. Isotherm studies

To identify the best fit for this study, Langmuir, Freundlich, and Henry isotherms were compared.
Regarding Table 3, the constant Kg in the Freundlich model represents the adsorption capacity while
1/n indicates the heterogeneous nature of the surface [42]. In the Henry isotherm model which has
one parameter, linear behaviour of the adsorption process is assumed. According to previous work,
the model estimates adsorption capabilities up to a certain value that is typically lower than the
saturation value [43], [44]. The Langmuir isotherm model presupposes monolayer coverage with no
intermolecular communication among the adsorbed molecules. Additionally, it presupposes that the
adsorbent will bind to finite localized sites [45]. Table 4 represents the findings of the Langmuir
and Freundlich constants for the IB dye adsorption. The values of K. and qm are determined from
the slope and intercepts, respectively of the plots of 1/qe versus 1/Ce while the values of 1/n and K¢
are the slope and intercept, respectively of the graph between InCe versus Inge.

The Freundlich isotherm model assumes differential surface energies, while the Langmuir isotherm
model presupposes monolayer coverage with no intermolecular communication among the adsorbed
molecules. Additionally, it presumes that the adsorbent will adsorb on limited localized areas [45].
Assuming adsorption reversibility and a constant amount of sites accessible for the process derives
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the Langmuir isotherm [22]. In this study, the Langmuir model had the best fit with a regression
coefficient (R?) of 0.9683 while the Freundlich isotherm model had a regression coefficient of
0.9333. The Average Relative Error (ARE) of the Langmuir model is 0.89 %. Its isotherm fit is
indicative that the synthesized HAP-CS had confined monolayer adsorption with low intermolecular
interaction. The non-dimensional separation factor, Ry, (refer to Eq3), was used to assess the
favourability of the adsorption process. The R. formula is given in Eq 5.

1

R, = 1+ K€, (5)
Where, KL = Langmuir constant, R = separation factor, and Co = initial IB dye concentration.

The separation factor shows the adsorption isotherm to be favourable, linear, or unfavourable when
0<Ri<1,RL=1, and R.> 1 respectively. The HAP-CS adsorbent had R. values between 0.87 and
0.95 for the Co range (50 - 150 mg L) employed in the study. Conclusively, this depicts that IB
adsorption is preferred on the HAP-CS adsorbent [46].

Table 3: Isotherm models for the HAP-CS adsorption of IB dye [39]

Model Equation Parameters
Freundlich isotherm qo = KFC;/" K = adsorption capacity indicator, 1/n = adsorption intensity
indicator
Langmuir isotherm 4. K.C, Ky = Langmuir constant (L/mg), go = maximum monolayer
a 1+ K,C, coverage (mg/g), ge = adsorption equilibrium (mg/g), Ce
equilibrium concentration (mg/L)
Henry isotherm q. = KyC, Ku = Henry isotherm constant

Table 4: Results and coefficients of isotherm models

Model Parameter R? ARE (%)
Freundlich isotherm Kr=0.071, n = 1.046 0.9333 2.76
Langmuir isotherm KL =0.001, go=60.241 0.9683 0.89
Henry isotherm Kn = 0.0494 0.8893 7.35

3.4. Adsorption Kinetic Studies
The IB dye adsorption rate on the HAP-CS surface is shown by the adsorption kinetics models in
Eq.(3)-(5) which were employed to fit a model to the obtained data.

In (ge — qt) = In(Qe) — Kkat (6)

t 1 t

= okt ™

¢  1+Kq%  q.

Qe = Kpt'2 + | (8)
From the summary of the outcomes represented in Table 5, the pseudo-second-order model had the
higher regression coefficient since it depicts analogous interactions at the surface level [47], and
according to literature, dye adsorption typically follows this step. Thus, the data from this study is
consistent with the existing research [39], [48]-[50].

Table 5: Values of the kinetic model constants

Models Constants Concentration (mg/L)
50 80 110 150
Qe 0.630 1.247 2.801 2.409
Pseudo-first-order K1 0.0067 0.0374 0.0249 0.022
R? 0.9654 0.9766 0.9951 0.9134
Qe 3.099 4.088 5.675 10.582
Pseudo-second-order Kz 0.097 0.049 0.023 0.00743
R? 0.9757 0.9869 0.996 0.9239
I 0.4944 1.7778 2.0323 0.7494
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Intraparticle diffusion Kp 0.154 0.1465 0.2437 0.5488
R? 0.9734 0.9631 0.8685 0.9473

3.5. RSM optimization
For analysis, the findings of the adsorption tests performed using the BBD model matrix were
employed. The software produced the following model depicted as Eq. 9

Removal efficiency (%) = +61.04 + 11.59A + 2.55B + 13.67C + 6.60D — 14.13AB — 5.60AC —
3.98AD + 4.11BC + 8.01BD - 6.70CD — 4.08A? + 0.8594B? - 14.58 C? + 1.06D? 9)

Fig. 7 presents a visual comparison of the model's predicted values and experimental data. Statistical
analysis using ANOVA revealed the quadratic model's significance, supported by a substantial
Fisher's F-value (16.61) and a highly significant probability value (P < 0.0001) [51]. Detailed results
are summarized in Table 6

Table 6 ANOVA data for the optimization process

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

Model 7666.78 14 547.63 67.44 <0.0001 significant
A-Time 4936.15 1 4936.15 607.87 <0.0001

B-pH 0.8802 1 0.8802 0.1084 0.7469

C-Dye 2567.86 1 2567.86 316.22 <0.0001

concentration
D-Adsorbent

19.13 1 19.13 2.36 0.1471
dosage
AB 0.5402 1 0.5402 0.0665 0.8002
AC 8.18 1 8.18 1.01 0.3326
AD 0.0272 1 0.0272 0.0034 0.9546
BC 14.21 1 14.21 1.75 0.2070
BD 6.50 1 6.50 0.8008 0.3860
CD 21.90 1 21.90 2.70 0.1228
A2 2.61 1 2.61 0.3218 0.5795
B2 0.0112 1 0.0112 0.0014 0.9709
C? 24.30 1 24.30 2.99 0.1057
D2 62.70 1 62.70 7.72 0.0148
Residual 113.69 14 8.12
Lack of Fit 106.43 10 10.64 5.86 0.0515 . th
significant
Pure Error 7.26 4 1.81
Cor Total 7780.47 28

The regression model's statistical significance was suggested by its high R? value (0.9432).
According to Table 7, the adjusted R? value was 0.8864, while the projected R? value was 0.7624,
which relatively agreed with the adjusted R?. A signal was sufficient when the signal-to-noise ratio
was 16.981 (>4), and a 10.51 % coefficient of variance was discovered. Hence, the ANOVA analysis
showed the model’s suitability for removing dye using HAP-CS adsorbent within the experimental
range.

24



0.U. Osazuwa et. al./ Journal of Energy Technology and Environment
6(4) 2024 pp. 15 - 28

Predicted vs. Actual

100 —

80 —

60 —|

Predicted

40 —|

20 —

o 20 40 60 80 100

Actual

Fig. 7. Predicted vs actual values of IB removal efficiency using HAP-CS as adsorbent

Table 7: RSM model statistics of goodness of fit

Parameter Value
R? 0.9854
Adjusted R? 0.9708
Predicted R? 0.9198
Adeq Precision 34.0679
Std. Dev. 2.85
Mean 47.98
CV. % 5.94

The interactions of the parameters during the sorption of the Indigo Blue dye were studied using the
contour plots as a function of two elements while keeping the other components at the central level.
The red colour denotes a higher removal percentage. Red's transition into yellow and green shows
a lesser degree of elimination. Error! Reference source not found.(a) illustrates the pH and dosage
effects on removal effectiveness. An increase in removal effectiveness is recorded when the dose
and time are increased. Error! Reference source not found. (b) shows the effect of pH and contact
time on removal efficiency. A lower pH and longer contact time produced an increased efficiency.
The responses of the dye concentration and contact time on the removal efficiency were analysed
and are depicted in Error! Reference source not found. (c). The model's findings for the optimum
conditions were: pH = 3, time = 180 min, adsorbent dosage = 2 g, and dye concentration = 85 mg
L. The computed removal efficiency under these circumstances was 81 %. The experimental value
attained under these circumstances was 76.71 %, which is relatively close to the expected value
(relative error: 4.29 %).
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Fig. 8. (a) Effect of dosage and time on removal efficiency of IB dye using HAP-CS as adsorbent,
(b) Effect of contact time and pH on removal efficiency of IB using HAP-CS as adsorbent and (c)
Effect of dye concentration and time on removal efficiency of IB using HAP-CS as adsorbent.

4. Conclusions

This study investigated the use of a composite hydroxyapatite-chitosan (HAP-CS) adsorbent to
remove Indigo Blue dye from an aqueous solution. The HAP-CS adsorbent is synthesized from
waste materials; hence it is an affordable and practical wastewater treatment option. The ideal
parameters for the adsorption process were found using the Box-Behnken design by examining the
effects of pH, dye concentration, and adsorbent dosage on the efficacy of adsorption using the
experimental design. Further optimisation of the process parameters was achieved by using the
response surface methodology (RSM) model. The HAP-CS composite effectively removed the
Indigo Blue dye from the aqueous solution with a high adsorption efficiency of 80.92 %. This
suggests HAP-CS composite could be a suitable candidate for treating wastewater, particularly in
removing textile dyes. Overall, the promising potential of the HAP-CS composite adsorbent
synthesized from low-cost waste materials has been reported. Its successful adsorption of Indigo
Blue dye from aqueous solutions highlights its applicability in wastewater treatment applications.
The study also underlined the importance of employing advanced modelling techniques like RSM
to optimize adsorption processes and enhance the efficiency of wastewater treatment systems.
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