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Industrial effluents have become an environmental issue harming the ecosystem, remediation of  these effluents 
is critical in order to mitigate some of  this issue. Three adsorbents, activated carbon from sugarcane bagasse 
(ASB), hydroxyapatite (HAP), and their composites (ncpA), were prepared for the adsorption of  Cr (VI) and Fe 
(III) from wastewater in this work. The hydroxyapatite was synthesized using the wet precipitation method, and 
the activated carbon was derived from sugarcane bagasse, resulting in a composite with a hydroxyapatite to 
activated carbon ratio of  1:1. The adsorbents surface and chemical properties were determined by Fourier 
transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), Brunauer-Emmett-Teller 

2 2 -1(BET), and X-ray diffraction (XRD). The BET surface areas were 1.34 ± 0.04 m /g and 26.4 ± 0.4 m g  for HAP 
and ASB respectively. The influence of  initial concentration of  metal ions, adsorbent dosage, pH, contact time 
and temperature on the adsorption process were investigated.  Two isotherm models and different kinetic 
models were used in fitting the experimental data. The adsorption of  Cr (VI) and Fe (III) fitted well into the 
Langmuir isotherm model with maximum monolayer adsorption capacities of  19.92 mg/g, 16.69 mg/g and 
10.33 mg/g respectively for Cr (VI) and 113.64 mg/g, 113.64 mg/g and 107.54 mg/g respectively for Fe (III) 
removal onto HAP, ASB and ncpA respectively. The pseudo-second-order model that best suited the kinetic 
data was chemisorption-controlled, and this is referred to as the mechanism of  the adsorption. Sum of  square 

2error (SSE) and non-linear chi-square (ꭓ ) were used to further validate the mechanism.
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INTRODUCTION 
Rapid urbanization and industrialization had 
engendered the discharge of  harmful heavy 
metals into the aquatic system. Chemical elements 

3with densities more than 5 g/cm  are referred to be 
heavy metals. Considering their toxicity and long-
lasting negative impacts on human health, they are 
among the most dangerous water contaminants 
(Mortazavian et al., 2018). In a consequence to 
preserve the ecosystem from harmful 
contaminants, it is crucial to remove them from 
water system. The heavy metals of  interest in this 
study are chromium [Cr (VI)] and iron [Fe (III)]. 
Chromium is used in many industrial processes, 
including electroplating, leather tanning, the fabric 
industry, and the production of  dyes and pigments 
(Jaishankar, 2014). Because of  its ability to induce 
cancer in living things, chromium is regarded as 
one of  the most dangerous inorganic pollutant 
(Ali et al., 2021).

The oxidation states of  chromium in an aqueous 
solution are trivalent [Cr (III)] and hexavalent [Cr 
(VI)]. Cr (III) exhibits reduced toxicity and less 

mobility as compared to Cr (VI) (Kantar et al., 
2015). The World Health Organization (WHO) 
revealed that wastewater from industrial effluents 
has an acceptable Cr (VI) concentration limit of  
0.5 mg/L and drinking water limit of  0.05 mg/L 
(WHO, 2017).

One of  the most significant metals whose 
concentration must be kept below the permitted 
concentration limit in an aquatic environment is 
iron. Many industries, including the paint, 
automotive, aerospace, and steel industries 
discharge wastewaters that have obscenely high 
iron concentrations chromium (Mahanna et al., 
2021). Haemochromatosis, diabetes mellitus, liver 
cancer, cirrhosis, oliguria, and two phases shock 
are all conditions that can result from having too 
much iron in the body (Li et al., 2016; Dim et al., 
2021).  Hence, it is crucial to treat water and 
wastewater containing Fe (III) ions to a level 
below the permissible limit of  0.3 mg/L (WHO, 
2017).

The elimination of  heavy metals from water or 
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simulated solutions is of  vital environmental 
concern. Numerous technological methods have 
been employed to eliminate heavy metals and 
organic pollutants from effluent, examples 
i n c l u d e  a d s o r p t i o n  ( G u s a i n ,  2 0 2 0 ) ,  
electrochemical methods (Nur-E-Alam, 2020), 
chemical precipitation (Minas et al., 2017), 
membrane separation (Kozlowski and Walkowiak, 
2002), and ion exchange (Ren et al., 2020). Surface 
adsorption method has emerged as the most 
effective, financially feasible, environmentally 
friendly, and technologically promising process 
(Aldawsari et al., 2021).

Lately, biologically derived substances including 
hydroxyapatite and activated carbon have been 
investigated as effective adsorbents to eliminate 
hazardous inorganic and organic pollutants from 
effluents (Kousalya et al., 2010). The calcium 
phosphate mineral of  hydroxyapatite (HA), 
Ca (PO ) (OH) , is a naturally occurring member 10 4 6 2

of  the apatite family (A (BO )X ) (Khandelwal 10 4 2

and Prakash, 2016).

The characteristic properties of hydroxyapatite 
include biocompatibility, bioactivity, nontoxicity, 
non-inflammatory, and non-immunogenicity 
(Mohamed et al., 2011). Unmixed or uncontaminated 

o
hydroxyapatite is thermally stable at 1200 C 
(Narayan et al., 2004). These properties, along with 
its high surface assimilation properties, low 

−40
solubility in water (K  less than 10 ), high sp

strength under heating and reduction-oxidation 
environments, affordability and obtainability, 
made it a very good material for the treatment of  
pollutants (Khandelwal and Prakash, 2016).

Wet precipitation method (Prabakaran et al., 2005), 
hydrothermal technique (Agrawal et al., 2011), low 
temperature synthesis  (Sasikumar and 
Vijayaraghavan, 2006), solid state reaction and sol-
gel technique (Raihana et al., 2008) are a few of  the 
conventional methods utilized in the synthesis of  
hydroxyapatite.

Due to the special  characterist ics of  
hydroxyapatite, researchers have worked to 
advance its use in wastewater remediation since 
combining it with appropriate supporting 
materials such as activated carbon, chitosan, 
graphene, and polymeric materials tend to 

enhance its adsorption ability. Yet, the excessive 
Hap particle aggregation could restrict the 
composite's ability to adsorb contaminants (Li et 
al., 2019). In a recent work, Nasrellah et al. (2022) 
prepared thin coating of  some adsorbents such as 
chitosan, hydroxyapatite and montmorillonite for 
effective removal of  Cr (VI) from aqueous 
solutions.

In this investigation, activated carbon obtained 
from sugarcane baggase, hydroxyapatite and their 
composites were prepared and their adsorption 
properties for removing Cr (VI) and Fe (III) ions 
from aqueous solutions was evaluated. 

MATERIALS AND METHODS
Materials
Analytical grade reagents were used in this study 
without further purification. These include, 
diammonium hydrogen phosphate (NH ) HPO , 4 2 4

calcium hydroxide [Ca(OH) ], orthophosphoric 2

acid (H PO ), ammonium hydroxide (NH OH), 3 4 4

sodium chloride (NaCl), calcium nitrate 
tetrahydrate [Ca(NO ) .4H O], sodium hydroxide 3 2 2

(NaOH) and hydrochloric acid (HCl). Stock 
solutions of  Cr (VI) and Fe (III) ions were made 
using potassium dichromate (K Cr O ) iron (III) 2 2 7 , 

nitrate nonahydrate [Fe(NO ) .9H O] and 3 3 2

deionized water.

Carbonization of  Sugarcane Bagasse
The sugarcane bagasse was collected after juicing 
out the liquid in sugarcane. Deionized water was 
used to thoroughly wash the raw sugarcane 
bagasse, removing any trapped and ligneous 
contaminants. In order to remove any 
contaminants, the bagasse was washed many times 
with deionized water. A consistent weight was 
attained after drying the purified bagasse in an 
oven for 24 h at 105 °C.  The dried sugarcane 
bagasse was pyrolyzed in a muffle furnace set to 
400 °C for 1 h. The prepared activated carbon was 
ground, sieved, and labeled as ASB.

Synthesis of  Hydroxyapatite
Hydroxyapatite (HAP) suspension was prepared 
by wet chemical precipitation method (Prabakaran 
et al., 2005). The pH of  the solution was 
monitored during the precipitation reaction, and 
acid was added to calcium hydroxide solution. For 
the orthophosphoric acid and calcium hydroxide, 
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the reactant concentrations are 0.5 M and 0.3 M, 
respectively. H PO  solution was applied dropwise 3 4

for 3 h, over the alkaline solution based on 
Ca(OH) , with vigorous stirring, to produce a 2

hydroxyapatite slurry. To produce a stoichiometric 
hydroxyapatite (Ca/P = 1.67), the pH was 
maintained at 9.5–10 during the addition process 
using concentrated aqueous ammonia solution, 
NH OH. The reaction mixture was aged at room 4

temperature for 48 hours following the final 
addition. Dialysis was used to wash the precipitate, 
and a millipore glass membrane vacuum filtration 
system was used to filter it. The filtered cake was 
ground to a powder in a mortar and pestle after 
oven drying at 130 °C for 24 h.

Preparation of  Nanocomposites
The composites of  HAP and ASB were prepared 
in the ratio of  1:1. The activated carbon from 
sugarcane bagasse (ASB) was added to 0.1 M HCl 
and stirred for about 1 h. After adding the 
hydroxyapatite (HAP), it was agitated for a further 
30 min. The mixtures were filtered and washed. 
The sample was labeled HAP. 

Deter minat ion of  Physicochemical  
P r o p e r t i e s  o f  A c t i va t e d  C a r b o n ,  
Hydroxyapatite and their Composites
The percentage yield, moisture content, ash 
content, percentage fixed carbon (mg/g), and 
iodine number (mg/g) of  ASB, HAP, and ncpA 
were all determined using standard methods. The 
pH drift method was used to determine pH of  
point of  zero charge (pH ) of  the adsorbents pzc

(Bello et al., 2020). 25 mL Portions of  prepared 
0.01 M NaCl  solution was transferred into 250 
mL conical flasks. The pH of  the solutions was 
adjusted to a range of  2 to 10 with 0.5 M of  NaOH 
and 0.5 M HCl.  The electrolyte solution's pH was 
noted as being pH . In the conical flasks, 20 mL initial

of  the solution and 0.5 g of  the adsorbents were 
added, sealed, and allowed to equilibrate for 24 h. 
The final pH (pH ) was measured, and a pH final

change plot (pH  ‒ pH ) vs pH  was drawn. final initial initial

The pH  was determined by taking the pzc

intersection of  the graph of  pH change and pH  initial

(Nasiruddin and Sarwar, 2007).

Spect r oscopic  Charac te r iza t ion  o f  
Adsorbents
The following spectroscopic techniques were 
employed in the surface characterization of  the 
prepared adsorbents: X-ray diffraction (XRD) 
Spectroscopy Philips APD-3720 model 
diffractometer with Cu Kα radiation, operated at 
40 kV, 40 mA, scanning electron microscopy 
(SEM) SEM QUANTA 250 model with an 
acceleration voltage of  20.00 kV, Brunauer- 
Emmett-Teller (BET) BIT and BYTE (BET 225) 
model and Fourier Transform Infrared 
Spectroscopy (FTIR) Bruker Alpha FTIR 
spectrometer. The adsorbent's surface functional 
groups were determined using FT-IR. SEM was 
used to analyze the surface morphology of  the 
adsorbents. The specific surface area of  the 
adsorbents was determined using BET and XRD 
was utilized to help identify the crystal phases and 
degree of  crystallinity of  HAP.

Adsorption Experiments
To prepare the stock solution of  Cr (VI), 2.826 g 
of  K Cr O  (Analytical grade) was dissolved in 2 2 7

1000 mL of  deionized water to get 1000 mg/L of  
Cr (VI). To obtain a 1000 mg/L solution for the 
stock solution of  Fe (III), 7.23 g of  
Fe(NO ) .9H O (Analytical grade) was dissolved 3 3 2

in 1000 mL of  deionized water. All reagents used 
were purchased from Sigma-Aldrich. On a 
mechanical shaker, batch adsorption experiment 
was carried out. 20 mL Portions of  the aqueous 
solutions of  Cr (VI) and Fe (III) were placed in a 
100 mL conical flask, and were then in contact 
with a measured mass of  the adsorbents (HAP, 
ASB and ncpA). 0.5 M NaOH and 0.5 M HCl were 
used to adjust the pH of  the solutions. For two 
hours, the suspension was shaken at a steady speed 
of  150 rpm. It was examined based on how 
different factors, including the init ial  
concentration of  metal ions (5–100 mg/L), 
adsorbent dosage (10 –150 mg), pH (1-8), contact 

otime (30–240 min), and temperature (20–67 C), 
affected the adsorption process. The supernatant 
solutions were removed once the allotted amount 
of  time for adsorption had passed, and were then 
filtered using Whatman filter paper. Atomic 
absorption spectrometer (AAS) was used to 
measure the amounts of  the remaining metal ions. 
The expression in Eq. 1 was used to estimate the 
quantity of  metal ions adsorbed.
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       =              × V                   (1)

Where V is the volume of  the adsorbate (L), m 
(mg) is the mass of  the adsorbent employed,  q  e
(mg/g) is the quantity of  Cr (VI)/Fe (III) 
adsorbed at equilibrium, C (mg/L) is the initial o 

concentration of  Cr (VI)/Fe (III), C  (mg/L) is the e

equilibrium concentration of  Cr (VI)/Fe (III).

RESULTS AND DISCUSSION
Physico-chemical Characterization of  
Adsorbents
The results of  some of  the physicochemical 
characteristics for HAP and ASB are displayed in 
Table 1. HAP and ASB both have pH values of  
6.83 and 7.8, respectively. As observed by other 
researchers, this was within the pH range suitable 
for adsorption procedures (Ekpete and Horsfall, 
2011; Dada et al., 2020). As previously reported, 
the pH of  the produced hydroxyapatite (HAP) 
was determined to be 7.9 whereas that of  the 
activated carbon from sugarcane bagasse (ASB) 
was 6.8 (Skwarek et al., 2014).  In comparison to 
reported yields of  66.5% (Eletta et al., 2021) and 
46.08% (Sahu et al., 2010) obtained from other 
sources, the percentage yield of  the activated 

carbon obtained was 98.2%. This shows that 
sugarcane bagasse is a good starting material for 
the preparation of  activated carbon. Moisture 
content, a measurement of  how much water the 
activated carbon retains, was found to be 11% for 
ASB. This value is lower than that reported 
elsewhere, 18.3% (Bello et al., 2021). An activated 
carbon's ash content, which rises with an increase 
in carbonization temperature, reveals how many 
inorganic components are present in the material 
(Adebayo et al., 2015). The percentage ash content 
of  ASB was 18%, lower than that of  activated 
carbon obtained from stem bark of  Daniellia 
oliveri tree (Adebayo et al., 2020) and higher than 
those of  the Ziziphus jujube core activated carbon 
(Labied et al., 2018) and date seed  (Mane et al., 
2005). The adsorbent's level of  activity is 
measured by its iodine number; the higher the 
iodine number, the greater the degree of  
activation and the formation of  the micropores 
(Baseri et al., 2012). The prepared ASB has an 
iodine number of  1116.72 mg/g, which is greater 
than the 600 mg/g obtained for activated carbon 
from olive stone (Aziz et al., 2009) and 798 mg/g 
from Thevetia peruviana activated carbon (Baseri 
et al., 2012).

Table 1: Physicochemical properties of  hydroxyapatatite and activated carbon of  sugar cane baggase.

Parameter                                  HAP                            ASB                    ASB (other studies) 
pH      7.8     6.83           6.8 (Skwarek et al., 2014) 

���      7.9     6.8           7.4 (Farahani et al., 2011)
Colour     White   Black          

  
black (Farahani et al., 2011) 

Surface area   1.34±0.04                    26.4±0.4 829 (Luana et al., 2017) 
% yield   98.2%                89%  66.5% (Eletta et al., 2021)  
Moisture content   ------   11%              15 % (Farahani et al., 2011) 
Ash content    ------   18%  - 
Iodine number    ------                           1116.72  647.94 (Chen et al., 2012) 

pH  pzc

Functional Group Analysis of  Activated 
Carbon of  Sugarcane Bagasse and 
Synthesized Hydroxyapatite
The FTIR spectrum of  the sugarcane bagasse 
activated carbon (ASB) produced by phosphoric 
acid activation is shown in Figure 1. O-H 
stretching vibrations may be responsible for the 

-
wide absorption band between 3200 and 3500 cm
1. Aliphatic C-H stretching was responsible for the 

-1 -1peaks at 2853 cm  and 2939 cm . The C=C 
stretching vibration in ASB may be responsible for 

-1
the absorption band at 1625 cm . The bands at 

-1 -1 -1567 cm , 602 cm , and 865 cm  are caused by the 
aromatic rings' C-H plane deformation mode 

-(Yakout and El-Deen, 2016). The peak at 1042 cm
1 might be attributed to the symmetrical vibration 

+
in the polyphosphate chain of  P- O-P and to P - 

-
O  in acid phosphate esters (Puziy et al., 2006).

Figure 2 shows the synthetic hydroxyapatite's FT-
IR spectrum. Three key functional groups of  

3- -
phosphate group (PO ), hydroxyl group (OH ), 4
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2-
and carbonate group (CO ) are frequently used to 3

describe the FT-IR spectra of  synthetic 
hydroxyapatite (Fathi and Hanifi, 2007).

The corresponding peaks observed at 561, 608, 
-1

868 and 957 cm  are associated with P-O bond 
(Mehta and George, 2013).  The peaks found in 

-1
the region of  3400-3600 cm  was attributed to O-

+
H stretching bond. The presence of  NH  may be 4

-1
seen in the band at 1600 cm  (Pramanik et al., 
2005). The carbonate group is present in the 
synthesized HAP, as shown by the absorption 

–1
band found in the 1413–1467 cm  region. The 
phosphate group is verified by the recognizable 

-1absorption band at 1033 cm .

Figure 1: Fourier transform infrared spectrum of  ASB.

Figure 2: Fourier transform infrared spectrum of  HAP.

Scanning Electron Microscopy
The morphological analysis of  HAP particle was 
conducted using scanning electron microscopy 
(SEM). The hydroxyapatite particles produced 
were substantially agglomerated, as seen in Figure 
3. The Ostwald ripening process may be the cause 

of  the nanoparticle aggregation. The SEM 
investigation reveals the sphere-shaped particles 
with clumped distributions. The SEM images 
demonstrated the spherical-shaped particles that 
Farraz et al. (2004) had previously shown in their 
SEM micrograph of  hydroxyapatite.
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Figure 3: SEM micrograph of  HAP at different magnifications at 5 mm to 200 mm.

The SEM micrographs of  ASB are presented in 
Figure 4, it showed that the activated carbon has 
uneven and porous surface. The activated carbon 
has number of  pores, defects and vacancies; this is 

expected to contain highly active site to support 
the adsorption properties. The SEM micrograph 
of  ASB conforms with the morphology that was 
reported by Thuan et al. (2016).
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X-Ray Diffraction (XRD) results
According to JCPDS data No. 09-432, the 
synthetic adsorbent's X-ray pattern matches the 
distinctive peaks of  pure HAP. A clear peak at 2ϴ 

o= 26  verifies the synthesis of  a single phase 
stoichiometric HAP with a Ca/P molar ratio of  
1.67. These peaks are extremely crystalline with 
hexagonal phase (Salimi et al., 2012).

 
 

Figure 4: SEM micrograph of  ASB at different magnifications at 5 mm to 200 mm.

Figure 5: XRD pattern of  HAP.
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Adsorption of  Cr (VI) and Fe (III) on HAP, 
ASB and their composites

Influence of  initial concentration
By varying the metal ion concentration between 
5 100 mg/L while maintaining the other 
experimental conditions constant, the effect of  
initial concentration on the adsorption of  Cr (VI) 
and Fe (III) was examined [Figures 6(a) and (b)]. 
The increase in initial concentration led to an 
increase in the adsorption of  Cr (VI) and Fe (III) 
onto HAP, ASB and ncpA.

This is explained by an increase in the adsorption 
process's driving force, which rises as the gradient 
of  metal ion concentration does (Liu et al., 2019). 
Nevertheless, the equilibrium adsorption capacity 
of  the three adsorbents for the removal of  Cr (VI) 
was attained at 20 mg/L with an adsorption 

–

capacity of  28.26 mg/g, 20.55 mg/g, and 11.83 
mg/g for ASB, HAP, and ncpA, respectively. The 
equilibrium adsorption capacity for the 
elimination of  Fe (III) was discovered at 100 
mg/L, with adsorption capacities of  91.57 mg/g, 
87.27 mg/g, and 71.80 mg/g for ASB, HAP and 
ncpA, respectively.

Thus, it can be deduced from the plots that the 
adsorption capacities of  the three adsorbents are 
in the order: ASB>HAP>ncpA. This indicates 
that activated carbon of  sugarcane adsorbed more 
than the hydroxyapatite and its composites. The 
effectiveness of  ASB can be as a result of  its larger 
surface area (Table 1) as compared with other 
adsorbents. Further adsorption investigations 
employed the equilibrium concentration of  20 
mg/L and 100 mg/L.

Figure 6: Effect of  initial concentration on adsorption of  Cr (VI) (a) and Fe (III) (b) onto HAP, ASB 
and ncpA.

Effect of  Adsorbent dosage
As the adsorbent dose was raised, the quantity of  
Cr (VI) and Fe (III) adsorbed per unit mass of  the 
adsorbents fell dramatically for HAP, ASB, and 
ncpA [Figures 7(a) and (b)], while the initial 
concentration of  metal ions remained constant. 
Adsorption site aggregation or overlap may be the 
cause of  the reduction in adsorption capacity with 
an increase in adsorbent dose (Das and Mondal, 
2011).
For the adsorbent HAP, a reduction in its 
adsorption capacity was observed from 28.91  – 
2.36 mg/g for Cr (VI) and from 145.93  – 9.25 

mg/g for Fe (III). The experimental results 
presented in Figures 7(a) and (b) also show a 
reduction in adsorption capacity of  ASB from 
25.51 – 2.91 mg/g for Cr (VI) and from 139.65 – 
8.33 mg/g for Fe (III) with respect to increase in 
adsorbent dosage. Similarly, for ncpA, it decreases 
from 10.02 – 1.14 mg/g for Cr (VI) and from 
141.05 – 9.23 mg/g for Fe (III). It is obvious from 
the results that the extent of  uptake of  Fe (III) by 
the three adsorbents was significantly higher than 
Cr (VI). For the removal of  Cr (VI) and Fe (III), 
the optimal adsorbent dosage was 10 mg; at higher 
doses, there were fewer metal ions available to 

(a) (b)
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interact with the active sites of  the adsorbents, 
which reduced the adsorption process (Dim et al., 
2021). A similar observation was reported from 

other studies (Ulatowska et al., 2021).

(a) (b)

Figure 7: Effect of  adsorbent dosage on adsorption of  Cr (VI) (a) and Fe (III) (b) onto HAP, ASB and 
ncpA.

Effect of  pH on Adsorption of  Cr (VI) ion
The pH of  the solution was varied from 1 to 8 to 
examine the impact of  pH on the removal of  Cr 
(VI) and Fe (III). Other experimental variables, 
such as the initial metal ions concentration of  20 
mg/L for Cr (VI) and 100 mg/L for Fe (III), the 
adsorbent dose of  10 mg, the contact period of  
120 min, and the agitation speed of  150 rpm were 
all held constant throughout these experiments.
It is evident from Figure 8(a) that when the pH of  
the adsorbate solution increased, the adsorption 
capacity of  the adsorbents dropped. With 
maximum adsorption capacities of  19.12 mg/g, 
16.99 mg/g, and 12.49 mg/g, respectively, the 
maximum removal of  Cr (VI) onto HAP, ASB, 
and ncpA was discovered at pH 2 to 3.
This could be attributed to the adsorbents' surface 
charge and the speciation of  chromium in 
aqueous solution. The dominant form of  Cr (VI) 

− 
in a strongly acidic medium (pH 3 to 6) is HCrO4

(Rakhunde et al., 2012). The effective metal ion 
adsorption behavior of  the adsorbents in the 
acidic solution was caused by a significant 
electrostatic interaction between the positively 

-
charged adsorbent surface and HCrO . The 4

results of  other studies corroborate this (Adegoke 
et al., 2014; Ulatowska et al., 2021).

The pH of  HAP and ASB was found to be 7.9 pzc 

and 6.8, respectively. This shows that the surfaces 
of  the adsorbents were positively charged at pH 
values lower than pH , which facilitated the pzc

adsorption of  Cr (VI) in an acidic medium. 
Conversely, at pH greater than pH , the pzc

adsorbents' surfaces exhibited a net negative 
charge, which caused an electrostatic repulsion 
between them and Cr (VI) with negative charge at 
alkaline medium. This explains why metal ion 
adsorption in the alkaline medium is low. 

As presented in Figure 8(b), the removal of  Fe 
(III) by the three adsorbents followed different 
pattern. The adsorption capacities of  HAP, ASB 
and ncpA rose with increase in pH of  the reaction 
solution until pH 4, beyond which the adsorption 
of  metal ions was as result of  the precipitation of  
the complex of  iron as Fe(OH) . Consequently, 3

the precipitated metal hydroxide complex could 
appear as evidently greater metal ion adsorption 
(Hizal and Apak, 2006; Srivastava, 2008).
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Effect of  Contact Time
In a batch adsorption experiment, it is crucial to 
ascertain the contact time required to reach 
equilibrium. Figures 9(a) and (b) show the findings 
of  a study on the impact of  contact time on the 
adsorption of  Cr (VI) and Fe (III) throughout a 
time range of  30‒240 min. The adsorption of  
metal ions increases with the contact time with 
optimal adsorption achieved at 60 min for Fe (III) 
removal on HAP, ASB and ncpA. The results of  
Wang et al. (2017) lend credence to this, that the 
optimal adsorption time required for the uptake 
of  Fe (III) from aqueous medium was 60 min. 

Similarly, for Cr (VI) uptake, optimum adsorption 
was reached at 60 min for the adsorbents except 
for ncpA which was observed at 120 min; further 
lengthening of  the contact time had no 
appreciable impact or even decreased the 
adsorption capacity. The strong solute 
concentration gradient and empty pore gaps were 
the causes of  the quick adsorption process (Dim et 
al., 2021). The saturation of  the functional groups 
and activated sites present on the surface of  the 
adsorbents later resulted in slow uptake of  metal 
ions.

104

(a) (b)

Figure 8: Effect of  pH on Removal of  Cr (VI) (a) and Fe (III) (b) onto HAP, ASB and ncpA.

Figure 9: Effect of  contact time on adsorption of  Cr (VI) (a) and Fe (III) (b) onto HAP, ASB and ncpA.

(a) (b)
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Effect of  Temperature
Presented in Figures 10(a) and (b), are the plots of  
the influence of  temperature on the removal of  Cr 
(VI) and Fe (III) onto HAP, ASB and ncpA at 
optimum experimental conditions. The 
correlation of  the adsorption potential of  the 
adsorbents as a function the temperature was 
studied between 293‒340 K. The adsorption 
capabilities of  HAP, ASB, and ncpA were found to 
increase when the solution temperature rose from 
293 to 340 K, as seen in the Figures, indicating that 
higher temperatures are favorable for the 
adsorption of  Cr (VI) and Fe (III) on the 

adsorbents.  These observations suggested that 
the adsorption of  Cr (VI) and Fe (III) ions was an 
endothermal adsorption process with a 
chemisorption mechanism. Gupta et al. (2012) and 
Igwebe et al. (2013) also noted the same pattern. As 
a result, raising the temperature of  adsorption 
reduces the viscosity of  the solution, enabling the 
diffusion of  adsorbate molecules through the 
adsorbent's exterior boundary layer and 
enhancing the adsorption of  metal ions (Rashed et 
al., 2019). Moreover, raising the temperature may 
cause the mesoporous structure of  the adsorbents 
to enlarge, which would increase the adsorption 
of  metal ions.
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Figure 10: Effect of  Temperature on Adsorption of  Cr (VI) (a) and Fe (III) (b) onto HAP, ASB and 
ncpA.

Adsorption Isotherm
The equilibrium data from the adsorption of  Cr 
(VI) and Fe (III) onto HAP, ASB, and ncpA were 
modeled into the Langmuir (Eq. 2) and Freundlich 
models (Eq. 4), in order to comprehend the 
process involved in the adsorption of  the metal 
ions.

(2)

-1
Where K (Lmg ) is the Langmuir constant, which L 

measures the affinity for the binding sites 
-1(Abuzalat et al., 2022), q  (mgg ) is the quantity of  e

metal ions adsorbed per unit mass of  the 
-1adsorbents, q  (mgg ) is the maximum monolayer m

adsorption capacity. The slope and intercept of  
the plot of  C /q  against Ce (equilbrium e e

concentration) are used to determine the values of  
q  and K .  m L

An important component of  the Langmuir 
isotherm is the separation factor R  which is L,

calculated by Eq (3).   

     = (3)

Log                       + (    ) Log               (4)

In a heterogeneous system, adsorption process is 
described by the Freundlich isotherm model (Ali et 
al., 2021). 1/n is the heterogeneity parameter, If  
value of  1/n < 1, it indicates a normal adsorption, 
and if  1/n > 1 it indicates cooperative adsorption 
(Adebayo et al., 2020). K  is the Freundlich f

constant, it determines the adsorption capacity of  
the adsorbents. 

The evaluated parameters are summarized in 
Table 2. According to the correlation coefficient 

2values (R ), the equilibrium data for Cr (VI) 
removal onto the adsorbents fitted best into the 
Langmuir isotherm model, revealing good 
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monolayer coverage. The maximum monolayer 
adsorption capacities of  HAP, ASB and ncpA for 
Cr (VI) removal was 19.92 mg/g, 16.69 and 10.33 
mg/g respectively. The favorability of  an 
adsorption process is determined by the 
separation factor (R ). If  R  > 1, the adsorption is L L

unfavorable; if  R  = 1, it is linear; if  R < 1, it is L L

favorable; and if  R < 0, it is irreversible (Dada et L 

al., 2017). The R  values found in this investigation L

were smaller than unity, indicating that metal ions 
were successfully adsorbed.

However, the equilibrium data for the uptake of  
Fe (III) on the adsorbents also fitted to the 
Langmuir isotherm model but not as the 
Freundlich isotherm model. Based on the 

2
correlation coefficient values (R )  in Table 2, the 
equilibrium data for ncpA fitted best into the 
model with 0.9764, followed by that of  HAP with 
0.9681,and ASB with 0.9381 for Fe (III) removal, 
suggesting an heterogeneous adsorption (Kong et 
al., 2017). The Freundlich constant (K ) was 5.14 F

mg/g, 9.24 mg/g and 5.27 mg/g and 
heterogeneity parameter (1/n) was 0.55, 0.52 and 
0.54 for the uptake of  Fe (III) onto HAP, ASB and 
ncpA mg/g respectively. The values of  1/n which 
was below unity indicate a normal adsorption 
process. The values of  the adsorption intensities 
(n) in the range of  1 to 10 obtained in this study, 
confirms that the removal of  Cr (VI) and Fe (III) 
was conducted under favourable experimental 
conditions. 
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Table 2: Adsorption isotherm parameters for the uptake of  Cr (VI) and Fe (III) onto HAP, ASB, and 
ncpA

Adsorption Kinetics
The experimental data at different contact times 
were fitted into pseudo-first order (5) and pseudo-
second order (6) models to ascertain the 
mechanism and the rate-controlling step in the 
adsorption of  Cr (VI) and Fe (III) onto HAP, ASB, 
and ncpA. 

In (q  - q ) = In q  - k t                            (5)e t e 1  

     =         +                                            (6)

-1
Where k  (min ) is the pseudo-first-order rate 1

constant and k  (g/mgmin) is the rate constant of  2

the pseudo-second-order kinetic model; q  and q  e t

are the quantities of  metal ions adsorbed (mg/g) 
at equilibrium and time t, respectively as shown in 
Table 3 for the metal ions adsorbed.

Statistical Rationality of  Kinetic Models Data
Scrutinizing the best fittings and agreement 
between kinetic data, the non-linear chi square test 

2
(ꭓ ) and statistical tools  like correlation 

2
coefficients (R ), sum of  square errors (SSE) were 
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utilized (Dada et al., 2020). These statistical models 
are expressed with equations 7 and 8.

SSE =                    –                               (7)

2
ꭓ  =                                                        (8)

Where, q  is the amount of  metal ions adsorbed e cal 

calculated from the kinetic models equations and 
q is the experimental quantity of  metal ions e exp  

adsorbed at equilibrium.

The fitness of  the two models was tested by a plot 
of  ln (q  - q ) against t (Pseudo-first-order model) e t

and t/q against t (Pseudo-second-order model). t 

The parameters of  the kinetic model were 
determined and are shown in Table 3. For the 

pseudo-second-order kinetic model, the 
2

correlation coefficients (R ) values were nearly 
equal to one, for Cr (VI), it was 0.9906, 0.9652 and 
0.9964 while that of  Fe (III) was 0.9982, 0.9995 
and 0.9987 for their adsorption onto HAP, ASB 
and ncpA respectively. These findings 
demonstrated that the pseudo-second-order 
kinetic model more accurately predicted the 
adsorption of  Cr (VI) and Fe (III) onto the 
adsorbents, indicating that chemisorption was the 
rate-limiting phase. The good agreement between 
experimental and the calculated q  values also e

indicated the suitability of  pseudo-second-order 
model. The validity of  pseudo-second-order 
model is supported by the small values of  SSE and 

2ꭓ  for all the adsorption systems (Dada et al., 2020).
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Table 3: Kinetic parameters for the different adsorbents on Cr (VI) and Fe (III).
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CONCLUSION
The study has successfully prepared and 
characterized hydroxyapatite (HAP), activated 
carbon (ASB) and their composite (ncpA) for 
wastewater treatment applications. The FT-IR 
analysis showed that the adsorbents had a variety 
of  functional groups that can facilitate the 
adsorption of  Cr (VI) and Fe (III) from aqueous 
solution. The remarkable crystallinity of  the 
synthetic hydroxyapatite was revealed by the XRD 
analysis. Investigations were conducted to 
determine how the initial concentration of  metal 
ions, adsorbent dose, pH, contact time, and 
temperature affected the adsorption process. The 
adsorbate uptake increased with increase in initial 
metal ions concentration and the contact time. 
Both the Langmuir and Freundlich isotherm 
models provided accurate descriptions of  the 
adsorption process. Based on the Langmuir 
separation factor, R , the adsorption process was a L

favorable process. The kinetic data was best fitted 
into the pseudo-second-order as validated by sum 
of  square error (SSE) and non-linear chi-square 

2(ꭓ ). The research demonstrated the efficacy of  
HAP, ASB, and ncpA as an environmentally 
friendly, economically viable, and sustainable 
adsorbent for wastewater remediation.
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