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The objective of this work was to develop a process that 
allows the synthesis of an apatitic material of controlled 
composition and morphology, which could be used for 
medical and environmental applications. The adsorbent was 
synthesized, and characterized using scanning electron 
microscopy, nuclear magnetic resonance, Thermal analysis 
and other techniques, Atomic Force Microscopy, X-ray 
photoelectron spectroscopy and Total organic carbon. 
Different experimental parameters such as the effect of the 
amount of adsorbent, solution pH and temperatures and 
contact times were studied. Pseudo-order kinetics models 
were studied, and our data followed a pseudo second order. 
Experimental data were analyzed for both Langmuir and 
Freundlich models and the data fitted well with the Langmuir 
isotherm model. To understand the mechanism of 
adsorption, thermodynamic parameters like standard 
enthalpy, standard Gibbs free energy, and standard entropy 
were studied. The study indicated that the process is 
spontaneous, exothermic in nature and follow physisorption 
mechanisms. The novelty of this study showed surface of 
composite based of hydroxyapatite has the ability to 
highlight the surface designed for efficient removal of Cu2+ 
and Zn2+ ions, from aqueous solutions more than other 
studies. 
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1.   INTRODUCTION 
 

Heavy metal ions released into the 
environment from a variety of industrial 
processes are an indisputable problem 
(Hamed et al., 2019; Tabaght et al 2019). 
Long term exposure of heavy metals may 
cause serious damage to liver, kidney, lung 
problem (Dhillon et al., 2016). Long term 
exposure of heavy metals may cause serious 
damage to liver, kidney, lung cancer, 
reduction in hemoglobin formation, 
emphysema, hypertension, and testicular 
atrophy diseases, etc (Dhillon et al., 2017). 
Zinc, and Copper for example, are well-
known as dangerous elements for human 
health even at very low concentrations, and 
their concentration in the environment 
should be kept under permanent control. For 
humans, the main sources of these metals 
are water and food, so rapid and sensitive 
methods must be accessible for their 
determination in these samples (Dhillon et 
al., 2017). 

Monodisperse chitosan-bound Fe3O4 
nanoparticles were developed to efficiently 
remove Cu2+ ions (Destainville et al., 2003). 
The adsorbent exhibited a maximum 
Langmuir adsorption capacity of 21.5 mg/g. 
Banerjee and Chen compared the adsorption 
of Cu2+ onto magnetic nanoparticles (Fe3O4) 
and magnetic nanoparticles treated with 
Gum Arabic (Gandhi et al., 2011). It was 
found that the adsorption capacity of 
modified nanoparticles with Gum Arabic was 
higher (38.5mg/g) compared to the pristine 
nanoparticles (17.6 mg/g). This higher 
adsorption capacity was attributed to the 
carboxylic groups of gum arabic, the 
complexation of the amine group of gum 
arabic, and the surface hydroxyl groups of 
iron oxide. 

Also, the performance of chitosan/ 
hydroxyapatite (Cs/HAp) composite 
nanofiber membrane prepared by 
electrospinning process for the removal of 

lead, cobalt and nickel ions from aqueous 
solution has been demonstrated (Aliabadi et 
al., 2014). 

Several studies were focused on using 
hydroxyapatite (HAp) of different origins to 
remove zinc ions from the solution 
(Pivarciova et al., 2014). showed that the 
adsorption of zinc on HApwas pH 
independent ranging from 4.5 to 6.5 as a 
result of the buffering properties of the 
HAp(Lee et al., 2005). Work on zinc sorption 
is often contradictory or complementary. 
Some authors consider that the sorption 
mechanisms are close to those of cadmium 
(ion exchange), in relation to their ionic 
ratios. Others highlighted the formation of 
new highly crystalline phases charged with 
zinc (Lee et al., 2005). reported that for initial 
low zinc concentrations (<49 ppm), the 
formation of zinc precipitate does not occur 
(Pivarciova et al., 2014). However, for higher 
concentrations (> 49 ppm), the presence of 
Hopeite Zn3(PO4)2, 4H2O was detected under 
acidic conditions, whereas under alkaline 
conditions, the formation of ZnO and 
hydrozincite Zn5(OH)6(CO3)2 was favored 
(Pivarciova et al., 2014). 

Investigated the sorption of different 
metals (Cd, Zn, Cu, Pb) by synthetic calcium 
hydroxyapatite (Ca-Hap) as monometallic, 
bimetallic, and multi-metallic systems 
(Corami et al., 2007). In the case of mono-
metallic studies, the fixation of Zn and Cu was 
explained by a rapid surface complexation 
step followed by a partial dissolution of Ca-
HAp and ion exchange with Ca. The result 
would be the formation of a new phase of Ca-
HAp loaded in ML, of the gross formula 
MLxCa10-x(PO4)6(OH)2. The characterization 
by DRX and SEM did not allow the detection 
and identification of new phases after 
sorption or morphological change. 
Nevertheless, analysis confirmed the 
presence of MLs on the surface. In their latest 
study, characterization by Extended X-Ray 
Absorption Fine Structure structural analysis 
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on Cu-doped Ca-HAp revealed the presence 
of Cu at Ca(II) Ca-HAp sites with a significantly 
decreased interatomic distance which the 
authors linked to a relaxation effect due to 
the difference between the ionic rays of Ca2+ 
(0.99 Å) and Cu2+ (0.73 Å) ions (Corami et al., 
2008). Qualitatively, the spectra show a 
single coordination peak corresponding to 
the Cu-O bond. The non modification of the 
structure of the apatite charged with Cu, led 
the authors to conclude that the metal 
sorption occurs at the surface sites by 
substitution of H+ ions (surface complexation 
at ≡POH) and Ca2+ ions (ion exchange with 
formation of a Ca-HAp charged with Cu), with 
a low probability of Cu binding to Ca sites of 
the internal structure of the crystal. 

In industrialized countries, metal 
contamination is considered one of the most 
pervasive and complex environmental 
problems (Dhillon et al., 2017). The search 
for solid matrices capable of trapping these 
pollutants is necessary (Grossl et al., 1997). 
For this purpose, we synthesized the HAp / 
HEC / GA matrix having a large specific 
surface area for use as a material for 
removing Cu2+ and Zn2+ ions contained in 
aqueous solutions. The synthesis of HAp is 
influenced by several parameters which can 
affect the formation of HAp/HEC/GA 
composites (Goldberg, 1985). Nanoparticles 
of specific size and morphology can be easily 
synthesized by various methods such as 
coprecipitation (Gao & Mucci, 2001), 
hydrothermal, sol-gel (Gao & Mucci, 2001 & 
Goldberg & Johnstony, 2001), double 
decomposition method, reverse 
microemulsion and matrix-assisted synthesis 
(Jain et al., 1999; Xiaoguang, et al., 2005). 

HAp is the best-known calcium phosphate 
compound. Its chemical formula is 
Ca10(PO4)6(OH)2 and is considered to be the 
most stable and the least soluble phase 
among calcium phosphates (Lamhamdi et al., 
2014). HAp belongs to the apatite family. It is 
theoretically composed of 39.68% Ca, 
18.45% P, with a mass ratio Ca / P of 2.151 

and a molar ratio of 1.667. the space group 
of HAp P6 3 / m Figure 1 with the following 
crystallographic parameters: a = 9.418 Å; c = 
6.881 Å and  = 120 Å (Chen et al., 2008; Li 
et al., 2004). HAphas been widely used 
because of its high adsorption and exchange 
capacities as a material capable of 
immobilizing various heavy metals such as 
Iron, Zinc, Cadmium, Copper and Lead for 
example (Banerjeea et al., 2008), and various 
toxic organic molecules such as dyes and 
pesticides (Carabantee et al., 2009; Sandip et 
al., 2013) Figure 1. 

The HAp is synthesized using a 
precipitation reaction, by adding a dibasic 
ammonium phosphate solution to a solution 
of calcium nitrate tetrahydrated at 70°C at a 
pH between 8.0 and 9.5 (Luong et al., 2008). 
The zeta potential makes it possible to study 
the surface charge of the hydroxyapatite. The 
presence of PO4

3- and Ca2+ ions plays an 
important role in the changes in the charge 
polarity and determination of the zeta 
potential (Zhang & Gonsalves et al., 1997). 
Therefore, the solubility of the HAp is a 
function of certain physicochemical 
parameters, such as temperature, pH, and 
the nature of the adsorbed ions (Yen et al., 
2002). HAp has a very large capacity for 
removal of divalent heavy metal ions through 
the exchange between Ca2+ ions that exist in 
the HApstructure and heavy metal ions 
dissolved in water at room temperature 
(Elliott et al , 1973). 

Gum arabic (GA) is a branched 
polysaccharide complex Figure 2, which is in 
a mixed salt form of Ca2+, Mg2+, and K+. The 
backbone is composed of 1,3 β-D-
galactopyranosyl. The side chains are 
composed of two to five compounds of 1,3 β-
D-galactopyranosyl and are joined to the 
main chain by links 1, 6. The Gum Arabic is 
used in pharmaceutical, cosmetic and food 
industries as an emulsifier and stabilizer, and 
in some countries for traditional treatment of 
patients with chronic kidney disease (Elliott 
et al, 1973). 
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Figure 1.  Crystallographic structure of HAp(Lamhamdi et al., 2014), published results for 

clinical examinations. 

 

 

Figure 2.  Gum arabic (GA) 

The chemical structure of gum arabic is 
represented by a 1,3 β-D-galactopyranosyl 
backbone, the side chains contain α-L-arab 
in of uranosyl, α-L-rhamnopyranosyl, β-

Dglucopyranosyl and β-4-O-methyl-D - 
glucopyranosyl Figure 3. 

The gum is slightly acidic, yellowish in 
color, insoluble in chloroform and acetone, 
but soluble in water and ethanol (Takeuchi 
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et al 1988). Gum arabic is an exudate that 
is produced from the stems and branches 
of trees. The main source of GA is Sudan 
while other important sources include 
Chad, Senegal, and Nigeria. Acacia Senegal 
and seyal develop widely in the Sahel belt 
of Africa. Because of its chemical 
properties (stabilizer, emulsifier, etc.), 
Gum Arabic is used in many industrial 
applications, including food and 
pharmaceutical industries. The Gum Arabic 
can be considered as an arabinogalactan 
complex protein (AGP). One of the most 
interesting features of Gum Arabic is that it 
has similarities with extracellular matrix 
proteins and may be helpful to improve the 
behavior of bio-ceramics (Azzoui et al., 
2015). 

HAp-based composites are 
biomaterials used in several studies, 
especially for the removal of heavy metals 
(Banerjee & Chen, 2007). is largely applied 
for protein purification and in the 
improvement of materials to repair 
damaged bone (Eddy et al., 2014). It is also 

a porous carrier, natural or synthetic, 
biocompatible, bioactive, and 
osteoconductive. HApis the main mineral 
component of teeth and bones. It can 
accept an anionic and cationic substitution 
series in its structure because of its high 
affinity for the removal of heavy metals 
(Roque & Wilson, 2008; Lamm et al, 2004). 
HAp (Ca10 (PO4)6(OH)2) has been used in 
hard tissue engineering because of its 
excellent bioactivity, biocompatibility, and 
osteoconductivity. However, the use of 
HAp is limited by its poor mechanical 
properties, for example low flexural 
strength and low tensile strength (Kmita et 
al., 2006). Furthermore, the sorption 
capacity of HAp is limited by the number of 
sites available. To increase the retention 
capacity, it is necessary to explore the use 
of materials having a chemical affinity to 
associate them with HAp such as gum 
Arabic. Gum Arabic is a polysaccharide 
compound that could play a very 
important role in the elimination of metals 
given its high affinity with HAp. 

 

Figure 3. Spatial chemical structure of gum arabic (Elliott et al., 1973). 
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Literature shown that Glucose-6-
phosphate, which is formed in this process, is 
used to produce cellulose by Acetobacter 
xylinum (Sulastri and Rahmidar, 2016). The 
Gum acacia, also known as gum Arabic, is an 
edible polysaccharide used in the food, 
pharmaceutical, cosmetic and textile 
industries, as an emulsifying, suspending and 
stabilizing agent. The GA of the southern 
region of Morocco, Laayoune-Smara, is a 
branched chain, a complex polysaccharide, 
either neutral or slightly acidic, as a mixed 
salt of calcium, magnesium and potassium of 
a polysaccharide acid. The backbone is 

composed of 1,3 -linked-D-
galactopyranosyl units. The side chains are 
composed of two to 1,3- -linked D-
galactopyranosyl units, connected to the 
main chain by links 1, 6. Acacia gum (GA) is 
used in pharmaceutical, cosmetic and as an 
emulsifier and a stabilizer, and in some 
countries, in the traditional treatment of 
patients with chronic kidney disease (CKD). 

2.   METHODS AND MATERIALS 
2.1 Chemicals  

The reagents and solvents used in this 
work were acquired from Aldrich and used 
without further purification. The reagents 
include: calcium nitrate (Ca(NO3)2·4H2O, 
99%) and ammonium hydrogen phosphate 
((NH4)2·HPO4, 99%). Distilled water was used 
in all experiments. Gum Arabic and HEC were 
extracted from Esparto STIPA Laayoune, 
Morocco. 

2.2 Preparation of nanocomposite based of 
HAp/ HEC/ GA 

The HAp/HEC/GA composites were 
synthesized by reacting HEC and GA with HAp 
in an aqueous medium. First, di-ammonium 
phosphate (NH4)2HPO4 was dissolved in 
distilled water at T= 25°C and then the pH 
was adjusted to 10.5 using ammonia solution 
(NH4OH). The mixture was transferred to a 
three-necked flask and heated to 85°C with 

continuous stirring. The desired amounts of 
Ca(NO3)2.4H2O, GA, and HEC were separately 
dissolved in distilled water. The amount of 
GA and HEC were introduced in varying 
proportions in the solution of calcium nitrate. 
Upon homogenization of the calcium and 
HEC/GA solution, the resulting solution was 
added dropwise to the phosphate solution. 
The pH was adjusted to 9.5. The reaction 
mixture was stirred for 30 min. The 
precipitate obtained was filtered, washed 
with distilled water and then dried at 50°C for 
12 h (Lamhamdi, 2014; Azzaoui et al, 2017). 

2.3 Characterization 
2.3.1 FTIR measurements 

FTIR spectroscopy was performed using a 
Shimadzu FT-IR 300 series instrument 
(Shimadzu Scientific Instruments) in the 
region of 4000-400 cm-1 with 2 cm-1 
resolution and 10 scans. Pellets were 
prepared by mixing 0.98 g of the 
nanocomposite with 0.02 g of KBr. 

2.3.2 Morphological studies 

Emission-scanning electron microscopy 
(SEM) was used to investigate the 
morphology of the different types of 
materials and the filler/matrix interface using 
an SU 8020, 3.0 KV SE(U). The specimens 
were frozen in liquid nitrogen, fractured, 
mounted, coated with gold/palladium, and 
observed using an applied tension of 10 kV.  

2.3.3 XRD measurements 

Composite based of Hap were analyzed 
using X-ray diffraction technique by means of 
using PHI ACESS ESCA-V6.0F software and 
processed using MultiPak 8.2 B package. The 
study was carried out to characterize phase 
compositions of the composite.  

2.3.4 Thermogravimetric analysis 

Standard thermogravimetric analyzer 
from TA Instrument (TGA Q500 and Q50), 
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with a temperature range of 20–900°C at a 
heating rate of 10°C/min was used. 
Differential scanning calorimetry (DSC) 
curves were recorded on a DSC Q2000 V24.4 
Build 116. Samples (~ 10 mg) were sealed in 
aluminum DSC pans and placed in the DSC 
cell. 

2.3.5 Total organic carbon 

The total organic carbon (TOC) 
assessment (TOC/TN Analyzer multi N/C 
2100/2100) was used. in place of the total 
organic carbon (TOC), the total carbon (TC) 
was used to indicate the carbon content in 
the aqueous effluent, as this measure 
accounts all carbon (organic and inorganic) 
that exist in the aqueous phase, which is 
required to establish the carbon balance. 
AnalytikJena AG (Germany), multi N / C and 
multi N / C are registered trademarks of 
Analytik-Jena AG. 

2.3.6 Atomic force microscopy (AFM) 

Atomic Force Microscopy (AFM) 
measurements were carried out using VEECO 
CPII atomic force microscope to investigate 
changes of the surface morphology. 

2.3.7 X-ray photoelectron spectroscopy 

X-ray photoelectron spectroscopy (XPS) 
studies were performed on a Physical 
Electronic PHI 5700 spectrometer using non-
monochromatic Mg-Ka radiation (300 W, 15 
kV and 1253.6 eV) for analyzing the core-
level signals of the elements of interest with 
a hemispherical multichannel detector. The 
sample spectra were recorded with a 
constant pass energy value at 29.35 eV, using 
a 720 μm diameter circular analysis area.  

2.3.8 31P NMR spectroscopy 

Solid state 31P Nuclear Magnetic 
Resonance (NMR) spectra were acquired 
using high-resolution magic-angle spinning 
(MAS) Bruker DRX-500 MHz spectrometer 
with 4 mm CP/MAS probe. 

3. RESULTS AND DISCUSSION 
3.1 FT-IR analysis 

Figure 4 shows the experimental IR 
spectra of HAp, HEC, GA and HAp/HEC/AG 
composites. The IR band at 1600 cm-1 is 
assigned to the carbonyl group (C=O) 
vibrations. Furthermore, the CH vibrations of 
the three composites are located between 
2950-2800 cm-1. The infrared region between 
1200 and 1000 cm-1 corresponds to the 
stretching vibrations of lateral groups (C-OH) 
and the glycosidic vibration (COC) (Lin et al., 
2010). The symmetrical stretching vibrations 
of COO- functional group are located 
between 1450-1400 cm-1 (Kamnev et al., 
1988). Moreover, the C-H bands of CH3 are 
observed at 2929 cm-1 and 2849 cm-1. The 
FTIR band at 3335 cm-1 is assigned to OH- ion 
vibrations. The IR vibrations of HEC are in a 
good agreement with the literature. This 
confirms the structure of the HEC extracted 
from Alfa of the South. 

In the IR spectrum of Hap, the vibrations 
assigned to PO4

3- and OH- can easily be 
detected Figure 4. The vibration assigned to 
PO43- is characterized by the vibrations 
between 1100 - 900 cm-1 (assigned to P-O 
symmetrical and asymmetrical vibrations) 
and 600-500 cm-1 (assigned to O-P-O 
deformation) (Destainville et al., 2003). 
When the temperature of the calcination 
reaction increased, it was observed that the 
vibrations of the PO43- are shifted to lower 
frequencies, which could be attributed to 
changes the structural order and 
crystallization of the solids. The characteristic 
vibrations of the OH of the apatite are 
located at 3560 and 630 cm-1. However, the 
structural resolution of these bands depends 
either on the reaction temperature or the 
temperature of the calcination. A good 
resolution of these bands was observed for a 
calcination temperature at 900°C. These 
results are in good agreement with those 
obtained by XRD (Azzaoui et al., 2017). 

The IR spectra of HAp/HEC/GA 
composites with different mass ratios 
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(100/0/0; 80/10/10; 70/20/10; 60/30/10) 
show vibrations at 1100 cm-1 and 3500 cm-
1, which are assigned to PO4

3- and hydroxyl 
vibrations of apatite structure Figure 4. 
Furthermore, the CH vibrations for the three 
composites are located between 2800 and 
2950 cm-1. The comparison between the 
three FTIR spectra indicates a change of the 
vibration of the alkyl group, located at 2850 
cm-1. This vibration is observed at 2850 cm-1 
for the three composites a, b, and c (HAp/ 
HEC/ GA: 10/40/50, 60/30/10 and 70/20/10) 
respectively. However, the IR band of the 
composite 80/10/10 is observed at 2950 cm-
1. In addition, the hydroxyl OH- ions band is 
observed between 3300 and 3600 cm-1. 

The morphological changes caused by GA 
could be due to the presence of numerous 
ether bonds (-O-). The stereochemical 
structure of pectin in the absence of water or 
in aqueous solution, and the process of 
possible formation of HAp / HEC, in the 
presence of GA, are shown in Figure 5 (using 
Advanced Chemistry Development (ACD)/ 
ChemSketch software). Therefore, when GA 
is dissolved in aqueous solution, a GA-OH 

bond is formed. The GA molecule with the 
ability to chelate calcium ions provides the 
property of controlling the morphology of 
the formed compound grains (Gopi et al., 
2015). GA has three important properties; 
modifies the surface of the apatite crystal; 
controls the reaction rate; and finally, acts as 
a dispersant of apatite particles. In aqueous 
solution, the flexibility of GA molecules 
increased when the temperature increased. 
Therefore, the synthesis at high 
temperature, the development of 
HApcrystals will be oriented by the strong 
flexible GA molecules. This would lead to the 
formation of large HApplatelets. On the 
other hand, at a low temperature, the weak 
flexible colloids of polyethylene glycol should 
be responsible for the formation of a small 
size HApparticles. The stereochemical 
structure of polyethylene glycol in the 
absence of water or in aqueous solution and 
the process of possible formation of 
HAp/HEC in the presence of GA are shown 
Figure 6 (using Advanced Chemistry 
Development (ACD)/ChemSketch software). 

 

 
Figure 4. FTIR spectra of HAp, HEC and composite based of HAp/ HEC/ GA: (a) 50/40/10, (b) 

60/30/20, (c) 70/20/10, and (d) 100/0/0. 
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Figure 5. Proposed reaction route for the preparation of HAp / HEC / GA composites. 

 

Figure 6. Proposed reaction route for the preparation of HApparticles in the presence of GA 
molecules 

 
3.2 X-rays diffractions 

The XRD patterns of the samples with 
different ratios show that these compounds 
maintain their apatite structure Figure 7. The 
GA influences the morphology of 
hydroxyapatite/hydroxyethyl cellulose but 
does not impact its crystallographic 
parameters. The x-ray diffraction analysis of 
the HApshows that the characteristic peaks 
are well compatible with JCPDS card, number 
09-0432. The diffraction peaks, particularly, 

the (002), (211), (112) and (300) planes are 
high and narrow, which shows that the HAp 
is well crystallized Figure 7. Figure 7 c-d 
shows the x-ray diffraction of the 
HAp/HEC/GA composites. A characteristic 
peak of the HApis observed at 2θ = 32° in the 
plane (211). This study illustrates the 
preparation of apatite materials with 
different sizes, which can be used as 
biomaterials due to their crystalline nature, 
comparable to that of bone, and their 
biocompatibility to calcified tissue. 
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Figure 7. x-ray diffraction pattern of the HAp/HEC/GA composites. (a) 100/0/0, (b) 
70/20/10, (c) 60/30/10, and (d) 50/40/10. 

3.3 Scanning electron microscopy  

Microstructure of composite based on 
HAp was characterized using SEM technique 
was performed under low accelerating 
voltage of 20 kV. Obtained images are 
presented in Figure 8. The micrographs 
indicate that the HEC/GA and HAp are 
composed of small spherical particles 
(images a and b). The SEM results of the 
HAp/HEC/GA composites show that the GA 
reduces the size of HApand HAp/HEC 
nanoparticles (images c and d). Figure 9 
shows the proposed model of the nature of 
the polymer/apatite matrix bond. A weak 
bond is observed between the OH group of 
GA and the OH of HEC and the Ca atom of 
HAp. 

3.4 Antibacterial effect of HAp / HEC / GA 
composite 

Figure 10 and Table 1 show the 
antibacterial tests of the HAp-based 
composites. The HAp/HEC/GA (70/20/10) 
composite exhibits a significantly higher 
antibacterial activity, compared to the other 
composites tested separately, against four 
types of bacteria (S. aureus, B. cereus, P. 

aeruginosa, and E. coli). Their antibacterial 
potency is two times stronger than 
Streptomycin (control antibiotic), and about 
five times stronger than Ampicillin see Table 
1. 

Table 1 shows that all these composites 
present antifungal activities. The highest 
inhibition was observed for the HAp/HEC/GA 
(80/10/10) composite. The antimicrobial 
activities were selective for some 
composites, the HAp / HEC / GA (70/20/10) 
composite inhibits only the growth of the 
bacillus. 

3.5 Atomic force microscopy 

Atomic force microscopy (AFM) analysis 
was used to visualize and measuring surface 
rugosity with and without composite based 
of HAp. The AFM micrographs of the metallic 
surface with and without 1 g/L of 
HAp/HEC/GA composite are shown in Figure 
11. In the presence of HAp/HEC/GA 
composite at the optimum concentration (1 
g/L), the average rugosity was reduced to 1.3 
μm, mainly due to the formation of a 
protective layer (Gopi et al., 2015).  
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Figure 8. Scanning electron microscopy analysis of all HAp, HEC, GA and HAp/ HEC/GA 
composite. 

 

 

Figure 9. Schematic model of the bond between OH of HEC/ GA and Ca2+ of HAp. 

 



 
A. Errich, et al., A Toxic heavy metals removal using a hydroxyapatite and ...| 52 

 

DOI: https://doi.org/10.17509/ijost.v6i1.31480 | 
p- ISSN 2528-1410 e- ISSN 2527-8045 | 

 

 

 

Figure 10. Antimicrobial test of the Hap-based composites. 

 
Table 1. Inhibition diameter of three composites with positive and negative control tested 

on three bacteria and one fungus. 

Stains HAp/HEC/GA 
80/10/10 

HAp/HEC/GA 
70/20/10 

HAp/HEC/GA 
60/30/10 

C + DMSO 

B.S 9 9 9 26 - 
M.L 9 - - 27 - 

E.coli - 13 - 29 - 
Candida 13 11 12 27 - 

 

 

Figure 11. Atomic force microscopy AFM composite based of HAp/HEC/GA. 

 
3.6 x-ray photoelectron spectroscopy 

The growth of the organic inhibitor film 
and the adsorption of inhibitory compounds 
on the surface of the mild steel were 
performed by means of XPS. The 

investigations were carried out on the 
surface of the steel after 6 h of submersion in 
a solution of 1 M HCl containing 1 g/L of HAp/ 
HEC/GA composite. The high resolution XPS 
spectrum for C1 of the base energy level 
spectrum for a mild steel surface in a 1M HCl 
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solution with HAp/HEC/GA composite can be 
divided into four distinct contributions Figure 
12. Therefore, two different approaches 
were employed in the preparation of these 
composite particles. The surface chemistry of 
the three samples was studied by XPS Figure 
12. C1 peak is divided into three components 
287.8, 286.4, and 284.9 eV. The peaks 
indicate the O-C-O, C-OH and C-C bonds, and 
exist in chitosan Figure 12A. A third peak 
occur at 532.8 eV and Refers to the O1 
attributed to the hydroxyl groups Figure 12B. 

3.7 Metal ions removal 

The removal of Zn2+ and Cu2+ on synthesis 
HAp/ HEC/ GA composite was investigated 
using a batch adsorption process which 
included suspension followed by filtration. 
the assessment of the filtrate allows 
determination of unrestricted ions. The 
adsorbent was suspended in the ion solution 
and shaken in a thermostatic bath. The effect 
of different parameters such as adsorbent 
dosage, time of removal, temperature, and 
pH were exploited to identify the best 
conditions for the highest adsorption 
efficiency. The analysis was carried out in 
glass containers (50 ml) which are placed in a 
shaking water bath. In order to measure the 
level of residual metal ions following any 
adsorption test, a portion from the mixture 
was collected by filtration through a 0.45 µm 
syringe filter and subjected to Flame Atomic 
Absorption, at 213.9 and 324.8 nm 
respectively. The amount of the metal ions 
adsorbed by the HAp/HEC/GA composite 
adsorbent qe (mg/g) and the adsorbent 
efficiency was determined using equations 
(1) and (2): 

R (%) = 
𝐶0−𝐶𝑒

𝐶0
 100                                    (1) 

𝑄𝑒 =
𝐶0−𝐶𝑒

𝑚
𝑉                                                    (2) 

where Co is the initial concentration in ppm, 
Ce is the equilibrium concentration in ppm. V 

is the volume of aqueous phase (L), m is the 
mass of sorbent HAp/HEC/GA in mg. 
HAp(HAp), and Qe (ppm) is the equilibrium 
adsorption capacity. 

3.7.1 Optimum adsorbent dosage 

In order to determine the optimal dosage 
corresponding to the lowest residual metal 
ion concentration, we performed the 
experiment at room temperature on 50 ml of 
each Cu2+ and Zn2+ ion using a concentration 
of 30 ppm, a pH of 6.3, and an adsorption 
time of 30 min. The influence of the 
adsorbent dose on the elimination of Cu2+ 
and Zn2+ ions is presented in Figure 13A. The 
absorbance of metal ions increased sharply 
until a dose of 2.0 mg/ml was reached and 
then stopped. This can be explained by the 
fact that the adsorption process is monitored 
by two mechanisms, diffusion and surface 
coordination. Consequently, as the 
adsorbent dose rises, the number of binding 
sites on the surface increases, therefore the 
removal efficiency increases. When all 
surface sites are covered, the process of 
diffusion begins, which is primarily governed 
by osmosis. 

3.7.2 Effect of contact time 

The adsorption of Cu2+ and Zn2+ metal 
ions by the composite base of the 
HAppolymer versus time was investigated at 
room temperature using conditions where 
the pH was 6.3, the starting concentration 
was 30 ppm, and the adsorbent dose was 2.0 
mg/ml. Figure 13B shows that the adsorbed 
metal ions rapidly rising during the first 10 
min as a result of the presence of 
coordination sites, then decrease in 
adsorption rate during the next 10 min. An 
equilibrium, he, is reached after 10 min, 
indicating that all coordination sites are 
occupied. A contact time of 15 min was 
selected as the optimum. 
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Figure 12. A) C 1s and B) O 1s base level of mild steel treated with HAp / HEC / GA. 

 

3.7.3 Effect of pH 

Figure 13C shows the influence of pH on 
the adsorption efficiency. The pH value is 
critical in adsorption, as it could be used to 
regulate the surface charge of the adsorbent. 

The impact of pH on the adsorption of 
Cu2+ and Zn2+ metal ions by the composite 
based of HApsubstrates was also evaluated. 
The studies were carried out at 25 °C. The 
adsorption was evaluated over a pH range of 
3.0–12. The results are summarized in Figure 
13C. The highest efficiency for the removal of 
Cu2+ and Zn2+ from water was determined to 
be at pH 12. The per-centage of removal Cu2+ 
and Zn2+ at pH 12 was quantitative for 
HAp/HEC/GA. This could be because at high 
pH, the active sites on HEC/GA polymers are 
negatively partial negative charged, which 
means a high electron density causes a 
stronger dipole–dipole interaction between 
adsorbent and Cu2+ and Zn2+ cation. There 
also may be other types of adsorption 
involved such as ion exchange. 

3.8 Adsorption analysis 

Langmuir (equation 3) and Freundlich 
isotherm (equation 5) models were applied 

to investigate the adsorption equilibrium 
between Cu2+ and Zn2+ ion solution and the 
HAp / HEC / GA composite polymer (Laghzizil 
et al., 2001). Both models were used to 
assess the metal ion dispersion on the 
surface of the HAp/ HEC/GA composite once 
equilibrium is reached under constant 
temperature. 

There are several isotherm models like 
Langmuir, Freundlich, etc. which can be 
applied at all temperatures. All of these 
models have equations that can be used, and 
the data will be fIt into these equations. One 
of the factors that can lead to the type of 
isotherm model is the correlation coefcients, 
R2 (Gopi et al., 2008). 

𝐶𝑒

𝑄𝑒
=

1

𝑞𝑚𝑎𝑥
𝐶𝑒 +

1

𝑞𝑚𝑎𝑥𝐾𝐿
                                    (3) 

Where Ce represents the equilibrium 
concentration of the adsorbate (mg/L), Qe is 
the amount of the adsorbate adsorbed per 
unit mass of HAp/HEC/GA composite at 
equilibrium (mg/g), qmax is the adsorption 
capacity equilibrium (mg/g), and KL is is 
usually, the Langmuir afnity constant (L/mg). 

From Langmuir isotherm model Some 
authors define the RL ratio as a dimensionless 
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quantity indicating that sorption is 
favourable or not   

RL=
1

1+ 𝐾𝐿 𝐶0

                                       (4) 

Where Co is the initial adsorbate 
concentration. If the value of RL is higher than 
1, this indicates that the adsorption is 
unfavorable. However, when the RL value is 
between 1 and 0, this indicates favorable 
adsorption, whereas when RL = 1 indicates 
the presence of linear adsorption. 

The other type of isotherm model is 
Freundlich isotherm is an empirical formula 
which used for low concentrations and can 
be presented as (Gopi et al., 2008): 

ln( 𝑞𝑒 ) = ln 𝑘𝐹 +
1

𝑛
ln 𝐶𝑒                         (5) 

where KF is the Freundlich constant that deal 
with adsorption capacity (mg/g) and n is the 
heterogeneity coefficient which leads to how 
favorable the adsorption process (g/L). 

Figure 14 summarizes all adjustment 
parameters. The correlation coefficients of 
the Freundlich isothermal model are lower 
than those of the Langmuir isothermal model 
Table 2, reflecting that the adsorption of Cu2+ 
and Zn2+ ions is in accordance with the 
Langmuir isothermal model, in which Cu2+ 
and Zn2+ cation are distributed equally and 
homogeneously across the porous surfaces 
of the HAp/HEC/GA composite.  

The separation factor RL, which has been 
calculated for different quantities of 
adsorbent, ranges from 0< RL<1 Table 2. This 
reflects the high degree of affinity of the 
HAp/HEC/GA composite for the studied 
metal ions. 

 

Figure 13. Effects of, A) Adsorbent dose B) Adsorption time, and C) pH on the metal 
removal. 
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3.9 Adsorption kinetics of Cu2+ and Zn2+ ions 
on HAp/HEC/GA composite 

Presenting the experimental data 
through kinetics equations like the pseudo-
first-order model, the pseudo-second-order 
model will describe the mechanism of 
adsorption of Cu2+ and Zn2+ ions in aqueous 
solution. Such studies give information about 
the possible mechanism of adsorption of Cu2+ 
and Zn2+ ions and different transition states 
on the final complex of Cu2+ and Zn2+ ions and 
the adsorbent. From the reactions 
parameters like rate constants and 
adsorption capacity factors, one can have an 
idea about the adsorption dynamics and this 
will help the industry for other applications. 

The adsorption experimental data of Cu2+ 
and Zn2+ ions by the composite based of 
HApwere analyzed using the most common 
kinetic models to understand the nature of 
the adsorption process. 

The adsorption of metals by solid 
adsorbents such as composite based of 
HApwas ftted to one of the most used kinetic 
models; pseudo-first order and pseudo-
second order models, the equation can be 
written as the following. These kinetic 
models are shown in equations (7) and (8) 
(Gopi et al., 2009). 

ln( 𝑞𝑒- 𝑞𝑡) = ln 𝑞𝑒 − K1 t                       (7) 

t

qt
 = 

1

K
2qe

2
 + 

t

qe
                             (8) 

Weber and Morris developed an 
equation describing the intraparticle 
diffusion and can be written as the following 
equation (9) (Gopi et al., 2009). 

Qt = Kidt1/2 + Z                            (9) 

where Qt (mg g-1) is adsorption capacity at 
any time t, kid (mg/g min1/2) is the 
intraparticle diffusion rate constant, and Z 
(mg/g) is a constant proportional to the 
thickness of the boundary layer.   

Table 3 and Figure 15 summarize the 
values of all parameters of the above 
equations. The plots of Ln (qe-qt) versus t 
Figure 15 A-D provide the value of K1, 
whereas the values of K2 and the adsorption 
capacity qe were derived from the slope and 
intercept of the plot of t/Qt versus t Figure 15 
B-E, while Kid and Z were deduced by tracing 
Qt vs t1/2 Figure 15 C-F. 

The experimental results show that the 
correlation coefficients (R2) for the pseudo-
second order kinetics model (0.91 to 0.973) 
is greater than the pseudo-first order (0.891). 
A further indication was also provided by the 
calculated qe values (2.675, 15.252, 20.856 
mg / g) which are similar to the experimental 
qe values (2.133, 13.91, 18.786 mg / g) for 
the pseudo-second order model suggesting 
that the process of adsorption of Zn and Cu 
on the surfaces of the HAp / HEC / GA 
composite polymer corresponds to the 
pseudo-second order Table 3 and Figure 15B 
-E. 

From Figure 15C-F (Qt vs. t1/2) Kid and Z 
were calculated and reported in Table 3. All 
graphs plotted in Figure 15 are straight line 
and didn’t cross the origin, indicating the 
occurrence of more than one rate-limiting 
process.  

Based on initial graphs linearity 
presented in Figure 15 B-E we can conclude 
that, at the outset of the adsorption process, 
the adsorption of Cu 2+ and Zn2+ on the HAp / 
HEC / GA composite takes place initially by an 
instantaneous adsorption step (on the 
external surface), which caused a chemical 
complexation between the metal ions and 
OH and further functionalities (Gopi, 2012; 
Azzaoui, 2017). The other steps were also 
linear, showing a progressive adsorption of 
Cu2+ and Zn2+ ions and the step of limiting 
intraparticle diffusion rate. 

The results presented in Table 3 reveal 
that the Z values reflect an expansion in the 
upper layer and a decrease in the outer mass 
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transfer although the inner mass transfer 
potential was increasing. The energy of 
activation of the adsorption process was 
computed at 298 and 323K according to 
Equation 9.  

These findings are important for 
understanding how temperature influences 

adsorption performance of Cu 2+ and Zn 2+ 
ions on the HAp / HEC / GA composite. The 
activation energy computed was nearly zero, 
suggesting a spontaneous adsorption 
process. 

 

Figure 14. A) Langmuir adsorption model and B) Freundlich adsorption model of Cu2+ and 
Zn2+ ions on HAp/HEC/GA composite at different temperatures 
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3.10 Thermodynamics study 

In this study, different parameters were 
calculated like the standard free energy, 
standard enthalpy, and standard entropy. 
The aim of this study is to understand 
spontaneity and to understand the nature of 
adsorption. The following equation was used 
(Gopi et al., 2009): 

Kc = Cads/Ce                                     (11)    

ΔG0 = -RTlnKc                                 (12) 

 ln 𝐾𝑠 =  
∆𝑆

𝑅
 - 

∆ 𝐻

𝑅𝑇
                       (13) 

where Kc is an apparent constant of the 
thermodynamics; and Cads and Ce are 
respectively the amount adsorbed at 
equilibrium (mg/L) and concentration of 
metal ion in the solution (mg/L), R is the 
universal gas constant (8.314J/mol K); T is the 
solution temperature. The (ΔG0) (J mol-1) 
value was determined according to equation 
12. The ln Ks vs. 1/T was mapped as 
illustrated in Figure 16, the slopes and 
crossings were utilized to determine various 

thermodynamics parameter as shown in 
Table 3.  

The value obtained for ΔS0 and ΔH0 are 
positive, whereas the entropy raised at the 
solid/solution interface induced as a result of 
the adsorption process. The findings further 
indicate that, all free energies for the 
HAp/HEC/GA composite were negative 
reflecting a spontaneous process of 
adsorption at various temperatures.  

The metal removal mechanism by 
adsorption generally occurs at various 
stages. In the first step, metal ions migrate 
from most of the solution to the outer 
surface of the HAp / HEC / GA composite, 
then diffuse across the boundary-layer to the 
outer surface of the HAp / HEC / GA 
composite, followed by adsorption of metals 
ions at active sites on the HAp / HEC / GA 
composite surface, and lastly, intra-particle 
diffusion and adsorption of ions across the 
HAp / HEC / GA composite particles. 
Consequently, the sorption mechanism was 
investigated using the liquid film model and 
the intra-particle diffusion model.  

 

 

Figure 16. Adsorption thermodynamics of Cu2+ and Zn2+ ions onto HAp/HEC/GA composite 
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The model of liquid film diffusion implies 
that the flow of adsorbate particles through 
a liquid film around the solid adsorbent is the 
longest phase in the adsorption process (i.e., 
the one that determines the kinetics of the 
velocity processes). The equation (10) 
describes the liquid film diffusion model. 

Ln (1 - F) = kfd  t                                  (10) 

where F is the ratio (F = qt/qe) reached at the 
equilibrium, and kfd (min-1) is the film-
diffusion coefficient. A linear plot of ln(1─F) 
versus t, at zero intercept, involve that the 
kinetics of the adsorption process is 
controlled by the diffusion across the liquid 
film enclosing the HAp/HEC/GA composite. 
qe is the adsorption capacity at equilibrium 
(mg.g-1). Figure 17 highlighted that, using the 
liquid film diffusion model to the analytical 
results of Cu2+ and Zn2+ adsorption by the 

HAp / HEC / GA composite from aqueous 
solution at various temperatures did not 
converge, didn’t exhibit linear lines crossing 
the origin, and had very low correlation 
coefficients: 0.1876 and 0.1578 for Cu2+ and 
Zn2+, respectively. This suggests that 
diffusion of ions through the liquid film 
around the HAp / HEC / GA composite was 
not the step that determines the velocity. It 
should be noted that the liquid film diffusion 
model was used at the first few points during 
10 min of adsorption, and the coefficients of 
regression were modestly enhanced to 
0.9735 and 0.9873 for Cu2+ and Zn2+, 
respectively. These results suggest that the 
diffusion pattern of the liquid film is not the 
slowest step to determine the rate, but could 
affect the adsorption process, particularly at 
the commencement of adsorption, as 
indicated in Table 3. 

 

Figure 17. Liquid film diffusion model plots for the adsorption of composite based of 
HAp/HEC/GA composite 
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4. CONCLUSION 

Composite consisting of HAp/HEC/GA 
could be developed synthetic method to 
obtain bone substitute material. This 
HAp/HEC/GA nanocomposite was 
synthesized using reprecipitation method by 
which the samples were mixed. This method 
made the mixture more homogeneous and 
the final product was isolated by filtration. 
This new product is an addition to the family 
of composites for medical and environmental 
use. The antibacterial and antifungal testing 
showed a moderate inhibition for the 
HAp/HEC/GA (80/10/10) composite against 
gram positive and gram negative bacteria.   

The application of the Langmuir and 
Freundlich equations on the experimental 
data showed that, the Langmuir isotherm 
model fitted well the experimental data for 
the adsorption of Cu2+ and Zn2+ onto the 
HAp/ HEC/GA composites. Various kinetic 
models were also used to explain the 
adsorption mechanism. The data indicated 
that the adsorption of Cu2+ and Zn2+ onto 
HAp/ HEC/GA best fit a pseudo-second-order 
kinetic mechanism. The adsorption of Cu2+ 
and Zn2+ ions onto the composites occurred 

preferentially at neutral pH value. These 
results indicate that the Cu2+ and Zn2+ ions 
were most likely adsorbed onto uncharged 
sites on the composites surfaces such as 
amine and hydroxyl groups. 
Thermodynamics study showed that the 
adsorption is spontaneous and exothermic 
with physisorption nature of the adsorption 
process. 
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