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 Conventional wastewater treatments such as chemical 
coagulation, activated sludge, trickling filter, carbon adsorption 
and photo-degradation were used for the removal of dyes. The 
characteristics of (HAp /Fe3O4) were investigated using Fourier transform 
infrared (FTIR) and scanning electron microscope (SEM). The surface area 
was measured by the Brunauer–Emmett–Teller (BET) nitrogen adsorption 
apparatus. The crystal phases of the products were characterized by X-ray 
diffraction with monochromatic Cu Ka radiation. Selectivity analysis for 
binary system dye removal was investigated. The effect of operational 
parameter (adsorbent dosage, dye concentration and salt) on dye removal 
was evaluated in details.  UV–vis spectrophotometer was employed for 
absorbance measurements of samples. The maximum wavelength used for 
determination of residual concentration of CBB and BG in supernatant 
solution using UV–vis spectrophotometer were 627 nm, 629 nm, respectively. 
The effect of adsorbent dosage on dye removal from single (sin.) and binary 
(bin.) systems was investigated by contacting 10 mL of dye solution with 
initial dye concentration of 5 mg/L at single (sin.) and binary (bin.). In this 
paper, monodisperse magnetic HAp (HAp/Fe3O4) microspheres was 
synthesized and used for the remove dye from single (sin.) and binary (bin.) 
systems.  
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Introduction  

Effluents from various industries 

contain harmful coloring agents, which 

have to be removed to maintain the 

quality of the environment. Paper, fabric, 

leather and dyestuff production are some 

of the industries that release harmful 

effluents. Dyes used in various industries 

have harmful effects on living organisms 

within short exposure periods [1-3]. The 

disposal of dyes in wastewater is an 

environmental problem that causes ill 

effects to the ecosystem [4-6]. 

Conventional wastewater treatments 

such as chemical coagulation, activated 

sludge, trickling filter, carbon adsorption 

and photo-degradation were used for the 

removal of dyes. Brilliant Green (BG) dye 

is one of the commonly known cationic 

dyes used for various purposes, e.g. 

biological stain, dermatological agent, 

veterinary medicine, an additive to 

poultry feed to inhibit propagation of 

mold, intestinal parasites and fungus . It 

is also used in textile dying and paper 

printing. Its effluents are generated from 

rubber and plastic industries [7-12] . This 

dye is hazardous in case of skin contact, 

eye contact and ingestion. It is toxic to the 

lungs, through inhalation. During its 

decomposition, it may generate carbon 

dioxide, sulfur oxides and nitrogen 

oxides. Therefore, it is important to 

remove brilliant green dye from aqueous 

solution [9, 13-15]. Coomassie Brilliant 

Blue (CBB) is a zwitterionic molecule 

often used to dye proteins in gel 

electrophoresis that can also be used to 

visualize penetrance of liquids into 

hydrogels. An equilibrium measure of this 

penetrance is known as the partition 

coefficient. This phenomenon is observed 

when solutes in a solution diffuse into a 

hydrogel despite concentration gradients, 

resulting in a higher concentration of the 

solute within the hydrogel than within 

the solution [16-19]. Hydroxyapatite 

(Ca10(PO4)6(OH)2, HAp),one of the most 

importantinorganic biomaterials has 

extensive applications in drugdelivery 

systems[20, 21], photocatalysts[22, 23], 

and adsorbents because of their high 

specific surface area, biological,and 

excellent mechanical properties. In the 

application of watertreatment, HAp is an 

ideal material for disposal of long-term 

contaminanton account of its high 

sorption capacity for heavy metal and 

dyes, low water solubility, availability, 

low cost, and high stability under 

oxidizing and reducing conditions. 

However, HAp adsorbents have the 

common defect of separation difficulty. 

Therefore, it is essential to develop a 

sorbent, which can be effectively 

separated without producing other 

contaminants after wastewater 

treatment. It is worth noting that 

adsorption procedure combined with 

magnetic separation has found 

applications in water treatment and 

environmental cleanup [24-26]. In this 

paper, monodisperse magnetic HAp 

(HAp/Fe3O4) microspheres was 

synthesized and used for the remove dye 

from single (sin.) and binary (bin.) 

systems (Fig. 1). The characteristics of 

(HAp /Fe3O4) were investigated using 

Fourier transform infrared (FTIR) and 

scanning electron microscope (SEM). The 

surface area was measured by the 

Brunauer–Emmett–Teller (BET) nitrogen 

adsorption apparatus. The crystal phases 

of the products were characterized by X-

ray diffraction with monochromatic Cu Ka 

radiation.  

http://www.ajchem-b.com/


Rezayati-zad et. al. /Ad. J. Chem. B, 2020, 2(3), 159-171 

 

161 | P a g e  

 

 

Fig. 1. Dye removal from single and binary 

systems using (HAp/Fe3O4) 

Selectivity analysis for binary system 

dye removal was investigated. The effect 

of operational parameter (adsorbent 

dosage, dye concentration and salt) on 

dye removal was evaluated in details.  

Sorption isotherms and kinetic models 

were applied for experimental data 

analysis [27-30].  

2. Materials and method 

2.1. Materials 

Ferric chloride hexahydrate (FeCl3 

6H2O), iron (II) chloride tetrahydrate 

(FeCl2 4H2O), ammonium hydroxide 

(NH3,H2O, 28%), calcium chloride 

anhydrous  (CaCl2), sodium carbonate 

anhydrous (Na2CO3), sodium dodecyl 

sulfate (SDS), sodium phosphate tribasic 

(Na3PO4), Coomassie Brilliant Blue (CBB) 

and brilliant green(BG), All the chemical 

regents were used without further 

purification. 

2.2. Sorbents synthesis 

2.2.1. Magnetic Fe3O4 particles synthesis 

In this work, magnetic Fe3O4 particles 

were synthesized by the method by 

Massart. A combination of FeCl36H2O (1.7 

g) and FeCl24H2O (0.6 g) were dissolved 

in 400 mL distilled water under vigorous 

stirring for 30 min with the protection of 

nitrogen to obtain a homogeneous yellow 

solution. Fe3O4 particles formed after 

NH3,H2O (3 mL) was dropped into the 

solution slowly. The obtained products 

were separated by a magnet and washed 

several times with distilled water and 

ethanol, and dried in a vacuum oven at 60 
0C for 6 h. 

2.2.2. Monodisperse magnetic HAp/Fe3O4 

microspheres synthesis 

Monodisperse magnetic HAp/Fe3O4 

microspheres were synthesized by using 

CaCO3/Fe3O4 microspheres as the sacrificial 

hard-templates [31-33]. In a typical process, 

CaCl2 (1.78 g) and SDS (2.3 g) were fully 

dispersed in 240 mL distilled water under 

vigorous stirring. The obtained Fe3O4 (0.92 g) 

were added into the solution and vigorously 

stirred for 15 min.  

 

 

 

 

 

 

 

 

 

 

Fig. 2. The chemical structure of dyes (a) CBB, 

(b) BG. 

a 

b 
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 80 mL aqueous solution containing Na2CO3 (1.7 

g) was then injected quickly into the above mixed 

solution to obtain the precipitates with stirring at 

25 0C for 1 h. The obtained precipitates 

(CaCO3/Fe3O4) were washed repeatedly with 

distilled water. The resulting powder (1.5 g) was 

mixed with 140 mL aqueous solution containing 

Na3PO4 (4.9 g). The suspension was transferred 

into a Teflon-lined stainless-steel autoclave of 

200 mL capacity. The autoclave was maintained 

at 180 0C for 4 h, followed by cooling to room 

temperature naturally. The obtained HAp/Fe3O4 

microspheres were collected using a magnet and 

washed with distilled water and ethanol, and 

dried in a vacuum oven at70 0C for 6 h. 

2.3. Characterization  methods 

The functional group of the material was 
studied using Fourier transform infrared (FTIR) 
spectroscopy (Perkin-Elmer Spectrophotometer 
Spectrum One) in the range 3500–500 cm-1. 
Microstructures of the synthesized products 
were observed using a field emission scanning 
electron microscope (SEM, Model S-4800 5.0kv, 
Hitachi Limited, Japan). The surface area was 
measured by the Brunauer–Emmett–Teller (BET) 
nitrogen adsorption apparatus with apparatus 
PHS-1020(PHSCHINA). The HAp/Fe3O4 
microspheres after sorption were separated from 
aqueous solutions using a magnet, and analyzed 
via an X-ray photoelectron spectroscopy (XPS, 
Kratos Axis Ultra DLD, UK) with a monochromic 
Al Ka X-ray Source (hm = 1486.6 eV). 

2.4. Adsorption procedure 

The dye adsorption measurements were 

conducted by mixing of monodisperse magnetic 

HAp (HAp/Fe3O4) microspheres containing 10 

mL of a dye solution (5 mg/L) at pH = 5.5 The 

change on the absorbance of all solution samples 

was monitored and determined at certain time 

intervals during the adsorption process. At the 

end of the adsorption experiments, the adsorbent 

particles were separated by magnetic force and 

dye concentration was determined. The results 

were verified with the adsorption kinetics and 

isotherm. UV–vis spectrophotometer (Perkin-

Elmer Lambda 25 spectrophotometer) was 

employed for absorbance measurements of 

samples. The maximum wavelength used for 

determination of residual concentration of CBB 

and BG in supernatant solution using UV–vis 

spectrophotometer were 627 nm, 629 nm, 

respectively[34, 35]. The effect of adsorbent 

dosage on dye removal from single (sin.) and 

binary (bin.) systems was investigated by 

contacting 10 mL of dye solution with initial dye 

concentration of 5 mg/L at single (sin.) and 

binary (bin.) systems was investigated by 

contacting 10 mL of dye solution with at 

(HAp/Fe3O4) room temperature (25 0 C) for 60 

min. The effect of salt (0.1 gr) on dye removal 

from single (sin.) and binary (bin.) systems was 

investigated by contacting 10 mL of dye solution 

(5 mg/L) with(HAp/Fe3O4)  at room temperature 

(25 0C) for 60 min. Different salts (kcl, NaCl) 

were used. The sorption capacity of HAp/Fe3O4 

was calculated as follows: 

qe= 
0 eC C

V
M

−
 

Where qe is the amount of CBB and BG uptake 

onto per unit weight of the sorbent (mg/g), V is 

the volume (L) and m is the weight of the sorbent 

(g). 

 

 

                

 

 

 

Fig. 3 The maximum wavelength used for 

determination of residual concentration of 

CBB and BG. 
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3. Results and discussion 

3.1. Adsorption kinetics study  

The adsorption kinetics gives the idea about 

mechanism of adsorption, from which efficiency 

of process estimated. 

3.1.1. pseudo-first order equation 

A linear form of pseudo-first order model is: 

log(qe-qt)= log(qe)-(
2.303

Kt
 )t 

where qe, qt and k1 are the adsorbed dye at 

equilibrium (mg/g), the amount of the adsorbed 

dye at time t (mg/g) and the equilibrium rate 

constant of pseudo-first order kinetics (1/min), 

respectively . 

3.1.2. pseudo-second order equation  

Linear form of pseudo-second order model was 

illustrated as[36-40]: 

2 2

1 1

e e

t
t

qt k q q

 
= +  

 
  

Where k2 is the equilibrium rate constant of 

pseudo-second order (g/mg min)[41-45]. 

3.1.3. intraparticle diffusion 

The possibility of intraparticle diffusion 

resistance affecting adsorption was explored by 

using the intraparticle diffusion model as 

1t pq k t= +  1t pq k t= +   

Where kp and I are the intraparticle diffusion 

rate constant and intercept, respectively. The 

plot of uptake should be linear when 

intraparticle diffusion is involved in the 

adsorption process. In addition, intraparticle 

diffusion is the rate-controlling step when the 

lines of uptake pass through the origin then. 

When the plots do not pass through the origin, 

this is indicative of some degree of boundary 

layer control and it shows that the intraparticle 

diffusion is not the only rate-limiting step, but 

also other kinetic models may control the rate of 

adsorption, all of which may be operating 

simultaneously [32–34]. To understand the 

applicability of the pseudo-first order, pseudo-

second order and intraparticle diffusion models 

for the dye adsorption onto HAp/Fe3O4 from 

single (sin.) and binary (bin.) systems at different 

adsorbent dosage, linear plots of log(qe, qt) 

versus contact time (t), t/qt versus contact time 

(t) and qt against t1/ 2 are plotted. The linearity of 

the plots (R2) demonstrates that pseudo-first 

order and intraparticle diffusion kinetic models 

do not play a significant role in the uptake of the 

dye.  The linear fit between the t/qt versus 

contact time (t) and calculated R2 for pseudo-

second order kinetics model show that the dye 

removal kinetic can be approximated as pseudo-

second order kinetics. In addition, the 

experimental qe((qe)Exp.) values agree with the 

calculated ones ((qe)Cal.), obtained from the 

linear plots of pseudo-second order kinetics. 

3.2. Adsorption isotherm  

The adsorption isotherm studies the relation 

between the mass of the dye adsorbed onto 

adsorbent and liquid phase of the dye 

concentration [45-49]. Several isotherms such as 

Langmuir, Freundlich and Tempkin models were 

studied in details. In Langmuir isotherm, a basic 

assumption is that sorption takes place at 

specific sites within the adsorbent   

Dye removal in binary system follows the 

Langmuir isotherm. The results show that 

magnetic nanoparticle has higher dye adsorption 

capability. Thus, magnetic nanoparticle can be 

used as an adsorbent [54-58].  

3.3. Selectivity analysis for binary system  

In this research, selectivity analysis has been 

also performed for binary system. Usually, the 
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static distribution coefficient KD (mL/g) and the 

separation factor are utilized to evaluate the 

molecular selectivity of adsorbent. The higher 

value of , the better selectivity is; if is close to 

1.0, the adsorbent has no selectivity. Fig 4 shows 

the experimental results from the adsorption 

experiments in binary systems. The results show 

that value is close to 1.0. Thus HAP/ Fe3O4has 

no selectivity [59-64]. 

3.4. Effect of operational parameter on dye 

removal 

3.4.1. Effect of dye concentration 

 Adsorption can generally be defined as the 

accumulation of material at the interface 

between two phases. The influence of varying the 

initial dye concentration of dyes on adsorption 

efficiencies onto HAP/ Fe3O4was assessed. The 

results are shown in Fig. 4[65-68]. It is obvious 

that the higher the initial dye concentration, the 

high the percentage of dye adsorbed. The amount 

of the dye adsorbed onto HAP/ Fe3O4 decreases 

with an increase in the initial dye concentration 

of solution if the amount of adsorbent is kept 

unchanged. 

3.4.2. Effect of adsorbent dosage 

The dye removal (%) from single (sin.) and 

binary (bin.) systems versus time (min) at 

different HAP/Fe3O4 dosages (mg) was shown in 

Fig. 4. It determines the capacity of the adsorbent 

for a given initial concentration of dye solution.  

It was observed that the removal percentage 

increased rapidly with the increase in the 

adsorbent dose HAP/ Fe3O4, 50 mg and after the 

critical dose, the removal percentage reached 

almost a constant value. It can be attributed to 

overlapping or aggregation of adsorption sites 

resulting in a decrease in total adsorbent surface 

area available to the dye and an increase in 

diffusion path length. 

3.4.3. Effect of salt  

 Inorganic anions of salts may compete for the 

active sites on the adsorbent surface or 

deactivate the adsorbent. Thus, dye adsorption 

efficiency decreases. An important limitation 

resulting from the high reactivity and non-

selectivity of adsorbent is that it also reacts with 

non-target compounds present in the 

wastewater such as dye auxiliaries present in the 

exhausted reactive dye bath. It results higher 

adsorbent dosage demand to accomplish the 

desired degree of dye removal efficiency. To 

investigate inorganic salts effect on dye removal 

efficiency, KCl, and NaCl were used. Fig. 5 

illustrates that dye removal capacity of 

HAP/Fe3O4 from single (sin.) and binary (bin.) 

systems decreases in the presence of inorganic 

anions because small anions compete with dyes 

in adsorption by magnetic nanoparticle. 

 

 

   

Fig 4. The effect of adsorbent dosage on dye removal by HAP/Fe3O4 from single (sin.) (a) CBB and (b) 

BG and (c) binary (bin.) systems. 
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Fig 5. The effect of salt on dye removal by HAP/Fe3O4 from single (sin.) and binary (bin.) systems. 

3.5. Characterization of HAP/ Fe3O4 

Characterization of HAP/Fe3O4  

The FT-IR spectrum was shown in Fig. 6. 

HAP/Fe3O4 has two peaks at 1038 cm-1 and 570 

cm -1 that indicate, respectively. SEM are useful 

for determining the particle shape and 

appropriate size of the adsorbent. In addition, 

they are important tools for characterizing the 

surface morphology and fundamental physical 

properties of the adsorbent surface. SEM images 

of Fe3O4, CaCO3/Fe3O4 and HAP/Fe3O4.are shown 

in Fig. 8. The magnetic Fe3O4 nanoparticles had 

an average diameter of about 500 nm. The hard-

template of CaCO3/ Fe3O4 were comprised of 

irregular nano-flakes whereas the obtained 

HAp/Fe3O4 microspheres were constructed by 

uniform nanoparticles. Both CaCO3/Fe3O4 and 

HAp/Fe3O4 had a unique size of about 500 nm in 

diameter. The HAp/Fe3O4 had a saturation 

magnetization of 26.7 emu/g, confirming the 

Fe3O4 nanoparticles dispersed among the HAp 

crystals. Fig. 8 illustrates the XRD pattern of the 

Fe3O4 and the HAp/Fe3O4 [69-71]. It confirmed 

that the products were composed of a magnetite 

Fe3O4 phase (JCPDS 75-0449) and Hap phase 

(JCPDS 86-0740). The nitrogen adsorption 

desorption isotherm of the HAp/Fe3O4 is shown 

in Fig. 9. According to the BET analysis, the 

isotherms complied with a combination of type I 

and type IV, and displayed the H3 hysteresis 

loop. The plot of the pore size distribution was 

determined using the Barrett–Joyner–Halenda 

(BJH) method from the adsorption branch of the 

isotherm. The average pore size of HAp/Fe3O4 

microspheres was 11.4 nm and the surface area 

was 59.4 m2/g, which were beneficial for ion-

exchange process [41-43, 72]. 

 

Fig 6. FT-IR spectrum HAP/ Fe3O4 

 

 

                  

Fig 7. SEM images of (A) Fe3O4, (B) CaCO3/Fe3O4, (c) HAp/Fe3O4 microspheres 
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                                             (a)                                                                                                                        (b) 

Fig. 8. X-ray diffraction patterns of as-prepared (a). Fe3O4 and (b).HAp/Fe3O4 microspheres. 

 

 

 

Fig. 9. The nitrogen adsorption desorption isotherm of the HAp/Fe3O4 

 

Conclusion 

Effluents from various industries contain 

harmful coloring agents, which have to be 

removed to maintain the quality of the 

environment. Paper, fabric, leather and dyestuff 

production are some of the industries that 

release harmful effluents. Dyes used in various 

industries have harmful effects on living 

organisms within short exposure periods The 

characteristics of (HAp /Fe3O4) were investigated 

using Fourier transform infrared (FTIR) and 

scanning electron microscope (SEM). The surface 

area was measured by the Brunauer–Emmett–

Teller (BET) nitrogen adsorption apparatus. The 

crystal phases of the products were 

characterized by X-ray diffraction with 

monochromatic Cu Ka radiation. Selectivity 

analysis for binary system dye removal was 

investigated. The effect of operational parameter 

(adsorbent dosage, dye concentration and salt) 

on dye removal was evaluated in details.  UV–vis 

spectrophotometer was employed for 

absorbance measurements of samples. The 

maximum wavelength used for determination of 

residual concentration of CBB and BG in 

supernatant solution using UV–vis 

spectrophotometer were 627 nm, 629 nm, 

respectively. The effect of adsorbent dosage on 

dye removal from single (sin.) and binary (bin.) 
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systems was investigated by contacting 10 mL of 

dye solution with initial dye concentration of 5 

mg/L at single (sin.) and binary (bin.). In this 

paper, monodisperse magnetic HAp (HAp/Fe3O4) 

microspheres was synthesized and used for the 

remove dye from single (sin.) and binary (bin.) 

systems 
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