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Abstract: Hydroxyapatite (HA) and Ag doped nano HA (Ca9.8Ag0.2 (PO4)6(OH)2) was 

prepared by precipitation method. For characterization FTIR, SEM, EDX, BET and XRD 

methods were used. Adsorption of methyl red (MR) by (HA) and Ag doped nano HA was 

investigated. Ag doped nano HA had higher adsorption capacity for MR. The pseudo second 

order model provided better fit to experimental data in the kinetic studies. Based on the 

sum of squares errors (SSE), the Freundlich isotherm better fits sorption data than the 

Langmuir equation. The negative values of ΔGº and positive value of ΔHº indicated 

spontaneous and endothermic adsorption process. The Ag doped nano HA wasreusable 

sufficient sorbent. 
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INTRODUCTION 

Textile, paper, plastics, and cosmetic industries use wide variety of dyes to color their products. The 
wastewaters containing dyes are very difficult to treat, since the dyes are recalcitrant molecules 
(particularly azo dyes), resistant to aerobic digestion and are stable to oxidizing agents. Synthetic dyes 
usually have complex aromatic molecular structure. Discharge large amount of effluents including dyes 
which are very toxic and could cause serious ecological problems. Therefore, dye pollution in water 
stream is a major environmental problem. Different methods for dye removal from industrial 
wastewaters such as such biological treatment (Kornaros, and Lyberatos,2006), coagulation, 
electrochemical techniques (Gadekar and Ahammed, 2016, Pan et al. 2013, Nourmoradi, et al. 2015),  
oxidation [5-8] and adsorption [9-13] were examined. It has been reported that many different types of 
adsorbents are effective in removing azo dyes from aqueous effluents [14-16]. 

Hydroxyapatite (HA) has the chemical formula of Ca10 (PO4)6(OH)2. It is well-known inorganic material 
in the biological and medical fields. HA has a specific adsorption property against organic substances. It is 
used as an adsorbent for removal of heavy metals and dyes. HA has low water solubility, high stability 
under reducing and oxidizing conditions, high specific surface area and good buffering properties [17, 
18]. Utilizing the adsorption properties HA is expected to be a useful material that cleans to environment.   

Application of hydroxyapatiteas drug carrier was studied [19-21]. Yin et al. studied the adsorption of 
histatins 1,3 and 5 by HA and concluded that histatin 5 could be impaired by mineral adsorption 
[22].Degradation of antibiotics of ciprofloxacin by zincoxide hydroxyapatite was examined [23].The 
natural and synthetic apatites for the removal of metals from aqueous solutions were reported by 
Dybowska et al. [24]. The removal of different metal ions such as Cu+2,Zn2+, Cd2+ and Pb2+ using 
hydroxyapatite has studied and results showed that HA had high sorption capacity for metal ions 
removal[25-28].HA also was examined for adsorptive properties of dye and organic compounds [29, 30].  

Suzuki et al. have found calcium ions of HA can be exchanged with various metals ions in aqueous 
media [31]. The substituted impurities play important role in the biological responses of bone cells. The 
presence of several ionic substitutions such as F-, Na+, Mg+2, Ag+ in the lattice of HA causes the change in 
space group, morphology, stability, and mechanical properties of the HA structure. The most antibacterial 
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inorganic materials are the ceramics immobilizing antibacterial metals, such as silver and copper. Silver, 
is known as a disinfectant for many years, has a broad spectrum of antibacterial activity and exhibits low 
toxicity toward mammalian cells. From the view point of biomedical engineering, the silver is well known 
for its broad spectrum antibacterial effect at very low concentrations, and it possesses many advantages, 
such as good antibacterial ability, excellent biocompatibility, and satisfactory stability. The scientific 
literature points to the wide use of silver in numerous applications [32, 33]. 

The first aim of this study is to prepare and characterize nano-HA and Ag doped HA. The second goal is 
investigation of potential use of nano-HA and Ag doped HA as an efficient adsorbent in the treatment of 
wastewater for dye removal.  

EXPERIMENTAL 

Materials and Methods 

All chemical used were of analytical grade purity and were used as received without any purification. 
The all of chemicals were purchased from Merck chemical co (Germany). Distillated water was used in all 
of experiments.   

Methyl red (2-(N,N-dimethyl-4-aminophenyl) azobenzenecarboxylic acid), CAS number 493-52-7 with 
chemical formula of C15H15N3O2 (MR) as a sample of pollutant was used. It has molecular weight of 
269.30 g mol-1 (Fig. 1). The standard solution of MR 1000 mg L-1 was prepared and subsequently 
whenever necessary diluted. 

HA and substituted HA was prepared by aqueous precipitation. HA was synthesized by double 
decomposition according to the procedure described by Rey [34, 35].A solution composed of 35.4 g of 
Ca(NO3)2·4H2O in 0.5 L of distilled water was immediately poured at room temperature into a solution 
composed of 34.8 g of di-ammonium hydrogen phosphate (NH4)2HPO4  in 1 L of distilled water. The pH of 
solution was adjusted to seven by ammonia solution. After low agitation for 2 h, the suspension was 
briefly filtered on a large Büchner funnel, washed with distilled water, dried at 100 °C for 48 h and sieved. 

Ag doped HA nanoparticles(Ca9.8Ag0.2(PO4)6(OH)2), were performed by setting the atomic ratio of 
Ag/[Ag + Ca] at 20% and [Ca + Ag]/P as 1.67. The AgNO3 and Ca(NO3)2·4H2O were dissolved in deionized 
water to obtain 300 mL [Ca+ Ag]-containing solution. On the other hand, Ag dopedHA was prepared as 
the same procedure, but instead of Ca ions, % 2 Ag ions were used.  After the reaction, the deposited 
mixtures were washed several times with deionized water. The resulting material was dried at 100°C for 
48 h. 

All pH measurements were carried out with an ISTEK- 720P pH meter (Germany). UV-Vis 
spectrophotometer 160-A Shimadzu (Japan) was used for determination of concentration of MR. IR 
measurements were performed by FTIR tensor-27 of Burker Co., (Germany) using the KBr pellet between 
the ranges 500 to 4000 cm-1. The powder X–ray diffraction studies were made on a Philips PW1840 
(Netherlands) diffractometer using Ni-filtered Cu kα radiation of wave length 1.54060 A˚. The average 
particle size and morphology of samples were observed by SEM using a Hitachi S-3500 Scanning Electron 
Microscope (Japan). 

The specific surface area was measured by N2 adsorption–desorption isotherm and was obtained with 
an ASAP- 2010 instrument (Micromeritics). The pore size distribution was determined by The BJH 
(Barret–Joyner–Hallender) method. Mean pore diameter and total pore volume calculated by the BET 
(Brunauer–Emmett–Teller) equation. 

 
Fig. 1: Chemical structure of MR 

Adsorption Experiments 

For investigating of effect of different parameters like; the contact time, pH and sorbent dosage on the 
sorption capacity of MR, various experiments have been carried out.  All experiments were conducted at 
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room temperature. 0.1 g of sorbent was added in 30 ml MR on rotary shaker at a constant speed of 150 
rpm. After different contact times (0–120 min), the sorbent was removed from the solution and the 
equilibrium concentration of MR in the solution was determined with UV spectrophotometer at the 
wavelength 410 nm (λmax).To optimize the sorbent dosage, different amounts of the sorbents were 
examined. A known amount of sorbent (0.01–0.2 g) was added to 30 mL of MR solutions. To study the 
effect of solution pH, 0.10 g of HA was agitated with 30 mL of dye solution of 50 mg L-1 at different pHs (2-
12) using water-bath shaker at room temperature. The pH was adjusted by adding a few drops of diluted 
0.1N NaOH or 0.1N HCl. Each experiment was repeated five times, and the average results were given. 
Relative standard deviation (% RSD) was determined between 1.93 and 2.88 % for each points at all the 
experiments. 

The percent removal of MR by the hereby adsorbent is given by: 

% adsorption = [(C0-Ce)/C0] × 100          (1) 
Where, C0, Ce is denoted the initial and equilibrium concentration of MR dye (mg L-1), respectively. 

The amount of equilibrium adsorption, qe (mg g-1), was calculated by: 

qe = (C0-Ce)V/ W                            (2) 
Where, C0 and Ce (mg L-1) are the liquid-phase concentrations of dye at initial and equilibrium, 

respectively. V (L) is the volume of the solution and W (mg) is the amount of dry adsorbent. 

RESULTS AND DISCUSSION  

Characterization of HA and Ag doped HA  

The FTIR spectra of HA and Ag doped HA were recorded at 4000-500 cm-1. The functional groups 
present in the HA and Ag dopedHA were shown in Fig. 2. From FTIR of HA (Fig 2 a) the absorption strong 
peak around 1035 cm-1 is assigned PO4

3- and bands of 547 cm-1 and 604 cm-1are assigned to symmetric P-
O stretching[36].The broad band around 3440 cm-1 is the stretching mode of hydrogenbonded OH seen in 
both the spectra 2a and 2b. In the Ag doped HA (Fig. 2b) bands of HA (1035 cm-1, 670 cm-1 and 547 cm-1) 
also were observed. The peak 1647 cm-1 and broad bands for adsorbed water (3000– 3500 cm-1) are the 
evidence of water absorption due to the high specific surface area of Ag doped HA. The Ag doped HA 
powders exhibited FTIR patterns similar to that of und oped HA, as shown in Fig. 2b [37-39].  

 
Fig. 2: FTIR of a-HA and b-Ag doped HA 

The scanning electron micrograph of HA and Ag doped HA are given in Fig. 3. The micrograph 
reflected the butterfly shape of the particles which were aggregated with many nanoparticles, producing 
a surface with porous structure. It has holes with small openings on the surface(Fig. 3a).While after Ag 
incorporating of HA, the micrograph showed different shapes for the particles with greater size and high 
aggregates and more porous structure due to the presence of the Ag ions (Fig. 3b).EXD of HA and Ag 
doped HA (Fig. 4) also confirmed the existence of Ag on the surface of HA.  
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a   b 

Fig. 3: SEM of a-HA and b-Ag doped HA 

    
a   b 

Fig. 4: EXD of a- HA and b-Ag doped HA 
X-ray powder diffraction analysis was conducted to analyze phase purity and phase composition of the 

HA and Ag doped HA structures. XRD patterns of the HA and doped HA are shown in Fig. 5.The  X-ray 
diffraction pattern were recorded and verified using standard PDF card # 9-432 for hydroxyapatite. The 
XRD pattern of Ag doped HA shows combined features from the XRD patterns of HA and Ag, suggesting 
that Ag ions were attached to HA and the crystalline structure of HA was well preserved even after 
incorporating of Ag on the HA. A slight reduction of peak intensity counts for Agdoped HA is in agreement 
with a similar behavior of the literature [33],and the small molar amount (2%mol) of Ag does not 
influence significantly the cell parameter values. The HA had Hexagonal unit cell structure (a=b=9.41500, 
c= 6.87900, α= β=90, γ= 120, Primitive - P63/m) and Ag doped HA had hexagonal unit cell structure 
(a=b=9.423, c=6.881 and α=β=90, γ=120, primitive, p63/m). These values were in close proximity with 
unit cell dimensions of HA crystals reported previously in the literature [40]. Almost identical patterns 
were recorded for both compositions, which suggest that the presence of Ag did not change phase-purity 
of HA. The HA exhibited several high intensity peaks corresponding to various planes of HAviz., i.e. (211), 
(002), (202), (220), and (240). Compared to XRD pattern of pure HA, the crystallinity of HA powders 
increased on addition of Ag but no obvious phase change was noticed in their XRD patterns. The mean 
crystallite size (D) of particles was calculated from the XRD line broadening measurement using the 
Scherrer equation: 

D= 0.89 ʎ/β cos Ɵ 
Where, ʎ is the wavelength (Cu-Kα), β is the full width at the half maximum of the HA (002) line and Ɵ 

is the diffraction angle. The mean particle size were about 35-65 nm.  

 
Fig. 5: XRD pattern of A-HA and B-Ag doped HA 
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The N2 adsorption–desorption isotherms and pore size distributions of Ag doped HA is shown in Fig. 
6. The sample exhibited typical IV type isotherms and H1 type hysteresis loops at high relative pressures. 
This indicates that Ag doped HA with large pore size distribution was successfully prepared. Table 1 
shows the characterization of HA and Ag doped HA. 

Table 1: Characterization of HA and Ag doped HA 
 

Characterization 
 

samples  

 
HA 

 
Ag doped HA 

                                                         Surface area (m2/g)         
                                                         Correlation coefficient (R2) 
 
  BJH adsorption summary               Surface area (m2/g) 
                                                          Pore volume (cm3/g)     
                                                         Pore diameter (nm) 
 
BJH desorption summary                Surface area (m2/g) 
                                                         Pore volume (cm3/g)     
                                                         Pore diameter (nm) 

81.5 
0.994 

 
96.652 
0.346 
8.45 

 
117.6 
0.355 
9.53 

100.88 
0.990 

 
96.334 
0.336 
8.04 

 
107.88 
0.348 
9.21 

 

 
Fig. 6: N2 adsorption–desorption isotherms ofAg doped HA 

Adsorption Study 

Effect of Contact Time  

Effect of contact time on the adsorption of MR onto HA and Ag doped HA was investigated. The results 
of sorption studies, carried out as a function of contact time are presented in Fig. 7.a.The adsorption of 
MR is rapid from the beginning of the experiment and thereafter it proceeds at a slower rate and finally 
reaches to equilibrium. The results showed the rate of adsorption is initially rapid with most of the dye 
being adsorbed within~40 % for HA at 60 min of contact time and 78 % for Ag doped HA at contact time 
40 min, respectively. For following experiences contact time of 40 min was designated. Fig. 7.also is 
shown Ag doped HA had higher adsorption capacity than HA. It looks removal of dye was occurred on the 
outer surface of the adsorbent [41]. This is due the higher surface area of Ag doped HA than HA. Fig. 7.b. 
also shows the MR adsorbed onto Ag doped HA. 

The results of BET characterization are shown at Table. 1.The specific surface area (BET method) of 
HA and Ag doped HA were 81.5 and 100.88 m2 g−1, respectively. Doped of Ag into the HA increased the 
surface area of sorbent, therefore the contact time of MR with Ag doped HA was decreased. 

 
Fig. 7: a.  Effect of contact time on the adsorption of MR onto HA and Ag doped HA (30 mL of MR 50 mg L-

1, 0.1 g sorbent) 

0

20

40

60

80

100

0 20 40 60 80 100 120

%
A

d
so

rp
ti

o
n

t(min)

HA Ag-HA



37            Atena Dehghanpoor Frashah et.al 

 

 
Fig. 7: b. FTIR of a-Ag doped HA and b-Ag doped HA adsorbed MR  

Effect of Initial Dye Concentration  

The effect of MR dye concentration (5-100 mg L-1) was studied by adding 0.1g of adsorbate at mixing 
rate 150 rpm. The equilibrium adsorption capacity of the adsorbent for MR increases with increasing 
initial dye concentration from 5-50 mg L-1.This is probably due to a high driving force for mass transfer in 
high dye concentration. The results also showed adsorption concentrations of more than 50 mg L-1did not 
causes the higher adsorption capacity for MR.  

Effect of pH on Dye Adsorption 

The pH of the dye solution is an important parameter controlling the adsorption capacity of dye. Effect 
of pH on adsorption of MR by using initial dye concentration50mg L-1and shaking time of 40 min was 
studied. Effect of pH (2 -10) for adsorption of MR on HA and Ag doped HA at 25°C is given in Fig. 8.It can 
be observed that the adsorption capacity of two adsorbents increase with an increase in pH of the initial 
solution from 2 to 7, and then reach gradually constant as the pH become basic. The pHs ≥ 7 is favorable 
for adsorption process of MR. High adsorption of dye indicates that, the surface of nanoparticles seems to 
be basic. MR is azo anionic dye, which exist in aqueous solution in the form of negatively charged ions.  

 
Fig. 8: Effect of pH on the adsorption of MR onto HA and Ag doped HA 

(30 mL of MR 50 mg L-1, pH 7, 0.1 g sorbent) 
Effect of Adsorbent Mass 

To determine the effect of sorbent dosage on adsorption, dye concentration of 50mg L-1 and samples 
with different sorbent dosages ranging from 0.01 to 0.2 g under constant temperature at 25°C, contact 
time 40 min and pH 7were studied. The effect of adsorbent mass is shown in Fig. 9. The results indicate 
that percentage of dye adsorption increased with increase of adsorbent dose from 0.01-0.1 g, while qe 
decreased. The increasing availability of the binding sites with increased adsorbent dose may be 
responsible for increase in percent removal of the dye. However, the gradual decrease in qe may be as a 
result of decreased ratio of MR molecules per active adsorption site, and/or due to decrease in total 
surface area because of agglomeration of adsorbent. Similar increase in percent removal and decrease in 
qe with increase in adsorbent dose has been reported [42]. 
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Fig. 9: Effect of mass of sorbent (Contact time 40 min, pH 7, MR 50 mg L-1 and temperature 25 ˚C) 

Effect of Temperature 

Removal of MR by HA and Ag doped HA was performed by varying temperatures (20-70°C). 
Adsorption of MR on HA and Ag doped HA was enhanced by increasing the temperature from 20 ˚C to 40 
°C.  Fig. 10 shows that adsorption capacity decreased with increasing temperature from 50-80 ˚C. This may 
be due to desorption of MR dye from surface of sorbents. Thermodynamic parameters were determined 
by investigation effect of temperature on carmine adsorption. 

 
Fig. 10: Effect of temperature (Contact time 40 min, pH 7, MR 50 mg L-1 and 0.1 g sorbents) 

Thermodynamic Study 

Thermodynamic parameters, i.e. free energy change(ΔGº), standard enthalpy change (ΔHº) and 
entropy change (ΔSº), vary with the thermodynamic equilibrium constant (Kc). The determination of 
Gibb's free energy is very important to determine the feasibility of the adsorption process along with 
standard enthalpy change (ΔHº), standard entropy change (ΔSº).The Gibbs free energy change ΔGº of 
adsorption process can be calculated from classic Van't Hoff equation [43]: 

ΔGº = -RT lnKc     (3) 
ΔGº = ΔHº - T ΔSº     (4) 

The Enthalpy change (ΔHº) (i.e. heat of adsorption) and Entropy change (ΔSº) is related with the Gibbs 
free energy by the equation: 

lnKc= - ΔGº/ RT = ΔSº/ R  - ΔHº / RT                          (5) 
Kc is equilibrium constant of Van't Hoff equation, can be obtained from qe / Ce. ΔGº is Gibbs free 

energy change (KJ mol-1), ΔHº is Enthalpy change (KJ mol-1) and ΔS° is entropy change (KJ mol-1 K-1).A plot 
ln Kc Versus 1/T is given straight line, ΔHº and ΔS° can be determined from slope and intercept, 
respectively (Fig. 11). Table 2 shows thermodynamic parameters of adsorption of MR by HA and Ag 
doped HA. The negative value of ΔGº indicates the feasibility and spontaneous nature of the adsorption 
process and more negative values indicate that adsorption process becomes more spontaneous with rise 
in temperature, which favors for adsorption process. The positive value of ΔSº describes the randomness 
during adsorption process and reflects the affinity of adsorption of MR dye and confirms the increasing 
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randomness at the solid–solution interface during adsorption. The positive value of ΔHº confirms the 
endothermic nature of the adsorption process [44, 45].  

.  
Fig. 11: Plot of lnKc verses 1/T 

Table 2: Thermodynamic parameters for adsorption of MR by HA and Ag doped HA 
 

Sorrbent 
T (K) 

G° 

(KJ mol-1) 
H° 

(J mol-1) 

S° 

(J mol-1K-1) 

 303 -80 

323 1.33 

 313 -93.3 

HA 323 -106.6 

 333 -120 

 343 -133.2 
  

 353 -146.5 

     

 303 -93.9 307 1.323 

 313 -107   

Ag doped HA 323 -120.33   

 333 -133.56   

 343 -146.8   

 353 -162.5   

Kinetic of Adsorption  

Adsorption kinetics provides the information about adsorption pathway. In the present study, In order 
to predict the adsorption behaviors, pseudo first order (Sharma, 2011) and pseudo second order (Ho et 
al, 2000, Ho, 2006)kinetic models were used to fit the experimental data. The models were given the 
following equations: 

ln (qe – qt) = ln qe – k1 t                  (6) 
t/ qt = t/qe + 1/(k2qe

2)                    (7) 
Where, qe is adsorbate amount absorbed on per unit mass of adsorbent at equilibrium and and qt(mg 

g-1) is the adsorbate amount absorbed on per unit mass of adsorbent at time t (min),k1 (min-1) and k2 (g 
mg-1 min-1) are the pseudo first order and pseudo second order rate constants, respectively. Furthermore, 
for the pseudo second order kinetic model, the half adsorption time (t1/2) and the initial adsorption rate 
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(H) are given by the following relationships (Eqs.(8) and (9))(Ahmad Khan et al. 2018). The value of t1/2 is 
the time required to uptake half of the maximal adsorbed amount of adsorbateat equilibrium and 
characterizes the adsorption rate well. 

T1/2= 1/ k2qe (8) 
H= k2 qe

2 (9) 
The experimental data of adsorption of MR on HA and Ag doped HA were studied with above two 

kinetic models and the results were shown in Figs. 12a and 12 b. The acceptability and hence the best fit 
model for the kinetic data were based on the square of the correlation coefficients R2and the percentage 
error function. Table 3 also shows the R2 and rate constant of adsorption. The results showed the pseudo 
second order kinetic model was suitable to describe the adsorption behaviors of MR on sorbents(Ahmad 
Khan et al. 2018).  

 
Fig. 12: a.) Pseudo first order kinetics for adsorption of MR onto HA and Ag doped HA 

(30 mL of MR 50 mg L-1, pH 7, 0.1 g sorbent) 

 
Fig. 12b). Pseudo second order kinetics for adsorption of MRonto HA and Ag doped HA(30 mL of MR 50 

mg L-1, pH 7, 0.1 g sorbent) 
Table 3: Kinetic parameters for adsorption of MR by HA and Ag doped HA 

 
Sorbent 

First order  Second order   

R2 K1 (min-1) R2 K2 (g mg-1 min-1) T1/2 H 

HA 0.834 3.4 ×10 -2 0.994 1.7 × 10 -1 0.579 17.55 

Ag doped HA 0.736 4.7 ×10 -2 0.995 2.1 ×10 -2 5.6 1.5 

Adsorption Isotherm 

Equilibrium relationship between the amounts of dye adsorbed on the surface of an adsorbent could 
be recognized through adsorption isotherms. In the present study, the Freundlich and Langmuir isotherm 
models were applied to the adsorption data. The Freundlich model is applicable to heterogeneous system 
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and it involves the formation of multi layers. The Freundlich adsorption isotherm is given by equations of 
10 and 11: 

qe=KF Ce1/n                              (10) 
lnqe=ln  KF + 1/n lnCe  (11) 

Where, qe is the solid phase equilibrium concentration (mg g-1); Ce is the liquid equilibrium 
concentration of dye in solution (mg L-1); KF is the Freundlich constant representing the adsorption 
capacity (mg g-1), and n is the heterogeneity factor showing adsorption intensity. The values of KF and n 
can be obtained from slope and intercept of linear plot of ln qe versus ln Ce and values are given in Table 4.  

The assumption of Langmuir model is that the formation of monolayer take place on the surface of the 
adsorbent, indicating that only one dye molecule could be adsorbed on one adsorption site. The Langmuir 
adsorption model is given as: 

Ce/qe=1/ (KLqm)+(Ce/KL)                (12) 
Where, qe and Ce are defined as above, KL is the equilibrium adsorption constant related to the affinity 

of binding sites (L mg-1); and qm is the maximum amount of dye per unit weight of adsorbent for complete 
monolayer coverage (mg g-1).The values of qm and KL can be obtained from slope and intercept of the 
linear plot of Ce/qe versus Ce (Table 4).  

Table 4 shows the calculated values of Langmuir and Freundlich model’s parameters. The adsorption 
isotherm of sorbents could be described well by both Langmuir and Freundlich equations, but the 
comparison of correlation coefficients (R2) of both equations indicates Freundlich model had better fit for 
the experimental equilibrium adsorption data than the Langmuir model. 

Table 4: Langmuir and Freundlich constants for the adsorption of MR by HAAg doped HA 
 

Sorbent 
Freundlich Langmuir 

KF n R2  qm 
( mg g-1 ) 

KL 

 (L mg-1) 

R2 

 

HA  1.96 0.99 0.98 588 10 -5×1.82  0.934 

Ag doped HA 2.52 1 0.999 524 10 -5×1.35 0.942 

 
Removal of MR from Real Wastewater 

Adsorption efficiency of the Ag doped HA was checked with real wastewater containing MR dye. Real 
wastewater (five different samples) was collected in polypropylene bottle from local textile dyeing unit 
(Yazdbaf, ano, aftab, Ardakan and Azartabof  IRAN) and stored at 4 °C in a refrigerator. The samples were 
filtered using 0.45 μm membrane. MR (50 mg) was added into one liter of real wastewater, to confirm MR 
concentration in wastewater. The adsorption experiments with different wastewater samples were 
performed at the optimized conditions. The percent removal of MR from different real textile wastewater 
sample was about 15~20 % lower than that of the synthetic wastewater under similar conditions. This 
decrease in percent removal may be due to the presence of several other types of dyes and salts such as 
chloride, sulphate, calcium and magnesium ions as impuritiesin the sample that may compete with MR 
molecules for adsorption. 

Desorption and reusability of Adsorbent 

Reusability of sorbent is one of the highest importances in adsorption studies. The Ag doped HAwas 
regenerated by calcination at 300 °C for 2h. For this purpose, 30 mL of MR 50 mg L-1loaded adsorbent was 
equilibrated for 60 min.  After 20 min, 65% of dye was desorbed while 98% of dye was desorbed after 45 
min. The desorbed concentration of MR was estimated spectrophotometrically. The adsorption efficiency 
of the regenerated adsorbent decreased with increasing desorption cycle. Almost 64% of dye was 
adsorbed at fifth cycle for Ag doped HA. 

CONCLUSION 

HA and Ag doped HA were sucsesfully prepared by chemical wet method. They were used as sorbent 
for removal of MR as an azo dye from aqueous solutions. Ag doped HA was a useful adsorbent for 
removing MR from aqueous solution. The adsorption capacity of MR was higher by Ag doped HA than HA. 
The maximum removal efficiency was 82% and95% at50 gL-1 for HA and Ag doped HA, respectively. pH 
played an important role in the removal of MR. The removal efficiency in nuteral to alkal in solution (pH 
≥7) was higher than that in acidic solutions. The adsorption thermodynamic showed that the adsorption 
becomes more feasibility and randomness with increasing in temperature. The adsorption process on the 
Ag doped HA was endothermic. The adsorption kinetics of MR on both HA and Ag doped HA followed by 
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second order model. It was found that the adsorption isotherm of sorbents could be described well by 
both Langmuir and Freundlich equations. However, the Freundlich isotherm fitted better than the 
Langmuir isotherm model. Ag doped HA can acts as a reusable and friendly environment sorbent for dye 
removal.  
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