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ABSTRACT: Present study aims to investigate the efficiency of newly synthesized adsorbent polyvinyl 

alcohol-alginate bound nano magnetite microspheres modified with cetyltrimethyl ammonium bromide [PVA-

ANM/CTAB] in removal of anionic dye ‘Alizarin Red S’ from aqueous medium. The effect of agitation time, 

influence of pH, amount of adsorbent, initial dye concentration and temperature were systematically studied by 

batch sorption system. Various isotherms and kinetic models have been fitted with experimental data to evaluate 

mechanism of adsorption. Characterization of the so-prepared adsorbent was accomplished by FTIR, XRD, 

SEM and TEM analysis. The experimental data fitted very well with Freundlich and Temkin isotherm model. 

The sorption kinetics follows pseudo second order kinetic model. PVA-ANM/CTAB has been found an effective, 
economic, eco-friendly and efficient adsorbent as it showed ≥ 98% removal at pH 8 and could be regenerated 

by acetic acid and reused.  
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I. INTRODUCTION 
Urbanization activities and rapid industrialization has been exploited natural resources of water 

worldwide. Various kinds of synthetic dyes are commercially available, among them reactive anthraquinone 

dyes are extensively employed in the textile industries due to their wide range of color shades and ease of 

application. Dyes have also been used in paper, plastic, leather, cosmetic, pharmaceutical and food industries, 

which generate huge volume of industrial wastewater having dye contamination per annum. Dyes are the 

derivative of aromatic compounds, having halo, nitro and sulfo groups in their structure are toxic, mutagenic and 
carcinogenic in nature. Complex molecular structure and fused aromatic ring structure are the main cause of 

their inherent chemical stability and non biodegradable nature [1]. Recently much attention has been paid for the 

elimination of dye contamination from industrial wastewater because most of dyestuffs are harmful to human 

beings and aquatic environment even at very low concentration.  Persons having skin allergies are more 

susceptible to its hazardous effects. Its acute toxicity leads to irritation to skin, eyes, lungs, mucous, membranes 

and gastro intestinal tract, asthma and in chronic condition it leads to dermatitis. Therefore the removal of toxic 

dye from wastewater before discharge into the environment seems to be essential for economical and 

environmental point of view [2]. Several treatment methods like biodegradation, ion exchange, reverse osmosis, 

adsorption, membrane filtration, nano filtration and electrochemical separation have been applied to remove 

dyestuffs from industrial effluents. Among these methods adsorption has been recognized to one of the 

promising techniques due to its effectiveness, simplicity, easy to operation and wide ranging availability [3, 4]. 

In earlier various biological materials, biomaterial based synthetic and magnetically modified adsorbent like 
rice-husk [5], fly ash and red mud [6], activated carbon, rambutan peel based activated carbon [7-9], 

alginate/PVA kaoline composite [10], magnetically modified spend coffee grounds [11], magnetic fluid 

modified peanut husks [12], Chitosan and Chitosan nanoparticles [13,14], nano iron-oxide loaded alginate[15] 

etc has been reported to eliminate the azo dyes from aqueous solutions. However these adsorbents do not have 

good adsorption capacities towards acid dyes due to the presence of negatively charged functional groups on 

their surfaces. Therefore in order to improve the adsorption capacity of these sorbents, surface modification 

using cationic surfactants treatment seems to be an effective method. It was reported that the cationic surfactants 

mostly quaternary ammonium salts like hexadecyl trimethyl ammonium [HDTMA] or cetyltrimethyl 

ammonium bromide [CTAB] provided potential positively charged active sites for efficient removal of anionic 

contaminants from aqueous solutions [16,17].  

In present paper, removal of anionic dye „Alizerin Red S‟[ARS] from aqueous solution was 
investigated using polyvinyl alcohol-alginate bound nano magnetite microspheres modified with cetyltrimethyl 

ammonium bromide [PVA-ANM/CTAB] by batch method. Polyvinyl alcohol [PVA] is low-cost, durable, 

nontoxic, biodegradable and biocompatible synthetic hydrophilic polymer. Alginate is a polysaccharide having 
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high affinity and binding capacity for several toxicants uptake from aqueous solutions have been reported for 

possible applications in water treatment process. The use of nano magnetite particles of iron oxide with CTAB 

modified PVA-alginate provides large surface area with very strong sorption ability. The strong magnetic and 

cationic properties of sorbent opens a new technology, which is quicker, simpler and more precise than those 

used traditionally. It has been reported that morphology of microspheres beneficial to mass diffusion and 

transport in solution [18]. Combined technique of magnetic separation and adsorption process has benefits of 

flexibility and ecofriendly characteristics as compared to other reported technology used for elimination of 

anionic dyes. Mechanism of sorption technique are discussed. Regeneration and reused study related with 

desorption/adsorption cycles also performed. ARS (1, 2 dihydroxy-9, 10 anthraquinone sulfonic acid salt) is 

water soluble, odorless, orange-red colored, widely used anthraquinone dye having molecular weight 

342.257and molecular formula C14H7O7SNa, structure illustrated in Fig.1. 

 
Fig. 1 Structure of Alizerin Red S dye 

 

II. EXPERIMENTAL 
2.1. Materials: Ferric chloride anhydrous, ferrous chloride tetrahydrated, Alizerin Red S (C14H7O7S7Na) were 

purchased from Central Drug House, New Delhi, India. CTAB, sodium alginate, polyvinyl alcohol were 

purchased from Loba Chemie, Mumbai, India of analytical grades and used without any purification. Doubled 

distilled water was used throughout the experiments.  

2.2. Preparation of nano magnetite microspheres of PVA-A/ CTAB: The adsorbent were prepared in three 

steps, in first step a viscous gel of polyvinyl alcohol (PVA) was prepared at 90oC in doubled distilled water and 

was mixed thoroughly with the gel of sodium alginate and CTAB to get 1:1:1/9 ratio, stirred for three hours for 

homogeneity and kept aside to obtain a bubble free solution. In second step the microspheres were prepared by 

drop wise addition of the above mixture in CaCl2 solution (0.5M) for cross linking. The microspheres so 

produced were allowed to harden by leaving them in solution for 24 hours then washed several times with 

distilled water. In the third step for insitu magnetization, these microspheres were kept in an aqueous solution of 
ferrous chloride tetrahydrate and ferric chloride in 1:3ratio for 24 hours. The microspheres were then added into 

ammonia solution and kept for 2 hours, so that the Fe2+/Fe3+ ions get precipitated into nano magnetite iron-oxide 

within the CTAB-PVAA matrix. These PVA-ANM/CTAB microspheres were then completely washed several 

times and stored for adsorption studies.  PVA-ANM/CTAB microspheres were shown in Fig. 2. 

                               

Fig.: 2 Preparation steps of PVA-ANM/CTAB microspheres 

2.3. Batch Adsorption Experiments: A Stock solution of dye „Alizerin Red S‟ (ARS) 1000 mg/L was prepared 

and the operating solutions were prepared by diluting the stock solutions. The adsorption experiments were 
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carried out by batch method by varying shaking time, pH scale, concentration of adsorbate, mass of adsorbent 

and temperature. For adsorption experiments, the PVA-ANM/CTAB microspheres 0.25g and 25ml „ARS‟ 

solution of 25mg/L concentration at pH 8 and temperature 25℃ was stirred in an orbital shaking incubator with 

temperature control (SONAR-159) at 200 rpm for 150 min. The amount of „ARS‟ dye present in solution 

(before and after equilibrium adsorption) was determined by using UV-visible spectrometer (Systronics-117). 

The sorption degree (removal efficiency) and sorption capacity of the sorbent were calculated according to Eq. 1 

and 2, respectively:- 

 𝑆𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑑𝑒𝑔𝑟𝑒𝑒 =
𝐶𝑖 − 𝐶𝑒
𝐶𝑖

× 100%                                         (1) 

 

                                            Sorption Capacity =
Ci−Ce ×V

m
                                                  (2) 

where Ci and Ce (mg/L) are initial and equilibrium concentration of „ARS‟ dye solution, respectively. V (L) is 

volume of adsorbate solution, subjected to sorption and m (g) is weight of adsorbent. 

Desorption Study: After adsorption experiments, ARS loaded PVA-ANM/CTAB microspheres was collected 

by filtration, washed and desorption study conducted with acetic acid of distinct strength ranging from 0.05 to 

0.3 M. Desorption efficiency was evaluated by Eq.3.  

                          𝐷𝑒𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐴𝑚𝑜𝑢𝑛𝑡  𝑜𝑓  𝑑𝑦𝑒  𝐴𝑅𝑆  𝑑𝑒𝑠𝑜𝑟𝑏𝑒𝑑

𝐴𝑚𝑜𝑢𝑛𝑡  𝑜𝑓  𝑑𝑦𝑒𝐴𝑅𝑆  𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑  
× 100                   (3) 

2.4. Characterization of adsorbent  

2.4.1. XRD Analysis: The crystalline nature of PVA-ANM/CTEB adsorbent was studied on a Brucker D8 

advanced X-ray diffractometer with scanning range from 20o to 80o (2𝜃) using Cu-Ka radiation with wavelength 

of 1.5406 Ao. 
2.4.2 SEM Analysis: The morphological and size of the PVA-ANM/CTAB adsorbent before and after „ARS‟ 

dye adsorption, samples were viewed using a scanning electron microscope. 

2.4.3. FTIR Analysis: Characteristics functional groups present on adsorbent PVA-ANM/CTAB before and 

after adsorption were recorded by Perkin–Elmer FTIR spectrophotometer.  

2.4.4. TEM Analysis: The average particle size, morphology and size distribution of iron-oxide nanoparticles 

were examined using TECNAI-G-20 TEM at a voltage of 200 KV. 

III. RESULTS & DISCUSSIONS 

3.1. Characterization of PVA-ANM/CTAB adsorbent 

3.1.1. XRD Analysis 

Powder XRD was carried out to identify the nanocrystalline structure of the iron-oxide and the amorphous 

nature of PVA-ANM/CTAB. Fig. 3 showed five characteristics peaks (2𝜃=26.93, 31.89, 38.87, 41.23 and 

45.55). The position and relative intensities of all diffraction peaks match well with those from the JCPDS file 

number 89-5984 for nano magnetite Fe3O4 and reveal that the prominent phase formed is Fe304 with resultant 

nanoparticles of pure magnetite with boxy structure. Nano magnetite particles are obtained according to the 

reaction:- 

                                  2FeCl3 + FeCl2 + 8NH4OH → Fe3O4 + 8NH4Cl + 4H20 

3.1.2. FTIR Analysis  

Numerous chemical groups have been proposed to be responsible for the adsorption of dye such as carboxyl, 

hydroxyl and amino group. FTIR spectra of adsorbent before (a) and after adsorption of dye ARS (b) displayed 
in Fig. 4. Their relative importance in dye sorption may depend on factor such as the quantity of sites, 

accessibility, chemical state and affinity between site and dye. The vibrancy signals of adsorbent before and 

after sorption of „ARS‟ dye were different, indicates bands close to 3460 cm-1 due to –OH stretching in carboxyl 

group and near 1609 cm-1 due to C=O asymmetrical stretching of –COOH group and near 1540cm-1 due to -NH2 

group. The band at 1086 cm-1 is attributed to the –C-O stretching. There is an obvious absorption band at the 

low frequency zone of 450-750 cm-1, which is assigned to the stretching vibration of the Fe-O band in iron 

oxide. The characteristic peak at 529.21 cm-1 relates to Fe-O group, which indicates the loading of nano iron 

oxide particles on adsorbent by the electrostatic interaction and chemical reaction through cross-linker. By 

comparing the spectra of magnetite microspheres before adsorption and after adsorption, the following 

conclusions could be drawn. The shifting of –OH stretching band from 3385 to 3460 cm-1 suggests the 

attachment of adsorbate dye. The shifting of the C-O band to the lower frequency from 1034 to 1027 cm-1 can 

be attributed to the association of the hydroxyl group with adsorbate dye and shifting of –NH2 band from 1540 
to 1515 cm-1 suggests the attachment of adsorbate. A slight shift of Fe-O band from 495 to 517 cm-1 shows the 

adsorption of some of the adsorbate dye ARS onto the nano iron-oxide surface.  
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      Fig. 3 XRD Image of PVA-ANM/CTAB                             Fig. 4 FTIR spectra of adsorbent   

3.1.3. SEM Analysis  
SEM images of adsorbent PVA-ANM/CTAB were obtained for before and after adsorption of dye are revealed 

in Fig. 5(a) and (b), respectively.  It is clearly visible from image that the constituted co-polymeric nano 

magnetite particles of adsorbent are not compatible and hence resulted in a blend of heterogeneous surface and 

has porous morphological view. The surface of adsorbent has covered by adsorbate and become smooth after 

adsorption.  

 

3.1.4. TEM Analysis 

TEM images of nanoparticles Fig. 6 shows almost spherical iron-oxide particles with an average size between 2 

to7 nm. It should be noted however, that the majority of particles were scattered, a few of them showing 

aggregates indicates stabilization of the nanoparticles    

      
 Fig. 5 SEM images of PVA-ANM/CTAB                                      Fig. 6 TEM images of PVA-ANM/CTAB 

 

3.2. Adsorption Isotherms 

        The parameters obtained from the different models provide important info on the adsorption mechanism 

and also the surface properties of the adsorbent and the design of adsorption systems. Adsorption isotherms, 

ascribes how adsorbate molecules interact with adsorbent particles and are thus critical in optimizing the use of 

chemically modified solid materials. The experimental data were compared by applying most widely accepted 

adsorption equilibrium models Langmuir and Freundlich isotherm models.  

3.2.1. Langmuir Isotherm: The empirical non linear Langmuir isotherm model is given by Eq.4:-  

                               
𝑞𝑒

𝑞𝑚
=

𝐾𝐿𝐶𝑒

1+𝐾𝐿𝐶𝑒
                                                                    (4)                                                                            

where qe is dye concentration on adsorbent at equilibrium(mg/g), Ce is the dye concentration in solution at 

equilibrium(mg/L), qm is adsorption capacity of adsorbent(mg/g) and KL the Langmuir adsorption constant 

related to energy (L/mg) . The linearized equation of Langmuir is represented as follows:- 

                               
1

𝑞
=

1

𝑞𝑚
+

1

 KL  qm Ci
                                                             (5) 

where Ci is the initial dye concentration (mg/L). The value of KL and qm were calculated by the slope and 

intercept of the plot between 1/q and 1/Ci, respectively. The essential characteristics of Langmuir isotherm can 
be expressed in terms of dimensionless constant called separation factor RL, is defined by Eq.6:-  

                               𝑅𝐿 =
1

𝐾𝐿𝑞𝑚𝐶𝑖
                                                                    (6) 
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  The value of this parameter indicated the shape of the isotherm, for in which RL>1 is unfavorable, RL =1 is 

linear, 0< RL< 1 is favorable and RL=0 is irreversible. In present sorption systems RL value was obtained 0.323 

proves favorable adsorption of dye on PVA-ANM/CTAB.  
 

3.2.2. Freundlich Isotherm: The Freundlich isotherm model can be applied for non ideal adsorption on 

heterogeneous surfaces and multilayer adsorption. Its basic assumption is that non-uniform distribution of 

adsorbate on heterogeneous surface with physio-sorption. Linear form of the Freundlich isotherm model is given 
by Eq. 7  

                                         𝑙𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝐾𝐹 +
1

𝑛
𝑙𝑜𝑔𝐶𝑒                                                                       (7) 

    where qe is amount of dye adsorbed per unit of adsorbent (mg/g), Ce is the dye concentration in solution at 

equilibrium (mg/L), KF and 1/n are Freundlich empirical parameter related to multilayer adsorption capacity and 

adsorption intensity, respectively. KF and 1/n may be obtained from the linear plot of log qe versus log Ce, as 

depicted in Fig. 7 (b). Value of n is 0.502 (>1) it also indicated the favorable adsorption of dye on adsorbent 

PVA-ANM/CTEB. 

 

      Fig 7(a) Langmuir Isotherm                                                Fig 7(b) Freundlich Isotherm 

 

Table 1 Values of Langmuir and Freundlich isotherm of dye ARS Uptake on PVA-ANM/CTAB 

Langmuir Isotherm Freundlich Isotherm 

  qm 

 
KL 

 
    R

2
 RL       KF 

 
  n    R

2
 

  

118.6 

 

0.084 

 

0.839 

 

0.323 

 

   5.128 

 

0.502 

 

0.975 

 

3.3.  Adsorption Kinetic Study  

     Adsorption kinetic study provides valuable insights information of reactions pathway. The three most 

commonly used kinetic models suggested by Lagergren, Ho McKay and Weber & Morris. 
3.3.1. Pseudo-first order kinetic model: Lagergren proposed pseudo-first order kinetic model. Integral form of 

model is given by Eq. 8:- 

                       𝑙𝑜𝑔(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑜𝑔𝑞𝑒 −
𝐾𝑎𝑑

2.303
𝑡                                            (8)       

  where qe and qt are the adsorption capacity (mg/g) at any time (t) and equilibrium, respectively. Kad is the 
pseudo-first orders rate constant of adsorption, calculated from linear plot of log (qe−qt) versus t, values are 

listed in Table 2. 

3.3.2. Pseudo-second order kinetic model: The linear integral form of the pseudo-second order kinetic model 

(Ho McKay model) is:-                         

                            
𝑡

𝑞𝑡
=

1

𝑘2
′  𝑞𝑒

2 +
1

𝑞𝑒
2t                                                               (9) 

 where k2‟qe
2= h (mg/g. min) can be regarded as initial adsorption rate when t→0 and k2‟ is the rate constant of 

pseudo-second order kinetics. The plot of t/qt versus t gave a straight line, qe
2and h can be determined from slope 

and intercept, respectively as depicted in Fig. 6 (b). Values are given in Table 2. The best fit to the pseudo-

second order kinetics indicates that the adsorption mechanism depends on adsorbate and adsorbent [19, 20].  
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3.3.3. Intraparticle Diffusion: Kinetics sorption of a material on to sorbent follows three steps i.e., pore 

diffusion, film diffusion and intraparticle transport. Mostly pore diffusion is rate limiting step during batch 

process [21, 22]. Thus in order to evaluate rate controlling step plot was drawn between adsorbed amounts of 

dye on adsorbent qt vs. t1/2 as depicted in Fig. 6(c), intraparticle diffusion rate constant Kp (gm/g. min1/2) was 

determined from linear portion of curve by Morris Weber Eq. 10:-  

                          qt = Kp t
1/2+C                                                                                                        (10) 

Adsorption follows intraparticle diffusion with R2 0.935 proved physical phenomenon impact.   

 

Fig. 6(a) Pseudo-I order model               Fig. 6(b) Pseudo-II order model             Fig. 6(c) Intraparticle Diffusion 

 

Table 5.2 Results of Kinetic parameters for Dye ARS Uptake on PVA-ANM/CTAB 

Pseudo First Order Model Pseudo Second Order Model Intraparticle Diffusion  

     qe 

mg/g 
   k1 

min-1 
   R

2
    qe

2
 

mg/g 
       k2 

 /mg min 
     h 

 mg/g min 

R
2
       Kp 

g /mg  min-0.5  
    R

2
 

 
   8.00 

 
  0.005 

 
0.640 

 
 1.311 

 
    0.029 

 
14.973 

 
0.944 

 
    0.055 

 
 0.935 

 

3.4. Sorption Mechanics of ‘ARS’ dye onto PVA-ANM/CTAB 

          Surface characteristics of PVA-ANM/CTAB adsorbent and pH of solution plays an important role 

adsorption. At pH 8 if the acid-base interaction were the key sorption mechanism, anionic pollutants may be 

expected to have larger affinity to   group of adsorbent [23-25]. The most suitable mechanism of dye ARS 

adsorption onto PVA-ANM/CTAB may be expressed in Fig. 7. The cross-linked polyvinyl alcohol-alginate 

contains oxalate (--O-), carboxylate (---COO-) and hydroxyl (--OH-) groups. When these co-polymeric matrix 

of PVA-Alginate modified with cetyl trimethyl ammonium bromide (CTAB),        the hydrophobic groups of 

CTAB interact and attached with carboxyl ate (a), hydroxyl (b) and oxalate (c) groups respectively. Dye „ARS‟ 
attached with cationic ammonium ( ) group of CTAB by electrostatic interaction. In addition with electron 

deficient nano magnetic iron-oxide particles with in PVA-A/CTAB co-polymeric    matrix may be co-ordinate 

by sulphonate group of „ARS‟ dye (d). 

                                                         

                   Fig. 7. Mechanism of „ARS‟ dye Adsorption onto PVA-ANM/CTAB 
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3.5. Factor affecting adsorption of dye ‘ARS’ onto PVA-ANM/CTAB microspheres 

Effect of pH: The effect of pH on uptake of dye was analyzed within the range between 2 to 12 as shown in Fig. 

8(a). The maximum adsorption ≥ 98% observed at pH 8, because surface charge of adsorbent become negative 

due to the deprotonation of the phenolic group present in „ARS‟ dye solution and the removal efficiency of 

adsorbent will get a significant enlargement. 

Effect of Adsorbent dose: The impact of adsorbent dose on adsorption of dye were studied  by varying amount 

of adsorbent from 0.05 to 0.30 g using a fixed dye concentration of 25mg/L for 150 min, as shown in Fig. 8(b). 

Maximum sorption occurred at adsorbent dose of 0.25g.  Increasing of adsorption with increasing of adsorbent 
dose will be owing to the more availability of free binding sites.  

Effect of Time: Agitation time is one of the important factors in adsorption process. The removal of „ARS‟ dye 

was studied as a function of contact time in the range between 10 and 240 minutes. The results depicted that 

with the increase of contact time the percentage adsorption also increased. The maximum removal obtained at 

150 min, as shown in Fig.8(c).  

Effect of Concentration: Effect of initial ARS dye concentration on adsorption was studied in the range of 5 to 

50 mg/L. Adsorption percentage increased with increase in initial dye concentration and found maximum ≥ 96% 

removal at 25 mg/L as shown in Fig. 8 (d). On increasing the concentration of adsorbate, more ions of the dye 

arrive at the interface and get adsorbed. At higher concentrations, more dye molecules were left in solution due 

to saturation of limited binding sites on the adsorbent [26].  

 

Fig. 8(a) Effect of pH                                             Fig. 8(b) Effect of Adsorbent dose 

     

Fig. 8(c) Effect of Time                                               Fig. 8 (d) Effect of Concentration 

Effect of Temperature: Effect of temperature on uptake of dye ARS was investigated at various temperature 

ranged between 15 and 55℃, it is very important for kinetics and thermodynamic point of view. The result is 

illustrated in Fig. 8 (e). It was observed that maximum removal of dye occurred at 25 ± 2℃ and adsorption 

yield decreases with increase in temperature because molecules move with great speed and less time of 

interaction was available for dye anions with adsorbent material, due to decrease in the viscosity of solution 

[27].  
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Fig. 8(c) Effect of Temperature 

3.6. Desorption and Regeneration Study 

          An adsorbent will be significant in waste-water treatment when it has good adsorption capacity as well as 

the regeneration and reused ability in adsorption/desorption cycles. Desorption studies carried out by different 

concentration of acetic acid ranging from 0.025 to 0.30 M. Maximum desorption ≥99 %, obtained with 0.15M 

CH3COOH as shown in Fig. 9(a). For practical applicability of regenerating adsorbent, dye loaded PVA-

ANM/CTAB microspheres treated with 0.15M acetic acid by repeating adsorption-desorption process for six 

regenerating cycles, there was negligible changes observed in initial sorption capability of adsorbent as shown 

in Fig. 9 (b). Hence PVA-ANM/CTAB sorbent has potential to uptake dye „ARS‟ repeatedly from contaminated 
water. 

 

          
                 Fig. 9(a) Desorption of Adsorbent                                      Fig. 9 (b) Regeneration of Adsorbent 

IV. CONCLUSIONS 
            A novel adsorbent PVA-ANM/CTAB microsphere was synthesized by in-situ magnetization and 

assessed for effective adsorption of ARS dye by batch sorption system. The maximum removal of dye was 

noticed at pH 8 and 25(±2)
0
C in 150 min. Sorption data closely fitted with Freundlich isotherm model. The 

process of adsorption follows the pseudo second order kinetic equation. Results revealed that the physio-

sorption is predominant mechanism in surface assimilation. Hence the adsorbent PVA-ANM/CTAB 
microspheres has been found to be very effective, efficient, ecofriendly and economical adsorbent for the 

removal of anionic dyes from water and wastewater and could be regenerate and reused several times tracing 

negligible losses in their initial sorption capability. Results obtained prove that adsorbent has potential as an 

inexpensive adsorbent for removal and recovery of anionic dyes from contaminated water. 
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