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Abstract  

The tremendous increase in the usage of heavy metals over the past few decades resulted in 

an increased flux of metallic substances in the aquatic environment which requires special 

concern because of their persistency. The investigation illustrates  the removal of heavy 

metals from waste water by coconut husk based polymer/graph The method of graphene 

oxide (GO) synthesis involves the single-step reforming of Coconut husk agricultural waste 

material by oxidation under muffled atmosphere condition.ene oxide composites (CHGO)  

which is expected to act as good adsorbent materials.  The graphene oxide (CHGO) and the 

corresponding  composites  PVP/CHGO and PEG/CHGO were characterized by Fourier 

transform infrared (FTIR), X-ray Diffraction Analysis (XRD) and scanning electron 

microscope (SEM) analysis. The adsorption study of  Coconut husk Graphene oxide (CHGO) 

and its composites viz., Polyvinylpyrrolidone (PVP)/ Coconut husk Graphene oxide 

nanocomposite (PVP/CHGO) and Polyethyleneglycol (PEG)/ Coconut husk Graphene oxide 

nanocomposite (PEG/CHGO) was carried out  for the removal of heavy metals from 

simulated waste water and results were compared. The performance analysis was carried out 

as a function of various operating parameters, such as initial concentration of metal ion, 

adsorbent dosage, contact time, and pH. The studies revealed that materials are effective in 

removal of heavy metals. The Pseudo-first, Pseudo-second order and Elovich kinetic Models 

were used to analyse the adsorption equilibrium.    

Keywords: Graphene oxide, Polymer composite, adsorption, heavy metals, kinetic Models. 
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 1.INTRODUCTION rece 

          In environment research, the removal of heavy metals by adsorption using agro based 

materials emerged as  a powerful technology to treat wastewater due to its easy operating 

requirements and low cost.  In this context,  Graphene oxide (GO) has  attracted major 

research attention due to the    wide range of envisaged applications across several scientific 

and engineering fields including physics, chemistry, biology, and medicine [1-5].  The 

original method for the preparation of GO is based on the addition of potassium chlorate to a 

slurry of graphite in fuming nitric acid [6]. This synthetic protocol can be improved by using 

concentrated sulfuric acid as well as fuming nitric acid and adding the chlorate in multiple 

aliquots over the course of the reaction [7]. In the commonly used Hummers’ method [8], 

graphite is oxidized throughout treatment of KMnO4 and NaNO3 in concentrated H2SO4 acid 

all these procedures involve the generation of NO2, N2O4, and ClO2, toxic gases which are 

also explosive. Also, various techniques such as mechanical exfoliation techniques, and 

Chemical Vapor Deposition (CVD) techniques and other chemical techniques have been 

developed for the synthesis of graphene and graphene oxide materials. Many of these 

techniques are highly sophisticated and expensive [9]. Most of the commercially available 

GO samples were prepare by Hummers' method or a modified version of it. In compare with 

the Hummers' method, our method is more environment friendly as it avoids toxic gas 

emission during synthesis. The synthesis technique reported here is a quite efficient asset for 

demonstrating a new procedure for the production of graphene oxide from agro waste in 

simple steps. This simple and low-cost process could lead to new opportunities for cost-

effective production of GO [10,11]. Here,  we reported on the synthesis of graphene oxide by 

directly oxidizing coconut husk under muffled atmosphere. The GO produced by this method 

is called COMA-GO (coconut husk oxidized under muffled atmosphere for graphene oxide). 

Furthermore, the structural characteristics of the obtained product are confirmed by X-ray 

diffraction, Fourier transmission infrared spectroscopy, and High Resolution Scanning 

Electron Microscopic Analysis (HRSEM) and Raman spectroscopy.  There is very little effort 

has been done to use PVP and PEG alone as an adsorbent without forming any 

nanocomposite for the removal of heavy metals from aqueous solution.  Hence, our present 

effort has been made to evaluate polymer composites as an effective adsorbent for the 

removal of heavy metals from aqueous solution.  



  

2.  Materials 

The materials used for the preparation of simulated wastewater were Copper Nitrate, 

Lead Nitrate and Cadmium Nitrate purchased from Merck, was of purity 98-99%.The H3PO4 

HCl and NaOH All other chemicals used were analytical grade and used as such. The coconut 

husk is collected from agriculture waste. 

3. Experimental  

3.1 Preparation of Graphene oxide from Coconut husk  

Coconut husk is a type of agricultural waste.  It was washed repeatedly in tap water and 

distilled water thoroughly to remove dust and other impurities and then oven dried at 

100±5°C for 24 hours. The Coconut husk was crushed and ground well in order to produce 

powder. This crushing and separating process was repeated several times to obtain fine 

powder. About 0.5 g of ground Coconut husk powder mixed with 0.1 g of ferrocene,  placed 

in a crucible and kept in  muffle furnace at 300 °C for 10 min under atmospheric conditions. 

The as-produced black solid (CHGO) Coconut husk based graphene oxide was collected at 

room temperature [12]. 

3.2 Preparationofpolymernanocomposites (PVP/RHGO and PEG/CHGO)  

 The powdered CHGO was treated with an emulsion of readily available synthetic 

polymer-PVP. Nine parts by weight of graphene oxide (CHGO) was mixed with one part by 

weight of PVP to form a semisolid mass. The agglomerated product was dried and ground 

into fine powder. The adsorbent was dried at 1100C for 2 hours. This powder was then used 

as an adsorbent material. As mentioned above the other polymer composites are prepared 

using PEG and named as PEG/CHGO.[13-15]. 

3.3.Preparation of Simulated wastewater 

The 1000 ppm standard solutions of Copper, Cadmium and lead were prepared by 

dissolving measured quantities of their respective salts in distilled water. The simulated 

wastewater was prepared by using measured amount of standard solutions. The concentration 

of Cu, Cd and Pb were 20 ppm, 10 ppm and 5 ppm respectively. 

3.4. Adsorption experiment  

Adsorption experiment was carried out by measuring 25mL of the simulated 

wastewater sample and poured into a 100 mL conical flask. 0.6 g of the synthesized CHGO, 



PVP/CHGO and PEG/CHGO nanocomposite were added to different conical flask containing 

25mL of wastewater. The conical flask containing the adsorbent and the wastewater was 

placed on a rotary shaker and shook at 120 rpm at a room temperature of (30oC) for a period 

of 150 min to ensure equilibrium. The suspension was filtered using Whatman No.1 filter 

paper. The concentration of remaining metal ions in the adsorption medium was determined 

by UV-Visible spectrophotometer [16-18]. 

The metal concentration (mg/g) of the adsorbent phase (qe) and the removal efficiency (%) of 

the adsorbent preparations was calculated using the following equations respectively: 

 

  𝑞𝑒 = 𝐶0−𝐶𝑒𝐶0 × 𝑉 ------------- (1) 

 Removal efficiency (%) = 𝐶0−𝐶𝑒𝐶0 × 100--------------- (2) 

Where Co and Ce are the concentrations (mg/l) of metals ions before and after adsorption 

respectively, V (ml) is the volume of the metal ions and m (g) is the mass of the adsorbent. 

 

3.4.1. Effect of Contact Time: To study the effect of contact time 0.2 gram of adsorbent is 

taken in 25ml of aqueous solution of initial metal ion concentration 20, 10, 5 mg/ L, at the 

shaking was provided for 30 minutes. The experiment was repeated for different time 

intervals like 30, 60, 90, 120, 150 minutes at constant agitation speed 120 rpm, after each 

interval of time, the sample was filtered and was analyzed for determination of optimum 

contact time.  

3.4.2.  Effect of Adsorbent Dose: The effect of adsorbent dosage on the amount of Metal ion 

adsorbed was obtained by agitating 25ml of metal ion solution of 20, 10, 5mg/ L, separately 

with 0.2, 0.4, 0.6, 0.8 and 1.0 grams of adsorbent at room temperature for optimum shaking 

time at constant agitation speed. The filtered solution of Metal was analyzed with the help of 

by UV-Visible spectrophotometer.  

3.4.3.  Effect of pH: The effect of pH was studied using the stock solution of concentration 

20, 10, 5mg/ L, was treated with dilute acid in order to maintain the pH value to 2, 4, 6 and 

base to maintain the pH up to 10. The acid used was freshly prepared HCl and base was 

NaOH. After setting the pH of the ranges 2, 4, 6, 8 and 10 in different flasks, 25ml stock 

solution and 0.2 g CHGO, PVP/CHGO and PEG/CHGO was added into each Conical  flask 



and allowed to undergo shaking for 150 min. The filtered solution of Metal ion was analyzed 

with the help of by UV-Visible spectrophotometer.  

4. CHARACTERISATION METHODS 

The preparation of Graphene oxide from Coconut husk CHGO, PVP-CHGO and PEG/CHGO 

composites were characterized by spectral methods. A principle of FT-IR spectrophotometry 

is it relies on the fact that the most molecules absorb light in the infra-red region of the 

electromagnetic spectrum. X-ray diffraction patterns were collected from 10° to 60° in 2θ by 

a XRD with CuKα (λ = 0.1542 nm) radiation on a D8 Advance (Bruker-AXS) diffract meter. 

Surface morphology of samples was analyzed by scanning electron microscope (HR-SEM, 

S2600 HITACHI). Raman analysis was carried out at room temperature using a Raman 

spectroscopy (Renishaw InVia, UK) with a 514 nm laser light [19-23]. UV/Visible Scanning 

Spectrophotometer SHIMADZU 1800 using pure components or mixture of components can 

be used as standard samples [16,17,24]. 

The Scherrer’s equation[25] 

0.89

cos
D


 


      ---------------               (3)

 

Where λ is the wavelength (CuKα), β the full width at half-maximum (FWHM) of the 

CHGO, PVP/CHGO and PEG/CHGO nanocomposite. 

5. RESULT AND DISSCUSSION 

5.1 Fourier Transform Infrared (FTIR) Spectroscopy 

  

 



 

Fig.1. FT-IR spectra recorded for CHGO, PVP/CHGO and PEG/CHGO  

The FTIR spectra of graphene oxide prepared from rice husk, sugarcane bagasse and 

coconut husk presented in Fig.1. The broad band located at about 3200 – 3500 cm-1 is 

assigned to the O–H stretching vibrations of water absorbed on RHGO, SBGO and CHGO. 

The band at 1598 cm-1 may be attributed to asymmetricC=O stretching of unoxidised 

graphitic domains. The band at 1060 cm-1 can beattributed to C–O (epoxy) groups. The band 

at 2960 cm-1 attributed to C-H stretching of aliphatic group. The band at 878 cm− 1 

corresponds to the contribution from C-H bond vibration in aromatic compounds. The band at 

1425 cm-1 the stretching vibration of the CN groups of PVP.The stretching vibratin of C-H all 

948 and 2879cm-1 corresponding to –CH2 ofPEG. The bands of CH-CH2 asymmetric and 

symmetric stretching found at 2908cm-1 and    2873 cm-1 respectively.The C-C and C-O 

stretching vibration is observed at1133 cm-1 and 1287cm-1 respectively. 

5.2. X-ray Diffraction Analysis (XRD): 

 

 

 
Fig.2. X-ray diffraction pattern ofCoconut husk (a), CHGO, (b) PVP/CHGO and            

(c), PEG/CHGO 

a b 



The XRD pattern of graphene oxide prepared from agricultural waste materials such 

as coconut husk was displayed in Figure.2(a). The structural and chemical analysis of 

coconut husks is clearly described by previous investigators. In this study, we have presented 

the XRD pattern of the CHGO which is shown in Figure 2(a). The peak at 2θ = 

12.79°indicates that the agricultural coconut husk is fully oxidized into graphene oxide with 

the interlayer distance of 0.78 nm. The agricultural coconut husk is fully oxidized into 

graphene oxide. The 2θ peaks of the CHGO obtained by the single-step oxidation of coconut 

husk are consistent with the results of previous studies [26,27]. This XRD pattern can be 

attributed to well graphitize two-dimensional structures made of GO nano sheets.  

5.3. High Resolution Scanning Electron Microscopic Analysis (HRSEM) 

  

 

 

 

Fig.3. HRSEM images of (a) CHGO, (b) PVP/CHGO and (c) PEG/CHGO 

c 

a b 



The HRSEM image (Fig. 3 (a)) shows that few layered graphene oxides are formed, although 

the HRSEM image suggesting the multi-layer nature of the presently prepared graphene 

nanosheets. The scanning electron micrograph for the PVP/CHGO and PEG/CHGO  

nanocomposites materials (Fig.3 (b) and (c)) demonstrates that a homogeneous system with a 

micrometer order of magnitude was obtained. The functionalization, GO exhibits a three-

dimensional network of randomly oriented sheet-like structures with a wrinkled texture and 

hierarchical pores with a wide size distribution. 

5.4. Fourier Transform Raman (FT-Raman)spectroscopy  

 

Fig.4. Raman spectrum of GO form Coconut husk (CHGO) 

The Raman spectrum of graphene oxide synthesized from coconut husk [27] is shown in 

Figure 4. GO displayed two prominent peaks at 1377 and 1590 cm-1, which were 

corresponded to the D and G bands, respectively. The two D and G bands at 1377 cm-1 and 

1590 cm-1[28]indicate the clear sp2 carbon hybridization in the observed multi-layer stacks 

[29]. Thus, ID/IG peak intensity ratios are assigned to lower defects/disorders. Raman spectra 

show an intensity ratio of ID/IG at 0.9853 for GO which is in line with previous 

investigations [27, 30, 31]. 

 

 

 

 

 

 



5.5. Adsorbent method 

5.5.1. Effect of Contact Time 

 

 Fig.5. Effect of Contact time on adsorption of Lead, Copper and Cadmium metal 

ions pH=6 (dose= 0.6)  

The CHGO, PVP/CHGO and PEG/CHGO nanocomposites as an adsorbent dosage of 0.6 g. 

The is shown in fig 5.The percentage removal of metal ions approached equilibrium within  

120 min of adsorption capacity of Copper 96.66, 99.34, and 99.51,and 84.92, 89.31,  and 

89.95 for Cadmium, 95.99, 98.19,  and 98.39 of lead; removal of metal ions respectively. 

This may be due to the heterogeneity obtained by the presence of functional groups on the 

surface of the polymer composites. This may be due to the orderly arrangement of polymer 

matrix [32, 33]. 

5.5.2. Effect of Adsorbent Dosage 

 



Fig.6. Effect of Adsorbent dosage on adsorption of Lead, Copper and Cadmium metal 

ions pH=6 (Contact time= 120) 

The effect of dosage of adsorbent CHGO, PVP/CHGO and PEG/CHGO composites at a 

Contact time of 120 min is shown in fig 6 .The percentage removal of metal ions approached 

equilibrium within 0.6 g of adsorption capacity 96.24 and 98.67  of lead; Copper 97.98; 

80.27, 84.79, and 85.87 for cadmium and the 0.4g adsorption capacityPEG/CHGO 98.71 of 

lead and PVP/CHGO, PEG/CHGO Copper 99.26 and 99.48 removal of metal ions 

respectively, after which further increase in adsorbent dosage[34,35], brought no increase in 

adsorption, which was as a result of overlapping of adsorption sites due to overcrowding of 

adsorbent particles[36]. 

5.5.3. Effect of pH 

 

 Fig.7. Effect of pH on adsorption of Lead, Copper and Cadmium metal ions 

pH=6 (dose= 0.6)  

 The CHGO, PVP/CHGO and PEG/CHGO composites at a Contact time of 120 min 

with absorbent dosage of 0.6gm at pH 6, shows maximum removal of Copper 97.67, 99.58 

and  99.51; 84.93, 89.26 and 89.97 for Cadmium 95.98, 98.10, and 98.39 for lead 

respectively. From the results above, it reveals that the adsorption capacity of CHGO, 

PVP/CHGO and PEG/SBAC depends on the pH of Stimulated waste water. At lower pH 

values, the large number of H+ ions neutralizes the negatively charged adsorbent surfaces, 

thereby reducing the hindrance of the metal ions. At high pH values, the reduction in 

adsorption may be due to the abundance OH- ions causes increased hindrance to the diffusion 

of metal ions [37]. From fig 7. the percentage removal of metal ions increases sharply and 



attain maximum at pH 6, for CHGO, PVP/CHGO and PEG/CHGO composites. Thereafter, 

the percent removal decreases with increase in pH. There is no significant adsorption takes 

place beyond pH=6. 

5.6. ADSORPTION KINETICS: 

In order to investigate the mechanism of total copper, cadmium and lead adsorption onto 

adsorbents three kinetic models were studied; Lagergren′s first –order, Pseudo – second order 

and Elovich kinetic models [38]. 

5.6.1. LAGERGREN′S FIRST-ORDER KINETIC MODEL 

       The pseudo-first-order kinetic model of lagergren is more suitable for lower 

concentration of solute and its linear form is [39] 

𝐥𝐨𝐠(𝐪𝐞 − 𝐪𝐭) = 𝐥𝐨𝐠 𝐪𝐞 −  𝐤𝟏𝟐.𝟑𝟎𝟑  𝐭       ------------ (6) 

Where, qt (mg g-1) is the amount of adsorbate adsorbed at time t [min]; qe [mg g-1] is the 

adsorption capacity in the equilibrium; k1 [min-1] is the rate constant of pseudo-first-order 

model.  

The value of k1 and qe for CHGO, PVP/CHGO and PEG/CHGOnanocomposite adsorbents 

was determined from the plot of log [qe-qt] vs. time which is shown in Fig.8. The correlation 

coefficient, R2[40, 41]for CHGO, PVP/CHGO and PEG/CHGOnanocomposite was presented 

in Table.1, 2 and 3. 

  

 



 

Fig.8.Lagergren first-order –kinetic modelfor the adsorption of removal Cu, Cd and Pb 

metal ions with CHGO, PVP/CHGO and PEG/CHGOnanocomposite  

5.6.2. PSEUDO-SECOND-ORDER KINETIC MODEL 

Adsorption kinetic was explained by the pseudo-second-order model expressed as following 

linear equation [42, 43] 

𝒕𝒒𝒕 =  𝟏𝒌𝟐𝒒𝒆𝟐 + 𝒕𝒒𝒆       -------------- (4) 

Where, k2 is the second order rate constant [g mg-1 min-1]. The values of k2 for removal of 

Cu, Cd and Pb by CHGO, PVP/CHGO and PEG/CHGO adsorbents was calculated from the 

slopes of the respective linear plots of t/qt vs. t [Fig.9.]. The correlation coefficients, R2 

values for CHGO, PVP/CHGO and PEG/CHGO respectively suggest a strong relationship 

between the parameters and also explain that the process follows pseudo second order 

kinetics   [Table.1,2 and 3 ]. 

  

 



 

 

Fig.9.Pseudo second-order –kinetic modelfor the adsorption of removal Cu, Cd and Pb 

metal ions with CHGO, PVP/CHGO and PEG/CHGOnanocomposite  

5.6.3. ELOVICH KINETIC MODEL Elovich model suggests that the chemisorptions, 

i.e. a chemical reaction, are probably the mechanism that controls the rate of adsorption.  This 

model can be applied with success in liquid solution and the linear form of the Elovich 

equation is[44]: 

𝐪𝐭 =  𝟏𝛃 𝐥𝐧 𝛂𝛃 +  𝟏𝛃 𝐥𝐧 𝐭--------------- (5) 

Where, 𝛼 [mg g-1] is the initial sorption rate and 𝛽 [g mg-1] is the desorption constant. The 

values of 𝛼 and 𝛽 can be calculated from the slope and intercept of the plot of qt versus ln t 

show in Fig.10. 

As can be seen from the fig.9, the values of R² are closer to unity for pseudo second 

order model than pseudo first order model and Elovich model is shown in table.1, 2 and 

3.Thus, adsorption of total metals onto adsorbent follows the pseudo second order model.  

Furthermore, values of qe (cal) calculated from pseudo second order model were in good 

agreement with experimental values, qe (exp) than those calculated from pseudo first order.  

The values of R2 for pseudo first order and Elovich model are lower than the pseudo second 

order model and thus indicate that pseudo first order and Elovich model cannot be adequate 

to describe the kinetic of adsorption of Cu, Cd and Pb metal ions onto CHGO,PVP/CHGO 

and PEG/CHGO.  



  

 

 

Fig.10. Elovich –kinetic modelfor the adsorption of removal, Cu, Cd and Pd metal ions 

with CHGO, PVP/CHGO and PEG/CHGO nanocomposite 

Table 1Kinetic Parameters of Cu metal ions 

Adsorbent 

 

 

qe(exp) Pseudo-first order kinetic Pseudo-second order 

kinetic 

Elovich kinetic model 

qe(cal) K1 R2 qe(cal) K2 R2 β α R2 

CHGO 0.8055 0.0679 0.0097 0.7697 0.8255 0.3053 0.9993 30.5810 10.1198 0.8122 

PVP/CHGO 0.8278 0.0971 0.0099 0.8763 0.8565 0.2112 0.9988 21.4592 15.1673 0.8482 

PEG/CHGO 0.8293 0.2112 0.0332 0.9506 0.8528 0.3004 0.9999 21.7391 24.0599 0.9665 

 

 

 

 



 

Table 2Kinetic parameters of Cd metal ions 

Adsorbent 

 

 

qe(exp) Pseudo-first order kinetic Pseudo-second order 

kinetic 

Elovich kinetic model 

qe(cal) K1 R2 qe(cal) K2 R2 β α R2 

CHGO 0.8055 0.0679 0.0097 0.7697 0.8255 0.3053 0.9993 30.5810 10.1198 0.8122 

PVP/CHGO 0.8278 0.0971 0.0099 0.8763 0.8565 0.2112 0.9988 21.4592 15.1673 0.8482 

PEG/CHGO 0.8293 0.2112 0.0332 0.9506 0.8528 0.3004 0.9999 21.7391 24.0599 0.9665 

 

Table 3 kinetic parameters of Lead metal ions 

Adsorbent 

 

 

qe(exp)  Pseudo-first order kinetic Pseudo-second order 

kinetic 

Elovich kinetic model 

qe(cal) K1 R2 qe(cal) K2 R2 β α R2 

CHGO 0.1910 0.0524 0.0154 0.9383 0.2046 0.4530 0.9975 47.6190 1.0228 0.9314 

PVP/CHGO 0.2046 0.0588 0.0138 0.9930 0.2213 0.3619 0.9966 39.3701 0.5370 0.9429 

PEG/CHGO 0.2049 0.0609 0.0161 0.9891 0.9978 0.3958 0.9978 40.8163 0.7252 0.9595 

 

Based on the analysis of the R2 of the linear form for various kinetics models as 

shown in table 1 to 3,  the pseudo second order model was more appropriate than other 

models to describe the adsorption kinetics behaviour  for all metal ions [Cu(II), Cd(II) and 

Pb(II)] onto the twenty four different adsorbents. The theoretical simulated curve as thin solid 

lines fitted the experimental data quite well, indicating a pseudo-second-order kinetic of 

metal ions of different adsorbent, and the chemisorptions were the rate controlling 

mechanism[45-47](Mohanty et al., 2005; Srivastavaet al., 2006; Radhika et al., 2006). 

Besides, the correlation coefficient of pseudo – first order model and elovich model 

were also almost higher than 0.9 which are shown in table 1 to 3, indicating that the 

adsorption mechanism based on these models may be partially involved in the adsorption 

process together with that of  pseudo – second order kinetics. 

 



 

6. CONCLUSION 

Graphene Oxide (GO) was prepared from naturally available agricultural material 

coconut husk. The PVP/CHGO and PEG/CHGO were prepared by solution mixing of PVP 

with CHGO and PEG with CHGO. Grapheme Oxide and its polymeric composites were act 

as excellent adsorbent materials for the removal of heavy metals from simulated waste water.  

The adsorption study of metal ion by CHGO, PVP/CHGO and PEG/CHGO nanocomposite 

was shown to depend significantly on the pH, adsorbent dosage, contact time and initial metal 

ion concentration. The study further demonstrated that the adsorption process was of pseudo 

– first order kinetic model, pseudo – second order kinetic model and elovich kinetic model. 

The pseudo – second order kinetic model is better fitting in removal of metal ions. This 

methodology can be applied to the removal of toxic metals from wastewater efficiently. 

Moreover, efficient reuse of the regenerated bio-adsorbent was found to be possible. The 

method was simple, cost effective and environmental friendly. 
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Figures

Figure 1

FT-IR spectra recorded for CHGO, PVP/CHGO and PEG/CHGO



Figure 2

X-ray diffraction pattern ofCoconut husk (a), CHGO, (b) PVP/CHGO and (c), PEG/CHGO



Figure 3

HRSEM images of (a) CHGO, (b) PVP/CHGO and (c) PEG/CHGO



Figure 4

Raman spectrum of GO form Coconut husk (CHGO)



Figure 5

Effect of Contact time on adsorption of Lead, Copper and Cadmium metal ions pH=6 (dose= 0.6)



Figure 6

Effect of Adsorbent dosage on adsorption of Lead, Copper and Cadmium metal ions pH=6 (Contact time=
120)



Figure 7

Effect of pH on adsorption of Lead, Copper and Cadmium metal ions pH=6 (dose= 0.6)



Figure 8

Lagergren �rst-order –kinetic modelfor the adsorption of removal Cu, Cd and Pb metal ions with CHGO,
PVP/CHGO and PEG/CHGOnanocomposite



Figure 9

Pseudo second-order –kinetic modelfor the adsorption of removal Cu, Cd and Pb metal ions with CHGO,
PVP/CHGO and PEG/CHGOnanocomposite



Figure 10

Elovich –kinetic modelfor the adsorption of removal, Cu, Cd and Pd metal ions with CHGO, PVP/CHGO
and PEG/CHGO nanocomposite


