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Abstract: Adsorption of copper ions from aqueous solution onto the composite biomaterial 

made of Dromaius novaehollandiae feathers (DNF) and Chitosan (CH) has been investigated 

to evaluate the effects of contact time, pH, initial adsorbate concentration, adsorbent dosage 

and temperature by one variable at a time method initially followed by a three level full 

factorial design of Response Surface Methodology (RSM) for understanding the interactive 

effects of operating parameters.  Kinetic, equilibrium and thermodynamic calculation results 

showed that the kinetics followed pseudo second order, equilibrium models fitted to 

Langmuir and Freundlich, and thermodynamic parameters indicated that the process was 

spontaneous, irreversible and endothermic in nature. From the results of RSM, optimum 

values for adsorptive removal of copper by the DNF-CH composite were determined as 6.93 

g/L
 
of adsorbent dosage, 19.7748 mg/L of initial adsorbate concentration and a neutral pH of 

7. Maximum percentage of copper adsorption was found to be 93.91% (18.78mg L
-1

). The 

adsorbent was characterized before and after adsorption by SEM – EDS, FTIR and XRD. 

Key words : Adsorption, Dromaius novaehollandiae feathers (DNF), Chitosan (CH), DNF-

CH composite, full factorial design, copper. 
 

 
Introduction 

Among all environmental pollutions, water pollution by the industrial waste which consists of toxic 

heavy metals is serious. Hazardous heavy metals present in industrial wastes are copper (Cu), nickel (Ni), lead 

(Pb), zinc (Zn), chromium (Cr), mercury (Hg) and others. Heavy metals are toxic in nature because of their 

accumulation in living tissues and environment. Metal cleaning and plating baths, pulp, paper board mills, 

printed circuit board production, wood pulp production, fertilizer industry etc. are releasing copper into the 

environment
1
. Copper and its compounds are ubiquitous in nature and will bind to natural organic materials and 

soil particles, and hence commonly found in surface water. An ultra trace amount of copper is essential for 

living organisms. According to Safe Drinking Water act, copper has a permissible limit of 1.3mg/L in drinking 

water
2
. Beyond these levels, in human beings it causes stomach upset and ulcer, mental retardation, liver and 

brain damage and so on
1
. Therefore the safe and effective removal of copper from contaminated fresh waters is 

a significant environmental issue of global concern. 

Many conventional methods have been developed for the removal of heavy metals from effluents such 

as sedimentation, ion exchange, membrane filtration, electrochemical processes, chemical  precipitation, reverse  
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osmosis and solvent extraction. But these methods are expensive or inefficient when the concentrations of 

metals are low (below 100ppm) and there is generation of large quantities of wastes. Development of eco-

friendly, efficient and low - cost processes is the need of the hour and in this aspect, adsorption is a versatile 

technology with the advantages of high efficiency and selectivity for adsorbing metals in low concentrations, 

recycling of the adsorbent and minimization of the sludge generation.  

The adsorbents may be either natural (organic or biological origin) or synthetic polymers. 

During the last decade several natural adsorbents like microorganisms
4-9

, agricultural wastes
10-13

,  

poultry wastes
14-17

, marine wastes
18-20

, several synthetic polymer composites
21 -27

 etc. are effectively used for the 

removal of heavy metals. The main governing factors in selecting a suitable adsorbent are abundant, renewable 

and biodegradable resources with a capacity to associate with a wide variety of molecules by physical and 

chemical interactions. In compliance with the said factors, in the present study, eco friendly and abundantly 

available poultry waste material namely feathers (F) of Dromaius novaehollandiae were used to synthesize 

DNF - Chitosan (CH) composite as an adsorbent to remove copper from aqueous solutions. Feathers are non-

abrasive, low density, good mechanical properties, insolube in water and organic solvents at ambient 

temperatures but solubility is enhanced with rise in temperature and addition of hydrophobic groups in the 

solvents. These properties of feathers are useful in making the polymer composite with chitosan.  Keratin from 

chick feathers and wool has been used by previous researchers in making composites due to its importance in 

textile, cell cultivation and medicine 
28-31

. Emu feathers consist of a fibrillar protein, keratin made of different 

kinds of amino acids with the reactive functional side chains arranged in twisted β-sheets 
32

. This property could 

be used in environmental decontamination, especially for the removal of heavy metals. The emu feathers (DNF) 

and the soft gel forming chitosan (2-acetamido-2-deoxy-β-D-glucose-N acetylglucosamine) processed from 

white mushroom, Agaricus bisporus, were combined in  the ratio of 5:1 to get  DNF - CH composite. Feather 

fiber provides a strong support to the Chitosan, so that the surface area of the chitosan increases. The objective 

of the present work is to know the adsorption kinetics, adsorption isotherms, thermodynamics and finally 

understanding the copper adsorption mechanism through Scanning Electron Microscopy (SEM)- Energy 

dispersive spectroscopy (EDS), Fourier Transform Infra Red spectroscopy (FTIR) & X-Ray Diffraction (XRD). 

To study the cumulative / interactive effects and optimization of copper adsorption process, Full Factorial 

Design of RSM was applied, with three independent parameters at three levels. Full Factorial design is the 

simplest one to optimize three variables. In this design maximum information regarding the factors is obtained 

by trying all possible factor level combinations.  

2. Experimental 

Adsorbents 

Feathers of Dromaius novaehollandiae (DNF) were collected from poultry processing facilities of 

Bapatla, Andhra Pradesh, India. Feathers were washed several times with deionized water to remove dirt 

particles, the barbs were detached from the shaft and used for the adsorption studies. Chitosan (Prepared from 

Agaricus bisporus) was purchased from Sigma Aldrich (740179). Prior to composite preparation, feathers were 

treated with 2% aqueous acetic acid and neutralized with 2% NaHCO3. Chitosan was dissolved in 10% aqueous 

acetic acid and to it, added the neutralized DNF solution. Then the mixture was dropped into an alkaline 

coagulant solution (H2O: MeOH: NaOH = 5:4:1 w/w). The DNF-CH (5:1) composite was then washed with 

distilled water. 

Adsorbate 

Stock solution was prepared by dissolving 3.798g of Cu(NO3)2.3H2O in 250ml of deionized water, 

diluted to 1 liter in a volumetric flask with double distilled water procured from Millipore ELIX-10 unit. Test 

solutions were prepared by progressive dilution of stock solution of copper with double distilled water and the 

pH was adjusted to the appropriate value by using 0.1N HNO3 or 0.1N NaOH solutions. All chemicals used in 

the present study were of analytical grade. 

Batch adsorption  

Adsorption was carried out in a batch process using one variable at a time by contacting 300 mg of 

DNF-CH composite with 50ml of 20mg/L of copper solution in 250ml Erlenmayer flasks; then the flasks were 

agitated on an orbital shaker (REMI make CIS-24BL) at 180rpm and 30
0
C temperature. Samples were taken at 
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predetermined time intervals of 1, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80 and 90 min. For further experiments, 

contact time was adjusted to the optimum. Kinetic models including pseudo-first-order and pseudo-second-

order were used to determine the rate of adsorption of copper. The effect of pH was studied in the range of 2 - 9. 

With optimum contact time and pH, metal solutions in the concentration range of 20 to 100mg/L
 
were used to 

assess the effect of initial copper ion concentrations. The sorption equilibrium between the adsorbent and metal 

ions was determined by using Langmuir, Freundlich and Temkin models. For all the three models, the isotherm 

constants were obtained by non-linear regression methods. Similarly, the adsorbent dose was varied from 150 

mg to 450 mg and finally temperature was varied between 10
0
C and 50

0
C. Thermodynamic parameters were 

calculated using Van’t Hoff equation. All the experiments were carried out in duplicate and the average values 

are reported. At the end of each adsorption process, the adsorbate was filtered out through whatman filter paper 

and the residual metal concentration was determined by Atomic Absorption Spectrophotometer (Shimazdu 

make AA-6300) with copper hallow cathode lamp using air acetylene flame at a wavelength of 324.8nm. The 

percentage removal was obtained by using the expression  

Percentage removal (%) of metal = [(Co-Ce)/Co] X 100                              (1) 

where Co is the initial concentration of stock sample (mg/L), Ce is the final concentration of stock sample after 

adsorption (mg/L). 

Adsorption optimization and Statistical analysis 

Design expert 9 (Stat-Ease Inc., Minneapolis, MN, USA) software trial version was used for three level 

full factorial design of RSM to optimize the selected design variables
33,34

 for the maximum adsorption of copper 

by DNF-CH composite. A total of 28 experimental runs were conducted to describe the effects of all the three 

variables (X1 = adsorbent dosage, X2 = initial metal concentration, X3= initial pH values) on adsorption. The 

coded values of the process parameters were determined by the equation 

xi =                                         (2) 

Where xi is the coded value of the i
th
 variable, Xi is the uncoded value of the i

th
 test variable and Xo is the 

uncoded value of the i
th
 test variable at the center point. The levels and ranges of the coded variables are given 

in Table 1. The behaviour of the experimental design is explained by the following polynomial second order 

equation 

                 (3) 

Regression equation was solved using fmincon function of Matlab 2008 and with the optimum values obtained, 

surface plots were drawn.  

Table 1. Experimental ranges and levels of independent variables for adsorption of copper 

Variables 
Coded Values 

-1 0 +1 

Biosorbent Dosage, w, g/L (X1) 6 7 8 

Initial metal concentration, Co, mg/L  (X2) 15 20 25 

pH of aqueous solution  (X3) 5 6 7 
 

Analysis of adsorption mechanism 

In order to observe the surface changes of the adsorbent after sorption of metal ions and in situ metal 

analysis, SEM (EVO 18 make Carl Zeiss) and EDS (Oxford instrument, Inca) analysis were employed 

respectively. To know the main functional groups present on the adsorbent and their interaction with the metal 

ions, Fourier transform Infrared (Bruker U.K, ATR) analysis was performed. The adsorbent (before and after 

sorption) was characterized by X-ray diffraction (XRD) technique using X-ray diffractometer with CuKα 

radiation (λ = 1.5406A
0
). The measurement was in the scanning range of 5-100 at a scanning speed of >19.685s

-

1
.  
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Results and Discussion 

Effect of contact time 

The results showed that the percentage removal of copper increased rapidly up to 70 min reaching 

89.875% (Figure 1), due to the availability of adequate vacant surface binding sites especially hydroxyl and 

amino groups present on the DNF - CH composite.  Beyond 70 min, the % of adsorption remained constant 

indicating the attainment of equilibrium conditions, due to repulsive forces between the solute molecules of the 

solid and the bulk phases; consequently, the remaining vacant binding sites failed to bind with the metals 
34

.  
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Figure 1. Effect of contact time on % adsorption of copper 

Effect of pH on adsorption 

One of the most significant factors influencing adsorption is the pH as it affects the adsorbent surface 

charge, the degree of ionization and speciation of the adsorbate as well. Maximum % removal of copper was 

91.41% at pH 6 (Figure 2) and this is in agreement with the earlier research reports
35,36

. The increase in 

adsorption at pH 6 could be attributed to the weak inhibitory effect of H
+
 ions and consequent replacement of 

the H
+ 

ions bound to the adsorbent by the copper ions. At  pH <5,  the number of sites available for metal 

adsorption will be low as most of the functional groups are protonated and H
+ 

ions compete with the metal ions 

for the adsorption sites of the adsorbents.  
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Figure 2. Effect of pH on % adsorption of copper 

Effect of initial metal ion concentration 

The maximum percentage removal of copper observed was 91.41% when the initial copper 

concentration was 20mg/L (Figure 3). The plot suggests that the metal ion adsorption increased in the beginning 

and then slowly decreased at the end. This can be attributed to the increase in adsorbate concentration to a fixed 

number of available active sites on the adsorbent
37

.   
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Figure 3. Variation of initial metal concentration with % adsorption of copper 

Effect of adsorbent dosage 

The percentage removal of copper by DNF-CH composite at different adsorbent doses is presented in 

Figure 4. Experimental studies were carried out at 30
0
C temperature with an initial metal concentration of 

20mg/L at pH 6. The removal of copper increased rapidly from 87.215% to 93.105% with an increase in 

adsorbent dose from 3 to 7g/L, due to the increased surface area of the adsorbent and the number of binding 

sites. With further increase in the adsorbent dosage, the percentage of adsorption remained constant. This is 

obvious because for a fixed initial metal concentration, although the adsorbent dose was increased, there would 

be no significant change in the adsorption after attaining the equilibrium
38,39

. 
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Figure 4. Dependency of % adsorption of copper on adsorbent dosage 

Effect of temperature 
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Figure 5. Dependency of % adsorption of copper on temperature 
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Copper uptake marginally increased from 92.16% to 93.105% for DNF-CH composite with increasing 

temperature from 10
0
C to 30

0
C indicating that the adsorption of copper on to the adsorbent is an endothermic 

process. When the temperature was lower than 30
0
C, copper uptake increased with increase in temperature, but 

when the temperature was above 30
0
C, the increase in uptake was marginal (Figure 5). Adsorption was 

expected to increase by an increase in temperature owing to the increase in the rate of diffusion of the adsorbate 

molecules across the external boundary layer and into the internal pores of the adsorbent particles.  

Adsorption Kinetics 

The kinetics of adsorption of copper at different contact times was found out using the pseudo - first 

order and the pseudo - second order models. The pseudo – first order equation is  

log (qe-qt) = log qe - K1/2.303 (t)                       (4) 

where qe and qt are the amount of metal adsorbed at equilibrium and at time t; K1 is the rate constant of pseudo 

– first order (min
-1

). 

The pseudo – second order equation is t/qt = 1/K2 qmax
2
 + 1/qmax (t)                 (5) 

where K2 (min
-1

) is the pseudo - second order  rate constant and  qmax is the adsorption capacity. The pseudo - 

first and the pseudo - second order kinetic plots are given in Figures 6a and 6b respectively. In the pseudo - first 

order the K1 and qe values are 0.0614 and 1.1468 respectively with the correlation coefficient (R
2
) of 0.9789. In 

the pseudo - second order the K2 and qe values are 0.1234 and 3.0873 respectively with the correlation 

coefficient (R
2
) of 0.9989. This suggests that the adsorption of copper by DNF-CH composite preferably 

follows the pseudo- second order model. The confirmation of pseudo - second order kinetics indicates that in 

the adsorption process, both the adsorbent and the adsorbate concentrations are involved in the rate determining 

step. 
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Figure 6 Kinetics for adsorption of copper using DNF-CH Composite a. Pseudo – first order b.                

Pseudo – second order kinetics  

Adsorption equilibrium isotherms 

The experimental data were tested and compared with three isotherm models viz. Langmuir, Freundlich 

and Temkin. The isothermal constants are presented in Table 2. Langmuir isotherm, the most widely used 

model, is given as (ce/qe) = 1/(bqm) + ce/qm            (6) 

Langmuir isotherm drawn for our data (Figure 7a) indicates strong binding of copper ions on to the 

surface of the adsorbent. Freundlich isotherm, applied in the cases of low and intermediate concentration 

ranges, is given as 

qe = KfCe
n           

(7)
 

where Kf and n are adsorption capacity and intensity respectively. Freundlich equation can be linearized in 

logarithmic form as  
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log qe = logKf  + n log Ce                   (8) 

With the experimental data represented in Figure 7b, the adsorption appears to be favored over the 

entire concentration range. Temkin isotherm equation describes thte behavior of many adsorption systems on 

the heterogeneous surface. The linear form of the equation is  

qe = (RT/bT) ln (AT) + (RT/bT) ln (ce)          (9) 

The experimental data were analyzed according to the equation and depicted in Figure 7c. Based on the 

linear regression correlation coefficient R
2
,
 
the Langmuir and the Freundlich isotherms were inferred to be the 

best fitted models followed by the Temkin model. 
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Figure 7 Equilibrium isotherms for adsorption of copper using DNF-CH Composite a. Langmuir   b. 

Freundlich 

q e
 =

 5
.8

3 ln
C e

  +
 0

.8
949;  

  R
2 = 0

.9
657

lnC
e

0.0 0.5 1.0 1.5 2.0 2.5 3.0

q
t 

(m
g
 g

-1
)

0

2

4

6

8

10

12

14

16

 

Figure 7c. Temkin isotherm for adsorption of copper using DNF-CH Composite 

Table 2. Isothermal constants for the Langmuir, freundlich and temkin models 

Langmuir Freundlich Temkin 

qmax=39.06 mg/g n=0.8024 AT=0.8577 

RL=0.9236 Kf=2.0202 mg/g bT =432.099 
 

Thermodynamic Studies 

To investigate the nature of adsorption, the three thermodynamic parameters, ehthalpy (ΔH
o
), entropy 

(ΔS
o
) and Gibbs free energy (ΔG

o
), were estimated. The following Van’t Hoff equation was used to evaluate 

thermodynamic parameters: 

log (qe/ce) = ∆H/2.303RT + ∆S/2.303R           (10)  



A. Ratna Kumari et al /Int.J. ChemTech Res. 2015,8(4),pp 1769-1782. 1776 

 

Van’t Hoff plot is represented in Figure 8 and the equation obtained was log (qe/ce) = 0.2358(1/T) + 

1.061. The experimental ΔH
o 

value of 4.5148 kJ mol
-1

 indicates that the adsorption process was endothermic in 

nature and there was a possible strong bonding between the metal ion and the adsorbent. As ΔS
o 

(20.3151 kJ 

mol K
-1

) was more than zero, the adsorption process appears to be irreversible. The Gibbs free energy (-

6150.9605kJ mol
-1

) is negative, suggesting the spontaneous nature of the adsorption process. The free energy 

change (ΔG
o
) increased with increase in temperature (10

0
C

 
- 50

0
C), possibly due to activation of more sites on 

the surface of the adsorbent
31

.   
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Figure 8. Van’t Hoff plot for biosorption of copper using DNF-CH composite 

 Adsorption capacities (qmax) of a few other reported adsorbents such as Pseudomonas aeruginosa
40

, saw 

dust
41

, wheat bran
42

, chitosan supported on porous glass beads
22

, n-HAp, n-HAp/chitin (n-HApC) composite 

and n-HAp/chitosan (n-HApCs) composite
27

 for copper were 5.83mg/g, 4.9mg/g, 8.62mg/g, 7.27mg/g, 4.7mg/g, 

5.4mg/g and 6.2mg/g respectively, revealing that the DNF-CH composite with a qmax of 39.06mg/g is much 

effective and efficient for the adsorption of copper.  

Statistical analysis 

With the preliminary batch experiments, highest adsorption capacity was obtained at an adsorbent 

dosage of 7 g/L, initial metal ion concentration of 20 mg/L, and pH 6. The coded and the actual values of the 

test variables are as given in Table 3. Multiple regression analysis of the data for adsorption (Equation 11) 

yielded the following regression equation.  

Y= + 93.91 - 0.19 X1 - 0.016 X2 - 0.12 X3 - 1.59 X1 X2 - 0.62 X1 X3 - 0.82 X2 X3 - 3.11 X1
2 
- 1.47 X2

2 
+ 0.26 X3

2  

(11) 

Where Y is the % adsorption of copper, X1 adsorbent dosage, X2 is the metal ion concentration and X3 is the pH. 

Solving the regression equation using fmincon function, the optimum set of values for the three variable X1, X2 

and X3 were -0.0668, -0.2482 and 1.0000. Hence it was inferred that for maximum adsorption with the chosen 

adsorbent dosage, metal ion concentration and pH should ideally be kept at 6.93 g/L, 19.7748 mg/L
 
and 7 

respectively.    

Table 3. Full Factorial design for adsorption of copper by DNF-CH composite 

Run 

No. 

Coded Values % of Adsorption Residual % 

Error 
X1 X2 X3 Actual Predicted 

1 6 15 5 87.28 86.88 0.40 0.45 

2 7 15 5 91.58 92.01 -0.43 0.46 

3 8 15 5 91.28 90.92 0.36 0.39 

4 6 20 5 90.89 90.75 0.14 0.15 

5 7 20 5 94.43 94.29 0.14 0.14 

6 8 20 5 90.62 91.62 -1.00 1.10 

7 6 25 5 91.28 91.67 -0.39 0.42 

8 7 25 5 93.42 93.62 -0.20 0.21 

9 8 25 5 90.33 89.36 0.97 1.07 

10 6 15 6 87.46 87.95 -0.49 0.56 
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11 7 15 6 92.12 92.45 -0.33 0.35 

12 8 15 6 91.11 90.74 0.37 0.40 

13 6 20 6 91.02 90.99 0.026 0.02 

14 7 20 6 94.82 93.91 0.91 0.95 

15 8 20 6 89.78 90.61 -0.83 0.92 

16 6 25 6 91.31 91.09 0.22 0.24 

17 7 25 6 91.78 92.42 -0.64 0.69 

18 8 25 6 87.41 87.53 -0.12 0.13 

19 6 15 7 89.78 89.53 0.25 0.27 

20 7 15 7 93.42 93.41 0.01 0.01 

21 8 15 7 90.94 91.08 -0.14 0.15 

22 6 20 7 91.18 91.75 -0.57 0.62 

23 7 20 7 93.74 94.05 -0.31 0.33 

24 8 20 7 90.71 90.12 0.59 0.65 

25 6 25 7 91.44 91.03 0.41 0.44 

26 7 25 7 91.69 91.74 -0.046 0.04 

27 8 25 7 86.03 86.22 -0.19 0.22 

28 7 20 6 94.82 93.91 0.91 0.95 
  

The results of the regression model Eq. (11), in the form of ANOVA are presented in Table 4. 

Statistical testing of the model by the Fischer’s statistical test for analysis of variance (ANOVA) yielded a  F- 

value of 35.3 with a low p- value (P<0.0001) indicating the significance of the model. Determination coefficient 

nearer to unity (R
2
 = 0.9464) inferred that the quadratic model is the best fit for the observed adsorption of 

copper by DNF - CH composite. The predicted R
2
 of 0.8685 is in reasonable agreement with the adjusted R

2
 of 

0.9196 (difference is less than 0.2).  

Table  4. Regression coefficients for adsorption of copper by DNF-CH composite 

Model term Coefficient estimate Standard Error F-Value P-Value 

Intercept 93.91 1.06 35.30 <0.0001 

X1 -0.19 0.55 1.68 0.2111 

X2 -0.016 0.55 0.011 0.9169 

X3 -0.12 0.55 0.68 0.4206 

X1 X2 -1.59 0.68 77.98 <0.0001 

X1 X3 -0.62 0.68 12.06 0.0027 

X2 X3 -0.82 0.68 20.89 0.0002 

X1
2
 -3.11 0.93 158.56 <0.0001 

X2
2
 -1.47 0.93 35.64 <0.0001 

X3
2
 0.26 0.93 1.07 0.3138 

Note: All the linear, interaction and squared terms are significant (P < 0.5), excluding linear X2. 
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Figure 9a. Surface plot for the effects of adsorbent dosage and initial metal concentration of   copper on 

% removal 
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Figure 9b. Surface plot for the effects of adsorbent dosage and pH of copper on % removal 
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Figure 9c. Surface plot for the effects of pH and initial metal concentration of copper on %  removal 

SEM - EDS analysis  

SEM analyses of the biosorbent material, DNF - CH composite, before and after adsorption of copper 

are presented in Figure 10. Before adsorption, the feather morphology was clear with barbs and barbules while 

after adsorption of copper, the distinction between the barbs and barbules is lost and the shrinkage is obvious. 

The major constituent of feather is keratin protein, along with N (chitosan provides amino groups), and metals 

Na, Mn, Zn, Fe, Al, Ni, Cd, As, Se, Cr etc. as is evident to be present in the composite from EDS analysis 

before biosorption (Figure 11a). After adsorption of copper (Figure 11b), the EDS analysis showed the presence 

of copper ions with a concomitant decrease in the percentage of As, Se and Cd
 
and absence of Cr, Mn, Na, 

suggesting that the adsorption of copper by the composite may also include the ion- exchange mechanism.  

  

a                                                                           b 

Figure 10 SEM micrograph of DNF-CH composite a. Native b. After adsorption of copper 
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a                                                                                   b 

Figure 11. EDS micrograph of DNF-CH composite a. Native b. after adsorption of copper  

Adsorption mechanism through FTIR spectral analysis 

 The adsorption mechanism was investigated using FTIR analysis of native and metal loaded DNF-CH 

composite in the range of 400-4000cm
-1

 (Figures 12a and 12b). In DNF-CH composite, Feather provided an 

efficient and strong support for the CH in forming the composite with more number of hydroxyl, carboxyl, 

amino and alcohol groups available to chelate the copper metal ions. FTIR spectra showed marked differences 

before and after adsorption of copper. Broadly, the spectrum could be divided into 3 distinct regions viz. 630-

1000cm
-1

, 1180 – 3000 cm
-1

, and 3300 -3700 cm
-1

 wherein there are significant variations in the absorption 

patterns and the groups assigned for biosorption. 

  

a                                                                                   b 

Figure 12 FTIR spectra of DNF-CH Composite a. Native b. after adsorption of copper 

After interaction with the copper ions, it was identified that the sharp band at 3735 split in to 3750 and 

3722cm
-1

 indicating that both O and N atoms present on the adsorbent surface played a significant role in 

binding metal ions; the bands at 3365 were assigned to O-H & N-H; inter hydrogen bonds’ vibration shifted to 

3377 and 3341 cm
-1

. C=O stretching in carboxyl or amide group shifted from 1634 to 1644 cm
-1 

and the 

intensity of the peak decreased. Moreover, the adsorption intensity for N-H bending vibration at 1551 cm
-1 

shifted to 1524 cm
-1 

and decreased after copper uptake. This observation is supported by an extreme change in 

absorption intensity for C-N stretching vibrations at 1407 to 1425 cm
-1

. The metal ion uptake has led to a 

significant change in the absorption intensity of NH3 rocking vibration from 778 to 822 cm
-1

. After exposure to 

copper, the presence of extra peaks  at 3682 cm
-1

, 3644 cm
-1

, 2783 cm
-1

, 2692 cm
-1

, 2566 cm
-1

 (O-H & N-H 

groups), 1794, 1704 cm
-1

 (C=O stretching), 1390 cm
-1

, 1305 cm
-1

 (C-N stretching, in plane O-H bending) 

indicate the adsorption of copper. Variations in the absorption peaks at 630-700 cm
-1

 in the two samples (before 

and after treatment with copper) are indicative of Cu-O stretching
43

 in the copper loaded DNF-CH.  In general, 

the adsorption capacity depends upon the porosity as well as functional groups present on the adsorbent 

surface
44

.  Accordingly, the observed changes in adsorption intensity and the wave number of functional groups 
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strongly suggest the occurrence of complexation between N and O atoms on the adsorbent binding sites and the 

copper ions. The FTIR analysis suggests that the maximum adsorption of copper by the DNF-CH composite is 

due to the availability of more number of N and O atoms.   

X-ray diffraction (XRD) analysis 

The DNF - CH X-ray diffractogram (as shown in Figure 13a) exhibited crystalline nature and showed 

sharp peaks at 2θ positions 9
0
, 18

0
, 20

0
, 28

0
, 29

0
, 32

0
, 34

0
, 36

0
, 37

0
, 40

0
, 44

0
, 46

0
, 48

0
, 51

0
, 52

0
, 55

0
, 58

0
, and 71

0
. 

Conversely, copper treated DNF-CH composite X-ray diffractogram analysis (as shown in Figure 13b) showed 

amorphous nature of the composite, with peaks at 2θ positions of 9
0
, 21

0
, 23.6

0
, 28

0
, 34

0
, 41

0
 and 44

0
. In 

addition, the peaks at 43
0
 and 50

0
 (JCPDS copper: 04-0836) indicate the presence of copper while the peaks at 

2θ positions 31.7
0
, 34.9

0
 and 46.7

0 
(JCPDS CuO: 80-1916) indicate the formation of CuO with hydroxyl and 

carboxyl groups present on the DNF. The presence of sharp peaks in the native adsorbent while their 

absence/reduction in copper treated adsorbent, as evidenced by SEM analysis, are suggestive of the adsorption 

of copper. This could be due to the electron pair sharing between copper metal and the carboxyl/hydroxyl 

groups in DNF-CH composite.  
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a                                                                           b 

Figure 13.  XRD of DNF-CH composite a. Native b. After adsorption of copper 

Conclusions 

Equilibrium was attained at 70min of contact time due to the presence of more and/or active functional 

groups. The % removal of copper decreased with increase in the initial concentration of the adsorbate. The 

removal of copper increased rapidly with increasing adsorbent dosage initially and attained equilibrium at 7 

g/L. Percentage removal of copper from aqueous solution increased significantly with increase in pH from 4 to 

6; thereafter, increase in pH decreased the percentage removal. From Langmuir isotherm model, the maximum 

uptake capacity of 39.06 mg of copper per gram of the adsorbent was obtained at a temperature of 30
0
C. 

Maximum percentage of copper adsorption was found to be 93.91% (18.78 mg/L) and the residual 

concentrations of the metal after sorption corresponded to 1.22 mg/L, which is below the permissible limits (1.3 

mg/L) of copper in drinking water. In a nut shell, the results of the present study demonstrate that DNF-CH 

composite could be considered for the safe, effective and economic treatment of the industrial waste water 

containing copper and achieve levels at par with the permissible limit of 1.3 mg/L of copper suggested for safe 

drinking water. 
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