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Abstract 

The sorption efficiency of elimination of copper (II) ions by adsorption onto polyvinyl alcohol-alginate bound nano 

magnetite microspheres [PVA-ANM] from water has been investigated. The effect of agitation time, mass of adsorbent, 

temperature, adsorbate strength, and initial pH was studied by batch mode. The microspheres were magnetized in-situ and 

the phase identification, morphology and size of magnetite nanoparticles were analyzed using FTIR, XRD, and TEM 

respectively. Mechanics values like constants for rate, capacities of equilibrium sorption, and coefficients of connected 

correlation for every kinetic rate model were evaluated and described by using equations of reversible rate model of first 

order, rate model of pseudo first order, rate  model of second order and rate  model of pseudo second order equation 

respectively. Thermodynamic study showed negative values of ∆G,
0 
∆H

o
 and ∆S

o
  which indicated the surface assimilation 

of copper (II) ions were physically controlled, exoergic and spontaneous. The prepared adsorbent PVA-ANM microspheres 

was obtained an efficient sorbent for removal of Cu 
2+

ions from water and wastewater and might be regenerated and 

reused several times without any detectable losses. 

 

Keywords: Sorption, Cu 
2+

 ions, kinetic, nano magnetite, polyvinyl alcohol-alginate. 
 

Introduction 

The modern industrial pattern converts the natural flow of 

materials and brought contamination in their effluents, which 

contain cytotoxic substances particularly heavy metal ions like 

arsenic, lead, copper, iron, cadmium and zinc
1
. Heavy metal 

ions are non-biodegradable, accumulated through the food chain 

and therefore persistent. Contamination of biological 

environment by heavy metal ions is now became global issue. 

The ions of Cd
2+

, Pb
2+

 and Cu
2+

 are extremely toxic ions even at 

relatively low concentrations. Copper and its compounds are 

wide employed in metal finishing, electroplating, electronics, 

paper, textile, chemicals, dyeing and petroleum is of concern to 

the public, industry and government alike. Copper is an 

important nutrient for all living beings within a particular range 

but it could be harmful when exceeds from allowable limits
2-4

. 

According to Water Quality Act 1974, the allowable 

concentration was 0.05mg L
-1

 for copper ions discharged in 

effluents. More than 1.0 mg L
-1

 intake of copper get starts 

accumulation within liver of living beings leading to poor 

hepatocyte regeneration and fibrosis. Epidemiological evidences 

like Wilson’s disease, Indian Childhood Cirrhosis (ICC) that 

produces psychiatric problems and neurological disorder
5
. 

Cancer among coppersmiths proves a primary carcinogenic 

effect and malignant neoplastic diseases is evidence of 

carcinogenic nature of copper
6
. Thus the elimination of such 

hazardous metal ions from effluent has now become the topic of 

significant interest owing to a lot of very strict legislations 

brought to regulate water pollution. Conventional technologies 

like chemical precipitation, electro-osmosis, ion-exchange, 

reverse diffusion, adsorption, degradation and membrane 

separation have been applied to remove such type of harmful 

metal ions. Most of these technologies are expensive, inefficient 

and also produce secondary sludge that couldn’t be reused and 

regenerated
7
. Among numerous techniques, adsorption being 

standard, it is a very important separation method and was used 

widely in the field of environmental remediation, due to cost 

effectiveness, easy handling, high efficiency, ease of separation 

and reusability
8
. Many biological, natural and synthetic 

polymeric materials like sour sop seeds
9
, sawdust

10
, chitosan

11
, 

cellulose
12

, yeast
13

, chitosan-alginate
14

, pectin-alginate
15

, 

carboxy methyl cellulose-alginate
16

 was reported as adsorbent to 

adsorb copper (II) ions from water and wastewater.  

 
Advancement in nano science and nano engineering counsel that 

several of this issues related to water quality improvement by 

applying nano-materials. Currently nanotechnology is 

considered as the foremost necessary advancements in field of 

science and technology was expounded to the manipulation of 

constants at the nanometer scale for exhibits new properties for 

novel advantages
17

. At the end of 20th century, advancement of 

nanotechnology has widened the variability of adsorbents. Many 

literature were reported the sorption of heavy metals with 

nanocrystalline titanium dioxide, nanoscale zero valent iron and 

modified form of zero valent iron nanoparticles etc, thus the 

employment of magnetic nanoparticles for separation and pre-

concentration in environmental chemistry is gap a brand new 

technology which is faster, easier and extra precise than those 

used traditionally. The best application of this methodology is 

so desired materials are separated from liquid solution by an 
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easy and compact method where as minimum secondary wastes 

are created. Alternative benefits are big active area for given 

weight of particles and thus ability to technique resolution 

which contains suspended solids
18

. Some carbon based nano 

materials, nanoparticles of metals and oxides of metals and 

polymer supported nano sorbent based materials like iron ore, 

coated materials of iron oxide and granular hydroxide of iron 

(GHF) etc are according as associated adsorbent to adsorbed 

metal ions from wastewater
19-20

. Iron oxide nanoparticles with 

natural and synthetic polymers were also used for removal of 

heavy metals
21-23

. These reported methods are not very efficient, 

thus requirement for additional economical and more effective 

ways that recovery of valuable heavy metals from effluents has 

resulted within the development of other treatment technologies. 

So in present investigation the combine techniques of sorption 

and magnetic separation applied for uptake of Cu
2+

 ions from 

waste water and recovery of metal ions are very advantageous 

and provoking. In this paper a novel adsorbent prepared by 

using sodium alginate (natural polymer) and polyvinyl alcohol 

(synthetic polymer) bound nano particles of iron oxide 

microspheres having high active surface energy and surface 

area, with high adsorption capacity with relevance to inorganic 

and organic matter. The current study aimed to analyze the role 

and the effectiveness of new synthesized polyvinyl alcohol-

alginate bound nano magnetite microspheres [PVA-ANM] as 

adsorbent for sorption of Cu
2+

 ions from wastewater. Magnetic 

nanoparticles were first synthesized in-situ and then applied for 

copper uptake in batch mode, mechanics, thermodynamic yet as 

regeneration studies of PVA-ANM were investigated. The goal 

of this study was to gauge the applicability of the PVA-ANM 

towards the sorption of Cu
2+ 

ions from industrial sewer water 

and regeneration of adsorbent for further use and also for 

recovery of valuable metal ions. The preparation, 

characterization and batch adsorption study has already been 

described in our previous study
24

.  

Methodology, Result and Discussion 

Adsorption Kinetic modeling: To determine the progress of 

Cu
2+

 ions removal by PVA-ANM microspheres, several studies 

were carried out by taking pH 4, adsorbent mass 0.2 gram, 20 

milliliter of known concentration of Cu (II) ions as adsorbate at 

200 rpm  with completely different time intervals starting from 

10 to 240 minutes. It was obtained that removal of Cu
2+

 ions 

was redoubled with time and attains equilibrium in 120 min., 

after that a decrease within the adsorbed quantity of Cu
2+

 ions  

was noticed, which may be due to saturation of all binding sites 

on adsorbent.  

 

First order reversible Kinetic model: For correlate the rates of 

removal of Cu
2+

 ions between solid and liquid states, a general 

first-order reversible kinetic model used. It was considered as a 

rate of reversible reaction may associate with equilibrium states, 

the overall rate k”, equilibrium constant Kc, forward rate 

constant k1 and backward rate constant k2 were evaluated by 

applying following equations: 

 

ln[1 – Ut] = -k” t  (1) 

k” = k1 + (1 + 1/Kc) = k1 + k2 (2) 

Kc= k1 / k2 = CA / Ce (3) 

 

Where: Ut is connected with fractional attainment of adsorbate 

at equilibrium. Plot between ln[1–Ut] versus agitation time 

(minute) provided a line(figure-1). Various rate constants for a 

given concentration of Cu (II) ions were calculated by the slope 

of the straight line by using equation 2 and 3, values given in 

table-1 .Values depicted that the backward rate constant for the 

sorption of Cu (II) ions is less than the forward rate constant
25

. 

Removal of Cu
2+

 ions onto PVA-ANM microspheres has been 

reversible and therefore has sensible potential to the recovery of 

valuable Cu
2+ 

ions from sewer water bodies. 

 

 
Figure-1 

Linear fit of experimental data obtained using first order reversible model 
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Second-order kinetic rate model: The proposed kinetic 
scheme for second-order rate model was given as follows: 

 
1 / Ce= K2. t / Ci+ 1 / Ci  (4) 
 
The second-order rate constant for sorption K2  was calculated 
by plot between 1/ Ce versus time and value calculated by using 
eqnuation-4, where the Cu

2+
 ions concentrations in solution Ce 

at any given time t and initial concentration Ci at zero time. 
 
Pseudo-first order kinetic rate model: To determine the 
controlling mechanics of the sorption method like transfer of 
mass and changes in chemical structure, the pseudo-first order 
and pseudo-second order rate models were applied. Lagergren 
projected equation to calculate pseudo-first order kinetic rate 
constant Kad, given as follows: 
  
log (as−a) = logas− (Kad / 2.303)t  (5) 
 
Where: Sorption capacity a (mg g

-1
) at time t and as  sorption 

capacity, which were evaluated from the linear plot between  
log(as−a) and  time, values depicted  in table-1. 
 
Pseudo-second order kinetic rate model: Sorption dynamics 
might be represented by Ho’s pseudo-second order kinetic 

model. Linear integral form of the equation is:- 
 
t/a = 1 / (k2’a

2
) + (1 / as) t  (6) 

 
Where: k2’a

2
= h (mg g

-1
 min

-1
) is considered as the initial 

sorption rate ones t→0 and k2’ (g
 
mg

-1
min

-1
) is that the rate 

constant of the pseudo-second order equation. The plot between 
t/a and time gave a line with very high correlation coefficient 
(R

2
 = 0.999). The coefficient of correlation for the pseudo1

st
 

order kinetic model is lower than pseudo 2
nd

 order kinetic 
model. Moreover, an oversize distinction observed between the 
calculated and experimental worth of equilibrium sorption 
capability as, indicating a poor pseudo-first order suited to the 
experimental data. If pseudo-second order dynamics is 
applicable, then as, k2’ and h are typically determined from the 
slope and intercept of the strait line, severally. The evaluated as 

value also agrees with the experimental data within the case of 
pseudo-second order mechanics, as depicted in table-2. This 
implies that the sorption data are well described by pseudo-
second order mechanics and supports the idea that the rate-
regulating step of Cu

2+
 ions sorption on adsorbent might be a 

physical sorption or chemical sorption, although the metal ions 
attach with the adsorbent surface by forming a covalent bond in 
chemisorption and have a tendency to seek out sites that 
maximize their coordination range with the surface

26
. 

 

 
Figure-2 

Linear fit of experimental data obtained using second order reversible model 

 

Table-1 

Values of rate constants for reversible first order model, second-order   model and intra particle diffusion of Cu
2+

 ions 

sorption onto PVA-ANM microspheres 

Copper ions 

concentration 
Rate model of the first order reversible 

Rate model of the 

second-order 

Rate constant for Intra 

particle diffusion 

(mg dm
-3

) k” Kc k1 k2 R
2
 K2 R

2
 Kp ( mg

-1
min

-0.5
) 

1 0.0431 38.38 0.0265 0.0166 0.989 0.474 0.935 0.077 
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Figure-3 

Plot for Pseudo-first order kinetic model of Cu
2+

 ions sorption onto PVA-ANM microspheres 
 

Table-2 

Values of rate constants for pseudo-first order model and the pseudo-second order model of Cu
2+

 ions sorption onto PVA-

ANM microspheres 

Copper ions 

concentration 

Rate model of the pseudo-first order 

reversible 
Rate model of the pseudo-second order 

(mg dm
-
3) Kad (min

-1
) as (mg g

-1
) R

2
 K2’ (g mg

-1
min

-1
) A (mg g

-1
) R

2
 H (mg g

-1
min

-1
) 

1 2.179 0.9465 0.956 3.4124 0.0993 0.999 0.0291 

 

 
Figure-4 

Linear fit of experimental data obtained using pseudo-second order model 
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Intraparticle Diffusion: To study the change in the 

concentration of adsorbate onto composite adsorbent PVA-

ANM microspheres with shaking time, the rate constant for 

intraparticle diffusion Kp (mg
−1

 min
−0.5

) was determined by 

‘Morris Web’ equation as given below: 

 

a = Kp t
1/2  

(7) 

The sorption mechanics follows the intraparticle diffusion 

method. Thus as to judge the rate regulating step a plot was 

drawn between adsorbed amount of copper on adsorbent in g 

mg
-1

 and square root of time in minute  (a versus t
1/2

).  The 

value of Kp was evaluated from the slope of the curve, the 

values depicted in table-3. It was observed that the plot was non 

linear over the full time interval proves that the sorption process 

quite affected by single factor
27

. 

 

Thermodynamic study of Adsorption: Thermodynamic 

values, change in Gibbs free energy (∆G
0
), change in enthalpy 

(∆H
0
) and change in entropy (∆S

0
) may be obtained by using 

the equilibrium constant Kc that depends on temperature. Kc, 

which is ratio between the equilibrium concentration of Cu 
2+

 

ions in adsorbate (mg dm
-3

) and the Cu
2+

 ions concentration on 

the adsorbent at equilibrium (mg dm
-3

). Free energy change in 

sorption ∆G
0
 (kJ mol

-1
) could be calculated by using following 

equations:   

 

Kc = Ca / Ce  (8) 

∆G
0
 = - RT lnKc  (9) 

lnKc= ∆S
0
/ R – ∆H

0
/ RT  (10) 

 

Where: T is temperature in Kelvin, R is Ridberg’s constant 

(8.314 J mol
-1

 K
-1

) and the Kc can be presented in terms of ∆H
0
 

(kJ
-1

mol
-1

) and ∆S
0
 (J mol

-1
K

-1
) as a function of temperature. 

The values of ∆H
0
 and ∆S

0 
were calculated from the slope and 

intercept of the plot between lnKc and 1/T, severally by using 

equation (10). Sorption of Cu (II) ions onto adsorbent get 

decrease with the increase in temperature ranging from 298 to 

328 K. Hence the nature of method was exoergic. The enthalpy 

change (∆H
0
) was found -54.16 k J mol

-1
 and the entropy 

change (∆S
0
) was found -6.876J mol

-1
K

-1
. 

 

Table-3 

Values for thermodynamic parameters of Cu
2+

 ions sorption onto PVA-ANM microspheres 

Copper ions 

concentration 

Enthalpy 

change 

Entropy 

change 

Gibbs free energy change 

∆G
0
 (Jmol

-1
K

-1
) 

Activation     

energy 

Arrhenious 

factor 

(mg dm
-3

) ∆H
0
(KJmol

-1
) ∆S

0 
(Jmol

-1
K

-1
) 298K 308K 318K 328K Ea (K Jmol

-1
) A 

1 -54.16 -6.876 -10.91 -7.29 -6.74 -5.77 13.09 7.7102 

 

 
Figure-5 

Plot of intraparticle diffusion of Cu
2+

 ions sorption onto PVA-ANM microspheres 
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These negative values of ∆G
0
 and ∆H

0
 showed that the nature of 

sorption of Cu (II) ions onto PVA-ANM was feasible, 
spontaneous and exoergic. The entropy change ∆S

0 
value is 

negative, proves a decrease within the randomness at the 
solid/liquid interface with some configurationally changes in the 
adsorbent and adsorbate during the sorption process. It was 
stated that ∆G

0
 values higher than-20 kJ mol

-1
 are related with 

electrostatic interaction between sorption sites and metal ions 
(physio-sorption), while ∆G

0
 values more negative than -40 kJ 

mol
-1

 related with charge sharing or transfer from the adsorbent 
to the metal ion to form a chemical bond (chemi-sorption)

28,29
. 

The calculated values of ∆G
0
 for Cu

2+
 ions were higher than -10 

kJ mol
-1

, which proves that physical sorption is the predominant 
kinetics in the present sorption method.  

 
The Arrhenious factor A was found 7.7102.  The Arrhenious 

activation energy of sorption (Ea) was found 13.09 kJ mol
-1

, 
positive values proves the feasibility of the sorption method. 
Low value of Ea indicated that the rate determining step of Cu 
(II) ions sorption might be physically regulated. Physical 
sorption occurs usually at low temperatures and as fast 
compared to chemical sorption

30
. The activation energy of 

sorption was determined using Arrhenious equation, given as 
below:- 
 
lnk2” = lnA X - Ea/RT  (11) 
 
Where: k2” (g mg

-1
h

-1
) is the constant of rate calculated from the 

pseudo-second order mechanics, Ea (kJ mol
-1

) and A are known 
as the Arrhenious activation energy and Arrhenious factor of 
sorption, respectively and can be calculated by the slope of plot 
between lnk2” and 1/T (K

-1
). 

 

 
Figure-6 

A linear graph between lnKc versus 1/T of Cu
2+

 ions sorption onto PVA-ANM microspheres
 

 
Figure-7 

A plot of lnK”2 versus 1/T for Cu
2+

 ions sorption onto PVA-ANM microspheres 
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Regeneration and Recovery: To determine the suitable eluant 

and its applicable concentration, batch desorption studies with 

five different desorbing solutions via, 0.1M HCl, 0.1M HNO3, 

0.1M CH3COOH, 0.1M H2SO4 and 0.1M NaCl was examined. 

Desorption efficiency of various desorbing agents are shown in 

figure-8.The nitric acid has shows a better desorption efficiency 

than others. So nitric acid was selected the desirable eluant for 

the studies. To determine optimum concentrations of desorbing 

agent HNO3 acid for practical applications, the concentration of 

acid solution should be as low as possible. Hence for the 

detection of maximum desorption efficiency desorption studies 

were carried out in different concentration of HNO3 acid with 

1.0g PVA-ANM for 100 ml of 1 mg dm
-3

 of Cu
2+

 ions solution 

for sorption and 100 ml solution for desorption in Erlenmeyer 

flasks. The flask was agitated at 200 rpm, at initial pH 4 and 

27
o
C (±2) temperature for 120 minute to achieving sorption/ 

desorption equilibrium (Figure-9) depicts the desorption studies 

of Cu
2+

 ions, which were eliminated from the surface of the 

sorbent containing 0.0991 mg g
-1

 of Cu (II) using 0.01, 0.02, 

0.04, 0.06, 0.08, 0.1 and 0.2 N HNO3 strength severally at room 

temperature (27
o
C,± 2). Complete desorption of Cu

2+
 ions from 

the sorbent took place by 0.06 N HNO3, the percentage 

recoveries of copper found 98.75%, thus 0.06 N HNO3  used as 

the eluant in the subsequent studies. It was stated that the 

protons compete with Cu
2+

 ions in acidic medium and displace 

the huge amount of adsorbed Cu
2+

 ions. 

 

 
Figure-8 

Desorption studies using various desorbents with Cu
2+

 ions loaded PVA- ANM Microspheres 

 

 
Figure-9 

Desorption studies using various strengths of HNO3 with Cu
2+

 ions loaded PVA- ANM Microspheres 
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The purpose of regenerating the sorbent PVA-ANM is to 

minimize operating costs. The feasibility of regenerating metal 

absorbed PVA-ANM by 0.06 N HNO3 by repeating the 

adsorption /desorption process for five consecutive cycles. 

Figure-10 shows the adsorption capacity of PVA-ANM retained 

its metal after five regenerating cycles, virtually an equivalent 

metal ion sorption capacity after the continual regeneration. So 

ion exchange mechanism is very important in reference to 

sorption /desorption process for adsorbent. Therefore adsorbent 

PVA-ANM has the potential to uptake Cu
2+

 ions repeatedly 

from aqueous medium. 

 

To detect the potential of adsorbent PVA-ANM for the sorption 

of Cu (II) ions from waste water, PVA-ANM placed into a flask 

containing the industrial effluent with 53.7-59.2 mg l
-1

 Cu
2+ 

ions. The sorption capacity of
   

PVA-ANM in a batch sorption 

experiment was found 44.6 mg Cu
2+

/g PVA-ANM, Thus it may 

be used for commercial applications. 

 

Conclusion 

The PVA-ANM microspheres were found to be terribly 

effective adsorbent for the removal of Cu (II) ions from sewer 

water. The maximum uptake of metal ions occurs at the pH 4, 

between temperature range 25-27
0
C within 120 minutes. The 

values of the enthalpy change (∆H
0
) and the entropy change 

(∆S
0
) were to be found -54.16 (kJ/mol) and -6.876 (J/mol/K), 

respectively. The adsorption process is feasible and spontaneous 

in nature. The negative ∆H
0
 value indicates the exoergic nature 

of adsorption and the negative value of ∆S
0
suggests a decrease 

in the randomness at the solid/liquid interface with some 

structural changes within the adsorbent. The ∆G
0
 values 

obtained in this study for Cu (II) ions are higher than -10 kJ 

mol
-1

 , which indicates that physical adsorption is the 

predominant mechanism in the sorption method. Arrhenious 

activation energy of sorption Ea found 13.09 k J mol
-1

, the 

positive value indicating the feasibility of the sorption process. 

Besides Ea value is less than 40 k J mol
-1

 showed that the rate- 

limiting step of Cu
2+

 ions sorption might be physically 

controlled. The Arrhenious factor A was found 7.7102. The 

PVA–ANM might be repeatedly employed in the sorption 

studies by adsorption–desorption cycle while not detectable 

losses in their initial sorption capacities. The maximum removal 

of Cu
2+

 ions from aqueous medium was obtained ≥ 99%, which 

proves this adsorbent to be superior among alternative 

adsorbents. 
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