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a b s t r a c t

The present study explored the synthesis of Kaolin-nano scale zero-valent iron composite (K-nZVI) 
by using chemical reduction method. Sorption characteristics of the K-nZVI for the removal of Cu(II) 
ions was studied in batch conditions. The physical and chemical structure of the K-nZVI composite 
was characterized by Fourier transform infrared spectroscopy (FTIR), Scanning electron microscopy 
with energy dispersive X-ray spectroscopy (SEM-XRF), X-ray diffraction (XRD), Transmission electron 
microscopy (TEM) and Brunauer-Emmett-Teller studies (BET). The effect of pH, the initial metal ion 
concentration, and contact time on adsorption of Cu(II) onto K-nZVI was investigated. The K-nZVI 
exhibited good sorption performances over the initial pH range from 2.5 to 6.5. The kinetics data was 
studied by applying two sorption kinetic models (Pseudo-first and Pseudo-second-order) equations. 
The pseudo-second-order model was relatively suitable for describing the adsorption process. The 
equilibrium adsorption data is well fitted to Langmuir adsorption models. The maximum adsorption 
capacities of K-nZVI sorbent as obtained from Langmuir adsorption isotherm is found to be 178–200 mg 
g−1 for Cu(II). Sorption isotherm models (Langmuir and Freundlich) were applied to the experimental 
data. The adsorption kinetics was well represented by the pseudo second order rate equation, and the 
adsorption isotherms were better fitted by the Langmuir equation. The thermodynamic studies showed 
that the adsorption reaction of Cu(II) is endothermic processes. TheK-nVZI having number of features 
including easy preparation, environmentally friendly nature, low-cost and good sorption performance 
enable K-nZVI application in industrial purpose specifically in the field of industrial water treatment.
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1. Introduction 

Day-by-day increases pollution in environment, due to 
rapid industrialization in present modern world. Past few 
years researchers have focused on the development of efficient 
multifunctional materials with low-cost for various industrial 
applications. However, natural clays were abundantly avail-
able all over the world, they have different features, such as 

low-cost, resource abundant,  eco-friendly and porous nature 
towards, its application in various field. Hence extensive 
research has been focused on utilization of natural clay mate-
rials, chemically modified clays and clay-nano composites are 
widely used for wastewater treatment technology. However 
the utilization clay-nano composites for wastewater treatment 
is an interesting subject in recent years, a number of recent 
studies highlighted on the application of clay-nano compos-
ites,which used for various toxic pollutants removal (Dyes and 
metals) [1–6]. 
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The presence of copper in wastewater is toxic for 
aquatic flora and fauna even at very low concentrations 
(above 1.3 mg/l). According to the Safe Drinking Water 
Act (SDWA), the permitted limit of copper in drinking 
water is about 1.3 mg/l. Copper is an essential trace 
element that is more vital to the health of living things. 
However, it is acknowledge that excessive intake of cop-
per results in many health risks and side effects. Those 
are including stomach and mucosal irritation, liver and 
kidney failure, intestine problems, neurotoxicity, muco-
sal irritation, wide spread capillary damage, depression, 
weakness, lethargy and anorexia, as well as damage to 
the gastrointestinal tract and lung cancer. The removal 
of copper from wastewater is a major problem due to the 
difficulty in treating of wastewaters by using conven-
tional treatment methods [7–10].

Copper is mainly discharged into water bodies from 
various industrial activities such as metal cleaning and 
plating baths, brass manufacturing, pulp, paper and paper-
board mills, electroplating industry, metal plating, metal-
lurgical, smelting, mining activities, battery manufacture, 
tanneries, wood pulp production and copper-based agri-
chemicals etc. Hence, the removal of copper from waste-
water is emergency need and, to protection of the aquatic 
environment [11,12].

Several methods have been developed for heavy metals 
removal from aqueous solutions, including chemical pre-
cipitation, ion exchange, chemical reduction, ultrafiltration, 
membrane separation, electrolysis, and adsorption [13]. 
Among them, adsorption is considered as superior method, 
because of its high efficiency and economic feasibility. 
Recently, adsorption technique has become an effective 
alternative method for the removal of various toxic pollut-
ants [14–18]. 

However, in recent years, materials modified with 
nanoscale zero-valent iron with size of <100 nm has 
attracted great attention of many researchers owing to their 
potential applications. The efficiency of using nZVI for the 
removal of organic and inorganic pollutant from waste-
water has been studied [19,20]. Recently it is used for the 
treatment of toxic contaminants in ground water and waste-
water. However, due to its lack of stability and durability, 
mechanical strength, easy aggregation, and difficulty in 
separation from the treated solution, nZVI has limit uses 
[21–23]. To overcome these limitations, the researchers have 
attempt to use nZVI synthesized with solid porous materi-
als such as activated carbon, resin, and clay minerals like 
bentonite, kaolinite and zeolite to remove different pollut-
ants from aqueous solution.

So far, however, few studies have focused on this 
particular field, the present investigations demonstrate 
the synthesis of K-nZVI nano composite. The adsorp-
tion behaviors of Cu(II) onto K-nZVI nano composite 
was studied under different experimental conditions 
using batch method. In addition, different optimiz-
ing parameters such as doses, pH, initial concentra-
tion, contact time, temperature effect, thermodynamic 
parameters and desorption studies were extensively 
investigated. The adsorption equilibrium was evalu-
ated by Langmuir and Freundlich adsorption isotherm 
models. Kinetic and thermodynamic parameters were 
also calculated. The prepared K-nZVI nano composite 

was  characterized by various analytical techniques and 
studied the physico-chemical properties. The K-nZVI 
nano composite exhibited as an efficient adsorption for 
Cu(II) from aqueous solution.

2. Experimental

2.1. Materials

Natural kaolin and the other following mentioned chem-
icals were provided by The Geochemistry Laboratory. All 
chemicals and solvents used in this study are of analytical 
grade quality. Iron (III) chloride hexahydrate (FeCl3·6H2O, 
99%, Sigma-Aldrich), copper sulphate (CuSO4), lead (II) 
nitrate (Pb(NO3)2), sodium borohydride (NaBH4, 98% Sig-
ma-Aldrich), absolute ethanol, HNO3, NaOH 99% and 
HCl were used in this study. These chemicals were ana-
lytical grade and applied without any further purification. 
Deionized and distilled water were used throughout the 
experiments. The Cu(II) stock solution was prepared by dis-
solving the prescribed amount of corresponding metal salts 
in double distilled water. Desired concentration of standard 
solutions was obtained by dilution of stock solution with 
double distilled water.

2.2. Preparation of the K-nZVI nano-composite

In this study, we prepared effective K-nZVI nano-com-
posite was prepared using Fe(III) reduction method. In a 
first step, kaolin clay was dried in electric oven for 3 h at 
55°C. The dried kaolin material was sieved using a molecu-
lar sieve and the <75 µm size of fraction was used in further 
reactions. 

In second step, 4 grams of kaolin was transfer into 
250 mL beaker. In another beaker 80 mL of ferric chloride 
solution was prepared by dissolving 4.83 g of ferric chlo-
ride with deionized water and absolute ethanol (1:1 liquid 
ratio). The obtained solutions were poured onto 4 grams 
kaolin powder. Then, the mixture was dispersed with an 
ultrasonic processor for 40 min to ensure a proper disper-
sion of iron particles onto the surface of kaolin. The mixture 
was subsequently stirred vigorously at room temperature 
for 40 min using magnetic shaker set at a speed of 180 rpm.

In third step, to obtain mixture, 3.549 g of freshly NaBH4 
dissolved in 60 mL of deionized water was dropped wisely 
into the mixture during the stirring and to continue stirring 
another 30 min. The reduction reaction is given in Eq. (1). 
After incubation, the black solids were separated from the 
solution using a vacuum filtration flask (Buchner funnel, 
Whatman qualitative filter paper, No.113, Size; 185 µm), 
washed three times with deionised water and ethanol respec-
tively. The solid was then dried into the oven for 21 h at 55°C.

4Fe3+ + 3BH−4 + 9H2O →  
                           4Fe0(s) ↓ + 3B(OH)3 + 9H+ + 6H2(g) ↑ (1)

2.3. Techniques of characterization

The presence of functional group on the surface of mate-
rials was observed by Fourier transform infrared spectrom-
eter (Model Perkin Elmer GX; spectrum BX). The IR spectra 
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of the materials were recorded from 4000 to 400 cm–1 wave 
number range. The crystalline structure of K-nZVI was 
checked by means of X-ray diffraction (Bruker, D8 Advance 
diffractometer, Germany) over a scanning interval (2θ) from 
5° to 9°. The surface morphology of the materials was exam-
ined with scanning electron microscopy/energy dispersive 
X-ray spectroscopy (ZEISS; service identification program 
(SIP); No. MNTS 0008). Dispersive X-Ray(EDX) system 
recorded at 5, 20 and 50 KX magnifications. The chemical 
compositions of the elements within the kaolin and K-nVZI 
were determined by EDX. FE-SEM + EDX were used at ETH 
= 3 KV for surface structure studies and EDX were oper-
ated under an acceleration voltage of 9 KeV. Regardless of 
FESEM analysis, the morphology of kaolin and K-nZVI and 
the sizes of Fe0 particles in the K-nZVI nano-composite were 
also characterized by transmission electron microscopy 
(TEM Philips). It was operated at 100 kV and magnifica-
tion of 10,000; 13,000; 17,000; 22,000 and 35,000 times. The 
Brunauer Emmett and Teller (BET-N2 adsorption-desorp-
tion isotherms) method was employed to measure the sur-
face area, pore size and pore volumes of all samples (Model 
ASAP 2020 micro metrics). The concentration of metal ions 
(Cu(II)) in aqueous solution was determined by Atomic 
Adsorption Spectrometer (Perkin Elmer, 3300, Max, power 
230 W; line voltage 50/60 Hz). 

2.4. Batch adsorption procedure

Batch adsorption experiments were conducted in a rota-
tory and thermostatic shaker to determine the optimum 
operational parameters like; initial pH, contact time, initial 
metal concentration and temperature effect. The experi-
ments were carried out using 25 mL of metal solution with 
constant adsorbent dose a constant temperature. For all 
adsorption tests, the initial pH values of the metal solution 
were adjusted using 0.1 M HCl or 0.1 M NaOH solutions. 
The removal percentage (% removal) and the equilibrium 
adsorption capacity (qe) of K-nZVI were calculated by using 
the following equations:

Removal percentage = [(C0 – Ce)/C0]*100  (2)

where C0 and Ce are liquid phase and equilibrium concentra-
tion of heavy metals in solution (mg L–1).

The amount of adsorption at time t, qt (mg g−1), was cal-
culated by

qt = [(C0 – Ct ) V]/W (3)

where C0 and Ct (mg L–1) are liquid phase concentrations 
of heavy metals at initial and at any time t, respectively, V 
is the volume of the solution (L) and W is the mass of dry 
adsorbent used (g).

2.5. Effect of adsorbent dose

In 50 ml polyethylene centrifuge tubes containing 50 
mg/L of 25 ml of Cu(II) metal ion solutions 0.01–0.1 g of 
K-nZVI was introduced. The samples were agitated for 1 
h at room temperature. The pH of metal ion solutions was 
used the suspensions at natural pH condition. The samples 

were agitating on rotary shaker at 2000 rpm for 2 h, at room 
temperature. After agitation samples were centrifuged at 
3000 rpm for 10 min and supernatant kept for Cu(II) anal-
ysis. The amounts of metal ion adsorbed by the adsorbents 
were calculated by difference.

2.6. Effect of pH

Twenty five milliliters of 50 mg/L of metal ion solutions 
was added to 0.05 g of K-nZVI was added in 50 ml poly-
ethylene tubes. The pHs of the suspensions were adjusted 
within the pH range of 1.5–6.5 using either 0.1 M HCl and 
0.1 NaOH M. These samples were agitated for 2 h. After agi-
tation, the suspensions were centrifuged at 3000 rpm for 10 
min and supernatant kept for Cu(II) analysis. The amount 
of metal ions adsorbed by the adsorbents was calculated.

2.7. Adsorption kinetic study

The pH of the metal ion solutions were adjusted to pH 
3. Batch adsorption kinetic experiments were performed at 
room temperature on a rotary shaker at 200 rpm using 50 ml 
capped polyethylene tubes containing 25 ml of 10–40 mg/l 
of Cu(II) metal ion solutions and 0.05 g of K-nZVI adsorbent 
agitated at contact times 5, 10, 15, 20, 25, 30, 45 and 60 min. 
After agitation, the suspensions were centrifuged at 3000 
rpm for 10 min and supernatant kept for Cu(II) analysis. 

2.8. Adsorption equilibrium and thermo dynamic study

The pH of the Cu(II) metal ion solutions was adjusted to 
pH 3. Batch adsorption experiments were performed at dif-
ferent temperatures (25–55ºC) on a rotary shaker at 200 rpm 
using 50 ml capped polyethylene tubes containing 25 ml of 
50, 75, 100, 150 and 200 mg/l of metal ion solutions and 0.02 
g of K-nZVI adsorbents for 1 h. After agitation, the suspen-
sions were centrifuged at 3000 rpm for 10 min and superna-
tant kept for Cu(II) concentration analysis. 

2.9. Adsorption isotherms

The sorption isotherm studies provide a relation-
ship between the ion concentration in the solution and 
the amount of ion adsorbed on the solid phase at same 
temperature when the two phases reach the equilibrium. 
The sorption isotherms are mathematical models that 
were used to obtain the vital information such as sorption 
mechanism, surface properties and the affinity between 
the metal ions with the adsorbent. The two parameter 
isotherm models Langmuir and Freundlich were used by 
nonlinear regression methods to explain the sorption equi-
librium data. 

2.10. Langmuir isotherm model

(Ce/qe) = (1/Qmax KL) + (Ce/Qmax) (4)

where Qmax is the maximum biosorption capacity of K-nZVI 
(mg/g) and KL is the Langmuir constant related to the sorp-
tion energy (L/mg). 



L. Sivarama Krishna et al. / Desalination and Water Treatment 100 (2017) 168–177 171

2.11. Freundlich isotherm model

Freundlich isotherm model was also applied to describe 
the sorption of metal ions. Linearized in logarithmic form 
of Freundlich isotherm model equation is represented by:

log qe = log KF + (1/n) log C0 (5)

where KF is the Freundlich constant and ‘1/n’ is the hetero-
geneity factor.

2.12. Kinetic models

The pseudo-first-order kinetic model, also known as the 
Lagergren kinetic equation as expressed in Eq. (6) and pseu-
do-second order model Eq. (7) have been widely used to 
predict sorption kinetics. The pseudo-first-order equation 
is generally applicable to the initial stage of the adsorption 
processes whereas the pseudo-second order equation pre-
dicts the behaviour over the whole range of adsorption.

Log (qe – qt ) = log qe – (k1/2.303)t (6)

where qe and qt are the amounts of metals adsorbed at equi-
librium and at time t (mg/g), respectively and k1 is the 
pseudo first order rate constant (1/min). The pseudo-sec-
ond-order kinetic model is given by equation:

t/qt = (1/k2qe
2) + (1/qe)t (7)

where, k2 is the equilibrium rate constant of pseudo-sec-
ond-order model (g/mol/min).

2.13. Thermodynamic parameters

The thermodynamic parameters such as Gibb’s free 
energy (ΔGo), enthalpy change (ΔHo) and change in entropy 
(ΔSo) of Cu(II) is adsorbed by the K-nZVI was determined 
by following equations:

ΔGo = –RT ln Kc (8)

where Kc = Cs/Ce (9)

ln Kc = (ΔSo/R) – (ΔHo/RT) (10)

where Cs is the equilibrium concentration of metal ions on 
adsorbent (mg/l), Ce is the equilibrium concentration of 
metal ions in solution (mg/l), Kc is the equilibrium con-
stant, R is the ideal gas constant (8.314 J/mol/K) and T is 
the adsorption temperature in Kelvin.

3. Results and discussion

3.1. Characterization of the composite

The FE-SEM and TEM images of kaolin and K-nZVI 
composite are shown in Figs. 1a, 1b and 2a, 2b. The FE-SEM 
and TEM image of kaolin (Figs. 1a and 2a). shows that the 
surface morphology of kaolin is approximately smooth and 

homogenous. Figs. 1b and 2b demonstrate the dispersed 
well with little aggregation in the kaolin and the nZVI 
was present in chain-like structures. This led to confirm 
the successful attachment of nZVI with kaolin. The image 
1.d has shown the crystal’s size of Fe0 particles range from  
15.34–44.92 nm with an average size of 29.95 nm. The small 
black points in the picture shown (Fig. 2b) indicate the dis-
tribution of Fe0 nanoparticles over the surface of kaolin in 
the composite like chain structure.

The surface areas and pores volume of kaolin and 
K-nZVI values are shown in Table 1. As expected, the BET 
surface area and pore volume are increased from kaolin to 
K-nZVI. Increasing surface area from 3.824 to 9.275 m2/g 
from kaolin to K-nZVI was confirmed the formation of new 
porous structures and suggests that the Fe-nano particles 
were successfully synthesized on the kaolin and occupied 
the pores in kaolin.

The EDX test result shown in Figs. 3a and 3b, further 
confirmed the presence of elemental compound in the 
kaolin and as well as Fe nanoparticles without any impu-
rity peaks. Different element spectra and their weight per-
centages are exist. Al and C were mostly derived from the 
inorganic constituents of kaolinite. The Fe-nano particles 
are obviously existed on the K-nZVI composite (7.75%) 

Fig. 1. SEM images of (A) kaolin and (B) K-nZVI.
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shown in Fig. 3b. The increased of the Fe content in K-nZVI 
composite compared to bare kaolin (0.69%) to confirm the 
synthesizing of K-nZVI nano composite. The iron and weak 
oxygen signals in the EDX spectrum was recorded, these 
signals are to confirm the formation of Fe-nano particles on 
the kaolin dominated as zero-valent iron, Fe0 and to form 
K-nZVI nano composite (Fig. 3b) [23].

The XRD patterns of kaolin and K-nZVI are shown in 
Figs. 4a and 4b, respectively. The XRD patterns in Fig. 3a 
show that the kaolin composed of minerals such as kaolinite 
as the major clay mineral and quartz as a non-clay mineral. 
Many other minerals were also observed such as mullite, 

nacrite, dickite, pyrophyllite, dobassite, schwertmannite, 
staurolite and chloritoid, respectively. Comparing to kaolin, 
K-nZVI has some new diffraction peaks, Fig. 4b shows that 
at 2θ = 44.66º and 44.77º [24] and 2θ = 64.97º, 65.03º and 
65.24º [25] were corresponded to the formation of iron in its 
zero-valent iron (Fe0 states 110 and 200; JCPD no. 87–0721). 
This indicated that Fe0 nanoparticles were supported on 
the kaolin surface. The present of iron in other form of 
maghemite Fe2O3 at 2θ = 17.63, 37.76, 39.28 and 44.9. It’s 
indicating that n-ZVI loaded onto kaolin was covered by a 
layer of iron oxides. At the same time, Fe formed many other 
compounds with silicon and alumina such as aluminium 
iron fersilicite, almandine, akaganeite, cronstedtite and iron 
silicon. At different points which was seen in the same peaks 
with quartz and kaolinite in the software that detected the 
reflections. These reflections indicate the presence of Fe from 
ferric chloride on the surface of kaolin. The Fe3+ adsorbed by 
the kaolin was probably reduced to Fe0 and immobilized on 
the surface. The XRD analysis indicates the formation of the 
composite and immobilization of Fe0 and its well dispersion 
onto the composite in chain form. 

The FTIR spectrum for kaolin and K-nZVI compos-
ite were scanned in the range of 4000–400 cm–1 as shown 
in Figs. 4a and 4b respectively. Figs. 5a and 5b show the 
bands at 3400–3696 cm–1 in kaolin and K-nZVI corre-
sponding to OH stretching of inner surface of hydroxyl 
groups. This is present as OH molecules in octahedral 

Fig. 2. TEM images of (A) kaolin and (B) K-nZVI.

Fig. 3. EDX images of (A) Kaolin and (B) K-nZVI.

Table 1
BET analysis of kaolin and K-nZVI

Samples Surface 
area m2/g

T plot 
micropore 
volume 
cm3/g

Adsorption 
average 
pore width 

Adsorption 
cumulative 
volume of 
pores cm3/g

Kaolin 3.824 1.8 × 10–5 171.75 0.022
K-nZVI 9.276 0.026 111.32 0.0325
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layer of kaolin. Bands at 3619.49 cm–1 in kaolin repre-
sent as OH stretching of inner hydroxyl groups group. 
Bands at 1018.46–1107.63 cm–1 can be attributed to Si-O 
stretch. Bands at 1032–1008 can be attributed to in-plane 
Si-O-stretching, band at 915 cm–1 is O-H deformation of 
inner hydroxyl groups and 930 cm–1 Al-OH and finally 
bands at 788–693.48 cm–1 can be attributed to Si-O trans-
lation in kaolin. The K-nZVI FTIR spectrums shown 
clearly, the disappearance of many peaks which was exist 
in the raw kaolin, indicating the loss of water molecules 
in the composite. Band at 2304 cm–1 belongs to stretching 
of O-H groups and band at 1633.88 cm–1 can be attributed 
to H-O-H bonding. The peaks at 912–107 cm–1 in K-nZVI 

and those at 915–930 cm–1 in kaolin indicating stretching 
of SiO4 and AlO4 in the kaolin. Many more bands dis-
appeared in the K-nZVI between 915–1107 cm–1 imply to 
breaking of H bands due to the presence of Fe on the SiO4 
and AlO4 surfaces of kaolin and finally bands at 693–779 
cm–1 in K-nZVI and 693–788 cm–1 in kaolin indicating the 
Si-O and Al-O bonds [1,26,27]. A strong band shows at 
779 cm–1 in K-nZVI attributable in part to iron oxides 
on the surface of kaolin. Its indicating less oxidation of 
K-nZVI formed [1]. This evidence also support to the 
SEM, TEM, EXD, XRD and BET.

3.2. Adsorption of Cu(II) on K-nZVI

3.2.1. Effect of K-nZVI dose

The effect of adsorbent (K-nZVI) on the removal of 
Cu(II)is shown in Fig. 6. The adsorption of metal effi-
ciency is highly dependent on the quantity of the adsor-
bent. Several researchers reported that the increase in 
the percentage removal with increase in the adsorbent 
dosage is due to the greater availability of the exchange-

Fig. 4. XRD images of (A) Kaolin and (B) K-nZVI.

Fig. 5. FTIR analyses of (A) Kaolin and (B) K-nZVI.
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able sites or more adsorption sites or more surface area at 
higher concentration of the adsorbent. The present study 
reveals, the adsorbent dosage of 0.02 g is optimum dose 
found to be uptake of the K-nZVI was 62.38 (99.8%) mg/g 
for Cu(II). After that the adsorption is constant due to 
the decrease in equilibrium adsorption capacity per unit 
mass of adsorbent with increasing the dosage may be due 
to the higher K-nZVI dose providing more active adsorp-
tion sites. Another possible reason is the decreased total 
surface area of the adsorbent and an increase in the diffu-
sion path length caused by the aggregation of adsorbent 
particles [27]. 

3.2.2. Effect of initial pH

In adsorption process solution pH is one of the vital 
parameter that influences the surface charge and dissoci-
ation of functional groups on the adsorbent. In addition 
pH also affects the degree of ionization and speciation of 
the metal ions. Therefore it is essential to evaluate the opti-
mum pH for the adsorption process of Cu(II) onto K-nZVI. 
Hence, 0.05 g of the K-nZVI composite was mixed with 25 
mL of solution containing 50 mg/l Cu(II), at different pHs 
ranges from 1.5 to 6.5 at room temperature with agitation of 
200 rpm for 2 h. The pH of the solutions was adjusted with 
0.1 M NaOH and HCl before adding the K-nZVI composite. 
After agitation, the suspensions were centrifuged at 3000 
rpm for 10 min, subsequently filtered and then, the super-
natant acidified and kept in refrigerator prior to analysing. 
Fig. 7 indicates that the adsorption capacity of composite for 
Cu(II) is reached the adsorption maximum value of 24.68 
mg/g (98.6%) at pH 2.5. It was observed that the pH beyond 
optimum level showed static saturated adsorption. Further 
slightly increase in amount of metals removal is observed. 
Owing to following reasons, more Fe(OOH) coating on 
K-nZVI surfaces or metal hydroxide precipitation can be 
deposited on K-nZVI surfaces. Copper metal ions are Cu2+ 
is the dominating chemical form up to pH of 7. To increase 
the metals solution pH, Cu2+ is to forms the metal hydrox-
ides such as Cu(OH)+, Cu2(OH)2

2+, Cu3(OH)4
2+,Cu(OH)3

+and 
Cu(OH)2. These hydroxides are electro statically attracted 
towards the composite of metal oxide [28]. These reasons 
had influence and decrease reactivity of Fe0. Thus adsorp-
tion experiments were optimized by adjusting the initial 
pH to 2.5 and were followed by reduction metal ions by 

Fe0. Furthermore, the acidity of the solution can dissolution 
of the Fe(OOH) layer on nZVI surfaces and it is helpful to 
adsorb metal ions using K-nZVI [1].

3.3. Adsorption kinetics

3.3.1. Effect of contact time and initial metal concentration

In this experiment, the effect of agitation time on the 
adsorption of metal ions by the K-nZVI was explored. The 
samples were taken from the shaker at different time peri-
ods varying from 5, 10, 15, 20, 25, 30, 45 to 60 min for ini-
tial concentrations of Cu(II) 10–40 mg/l. The  adsorption of 
Cu(II) ions as a function of shaking time at room tempera-
ture are presented in Figs 8. The time required for attain-
ing equilibrium for Cu(II) ions was about 5 min. Maximum 
adsorption was attained as 99.9% for Cu(II) ion. From Fig. 
8, an increase in the initial metal concentration leads to an 
increase in the amount of metal ion adsorbed onto K-nZVI. 
However, this may occur due to an increase in the driving 
force of the concentration gradient with the increase in 
the initial metal concentration. The results suggested that 
a rapid increase in Cu(II) adsorption occurred for the first 
5 min then it get saturated and the curve almost remains 
constant. For the first 5 min agitation time, 99.9% of Cu(II) 
removal was obtained. Meanwhile, prolonged agitation 
was not resulted in higher removal efficiency. The removal 
percentage of Cu(II) increased from 99% (12.38 mg/g) to 
99.6% (49.79) with increase in the initial concentration of 
Cu(II) ions from 10 to 40 mg/l. 

This might be due to the interaction between metal ions 
present in the solution with binding site. 

At lower metal ions concentration, the percentage 
uptake was higher due to the large surface area of adsor-
bent being available for adsorption. While the high con-
centration of metal ions, the percentage removal decreased 
since the available sites for adsorption became less due to 
saturation of adsorption sites. The higher initial concentra-
tions might be closely associated with large values of the 
ratio between the initial concentration of metal ions and the 
limited number of available binding sites, resulting in lower 
adsorption percentage.

However, different from the percentage uptake, with 
the increasing initial metal ions concentration from 10 
mg/l to 40 mg/l, the amount of metal ions adsorbed at 

Fig. 6. Effect of K-nZVI dose.
Fig. 7. Effect of varying pH on Cu(II) adsorption.
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equilibrium increased. This occurred due to increase in 
driving force of the concentration gradient to overcome 
all mass transfer resistance of metal ions between aque-
ous and solid phases and accelerate the probable colli-
sion between metal ions and sorbents, thus resulting in 
higher uptake of metal ions. It can be concluded that 0.02 
g K-nZVI is able to sufficiently remove Cu(II) from aque-
ous solution within concentrations of 10–40 mg/l. This 
result is important for considering the treatment of cop-
per contain wastewaters and the other similar applica-
tions. The data obtained from the experiment was further 
used to evaluate the kinetic parameters of the adsorption 
process.

Pseudo-first-order equation, pseudo-second-order 
equation and intra-particle diffusion equation were used 
as kinetic models to analyze the adsorption behaviors of 
Cu(II) on K-nZVI. The pseudo-first-order kinetic model 
not fits. The pseudo-second-order kinetic model reflects the 
adsorbed amount at equilibrium and the adsorbed amount 
on the surface of the adsorbent. The intra-particle diffusion 
model involved in the adsorption process because it can 
identify the intra-particle diffusion mechanism and analyze 
the control steps in the adsorption. 

The pseudo-second-order kinetic model for the removal 
of Cu(II) on K-nZVI values are summarized in Table 2. 
The correlation coefficient (R2) of the pseudo-second-order 
equation was higher than that of pseudo-first-order equa-
tion. In addition, the values of the calculated qe with differ-
ent initial Cu(II) concentrations (10–40 mg/l), the qe values 
11.904, 24.390, 36.900, and 49.504 mg/g respectively to con-
centration of copper.

3.4. Thermodynamic studies

Thermodynamic parameter for the adsorption of Cu(II) 
is shown in Tables 3. The variation of metal ion removal effi-
ciency with respect to different temperatures (25°C, 35°C, 
45°C to 55°C) explained by the thermodynamic parameters 
such as Gibb’s free energy (ΔGo), enthalpy change (ΔHo) and 
change in entropy (ΔSo) of Cu(II) adsorbed by the K-nZVI 
(Table 3). These parameters are can be determined using 
equations. Where R is (8.314 J/mol K) is the gas constant 
and T (K) the absolute temperature. The values of ΔSo and 
ΔHo are calculated from the slopes and intercepts of plots of 
ln Kc versus 1/T. The slope of the plot equal to ΔHo/R and 
its intercept is equal to ΔSo/R. The ΔGo, ΔHo and ΔSo are 
shown in Table 3. The enthalpy of the adsorption ΔHo mean 
is a measure of the energy barrier that must be overcome 
by reacting molecules. The values for ΔHo were found to 
be in the range of 21.12–24.74 KJ/mol and positive values. 
This suggests that the adsorption reactions of Cu(II) onto 
K-nZVI is endothermic in nature meaning that increasing 
temperature will favour the adsorption of Cu(II) metal 
onto the K-nZVI. The value of ΔSo mean is an indication 
of whether or not the adsorption reaction is by associative 
or dissociative mechanism. The ΔSo value is very small that 
means the entropic change occurring during adsorption 
process is negligible. The positive value of ΔSo indicates 
the increased entropy at the solid or solution interface [29] 
during the adsorption and fixation of Cu(II) on the active 
sites of K-nZVI and correspond to an increase in the degree 
of freedom of the adsorbed species.

3.5. Adsorption isotherms 

Adsorption isotherms are generally used as refer-
ence points to evaluate the characteristic performance 
of an adsorbent. Subsequently, there are many isotherm 
models have been used for the equilibrium modeling of 
adsorption systems. The results obtained from the empir-
ical studies were applied to Langmuir and Freundlich 
isotherms. The dependence of Ce versus Ce/qe, and log Ce 
vs. log qe were plotted (Figures not shown) using empir-
ical results.

The Langmuir and Freundlich constant values of dif-
ferent initial concentrations (50, 75, 100, 150 and 200 mg 
L–1) at different temperatures (25°C, 35°C,45°C and 55°C) 
for Cu(II) shown in Table 4. The values of the parameters 
and correlation coefficient (R2) of Cu(II) are summarized 
in Table 4. It is noted that the Langmuir isotherm model 
exhibits better fit to the adsorption of Cu(II) over the Fre-
undlich isotherm model. The value of Qmax determined from 
the Langmuir model increases with increase in tempera-
ture. The results indicate the confirming that the process of 
adsorption is endothermic. These results supporting to the 
thermodynamic results. 

Freundlich isotherm constants n and Kf for Cu(II) are 
calculated at different temperatures from the slope and 
intercept of the plots, log Ce versus log qe and the values 
presented in Table 4. The R2 values of Freundlich isotherm 
from Table 4 indicate that this model has not been able to 
adequately describe the relationship between the amounts 
of Cu(II) adsorbed by the K-nZVI and its equilibrium con-
centration in the solution. The adsorption capacity, Kf was 
found to increase with an increase in temperature and this 
suggests that adsorption process is endothermic in nature. 
The values of n between 1 and 10 represent a favourable 
sorption. In the present study the values of n also follows 
the same trend. Higher the value of 1/n, higher will be 
the affinity between the adsorbate and adsorbent and thus 
reveal heterogeneity of the adsorbent sites. However, this 
model also fits better for equilibrium data since it presents 
higher R2 value.

Table 2
Calculated value of Cu(II) kinetic mechanism using pseudo 
second-order

C0 mg/l qe K2 R2

10 11.904 –0.019 0.999
20 24.390 –0.004 0.999
30 36.900 –0.002 0.999
40 49.504 –0.0009 0.999

Table 3
Thermodynamic parameters of Cu(II) on K-nZVI conditions

Temperature ΔGo (Kj/mol) ΔHo (Kj/mol) ΔSo (Kj/mol)

25 21.109 21.124 4.9 × 10–5

35 22.337 22.352
45 22.390 22.406
55 24.723 24.739
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4. Conclusions 

This study provides the detailed investigation on the syn-
thesis of K-nZVI Nano-composite and characterization. The 
composite was synthesized using low-cost abundant Kaolin 
clay waste material and K-nZVI using for Cu(II) removal 
from aqueous environment successfully. The K-nZVI can 
be successfully employed as adsorbent for Cu(II) removal 
from aqueous solution. The result of BET has shown the 
increasing of surface area from kaolin to K-nZVI. The results 
of XRD, SEM and TEM images confirm the synthesis of the 
composite. The pH, initial metal ion concentration, K-nZVI 
dosage, contact time and temperature were found to have a 
significant effect on the adsorption efficiency of Cu(II). The 
adsorption capacity is maximum at pH 5.0 and decreases 
significantly either side of pH 2.5. Among the two kinetic 
equations applied, the kinetic data tended to fit well to the 
pseudo-second-order rate model. The maximum adsorption 
capacity is 200 mg g–1 at higher temperature. The thermody-
namic constants ΔGo, ΔHo and ΔSo of the adsorption process 
have shown that adsorption of Cu(II) ions on K-nZVI are 
endothermic and spontaneous. The present work demon-
strates that the K-nZVI is potential adsorbent for application 
in the removal of Cu(II) ions. The synthesis methods, eco-
nomic nature, ease of separation, and good adsorption per-
formance of K-nZVI for potential application in industrial 
application form metal ions removal from aqueous.
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