
International Journal of Engineering Science and Computing, July 2016           8463                                                                  http://ijesc.org/ 

      

ISSN XXXX XXXX © 2016 IJESC                                                                                                   
                                                       
 

 
 

Adsorptive Removal of Cu (II) From Aqueous Solution Using 

Nanostructured Lithium Zincate 
Shilpa K.N1, Sathish Kumar B.Y2, Subramanya Raj Urs3, Vasanth Patil H.B4, Jayadevappa H.P5 Latha B.V6, Nithin Kundachira 

Subramani7, Sachhidananda S8 

Department of Polymer Science and Technology1, 8, Postgraduate Department of Bio-Technology2, 4, Postgraduate Department of 

Chemistry3 

Department of Chemistry5, 7, Postgraduate Department of Biochemistry6 

Sri Jayachamarajendra College of Engineering1, 8, JSS College2, 3, 4, 6 

Yuvaraja’s College5, The National Institute of Engineering7 

Mysuru, India 

 

Abstract: 

Nanostructured lithium zincate ceramic materials were developed through hydrothermal growth process involving solubility of 

minerals in hot water under high pressure. The hydrothermally developed lithium zincate nano crystals were employed for 
adsorptive removal of Cu (II) from aqueous solutions. The synthesized nano adsorbents were characterized by Scanning Electron 

Microscopy (SEM), X-ray powder Diffraction (P-XRD) followed by electronic (UV-visible) spectral studies. The adsorption 

studies were affected in batch to establish the effect of pH, contact duration/time, temperature and initial metal ion concentration 

on adsorption efficacies. This work demonstrates the success of employing hydrothermally developed lithium zincate nano 

ceramics for adsorptive removal of Cu (II) from aqueous solutions. 

 

Introduction 

Pollution by heavy metal ion discharges has attracted a wide 

spread attention in recent years owing to the toxicological 

effects of environmental biota. With human health at constant 

risk on exposure to heavy metals, even at trace levels, 
Exposure to heavy metals is believed to be a risk for human 

beings [1–4]. Thus, how to effectively and deeply remove 

undesirable metals from water systems is still a very important 

but still challenging task for environmental engineers. 

Nowadays, numerous methods have been proposed for 

efficient heavy metal removal from waters, including but not 

limited to chemical precipitation, ion exchange, adsorption, 

membrane filtration and electrochemical technologies [5–9]. 

Among these techniques, adsorption offers flexibility in 

design and operation and, in many cases it will generate high-

quality treated effluent. In addition, owing to the reversible 
nature of most adsorption processes, the adsorbents can be 

regenerated by suitable desorption processes for multiple use 

[10], and many desorption processes are of low maintenance 

cost, high efficiency, and ease of operation [11]. Therefore, 

the adsorption process has come to the forefront as one of the 

major techniques for heavy metal removal from 

water/wastewater. The removal of heavy metals through 

physical adsorption/physisorption is a coat effective technique 

that also aids high removal efficacies. The adsorption kinetics 

is however dependent on the porosity of adsorbents in addition 

to larger adsorbent surface and smaller diffusion resistance 

[12]. Nanostructured metal oxides with high surface areas are 
ideal heavy metal ion adsorbents. The electron rich oxygen 

centres of the metal oxide brings about the removal of heavy 

metals through surface adsorption [13-19]. Herein, an attempt 

is made to establish the Cu(II) adsorbing efficacies of 

nanostructured lithium zincate. However, the partial 

solubilizing nanostructured metal oxides may also lead to 

toxic effects, thus, Cu(II) solutions are made to encounter a 

dual filtration technique. Furthermore, the effects of 

hydronium ion content (pH), contact time and temperature on 

adsorption kinetics have also been established. 

 Experimental and materials 

Materials and methods 

The lithium zincate nano particles were synthesized by 

hydrothermal route [12, 20-23] using lithium nitrate [LiNO3], 

Zinc nitrate [Zn (NO3)2] and Hexa methylene Tetra ammine 
(HMTA)[(CH2)6N4], obtained from Sigma-Aldrich. The 

Copper sulphate [CuSO4.6H2O] used in the metal sorption 

experiments were procured from SD-fine chemicals. The 

solution preparations were carried out using double distilled 

water. All the reagents employed were of analytical grade and 

were used without any further purification. The as synthesized 

nano sized adsorbents were characterized by X-ray powder 

diffraction measurements affected by  Bruker X-ray 

diffractometer with CuKα as the radiation source, while 

optical properties of lithium zincate nano particles were 

established by electronic (UV-visible) spectral studies using 
Shimadzu UV-1800 spectrophotometer. The quantification of 

Cu(II) content before and after adsorption were achieved using 

Shimadzu AA-680/G atomic absorption spectrophotometer, 

while ELICO (Model-LI 617) was used for pH measurements. 

 

Synthesis of nanostructured Lithium Zincate 
Lithium zincate nano particles were developed through 

previously reported hydrothermal technique that involved a 

high temperature/elevated pressure route. In a typical 

synthesis, 1:1 molar concentrations of Li (NO3): Zn (NO3)2 

were homogenised in 100ml of double distilled water by 

mechanical shearing for 1hr. Stoichiometric amount (1.5M) of 
HMTA was then added to this homogenised mixture and the 

resulting solution was then autoclaved for at 950C for 3hr.The 

precipitates so obtained were filtered and the resultant powder 

was then subjected to high temperature(~5500C) annealing in 

oxygen atmosphere to obtain the desired nano particles. 

 

Batch studies to quantify Cu (II) adsorption by 

nanostructured lithium zincate 

The adsorption measurements were affected in 250mL beakers 

containing 25 mgL
-1

 acidified Cu (II) solutions added with 
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0.25g of nanostructured lithium zincate. The effect of 

hydronium ion concentration  (pH) on adsorption kinetics 

were monitored by suitably altering the solution pH using 

HNO3/NaOH.The adsorption kinetics were monitored by 

exposing the Cu(II) suspension to lithium zincate 

nanostructures at various contact times under ambient 
atmosphere. 

 

Results and Discussions 

Characterization of lithium zincate nanostructures 

The hydrothermally developed lithium zincate nano particles 

were characterized for their crystalline phases using X-ray 

Powder diffraction technique (Figure 1).As can be seen, the X-

ray diffractograms shows highly crystalline x-ray diffraction 

peaks at 2ϴ values of 32.3, 34.5, 36.2, 47.6 and 57.1 

corresponding to (100), (002), (101), (102) & (110) crystal 

planes substantiating the successful synthesis of lithium 

zincate nano particles. All diffraction peaks were well indexed 

with pure hexagonal wurtzite. The average domain size of 

hydrothermally developed lithium zincate nano particles were 

valued by considering the full width at half maximum 

(FWHM) of (101) peak appearing at 2θ value of 34.50 
obtained through Cauchy Loretzian fit. The FWHM values 

were then utilized to determine the crystal size by employing 

Debye–Scherer approximations, with the lithium zincate nano 

particles showing a crystallite size of 37nm in line with DLS 

measurements (Figure 2a). Furthermore, the photographic 

images (Figure 1) validates the Cu(II) adsorption abilities of 

Lithium Zincate nano particles, with otherwise whitish 

powders (Figure 1a; inset) appearing bluish green after 

Cu(II),which is also established by XRD profiles (Figure 1b; 

inset) of post adsorption lithium zincate nanoparticles. 

 

 
 

Figure 1. P-XRD diffractogram of (a) Lithium Zincate; (b) Post adsorption Lithium Zincate.   
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Figure 2. (a) Dynamic Light Scattering profiles of lithium zincate nanoparticles; (b) Digital image of hydrothermally developed 

lithium zincate nanoadsorbent. 

 

Effect of pH on adsorption kinetics 

The effect of pH on the kinetics of adsorptive removal of 

Cu(II) from its aqueous solution was established by the 

physisorptive studies using nanostructured lithium zincate 

solutions maintained at varied pH conditions by adding 

appropriate amounts of NaOH and HNO3.As can be seen 

from Figure 3, the rate of Cu(II) adsorption on lithium 

zincate surface was relatively low under strongly acidic 
conditions (pH<3.5). However, on increasing the solution 

alkalinity, there occurred a significant increase in metal ion 

adsorptions with removal efficiencies showing an adsorption 

maximum (88%) at pH 4.5.Any further increase in pH 

brought about a decrease in adsorption rate. The observed 

trend may however be attributed to the possible changes in 

the surface charges of nanostructured lithium zincate on 

increasing the solution basicity [24]. Furthermore,the 

increasing pH aids increased deprotonation of adsorbent 

surface [25] leading to a substantial enhancement of 

negatively charged sites that in turn enhances the attractive 

forces between the electron rich sorbent surface and 

electropositive Cu(II) ions thereby enabling increased 
adsorption. 

In contrast, the low pH regions are dominated by positively 

charged sites that augment the repulsive forces between the 

sorbent surface and the metal ions leading to decreased 

adsorption. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure3. Effect of pH on adsorption efficacy of Cu(II) ions by Lithium Zincate nano particle. 

 

Effect of contact time  The time required to equilibrate the adsorption of Cu (II) 

ions on nanostructured lithium zincate surface was optimized 

pH 

3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 
0 

20% 

40% 

60% 

80% 

100% 

R
e
m

o
v

a
l 

(%
) 

 

88% 



International Journal of Engineering Science and Computing, July 2016           8466                                                                  http://ijesc.org/ 

Temperature (k) 

R
em

o
v
a
l 

(%
) 

273 283 293 303 313 
70 

75 

80 

85 

90 

95 

90% 

78% 

83% 

75% 

73% 

by probing the adsorption kinetics at varying contact times. 

As can be seen from Figure 4, contact time is detrimental in 

establishing the adsorption kinetics and a maximum of 93% 

Cu(II) adsorption was achieved for a contact time of 

2hrs.However, any further increase in exposure times leads 

to a decreased adsorption owing to the reduction in the 

number adsorption sites at times greater than the optimum 

levels. The obtained data reveals that 2hrs is the optimum 

contact time which was upheld throughout the studies.

 

 
Figure 4. Effect of contact time on adsorption efficacy of Cu(II) ions by Lithium Zincate nano particle. 

 

Effect of temperature 
The effect of temperature on adsorptive removal of Cu(II) 

was established by studying the adsorption kinetics at five 

different temperatures (i.e., 273, 283, 293, 303 & 313K).  

As can be seen from Figure 5, a maximum adsorption of 
90% was achieved at 283K. However, any further increase in 

temperature decreases the adsorption efficacies, thereby 

indicating the process is exothermic. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Effect of temperature on adsorption efficacy of Cu(II) ions by Lithium Zincate nano particle. 
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Effect of initial metal ion concentration 

The effect of initial Cu (II) content on the adsorption rate 

was studied for concentration of (0.4-2.0 mg/L).As can be 

seen from Figure 6, the dosage of 2.0mg/L brings about 

maximum adsorption. However, there were no reasonable 

changes in the adsorption rate beyond 2.0 g/L. Hence 2.0 

mg/L is considered as optimum dosage for maximum 

removal of Cu(II) by nanostructured lithium zincate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Effect of initial metal ion concentration on adsorption efficacy of Cu(II) ions by Lithium Zincate nano particle. 

 

Conclusion 

 

Nanostructured lithium zincate with an average domain size 

of 30nm was developed through hydrothermal growth 

process. The adsorption kinetics revealed that lithium zincate 
nanoparticles with relatively high surface areas bring about 

effective adsorption of Cu (II) from its aqueous solution. The 

adsorption efficacy was found to be maximum at optimum 

pH and temperature of 4.5 and 283K respectively. 

Furthermore, the observed results substantiate the possible 

applications of nanostructured lithium zincate for adsorptive 

removal of heavy metal ions from waste water.   
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