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Abstract: Nano sized zinc oxide (ZnO) been successfully prepared in laboratory by precipitation technique. As prepared 

ZnO materials were characterized by XRD and SEM analyses. The XRD pattern showed the crystallinity of the material 

and average crystallite size was found to be 16.61 nm. The SEM images of ZnO nanoparticle revealed that it was flakes 

like structure having smooth texture.  Batch adsorption experiments were performed to investigate the percentage removal 

of Cr (VI) from aqueous solution. The effects of Cr (VI) concentration, pH of solution, adsorbent dose and contact time 

variations were studied in order to have adsorptive efficiency of as prepared ZnO nanoparticles.  The optimum contact time 

for maximum adsorption was found to be 90 minutes. The optimum pH was found to be 2.0 at an initial concentration of 

20 mg/L. Similarly, the optimum dose of ZnO for the adsorption of Cr (VI) was found to be 0.4 g. The adsorption properties 

of ZnO were then evaluated by using Langmuir, Freundlich and Temkin isotherm models. The maximum adsorption 

capacity (Qm) was found to be 3.43 mg/g which is in good agreement with literature value. The correlation value showed 

that Langmuir isotherm model was found to be more favorable than Freundlich and Temkin adsorption isotherm model, 

indicating the presence of homogeneous equivalent active sites in ZnO with monolayer adsorption. 

Key words: ZnO Nanoparticles; Cr (VI); Langmuir adsorption Isotherm.  

Introduction  

Chromium is an element that occurs naturally in rocks, 

plants, soils and volcanic dust.  It exists in two stable 

oxidation states:  Cr (III) and Cr (VI). It has beneficial as 

well as detrimental properties. The Cr (III) found naturally 

in vegetables, fruits, meat, yeasts and grains which is 

biologically essential trace element for human being.  In 

contrast, Cr (VI) is hazardous which is carcinogenic1,2,3  

and mutagenic4 to humans and animals. The Cr(III) is 

insoluble in ambient condition while the Cr (VI) 

compounds are highly soluble  and mobile in water. Hence, 

Cr(VI)  can easily enters into the living cells and shows 

toxic behavior. The most soluble, mobile and toxic forms 

of Cr (VI) in soils are chromate (CrO4
2-) and dichromate 

(Cr2O7
2-)5 which are generally released from industries like 

leather tanning, metal plating, mining operations, 

manufacture of paints, alloys, batteries, explosive, 

ceramics and photography, pesticides and refining of ores. 

The tolerance limit for Cr (VI) for discharge into land 

surface water is 0.1mg/L and in potable water is 0.05 

mg/L6. Excess release of Cr (VI), makes environment 

pollution hence removal of Cr (VI) from waste water is of 

particular concern. 

Several methods have been developed to remove 

chromium from the aqueous solution like solvent 

extraction, ion exchange, evaporation, filtration, chemical 

precipitation, membrane separation, reverse osmosis and 

adsorption7. 

However, these methods can proved to be too costly, 

impractical to apply over large scales, or unable to remove 

trace quantities of the metals. To overcome these 

drawbacks, adsorption is an alternative process to remove 

heavy metal ions from aqueous solution.  

Adsorption is a well-established and powerful technique 

for the removal of chromium from waste water because it 

is a simple, cost effective, more readily available, having 

high efficiency, easy handling and environment friendly8. 

So far, most attention has been devoted to the study of 

different types of low cost and high removal efficiency 

materials to remove the pollutants from aqueous solution. 

The removal of Cr (VI) has been studied using sugarcane 

bagasse9, coconut waste10, banana peel11, rice husk12, 
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hazelnut shell13 etc. Up to date, different materials such as 

activated carbon14, silica-gel15, zeolites16, and resins17  

have been used to adsorb contaminant from waste water.  

In these days, nanoparticles become so popular to treat 

various organic and inorganic water contaminants, for the 

reduction or treatment of industrial wastes and non-point 

sources pollution control that involves controlling water 

pollution problems18. Different types of metals, metal 

oxides and alloy nanoparticles are available19 that has been 

used as adsorbents, due to their large surface areas and 

small size20. Large number of scientists and researchers are 

working on metal oxides such as Titanium dioxide (TiO2), 

Zinc Oxide (ZnO) and Iron Oxide (Fe3O4). Among them 

the attention has also given to Zinc Oxide (ZnO) materials 

which possesses variety of nanostructures for plenty of 

applications21. Although ZnO occurs naturally as the 

mineral zincite, most zinc oxide has been produced 

synthetically22. Crystralline ZnO has wurtzite crystal 

structure in ambient conditions.  

In the present research work, ZnO was prepared by 

precipitation technique and used as an adsorbent for the 

removal of Cr (VI) from aqueous solution. The shape, size 

and structure of ZnO were characterized by X-Ray 

Diffraction (XRD) and Scanning Electron Microscope 

(SEM) analysis. 

Materials and methods 

Instruments 

The X-Ray Diffractometer (D2-Phaser, Bruker, 

Germany) was used to study the phase state of as 

prepared ZnO material. It was operated at an 

accelerating voltage of 40 KV and current 40 mA with 

Cu-Kα radiation (λ=1.5418Ao) in the diffraction angle 

of 10 to 50 degrees. Likewise, the surface morphology 

of prepared ZnO material was studied by Field Emission 

Scanning Electron Microscope (FE-SEM), Hitachi S-

7400, Japan. The spectrophotometric analysis was 

carried out by using 2306 visible Spectrophotometer, 

(AB1211010, Electronics India) and with the help of 

deluxe pH meter (Max Electronics, India) pH of 

solution was measured.  

Reagents  

Analar grade (AR) reagents such as potassium 

dichromate, 0.25% 1,5-diphenyl carbazide (DPC) in 

acetone solution, HCl, H2SO4, HNO3, NaOH and 

methylene blue were procured from Merck Company 

India.  

Preparation of adsorbent: 

The (ZnO) nano particles were prepared by precipitation 

method. The 5.95g of zinc nitrate was dissolved in 50 mL 

distilled water. An appropriate volume of ammonia 

solution was added into the solution until the pH reached 

to 7.0. The products were collected by centrifugation after 

thorough washing by distilled water. Then it was finally 

dried at 60 οC in an oven. 

Batch adsorption study 

The batch adsorption study was used to absorb pollutant 

from liquid solution. The samples were transferred into the 

adsorption bottle and a definite amount of adsorbent was 

added to the sample. The pH of the sample solution was 

adjusted by dilute HCl solution and NaOH solution. The 

sample solution was shaken for definite period of time in a 

shaker to attain adsorption equilibrium. The adsorption of 

adsorbate onto adsorbents may be affected by different 

parameters such as contact time, pH, initial concentration 

and amount of adsorbent used. The amount of adsorbate or 

loading was be calculated by following equation: 

𝑞𝑞 =
𝐶𝐶� − 𝐶𝐶�

𝑊𝑊
 × 𝑉𝑉 … … … … … (1) 

where, Ci and Ce are the initial and final or equilibrium 

concentrations of the adsorbate in mg/L respectively, V is 

the volume of solution taken in liter and W is weight of 

adsorbent in gram. 

The removal percentage is defined as the ratio of decrease 

in adsorbate (Cr) ion concentration before and after 

adsorption to the initial concentration of metal in aqueous 

solution. Then the percentage removal is determined by the 

following equation: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅  (%) = �����
��

 100% … … (2)  

 



Scientific World, Vol. 16, No. 16, July 202356

 

Results and Discussion  

Characterization of adsorbent 

X Ray Diffraction Analysis 

 

 

 

 

 

 

 

 

Figure 1: XRD pattern of ZnO. 

 Fig. 1 shows the XRD pattern of as prepared ZnO 

material. In the pattern, sharp intense peaks are clearly 

seen.  

The major peaks are observed at 34ο (002), 35º (101) and 

59º (110) of 2θ degrees. According to JCPDS card (No-75-

0576), these peaks were assigned to ZnO. This revealed 

that the resultant materials were of pure zinc oxide. There 

is no peak for impurities. The strong and sharp diffraction 

peaks are the indication of good crystallinity. 

 

Similarly, the average crystallite size of the material has 

also been calculated using Scherer’s equation (3). 

              𝐷𝐷 = ��
� ��� �

 … … … … … (3) 

Where, K is a constant which is equal to 0.94, λ is the 

wavelength of X-ray (0.154 nm), 𝛽𝛽 is the full width at half-

maximum height, 𝜃𝜃 is the diffraction angle and D is the 

particle size. Thus, the average crystallite size of zinc 

oxide material was found to be 16.61 nm. Hence, one can 

say that as prepared ZnO materials are found to be in nano 

form. 

Scanning Electron Microscopy (SEM) 

Surface morphology was studied by Scanning Electron 

Microscopy (SEM). The SEM image of as prepared ZnO 

nanoparticle is shown in Fig. 2. The surface was found to 

be smooth. The pores are not observed on the surface of 

ZnO nanoparticles. It looks like flakes. Such a smooth 

texture having flakes like structure was also reported23.  

 

Figure 2: SEM images of ZnO. 

Adsorption study on ZnO adsorbent 

Prior to adsorption studies, different operational 

parameters such as pH, adsorbent dose, contact time, initial 

Cr (VI) concentration were investigated and results are 

presented below. 

Effect of pH 

The pH of solution is the most important parameter that 

affect the adsorption process of heavy metals in water 

samples. To evaluate the influence of pH on the adsorption 

process, first experiment was carried out at different initial 

pH values of 1, 2, 3, 4, 5, 6, 7 and 8 by keeping other 

parameters constant. Here 0.3 g of adsorbent (ZnO) dose 

was taken. The initial concentration of the adsorbant (Cr) 

20 mg/L was maintained. The agitation speed 180 rpm for 

2 hours was maintained. The adsorption of Cr (VI) on ZnO 

at different pH are shown in Fig. 3. 

(101) 

(110) (002) 

(100) 
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Figure 3: Effect of pH on the adsorption of Cr (VI) onto ZnO.  

In Fig. 3, the adsorption of Cr(VI)  on ZnO was obvious in 

all pH range. However, in lower pH range i.e. at pH 2, a 

clear peak could be seen which indicates the maximum 

adsorption of Cr(VI). The 99% of Cr(VI)  was found to be 

removed. Then after pH 2 it was found to be decreasing 

continuously upto 75%. Hence, pH 2 was found to be 

optimum pH for Cr (VI) adsorption. 

Here, two mechanisms are elucidated, for the adsorption of 

Cr (VI) from ZnO adsorbent: one may be electrostatic 

attraction mechanism and other may be ion exchange 

mechanism as described in literature24. In acidic medium, 

Cr (VI) may exist in the form of oxyanions such as HCrO4
-

, Cr2O7
2-, CrO4

2-. Similarly, at pH ~ 2, the surface of ZnO 

adsorbent remains protonated to a higher extent suh as  

Zn2+, Zn (OH)+  25. As a consequence, a strong electrostatic 

force of attraction may exist between oxyanions of Cr (VI) 

and positively charged surface of the adsorbent i.e. (Zn2+, 

Zn (OH)+). Then removal of Cr (VI) from aqueous solution 

was obtained. Hence, adsorption of Cr (VI) can be 

illustrated as electrostatic mechanism 24,25. 

On the other hand, at pH >4 (HCrO4
-) species may shift to 

two different anionic forms (CrO4)- and (Cr2O7)-. At pH>4, 

there is a possibility of ion exchange between anions 

(CrO4)- and (OH)- in reaction system that will prevent Cr 

ions to approach to the binding sites of the adsorbent, as a 

result removal of Cr ions get reduced. It may be due to 

negatively charged adsorbent surface thereby causing 

hindrance in the adsorption of oxyanions of Cr (VI) or 

small repulsion may occur between them. Hence, the 

adsorption of Cr (VI) in these pH range can said to be anion 

exchange mechanism24,26. The details of mechanisms are 

described in section 1 and 2. 

 

Electrostatic attraction mechanism 

Under acidic conditions, ZnO reacts with protons on the 

basis of the reactivity of the bulk material. Then the series 

of reactions occur as in reaction 4-10 27,26. There is a 

predominance of Zn2+. It was also suggested that, the 

surface of ZnO may get hydrolyzed to form a layer of 

hydroxide i.e. Zn (OH)+. Such reactions are also reported 

in literature25,26. 

ZnO (s) + 2H+ (aq)   Zn2+ 
(aq) + H2O (l)  ……(4) 

ZnO (s) + H+ (aq)  Zn (OH)+ (aq) …..……..(5) 

Zn (OH)2 (s)                                    Zn (OH)2 (aq) ………..(6) 

 Zn (OH)2 (s)    Zn2+
 (aq) + 2OH-

 (aq) ……………(7) 

Zn (OH)2 (s)   Zn (OH)+
 (aq) + OH-

 (aq) ……… (8) 

In such condition, the adsorption of Cr may be due to 

electrostatic attraction. Here HCrO4
-, Cr2O7

2-, CrO4
2- get 

attracted on positive surface of ZnO matrix i.e. Zn2+ and 

Zn(OH)+. 

Ion exchange mechanism 

Under alkaline conditions, ZnO reacts with hydroxide ions 

on the basis of the reactivity of the bulk material. In pH>4, 

following reactions (9-10) are expected27. In this condition 

ZnO surface remains negatively charged i.e. Zn (OH)3
- and 

Zn (OH)4
2-. 

ZnO (s) + OH- (aq) + H2O (l)          Zn (OH)3
- (aq) ….. (9) 

ZnO(s)+ 2OH-
(aq) + H2O(l)           Zn (OH)4

2-
(aq) ……….(10) 

In such condition, the adsorption of Cr may be due to anion 

exchange mechanism i.e. exchange of OH- and Cr2O7
2-, 

CrO4
2-. 

 Effect of adsorbent dose 

To evaluate the effect of adsorbent dose on the adsorption 

efficiency of Cr (VI) by ZnO, the adsorbent amounts were 

varied from 0.1-0.8 g.  With reference to result obtained 
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from graph (Fig. 3), pH was maintained to 2. In this study, 

20 mg/L initial concentration of Cr (VI) was taken. The 

agitation speed 180 rpm and contact time 2 hours were 

maintained. Thus obtained % removal results were plotted 

as a function of adsorbent dose which is shown in Fig. 4. 

     

Figure 4:  Effect of adsorbent dose for adsorption of Cr (VI) onto 

ZnO. 

In Fig. 4, it was observed that the adsorption of  Cr (VI) 

increases with increasing the adsorbent dose and the 

adsorption became almost constant after adsorbent dose 

0.4 g. The initial increment in adsorption capacity may be 

due to increase in adsorbent dose and thus more surface 

binding sites were available for Cr (VI) adsorption or 

greater number of exchangeable sites available for Cr (VI) 

ions28. Therefore, the optimum adsorption efficiency for 

Cr (VI) was obtained at an adsorbent dose of 0.4 g.  

Effect of contact time 

To evaluate the effect of contact time on batch adsorption 

another experiment was carried out. Here, pH 2 was 

maintained and adsorbent dose 0.4 g . The initial Cr (VI) 

concentration was 20 mg/L. Then the solution was agitated 

at 180 rpm and contact time was varied from 1 to 150 

minutes. Then the % removal of Cr were obtained at 

different time. Thus, obtained results were plotted as a 

function of contact time in minute which is shown in Fig. 

5.  

 

 

 

Figure 5: Effect of contact time for the adsorption of Cr (VI) onto 

ZnO. 

 In Fig. 5, it was observed that the adsorption rate was rapid 

till it attained equilibrium at a particular time after which 

there was no increase in adsorption. The plateau could be 

seen after 90 minutes. The equilibrium time was found to 

be 90 minutes. Thus the rapid adsorption is due to the 

presence of large number of adsorption sites and the 

plateau of graph is due to saturation in active adsorption 

sites in the adsorbent29. Though 90 minutes was found to 

be sufficient, the further work has been carried out 

maintaining 2 hours to attain equilibrium. 

Effect of initial concentration of Cr (VI) ion 

The effect of Cr (VI) concentration is shown in Fig. 6. The 

initial concentration of Cr (VI) ions were varied from 10-

70 mg/L and keeping other parameters constant pH 2, dose 

0.4 g, agitation speed 180 rpm and time 2 hours. 

 

Figure 6: Effect of initial concentration for Cr (VI) onto ZnO. 
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 In Fig. 6, it was found that the removal of Cr (VI) ions 

decreased as the concentration of Cr (VI) ions was 

increased. At lower concentration, the ratio of initial 

number of moles of metal ions to the available area is 

larger and subsequently the fractional adsorption becomes 

independent of its minimum concentration30. However, at 

higher concentration most of the adsorption sites present 

in the ZnO particle could be occupied by Cr ions and later 

on no free sites are available to adsorb. It clearly showed 

that a decrease in percentage removal of the Cr ions 

corresponding to an increase of initial Cr ion 

concentration. Therefore, the maximum  adsorption of Cr 

(VI) ions was observed upto 20 mg/L initial concentration 

of Cr (VI). 

Adsorption Isotherm Studies 

Chromium adsorption isotherm studies were carried out to 

determine the of adsorption capacity of ZnO using 

adsorbent doses of 0.4 g at initial concentration of 20 

mg/L, time of 2 hour pH of 2 and agitation speed of 180 

rpm. 

Here, three different isotherm models Langmuir, 

Freundlich and Temkin have been tested. The linearized 

Langmuir, Freundlich and Temkin plots are given in Fig. 

7, 8 and 9. The slopes and intercepts of linearized 

Langmuir, Freundlich and Temkin plots were used to 

calculate the adsorption constants which were tabulated in 

Table 1, 2 & 3 respectively. 

Langmuir isotherm model 

It is widely applied model to describe experimental 

adsorption data based on the assumption that maximum 

adsorption corresponding to saturated monolayer of 

adsorbate molecule on adsorbent surface with a constant 

energy and no further adsorption. 

The Langmuir adsorption equation  can  be 

 represented  as;  

   Qe = QmbCe/1+bCe       …………..(11)        

 linear form of Langmuir expression is expressed as;    

  1/Qe= 1/ QmbCe +1 /Qm……..……(12) 

Where, Qe (mg/g) is the amount of adsorbate adsorbed per 

unit mass of adsorbent; Ce (mg/L) is the equilibrium 

concentration of the adsorbate in solution after 

adsorption;  

Qm (mg/g) is the maximum adsorption capacity 

corresponding to monolayer coverage of adsorbents and b 

(L/ mg) is the adsorption equilibrium constant.  Here, the 

value of Qm and b are presented in Table 1 which was 

calculated from the slope and intercept of the Ce/Qe versus 

Ce plot.  

Fig. 7 shows the Langmuir adsorption isotherm, a straight-

line graph was obtained having a slope (1/qm) of 0.2914 

and intercept (1/bqm) of 0.2637. Then Langmuir constants 

qm and b were calculated. The maximum (qm) of ZnO was 

found to be 3.43 mg/g and adsorption constant value (b) 

was found to be 1.1 mg/L. The correlation coefficient (R2) 

obtained from the Langmuir equation was 0.988. The 

dimensionless separation factor (KL) was measured using 

eqn (13) 

    KL =1/1+bCi………………(13) 

Where, Ci is  the initial concentration of the adsorbate 

(mg/L) and KL is the Langmuir equilibrium parameter and 

was found to be 0.04. This value lies between 0 and 1 

which indicates the favorability of adsorption. Langmuir 

adsorption model indicated that there is homogeneous 

equivalent active sites with monolayer adsorption. 

 

Figure 7: Langmuir adsorption isotherms for chromium adsorption. 
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All the results were also tabulated in Table 1. 

Table 1: Langmuir constants for the plot. 

Langmuir isotherm Parameters 

Langmuir constant b (L/mg) 1.1 

Maximum loading Qm (mg/g) 3.43 

Correlation coefficient (R2) 0.988 

Separation factor (KL) 0.04 

Freundlich isotherm model 

Freundlich isotherm is shown in Fig. 8. The adsorption 

capacity (KF), adsorption intensity (n) were obtained using 

equation   [ logQe = logKF + 1/n logCe]. The KF was 

calculated from intercept, whereas n was calculated from 

slope. The results are presented in Table 2. Here 

correlation coefficient value (R2) was found to be 0.985 

which was lower than correlation coefficient value (R2) 

obtained from Langmuir model. Hence, Freundlich 

adsorption model is not favorable. 

 

Figure 8: Freundlich adsorption isotherm for Cr (VI) adsorption. 

Table 2: Freundlich constants for the adsorption of Cr (VI) 

by ZnO. 

Freundlich isotherm parameters 

Adsorption capacity (KF) (mg/g) 1.86 

Adsorption intensity (n) 4.69 

Correlation coefficient (R2) 0.985 

 

Temkin isotherm model 

Temkin model gives the information of the constant KT 

related to the Temkin isotherm equilibrium binding 

constant (L/g) which corresponds to maximum binding 

energy and B related to heat of sorption (J/mol). Temkin 

isotherm model where equilibrium loading qe was plotted 

against lnCe using Tempkin equation [Qe=BlnKT+BlnCe]. 

From the Temkin model, heat of sorption (B) and 

maximum binding energy (KT) were calculated which are 

tabulated in Table 3. Here, correlation coefficient (R2) 

value was found to be lower than langmuir adsorption 

model. Hence, this model is also not fitted.  

Table 3: Temkin constants for the adsorption of Cr VI) by 

ZnO. 

Temkin isotherm parameters 

Equilibrium binding energy (KT) (L/g) 78.41 

Heat of sorption (B) (J/mol) 0.45 

Correlation coefficient (R2) 0.979 

Comparative study for adsorption capacities  

The maximum loading (Qm) of ZnO for Cr (VI) was 

compared with earlier investigation carried out in different 

adsorbents which are tabulated in Table 4. 

Table 4: Comparison of adsorption capacities of ZnO with 

other adsorbents. 

Adsorbents Adsorption 
loading Qm 
(mg/g) 

References 

ZnO 7.7 31 

Coconut tree 
sawdust 

3.46 32 

Raw rice bran 0.15 33 

Jatropha oil cake 0.82 34 
Carbon nanotubes 9.0 35 

Wheat bran 4.53 36 

Modified banana 
peel 

6.17 37 

Nano sized 
Cellulose fibres 

3.76 38 

Fe3O4 3.55 39 

ZnO 3.43 Present work 

y = 0.2133x + 0.2705
R² = 0.9852

0
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The results revealed that the adsorption capacity of 

prepared ZnO was 3.43 mg/g which was found to be in 

agreement with coconut saw dust, wheat bran, nanosized 

cellulose fibres and Fe3O4. However, it was less than 

carbon nanotubes, modified banana peel and ZnO used in 

literature review31. It could be due to the difference in 

amount of adsorbent dose and initial concentration taken. 

The 4 g of adsorbent dose (ZnO) at initial concentration of 

9 mg/L was taken in the literature31, while in  present work 

only 0.4 g of ZnO was taken at initial Cr concentration of 

20 mg/L at same conditions i.e. pH 2 and  contact time 90 

min.  

Conclusions 

Nanosized ZnO particles can be prepared by simple 

precipitation technique. The XRD analysis clearly showed 

the crystalline nature of ZnO and SEM image showed 

smooth flakes like structure. Adsorption of Cr(VI) on ZnO 

was promising at pH 2. The adsorption was fitted on 

Langmuir adsorption isotherm model which indicated the 

presence of homogeneous equivalent active sites on ZnO 

and adsorption was monolayer type. The maximum 

adsorption loading (Q m ) was found to be 3.43 mg/g. 

Acknowledgement 

We would like to thank Nepal Academy of Science and 

Technology (NAST) for recording XRD. Dr Bipin Dahal, 

Chonbuck National University, South Korea is highly 

acknowledged for SEM image. 

References 

[1] "International Agency for Research on Cancer (IARC), 

Chromium, nickel and welding." 1990. IARC Monograph on the 

Evaluation of Carcinogenic Risks to Human.  49:  1-648.  

[2] Cheng, L., Dixon, K. 1998. Analysis of repair and mutagenesis 

of chromium-induced DNA damage in yeast, mammalian cells, 

and transgenic mice. Environment health Prospectives. 109(4): 

1027-1032.  

[3] Rowbotham, A.L., Levy, L.S., Shukler, L.K. 2000. Chromium in 

the environment: an evaluation of exposure of the UK general 

population and possible adverse health effects. Journal of 

Environmental Toxicology , Health Part B.  3(3):  145-178.  

[4] McCarroll, N., Keshava, N., Chen, J., Akerman, G., Kligerman, 

A., Rinde , E.  2010. An evaluation of the mode of action 

framework for mutagenic carcinogens case study II: chromium 

(VI). Environmental and Molecular Mutagenesis.  51(2):  89-

111.  

[5] Sharma, D.C., Forster, C.F. 1995. Column studies into the 

adsorption of Cr (VI) using sphangnum moss peat. Bioresource 

Technology.  52(3):  261-267.  

[6] Bhattacharya, A.K., Mandal, S.N., Das, S.K. 2006. Removal of 

Cr (VI) from aqueous solution by adsorption onto low cost non-

conventional adsorbents. Indian Journal of Chemical 

Technology. 13: 576-589.  

[7] Demirbas, E., Kobyab, M., Senturk, E., Ozkan, T. 2004. 

Adsorption kinetics for the removal of chromium (VI) from 

aqueous solution on the activated carbon prepared from 

agricultural wastes. Water S.A.  30(4):  533-540.  

[8] Petrovic, M., Sostaric, T., Stojanovic, M., Milojkovic, J., 

Stanojevic, M., Stankovic, S. 2016. Removal of Pb2+ions by raw 

corn silk (Zea mays L.) as a novel biosorbent. Journal of the 

Taiwan Institute of Chemical Engineers.  58:  407-416.  

[9] Khan, N.A., Mohamad, H. 2007. The use of data plam as a 

potential adsorbant for wastewater treatment. Water and waste 

Water Asia.  28:  87-94.  

[10] Selvi, K., Pattabhi, S., Kadirvelu, K. 2001. Removal of Cr(VI) 

from aqueous solution by adsorpyiononto activated carbon. Bio-

resource Technology.  80:  87-89.  

[11] Memon, J.R., Memon, S.Q., Bhanger, M.I., Khuhawar, M.Y. 

2008. A green and economic sorbentfor Cr(III) removal. 

Environmental Chemistry  9:  20-25.  

[12] Sud, D.,  Mahajan, Kaur, M.P. 2003.  Agricultural waste material 

as potential adsorbent for sequestering heavy metal ions from 

aqueous solutions. Bio-resource Technology.  89:  6017-6027.  

[13] Cimino, G., Passerini, A., Toscano, G. 2000. Removal of toxic  

cations and Cr(VI) from aqueous solution by hazelnut shell. 

Water Resource.  34:  295-2962.  

[14] Yin, C.Y., Ng, M.F., Saunders, M., Goh, B.M., Sherwood, A. 

2014. New insights into the adsorption of aurocyanide ion on 

activated carbon surface: electron microscopy analysis and 

computational studies using fullerene-like models. Langmuir. 30:  

7703-7709.  

[15] Kim, H., Lee, B., Byeon, S.H. 2015. The inner filter effect of 

Cr(VI) on Tb-dopedlayered rare earth hydroxychlorides: new 

fluorescent adsorbents for the simpledetection of Cr(VI). 

Chemical Communication. 51: 725-728 

[16] Xu, Y., Wang, X.C., Yao, W.T., Zhang, Q. 2015. Recent 

advances in noblemetal based composite nanocatalysts: colloidal 

synthesis, properties, andcatalytic applications. Nanoscale. 7: 

10559-10583.  



Scientific World, Vol. 16, No. 16, July 202362

 

[17] Hadioui, M., Merdzan, V., Willinson, K.J. 2015. Detection and 

characterization of zno nanoparticles in surface and waste waters 

using single particle ICPMS. Environmental Science and 

Technology. 49:  6141-6148.  

[18] Bhattacharya, K.G., Gupta, S.S. 2008. Adsorption of a few heavy 

metals on natural and modified kaolinite and montmorillonite. 

Colloid Interface Science. 11: 114-131.  

[19] Wanees, A.S., Ahmed , A., Mohamed, M. 2012. The adsorption 

potential of activated carbon and bentonite for removal of Cr (VI) 

ions from waste water. Chemistry Journal. 2: 95-105.  

[20] Dada, A., Olalekan, A., Olatunya, A. 2012. Langmuir, freundlich 

temkin and dubinin- radushkevich isotherms studies of 

equilibrium sorption of Zn onto phosphorus acid modified rice 

husk. IOSR Journal of Applied Chemistry. 3: 38-45.  

[21] Bahadur, H., Shrivastava, A.K., Sharma, R.K., Chandra, S. 2007. 

Morphologies off sol-gel derived thin films of ZnO using 

different precursor materials and their nanostructures. Nanoscale 

Research Letters. 2: 469-475.  

[22] Liedekerke, M.D. 2006. 2.3 Zinc Oxide (Zinc White): Pigments, 

Inorganic, 1. Ullmann's Encyclopedia of Industrial,Chemistry.  

[23] Hajam S., Trital, H.M. and Rajbhandari(Nyachhyon) A.2022. 

Nano ZnO additive for the enhancement of lubricant properties. 

Scientfic World. 15(15): 26-32 

[24] Hu, J., Chen, G., Lo, I.M.C. 2005. Removal and recovery of Cr 

(VI) from wastewater by maghemite nanoparticle. Water 

resource.  39(18): 4528-4536. 

[25] Degen, A., Kosec, M.J. 2000. Effect of pH and impurities on the 

surface charge of zinc oxide in aqueous solution. European 

Ceramic Society.  20:  667.  

[26] Dange, C., Phan, T.N.T, Andre, V., Rieger, J. 2007. Adsorption 

mechanism and dispersion efficiency of here anionic additives 

polyacrylic acid, polystyrene sulfonateand HEDP on zinc oxide. 

Journal of Colloid and Interface Science.  315(1): 107.  

[27] Han, J., Qiu, W., Gao, W. 2010. Potential dissolution and photo 

dissolution of ZnO thin films. Journal of Hazardous Material. 

178(1-3): 115.  

[28] Selvaraj, K., Manomani, S., Pattabhi, S. 2003. Removal of 

hexavalent chromium using distillery sludge. Bioresource 

Technology. 89: 207-211.  

[29] KC, D. 2015. Investigation on the sorption behavior of Cr (VI) 

onto rice husk and papaya seed powder. A M.Sc dissertation, 

Central Department of Chemistry, Tribhuvan University, Nepal. 

[30] Yu, B., Shukla, S., Dorris, K.L. 2001. The removal of heavy 

metals from aqueous solution by saw dust adsorption removal of 

lead and comparison of its adsorption with koper. Journal of 

Hazardous Material.  84:  83-94.  

[31] Pandey, M., Tripathi, B.D. 2016. Synthesis, characterization and 

application of zinc oxide nanoparticles for the removal of 

hexavalent chromium. Research on Chemical Intermediates. 

Water Resources. 39(18): 83-94 

[32] Dakiky, M., Khamis, M., Manassra, A., Mereb, M. 2002. 

Selective adsorption of chromium (VI) in industrial wastewater 

using low-cost abundantly available adsorbents. Advances in 

Environment Research. 6: 533-550. 

[33] Garg, K. U., Kaur, P. M., Garg, K. V., Sud, D. 2007. Removal of 

hexavalent chromium from aqueous solution by agricultural 

waste biomass. Journal of Hazardous Materials. 140: 60-68. 

[34] Hasan, H. S., Singh, K. K., Prakash, O., Talat, M., Ho, S. Y. 

2008. Removal of Cr (VI) from aqueous solutions using 

agricultural waste; maize brain. Journal of Hazardous Materials. 

152: 356-365. 

[35] Atieh, A. M. 2011. Removal of Chromium (VI) from polluted 

water using carbon nanotubes supported with activated carbon. 

Procedia Environmental Sciences. 4: 281-293. 

[36] Kaya, K., Pehlivan, E., Schmidt, C., Bahadir, M. 2014. Use of 

modified wheat bran for the removal of chromium (VI) from 

aqueous solutions. Food Chemistry. 158: 112-11. 

[37] Ali, A., Saeed, K., Mabood, F. 2016. Removal of chromium (VI) 

from aqueous medium using chemically modified banana peels 

as efficient low-cost adsorbent. Alexandria Engineering Journal. 

55: 2933-2942. 

[38] Pourfadakari, S., Jorfi , S., Ahmadi, M., Takdastan, A. 2017. 

Experimental data on adsorption of Cr (VI) from aqueous 

solution using nanosized cellulose fibres obtained from rice husk. 

Data in Brief. 15: 887-895. 

[39] Sharma, Y. C., Srivastava, V. 2011.  Comparative studies of 

removal of Cr(VI) and Ni(II) from aqueous solutions by magnetic 

nanoparticles. Journal of Chemical and Engineering Data.  52: 

819-825.  

 

 

 

 


