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Abstract  

In this research a process is used to treat contaminated water for its most recent use into an effluent that can be 

either returned to the water cycle with minimal environmental issues or reused. Lead pollution impacts all the 

systems of the human body. Many of the methods utilized for treatment. An easy and low cost method was 

employed to remove lead from wastewater. Graphene was prepared from sugar and normal sand as a media of 

adhesion in order to produce graphene coated sand media which is well known as graphene coated sand 

composite (GSC). Physical and chemical tests of the obtained composite were carried out and the functional 

groups on the surface were identified. SEM and EDX for the composite were also analyzed. Batch process was 

employed for the study the effect of pH, temperature, contact time and dose, for lead removal. Langmuir and 

frendlich models were applied. Isotherm data showed that the maximum adsorption capacity of lead was 59.17 

mg/g. This fast, low-cost technology can be used to manufacture commercial filters to treat contaminated water 

using appropriate engineering designs. 
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1. Introduction 

Pollution of freshwater systems by industrial and agricultural waste has become one of the key environmental 

problems [1]. Among all water contaminations, heavy metals ions can cause severe health problem in human 

and animals [2]. The sorption technique has proven to be an effective process for the removal of heavy metal 

ions from wastewaters [3-7]. Currently, different types of adsorbents used for the removal of heavy metals ions 

from water include zeolites, metallic oxides such as manganese oxides, ion exchange resins, limestone, chitosan, 

bagasse fly ash and activated carbon, lignite, modified carbon nanotubes [8-15]. The developments of 

nanscience have received remarkable attention due to their special features [16]. Following the discoveries of 

fullerene and carbon nanotubes (CNTs) in earlier decades, the emergence of graphene with its combination of 

extraordinary physical properties has opened up an exciting new filed in the science and technology of two 

dimensional (2D) nanomaterials [17]. Several aspects, such as high thermal and electrical conductivity, 

electronic properties, quantum hall effect, and application in drug delivery and DNA sensing, have been 

investigated in the recent past [18-20]. Several studies have been conducted on chemically synthesized 

graphene, as well as graphene oxide, can be anchored onto the surfaces of river sand to make effective 

adsorbents that remove heavy metal ions, pesticides, and natural dyes [21-26].                                       

In the present study, we report the facile green synthesis of graphene, a versatile carbon source from common 

sugar and capped with sand grains and used the composite for adsorption of heavy metal.                          

2. Material and theory 

2.1. Preparation of graphene coated sand composite (GSC) 

Graphene sand composite was made through followed three steps by using sugar as a source of carbon [27]. The 

first step was dissolving different ratios of sugar in water and mixing it with fine sand. The mixture was heated 

by hot air oven for 90oC until the sugar hardens on the grains of sand .The second step was burning the sample 

in furnace with N2 gas at 750oC for three hours. When the temperature reached (186 0C ) which is the melting 

point of sugar, the sugar was converted to dark brown colored and then converted to carbon .This process was 

accompanied by releasing of CO gas in large quantities. The last step is activation process by strong acid 

(H2SO4). Then, the sample was filtered and washed with distilled water and dried in oven at 1200C for 2 hours.  

2.2. Preparation of pb2+ solution 

1000 mg/L stocks solution were prepared for pb2+ by dissolving 1.5985 of pb(NO3)2 in one litter of distilled 

water then diluted to (50 mg/L) concentration to be used in subsequent experiments. The specific concentration 

of pb2+ ions after adsorption processes were measured by using Atomic Absorption Spectrophotometer (model 

Novaa400).       

2.3. Adsorption experiments 

Adsorption of pb2+ was studied by GSC using different variables (pH, Temperature, Contact time and dose) to 
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find the optimum parameter for adsorption. A certain amount of GSC was added to 50 ml solution with a 

constant concentration (50 mg/L). The mixtures were shacked by a shaker (model: VRN-480). Then the 

Samples were put in Centrifuge    (80-1 table top low, china) at 4000 rpm for 10 min to separate adsorbent 

particles. 

The percentage of pollutant removal was calculated using the following equation:  

%Removal efficiency =
𝐶𝐶0 − 𝐶𝐶𝑒𝑒
𝐶𝐶0

∗ 100                               (1) 

Where C0 and Ce is the initial and final pollutant concentration  (mg/L), respectively. 

An adsorption isotherm is a graphical representation showing the relationship between the amount adsorbed 

by a unit weight of adsorbent and the amount of adsorbate remaining in a test medium at equilibrium. It 

maps the distribution of adsorbable solute between the liquid and solid phases at various equilibrium 

concentrations .Adsorption isotherms are important to describe the interaction of adsorbate molecules with 

adsorbent surface. In this study, Langmuir and Freundlich models were employed for the treatment of the 

equilibrium adsorption data for pb2+  ions. The adsorption capacity of GSC was investigated in a batch 

reactor. The adsorbent dose and volume of solution were 3000mg and 50 ml, respectively. The adsorption 

capacity was calculated through the following equation: 

( )







 −
=
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e W
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q                                                     (2) 

Where qe : amount of adsorbate per mass of adsorbent, mg/g 

VL : volume of solution, L 

W0 : mass of medium, g 

The adsorption isotherms were obtained by plotting the weight of the solute adsorbed per unit weight of each 

medium (qe) against the equilibrium concentration of the solute in the solution (Ce) (Crittenden, 1987).  

3. Results and discussion 

3.1. Scanning electron microscopes (SEM)  

The physical morphologies and surface properties of GSC samples were examined by using scanning 

electron microscopy (SEM AIS2300C). EDAX was also carried out for the elemental analysis chemical  or 

characterization of a sample nergy-dispersive X-ray spectroscopy. Figure 1 represents SEM images of GSC and 

showed the formation of carbon on the surface of sand. Elementary mapping by EDAX measurement were also 

carried out for compositional studies it showed that the percentage of carbon (73.15%) ,oxygen (22.98%) and 

silicon Si (1.07%) and traces of other elements like aluminum and sulfur . 
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Figure 1: SEM images of GSC.                                      Figure 2: EDAX of GSC 

3.2. Fourier Transformation Infrared Spectroscopy (FTIR)  

The FTIR studies were performed to determine the varies functional groups on the surface of the material (GSC) 

[28]. The instrument used to record the FTIR spectra by FTIR instrument with kBr as reference. The spectrum 

was recorded by using FTIR (WQF-510A FTIR) spectrophotometric in a spectral range of 400-4000cm-1. 

Figure 3 shows the FT-IR of GSC. The spectrum of  GSC shows an absorption band at 1620 cm-1 corresponding 

to the C=C stretching  illustrating the structure of graphene [29]. This confirms the formation of the graphinic 

material from common sugar. The peaks at 1093 cm-1, 3593 cm-1 and 795 cm-1 were corresponded to the C-O 

,O-H and C-O-C stretching that are representing the oxygen functionality present .the peak at 777 cm-1 was due 

to C-H stretching . 

 

Figure 3: FT-IR analysis of GSC 

3.3. Adsorption study on pb2+ ions by GSC 

3.3.1. Effect of pH  
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Figure 4 shows increasing pH of solution from 2 to 4 make The removal efficiency of adsorbed Pb2+(II) 

increase  from 94.26% to 97.96.  The fact that the amount of Pb2+ removal at low pH is considered lower that 

may be accounted for the competition between Pb2+ and H+ ions, the active sites on sorbent surface [30]. The 

decreasing of the amount of adsorbed Pb2+ above pH = 4 due to the formation of soluble hydroxyl complexes. It 

is assumed that OH- in the alkaline medium effects at first on hydrolysis products of Pb(OH)2, that effects on 

hydrolysis complexes, causes decrease the adsorption. Optimal pH = 4 which was used in further subsequent 

experiments 

 

Figure 4: Effect of pH on lead removal, C0=50 mg/L , m=3g. 

3.3.2. Effect of temperature  

The observed decrease in the adsorption capacity with the  increase of temperature indicated that low 

temperature is favorable for Pb2+ ions removal by adsorption using GSC. This may be due to a tendency of the 

Pb2+ ions to escape from the solid phase to the bulk phase With increasing temperature. This effect involves a 

physical process, which is usually associated with low adsorption heat. This means that the adsorption process is 

exothermic [31]. 

 

Figure 5: Effect of temperature on lead removal, C0=50 mg/L, m=3g, pH =4. 

3.3.3. Effect of contact time   
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Figure 6: illustrates the effect of contact time on the adsorption of pb2+ ions  by GSC. It is shown that uptake is 

rapid at the beginning (at first 30 and 60 min). The adsorption curve is continuous until saturation and indicates 

the possible monolayer coverage on the surface [32].The equilibrium time was 150 min and there are no 

significant change in removal after this time because of saturation of absorption sites on absorbent. 

 

Figure 6: Effect of contact time on lead removal, C0=50 mg/L, m=3g, pH =4. 

3.3.4. Effect of Dose  

 The effect of GSC dose on the removal percentage of Pb+2 was shown in Figure 7 .It could be clearly seen that, 

increase in sorbent dose caused best  removal of Pb2+. When the sorbent dose increased from 0.5 to 4 g, the 

percentage of Pb2+ removal increased from 46.18% to98.5 %. Increase in adsorption with adsorbent dosage can 

be attributed to increased adsorbent surface area and availability of more adsorption sites [33]. 

 

Figure 7: effect of dose at PH=4 , temperature =25oC  , initial concentration = 50mg/l ,contact time =150 min. 

3.4. Adsorption isotherm  
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Figure 8 shows the adsorption isotherm ,which is considered irreversible because of its convex upward shape 

which is favorable. Figure  9 and Figure 10 showed the linear equation of Langmuir and Freundlich isotherms 

for adsorption of  Pb2+ by GSC. The results showed that The maximum adsorption capacity was 59.17 mg/g of 

carbon .Also, RL value obtained was 0.062. 

                         

Figure 8: Relation between Ce and qe 

 

Figure 9: Langmuir plot for lead adsorption 

 

Figure 10: Freundlich plot for lead adsorption 
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4. Conclusion 

This study explained that GSC as a low cost filter was an effective adsorbent for the removal of pb2+ ions in 

batch and fixed-bed column. The experimental parameter were discussed in details including variation of Ph , 

temperature ,contact time and dose . GSC shows higher removal percent at lower pH values and temperature. 

At equilibrium study , The maximum adsorption capacity of lead was found 59.17 mg/g. The experimental data 

of breakthrough curves for pb2+ were described by BDST model for finding the adsorption capacity No' (mg l−1) 

of GSC bed.                                                                                                         

References 

[1] Machida, M. Mochimaru, T.: Tatsumoto. Lead(II) adsorption only the graphene layer of carbonaceous 

materials in aqueous solution. Carbon. 2006. pp,2681-2688. 

[2] C. L. Chen and X. K. Wang. Ind. Eng. Chem. Res. 2006, USA .pp.45, 9144. 

[3] B. D. Shoener, I. M. Bradley, R. D. Cusick and J. S. Guest. Environ. Sci.: Processes Impacts. 2014, pp. 

16, 1204. 

[4] X. Zhou, Y. X. Li and Y. Zhao. RSC Adv. 2014 ,pp. 4, 15620. 

[5] S. Karthikeyan, C. Anandan, J. Subramanian and G. Sekaran.  RSC Adv.  2013, pp. 3, 15044. 

[6] Alouini and M. Jemli, J. Environ. Monit., 2001 pp.  3, 548. 

[7] H. Cao, W. T. Qu and X. L. Yang, Anal. Methods, 2014, pp 6,  3799.      

[8] Salem, A.; Sene, R.; Chem. Eng. J. 2011, pp.174, 619.          

[9]  Su, Q.; Pan B.; Pan, B.; Zhang, Q.; Zhang, W.; Lv, L.; Wang, X.; Wu,      J.; Zhang, Q. Sci. Total 

Environ. 2009, pp. 407, 5471. 

[10] Tsunekawa, M.; Ito, M.; Yuta, S.; Tomoo, S.; Hiroyoshi, N.; J. Hazard. Mater. 2011,pp. 191, 388.     

[11] Aziz, H. A. ; Adlan, M. N.; Ariffn, K. S.; Bioresource Technol. 2008, pp.99, 1578.          

[12] Zhu, H. Y.; Jiang, R.; Fu, Y. Q.; Jiang, J. H.; Xiao, L.; Zeng, G. M.; App. Surf. Sci. 2011,pp. 258, 

1337.                  

[13] Mall, I. D.; Srivastava, V. C.; Agarwal, N. K.; Mishra, I. M . Colloids Surf., 2005,pp. 264, 17.          

[14] Uçurum, M.; Fuel 2009, pp. 88, 1460.          

[15] Salam, M. A.. Colloid Surf . A 2013,  pp. 419, 69. 

[16] J. R. Maxwell, C. T. Pillinger and G. Eglinton, Q. Rev., Chem.Soc. 1971, pp. 25, 571.       

[17] W. Z. Bao, F. Miao, Z. Chen, H. Zhang, W. Y. Jang, C. Damesand C. N. Lau, Nat. Nanotechnol., 2009, 

4, 562. 

[18] Artiles, M. S.; Rout, C. S.; Fisher, T. S. Adv. Drug Delivery Rev.2011, pp. 63, 1352−1360. 

[19] Balapanuru, J.; Yang, J.-X.; Xiao, S.; Bao, Q.; Jahan, M. Polavarapu, L.; Wei, J.; Xu, Q.-H.; Loh, K. P. 

Angew. Chem., Ist. Ed.  2010,pp. 49, 6549−6553. 

[20] Min, S. K.; Kim, W. Y.; Cho, Y.; Kim, K. S. Nat. Nanotechnol. 2011, 

[21] Chandra, V.; Kim, K. S. Chem. Commun. 2011, pp. 47, 3942−3944. 

[22] Chandra, V.; Park, J.; Chun, Y.; Lee, J. W.; Hwang, I.-C.; Kim, K. S.  ACS Nano 2010, 4, 3979−3986. 

[23] Imamoglu, M.; Tekir, O. Desalination 2008, pp. 228, 108−113. 

[24] Mishra, A. K.; Ramaprabhu, S. Desalination 2011, 282, 39−45. 



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2018) Volume 37, No  1, pp 01-09 

 

9 
 

[25] Yang, S.; Luo, S.; Liu, C.; Wei, W. Colloids Surf., , DOI: 10.1016/j.colsurfb.2012.03.007. 

[26] Ayhan, D. J. Hazard. Mater. 2009, 167, 1−9. 

[27] Gupta, S. S., Sreeprasad, T. S., Maliyekkal, S. M., Das, S. K. & Pradeep, T. Graphene from Sugar and 

its Application in Water  Purification. Acs Appl. Mater. Interfaces 4, 4156–4163 (2012). 

[28]  Griffiths, P.; de Hasseth, J. A. (18 May 2007). Fourier Transform  Infrared Spectrometry         (2nd   

ed.).Wiley-Blackwell. ISBN 0-47- 19404-2 

[29] K. S. Subrahmanyam, P. Kumar, A. Nag and C. N. R. Rao, Solid State Commun., 2010, 150, 1774. 

[30] 30. N. Chaouch , M.R. Ouahrani, S. Chaouch & N. Gherraf, Adsorption of  cadmium (II) from  

aqueous solutions by activated   carbonproduced      from Algerian dates stones of Phoenix                         

dactylifera byH3PO4 activation, Journal Desalination and Water Treatment ,2012.          

[31] Davidson E. Egirani, synthesis and characterization of kaolinite coated with cu-oxide and its effect on 

the removal of aqueous mercury(ii) ions: PART II ,International Research Journal of Chemistry and Chemical 

Sciences,(2017). 

[32] V.S. Mane, I.D. Mall, V.C. Srivastava. Use of bagasse fly ash as an adsorbent for the removal of 

brilliant green dye from aqueous solution. Dyes Pigments 2007, pp. 73: 269-278. 

[33] Banerjee SS, Chen DH. Fast removal of copper ions by gum nanoadsorbent. Journal of Hazardous 

Materials 2007, pp.147: 792-797.             

 

https://www.intechopen.com/books/references/diamond-and-carbon-composites-and-nanocomposites/graphene-based-composites-and-hybrids-for-water-purification-applications#B106
https://www.intechopen.com/books/references/diamond-and-carbon-composites-and-nanocomposites/graphene-based-composites-and-hybrids-for-water-purification-applications#B106
https://books.google.com/?id=C_c0GVe8MX0C&printsec=frontcover
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-471-19404-2
http://www.tandfonline.com/author/Chaouch%2C+N
http://www.tandfonline.com/author/Ouahrani%2C+MR
http://www.tandfonline.com/author/Chaouch%2C+S
http://www.tandfonline.com/author/Gherraf%2C+N
http://www.tandfonline.com/toc/tdwt20/current

