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ABSTRACT

Background: The discharge of wastewater containing heavy metals into streams, lakes, ground
water and rivers is increasing rapidly. Lead is one of the most toxic heavy metals, which is
generated by a number of industries. Among the various removal technologies of heavy metals
from wastewater, adsorption has gained great importance as a purification and separation
technique in industrial scales.

Methods: Green Graphene oxide (GGO) was synthesized by modified Hummer’s method. Its
application as an excellent adsorbent for lead (1) removal was also demonstrated using response
surface methodology (RSM) using Central composite design (CCD). The effects of five
independent variables; adsorbent dose, initial lead ion concentration, and temperature and contact
time on the lead (I1) removal efficiency were investigated and the process was optimized using
RSM. Using central composite design (CCD), 52 experiments were carried out and the process
response was modeled using a quadratic equation as function of the variables.

Results: The optimum values of the variables were found to be 1.2879g/1, 147.2727ppm, 59.6465
minutes, 34.5455°C and 6.5253 for adsorbent dosage, lead (l1) initial concentration, contact time,
temperature and pH, respectively. Using RSM-CCD approach, a quadratic regression model was
generated to demonstrate the relationship between removal efficiency (RE) and factors of
Adsorbent dose (A), initial ion concentration (B), contact time (C), temperature (D)and pH (E).

Conclusions: The significance of each of the model term was evaluated using the probability of
error value (P values) and R-sg. P-values less than 0.050 showed that the terms were significant.
The model was adequate with 0.8066 R-sg. and 0.000 P-value.

Recommendations: The synthesized GO desires characterization with respect to functional
groups, structure and morphology. Adsorption isotherms and kinetics studies need to be further
conducted to understand the adsorption mechanism. Use of other optimization techniques like
artificial intelligence and Taguchi methods need to be compared with RSM-CCD. The possibility
of using blended sugarcane bagasse and rice straw to enhance efficiency should be investigated.

Keywords: Green Graphene oxide, Adsorption, Lead (Il) ions, Modelling, Optimization,
Response Surface Methodology and Central composite design
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1 CHAPTER ONE:
1.1  Background

Along with the acceleration of industrialization and urbanization, the discharge of wastewater
containing heavy metals into streams, lakes, ground water and rivers is increasing rapidly (EI-
naggar, Hamouda, Mousa, Abdel-hamid, & Rabei, 2018)(X. Zhang et al., 2013). Heavy metal ions
such as Cu, Pb , Hg, Zn and Cr in the aqueous environment mainly originate from industrial
wastewater (Lata, 2016)(Duru, Ege, & Kamali, 2016). Lead is one of the most toxic heavy metals,
which is generated by mining, electroplating, dyeing, battery, textile, explosive, and other
industries (Lata, 2016). These ions cause many toxic effects on the environment and human health
due to their toxicity, non-biodegradability carcinogenicity and long half-life (Taylor et al., 2014).

Long-term drinking of water polluted by lead causes serious health risks (Wang, Chen, & Yang,
2015) to the brain, kidney, liver, blood, nervous and reproductive systems, causing effects like
learning disabilities (decreased 1Q), anemia, chronic headache, dysentery and amentia (Guo, Bulin,
Li, & Zhang, 2018)(Taylor et al., 2014). For the sake of ecological stability and public safety, it is
necessary to eliminate Pb(ll) from wastewater (Zhao et al., 2011) in a simple, efficient, and

environmentally friendly approach (Guo et al., 2018).

Various separation technologies which include precipitation, reverse osmosis, ion exchange,
membrane separation, flocculation, electrolysis, and adsorption (Linbo Li, Zhao, & Tian,
2020)(Guo et al., 2018)(K. Zhang, Kemp, & Chandra, 2012)(Leilei Li, Luo, Li, Duan, & Wang,
2014)(Sophia et al., 2016) have been employed to remove heavy metals from wastewater. Among
these methods, adsorption has gained great importance as a purification and separation technique
in industrial scales (Tabrizi & Zamani, 2016) and become an attractive option for industrial water
treatment because of its safe, simple operation, fast response, relatively low cost and high
efficiency (Nuji & Habuda-stani, n.d.)(W. Fu & Huang, 2018). However, the other methods have
several disadvantages such as generation of toxic waste products, ineffectiveness at lower

concentrations of metal ions and low selectivity (El-naggar et al., 2018)(Duru et al., 2016).

BU/UP/2017/1501 1



REFERENCES

Anténio, C., Ortiz, V., Souza, A. De, Ana, S., Sousa, J., & Granato, D. (2015). The use of statistical
software in food science and technology: Advantages , limitations and misuses. Food
Research International, 75, 270-280. https://doi.org/10.1016/j.foodres.2015.06.011

Asghar, A., Aziz, A., Raman, A., Mohd, W., & Wan, A. (2014). A Comparison of Central
Composite Design and Taguchi Method for Optimizing Fenton Process, 2014.

Bahrani, S., Razmi, Z., Ghaedi, M., Asfaram, A., & Javadian, H. (2018). Ultrasonics -
Sonochemistry Ultrasound-accelerated synthesis of gold nanoparticles modi fi ed choline
chloride functionalized graphene oxide as a novel sensitive bioelectrochemical sensor :
Optimized meloxicam detection using CCD-RSM design and applicatio. Ultrasonics -
Sonochemistry, 42(November 2017), 776-786.
https://doi.org/10.1016/j.ultsonch.2017.12.042

Bayuo, J., Abdullai, M., Kenneth, A., & Pelig, B. (2020). Optimization using central composite
design ( CCD ) of response surface methodology ( RSM ) for biosorption of hexavalent
chromium  from aqueous media. Applied Water Science, 10(6), 1-12.
https://doi.org/10.1007/s13201-020-01213-3

Bhatti, I. A., Zia, K. M., Ali, Z., Zuber, M., & Fazal-ur-Rehman. (2012). Modification of cellulosic
fibers to enhance their dyeability using UV-irradiation. Carbohydrate Polymers, 89(3), 783—
787. https://doi.org/10.1016/j.carbpol.2012.04.010

Chen, J., Yao, B,, Li, C., & Shi, G. (2013). An improved Hummers method for eco-friendly
synthesis of graphene oxide. Carbon, 64(1), 225-229.
https://doi.org/10.1016/j.carbon.2013.07.055

Chen, X., Shen, Z., & Liu, X. (2018). Structural dynamics model updating with interval uncertainty
based on response surface model and sensitivity analysis. Inverse Problems in Science and
Engineering, 5977. https://doi.org/10.1080/17415977.2018.1554656

Dideikin, A. T., & Vul, A. Y. (2019). Graphene Oxide and Derivatives : The Place in Graphene
Family, 6(January). https://doi.org/10.3389/fphy.2018.00149

Duru, 1., Ege, D., & Kamali, A. R. (2016). Graphene oxides for removal of heavy and precious
metals from wastewater. Journal of Material Science. https://doi.org/10.1007/s10853-016-
9913-8

Dutt, M. A. (2020). I P of.

BU/UP/2017/1501 34



El-naggar, N. E., Hamouda, R. A., Mousa, I. E., Abdel-hamid, M. S., & Rabei, N. H. (2018).
Biosorption optimization , characterization , immobilization and application of Gelidium
amansii biomass for complete Pb 2 + removal from aqueous solutions, (August), 1-19.
https://doi.org/10.1038/s41598-018-31660-7

Engineering, B. (2008). A study of the degree of Pollution in Nakivubo Channel, Kampala, Uganda
KAYIMA, JOHN; KYAKULA, MICHAEL; KOMAKECH, WILLIAM; ECHIMU, SIMON
PETER.

Fizikal, S., Teraktif, K., & Padi, J. (2019). Physical and Chemical Properties of the Rice Straw
Activated Carbon Produced from Carbonization and KOH Activation Processes, 48(2), 385—
391.

Fu, F., & Wang, Q. (2011). Removal of heavy metal ions from wastewaters : A review. Journal of
Environmental Management, 92(3), 407—418. https://doi.org/10.1016/j.jenvman.2010.11.011

Fu, W., & Huang, Z. (2018). Magnetic Dithiocarbamate Functionalized Reduced Graphene Oxide
for the Removal of Cu (11), Cd (1), Pb (II ), and Hg ( I ) Ions from Aqueous Solution :
Synthesis , Adsorption , and Regeneration. Chemosphere, (n).
https://doi.org/10.1016/j.chemosphere.2018.06.087

Ganesamoorthi, B., Kalaivanan, S., Dinesh, R., Naveen, T., & Anand, K. (2015). Optimization
Technique using Response Surface Method for USMW process. Procedia - Social and
Behavioral Sciences, 189, 169-174. https://doi.org/10.1016/j.sbspro.2015.03.211

Guo, T., Bulin, C., Li, B., & Zhang, B. (2018). Efficient removal of aqueous Pb ( 1) using partially
reduced. Adsorption Science & Technology, 36(3-4), 1031-1048.
https://doi.org/10.1177/0263617417744402

Haleem, N., Malik, Z. A., Malik, M. H., & Hussain, T. (2013). Predicting the Air Permeability of
Polyester / Cotton Blended Woven Fabrics. Fibers and Polymers, 14(7), 1172-1178.
https://doi.org/10.1007/s12221-013-1172-6

Hong, Q., & Shi, Y. (2020). Multiresponse Parameter Optimization for the Composite Tape
Winding Process Based on GRA and RSM. Mathematical Problems in Engineering, 2020,
1-11.

Ince, M., & Ince, O. K. (n.d.). Heavy Metal Removal Techniques Using Response Surface
Methodology : Water / Wastewater Treatment, 1-19.

Jayakaran, P., Nirmala, G. S., & Govindarajan, L. (2019). Qualitative and Quantitative Analysis
of Graphene-Based Adsorbents in Wastewater Treatment, 2019.

Kaur, B., Kumar, B., Garg, N., & Kaur, N. (2015). Statistical Optimization of Conditions for
Decolorization of Synthetic Dyes by Cordyceps militaris MTCC 3936 Using RSM. BioMed

BU/UP/2017/1501 35



Research International, 2015, 1-17.

Kaur, K., Jindal, R., & Jindal, D. (2018). RSM-CCD optimized microwave-assisted synthesis of
chitosan and gelatin-based pH sensitive, inclusion complexes incorporated hydrogels and
their use as controlled drug delivery systems. Journal of Drug Delivery Science and
Technology. https://doi.org/10.1016/j.jddst.2018.09.003

Kumar, A., Singh, B., Tanwar, V., Kaur, J., Sharma, N., Bajaj, S., & Panchal, S. (2019). RSM-
CCD optimized sodium alginate / gelatin based ZnS-nanocomposite hydrogel for the effective
removal of biebrich scarlet and crystal violet dyes. International Journal of Biological
Macromolecules, 129, 214-226. https://doi.org/10.1016/j.ijbiomac.2019.02.034

Lata, S. (2016). REMOVAL OF HEAVY METAL FROM WASTE WATER BY THE USE OF
MODIFIED REMOVAL OF HEAVY METAL FROM WASTE WATER BY THE USE,
(March).

Li, L., Luo, C., Li, X., Duan, H.,, & Wang, X. (2014). International Journal of Biological
Macromolecules Preparation of magnetic ionic liquid / chitosan / graphene oxide composite
and application for water treatment. International Journal of Biological Macromolecules, 66,
172-178. https://doi.org/10.1016/j.ijbiomac.2014.02.031

Li, L., Zhao, L., & Tian, Y. (2020). Preparation of graphene oxide / chitosan complex and its
adsorption properties for heavy metal ions. Green Processing and Synthesis, (9), 294-303.

Mckenzie, J. (2011). Mean absolute percentage error and bias in economic forecasting. Economics
Letters, 113(3), 259-262. https://doi.org/10.1016/j.econlet.2011.08.010

Mohan, S., Kumar, V., Singh, D. K., & Hasan, S. H. (2017). Effective removal of Lead ions using
Graphene oxide-MgO nanohybrid from aqueous solution: Isotherm, Kinetic and
Thermodynamic modeling of adsorption. Biochemical Pharmacology. Elsevier B.V.
https://doi.org/10.1016/j.jece.2017.03.031

Moreno, J. M. J.,, Pol, A. P., Abad, A. S., & Blasco, B. C. (2013). Using the R-MAPE index as a
resistant measure of  forecast accuracy.  Psicothema, 25(4), 500-506.
https://doi.org/10.7334/psicothema2013.23

Mumtaz, M. W., Mukhtar, H., Anwar, F., & Saari, N. (2014). RSM Based Optimization of
Chemical and Enzymatic Transesterification of Palm Oil: Biodiesel Production and
Assessment of Exhaust Emission Levels. The Scientific World Journal, 2014, 1-11.

Nuji, M., & Habuda-stani, M. (n.d.). Toxic Metal lons in Drinking Water and Effective Removal
Using Graphene Oxide Nanocomposite, 373-395. https://doi.org/10.1007/978-3-319-75484-
0

Rahimi, T., Kahrizi, D., Feyzi, M., & Rostami, H. (2021). Industrial Crops & Products Catalytic
BU/UP/2017/1501 36



performance of MgO / Fe203-SiO2 core-shell magnetic nanocatalyst for biodiesel production
of Camelina sativa seed oil: Optimization by RSM-CCD method. Industrial Crops &
Products, 159, 113065. https://doi.org/10.1016/j.indcrop.2020.113065

Rashed, M. N. (2013). Adsorption Technique for the Removal of Organic Pollutants from Water
and Wastewater.

Rodrigues, D. F. (2013). polymer-based graphene oxide nanocomposite, 3789-3796.
https://doi.org/10.1039/c3ta01616a

Sadhukhan, B., Mondal, N. K., & Chattoraj, S. (2016). ScienceDirect Optimisation using central
composite design ( CCD ) and the desirability function for sorption of methylene blue from
aqueous solution onto Lemna major. Karbala International Journal of Modern Science, 2(3),
145-155. https://doi.org/10.1016/j.kijoms.2016.03.005

Sarafrazi, M., Hamadanian, M., & Reza, A. (2019). Optimize epoxy matrix with RSM / CCD
method and influence of multi-wall carbon nanotube on mechanical properties of epoxy /
polyurethane. Mechanics of Materials, 138, 103154.
https://doi.org/10.1016/j.mechmat.2019.103154

Saxena, R., & Singh, R. (2014). Contemporaneous Production of Amylase and Protease through
CCD Response Surface Methodology by Newly Isolated Bacillus megaterium Strain B69.
Enzyme Research, 2014, 1-12.

Sharma, J., Anand, P., Pruthi, V., Chaddha, A. S., Bhatia, J., & Kaith, B. S. (2017). RSM-CCD
optimized adsorbent for the sequestration of carcinogenic rhodamine-B: kinetics and
equilibrium studies. Materials Chemistry and Physics.
https://doi.org/10.1016/j.matchemphys.2017.04.042

Singh, B., Shanker, U., Gupta, B., & Bhatia, J. K. (2018). RSM-CCD optimized In-air synthesis
of photocatalytic nanocomposite : Application in removal-degradation of toxic brilliant blue.
Reactive and Functional Polymers, 131(May), 107-122.
https://doi.org/10.1016/j.reactfunctpolym.2018.07.016

Sophia, A. C., Lima, E. C., Allaudeen, N., Rajan, S., Sophia, A. C., Lima, E. C., ... Rajan, S.
(2016). Application of graphene based materials for adsorption of pharmaceutical traces from
water and wastewater- a review. Desalination and Water Treatment, 3994(April).
https://doi.org/10.1080/19443994.2016.1172989

Syuhadah, N., Talib, R., Izuan, M., Halmi, E., Salwa, S., Ghani, A., ... Shukor, A. (2019).
Artificial Neural Networks ( ANNs ) and Response Surface Methodology ( RSM ) Approach
for Modelling the Optimization of Chromium ( VI ) Reduction by Newly Isolated
Acinetobacter radioresistens Strain NS-MIE from Agricultural Soil. BioMed Research
International, 2019, 1-14.

BU/UP/2017/1501 37



Tabrizi, N. S., & Zamani, S. (2016). Removal of Pb ( 1l ) from aqueous solutions by graphene
oxide aerogels. Water Science & Technology, 1(74), 256-265.
https://doi.org/10.2166/wst.2016.213

Tari, F., Shekarriz, M., Zarrinpashne, S., & Ruzbehani, A. (2018). Design and implementation of
an effective system for catalytic degassing of Claus- derived sulfur over monometallic and
bimetallic nanosilica-based catalysts and optimization via RSM-CCD. Journal of Natural
Gas Science and Engineering. https://doi.org/10.1016/j.jngse.2018.08.004

Taylor, P., Li, H., & Chi, Z. (2013). Desalination and Water Treatment Covalent bonding synthesis
of magnetic graphene oxide nanocomposites for Cr (111 ) removal. Desalination and Water
Treatment, (July 2013), 1-10. https://doi.org/10.1080/19443994.2013.806224

Taylor, P., Wang, Y., Yan, T., Gao, L., Cui, L., Hu, L., ... Du, B. (2014). Desalination and Water
Treatment Magnetic hydroxypropy! chitosan functionalized graphene oxide as adsorbent for
the removal of lead ions from aqueous solution. Desalination and Water Treatment, (January
2015), 1-10. https://doi.org/10.1080/19443994.2014.989273

Umar, A. A., Saaid, I. M., Sulaimon, A. A., & Pilus, R. M. (2020). Predicting the Viscosity of
Petroleum Emulsions Using Gene Expression Programming ( GEP ) and Response Surface
Methodology ( RSM ). Journal of Applied Mathematics, 2020, 1-10.

Using, G., Straw, R., Uda, M. N. A., Gopinath, S. C. B., Hashim, U., & Uda, M. N. A. (2020).
Simple and Green Approach Strategy to Synthesis Simple and Green Approach Strategy to
Synthesis Graphene. https://doi.org/10.1088/1757-899X/864/1/012181

Vahdati, M., & Rasouli, S. (2016). Evaluation of Parameters Affecting Magnetic Abrasive
Finishing on Concave Freeform Surface of Al Alloy via RSM Method. Advances in Materials
Science and Engineering, 2016, 1-14.

Wang, X., Chen, Z., & Yang, S. (2015). Application of graphene oxides for the removal of Pb ( 1l

) ions from aqueous solutions : Experimental and DFT calculation. Journal of Molecular
Liquids, 211, 957-964. https://doi.org/10.1016/j.molliq.2015.08.020

Xiao, M., Shen, X., Ma, Y., Yang, F., Gao, N., Wei, W., & Wu, D. (2018). Prediction of Surface
Roughness and Optimization of Cutting Parameters of Stainless Steel Turning Based on
RSM, 2018.

Yang, J., Hou, B., Wang, J., Tian, B., Bi, J., Wang, N., & Li, X. (2019). Nanomaterials for the
Removal of Heavy Metals from Wastewater. https://doi.org/10.3390/nan09030424

Zhang, K., Kemp, K. C., & Chandra, V. (2012). Homogeneous anchoring of TiO 2 nanoparticles

on graphene sheets for waste water treatment. Materials Letters, 81, 127-130.
https://doi.org/10.1016/j.matlet.2012.05.002

BU/UP/2017/1501 38



Zhang, X., Cheng, C., Zhao, J., Ma, L., Sun, S., & Zhao, C. (2013). Polyethersulfone enwrapped
graphene oxide porous particles for water treatment. Chemical Engineering Journal, 215—
216, 72-81. https://doi.org/10.1016/j.cej.2012.11.009

Zhao, G., Ren, X., Gao, X., Tan, X., Li, J., Chen, C., & Wang, X. (2011). Removal of Pb (11 ) ions
from aqueous solutions on few-layered graphene oxide. The Royal Society of Chemistry,
10945-10952. https://doi.org/10.1039/c1dt11005e

Zinadini, S., Vatanpour, V., Akbar, A., Rahimi, M., Rahimi, Z., & Kian, M. (2015). Journal of
Water Process Engineering Preparation and characterization of antifouling graphene oxide /
polyethersulfone ultrafiltration membrane: Application in MBR for dairy wastewater
treatment. Journal of Water Process Engineering, 7, 280-294.
https://doi.org/10.1016/j.jwpe.2015.07.005

BU/UP/2017/1501 39



	1.pdf
	2.pdf

