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ABSTRACT: Wastewater is undesirable products from industries after the production and manufacturing of products . These wastes
contains many ionic compounds, organic and inorganic compounds which released into the water sources and enter into food cycle
and causes diseases like cancers, lung diseases like asthma. To prevent suchdisease industrial wastewater has to be treated before
releasing it into water resources .Industrial wastewater can be treated by various processes like adsorption, ultrafiltration and
coagulation .This project aims to treat industrial wastewater with high efficiency at low cost . For the efficient adsorption of dyes
from industrial effluents natural sources like biopolymers namely alginate, chitin and pectin etc. are used. In specific, sodium alginate
is used for treatment of wastewater due to its functional, chemical and physical properties. Sodium alginate is a biopolymer which
is obtained from brown algae, it is easily available, biocompatible and biodegradable. Calcium chloride and alginate is used in the
preparation of alginate bead and in preparation of magnetic bead and iron oxide nanoparticles are also synthesized. The nanoparticle
is centrifuged at 5000rpm and then the bead is made to dry. The resultant nanoparticle is characterized using SEM, X-ray diffraction
and FTIR .The prepared magnetic bead was dispersed in wastewater and finally the absorbents is noted. This project encompasses
production of cost effective and high efficient alginate based nanobead for the treatment of industrial wastewater.

Keywords: Industrial wastewater ,alginate,biopolymers, biocompatible,biodegradable, nanoparticle, centrifuge, cost effective and high
efficient.

1.1 INTRODUCTION

With the rapid increase of urbanization and industrialization, industries and pollutions parallelly increasing. Many industries
during their processes ofmanufacturing many undesired byproducts are produced which may be in form of solid, liquid and
gases. Polluted water from industries are Industrial wastewater, which havelarge amount of pollutants like organic, inorganic
materials and heavy metals. These pollutants causes serious threads to the environment. These pollutants has to be treated
before releasing it into the environment. (Geetha Palani et.al.,2021).

Human life depend on freshwater for their survival. The earth’s water is primarily saline in nature (about 97%). Of the (3%)
water, 87% of it is locked in the polar and graciers. This would mean only 0.4% of all water on earth is accessible freshwater.
This freshwater has to be conserved and treated ( Wun Jern Ng,2006). Untreated wastewater also contains several
microorganisms such as virus, bacteria, protozoans, algae that have major public health (concerns as these are cause of many
waters borne diseases. The untreated wastewaters affect the quality of water in water bodies and human health to entering
into trophic levels of food chain.Many diseases like cancers , lung and respiratory diseases like asthma is caused due to the
untreated wastewater(Shivani Garg ,et.al.,2021).Treatment of industrial wastewater before releasing it into any water sources
is called wastewater treatment, as above mentioned industrial wastewater has to be treated to conserve the water sources and
to controls the disease occurred due to industrial wastewater. Heavy metals like arsenic, copper, cadmium, chromium, nickel,
zinc, lead, and mercury are major pollutants of freshwater reservoirs because of their toxic, non-biodegradable, and persistent

[JNRD2402337 International Journal of Novel Research and Development (www.ijnrd.org) ‘ d354



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 2 February 2024| ISSN: 2456-4184 | INRD.ORG
nature Various methods have been developed and used for water and wastewater treatment to decrease heavy metal
concentrations. These technologies include membrane filtration, ion- exchange, adsorption, chemical precipitation,
nanotechnology treatments, electrochemical and advanced oxidation processes (Arezoo Azimi et. al.,2017). Treatment of
metal ions in wastewater require synthetic toxic reagents which are expensive too and hence the capital cost for treatment
increases The wide availability, biodegradability, non-toxicity and relatively inexpensiveness of biopolymers present an
attractive alternative to such toxic synthetic and chemical products . Biopolymers are used in the treatment of industrial
wastewater. (Jyoti Pandey ,2020). Biopolymers are polymers produced from natural sources either chemically synthesized
from a biological material or entirely biosynthesized by living organisms. Cellulose, chitosan, and keratin proteins are
the most commonly used biopolymers for wastewater purification. (Muhammad Zubair et. al.,2020). Alginate is one of
a type biopolymer obtained from brown algae. Alginate readily aggregates and forms a physical gel in the presence of
cations. The association of the chains, and ultimately gel structure and mechanics, depends not only on ion type, but also on
the sequence and composition of the alginate chain that ultimately determines its stiffness. It is natural and used
medical field, in the food industry, and more recently in cosmetics as a skin care ingredient. (K.I. Draget et. al.,2021).
Due its structural and functional properties alginate is used as absorption material ,Alginate isused in the treatment of
industrial wastewater.

Nanoparticles are spherical, polymeric particles composed of natural or artificial polymers. They range in size between 10
and 500 nm. The use of nanoparticle [NP] materials offers major advantages due to their unique size and physicochemical
properties. These nanoparticle is incorporated with alginate for the treatment of industrial wastewater.
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Figure 1.1 Classification of industrial wastewater
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Figure 1.2: Natural polysaccharides forwastewater treatment

MATERIALS AND METHODS

3.1 Materials:

FeClI3-6H20 (iron(111) chloride hexa hydrate), FeCI2-4H20 (iron(l1) chloride tetra hydrate) were purchased from Loba
Chemicals, India.; Sodium hydroxide(NaOH) and Sodium alginate were purchased from Titra Chem Co, India.; All
chemicals were bought in analytical purity and used without further purification. In all experiments, deionized water
was used.

3.2 Synthesis of Magnitite Alginate nanoparticles :

Synthesis of M-AIgNPs. M-AIgNPs were synthesized via the coprecipitation technique, where FeCI3-6H20
andFeCl2-4H20 have been dissolved separately in the ratio of 2 : 1. Then, the two previous solutions were mixed and
heated (65°C) under mild stirring using a mechanical stirrer. An aqueous solution of NaOH (3M) is then added drop
by drop until the formation of black suspended particles. The reaction continued for 30 min under the same conditions
[11, 12]. Then, magnetite alginate was prepared via a ionotropic gelation method. Firstly, the previously synthesized
magnetite nanoparticles were redispersed in a solution 2.5% of sodium alginate using an ultrasonic bath for 5 min. The
resulting magnetite alginate nanoparticles were washed several times with deionized water; then, the particles were
magnetically separated ( Omnia A. A.El Shamy et al., (2019)).
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3.2 Characterization:

FTIR was used to distinguish the functional groups of magnitite alginate nanoparticles using FTIR-1615 (Perkin
Elmer (USA)) using the KBr disc, in wave-numbers that ranged from 4000 to 400 cm-1. The crystal structure of the
synthesized Magnitic alginate nanaoparticles was estimated via an X-ray diffraction technique (Panalytical X Pert
PROMPD (Netherlands)). The instrument is outfitted with acopper anode (Cu-Ka) producing wavelength radiation
of 1.54 A. The diffraction pattern was registered at ambient temperature in the angular width of 4-80 (20) applying a
scan time of 0.4 (s) and a step size of 0.02 (260). Zeta potential values were measured (Malvern Zetasizer ZS-HT,
UnitedKingdom) to detect the optimum pH for the adsorption process. The morphology of the prepared M-AlgNPs
was viewed utilizing the transmission electron microscope, JEM 2100 (JEOL, Japan).(Safoura Asadi et al.,(2018)).
3.3 Adsorption:

The adsorption of Magnetite Alginate Nanoparticles was studied in a batch-mode system. The effect of different
parameters including the initial dye concentration, amount of the adsorbent, and temperature on adsorption
performance was assessed. The adsorption manner manner of the prepared magnetite alginate nanoparticles were
added to the metal ion aqueous solution separately and checked well (200rpm) for two hours (selected time). The
pH of the solution was measured at the beginning and the end of each experiment and was maintained at an optimal
pH of 2 to 7.5 (using 0.1M of NaOH). Moreover, the effect of different weights of the synthesized magnetite
nanoparticles was investigated at ambient temperature. The capacity of adsorption at equilibrium (qe) is calculated
in mg/g using following equation:

= (Co—C.) *» V
e = W

where W is the weight of the synthesized magnetite alginate nanoparticles , Vis the volume of the sample (L) ,
CO is the initial metal ion concentration (mg/L),Ce is the concentration of the metal ions t equilibrium( Omnia A. A.El
Shamy et al., (2019)).

RESULT AND DISCUSSION

Magnetite nanoparticles:

Figure 4.1 Black colour precipitate

The formation of black color precipitate indicate the formation of magnetite nanoparticles. Thus the
magnetite nanoparticles was synthesized successfully through co-precipitation method.
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Alginate Based Magnetite Nanoparticles:

The synthesized alginate based magnetite nanoparticles (Alg-MNPs) was shown in theFigure (4.1). The Alginate
Magnitite Nanoparticles was prepared by blending method.

Figure 4.2 Alginate based Magnetite Nanoparticles

In-vitro Adsorption Studies:

In-vitro adsorption study was carried out in a glass beaker at room temperature. 1.4g of Alginate Magnitite
Nanoparicles was added to dye solution (1mg in 50ml distilled water). The adsorption of dye on the adsorbent was studied
preliminarily through the UV-absorption spectrum.

Figure 4.3 Crystal Violet Dye Preparation
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Figure 4.4 After adding Alginate Magnetite Nanoparticles

The UV-absorption maximum of crystal violet dye solution was shown in Figure (4.4).The absorption maximum of
crystal violet dye was obtained at ~590nm. However, the absorbance of the dye solution after reacted with alginate-
based magnetite nanoparticles (Alg-MNPs) was reduced significantly, thus confirming the successful adsorption of
dye on the surface of the Alginate Magnetite Nanoparticles.UV-Absorption spectrum of crystal violet dye:

Figure 4.5 (a) UV-absorption spectrum of crystal violet dye

[JNRD2402337 ‘ International Journal of Novel Research and Development (www.ijnrd.org) d359



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 2 February 2024| ISSN: 2456-4184 | [INRD.ORG

Figure 4.5 (b) UV-absorption spectrum of dye after reacted with Alg-MNPS

UV-Absorption @590nm

Absorbance(AU)

Dye Solution RAM
Absorbance @590nm

Figure 4.6 Absorbance of dye solution and the dye solution after reacted with AlginateMagnetite
Nanoparticles

The absorbance of the dye solution and the dye solution, after reacting with Alginate Magnetite nanoparticles, was

shown in the Figure (4.6). The significant reduction of absorbance indicates the adsorption of dye on the surface of Alginate
Magnetite Nanoparticles.
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5. CONCLUSION

In this study, Magnetite nanoparticles was synthesized successfully through the co- precipitation method. The Alginate
based magnetite nanoparticles were prepared by simple blending method. In-vitro adsorption studies were also conducted.
The adsorption of dye was preliminarily confirmed through UV-absorption spectrum. Further, characterization studies namely
Scanning Electron Microscopy (SEM), Fourier Transform Infra-red Spectrum (FTIR) and X-ray diffraction (XRD) to be
carried out in future. Hence this present study revealed the application of alginate base magnetite nanoparticles will be used

as significant nano adsorbent for dye removal in effluent treatment.

6. REFEERENCE

Amit Sonune, & Ghate, R. (2004). Developments in wastewater treatment methods. Desalination, 167, 55-63.
https://doi.org/10.1016/j.desal.2004.06.113.

Asadi, S., Eris, S., & Azizian, S. (2018). Alginate-based hydrogel beads as abiocompatible and efficient adsorbent for
dye removal from aqueous solutions. ACS omega, 3(11), 15140-15148. https://doi.org/10.1021/acsomega.8b02498

Azimi, A., Azari, A., Rezakazemi, M., & Ansarpour, M. (2017). Removal of Heavy Metals from Industrial Wastewater

Bajpai, S. K., & Sharma, S. (2004). Investigation of swelling/degradation behaviour of alginate beads crosslinked with
Ca2+ and Ba2+ ions. Reactive and Functional Polymers . https://doi.org/10.1016/j.reactfunctpolym.2004.01.002.

Cepoi, L., & Zinicovscaia, I. (2016)‘Cyanobacteria for Bioremediation of Wastewaters ‘doi:10.1007/978-3-319-26751-
71

Chong-Kook Kim & Lee, E.-J. (1992). The controlled release of blue dextran from alginate beads. International Journal
of Pharmaceutics, https://doi.org/10.1016/0378-5173(92)90088-J.

El-Shamy, O. A., EI-Azabawy, R. E., & El-Azabawy, O. (2019). Synthesis and characterization of magnetite-alginate
nanoparticles for enhancement of nickel and cobalt ion adsorption from wastewater. Journal of Nanomaterials, 2019.
https://doi.org/10.1155/2019/6326012

Giovanni Antonio Lutzu , Adriana Ciurli , Carolina Chiellini ,Fabrizio Di Caprio , Alessandro Concas , Nurhan Turgut
Dunford(2020) ¢ Latest developments in wastewater treatment and biopolymer production by microalgaeJournal of
Environmental Chemical Engineering ¢ https://doi.org/10.1016/j.jece.2020.104926

Guohua Chenet (2004). Electrochemical technologies in wastewater treatment. Separation and Purification
Technology, 38(1), 11-41. https://doi.org/10.1016/j.seppur.2003.10.006.

Helen E. Muga , & Mihelcic, J. R. (2008). Sustainability of wastewater treatment technologies. Journal of Environmental
Management, 88(3), 437—-447. https://doi.org/10.1016/j.jenvman.2007.03.008.

Hong Wang ,Li, Y., Wang, A., & Slavik, M. (2011). Rapid, Sensitive, and Simultaneous Detection of Three Foodborne
Pathogens Using Magnetic Nanobead-Based Immuno separation and Quantum Dot-Based Multiplex Immunoassay.
Journal of Food Protection https://doi.org/10.4315/0362-028X.JFP-11-144.

https://doi.org/10.1016/0966-7822(94)00043-7. https://doi.org/10.1016/].foodchem.2018.09.164.
J RoussyP ChastellanM van VoorenE Guibal(2007) ‘Content Treatment of ink- containing wastewater by
coagulation/flocculation using biopolymers ‘DOI:10.4314/wsa.v31i3.5208

Joram Slager & Domb, A. J. (2003). Biopolymer stereocomplexes. Advanced Drug Delivery Reviews, 55(4), 549-583.
https://doi.org/10.1016/S0169-409X(03)00042-5.

Jyoti Pandey 2020 Home Emerging Eco-friendly Green Technologies for Wastewater Treatment ;Biopolymers and Their
Application in Wastewater Treatment

Lei Wang & Lin, J. (2020). Recent Advances on Magnetic Nanobead Based Biosensors: from Separation to Detection.
TrAC Trends in Analytical Chemistry, 115915. https://doi.org/10.1016/j.trac.2020.115915.

Melissa Gurgel Adeodato Vieira, da Silva, M. A., dos Santos, L. O., & Beppu, M. M. (2011). Natural-based plasticizers
and biopolymer films: A review. European Polymer Journal, 47(3), 254-263.
https://doi.org/10.1016/j.eurpolymj.2010.12.011.

Mohammad Ghorbani, Mohammad Hassan Vakili, Elham Ameri(2021) 'Fabrication and evaluation of a biopolymer-
based nanocomposite membrane for oily wastewater treatment” https://doi.org/10.1016/j.mtcomm.2021.102560

Mohammad Ghorbani, Mohammad Hassan Vakili, Elham Ameri(2021)'Fabricationand evaluation of a biopolymer-based
nanocomposite membrane for oily wastewater treatment’ https://doi.org/10.1016/j.mtcomm.2021.102560

[JNRD2402337 ‘ International Journal of Novel Research and Development (www.ijnrd.org) d361



http://www.ijrti.org/
https://doi.org/10.1016/j.desal.2004.06.113
https://doi.org/10.1016/j.reactfunctpolym.2004.01.002
https://doi.org/10.1016/0378-5173(92)90088-J
https://doi.org/10.1016/j.jece.2020.104926
https://doi.org/10.1016/j.seppur.2003.10.006
https://doi.org/10.1016/j.jenvman.2007.03.008
https://doi.org/10.4315/0362-028X.JFP-11-144
https://doi.org/10.4315/0362-028X.JFP-11-144
https://doi.org/10.1016/j.foodchem.2018.09.164
https://doi.org/10.1016/S0169-409X(03)00042-5
https://doi.org/10.1016/S0169-409X(03)00042-5
https://doi.org/10.1016/j.trac.2020.115915
https://doi.org/10.1016/j.eurpolymj.2010.12.011
https://doi.org/10.1016/j.mtcomm.2021.102560
https://doi.org/10.1016/j.mtcomm.2021.102560

© 2024 1JNRD | Volume 9, Issue 2 February 2024| ISSN: 2456-4184 | [INRD.ORG
Mozhgan Shajari , Kobra Rostamizadeh , Reza Shapouri d, Lobat Taghavi (2020)’Eco-friendly curcumin-loaded
nanostructured lipid carrier as an efficient antibacterial for hospital wastewater treatment Environmental Technology &
Innovation * https://doi.org/10.1016/j.eti.2020.100703

Muhammad Zubair, Aman Ullah, (2021) Biopolymers in environmental applications: industrial wastewater treatment
https://doi.org/10.1016/B978-0-12-819240-5.00014-6

Obaid Afzal , Hisham Abdulaziz Alshammari , Mohammad A. Altamimi , Afzal Hussain , Basmah Almohaywi ,
Abdulmalik S.A. Altamimi (2022) 'Hansen solubility parameters and green nanocarrier based removal of trimethoprim
from contaminated aqueous solution’ https://doi.org/10.1016/j.mollig.2022.119657

Palani, G., Arputhalatha, A., Kannan, K., Lakkaboyana, S. K., Hanafiah, M. M., Kumar, V., & Marella, R. K. (2021).
Current Trends in the Application of Nanomaterials for the Removal of Pollutants from Industrial Wastewater Treatment.
doi:10.3390/molecules26092799

Saman Behzadi Nia , Malihe Pooresmaeil , Hassan Namazi a(2019) ‘Carboxymethylcellulose/layered double
hydroxides bio-nanocomposite hydrogel: A controlled amoxicillin nanocarrier for colonic bacterial infections
treatmentInternational Journal of Biological Macromolecules https://doi.org/10.1016/j.ijbiomac.2019.11.115

Shengjie Ling , Y., Zheng, K., Jin, K., Yu, H., ... Kaplan, D. L. (2018). Biopolymer nanofibrils: Structure,
modeling, preparation, and applications. Progress in Polymer Science.
https://doi.org/10.1016/j.progpolymsci.2018.06.004.

Shivani Garg, Zaira Zaman Chowdhury, Abu Nasser Mohammad Faisal, Nelson Pynadathu Rumjit & Paul Thomas 2021.
Impact of Industrial Wastewater on Environment and Human Health https://doi.org/10.1002/cben.201600010

Teresa Zardan Gomez de la Torre Mezger, A., Herthnek, D., Johansson, C., Svedlindh, P., Nilsson, M., & Strgmme, M.
(2011). Detection of rolling circle amplified DNA molecules using probe-tagged magnetic nanobeads in a portable AC

susceptometer. Biosensors and Bioelectronics
https://doi.org/10.1016/j.bios.2011.08.019

Velings, N. M., & Mestdagh, M. M. (1995). Physico-chemical properties of alginate gel beads. Polymer Gels and
Networks

Vincent Rocheret, Siaugue, J.-M., Cabuil, V., & Bee, A. (2008). Removal of organic dyes by magnetic alginate beads.
Water Research, 42(4-5), 1290-1298. https://doi.org/10.1016/].watres.2007.09.024.

Vinit Raj, Chaitany Jayprakash Raorane, Jin-Hyung Lee, and Jintac Lee (2021)’ Appraisal of Chitosan-Gum Arabic-
Coated Bipolymeric Nanocarriers for Efficient Dye Removal and Eradication of the Plant Pathogen Botrytis cinerea’
https://doi.org/10.1021/acsami.1c12617

Wun Jern Ng.2006 “Industrial wastewater treatment. Impact of Industrial Wastewater on Environment and Human
Health”

Yu Liu., & Tay, J.-H. (2004). State of the art of biogranulation technology for wastewater treatment. Biotechnology
Advances, 22(7), 533-563. https://doi.org/10.1016/j.biotechadv.2004.05.001

Zhen Huang., Peng, J., Han, J., Zhang, G., Huang, Y., Duan, M., ... Lai, W. (2018). A Novel Method Based on
Fluorescent Magnetic Nanobeads for Rapid Detection of Escherichia coli 0157:H7. Food Chemistry.

[JNRD2402337 ‘ International Journal of Novel Research and Development (www.ijnrd.org) d362



http://www.ijrti.org/
https://doi.org/10.1016/j.eti.2020.100703
https://doi.org/10.1016/B978-0-12-819240-5.00014-6
https://doi.org/10.1016/B978-0-12-819240-5.00014-6
https://doi.org/10.1016/j.molliq.2022.119657
https://doi.org/10.1016/j.ijbiomac.2019.11.115
https://doi.org/10.1016/j.progpolymsci.2018.06.004
https://doi.org/10.1002/cben.201600010
https://doi.org/10.1016/j.watres.2007.09.024
https://doi.org/10.1021/acsami.1c12617
https://doi.org/10.1016/j.biotechadv.2004.05.001

