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DESCRIPTION
.

Environmental Technology & Innovation focuses on a challenge-oriented approach to solutions
that bring together excellent natural sciences, which underpin the development and application of
technologies, to understand and deliver a sustainable future. We recognize the need to encourage
and disseminate the creation and development of new innovative products, technologies and ideas
that improve our environment. Sectors of impact include soil, air, water and food in both rural and
urban landscapes.

The journal represents a platform for disseminating the fundamental scientific evidence for
environmental protection and sustainable development. The journal brings together excellent natural
sciences, which underpin the understanding, development and application of technologies, to deliver
a sustainable future. Dissemination of the fundamental science, methodologies, tools and techniques,
in addition to the policy and governance landscape around the topic of sustainable future, are
the focus of this publication. It brings together the need to consider the science and technology
for environmental benefits including the development of both smarter, cleaner technologies for
environmental protection, more efficient processing methods for resource use efficiency and critically,
the environmental evidence for their uptake and success.
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.
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ABSTRACTING AND INDEXING
.
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EDITORIAL BOARD
.

Co Editors-in-Chief

Ravi Naidu, The University of Newcastle Global Centre for Environmental Remediation, Callaghan, Australia
Contaminant fate and dynamics, bioavailability, risk characterisation and remediation
Duc Long Nghiem, University of Technology Sydney, Sydney, Australia
Membrane bioreactor, Pressure driven membrane processes, Forward osmosis, Membrane distillation,
Facilitated transport membrane, Membrane electrolysis, Desalination, Water reuse, Biological
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wastewater treatment, Anaerobic digestion, Emerging organic contaminants, Energy and resource
recovery from waste and wastewater
Mark Rood, University of Illinois at Urbana-Champaign, Champaign, Illinois, United States of America
Environmental air quality: aerosol chemistry and physics; ammonia emissions from agricultural fields;
physical and chemical principles to separate and recover or destroy vapors and gases from gas streams
in a sustainable manner
Kirk Semple, Lancaster University, Lancaster, United Kingdom
Bioavailability of organic pollutants, biodegradation, pollutant residues in soil, risk assessment,
bioremediation, anaerobic digestion, soil conditioners

Associate Editors

Zhaomin Dong, Beihang University, School of Space and Environment, Beijing, China
Environmental chemistry and toxicity, Environmental Health, Nanomaterials,  Soil bioavailability,
Epidemiology
Ke Du, University of Calgary Schulich School of Engineering Department of Mechanical & Manufacturing
Engineering, Calgary, Alberta, Canada
Optical remote sensing of air emissions, Aerosol sourcing and transportation, Machine learning in air
quality monitoring, Development of digital photographic methods for air quality measurements, Black
carbon, VOC sourcing and health risk assessment
Takahiro Fujioka, Nagasaki University Faculty of Engineering Graduate School of Engineering, Nagasaki, Japan
Potable and non-potable water reuse, physical and chemical water treatment processes, online water
quality monitoring technologies, membrane separation processes, advanced oxidation processes,
natural materials used for water treatment
Yunxia Hu, Tiangong University, Tianjin, China
Wastewater treatment, Water purification, Water reuse, Desalination, Juice Concentration,
Chemicals Concentration, Environmental materials, Nanomaterials, Polymers, Environmental catalyst,
Separation membranes, Membrane fouling, Membrane processes, Membrane surface engineering,
Membrane fouling mitigation, Microfiltration, Ultrafiltration, Nanofiltration, Reverse Osmosis, Forward
osmosis, Membrane distillation, Osmotic membrane distillation
Dibyendu Sarkar, Stevens Institute of Technology, Department of Civil, Environmental and Ocean Engineering,
Hoboken, New Jersey, United States of America
Soil and water chemistry, Risk assessment, Green technology development, Environmental quality,
Environmental remediation, Trace element biogeochemistry

Editorial Board Members

Maher Al-Jabari, Palestine Polytechnic University, Hebron, Palestine, State of
Industrial pollution, classification of waste and hazardous waste, Industrial wastewater treatments,
Modeling of kinetic separation processes, Surface chemistry, supercritical fluid extraction,
Waterproofing and durability of construction materials
Blanca Antizar-Ladislao, Isle Utilities Ltd, London, United Kingdom
Bioremediation, phytoremediation, fate and transport of emerging contaminants in water, energy and
resource recovery from waste and wastewater, water security
Andrea Moura Bernardes, Federal University of Rio Grande do Sul, Porto Alegre, Brazil
Water reuse, Electrodialysis, Membrane electrolysis, Desalination, Pressure driven membrane
processes, Membrane distillation, Emerging organic contaminants, Advanced oxidation Processes,
WEEE recycling
Jayanta Kumar Biswas, University of Kalyani, Kalyani, India
Water and soil contamination,  Remediation of contaminants,  Ecotoxicology of metal(loid)s and
emerging contaminants,  Bioremediation,  Environmental microbiology,  Ecological engineering,
  Ecotechnology,  Nanobiotechnology,  Wastewater treatment and resource recovery
David Bolzonella, University of Verona Department of Biotechnology, Verona, Italy
Anaerobic processes, biobased compounds production, bioeconomy, biofuels, nutrients recovery,
wastewater biological treatment
Xuan-Thanh Bui, Ho Chi Minh City University of Technology Faculty of Environment and Natural Resources, Ho
Chi Minh City, Viet Nam
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processes,   Green Technologies.
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Wastewater treatment, sustainable development, clean energy, carbon footprint, water footprint,
biofuel, waste-to-wealth, bio-hydrogen, green chemistry
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Chris Collins, University of Reading Department of Geography and Environmental Science, Reading, United
Kingdom
Environmental Chemistry, Risk Assessment, Soils chemistry, Bioavailability, Natural Capital
Li Gao, South East Water Ltd, Melbourne, Australia
Desalination, Membrane, Water Treatment, Emerging contaminants, and Resource Recovery
Yangxian Liu, Jiangsu University, School of Energy and Power Engineering, Jiangsu, China
Air pollutant control, Gaseous pollutants removal (e.g., SO2, NOx, Hg0, CO2, H2S, etc.) by oxidation,
adsorption and/or catalysis, Advanced oxidation technology for removal of gaseous pollutants
Quang Ly, Tianjin Polytechnic University State Key Laboratory of Separation Membranes and Membrane
Processes, Tianjin, China
Liping Ma, East China Normal University Department of Environmental Sciences, Shanghai, China
 Metagenomics, Antimicrobial resistance, Microbial ecology, Drinking water, Biotechnology
Mu Naushad, King Saud University Department of Chemistry, Riyadh, Saudi Arabia
Wastewater treatment, Adsorption, Ion exchange, Surface chemistry, Nanocatalysis and
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Emission inventory and photochemical modeling, aerosol composition monitoring, receptor modeling,
climate and air pollution interaction, air pollution meteorology
Hilary Owamah, Delta State University Faculty of Engineering, Abraka, Nigeria
Renewable energy, biogas, pollution control, waste management, drinking water quality, solid
waste management, hydrology, soil and water contamination, ecotoxicology, ecological engineering,
mathematical modelling
Maulin Shah, Enviro Technology Limited, Applied & Environmental Microbiology Lab, Ankleshwar, India
Environmental Microbiolgoy, Waste Water Treatment, Activated Sludge Process, Waste Water
Engineering, Anamox, Feamox, Bioelectrochemical Oxidaton
Han-Qing Yu, University of Science and Technology of China, Department of Environmental Science and
Engineering, Hefei, China
Biological waste-water treatment, Environmental remediation, Characterization of natural and
engineered environments
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same journal.

Cites Year Value
S lf Cit 2014 0

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.
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countries. The chart shows the ratio of a journal's
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three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value
N it bl d t 2014 0

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2014 0
Uncited documents 2015 1
Uncited documents 2016 20
Uncited documents 2017 24

2015 2016 2017 2018 2019

0

0.3

0.6

0.9

Cites / Doc. (4 years)
Cites / Doc. (3 years)
Cites / Doc. (2 years)

2014 2015 2016 2017 2018 2019

0

0.8

1.6

2.4

3.2

4

2014 2015 2016 2017 2018 2019

0

500

1k

2014 2015 2016 2017 2018 2019

0

2

4

2014 2015 2016 2017 2018 2019

0

20

40

60

2014 2015 2016 2017 2018 2019

0

200

400

2014 2015 2016 2017 2018 2019

0

200

400

https://www.scimagojr.com/journalsearch.php?q=21552&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24554&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=4000148503&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=19700174610&tip=sid&clean=0


3/21/2021 Environmental Technology and Innovation

https://www.scimagojr.com/journalsearch.php?q=21100385961&tip=sid&clean=0 3/5

Metrics based on Scopus® data as of April 2020

Andrey 5 months ago

Dear Scimago Team.

Could you, please, tell me how the advertisements could be removed from your website for me?

It looks very unpleasant to see any information I don't need placed by google across the web page

with information about scienti�c journals metrics

 

Sincerely yours

Dr. Andrey Kuzmin

reply

CSI A 12 months ago

dear sir

 

I would like to publish my research in Scopes International

 

You can give me details about the admission method for research with the time of acceptance of

the publication and the time of �nal publication and cost

 

greetings to you all

 

 

ali kifah

asst lec 

← Show this widget in
your own website

Just copy the code below
and paste within your html
code:

<a href="https://www.scimag

A

Melanie Ortiz 5 months ago

Dear Dr. Andrey,

 

Thank you for contacting us. The Ads are automatically added by Google, based on the

seachs you made on it. 

 

Best Regards, SCImago Team

M
SCImago Team

C



3/21/2021 Environmental Technology & Innovation | Vol 13, Pages 1-408 (February 2019) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/13/suppl/C 1/9

Volume 13
Pages 1-408 (February 2019)

Download full issue

Previous vol/issue Next vol/issue

Receive an update when the latest issues in this journal are published

Sign in to set up alerts

Research article Abstract only

Reagent decontamination of liquid chrome-containing industrial wastes
O.N. Tsybulskaya, T.V. Ksenik, A.A. Yudakov, V.V. Slesarenko
Pages 1-10

Purchase PDF Article preview

Research article Abstract only

Articles & Issues About Publish SSubmit your article Guide for authors

Environmental Technology & Innovation
Supports open access

4.3
CiteScore

3.356
Impact Factor

https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/12/suppl/C
https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/14/suppl/C
https://www.sciencedirect.com/user/login?returnURL=%2Fjournal%2Fenvironmental-technology-and-innovation%2Fvol%2F13%2Fsuppl%2FC%3FfollowJournal%3Dtrue
https://www.sciencedirect.com/science/article/pii/S2352186418304292
https://www.sciencedirect.com/science/article/pii/S2352186418304292
https://www.sciencedirect.com/
https://www.editorialmanager.com/ETI/default.aspx
https://www.elsevier.com/journals/environmental-technology-and-innovation/2352-1864/guide-for-authors
https://www.sciencedirect.com/journal/environmental-technology-and-innovation
https://www.elsevier.com/about/open-science/open-access


3/21/2021 Environmental Technology & Innovation | Vol 13, Pages 1-408 (February 2019) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/13/suppl/C 2/9

Fabrication and characterisation of a Fe O /Raphia farinifera nanocomposite for
application in heavy metal adsorption
Loretta C. Overah, Chukwujindu M. Iwegbue, Jonathan O. Babalola, Bice S. Martincigh
Pages 11-29

Purchase PDF Article preview

Research article Abstract only

Arsenic adsorption by soil from Misiones province, Argentina
Rosana Boglione, Carina Griffa, María Cecilia Panigatti, Susana Keller, ... Melina Asforno
Pages 30-36

Purchase PDF Article preview

Research article Abstract only

Novel acid treated biomass: Applications in Cu  scavenging, Rhodamine B/Cu
binary solution and real textile effluent treatment
Adejumoke Abosede Inyinbor, Folahan Amoo Adekola, Oluwasogo Adewumi Dada, Abimbola Peter
Oluyori, ... Temitope Olabisi Abodunrin
Pages 37-47

Purchase PDF Article preview

Research article Abstract only

Environmental fate and behaviour of benzophenone-8 in aqueous solution
A.J.M. Santos, J.C.G. Esteves da Silva
Pages 48-61

Purchase PDF Article preview

Research article Abstract only

Process optimization of methylene blue adsorption onto eggshell–treated palm oil fuel
ash
R. Hasan, C.C. Chong, H.D. Setiabudi, R. Jusoh, A.A. Jalil
Pages 62-73

Purchase PDF Article preview

Research article Abstract only

Stabilizing method for mercury vapor release from burning amalgam mimicking the
practice of artisanal small scale gold mining

https://www.sciencedirect.com/science/article/pii/S2352186418302451
https://www.sciencedirect.com/science/article/pii/S2352186418302451
https://www.sciencedirect.com/science/article/pii/S2352186418303031
https://www.sciencedirect.com/science/article/pii/S2352186418303031
https://www.sciencedirect.com/science/article/pii/S235218641830292X
https://www.sciencedirect.com/science/article/pii/S235218641830292X
https://www.sciencedirect.com/science/article/pii/S235218641730353X
https://www.sciencedirect.com/science/article/pii/S235218641730353X
https://www.sciencedirect.com/science/article/pii/S2352186418302396
https://www.sciencedirect.com/science/article/pii/S2352186418302396
https://www.sciencedirect.com/science/article/pii/S235218641830230X


3/21/2021 Environmental Technology & Innovation | Vol 13, Pages 1-408 (February 2019) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/13/suppl/C 3/9

Muhammad Adlim, Fitri Zarlaida, Ibnu Khaldun, Nurul Agustia Fadila, ... Noor Hana Hanif Abu Bakar
Pages 74-81

Purchase PDF Article preview

Research article Abstract only

Nanopesticidal potential of silver nanocomposites synthesized from the aqueous
extracts of red seaweeds
T. Antony Roseline, M. Murugan, M.P. Sudhakar, K. Arunkumar
Pages 82-93

Purchase PDF Article preview

Review article Abstract only

Status of carbon capture and storage in India’s coal fired power plants: A critical review
Ravinder Kumar, Ravindra Jilte, Keval Chandrakant Nikam, Mohammad Hossein Ahmadi
Pages 94-103

Purchase PDF Article preview

Research article Abstract only

Phytotoxicity alleviation by bacterial species isolated from polycyclic aromatic
hydrocarbons (PAHs) contaminated sites
Youry Pii, Laura Marastoni, Elisa Gemassmer, Fabio Valentinuzzi, ... Stefano Cesco
Pages 104-112

Purchase PDF Article preview

Research article Abstract only

Slow release urea fertilizer synthesized through recrystallization of urea incorporating
natural bentonite using various binders
Lilis Hermida, Joni Agustian
Pages 113-121

Purchase PDF Article preview

Research article Abstract only

Process optimization and enhanced decolorization of textile effluent by Planococcus sp.
isolated from textile sludge
Jeky Chanwala, Garima Kaushik, Mohd. Ashraf Dar, Shivangi Upadhyay, Akhil Agrawal
Pages 122-129

https://www.sciencedirect.com/science/article/pii/S235218641830230X
https://www.sciencedirect.com/science/article/pii/S2352186418302475
https://www.sciencedirect.com/science/article/pii/S2352186418302475
https://www.sciencedirect.com/science/article/pii/S2352186418303067
https://www.sciencedirect.com/science/article/pii/S2352186418303067
https://www.sciencedirect.com/science/article/pii/S2352186418302785
https://www.sciencedirect.com/science/article/pii/S2352186418302785
https://www.sciencedirect.com/science/article/pii/S2352186418303481
https://www.sciencedirect.com/science/article/pii/S2352186418303481
https://www.sciencedirect.com/science/article/pii/S2352186418303900
ASUS
Highlight



3/21/2021 Environmental Technology & Innovation | Vol 13, Pages 1-408 (February 2019) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/13/suppl/C 4/9

Purchase PDF Article preview

Research article Abstract only

Sustainable bioremadiation of Cd(II) in fixed bed column using green adsorbents:
Application of Kinetic models and GA-ANN technique
Soma Nag, Nirjhar Bar, Sudip Kumar Das
Pages 130-145

Purchase PDF Article preview

Research article Abstract only

Response of anammox granules to ZnO nanoparticles at ambient temperature
Jian Zhao, Bowen Zhang, Jiane Zuo
Pages 146-152

Purchase PDF Article preview

Research article Abstract only

Hematite–titaniferous sand as a new low-cost adsorbent for orthophosphates removal:
Adsorption, mechanism and Process Capability study
Mohamed Benafqir, Zakaria Anfar, Mohamed Abbaz, Rachid El Haouti, ... Noureddine El Alem
Pages 153-165

Purchase PDF Article preview

Research article Abstract only

Role of Manglicolous fungi isolated from Indian Sunderban mangrove forest for the
treatment of metal containing solution: Batch and optimization using response surface
methodology
Preeti Das, Shouvik Mahanty, Antara Ganguli, Papita Das, Punarbasu Chaudhuri
Pages 166-178

Purchase PDF Article preview

Research article Abstract only

Concentration and sources of fine particulate associated polycyclic aromatic
hydrocarbons at two locations in the western coast of India
Jamson Masih, Swathi Dyavarchetty, Ashwati Nair, Ajay Taneja, Raj Singhvi
Pages 179-188

Purchase PDF Article preview

https://www.sciencedirect.com/science/article/pii/S2352186418303900
https://www.sciencedirect.com/science/article/pii/S2352186418302682
https://www.sciencedirect.com/science/article/pii/S2352186418302682
https://www.sciencedirect.com/science/article/pii/S235218641830110X
https://www.sciencedirect.com/science/article/pii/S235218641830110X
https://www.sciencedirect.com/science/article/pii/S2352186418303717
https://www.sciencedirect.com/science/article/pii/S2352186418303717
https://www.sciencedirect.com/science/article/pii/S2352186418304188
https://www.sciencedirect.com/science/article/pii/S2352186418304188
https://www.sciencedirect.com/science/article/pii/S2352186418302384
https://www.sciencedirect.com/science/article/pii/S2352186418302384


3/21/2021 Environmental Technology & Innovation | Vol 13, Pages 1-408 (February 2019) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/13/suppl/C 5/9

Research article Abstract only

Performance improvement of sediment microbial fuel cell by enriching the sediment
with cellulose: Kinetics of cellulose degradation
R. Bhande, M.T. Noori, M.M. Ghangrekar
Pages 189-196

Purchase PDF Article preview

Research article Abstract only

Mineralization of toxic industrial dyes by gallic acid mediated synthesized photocatalyst
SnO  nanoparticles
Sai Kumar Tammina, Badal Kumar Mandal, F. Nawaz Khan
Pages 197-210

Purchase PDF Article preview

Research article Abstract only

Enhancing adsorption of malachite green dye using base-modified Artocarpus
odoratissimus leaves as adsorbents
Nur Afiqah Hazirah Mohamad Zaidi, Linda Biaw Leng Lim, Anwar Usman
Pages 211-223

Purchase PDF Article preview

Research article Abstract only

Development and evaluation of irrigation water quality guide using IWQG V.1 software:
A case study of Al-Gharraf Canal, Southern Iraq
Salam H. Ewaid, Safaa A. Kadhum, Salwan Ali Abed, Riyadh M. Salih
Pages 224-232

Purchase PDF Article preview

Research article Abstract only

Cadmium removal using a spiral-wound woven wire meshes packed bed rotating
cylinder electrode
Ali H. Abbar, Rasha H. Salman, Ammar S. Abbas
Pages 233-243

Purchase PDF Article preview

Research article Abstract only

2

https://www.sciencedirect.com/science/article/pii/S2352186418303833
https://www.sciencedirect.com/science/article/pii/S2352186418303833
https://www.sciencedirect.com/science/article/pii/S2352186418304462
https://www.sciencedirect.com/science/article/pii/S2352186418304462
https://www.sciencedirect.com/science/article/pii/S2352186418302906
https://www.sciencedirect.com/science/article/pii/S2352186418302906
https://www.sciencedirect.com/science/article/pii/S2352186418303675
https://www.sciencedirect.com/science/article/pii/S2352186418303675
https://www.sciencedirect.com/science/article/pii/S2352186418303912
https://www.sciencedirect.com/science/article/pii/S2352186418303912


3/21/2021 Environmental Technology & Innovation | Vol 13, Pages 1-408 (February 2019) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/13/suppl/C 6/9

Experimental and numerical study on the leaching of pesticides into the groundwater
through a porous medium: Effects of transport parameters
Khoula Haddad, Abdelhak Gheid, Djamel Haddad, Kafia Oulmi
Pages 244-256

Purchase PDF Article preview

Research article Abstract only

Investigating reductive modification of granular ferric hydroxide for enhanced
chromate removal
Carsten Bahr, Lukas Massa, Helge Stanjek, Martin Jekel, Aki Sebastian Ruhl
Pages 257-263

Purchase PDF Article preview

Review article Abstract only

Removal of toxic pollutants from water environment by phytoremediation: A survey on
application and future prospects
S. Jeevanantham, A. Saravanan, R.V. Hemavathy, P. Senthil Kumar, ... D. Yuvaraj
Pages 264-276

Purchase PDF Article preview

Review article Abstract only

Technology alternatives for decontamination of arsenic-rich groundwater—A critical
review
Sudipta Ghosh (Nath), Anupam Debsarkar, Amit Dutta
Pages 277-303

Purchase PDF Article preview

Research article Abstract only

Isolation, structural elucidation and bioherbicidal activity of an eco-friendly bioactive 2-
(hydroxymethyl) phenol, from Pseudomonas aeruginosa (C1501) and its ecotoxicological
evaluation on soil
Charles Oluwaseun Adetunji, Julius Kola Oloke, Oluwasesan Micheal Bello, Mishra Pradeep, Ravinder
Sing Jolly
Pages 304-317

Purchase PDF Article preview

https://www.sciencedirect.com/science/article/pii/S2352186418304139
https://www.sciencedirect.com/science/article/pii/S2352186418304139
https://www.sciencedirect.com/science/article/pii/S2352186418302116
https://www.sciencedirect.com/science/article/pii/S2352186418302116
https://www.sciencedirect.com/science/article/pii/S2352186418304498
https://www.sciencedirect.com/science/article/pii/S2352186418304498
https://www.sciencedirect.com/science/article/pii/S2352186418301676
https://www.sciencedirect.com/science/article/pii/S2352186418301676
https://www.sciencedirect.com/science/article/pii/S2352186418304474
https://www.sciencedirect.com/science/article/pii/S2352186418304474


3/21/2021 Environmental Technology & Innovation | Vol 13, Pages 1-408 (February 2019) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/13/suppl/C 7/9

Review article Abstract only

Mechanistic understanding and future prospect of microbe-enhanced
phytoremediation of polycyclic aromatic hydrocarbons in soil
Hemen Sarma, A.R. Nava, M.N.V. Prasad
Pages 318-330

Purchase PDF Article preview

Research article Abstract only

Effect of substrate ratio on biogas yield for anaerobic co-digestion of fruit vegetable
waste & sugarcane bagasse
Neelam Vats, Abid Ali Khan, Kafeel Ahmad
Pages 331-339

Purchase PDF Article preview

Research article Abstract only

Facile fabrication of quaternary water soluble chitosan-sodium alginate gel and its
affinity characteristic toward multivalent metal ion
Yinghao Fu, Congming Xiao, Juan Liu
Pages 340-345

Purchase PDF Article preview

Research article Abstract only

Performance of continuous pilot subsurface constructed wetland using Scirpus grossus
for removal of COD, colour and suspended solid in recycled pulp and paper effluent
Muhamad Farhan Md Yusoff, Sheikh Abdullah Siti Rozaimah, Abu Hasan Hassimi, Janor Hawati, Ahmad
Habibah
Pages 346-352

Purchase PDF Article preview

Research article Abstract only

The use of Artificial Neural Network (ANN) for modeling of Cu (II) ion removal from
aqueous solution by flotation and sorptive flotation process
Shahad A. Abdulhussein, Abeer I. Alwared
Pages 353-363

Purchase PDF Article preview

https://www.sciencedirect.com/science/article/pii/S2352186418303870
https://www.sciencedirect.com/science/article/pii/S2352186418303870
https://www.sciencedirect.com/science/article/pii/S2352186418304796
https://www.sciencedirect.com/science/article/pii/S2352186418304796
https://www.sciencedirect.com/science/article/pii/S2352186418304383
https://www.sciencedirect.com/science/article/pii/S2352186418304383
https://www.sciencedirect.com/science/article/pii/S2352186418304978
https://www.sciencedirect.com/science/article/pii/S2352186418304978
https://www.sciencedirect.com/science/article/pii/S235218641830419X
https://www.sciencedirect.com/science/article/pii/S235218641830419X


3/21/2021 Environmental Technology & Innovation | Vol 13, Pages 1-408 (February 2019) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/13/suppl/C 8/9

Research article Abstract only

FeOOH-modified clay sorbents for arsenic removal from aqueous solutions
Ruta Ozola, Andrejs Krauklis, Martins Leitietis, Juris Burlakovs, ... Maris Klavins
Pages 364-372

Purchase PDF Article preview

Research article Abstract only

Mobility, Ecological risk and change in surface morphology during sequential chemical
extraction of heavy metals in fly ash: A case study
Shikha Kumari Pandey, Tanushree Bhattacharya
Pages 373-382

Purchase PDF Article preview

Research article Abstract only

Environmental applications of thermally modified and acid activated clay minerals:
Current status of the art
Victor Andres Arias España, Binoy Sarkar, Bhabananda Biswas, Ruhaida Rusmin, Ravi Naidu
Pages 383-397

Purchase PDF Article preview

Research article Abstract only

Ultrasonic assisted graphene oxide nanosheet for the removal of phenol containing
solution
Maloshree Mukherjee, Sudipta Goswami, Priya Banerjee, Shubhalakshmi Sengupta, ... Siddhartha Datta
Pages 398-407

Purchase PDF Article preview

Previous vol/issue Next vol/issue

ISSN: 2352-1864

Copyright © 2021 Elsevier B.V. All rights reserved

https://www.sciencedirect.com/science/article/pii/S2352186416300268
https://www.sciencedirect.com/science/article/pii/S2352186416300268
https://www.sciencedirect.com/science/article/pii/S2352186416300979
https://www.sciencedirect.com/science/article/pii/S2352186416300979
https://www.sciencedirect.com/science/article/pii/S2352186416301468
https://www.sciencedirect.com/science/article/pii/S2352186416301468
https://www.sciencedirect.com/science/article/pii/S2352186416301407
https://www.sciencedirect.com/science/article/pii/S2352186416301407
https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/12/suppl/C
https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/14/suppl/C


Environmental Technology & Innovation 13 (2019) 113–121

Contents lists available at ScienceDirect

Environmental Technology & Innovation

journal homepage: www.elsevier.com/locate/eti

Slow release urea fertilizer synthesized through
recrystallization of urea incorporating natural bentonite
using various binders
Lilis Hermida ∗, Joni Agustian
Department of Chemical Engineering, Universitas Lampung, Bandar Lampung 35145, Lampung, Indonesia

h i g h l i g h t s

• Various binders were used for syn-
theses of slow release urea fertilizers
(SRUFs).

• SRUFs using corn starch binder re-
leased more slowly urea than those
using Hpmc.

• SRUFs released urea through anoma-
lous transport or Fickian releasemech-
anisms.

• Hydrogenbonds, electrostatic andVan
der Waals force were detected in the
SRUFs.

gra ph i c a l a b s t r a c t

a r t i c l e i n f o

Article history:
Received 30 July 2018
Received in revised form 24 November 2018
Accepted 24 November 2018
Available online 28 November 2018

Keywords:
Natural bentonite
Slow release urea fertilizer
Corn starch
Hydroxypropyl methylcellulose
Release mode

a b s t r a c t

In this study, various slow release urea fertilizers (SRUFs) were prepared by incorporation
of urea into local natural bentonite with various binder i.e. corn starch and hydroxypropyl
methylcellulose (HPMC). In the preparation, a binder was added to a mixture of natural
bentonite and melted urea. Then, the admixture was put into a mould and extruded to
obtain SRUF in the form of pellets. The SRUF was dried at 50 ◦C for 8 h before use. Urea
desorption mechanisms of the SRUF was examined through static release experiments.
The structural properties of SRUFwas characterized through scanning electronmicroscopy
with energy dispersive x-ray (SEM-EDX) analysis and Fourier-transform infrared spec-
troscopy (FTIR). It was found from static release experiments that the SRUFs more slowly
released urea in water than conventional urea fertilizer. After 500 min of the experiment,
the slowest release of urea was achieved by SRUF using corn starch. Meanwhile, conven-
tional urea fertilizer completely released urea in water after less than 50 min. Release
mechanismsof the SRUFusing corn starch and SRUFusingHPMCwere anomalous transport
and Fickian diffusion, respectively.
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1. Introduction

Urea (CO(NH2)2) is one of conventional fertilizers, which is commonly used in agriculture. Urea contains nitrogen that
is absorbed by plants in the form of ammonium (NH+

4 ) and nitrate (NO−

3 ) (Hirel et al., 2011; Schjorring, 1986). When urea
comes in contact with soil in the presence of moisture, urease enzyme in soil converts nitrogen in urea into ammonium
(NH+

4 ) through hydrolysis process. Then, the ammonium is converted into nitrite (NO−

2 ) and followed by the oxidation of
the nitrite (NO−

2 ) to nitrate (NO−

3 ) by enzymes through nitrification process. However, nitrogen in urea is absorbed only 25%
up to 50% by plants since the nitrogen can be lost from soil because of nitrate (NO−

3 ) leaching if soil cannot hold urea due to
much incomingwater from rain or irrigation (Chien et al., 2016; Dobermann et al., 2003). The nitrogen in urea can also be lost
either through complete denitrification of nitrate (NO−

3 ) producing nitrogen gas (N2) or through incomplete denitrification
of nitrate (NO−

3 ) producing nitric oxide gas (NO) and nitrous oxide gas (N2O), which volatilizes from the soil (Signor and
Cerri, 2013).

Nitrate (NO−

3 ), nitric oxide gas (NO) and nitrous oxide (N2O) contribute to environmental problems. Nitrate (NO−

3 ) is
considered hazardous and leads to water pollution (Katan, 2009). Excessive nitrate concentrations in drinking water can be
harmful to health, especially for infants and pregnant women. Meanwhile, it was reported that nitrous oxide (N2O) has now
become the largest ozone-depleting substance emitted in the 21st century (Ravishankara et al., 2009). The main source of
N2O emissions worldwide comes from nitrogen-based fertilizers. The present of N2O in the lowest region of the atmosphere
(troposphere) can cause greenhouse effect or global heating sinceN2O captures reradiated infrared radiation from the Earth’s
surface and subsequently warms the atmosphere. Besides that, N2O can migrate up to the stratosphere where N2O reacts
with oxygen atoms to produce some nitric oxide (NO). Then, depleting of ozone layer occurs as NO reacts with stratosphere
ozone (O3) to form NO2 and O2. Subsequently, NO2 reacts with O to re-forms NO. Depleting of ozone layer increases UV rays
from sun reaching the earth’s surface. Excessive exposure to UV rays may cause skin cancer and eye damage.

In order to reduce the loss of nitrogen and to conserve and protect our environment, researchers developed slow-release
urea fertilizer (SRUF). SRUF offers many potential benefits for plant as it provides a longer duration of nitrogen release than
conventional urea fertilizer (Landschoot, 2015). Syntheses of SRUF consisting of urea coated in water-insoluble compounds
such as sulphur, polyethylene, alkyd resin, polyurethane have been studied (Ali and Danafar, 2015; Salman, 1989). However,
the coated urea had much longer release time (Xiaoyu et al., 2013). Besides that, the coating materials were difficult to
degrade properly in soil solution phase (Ali andDanafar, 2015). As such, soil structure could be damaged due to accumulation
of the coating materials.

SRUFwith a three-dimensional lattice structure has been successfully synthesized (Xiaoyu et al., 2013; Lixiang et al., 2011;
Zengming et al., 2008). It was found from static release experiment that urea in the SRUF released in water longer than
conventional urea fertilizer. The SRUF was synthesized by melting urea and then mixing it with China natural bentonite
as a substrate and organic polymer of polyacrylamide as a binder (Xiaoyu et al., 2013). However, effects of binder type
on characteristics and release mechanisms of SRUF have not been reported so far. Therefore, in the present study, effects
of binder type (i.e. corn starch and HPMC) on structural characteristics and release mechanisms of various SRUFs were
investigated.

Bentonite is an inexpensive natural resource and abundantly available in Indonesia. Several provinces in Indonesia
including Lampung has bentonite deposits (Rahardjo et al., 2011). Substrate that was used in this study was local natural
bentonite (from Karawang village-Pringsewu, Lampung, Indonesia). Structural characteristics of the SRUFs were analysed
using Fourier Transform Infrared (FT-IR), Scanning Electron Microscopy (SEM) and Energy dispersive X-ray (EDX) in
conjunction with SEM. Static release experiments designed according to a procedure in the literature (Higuchi, 1963) were
conducted to investigate release mechanisms and desorption rate models of SRUFs.

2. Material and methods

2.1. Material

Natural bentonitewas taken fromKarawang village-Pringsewu, Lampung, Indonesia. Chemical composition of the natural
bentonite was analysed using by X-ray fluorescence spectroscopy and is listed in Table 1. The natural bentonite was treated
usingmethod reported in the literature (Xiaoyu et al., 2013) as follows: the bentonite was sieved through a 200mesh screen.
Subsequently, it was washed and dried at 105 ◦C before use. Corn starch (Maizenaku brand produced by EGAFOOD, Jakarta,
and Indonesia), urea (produced by PUSRI fertilizer factory, Palembang, Indonesia) and hydroxypropyl methyl cellulose
(Sigma-Aldrich) were dried at 80 ◦C for 8 h before used.

2.2. Preparation of slow-release urea fertilizers (SRUFs)

Preparation of various slow-release urea fertilizers (SRUFs) were carried out using procedure adapted from Xiaoyu et al.
(2013) with modifications in terms of bentonite source, type of binder and composition of materials. In the preparation, 90
g of urea was melted on a hot plate at 130 ◦C. After that, bentonite (9.2–9.8 g) was added to the urea and mixed. Then the
mixture was stirred for 5 min. Meanwhile, 3 mL of distilled water and a binder (0.2–0.8 g) were mixed and heated on a hot
plate at 60 ◦C to obtain gel. Then the gel was added to a mixture of urea–bentonite and then evenly stirred. After that, the
admixture was put into a mould and then extruded to obtain SRUF in the form of pellets. Subsequently, the SRUF was dried
at 50 ◦C for 8 h before use. Different compositions of material used to prepare various SRUFs are summarized in Table 2.
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Table 1
Chemical composition of local natural bentonite.
Component % Component

SiO2 83.4
Al2O3 11.5
Fe2O3 2.1
MgO 0.22

Table 2
Compositions of material used to prepare various SRUFs.
SRUFs Urea (g) Bentonite (g) Corn starch (g) HPMC (g)

SRUF -1 90 9.8 0.2 –
SRUF-2 90 9.6 0.4 –
SRUF-3 90 9.4 0.6 –
SRUF-4 90 9.2 0.8 –
SRUF-5 90 9.2 – 0.2
SRUF-6 90 9.2 – 0.5
SRUF-7 90 9.2 – 0.8

Fig. 1. Experimental set up for static release experiment (1 = fertilizer sample, 2 = pipe, 3 = thermometer, 4 = water, 5 = beaker glass, 6 = magnetic
stirrer bar, 7 = hot plate magnetic stirrer, 8 = universal clamp).

2.3. Characterization

The morphology and elemental composition of the samples were analysed by means of scanning electron microscopy
(Zeiss EVO field) equipped with Energy Dispersive X ray Spectroscopy (Oxford INCAX act). Prior to the analyses SRUFs,
natural bentonite and conventional urea fertilizer were coated with high purity gold. FT-IR spectroscopy (Perkin Elmer)
was used to identify chemical bond functional groups of the samples through their characteristic absorption of infrared
radiation in vibration modes

2.4. Method for a static release experiment

A static release experiment that was adapted from Higuchi procedure (Higuchi, 1963) was carried out at room tempera-
ture (around 30 ◦C) to investigate releasemechanism of SRUF. The SRUFwas in the form of pellet with average size was 1 cm
longwith diameter of 1 cm. It was reported in the literature that the bigger the SRUF, themore release time it gains. So, SRUF
needsmore time for releasing urea (Shaviv et al., 2003; Thanh et al., 2014). Experimental set up for static release experiment
is shown in Fig. 1. Experimental apparatus consist of sample pipe,magnetic stirring rod, beaker glass, hot plate-stirrer, clamp
and thermometer. In the experiment, the amount of SRUF either using corn starch or HPMC for static release experiment
was 6 g. This SRUF amount was put into a pipe having 7 cm long and 5 cm inside diameter with one end closed. Then, the
pipe was placed horizontally in a beaker glass containing 500mL of water to release urea from SRUF to the water. After that,
the stirrer was switched on and set at 100 rpm. Then, 1 mL of the water was taken every 25 min at 3 different positions in a
centre of the beaker glass to determine urea concentration. As a comparison, the static release experiment was also carried
out for conventional urea fertilizer.
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Fig. 2. Urea release behaviour for conventional urea fertilizer, slow release urea fertilizer using corn starch as binder (i.e. SRUF-1, SRUF-2, SRUF-3, SRUF-4)
and slow release urea fertilizer using HPMC and binder (i.e. SRUF-5, SRUF-6, SRUF-7).

Determination of released urea was based on measuring absorbency of sample containing urea by using UV–vis
spectrophotometer at wavelength of 440 nm. Firstly, calibration curve of absorption versus concentration was prepared
to provide an equation. Subsequently, the absorption of the sample was measured and then, concentration of urea in the
sample was calculated using the equation.

Type of urea release kinetics from SRUFs were determined by Peppas equation (Li et al., 2016):

Qt = ktn (1)

where:

Qt = a fraction of urea released in water at time t (%), or

Qt =
the amount of urea released at time t (g)

the total amount of urea released when the fertilizer dosage form is exhausted (g)
k = the kinetic constant, (m−1)
t = time of urea release (m)
n = the diffusion exponent

Value of the diffusion exponent, n, indicates the urea release mechanism (Dashi et al., 2010). The exponent n ≤ 0.5 are for
Fickian diffusion release from slab (non swellable matrix). 0.5 < n < 1.0 are for non-Fickian release (anomalous) meaning
that release follow both diffusion and erosion controlled mechanisms. n = 1 are for zero order release, where drug release
is independent of time (Korsmeyer and Peppas, 1984; Singh et al., 2011). Also, 0.45 < n < 1.0 for non-Fickian release
(anomalous) from cylinders (non swellable matrix) and 0.43 < n < 1.0 for non-Fickian release (anomalous) from non
swellable spherical samples.

3. Results and discussion

3.1. Effect of binder types and their compositions on urea release behaviour of slow-release urea fertilizers (SRUFs)

Fig. 2 shows urea release behaviours for conventional urea granule, slow-release urea fertilizers synthesized by urea–
incorporated bentonite with corn starch as binder (i.e. SRUF-1, SRUF-2, SRUF-3, SRUF-4) and slow-release urea fertilizers
synthesized by urea–incorporated bentonite with hydroxypropyl methylcellulose (HPMC) as binder (i.e., SRUF-5, SRUF-
6, SRUF-7) at specified time interval through static release experiments. As can be seen from the figure, urea completely
dissolved in water after less than 50 min for conventional urea granule. In general, SRUFs synthesized by urea–incorporated
bentonite with corn starch as binder had longer release times than those with HPMC as binder. These results indicated that
binder types strongly affected on urea release behaviour of SRUFs. The longer release times of SRUFs using corn starch as
binder in their preparations could be due to the more hydrophobicity of corn starch. Meanwhile, HPMC is a hydrophilic
polymer and a water soluble compound (Timmins et al., 2014).

Furthermore, urea release times increasedwhen the amounts of binderwere increased as shown in Fig. 2. Themain factor
slowing down the urea release time was bentonite network structures that made path length for the water penetration
increase (Xiaoyu et al., 2013). It was stated in percolation theory that a material release was derived by dissolution of
the material through capillaries composed of interconnecting the material particle cluster and pore network (Holman and
Leuenberger, 1988). Besides, interaction between bentonite and binder resulted in aggregation leading to decreases in
bentonite porosity (Kamalakar et al., 2011). So that the more binder materials were used, the fewer pore networks were
generated (Ali et al., 2014). Therefore, urea release time of SRUFs increased with the increase in binder amount. It can be
noted that SRUF-4 using the highest amount of corn starch (i.e. 0.8 g) had the longest urea release time. Only about 10% urea
released in 200 min for SRUF-4 meanwhile SRUF-3 released 20% urea in the same release time. SRUF-1 and SRUF-2 released
30% and 20% urea, respectively in 150 min.
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Fig. 3. Release behaviour and kinetic model of (A) SRUF- 4 using corn starch and (B) SRUF- 7 using HPMC.

3.2. Urea release kinetics and mechanisms

The Peppas equation was used for analyses of release rate model by fitting data of urea release behaviour from static
release experiments to the Peppas equation. (Xiaoyu et al., 2013; Fu and Kao, 2010). Then, kinetic constant (k) and diffusion
coefficient (n) were calculated using polymath software. The release rate model obtained can be used for prediction of urea
release mechanism and the amount of urea in SRUF release so that the utilization of urea will be more efficient. For SRUF-4,
regression constant (k) and diffusion coefficient (n) obtained were 0.001497 and 0.70097, respectively. Thus, desorption
rate model of SRUF-4 was Y = 0.001497t0.70097, as can be seen in Fig. 3A. The desorption rate model could be used to explain
urea release mechanism because determination coefficient (R2) was 0.7178883. Since 0.45 < n < 1.0, urea in SRUF-4 was
released through anomalous transport also known as non-Fickian release as reported in the literature (Li et al., 2016; Fu and
Kao, 2010). This result indicated that urea release for SRUF-4 was controlled by diffusion and erosion mechanism associated
with the porosity of SRUF-4 structure.

Furthermore, regression constant (k) and diffusion coefficient (n) obtained from urea release behaviour data of SRUF-7
using HPMC as binder were 0.0550847 and 0.244088, respectively. Then, urea release kinetic model of SRUF-7 was Y =

0.0550847 t0.244088. This equation can be used to analyse only for the first 50% of urea in SRUF-7 release. This result indicated
that diffusion coefficient (n) was less than 0.45. Thus, urea release mechanism of SRUF-7 followed Fickian diffusion. Driven
of Fickian diffusion was associated with concentration gradient, diffusion distance, and degree of swelling as reported in the
literatures (Siepmann and Siepmann, 2008; Lin et al., 1985; Bhattacharjee and Elimelech, 1997).

3.3. Morphology and characteristics of slow-release urea fertilizers (SRUFs)

Fig. 4 shows SEM images that revealed morphological aspects of natural bentonite, conventional urea fertilizer, SRUF
using corn starch as binder (SRUF-4) and SRUF-7 using HPMC as binder. As can be seen from the figure, natural bentonite
was observed to contain various sizes of layered structures which were porous (Fig. 4A). Meanwhile, SEM of conventional
urea fertilizer clearly shows even surface without porosity (Fig. 4B).

The morphology of natural bentonite changed after urea incorporation process and the use of two different binders.
This is because in the SRUF preparation, bentonite that was homogeneously dispersed formed a lattice structure in three-
dimensional space. Bentonite molecules may connected with each other by electrostatic bond (Cai et al., 2009; Uslu and
Aytimur, 2012). Then, organic polymers of the binders (corn starch or HPMC) dissolved in melted urea and cross-linked the
bentonite molecules to consequently strengthen the lattice frame (Xiaoyu et al., 2013). SEM image in Fig. 5C shows that
surface of SRUF-4 using corn starch was smoother, more compact and more uniform when compared to surface of SRUF-7
using HPMC (Fig. 4D). SEM image of SRUF-7 using HPMC shows rough surface with irregular coarse particles. This could
be due to fewer amounts of HPMC molecules that cross-linked the bentonite molecules. Thus lattice frame in SRUF-7 was
weaker than that in SRUF-4.
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Fig. 4. SEM images of A: natural bentonite, B: conventional urea fertilizer C: SRUF-4, D: SRUF-7.

Fig. 5. EDX spectra of A: natural bentonite, B: conventional urea fertilizer, C: SRUF-4, D: SRUF-7.

Fig. 5 shows spectrum of natural bentonite, conventional urea fertilizer, SRUF-4 and SRUF-7 obtained from an energy-
dispersive X-ray spectrometer (EDX) which was attached to a SEM. The EDX analysis was carried out to confirm elemental
composition of the samples. It can be seen from Fig. 5A that elements detected in natural bentonite were predominantly O,
Si and Al, which are bentonite constituents. Elements mostly detected in conventional urea fertilizer were N, C and O, which
are urea constituents (Fig. 5B). Corn starch and HPMC are organic polymer that contained predominantly elements of C and
O (Shit and Shah, 2014). Furthermore, SRUF-4 and SRUF-7 contained O, Si, Al (bentonite constituents) and N, C and O (urea
constituents). These results indicated that urea was successfully incorporated in natural bentonite in the presence of corn
starch and HPMC. Elemental compositions of bentonite, urea, SRUF-4 and SRUF-7 can be seen in Fig. 6.

Interactions of urea–bentonite and binder (corn starch and HPMC) were investigated using FTIR analyses. FTIR spectra
for conventional urea fertilizer, natural bentonite, slow release urea fertilizer using corn starch as a binder (SRUF-4) and
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Fig. 6. Elemental compositions of Bentonite, Urea, SRUF-4 and SRUF-7.

Fig. 7. FTIR spectra of A: natural bentonite, B: urea, C SRUF-4, D: SRUF-7.

slow release urea fertilizer using HPMC as a binder (SRUF-7) are shows in Fig. 7. In the FTIR spectrum for conventional urea
fertilizer, it was detected peaks at around 3650 cm−1 and 1650 cm−1 that confirmed the presence of NH2 groups and C=O
bonds. These peaks were not detected in FTIR spectrum for bentonite. In the spectrum of bentonite, peaks observed from
3250 cm−1 to 3550 cm−1 were attributed to vibrations of O-H (Wen et al., 2017). Then, peak at around 1050 cm−1 in the
spectrum of bentonite indicated Si-O vibration (Wen et al., 2017; He et al., 2007). After urea incorporation in bentonite with
the use of binders, new peaks appeared at around 1650 cm−1 and 3700 cm−1in FTIR spectra for SRUF-4 and SRUF-7. Peaks
at around 1650 cm−1 indicated the presence of C=O that is part of O=C-NH2 functional group (Xie et al., 2011; Roshanravan
et al., 2015). Then, peaks at around 3700 cm−1 could be attributed to the formation of hydrogen bond between –NH2 groups
and the oxygen of the tetrahedral sheets as reported in the literature (Roshanravan et al., 2015; Wen et al., 2016a). It can
be assumed that urea incorporation in bentonite with the use of binders resulted in some physical attractions such as the
Van der Waals force, hydrogen bond and electrostatic attraction between molecules in slow release fertilizers (SRUFs). This
result was agree with that reported in the literature (Xiaoyu et al., 2013).

4. Conclusion

Various slow release urea fertilizers (SRUFs) have been successfully synthesized through incorporation of urea into local
bentonite with various binders (corn starch and HPMC) at different proportions. Static release experiments were conducted
to investigate kinetic model and urea releasemechanism of the SRUFs. It was found that SRUFs using HPMC as a binder had a
faster urea releases than those using corn starch as binder due to themore hydrophilicity of HPMC. SRUF-4 using the highest
proportion of corn starch (0. 8 g) achieved the slowest urea release. As comparison, around 25% urea in SRUF-4 was released
after 500 min meanwhile 50% urea was released after 60 min for SRUF-7 using HPMC as binder. Conventional urea fertilizer
completely dissolved in water after less than 50 min. Desorption rate model of SRUF-4 was found to be Y = 0.001497t0.70097
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indicating that urea release for SRUF-4 was controlled by diffusion and erosion mechanism. Meanwhile, urea release kinetic
model of SRUF-7 was Y = 0,0550847 t0,244088 indicating that urea release for SRUF-7 was associated with concentration
gradient, diffusion distance, and degree of swelling. The SRUFs were characterized by SEM-EDX and FT-IR. It was found that
surface of SRUF-4 using corn starch was smoother, more compact and more uniform when compared to surface of SRUF-7
using HPMC. Urea incorporation in bentonite with the use of binders resulted in Van der Waals force, hydrogen bond and
electrostatic attractions between molecules in SRUFs.
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