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Silver (Ag) substituted ZnO thin films were successfully deposited onto glass substrates by spray

coating technique. Structure, morphology, and optical properties were evaluated by X-ray

diffractometer (XRD), scanning electron microscopy (SEM), and UV-Vis spectrophotometer,
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had different surface morphology at different Ag doping concentration. From transmittance spectra,

thin films transparency decreased as well as band gap energy along with increase of Ag doping
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Under UV light irradiation, the optimal Ag doping is 25%, with 83% of the decolorizing efficiencies after

3 h irradiation time and apparent constant (k ) about 9.69 × 10  min . © 2016 Heri Sutanto et al.a p p
-3 -1

Cited by 30 documents

,  ,

(2022) Journal of Alloys and
Compounds

, 
(2022) Applied Physics A:
Materials Science and Processing

,  , 

(2022) Coatings

Inform me when this document
is cited in Scopus:

Related documents

,  ,

(2020) IOP Conference Series:
Materials Science and
Engineering

, 
(2016) AIP Conference
Proceedings

,  ,

(2015) Ceramics International

  

Find more related documents in
Scopus based on:

Enhanced photocatalytic
degradation of RhB dye from
aqueous solution by biogenic
catalyst Ag@ZnO

 Ahmad, M. Qureshi, M.T.
Rehman, W.

Structural, optical and surface
properties of sol–gel-derived
boron-doped ZnO films for
photocatalytic applications

 Atay, F. Gultepe, O.

Preparation of Very Thin Zinc
Oxide Films by Liquid Deposition
Process: Review of Key
Processing Parameters

 Khiari, M. Gilliot, M. Lejeune,
M.

View all 30 citing documents

Set citation alert ▻

Photocatalytic degradation of
heavy metal in dairy milk by N-
doped ZnO thin film using spray
coating technique

 Pratiwi, N.I. Ilsatoham, M.I.
Asror, M.Z.

Preparation and characterization
of double layer thin films
ZnO/ZnO:Ag for methylene blue
photodegradation

 Wibowo, S. Sutanto, H.

Structural, optical and visible
light photocatalytic properties of
nanocrystalline Nd doped ZnO
thin films prepared by spin
coating method

 Poongodi, G. Kumar, R.M.
Jayavel, R.

View all related documents based
on references

Ag doped ZnO thin �lms synthesized by spray coating technique for… View PDF Full text optionsBrought to you by Universitas Diponegoro

https://www-scopus-com.proxy.undip.ac.id/sourceid/17600155054
https://service-elsevier-com.proxy.undip.ac.id/app/answers/detail/a_id/12031/supporthub/scopus/
mailto:herisutanto@undip.ac.id
mailto:singgih@st.fisika.undip.ac.id
mailto:iisnurhasanah@undip.ac.id
mailto:ekohidayanto@undip.ac.id
mailto:h.hadiyanto@undip.ac.id
https://www-scopus-com.proxy.undip.ac.id/record/display.uri?origin=citedby&eid=2-s2.0-85120321375&noHighlight=false&relpos=0
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=citedby&authorId=57206783573&zone=
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=citedby&authorId=55793497500&zone=
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=citedby&authorId=9333086400&zone=
https://www-scopus-com.proxy.undip.ac.id/record/display.uri?origin=citedby&eid=2-s2.0-85122689310&noHighlight=false&relpos=1
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=citedby&authorId=6701589723&zone=
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=citedby&authorId=57316057000&zone=
https://www-scopus-com.proxy.undip.ac.id/record/display.uri?origin=citedby&eid=2-s2.0-85122300794&noHighlight=false&relpos=2
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=citedby&authorId=57222986233&zone=
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=citedby&authorId=7801539484&zone=
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=citedby&authorId=8839589900&zone=
https://www-scopus-com.proxy.undip.ac.id/search/submit/citedby.uri?eid=2-s2.0-84962297154&src=s&origin=recordpage
https://www-scopus-com.proxy.undip.ac.id/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85085699086&noHighlight=false&relpos=0
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=recordpage&authorId=57214954868&zone=relatedDocuments
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=recordpage&authorId=57212882296&zone=relatedDocuments
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=recordpage&authorId=57212881003&zone=relatedDocuments
https://www-scopus-com.proxy.undip.ac.id/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84975134755&noHighlight=false&relpos=1
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=recordpage&authorId=57188687259&zone=relatedDocuments
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=recordpage&authorId=55786780900&zone=relatedDocuments
https://www-scopus-com.proxy.undip.ac.id/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84921837138&noHighlight=false&relpos=2
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=recordpage&authorId=56200035200&zone=relatedDocuments
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=recordpage&authorId=57200851321&zone=relatedDocuments
https://www-scopus-com.proxy.undip.ac.id/authid/detail.uri?origin=recordpage&authorId=7006538652&zone=relatedDocuments
https://www-scopus-com.proxy.undip.ac.id/search/submit/mlt.uri?eid=2-s2.0-84962297154&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
javascript:;
http://digilib.undip.ac.id/
https://www-scopus-com.proxy.undip.ac.id/search/form.uri?zone=TopNavBar&origin=recordpage&display=basic
https://www-scopus-com.proxy.undip.ac.id/home.uri?zone=header&origin=recordpage
https://www-scopus-com.proxy.undip.ac.id/home.uri?zone=header&origin=recordpage




5/21/22, 8:28 PM ijce - Editorial Board | Hindawi

https://www.hindawi.com/journals/ijce/editors/ 1/3

Editorial Board

Chief Editor
• Evangelos Tsotsas , Otto-von-Guericke-University, Germany

Academic Editors
• Adrián Bonilla-Petriciolet, Instituto Tecnológico de Aguascalientes, Mexico
• Antonio Brasiello , Sapienza Università di Roma, Italy
• Andreas Bück, Friedrich-Alexander-University Erlangen-Nuremberg, Germany
• Fernanda Casciatori , Federal University of Sao Carlos, Brazil
• Pedro Castaño , King Abdullah University of Science and Technology, Jeddah, Saudi

Arabia
• Mulugeta Admasu Delele, Bahir Dar University, Ethiopia
• Sébastien Déon , Université de Bourgogne Franche-Comté, France
• Gianluca Di Pro�o , Institute on Membrane Technology, Italy
• Nour Sha�k El-Gendy , Egyptian Petroleum Research Institute , Egypt
• Donald L. Feke , Case Western Reserve University, USA
• Eric Guibal , Ecole des Mines d'Alès (EMA), France
• Michael Harris , Purdue University, USA
• Marianthi Ierapetritou, University of Delaware, USA
• Maciej Jaskulski, TU Lodz, Poland
• Abdolreza Kharaghani, Otto-von-Guericke-Universität Magdeburg, Germany
• Achim Kienle, Otto von Guericke University Magdeburg, Germany
• M. K. Krokida, School of Chemical Engineering National Technical University of Athens ,

Greece
• Jitendra Kumar , Indian Institute of Technology Kharagpur, India
• Deepak Kunzru , Indian Institute of Technology Kanpur, India
• Witold Kwapiński, University of Limerick, Ireland
• Jingyi Li, Stanford University, USA
• Mengxing Li , FDA, USA

 Page Sections

+ Journal Menu

International Journal of Chemical Engineering



https://orcid.org/0000-0001-9575-1138
https://orcid.org/0000-0002-3622-5258
https://orcid.org/0000-0002-6454-9321
https://orcid.org/0000-0003-4775-5964
https://orcid.org/0000-0002-8317-6233
https://orcid.org/0000-0002-5154-7124
https://orcid.org/0000-0003-4707-4050
https://orcid.org/0000-0002-2767-6305
https://orcid.org/0000-0002-0797-8701
https://orcid.org/0000-0002-8065-7269
https://orcid.org/0000-0003-0778-3856
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/
HP
Highlight

HP
Highlight

HP
Highlight

HP
Highlight



5/21/22, 8:28 PM ijce - Editorial Board | Hindawi

https://www.hindawi.com/journals/ijce/editors/ 2/3

Author guidelines

Editorial board

Databases and indexing

Sign up for content alerts

Sign up

• Maksim Mezhericher, Princeton University, USA
• Badie I. Morsi , University of Pittsburgh, USA
• Ahmed Mustafa, State Key Laboratory of Pollution Control and Recourses Reuse,

College of Environmental Science and Engineering, Tongji University, Shanghai 200092,
China, China

• Selvaraju Narayanasamy, Indian Institute of Technology Guwahati, India
• Yanqing Niu , Xi'an Jiaotong University, China
• Dimitar Peshev, UCTM - So�a, Bulgaria
• Doraiswami Ramkrishna , Purdue University, USA
• Valeria Di Sarli, Istituto di Ricerche sulla Combustione Consiglio Nazionale Delle

Ricerche (CNR), Italy
• Prem Kumar Seelam, University of Oulu, Finland
• P. Senthil Kumar, Sri Sivasubramaniya Nadar College of Engineering, Chennai, India
• Ho SoonMin, INTI International University, Malaysia
• Vikranth Kumar Surasani, Dept. of Chemical Engineering In-Charge, Central CAD

Laboratory BITS, Pilani Hyderabad Campus, India
• Ayon Tarafdar, ICAR-Indian Veterinary Research Institute, India
• Joao Thomeo, São Paulo State University, Brazil
• Maurizio Volpe , Università degli Studi di Trento, Italy
• Nicole Vorhauer-Huget, Otto-von-Guericke-University Magdeburg Institute of Process

Engineering, Germany
• Junwu Wang , Chinese Academy of Sciences, China
• Jaime Wisniak , Ben Gurion University of the Negev, Israel
• Rui Wu, School of Mechanical Engineering, Shanghai Jiao Tong University, China
• Chuanxi Yang, Applied Materials Inc, USA

 Page Sections

+ Journal Menu

International Journal of Chemical Engineering

Article of the Year Award: Outstanding research contributions of 2020, as selected by our Chief
Editors. Read the winning articles.



https://www.hindawi.com/journals/ijce/guidelines/
https://www.hindawi.com/journals/ijce/editors/
https://www.hindawi.com/journals/ijce/ai/
https://www.hindawi.com/journals/ijce/content/alert/
https://orcid.org/0000-0003-0635-200X
https://orcid.org/0000-0001-7267-9305
https://orcid.org/0000-0001-8615-5203
https://orcid.org/0000-0002-4244-2961
https://orcid.org/0000-0003-3988-1477
https://orcid.org/0000-0002-0265-4193
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/article-year-award/
https://www.hindawi.com/


Table of Contents

International Journal of Chemical Engineering - Volume 2016 - Article ID 8194674 - Research Article

SSiimmuullttaanneeoouuss  RReeccoovveerryy  ooff  HHyyddrrooggeenn  aanndd  CChhlloorriinnee  ffrroomm  IInndduussttrriiaall  WWaassttee  DDiilluuttee  HHyyddrroocchhlloorriicc  AAcciidd

N. Paidimarri | U. Virendra | S. Vedantam

20 Apr 2016 Download PDF 

International Journal of Chemical Engineering - Volume 2016 - Article ID 2135350 - Research Article

MMiiccrroowwaavvee--AAssssiisstteedd  MMeetthhoodd  ffoorr  SSiimmuullttaanneeoouuss  HHyyddrroollyyssiiss  aanndd  EExxttrraaccttiioonn  ffoorr  PPrreeppaarraattiioonn  ooff

GGeenniippoossiiddiicc  AAcciidd  ffrroomm  EEuuccoommmmiiaa  uullmmooiiddeess  BBaarrkk  UUssiinngg  BBaassiicc  IImmiiddaazzoolliiddee  IIoonniicc  LLiiqquuiidd

Lili Li | Yupin Guo | ... | Lei Yang

2016

+ Journal Menu

International Journal of Chemical Engineering



Table of Contents 2016 - Page 2 | International Journal of Chemical Engineering | Hindawi https://www.hindawi.com/journals/ijce/contents/year/2016/page/2/

1 dari 8 03/08/2022 11.04

https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://www.hindawi.com/journals/ijce/2016/8194674/
https://downloads.hindawi.com/journals/ijce/2016/8194674.pdf
https://downloads.hindawi.com/journals/ijce/2016/8194674.pdf
https://downloads.hindawi.com/journals/ijce/2016/8194674.pdf
https://downloads.hindawi.com/journals/ijce/2016/8194674.pdf
https://downloads.hindawi.com/journals/ijce/2016/8194674.pdf
https://downloads.hindawi.com/journals/ijce/2016/8194674.pdf
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/2016/2135350/
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/
https://www.hindawi.com/


PPiilloott--SSccaallee  IInnvveessttiiggaattiioonn  ooff  FFoorrwwaarrdd//RReevveerrssee  OOssmmoossiiss  HHyybbrriidd  SSyysstteemm  ffoorr  SSeeaawwaatteerr  DDeessaalliinnaattiioonn

UUssiinngg  IImmppaaiirreedd  WWaatteerr  ffrroomm  SStteeeell  IInndduussttrryy

Hanaa M. Ali | Hanaa Gadallah | ... | A. G. Gadallah

08 Mar 2016 Download PDF 

International Journal of Chemical Engineering - Volume 2016 - Article ID 7086761 - Research Article

SSiimmuullttaanneeoouuss  AAddssoorrppttiioonn  ooff  CCrr((VVII))  aanndd  PPhheennooll  ffrroomm  BBiinnaarryy  MMiixxttuurree  UUssiinngg  IIrroonn  IInnccoorrppoorraatteedd  RRiiccee

HHuusskk::  IInnssiigghhtt  ttoo  MMuullttiiccoommppoonneenntt  EEqquuiilliibbrriiuumm  IIssootthheerrmm

Ankur Gupta | Chandrajit Balomajumder

07 Mar 2016 Download PDF 

International Journal of Chemical Engineering - Volume 2016 - Article ID 6195326 - Research Article

AAgg  DDooppeedd  ZZnnOO  TThhiinn  FFiillmmss  SSyynntthheessiizzeedd  bbyy  SSpprraayy  CCooaattiinngg  TTeecchhnniiqquuee  ffoorr  MMeetthhyylleennee  BBlluuee

PPhhoottooddeeggrraaddaattiioonn  uunnddeerr  UUVV  IIrrrraaddiiaattiioonn

Heri Sutanto | Singgih Wibowo | ... | H. Hadiyanto

28 Feb 2016 Download PDF 

International Journal of Chemical Engineering - Special Issue - Volume 2016 - Article ID 1031943 - Research Article

+ Journal Menu

International Journal of Chemical Engineering



Table of Contents 2016 - Page 2 | International Journal of Chemical Engineering | Hindawi https://www.hindawi.com/journals/ijce/contents/year/2016/page/2/

5 dari 8 03/08/2022 11.04

https://www.hindawi.com/journals/ijce/2016/8745943/
https://www.hindawi.com/journals/ijce/2016/8745943/
https://www.hindawi.com/journals/ijce/2016/8745943/
https://www.hindawi.com/journals/ijce/2016/8745943/
https://www.hindawi.com/journals/ijce/2016/8745943/
https://www.hindawi.com/journals/ijce/2016/8745943/
https://downloads.hindawi.com/journals/ijce/2016/8745943.pdf
https://downloads.hindawi.com/journals/ijce/2016/8745943.pdf
https://downloads.hindawi.com/journals/ijce/2016/8745943.pdf
https://downloads.hindawi.com/journals/ijce/2016/8745943.pdf
https://downloads.hindawi.com/journals/ijce/2016/8745943.pdf
https://downloads.hindawi.com/journals/ijce/2016/8745943.pdf
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://www.hindawi.com/journals/ijce/2016/7086761/
https://downloads.hindawi.com/journals/ijce/2016/7086761.pdf
https://downloads.hindawi.com/journals/ijce/2016/7086761.pdf
https://downloads.hindawi.com/journals/ijce/2016/7086761.pdf
https://downloads.hindawi.com/journals/ijce/2016/7086761.pdf
https://downloads.hindawi.com/journals/ijce/2016/7086761.pdf
https://downloads.hindawi.com/journals/ijce/2016/7086761.pdf
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://www.hindawi.com/journals/ijce/2016/6195326/
https://downloads.hindawi.com/journals/ijce/2016/6195326.pdf
https://downloads.hindawi.com/journals/ijce/2016/6195326.pdf
https://downloads.hindawi.com/journals/ijce/2016/6195326.pdf
https://downloads.hindawi.com/journals/ijce/2016/6195326.pdf
https://downloads.hindawi.com/journals/ijce/2016/6195326.pdf
https://downloads.hindawi.com/journals/ijce/2016/6195326.pdf
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/2016/1031943/
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/
https://www.hindawi.com/
HP
Highlight



Research Article
Effects of Thermal Radiation on Mixed Convection
Flow of a Micropolar Fluid from an Unsteady Stretching Surface
with Viscous Dissipation and Heat Generation/Absorption

Khilap Singh and Manoj Kumar

Department of Mathematics, Statistics and Computer Science, G.B. Pant University of Agriculture and Technology,
Pantnagar, Uttarakhand, India

Correspondence should be addressed to Khilap Singh; singh.khilap8@gmail.com

Received 14 December 2015; Accepted 25 October 2016

Academic Editor: Jean-Pierre Corriou

Copyright © 2016 K. Singh and M. Kumar. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

A numerical model is developed to examine the effects of thermal radiation on unsteady mixed convection flow of a viscous
dissipating incompressible micropolar fluid adjacent to a heated vertical stretching surface in the presence of the buoyancy force
and heat generation/absorption. The Rosseland approximation is used to describe the radiative heat flux in the energy equation.
The model contains nonlinear coupled partial differential equations which have been converted into ordinary differential equation
by using the similarity transformations. The dimensionless governing equations for this investigation are solved by Runge-Kutta-
Fehlberg fourth fifth-order method with shooting technique. Numerical solutions are then obtained and investigated in detail for
different interesting parameters such as the local skin-friction coefficient, wall couple stress, and Nusselt number as well as other
parametric values such as the velocity, angular velocity, and temperature.

1. Introduction

The micro polar fluids are those which contain microcon-
stituents that can undergo rotation, the presence of which
can affect the hydrodynamics of the flow. The classical
Navier-Stokes theory does not describe the flow properties
of micropolar fluids, for example, colloidal suspension, poly-
meric fluids, liquid crystals, fluids with additives, suspen-
sion solutions, animal’s blood, human blood, body fluids,
biofluids, and fluids containing certain additives. Eringen
[1] describes the theory of micropolar fluids, which show
microrotation effects as well as microinertia. The theory of
thermomicropolar fluids was developed by Eringen [2] by
extending his theory of micropolar fluids. A good list of ref-
erences for micropolar fluids is available in Łukaszewicz [3].
Many researchers [4–13] have studied the micropolar fluid
flow for different fluid properties over different geometries.

Unsteady mixed convection flow plays an important role
in chemical engineering, turbomachinery, aerospace technol-
ogy, geophysics, and so forth; Zueco et al. [14] studied the

unsteady free convection flow of an MHD micropolar fluid
through two parallel infinite porous vertical plates. Unsteady
mixed convection flow of a micropolar fluid adjacent to a
heated vertical surface along with viscous dissipation and the
buoyancy force is analyzed by Abd El-Aziz [15]. Hussainn
et al. [16] reported the radiation effects on the unsteady
boundary layer flow of a micropolar fluid over a stretching
permeable sheet. Oahimire and Olajuwon [17] studied the
heat andmass transfer effects on an unsteady flow of a chemi-
cally reactingmicropolar fluid over an infinite vertical porous
plate. Rashad [18] studied the unsteadyMHDboundary-layer
flow and heat transfer for an electrically conducting rotating
fluid due to a stretching surface in porous medium in the
presence of thermal radiation. Abd El-Aziz [19] investigated
the effects of variable viscosity on mixed convection flow
along a semi-infinite unsteady stretching sheet with viscous
dissipation.

The heat transfer in the fluid flow due to a stretching
sheet has attracted considerable attention during the last few
decades due to its various applications in many industrial
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The removal of Pb(II) from water by biosorption processes ontomalt bagasse was investigated and the kinetic and thermodynamic
parameters were obtained; additionally a diffusion modeling was proposed. The characterization of malt bagasse was performed
by FTIR and SEM/EDS. The experiments were conducted in batch system and an experimental design based response surface
methodology was applied for agitation speed and pH optimization. The kinetics of biosorption followed pseudo-second-order
model and the temperature of the process affected the biosorption capacity. Isothermmodels of Langmuir, Freundlich, and Elovich
were applied and the Langmuir model showed better fit and the estimated biosorption capacity was 29.1mg g−1.The negative values
obtained for Δ𝐺∘ and positive values of Δ𝐻∘ confirm, respectively, the spontaneous and endothermic nature of the process. The
diffusion modeling was performed based on experiments in the absence of agitation to investigate the influence of the biosorbent
on the sorption process of Pb(II) ions.

1. Introduction

The pollution of water by toxic elements such as cadmium
(Cd), mercury (Hg), and lead (Pb) generally from industrial
wastes is potentially harmful to the health of human beings
and the ecosystem [1–4]. Considering the contamination of
aquatic systems, Pb is one of the most toxic and problematic
elements. The effects of Pb on human’s heath include kidney
damage, inhibition of hemoglobin formation, sterility, and
mental retardation [5]. Industrial effluent treatment is nor-
mally performed by conventional processes such as precipita-
tion and sludge separation, besides some processes including
chemical oxidation and/or reduction, electrochemical treat-
ment, ion exchange, and reverse osmosis that can be also per-
formed. However, some of these methods are costly and have
poor efficiency of treatments, concerningmetal removing [6].
Consequently, alternative methods, such as biosorption pro-
cess, for metals removal of effluents have been studied [7–11].

Biomaterials from natural resources or from agricultural
products have been applied for preconcentration of metals
and as sorbents to remove heavy metal effluents by biosorp-

tion process [11]. Examples of biosorbents are natural spider
silk [11], olive tree pruning waste [7], red microalgae [9],
orange peel [8], and sugarcane bagasse [10]. A potentially new
and low cost biosorbent is malt bagasse, the main subproduct
obtained from the beer production process; around 14–20 kg
of malt bagasse is generally produced for each 100 L of beer
[12]. For textile removal from aqueous solution, malt bagasse
was found to be a good biosorbent due to the removal
capacity, low cost, and possibility of use without previous
treatment [13].

From this point of view, the goal of this work is to
investigate the efficiency of malt bagasse in lead ions (Pb(II))
removal by biosorption process. The effects of some exper-
imental parameters on the biosorption of Pb(II) onto malt
bagasse were evaluated. Furthermore, the thermodynamic
and kinetic parameters were obtained and a diffusion study
was performed for the biosorption process. Regarding the last
point and its influence on the sorption process, we consider
the adsorption of Pb(II) ions from the water in the absence of
agitation when it is in contact with a surface that was coated
with malt bagasse.
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