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Dear professional colleagues, researchers and fellow students: 

We are very pleased to introduce the first issue of Aljouf Science and Engineering Journal (ASEJ). ASEJ was 

established under the generous patronage and leadership of his esteem Prof. Ismail M. Al-Beshry, the Rector of Aljouf 

University, Aljouf, Sakaka, KSA. Its maturity is an outcome of the consistent support of high-performing authors, a 

supportive and professional dedicated reviewers, many vigorous and conscientious editorial boards and collective input 

from the editorial board members. Various researchers who are active in the above field have been enrolled for providing 

the necessary impetus for the new journal. We are quite hopeful and shall be grateful to the service that these eminent 

scientists shall provide to the growth of ASEJ. We are certain that the renowned scientists and academicians both from 

the industry and academic institutions all over the world will be enriched by sharing their research experiences through 

ASEJ. We are happy to invite you to submit your valuable research works in URP journals. We strongly believe that our 

journal will help to develop your own professional career. 

Thanks 

Editors 
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Focus and Scope 

With its vision to promote science and scientific knowledge to everybody, Aljouf Science and 

Engineering Journal (ASEJ) is an international peer-reviewed journal owned by Aljouf University 

with a focused aim of promoting and publishing original high quality research papers dealing with 

basic and engineering science. ASEJ publishes rigorous and original contributions in the Science 
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The papers published in Aljouf Science and Engineering Journal (ASEJ) should present novel 

results and have either theoretical significance or practical utility or both. They may be presented 

in the form of full articles, short communications or state-of-the-art reviews. 

 All contributions will be rigorously reviewed to ensure both scientific quality and technical 

relevance. Revisions of manuscripts may thus be required. 

Manuscripts must be submitted in the English language and authors must ensure that the article 

has not been published or submitted for publication elsewhere in any format, and that there are no 

ethical concerns with the contents or data collection. The authors warrant that the information 

submitted is not redundant and respects general guidelines of ethics in publishing. All papers are 

evaluated by at least two international referees, who are known scholars in their fields. 

Objectives 

The main objective of ASEJ is to provide an international forum for academics, researchers, 

industry leaders, and policy makers to investigate and exchange novel ideas and disseminate 

knowledge and information covering the broad range of natural science and industrial activities. In 

addition, it aims to establish an effective channel of communication between policy makers, 

government agencies, academic and research institutions and persons concerned with basic 

science and its applications. It also aims to promote and coordinate developments in the fields of 

natural science, engineering science and other related fields. The international dimension is 

emphasized in order to overcome cultural and national barriers and to meet the needs of 

accelerating ecological and technological advances in all industries and the global society and 

economy. 

Open Access Policy 

This journal provides immediate open access to its content on the principle that making research 

freely available to the public supports a greater global exchange of knowledge. 

All published manuscripts will be available on the Journals website http://vrgs.ju.edu.sa/#. We 

strongly believe that our journal will help to develop your own professional career. You can 

communicate with us at any time, throughout the publishing process.  

EDITORIAL OFFICE & COMMUNICATION 

Aljouf Science and Engineering Journal (ASEJ) 

Aljouf University, Sakaka, 2014, Aljouf, Saudi Arabia 

Email: ajbse@ju.edu.sa 

http://vrgs.ju.edu.sa/
mailto:AJBSE@ju.edu.sa
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GUIDE FOR AUTHOR 

TYPES OF CONTRIBUTIONS 

Original research papers and occasional reviews, 

short communications, letters, letters to the 

editor and news items. Please ensure that you 

indicate clearly the appropriate article type when 

making your submission.  

BEFORE YOU BEGIN 

Ethical guidelines 

Confidentiality 

All material submitted to Science Journal of 

Aljouf University (SJJU), accordingly to Aljouf 

Science, Engineering Journal (ASEJ) remains 

confidential, and the Editor operates a peer 

review system in which the identity of the 

referees is protected. 

Duplicate publication 

Duplicate publication is the publication of the 

same paper or substantially similar papers in 

more than one journal. Authors must explain in 

the submission letter any prior publication of the 

same or a substantially similar paper, and should 

explain any circumstances that might lead the 

Editor or reviewers to believe that the paper may 

have been published elsewhere (for example, 

when the title of a submitted paper is the same as 

or similar to the title of a previously published 

article). 

If work that makes up more than 10% of the 

manuscript submitted to ASEJ has been 

published elsewhere, please provide a copy of 

the published article in order that the Editor can 

make a judgment on the amount of overlap 

without delay. If a member of the editorial board 

learns that work under consideration has 

previously been published in whole or in part, 

the Editor may return the paper without review, 

reject the paper, announce the duplication 

publicly in an editorial and/or contact the 

authors’ employers. 

Submission of manuscripts to more than one 

journal 

Authors may not send the same manuscript to 

more than one journal concurrently. If this 

occurs, the Editor may return the paper without 

review, reject the paper, contact the Editor of the 

other journal(s) in question and/or contact the 

authors’ employers. 

Plagiarism and scientific misconduct 

Plagiarism is the use of others’ published and 

unpublished ideas or words (or other intellectual 

property) without due reference or permission 

and/or their presentation as new and original 

points. Plagiarism is serious scientific 

misconduct and will be dealt with accordingly. 

All papers submitted to the journal is cheched 

with iThenticate   program for plagiarism. We 

define plagiarism as a case in which a paper 

reproduces another work with at least 15% 

similarity and without citation. 

If evidence of plagiarism is found before or after 

acceptance or after publication of the paper, the 

author will be offered a chance to defend his/her 

paper. If the arguments are found to be 

unsatisfactory, the manuscript will be retracted 

and authors found to have been guilty of 

plagiarism will no longer have papers accepted 

for publication by ASEJ. 

iThenticate compares submitted documents to 

extensive data repositories to create a 
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comprehensive Similarity Report, which 

highlights and provides links to any significant 

text matches, helping to ensure that you are 

submitting an original and well-attributed 

document.  

Data auditing 

The journal reserves the right to view original 

figures and data and may make periodic requests 

to see these. 

Conflict of interest 

All authors are requested to disclose any actual 

or potential conflict of interest including any 

financial, personal or other relationships with 

other people or organizations within three years 

of beginning the submitted work that could 

inappropriately influence, or be perceived to 

influence, their work. 

Submission declaration 

Submission of an article implies that the work 

described has not been published previously 

(except in the form of an abstract or as part of a 

published lecture or academic thesis or as an 

electronic preprint, that it is not under 

consideration for publication elsewhere, that its 

publication is approved by all authors and tacitly 

or explicitly by the responsible authorities where 

the work was carried out, and that, if accepted, it 

will not be published elsewhere including 

electronically in the same form, in English or in 

any other language, without the written consent 

of the copyright-holder. 

Changes in authorship 

Requests to add or remove an author, or to 

rearrange the author names, must be sent to the 

Journal Manager from the corresponding author 

of the accepted manuscript before the accepted 

manuscript is published and must include: (a) 

the reason for the addition, removal, or 

rearrangement of the authors
,
 names and (b) 

written confirmation (e-mail, fax, letter) from all 

authors that they agree with the addition, 

removal or rearrangement. In the case of 

addition or removal of authors, this includes 

confirmation from the author being added or 

removed. Requests that are not sent by the 

corresponding author will be forwarded by the 

Journal Manager to the corresponding author, 

who must follow the procedure as described 

above. Note that: (1) Journal Managers will 

inform the Journal Editors of any such requests 

and (2) publication of the accepted manuscript is 

suspended until authorship has been agreed. 

Copyright 

Upon acceptance of an article, authors will be 

asked to complete a 'Journal Publishing 

Agreement' An e-mail will be sent to the 

corresponding author confirming receipt of the 

manuscript together with a 'Journal Publishing 

Agreement'. 

Subscribers may reproduce tables of contents or 

prepare lists of articles, including abstracts for 

internal circulation within their institutions. 

Permission of the Publisher is required for resale 

or distribution outside the institution and for all 

other derivative works, including compilations 

and translations. 

If excerpts from other copyrighted works are 

included, the author(s) must obtain written 

permission from the copyright owners and credit 

the source(s) in the article.  

Retained author rights 

As an author you (or your employer or 

institution) have the right to use your articles for 

a wide range of scholarly purposes. 

Role of the funding source 

You are requested to identify who provided 

financial support for the conduct of the research 

and/or preparation of the article and to briefly 

describe the role of the sponsor(s), if any, in 

study design; in the collection, analysis and 

interpretation of data; in the writing of the 

report; and in the decision to submit the article 
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for publication. If the funding source(s) had no 

such involvement then this should be stated 

Subscription 

Articles are made available to subscribers as 

well as developing countries and patient groups 

Language (usage and editing services) 

Please write your text in good English 

(American or British usage is accepted, but not a 

mixture of these). If the English language is 

used, extra abstract in Arabic should be 

provided. 

 Submission 

To submit your paper, please send your 

manuscripts by e-mail to the Editor 

(AJBSE@ju.edu.sa). You must submit the 

manuscript in a single electronic file. The 

manuscript should be edited using Microsoft 

(MS) Word (2003 up to 2010, with .doc or .docx 

extension) 

Referees 

Please submit, with the manuscript, the names, 

addresses and e-mail addresses of three potential 

referees. Note that the Editor retains the only 

one who has the right to decide whether or not 

the suggested reviewers are used. 

PREPARATION 

Use of word processing software 

Manuscripts must be in an electronic format that 

meets the following specifications: 

 Do not submit a manuscript file as a PDF

file. Remove line numbering.

 The manuscript file—with tables and

figures placed at the end of the file, each on

a separate page—should be in Microsoft

Word (2003 up to 2010, with .doc or .docx

extension).

 Do not use the Microsoft Word “Styles and

Formatting” or “Track Changes” features in

the file.

 Tables should be in MS Word (.doc or

.docx), one table to a page using hard page

breaks.

 Figures (graphics of any kind) should be

placed at the end of the Word document as

images, one figure to a page using hard

page breaks.

 Equations may be created and inserted as

part of the text, or they may be submitted as

images embedded within the text.

ARTICLE STRUCTURE 

Manuscript Page setup 

 Margins: 25.4 mm (1 in.) top, 25.4 mm (1

in.) left; adjust the settings for bottom and

right margins so that the text area is not

more than 165.1 mm by 228.6 mm (6.5 in.

by 9 in.)

 Font (typeface): Times New Roman, no

smaller than 10 points.

 Numbering: Insert page numbers at upper

right of each page; insert name(s) of

author(s) at upper left of each page

 Text: Single-spaced.

 Paragraphs: Indent first line 12.7 mm (0.5

in.); do not use an extra line space between

paragraphs; do not indent first line after a

subhead.

Subheads: All subheads should be flush with the 

left margin, with one line space above. 

Subsections should be numbered 1.1 (then 1.1.1, 

1.1.2, ...), 1.2, etc. (the abstract is not included in 

section numbering). 

FIRST-LEVEL SUBHEAD 

 (all capitals, boldface, on separate line)  

 Second-Level Subhead  

 (initial capitals, boldface, on separate line) 

 Third-Level Subhead  

 (initial capitals, italic, on separate line)  

mailto:AJBSE@ju.edu.sa
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 Fourth-Level Subhead (initial capitals, 

boldface, on same line as text, with extra letter 

space between the subhead and text)  

 Fifth-Level Subhead (initial capitals, italic, on 

same line as text, with extra letter space between  

 the subhead and text) 

• Bulleted and numbered lists: Indent first line

12.7 mm (0.5 in.); do not indent for text 

runovers. 

 Table Titles and Figure Captions: 

 TABLE 5 Effects of All Factors 

 (Insert title above the table; “Table” is all 

capitals; title is initial capitals; all types are 

boldfaced;  

 Extra space, but no punctuation after number; 

no punctuation at end of title.) 

 FIGURE 3 Example of results. 

 (Insert caption below the figure; “Figure” is all 

capitals; caption is sentence case; all type is 

boldface; extra space but no punctuation after 

number; period at end of caption.) 

Body of the manuscript 

Introduction 

State the objectives of the work and provide an 

adequate background, avoiding a detailed 

literature survey or a summary of the results. 

Materials and methods 

Provide sufficient detail to allow the work to be 

reproduced. Methods already published should 

be indicated by a reference: only relevant 

modifications should be described. 

Theory/calculation 

A Theory section should extend, not repeat, the 

background to the article already dealt with in 

the Introduction and lay the foundation for 

further work. In contrast, a Calculation section 

represents a practical development from a 

theoretical basis. 

Results 

Results should be clear and concise. 

Discussion 

This should explore the significance of the 

results of the work, not repeat them. A combined 

Results and Discussion section is often 

appropriate. Avoid extensive citations and 

discussion of published literature. 

Conclusions 

The main conclusions of the study may be 

presented in a short Conclusions section, which 

may stand alone or form a subsection of a 

Discussion or Results and Discussion section. 

Appendices 

If there is more than one appendix, they should 

be identified as A, B, etc. Formulae and 

equations in appendices should be given separate 

numbering: Eq. (A.1), Eq. (A.2), etc.; in a 

subsequent appendix, Eq. (B.1) and so on. 

Similarly for tables and figures: Table A.1; Fig. 

A.1, etc. 

Essential title page information 

• Title. Concise and informative. Titles are 

often used in information-retrieval systems. 

Avoid 

abbreviations and formulae where possible. The 

title should be all capitals.  

• Author names and affiliations. Where the

family name may be ambiguous (e.g., a double 

name), please indicate this clearly. Present the 

authors' affiliation addresses (where the actual 

work was done) below the names. Indicate all 

affiliations with a lower-case superscript letter 

immediately after the author's name and in front 

of the appropriate address. Provide the full 

postal address of each affiliation, including the 
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country name, and, if available, the e-mail 

address of each author. 

• Corresponding author. Clearly indicate who

will handle correspondence at all stages of 

refereeing and publication, also post-publication. 

Ensure that phone numbers (with country 

and area code) are provided in addition to the 

e-mail address and the complete postal 

address. Contact details must be kept up to 

date by the corresponding author. 

• Present/permanent address. If an author has

moved since the work described in the article 

was done, or was visiting at the time, a 'Present 

address' (or 'Permanent address') may be 

indicated as a footnote to that author's name. The 

address at which the author actually did the work 

must be retained as the main, affiliation address. 

Superscript Arabic numerals are used for such 

footnotes. 

Abstract 

A concise and factual abstract is required. The 

abstract should state briefly the purpose of the 

research, the principal results and major 

conclusions. An abstract is often presented 

separately from the article, so it must be able to 

stand alone. For this reason, References should 

be avoided, but if essential, then cite the 

author(s) and year(s). Also, non-standard or 

uncommon abbreviations should be avoided, but 

if essential they must be defined at their first 

mention in the abstract itself. 

Keywords 

Immediately after the abstract, provide a 

maximum of 6 keywords, using American 

spelling and 

avoiding general and plural terms and multiple 

concepts (avoid, for example, 'and', 'of'). Be 

sparing with abbreviations: only abbreviations 

firmly established in the field may be eligible. 

These keywords will be used for indexing 

purposes. 

Abbreviations 

Define abbreviations that are not standard in this 

field in a footnote to be placed on the first page 

of the article. Such abbreviations that are 

unavoidable in the abstract must be defined at 

their first mention there, as well as in the 

footnote. Ensure consistency of abbreviations 

throughout the article. 

Acknowledgements 

Collate acknowledgements in a separate section 

at the end of the article before the references and 

do not, therefore, include them on the title page, 

as a footnote to the title or otherwise. List here 

those individuals who provided help during the 

research (e.g., providing language help, writing 

assistance or proof reading the article, etc.). 

Nomenclature and units 

Follow internationally accepted rules and 

conventions: use the international system of 

units (SI). 

If other quantities are mentioned, give their 

equivalent in SI.  

Math formulae 

Present simple formulae in the line of normal 

text where possible and use the solidus (/) 

instead of a horizontal line for small fractional 

terms, e.g., X/Y. In principle, variables are to be 

presented in italics. Powers of e are often more 

conveniently denoted by exp. Number 

consecutively any equations that have to be 

displayed separately from the text (if referred to 

explicitly in the text). 

Footnotes 

Footnotes should be used sparingly. Number 

them consecutively throughout the article, using 

superscript Arabic numbers. Many word 

processors build footnotes into the text, and this 

feature may be used. Should this not be the case, 

indicate the position of footnotes in the text and 

present the footnotes themselves separately at 
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the end of the article. Do not include footnotes in 

the Reference list. 

Table footnotes 

Indicate each footnote in a table with a 

superscript lowercase letter. 

Tables 

Number tables consecutively in accordance with 

their appearance in the text. Place footnotes to 

tables below the table body and indicate them 

with superscript lowercase letters. Avoid vertical 

rules. Be sparing in the use of tables and ensure 

that the data presented in tables do not duplicate 

results described elsewhere in the article. 

References 

Citation in text 

Please ensure that every reference cited in the 

text is also present in the reference list (and vice 

versa). Any references cited in the abstract must 

be given in full. Unpublished results and 

personal communications are not recommended 

in the reference list, but may be mentioned in the 

text. If these references are included in the 

reference list they should follow the standard 

reference style of the journal and should include 

a substitution of the publication date with either 

'Unpublished results' or 'Personal 

communication'. Citation of a reference as 'in 

press' implies that the item has been accepted for 

publication.  

Web references 

As a minimum, the full URL should be given 

and the date when the reference was last 

accessed. Any further information, if known 

(DOI, author names, dates, reference to a source 

publication, etc.), should also be given. Web 

references can be listed separately (e.g., after the 

reference list) under a different heading if 

desired, or can be included in the reference list. 

References in a special issue 

Please ensure that the words 'this issue' are 

added to any references in the list (and any 

citations in the text) to other articles in the same 

Special Issue. 

Reference style 

Text: Indicate references by number(s) in square 

brackets in line with the text. The actual authors 

can be referred to, but the reference number(s) 

must always be given. Example: '..... as 

demonstrated [3,6]. Barnaby and Jones [8] 

obtained a different result ....' 

List: Number the references (numbers in square 

brackets) in the list in the order in which they 

appear in the text. 

Examples: 

Reference to a journal publication: 

[1] J. van der Geer, J.A.J. Hanraads, R.A. 

Lupton, The art of writing a scientific article, J. 

Sci. Commun. 163 (2010) 51–59. 

Reference to a book: 

[2] W. Strunk Jr., E.B. White, The Elements of 

Style, fourth ed., Longman, New York, 2000. 

Reference to a chapter in an edited book: 

[3] G.R. Mettam, L.B. Adams, How to prepare 

an electronic version of your article, In: B.S. 

Jones, R.Z. Smith (Eds.), Introduction to the 

Electronic Age, E-Publishing Inc., New York, 

2009, pp. 281–304. 

Journal abbreviations source 

Journal names should be abbreviated according 

to the List of title word abbreviations 

http://www.sciencemag.org/site/feature/contribin

fo/prep/res/journal_abbrevs.xhtml 

Submission checklist 

The following list will be useful during the final 

checking of an article prior to sending it to the 

journal for review. Please consult this Guide for 

Authors for further details of any item. 

Ensure that the following items are present: 

One author has been designated as the 

corresponding author with contact details: 

• E-mail address

http://www.sciencemag.org/site/feature/contribinfo/prep/res/journal_abbrevs.xhtml
http://www.sciencemag.org/site/feature/contribinfo/prep/res/journal_abbrevs.xhtml
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• Full postal address

• Phone numbers

• Keywords

Further considerations 

• Manuscript has been 'spell-checked' and

'grammar-checked' 

• References are in the correct format for this

journal 

• All references mentioned in the Reference list

are cited in the text, and vice versa 

• Permission has been obtained for use of

copyrighted material from other sources 

(including the Web) 

• Color figures are clearly marked as being

intended for color reproduction 

AFTER ACCEPTANCE 

Proofs 

One set of page proofs (as PDF files) will be 

sent by e-mail to the corresponding author (if we 

do not have an e-mail address then paper proofs 

will be sent by post). If there is any correction, 

please list your corrections quoting line number. 

If, for any reason, this is not possible, then mark 

the corrections and any other comments on a 

printout of your proof and return by fax, or scan 

the pages and e-mail, or by post. Please use this 

proof only for checking the typesetting, editing, 

completeness and correctness of the text, tables 

and figures. Significant changes to the article as 

accepted for publication will only be considered 

at this stage with permission from the Editor. 

We will do everything possible to get your 

article published quickly and accurately – please 

let us have all your corrections within 48 hours. 

It is important to ensure that all corrections are 

sent back to us in one communication: please 

check carefully before replying, as inclusion of 

any subsequent corrections cannot be 

guaranteed. Proofreading is solely your 

responsibility.  

Offprint 

The corresponding author, at no cost, will be 

provided with a PDF file of the article via email 

(the PDF file is a watermarked version of the 

published article and includes a cover sheet with 

the journal cover image and a disclaimer 

outlining the terms and conditions of use). For 

an extra charge, paper offprints can be ordered 

via the offprint order form which is sent once the 

article is accepted for publication. Both 

corresponding and co-authors may order 

offprints at any time via e-mail 

(ajbse@ju.edu.sa) 

AUTHOR INQUIRIES 

For inquiries relating to the submission of 

articles (including electronic submission) please 

visit this journal's homepage. Contact details for 

questions arising after acceptance of an article, 

especially those relating to proofs, will be 

provided by the publisher. 

DISCLAIMER 

Aljouf Science and Engineering Journal shall 

not take any responsibility for the contents of 

articles published in the journal and all such 

responsibility shall lie with the author/s. The 

opinions expressed in the articles are solely of 

the author/s and ASEJ may not agree with such 

opinions in part or in full. 

mailto:ajbse@ju.edu.sa




Aljouf University Science and Engineering Journal 2017; Special Issue

Scientific Conference in Surface Science and Its Applications(CSSA-2017) 

College of Science-Aljouf University – Aljouf – Sakaka – KSA(1-2/ May 2017) 

Published online: Oct.2017 (http://vrgs.ju.edu.sa/jer.aspx)

ISSN: 1658-6670 

ASPECT OF FRACTURES FOLLOWING THE COHESION TEST OF 

COMPLEX FLUIDS 
Y. O. Mohamed Abdelhaye 
College of Sciences and Arts, Al Jouf University, P.O. Box 756, Al-Qurayat, Saudi Arabia

Corresponding Author: 

Y. O. Mohamed Abdelhaye 

Email address: 

my.abdelhaye@ju.edu.sa 

Submission Date: Jun 6, 2017

ABSTRACT 

Several aspects of the physical and rheological behavior of soft matter are considered in the light of 

some experiments. Granular or colloidal media are used as reference system. We show that, depending 

on the rheological properties of the paste and the plate separation velocity and  the thickness of the 

paste layer two main failure modes are obtained. The first mode is the inwards shear flow of the paste 

with viscous fingering instabilities, similarly to what has been observed with symples fluids and with 

non-Newtonian  colloidal suspensions or polymer solutions. The second failure mode is stemming 

from the formation of bubbles by cavitation similarly to what has been observed in soft adhesive 

polymer layers. The crossover between the two failure modes is determined by the conditions required 

to generate a pressure drop able to trigger the growth of a bubble the size of the inter-granular dis-

tance. 

Keywords: fractures, cohesion test, complex fluids

1. INTRODUCTION

Paste or concentrated suspension of solid parti-

cles in a fluid is a very common system encountered 

in many domains. The rheology of paste is however 

a very rich field in the sense that it encompasses that 

of fluids in dilute systems, the one of granular media 

for a low content of suspending fluid, and interesting 

intermediate situations with a highly non-Newtonian 

behaviour, which in most cases cannot be derived 

from the behaviour of the solid particles or from that 

of the fluid. In some examples, the paste can be con-

sidered as an equivalent homogeneous medium, 

while in other cases, the homogeneity is to be ques-

tioned, and the solid and the fluid phases have to be 

considered separately. 

Here we study the rupture of a thick layer of 

paste in a simple pulling test where the paste is ini-

tially confined between two flat surfaces. This type 

of plane-plane debonding action is commonly used 

in the so-called probe-tack test of adhesives and is 

encountered in numerous situations. In recently pub-

lished works, the effort was placed on the strain de-

pendence of the pulling force and on the debonding 

mechanism [1,2,3,8,12]. Two main failure mecha-

nisms were identified. The first mechanism, similar 

to what is observed with simple viscous liquids at 

low debonding velocity, is inward flow in parallel to 

elongation, with a strong perturbation due to the 

viscous fingering instability [3-12]. The second 

mechanism is closer to ordinary fracture and in-

volves the growth of defects which were identified 

as interstitial microbubbles [3,9,12]. Debonding was 

shown to be always cohesive and highly ductile, 

after a plastic deformation large with respect to the 

initial layer thickness but still small compared to the 

plate size. The transition between the two regimes is 

controlled by the flow-induced pressure drop in the 

paste. Colloidal and granular pastes may be defined 

as very dense dispersions of colloidal or 

non-colloidal particles, respectively. The dispersion 
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medium may be a simple liquid or a complex fluid 

itself (a polymer solution for instance) [10]. The 

packing density is approaching the jamming situa-

tion. With respect to other complex fluids, pastes are 

often characterized by a marked plastic character, i.e. 

by their ability to withstand large strains at constant 

stress. In a preliminary work [4,11,12] we explored 

some morphological aspects of the fracture profiles 

obtained in debonding experiments performed with 

granular adhesives (crushed sand in an resin). The 

morphology of the failure surfaces is suggesting a 

failure mechanism with limited inwards flow and 

more extensive internal growth of voids (Fig.1). 

Mode I 

  Mode II 

Fig. 1.One of the two failure surfaces obtained by 

separating two plates between which a 2 mm-thick 

granular adhesive paste was confined the paste. 

In the present work, we report additional ex-

periments performed with the same and with other 

granular pastes. Changing rheological properties, we 

were able to go deeper into the failure mechanism 

and to explore failure modes going from the inwards 

flow–controlled mode to the defect or 

void-controlled mode. Due to the almost randomly 

close-packed density of grains in the medium, flow 

of the dispersion fluid in granular pastes has an in-

trinsic length scale which is the average size of the 

grains. We show that the onset of the void-controlled 

fracture mode corresponds to the conditions required 

to generate a void of the size of this length scale. 

2. MODELING

Consider a disk of paste of thickness h and ra-

dius R. The distance from the axis is noted r and the 

z direction is along the disk thickness. The paste 

rheological behavior is correctly described by: 

nK  . (1)  

K is the coefficient of consistency, n is the behavior 

index which translates the deviation from the New-

ton fluid. 

It is assumed that the problem is radial symmetry 

and that the dough deforms while keeping a cylin-

drical shape: 

h

h
Rr 0 (2)  

Given the previous hypothesis, the expression of the 

velocity of the point M becomes: ),,( ,zrrM UoUU 


The boundary condit ions  are  : 0)0,( rU

(Fixed Plate)  

0),( V
dt

dh
U hr  (Mobile Plate) 

Where h is the height between trays, and V0 is the 

traction speed. 

The tensor of the strain rate is generally written in 

cylindrical coordinates in the form: 
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Given the assumption made on the velocity vector 

field, the strain rate tensor becomes: 
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Assuming that the dough is incompressible: 
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The boundary conditions require the constant to be 

zero. 
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Hence, the velocity fields and the strain rate tensor 
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From the above, the law of rheological behavior of 

the paste can be written by expression:
nK 

where :
z

ur






In this equation  is the shear stress,  is the shear 

rate. 

The equilibrium equation writes: 

0









r

p

z

rz
(5) 

The shear stress is obtained by integrating the pre-

vious equation: 
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Introducing the conservation of matter condition, the 

flow through a fictitious cylindrical surface of radius 

Rr  , co-axial with the paste disk, is obtained:  
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Using eq.6, one obtain softer integration: 
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Assuming that the paste is incompressible,  a rea-

sonable assumption which can be used up to the 

stage where bubbles may expandthis flow com-

pensates the change of thickness of the disk of paste: 
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Which leads, after a first integration, to: 
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A second integration leads to the pulling force: 
























 12

3

0 )3(

)/12(2
2

n

nnn
R

h

hR
K

n

n
rpdrF


 (12) 

From which the maximum pressure drop can be ex-

pressed: 

2min
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(13)  

3. EXPERIMENTAL

3.1. Materials  

The paste formulation is chosen depending on 

the objectives of the study. The first set of experi-

ments was performed using many different pastes 

batches prepared by mixing crushed quartz sand, 

water and cellulose derivatives. These pastes were 

not hardening. By changing slightly the composition, 

pastes with different rheological behaviors could be 

prepared; they were used to explore the transition 

between the different failure modes. The second is a 

cement-based mortar from Produits Chimiques du 

Nord, France. Before use, the dry powder has to be 

mixed with water. By changing the water/solid (W/S) 

ratio in a narrow range, very different consistencies 

could be obtained. Setting occurs after about one 

hour, which leaves still ample time for performing 

the debonding experiments [12].  
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The rheological behavior of each paste was 

characterized in simple shear flow using a 

stress-controlled instrument equipped with a 

so-called vane tool (a six-bladed tool rotating con-

centrically with a fixed cylinder). A noticeable fea-

ture observed for all samples is the absence of yield 

stress. All pastes were shear-thinning and for seven 

pastes, the shear stress vs shear rate curves could be 

reasonably well fitted with a simple power law (Fig. 

2) (Eq.1) up to shear rates approaching 15 s . The 

exponent n is close to 0.3 for all samples. 

Fig. 2 Stress – strain rate curves obtained with pastes 

at three different water-to-solid ratios (W/S = 0.32, 

0.28 and 0.24, respectively), immediately after mixing. 

The third type of paste is a granular adhesive is 

the same as that used in our preliminary study of 

failure surface morphology [4, 12] and in our study 

of the failure mechanism [3]. It is made off crushed 

calcareous sand saturated with a water-based acrylic 

polymer resin which is hardening when contacted 

with air. The hardening time is of the order of sever-

al hours, which is giving ample time to perform the 

debonding experiments without significant evolution 

of the rheological behavior.  

As illustrated in Fig.3, the stress-strain curve 

for this paste is approaching the ideal plastic behav-

ior (at least at small strain), with a close-to-linear 

rise of the stress in the elastic regime, followed by a 

plastic plateau. 

Due to this very characteristic plastic behavior 

and to its characteristic failure surface morphology, 

this paste was used to explore the PSA-like cohesive 

failure mechanism. 

Fig. 3 Stress vs strain curve obtained with the gran-

ular adhesive paste illustrating the almost ideal 

plastic behavior of this material 

3.2. Methods  

The rheological properties of pastes and tack 

tests Were performed with a high precision rheome-

ter, a rheometer AR2000ex. This rheometer  can be 

used for characterizing  pastes in fresh state. Dif-

ferent geometries are used to test for rheological 

properties. Parallel plates are used for investigating 

the behavior of paste in tension (tack test), while 

vane-cylinder is used for characterizing fresh paste 

in shearing condition. The rheometer is equipped 

with a two-parallel-plates geometry. The paste are 

inserted between two parallel plates with rough sur-

faces (to minimize wall-slippage), and then 

squeezed out to reach an initial gap before separat-

ing them.  

The diameter of the mortar sample, which is 

equal to that of the two plates’ surfaces, is 32 or 75 

mm. Since the initial gap thickness (inferior 2mm) is 

much smaller than the diameter of the sample, one 

can assume that, at least in the beginning of the 

stretching test, the flow is a priori dominated by the 

shear component. The lubrication-type approach 

may then apply.  

The experiment procedure has three steps: 

Firstly, the paste sample is compressed. In the sec-

ond step, the material is left to relax for 5 minutes 

for erasing eventual memory effects. By recording 

the evolution of the normal force, it is checked that a 

steady state is actually reached within this period of 

time. Tack measurement takes place in the third step. 

In this step, the material is stretcheduntil the sample 

has totally separated. This helps the accurate deter-

mination of the adherence force. The pulling veloci-

ty is varied between two orders of magnitude (be-

tween 10 and 1000 μm/s). 

The debonding mode was qualitatively deter-

mined by observing the profile of the paste layer and 

the paste surface after debonding. Two different 

debonding modes could be identified in the experi-



Aljouf University Science and Engineering Journal 2017; Special Issue 05
Scientific Conference in Surface Science and Its Applications(CSSA-2017) 

ments performed with the samples.  In mode I, the 

paste was flowing towards the center of the plates 

and the pattern just before debonding is a central and 

narrowing paste column. In mode II, a thin and ho-

mogeneous but rough and prickly layer of paste re-

mains on each plate. Those two modes are sketched 

in Fig.1. 

In summary, each debonding experiment is charac-

terized by a set of four control parameters: the type 

of paste ; the plate diameter; the gap, h, and the sep-

aration velocity,  . The result is characterized by the 

failure mode and the maximum force needed for 

debonding. 

4. RESULTS

Whatever the simple and the type of debonding

experiment, failure was always found to be cohesive. 

We will analyzing the results obtained samples in 

terms of failure mode. 

Table 1 summarizes the maximum force 
values and failure modes obtained. Generally 

speaking, two types of failure modes have been 

observed. Small maximum force values tend to be 

associated with a debonding mode (mode I) 

similar to what is ob-served with simple liquids 

[7]. Large values tend to be associated with failure 

mode (mode II), akin to what is observed with soft 

adhesives [13]. However, the correlation is not as 

straightforward as that, as may be noticed by 

carefully scrutinizing Table 1.

Table 1: Maximum pulling force values [N] and failure 

modes (mode I and mode II) . 

D = 32 MM D = 75 MM 
h = 

0.5mm

h = 

1mm 

h = 

0.5mm 

h = 

1mm 

SAMPLE1 1.3 

(I) 

0.8 (I) 0.5 (I) 21.4 

(II) 

10.4 

(II) 
6.5 (II) 

SAMPLE2 11.8 

(II) 

4.4 

(II) 

2.6 

(II) 

107.2 

(II) 

52.4 

(II) 
36.2 (I) 

SAMPLE3 6.6 

(II) 

2.6 

(I) 

1.3 

(I) 

96.6 

(II) 

50.2 

(II) 
25.4 

(I) 

SAMPLE4 3.4 

(II) 

1.4 

(I) 

0.7 

(I) 

55.1 

(II) 

22.9 

(II) 
13.7 

(I) 

SAMPLE5 2.0 

(I) 

0.8 

(I) 

0.4 

(I) 

32.1 

(II) 

14.9 

(I) 
8.4 (I) 

SAMPLE6 3.3 

(II) 

1.6 

(II) 

0.8 

(II) 

55.7 

(II) 

21.9 

(II) 
13.5 

(I) 

SAMPLE7 6.7 

(II) 

3.4 

(II) 

2.3 

(II) 

71.6 

(II) 

46.1 

(II) 

29.5 

(II) 

With soft adhesives, the initial step leading to fi-

brillation is the formation and growth of bubbles 

inside the paste itself. One reason for the possible 

formation of bubbles is the viscous flow-induced 

pressure drop in the paste. In order to calculate this 

pressure drop, some constitutive law for the rheo-

logical behavior of the paste is needed. This is pos-

sible for the pastes which follow eq.1. The maxi-

mum viscous force value is related to the rheological 

parameters of the paste, K and n, to the plate radius 

and to the plate separation rate 0V by (Eq.12). 

As shown in Table 2, using 
13 .10.5  smVo , 

the agreement between the calculated and the meas-

ured values is good. The conclusion is that the vis-

cous force is the major contribution to the pulling 

effort. Considering the very weak dependence of 

maxF on the separation rate 0V

(
nVF 0max  with 3.0n ), this conclusion should 

remain valid in a broad range of debonding condi-

tions. The maximum depression or suction pressure 

in the paste layer is related to maxF by (Eq.13). 

max

Using equation (13) and the measured peak force 

values (Table 2), the maximum depression values ∆
p

 

were calculated and compared with the fail-

ure modes. 

These values may then be compared to the La-

place pressure in bubbles, which were possibly 

trapped in the paste during its preparation. If the 

maximum depression during a debonding experi-

ment reaches the Laplace pressure in a bubble, then 

that bubble would be able to grow indefinitely. The 

Laplace pressure for spherical bubbles is given 

by rpcap /2 . In this equation,  is the interface 

tension and r is the bubble radius. Assuming that the 

interface tension is that of the air/water interface 

(0.076 N.m-1) that is, neglecting the possible sur-

factant effect of the polymers used in the preparation, 

the onset of failure mode II is found to correspond to 

a bubble radius of 15µm, i.e. the average grain radi-

us in the paste [3]. It suggests strongly that, indeed, 

the transition from type I to type II failure mode is 

controlled by the growth of bubbles the size of 

which is related to the intrinsic length scale of the 

granular medium. This is a significant difference 

with respect to soft polymer adhesives where the 

characteristic length scale is that of the surface 

roughness at the adhesive-substrate contact [11,14]. 
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Table 2: Ratio between the calculated and the observed 

peak pulling force, (Fmax, cal / Fmax,obs), in the 

small-scale debonding experiments. 

D = 32 MM D = 75 MM 
h = 

0.5m

m 

h = 

1mm 

h = 

1.5m

m 

h = 

0.5m

m 

h = 

1m

m 

H = 

1.5M

M 

SAMP

LE1 

3.49 1.87 1.56 3.68 2.50 2.09 

SAMP

LE2 

1.57 1.47 1.35 2.91 2.07 1.62 

SAMP

LE3 

2.21 1.93 2.06 2.55 1.69 1.79 

SAMP

LE4 

2.18 1.75 1.83 2.33 1.85 1.62 

SAMP

LE5 

2.44 1.66 1.54 2.98 1.74 1.44 

SAMP

LE6 

1.93 1.26 1.28 2.04 1.64 1.36 

SAMP

LE7 

1.32 0.84 0.63 2.18 1.09 0.87 

5. CONCLUSION
In this paper we have studied the cohesivefail-

ure of pasty granular materials in a simple pulling 

test performed on a layer of paste confined between 

rigid plates. It was shown that failure can takese 

veral forms, stemming from differentmechanisms 

and leading to differentfailure surface morphologies. 

Two main mechanisms have been identified: the first 

mechanism, similar to whatisobservedwith simple 

viscousliquids, isinwards flow in parallel to elonga-

tion. The second mechanism involves the growth of 

defects which were identified as bubbles. the size of 

bubbleiscontrolled by the granulometry of the 

solidparticles. The transition betweenthistworegime-

siscontrolled by the flow-induced pressure drop in 

the paste. 
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Surface physical adsorption of  whole-Cells or  biocatalysts  is  a promising strategy for 

valuable compounds production in now day industrial biotechnology ,This may be due  to the 

capacity  of this bio surfaces to expand and increase the functionality and the  activity  which  

may find new applications, in this sense our investigation  were conducted  to test the efficacy of 

some surfaces for cells  adsorption and enzyme production.The physical adsorption of Bacillus sp. 

R2 Cells on different carrier surfaces assessed with scanning electron microscopy (SEM)showed 

that the highest cell adsorption and chitinase activity was obtained by the carrier luffa pulp with 

higher productivity and enhancement fold of 1.89 than the control. Furthermore, chitinase binding 

capacity on ten various substrates was tested, the enzyme exhibited a substrate bindingcapacity of 

92, 81.6, 76.6, 73.4 and 64.5 for squid chitin, shrimp shell colloidal chitin, chitosan ,prawn shell 

chitin and win lab flaked crab shell chitin, respectively, whereas chitinase physical adsorption 

immobilization on different solid supports surfaces revealed that chitosan and chitin gave the 

highest chitinase activity yields 65.22 and 49.07 % respectively. From these findings, we rec-

ommend that Luffa pulp and chitosan as best surfaces for Bacillus sp. r2 cells adsorption and chi-

tinase production for further biotechnological applications. 

Keywords: Luffa pulp, chitosan, chitinase, Bacillus sp. R2, surface, adsorption

1. INTRODUCTION

Chitinases (E.C.3.2.1.14) constitute one of the 

most important groups of enzymes that are used in a 

broad biotechnological application,ranging from 

chitinous waste management and phytopatho-

gensbiocontrol [1,2] to biomedical uses [3,4,5]. 

Microbial production of chitinases via Immobi-

lized whole cell systems had recently gained the 

attention of industrial and scientific environments 

due to the advantages offered by these system, such 

as increase of productivity due to high cell concen-

tration, reduction of washout of microorganisms in 

continuous operation, easy cell separation from the 

culture broth for repeated use, better operational 

stability and higher efficiency of catalysis, and im-

provement in mass and heat transfer [6]. 

Surface physical adsorption of whole-cells or 

biocatalysts is a promising strategy for valuable 
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compounds production in now day industrial bio-

technology, this may be due to the capacity of this 

biosurfaces to expand and increase the functionality 

and the activity which may find new applica-

tionssuch as biosensors, biofuel, enzymes, and val-

uable chemicals production, adsorption and rare 

metal recovery, removal and or degradation of envi-

ronmental pollutants [7].many investigators used 

Luffa pulp (Luffa cylindrica) as support for enzymes 

and valuable compounds production   furthermore 

enhance its efficacity via chemical surface modifica-

tion [8] , in other hund chitin- chitosan based mate-

rials was used as the most suitable carriers for im-

mobilization regarding to their height affinity to 

proteins, hydrophilicity ,mechanical stability and 

rigidity, regenerability, simplicity of preparation and 

the availability of reactive functional groups for di-

rect reactions with enzymes and for chemical modi-

fications.[9].In the previous studies, Bacillus sp. R2 

was identified and its chitinase was produced, puri-

fied [10] and characterized [11]. The present inves-

tigation aim to test the efficacy of some different 

carrier surfaces for Bacillus sp. R2 cells physical 

adsorption and enzyme production. 

2. MATERIALS AND METHODS

2.1. Bacterial Strain And Chemicals 

Bacillus sp. R2 was newly isolated marine 

bacterial strain from red sea Egypt, identified and 

registered (strain accession number in NCBI Gen-

Bankwas: DQ923161). activated charcoal (Adwic), 

blue dextran 2000 (Pharmacia-Uppsala -Sweden), 

Crab shell chitin flakes (Win-lab, UK). Colloidal 

chitin was prepared per Monreal and Reese, (1969) 

[12]. Cellulose and CMC (B.D.H. England), crab 

shell chitosan, xylan, pectin, and starch were from 

(Sigma -USA). Luffa pulp (Luffa cylindrica) was 

purchased from local market. All other chemicals 

used were of the highest grade available. 

2.2. Whole-Cells Surface Physical Ad-

sorption  

Bacillus sp. R2 cells were adsorbed on luffa 

pulp cubes, chitin flasks and clay particles (about 15 

particles/50 ml production medium containing 75% 

sea water, 0.5% colloidal chitin, 0.5 % yeast extract 

and 0.5% glucose, pH 7.5). The 250 ml Erlenmeyer 

flasks cultures were inoculated and incubated at 

30˚C for 24 h under 180 rpm shaking. 

2.3. Chitinase Binding Test And Enzyme 

Physical Adsorptio 

Substrate binding capacity of chitinasewas 

performedby incubating the enzyme with 1% sub-

strate in 50mM Tris, HCl pH 7.5 for 1 h at 0°C with 

intermittent shaking followed by centrifugation and 

the residual activity were estimated in the superna-

tant under standard assay conditions. The tested 

substrates for binding assay were: Win lab crab shell 

chitin, chitin of prawn shell and squid bone, shrimp 

shell colloidal chitin, sigma, chitosan, CMC, xylan, 

pectin, blue dextran and starch.For enzymephysical 

adsorption immobilization, one gram of each solid 

support (Crab shell chitin, crab shell chitosan, and 

activated charcoal.) was washed with distilled water 

and twice pre-equilibrated with 50mM Tris - HCl 

buffer, pH 7.5. The purified enzyme was mixed in-

dividually with the supports and incubated at 4°C, 

overnight with occasional mixing. After centrifuga-

tion, the enzyme activity was assayed in the super-

natant and in the complex chitinase support after 

washing with 50mM Tris-HCl buffer, pH 7.5. The 

activity and immobilization yields were determined. 

2.4. Chitinase Assay And Protein Content 

Estimation  

Chitinase activity was analyzed by estimating 

the released reducing ends of sugar per the method 

of Miller [13] using N-acetyl – D glucosamine 

(NAG) as standard. One unit of chitinase activity 

was defined as the amount of enzyme required to 

release 1 μ mol of NAG per minute during these 

conditions. Soluble proteins were determined as 

described by Bradford [14] using bovine serum al-

bumin as standard.  

2.5. Growth Monitoring And Scanning 

Electron Microscopy (Sem) 

Bacterial growth was monitoredspectrophoto-

metrically by measuring the absorbance of the cul-

tures at 660 nm. For scanning electron microscopy, 

samples were treated as detailed in [ 15] and viewed 

in JEOL-SEM 5300 scanning electron microscope 

(Japan). 

3. RESULTS AND DISCUSSION

3.1. Whole-Cells Surface Physical Ad-

sorption For Chitinase Production 

Wide and varied solid supports were used for 

cell adsorption such as polyurethane, ceramics, and 

sponge .in this investigation Bacillus sp. R2 cells 

were adsorbed on the surfaces of luffa pulp, crab 

shell chitin, and clay particles and then used as bio-

catalysts to evaluate chitinase production. Obviously, 

the whole-Cells surface physical adsorption upon 

luffa pulp showed higher productivity (with en-
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hancement fold of 1.89) than conventional fermen-

tations free cells (Figure 1), similar results were 

obtained by Kar et al.2009 [16] on Streptomyces 

erumpens cells immobilized on luffa (Luffa cylin-

drica L.) sponge for α-amylase production. In addi-

tion, the scanning electron microscopy (Figure 2) 

also demonstrated that, the highest cell adsorption 

was observed on luffa pulp (Figure 2) revealed that 

the good bacterial adsorption was well correlated 

with the good chitinase yieldcompared to chitin 

flakes (Figure 2). many researchers reported the 

efficacity of luffa pulp (Luffa cylindrica) as best 

biosorbent  for many polluting agent such as heavy 

metals [17],dyes [18],phenolic compounds [18] also, 

Bangrak  et al. [8] showed that yeast immobiliza-

tion on luffa pulp enhance the productivity and yield 

of ethanol production and minimize the toxicity by 

end product, These may be due to the open structure 

of the luffa pulp which permitted the diffusion of 

oxygen and nutrients through their fiber net. Fur-

thermore, the luffa pulp may have subjected to sur-

face modification both physically by autoclaving or 

enzymatically via the multienzymes (cellulase, xy-

lanase, amylase , peroxidases ……) produced by 

Bacillus sp. R2 cells. 

Fig. 1:   Effect of different surface adsorbing 

supports on Bacillus sp. r2 chitinase production 

Fig. 2: A and C were scanning electron micrographs 

of immobilized Bacillus sp. R2 on luffa pulp with the 

magnifications X2000 and X10000 respectively, B 

and D gold coated luffa pulp piece and chitin flaks 

respectively 

3.2. Chitinase Binding Capacity And En-

zyme Physical Adsorption  

As evident from Figure (3) the chitinase exhib-

ited a substrate bindingcapacity of 92, 81.6, 76.6, 

73.4 and 64.5 for squid chitin, shrimp shell colloidal 

chitin, chitosan ,prawn shell chitin and win lab 

flaked crab shell chitin, respectively and showed 

slight bindingcapacity (28.1 and 17.4%) to CMC 

and xylan respectively. Tsujibo et al. 1998 [20] re-

ported thatthe chitinase C from the marine bacterium 

Alteromonas sp. 0-7 showed a binding capacity 

of100%and 50% to chitin, Avicel and chitosan, re-

spectively. Lee et al. (2000)[21] reported thatbinding 

capacity of Pseudomonas sp. YHS-A2 chitinase was 

78, 12, 0, 5 and 10% towardcolloidal chitin, chitin, 

CMC, crud chitosan and birch wood xylan, respec-

tively. Whereas thechitinase of Enterobacter sp. NR 

G4 bound to swollen chitin, flaked chitin and CMC 

with thecapacities of 89.5, 26.2 and 15.2%, respec-

tively [22]. 

chitinase physical adsorption immobilization on 

different solid supports surfaces revealed   that 

chitosan and chitin gave the highest activity yields 

65.22 and 49.07 % respectively (Figure 4). also, 

Prasad and Palanivelu 2015[23] found the immobi-

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bangrak%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24031679


10 Ben Amar Cheba: LUFFA PULP AND CHITOSAN: BEST SURFACES FOR……….. 

lized fungal chitinase from the thermophilic fun-

gus, Thermomyceslanuginosus on glutaraldehyde 

cross-linked chitosan beads exhibited much wider 

pH optimum and was more stable at alkaline pH 

values as compared with the soluble enzyme, while 

Bhushan 2000[24] found that the immobilization 

ofBacillus sp. BG-11 chitinase on chitosan beads led 

to 93.5% increase in the activity compared tothe free 

enzyme. This may be due to an improved stabiliza-

tion of the active center via a non-covalent link be-

tween the amino group in the chitosan backbone and 

the enzyme [25]. 

-50 0 50 100 150

Shrimp shell…

Win lab crab shell…

Prawn shell chitin

Squid bone chitin

Chitosan (Sigma)

CMC

Xylan

Pectin

Starch

Dextran blue

Chitinase Binding capacity (%)

Fig. 3 chitinase surface binding capacity  on different 

biological substrats  

Fig.4 chitinase physical adsorption immobili-

zation on different solid supports. 

4. CONCLUSION

The results of the present investigation collec-

tively indicate the possibility of using immobilized 

cells of Bacillus sp. R2 to produce a relatively high-

ly active chitinase preparations, the physical adsorp-

tion on different carriers also showed that the high-

est chitinase activity was obtained by luffa pulp and 

chitosan carriers., we recommend that Luffa pulp 

and chitosan as best surfaces for Bacillus sp. r2 cells 

adsorption and chitinase production for    further 

for biotechnological applications. 
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A simple dual-band stop frequency selective surface (FSS) filter with a stable performance for 

GSM and UMTS shielding applications is proposed. The aim of this work is to highlight the im-

portance of applying innovative and environment friendly solutions to selectively control the 

propagation of electromagnetic waves in modern building, particularly to attenuate the 900/1800 

MHz GSM and UMTS 2100 MHz signals propagation into and out of glass windows\walls. The 

proposed FSS design consists of a double hexagon loops on a single layer of glass. The proposed 

design shows a stable frequency response for incident angles ranging from 0 to 60° at 900, 

downlink of 1800 MHz and UMTS 2100 mobile frequency bands for both polarized waves, 

transverse electric (TE) and the transverse magnetic (TM). The proposed FSS exhibits shielding 

efficiency of more than 20 dB while being transparent to other frequency bands such as TETRA 

band used for emergency calls.Furthermore, from practical point of view, its simplicity makes it 

flexible and economic to fabricate. 

Keywords: frequency selective surface; oblique incidence; modern buildings 

1. INTRODUCTION

In recent years, a massive growth in the use of 

mobile phone devices and cellular subscribers is 

observed worldwide [1]. These include both children 

and adults subscriptions. This rapidly growth 

in mobile phones usage is also noticed in KSA. 

However, this growth in cellular phones subscribers 

is causing problems in locations where they needed 

to be blocked. Mosques are one of that places, where 

people complain from the repeated annoying caused 

by ringtone of mobile phones. Another problem is 

that some of the prayers use sensitive medical de-

vices, such as pacemaker devices. Mobile phone 

signals inside mosques may interfere with these 

medical equipment according to [2], which will dis-

rupt the operation of such devices. Solutions such as 

placing a reminder poster outside and inside the 

mosque dose not solve this problem, because people 

always forget to act on it or either tend not see 

it. Another costly solution is to use Faraday 

cage to prevent EM signals from entering 

mosques, but this would block all RF signals, 

including emergency call service, GPS, etc. [3]. 

Other existed solution using signal jammers to 

jam the GSM signals, however this is illegal in 

many countries and need special authority per-

missions [4]. The other problem is that mobile 

phone jammer radiation harms our health [5] 

and it will also cause damage to sensitive med-

ical devices, such as pacemakers. Another solu-

tion is proposed in [6] based on Bluetooth 

technology, however this could cause interfer-

ence problem and it does not work with mobile 

mailto:raldhaheri@kau.edu.sa
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phones that have no built-in Bluetooth. Thus, 

an environment friendly solution in the modern 

mosque buildings is strongly needed. Recent-

ly, frequency selective surface (FSS) is proposed to 

either enhance or block communication frequencies 

in built environments [7]–[8], extensive study shows 

that many papers are proposing this shielding solu-

tion for certain applications [9]–[14], particularly for 

shielding the GSM signals, which is a relatively 
substantial research area. In modern mosques build-

ings as shown in Figure 1 

Fig. 1. Mosque Building. 
A study on RF propagation through modern build-

ings [15] shows that the radio signals penetrate into 
modern buildings through glass windows, which 
present lower attenuation than other external walls. 
Adding FSS designed to attenuate cellular phone 
signals to these glass fronts will solve the problem. 
The idea is based on the FSS structure effect on the 
electromagnetic (EM) waves behavior when they 
propagate through FSS materials, where some of the 
frequency band reflected, as shown in Figure 2, or 
redirected or even absorbed [16]–[17]. 

FSS patched elements

Incident signals

Reflected 

GSM signals

Glass substrate (wall/window)

Other transmitted 

signals (including 

TETRA signals used 

for emergency calls)

Fig. 2 FSS structure effect on the electromagnetic 

(EM) wave behavior when they propagate through 

FSS materials. 

Generally، FSS structures are consisted of 

resonators made of elements of specially de-

signed metallic patches or apertures on single 

or multi dielectric substrate layers (metasurfaces) 

[18]–[19]. These metasurfaces are usually fabricated 

by printed circuit technology, and their functionality 

are determined by the structure shapes 

and periodicity of the FSS elements. Researchers 

had proposed different FSS geometries on different 

dielectric substrate and for different GSM applica-

tions, where a dual-band bandstop filter for GSM 

shielding application based on double ring (DR) 

patch elements is discussed in [20]. Other dual-band 

bandstop filters based on double square loop (DSL) 

patch elements are proposed in [20], [21], and [22]. 

In [23] a wall paper FSS for the arbitrary sub-

strate with dual-band stop behavior to shield the 
GSM signals is discussed. A dual-band bandstop 

FSS filter based on modified DSL (MDSL) for 

shielding GSM signals is proposed in [24]. A 

low-profile paper styled FSS based on another type 

of MDSL is also proposed in [25]. In [26] a new and 

a compact MDSL with dual-band stop behavior for 

GSM shielding is discussed. A compact actively 

tunable FSS based on co-centered Jerusalem crosses 

to shield the two GSM bands is described in [27]. 

Also another triband Jerusalem cross FSS is pro-

posed in [28]. Other studies proposed FSS for 

shielding single GSM band, as in [29], where a nov-

el FSS is described to shield the GSM 1800 MHz 

downlink band and it serves the ventilation and heat 

dissipation requirements. Another FSS mounted on 

an acrylic sheet to shield GSM 1800 downlink band 

while transmitting uplink frequency band is al-

so found in [30]. 

2. FSS UNIT CELL DESIGN

The proposed FSS shielding solution is based 

on double hexagon, this structure was selected for 

dual band selectivity mainly because of its structural 

simplicity along with its good angular and polariza-

tion stability [31]. HFSS software was used to sim-

ulate the S-parameters of FSS unit cell for its high 

performance, fast and accurate analysis. In this work, 

and for practical implementation, the dielectric sub-

strate is a clear glass with thickness of 6 mm and 

dielectric constant of 6.9. While the conductivity of 

the glass is 5×10-4 S/m. The proposed FSS is mod-

eled on a single layer which can provide ease of 

manufacturing and reduction of cost. Figure shows 

the proposed modeled unit cell, the blue col-ored 

geometry is the conductive material. Dx and Dy is the 

periodicity along x- and y-axis, respectively. Both 

hexagon loops are equilateral and equiangular. S1 

and S2 are the side lengths of the outer and the inner 

hexagon loop, respectively. While w1 and w2 are the 

widths of the outer and the inner hexagon loop, 

respectively. In order to improve angular sta-bility 

for both TE and TM polarizations, the in-ter-element 

spacing (g1 and g2) are kept small. 
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S1 S2

W1 W2 g2 g1

Dy

Dx

Fig. 3 The proposed FSS unit cell. 

3. RESULTS
The model was carried out using the commercial

available HFSS software. A periodic conditions was 

applied along the X- and Y-axis in order to model 

the unit cell as infinite array, and two opposite 

Floquet ports was placed on the Z-axis direction, 

one above the plane of structure and the other port 

below. These Floquet modes is the excitations 

(source and destination), both specular modes are 

considered in order to calculate transverse electric 

field (TE) and transverse magnetic field (TM). Since 

the thickness of FSS patched elements is in 

micrometers, which is very small thickness, as an 

approximation, it was assumed to have zero 

thickness and perfect conductivity (PEC) in the 

HFSS model. The parameters shown in Figure 3 was 

optimized to ensure that the proposed FSS provides 

a sufficient attenuation at GSM900 frequency band, 

and the downlink frequency band of GSM1800 

(1805 – 1880 MHz) and also UMTS 2100 MHz 

frequency band.   

In order to understand physics of the EM wave 

propagation through the FSS geometry, Figure 4 and 

5 show surface current distribution at two different 

frequencies, it is clear from Figure 4 that the outer 

loop is responsible for the lower rejection band 

response, while Figure 5 shows that the upper 

rejection band frequencies response is due to the 

inner loop. Thus FSS patch element can be 

optimized to attenuate the desired frequency bands 

without disturbing other RF frequency bands such as 

Wi-Fi and TETRA band used for emergency call 

(TETRA band: 380MHz - 420MHz). FSS unit cell 

parameters shown in Figure 3 were optimized to 

ensure that the proposed FSS provides a sufficient 

attenuation at GSM900, downlink of GSM1800, and 

UMTS 2100 frequency bands. The optimized values 

of these parameters are listed in Table 1. 

Table 1. Unit Cell Parameters of the Dual 

Band-Stop FSS 

Parameters/Values(mm) 

Unit Cell Parameters 

Dx Dx Glass 

Substrate 

Dielectric 

Constant 

Substrate 

Conducti

vity 

Substrate 

thickness 

Coating 

59 68 6.9 0.5*10-4 

S/m 

6 PEC 

Outer Loop Inner Loop Interelement 

Spacing 

S1 W

1

S2 W2 g1 g2 

19.4 1.9 16.8 4.1 0.3 0.6 

Fig.4 Surface current distribution at 890 MHz.

Fig. 5 Surface current distribution at 2050 MHz. 



Yousef and Rabah: UAL-BAND FREQUENCYSELECTIVESURFACEFOR GSM …………………. 15

0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.3 3.6 3.9

-60

-50

-40

-30

-20

-10

0
T

r
a

n
sm

is
si

o
n

 (
d

B
)

Frequency (GHz)

 TE 0°

 TM 0°

Fig. 6 Transmission coefficients, S21 under a 

normal TE and TM-polarized incident plane-wave. 

3.1 Normal Incidence For TE And TM 

Po-larizations 
Figure 6 shows the frequency responses under 

normal incident angle for both TE and TM polarized 

waves. The lower stop band is working at 890 MHz 

with 20 dB attenuation on bandwidth 790 to 990 

MHz. While the upper stop band is working at 2050 

MHz with 20 dB attenuation on bandwidth 1800 to 

2300 MHz. It can be noticed that the proposed FSS 

resonates at the two rejection bands 890 and 2050 

MHz. Furthermore, a good agreement between the 

two rejection bands for both TE and TM polarized 

waves, which makes FSS an excellent candidate to 

be used for GSM and UMTS-2100 shielding, 

however it is very important to investigate the 

stability of FSS at different oblique incidence. 

3.2 Oblique Incidence and Polarization 

Stability 
For more examination of the FSS against 

different oblique incidence, full wave simulation 

was carried out at 15, 30, 45, and 60° angle of 

incidence. The resulted transmission coefficients 

(S21) for both rejection bands are shown in Figures 

7 and 8, for both polarized waves (TE and TM). As 

can be seen from both figures the resonant 

frequency of both rejection bands is almost 

unchanged when the incident angle varies from 0° to 

60°. A negligible deviation is occurred as the angle 

increases. Figure 7 shows the response for TE 

polarization, it can be noticed that the bandwidth 

increases as incident angle increases for both 

stopbands. This is a merit because it means that even 

if the incident angle varies the targeted bandwidth 
will not be affected. However the maximum 

attenuation at both resonances decreases with 

increase in the incident angle, where it is -37 dB at 

60°  and -59 dB at 0° for lower rejection band. 

While for upper rejection band, the maximum 

attenuation is -69 dB at 30° and the minimum is -54 

dB at 60°. This confirms the stability of the 

proposed FSS. 

The response in case of TM polarization was 

investigated too. Figure 8 shows the resonant 

frequencies for both rejection bands at the same 

oblique angles of incidence. First thing to notice is 

that the bandwidth around the two rejection bands 

decreases as the angle of incidence increases. Yet, 

the desired bandwidth for GSM shielding is 

achieved. However, a negligible deviation is 

occurred.The minimum and maximum attenuation at 

both resonances are -26 dB and -58 dB at 60° and 0°, 

respectively. This also confirms the stability of the 

proposed FSS solution. It can be concluded that the 

desired bandwidth for GSM and UMTS-2100 

shielding is achieved. 
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Fig. 7 Transmission coefficients, S21 under oblique 

TE-polarized incident plane-waves. 
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Fig. 8 Transmission coefficients, S21 under 

oblique TM-polarized incident plane-waves. 

4. CONCLUSION
A dual-band bandstop FSS on a single layer

substrate of clear glass is presented for shielding 

GSM and UMTS-2100 signal bands as invironment 
friendly solution for blocking GSM and 

UMTS-2100 signals inside modern building. This 

solution is suitable for special building such as 

mosques. The proposed FSS 
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exhibits more than 20 dB shielding covering both 

GSM bands (GSM900 and downlink of GSM1800) 

as well as UMTS 2100 MHz frequency band. The 

proposed FSS exhibit good stability at various 

incident angles, 0° up to 60°, for both TE and TM 

polarized waves. This FSS structure is designed on a 

single layer of glass material in order to be suitable 

for practical implementation. Furthermore it reduces 

the cost if compared to the multilayer configurations. 

As compared to other existed solutions, FSS 

attenuates reception of the selected band signals, 

thus it is a potential candidate for blocking GSM and 

UMTS-2100 and other mobile phone standards or 

generations. Furthermore, this is a passive FSS 

shielding solution, it does not consume power. 

Another merit of this technique is that it is easy to 

install and maintenance free, both important 

requirements if such shielding solutions are to be 

adopted either in new installations or as retrofits to 

existed building structures, where it does not require 

additional network configuration. Also it is operator 

independent and suitable for some type of buildings 

such as Mosques, hospitals, etc. 
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Chemical and thermal stability enthused researchers to explore innovative methods of synthe-

sis of rare earth doped yttrium oxide luminophors that would be easily reproducible, economical 

and would suit industrial production. The present report has been on the   preparation of 

Ho3+:Y2O3.  Modified Urea method has been followed in the preparation of these luminophors. 

The optical studies confirmed the presence of the constituents of the as synthesized sample that were 

crystalline in nature with grain sizes ranging in the nanoscale (30 -150 nm). The luminescence studies 

produced intense peaks at 575, 661, 668, 672, 764 nm for an excitation wavelength of 449 nm per-

taining to transitions of 5F4; 
5S2–

5I8, 
5F

 
5I8, 

5F5; 
5S2–

5I7. The results indicated that these luminophors

could be suitable in biological applications as both the excitation and emission of the wavelengths were 

found to lie within the visible range.  

Keywords: Rare earth doped yttrium oxide, luminophors, Modified Urea Route(MUR) 

1. INTRODUCTION

Stability and biological compatibility, low pho-

non energy and thermal expansion, high temperature 

sustenance makes yttrium oxide an excellent host ma-

terial, where, a dopant like trivalent RE ion with a low 

relaxation rate that doesn’t radiate has made research-

ers pursue the study of RE3+: Y2O3 NPs [1,2]. The in-

complete 4f shell that results in complex multiplets 

resulting from the energy transitions within these 

states, the rare earths (RE) have forced a renewed at-

tention of the researchers [3-8]. This could be at-

tributed to technology development that could fathom 

into the lowest limits of spectral resolution and more 

so with the applicability of the RE ions as a dopant in 

multifarious fields [9]. The RE3+ doped into Y2O3 na-

noparticles (NPs) have been found suitable in vast ap-

plications in areas such as sensing, imaging, light 

emission devices, diagnostics, displays and the in par-

ticular the supporting role that these ions play in las-

ing applications has been tremendous [10-11]. The 

study of these RE3+: Y2O3 luminophors has been ex-

tensive using organic materials that have been proved 

to be toxic and through various methods of precipita-

tion [12-15].  

The current pursuit emphasizes the preparation of 

Ho3+: Y2O3 NPs employing Modified Urea Route 

(MUR) [16]. The analysis of the sample included the 

study of the structure, morphology, size analysis, con-

stituent identification and the ability of the sample to 

fluoresce. The expedition indicated that these lumi-

nophors could be suitable in biological applications. 

2. MATERIALS AND METHODS
2.1 Preparation and Synthesis 

Into the 60% concentration of the 1M YCl3 host, 

a dopant of 40 % concentration of 1M HoCl3 has been 

added along with a 1M Urea solution and when the 

contents were heated at 95° C after about 90 minutes 

through slow Generation of OH- ions a precipitating 

metal hydroxide/oxide aggregated in the form of a 

jelly. Calcination followed by annealing of the sam-

ple resulted in the formation of structurally fine nano-

sized particles. Upon analysis of the basic properties 

through electron micrograph and particle analyzer, 

the formation of Ho3+: Y2O3 particles has been 

evinced. The crystal structure of the diffraction 
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bands has been found to be in agreement with the 

JCPDS data and the IR spectrograph depicted the ev-

idence of the sample constituents. Taking cue from 

the UV-Vis absorption peak wavelength as a refer-

ence the fluorescence properties have been studied 

[17-18]. A flowing depiction of the entire process has 

been presented to demonstrate the simplicity of the 

Modified Urea Route (MUR) (FL-1). 

FL-1: Synthesis of Ho3+:Y2O3 by Modified Urea Route (MUR) method 

40% 1M Solution of HoCl3 60% 1M solution of YCl3 

Solutions were constantly stirred while heating them @ 95° C  for 90 

minutes until a jelly was formed 

CO(NH2)2+3H2O→ CO2+2NH4   + OH- 

Slow Generation of OH- resulted in the precipitating metal hydrox-

ide/oxide aggregates 

Ho3+ + 3OH → Ho(OH)3 

Y3+ + 3OH → Y(OH)3 

The precipitate was rinsed with DI water and then dry heated at 300°C 

for 2 Hours until a dry spongy and foamy cake is formed. 

The dry spongy and foamy cake was again rinsed with DI water and 

gradually heated until it reached a temperature of 900°C at the rate of 

60°C per hour and is calcinated for another one hour until a fine radi-

ant powdery cake is formed. 

Ho3+ + 3OH Ho(OH)3 (EDX) 

Y3+ + 3OH → Y(OH)3 (EDX) 

Ho3+ : Y2O3 (Confirmed with Fluorescence) 

1 M Urea solution 

Structural finesse was achieved by annealing the samples increasing its 

temperature @50°C per hour thereafter maintaining it at 500 °C for 6 

hours to obtain a fine pale pinkish radiant powder 
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3. MATERIALS AND CHARACTERI-

ZATION INSTRUMENTS 

RE3+:Y2O3 luminophors were synthesized 

through the use of high purity research grade raw 

chemicals. The UV absorption studies and lumines-

cence characteristics have been carried out within our 

laboratory at Aljouf University, Al Qurayat, Saudi 

Arabia. The phase composition and structure of the 

prepared NPs were characterized elsewhere by X-ray 

diffraction (XRD) pattern using a XPERT-PRO ana-

lytical diffractometer with Cu Kα radiation. Morphol-

ogy and constituent analysis has been carried out us-

ing a ZEISS (SEM and EDAX). Fourier-transform in-

frared (FTIR) transmission spectra and UV-absorp-

tion spectra were measured using a Shimadzu 8400s 

instruments. Horiba SZ-100 has been used for the 

Particle size analysis. The photoluminescence studies 

have been carried out with FLS 980 spectrofluorime-

ter. 

4. RESULTS AND DISCUSSION
4.1 Structural Characterization and SEM 

analysis  
Fig. 1 The annealed samples of the luminophors 

of Ho3+:Y2O3 diffracted the incident X-Rays of wave-

length Cu k= 1.5405 Å) into identifiable peaks that 

have been the prominent characteristic of the as syn-

thesized sample pertaining to the standard cubic 

Y2O3 structure (JCPDS file no. 25–1200) with varia-

tions that depict the presence of the dopant [19]. The 

observant peaks of relatively large intensities corre-

sponding to the lattice planes 222, 400, 440, 622 have 

been identified at values of 228.6°, 33.3°, 48.1°, 
57.2° thereby confirming the fact that the sample has 

crystalline nature of cubic phase with lattice parame-

ters a=b=c=10.604 Å and °. A comparison 

with the standard peaks reported [20-25] made it easy 

to identify the experimental peaks that are depicted 

in the Fig. 1. 

The weak intensity peaks presented in the spec-

trograph, that were totally absent prior to the anneal-

ing process have sprouted after the process evincing 

the structural finesse. The Ho3+: Y2O3 luminophors 

were annealed for cumulative lengths of time 1.0, 2.0, 

3.0, 6.0, and 10hrs. Post calcination and prior to the 

anneal, the three basic peak intensities viz., (2 2 2), (4 

4 0) and (6 2 2) could be recorded. After each anneal, 

the sample was cooled to room temperature and the 

recorded spectrum revealed greater number of peaks 

though of relatively lesser intensity until the anneal-

ing time was 6hrs.  

Fig. 1 Ho
3+

: Y2O3 XRD Spectra 

The presence of the dopant in the lattice struc-

ture changed the lattice energy and caused the excess 

strain retaining the crystal structure [26]. The struc-

tural parameters have been evaluated through the use 

of Match Software (Rietveld fits using the Full-Prof 

software) [27]. The calculated average crystallite size 

has been found to be ranging between 22 to 30 nm 

with a lattice strain between 0.0022 to 0.006, and the 

average inter-planar spacing has been estimated to be 

varying between 1.2 to 3.0 nm for the as synthesized 

sample which has been identified to be comparable to 

the reported values. [28]. 

Colloidal solution of the samples dispersed in 

anhydrous tetrahydrofuran (THF) has been dropped 

onto a micron-glass plate and dried before placing it 

on the stub. To prevent charging of the sample during 

scanning, it was then coated with an iso-thickness 

metal film by low-vacuum sputtering (3x10-2 mbar) 

technique. The morphology and size of the Ho3+: 

Y2O3 luminophors has been presented in the Fig. 2(a, 

b, c, d)  

Fig. 2 Ho
3+

:Y2O3 SEM Images 

The images of the luminophors divulged poros-

ity as a result of evolution of gases on heating. The 

average grain size has been estimated to be about 40 

nm. The presence of holmium, yttrium and oxygen 

have been identified to be the constituents of the. 

4.2 Particle size analysis 

The scattering light intensity from a medium of 
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dispersion of viscosity estimated at 0.895 mPa.s con-

sisting of the sample has been placed in a direction 
perpendicular to the scatterer at room temperature has 

been analyzed to obtain the Particle size distribution 

curve. The distribution peak has been identified as de-

picted between 90 to 100 nm and further minor peaks 

between 25-60 nm as in Fig. 3, emphasizing the out-

come of structural and microscopic analysis. 

0

Fig. 3 Particle Size Distribution Curve of Er3+:Y2O3 

luminophors. 

   4.3 FTIR Analysis 

Fourier transform based IR spectrograph [29] 

broke the anonymity of the as synthesized sample Fig. 

4., the transmission spectrum of which has displayed 

Y-O stretching vibration of cubic Ho3+: Y2O3 lumi-

nophors around 561.30 cm-1. 

Fig. 4 FT-IR spectra of Ho3+:Y2O3 luminophors. 

 4.4 Photoluminescence Characterization 

The excitation spectra has been recorded by 

seeking the UV-Vis absorption peak value for an 

emission wavelength of 668 nm. Taking cue from the 

recorded excitation peaks at 335 nm, 363 nm, 449 nm 

456 nm, and 463 nm for the scanning range 300-550 

nm., the emission spectra has been sought for an ex-

citation wavelength of 449 nm as depicted in Fig. 5. 

The Spectral peaks [30-32] of the 449 nm exci-

tation were split over a range of wavelengths between 

520 -5560 nm pertaining to the transition (5F4, 5S2) → 

5I8, 640-680 nm related to the transition 5F5 → 5I8, and 

a concentration dependent weak emission peak be-

tween 750-770 nm pertaining respectively to the tran-

sitions (5F5, 5S2) → 5I7 of the trivalent Holmium. The 

former two transitions have been reported to find 

prominence in LASER application through formation 

of ceramics. When these luminophors are adhered to 

various surfaces through apt coating techniques they 

find potential uses in photonics and bio-sensors [33-

35]. 

Fig.5 Luminescence Spectra of Ho
3+

:Y2O3 

5. CONCLUSIONS

The experimental technique (MUR) has been 

non-expensive and with its effectiveness in reproduc-

ibility that’s in tune and compliant to suit industrial 

bulk production. Post confirmation of the presence of 

the YO functional group, their crystalline nature and 

the nano-size and morphology, Ho3+:Y2O3 NPs have 

been identified to suit the likes of phosphor produc-

tion used in  displays and LEDs and also in biosens-

ing applications as the excitation and emission in the 

400 nm-700 nm wavelength range. 
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Crystallographic stability along with sustenance at high temperatures and the ability to luminesce through 

the range of wavelengths from visible to far IR has been a prerequisite for sensing applications. Yttrium oxide has 

been one such passable compounds, that finds itself in the midst of fabrication from solid state laser ceramics to 

high temperature superconductors.  

Er3+ : Y2O3 nano particles have been prepared using Erbium as a dopant.  The synthesis process has been a simple 

and a low cost Modified Urea Route method. Characterization of nanoparticles using XRD indicated the formation 

of   Er3+:Y2O3 nano particles in various crystalline orientations the intensities of which have been identifiable 

with the standard data. The mean grain size ranged between 30-150 nm. Emission peaks for downconversion have 

been identified between 400 -450 nm, 500-570 nm and 600–670 nm for an excitation wavelength 258 nm. Up-

conversion luminescence spectrum revealed multiple emission peaks between 1450 -1675 nm for an excitation 

wavelength of 980 nm.  

Keywords: Erbium doped yttrium oxide, XRD, Luminescence, Nanoparticles

1. INTRODUCTION

The RE3+:Y2O3  Nanoparticles (NPs) re-

ceived a great regard and a persistent quest not only 

due to their ability to luminesce [1, 2] through the 

range of wavelengths from visible to far IR, but also 

primarily because, they exhibit crystallographic sta-

bility. Their phonon energy has been measured to 

have a low value. Their sustenance at high tempera-

tures, large index of refraction, and also a separation 

of an energy gap of about 5.8 eV between their con-

duction and valence bands [3,4] also make them quin-

tessential. These characteristics have been identified 

to be the pre-requisites for applications in LED phos-

phors, lasing, sensors, and diagnostics. Further, their 

immense utility has been of utmost value in non-in-

vasive diagnostics to detect fatty substances that de-

posit as a plaque on the inner lining of arterial walls 

leading to cardiac problems [5]. The currently used 

organic dyes are at a disadvantage due to their spectra 

of a broad band-width, short fluorescing time and 

photo-bleaching [6]. The potentiality of the lumines-

cent Er3+:Y2O3 NPs which fluoresce over large times 

would enable elimination of auto-fluorescence 

through time-gating. Their large Stoke’s shift would 

support filtering and elimination of the excitation 

peak wavelengths [7]. Chiefly their sharp emission 

peaks have been identified to suit more in applica-

tions such as nano-sensors, bio-sensors and molecu-

lar diagnostics [8-10].  Researchers for the past two 

decades have been delving to identify simpler meth-

ods of synthesis and greater finesse of the particle 

size and morphology [11].  

The discernment of doping yttrium oxide with triva-

lent erbium has been due to the fact that its emission 

exhibits strong, narrow emission lines upon excita-

tion of the particles both at a lower wave length (UV 

region) and at a higher wavelength (IR Region) in the 

visible to near-infrared region. [4, 12].  

An inexpensive, easily reproducible and an industrial 

production compliant method [13] viz. Modified 

Urea Route (MUR) has been adopted to prepare the 

luminescent Er3+: Y2O3 NPs [6, 12]. The optical char-

acteristics evinced the structure, size and morphology 

of the as synthesized NPs. The luminescence studies 

include the analysis of the up and downconversion 
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spectra. 

The luminescence of the Er3+: Y2O3 NPs through ex-

citation of the sample by a photon of shorter wave-

length to achieve emission of a longer wavelength 

(DC) and vice-versa ((upconversion (UC) exec=980 

nm) the former is known as stokes luminescence and 

the later as anti-stokes luminescence [14,15]. 

Where, in down conversion (DC) a photon of longer 

wavelength (Vis. Region) is emitted by absorbing a 

photon of a shorter wavelength (UV region) [15]. The 

UC mechanism involves absorption at the ground 

state associated with (a) an excited state absorption 

(ESA), (b) multiphonon relaxation (MPR) and (c) en-

ergy transfer upconversion (ETA) [16, 17]. In UC 

emission that possesses a greater photon energy than 

the energy of excitation results in the trivalent erbium 

ions. Due to the possibility of permissible multiple 

energy transitions that are both non-radiative and ra-

diative, the former aiding the sustenance of energy 

because of longer life times and the later culminates 

through emission in the visible zone classifying 

themselves into an upconversion phosphor category 

[18-20].  

2. CHARACTERIZATION ANALYSIS

The cubic phase  of YO-stretching vibration 

state at 560 cm-1 has been recorded as a sharp peak of 

the transmission spectrum which divulged the ano-

nymity of the synthesized NPs presumed to belong to 

Er3+: Y2O3 has been possible through IR spectros-

copy using Fourier Transform method [21] and it has 

been found to be in confirmation with the standard 

value reported elsewhere [12].  

The XRD-graph in Fig. 1 depicts the peaks, in-

dexing of which reveals a cubic phase of Y2O3 in ac-

cordance with the characteristic diffraction peaks that 

matched well with the standard data [21, 22]. The 

structure indicated that trivalent erbium ions relo-

cated themselves into the host matrix changing the 

lattice energy without altering the lattice structure 

[23]. 

Fig. 1 Er
3+

: Y2O3 XRD Spectra 

The peak analysis of various spectrographs rec-

orded after each anneal revealed that the crystalliza-

tion of the NPs is time limited and no further changes 

in the pattern have been observed beyond 6hrs of an-

nealing. The average crystallite sizes range has been 

22 to 30 nm.  Lattice strain varied between 0.0022 

to 0.006. The estimated average inter-planar spacing 

has been around 1.2 to 3.0 nm and has been in tune 

with reported values [34]. 

The sputtered sample, when scanned through a 

SEM uncovered porosity, which has been a result of 

evolution of gases during heating Fig 2.  

Fig. 2 Er
3+

:Y2O3 SEM Images 

The grain size has been observed to be around 

30-150 nm. Erbium, yttrium and oxygen have been 

identified to be the constituents of the sample rec-

orded through the EDAX measurement. A colloid of 

viscosity estimated at 0.895 mPa.s in which the Er3+: 

Y2O3 NPs have been suspended, has been intercepted 

in a direction perpendicular to the scatterer at room 

temperature to obtain the distribution curve of the 

size of the NPs [12]. The peaks of the distribution 

curve have been located around 25-45 nm and have 

been verified to be in agreement with the diffraction 

and micrograph results. 

3. DC AND UC LUMINESCENCE

STUDIES 

The excitation spectra of the Er3+: Y2O3 NPs has 

been recorded between the range of 250 – 500 nm by 

taking cue from the absorption peaks obtained from 

the UV-Vis spectrum. At an emission wavelength of 

563 nm, multiple excitation peaks have been ob-

served with sharp and strong peaks centered around 

258 nm and 379 nm as depicted in the Fig. 3. 

Fig. 3 Excitation Spectra of Er3+: Y2O3 phosphor. 

3.1 DC Luminescence 
The DC spectra has been recorded. It resulted in in-

tense transitions in the visible region (exec= 258 nm). 
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These transition peaks pertaining to the trivalent er-

bium have been around 370 nm ((2G, 4F)9/2 → 2I15/2) 

and was due to the crystal field effect of the sample 

that is of lesser importance. The peaks reported be-

tween 400-450 nm (2H11/2 → 2I15/2), 500-570 nm ((2H, 
4G)11/2 → 2I15/2, 4S3/2 → 2I15/2) have resulted from the 

spin-orbit coupling along with a concentration de-

pendent weak peak that has been observed around 

600-670 nm (4F3/2, → 2I15/2, 
4F9/2 → 2I15/2) (Fig. 4 ) [24-

26]. 

Fig. 4 DC - Emission spectrum of Er3+:Y2O3 NPs – (exec= 

258 nm) 

Earlier studies reported a dual photon process (one 

due to the dopant ion and the second emitted due to 

the energy transfer) for the Y2O3 NPs resulting in re-

laxation between 4S3/2 and 4F9/2 states before the emis-

sion of a red photon [15]. 

From the DC scheme and the energy transitions 

in Fig 5 (left and right) several transitions from the 

4f10 5d state of trivalent erbium ion has resulted in a 

non-radiative relaxation from the transition states (2G, 
4F)9/2, (2H, 4G)11/2 the 4S3/2 and this could be the result 

in the emission of a green photon [12].  

A 1535 nm infrared DC peak that belongs to the 

transition   4I13/2  - 4I15/2 has been observed in the 

emission spectra obtained through the  exec=980 nm 

Laser radiation  as depicted in the Fig. (6). Multiple 

peaks have been observable that were different from 

the earlier reports [27-29] and could be attributed to 

the Stark splitting owing to the trivalent erbium ion’s 

crystalline field within the crystalline yttrium oxide 

structure. 

Fig. 5 Energy level scheme of the cubic Er3+: Y2O3. 

Fig. 6 DC-Emission spectrum of Er3+: Y2O3 NPs (exec= 

980 nm) 

3.2 UC Luminescence 
The emission peaks in the UC spectra shown in 

Fig. 7(a) ex=980 nm, around 540- 560 nm and 

around 650-700 nm have been identified pertaining 

to the energy transitions 4S3/2 - 4I15/2 (green), and 4F9/2- 
4I15/2 (red) respectively due to the dopant. 

The phenomenon of UC has been reported to be 

dependent on the MPR rate of the host and dopant 

concentration Absorption of a photon from a pump 

beam (exec=980 nm) leads to the energy transition 

from the 4I15/2 to the 4F7/2 state through an intermedi-

ate 4I11/2 state where due to absorption of a second 

980-nm wavelength photon results in the transition to 

the 4F7/2 state by ESA process. Further, from this state 

the 4S3/2, and 4F9/2 states are populated through non-

radiative multi-phonon decay through ETA process 

(30). However, in the current study, as the dopant 

concentration is high the process of enhanced red 

emission over green emission has been presumably 

due to the cross-relaxation process which is responsi-

ble for populating the 4F9/2 level (18, 30). that oc-

curred via two sonorous transitions viz., 4F7/2  - 4F9/2

and 4F9/2 - 4I11/2  (31). 

This UC process due to the Er3+ dopant has been 

reported to be due to the absorption in the excited 

state (AES). Initially, an ion from the ground state can 

be excited into an excited state 4I11/2 through absorp-

tion in the ground state (AGS) and then from this 

level it is excited to the 4 F7/2 level through AES. Fur-

ther, these ions rapidly undergo a non-radiative relax-

ation to the 4S3/2 and 4 F9/2 levels, where, multiphonon 

relaxation results in populating the 4I13/2 level. Inter-

action between two excited Er3+ ions in this level re-

sults in one them getting de-excited to 4I15/2 level and 

the second one excited into the 4 F7/2 level. The induc-

tion of a high concentration of the dopant (40%) re-

sulted in the red emission to dominate over the green 

emission probably due to the shift in multi-phonon 

relaxation process as depicted in the energy transition 

diagram Fig. 3(b) [31]. 
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Fig. 7 (a) UC Emission spectrum of Er3+:Y2O3 NPs 

(exec= 980 nm) & (b) Energy level scheme of Er3+: Y2O3. 

3. APPLICATIONS

The characteristics of the Er3+: Y2O3 NPs have 

been identified and compliant for applications in mul-

titudinal areas. The IR emission capability adds to its 

credentials as the Er3+: Y2O3 NPs hold the potential 

in medical diagnostics through in vivo sensing and 

imaging. Due to its emission over a very wide range 

of wavelengths from visible to IR region facilitates 

them to be used as phosphor converted LEDs and 

they find use in sensing for latent fingerprint detec-

tion. [12].  

4. CONCLUSIONS

An additional step involving annealing the syn-

thesized Er3+: Y2O3 NPs has been a significant 

change employed during the synthesis to enhance the 

structural finesse of the NPs in the MUR method em-

ployed. The presented results have been Er3+: Y2O3 

NPs have been in close agreement with the results re-

ported by various researchers. The luminous capabil-

ities of these NPs place them in the fore-front as a 

promising candidate in multiple applications. In par-

ticular, their ability to luminesce that begins in the 

visible region extending up to the far-IR evinced 

through the DC and UC characteristics match with 

the pre-requisites for in vivo applications in bio-sen-

sors and in imaging. 

5. MATERIALS AND CHARACTERI-

ZATION INSTRUMENTS 

RE3+:Y2O3 luminophors were synthesized 

through the use of high purity research grade raw 

chemicals. The UV absorption studies and lumines-

cence characteristics have been carried out within the 

laboratory of Aljouf University, Al Qurayat, Saudi 

Arabia. The phase composition and structure of the 

prepared NPs were characterized elsewhere by X-ray 

diffraction (XRD) pattern using a XPERT-PRO ana-

lytical diffractometer with Cu Kα radiation. Mor-

phology and constituent analysis have been carried 

out using a ZEISS (SEM and EDAX). Fourier-trans-

form infrared (FTIR) transmission spectra and UV-

absorption spectra were measured using Shimadzu 

8400s instruments. Horiba SZ-100 has been used for 

the Particle size analysis. The photoluminescence 

studies have been carried out with FLS 980 spectro-

fluorimeter. 
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Recently, metal nanoparticles have been used in cancer therapy. Platinum (Pt) nanoparticles can 

strongly enhance lethal damage in DNA double strand breaks. In this study, we aim to investigate dif-

fusion of Pt nanoparticles as a parameter of the efficiency of the metal’s penetration. Diffusing capacity 

of Pt nanoparticles was determined in three compounds, namely Brass (Cu-Zn), Porous carbon tape (C-

O), and Trisodium Citrate (Na3 C6 H5 O7). All of the three samples were coated with Pt nanoparticles at 

various depth; particularly at 2 nm, 6 nm, and 10 nm layers using vacuum evaporation coater. Scanning 

Electron Microscopy in-conjunction with Energy Dispersive X-ray Spectroscopy SEM-EDS was used 

for analysis. The change in EDS counts is assumed to reflect Pt nanoparticles penetration – between 

300 nm and 500 nm – to the upper surface layer of the subject matters. Furthermore, obtained results 

were interpreted in terms of Pt EDS counts proportion to coating in each compound and in term of 

relative diffusion capacity. The results expressed that EDS analysis showed a pattern that there is an 

increase in three parameters i.e apparent concentration, weight % and atomic % in all the three com-

pounds Brass, porous Carbon tape and trisodium citrate with Pt nanoparticles coating as a function of 

depth. Relative diffusion capacity was revealed to be high in porous carbon rather than brass and triso-

diumcitrate. A significant change in EDS count and relative diffusion count was observed with p‹.05 in 

all three compounds; brass, porous carbon tape and trisodium citrate when Pt nanoparticles was sput-

tered at 2nm and 6 nm indicating different diffusion.   In future work, experiments in living tissues are 

suggested for better assessment of the Pt diffusion efficiency compared to other nanoparticles. 

Keywords: Platinum nanoparticles, NPs diffusion, trisodium citrate.

1. INTRODUCTION

Substances that have at least one dimension size be-

low 100 nm are considered as nanoparticles NPs 

which are being used in industries like nanomedi-

cine, drug delivery, cosmetics,food  etc. Novel 

physicochemical properties, including increased 

thermal electrical conductivity, durability and 

strength are obtained by reducing size of nano-

materials [1-3] which may bring better performance 

and more applications of NPs. Nanoparticles are 

used in medical imaging; they can provide  
improvements in cells and tissues imaging and mi-

croscopy and can be exist in the same size domain 

as proteins which make them  applicable for biolog-

ical tagging or labelling [4].  The most practical  bi-

ological applications of nanoparticles NPs are  op-

tical and magnetic effects [5,6], wheremagnetic na-

noparticles are used for magnetic separation of la-

belled cells and other bio objects, as drug therapy, 

gene and radionuclide delivery, RF methods for the 

catabolism of tumors via hyperthermia and as con-

trast materials for magnetic resonance imaging MRI 

applications [6]. 

The shape of nanoparticles is more often spheroids, 

but can cylindrical, plates, nanorods, and other 

shapes are possible.  However, nanomaterials, such 

as carbon nanotubes, titanium dioxide, fullerenes, 
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quantum dots, and silica have been reported to show 

harmful biological effects [7-15]. Some studies also 

suggested that characteristics of nanoparticles (e.g., 

size and surface features) can affect their biological 

and pathological actions [13,16-19]. Thus, evalua-

tion of the potential health risks attributable to nano-

materials is indispensable for the safe handling and 

use of these materials. Though not much  infor-

mation is available about  safety evaluation of ma-

terials less than 1 nm in size, Platinum nanoparticles 

have been utilized in a number of manufacturing ap-

plications, including catalysis, cosmetics manufac-

turing, and the processing of dietary supplements. 

The chances of exposure to platinum nanoparticles 

are increased with more products using platinum na-

noparticles, are concerns about unanticipated harm-

ful biological effects of these materials [20, 21]. 

Platinum nanoparticles can induce inflammation in 

mice or impair the integrity of DNA as per some 

studies [22, 23]. On the other hand, platinum nano-

particles have antioxidant activity and inhibit pul-

monary inflammation (e.g., as caused by exposure to 

cigarette smoke) [24-26].Platinum nanoparticles 

have the ability to cause cell death and therefore de-

stroy cancer tissue. It can interact with the cell’s 

DNA or genome to cause genotoxicity [27]. 

These reports indicate that the biological effects of 

platinum nanoparticles remain poorly defined; the 

biological safety of sub-nanosized platinum parti-

cles (those of less than 1 nm in size; snPt1) remains 

unknown. Recently, it was reported that snPt1 could 

induce hepatotoxicity [28].Recently, metal nanopar-

ticles have been used in cancer therapy. Platinum 

(Pt) nanoparticles can strongly enhance lethal dam-

age in DNA double strand breaks. It can be achieved 

by photodynamic therapy based on damage of can-

cer cells by atomic oxygen, which is cytotoxic. A na-

noparticle dye used to generate laser atomic oxygen 

is absorbed more by cancer cells compared with a 

healthy tissue. Therefore, cancer cells are destroyed 

when exposed to a laser radiation [29]. A hydropho-

bic dye can be bounded inside a porous nanoparticle 

to avoid side effects of sensitivity to daylight expo-

sure and migration to skin and eyes where the dye 

can stayed trapped inside the organically modified 

silica nanoparticles and did not spread to the other 

parts of the body. At the same time, its oxygen gen-

erating ability has not been affected and the pore size 

of about 1 nm freely allowed for the oxygen to dif-

fuse out [30]. In this study, we aim to investigate dif-

fusion of Pt nanoparticles as a parameter of the effi-

ciency of the metal’s penetration. 

2. MATERIALS AND METHODS
Platinum Pt nanoparticles were obtained fromThree 

compounds, namely Brass (Cu-Zn), Porous carbon 

tape (C-O), and Trisodium Citrate (Na3 C6 H5 O7). 

All of the three samples were coated with Pt nano-

particles at various depth; particularly at 2 nm, 6 nm, 

and 10 nm layers using vacuum evaporation coater. 

Scanning Electron Microscopy in-conjunction with 

Energy Dispersive upper X-ray Spectroscopy SEM-

EDS was used for analysis. The change 

in EDScounts is assumed to reflect Pt nanoparticles 

penetration – between 300 nm and 500 nm – to the 

surface layer of the subject matters. 

As a qualitative and quantitative analytical tech-

nique to study the diffusion of Platinum nanoparti-

cles, Energy Dispersive X-ray Spectroscopy (EDS) 

attached to Scanning Electron Microscopy (SEM) 

machine (JSM-6510, JEOL©, Tokyo, Japan) was 

used to provide structural imaging information, 

while the  EDS X-ray detector (X-MaxN Silicon 

Drift Detector SDD size 50 mm2, Oxford Instru-

ments ©) was used for microanalysis and elemental 

chemical composition and Pt count analysis. 

There are SEM-EDS parameters that are important 

for the setting and configuration of the analysis tech-

nique. These parameters mainly include sample 

preparation, X-ray production, and detection. Im-

portant parameters in EDS settings include X-ray de-

tector, Spot Size of the electron beam, and Working 

Distance (WD) [31]. Electron beam spot is formed 

by electromagnetic condenser lens, and its size de-

termines the resolution. The magnetic condenser and 

objective lens system can reduce the spot size to a 

diameter of 2-10 nm when it reaches the specimen 

[32]. To avoid poor resolution, the diameter of the 

interaction volume—the region of electron penetra-

tion—should not be larger than the electron spot. 

WD is the distance between the sample and the ob-

jective lens, and it should match the depth of the 

field. The geometry of the beam, sample, and the de-

tector should be optimized. WD to the sample stage 

(is about 10-15 mm) and other parameters are rec-

ommended as will be seen in the next subsection 

[33], [34], [35], and [36]. 

Nanoparticle sputtering: Auto fine coater JEC-

3000FC, from JEOL©, Tokyo, Japan, was used to 

provide Pt nanoparticles with film thickness from 1 

nm to 10 nm. 

Fig. 1 Auto fine coater JEC-3000FC, from JEOL©, Tokyo, 

Japan. The above platinum coater was used to make Pt na-

noparticles layer with film thickness ranging from 1 nm to 10 

nm. 

https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/Genotoxicity
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Thickness parameters of the auto fine coater (coating 

rate) were adjusted according to the following fig-

ure: 

Fig. 2 Coating of platinum layer are function of current and 

duration of  vacuum Evaporation time in seconds.  

3. RESULTS AND DISCUSSION
Results of EDS analysis of Pt nanoparticles on 

Brass, Carbon Tape and Trisodium Citrate are ex-

pressed in Table 1 and the following figures. Results 

which showed relative diffusion depths (diffusion 

capacity) are expressed in Figure 4 , 5 & 6.  SEM 

images of Trisodium citrate. Porous Carbon tape and 

Brass (Cu-Zn) are expressed in Fig. 5 and Fig.6 

shows SEM image of Trisodium citrate( Before 

coating) and after coating with 6 nm Pt thin film 

layer.  

    It was evident from Table 1 and the figures that 

EDS analysis (x-ray eds counts) showed a pattern 

that there is increase in three parameters i.e apparent 

concentration, weight % and atomic % in all the 

three compounds; Brass, porous Carbon tape and 

trisodium citrate with Pt nanoparticles diffusion at 

2nm and 6 nm. 
Table 1: EDS analysis of Pt nanoparticles on: Brass, Car-

bon-Tape, and Trisodium Citrate 
Pt coating sample Apparent 

Concentra-

tion 

Weight 

% 

Atomic 

% 

Brass 0 0 0 

no coating C-tape 0 0 0 

Na₃C₆H₅O₇ 0 0 0 

Brass 1.19 1.24 0.24 

2 nm C-tape 0.62 0.51 0.03 

Na₃C₆H₅O₇ 0.79 0.83 0.07 

Brass 6.76 6.74 1.31 

6 nm C-tape 5.38 6.11 0.42 

Na₃C₆H₅O₇ 4.81 5.79 0.5 

10 nm Brass 7.21 7.64 1.63 

Fig. 3 EDS interaction volume between electrons and matter. 

L represent the depth while D represent the lateral size. 

Fig. 4 EDS counts for three compounds obtained at 

various coating film thickness. 

Fig. 5 EDS counts for three compounds obtained at 

various coating thickness 2nm (blue) and 6 nm (or-
ange) expressing that Pt nanoparticles diffuse more 

in carbon tape rather than trisodium citrate and 

brass. 
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Fig. 6 SEM images.Left: Trisodium citrate. Middle: 

Porous Carbon tape. Right: Brass (Cu-Zn) 

Fig.7 SEM image of Trisodium citrate: Left:. Before 

coating. Right: After coating (6 nm Pt) 

5. DISCUSSION

Obtained results revealed that a significant change in 

EDS count and relative diffusion  count was ob-

served (p‹ 0.05) in all the three compounds brass, po-

rous carbon tape and trisodium citrate with Pt nano-

particles diffusion when Pt nanoparticles was sput-

tered at 2nm and 6 nm indicating different diffusion. 

Relative diffusion capacity found to be high in porous 

carbon rather than brass and trisodium citrate. In fu-

ture work, experiments in living tissues are suggested 

for assessment of the Pt diffusion efficiency as used 

for medical applications and as compared to other na-

noparticles. 
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Thermal and Fast neutron irradiation effect on the optical properties of the Sm+3 doped lead borate 

glasses (B2O3 -PbO-Al2O3) samples of varying compositions has been investigated. A performance of 

the effect of both Sm2O3 content and neutron irradiation doses on some optical properties of Sm2O3 

doped lead borate glasses (B2O3-PbO- Al2O3) have been studied. The borate glasses samples were pre-

pared with different concentrations of Sm+3 using the normal melt quench technique. Am241-Be neutron 

source (5Ci) with neutron flux of 4.1E7 n/cm2.sec were used for irradiation. Some optical parameters 

such as: the decrease in the energy gap of the glass is also observed due to the fact that fluctuation in 

neutron irradiation dose as well as Urbach’s energy (Eu) and the absorption coefficient (α). Direct and 

indirect optical energy gap (Eogd & Eogind), Fermi energy (Ef) also has been investigated. 
 

Keywords: Optical and structural properties, Thermal and epithermal Neutrons. 
 

1. INTRODUCTION 

More recently, great interest for neutron radia-

tion effects in glasses. Generally, glasses has been 

renewed as it has been used in different industrial 

and nuclear technology applications. Samarium as a 

Rare-earth doped glasses has been paid much atten-

tion because of its high thermal neutron-cross sec-

tion in the alkaline earth group (1-3) and its high 

potential use for optical applications such as fibers, 

amplifiers, lasers, sensors as well as LED devices(4, 

5). 

Lead Borate glass are adequate for neutron and 

gamma shielding due high neutron absorbing cross 

section of Boron and, it is containing Lead which 

has high atomic number and high density. A high 

Boron concentration in Borate glasses provide a 

glass composition with a good chemical resistance 

and high dielectric strength as well as improving its 

thermal expansion (6, 7).   

Neutrons as uncharged particles as it doesn’t 

cause ionization interact with matter quit differently 

than the charged particles or the electromagnetic ra-

diation. As the neutrons passes through the matter 

and hits a nucleus it losses energy by a series of col-

lisions, there is a lot of types of reactions are possi-

ble, in scattering or capture events depends on the 

neutron-cross section of the nucleus and neutron en-

ergy. After a neutron has lost a significant portion 

of its kinetic energy through scattering events, it 

may be absorbed by a target nucleus in a capture 

event. The result of this collision is that the new nu-

cleus is left in an excited energy state and it has its 

mass number increased by one, and as such will un-

dergo one of many possible nuclear events. The re-

sult is often the emission of ionizing radiations, 

which result in the production of defects in the ma-

terial via electron and hole productions (8). 

The electrons are initially excited from the va-

lence band if the incident energy is greater than the 

band gap. The excess energy is converted to kinetic 

energy and as these electrons travel through the ma-

terial, they will either recombine the positively 

charged holes, become trapped to form color centers, 

or produce a secondary electron cascade by knock-

on collision with other bound electrons. Additional 

bound electrons are ionized by the secondary elec-

mailto:ashrafgad@ju.edu.sa


Aljouf University Science and Engineering Journal 2017; Special Issue 

Scientific Conference in Surface Science and Its Applications (CSSA-2017) 
34 

trons through Coulomb interactions. These second-

ary electrons lose approximately 20 eV for each ion-

izing. Finally, when the electron energy become too 

low to ionize other electrons, they will either be 

trapped or recombine with holes. Therefore in 

amorphous materials radiation gives rise to optical 

absorption bands. These bands are associated with 

radiation-induced intrinsic and extrinsic defects. 

Vacancies and self-interstitials cause intrinsic de-

fects. These defects can be introduced by ionizing 

or atomic displacement mechanism or via the acti-

vation of the preexisting defects (9). 

Extrinsic defects related with impurities such 

as alkali, alkaline earth and transition metals in the 

glass which increase radiation-induced defects (10). 

Materials which have such defects absorb photons 

at particular wavelengths, resulting in a modified 

absorption spectrum of the materials. The differ-

ence between the absorption spectra before and af-

ter irradiation is an important characteristic and is 

called the induced absorption spectrum. 

The purpose of our work is to study the optical 

absorption spectrum to get information about the 

change in energy gap and some optical parameters 

of this glass due to neutron irradiation. 

2. MATERIALS AND METHODS
2.1 Glass Samples Preparation 
Glasses having composition (B2O3)50 (PbO)45 

(Al2O3)5 (Sm2O3)x . where x= 0, 0.42, 0.85, 1.7, 2.5 

and 4.1, Table (1), were prepared using the normal 

melt quench technique from AR grade chemicals of 

B2O3, PbO, Al2O3 and Sm2O3. The samples were 

mixed in porcelain crucibles and then heated at 

950oC for two hours under normal atmospheric con-

ditions. The melt was stirred from time to time to 

promote complete mixing and finally poured into 

preheated moulds made of stainless steel of radius 

1.3cm. All samples were properly annealed at 

350oC in a muffle furnace to eliminate mechanical 

and thermal stresses. The samples were grounded 

and hence highly polished using a highly cleaning 

technique alumina polishing suspension to obtain a 

very high optical flatness. The thickness of each 

sample was measured with micrometer. 

Fig. (1) X-ray diffraction profiles of different concentra-

tions of Sm3+ doped lead borate 

2.2 glass matrix before irradiation. 
As shown in Fig 1. The amorphous nature of 

these glasses was examined by X-ray diffraction 

analysis of different concentrations of Sm3+ doping 

at room temperature. The X-ray diffraction spectra 

samples showed the diffused bands characteristic of 

the X-ray diffraction pattern of amorphous materi-

als; the spectra did not show any sharp peaks and 

confirms that the glass samples are amorphous in 

nature. 

Table (1): Composition of the prepared glass samples. 

Sample No. 

Glass composition (mol %) 

PbO3 B2O3 Al2O3 Sm2O3 

Base 70 25 5 - 

Sm 1 70 25 5 0.42 

Sm 2 70 25 5 0.85 

Sm 3 70 25 5 1.70 

Sm 4 70 25 5 2.50 

Sm 5 70 25 5 4.10 

2.3 UV-Visible Absorption Measurements 

The optical properties of highly polished samples 

were measured before neutron irradiation dose and it 

measuring again after that at about 20o (room temper-

ature) using a UV/VIS spectro-photometer covering 

the wavelength range 190-1100 nm. 

2.4 Thermal and Fast Neutron Irradiation 

The glass samples were irradiated with and without 

cadmium sheet to avoid thermal neutrons. Cad-

mium has a high absorbing thermal neutron cross 

section which has energy less than 0.4 eV. Hence, 

using a broad spectrum neutron sources 252Cf and 
241Am-Be as an irradiation sources with fast neu-

trons. The samples irradiated with the fluxes of neu-

tron sources 5.6E6 and 4.2E7 (n cm-2 ) and under 

Neutron fluencies of 1.93E9, 1.01E10, 3.229E10, 

5.045E10 and 1.7E11 n/ cm2. 

3. THEORY FERMI ENERGY IN

AMORPHOUS MATERIALS AND 

GLASS 

The imaginary refractive index, k, can be rep-

resented by Fermi-Dirac distribution function (11): 

1

1 exp f

B

k
E E

K T


 

  
 

(1) 

where E is the energy of the incident photon, T is 

the temperature in Kelvin, KB is Boltzman constant 

and Ef (eV) is the Fermi energy. The Fermi energy 

is defined as the highest occupied energy level when 

electron configuration is in its ground state. Equa-

tion (1) can be written as 

1
 ln 1B fK T E E

k
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Linear fitting of the last equation is used to de-

termine the glass Fermi energy which is presented 

in Table (2). 

4. OPTICAL BAND ENERGIES

The absorption of an optical medium can be 

quantified in terms of optical density (O.D.). This is 

sometimes called absorbance, A, and is defined as: 

A = - log10 (I/Io) (3) 

according to Beer's law: 

I = Io e-ax   (4) 

The absorption coefficient, α, can be obtained from 

α = 2.303 (A/x)  (5) 

where I and Io are optical intensities at thickness x 

and x= 0 respectively. 

The optical absorption coefficient changes rapidly 

for photon energies comparable to that of the band 

gap, Eg (12). According to Mott and Davies (11), the 

absorption of light by amorphous solid depends on 

the energy, E, of the incident photon and on the op-

tical gap of the material. It is found that this behav-

ior may be represented by an equation of the form 

(13):  

aE = B(E – Eg)r (6) 

where a is the absorption coefficient of the glass 

material, B is a constant and r is an index which as-

sumes the values 1/2, 3/2, 2 and 3 depending on the 

nature of the electronic transition responsible for the 

absorption. In the present case r is taken equal to 1/2, 

for allowed direct transition and equal to 2, for al-

lowed indirect transition (14). The direct optical 

band gap energy, Eogd , can be obtained by plotting 

(aE)2 versus the photon energy E. The indirect opti-

cal band gap energy, Eogind ,can be obtained by plot-

ting (aE)1/2 versus the photon energy E extrapolat-

ing the linear portion of the curve to intersect the 

energy axis. As shown in Table (2), a small decrease 

in Eogd and Eogind with increasing neutron irradiation 

dose was noticed.  

4.1 Urbach Energy and Steepness Parameter 

In equation (4) the exponential region of the ab-

sorption spectrum versus the photon energy curve, 

the absorption coefficient, a, is given by the relation 

(7)  

In the exponential region of the absorption ver-

sus the photon energy curve, the absorption coeffi-

cient, a, is given by the relation:  

α = C exp(E / ΔE) (7) 

where C is constant, E is the energy of the incident 

photon and ΔE characterizes the slope of the expo-

nential edge (Urbach's energy Eu) region and it is 

the width of the band tails of the localized states 

(15). The existence of the long tails of the localized 

states is attributed to the amorphous nature of the 

materials. To calculate the width, ΔE, of the energy 

tail, a model proposed by Urbach (1953) can be 

used:  

ln (a) = ln(C) + (E / ΔE), or 

ln (a) =ln(C) + (E / Eu), (8) 

Thus, from eq.(8), Eu can be obtained from the 

linear plot of ln(a) as a function of photon energy. 

The steepness parameter, S, which characterizing 

the broadening of the optical absorption edge due to 

electron-photon or excitation-photon interaction at 

room temperature, T = 300oK can be written as fol-

lows (9).  

S = KBT / Eu , (9) 

The values of Eu and S are listed in Table (2) 

reveal that Eu increases while S decreases with in-

creasing neutron fluency.  

5. RESULTS

As shown in Fig. (2), optical absorption spectra 

can be divided into three particular regions. The 

first is weak absorption tail, which originates from 

defects and impurities, the second, in the middle, is 

the exponential edge region, which is strongly re-

lated to the structural randomness of the system and 

the last one is the high absorption region that deter-

mines the optical energy gap. 
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Fig. (2) UV–VIS spectra of sample no.1 (Base) before and 

after neutron irradiation. 

Table (2) shows the different derived optical 

parameters before and after irradiation with differ-

ent neutron doses. It can be seen that; parameters 

Eogd, Eogind and S decrease with increasing Sm2O3 

doping while other parameters Ef and Eu increase 

with increasing Sm2O3 doping. Parameters Ef and Eu 

increase with increasing neutron doses but parame-

ters Eogd, Eogind and S decrease. 
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Table (2):  Calculated optical parameters with different 

neutron irradiation doses and concentrations of Sm2O3. 

Sam-

ple 

No. 

Dose 

(n.cm-2) 

Ef Eogd Eogind Eu S 

Base 

0 5.186 3.293 2.963 0.182 0.142 

1.93E9 5.187 3.23 2.93 0.189 0.140 

3.229E10 5.219 3.225 2.769 0.201 0.128 

5.045E10 5.245 3.219 2.765 0.215 0.120 

1.7 E11 5.312 3.153 2.754 0.247 0.105 

Sm 

( 1 ) 

0 5.413 3.223 2.793 0.266 0.097 

1.93E9 5.419 3.230 2.930 0.226 - 

3.229E10 5.521 3.159 2.691 0.232 0.111 

5.045E10 5.497 3.175 2.782 0.241 0.107 

1.7 E11 5.572 3.091 2.742 0.263 0.098 

Sm 

( 2 ) 

0 5.844 3.187 2.682 0.285 0.091 

1.93E9 5.848 3.22 2.93 0.189 0.140 

3.229E10 5.913 3.149 2.583 0.301 0.086 

5.045E10 5.902 3.112 2.597 0.316 0.082 

1.7 E11 6.153 3.045 2.542 0.328 0.079 

Sm 

( 3 ) 

0 6.362 3.193 2.071 0.331 0.047 

1.93E9 6.393 3.1869 2.1 0.332 0.047 

3.229E10 6.883 3.091 2.543 0.358 0.057 

5.045E10 7.594 3.093 2.573 0.451 0.063 

1.7 E11 7.465 3.066 2.510 0.413 0.083 

Sm 
( 4 ) 

0 6.272 3.180 2.869 0.312 0.073 

1.93E9 6.274 3.177 2.863 0.315 0.073 

3.229E10 6.299 3.132 2.767 0.354 0.070 

5.045E10 6.382 3.111 2.752 0.371 0.064 

1.7 E11 6.571 3.073 2.739 0.405 0.118 

Sm 
( 5 ) 

0 6.123 3.284 2.892 0.220 0.098 

1.93E9 6.125 3.284 2.888 0.223 - 

3.229E10 6.153 3.251 2.821 0.263 0.106 

5.045E10 6.234 3.258 2.745 0.243 0.086 

1.7 E11 6.239 3.198 2.768 0.301 - 

6. DISCUSSION

The present study shows that the Fast neutron 

irradiation doses cause changes in all optical param-

eters listed in Table (2). These changes are at-

tributed to compositional and structural changes in 

the glass matrix result from the elastic collision of 

energetic neutrons with nucleuses dissipating their 

energy through the solid. This elastic collisions is 

the reason of displacement and dislocation of 

atomic position in lattice from their normal posi-

tions (15). The neutron irradiation may cause densi-

fied structural change in glass or compact state 

which may refer to some bond angles become 

smaller, change in density and refractive index and 

induced color centers. Induced color centers are re-

sponsible for induced absorption bands. However, 

this decrease in the optical band gap may be due to 

the fact that in neutron irradiation, the electrons 

leave their normal positions and they move through 

the glass network (16) that results in redistribution 

of the electrons in the glass samples.  

It is noticed that increasing in Urbach’s energy 

indicating that an enhancement of both the conduc-

tion and valence band electrons to the forbidden en-

ergy gap and so, it may cause an increasing in the 

conductivity of the borate glass with regarding to 

neutron irradiation process. From Table (2), it is 

seen that: Eogd, Eogind and S decrease with increasing 

Sm2O3 doping while other parameters Ef and Eu in-

crease with increasing Sm2O3 doping. Upender et 

al.(16) showed that addition of samarium oxide 

(Sm2O3) appears to suppress the effect of lead ox-

ide (PbO) whereby a progressive of shift of both 

BO4 and BO3 bands toward higher wave number is 

noticed. Usually a shift of absorption bands to 

higher wave number occurs as a result of an in-

crease in the degree of polymerization of structural 

network units of glass system. But here in case of 

adding rare earth element, Sm, the absorption bands 

move toward lower wave numbers (17) for which 

these changes in the listed parameters may be at-

tributed.  

Irradiation with thermal neutron does not give 

any useful results may be due the small neutron en-

ergy with respect to the fast neutron. 

7. CONCLUSION
From the above study, it is clear that optical pa-

rameters of glass samples have been changed due to 

fast neutron irradiation. It was found that the values 

of Ef and Eu increase while Eog, and Eogind decrease 

with increasing neutron irradiation dose. Hence, the 

neutron irradiation dose will gives rise to changes 

and redistribution of the electrons in the glass sam-

ples due to collision of energetic neutrons, moreo-

ver, the increasing of samarium doping should af-

fected those optical parameters which have been 

recorded. Thermal neutron irradiation doesn’t pro-

duce any appreciable change in the sample structure; 

Hence, there is no change of optical parameters of 

glass samples. 
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