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About the Book

After the run-away success of the book on 'Coordination Chemistry' the authors have decided to
venture on the next book. This book is an honest attempt to write about the next phase of Inorganic
Chemistry to complete full circle in the knowledge of Inorganic Chemistry. At the first instance, this
book has devoted a full chapter to carve out the contents and domain of Inorganic Chemistry. The
book on Coordination chemistry deals with the knowledge of metals, their important compounds
and their applications and importance in life. This book has been divided into three parts, Phase
one of the book dwells on the basic concepts in inorganic chemistry which are so important to
clearly understand the mechanism, structure and applications of inorganic compounds. Phase two
of this book lays emphasis on the study of Hydrogen, alkali and alkaline earth metals. Phase three
deals with the extensive study of the p-block elements (mostly non-metals). The study of p-block
elements is inclusive of the study of their compounds, their properties of the compounds, their
structures and applications in our life.

This section deals with the study of 80 percent of non-metals while the rest are metals. In brief, the
study of p-block elements is broadly mentioned as the study of non-metals. In every group in the
pblock elements the behavior of elements transcends from non-metals to metals. The last element
atthe bottom of the every group is mostly a metal except in halogens and zero group elements. The
authors are known for their simple and lucid style of writing. They have easily put across their
knowledge and ideas to the readers. Their communication is crisp and precise. We are sure the
vast community of readers will become richer in knowledge and ideas by going through this book.
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as author for CBSE-i curriculum and content design. She has been involved in interdisciplinary
undergraduate research projects founded by University of Delhi under innovation scheme and star

innovation scheme. Besides, she has been contributing towards development of e-content for
Post-graduate courses in e-PG Pathshala project founded by MHRD.

www.manakinpress.com

@ Manakin press I‘ “

917893861221254




a—— ILL_g.

~ p == » .‘
Mostafizur Rﬁiaman N

(» . %
- ks

Dipak Khastgir 4 T
Ali Kanakhir Aldalbahi Editors -~ =

Carbon-
Containing
Polymer
Composites




Editors

Mostafizur Rahaman Ali Kanakhir Aldalbahi

Department of Chemistry, College Department of Chemistry, College
of Science of Science

King Saud University King Saud University

Riyadh, Saudi Arabia Riyadh, Saudi Arabia

Dipak Khastgir

Rubber Technology Centre

Indian Institute of Technology Kharagpur
Kharagpur, West Bengal, India

ISSN 2364-1878 ISSN 2364-1886  (electronic)
Springer Series on Polymer and Composite Materials
ISBN 978-981-13-2687-5 ISBN 978-981-13-2688-2  (eBook)

https://doi.org/10. 1007/978-981-13-2688-2
Library of Congress Control Number: 2018955443

€ Springer Nature Singapore Pte Ltd. 2019

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or pant
of the material is concerned, specifically the nghts of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed 1o be true and accurate at the date of publicaion. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any ermors or omissions that may have been made. The publisher remains neutral with regard to
Jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Lid.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore



Contents

Synthesis/Preparation of Carbon Materials . . . ... ... .. ... ... .... 1
Purabi Bhagabati, Mostafizur Rahaman, Subhendu Bhandari, Indranil Roy,

Ayan Dey, Prashant Gupta, M. A. Ansari, Aastha Dutta

and Dipankar Chattopadhyay

Surface Modification/Functionalization of Carbon Materials
by Different Techniques: An Overview. . . . .. ... ... ... ............ 65
Lalatendu Nayak, Mostafizur Rahaman and Radhashyam Giri

Preparation/Processing of Polymer-Carbon Composites
T T L e U R g e AR e R 99
Mostafizur Rahaman, Ali Aldalbahi and Purabi Bhagabati

Mechanical Properties of Carbon-Containing Polymer

UMM - .o vl ATl §5 EEEAIEE S AR N B 125
K. Sasikumar, N. R. Manoj, T. Mukundan, Mostafizur Rahaman

and Dipak Khastgir

Electrical Conductivity of Polymer-Carbon Composites:

SUNECTS O LMIRYeI FRCIONS - . o i vvvaaiin o e e e W 159
Mostafizur Rahaman, Ali Aldalbahi, Lalatendu Nayak

and Radhashyam Gini

Dielectric Properties of Polymer—Carbon Composites . . ... ... ... .. 211
Suryakanta Nayak

Thermal Properties of Polymer-Carbon Nanocomposites . . . ... ... .. 235
Ayippadath Gopi Jineesh and Sunita Mohapatra

Rheological Properties of Polymer-Carbon Composites . . . . .. ... ... . 271
Sayan Ganguly and Narayan Ch Das

vii



viil Contents

Morphology and Spectroscopy of Polymer-Carbon Composites. . . . . . . 295
Purabi Bhagabati, Mostafizur Rahaman and Dipak Khastgir

Electromagnetic Interference (EMI) Shielding Effectiveness (SE)
of Polymer-Carbon Compeosites . . . ............................ 339
Ranvijai Ram, Mostafizur Rahaman and Dipak Khastgir

Thermal Conductivity of Polymer-Carbon Compeosites . . . .. ..... ... 369
Soumya Mondal and Dipak Khastgir

Electrical and Electronic Application of Polymer—Carbon
Composites . . . ... ... .. .. 397
Sambhu Bhadra, Mostafizur Rahaman and P. Noorunnisa Khanam

Structural/Load-Bearing Characteristics of Polymer—Carbon
T A SRt PR R A O R AR AN P I L 457
Madhab Bera, Pragya Gupta and Pradip K. Maji

Polymer/Carbon Composites for Sensor Application . .. . .. ... ... .. . 503
Subhendu Bhandari

The Use of Polymer-Carbon Composites in Fuel Cell

and Solar Energy Applications. . . ... ....... ... ................ 533
Aniruddha Chatterjee, D. P. Hansora, Purabi Bhagabati

and Mostafizur Rahaman

Polymer-Carbon Composites as Anti-corrosive Materials. . . . ... ... .. 545
Sanjay Pal, Tuhin Chatterjee, Partheban Manoharan and Kinsuk Naskar



Electromagnetic Interference M) |
(EMI) Shielding Effectiveness iner |
(SE) of Polymer-Carbon Composites

Ranvijai Ram, Mostafizur Rahaman and Dipak Khastgir

Abstract In this chapter. the electromagnetic interference shielding effectiveness
(EMISE) of carbon based polymer composites is discussed in details. The basic
principle of EMI, EMI shielding, and its theory are mentioned herein. The basic
requirement of EMI SE of a material is its electrical conductivity. It has been
mentioned that electrical conductivity of 0.5 S/cm is required to produce at least
30 dB attenuation. As non-conducting materials exhibit negligible EMI SE, hence
EMI SE of polymer-carbon composites based on only conducting carbons like
carbon black, carbon fiber, carbon nanotubes, and graphene are reported within this
chapter. EMI SE depends on many factors like nature of filler, filler concentration,
nature of polymer, filler geometry, polymer blending, sample thickness, frequency
of radiation, etc. These governing factors of EMI SE are discussed is details at the
end of this chapter.
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