Characterization
of Minerals, Metals,
and Materials 2017

y \= «
\ o . ' &
{ ‘2 ARG |
4 : = \ b \w 6!
P - Edited by g r
N & Shadia Ikhmayies '
< A y
4 Bowen Li
s John S. Carpenter
: /‘ <| 1 Jian Li
-y Jiann-Yang Hwang
i Sergio Neves Monteiro
& % Donato Firrao
- Mingming Zhang
Zhiwei Peng
Juan P. Escobedo-Diaz
Chenguang Bai ’ y
Yunus Eren Kalay
Ramasis Goswami A =
Jeongguk Kim
e —

TMIS @ Springer



The Minerals, Metals & Materials Series



Shadia Ikhmayies - Bowen Li

John S. Carpenter - Jian Li

Jiann-Yang Hwang - Sergio Neves Monteiro
Donato Firrao - Mingming Zhang

Zhiwei Peng - Juan P. Escobedo-Diaz
Chenguang Bai - Yunus Eren Kalay
Ramasis Goswami - Jeongguk Kim

Editors

Characterization of Minerals,
Metals, and Materials 2017

TMS @ Springer



Editors

Shadia Ikhmayies
Al Isra University
Amman

Jordan

Bowen Li

Michigan Technological University
Houghton, MI

USA

John S. Carpenter

Los Alamos National Laboratory
Los Alamos, NM

USA

Jian Li
CanmetMATERIALS
Hamilton, ON
Canada

Jiann-Yang Hwang

Michigan Technological University
Houghton, MI

USA

Sergio Neves Monteiro

Military Institute of Engineering, IME
Rio de Janeiro

Brazil

Donato Firrao
Politecnico di Torino

Mingming Zhang
ArcelorMittal Global R&D
East Chicago, IN

USA

Zhiwei Peng

Central South University
Changsha

China

Juan P. Escobedo-Diaz
University of New South Wales
Canberra

Australia

Chenguang Bai
Chongging University
Chongging

China

Yunus Eren Kalay

Middle East Technical University
Ankara

Turkey

Ramasis Goswami

Naval Research Laboratory
Washington, DC

USA

Jeongguk Kim
Korea Railroad Research Institute

Turin Uiwang
Italy South Korea
ISSN 2367-1181 ISSN 2367-1696 (electronic)

The Minerals, Metals & Materials Series
ISBN 978-3-319-51381-2

DOI 10.1007/978-3-319-51382-9

TMS owns copyright; Springer has full publishing rights

ISBN 978-3-319-51382-9  (eBook)

Library of Congress Control Number: 2016960729

© The Minerals, Metals & Materials Society 2017

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights 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 to be true and accurate at the date of publication. 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 errors or omissions that may have been made.

Printed on acid-free paper
This Springer imprint is published by Springer Nature

The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland



Preface

The characterization of materials is an important step to be taken before utilizing the
materials for any purpose. It starts from the production of the material, and con-
tinues after each processing and/or engineering stage to explore its influence on the
structure and properties of the material. Depending on the purpose, one can subject
the material to mechanical, thermal, chemical, optical, electrical, and other char-
acterizations to make sure that the material under consideration can function
without failure for the life of the final product. Therefore, advances in the materials
science are strongly correlated with advances in the characterization technologies.
The Characterization of Minerals, Metals, and Materials symposium sponsored by
the Materials Characterization Committee of TMS focuses on material characteri-
zation from the bulk down to the nano-scale. All characterization techniques and
their applications are covered in this symposium. Developments in these techniques
and their application in the quantification of the microstructure of materials are
essential facets of this symposium. Specific characterization focus areas include
catalyst structure, waste and failure characterization, besides structure-property
relationships in metals, minerals and materials.

The characterization symposium is a cornerstone symposium in the TMS annual
meeting, which attracts materials scientists, metallurgists, mechanical engineers,
microscopists, metallographers, from academia and industry from all over the
globe. In the TMS 2017 Annual Meeting & Exhibition held in San Diego,
California, USA, the characterization symposium received 229 submissions, of
which are 137 oral presentations, and 67 will be presented as posters. Of the
presented papers, 93 are published in this book after being peer reviewed. The
topics of these papers cover a wide range of materials science, metallurgy, physics,
chemistry, and engineering of materials. Minerals, ferrous and nonferrous metals,
semiconductors, clays, ceramics, alloys, composites, electronic, magnetic, envi-
ronmental, soft, and advanced materials are widely covered. In addition, research
papers about extraction, processing, welding, solidification, corrosion and method
development represent a large portion of the presented papers.

This book features original articles and the state-of-the-art reviews on theoretical
and practical aspects of the characterization, extraction, processing, structure, and
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behavior of minerals, metals, and materials. It is a good reference for academic and
industry audiences from advanced undergraduates to seasoned professionals who
wish to learn about all types of characterization methods in general, and specifically
about real-world applications in the minerals, metals and materials. This book will
also be relevant for scientists and engineers engaged in research, development, and
production. This book will provide the industry audience with up-to-date infor-
mation on many types of materials and their characterization with an underlying
theme of explaining the behavior of materials using novel approaches.

The reader of this book will learn about all types of characterization methods,
their development, and their applications. The reader will enjoy the diversity of
topics in this book. He/she will find in this book up-to-date information about bulk
materials, thin films, joints and interfaces, powders, slags, micro and nanostruc-
tures. The beautiful thing is that this book pays attention to the relationship between
production, extraction, processing, recycling, and loading of materials and alloys in
practical use. The knowledge gained from this book can be used to prompt inno-
vations in characterization methods and techniques, and to produce new materials
with the specific desired properties.

The editors of this book express their sincere thanks and appreciations to the
TMS for giving this symposium the opportunity to publish a stand-alone volume.
The editors also thank the Materials Characterization Committee for sponsoring this
symposium. They also thank the publisher, Springer, for the production of this
book, and the authors, who are the core of this scientific work. Finally the editors
express their appreciation for the past chairs and members of the Materials
Characterization Committee, who built this great symposium and who attracted
talented and creative people to the committee, and attracted scientists and research
groups from around the world to this symposium.

Shadia Ikhmayies
Bowen Li

John S. Carpenter

Jian Li

Jiann-Yang Hwang
Sergio Neves Monteiro
Donato Firrao
Mingming Zhang
Zhiwei Peng

Juan P. Escobedo-Diaz
Chenguang Bai

Yunus Eren Kalay
Ramasis Goswami
Jeongguk Kim
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Charpy Toughness Behavior of Fique
Fabric Reinforced Polyester Matrix
Composites

Artur C. Pereira, Sergio N. Monteiro, Foluke S. Assis
and Henry A. Colorado

Abstract The fique fiber is an important natural fiber, originally from Colombia
where it is used for sacks and crafts while its plant is used to contain slopes.
However, few studies were realized with the fiber obtained from the fique plant leaf,
its mechanical properties are superior in many aspects in comparison to some other
lignocellulosic fibers. This work investigated the toughness behavior of polyester
matrix composites reinforced with up to 30% in volume of a fabric made of fique
fiber by means of Charpy impact tests. It was found that the addition of fique fabric
results in a marked increase in the absorbed energy by the composites. Macroscopic
observation of the post-impact specimens and SEM fracture analysis showed that
transversal rupture through the fique fabric interface with the polyester matrix is the
main mechanism for the remarkable toughness of these composites.

Keywords Fique fabric - Polyester composites - Charpy impact test - Rupture
mechanism

Introduction

The interest of this research is to develop composites with polyester resin matrix
reinforced with continuous and aligned fique fibers, for applications in various
industries, including construction and automotive industry. Conflicts related to the
use of non-renewable forms of energy are increasing the interest to enter the market
to replace natural materials; synthetic materials synthetics have a higher power
consumption in its manufacture [1-4].
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