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Preface

The interrelationships among composition, structure, property, process, and per-
formance of a material is the fundamental for materials research, development,
manufacturing, and application. Materials characterization is the key to reveal these
relationships throughout the entire circulation process of materials, from raw
materials selection, through various process stages, final products, and applications,
up to materials recycling and reuse. Characterization provides accurate and realistic
information for in-depth understanding of a material, such as how the material fails,
how to improve the performance, how to simulate a material, and what is the
lifetime of the material.

Sponsored by the Materials Characterization Committee of The Minerals, Metals &
Materials Society (TMS), the symposium Characterization of Minerals, Metals, and
Materials is focused on the advancements of characterization of various minerals,
metals, and materials from the bulk down to the nanoscale, and on the applications
of characterization results on the processing of these materials. The subjects of the
symposium include extraction and processing of various minerals, and the process–
structure–property relationship of metal alloys, glasses and ceramics, polymers,
composites, and carbon used as functional and structural materials. All character-
ization methods and techniques and their applications are covered in this sympo-
sium. Advanced methodology and instrumentation for materials characterization are
emphasized.

The characterization symposium is one of the largest and broadest symposia in
terms of scientific coverage during TMS Annual Meetings, which attract materials
scientists, mineralogists, metallurgists, mechanical engineers, chemists, physicists,
microsporidians, and instrumental experts from academia and industry across the
world. For the TMS 2019 Annual Meeting held in San Antonio, Texas, USA, the
characterization symposium received 188 abstract submissions, of which 107 were
accepted for oral presentation in 13 technical sessions, and 74 accepted as posters.

This volume includes 79 peer-reviewed manuscripts of original research. The
manuscripts were invited or contributed by the researchers from the fields of materials
science, engineering, metallurgy, physics, chemistry, manufacturing, and applica-
tions. The authors of the papers represent diversity frommore than 25 countries in the
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North America, South America, Asia, Europe, Australia, and Africa. Although the
papers were divided into 14 sections based on the technical sessions of the sympo-
sium, the topics of this collection cover a wide range of materials characterization
from composition, structure, process, property, and performance, and their interre-
lations in the materials from bulk-scale down to microscale and nanoscale. The
material sequence and related processes were widely covered which includeminerals,
metals, and alloys, ceramics, polymers and composites, semiconductors, energy,
optical, electronic, magnetic, environmental materials, and concrete. Among these
papers, metallic materials and various composite materials make up the major portion
of the proceedings.

This book is a valuable reference for academic and industry readers from
advanced undergraduates to experienced professionals who wish to learn about all
types of characterization methods, their development and applications in general,
specifically in the minerals, metals, and materials. The collection provides up-to-
date achievements on many types of materials for the scientists and engineers
engaged in research, development, and production. Readers will enjoy the diversity
of topics in this book with novel approaches to materials, micro- and nanostruc-
tures, performance, and relationships in practical uses.

The editors of this book are very grateful to the authors for their contribution
of the manuscripts and willingness to share their new findings with the materials
community. The editors would also like to express appreciation to the TMS for
giving this symposium the opportunity to publish a stand-alone volume. They also
thank the Materials Characterization Committee and Extraction and Processing
Division for sponsoring this symposium. The editors also thank the publisher,
Springer, for their production of this book. Finally, they acknowledge the efforts by
the past chairs and members of the Materials Characterization Committee, who
continuously built this great symposium and who attracted talented and creative
people and research groups from around the world to the committee and symposium.

Bowen Li
Lead Organizer

vi Preface



Contents

Part I Characterization Method Development

Commentary—Are There Still Places for Gallium FIB? . . . . . . . . . . . . 3
Jian Li

Structural Characterization of Four Chinese Bituminous Coals
by X-Ray Diffraction, Fourier-Transform Infrared Spectroscopy
and X-Ray Photoelectron Spectroscopy . . . . . . . . . . . . . . . . . . . . . . . . . 11
Shuxing Qiu, Shengfu Zhang, Xiaohu Zhou, Rongjin Zhu, Guibao Qiu,
Yue Wu and Guangsheng Suo

In Situ Characterization at High Temperature of VDM Alloy
780 Premium to Determine Solvus Temperatures and Phase
Transformations Using Neutron Diffraction and Small-Angle
Neutron Scattering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
C. Solís, J. Munke, M. Hofmann, S. Mühlbauer, M. Bergner,
B. Gehrmann, J. Rösler and R. Gilles

Study of the Adsorption of Humic Acid with Zn2+ by Molecular
Dynamic Simulation and Adsorption Experiments . . . . . . . . . . . . . . . . . 33
Shengpeng Su, Yanfang Huang, Guihong Han, Zibiao Guo
and Fengning Liu

Part II Process and Characteristics of Advanced Ceramics
and Glasses

Structure, Phase Composition, and Properties of Ceramics Based
on AlMgB14, Obtained from Various Powders . . . . . . . . . . . . . . . . . . . . 45
Ilia Zhukov, Pavel Nikitin and Alexander Vorozhtsov

Characterization of Modified Nickel Silicate Anode Material
for Lithium–Ion Batteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Yunyun Wei, Guihong Han, Yanfang Huang and Duo Zhang

vii



Sinterability of Y-Doped BaZrO3 with Micro- and Nano-CaO
Additives and Its Interaction with Titanium Alloy . . . . . . . . . . . . . . . . . 59
Juyun Kang, Guangyao Chen, Baobao Lan, Shihua Wang, Xionggang Lu
and Chonghe Li

The Influence of Microstructure and Emissivity of NiO-Doped
Fe3O4 Spinel Structure on Near- and Middle-Infrared Radiation . . . . . 69
Jian Zhang, Bai Hao, Xu Zhang, Huanmei Yuan, Zefei Zhang
and Liyun Yang

Incorporation of Silver Nanoparticles in Zinc Oxide Matrix in
Polyester Thermoplastic Elastomer (TPE-E) Aiming Antibacterial
Activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Leonardo Guedes Marchini, Duclerc Fernandes Parra
and Vijaya Kumar Rangari

Part III Non-ferrous Metals and Processes

Adsorption Behavior of Cu(II) to Silica-Humics Composite
Aerogels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Guihong Han, Pengfei Tang, Hongyang Wu, Jun Ma, Xiaomeng Yang
and Yongsheng Zhang

Inter- and Transgranular Nucleation and Growth of Voids
in Shock Loaded Copper Bicrystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
Elizabeth Fortin, Benjamin Shaffer, Saul Opie, Matthew Catlett
and Pedro Peralta

Alloying and Annealing Effects on Grain Boundary Character
Evolution of Al-alloy 7075 Thin Films: An ACOM-TEM Analysis . . . . . 109
Prakash Parajuli, Rubén Mendoza-Cruz, Miguel José Yacamán
and Arturo Ponce

Part IV Ferrous Materials and Processes

Evolution of Precipitates During Rolling and Annealing Process
in Non-Oriented Electrical Steel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
Qiang Ren, Lifeng Zhang, Yan Luo, Lin Cheng and Piotr Roman Scheller

Structure and Magnetic Properties of a Medium-Entropy
Fe46Co34Ni20 Alloy Powder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
Anuj Rathi and Tanjore V. Jayaraman

Evolution of Microstructure and Mechanical Properties
of 20Cr13 Under Cavitation Erosion . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Guiyan Gao and Zheng Zhang

viii Contents



Investigating the Mechanical Response Under Quasi-static
Compression of Cold-Rolled Lean Duplex Stainless Steel 2101 . . . . . . . 153
Tayla M. Nankivell, Ali A. H. Ameri, Juan P. Escobedo-Diaz,
Md. Z. Quadir, C. Logos and Simon S. Higgs

Preparation of Magnesium Aluminum Ferrite Spinel
by Microwave Sintering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
Huimin Tang, Zhiwei Peng, Foquan Gu, Lei Ye, Liancheng Wang,
Leixia Zheng, Weiguang Tian, Mingjun Rao, Guanghui Li and Tao Jiang

Part V Polymer and Composite Materials

Two Fibers Used in the Colombian Amazonia and Their Use as
Potential Reinforcement for Composite Materials . . . . . . . . . . . . . . . . . 173
Henry A. Colorado, Claudio Aguilar and Sergio Neves Monteiro

Influence of Albizzia Lebbeck Benth Pods Particulate
on Mechanical Properties of Low-Density Polyethylene . . . . . . . . . . . . . 179
Oluwashina Philips Gbenebor, Emmanuel Isaac Akpan,
Festus Omo Osabumwenre and Samson Oluropo Adeosun

Part VI Analysis of Surfaces and Interfaces

Friction Stir Welding of Aluminum Alloys and Steels: Issues
and Solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
Mian Wasif Safeen and Pasquale Russo Spena

Magnetic Characterization of CarTech® Hypocore™ Alloy
at Cryogenic Temperatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
V. M. Meka, E. M. Fitterling and T. V. Jayaraman

Part VII Characterization and Synthetic Process of Materials

Advances in Scratch Characterization of Automotive Clearcoats . . . . . . 211
Pierre Morel, Linqian Feng, Nadia Benhamida, Warren Denning,
Brandon Frye, Andrew T. Detwiler, Leslie T. Baker
and Deepanjan Bhattacharya

Microwave-Assisted Solid-State Synthesis of Fluorinated
Hydroxyapatite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
Qian Peng, Huimin Tang, Zhangui Tang and Zhiwei Peng

Properties of ZnO Micro/Nanostructures on Aluminum
Substrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Shadia J. Ikhmayies, Hassan K. Juwhari and Bashar Lahlouh

Contents ix



Synthesis and Electrochemical Properties of Molybdenum
Disulfide/Graphene Composites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Guihong Han, Wei Wang, Yanfang Huang, Yongqian Duan
and Weijun Peng

Synthesis and Characterization of PVP/CaCO3-Ag Blend Hydrogel
by Gamma Irradiation: Study of Drug Delivery System and
Antimicrobial Activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Angelica Tamiao Zafalon, Vinícius dos Santos Juvino,
Luiz Gustavo Hiroki Komatsu, Duclerc Fernandes Parra, Ademar Lugao,
Temesgen Samuel and Vijaya Rangari

Part VIII Mineral Processing and Extraction

Microplastics: A Novel Method for Surface Water Sampling and
Sample Extraction in Elechi Creek, Rivers State, Nigeria . . . . . . . . . . . 269
Example Briggs, Esperidiana A. B. de Moura, Helio A. Furusawa,
Marycel E. B. Cotrim, Emeka E. Oguzie and Ademar B. Lugao

Leaching Zinc from Crystallization Slag by Acid Leaching:
Process Optimization Using Response Surface Methodology . . . . . . . . . 283
Guojiang Li, Yongguang Luo and Tingfang Xie

Study on Recovery of Zinc from Metallurgical Solid Waste Residue
by Ammoniacal Leaching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
Aiyuan Ma, Xuemei Zheng, Shengyou Shi, Haiye He, Yanhong Rao,
Guoyan Luo and Fang Lu

Optimization of Fine Ilmenite Flotation Performed
with Collectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301
Yankun Wu, Shengpeng Su, Weijun Peng, Yongsheng Zhang, Guixia Fan,
Guihong Han and Yijun Cao

Arsenic Reduction and Cobalt Removal in the Arsenic-Containing
Leachate from Alkali Leaching of Arsenic-Containing Cobalt/Nickel
Residue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311
Jinxi Qiao, Shuang Long, Zhiqiang Liu, Xintao Sun, Zhaoming Sun,
Hualei Miao, Jinyang Chen and Ailiang Chen

Part IX Nanostructure and Characterization of Materials

A Comparison Between ZnO Hexagonal Micro/Nanoprisms
Deposited on Aluminum and Glass Substrates . . . . . . . . . . . . . . . . . . . . 321
Shadia J. Ikhmayies

x Contents



Microwave-Assisted One-Step Synthesis of FeCo/Graphene
Nanocomposite for Microwave Absorption . . . . . . . . . . . . . . . . . . . . . . . 329
Jianhui Peng, Zhiwei Peng, Liancheng Wang, Leixia Zheng,
Zhongping Zhu, Guanghui Li and Tao Jiang

Part X Metallurgical Process

Effect of Metallic Iron Sinter Feed on Sinter Mineralogy
and Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343
Mingming Zhang and Marcelo Andrade

Effect of Microstructure on Resistance to Buildups Formation
of Carbon Sleeves in Continuous Annealing Furnace for Silicon
Steel Production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 351
Mingsheng He, Xiongkui Wang, Wangzhi Zhou, Xuecheng Gong,
Jing Zhang and Jian Xu

Influence of Cr2O3 and Basicity on Viscosity of Ti-Bearing
Blast Furnace Slag . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 361
Guibao Qiu, Jian Wang, Shiyuan Liu and Qingjuan Li

Raman Spectroscopy on the KBF4–KF–KCl Molten Salt System . . . . . . 371
Xianwei Hu, Bo Li, Jiangyu Yu, Zhongning Shi, Bingliang Gao
and Zhaowen Wang

Thermodynamic Characteristics of Ferronickel Slag Sintered
in the Presence of Magnesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379
Foquan Gu, Zhiwei Peng, Yuanbo Zhang, Huimin Tang, Lei Ye,
Weiguang Tian, Guoshen Liang, Joonho Lee, Mingjun Rao, Guanghui Li
and Tao Jiang

Characterization on the Properties of Calcium Stannates
Synthesized Under Different Atmospheres . . . . . . . . . . . . . . . . . . . . . . . 389
Benlai Han, Zijian Su, Yuanbo Zhang, Bingbing Liu, Manman Lu
and Tao Jiang

Part XI Construction Materials

Use of Municipal Solid Waste Incinerator (MSWI) Fly Ash
in Alkali Activated Slag Cement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401
Kang Huang, Xiaohui Fan, Min Gan and Zhiyun Ji

Reliability Increasing of an Estimation of Rocks Strength
by Non-destructive Methods of Acoustic Testing Due to Additional
Informative Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411
A. S. Voznesenskii, M. N. Krasilov, Ya. O. Kutkin and M. N. Tavostin

Contents xi



Characterization of Water/Ethanol/Bentonite Dispersions . . . . . . . . . . . 425
Margarita Bobadilla, Thamyres C. Carvalho, Antonio H. Munhoz Junior,
Maria das Graças da Silva-Valenzuela and Francisco R. Valenzuela-Diaz

Part XII Poster Session

A Study of the Load Stages by the Displacement of Mortars Composed
of Ornamental Stone Residues by the Method of Squeeze Flow . . . . . . . 435
P. I. Moreira, L. F. Ciribelli, G. C. Xavier, J. Alexandre,
G. C. M. Carvalho, A. R. G. Azevedo, S. N. Monteiro, E. B. Zanelato
and M. T. Marvila

Alpha-Alumina Synthesis Using Gamma-Alumina Powders . . . . . . . . . . 441
Antônio Hortencio Munhoz Junior, Gustavo Figueiredo Galhardo,
Fernando dos Santos Ortega, Nelson Batista de Lima,
Dênison Angelotti Moraes, Leila Figueiredo de Miranda
and Francisco Rolando Valenzuela-Diaz

An Investigation of Mechanical and Thermal Properties
of Polypropylene Reinforced with Different Clays . . . . . . . . . . . . . . . . . 453
Alex S. Monteiro, Daili A. S. Barreira, Jaqueline S. Silva,
Rene R. Oliveira, Francisco R. Valenzuela-Díaz
and Esperidiana A. B. Moura

Analysis of Rheological Behavior by the Method Squeeze
Flow in Mortars Incorporated with Ornamental Stone Residue . . . . . . . 465
G. C. M. Azevedo, P. I. Moreira, L. F. Ciribelli, G. C. Xavier,
J. Alexandre, A. R. G. Azevedo and S. N. Monteiro

Analysis of the Feasibility of the Use Waste from the Foundry Process
in Green Sands in the Manufacturing of Soil-Cement Blocks . . . . . . . . . 473
Niander A. Cerqueira, Victor B. Souza, Guilherme M. R. Coutinho
and Lucas X. P. da Silva

Analysis of the Life Extension of ASTM A-36 Steel Structures
Using the Concepts of Fracture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 485
Kayan A. Carneiro, Victor B. Souza, Niander A. Cerqueira, Lucas Costa,
Amanda C. Lima, Afonso R. G. Azevedo and Daniel P. Gallo

Ceramic Properties: Clay Smectite Synthetic . . . . . . . . . . . . . . . . . . . . . 495
Thamyres C. Carvalho, Camila N. Maggi, Margarita Bobadilla,
E. Hildebrando, Roberto F. Neves and Francisco R. Valenzuela-Diaz

xii Contents



Chemical and Instrumental Characterization of a Sulphosalt
Lead Type Jamesonite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 503
M. Reyes Pérez, Elia Guadalupe Palacios Beas, Francisco R. Barrientos,
Miguel Pérez Labra, Julio Cesar Juárez Tapia,
Iván Alejandro Reyes Domínguez, Mizraim Uriel Flores Guerrero,
Michell Aislinn Teja Ruiz and Carlos Elías Gutiérrez García

Characterization of a Composite of High-Impact Polystyrene,
Pseudoboehmite and Graphene Oxide . . . . . . . . . . . . . . . . . . . . . . . . . . 511
Antônio Hortencio Munhoz Junior, Caroline Valadão Pacheco,
Henrique Tadeu T. S. Melo, Renato Meneghetti Peres,
Leonardo Gondim de Andrade e Silva, Leila Figueiredo de Miranda
and Marcos Romero Filho

Characterization of Antistatic Packaging Based on PET/rGO . . . . . . . . 523
Leila Figueiredo de Miranda, Antônio Hortêncio Munhoz Jr,
Terezinha Jocelen Masson, Leonardo Gondin de Andrade e Silva
and Karl Friehe

Characterization of Oxides from Al–Mg–Zn Alloys with Heat
Treatment, with Scanning Electron Microscopy and Fluorescence
Microscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 535
Aline Hernández, Bernardo Campillo, Sergio Serna, Álvaro Torres
and Natalia Loera

Characterization of Printed Circuit Boards of Obsolete (PCBs)
Aimed at the Production of Copper Nanoparticles . . . . . . . . . . . . . . . . . 543
Thamiris Auxiliadora Gonçalves Martins, Karen Espina Gomes,
Carlos Gonzalo Alvarez Rosario, Denise Crocce Romano Espinosa
and Jorge Alberto Soares Tenório

Comparative Analysis of Dynamic Impact Tests Between
the Charpy V-Notch Test and the Drop Tower Test . . . . . . . . . . . . . . . 553
Chaitanya Gunturi, Juan P. Escobedo and M. A. Islam

Comparative Study of the Use of Rice Husk Ashes and Graphite
as Fillers in Polypropylene Matrix Composites . . . . . . . . . . . . . . . . . . . 561
Alex S. Monteiro, Daili A. S. Barreira, Suellen Signer Bartolomei,
Rene R. Oliveira and Esperidiana Augusta Barreto de Moura

Development of Biocomposite Materials from Biodegradable
Polymer and Bio-hydroxyapatite Derived from Eggshells
for Biomedical Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 571
Pedro R. S. Reis, Julyana G. Santana, Rene R. Oliveira, Vijaya K. Rangari,
Felipe R. Lourenço and Esperidiana A. B. Moura

Contents xiii



Development of Methodology for the Characterization
and Incorporation of Waste from the Paper Industry
in Cementitious Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 583
A. R. G. Azevedo, J. Alexandre, M. T. Marvila, E. B. Zanelato,
B. C. Mendes, N. A. Cerqueira, S. N. Monteiro, G. C. Xavier, L. G. Pedroti
and V. Souza

Differences in Properties of Pro-degradant Added PP
and Gamma-Irradiated PP Under Environmental Aging . . . . . . . . . . . . 591
Rebeca da Silva Grecco Romano, Washington Luiz Oliani,
Vijaya Rangari Kumar, Duclerc Fernandes Parra
and Ademar Benévolo Lugão

Effect of Phosphate Antioxidant on Resisting to Buildups Formation
of Carbon Sleeves in Continuous Annealing Furnace for Silicon Steel
Production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 605
Mingsheng He, Xiongkui Wang, Xuecheng Gong, Jing Zhang,
Wangzhi Zhou and Jian Xu

Effect of the Incorporation of Iron Ore Tailings on the Properties
of Clay Bricks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 617
Beatryz Cardoso Mendes, Leonardo Gonçalves Pedroti,
Rita de Cássia S. S. Alvarenga, Mauricio Paulo Ferreira Fontes,
Pedro Cota Drumond, Anderson Almeida Pacheco, Márcia M. S. Lopes
and Afonso R. G. de Azevedo

Effect Study of the Incorporation of the Green Lake Clay
in the Polypropylene Homopolymer Properties . . . . . . . . . . . . . . . . . . . 629
J. N. Sales, P. N. S. Poveda, A. Ortiz, F. R. Valenzuela-Diaz
and L. A. Silva

Electron Beam Effect on the Thermal and Mechanical Properties
Analysis of DGEBA/EPDM Compound . . . . . . . . . . . . . . . . . . . . . . . . . 637
Anderson dos Santos Mesquita, Ian Trolles Cavalcante
and Leonardo Gondim de A e Silva

Evaluation of Technological Properties of Soil-Cement Blocks
Using Experimental Design of Mixtures . . . . . . . . . . . . . . . . . . . . . . . . . 647
A. R. G. Azevedo, J. Alexandre, M. T. Marvila, E. B. Zanelato,
G. C. Xavier, N. A. Cerqueira, V. B. Souza, T. E. S. Lima
and S. N. Monteiro

Exploration of Humic Acids as the Binder of Silicon-Based Anode
for Lithium-Ion Batteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 657
Shuzhen Yang, Guihong Han, Yanfang Huang and Jiongtian Liu

Impact Response of Bamboo Guadua Angustifolia Kunth . . . . . . . . . . . 665
Julian Rua, M. F. Buchely and Henry A. Colorado

xiv Contents



Incorporation of EVA Residue for Production of Lightweight
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 673
R. O. Machado, L. C. K. M. Pereira, E. B. Zanelato, A. L. F. Manhães,
A. R. G. Azevedo, M. T. Marvila, J. Alexandre, S. N. Monteiro
and L. T. Petrucci

Innovation of Building Materials: Ecological Bricks, Characterization
of Complementary Inorganic Raw Materials . . . . . . . . . . . . . . . . . . . . . 683
Javier Flores-Badillo, Adriana Rojas-León, Alma Delia Román-Gutiérrez,
Juan Hernández-Ávila, Eleazar Salinas-Rodríguez
and Christopher Contreras-López

Investigation on Mechanical Behaviors of Polyamide 11 Reinforced
with Halloysite Nanotubes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 693
Danae Lopes Francisco, Lucilene Betega de Paiva, Wagner Aldeia,
Ademar B. Lugão and Esperidiana A. B. Moura

Measurement of SnO2 Nanoparticles Coating on Titanium Dioxide
Nanotube Arrays Using Grazing-Incidence X-Ray Diffraction . . . . . . . . 703
Yunhui Tang, Bo Wang, Hongyi Li and Mingsheng He

Microstructural Characterisation of a High Strength
Steel Subjected to Localised Blast Loading . . . . . . . . . . . . . . . . . . . . . . 713
Simon Higgs, Ali Ameri, Juan Pablo Escobedo-Diaz, Brodie McDonald,
Huon Bornstein, Zakaria Quadir, Tayla Nankivell and Wayne Hutchison

Mortars with Pineapple Fibers for Use in Structural
Reinforcement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 721
M. T. Marvila, A. R. G. Azevedo, J. Alexandre, E. B. Zanelato,
S. N. Monteiro, D. Cecchin and L. F. Amaral

Performance of Epoxy Matrix Reinforced with Fique Fibers
in Pullout Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 729
Michelle Souza Oliveira, Artur Camposo Pereira,
Fabio da Costa Garcia Filho, Luana Cristyne da Cruz Demosthenes
and Sergio Neves Monteiro

Production and Characterization of a Hybrid Composite
of Polypropylene Reinforced with Piassava (Attalea funifera Martius)
Fiber and Light Green Clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 735
Sabrina A. Correia, Pedro V. Cruz, Tasson C. Rodrigues, Alex Monteiro,
Francisco R. V. Diaz and Esperidiana A. B. Moura

Proposal of Dosing of Mortars Using Simplex Network . . . . . . . . . . . . . 747
M. T. Marvila, A. R. G. Azevedo, J. Alexandre, E. B. Zanelato,
S. N. Monteiro and N. A. Cerqueira

Contents xv



Recycled Gypsum Particles Incorporation in Recycled Expanded
Polystyrene by Biodegradable Solvent—Preparation
and Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 757
Suellen Signer Bartolomei, Esperidiana Augusta Barreto de Moura
and Helio Wiebeck

Structural Analysis of Sintered Products of BaTiO3

Doped with Sm3+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 765
J. P. Hernández-Lara, M. Pérez-Labra, C. C. Gutierrez-Hernández,
F. R. Barrientos-Hernández, J. A. Romero-Serrano,
A. Hernández-Ramírez, M. Reyes-Pérez, J. C. Juárez-Tapia
and V. E. Reyes-Cruz

Study of the Electrical Properties of rGO Obtained by Different
GO Reduction Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773
Leila Figueiredo Miranda, Paulo Victor Cedini Gomes,
Fabio Jesus Moreira de Almeida, Leonardo Gondim Andrade e Silva,
Antonio Hortencio Munhoz Junior and Terezinha Jocelen Masson

Study of the Influence of Organic Peroxide and Elastomeric
Modifier in the Mechanical and Flow Properties of the Recycled
Polypropylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 787
Patricia N. S. Poveda and Leonardo G. A e Silva

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 793

Subject Index. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 797

xvi Contents



About the Editors

Bowen Li is a Research Professor in the Department of
Materials Science and Engineering and Institute of
Materials Processing at Michigan Technological
University. His research interests include materials
characterization and analysis, metals extraction, cera-
mic process, antimicrobial additives and surface treat-
ment, porous materials, applied mineralogy, and solid
waste reuse. He has published more than 110 technical
papers in peer-reviewed journals and conference pro-
ceedings, authored/coauthored three books, and edited/
coedited seven books. He also holds 15 patents and has
delivered more than 30 invited technical talks.

Dr. Li. received a Ph.D. in Mineralogy and Petrology
from China University of Geosciences Beijing in 1998,
and a Ph.D. in Materials Science and Engineering from
Michigan Technological University in 2008. He has been
an active member of The Minerals, Metals & Materials
Society (TMS); Society for Mining, Metallurgy, and
Exploration (SME); and China Ceramic Society.
At TMS, he is the current Chair of the Materials
Characterization Committee and member of the Powder
Materials Committee and Biomaterials Committee, a
former Extraction and Processing Division Award
Committee member, a JOM Subject Advisor, and a Key
Reader forMetallurgical and Materials Transactions A.
He is the organizer/co-organizer of a number of interna-
tional symposia and sessions. He also served as the

xvii



editorial board member of the Journal of Minerals and
Materials Characterization and Engineering, SciFed
Journal of Metallurgical Science, and FUTO Journal
Series.

Jian Li is a senior research scientist at Canmet
MATERIALS in Natural Resources Canada. He
obtained his B.Sc. in Mechanical Engineering from
Beijing Polytechnic University, M.Sc. in Metallurgical
Engineering from Technical University of Nova Scotia
(TUNS), and Ph.D. in Materials and Metallurgical
Engineering from Queen’s University, Kingston,
Ontario, Canada. He has broad experience in materials
processing and characterization including alloys defor-
mation, recrystallization, and micro-texture develop-
ment. He has extensive experience in focused ion beam
(FIB) microscope techniques. He is also an expert in
various aspects of SEM-EDS and EPMA techniques. He
holds a patent, has authored three book chapters, and has
published more than 140 papers in scientific journals and
conference proceedings.

Shadia Ikhmayies received a B.Sc. and M.Sc. from
the physics department at the University of Jordan in
1983 and 1987 respectively, and a Ph.D. on the topic of
producing CdS/CdTe thin film solar cells from the same
university in 2002. She now works at Isra University in
Jordan as an associate professor. Her research is
focused on producing and characterizing semiconductor
thin films, and thin film CdS/CdTe solar cells. She also
works in characterizing quartz in Jordan for the
extraction of silicon for solar cells and characterizing
different materials by computation. She has published
48 research papers in international scientific journals,
73 research papers in conference proceedings, and 3
chapters in books. She is the author of two books for
Springer, Silicon for Solar Cell Applications and
Performance Optimization of CdS/CdTe Solar Cells
(both in production), editor of the book Advances in
II-VI Compounds Suitable for Solar Cell Applications
(Research Signpost), the book Advances in Silicon
Solar Cells (Springer), an eBook series about material
science (in development with Springer), and several
TMS proceedings publications. She is the winner of the

xviii About the Editors



TMS Frank Crossley Diversity Award (2018), and the
World Renewable Energy Congress 2018 (WREC-18)
Pioneering Award.

Dr. Ikhmayies is a member of the The Minerals,
Metals & Materials Society (TMS) and the World
Renewable Energy Network (WREN). She is a member
of the international organizing committee and the inter-
national scientific committee in the EuropeanConference
on Renewable Energy Systems (ECRES2015–
ECRES2018). She is a member of the editorial board
of the International Journal of Materials and Chemistry
(Scientific andAcademic Publishing), and has served as a
technical advisor/subject editor for JOM (2014 and
2019). She has been a guest editor for topical collections
from the European Conference on Renewable Energy
Systems in the Journal of Electronic Materials, and an
editorial advisory board member for Recent Patents on
Materials Science (Bentham Science). She is a reviewer
for 24 international journals, was the Chair of the TMS
Materials Characterization Committee (2016–2017), and
has been lead organizer of more than four symposia at the
TMS Annual Meeting and Exhibition.

Mingming Zhang is a lead research engineer at
ArcelorMittal Global R&D in East Chicago, Indiana.
His main responsibilities include raw material charac-
terization and process efficiency improvement in min-
eral processing and ironmaking areas. He also leads a
technical relationship and research consortium with
university and independent laboratory members and
manages pilot pot-grate sintering test facility at
ArcelorMittal Global R&D East Chicago.

Dr. Zhang has more than 15 years of research
experience in the field of mineral processing, metal-
lurgical and materials engineering. He obtained his Ph.
D. in Metallurgical Engineering from The University of
Alabama and his master’s degree in Mineral Processing
from General Research Institute for Non-ferrous Metals
in China. Prior to joining ArcelorMittal, he worked with
Nucor Steel Tuscaloosa, Alabama where he was met-
allurgical engineer leading the development of models
for simulating slab solidification and secondary cooling
process.

About the Editors xix



He has conducted a number of research projects
involving mineral beneficiation, thermodynamics and
kinetics of metallurgical reactions, electrochemical
processing of light metals, energy-efficient-, and envi-
ronmental cleaner technologies. He has published more
than 50 peer-reviewed research papers and is the
recipient of several U.S. patents. He also serves as
editor and reviewer for a number of prestigious journals
including Metallurgical & Materials Transactions A
and B, JOM, Journal of Phase Equilibria and
Diffusion, and Mineral Processing and Extractive
Metallurgy Review.

Dr. Zhang has made more than 20 research presen-
tations at national and international conferences
including more than 10 keynote presentations. He is the
recipient of 2015 TMS Young Leaders Professional
Development Award. He has been invited by a number
of international professional associations to serve as
conference organizer and technical committee member.
These associations include The Minerals, Metals &
Materials Society (TMS) and the Association for Iron
& Steel Technology (AIST).

Yunus Eren Kalay is an Associate Professor of
Metallurgical and Materials Engineering and Assistant
to the President at METU Ankara, Turkey. He received
his Ph.D. with Research Excellence award from Iowa
State University in 2009. His Ph.D. topic was related to
the metallic glass formation in Al-based metallic alloy
systems. Following his Ph.D., he pursued his post-
doctoral research at Ames National Laboratory, where
he practiced Atom Probe Tomography. In 2011, he
joined the Department of Metallurgical and Materials
Engineering (METE) of Middle East Technical
University (METU) as an Assistant Professor and in
2014 he was promoted to Associate Professor. His
research interests span microstructural evolution in
metallic alloys, rapid solidification of metallic alloys,
nanostructured and amorphous alloys, lead-free solders,
electronic packaging, and advanced characterization
techniques such as scanning and transmission electron
microscopy, electron and X-ray spectroscopy, and
application of synchrotron X-ray scattering in materials
research. He was awarded the METU Prof. Dr. Mustafa
Parlar Foundation Research Incentive Award, which is

xx About the Editors



a prestigious award that recognizes young scientists in
Turkey with exceptional achievements and research
productivity.

Dr. Kalay is an active member of the Materials
Characterization Committee and Phase Transformations
Committee of TMS, and has served on the organizing
committees of three international and one national
congress including IMMC, MS&T, and TMS. He has
also been involved in many synergistic activities such
as serving as founder editor of Turkey’s first under-
graduate research journal, MATTER (http://matter.mete.
metu.edu.tr/), and has organized materials science
camps for K-12 students.

John S. Carpenter is a scientist within the manufac-
turing and metallurgy division at Los Alamos National
Laboratory. He received his Ph.D. in Materials Science
and Engineering from The Ohio State University in
2010 after performing his undergraduate studies at
Virginia Tech. His research focus is on enabling
advanced manufacturing concepts through experiments
employing novel processing techniques, advanced
characterization, and small-scale mechanical testing.
Currently, he is working on projects related to the
qualification of additively manufactured components
and using high-energy X-rays to study phase transfor-
mations during solidification in MIG cladding.
Throughout his career, he has utilized many character-
ization techniques including neutron scattering, X-ray
synchrotron, XCT, PED, TEM, EBSD, and SEM.

Dr. Carpenter hasmore than 55 journal publications, 1
book chapter, and 25 invited technical talks to his credit.
With regard to TMS service, he currently serves as the
Extraction & Processing Division (EPD) representative
on the Program Committee, the Structural Materials
Division representative on the Content Development and
Dissemination Committee, chair of the Advanced
Characterization, Testing, and Simulation Committee,
and the EPD liaison on the Additive Manufacturing
Bridge Committee. He is a participating member of the
Mechanical Behavior of Materials Committee and has
served as chair of the Characterization Committee in the
past. John serves as a Key Reader forMetallurgical and
Materials Transactions A and has coedited special

About the Editors xxi

http://matter.mete.metu.edu.tr/
http://matter.mete.metu.edu.tr/


sections in JOM related to neutron diffraction, coherent
X-ray diffraction imaging methods, and modeling in
additive manufacturing. He is the 2012 recipient of the
EPD Young Leaders Professional Development Award.

Jiann-Yang Hwang is a Professor in the Department
of Materials Science and Engineering at Michigan
Technological University. He is also the Chief Energy
and Environment Advisor at the Wuhan Iron and Steel
Group Company, a Fortune Global 500 company. He
has been the editor-in-chief of the Journal of Minerals
and Materials Characterization and Engineering since
2002. He has founded several enterprises in areas
including water desalination and treatment equipment,
microwave steel production, chemicals, flyash pro-
cessing, antimicrobial materials, and plating wastes
treatment. Several universities have honored him as a
Guest Professor, including the Central South
University, University of Science and Technology
Beijing, Chongqing University, Kunming University of
Science and Technology, and Hebei United University.

Dr. Hwang received his B.S. from National Cheng
Kung University 1974, M.S. in 1980 and Ph.D. in 1982,
both from Purdue University. He joined Michigan
Technological University in 1984 and has served as its
Director of the Institute of Materials Processing from
1992 to 2011 and the Chair of Mining Engineering
Department in 1995. He has been a TMS member since
1985. His research interests include the characterization
and processing of materials and their applications. He
has been actively involved in the areas of separation
technologies, pyrometallurgy, microwaves, hydrogen
storage, ceramics, recycling, water treatment, environ-
mental protection, biomaterials, and energy and fuels.
He has more than 28 patents and has published more
than 200 papers. He has chaired the Materials
Characterization Committee and the Pyrometallurgy
Committee in TMS and has organized several symposia.
He is the recipient of TMS Technology Award and the
Michigan Tech Bhata Rath Research Award.

xxii About the Editors



Sergio Neves Monteiro graduated as metallurgical
engineer (1966) at the Federal University of Rio de
Janeiro (UFRJ). He received his M.Sc. (1967) and Ph.
D. (1972) from the University of Florida, followed by a
course 1975 in Energy at the Brazilian War College and
postdoctorate (1976) at the University of Stuttgart. He
joined (1968) the Metallurgy Department as full pro-
fessor of the postgraduation program in engineering
(COPPE) of the UFRJ; was elected head of department
(1978), coordinator of COPPE (1982) and Under-
Rector for Research (1983); and was invited as Under-
Secretary of Science for the State of Rio de Janeiro
(1985) and Under-Secretary of College Education for
the Federal Government (1989). He retired in 1993
from the UFRJ and joined the State University of North
Rio de Janeiro (UENF), from where he retired in 2012.
He is now Professor at the Military Institute of
Engineering (IME), Rio de Janeiro, and has published
over 1200 articles in journals and conference pro-
ceedings and has been honored with several awards
including the ASM Fellowship. He is top researcher
(1A) of the Brazilian Council for Scientific and
Technological Development (CNPq) and Top Scientist
of State of Rio de Janeiro (FAPERJ). He was President
of the Superior Council of the State of Rio de Janeiro
Research Foundation, FAPERJ (2012), and currently is
coordinator of the Engineering Area of this foundation.
He is also president of the Brazilian Association for
Metallurgy, Materials and Mining (ABM, 2017–2019),
a consultant for the main Brazilian R&D agencies, and
a member of the editorial board of five international
journals as well as associate editor of the Journal of
Materials Research and Technology.

About the Editors xxiii



Chenguang Bai is a Professor in the Department of
Metallurgical Engineering, School of Materials Science
and Engineering at Chongqing University, China. He
received his B.S. in 1982, M.S. in 1987, and Ph.D. in
2003 from Chongqing University. He also furthered his
study in the Department of Metallurgy and Materials,
University of Toronto as a visiting scholar between
October 1995 and January 1997. He has been actively
involved in the teaching and scientific research works
in ferrous metallurgy, especially in the field of com-
prehensive utilization of vanadium–titanium magnetite
resources. He has more than 20 patents and has pub-
lished more than 200 research articles, about 60 of
which were in the international metallurgical periodi-
cals. He also is Vice Chairman of Chongqing Society
for Metals, and was a Member of Advisory Committee
of Experts, Department of Engineering and Materials
Science, NSFC. He was the Vice President from 2009
to 2011, and the Vice Chairman of University Council
of Chongqing University from 2011 to 2016.

Juan P. Escobedo-Diaz is a Senior Lecturer in the
School of Engineering and Information Technology
(SEIT) at UNSW Canberra. He obtained his doctoral
degree in Mechanical Engineering at Washington State
University. Prior to taking up this academic appoint-
ment, he held research positions at the Institute for
Shock Physics and Los Alamos National Laboratory.
His main research interests center on the dynamic
behavior of materials under extreme conditions, in
particular high pressure and high strain rate. His focus
has been on investigating the effects of microstructural
features on the dynamic fracture behavior of metals and
metallic alloys. He has published primarily in the fields
of shock physics and materials science. He has been a
member of The Metals, Minerals & Materials Society
(TMS) since 2011. During this time he has
co-organized more than five symposia at the Annual
Meetings including the symposium on Characterization
of Minerals, Metals and Materials since 2014. He was
awarded a 2014 SMD Young Leaders Professional
Development Award.

xxiv About the Editors



Pasquale Russo Spena is assistant professor of
Manufacturing Technology and Systems in the Faculty
of Science and Technology of the Free University of
Bozen/Bolzano (Italy). Dr. Russo Spena received his
M.Sc. in Materials Engineering and his Ph.D. in
Industrial Production Systems Engineering (topic:
metallurgical engineering) from Politecnico di Torino
(Italy). In 2009, he started working as research assistant
in the Department of Management and Production
Engineering of the Politecnico di Torino; his work was
mainly focused in metal processing and characteriza-
tion and in developing models and tools for the man-
agement of product information in manufacturing
processes. In 2010, Dr. Russo Spena was appointed as
assistant professor of Manufacturing Technology and
Systems at the Faculty of Science and Technology
of the Free University of Bozen/Bolzano.

Dr. Russo Spena’s research interests are in the field of
manufacturing and materials engineering, particularly
concerning joining techniques for metals, metals
and welded joints characterization, and product quality
assessment. Currently, his work focuses on understand-
ing the relationship between welding processes (e.g.,
joining parameters) and mechanical/microstructural
properties of welded joints, especially for the automo-
tive industry. This research involves the use of several
characterization techniques including, X-ray diffraction,
EBSD, SEM, image analysis by digital image correlation
techniques.

Dr. Russo Spena is member of several national and
international scientific organizations. He has published
more than 50 articles in refereed journals, conference
proceedings, and book chapters. With regard to TMS
service, he has served as a member of the Materials
Characterization Committee, as well as a symposium
co-organizer and session chair.

About the Editors xxv



Ramasis Goswami is a scientist with the
Multifunctional Materials Branch of the Materials
Science and Technology Division at Naval Research
Laboratory, Washington, DC, USA. He obtained his
bachelor degree in Metallurgical Engineering from
Bengal Engineering College, Shibpur, India. He then
earned his master’s and Ph.D. degrees in Materials
Engineering from Indian Institute of Science,
Bangalore. He is a recipient of the Alexander von
Humboldt fellowship. His current areas of research
include the study of dislocation structures ahead of the
crack tip, the microstructure and property relationship
in metals, alloys and in multilayered thin films, and the
study of interfaces and defects in semiconducting thin
films. He has published more than 90 peer-reviewed
articles in scientific literature.

xxvi About the Editors



Part I
Characterization Method Development



Commentary—Are There Still Places
for Gallium FIB?

Jian Li

Abstract Since developed in the mid-1980s, focused ion beam (FIB) technology
has become quite mature. From the initial single Ga ion beam system to nowadays
dual-beam FIB, and from application only in semiconductor industry to applications
to biological, mineral and materials engineering, FIB systems seemed to have almost
maxed out their capability. The question arises is if the Ga FIB will still hold its place
after the release of the new generation of plasma FIB in 2015. This paper provides
a high-level overview of the two FIB systems.

Keywords FIB ·Microscopy ·Milling · PFIB · LMIS · Resolution

Evolution of FIB Microscopy

The concept of focused ion beam (FIB) technique using the liquid gallium ion source
(LMIS) was first introduced by Seliger and Fleming [1] in 1974, where they were
able to focus a 60 keV ion beam down to 3.5 µm diameter for doping semiconductor
devices. In the span of the next 10 years, the technology improved and allowed
to focus ion beams produced by LMIS down to about 50 nm. Orloff and Sudraud
[2] proposed a design of a FIB system for maskless ion implantation, etching and
deposition. One of the most successful early FIB system from Micrion was widely
used by semiconductor industry. In the late 1990s, Phaneuf [3] demonstrated the
application of FIB microscopy in materials science related research using a 50 kV,
10 nA Micrion-2500 FIB system. With the invention of TEM lift out technique,
Giannuzzi and Stevie [4] opened up a new era of FIB applications. The application
of FIB microscopy techniques in materials science bloomed in the early 2000s with
a flurry of publications [e.g. 5–10].
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4 J. Li

In 1993, FEI introduced the first commercial DualBeamTM instrument that inte-
grated a Ga ion FIB column into a SEM column. In the next 20 years leading to
today, dual-beam FIBs have almost completely replaced single beam FIB systems,
and has become a powerful microscopy instrument for imaging, analysis and proto-
type fabrication at the nanometer scale. Nowadays, FIB microscopy has been widely
used in various types of studies including but not limited to the following areas:

• Semiconductor micro fabrication, device modifications and failure analysis
• Cross sectioning and imaging
• Site-specific TEM specimen preparation
• Micro–Nanostructure deposition
• Cryo FIB for biological and nonconductive specimens
• Tomography (serial sectioning and imaging)
• 3D EDS and EBSD

Recently, there has been lots of interest to develop capabilities for ultrafinemilling
steps for nanostructures and biomedical related applications. Phaneuf demonstrated
an impressive automated~3 nm per slice milling process using a Zeiss CrossBeamTM

system [11]. However, on the other side of spectrum, there has also been a general
need to speed up the milling process to remove a large amount of materials to inves-
tigate larger areas. Unfortunately, FIBs with LMIS sources can only provide limited
beam current. Table 1 lists the beam current range of a few state-of-the-art FIBmicro-
scopes on the market. When milling structural materials, large ion doses are usually
required for milling due to limited sputtering yield. For example, under a 30 kV, 65
nA beam current, it takes about 8 h to mill a 100×50×50 µm trench on Ni-based
superalloys.

To expedite milling, FEI released the first plasma FIB (Vion) in 2015 that can
produce beam current up to 2000 nA. This new plasma FIB, using an ionized Xe
beam, can cut through much larger volume of materials within much shorter time.
Such high milling rate has enabled research in new areas like investigating concrete
structure that requires serial sectioning of large areas (larger than 500×500 µm×
300 µm sections).

Table 1 Beam current range
of selected FIB systems with
LMIS

FIB systems Beam current

Zeiss CrossBeam 1 pA–100 nA

FEI Helios NanoLab 1 pA–65 nA

JEOL JIB-4610F Up to 90 nA

Hitachi NX2000 Up to 100 nA

Tescan S8000G Up to 100 nA



Commentary—Are There Still Places for Gallium FIB? 5

Do We Still Need Ga FIB?

Since its release, Plasma FIB (PFIB) has gained lots of attention in the “FIB world”.
Its ability to perform rapid ion beam milling at speed that “old timer” FIB operators
cannot even imagine a few years back. The simplicity of ion column design and the
“unlimited” ion source supply shows superior potential over Ga FIB at which typical
LMIS source life is only about 1000 h. A common question is if we are at the stage
where we see the end of glorious era of Ga FIB. To answer the question, we need to
look into a few aspects that the two types of FIBs can offer.

Resolution

Smith et al. [12] showed spot sizes (d50) as a function of ion beam currents. At current
below 60 nA, Ga LMIS provide smaller spot size than that of the Xe source. Shown
in Fig. 1, under 30 keV, Xe ion beam diameters are about five times larger than the
Ga ion beam in low current range. This can translate to about 80 times beam density
difference. The smaller Ga ion beam diameter yields to much better resolution at
low current range. For ion beam current above 60 nA, Ga ion beam becomes much
diffused compared to that of Xe beam in PFIB.

It is obvious that PFIB presents great advantage at high beam current range. With
tighter beam and large beam current, PFIB can cut through materials extremely fast.
In contrast, in fine polishing stage to achieve high-quality cross-sectioned surfaces,
Ga FIB is preferred when tighter beam and higher beam density is desired. After the
rough cutting with large beam current, finely focused beam with tighter spot size is
always required to produce high-quality FIB polished sections for imaging or 3D
EBSD work. The beam current required for final polishing is usually on the order

Fig. 1 Comparison of the
spot size of Ga FIB and
PFIB [12]. d50 is the beam
diameter containing 50% of
the primary ions


