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Preface

This special volume of Solid State Phenomena contains papers selected from those presented at the
International Conference on Materials for Advanced Technologies (ICMAT2011), Symposium T -
Advanced Structural and Functional Materials for Protection, held on 26th June — 1st July 2011 at the
Singapore International Convention & Exhibition Centre, Singapore. A total of 120 papers were
presented at the symposium, including 15 invited papers, 65 oral and 40 poster presentations.

Protection materials represent one of the most challenging materials to synthesize and process due
to the extreme application requirements. The understanding of the various mechanisms & sciences
behind materials’ behavior will contribute invaluably to the development of materials for protection
applications. This symposium provided a platform for academics, scientists, technologists and industrial
players to present innovations, exchange views, share results and discuss opinions and thoughts in the
field of advanced structural and functional materials for protection. Specifically, the symposium focused
on materials for protection of civilians and soldiers against collision of vehicles, blast, fragmentation,
unconventional attack, and also multi-functional materials for enhancement of civilians and soldier
performance in extreme conditions.

The areas covered at the symposium included novel synthesis, processing and applications of
advanced materials, micro and nano-structures, design and fabrication of structural materials, self-
healing materials, advanced ceramic materials, multi’/hybrid layers, films/coatings for protection,
thermoelectric materials and thermal protection, materials for radiation protection and extreme
conditions, development of materials evaluation techniques, modeling and simulation, smart materials
for structural and/or functional management, sensors and devices, failure analysis and characterization
of materials, applications of protection materials — civilians, soldiers, aerospace, navy and heavy
vehicles and sustainable protection materials.

The success of this truly international symposium has to be attributed to the efforts of the organizing
committee. In particular, Dr Tan Eu Jin played an important role of coordinating all the delegates, before
and during the symposium. We are grateful to Professor T.Y. Tseng, Professor W.K.Chiu and Dr
Richard Kwok, our keynote speakers at the symposium, for kindly helping us in many ways both before
and after the conference. We also want to thank all the invited speakers, oral and poster presenters,
reviewers of manuscripts, participants of this symposium, Republic Polytechnic, Temasek
Laboratories@NTU, Nanyang Technological University and Materials Research Society of Singapore
for their valuable contributions. They have contributed to the success of this international symposium
and the publication of this special volume of the proceedings. Once again, thank you all!

Professor Ma Jan
School of Materials Science and Engineering
Nanyang Technological University, Singapore

Dr. Santhiagu Ezhilvalavan

New Materials Technology Development Centre
School of Applied Science

Republic Polytechnic, Singapore



Table of Contents

Preface

ZnO Nanostructures for Sensor Applications
T.Y. Tseng

Wave Scattering Phenomena for Health Monitoring of Hard-to-Inspect Defects
C. Doherty and W.K. Chiu

Thermoelectric Properties of N-Type Bi,Te; 7Se( ; and P-Type Bij sSb; sTe; Films for
Micro-Cooler Applications
Q.Z. Peng, Y K. San, S. Khong, J. Sim, S. Ezhilvalavan, J. Ma and H.H. Hoon

Atomic Layer Deposition of Thin Inorganic Coatings onto Renewable Packaging Materials
M. Viha-Nissi, T. Hirvikorpi, J. Sievinen, K. Matilainen, E. Salo and A. Harlin

Corrosion Resistance of Pulse-Electroplated Ni-W Alloys
K.H. Hou, Y.F. Chang and M.D. Ger

Development of Piezoelectric Diaphragm Pump
T. Li, C.F. Goh and J. Ma

Multiwalled Carbon Nanotubes Reinforced Portland Cement Composites for Smoke
Detection
P. Shukla, V. Bhatia, V. Gaur, R.K. Basniwal, B.K. Singh and V.K. Jain

Improved Electrical and Mechanical Properties of Niti/TiO,/PZT/TiO4 Thin Film
Heterostructures
N. Choudhary, D.K. Kharat and D. Kaur

Investigation of Trapped Charges-Induced Stain Formation on RF-PECVD Diamond-Like
Carbon Films
E. Seekumbor, P. Jaroenapibal, N. Lertwikool, W. Yamwong and N. Triroj

Athermal Martensites, Temperature-Time-Transformation Diagrams and Thermal
Hysteresis: Monte Carlo Simulations of Strain Pseudospins
N. Shankaraiah, K.P.N. Murthy, T. Lookman and S.R. Shenoy

Developing Woven Enhanced Silk Fabric for Ballistic Protection
K.K.M. Loh, W.C.K. Tan and R.H.C. Oh

Effect of In Doping on Thermoelectric and Magnetoresistive Properties of ZnO Films
Prepared by RF Magnetron Sputtering
L. Fang, H.B. Ruan, L.P. Peng, X.F. Yang, F. Wu and C.Y. Kong

Fabrication and Spectroscopic Properties of Transparent Yb:YAG Laser Ceramics
D.W. Luo, J. Zhang, C.W. Xu, H. Yang, X.P. Qin, J. Ma and D.Y. Tang

On the Design of Bi-Layer Armor Materials
A. Serjouei, . Sridhar and W.E. Hua

Fabrication and Properties of High Quality Transparent Ho:YAG Ceramics
H. Yang, J. Zhang, X.P. Qin, D.W. Luo, J. Ma, D.Y. Tang and Q.T. Zhang

Fabrication and Upconversion Luminescence of Highly Transparent Er:YAG Ceramics
X.P. Qin, J. Zhang, H. Yang, D.W. Luo, J. Ma, D.Y. Tang and S.W. Wang

Electro-Optic Properties of (100)-Oriented (Pb,La(Zr,Ti)O; Thin Film
M.M. Zhu, Z.H. Du and J. Ma

Novel Piezoelectric Tactile Sensor Materials with Improved Properties
V.S. Jayashri, G. Chua and S.E. Valavan

ZnO Surface Acoustic Wave Sensor for the Enhanced Detection of DMMP
V. Bhasker Raj, M. Tomar, A.T. Nimal, Y. Parmar, M.U. Sharma and V. Gupta

Study on the Growth and Corrosion Resistance of Manganese Phosphate Coatings on
25Cr2NidWA Alloy Steel
J. Hu, L. Fang, J.H. Mao, L.B. Xie, J. He and P. Zhang

Investigating the Thermoelectric and Structural Properties of Bismuth Telluride Thin Films
for Harvesting Energy from Waste Heat

M.C.M. Leong, F.C.M. Chun, J.L.K. Wei, P.Q. Zhen, Y.K. San, S. Ezhilvalavan, H.H. Hoon and
J.Ma

Mechanical Properties of AICrTiSiN Coatings Developed by Cathodic Arc for Protection
Applications
N. Panich, S. Surinphong, D.A. Karpov, Y.K. Tan, C.F. Goh and J. Ma

12

15

18

21

25

28

31

34

37

44

48

51

55

60

65

69

73

71

81



b Advanced Structural and Functional Materials for Protection, ICMAT 2011

Evolution of Microstructures on GTA Welded AISI304 Subjected to Hot Corrosion at
700°C under Na,SO4 + V,05 (60%)

S.B. Hafeez, K.S. Senthil, B.K. Yeshwanth, N. Arivazhagan, R.K. Devendranath and S.
Narayanan

Assessment of Mechanical and Corrosion Properties of GTA Welded Monel 400 Plates
Exposed to Air Oxidation at 700°C
R.K. Devendranath, S. Narayanan, N. Arivazhagan, R. Kashyap, S.S. Rajiv and T.V. Ravi

Enhancing the Char Resistant of Expandable Graphite Based Intumescent Fire Retardant
Coatings by Using Multi-Wall Carbon Nano Tubes for Structural Steel
S. Ullah and F. Ahmad

Effect of Sputtering Process Parameters on the Thermoelectric Properties of P and N-Type
Bi,Te; Films

Arina, F.S.C. Hui, B.A.B. Shamira, A.L. Chia, Y.K. San, S. Khong, J. Sim, S. Ezhilvalavan, J.
Ma and H.H. Hoon

Damage Monitoring in Realistic Structures Using Lamb Waves
W.H. Ong and W.K. Chiu

Effects of Sintering Temperature and Cooling Rate on Mechanical Properties of Powder
Injection Molded 316L Stainless Steel
M.R. Raza Malik, F. Ahmad, O. Mamat, M.A. Omar, R. M. German and A.S. Muhsan

Developing New Sol-Gel Surface Treatments Formulation for Bonded Repair of Aircraft
Z.R. Sim, W.C.K. Tan, L.L. Ng and P. Cheung

Green Inhibitors: Anti Corrosive Propensity of Garcinia mangostana for Aluminum 1100
V.S. Gayathri, K. Yamuna, D. Gnana Prakash, R. Kameshwari, R. Supraja, R. Munusamy and T.
Venkatesan

Influence of Filler Materials on Mechanical and Hot Corrosion Properties of Gas Tungsten
Arc Welded AISI 304

R. Mohanraj, K.D. Rajesh, K.M. Yeswanth, N. Arivazhagan, R.K. Devendranath and S.
Narayanan

Magnesium Alloys a Promising Option as Protection Materials
I.R. Ahmad and D.W. Shu

Rate-Dependent Constitutive Modeling of Polymer Subjected to Dynamic Loading
JM. Yuan, J. Ma, G.E.B. Tan and J.F. Liu

Fabrication and Characterization of Electrospun Nano to Microfiber Made of Poly(L-
Lactide-co-e-Caprolactone)
G. Lin, S.N. Song, Y.S. Wong, L.P. Tan, K.Y. Yong, J. Jasmen and J.X. Dong

Interlaced Microstructures of Bone
B. Chen, Q. Yuan, D.G. Yin, J.G. Wang and J.H. Fan

The Effect of Specimen Geometry on the Mechanical Behavior of Trabecular Bone
Specimens

B.L.S. Ang, Y.J. Tan, Y.J.P. Ng, S.H.F. Ong, S.Y. Yap, S.X. Gwee, S.M. Chou, C.L. Poh and
K.S. Yew

Laminated Microstructure and Toughness Mechanism of Abalone Shell
B. Chen, D.G. Yin, J.G. Wang, Q. Yuan and J.H. Fan

84

&7

90

94

99

102

106

109

113

116

119

122

126

129

133



Solid State Phenomena Vol. 185 (2012) pp 1-4
© (2012) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/SSP.185.1

ZnO Nanostructures for Sensor Applications
Tseung-Yuen Tseng

Department of Electronics Engineering,
National Chiao Tung University,
Hsinchu 300, Taiwan
Email: tseng@cc.nctu.edu.tw

Keywords: Nanostructure, ZnO, gas sensor, sensitivity.

Abstract. The wide-gap semiconductor ZnO with nanostructures such as nanoparticles, nanorods,
nanowires has high potential for a variety of sensor applications. This paper reviews the recent
developments of ZnO one dimentional nanostructures for future gas sensor applications. Presented
first is the factors contributing to the high performances of gas sensors using such nanostructures.
Then various fabrication methods of the ZnO nanostructures including vapor phase growth, solution
growth, and template-assisted growth are introduced. The characterization and properties of the
ZnO nanostructures-based gas sensors are described. The basic mechanisms for explaining the

behaviors of the gas sensors are also discussed.
Introduction

One dimensional(1D) zinc oxide(ZnO) nanomaterials have recently received much attention for
their potential applications in nanophotonics, nanoelectronics, lasers, sensors and actuators, field
emission displays, ultraviolet radiation etc..

Among various applications, ZnO materials have been widely employed in the field of gas sensors.
The important figures of merit for gas sensors are sensitivity, response time, minimum detectable
gas concentration, repeatability, selectivity. The 1D nanostructures are expected to exhibit higher
sensitivity and faster response toward the analyte gas because they have much larger
surface-to-volume ratios compared with their thin film and bulk material counterparts[1,2].
Therefore, 1D ZnO nanostructures are promising candidates for gas sensors. The objective of this
paper is to briefly review synthesis and properties of 1D ZnO nanostructures with specific examples

from literature. The gas sensing mechanisms are also described.
Synthesis of 1D ZnO nanostructures and their gas sensing properties.

The 1D nanostructures were synthesized by various methods including vapor phase growth,
solution growth, and template-assisted growth as shown in Fig.1. Vapor phase synthesis is
extensively studied to preparing 1D nanostructures. Anisotropic growth via metal catalyzed
vapor-liquid-solid process was adopted to grow ZnO nanowires[3]. The SEM photographs shown in

Figs. 2(a) and (b) indicate the microstructure of the ZnO nanowires using Au and Cu catalysts. The



