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Preface

This journal volume contains the accepted papers from the Second
International Conference on Applied Mechanics, Materials and Manufacturing
(ICAMMM 2012), held in Changsha, China, November 17-18, 2012. The
scientific discipline behind this conference was theoretical and applied
mechanics and its applications in materials and manufacturing fields.
ICAMMM is concerned with the study of mechanical phenomena: the behavior
of solids and fluids under the actions of forces. It has an enormous influence
on the industrialized world, enabling technological developments in virtually
every area that affects our lives, security, and well being. The aim of this
conference was to put together individuals, institutes and countries, interested
in cooperative actions for further development.

| would like to extend a warm welcome to all the authors and participants of
this 2nd ICAMMM. We hope that this conference will be useful to the research
and development in the field and all of you will have a wonderful experience
with this fruitful conference, and at the same time enjoy the sights of
Changsha in China.

The editors



The Second International Conference on
Applied Mechanics, Materials and Manufacturing

(ICAMMM 2012)

Organized by:
Hunan Province Textile Engineering Center
Conference Organization
General Chairman

Prof. Xungai Wang, Deakin University, Australia

Technical and Organizing Committee

Prof. Deqiang Mu, Changchun University of Technology, China

Prof. Hua Wu, Changchun University of Technology, China

Prof. Xiaogang Dong, Changchun University of Technology, China
Prof. Mingyao Zhang, Changchun University of Technology, China
Prof. Ye Han, Changchun University of Technology, China

Prof. Jiuba Wen, Henan University of Science and Technology, China
Prof. Fuxiao Chen, Henan University of Science and Technology, China
Prof. Jiwei Cai, Hebei United University, China

Prof. Xianjin Yu, Shandong University of Technology, China

Prof. Ming Dong, Shanghai Jiao Tong University, China

Prof. Xiaoxing Feng, Hebei University of Technology, China

Prof. Wenzhi Fu, Jilin University, China

Prof. Zhengping Fang, Zhejiang University, China

Prof. Jian Gao, Guangdong University of Technology, China

Prof. Jingtao Han, University of Science & Technology Beijing , China
Prof. Lin He, Guizhou University, China

Prof. Xiaoming Jia, Hebei United University, China



Prof. Xiaolin Jia, Zhengzhou University, China

Prof. Zhenglian Jiang, Research Institute, Baosteel, China

Prof. Sihai Jiao, Research Institute, Baosteel, China

Prof. Shanqing Li, Research Institute, Baosteel, China

Prof. Xianghua Liu, Northeastern University, China

Prof. Jiacheng Liu, Tianjing University, China

Prof. Kaiqi Liu, Iron&Steel Reserch Institute, China

Prof. Yaqing Liu, North University of China

Prof. Jialu L1, Tianjin University of Technology, China

Prof. Yungang Li, Hebei United University, China

Prof. Dehong Lu, Kunming University of Science and Technology
Prof. Changsheng Li, Northeastern University, China

Prof. Baochun Lu, Nanjing University of Science and Technology
Prof. Chenxu Lu, Insti. of Process Eng., Chinese Academy of Science
Prof. Yongcheng Lin, Central South University, China

Prof. Gaifei Peng, Beijing Jiaotong University, China

Prof. Dianli Qu, University of Science and Technology Liaoning
Prof. Junan Shen, Georgia Southern University, USA

Prof. Wenlei Sun, Xinjiang University, China

Prof. Junyou Shi, Qingdao University of Science&Technology,China
Prof. Zhiming Shi, Inner Mongolia University of Technology, China
Prof. Yi Shen, Hebei United University, China

Prof. Xiaoming San, Hebei United University, China

Prof. Xitang Wang, Wuhan University of Science and Technology
Prof. Jun Wang, Northeastern University, China

Prof. Qiang Wang, University of Jinan, China

Prof. Pengcheng Wang, Inner Mongolia University of Technology, China
Prof. Kaiming Wu, Wuhan University of Science and Technology

Prof. Shao Hui Yin, Hunan University, China



Prof. Rong Zhu, University of Science & Technology Beijing , China
Prof. Daoyuan Yang, Zhengzhou University, China

Prof. AKM Nurul Amin, International Islamic University, Malaysia
Prof. Geun Jo Han, Dong-A Univeristy, Korea

Dr. Gui Wang, The University of Queensland, Australia

Prof. Jong Kook Lee, Chosun University, Korea

Prof. Ken-ichi Manabe, Tokyo Metropolitan University, Japan

Prof. Jeng-Haur Horng, National Formosa University, Taiwan

Prof. Jia-Horng Lin, Feng Chia University, Taiwan

Prof. Indra Putra Almanar, Universiti Sains Malaysia

Prof. Kyung-Man Moon, Korea Maritime University, Korea

Dr. Mark Fong, Hong Kong Industrial Technology Research Centre
Prof. P. S. Pa, National Taipei University of Education, Taiwan

Prof. Sagar Kamarthi, Northeastern University, USA

Prof. Shahrum Abdullah, University Kebangsaan Malaysia, Malaysia
Prof. Toshio Haga, Osaka Institute of Technology, Japan

Prof. Walid Mahmoud Shewakh, Beni Suef university, Egypt

Prof. Yun-Hae Kim, Korea Maritime University, Korea

Dr. Yuantong Gu, Queensland University of Technology,
Local Organizing Committee

Chair

Prof. Huawu Liu, Tianjin Polytechnic University, China

Members

Prof. Yongxin Yang, Central Res. Insti. of Building and Construction Co., LTD
Prof. Shijie Shen, Beijing Forestry University, China

Prof. Zhili Zhong, Tianjin Polytechnic University, China

Prof. Yinhua Zhang, Hunan Province Textile Engineering Center



Table of Contents

Preface and Conference Organization

Chapter 1: Composites and Polymers

Finite Element Simulating of C/SiC Composite Bolt
T. Huang and Y.Y. Zhang

The Preparation of CaZrO; Coating Ultra-Fine Nickel Powders via Chemical Deposition
R. Xu, J. Zheng, C. Fan and Y.Y. Gao

Theoretical Study of Energy-Level Splitting of Cs,NaPrClg Crystal
M.L. Duan, J.H. Li and X.F. Yang

Preparation and Characterization of Fe’"-Doped TiO,/Diatomite Composite
L. Sun, J.X. Lin, L. Wang and K.X. Song

Research on VARTM Technology for Fabricating Basalt Fiber/Vinyl Ester Composites
Z.L. Sun, M.E. Guo and Z.N. Yu

Design, Synthesis and Photophysical Properties of Novel Tetrahedral Carbazole-Bridged
Silanes with Benzimidazole Groups
Q.Y. Ma, R.F. Guan, G.Z. Li and D.X. Wang

Load-Carrying Capacity of Cantilevers of Anti-Flood Barriers Made of FRP Composite
Structural Profiles
J. Melcher and M. Karmazinova

Tribological Behavior of Si;N4,-hBN Ceramic Materials Sliding against Fe-B Alloy without
Lubrication
W. Chen, Y.M. Gao and J.Z. Chen

Isothermal Crystallization Behavior of Poly (L-lactic Acid)/ Surface-Grafted Silica
Nanocomposites
Y.H. Cai

Synthesis of High Solid Content Acrylic-Polyurethane Hybrid Emulsions with Low
Viscosity
7Z.X. Zheng, S.F. Liu, W.B. Lin, X.T. Guo, Y.F. He and X. Li

Electrochemical Polymerization and Electrochromic Properties of Poly(3-
methoxythiophene)/NiO Composite Films
W.T. Li, Y.T. Wang and X.C. Song

Preparation of Fly Ash Hollow Glass Bead/Titanium Dioxide Composites by Chemical
Precipitation
M.M. Wang, H. Ding, Y.X. Zheng and Y. Liang

Preparation of Aluminum Composite Ceramic Membrane by Inorganic Precursor Sol-Gel
Method
S.H. Liu, L.L. Guo and Q.P. Wang

Tribological Characteristics of Different Components on C/C-SiC Composites Fabricated
by Warm Compacted In Situ Reaction
Z. Li, P. Xiao and X. Xiong

Magnetoelectric Effect of the Ba, 3,Sr( ,TiO3-CoFe,0,4 Ceramic Composites by Molten-Salt
Synthesis Method
W. Rao, D.G. Liand H.C. Yan

An Experimental Investigation of the Dynamic Mechanical Behaviors of Hollow Spheres
Filled Syntactic Foam
M. Yu and P. Zhu

Experimental Research on Failure of Filament Wound Composite Pipe under Axial Tension
W.D. Wen, J. Li, H.T. Cui, Y. Xu and H.J. Zhang

Influence of Si;N4 Addition on the Mechanical Properties and Microstructure of Unfired
A1,05-C Slide Plate
L. Ai, J.C. Wei, X.M. Ji and J.B. Tu

Performance and Microstructure of TiN/Cu EDM Electrodes
J.J. Zhang, K.Y. Jiang, J. Yan, F. Wang and X.W. Wang

11

15

19

23

28

32

37

41

45

49

55

59

63

67

74

78

82



b Materials, Mechanical Engineering and Manufacture

Effect of Fiber Volume Fraction on Low Cycle Fatigue Behavior of Al,O3/Al-Si Composites
J.J. Cui, B.C. Li, G.H. Zhang, J.X. Zhang, Z.S. Wei, Z.J. Feng and W. Cai

The Rotational Extrusion Alloying Al-Ti Composite
W.P. Xu, L.M. Ke and L. Xing

Preparation and Humidity Control Performances of a Novel Composite Humidity Control
Paper
N. Yu, Q.Q. Yao, P.F. Xu, Z.W. Hu and Z.Q. Peng

Fatigue Residual Properties of Ti/APC-2 Nanocomposite Laminates after Low-Velocity
Impact
M.H.R. Jen, C.K. Chang, J.G. Chen and B.C. Lin

The Effects of Carbon Black Loading on the Characteristics of Carbon Composite Bipolar
Plate by Utilizing Graphite Waste Products
Y. Sadeli, J.W. Soedarsono, B. Prihandoko and S. Harjanto

Effect of Deposited Angle on Structure and Surface Morphology of Fluorocarbon Films
Deposited by Pulsed Plasma Thruster
R. Zhang, J.J. Wu, D.X. Zhang, F. Zhang and Z. He

Rheological Properties of RLDPE/LLDPE Blends
X.Y. Zhao, X.G. Luo, X.Y. Lin, X. Qi, H.P. Zhang and J.W. Li

Study on the Damping Properties of Multi-Layered Gradient Materials Based on Organic
Hybrids

X.B. Ding, T. Liu, B.C. Fu and J. Han

Study on the Rheological Behavior of Neat PLA Chips and PLA Composites for
Meltblowing Nonwovens

B. Yu, H. Sun, J. Han, P.C. Yu and G.P. Xu

Effect of Polymeric Coupling Agent on Mechanical Properties of Kenaf Fiber / Polystyrene
Composites
C. Zheng, Y.Y. Xu, T. Kawai and S. Kuroda

Study of the Impact Toughness Experiment of SiCp/Al FGM and Numerical Simulation
J.Li,L.Y.Liand Z. Yuan

Kinetics of Non-Isothermal Degradation of PFA
Z.H. Guo, P.J. Lin, Q.Y. Xu, Q. Shao, Y.P. Wang, G. Qiu and Y.M. Wang

Surface Structure and Protein Resistance of PMMA/PS Copolymer Coatings
X.M. Zhang, Y. Zhang, G. Jin and L. Li

Experiment and Modeling Study on the Compaction Behavior of Bindered Textile Preforms
W.Q. Wu, B.Y. Jiang, L. Xie and G. Ziegmann

Chapter 2: Micro/Nano Materials

Ag Doped Co30,4 Nanowire Arrays as an Electrode Material for Electrochemical Capacitors
Y. Xu, J.C. Huang, L. Cheng, D.X. Cao and G.L. Wang

The Fabrication of MnO, Nanoparticle for Supercapacitor Application
D.Q. Kang, Z.X. Chen, T.Y. Hu, M. Dong and J. Ren

Study of Tension Process of Single Crystal Titanium Nano-Rod Based on the Molecular
Dynamics
H.L. Jia, Z.X. Li, X.J. Liuand Y. Qi

Preparation and Characterization of TiO, Nanoparticles / CNTs Composite Particles
M.Q. Wang, J. Yan, S.G. Du, B. Wang and H. Qin

Hydrothermal Synthesis of Tungsten Oxide Nanoparticles
Y.R. Yao, R. Ma and X.C. Song

Synthesis and Characterization of Nano Cerium Oxide by Surfactant-Assisted Precipitation
Method
J.T. Shang, M. Yang, W.L. Zhang, C. Tan and D.J. Han

Preparation of Nano-Scale Piece of Sericite by Using Mechanical Exfoliation Method and
Ultrasonic Method
Y. Liang, H. Ding and F. Chen

Facile Synthesis and Electrochemical Characterization of PbO@C Nanocomposites
C.Y. Liu, J.G. Yu, J.Q. Fan, Y.N. Zhao and X.F. Xue

&7

92

96

100

104

111

115

119

123

127

134

138

143

148

157

164

168

172

176

180

184

189



Applied Mechanics and Materials Vols. 268-270

Preparation and Characterization on PU/CS Nanofiber Membrane
L. Jiao, W.M. Kang and B.W. Cheng

Research on Electrospinning Process of Pullulan Nanofibers
X.B. Sun, D. Jia, W.M. Kang, B.W. Cheng and Y.B. Li

Envelope Method Applied on the AZO Thin Films
Y. Xu, P.H. Ma and M.N. Liu

CdSe/ZnO Core/Shell Semiconductor Nanocrystals: Synthesis and Characterization
L.M. An, X.L. Chen, X.T. Han, J. Yi, C.X. Liu, W.Y. An, Y.Q. Qu, J.G. Chi, H. Wei, K.Y. Qi,
Y.N. Wen, Q. Wang, W.G. Zhou, H.A. Ye and Z. Sun

Chapter 3: Environmental-Friendly Materials and Biological Materials

Effects of Braiding Parameters on Radial Compressive Property of Intraluminal Stents
W.L. Sui, J.H. Jiang and N.L. Chen

Treatment of Chroma from Tannery Effluent by Flocculant
Q.H. Yang and C.Q. Zhao

The Role of Copper in the Growth of Methylosinus trichosporium IMV 3011 and Poly-§-
Hydroxybutyrate Biosynthesis
J. Dong

Synthesis of PAN Fiber Supported Fe(bpy);>" for RhB Degradation under Visible Light
Irradiation
Z.B. Han, J. Guo and W. Li

Preparation and Adsorption Performance of Cu (II)-Imprinted ALG-CTS Complex
Microspheres
W.Y. Zhang, D. Chen, X. Li and X.G. Ying

Effects of Enzymes Treatment on Structure and Properties of Acellular Dermal Matrix
X.C. Shen, L.P. Wang, M.S. Wan, C.B. Cao and H. Liu

Experimental Investigation of Microbial Paraffin Removal Technology
J.H. Liu, Y.P. Jia, R.D. Xu and Y.T. Chen

Studies on the Property Changes of Environmental Degradation Mulching Film and
Polyethylene Mulching Film in Water Environment
B.B. Zhao, X.G. Luo, X.Y. Lin and H.P. Zhang

Ramie Fiber Modification Trials under Different Conditions
Q.R. Wang and W. Fan

The Thermal Hysteresis Temperature of ‘HPLC-6’: Langmuir Model
L.F. Li, L. Zhang and X.X. Liang

The Effect of Alkali Treatment to the Properties of Banana Fibers
L. Tian, S.Y. Chen and X.Y. Bi

Synthesis and Characterization of Spherical Aggregations of Organic-ZnS Hybrids
J.S. Yang

Chapter 4: Iron, Steel and Alloys. Metallurgical Engineering

Improvement of Wear Resistances of AISI 316L. Austenitic Stainless Steels by Anodic
Nitriding

Y. Li, L. Wang, J.J. Xu and Y.C. Shan

Study of the Damage of Drills in Dry Drilling of NM360 Steels

M.S. Xu, J.B. Jiang and S.J. Zeng

An Experimental Study on the Shear Strength of Steel Structures Joints
P. Morelli

Dissimilar Welding between AISI 304 Stainless Steel and AISI 1020 Carbon Steel Plates
W. Chuaiphan, C.A. Somrerk, S. Niltawach and B. Sornil

Microstructure Evolution and Property of Austenitic Stainless Steel after ECAP
L.M. Wang, Z.H. Gong, G. Yang, Z.D. Liu and H.S. Bao

3-D Simulation of H-Beam Multi-Pass Hot Rolling and Microstructure Evolution
Q.Q. He, J. Sun, J.Y. Zhao, L.J. Xu and C.C. Li

193

198

202

207

213

217

221

225

229

233

237

241

245

254

258

262

269

275

279

283

291

297



d Materials, Mechanical Engineering and Manufacture

Multicomponent Y-M-Al-Co(M=Ce, Nd or Pr) Amorphous Alloys Developed by Equiatomic
Substitution
S.W. He

The Constitutive Relation of Total Strain Theory Based on the Simple Experimental Data
by the Application of Titanium Alloy
X.J. Feng, H. Du and P. Zhou

Effect of Isothermal Ageing on Damping Capacity of Cu-20.4A1-8.7Mn
G.L. Hao, Q.P. Xu and W.G. Wang

Microstructures and Damping Capacities of AZ91D-0.7%Si Alloy
Z.M. Zhang, Z.H. Huang, Y. Ma and C.J. Xu

Multi-Fractional Research on Pore Distribution in the Sinter Ore with Different Basicity
Q.J. Zhang, J.G. Liu, L.M. Jiang, W.L. Mo, Y.L. Li and Y.Z. Zhang

Study on the Corrosion Resistance of High Boron Iron-Based Alloy
M.M. Qiu, H. Wang, X. Wu, H.Q. Tang and G.C. Su

Study on Corrosion Behavior of Hot Extruded Mg-1Ca-0.5Mn Alloy in Sodium Chloride
Water Solution
Y. Ma, Z.M. Zhang, T. Wang, Y. Guo and C.J. Xu

Model Analysis on Particles Size Distribution of Beryllium Powder
L.J. He, D.M. Xu, N. Hu, T.T. Li, J.M. Zhong, Z.H. Wang, B.S. Sun, H.L. Kang and S. Wan

Effect of Sintering Temperature on Microstructure and Mechanical Properties of WC-
16TiC-xTaC-9Co Cemented Carbides
C.C. Zhang and Q. Wang

Multi-Fractal Behaviors in Grain Size Distribution of Low Silica Sinter
Y.Z. Zhang, Q. Liu, Q.J. Zhang, J.G. Liu, W.L. Mo and Y.L. Li

Comparison Analysis of Aircraft Aluminum Alloy Corrosion Damage Forecasting Method
Z.G. Liu, Z.T. Mu and Z.J. Cai

Anisotropy Affecting Dendrite Growth of Fe-C Alloy in a Forced Flow
X.F. Yuan and B.Y. Liu

Comprehensive Mathematical Model of Full Oxygen Blast Furnace with Top Recycle Gas
Heated by Gasifier
J.L. Meng, H.Q. Tang and Z.C. Guo

Microstructure and High Temperature Mechanical Properties of Mg-1Si-1Y Alloy
Y. Ma, Z.M. Zhang, Z.L. Lv and C.J. Xu

Chapter 5: Materials Processing and Chemical Technologies

Numerical Simulation of Equal Channel Angular Pressing for Multi-Pass in Different
Routes
X.L. Zhao, N. Chen and N.N. Zhao

Effects of Electromagnetic Field and Lubricate Condition on the Surface Quality of
Aluminum Alloy Billet during LFEC Processing
F.Quand J.Z. Cui

A New Method of Processing High-Precision Micro-Hole with the Femtosecond Laser
X.J. Yang, M. Li, L. Wang, H.L. Zhao and G.H. Chen

Multi-Field Coupled Analysis on Preparation Process of CZ Crystal
K.L. Ren, S.Q. Zhao, Q.D. Yang and D.X. Guo

The Research and Optimization of a 6061 Aluminum Rectangular Tube Extrusion Using
Porthole Dies According to the Parameter of Split Ratio
S.M. Lou, G.L. Xing, S.X. Qin and L.J. Xiao

Characterization of Stress Concentration Degree Based on 2-Dementional Magnetic
Memory Signals
H.P. Wang, L.H. Dong, S.Y. Dong, N. Xue and B.S. Xu

Process Optimization Based on Artificial Neural Network of Plant Oli to Preparing
Biodiesel
C.M. Wang, S.B. Wu, W.D. Zhang, Y.B. Chen, F. Yin, S.Q. Liu, J. Liu and X.L. Zhao

Influence of Different Damp-Heat Setting Techniques on Crimp-Hair Setting Effect
L. Wei, R.J. Sun, J. Dong and C.K. Liu

301

308

312

316

321

326

330

336

340

344

348

352

356

365

373

378

382

387

391

396

401

406



Applied Mechanics and Materials Vols. 268-270

Preparation and Apply of Adjustable Angle Machine for Friction Material on Mixing and
Granulation
Z.Y. Wang, T.S. Wang and S. Li

Microstructure Evolution of Al/Fe Liquid/Solid Interface
S.Y. Jiang and S.C. Li

Modeling and Experiment of the Cutting Force for Aluminium Alloy Work-Piece
M.L. Wang, J.M. Hou, B.S. Wang and W.Z. Ding

Functional Finishing of Cotton and Polyester/Cotton Fabrics with a Fluorine-Containing
Water and Oil Repellent
J. Zhang

A Method for Determination of Friction Coefficient in Sheet Metal Forming of Magnesium

Alloy
X.W. Ma, G.Q. Zhao and W.J. Li

Study of Using Internal Thread Whirling in Machining Titanium Dental Implant
E.H. Cheng, T.L. Tsai, M.J. Lin, X.R. Wu, N.M. Yeh, B.W. Pan, Y.C. Chen and S.N. Kuo

Effect of Specific Ions in Preparing Water on Viscosity of Polyacrylamide Solution
S.D. Feng, D.D. Yuan, X. Sui, J. Dong, S.Q. Ma, H.J. Wu and B.H. Wang

Process Optimization of Synchronizer Ring Gear Extrusion
H.Y. Zhu, J. Lan and Y. Zhang

Physical Simulation on Forging Method with Horizontal V-Shaped Anvil
Y.J. Zhang, Z.B. Liu and J.T. Han

Study on the Forming Process Parameters of Sleeper Fixed Reinforcing Plate Using
Orthogonal Experiment Method by Numerical Simulation Technology
H.P. Li, X.X. Wang, L.H. Wang, J.W. Fan and J.Y. Zhao

Experimental Research of Al,O; Micro-Particles Production by Supercritical Hydrolysis
Y.J. Zhang, X.Y. Wang and Y.F. Yang

Stress-Etching Using Laser Electrochemical Micromachining with Masks
Z.Y.Li, Z.Y. Zhang, Y.M. Wang and W.P. Mao

Prediction of a New Form of the Cutting Tool According to Achieve the Desired Surface
Quality

J. Jurko, A. Panda and M. Behun

Numerical Simulations of Combustion and Decomposition Processes in Precalciner with
Two Different Heights of Raw Meal Inlets

S.X. Mei, J.L. Xie, F. He and M.F. Jin

Influence of Melt Temperature on Structure of Polyacrylonitrile in Ionic Liquids during
Plasticized Melt Spinning Process
Y.C. Tian, K.Q. Han, W.H. Zhang, J.J. Zhang, R. Zhang, S.P. Liu and M.H. Yu

A Study of Femtosecond Laser Machining Technology Applied in Air-Film Holes on
Turbine Blades
H.L. Zhao, W.Y. Zhu, X.J. Yang, S.F. Gao and H.Y. Zhao

FEM Simulation on Extrusion of Magnesium Alloys
G.P. Chen, J. Deng and S.W. Zhu

Finite Element Analysis of High Speed Cutting Tool
W. Fan and X. Liu

Microwave-Assisted Synthesis of 2-(2-Nitroethenly)thiophene from 2-
Thiophenecarboxaldehyde and Nitromethane
J.D. Xing, Z. Liu, Z.Y. Zhang and X.F. Jia

Research on Machining Accuracy in Milling Ti6Al4V Thin-Walled Component with
Paraffin Reinforcement
B. Gao, J. Sunand J.F. Li

Surface Modification of the Polyethersulfone Membrane by Low Pressure Argon Plasma
Treatment
R. Li, J.F. Deng and F.F. Liu

The Analysis of the Influence of Perforating Parameters on the Strength Security of
Perforation String
F. Xu, M.F. Li, Y.H. Dou, F.X. Zhang and X.T. Yang

The Casting Process Optimization of the Impellor of 65KZL Slurry Pump
Y.J. Yin and X.M. Yuan

413

417

422

426

430

436

442

447

454

458

464

468

473

477

483

487

492

496

500

504

510

514

518



f Materials, Mechanical Engineering and Manufacture

Electrical and Optical Characterization of Cold Atmospheric Pressure Plasma Jet and the
Effects of N, Gas on Argon Plasma Discharge
V. Sharma, K. Hosoi, T. Mori and S. Kuroda

Influence of Initial Temperature of Chilling Treatment on Residual Stress State of TIG
Dressing Zone for T-Joint Welded Toe
C.Y. Shi, P. Zhu and K. Zhou

Ignition Temperature and Stable Combustion Temperature of the In Situ Combustion
Process
D.Z. Qu, Y.J. Liu, K.M. Xu, L. Dong and W.W. Liu

Copper-Based Mixed Oxides Catalyst of Water-Gas Shift Reaction for Fuel Cells: The Role

of Alkali Charge
K.D. Zhi, Q.S. Liu, R.X. He, F. Wu, Y.G. Zhang and L. Yang

Analysis of HDPE Crystallization for Axial Symmetric Cast
Y.H. Xie

Indoor Study of Viscosity Reducer for Thickened Oil of Huancai
Q.W. Liu, X. Wang, Z.Z. Fan, J. Wang, R. Gao and L.D. Kong

Fluorescence Spectrum of CdTe Quantum Dots Solution in Ostwald Ripening Process at
Room Temperature

L.M. An, X.T. Han, X.L. Chen, S.H. Gao, X.P. Cai, X. Fu, H. Zhu, J.N. Liu, X.C. Xi, P.N. Sun,
H.A. Ye and Z. Sun

Preparation and Characterization of High-Substituted Cationic Starches in Aqueous
Solutions
X.L. Wu, Y.C. Guo and P.X. Wang

Enhancement of Explosion Energy and Mechanical Strength of Energetic Material by
Aluminum Fibre

X.Y. Liao, F.Q. Shi, Z.W. Shen, Y.G. Jiang and Z.G. Gong

Wear Analysis of Silicon Nitride (Si;N4) Cutting Tool in Dry Machining of T6061
Aluminium Alloy

T.F. Ariff, N.S. Shafie and Z.M. Zahir

Patent Analysis on Graphene Materials in Lithium-Ion Batteries
J. Liu, M.H. Zhang, C. You, M. Su, Z.Y. Tang and P. Liu

Study on Modification of UFRA by Enzyme Hydrolysis Prepared Oxidized Starch
R.H. Lin, X.B. Wang, X.F. Zhu and Z.Z. Gao

Preparation of PCL/PVP/Ag Nanofiber Membranes by Electrospinning Method
Y.T. Jia, C. Wu, F.C. Dong, G. Huang and X.H. Zeng

Research and Development of the Low Twist Yarn
H. Li, R.J. Sun, J. Dong and C.K. Liu

Influence of the Catalyst on the Synthesis of SIPE
L.T. Guan and C.L. Yang

Preparation and Application of Carboxymethyl Starch
X.H. Huang, L. Li, J.Y. Wang, G.Z. Zhang and X.C. Tao

Effect of Physical Factors on Viscosity of Polyacrylamide Solution Prepared by Oilfield
Produced Water
S.D. Feng, D.D. Yuan, J. Dong, S.Q. Ma, X. Sui, H.J. Wu and B.H. Wang

Application of Twin Screw Extruder in Cellulose Dissolution with Ionic Liquid
M.E. Gibril, H.F. Li, X.D. Li, H. Li, X. Zhong, Y. Zhang, K.Q. Han and M.H. Yu

Flow Characteristics of DC Plasma Torch Controlled by Magnetic Field
J.P. Wei and D.P. Tang

The Test of Amine Polymeric Alcohol Drilling Fluid System in Baka Block
Y.X. Sun, B. Xu and Y.N. Xie

Chapter 6: Buildings and Constructions. Materials and Technologies

Interpretation of the Early Hydration Procedure of Standard Cement Materials by
Electrodeless Resistivity Method
Y.T. Liu, F. Xing and B.Q. Dong

Application of Magnesia-Phosphate Cement for Chromia/Alumina Castables
J.M. Zhao, K.H. Hwang, J K. Lee and M.C. Kim

522

529

534

538

542

547

551

555

559

563

568

574

580

584

590

594

601

605

610

614

621

625



Applied Mechanics and Materials Vols. 268-270 g
Cyclic Triaxial Tests of Saturated Clay and Stability Numerical Analysis of Inland
Waterway Slope under Effect of Ship Wave
Y.Z. Wang, X.F. Liu, Z.K. Zhang and D.G. Ma 629
Geological Significance of Rare Earth Elements in Chinese Mount Huaying and their
Applications
W. Yi, H.J. Wang and T. Zhou 637
An Empirical Correlation between Unconfined Compression Strength and Curing Time for
Cement-Soil
Y.D. Liao, C.H. Jiang and X.G. Feng 642
Seismic Vulnerability of Existing RC Buildings and Influence of the Decoupling of the
Effective Masonry Panels from the Structural Frames
F. de Angelis and D. Cancellara 646
Study on the Technique of Filling Paste into Mine Goaf with Building Waste
Y. Liu, W.J. Guo and J.T. Chen 656
Analysis of Waterproof Bonding Layer in Permeable Asphalt Pavement
X.G. Tian and Y. Liu 660
Continuous Belt Mucking Technology of China Railway Tunnel Construction
Y.T. Sun, Z.R. Mei and J.W. Zhang 664
Influence of Deep Foundation Pit Construction to the Surrounding Buildings - Take a
Foundation Pit in Haikou as Example
J.N. Zou, B.T. Cai and H. Wei 673
Influential Factors and Structural Reliability
M. Abu Eusuf and A. Al Hasan 677
The Effect on the Dynamic Tests of Prestressed Concrete Simply-Supported Beams Caused
by Bearing Constraints
J. Liu, Z.F. Chen, Y.C. Gan, Q.W. Tao and W. Liu 684
FEM Analysis on a New Type of Anti-Tension Device
C.Y. Shen, X.Y. Huang and M.H. Zhou 690
Chapter 6: Buildings and Constructions. Materials and Technologies
Test and FEM Analysis on a New Type of Anti-Wind Device
C.Y. Shen, Y.H. Ma and M.H. Zhou 697
Response and Parameter Analysis of Reinforced Retaining Wall under Earthquake Loading
J. Liang 702
Shear Wall Construction in Buildings: A Conceptual Framework on the Aspect of Analysis
and Design
M.A. Eusuf, K.A. Rashid, W.M. Noor and A. Al Hasan 706
Constitutive Behavior of Salt Rock Coupled of Creep Deformation and Damage
Development
Z.J.Ren 712
The Numerical Simulation and Optimization of the Pre-Splitting Crack’s Length in
Underground Deep Hole Blasting
F.L. Jiang, Y. Sheng, X.Y. Li, M.Q. Xia and J. Zhan 717
Analytic and Numerical Solutions of Load and Stress of Casing and Cement in Cementing
Section
Z. Qu, X.Z. Wang and Y.H. Dou 721
A Double Inequality Method for Calculate the Loading Capacity of a Sheet Pile DIMSP
Y.H. Xie 725
Elastic Seismic Response of Steel-Concrete Composite Frames with Partial Interaction
J.X. Duan and Z. Shen 729
An Analysis of the Collapse Strength of Down-Hole Tubings Loaded by Axial Compressive
Forces and Bending Moment
J.W. Xu, H. Zhang, Y.H. Dou and X.Z. Wang 733
Analysis of Premium Connection of Connecting and Sealing Ability Loaded by Axial Tensile
Loads
Y. Yu, Y.H. Dou, F.X. Zhang and X.T. Yang 737



h Materials, Mechanical Engineering and Manufacture

Modeling the Mechanical Behaviour of a Subsea Guide Base Subject to Installation and
Operations Loads
J.F. Braz, L.E. Nicolini do Patrocinio Nunes, F.J. Grandinetti, J.R. Camargo and V. Alves Correa

Experimental Study on PC Beams Dynamic Performance with the Itial Effective Prestress
S.Y. Cheng, D.J. Yan, Y.Z. Li, J.JM. Zhai, Q.H. Cai and G.X. Xu

Comparative Study on Ultimate Pullout Resistance Test and Theoretical Derivation of
Flexible Pressurized Anchor with Numerical Simulation Result
X.L. Zhang and W.B. Wei

The Coupled Effects of Thickness and Distance between Holes on Stress and Strain
Concentrations of Uniaxially Loaded Tensile Plates
Z.Yang

The Interaction of Holes on Stress and Strain Concentrations in Uniaxially Loaded Tensile
Plates
Z.Yang

Fractured Reservoir Blocking Dosage Calculation Method
S.L. Wang, Y.M. Liao and H.C. Xie

Experimental Study on Capability of EPS Beads-Mixed Lightweight Soil
S. Qi, S.H. Liu, Y. Zhang and G.L. Xu

Hybrid Effects on Strength of Steel-Polypropylene Hybrid Fiber Reinforced Concrete under
Uniaxial and Triaxial Compression
G.D. Mei, LH. Xu, S. Liand Y. Chi

Effect of Dynamic Compaction on Red Sand Soil Filling Embankment
C. Chen

The Influence Factors of the Workability of Roller Compacted Concrete
X.G. Tian and Y. Liu

Study on Cumulative Damage of Tunnel Shotcrete under Blasting
H.P. Ma, X.B. Li, K.B. Li and M.C. Qiu

Study the Axial Force-Time History of Reinforced Retaining Wall under Earthquake
Loading
J. Liang

Effect of Admixtures Rich in Aluminium on Expansion due to Alkali-Silica Reaction
X.X. Feng, Y. Jia and C.G. Hu

Application Performance of Aminosulphonic Acid-Based Superplasticizer
F.W. He, T. Lui and Y.Q. Zhang

Effects of Adding Method of a Novel Haxogen-Free Flame Retardant Agent on the
Properties of Wood-Plastic Composites
W.W. Yu, T. Huang, D. Xue, L. Jing, W. Lei and P. Si

Preparation of Calcium Sulfate Whisker by Hydrothermal Method from Flue Gas
Desulfurization (FGD) Gypsum
L.S. Yang, X. Wang, X.F. Zhu and L.Z. Du

Discussion on Anchor Structures’ Deterioration Analysis Parameter Caused by
Reinforcement Corrosion under Erosion Environment Condition
W.T. Ding, J.H. Liu and S.C. Li

The Development and Application of Slug Test in Hydrogeology
X.Q. Deng and J.D. Su

Chapter 7: CAD/CAM/CAE

Finite Element Analysis and Optimization of S1110 Diesel Engine Body
S. Zhao and X.H. Cao

Hydraulic System Simulation Analysis of Shearer's Cutting Part Based on AEMSim
L.R. Wan, X.H. Wang, J.L. Li, B. Zhang and X.P. Li

An Assembly Process Model Involved Resource for Complex Products
G. Sun, Y. Li, J.F. Yu, J. Zhang and L. Dong

Simulation and Optimization to Vehicle Interior Noise in Mid and High Frequency Using
VAone
X. Chen, C.F. Gao, X.H. Geng and C. Xie

741

749

753

761

767

772

776

782

788

792

796

802

806

811

818

823

827

831

837

841

845

851



Applied Mechanics and Materials Vols. 268-270

Mechanical System Simulation Analysis of Shearer Cutting Unit Based on Adams
Q.L. Zeng, B. Zhang, J.L. Li, X.H. Wang and Z.C. Wu

McPherson Suspension Simulation Analysis Method Based on ADAMS
X.J. Yao, C.Y. Xu, T.Q. Ma and X.T. Zhang

CNC Machining Simulation and Optimization Based on CATIA and VERICUT
X.G. Ruan, H.X. Cao, A.J. Cai, F.Y. Li and R.R. Zhao

Structural Parameters Optimization of Waveform Generator Based on LS-SVM and
Simulated Annealing Algorithm
Y.L. Yang, J.Q. Qin, C.C. Di and Y.F. Yang

The Casting Process Optimization of the End Blade of ZLT1200 Axial Flow Pump
Y.J. Yin and X.M. Yuan

Research on the Model Reconstruction and Rapid Prototyping of Lumbar
X.J. Cheng, Y.F. Zhu, X. Pei and S.L. Li

Analysis of Acoustic Characteristics of a Car Cabin Using Computer-Aided Engineering
J. Gomez, J. Williams, I.H. Song, Y.J. Kim, D.H. Chun, D.K. Kim, H.J. Na and B.H. You

A New Design Method with CAD Software for Fruit Packaging Machinery
H.W. Duan, X.D. Li and X.D. Gong

Overload Characteristics Analysis of Electromagnetic Release with Qil Dashpot Based on
ADAMS
H.J. Guo, X.P. Suand Y.T. Zhang

Numerical Simulation of Combustion Process in a 350t/d MSW Incinerator
S.E. Yinand J. Wu

Simulation Study of Space Spiral Gas-Liquid Separation Technology
P.J. Si, H. Wang, C.Y. Cui and Y. Chen

UG-CAM Point Processing with NC Machining Simulation Software of Integrated
Application
F. Xie, Y. Liu, Z.D. Liu and M. Sharifa

Dynamic Analyses of the Structure of the Horizontal Broaching Machine Based on Software

of ANSYS
H.M. Xu, J.Y. Tang and X. Tao

ANSYS Analysis of Heat Model for the Electromagnetic Drying Cylinder
Z.S. Wang and W.J. Han

Optimization Design of Towbarless Aircraft Tractor Frame Based on ANSYS Workbench
L.W. Wang, Q. Wang and W. Zhang

Development of Parrametric Modeling for the Spindle of NC Milling Machine Based on
ANSYS
L. Liu and H.B. Li

Chapter 8: New Energy and Heat Transfer

Energy Storage Control Based on Wind Farm
X.D. Wang, J.H. Zhu, Y.M. Liu and H.F. Xie

A Survey of Chaos in Photovoltaic Power System
X.S. Zhou, X.B. Shen and Y.J. Ma

The Synopsis of Stability in Wind Power Systems Based on Bifurcation Theory
Y.J. Ma, Y. Zhang and X.S. Zhou

Study the Thermal Impact of Massive Waste Material to Building Construction
M. Abu Eusuf, A. Al Hasan and S. Sidek

Study on Cohesive Zones in COREX Melter Gasifier Using Hot Model
Y. Sun, G.X. Wu, R. Chen, L.N. Sun and L.H. Han

Study on the Importance of Wind Energy Development
7.Q. Xu and K.G. Qian

A New Assessment Method for Energy Consumption of Thermal Power Unit
B. Luo, R. Ma, Y.X. Chen and G.L. Xu

Study the Heat Sink Potential of Building Ground Floor Slab Integrated with ELT
A. Al Hasan and M. Abu Eusuf

856

860

866

871

875

879

883

890

894

898

902

906

910

916

921

926

933

937

941

945

952

958

962

967



j Materials, Mechanical Engineering and Manufacture

Research on Simplified Reverse Method for Interfacial Heat Transfer Coefficient (IHTC)
L.P. Su, J.M. Zeng, J. Chen and W.K. Gan

Construction Technology and Economic Analysis of Ground-Source Heat Pump System
Z.Y. Yuan

Modeling and Simulation of Induction Heating with Magnetic Flux Concentrator
F. Li, X.K. Li, T.X. Zhu, Q.Z. Zhao and Y.M.K. Rong

The Stirring and Heating CFD Simulation Strategic Research on Food Waste Biological
Treatment Processor
D.Y. Song and S. Lin

Design and Analysis of the Structure of the Fan Blade Maintenance Platform
K. Zhang, C.M. Yu, S.Z. Chen and Y.H. Wu

Design of the Shape of Blade of the Semi-Submersible Ocean Current Power Generation
Device Based on Fluent
L.Z. Zhang, X.L. Cao and F.Z. An

Study on Low-Carbon Catalytic Combustion Furnace of Natural Gas
S.Y. Huang, L.F. Yan and S.H. Zhang

Method and Technique of Grade Recovery and Cascade Utilization (GRUC) Based on
Sintering and Cooling Integration
G.W. Xie, P. Li and H. Dong

Research on Collaborative Operation System of Wind Power and Electric Vehicle
L. Cheng, R. Ma, H.W. Lu, H.Y. Ma and X.F. Gao

Chapter 9: Applied Mechanics and Mechanical Engineering

Adaptive Vibration Control of Beraingless Permanent Magnet Synchronous Motor
T. Zhang, W. Ni, S.S. Wu, H.P. Zhang and J.X. Ji

Experimental Research of Heat Dissipation of Notebook
D.Y. Wang and M.D. Li

Based on Mechanical Clamping Device Lever Force Amplifier by Linear Motor
Y. Yang and Y.B. Zhong

Reliability Design and Wear Extent Determination of a Cam Mechanism
Y.Y. Ge, J.F. Wang, G.L.. Wang and Y.Q. Li

New Construction Technology for Condenser Shell Module of Large Scale Nuclear Power
Station
Y.J. Xia, Y.L. Wang, Y.H. Yin and Q. Miao

Kinematic and Dynamic Simulation of Automotive Manual Transmission
W.S. Wang, J. Xu and Z.X. Zheng

Study on a Modifying Method of Finite Element Model for Analyzing the Shaft Rotation
System
X.X. Jin

Rigid-Flexible Coupling Dynamic Analysis of Excavator Drive Axle
J.Z. Li

Axial Force Test and Analysis in Riveting Assembly of Automotive Hub Bearing Unit
Y.Y. Xiao, Z.X. Zhou, W. Li and G.F. Meng

Study of the Dynamic Behavior of Face Gear Transmission System
Z. Wang, Q. Chen, J.C. Lin and L.L. Yang

Analysis of Temperature Field and Thermal Deformation for Lubricating Oil Transfer
Pump
JN. Xu, WJ. Lv, B. Zhu, D.Y. Zhu and Y.X. Gao

Method for Measuring Surface Mobility of a Finite Plate Subject to a Uniform Velocity
Excitation
J. Dai

Analysis of Structure Dynamic Characteristics of a Metal Plate
C. Zhang, Z.G. Yang and Y.Z. He

Computational Analysis of Stress Field and Contact Pressure for Rubber Seal Based on
Non-Linear Finite Element
J.B. Sang, L.F. Sun, S.F. Xing and D.L. Zhang

974

978

983

992

997

1002

1006

1011

1016

1023

1027

1031

1034

1039

1044

1049

1053

1058

1063

1067

1071

1075

1080



Applied Mechanics and Materials Vols. 268-270

Effects of Surface Tension on Drop Impact on a Horizontal Rotating Disk
X.F. Yuan, J.Y. Li and B. Zhang

Application of the New Interpolation Functions on Topology Optimization of Continuum
Structure for Static and Mode Analysis
K. Long and D.S. Wang

Hamiltonian Duality Equation on Three-Dimensional Problems of Magnetoelectroelastic
Solids
X.C. Liand J.S. Zhang

On Spiral Spring in Elastic Deformation
L.H. Xie and R.X. Du

Simulation and Evaluation of Wind-Induced Displacements of the Giant Airship in its
Outbound Process
G.J. Wang, Y.Y. Qiu and X.W. Zhao

Influence by Casing Geometric Imperfection on Anti-Collapse Strength with Finite Element

Calculation
J.J. Xue and P. Wang

Flow Characteristics of Viscoelastic Polymer Solution in Expansion Micro-Pores of
Different Pore-Throat Ratio
J. Fu

The Analysis and Simulation of Granule Concentration Distribution in Cross Section of
Spiral Slurry Pipeline
Y. Lin, P. Lei and X.D. Zhang

Effect of Exhaust Nozzle Diameter on Internal Flow Field Characteristics in Base Bleed
Unit Simulator
Y.J. Cao, Y.G. Yu, R. Ye and Y.R. Zhang

Molecular Dynamics Simulation of Nanoscale Sliding Friction Process between Sphere and
Plane
X.J. Yang, S.P. Zhan and Y.L. Chi

Direct Numerical Simulation on Transition of an Incompressible Boundary Layer on a Flat

Plate
N. Li and Q.H. Zeng

Stress Concentration Calculation of Silo Wall Opening Subjected to In-Plane Tension or
Pressure
R.T. Ma

Experimental Investigation of the Edge Stress of Sphere-Cylinder Combined Shell
X. Bai, X.T. Wang, L.P. Sun, G.D. Hu and J.H. Li

Phase Transition Determinated by Weighted Monte Carlo Simulations
Q.X. Yuan, Z.W. Wang, Y.X. Du and F.G. Zeng

A Simple Co-Rotational Finite Planar Beam Element of Geometrical and Material
Nonlinearity
S.B. Cai, D.Z. Li, C.W. Kim and P.S. Shen

Error Analysis in Calculating the Internal Force of Plane Statically Determinate Truss by
the Original Size Principle
D. Ma, Y.D. Qu and X.Q. Kong

Numerical Studies of Aerodynamic Performance of Gapped Flat Plates at High Angle of
Attack
D. Tian, W. He and W.L. Wang

Vibration Analysis of an Axially Moving Viscoelastic Beam
F.Q. Zhao and M.M. Wang

Study of the New Exact Solutions of a (3+1)-Dimensional Nonlinear Evolution Equation
M.B. Zhang

Variable Separation Solutions for the (2+1)-Dimensional General Ablowitz-Kaup-Newell-
Segur Equation
J. Lei, S.H. Ma and J.P. Fang

Sectionalized Mechanical Models of Drilling Tool of Trenchless Directional Drilling
H. Xia, Y.H. Dou, X.H. Wang and J.W. Xu

The Analysis of Pulse Pressure by Vascular Strain
M.C. Tsai and S.C. Huang

1084

1094

1099

1105

1109

1114

1119

1123

1128

1134

1143

1148

1153

1158

1163

1168

1172

1177

1182

1186

1190

1194



| Materials, Mechanical Engineering and Manufacture

Analysis of Stress-Strain Distribution for Wire Rope of Traction Hoister
Y.H. Wu, J. Sun and K. Zhang

Experiment Research on Influence of Mud Density to Wear Resistance of TP140 Casing
X.H. Wang, Y.H. Dou, X.Z. Wang and J.W. Yang

Productivity Prediction of Horizontal Well with Sulfur Deposition in Sour Gas Reservoir
J.H. Hu, Z.P. Li, L. Wang, L.Y. Meng and J.H. Lu

Experimental Research on Degradation of Adhesively Bonded Box Beam under Cyclic
Torsional Loads
Q. Feng, J.F. Zhang, M. Hornung and J. Becher

Optimal Coupled Inversion for Jet Parameters in Flowing Ambient Fluid
M.C. Li, G.Y. Zhang, Q. Si, S.X. Liang and Z.C. Sun

Strength Analysis of Roller-Metallic Membrane Coupling
L.S. Wang, H.T. Sun, P. Wang, J. Hou and Z.Y. Xie

The Spatial Linkage Analysis and Synthesis of the Vector Fitting Method
Y.L. Xu

Research on the Door Buckling Strength of Turbine Tower of HAWTSs
K. Long and J.X. Wu

The Dynamic Simulation of a Long Distance Natural Gas Pipeline
S.B. Peng, E.B. Liu, X.C. Du and R.L. Hong

Spring’s Multi-Objective Optimal Design in Pre-Positioned Fixture of Shaft Pressing and
Assembling Machine
Z.F. Deng, Z.Q. Zhang and R.D. Li

Development of 4UMS-2700 Cassava Harvester
H. Huang, Z.D. Cui, Z. Xue and Y. Zhang

Vibration Experiment of Shearer Walking Unit
S.Y. Liu and C.X. Luo

Hybrid Excavator Shafting Torsional Vibration Analysis
Z.H. Huang, Y. Xie and Y. Deng

Influences of Main Parameters on Performance of Seed-Filling Device in Plot Seeder
S.G. Liu

Rocker Mechanism Study of Crank Angle between Extreme Positions
H. Su

Research on Sag and Phase-Phase Space Change by Installing Interphase Spacers for
Transmission Lines
Q.H. Lin, Y.X. Yao and L.B. Tian

Research on the Design Loads of a Surface Warship
Z.Y. Chen and H.L. Ren

Research on Combination Anti-Galloping Method between Interphase Spacer and Rotary
Clamp Spacer for Transmission Lines
B. Liu, K.J. Zhu, H.J. Niu, X.P. Zhan, X.M. Li and Y.X. Di

R&D of Equipment for Deicing by Thermal Water-Jet and Mechanical Deicing Method
J.Z. Zhou, S.W. Lai, X.P. Xu, Y.H. Chen, W.J. Chu and Y.M. Gao

Aerodynamic and Structural Design of Composite Wind Turbine Blades
G.H. Chen, D. Tian and Y. Deng

MOSFET Modeling Based on Electromagnetic Interference (EMI)
T.P. Yang and Q.S. Ma

Constraint Optimization of a Novel Flexure System with Two Rotation Freedom Degree
S. Lin, C. Wang and S.J. Zhou

Chaos in a Circuit System with Ferroelectric Capacitor

W. Qiao

Analysis & Study of Harmonics’ Impact on Analog Integrator’s Calibration
X.F. Wei and W. Dong

KED Modeling of PLS Mechanism
Y. Peng and X.X. Bai

Experimental Study on Vibration of Pure Electric Bus
H.B. Li, M. Yang, Y.R. Liu and D.Q. Jin

The Design of an Electromagnetic Damping Vibration Absorber
X.J. Jiao, Y.Z. Zhang and S. Chai

1198

1203

1207

1212

1220

1225

1231

1239

1244

1249

1253

1257

1262

1266

1270

1274

1279

1284

1288

1294

1299

1304

1308

1313

1319

1327

1332



Applied Mechanics and Materials Vols. 268-270 m
Design of Low Voltage Cell Fusion Instrument
F. Jiang, J. Yu and J.J. Chen 1337
Simulation of Power Transformer Windings Displacement Caused by Multiple Short-
Circuit Forces
H.K. Li 1341
Auto-Bicklund Transformations Derived via the Implicit C-D Pair
X.L. Wang, J.Q. Mei and Z.H. Wu 1345
The Gear Modification of Wind Gearboxes High-Speed Gears on Romax Software
D. Liu, X.L. Li and C.X. Wang 1349
The Temporal Diffraction Characteristic of a Femtosecond Laser Pulse by a Serrated
Aperture
H.S. Wang 1353
Evaluating nMOSFET ESD Protection Designs: An Overview
S.L. Chen and G.J. Chen 1357
Power MOSFET Devices and ESD Reliability Evaluations
S.L. Chen and W.M. Lee 1361
Chapter 10: Mechatronics and Control Technology
Design on Stepping Type Heating Furnace Control System
Y. Wang, C.L. Liu, B. Lu and M.X. Pei 1367
Inverted Pendulum System Modeling and Fuzzy Neural Networks Control
H. Yu 1371
Electric Characteristic of Steel-Making Electric Furnace and the Process Control
0.Y. Sheshukov, I.V. Nekrasov, A.V. Syvtsov, M.M. Tsymbalist, A.I. Stepanov, D.K. Egiazar’an
and V.V. Kataev 1376
The Error Analysis and Compensation of Two-Dimensional Precision Positioning Platform
M.C. Zhu, X.P. Luo and Y.P. Wang 1380
High-Low Voltage Drive of Asynchronous Motor Based on PLC Software Circular-
Allotting
J. Wang 1385
A Review of Static Synchronous Compensators (STATCOM)
Y.J.Ma, Y. Liand X.S. Zhou 1389
Machine Vision-Aided Quality Decision System for Solder Joint Defect Evaluation
C.C. Wang 1393
Chapter 10: Mechatronics and Control Technology
The Linkage Analysis of Electric Load Characteristic Statistical Indexes Based on VAR
X. Zhou, R. Ma, D.X. Liu, Z.J. Wang, J. Wang, H.M. Xu and X.L. Wang 1401
Design and Simulation of the Temperature Control System of Agricultural Product Baking
Equipment
J. Liu, Z.W. Jia and R.X. Guo 1406
Characteristics Identification of Straightness Error on Error Separation Technique
L.L. Huang and F.G. Huang 1410
Research on the Forward Kinematics of Stewart Platform Using Memetic Algorithms
Y .H. Zhang, L.W. Guan, L.P. Wang and Y.Z. Hua 1416
Research on Capture the Maximum Wind Energy Base on Fuzzy PID Controller
Y.M. Liu, E.Y. Yi, X.D. Wang and H.F. Xie 1422
Research on a Dynamic Binary Stack Anti-Collision Algorithm
J.J. YL, F. Luo, S.L. Chen, B.Y. Ji and H.X. Yan 1426
Design of Steeping Control System for Corn Wet Milling Process
E.Y. Huang, D.T. Wang and Y.J. Qiu 1432
Research on the Adaptive Cutting Method of Roadheader
W.L. Yang, Z.B. Wang and B.L. Yan 1436



n Materials, Mechanical Engineering and Manufacture

The Fault Detection and Diagnosis System of Hydraulic Excavator Based on PXI Interface
Technology
L. Mi, K. Feng, H.L. Li and L.F. Shao

Control of the Mobile Robot Based on the Mobile-C Mobile Agent
W.M. Ge, C. Li, N. Zhang and X.F. Wang

Finite Element Analysis of Electromagnetic Device in Magnetorheological Fluid Brake
G.J. Xiong and L. Li

Second Development of Keller Based on Double-Arc Method
Y. Chen and L. Zhu

Considerations on Designing Artificial Muscle Working at High Pressure
L.C. Wang and X.D. Wang

Review on the Development of the Accessory Rotary Ultrasonic Machining Tools
X.M. Zhu, B. Lin and L.P. Liu

Process Optimization of CNC End Milling of Integral Impeller Channels
Q. Li and L.J. Ouyang

Research of the Impact on Distance between Thermal Wires and Nozzle for Fluidic
Gyroscope
B.L. Zhang, L.H. Piao, J. Tang and C.Z. Mei

PWM Design for Active Suspension without External Energy Supply Based on LQG
Control
S. Chen, X. Li, S. Wang, J.L. Zhao and Z.H. Tang

Multidisciplinary Collaborative Optimization of General Parameters of Low Orbit
Spacecraft
L.F. Sun, B.N. Zhang and R. Nie

Design of Intelligent Guide Vehicle for Blind People
X.W.XuandJ.Y. He

Research on Vacuum Consumable Arc Remelting Furnace Drop Testing System for
Thyristor Power Supply
G.Y.Lvand S.X. Hu

Application of FMECA Method to Improve the Reliability of a CNC System
T.L. Nguyen, Y.Q. Wang and E.H. Zhang

Unbalance Compensation Control in Active Magnetic Bearings Using Bias Current
Excitation
T. Zhang, W. Ni, S.S. Wu, H.P. Zhang and J.X. Ji

Milling Process Optimization Based on Data from Industrial Shop Floor
N.L. Coppini, D.B. da Rosa, E.M. de Souza, J. Honorato and G.E.E. Gojtan

Study on Control Characteristics of Driving and Lifting System for Logistics and Loading
Machinery
G.J. Chen, T.T. Liu, N. Jin, Y.P. Gong and H.Q. Feng

The Application of System Parameters in Eliminating Oscillation and Improving Machining
Accuracy of CNC Machine Tool
R.Y. Liu and J. Huang

Rotor Vibration Control of Active Magnetic Bearing System Using Adaptive Forced
Balancing Method
T. Zhang, W. Ni, S.S. Wu, H.P. Zhang and J.X. Ji

Cartesian Impedance Control for Space Robotic Arm Based on End Force/Torque Sensor
X.X. Dong, G. Li, G.F. Liu and J. Zhao

Modal Analysis and Design of a Vertically Movable Gate Field Effect Transistor
(VMGFET) Proposed for Low-Frequency Sensing Applications
J. Williams, W.B.D. Forfang, B.H. You and [.H. Song

Study on the Degree of Strain Uniformity of a new FBG Accelerometer
J. Shao, Z.A. Jia and J.H. Liu

Design of a MEMS Temperature Difference Suspended Structure Gas Flowmeter
H. Li

Dioptric Fisheye Panoramic Camera Calibration Based on Unifying Spherical Projection
Model
K. Wang, L.L. Wang, L.J. Zhao and R.F. Li

Influence of Sensitive Cavity Structure on the Resolution of Fluidic Gyroscope
B.L. Zhang, L.H. Piao, J. Tang and C.Z. Mei

1440

1444

1448

1453

1457

1464

1469

1474

1478

1482

1490

1494

1499

1506

1510

1517

1523

1527

1531

1538

1544

1548

1553

1558



Applied Mechanics and Materials Vols. 268-270

Influence of Thermal Wires Position on Fluidic Gyroscope with Different Cavities
B.L. Zhang, L.H. Piao, J. Tang and C.Z. Mei

The Application of Modern Electronic Technology to Automotive Engine
Q. Xing

USB Communication Interface Design Based on the PDIUSBD11

M.X. Tang and J.X. Xu

Design and Implementation of RAM Operation Conflict Arbiter IC in LED/LCD Display
Control System
Z.Jie,F. Yu, J.X. Wang and L. Li

Design and Implementation of LED Display Screen Controller Based on STM32 and FPGA
C. Zhang, X.G. Wu and C.J. Zhang

Chapter 11: Measurement, Testing and Detection

Padé Approximation Method for FDTD Modeling of Wave Propagation in Dispersive
Media
W. Chen

The Study on Detecting Failure in the Metal Beam Based on AE Parameters
M.Y. Zhao and X.N. Kang

Real-Time Monitoring of Acetaldehyde in Air by Cataluminescence-Based Gas Sensor
K.W. Zhou, C.X. Gu, D.P. Ma and H. Cao

Design of Portable Instrument for the Concentration of Potassium Ions in Human Vitreous
Humor to Estimate the Postmortem Interval
X.W. Xu and S.Q. Xu

Fault Mode Identification of Engine Based on Audible Sound
D.Y. Ning and C.L. Sun

Pulse System Based on Noise Detection System Research
X. Zhang and C.X. Wang

Study on a Novel Testing System for Aerodynamic Performance of Magnus Wind Turbine
Blade
Q. Yao, Y.X. Yao, L. Zhou, JM. Wu and J.G. Li

Testing of Anchored Rock Bolt with Ultrasonic Guided Wave
W. He, Q.S. Liu and Q.R. Huang

The Piezoelectric and Piezomagnetic Effects on the Surface Wave Speed
L. Li, Y.W. Wei and P.J. Wei

The Study of Infrared Photocarrier Radiometry Based on Si Semiconductor
L. Qin, J.Y. Liu and Y. Wang

Composite Evaluation Using Contact and Non-Contact Ultrasound Excited Thermography
L.C. Feng, D.P. Chen, Z. Zeng and N. Tao

Key Technology in Thermal State Measurement Based on Structured Light Stereo Vision
Technique
C. Zhang, Z.W. Li and Y.S. Shi

Measurement and Analysis of Knitting Fabric Pressure
X.X. Song and Z.Y. Xu

tHcy Detected by High Performance Liquid Chromatography will be a Dangerous Factor
for the Invasion of Occlusive Vascular Disease
H.Y. Zhou, W.S. Zhang, J.L. Hao and S. Wang

Study of Flying Projectile’s Properties of Infrared Radiation
Y.Y.Lvand Y. An

Chapter 12: Applications of Information Technology and Computer in
Industry

The Design and Implementation of the Iron and Steel Industry Sales System Based on
Business Intelligence
H.B. Ren, Y. Wang, R. Luo and J.M. Yu

1562

1566

1570

1574

1578

1585

1589

1594

1598

1602

1606

1610

1615

1619

1623

1627

1632

1637

1644

1648

1657



p Materials, Mechanical Engineering and Manufacture

Research on XML Based Flexible Web Application Design
C.S. Zhou

Analysis and Implementation of MPEG-4 Motion Codec
Y.P. Liu, R.F. Wang and J. Li

Data Aggregation Scheme for WSN with Privacy Protection
Z.C. Zhong, J.H. Guo and H.F. Zhang

Simulation of Pattern on Computerized Embroidery Based on Image Processing
X.J. Fan and S.L. Hu

Adaptive Resource Allocation for the Multi-Carrier GIS Networks
Y. Yang

Direction Based Project Developing for Building Web-Services
Y. Liu

Research on Aircraft Communication and Satellite Link Handoff Simulation for Spatial
Information Network
X.G. Ye and R.C. Wang

A Vague Words Retrieval Method in a Relational Database
R. Wang, P. Gu and J.M. Zeng

The Research of CR-Based Underwater Wireless Network
Y. Peng, H. Long and Y.B. Shao

Deterministic Bounds on Performance of Self-Similar Network Based on ETS
M. Chai, P. Guand Y.P. Cui

The Design and Realization of Real-Time Three-Dimensional Visualization System for
Industrial Computed Tomography Based on GPU
Q.L. Wang, J. Fu, R.B. Tan and L.Y. Chen

The Implementation and Application of Information Management System of Commercial
Vehicle Technical Performance Database Based on J2EE
G.L. Dong, F.J. Liu and X.L. Zhang

Study on Optimization of Software Regressive Testing Based on RBF Neural Networks
W.L. Bai, Y.M. Zhang and B. Song

Design and Implementation of EPON Network Management System Based on RIA
S. Pan and B. Hu

An Image Compression Algorithm Based on Multilevel B-Spline
Y. Wei, Y.C. Liu, C.Z. Wang and H.P. Lv

A Granular Computing Based Decision Tree Algorithm and its Application in Intrusion
Detection
C.H. Wang, L. Zhou, F. Jiang and H.B. Zhao

Estimating Weights of Evaluation Factors on Basis of Monte Carlo Simulation
Y.F. Tian and L.W. Huang

Sales Impacts of Location Based Advertising Using Wireless Communication Technology
Z.J. Liu, Y. Yang, Z. Fang and J. Cai

Based on Texture Feature of Color Image Retrieval
J.H. Lin and J.X. Zhang

Decision Tree Technology in Data Classification
H.Y. Zhao

Customer Demands Data Acquire Algorithm Research
J. Tan

Attacks to Li et al.’s Billing Service User Authentication Scheme
W.G. Shieh and M.T. Wang

The Strategic Interaction on Endogenous Infinite Lattice and the Simulation
C.R. Chen, H.W. Gao, G.R. Wang, K. Li, P. Hu and K. Wang

Steam Turbine Remote Maintenance Service Support Technology Based on RFID
Y.F. Ding and Y.Q. Zhang

An Artificial Immune Algorithm and its Application in AVO Inversion
H.Y. Zhang and Z.L. Liu

Artificial Neural Network for 4D Reservoir Modeling System Design
L.M. Zhang, T.S. Liu and S.W. Pan

The Study on Software Fault Tolerance
L.Q.Li,H. Luand X.D. Li

1661

1667

1671

1675

1680

1684

1688

1692

1697

1701

1706

1710

1714

1718

1723

1730

1735

1741

1748

1752

1758

1762

1768

1774

1779

1783

1790



Applied Mechanics and Materials Vols. 268-270 q
Raceway Definition Using Digital Image Processing Technology in Blast Furnace Model
Y. Sun, R. Chen, G.X. Wu, L.N. Sun and L.H. Han 1794
Application of Data Mining in Continual Quality Improvement
J. Tan 1801
Application of Wireless Location Technology in Advertising
Z.Fang, Y. Yang, Y.D. Ren and J. Cai 1805
The Accuracy Assessment of Weapon System Using Grey Linear Regression Method
D.Y. Zhang, B.W. Song and Z.Q. Zhu 1809
A Novel Video Stream Transmission Control Algorithm
M.W. Wang, J.Z. Lin, X. Xie and Q. Wang 1814
Mobile Agent Technology in Chinese High Tech Virtual Enterprise Research
Summarization
B. Sun and M. Huang 1818
Exploration of Parameter Factor in the RSSI Model
Z.C. Cao and D.W. Li 1822
The Impact of Design Factors in Mobile Application Stores on Social Presence
L.F. Zhang, L.L. Gao and J.S. Zhang 1832
Study of Zhongguancun Intersection Based on Computation Simulation and Analysis
X.Q.Suiand Y. Zhu 1836
Arid Environmental Characters Based on Eco-Information Transfer
R.H. Wang 1840
E-Mail Classification Based Learning Algorithm Using Support Vector Machine
M.H. Song 1844
Automatic Automotive Panel Drawing Direction Algorithm Based on Genetic Algorithm
Y.M. Kang, X. Wang, R.J. Liu and Y.G. Wang 1849
Design of RFID Reader Based on Protocol of ISO/IEC 14443 TYPE A
L. Wang and W.S. Wen 1855
Entropy Based Attribute Reduction Algorithms for Rough Sets
H. Yan 1859
Random Number Generation with Entropy Sources in the Graphics Processing Units
Y.J. Yeom 1863
Research on Software Trusted Dynamic Measurement
R. Hao, X.G. Peng and L. Xiu 1869
Robust Software Watermarking for Protecting Three Dimension Applications Developed
Using jMonkey Engine
D.L. Fu 1873
Software Reliability Assessment Based on Fuzzy Evaluation
L.X. Liuand Q.Y. Li 1877
Study on Forest Growth Predicting by Using MODIS-NDVI Time Series
Y. Sun, Q.W. Zhang and W. Liao 1882
A Local Radial Point Interpolation Method for Two-Dimensional Schriodinger Equation
W.G. Zhai, X.H. Cai, J.R. Lu and X.L. Sun 1888
Mine Water Irruption Flooding Spread Route Generation Algorithm Based on Directed
Graph
H. Fu, S.J. Mao and Y.X. Luo 1894
Information Service System of Manufacturing Industry: Current Situation, Problem and
Future Trend
Y. Cui, X.Q. Ge, J. Zhang and H. Jiao 1898
Analysis and Design of Monitoring System in Coal Mine Based on Internet of Things
Y.J.Qi, W.L. Jiand Q. Li 1902
EIT Image Processing Based on 2-D Empirical Mode Decomposition
Q. He and X.Y. Chen 1906
An Adjustable Topology Control Algorithm for Three-Dimensional Wireless Sensor
Networks
Y. Chen, W.K. Wu and L. Li 1910
A Novel Vision Based Inspector with Light
H.J. Liu 1916



r Materials, Mechanical Engineering and Manufacture

Data Processing Method for High-Speed Signal Acquisition Mode
J.Q. Su, H.Q. Tang, B. Tang, H. Wang and J.L. Liang

Design and Implementation of Campus 3D Virtual Walkthrough System - Take Hunan
Science and Technology University as an Example
S.A. Xia

Chapter 13: Product Design Technology

Study on the Miniature Picking Device for Hickory Nuts
X.F. Xu, W. Zhang, J.H. Xu and J. Wang

Research on the Extended Product Design Knowledge Classification System within a
Distributed Knowledge Resources Environment
X.F.Ma and X.D. Dai

Supporting Research of Product Innovative Design Knowledge for Novices
J.Q. Shen, C. Yang and X.K. Zhao

Platform Configuration Method of the Wheel Loader Products Based on the Customers’
Demands
Y.H. Chen and Y.H. Hu

Home Leisure Seat Design Based on Leisure Behavior
L.F. Zhang and C.X. Fan

Analyzing Usability of Cookers Interface Based on the User Mental Model
L.F. Zhang, K. Xu and J.S. Zhang

Study on Nature-Oriented Furniture Design
Z.F. Zhang, K. Huang and X. Su

Development History, Status and Trends of Plot Seeder
S.G. Liuand Y.F. Ma

Redesign of Liangzhu Pottery Based on Form Style Recognition
S.S. Zhu and S.H. Li

A Brazilian Ergonomic Human-Robot Interface Case
N.T. Matias, V.0O.G. Rosado, J.G.M. de Barros, A.H. de Aratjo and R.B. Ribeiro

Wheelchair Comfort Evaluation Method Based on Neural Network
Y.L. Yuan, T.M. Guan and M.C. Qin

Evaluation of Liangzhu Cultural Artifacts Based on Perceptual Image
S.S. Zhu and Y.N. Dong

Chapter 14: Engineering Management and Engineering Education

The Strategy Research of the Technology Innovation and Consumption of the Experience

under the Electronic-Economic Business Affairs - Enlightenment of the Development of Fuji

and Kodak
H. He

Exploration and Practice of Engineering Mechanics Three-Dimensional Teaching Mode
Based on the Training of Innovative Talent
Y.X. Wang

The Research of the Training Model of Engineering Application Talents
D.Q. Xu and S.K. Cai

The Construction and Innovation of Harmonious Culture for College Dormitory
X.Q. Xiao

Quality Information Management of Inventory Assets Based on Equipment Defect Archives

P. Duan, L. Pang, Y. Jin and Q. Guo

The Ideal of the Public Management Majors Setting up the National Affairs Management
Course in Colleges and Universities
X. Zheng

Neuro-Industrial Engineering: Research and Practice
X.H. Zhou, L. Wang and Y.C. Hu

1922

1926

1933

1938

1944

1949

1954

1958

1962

1966

1970

1974

1982

1986

1993

1997

2001

2008

2011

2017

2022



Applied Mechanics and Materials Vols. 268-270 s
A Study on Benign Construction of PETOE through Joint Training Model of University-
Enterprise Cooperation
Y.Z. Shen, C.J. Wang and R. Zhang 2026
Elementary Analysis on Construction of Assessment Index System of Cleaner Production of
Cheese Dyeing Enterprises
Z.Liand D.G. Luo 2031
Tobacco Industry Collaborating Supply Chain Research and Strategy
Z.H. Zhang, SW.Ji, Z.Z. Yu, Y. Tian and Y.H. Gao 2035
Study of Influences on Interest Rate Changes between 2007 and 2011 to Real Estate
Development Investment in Henan Province
T.T. Gao and G.Z. Sun 2040
Construction of Patent Infringement Litigation Early Warning Index System for the
Pharmaceutical Enterprises
Y. Wang 2045
Survey on Technology of the Smart Grid
Y.J. Ma, D.L. Deng and X.S. Zhou 2050
Research on Maintenance Force Location Model
C.Z.Qu, H.Q. Gu and L. Gao 2054
Research on the External Characteristics & Binding Mechanism of the Environment
Project
P. Tao and J.Q. Hu 2058
The Study of MTA Production Model and Production Processes
X.W. Xu, L. Fang and X.L. Zhu 2062
An Optimization Discusses of College Teaching Material Inventory Based on Supply Chain
Management
G.J. Peng, G.M. Chen, G. Chen and Z.H. Liu 2066
Study of the Initial Well Production Line of Adjusted Wells in X Qilfield
Z. Yuan, H.F. Fan, H.X. Liu and S.L. Wang 2071
Research on the Evaluation Index System of Technological Innovation Capability in
Cement Industry
D.Q. Xu and T.H. Hua 2075
A Methodology for Evaluation of Distribution System Anti-Disaster Ability in Inclement
Weather
D.F. Zhang, R. Ma, C.J. Yang, G. Wu and H.W. Lu 2083
The Contribution Analysis of Science and Technology Service Industry of Shenyang to
Manufacturing Industry - Based on Clustering Analysis on Direct Consumption Coefficient
Q. Lu, Z. Zhang and J.P. Liu 2088
Countermeasure Research about Cost Control of Automatic Lathe Tool Changing System
L.J. Li, W. Sun, S.X. Huang, Y. Jiang and W.T. Bai 2093
Statistical Analysis of the Failure Modes and Causes of the Failure Blades of the Aviation
Engine
N.N. Ma 2097



CHAPTER 1:

Composites and Polymers



Applied Mechanics and Materials Vols. 268-270 (2013) pp 3-6
© (2013) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.268-270.3

Finite Element Simulating of C/SiC Composite Bolt
Tao Huang' 2, Yiyan Zhang®®

'School of Mechanics, Civil Engineering and Architecture, Northwestern Polytechnical University.
P.O.Box 169, 127# West Youyi Road, Xi’'an China, 710072

’P.0.Box 883, 1# Dong Xiang Road, Chang’an district, Xi’an China, 710129
%icon_ht@hotmail.com, "996679538@qq.com

Keywords: C/SiC composite; bolt; elevated temperature; contact; finite element analysis.

Abstract. A numerical investigation was conducted to determine the mechanical behavior of C/SiC
composites bolt under room temperature and elevated temperature. The influence of the contact
friction coefficient on the stress and displacement was considered in the finite element analysis. The
FEA results provided some valuable data for the engineering application of C/SiC composites bolt.

Introduction

With the maturity of manufacture technology, carbon fiber reinforced silicon carbide composite
materials (C/SiC or CMC) have been widely used in hot structures such as spacecraft thermal
protection system (TPS). The TPS needs to be mounted on the outer parts which are also made by
CMC with fastenings. Therefore, CMC bolt is the best choice to connect two ceramic matrix
composite (CMC) parts because of its consistent thermal expansion coefficient. In the elevate
temperature over 1000 °C, only CMC has high specific stiffness, high specific strength and high
damage toleration [1].

Hénsel D. and Hald H. [2] developed a rivet-type fastening bolt and tested and optimized it which
combining the function of a screw and a rivet. They tested the bolt on tensile load under different
temperatures and found that the static strength can be carried out up to 1600 °C. Their FEA work also
confirms the thermal behaviors of the CMC bolt.

Dogigli M et al. [3] reported the application of the CMC bolt on X-38 body flap. The bolt was
covered with a multilayer oxidation protection. Tensile and shear tests were carried out to get the
deformation and strength properties of the bolt under typical loading condition. The wrench torque
tests were also been conducted to describe the preloading capability of the bolt. It was found that the
CMC bolt can work well on elevate temperature up to 1600 °C under tensile and shear load.

Bohrk H[4] presented the results of static and hot tests of ceramic matrix composite fasteners for
heat shield attachment to a re-entry vehicle. He investigated the high temperature cycle effect
occurring during atmospheric re-entry on the reduction of the tightening torque of the CMC fasteners.
It was found that the Young’s modulus of the material decreases with first-time loading. The hot
testing results showed a significant improvement of the fastener is achieved with an anti-loosening
device.

Hui M. et al. [5] conducted tensile test on 2D C/SiC bolts prepared by chemical vapor infiltration
in a simulated re-entry environment. Their results showed that all the tensile strength of 2D C/SiC
bolts at test temperatures of 1300°C, 1600°C and 1800°C decreased, respectively, retaining 85%, 92%,
and 94% of the virgin properties at room temperature.

There have been considerable works to find out the basic properties of the CMC bolt, only a few
studies were focused on finite element simulating which concern about all the geometric details of the
bold and the contact problems between the screw bolt and the screw cap. In the present paper, a
numerical study was carried out to investigate mechanical response with the influence of the contact
friction coefficient for the 2D C/SiC bolt.
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Finite Element Analysis

Geometric Model. SolidWorks was used to create the geometric model of the bolt. The bolt is 50
mm in length and 20 mm in diameter with a hexagon head. Fig. 1 illustrated the screw bolt with a
hexagon screw nut.

Fig.1. Geometrical model of the screw bolt with a nut.

To increase the accuracy of contact simulation, the form of the screw thread was carefully created
on the bolt and on the nut. Fig. 2 and Fig. 3 show the local details of the bolt and the nut.

Fig.2. Thread end on the screw bolt. Fig.3. Thread inside the screw nut.

Finite Element Model. MSC PATRAN was used to generate the finite element meshing. The
geometric model was imported into PATRAN and then a 0.1 mm global seeds was applied on the
model. A ten nodal tetrahedral element was selected to mesh the screw bolt and the nut. Fig. 4
presents the meshed finite element model. The elastic properties for the analysis were listed in Table
1 [6]. Between the bolt and the nut, a surface to surface contact was defined with a friction coefficient
which was set to 0 and 0.5 in two different analysis cases for comparing.
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(a) Mesh of screw bolt. | (b) Mesh of screw nut.

Fig. 4. The finite element mesh of the screw bolt and the nut

Table 1 Mechanical properties of the 2D C/SiC
E1 [GPa] Ez[GPa] E3[GPa] Glz[GPa] G23[GP3] G31[GPa] Nu12 NUZ3 NU31
112.53 112.53 88.92 33.15 35.75 35.75 0.01 0.26 0.26

Boundary Conditions and Load. All three translation freedoms were set to 0 on the end surface of
the screw head. As shown in Fig. 5, a linear progressive increasingl OMPa surface pressure was
applied on the surface of the screw nut within 10 seconds. Two loading case with room temperature
and 1000 °C were created to simulate the response of the 2D C/SiC bolt in different environmental
conditions.

Fig. 5. The loading condition of the screw bolt and the nut

Numerical Results. Fig. 6 shows the influence of the friction coefficient on the displacement and
stress of the bolt. The results indicate that friction coefficient between screw bolt and screw nut will
has a serious influence on the stress response and minor influence on the total displacement.
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Fig.6. Displacement/Stress vs. Time with different friction coefficient
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Fig. 7 presents the stress respones of the bolt under room temperature mechanical loading
comdition, 1000°C thermal loading, and 1000°C thermal plus mechanical loading, respectivily. It
shows that the CMC has a very good thermal stability.
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Fig. 7. Stress response in different loading conditions

Conclusions

From the data presented in this paper, the following results are concluded:

(1) Friction coefficient between screw bolt and screw nut has serious influence on the stress
response and minor influence on the total displacement under pressure loading.

(2) The 2D C/SiC composite material has a very good thermal stability.
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Abstract: Aiming at flexible oxidation in the MLCC production, the surface modification of the
ultrafine nickel powders has been carried out to coat Ni powders with CaZrO; by using chemical
precipitation method. CaZrOs-coated composite ultrafine nickel powders have been synthesized in
methanol-water solvent by both precipitation agents solution and zirconium-calcium solution
dripped into the Ni-particle-dispersed methanol solution at the meantime. Composite nickel
powders obtained under the optimum conditions were characterized, It was approved that those
composite nickel powders still possessed good dispersion, the resistance to oxidation and
shrinkage were improved greatly.

Introduction

With the intense competition of MLCC market in the world, its price falls successively at over
10% per year. If enterprises of MLCC can't lower cost of production, they won't exist in the intense
competition. The cost of inner electrode material takes up over 60% of all capacitor, while the cost
of Ni electrode paste is about 60% of Pd electrode paste in the production of MLCC, and the cost of
paste can fall 70% in the future. If enterprises of MLCC want to be the winner in the intense
competition, the key was that low-priced metal replaced noble metal and was used as inner
electrode material in MLCC!",

At present, two problems must be solved in the MLCC production in which low-priced metal is
used to displace expensive metals®, (1)nickel powers are oxidized in the process of sintering, (2)the
shrinkage rate between nickel powers and BaTiOs does not match. Scholars have conducted many
trials®® in order to achieve the same sintering between low-priced metal of inner electrode and
ceramic medium materials, which included that ultra-fine nickel powders were prepared, and
ceramic medium material was doped to enhance anti-reduction, and surface of ultra-fine nickel
powders were modified to enhance anti-oxidation and to lower the sintering temperature. The
results showed that the surface modification of ultra-fine nickel powders was a effective method.
For example, T.Hatano et al'® prepared composite material using BaTiOj; coating nickel powders by
Sol-gel method, the temperatures of outset-oxidation and outset-shrinkage increased respectively to
about 200°C and 300°C.. The article introduced that the composite material was prepared using
CaZrOs; coating ultra-fine nickel powders and its properties were studied.

Experimental

Composite powder preparation. Distilled water and methanol were used for preparing
methanol-water solvent, then nickel powders were put into the solvent and were dispersed for 60
minutes in ultrasound implement, then single dispersive system was formed. The dispersive system
was stirred for 20 minutes, Two solutions, one mixed with CaCl, and ZrOCl, and another mixed
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with H,C,04-:2H,0 and (NHy4),C,04-H,0, were dripped simultaneously into the alcohol-water
solution mixed with nickel powders and precipitated agent. After coating, the precipitate was
separated from liquor by centrifugation, and was washed three to five times by using distilled water.
The washed precipitate was dried at 70°C for 12h in a vacuum dry oven. The composite nickel
powders spread in ceramic boat were put into tube-electricity furnace and were heated at setting
temperature with argon of 99.99% purity as protecting gas. Before heating, argon was imported for
30 minutes to eliminate oxygen in stove, then composite nickel powders were heated at the speed of
5°C/min, after heating to setting temperature, the stove were kept warm for 30 minutes, then was
cooled to room temperature, CaZrOs-coated composite nickel powders were gained.

Composite powder characterization. Composite nickel powders coated and heated were weighed,
and were spread in ceramic boat, then were put into tube-electric stove at 400°Cand heated for 30
minutes in air atmosphere, then were taken out and cooled down, its oxidation rate was calculated
according to the following formula.

increasement of composite nickel powders/16
the weight of sample/58.69

N%= x100%

Composite nickel powders morphology was characterized by SEM(JSM-6369LV Japan), its
anti-oxidation was characterized by TG-DTA.

Result and Discussion

The principle of CaZrOj; coating nickel powders. The process of CaZrO; coating nickel powders
mainly included two phases, In the first phrase, nickel powders were uniformly dispersed in
methanol-water solvent, the quantities of precursor particles were controlled by dripping speed of
deposit cation(Zr,Ca solution) and deposit agents(oxalic acid), and existed between critical
concentration of heterogeneous nucleation and critical concentration of homogeneous nucleation.
The concentration of precursor particles met the condition of heterogeneous nucleation, then the
precursor particles formed and grew prior with nickel powders acting as nuclei, the reaction
equations were as the following.

CaCl; + (NHy),C,04=>CaC,04 |+ 2NH4Cl

ZI‘OCIQ + mH4)2C204 + H2C204_)ZT(C204)2l + 2NH4C1 + Hzo

In the second phrase, coated-powders heated in high temperature formed composite powders of

CaZrOj;coating nickel powders, the reaction equation was as the following.

ZI‘(C204)2 + CaC,04—>CaZrO; + 3C02T + 3COT

Nickel powders coated by precursor(oxalic acid calcium, oxalic acid zirconium) presented loose

state, the precursor could not defend nickel powders acting as core, loose package could become
slowly dense layer after heat treatment, chemical reaction and change of phase, at this moment
dense layer of CaZrO;could defend the core and composite powder of Ni/CaZrO; formed finally.
Morphology of composite nickel powders. Ultra-fine nickel powders used in inner electrode of
MLCC not only were required for anti-oxidation and fine anti-shrinkage in high temperature, but
also were required in diameter and shape. The SEM images of nickel powders and composite nickel
powders heated were displayed in Figl. Figl showed us that particle appearances of sample and
composite nickel powders changed less and presented regular sphere. There were obvious
differences between sample and composite nickel powders, the surface of sample was smooth and
didn’t have prick, while a rough layer of package could be observed obviously in the surface of
composite nickel powders, the loose package which was heated became dense defend layer, the
surface got coarse, aggregation between particles appeared slightly and diameter slightly magnified.
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Anti-oxidation of composite nickel powders in high temperature. Ultra-fine nickel powders used
in inner electrode of BME-MLCC must possess anti-oxidation in high temperature. The TG
analysis of sample and composite nickel powders heated were proceeded, the results of TG-DTA
were displayed in fig2. Fig2 showed us obviously that anti-oxidation of coated-nickel powders was
improved well, the outset oxidation temperature, the peak of the most strongest releasing quantity of
heat and complete oxidation temperature of the sample were respectively at 339.71°C, 497.70C,
590.06°C, while the outset oxidation temperature, the peak of the most strongest releasing quantity
of heat and complete oxidation temperature of composite nickel powders were respectively at
350.14°C, 683.93°C, 803.88°C.These temperature of composite nickel powders enhanced greatly
compare with the sample’s, especially the peak of the most strongest releasing quantity of heat and
complete oxidation temperature of composite nickel powders augmented respectively 186.23°C and
213.82°C.
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Fig2 TG-DTA images of the sample and the heated composite nickel powders

Anti-shrinkage of composite nickel powders in high temperature. There is a high demand for
nickel powders used as inner electrode in MLCC, it is expected that shrinkage rate in high
temperature is closed to medium layer. Anti-shrinkage rate of composite nickel powders was
studied, the results showed in fig3. Fig3 told us that sintering shrinkage rates of the sample and
coated-nickel powders enlarged with the increase of temperature, but the rates were different. The
shrinkage rate of sample was up to 13.10% at 600°C,its shrinkage rate was almost up to 39.63% at
900°C, the range of enlargement was very great with the increase of temperature and the shrinkage
extent was very serious, while anti-shrinkage of composite nickel powders coated by CaZrOs; was
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improved greatly, while the shrinkage rates didn’t appear at 650°C and was only 5% at 900°C.The
anti-shrinkage of coated-nickel powders was improved greatly and matched the shrinkage of
BaTiO; ceramic medium layer. The problem of sintering matching between inner electrode using
low-priced metal and BaTiOs ceramic medium layer was solved.

o oan ] shrinkage rate of sample
% 30 ] /.
4 _,_,—'—'—'_'_'_'_F.
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5] shrinkage rate of composite tickel powdets
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Fig3 The sintering shninkage rates of the sample and composite nickel powders

Conclusion

The conclusion was as the followings according to the properties results of composite nickel
powders prepared in optimized experiment condition, (1)The sample and the coated nickel powders
were regular sphere, the surface of the coated nickel powders was slightly coarse, its diameter
slightly enlarged and aggregation was more worse, (2)its anti-oxidation remarkably raised after
coating, the temperature of initiating oxidation and complete oxidation greatly ascended,
(3)anti-shrinkage rate of composite nickel powders in high temperature was well improved,
(4)composite nickel powders possessed good dispersion, better conductivity, anti-oxidation in high
temperature and fine shrinkage, and suited to act as inner-electrode material.
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Technology.
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Abstract. The 91x91 complete energy matrix of 4 configuration ion Pr’” in octahedral cubic crystal
field has been constructed based upon the combination of Racah’s group-theoretical consideration
with Slater’s wavefunctions. The energy levels of the neat hexachloride elpasolite crystals
Cs,NaPrClg containing rare earth Pr’” ion have been calculated. The results imply that the
diagonalization to the complete energy matrix can be received as an effective method of performing a
theoretical calculation to the rare earth compounds.

Introduction

Due to elpasolite systems Cs;NaLnClg contain a cubic crystal structure and the Ln’" occupy the exact
octahedral O, symmetry, they are characteristic by relatively simple structure, well defined
chromophoric and magnetic units, detailed optical spectra and so on [1-2]. Therefore, the elpasolite
Cs;NaLnClg can provide model systems for the study of the energy levels and magnetic phenomena
[3]. The unit cell group analysis of the elpasolite systems has been carried out utilizing a modified
general valence fore field in order to provide a prerequisite for understanding the energy transfer
phenomena by Ning et.al. [4]. On the other hand, as the typical and basic systems, Cs,NaLnClg
crystals can provide the ideal cases for researching the interaction between RE ions and their
surrounding environment and the basis for exploring the complex systems when they are doped with
the RE ions. Besides, the Pr’" ions have been proved to be a good candidate to high resolution laser
spectroscopy, and the well characterized spectroscopic properties have simplified the experimental
determination of energy levels [5]. In a word, the investigation of Cs;NaLnClg is beneficial to
understand the physical origin of the crystal field effect and provide the valuable information for
researching the optical and magnetic properties of the compounds.

The f-orbital delocalization has been derived using first-principles universal orbital-free
embedding formalism as to investigate the effect on the ligand-field splitting energies in
lanthanide-containing elpasolites [6]. As well as, the crystal field (CF) investigation to Ce’" ion has
been made by Chi et al. only considering the second- and fourth- order CF parameters [7]. However,
we note that Stevens et.al. have reported that the effects of the sixth degree terms might well be much
more important and in some cases actually dominating relative to the fourth degree term [8]. In this
paper, based on a complete analysis to the single electron energy splitting, we will perform an analysis
to the 4/* configuration Pr’" ion. Thus the dependence of electromagnetic structure of rare earth (RE)
ions on crystal lattice structure and the interrelation between electromagnetic structure of RE ions and
electrons lying in the compounds can be determined. Furthermore, it is helpful to get an insight into
the macroscopic physical properties of compounds and promote the crossing development of atomic
and molecular physics and condensed state physics. This work is performed as follows: firstly, the
theory method has been established based on the combination of Racah’s theoretical consideration
with Slater’s wavefunctions [9-11]. Secondly, the energy levels splittings of neat Cs;NaPrClg crystal
will be calculated and discussed. The conclusions will be come to lastly.
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Theory Model

A completely effective operator Hamiltonian of 4/ configuration is [12]

4
H=Hy,+H,+H,+Y Hlcorr)+H

=l : (1)

where, the first three parts are primarily responsible for a free ion. Their usual meanings have been
explained by Newman [12]. The fourth part is

iﬁi (corr) = S(w, " aL(L+1)+ fG(G,y) + yG(R)1+ D tT" + D mM'+ > p,P', (2)
i=1 i

i=0,2,4 i=2,4,6
and the first term are interaction between configurations of the same parity, introduced by three
‘Trees’ parameters a, f and y, which are associated with the eigenvalues of Casimir operators for the
Lie groups R3, G, and R; and used to specify the terms of 4f" configuration (n<4) [11, 13]. The usual
meanings of the last three terms have been explained by Newman [12].
The fifth part of Eq (1) is CF effect, which can be expressed as:
]:[CF = ZB;CCC(,]C) (@)

k.q.i , 3)
where, the rank & and projection g are limited by point group symmetry of the 4/" ion lying in the
crystal. Newman’s superposition model (SM) connects the geometrical information with physical
information containing in lanthanide crystal field parameters (CFPs) [12, 14], there exist the formulas

Blf = zgk(Rr)gk,q(ez—a¢r)

, )
C (i) = 2,‘: 1,08 5
k b
B, (R,) =4\
R 6)

where B, (R.) are the intrinsic CFPs, and the gkq are related to the spherical harmonics functions

[12]. According to the Hermiticity and time-reversal invariance of the CF Hamiltonian, there exists
that k=0, 2, 4, 6 for felectron.

Thus, the complete energy matrix of 4f" configuration ions can be established, we can calculate the
energy levels splitting and perform the theoretical investigation by diagonalizing the complete energy
matrix.

Table 1. The free ion parameters used in calculating the energy levels of Cs,NaPrCl crystal, all in
units of cm™.
Parameters F* F F* o p y ¢
Cs,;NaPrClg 67809 50375 32979 235 -636 1452 748

Table 2. Crystal field parameters and strength quantities for Cs,NaPrCl crystal, all in the unit of cm™.
4 6
Parameters B g B g S o S o S o

Cs,NaPrClg 2178 263 726 73 421

Energy Levels Structure

For cubic hexachloride elpasolite Cs,NaPrClg crystal, the CF Hamiltonian equals to Eq (8) and their
energy levels can be calculated using several free ion parameters and their respective CFPs. For 4/
configuration, the parameters 7* are not allowed, and Tréster et al. believed that the influence of other
parameters on the energy-level splitting can be neglected compared with parameters F* and ¢ in
determination of the energy parameters [15]. Therefore, the complete Hamiltonians of a cubic
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symmetry has been established and we will adopt the parameters listed in Tables 1 and 2 in the
calculation of the energy levels of Cs,NaPrCly crystal. Here we will study the energy levels of 4/
configuration ion Pr’" in O, symmetry by diagonalizing the 91x91 complete energy matrixes.

The experimental energy-level data, together with the overall atomic parameters and CFPs, have
been reported for neat Cs,NaPrClg crystal [16], as presented in Tables 1-3. The calculated 40 Stark
levels for Oy, point group symmetry have been obtained from 13 electronic multiplets of Pr’” ion by
diagonalizing the complete energy matrixes, as listed in Table 3, also shown are the energy
assignments of Oy, point group. Additionally, the differences A; between calculated and experimental
CF splitting (A1=E(expt.)-E(calc.)) of the two systems also are tabulated in Table 3. We note that the
relative error of our calculation results is nearly 0.1% less than the experimental values. Here the
energy-level positions of the *P and 'I terms of 4/ configuration are higher than those of 'D and 'G
terms and even occur to the admixture between them. This may be due to the same irreducible
representations of P and '7 terms, which produces large enough interaction to mix with each other or
maybe result from the other interactions in compounds.

Additionally, we calculate the CF interaction strength quantities by introducing to SL’; and S,
they are defined as follows:
Sk = {;[(Bg;)z + 22‘35‘2]}‘/2
2k +1 0 ’ %
1
S, =277
k : 8)

The calculated values are presented in Table 2. We note that the value of Sff is nine times larger

than that of Sff for Cs,NaPrCls crystal because of the bigger B; than B; . It may be attributed to that

the Pr** ion sites at the cubic symmetry environment in Cs;NaPrCl crystal.

Table 3. Measured and calculated energy values of Cs,NaPrClg crystal, and their difference for each

ZS+1LJ multiplet is denoted with Aj, all in units of cm’!
T r Cs,NaPrClg E — 7056 —
erm
expt.  calc. A 1 T, 7281 7335  -54
3 H, A 0 0 0 G, A4 — 9800 —
T, 9895 9884 11
T, 236 244 8
E — 9929 —
E 422 414 8 T 10541
T, 701 703 -2 2 — —

'D, T, 16670 16687  -17
E 17253 17242 11

3Py A, 20622 20551 71
ue A, 21161 21163 -2

CP) T, 21219 21185 34

3Hs T, 2295 2297 2
T, 2400 2406 -6
E 2643 2626 17
T, 2711 2737 26

Hy E 4391 4398 -7

T, 4437 4455  -18 T — 21272 —
T, 21401 —
A o 4668 o A 21846
T, 4807 4811 -4 A
T, 4877 4891  -14 2 — —
A e 3 E — om0l —
- Y 03 S04 o P, T, 22367 22405 -38

E 22492 22518 -26

T, 5290 5262 28 g A 46558
0 1 — —

’F, T, 6615 6610 5
T, — 6621 —
A, 6679 6669 10

3F, A 6965 6987 22
T, 7011 7033 22
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Conclusions

The complete energy matrix of 4f* configuration has been constructed in octahedral cubic ligand field.
As an application, we calculate the Stark energy-level of Cs;NaPrCls crystal by means of
diagonalizing the complete energy matrixes. The results show that our complete energy matrix
method is a recommentable method for calculating the energy levels splitting for 4/ ions
configuration in compounds. Thus, it will provide a good insight into the relative potential properties
of the rare earth compounds. Furthermore, the sixth CFP is much smaller than the fourth CFP for
Cs;NaPrClg crystal, which makes the fourth CF interaction playing an important role in the energy
levels splitting.
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Abstract. Fe’"-doped TiO»/diatomite composite photocatalyst were prepared by sol-gel method with
titanium isopropoxide used as precursor material. The samples were characterized by SEM, XRD,
XPS, BET surface area analysis and UV-Vis techniques. The results showed that the optimum
concentration of Fe’" in the composite catalyst was 0.2wt% when the quantity of TiO, loaded on the
diatomite was 30.3wt%. Compared with the un-doped photocatalyst, the Fe’"-doped sample exhibited
red shifts of absorption edge and significant enhancement of light absorption at 400~600 nm.

Introduction

TiO, has been considered as one of the most promising photocatalysts ever since Honda and
Fujishima [ 1] reported its photochemical properties. However, TiO; is not thermally stable and loses
surface area readily when used as a high surface area powder. On the other hand, both the reaction
mechanisms, under either UV or visible irradiation, indicated that preliminary adsorption of organic
substrate on the TiO, surface exhibited an advantage for high efficient degradation. These have led to
a number of attempts to anchor TiO, on high surface area supports, such as zeolites, activated carbon
and clays, by a variety of chemical or physical methods, e. g., ionized cluster beam deposition, wet
chemical methods, chemical vapor deposition and impregnation-desiccation [2]. Recently, one
siliceous sedimentary rock, named diatomite, has received attention for its unique combination of
physical and chemical properties. It was successfully used as adsorbent to remove various pollutants,
and examined as perfect support for TiO; to prepare hierarchical structured catalysts [3].

The other disadvantage of TiO; is that it can only utilize a relative small part of the solar spectrum
(UV light) for photocatalytic oxidation. Doping or combining of TiO, with various metal or
non-metal ions was reported as a good tool to improve the photocatalytic properties and for
enhancement of visible light response [4]. Amongst a variety of transitional metals, iron had been
considered to be an appropriate candidate due to the fact that the radius of Fe’" (0.79 A) is similar to
that of Ti*" (0.75 A), so that Fe’* can be easily incorporated into the crystal lattice of TiO; [5].

Based on the above considerations, we prepared Fe’'-doped TiO,/diatomite photocatalytic
materials according to a sol-gel route in which diatomite particle was incorporated into the titanium
isopropoxide sol during the course of the sol-gel process. The samples have been characterized by
means of XRD, SEM, XPS, BET and UV-Vis technologies, and the optimum concentration of F e in
the composite catalyst was studied.

Experimental

Materials and reagents. The following reagents were employed to prepare TiO;y:
titanium-(IV)-isopropoxide (97%) as TiO, source; hydrochloride acid (37%) as catalyst; Iron(IIl)
nitrate (99%) as dopant source; ethyl alcohol (96%) as solvents. Diatomite was obtained from Sheng
county in Zhejiang province of China. The sample was calcined at 500 °C to remove organic
impurities before TiO, coated.



16 Materials, Mechanical Engineering and Manufacture

Preparation of Fe**-doped TiO2/Diatomite. 10 mL of titanium isopropoxide was dissolved into
50 mL of anhydrous ethanol (solution A). Solution B consisted of 0.5 mL of HCI, 2 mL of distilled
water and Fe(NO3)3;- 9H,0 in the required stoichiometry. Then solution B was added drop-wise into
solution A with stirring magnetically. After the drop, Sg of diatomite was added to the solution. The
resultant mixture was stirred at room temperature for 30 min to hydrolysis until the transparent sol
was obtained. The sol was then aged for 72 h until the formation of gel. Then dried and ground. At
last, the powder was kept for 1 h under 500 C in the oven.

Characterization. Surface morphologies of the samples were investigated using SEM (model
SIRION-100, Fei Company, Holland). For the specific surface area and pore size evaluation, nitrogen
gas adsorption method was used. N gas adsorption—desorption isotherms were measured at -196 °C
using a model Autosorb-1 nitrogen-adsorption apparatus (Quantachrome Corp., USA). The specific
surface area, Sgpr, was calculated based on the BET theory. Phases and crystallite sizes of the
prepared samples were characterized by XRD technique. XPS data were obtained with an
ESCALab220i-XL electron spectrometer from VG Scientific using 300W AlKa radiation. The
UV-Vis variations of the solution were analyzed by a Shimadzu UV-2550 spectrophotometer.

Results and discussion

SEM analysis. The diatomite used in this work was in the form of cylindraceous particle with bulk
density of 616 g/L and median particle diameter of 10.25 um (Laser particle size). The oxide analysis
in our previous study [6] showed that Si0, was the main component (67.3%) and the metal oxides
(15.4% Al,03, 7.07% Fe 03, 3.97% K,0, 3.87% ZnO, 1.36% TiO, and 1.05% CaO) were the minor
constituents. Fig. 1 shows the SEM images of diatomite and Fe**-TiO»/diatomite. It clearly displayed
the cylindrical figure and the special porous texture of diatomite, and the surface was completely
modified after TiO, loaded. The quantity of TiO, loaded on the diatomite surface may mainly depend
on the quantity of titanium isopropoxide used in the experiment and the nature of the surface. In this
study, the loading on the surface of the diatomite was determined to be approximately 30.3% using
the differential weight method.

$4800 1.0kV 5.9mm x8.00k SE(M)

Fig. 1 SEM images of (a) d1atom1te and (b) Fe*"-TiOy/diatomite.

Surface area study. Highly porous morphologies with improved surface area offer more
adsorption sites for the dye molecules and enhance the reaction rate. Hence, determination of the
specific surface area is often a prerequisite for studying and interpreting adsorption properties
quantitatively [7]. In this work, the pore properties, i.e., Sggr, pore volume ¥V, and average pore
diameter R, of diatomite and Fe’"-doped TiO,/diatomite powders were characterized by N,
adsorption-desorption experiments. The results were listed in Table 1. It can be seen that the BET
surface area and pore volume of Fe*'-doped TiO./diatomite were higher that that of the initial
diatomite. This suggested that the prepared sample could show improved capability in adsorption and
photocatalytic degradation. Jia et al [3] have prepared hierarchical porous TiO,/diatomite materials by
a layer-by-layer (LBL) assembly method, and also obtained a higher BET surface area and pore
volume by TiO,/diatomite compared with diatomite.
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Table 1 Texture properties from nitrogen adsorption analysis

Sample Sget (m%/g) V (cm’/g) R (nm)
Diatomite 50.63 0.1296 10.24
Fe’"-TiO,/diatomite 74.95 0.1540 8.221

XRD analysis. TiO, materials exist in three different crystalline phases: anatase, rutile and
brookite. Fig. 2 shows XRD patterns of undoped and Fe*"-doped TiO,/diatomite. It can be seen that
both 0% and 0.2% Fe-doped samples had the anatase phase, and other crystalline phases were not
detected. The reason may be that Fe*" ions substituted Ti*" ions and inserted into the crystal lattice of
TiO, when the amount of Fe’" ions was low, since the radii of Ti*" and Fe** ions were similar. When
the Fe’" dopant percentage were 0.5% and 1.0%, the peaks of anatase phase decreased, while the
peaks of rutile and iron oxide increased. Thus, the excess of Fe>" dopant in the composite could lead
to the phase transformation. It could be concluded from this experiment that almost all of Fe** in 0.2%
Fe’"-TiO,/diatomite were trapped in the crystal lattice of TiO,, whereas 0.5% and 1.0%
Fe’*-TiO,/diatomite contained segregated iron oxide in addition to Fe’" doped TiO».

a: Anatase
r r: Rutile
a d : Diatomite
o ) o: Oxide
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Fig. 2 XRD patterns of Fe doped TiO,/diatomite. Fig. 3 UV-Vis spectrum of Fe-doped sample.

UV-Vis analysis. Fig. 3 displays the UV—Vis absorption spectrum of undoped and Fe**-doped
Ti0, powders. Pure TiO, exhibited an absorption edge rising steeply toward the UV region below 400
nm, which could be attributed to the band-gap excitation of anatase (3.2 eV), without absorption in
visible region (>400 nm). Compared with the undoped photocatalysts, Fe’"-doped TiO, samples
exhibited red shifts of absorption edge and significant enhancement of light absorption at 400~600
nm, and this enhancement increased as the doped Fe’" percentage increased, accompanying with the
change of powder color from white to primrose yellow. This result satisfies the aim of the study which
was to increase the visible light absorption of Fe**-doped TiO»/diatomite powders.

XPS analysis. Fig. 4 shows the XPS spectra of Fe’"-doped TiO,/diatomite particles. Peaks of Ti
2p, Si2p and O 1s were clearly observed for the sample in the wide spectra (Fig. 4a). Weak signals of
Fe 2p could only be detected in the partial range of the XPS spectra, and the signals were fluctuant
greatly, due to the low doping level, as shown in Fig. 4b. The Ti 2ps/; and Ti 2p;» spin-orbital splitting
photoelectrons for Fe**-TiO,/diatomite were observed at 458 and 464 eV, respectively, which was
consistent with the values of Ti*" in the TiO, lattices. The comparison between the Ti 2p spectra of
undoped TiO; and the doped TiO,/diatomite (Fig. 4c and 4d) indicated that the latter had small
binding energy shifts (the Ti 2p;,» peak had a greater shift than the Ti 2ps, peak). It might infer that
the doped Fe ions might diffuse into TiO; lattices to form the Fe-O-Ti bond.
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Fig. 4 XPS spectra of synthesized Fe’*-TiO,/diatomite particles: (a) full range, (b) Fe, (c)
Fe**-doped Ti and (d) undoped Ti in TiO,

Conclusions

In this paper, Fe’"-doped TiO/diatomite composite photocatalyst were successfully fabricated and
characterized. It showed that the light absorption for the Fe-doped sample moved to a longer
wavelength, and the doped Fe ions might diffuse into TiO, lattices to form the Fe-O-Ti bond.
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Abstract. Basalt fiber has good sea water resistance, heat resistance and sound insulation. This shows
that, basalt fiber is ideal material for ship manufacturing. Because of the bad fiber permeability, using
VARTM process to produce large basalt fiber marine components still has deficiency. Taking basalt
fiber/vinyl resin composite shell as object, research was taken to find the method of improving resin
flow velocity and suitable resin injection strategy system in VARTM process. The results show that
air release additive contributes to the resin’s flow in preform body, and the tensile strength and
flexural strength of components increase with the increase of air release additive’s quantum when the
quantum less than 0.5%. The resin flow’s frontier of the components made by sequence injection
strategy is always keeping the same and its velocity is uniform, which makes its quality is better than
that made by embranchment injection strategy.

Introduction

VARTM (Vacuum Assisted Resin Transfer Molding) is a low cost composites molding technology,
which has a sharp decline compared with RTM (Resin Transfer Molding) by using single rigid mold.
And compared with hand lay-up molding technology, VARTM has advantages on environmental
protection and high quality components, which makes it more and more application in preparation of
ship shell, fan blade, and large composite components with added core and added reinforcing plate
[1]. The basic processes of VARTM were: laid dry state fiber reinforced material on the molding
surface of rigid mold to form preform body, covered the vacuum bag membrane upon preform body
as upper mode, sealed the rigid mold and vacuum bag membrane into closed cavity with adhesive
tape, vacuumed the cavity, while resin was injected into the cavity and infiltrated preform body under
the vacuum action, cured preform body under room temperature and vacuum pressure completely,
obtained composites component after demoulding [2].

Basalt fiber has better mechanical properties, better sea water resistance and sound insulation
compared with glass fiber, which is ideal raw material for ship manufacturing [3][ 4]. But because of
the bad permeability, using basalt fiber to produce large basalt fiber marine components with
VARTM process is still a rare thing [5]. Focused on VARTM process, took basalt fiber/vinyl resin
composites shell as object, researches were taken to find resin flow improving measures and resin
injection strategy system with less dry spot defects, quick mold filling and good infiltrating effect.

Experiments

Raw materials and processes. The raw materials used in experiments were shown in Table 1. In
which, basalt fiber fabric was 0°/90° and +45° fabric, with density 400g/m>.

Experimental facility has been shown in Fig.1. Preform body was formed by layers according to
the sequence of 0°/90°, +45° and -45°. Under the vacuum pressure drive, resin contained 1.2% curing
agent and 0.2% accelerating agent resin came into cavity. After mold filling process, continued to
keep room temperature and pressure to cure 24 hours.
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Table 1 Raw materials

m.:.u'l:l tu:u:u *"‘

¥ wa

Name Basalt fiber  Vinyl ester Curing Accelerating  Air release
fabric agent agent additive
Specification B400 AMEG6000 M50 DY7-3 BYK® -A560
Manufacturer CPIC Ashland Akzo Wuxi BYK-Chemie
Nobel N.V DYHG GmbH
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Fig.1 Schematic view of vacuum assisted resin transfer molding process

Experimental methods. Enhance the resin fluidity. In order to enhance the resin flow velocity in
basalt preform body, resin with 0.5% quantum of air release additive was compared with resin
without air release additive. In order to assess the effect of air release additive on the composites
property, 0.0, 0.2, 0.3, 0.4, 0.5 and 0.6% quantum of air release additive were distributed into resin
separately, then tested the mechanical properties of component. Tensile strength and bending strength
were separately taken on universal material testing machine WDW-200 according to GB/T1447-2005
and GB/T1449-2005 standards. Composites component were prepared as length, width and thickness
1000%700%40 mm.

Resin injection strategy system. Sequence injection strategy and embranchment injection strategy
were tested in experiments. Schematic diagram of sequence injection strategy was shown in the left
side of Fig.2 (a). Schematic diagram of embranchment injection strategy was shown in the right side.
The implementation of sequence injection strategy was shown in Fig.2 (b). The pipes in sequence
injection strategy test were set parallel along with the length direction. When the resin flew a little
ahead of the second pipe, then closed the first pipe while opened the second pipe. While in
embranchment injection strategy a competent pipe was set along the length direction, branch pipes
were connected to the competent pipe and paralleled to each other. Resin flew in the competent pipe
and numbers of branch pipes at the same time.

rezin supplving rezin supplving

ﬂ & (a) a
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rezin pervading rezin perwvading

Fig.2 Schematic diagram of sequence and embranchment injection strategy
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Results and discussion

The resin flow distance-time curve of the component’s bottom layer has been shown in Fig.3. The
flow velocity of resin with air release additive is 9% or so faster than that of resin without air release
additive. It shows that adding air release additive can decrease the operation time, in favor of
infiltrating the preform body before solidification, which can guarantee the quality of large
components molding. The effect of air release additive’s quantum on component’s tensile and
flexural strength has been shown in Fig.4. Adding air release additive can enhance resin’s tensile and
flexural strength, whose reason is that: air release additive can effectively eliminate the volatilized air
in resin and resident air in preform body, increasing the components’ density and the fiber content to
enhance components’ mechanical properties [6]. With the increase of air release additive’s quantum,
tensile and flexural strength also improve. When quantum of air release additive achieves 0.4% and
0.5%, flexural strength and tensile strength reaches apex respectively. Too much air release additive
adverse to the combination surface between resin and fiber, so as to decrease the flexural strength and
tensile strength.

1000
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Fig.3 Resin flow velocity contrast figure Fig.4 Air release additive’s effect on mechanical properties

Table 2 Statistics of dry spots and void contents
Name of Dry spots  Coefficient Resin Coefficient  Void Coefficient

defects [%] of Variance enrichment of Variance contents of Variance
[Yo] [70] [o] [o] [7o]
Sequence 3.2 8.8 2.5 7.5 1.6 9.2
injection
Embranchment 3.6 10.2 3.1 9.7 1.7 8.9
injection

The experimental conditions of the resin injection strategy system test were: vacuum pressure
95kpa, environment humidity 60%, environment temperature 15°C, resin temperature 20°C.
Composites component was prepared as length, width and thickness 1000*700*40 mm. Sample areas
were uniformly distributed in the whole component. Each sample was 200*200 mm. Defect
assessment items were dry spot, resin enrichment and micro pore. The diameter of the micro defects
was defined as 1 mm or less. The percentage of defect areas in total areas was tested. Image
processing technology was used to analysis and do statistics on micro pore defects based on image
obtained from optical microscope. The average results of defects assessment has been shown in Table
2. The results show that defects by sequence injection strategy are less than those by embranchment
injection strategy. The reason is that: during sequence injection strategy, the frontier of resin flow is
always keeping the same and its velocity is uniform, which can inhibit defect formation. During
embranchment injection strategy, the resin flow frontiers will appear butt state, which is easy to form
the air package, and easy to make macro and micro flow mismatching [7]. Dry spot is shown in Fig.5
(a) and micro pore is shown in Fig.5 (b).
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Summary

VARTM process has obviously influence on composite components. Through experiments, some
conclusions have been researched:

For large basalt composite components, those made by sequence injection strategy have better
quality than those made by embranchment injection strategy. The resin flow’s frontier of sequence
injection strategy is always keeping the same and its velocity is uniform. During embranchment
injection strategy, the resin flow frontiers will appear butt state, which is easy to form the air package,
and hard to match macro and micro flow.

Resin with air release additive has a faster flow velocity than that without air release additive in
preform body.

Quantum of air release additive has influence on component’s tensile strength and flexural
strength. The tensile strength and flexural strength of components increase with the increase of air
release additive quantum when the quantum less than 0.5%. But tensile strength and flexural strength
will decrease when the quantum more than 0.5%.
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Abstract. Two novel luminescent molecules based on tetrahedral silicon core with the carbazole and
benzimidazole groups, bis(6-(1H-benzo[d]imidazol-1-yl)-9-ethyl-9H-carbazol-3-yl)dimethylsilane
(1) and bis(6-(1H-benzo[d]imidazol-1-yl)-9-ethyl-9H-carbazol-3-yl)diphenylsilane (2), were
designed, synthesized and fully characterized by IR, '"H NMR, *C NMR and elemental analysis.
Thermal results show that these compounds have high thermal stability and glass-transition
temperature (7). The results based on the photophysical properties and molecular calculations reveal
that they are fluorescent with emission in the region of violet to blue and own large HOMO-LUMO
band gaps, making them potentials as blue emitters, host materials or charge blocking materials in
organic light-emitting diodes (OLEDs) display.

Introduction

In the past decades, many efforts have been devoted to the developments of luminescent materials to
meet the demand for the fabrication of organic light-emitting diodes (OLEDs) [1-3]. It is
demonstrated that the OLEDs performances depend not only on the emission materials but also on the
hosts and charge transporting materials. Based on previous reports, the luminescent materials can be
designed through proper structure modify and chemical methods and thus numerous luminescent
materials have been designed and utilized in OLEDs [4-5]. Among various materials, small
tetrahedral silicon-based molecules have been attracted much attention due to their many advantages,
such as well-defined structures, high thermal stability and high color purify. Because of the facile
modify on silicon-cored molecules, a large number of silicon-centered compounds have been
designed, synthesized and utilized as emitter, host materials as well as charge-transporting materials
for OLEDs [6-10]. Additionally, they could be used as interesting tetrahedral ligands to construct
functional metal-organic frameworks (MOFs) with intriguing topologies and extensive applications,
such as molecular recognition, gas storage, catalysts, efc [11-12].

Enlightened by these attributions on OLEDs and MOFs of organosilicon compounds, we have
designed and synthesized a series of phenyl-bridged silanes with imidazole, pyrazole and
benzimidazole as functional groups in our previous reports [13-15]. The optical properties reveal that
they could be potentially used as blue emitters or charge blocking materials for OLEDs. In this article,
we introduce carbazole as the bridge instead of phenyl since carbazole possesses well-established
hole-transporting ability, wide-band energy, applications as phosphorescent host materials, and
facility of tuning the HOMO levels by changing the N-substituent [16-20]. Previously He et al
presented two carbazole-bridged silanes with fluorine groups emitting blue light efficiently in the
condensed state with high quantum efficiencies [6]. However, due to the steric effect, the synthesis is
difficult and the yield is low. Thus herein we synthesized two novel tetrahedral carbazole-bridged
silanes with benzimidazole groups,
bis(6-(1H-benzo[d]imidazol-1-yl)-9-ethyl-9H-carbazol-3-yl)dimethylsilane (1) and  bis(6-
(1H-benzo[d]imidazol-1-yl)-9-ethyl-9H-carbazol-3-yl)diphenylsilane (2) with high yields. Then a
comprehensive investigation including thermal stability, photophyscial properties as well as
theoretical calculations were presented.
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Experimental

Unless otherwise noted, all reagents were obtained from commercial suppliers and used without
further purification. Tetrahydrofuran (THF) was dried by distillation from the sodium ketyl of
benzophenone. FTIR were recorded on a Bruker Tensor27 spectrophotometer. 'H NMR and "*C
NMR spectra were measured on a Bruker AVANCE-300 or 400 NMR Spectrometer. TGA was
performed with a MettlerToledo SDTA-854 TGA system in N at a heating rate of 10°C/min. DSC
measurements were carried out in MettlerToledo DSC822 series. The fluorescence spectra were
determined with F-7000 spectrophotometer. Luminescence quantum yields were measured using
quinine sulfate in 0.1N H,SO4 (@ = 54.6%) as reference [21].

Synthesis of bis(6-bromo-9-ethyl-9 H-carbazol-3-yl)dimethylsilane (3). In a three-necked flask,
n-BuLi (4 mL, 10 mmol,2.5 M in hexanes) was added into N-ethyl-3,6-dibromocarbozole (2.36 g, 10
mmol) in freshly dried THF (100 mL) dropwise at -78°C under argon. The reaction solution was
stirred for another 2h at -78°C, and then dichlorodimethylsilane (0.64 g, 5 mmol) was added at -78°C.
After the end of the addition, the mixture was allowed to warm to room temperature and stirred
overnight. After that, the reaction mixture was refluxed for another 1h. Then the reaction mixture was
quenched by 30 mL H,O and the organic layer was separated. The organic layers was washed by
brine, dried over anhydrous MgSO, and filtered. Removal of the solvents under vacuum gave the
crude product, which was subjected to column chromatography to obtain a white solid, 3. Yield: 75%.
IR (KBr pellet cm™): 3030, 2970, 2922, 1593, 1477, 1450, 1375, 1254, 1150, 1065, 835, 723, 650. 'H
NMR (300 MHz, CDCls) & 0.55 (s, 6H), 1.38 (t, 6H), 4.35 (q, 4H), 7.32 (d, 2H), 7.49 (d, 2H), 7.53 (dd,
2H), 7.88 (d, 2H), 8.13 (d, 2H), 8.41 (s, 2H).

Synthesis of bis(6-bromo-9-ethyl-9H-carbazol-3-yl)diphenylsilane (4). The synthetic procedure
of 4 is similar to that of compound 3 except dichlorodiphenylsilane instead of dichlorodimethylsilane
and a white solid was obtained. Yield: 62%. IR (KBr pellet cm'l): 3033, 2971, 2920, 1695, 1591,
1476, 1450, 1375, 1249, 1149, 1063, 834, 725, 651. "H NMR (300 MHz, CDCls) 8 1.37 (t, 6H), 4.33
(g, 4H), 7.24~7.89 (m, 18H), 8.15 (d, 2H), 8.42 (s, 2H).

Synthesis of bis(6-(1H-benzo[d]imidazol-1-yl)-9-ethyl-9H-carbazol-3-yl)dimethylsilane (1). A
mixture of compound 3 (2 mmol, 1.28 g), benzimidazole (0.54 g, 8 mmol), Cul (0.077 g, 0.4 mmol),
18-crown-6 (0.14 g, 0.55 mmol) and K,CO; (1.73 g, 12.5 mmol) was heated in 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (DMPU) (6 mL) at 180°C for 64 h under argon. After cooling to
ambient temperature, the mixture was dissolved in 100 mL CH,Cl,-H,O mixture. The water layer was
separated and extracted with CH,Cl, (3x30 mL). The combined organic layers were washed with
water (30 mL) and brine (30 mL). Then the solution was dried over anhydrous MgSQO, and filtration
by evaporation of solvent under reduced pressure gave a brown solid. A yellow solid was obtained by
column chromatography (CH,Cl,/MeOH as eluent). Yield: 45%. IR (KBr pellet cm'l): 3052, 3020,
2973, 2925, 1654, 1595, 1521, 1450, 1382, 1302, 1290, 1254, 1223, 1103, 1063, 1008, 812, 740, 671,
577, 528. "H NMR (400 MHz, DMSO, ppm) & 0.63 (s, 6H), 1.37 (t, 6H), 4.34 (q, 4H), 7.12~ 7.45 (m,
12H), 7.65~7.72 (m, 4H), 8.13 (s, 2H), 8.57 (d, 2H). >*C NMR (100 MHz, DMSO, ppm): & -2.4, 14.5,
39.2,108.9, 110.3, 112.3, 113.2, 124.4, 125.6, 129.8, 130.2, 131.5, 134.2, 138.5, 143.7. Anal. Calcd
for C44H3sNgSi: C, 77.84; H, 5.64; N, 12.38. Found: C, 77.65; H, 5.43; N, 12.55.

Synthesis of bis(6-(1H-benzo[d]imidazol-1-yl)-9-ethyl-9H-carbazol-3-yl)diphenylsilane (2).
The synthetic procedure of 2 is similar to that of 1 except using 4 as the starting material instead of 3
and a yellow solid was afforded. Yield: 38%. IR (KBr pellet cm'l): 3052, 3020, 2973, 2925, 1654,
1595, 1521, 1450, 1382, 1302, 1290, 1254, 1223, 1103, 1063, 1008, 812, 740, 671, 577, 528. 'H
NMR (400 MHz, DMSO, ppm) 6 1.35 (t, 6H), 4.35 (q, 4H), 7.03~ 7.47 (m, 22H), 7.62~7.73 (m, 4H),
8.15 (s, 2H), 8.60 (d, 2H). >C NMR (100 MHz, DMSO, ppm): & 15.3, 42.1, 107.5, 109.3, 112.0,
112.2,113.4,113.5,118.7,119.3,123.9, 124.3, 125.1, 125.7, 127.6, 128.6, 129.9, 130.1, 131.5, 134.5,
138.6, 143.8. Anal. Calcd for Cs4H4,NgSi: C, 80.76; H, 5.27; N, 10.46. Found: C, 80.12; H, 5.30; N,
10.66.
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Results and Discussions

The carbazole-bridged silanes with benzimidazole groups, 1 and 2, were prepared following the
modified literature methods [6,22]. As shown in Scheme 1, a mono-lithiated reaction firstly happened
between N-ethyl-3,6-dibromocarbozole and n-BuLi. Then the product reacted with R,SiCl, (R=Me,
Ph) and dibromo- derivatives, 3 and 4 were afforded. Compounds 1 and 2 were successfully
synthesized via between dibromo- derivatives and benzimidazole according to Ullmann condensation
reaction in 45% and 38% yields, which are higher than those of the products from tetrabromo-
derivatives [6]. It is worthy to note that 3 and 4 are useful intermediates for introduction of many

different structural features by using various coupling reactions, such as Suzuki, Sonogashira and
Heck reaction, et al.

BrBi}Et\N Q S:i O N/aﬂ» Et\N Q f:{i O N/Et
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N

N N
0, 05
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R=Ph 2: R=Ph
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Scheme 1. Synthesis of compounds 1 and 2. (i) (a) n-BuLi/THF, -78°C, 2h; (b) R,SiCl, (R=Me, Ph),
-78°C, rt, overnight, refluxing for 1h; (ii) Cul, 18-crown-6, K,COs;, DMPU, 210°C, 64h.

The thermal properties of 1 and 2 were examined by thermogravimetric analysis (TGA) and
differential scanning calorimetry (DSC). The TGA results show that both of them have a high thermal
stability over 350 °C. Their glass-transition temperatures (7,) are 95 and 110°C, which are
substantially than those of tetraarylsilanes (26-53°C) [23].
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Fig. 1 (a) UV-vis absorption of 1 and 2; (b) PL spectra of 1 and 2 in CH,Cl, solution; (c) PL spectra of
1 and 2 in the solid state

Fig. 1 shows the electronic absorption and fluorescence spectrum of the compounds 1 and 2 in
CH,Cl, solution and in the solid state. Compounds 1 and 2 show a similar intense absorption with
Amax at ~315 nm, which can be attributed to the z-z* transitions involving the carbazole and
benzimidazole groups. Moreover, compounds 1 and 2 are all luminescent in solution and in the solid
state. In solution, the Ayx of emission in solution for them is similar at ~365 nm. Compounds 1 and 2
are both fairly efficient emitters in solution, as indicated by their quantum efficiency with 16% and
20%, respectively. In the solid state, the emission spectra for 1 and 2 are considerably red shifted
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compared with those in solution, which may be due to the various intermolecular interactions, such as
m-m stacking interactions. These results indicate that both of them can be potentially applied as blue
emitters for OLEDs.

To gain a deeper insight into the electronic and luminescent properties, molecular orbital calculation
have been performed at the level of B3LYP/6-31G(d) using the Gaussian 03 suite of programs. As
shown in Fig. 2 (compound 1 as the representative), the HOMO and LUMO orbitals are similar, with
dominating contributions from entire molecules, indicating that the HOMO and LUMO levels are 7
and 7* orbitals involving the carbazole and benzimidazole groups. And the results prove that the
electronic absorption and luminescence for these compounds can be assigned to n-n* transitions. It is
noted that large HOMO-LUMO band gaps of 4.38 eV and 4.33 eV for 1 and 2 are observed, making
them potentially useful candidates as either host materials or charge-blocking layers in OLEDs.

HOMO LUMO

Fig. 2 Emission spectra of compounds 1 and 2 in the solid state

Summary

In conclusion, we have successfully synthesized two novel tetrahedral carbazole-bridged silanes with
benzimidazole groups. For both of them, the combination of their high thermal stability,
luminescence, and large HOMO-LOMU gaps makes them promising candidates as blue emitters, host
materials or charge-blocking materials in OLEDs. The further investigation will focus on the
fabrication of electroluminescent devices as well as functional MOFs based on these compounds.
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Abstract. After the devastating floods in the Europe and Czech Republic especially, in 1997, 2002
and 2007 years, the need of the anti-flood protection was very actual and delicate. One of the ways,
how to solve this problem in the case of usual or lower water level, is the usage of anti-flood barriers.
The paper is focused on the experimental verification of the actual behaviour, load-carrying capacity
and failure mechanisms of the cantilevers made of FRP composite profiles “PREFEN”, which are in
reality used as columns of anti-flood barriers. The investigated water-proof profile of H-cross-section
is composed of epoxy resin and glass fibres.

Introduction

During the period of last two decades the extensive development of advanced structural systems for
civil engineering works can be characterized by application of wider spectra of basic materials used
for load-carrying structural components. Thus beyond traditional materials such as reinforced
concrete, masonry, steel and timber also the fibre-reinforced polymers become a basic generating
substance of structural parts and systems.

Over the past period, there have been significant developments in composite processing methods
such as pultrusion, filament winding and resin transfer molding and resin infusion molding. These
methods use different fiber reinforcement for different applications. Higher quality FRP materials are
now available in shapes and forms more attractive for civil engineering. The contemporary challenge
is to make them more cost effective for various structural components. Mechanical properties of FRP
make them convenient for widespread applications. Fiber-reinforced polymer composites have
desirable properties for extreme environments because they are noncorrosive, nonconductive, and
lightweight. They are also noted for sufferable souse in drinking water-stations or sewage disposal
plants. Three broad divisions, into which utilization of FRP in civil engineering can be classified, are
usually indicated: application for new construction, repair and rehabilitation, and architectural
implementation.

One of the examples of FRP composite structural members is the profile of “PREFEN” developed
and produced by the company of “PREFA KOMPOZITY”, Inc. at Brno city (see e.g. [1], [2]). The
PREFEN profiles are thermoset members composed of two dominant physical substances with a
composition “binding — reinforcement” = “resin — fibres” produced by the pultrusion technology.
Binding can be polyester, vinylester or epoxy resin, for example; glass, carbon or basalt fibres are
used mostly for the reinforcement. The “PREFEN” profiles are produced in a wide assortment of
cross-section types and dimensions (I-sections, U-sections, tubes, rods, slabs, cable boxes, etc.).

These profiles have been, among others, used as the main load-carrying member of the anti-flood
barrier construction. The profiles PREFEN represent the columns of the vertical anti-flood wall,
which are constructed as the cantilevers fixed to the ground bases through the steel base foot. Based
on the company requirements the loading tests have been performed to verify the load-carrying
capacity of the test specimens subjected to the bending and shear loading actions aimed to obtain
information about the resistance and stiffness as the supporting documents for the structural design.
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Experimental Verification of Cantilevers

The object of loading tests were the columns for the anti-flood wall made of the composite profile of
“PREFEN H 152 x 152 x 9.5”. Test specimens and steel base foot simulating the column fixing to the
support have been supplied by the client (PREFA KOMPOZITY, Inc.). It was required to verify the
load-carrying capacity of specimens under bending and shear loading actions. The arrangement and
methodology of loading tests have been discussed with the client during the preparation and
realization of experiments, to ensure the real conditions corresponding with the actual operating
loading actions and supporting tested component.

Test specimens. For the loading tests total of 2 x 3 = 6 test specimens: specimens “TD” — “long”
specimens, and specimens “TK” — “short” specimens. The schemes of test specimens are drawn in
Fig. 1 — “long” and “short” cantilevers. Thus, always three specimens of the same length have been
tested. Fig. 1 also illustrates the overall test arrangement for the verification of their capacity and
strain in the loading progress. The deformation (deflection) of the column during loading actions
caused by the concentrated loading represented by the force has been measured just in the place of its
position. From the static viewpoint the test specimen is the fixed cantilever placed horizontally in the
testing device (unlike the actual position in the anti-flood wall structure), with regards to the more
suitable position of the hydraulic jack.
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Figure 1: Test arrangement and test specimens — short cantilever “TK”, long cantilever “TD”

Test Arrangement. The aim of the tests of long cantilevers was to verify the actual behaviour
(deformation in loading progress), failure mechanism at the reaching ultimate loads, and in particular,
the stiffness including the influence of bending and shear together, if the one-sidedly fixed structural
member is subjected to transverse force. The aim of the short cantilever tests was to verify the shear
resistance of the column section and the mechanism of the failure caused by predominant shear.

Test Realization. The specimens have been loaded using hydraulic jack; the concentrated force
has been introduced by steel hinge bearing with the cutting edge perpendicular to the longitudinal axis
of the specimen. The column has been loaded by the steps; on each loading step the values of the
deflection in the place of the force have been measured. The shots of experiment realization, loading
test arrangement and measurement apparatus installation are shown in Figs. 2 and 3. The results of the
deflection monitoring during the loading process have been elaborated graphically in the form of the
relationships "transverse force F — deflection w”, drawn in Fig. 4.
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Figure 3: Test arrangement and test realization — long cantilever “TD”

Test Results. Summarized test results for both groups of specimens have been elaborated using
regression analysis. The resulting dependences are illustrated in Fig. 4. While, as it is evident from
graphic drawing, the parts of the activation and compensation of the testing device in the initial
loading phase, which is clearly seen in the lower part of relationships of the particular specimens (see
Fig. 4 left), have been excluded.
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Figure 4: Relationships “force F — deflection w” — short cantilever “TK”, long cantilever “TD”;
regression analysis substitution — short cantilever “TK”, long cantilever “TD”
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Table 1: Test results — ultimate load-carrying capacities

Test specimen

TD 1

TD 2

TD 3

TK 1

TK 2

TK 3

Ultimate capacity [kN]

12.5

13.0

13.6

53.0

46.0

50.0

Test specimens failure mechanism corresponding with the load-carrying capacity is evident from
the shots in Fig. 5. The ultimate load is connected to the failure in the cantilever fixing characterized
by the buckling of the compressed flange in the place of timber wedge and adjacent web part of
H-profile. In all cases the triangular deformation of the compressed flange occurred; this effect caused
the breakage of timber wedge in fixing.

Figure 5: Test results — illustration of failure mechanisms

Summary

Based on the aims defined by experimental programme, the following conclusions can be formulated:
e For long test specimens “TD” the “modulus of elasticity” comprising the influence of shear in
bending can be derived as EM-Q = 11 055 MPa. This relationship can be taken as the base for the
definition of deflection of the column of mentioned section, caused by transverse force.
e For short specimens “TK” the actual shear resistance is given by the values in Table 1.
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Abstract. The tribological behavior of SisN4-hBN composites sliding on Fe-B alloy without
lubrication was investigated by using a pin-on-disc wear tester. The results showed that, the addition
of hBN to Si3N4 could not effectively improve the tribological characteristics of Si3N4-hBN when it
slid against Fe-B alloy. Without lubrication, the wear of SisN4-hBN composites was resulted from
cracking and fracture, while the hard phase Fe,B in Fe-B alloy spalled off during the friction test. So,
high friction coefficients (>0.9) and high wear coefficients (>1x10°mm?/Nm) were obtained.

Introduction

From the aforementioned works[1-3], it can be found that the friction coefficients of SizNs/metal
under unlubricated condition between 0.4 and 0.9 and wear coefficient higher than 1x107
mm’-N"'m™. This result cannot come up to the engineering application criteria proposed by Czichos
[4]. The incorporation of hBN is a goal to further enhance the tribological performance of SizNy.

The earlier research work of this paper’s authors [5] found that the friction coefficient of
Si;N4-hBN/stainless steel pairs under the unlubricated condition rapidly decreases to 0.03 with the
increase in sliding distance. In the meantime, the wear coefficients of SisN4-hBN ceramic and
stainless steel are lower than 1x10° mm®-N"'m™. Such excellent tribological characteristics are new
finding in ceramic-metal pairs and quite attractive in engineering application. However, it is
noteworthy that only few studies have been concerned the tribological characteristics of Si;N4s-hBN
ceramic sliding against other metals.

Recently, Fe-B cast alloy as a novel anti-abrasive material has attracts the attentions of scholars,
just because of their low production cost, simple melting, low alloy consumption and excellent
casting properties and wear resistance [6]. At present, the investigations of Fe-B alloy were mainly
concerned in the microstructure, mechanical properties and wear performance. However, the
tribological characteristics of Fe-B alloy have not investigated. In particular, the influence of the hard
phase borides on the tribological characteristics would be needed to deeply study.

Therefore, to enrich tribology theory and expand the engineering application of Si;Nj-based
ceramic and Fe-B alloy, the tribological behavior of Si3;Ns-hBN ceramic (the addition of hBN is 30
Vol.% or less) against Fe-B alloy without lubrication is investigated in this paper. The influence of
hBN and hard phase borides on the tribological mechanism are further discussed through measuring
friction coefficient and wear coefficient, observing wear morphology and analyzing the components
of the tribological surface.
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Experiment

Test rig and materials

Friction and wear experiments were carried out on a pin-on-disc device in which an upper disc
contacts a bottom pin under unlubrication condition. The pin specimen was fixed, and the disc
specimen rotated at different speeds. A normal load was applied on the stationary pin, and the friction
force was continuously measured by using a strain gauge.

The specimens of Si3N4-hBN composed of 0, 5, 10, 20, 30 vol.% hBN (SN0-SN30) were sintered
by hot-pressing under 30MPa pressure at 1800°C for 30min of dwell time. The microstructure of
Si3N4-20%hBN composite was composed of elongated B-Si3Ny and layered hBN. Table 1 shows the
related physical and mechanical properties of the SisN4-hBN specimens.

Table 1 Physical and mechanical properties of Si3N4-hBN specimens

Specimens SNO SN5 SN10 SN20 SN30
hBN amount(Vol.%) 0 5 10 20 30
Density (gem™) 3.31 3.17 3.10 2.97 2.94
Porosity (%) 0.84 0.90 0.91 1.04 1.05
Bending strength (MPa) 812 758 613 541 465
Vickers hardness (GPa) 19.9 19.6 15.3 9.3 6.7
Fracture toughness (MPa'm'?) 8.01 7.80 7.14 5.97 5.50

The specimens of Fe-B were melted in a 10 kg medium frequency induction furnace, and low
carbon steel bar, ferromanganese, ferrosilicon, ferroboron and pig iron were used as furnace charge
for controlling the chemical content. Considering the size requirement of disc specimen, the molten
metal was poured into chemically bonded sand molds to produce ®45mmx60mm test bar. Then, the
disc specimens were machined from the bar. The XRD analysis result of Fe-B alloy shows the borides
in Fe-B alloy are Fe,B in Fig.1.

800 -
® — a-Fe
W — FeB

700 H

600 4

500 4

400 4

Intensity/a.u.

300+

200 4

Ceereatld

20 30 40 50 80
26/°

Fig.1 X-ray diffraction pattern of Fe-B alloy

The pin (SNO-SN30) in the size of 5x5x10 mm with a filleted end were used to form flat contacts,
so that the contact surface area is about 20mm2; the disc, as the friction pairs, was machined from
Fe-B alloy (HBS), in the size of 44 mm in diameter and 6mm in thickness. They were finished by
grinding to achieve a surface roughness (Ra) of 0.8 um or less.

Procedure

At room temperature the specimens were tested in laboratory air (T=22-25°C, RH=30-40%) at a
constant sliding speed (v=1.31ms™) and normal load (w=10N). The sliding distance was 850m. The
friction coefficient f is directly determined by the tester. The wear coefficient k& is given

by k =0m where Am represents the mass wear volume assessed by weight loss using a

(owx)’
microbalance (accuracy = 0.1 mg), w is the normal load, x is the sliding distance, and p is the
density. In addition, when the wear coefficients were lower than 10° mm’N"'m™ magnitude, the
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measurable values would be equal to zero. The initial running-in period was not accounted for the
calculation of /" and k. Wear coefficients and friction coefficients were obtained from the average of

the values taken from 3 runs.

The morphologies of the wear debris and worn surfaces were examined by scanning electron
microscope (SEM). The wear debris phase constitution was determined with X-ray diffraction
(XRD). In addition, the chemical characterization of the worn surfaces was analyzed by using
energy-dispersive X-ray spectroscopy (EDS).

Result and discussion

Fig.2 (a) presents the friction coefficients of the specimens in stable state without lubrication. Fig.2
(b) shows the complete set of wear coefficients for the same experiments. From Fig 2, it could be
easily found that, without lubrication, the addition of hBN to SisN4 was not benefit to the friction and
wear behavior of SisN4-hBN/HBS pairs. Fig.2 (a) shows that, the friction coefficients were all higher
than 0.8. When hBN content was 30 vol.%, the friction coefficient is up to about 1.38. Fig.2 (b)
presents that, the wear coefficients of pin an disc specimens were all higher than 10° mm’N"'m™
magnitude. With the increase of hBN content, the wear coefficients of Si;N4-hBN pins increased, and
the wear coefficients of HBS discs sliding against Si;N4-hBN pins decreased.
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Fig.2 Friction coefficient (a) and wear coefficient (b) of Si;N4-hBN/HBS pairs without lubrication

Fig.3 gives the morphologies of SN30/HBS pairs. From Fig.3 (a), it can be seen that some transfer
layers are distributed on the SN30 pin surface. The high magnification image of local area indicated
by an arrow is shown in the top left corner of Fig.3 (a). This SEM observation manifests brittle
fractures appear on the transfer layers and a lot of wear debris are distributed around the transfer
layers. EDS analysis results of the transfer layer area on the SN30 pin surface are shown in Table 2.
From the table it can be found that the transfer layers are mainly composed of Fe element, oxygen
element and a spot of silicon element. So, as discussed above, the transfer layer should be metals and
metal oxides coming from HBS disc. The morphology of the worn surface of HBS disc sliding against
SN30 pin is shown in Fig.3 (b). It can be seen from the figure that some outstanding areas and the
large particles appear on the worn surface.

The SEM observation and XRD analysis of the wear debris collected during the wear test of
SN30/HBS pair are shown in Fig.4. It can be seen from Fig.4 (a) that the wear debris is composed of
fine and loose particles, which is similar to the wear debris morphology shown in Fig.7. Moreover, the
XRD results of the wear debris reveal that, as shown in Fig.4 (b), besides Fe and iron oxides coming
from HBS disc, the wear debris contains Si3N4 coming from SN30 pin.
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Fig.3 SEM images of the worn surface of SN30/HBS pair: (a) SN30 pin and (b) HBS disc

Table 2 EDS analysis of the worn surface of SN30 pin sliding against Fe-B alloy

Atomic concentration (%)

Area
O Si Fe
Transfer layer 41.57 6.24 52.18
1604 u Fe ®m
140 1 FezO3 (e}
Fe304 e}
1204 SiN, O
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o
09 Uy o o0 o

10 20 30 40 50 60 70
20/

3 - . o
Fig.4 (a) SEM image and (b) X-ray diffraction pattern of the wear debris of SN30/Fe-B pairs
Fig.5 shows the morphology of the cross-section of the HBS disc after sliding against SN30 pin. It
can be found from the figure that some fine cracks distribute on the cross-section, and cracks growth
leads to the brittle fracture and spalling. The morphology also indicates the cracks distribute on the
hard phase Fe;B. As discussed above, the hard phase Fe,B in HBS disc is easy to break, resulting in a
lot of wear debris.

7 X1,000_o40pm
N~

Fig.5 The subsurface of Fe-B alloy disc sliing aainst SN30 pin without lubrication

It can be concluded from the discussion above that, for the SN30/HBS sliding pairs, at the first
stage of friction process, the micro-bulges on the wear surface of SN30 pin ploughed the wear surface
of HBS disc. Because the hardness of Fe,B phase is much higher than that of matrix [7], Fe,B phase
was outstanding during the friction process. With the increase of friction, the impact of the
micro-bulges on the wear surface of SN30 pin against the Fe,B bulges leaded to the brittle fracture
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and spalling. As a result, a large amount of were debris was forming. Under upper disc-on-bottom pin
mode, most of the wear debris was carried away from the wear surface due to the effect of gravity, but
some wear debris was still left in the wear interface leading to abrasive wear. The wear debris in the
wear interface was oxidized and ground, and so that then the wear debris layer, which was similar to
metal transfer layer, was forming on the wear surface of SN30 pin. This wear debris layer exhibited
fracture during the wear process, and became wear debris again, which dynamically aggravated the
degree of abrasive wear.

Fig.6 shows the morphology of the worn surface of SNO pin sliding against HBS disc. It can be
seen that the worn surface is smoother than that of SN30 pin, and only a little wear debris adhere on
the wear surface. The research work above manifests that, when Fe-B alloy discs slide against
Si3N4-hBN pins, the wear mechanism is dominated by abrasive wear, so the friction coefficients and
wear coefficients are all high. With the increase of hBN content, on the one hand, the mechanical
property of SisN4-hBN ceramic decrease, which results in the formation of more wear debris with the
increase of hBN content and aggravates the abrasive wear. Hence, the friction coefficients and wear
coefficients of Si3N4-hBN pins increase with the increase of hBN content. On the other hand, the
decrease of mechanical properties of SisN4-hBN pins weakens the plough ability, and so that then the
wear coefficients of Fe-B alloy discs decrease with the increase of hBN content.

15k0 & %sEE Geam

Fig.6 SEM image of the worn surface of SNO pinliing agaist Fe-B disc without lubrication
Conclusions

(1) When Si3N4-hBN pins sliding against Fe-B alloy discs, the addition of hBN can’t effectively
reduce friction.

(2) Without lubrication, when SisN4-hBN pins sliding against Fe-B alloy discs, the impact of the
micro-bulges on the wear surface of Si3N4-hB pins against the Fe,B bulges leaded to the brittle
fracture and spalling, and the wear mechanism was dominated by abrasive wear. In this case, the
friction coefficients were all higher than 0.9 and the wear coefficients were all higher than
10 mm’/Nm magnitude.
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Abstract: The Poly(L-lactic acid)(PLLA)/surface-grafting silica(g-SiO,) nanocomposites were
prepared by melt blending. The isothermal crystallization behavior of PLLA/g-Si0;
nanocomposites with different content of g-SiO, was investigated by optical depolarizer. In
isothermal crystallization from melt, the induction periods and half times for overall PLLA
crystallization (95°C <T.=<120°C) were affected by the crystallization temperature and the content of
g-Si0; in nanocomposites. The results showed that g-SiO, as a kind of heterogeneous nucleating
agent can reduce induction periods and half times for overall PLLA crystallization, The thermal
properties of PLLA/g-Si0, samples were also investigated by differential scanning calorimetry
(DSC), The results showed that the crystalline degree of PLLA was improved as the presence of
g-SiOQ.
1. Introduction

Poly(L-lactic acid)(PLLA), as a kind of biodegradable polymer that get rid of the dependence
of petroleum recourses, has gained considerable momentum in recent years [1-5] due to its
properties such as biodegradability, non-toxic to the environment, etc [6]. However, the application
of PLLA was limited because of its brittleness and especially low crystallization [7]. Thus, it is
necessary to improve PLLA to make it fully competitive with commercial thermoplastics. To
improve crystallization and blending have been used to modify PLLA. Inorganic fillers are often
introduced into PLLA as nucleating agents to increase crystallization rate, some works have given
us many helpful references [8-10]. For example, Pluta et al. [8] studied the crystallization
behavior and the morphology of neat PLA and PLA/OMMT nanocomposites. His work has shown
that clay particles act as nucleating agent for the crystallization of the matrix PLA, but he didn’t
report the overall crystallization rate and spherulite growth rate of PLA before and after
nanocomposites preparation. Nam et al. [9] have described the detailed crystallization behavior and
morphology of pure PLA and PLA/C;s-MMT nanocomposite, including overall crystallization rate,
crystallization kinetics and spherulitic texture of PLA. Krikorian and Pochan [10] amply
investigated the crystallization behavior of organoclay reinforced PLLA nanocomposites. Their
research was base on two types of organoclay with different extent of compatibility with PLLA. The
bulk kinetics studies and radial spherulite growth rates indicated that when a high degree of
filler-polymer matrix compatibility is present, nucleation properties of the organoclay are low
relative to the less compatible organoclay. Their works are convincing and worth reference, but
further investigation should be carried out because it is well known that 10% or 15% of nano-filler
is too high to nanocomposites.
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PLLA nanocomposites with SiO, have been reported[12-16], Linbo Wu et al[12-13] reported
PLLA/S10; nanocomposites were prepared via in situ melt polycondensation of L--lactic acid in
the presence of acidic silica sol. The SiO, nanoparticles acted as nucleation agents in the PLLA
matrix and enhanced its nucleation rate and overall crystallization rate, especially at high
crystallization temperatures. However, their research ignored the effect of SiO, content to
crystallization. Thus, in this paper, in order to improve the compatibility and adhesion between SiO,
and PLLA matrix, the SiO, were surface-grafted with L-lactic acid oligomer. And the isothermal
crystallization behavior of PLLA/surface-grafting silica(g-SiO;) nanocomposites with different
content of g-SiO, has been investigated in detail. Furthermore, the influence of the content of
g-Si0; on the crystallization rate and degree of crystallinity of PLLA/g-SiO, nano-composites was
investigated.
2. Experimental Section
2.1 Materials
Poly(L-lactic acid) (PLLA) (My=1.95%10") was purchased from Zhejiang Hisun Group. (China).
g-Si0, were supplied by Shanghai university.
2.2 Preparation of PLLA/ g-Si0; nanocomposites
PLLA and g-SiO, were dried over night at 45°C under vacuum respectively to remove residual

water. Blending of PLLA and g-SiO2 was performed on a counter-rotating mixer with a rotation
speed of 32 rpm for 4min, then at 64 rpm for 4 min. The processing temperature was set at 180°C.
The composites with various amounts (1, 3, 9%) of g-SiO, nanoparticles were prepared. Products
were hot pressed at 180°C under 10 MPa for 3 min to prepare sheets. The sheets were then cooled
down by being compressed at room temperature under 10 MPa for 15 min.
2.3 Characterization

Depolarized-light intensity measurement: The overall isothermal crystallization behavior of
PLLA was investigated by GJY-IIloptical depolarizer in the region from 100°C to 120°C. The
electronic signals transformed from the measured optical depolarizer were amplified and then
recorded on the Recording and Data Acquisition for further analyzing.

Differential scanning calorimeter: DSC 200 PC (Netzsch, Germany) was used to measure the

equilibrium melting temperature (7). The sample was heated to 190°C and maintained at that

temperature for 5 min to make sure that the polymer crystals were melted completely. Then the
sample was quenched to the crystallization temperature 7. (110°C) by liquid nitrogen, held at that
temperature for at least 30 min to ensure complete crystallization. At last, the sample was heated at
the heating rate of 20°C/min.
3. Results and discussion
3.1 Overall isothermal crystallization behavior

Traditionally, isothermal crystallization behavior can be investigated by using depolarized-light
intensity [15, 16] technique as the transmitted light intensity (/) increases with the increasing of
crystallinity and finally levels off when crystallization completes. In our research, we used the
relative light intensity (/;) defined by the following equation as an index of crystallinity:

I.(%) =100 01 (1)
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where /; and [, are the / values at 7= ¢ and 0, respectively, [_is the / value when crystallization

completes. Fig.1 shows the effect of the g-SiO, content and the crystallization temperature (7¢)
against the induction period # and the crystallization rate (1/¢,). With the increasing of
crystallization temperature, # become shorter due to the enhancement of the macromolecule
segment active ability, and # has the maximum value when crystallization temperature is 105 °C,
However, £ become longer with further increasing of crystallization temperature, which result from
the formation of spherulite restricted by excessive macromolecule segment activity. The ¢ peak of
PLLA/g-Si0O; shift toward lower 7., which indicate that g-SiO, can serve as a good heterogeneous
nucleating agent for the crystallization of PLLA in the composites. At same time, the content of
g-Si0; has great impact of induction period. The # decrease by adding more content of g-SiO,,
which confirm again that g-SiO; has good heterogeneous nucleation effect. Figure.1 also shows the
trend of crystallization rate (1/¢1,) with different 7. and g-SiO, content. The crystallization rate
increase with the increasing content of g-SiO, which also can attribute to the heterogeneous
nucleation effect of g-Si0,. However, the crystallization rate of PLLA/g-Si0, composites with
above 3%g-Si0, has the maximum value when crystallization temperature is 110°C, which is
different from the induction period.
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Fig.1 Induction periods (¢;) and crystallization rate (1/¢,,) for PLLA/ g-SiO, composites with different
g-Si0, content and crystallization temperature

3.2 Crystallization thermodynamics
The crystallization thermodynamics parameters of neat PLLA and PLLA/g-S10, nanocomposites
are listed in Table 1. These samples were measured by DSC after 30min isothermal crystallization

at 110°C. By considering AH  , melting enthalpy of 100% crystalline PLLA, as 93.7J/g [17], we

have estimated the value of crystalline degree y. of PLLA in different systems. . of composites
should based on the equation:

AH
n_%100% )

TNy

where ¢ is the weight fraction of filler in nanocomposite and AH , is the heat of fusion.

According to the data listed in Table 1, It is clear that g-SiO, nanoparticles can serve as a
nucleating agent for the crystallization of PLLA in the composites. Compared to the neat PLLA, the
crystalline degree y. of PLLA matrix increases above 3% g-SiO, content. The crystallization
temperature (7,) and the melting temperature (7,,) seem to be independent of loading of g-SiO,
particles.
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Table 1 Thermal parameters of PLLA and PLLA/ g-SiO, nanocomposites

Sample T.(C) T, (C) A Hp(J/g) % (%0)

PLLA 119.57 155.37 16.79 18.05

Iwt% 127.05 152.16 9.963 10.71

PLLA/g-Si0O, 3wt% 127.37 153.13 18.95 20.38
Owt% 119.39 152.44 22.19 23.86

4. Conclusions

Investigations on the isothermal crystallization behavior were carried out on the intercalated
PLLA nanocomposites prepared by melting blend. The results showed that the g-SiO, as a kind of
heterogeneous nucleation agent can reduce # and ¢;,. And the crystalline degree of PLLA matrix
increases above 3% g-Si0O, content.
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Abstract. The emulsion polymerization of methyl methacrylate (MMA) with butyl acrylate (BA)
using aqueous polyurethane dispersion as seed was undertaken to prepare acrylic-polyurethane
(PUA) hybrid emulsions with high solid content. The concentrations of the anionic groups were
varied by adding different amount of dimethylolpropionic acid (DMPA). The emulsions with a
similar bimodal particle size distribution (PSD) were obtained. The viscosity of the emulsions is
about 350 mPa's while the solid content is about 55%.

Introduction

Polyurethane (PU) resins, due to their high performance, especially in abrasion resistance, chemical
resistance and mechanical flexibility, are widely used in different areas such as coatings and
adhesives for wood, textiles and automobiles!'?. As the requirements of environmental protection,
there is an increasing need to optimize the performance of water-borne polymer systems to replace
the solvent-based systems to reduce VOCs!®?!. Therefore, aqueous polyurethane emulsions with
high solid content, facilitating fast drying and easy transportation, have attracted increasing
attention during recent years'®.

However, the performances of aqueous polyurethane are usually inferior to the solvent-borne
polyurethane, such as less dispersion stability and water resistance of the cast film, due to the
introduced hydrophilic groups or surfactants!’). In addition, the higher cost of polyurethane
dispersions also limits their commercial use. Thus, many new approaches have been explored to
solve the problem, such as acrylic or epoxy modifications of PU™’. PUA is a kind of excellent
polymer materials, especially for coating and adhesive, due to their superior properties such as
decorativity, protectiveness, and corrosion resistance. Although some PUA emulsions with solid
content as high as 50% have been obtained'”, the viscosity was always not investigated
systematically.

In this paper, we prepare the PUA hybrid emulsions by seeded emulsion polymerization. And
how the PSD makes an effect on the viscosity of the emulsions with high solid content is

investigated systematically.

Materials and methods

Materials. Poly-1,4-butylene adipate (PBA, M;=2000, Qingdao Xinyutian Chemical Co.,
Ltd.,China) were dried and degassed at 100 °C under a vacuum for 2 h before use. Isophorone
diisocyanate (IPDI, supplied by Skshu Paint Co., Ltd., China ), and hydroxyethyl methacrylate
(HEMA, Mitsubishi Chemical Co., Ltd, Japan) as an end capping agent, were used as received.
Dimethylolpropionic acid (DMPA, supplied by Skshu Paint Co., Ltd., China) was dried at 50 °C for
48 h in a vacuum oven. Triethylamine (TEA, 99 wt% purity) as neutralization agent was dried over
4A molecular sieves before use. Methyl methacrylate (MMA) and butyl acrylate (BA) were used as
acrylic monomers.
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Synthesis of the water-borne polyurethane dispersions. PBA were charged into a dry vessel
fitted with a reflux condenser and a mechanical stirrer. The content was heated up, followed by the
addition of IPDI. Then DMPA was charged into the mixture. The polyaddition reaction was
continued with continuous stirring. After the NCO terminated prepolymers were obtained, a known
amount of HEMA was introduced into the reactor and the NCO-HEMA coupling reaction was
allowed to take place. The HEMA terminated prepolymers were cooled down to a lower
temperature, and TEA was added and mixed for a certain of time. Finally, distilled water was fed to
the reactor and the phase inversion took place with a vigorous stirring. The resulting products were
stable dispersions with a solid content of about 30%.

Preparation of PUA hybrid emulsions. The acrylic monomer (MMA and BA) was added into
the reactor at a constant feed rate under stirring. After the complete addition of monomers, a part of
the initiator was then added. About 0.5 h later, the remained initiator was added into the reactor and
the reaction took place for a certain of time. Finally, after removing residual VOCs under reduced
pressure, a acrylic-polyurethane hybrid emulsion was obtained.

Measurement. The particle size distribution of emulsion was measured by dynamic light
scattering method using Zetasizer 3000 (Malvern Instruments). And the viscosity of the emulsion
was measured using a rotational viscometer (NDJ-9S, Shanghai Precision Scientific Instrument Co.,
Ltd. ) at a rate of 60 r/min.

Results and discussion

Effect of added amount of DMPA. During the preparation of the PU prepolymers, DMPA is used
not only as the chain extender, but also as the medium of introducing hydrophilic group. Therefore
the added amount of DMPA will affect the length of PU chain, and also determine the content of the
ionic group. Thus the particle morphology, particle size distribution, particle hydrophilicity and the
viscosity of emulsion will be varied by adding different amount of DMPA. In this paper, the added
amount of DMPA was varied from 3.5% to 8%, and the characteristics of the resulted latexes are
summarized in Table 1.

Table 1 The PSD and viscosity of PUA emulsions
PU samples D35 D40 D45 D50 D55 D60 D65 D70

DMPA[%] 3.5 4 4.5 5 5.5 6 6.5 7
Solid content [%]  55.6  53.8 539 514 528 55.0 502 552
Number of peaks 1 2 2 2 2 2 2 2

os [%] 100 74.8 83.9 874  97.1 67.6 67.8  29.0
oL [%] 0 25.2 16.1 12.6 2.9 31.8 322 708
ds [nm] 165 194 144 122 111 76 72 100
dp [nm] -- 396 397 398 407 504 537 483
ws [nm] 91.4 193 145 125 102 128 119 125
wL [nm] 0 129 125 133 107 338 343 232
dvm [nm] 165 245 185 157 119 212 221 371
dnm [nm] 140 148 88 68 67 22 20 37
n [mPas] 359 81 55 51 93 354 98 314

DMPA, the added amount of DMPA is with respect to the total amount of PBA, IPDI
and DMPA; g, and o1, the volume fraction of small and large particles; ds and d;, the
mean diameter of small and large particles by volume; wy and wi, the peak width of
small and large particles, dyy, and dnm, the mean diameter of total particles by volume
and number.

The particles were suggested as rigid balls. Thus the volume of small and large particles could be
calculated by the following equations, respectively:

v - rd ] (1)
: 6
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zd,’
V, = TL (2)

And then the approximate calculations of the number ratio of large particles to small particles
( NL/Ns) were taken as the following equation:

N _ Vs
Ns &V, 3)

And the results are shown in Table 2.

With the increase of the added amount of DMPA from 40% to 55%, the ds and dnm of PUA
emulsions decrease gradually and the PSD of small particles become narrower, while the volume
fraction of small particles increases. This behavior is due to the increase of the content of carboxylic
acid introduced by DMPA. 1t is likely that with the increase of the content of hydrophilic carboxyl
group in PU chain segment, the surface activity of PU prepolymer becomes stronger, which leads to
a decrease of the particle size. However, the mean diameter of large particles of PUA emulsions
keeps 400 nm with the increase addition of DMPA from 4% to 5.5%. It may be due to the different
composition between large and small particles: most of the PU segments with the hydrophilic
carboxyl group are in the small particles while the large particles mainly consist of acrylic segment.
When the added amount of DMPA is above 6%, the PSD does not vary regularly as the former. It is
likely that the competition takes place between interfacial tension and ionic strength of the particles
with a high addition of DMPA.

Table 2 The N;/Ng and d;/dg of PUA emulsions

PUA D35 D40 D45 D50 D55 D60 D65 D70
samples

N/Ns [%] 0 396 092 042 0.06 0.16 0.11  2.17

di/ds - 204 276 326 3.67 6.63 746 4.83

Particle size distribution. Table 1 shows that the PUA emulsions with various particle size
distribution were obtained. The PSDs of PUA emulsions of D35 and D40 are shown in Figure.1. All
the PUA emulsions except D35 have bimodal particle size distribution, but the PSD width, the
volume fraction and the mean particle size of small and large particles are obviously varied. Even
though D35 has a monomodal PSD, while both D60 and D70 have bimodal PSD and D60 has
smaller particle size and more small particles than D70, the viscosity of the three dispersions is
similar and much higher than the others.
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Figure. I PSD of PUA emulsions Figure. 2 Variation of the viscosity of PUA
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Effect of solid content on viscosity. In order to determine the maximum attainable solid content,
a study was undertaken by preparing a PUA emulsion, which has the similar recipe as D60 but less
amount of water, with a solid content as high as 64%. Then the emulsion was diluted in steps. The
results were shown in Figure 2. When the solid content is lower than 50%, the viscosity of the PUA
emulsion is very low. The viscosity increases slowly with the content of solid varying from 50% to
58%, and increases sharply when the solid content is above 58%. Therefore, in order to prepare
PUA emulsions with low viscosity, the solid content of the emulsion should be lower than 58%.

Summary

The viscosity of high solid content emulsions is sensitive to many factors. In this work, the effect of
the added amount of DMPA and the PSD are mainly investigated. A series of high solid content
PUA emulsions were obtained successfully and the viscosity is lower than 360 mPa'S. In addition,
in order to prepare PUA emulsions with low viscosity, the designed solid content of the emulsion
should be lower than 58% in the present work.
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Abstract. Poly(3-methoxythiophene)/NiO (PMOT/NiO) composite films were electrochemically
synthesized on a ITO surface in the ionic liquid 1-butyl-3-metyllimidazolium hexafluorophosphate
([BMIM]PFg) by a potentiodynamic polymerization method. The PMOT/NiO composite films were
characterized by energy-dispersive X-ray analysis(EDS) and scanning electron microscopy (SEM).
Electrochemistry properties of the prepared film was characterized by cyclic voltammetry.
Spectroelectrochemistry and electrochromic properties of the PMOT/NiO composite were
characterized using various experiment techniques in [BMIM|PF.

Introduction

In recent years, polythiophenes, a very versatile class of conjugated polymers, are still of

growing interest due to their potential applications in the development of new materials such as in
the field of electrochromic devices, light emitting diodes and energy storage[l,2]. Among
conducting polymers, poly(3-methoxythiophene) (PMOT) has been received a significant share of
attention. PMOT, as an important derivative of polythiophene, has led to numerous applications in
the fields of microelectronics and optoelectronics to its high conductivity and high tensile strength
and flexibility. For example, Nano-poly(3-methoxythiophene) (NPMOT) was electrochemically
synthesized on an ITO surface in the ionic liquid 1-butyl-3-methyl-imidazolium tetrafluoroborate
([BMIM]BF,4) by a potentiodynamic polymerization method. The NPMOT films showed a good
optical contrast and the ability of switching under atmospheric pressure[3].
Conducting polymer/metal oxide composite films have gained extensive attention. Because of their
unique molecular structure and apparent synergistic effect, these composite films can display an
improved electrochromic effect and specific capacities[4]. Poly(3-bromothiophene) (PBrT) was
electrochemically synthesised on nano-WOj surface in the ionic liquid 1-butyl-3-metyllimidazolium
hexafluorophosphate ([BMIM]PFs) by potentiodynamic method. Experimental results show that the
electrochemical activity of the PBrT/WO; nanocomposite films was significantly improved due to
the contribution of unique structure and interactions between PBrT andWO;[5]. Organic/inorganic
nanocomposite films based on poly(3-methoxythiophene) (PMOT) andWO; were prepared by a
consecutive two-step electrochemical method. The obtained PMOT/WO3 nanocomposite films were
also characterized by cyclic voltammetry to investigate their electrochemistry properties which
display significant enhancement of electrochemical activity than that of pure PMOT and WO;
films[6]. In this work, PMOT/NiO composite films were prepared using electrochemical method.
The morphology, structural and electrochromic properties were investigated on the film.

Sample preparation

All the chemicals were analytic grade reagents without further purification. The PMOT/NiO
composite film on an indium tin oxide (ITO) (1x1 cm?) conducting glass substrate was prepared by
two consecutive steps in a conventional three-electrode cell system. An ITO conducting glass (1x1
cm?) had been pretreated with ultrasonic cleaning with acetone, anhydrous ethanol and distilled
water for 5 min, respectively and dried in air at 80 °C. Deposition electrolytes consisted of 0.1M
nickel nitrate, sodium acetate and potassium nitrate at room temperature. The electrochemical
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experiments were performed on a CHI660C electrochemical working station (CHI, Chenhua,
Shanghai, China) using a saturated Ag/AgCl electrode as the reference electrode and a platinum
wire as the counter electrode. The electrodeposition of NiO films were performed under a voltage of
+1.5V for 300s. After deposition, sample was washed with deionized water and dried in air at 80
°C. A SEM image of the surface of NiO film is presented in Figure 1. Relatively uniform
nanoparticles were formed in the range of 10 to 20 nm. PMOT was then deposited on this NiO film
as a second step by a potentiodynamic polymerization method involving scanning the potential
repeatedly between —1.0V and +2.0V versus a Ag/Ag’ reference electrode at a scan rate of 100
mV/s for 3 cycles in 2M 3-methoxythiophene in 5ml [BMIM]PFs. After electrochemical
polymerization, the PMOT/NiO composite film was washed with acetone for several times to
remove unreacted monomer and dried in air.

Fig. 1 SEM image of NiO film deposited on ITO glass substrate.

Characterization

The morphologies were characterized using scanning electron microscopy (SEM, Hitachi S-4700,
15kV). The composition of the products was analyzed by energy dispersive X-ray detector (EDS,
Thermo Noran VANTAG-ESI). Spectroelectrochemical studies were carried out on a UV-Vis
spectrophotometer (UV-759s, Shanghai, China) in the wavelength range of 350-750 nm.

Electrochemical measurements

Electrochemical measurements were carried out in a standard three-electrode electrochemical cell
with PMOT/NiO film as the working electrode, Ag/Ag" reference electrode and Pt counter
electrode. [BMIM]PFs was employed as electrolyte. The cyclic voltammetry (CV) measurements
were performed at room temperature.

Results and discussion

The morphology of the PMOT/NiO film were examined by SEM microscopy. Figure 2 shows the
surface morphology of the PMOT/NiO film. It can be seen that PMOT are nanoparticles with size
of 30-50 nm. The energy dispersive spectrometry (EDS) analysis was employed to determine the
composition of the PCIT/WOs film. The EDS patterns of the PMOT/NiO film are shown in Figure
3. It reveals that the main elements in samples are S, C from PMOT and Ni from NiO.
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Fig. 2 SEM images of the PMOT/Ni Fig. 3 EDS spectrum of the PMOT/Ni
composite film. composite film.

Figure 4 shows the cyclic voltammograms of the PMOT/NiO composite film in [BMIM]PF¢
electrolyte at a scan rate of 20 mV/s. The anodic part of the voltammogram consists of two peaks at
0.11V and 0.76V. On the reverse scan two reduction peaks are observed. The PMOT/NiO film
exhibited different color during the potential scanning sweep: at the oxidized state (E= +1.2 V) the
coloration of the film is blue, and at the reduced state (E= —1.0 V) it is red. Fig. 5 shows the in
absorption spectra of the polymer recorded at various applied potentials in [BMIM]BF,.
PMOT/NiO composite films were easily switched between the fully reduced (red) and fully
oxidized (blue) states.
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Fig. 4 CY_CHC Volta}mmograms of Figure 5 Spectroelectrochemistry of PMOT/NiO films
PMOT/NiO films in [BMIM]PF. at the following potentials: —0.4 and 0.6 V.

Switching times and optical contrast in PMOT/NiO films are determined with a change in
transmittance at 660 nm where the maximum transmittance difference between redox states were
observed in the visible region. For this aim, square wave potential step method was coupled with
optical spectroscopy to investigate the switching ability of PMOT/NiO films between its neutral
state and doped state (Fig. 6). The time required to attain 80% of the total transmittance difference
was found to be 5.6 s.
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Fig. 6 Optical and electrical current responses as a function of experimental time of the
PMOT/NiO film under continuous double potential step measurement between —0.2 and 1.6 V.

Conclusions

In this paper, In this paper, the PMOT/NiO composite films were prepared by two consecutive
electrochemical steps. At first the NiO film was grown by a potentiostatic method in nickel nitrate
electrolytes, and then PMOT was deposited on the NiO film by a potentiodynamic polymerization
method in 2M solutions of 3- methoxythiophene in [BMIM]PF¢. The PMOT/NiO composite films
showed good electrochromic properties.
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Abstract. To obtain a kind of composite particles material which has the property of both fly ash
glass beads (FA) and titanium dioxide (TD), chemical hydrolysis precipitation method was adopted.
Each process condition was investigated and the results were characterized by titanyl sulfate
hydrolysis rate and the effect of FA coated TD. Composite structure and properties were
characterized by means of X-Ray Diffraction (XRD), Scanning Electron Microscope (SEM),
Fourier Transform Infrared Spectroscopy (FTIR) and testing physical properties of FA/TD. The
results show that the surface of FA has been coated with TD uniformly and compactly after titanyl
sulfate hydrolysis and cladding content roasted. The optimal preparation conditions are hydrolysis
cladding temperature 100°C, time 180min, matrix slurry concentration 0.5%, titanyl sulfate solution
dosage 0.5g/g and titanyl sulfate solution drop way for the graded way. The hiding power and
whiteness of the composite powder are respectively 35.47 g/m” and 54.43. The results also show
that the composite powder has similar pigment performances with TD and it is much whiter than
material.

Introduction

Fly ash is a kind of residue and byproduct to thermal power plant after pulverized coal combusted.
Due to the large accumulation of fly ash, it has caused serious environment pollution. It has great
practical significance to carry out comprehensive utilization of fly ash. FA, which presents spherical
hollow structure observed by electron microscope is selected and separated from fly ash, and its
weight accounts for 50% - 70% of the total fly ash ['). The hollow bead has excellent performances,
such as light body, non-toxic, high activity, small particle size, high compressive strength, wear
resistance, good dispersion liquidity, low thermal conductivity, low price and so on. It has been
widely used as functional additive in the fields of building materials, rubber, plastic, paint,
chemical, marine, aerospace and other industries.

On one hand, the floating beads with the interface of the organic matrix may become the weak
link of the composite owing to the smooth surface of FA and poor compatibility with the polymer;
on the other hand, the whiteness of flash ash is low, only about 40%, which can not meet the
requirements of the light-colored filler. TD, as a kind of white pigment, is thought to be the world's
best pigment. Its property is stable, insoluble in water, alcohol, almost no reaction with the
acid-base, but also has excellent weather resistance, opacity and gloss. The composite particles were
prepared with FA as core and TD as shell, which can significantly improve the performance of fly
ash, and achieve both functions. Lu Hongbin ¥ studied a kind of thermal insulation coating
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technology about FA/TD, whose heat-reflective ratio up to 97.76%, with a significant effect of
reflective insulation. Zhang Yun ' studied the effect of fly ash activated to the coated beads and
explored the coating process conditions. However, the studies above were not related to composite
pigments function, and the study in preparation process and structural characterization was not
detailed enough. In this paper, enhancement to the physical performance of fly ash glass beads and
pigment performance of composite particles was our goal. FA/TD composite was prepared by
chemical precipitation method, and the preparation process conditions, structure and properties of
composite particles were also studied.

Experiment

Raw Materials and Reagents. FA(600 mesh) were provided by Shanghai Gerunya Nanometer
Material Co., Ltd. TiOSO4 solution, concentration of 152g/1000mL, was provided by Jiaozuo
Chemical Plant. Sodium dodecyl benzene sulfonate (DBS) and ammonia, which were analytical
grade, were both provided by Beijing Jingwen Huabo Commerce Center.

The chemical composition of FA depends on the chemical composition of raw coal and
pulverized coal combustion degree. It is different greatly in chemical composition between different
coal sources and different countries 1**). The main chemical analysis results were listed in Table 1.

Table 1 The Chemical analysis results of fly ash glass beads
Composition Si0, | ALOs | K,O | CaO | Fe,O3 | Na,O | MgO Ti0, Loss
Content/% 52.38 | 36.61 | 2.12 | 1.73 1.41 1.16 1.06 0.54 2.57

Chemical Precipitation Coating Process. Preparation of FA/TD composite particles by
chemical precipitation included two parts. One was FA with alkali activated, and the other part was
hydrolysis precipitation of titanyl sulfate and roast of hydrolyzate.

It had two purposes for FA to be activated: Firstly, to remove dirt on the surface of FA;
Secondly, to make floating beads surface roughened by the use of micro dissolution of NaOH,
thereby enhancing the binding force between beads and coatings . Weigh a certain amount of
activated FA, then place it in a three-necked flask with deionized water, and then add 1% of the
total beads of SDBS as dispersant, stirring so that microspherical particles fully dispersed, and then
heat it in water bath to the designed hydrolysis temperature. TiOSO, solution is then added in a
manner. Start timing when thermostat hydrolysis begins, meanwhile the pH value is kept constant at
about 2.5 with ammonia. Stop to stir when hydrolysis time reaches. Remove the three-necked flask
and cool it for a period of time, then wash it until neutral with deionized water at about 70°C. After
filtration, it is dried at 80°C until calcination treatment.

Evaluation Tools. The amount of TD generated in reaction of titanyl sulfate hydrolysis is
measured by hydrolysis rate. The larger the hydrolysis rate is, the more TiO; is. The hydrolysis rate
of titanium saline solution is defined as the ratio of TD-quality contained in calcined composite
product and TD-quality contained in the added titanyl sulfate solution.

Hiding power refers to the ability of pigment coating into a homogeneous coating film so that the
background color of the coated surface is no longer appeared. The test method of hiding power is in
accordance with GB1709-79.

D/MAX 2000 X-ray powder diffractometer is used to analysis the crystalline phase of the
powder, and field emission scanning electron microscope, model JSM-7001F is used to observe the
morphology of raw materials and coating particles. The whiteness of samples are measured by
WSB-3 type whiteness meter and the infrared spectra of powder is measured by SPECTRUM100
type infrared spectroscopy.
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Results and discussion

Orthogonal experiments to the better experimental conditions. The process of FA coated with
hydrolyzate of TiOSO4 included two processes, one was hydrolysis of TiOSO,4 and the other was
hydrolyzate adsorption of TiO, ¢ nH,O on FA surface. Therefore, it was necessary to do
investigation and optimization by orthogonal experiment.

Orthogonal experiments were conducted with 5 factors and 4 levels of [L16 (45)] on conditions
of TiOSO,4 dosage and other factors. The factors and levels (Correlational studies about TiOSO4
separate hydrolysis were referred to ™)) and the results were listed in Table 2. The composite
performance was characterized by titanyl sulfate hydrolysis rate and hiding power "”. FA which
were activated by alkali were as matrix core, and the hydrolysis coatings in various conditions
needed roasted at 700°C, and then the roasted product needed to be tested.

In Table 2, K (1 (2), 1, j) represented the average of TiOSO4 hydrolysis rate (the hiding power of
composite particle material) in column j factor corresponding to i level. The range indicated the
maximum difference of average number which was corresponded to four levels of each factor. It
reflected the impact degree of various factors on TiOSO4 hydrolysis rate and hiding power of
composite particles. The greater the range was, the more the hydrolysis rate of TIOSO4 and hiding
power of composite particle materials were affected.

Table 2 Orthogonal experimental table of preparation of fly ash floating bead-TiO,

TiOSO, solution Matrix slurr Hidin
) dosage Temperature | Time oy Hydrolysis £
Project (2/g using TiO,) (C) (min) concentration Drop way rate (%) power
e wme T (%) Yol (gm)
! 0.5 70 60 0.5 Addedallat | (5o 0
once
2 0.5 80 90 1.0 3 drops/s 76.1 60.82
3 0.5 90 120 1.5 1 drop/s 4 59.72
4 0.5 100 180 2.0 Added in 64 0
graded way
5 1.0 70 90 1.5 Added in 76.98 50.26
graded way
6 1.0 80 60 2.0 1 drop/s 45.19 62.3
7 1.0 90 180 0.5 3 drops/s 43.74 38.28
8 1.0 100 120 1.0 Added all at 81.48 39.28
once
9 1.5 70 120 2.0 3 drops/s 72.16 4135
10 1.5 80 180 1.5 Added all at 48.13 46.26
once
11 1.5 90 60 1.0 Added in 84.72 31.04
graded way
12 1.5 100 90 0.5 1 drop/s 69.53 32.42
13 2.0 70 180 1.0 1 drop/s 77.64 45.08
14 2.0 80 120 0.5 Added in 76.54 31.47
graded way
15 2.0 90 90 2.0 Added all at 70.38 52.06
once
16 2.0 100 60 1.5 3 drops/s 81.7 36.34
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K(,1,j) 61.985 73.155 69.362 63.913 66.457
K(,2,j) 61.847 61.490 73.248 79.985 68.425
K(L,3,j) 68.635 60.210 68.045 62.203 58.590
K(1,4,j) 76.565 74.178 58.377 62.932 75.560

Range 14.718 13.968 14.871 17.782 16.970
K(2,1,j) 30.135 34.172 32.420 25.543 34.400
K(2,2,)) 47.530 50.212 48.890 44.055 44.197
K(2,3,)) 37.767 45.275 42.955 48.145 49.880
K(2,4,)) 41.238 27.010 32.405 38.928 28.192

Range 17.395 23.202 16.485 22.602 21.688

As was shown in Table 2, it was different in range between hydrolysis rate and hiding power.
Other factors for the evaluation of primary and secondary indicators were as follows. For hydrolysis
rate, it was matrix slurry concentration> TiOSO4 solution drop way> hydrolysis time> TiOSO4
dosage> hydrolysis temperature, and for hiding power, it was hydrolysis temperature> matrix slurry
concentration> TiOSQ4 solution drop way> TiOSO4 dosage> hydrolysis time.

Pigment property of the final product was reflected in hiding power. Composite particle
materials could not eventually put into use until the hiding power and other indicators data were
good. So when the two indicators were affected quite by various factors and the hydrolysis rate was
not low, the conditions of good hiding power data was optimum. Therefore, the hydrolysis
temperature of 100°C was chosen. Other optimum factors were as follows: matrix slurry
concentration 0.5%, titanyl sulfate solution drop way for the graded way, titanyl sulfate solution
dosage 0.5g/g and hydrolysis temperature 100°C. The combination of conditions did not appear in
the orthogonal table, so the results of new sample in these conditions were as follows: hydrolysis
rate was 82.52%, hiding power was 30.47 g/m” and the whiteness was 54.43%. As a result of this
set of data was better than all the data in orthogonal table, this combination of conditions was the
optimal conditions for this test.

X-ray Diffraction Analysis. The XRD patterns of FA and hydrolysis coatings roasted and not
roasted were shown in Fig. 1. As Fig. 14 was shown, most of the raw materials were glass phase, a
small amount of crystalline phase was quartz and others were mullite diffraction peaks. As
indicated in Fig. 1B, the majority of diffraction peak remained the coated substrate, and also
presented a low and broad diffraction peak of anatase TiO,. It was shown that TiO, « H,O was a
kind of poor crystalline anatase-type microcrystalline. As was shown in Fig.1C, the peak of the
anatase type titanium dioxide were sharp and significant after roasted at 700°C, indicating that the
matrix were basically covered by TiO,.

Scanning Electron Microscope Analysis. Using SEM to observe the morphology of FA which
were activated and not, coated and not. SEM images of the samples were shown in Fig.2. As Fig.2a
showed, the shape of FA raw material was regular spherical and its surface was quite smooth. Also,
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A-rawmaterial; B-not roasted; C-roasted FA; b. unactivatied and coated of FA; c. activatied

of FA; d. activatied and coated of FA

its ability of reflecting light was good. After activation treatment, the floating bead surface had
become rough, which were a lot of small particles. It could be inferred that the fly ash surface was
corrosion not in the form of pitting corrosion, but in the form of surface corrosion. Because of the
interaction among FA, the thin layer had been rolled into a cylindrical surface attached to the
floating bead to increase the roughness of the surface of beads. By comparing FA that were shown
in Fig.2a~2d, most of titanium dioxide on surface of FA which were unactivatied and coated were
lost, and only a small amount attached to the particle surface. It was also obvious that titanium
dioxide were blocky stocked, and the coating was not uniform. However, the coatings of FA which
were activatied and coated were uniform and compact, which greatly increased the hiding power of
the composite particles.
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Fig.3 IRMSp.ec':tfum of samples:
A-the IR spectrogram of FA/T; B- the IR spectrogram of

FA; C- the IR spectrogram of TiO,

IR Spectrum Analysis. By comparing Fig. 34, B, C curve, it was shown that complexes of
FA/T kept the original vibration peak of TiO, at 2338cm™, but a new small peak appeared at
2268cm™. Tt could be inferred that the surrounding chemical environment of the original bond
changed, which might due to the Si-O bond breaking or AI-O bond breaking that presented on the
surface of fly ash floating beads. In addition, the vibration absorption at 1113cm™ was stronger than
the fly ash glass beads and TiO,. The reason might be the presence of Ti-O bond to strengthen the
Si-O-Si bond, or forming a new chemical Si-O-Ti bond. Therefore, TiO, and FA were integrated
closely.
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Conclusions

(1) The surface of fly ash hollow glass bead turned rough when it was activated by alkali, and it was
easier for titanium dioxide to be deposited on it. Also, it made cladding layer uniform, density and
better hiding power performance.

(2) For the fly ash hollow glass beads which were activated, the optimal preparation conditions
for: hydrolysis cladding temperature 100°C, time 180min, matrix slurry concentration 0.5%, titanyl
sulfate solution dosage 0.5g/g and titanyl sulfate solution drop way for the graded way.

(3) As was shown in XRD analysis, the peak of the anatase type titanium dioxide were
significant after roasted at 700°C, indicating that the matrix were basically covered by TiO,. The
pictures of SEM indicated that in the composite particle materials of FA/TD, TiO; has coated on the
surface of fly ash floating beads with uniform and dense film. According to IR spectrum analysis, it
has formed a new chemical Si-O-Ti bond on the surface of TiO, and FA by use of their hydroxies,
respectively. Therefore, TiO, were integrated closely with fly ash glass beads.
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Abstract. Al,O3-Si0,-ZrO, composite sol was prepared with aluminum nitrate, zirconium
oxy-chloride, etc as precursors, by which Al;,03-Si0,-ZrO, composite ceramic microfiltration
membrane was achieved. Stable boehmite sol can be obtained by adding AI(NO3); into ammonia but
not the reverse. The stability of the composite sol depends on the ratio of Si/Zr. The aperture of the
composite membrane can be micron level. It has good effect on sewage treatment.

Introduction

As an important kind of structural and functional material, inorganic ceramic membrane draws more
and more attention, and is well applied in water treatment. Composite membrane can separate the
system which is difficult to be dealt with by conventional ceramic membrane, and it has been used for
the separation of aqueous medium liquid, such as drinking water desalination, softening, wastewater
treatment, etc. The surface morphology and surface modification characteristics of composite
membrane are conducive to exploring application prospects in liquid separation, such as water
treatment [1-3].

Since it is featured by simple process equipment, low cost, controllable chemical composition and
acceptable applications in the preparation of highly pure and small-aperture ceramic membrane at
relatively low temperatures, the sol-gel method is generally considered as one of the most effective
methods to prepare composite ceramic membrane [4]. Depending on the difference of initial raw
material, the sol-gel process can be divided into two ways: organic way and inorganic way [5]. The
precursors are generally organic metal compound or inorganic salts. Due to the limitations and
high-cost of Alkoxide, the sol-gel method with inorganic salt as a precursor has drawn more and more
attention in recent years by virtue of its price advantage.

Experiment Process
Experimental Drugs

Reagents used in experiment are shown in table 1, all reagens are analytical reagents.

Table 1, Schedule of Reagent

Reagent Name Molecular Formula Reagent Name Molecular Formula

Aluminum Nitrate AI(NO;);-9H,0 Anhydrous Ethanol ~ CH3;CH,OH

Zirconium
Oxychloride
Tetraethyl
Orthosilicate

ZrOCl,-8H,0 Ammonia NH5-H,O

(C2H5)4Si04 Nitric Acid HNO3
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Preparation of Alumina Sol with Inorganic Salt Precursor

With AI(NOs); as the raw material to provide alumina and ammonia as a catalyst, 1mol / L aqueous
ammonia is heated to 80°C to 90 °C in water bath, and then an appropriate amount of 1mol/L of
AI(NO3); is added to hydrolyze, and after a certain time of reaction add nitric acid to precipitate the
peptization. Then clear AIOOH sol will be got after a period of aging.

The device for the preparation of aluminum sol is shown in Fig. 1.

1. Apparatus of thermostatic
4 water-bath

2. Hydrolysis reactor
3 3. Electrical agitating
. 4. Condenser coil
P
- wa
e

Fig. 1, Experimental equipment of AIOOH sol

Preparation of SiO,-ZrQO; Sol

Dissolve ZrOCl,-8H,0 into anhydrous ethanol, add TEOS of a certain percentage after magnetic
heating and stirring dissolution, and then conduct water bath for certain time after stirring for a period
of time, thus getting a kind of colorless transparent solution. In addition, a light blue transparent sol
will be obtained after aging for a period of time.

Preparation of Inorganic Membrane and Structural Characterization

Add the prepared SiO,-ZrO; sol into the AIOOH sol, and stir for 2 to 3 hours to obtain the composite
sol. Coat the composite sol on the surface of porous ceramic tube, and after drying and calcinations,
an inorganic membrane will be obtained.

Observe the morphology of the membrane with a scanning electron microscope (SEM).

Results and Analysis

The Effect of Feeding Sequence on Al (NO3); Hydrolysis Reaction

With Al (NOs); as aluminum source, prepare AIOOH (boehmite) sol by peptization method. Use
ammonia as the hydrolysis-promoting agent or precipitating agent to study the impact of different
feeding sequence and manner on hydrolysis reaction.

According to the experiment, it can be found that the solution will have precipitate upon the
ammonia when it is added into the AI(NOs); solution; the precipitate will quickly disappear after
being stirred and the solution will become clear and transparent again. Until the amount of the added
ammonia is twice of the volume of the AI(NO3); solution of the same concentration, the precipitation
will not continue dissolving. It can be seen from the reaction in Eq.1.

AI(NO,), +3NH, - H,0 - AI(OH), ¥ +3NH,NO, . (1)

Since Al(OH); is amphoteric, it will not continue undergoing hydrolysis and the above reaction
will reverse when the solution is acidic; but when Al(OH); is added into the aqueous ammonia, the
reaction process at this time is conducted under alkaline conditions and Al(OH); will undergo the
following hydrolysis reaction in Eq.2 and produce stable AIOOH precipitation; this reaction is not
reversible.
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AI(OH), —“<" 5 AJIOOH \ +H,O . Q)

Therefore, only drop Al(NOs); into the ammonia can obtain stable boehmite precipitation, and
prepare boehmite sol by further adding appropriate peptizer.

The Effect of Sol Ingredients on the Colloidal Stability

The stability of composite sol has an important effect on membrane-forming properties. Data on the
gelling time of the three-components composite sols are arranged by two methods: fix Si/Zr ratio and
use Al/Zr ratio-gelling time to make Fig. 2 (a); fix Al/Zr ratio and use Si/Zr ratio- gelling time to make
Fig. 2 (b).
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Fig. 2, Effect of composition on stability of the composite sol

As shown in Fig.2 (a), in the same Si/Zr, the gelling time of the system remains substantially
unchanged, but the gelling time becomes shorter as Si/Zr increases; It can be also seen from Fig.2 (b)
that all the gelling time of the system tends to decrease as Si/Zr increases when Al/Zr is fixed, and
when Si/Zr is larger, the trend will slow down. Thus, it is thought that Si/Zr is a main factor to
determine the stability of the system and Al/Zr plays a secondary role.

This is because step-by-step hydrolysis is adopted in the experimental process. The hydrolysis
process of separate AI(NOs); hydrolysis will not be affected; but the hydrolysis processes of
zirconium and silicon have interaction on each other. In addition, the literature [6, 7] shows that pH=7
at the isoelectric point of AIOOH, pH=2 at the isoelectric point of SiO, and pH=4.9 at the isoelectric
point of ZrO,. In Si-Zr sol, pH=2, and the sol is uncharged at that time while zirconia sol is positively
charged. Under the PH value (about 3.6) in the composite sol, the AIOOH particles and the zirconia
sol have positive charge while the organic silica sol has a negative charge. The isoelectric point of
710, is closer to the pH value of the system than that of AIOOH, so it can reunify with the sol more
easily. Thus, it can be concluded that the reunion among the respective components of the sol results
in gelling and the stability of the sol depends on Si/Zr.

Preparation of Composite Membrane

Use Al,O; ceramic tube as a coating carrier and conduct certain pretreatment. Prepare the composite
membrane by repeated dipping-drying-firing method. The scanning electron micrograph of the base
body and the three-time coating surface is shown in Fig. 3.

It can be seen from the SEM photograph that the surface of the prepared composite membrane is
connected by flake particles, the pore distribution is very even and the number of pores in unit size is
large, as shown in Fig. 3 (b), which can have a better filtration effect on water treatment, as shown in
Table 2.
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Table 2, Several Indices of Water Before and After Filtration by Composite Membrane

Chroma Turbidity (NTU) Fluoride (mg/L) Coliform (piece)

Before treatment 40 9 1.5 29
After treatment 13 2 0.9 1

1.00KX 10um KYKY-2800 1#

(a) Supporter (b) Composite membrane
Fig.3, Supporter and Composite membrane

Conclusion

With inorganic salt Al (NOs); as a precursor to prepare alumina sol, feeding sequence and manner
affect the hydrolysis of Al (NOs); significantly. Only after adding AI(NO;); into NH3;°H,O,
undergoing hydrolysis under alkaline conditions and then adding peptizer, can AIOOH sol with clear
appearance and stable performance be obtained. And further prepare Al,03-Si0,-ZrO, composite sol
and the sol stability depends on the Si/Zr ratio.

With Al,Os3 ceramic tube as the coating carrier, use the composite sol for several coating, and
prepare Al,03-Si0,-ZrO, composite ceramic membrane whose average pore size is in the micron
level with even pore distribution. Composite membrane has a good filtering effect on sewage and can
improve the water chroma, turbidity, fluoride and coliform counts to great extent.
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Abstract. C/C-SiC brake composites, based on reinforcement of carbon fiber and dual matrix of
carbon and silicon carbide, were fabricated by warm compacted-in situ reacted process. Rules about
the influence of different components on the friction and wear characteristics of the C/C-SiC
composites are ascertained. As hard particle, the SiC has the function to the formation of friction film,
which is in favor of increasing the coefficient of friction (COF) and decreasing the wear rate. The
resin carbon plays the role of enhancing the COF, but they are easy to be cut and increase the wear
rate. The graphite plays the lubrication function, and right volume content of graphite is helpful to
forming friction film to reduce the wear rate. The C/C-SiC composite fabricated by the warm
compacted-in situ reaction can with best tribological performance when the components volume
fraction of carbon fibre, SiC, graphite and resin carbon are 15.5%, 37.0%, 22.1% and 20.8%,
respectively, which the COF and the wear rate can reach the maximum and the minimun value of 0.44
and 1.1pm/cycle respectively.

Introduction

C/C-SiC have been developed for their use as brake materials since the end of 20 century. It is
reported that they are promising candidates for advanced brake system [1-3]. In comparison to grey
cast iron or carbon/carbon, C/C—SiC brake composites exhibit high COF, extremely low wear rates,
and high thermal shock resistance, especially strong environmental adaptability. Some countries, such
as Germany, America, China and France have launched their theoretic and applied research gradually
[1, 4-6]. For example, C/C-SiC brake composites fabricated by Central South University for
engineering machine and high-speed train have succeed tested in laboratory, and the ceramic brake
disk is mounted on a metallic mat and can resist a maximum application temperature of about 800°C.

Nowadays, the main preparation methods of C/C-SiC composites include: (1) a gas phase route,
also refer to as chemical vapor infiltration (CVI), (2) a liquid phase route including the polymer
impregnation/pyrolysis (PIP), and liquid silicon infiltration (LSI) also called (reactive) melt
infiltration (RMI or MI) processes, as well as (3) a ceramic route, i.e. a technique combining the
impregnation of the reinforcement with a slurry and a sintering step at high temperature and pressure,
also refer to high pressure-sinter process (HP-Sinter). Each of the formed routes displays advantages
and drawbacks. In order to promote the application of C/C-SiC brake composites, the authors
invented warm compacted-in situ reacted process (WCISR) for the first time at home and abroad. In
comparison to the former routes, the WCISR exhibit many advantages, such as simple technology,
large range of raw material choice and low preparation cost. C/C-SiC brake composites fabricated by
WCISR have succeeded applied on magnetic levitation vehicle, high-speed train, advanced car and so
on.

The friction and wear of ceramic materials is a complicated topic and involves several variables.
Since the components volume affect the mechanical properties of the composite, they certainly
influence its tribological properties. Although some researchers investigated the friction and wear of
C/C-SiC brake composites, most of their studies were performed with the composites fabricated by
CVI and RML. In this study, C/C-SiC brake composites fabricated with WCISR were tested against
steel disk in order to investigate their wear mechanisms and the effect of different components on the
friction and wear.
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Experimental

Fabrication. The diameters and lengths of the T700 carbon fiber used in this study were 7 pm and
3-10 mm, respectively, according to information supplied from the Toray Corp.of Japan. Matrix were
originated from graphite powders (grain size 40-50pm), phenolic resin and Si powders (grain size
10-20um) containing 99.3 mass% Si. Table 1 shows the compositions of samples used for this study.
The content of SiC was obtained by supposed all the Si powders reacted with carbon, and the content
of resin carbon was obtained by supposed all the phenolic resin was pyrolysed to resin carbon and the
yield was about 60 wt%. WCISR was based on four steps[3]. The density of the resulting C/C-SiC
was about 2.0g/cm’, and open porosity was about 10%.

Testing methods. Tribological behavior was studied by using a MM-1 000 friction testing
machine with C/C-SiC composites as static plate and corresponding steel disk as moving plate. The
sizes of test samples and corresponding steel disk were @75x@53x16mm. The experimental
conditions were: the brake linear speed was 20m/s, the rotary inertia was l1kg-cm-s> and the brake
pressure was 50N/cm”. Each wear test was repeated three times and the average values of the
measurements were expressed in the results.

The wear rate of the test samples were measured with the help of the micrometer. The open
porosity and bulk density of samples were measured by Archimedes’ method. The phase
identification was performed by means of X-ray diffraction (XRD) (model Rigaku D/max 2550PC,
Japan). The microstructure and fracture morphology were measured with scanning electron
microscopy with energy dispersive X-ray spectroscopy (SEM/EDX) (model JSM-6360LV, Japan)
and three-dimensional digital video microscope (model KH-7700, Questar, America).

Results and discussion

Friction and wear properties. Fig.1 shows the values of the average friction and wear properties of
the test samples. The samples of F1, F2 and F3 show different tribological performance depending on
the carbon fiber volume. It can be seen that the COF increases at first but decreases at last with the
increasing of the carbon fiber volume, while the wear rate has contrary current. In comparison to the
S2, S1 and F2 samples, the COF enhancing slightly but the wear rate reducing sharply with increasing
SiC volume. However, with the same volume fraction of carbon fiber and graphite, the COF of the
samples of G2, R1 and R2 doesn’t reduce as the resin carbon reduces but the SiC increases, which
means the resin carbon has the function of enhancing COF. But the resin carbon has litter effect on the
wear rate. Although the SiC volume fraction of the samples of G1 and G2 is the same, and the gross
volume fraction of the graphite and the resin carbon is also basic homology, the COF and the wear rate
of the two samples are different, which indicates although both graphite and resin carbon are carbon
matrics, they have different function to the tribological characteristices of C/C-SiC brake composites
for their different crystal structure.

It can be seen from the Table 1 as well that the highest COF (0.44) and the lowest wear rate 1.1
um/cycle are obtained for F2. However, the G1with the lowest SiC volume fraction while the highest
graphite has the lowest COF (0.20), and its wear rate is the highest that reaches as high as 5.7
pm/cycle.

SEM micrographs of the worn surface. Under the same brake condition, different samples has
different worn surface appearances (as shown in Fig. 2). The sample of F2 with lowest graphite
volume have formed complete friction film, and the F1 and F3 samples have similar worn surface
micrographs. The S1 and S2 samples formed friction film as well, but a small mount of carbon fiber
reveal in the worn surface. The friction film of G1 which has the highest graphite volume is uneven,
and the worn debris accumulate together on the worn surface. Many plow furrow and much carbon
fiber on the G2 worn surface. As the R1 and R3 samples, certain friction films on the R1, but the
friction films are incomplete and there are flaking phenomenon in the middle of the worn surface, and
the friction films of R2 are not continuous.



Applied Mechanics and Materials Vols. 268-270 61

Influence of components. Some researchers have pointed out the fiber can not strengthen the
matrix unless the space between each fiber is less than 0.8 mm. At the same time, the larger fiber
volume 1is, the more uniform distribution in the matrix and the reinforced effect is, for brake
composites the wear rate is more lower. However, when the fiber volume surpasses certain limit, the
bonding strength between the fiber and the matrix will decrease, then the fiber will be easier to be
stripped and drawn, which leads to the wear rate increasing. In this study, it is shown that when the
carbon fibre content is 15.5% the C/C-SiC composite with best tribological performance.

The XRD results show that all the SiC in the samples are face-centered cubic B-SiC. B-SiC has
high hardness, good wear-resisting, good corrosion-resisting and high heat conduction. The SiC
exists in the C/C-SiC composites as hard particle, which has the function of increasing COF and
fixing the worn debris during the brake process. The graphite and carbon fiber which have lower
hardness and strength are tending to be cut to worn debris. Some parts of the worn debris accumulate
in the worn surface, as the SEM micrographs of S1 worn surfaces shown in Fig. 3. These worn debris
forms the friction film and play the role of lubrication, then the composites have better tribological
performance.

The higher of the SiC volume is, the smaller interspace between hard particle is. Then the worn
debris are easier to form friction film on the worn surface, so the tribological performance of S1 is
better than the S2. However, it not means that the more SiC volume bring the better tribological
characteristics. The former researches of the authors show the best SiC volume fraction of C/C-SiC
brake composites is about 36%-38%.

In contrast of the COF change curves between the G1 and the G2 (as shown in the Fig.4). The
curve of the G1 is steady and without obvious vibration. However, the curve of the G2 has great
vibration correspondingly, and its average COF is higher than the G1’s obviously. This indicates that
the graphite, which with layer structure and is easy to slip, has the lubrication function and prevents
vibrating during the brake process.

The graphite is added in the form of powers during the composites preparation process, and it felt
the other components depends upon the Si-C reaction, so the felted strength is decided by the volume
of SiC. The volume fraction of graphite in G1 is as high as 52.5% while SiC is only 10%. Although
the graphite worn debris is easy to form friction film, they can not form complete friction film under
the condition of the SiC volume is not enough. Then the felted intensity is low and the graphite is easy
to fall off during brake, so the tribological performance of G2 is better than G1.

The resin carbon is amorphous carbon and its crystal structure is not complete [7]. Its degree of
hardness and strength are higher than that of the graphite. The main function of resin carbon in
C/C-SiC composites is integrating the other components during the composites preparation process
and adjusting the COF.

In compare to the tribological properties and the worn surface SEM pictures of the samples G2,
R1 and R2, there has not obvious changes of the COF when the SiC volume changes much, which
indicates that the resin carbon has the function of increasing COF. But the G2 has the largest wear
rate, while the R1 has the smallest. Under the condition of lower SiC volume fraction, the harder resin
carbon grain enhances the friction force in the form of attrition, then the COF does not decrease
obviously because of the reducing of SiC.

Summary and conclusions

(1) The COF and the wear rate of the C/C-SiC brake composites fabricated by the WCISR can
arrive the maximizing value of 0.44 and the minimun value 1.1um/cycle respectively.

(2) The C/C-SiC composite with best tribological performance when the components volume
fraction of carbon fibre, SiC, graphite and resin carbon are 15.5%, 37.0%, 22.1% and 20.8%,
respectively.
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(3) The SiC as hard particle has the function to the formation of friction film, which is in favor of
increasing the COF and decreasing the wear rate. The resin carbon plays the role of integrating the
other components and enhancing the COF, but they are easy to be cut and increase the wear rate. The
graphite plays the lubrication function, and a right volume content of graphite is helpful to form
friction film to reduce the wear rate.
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Abstract. This paper presents the structural, ferroelectric, ferromagnetic, resonance and
magnetoelectric (ME) properties of multilayered ME composites fabricated using molten-salt
synthesis method. The compositions corresponding to CoFe,O4 (CFO) with particle size of ~ 150 nm
and BaSrp,TiO3 (BST) with particle size of ~ 100 nm were chosen as ferromagnetic and
ferroelectric phases. The largest direct magnetoelectric (DME) and converse magnetoelectric (CME)
coefficients of the multilayered ME composite were, respectively, 36 uV/cm-Oe at a bias magnetic
field of 2800 Oe and 1.16x10°G/V at a frequency of 30 kHz. In addition, the corresponding
interfacial coupling coefficient was calculated to be 3.2x107. For the multilayered ME composite, the
resonance frequency of 4.97 MHz and bandwidth of 30 kHz were obtained using
capacitance-frequency spectrum method.

Introduction

Magnetoelectric (ME) materials, due to their intrinsic ME effect, have been focused increasingly for
their potential applications in inductors, sensors and filters [1-3]. The ME effect is defined as an
electric polarization response to an applied external magnetic field, also called direct magnetoelectric
(DME) effect, or an induced magnetization response to an applied external electric field, also called
converse magnetoelectric (CME) effect [4,5]. In general, the effect is quantitatively characterized by
ME coefficient [5]. The DME coefficient ay and CME coefficient ag could be described by the
following expressions [5,6]: ag=0E/(dH,.) and az= 0B/ 5V, where OF is the electric field, 6H,. is the
amplitude of ac magnetic field, 8V is the applied voltage, and 6B is the magnetic induction. Up to date,
the coefficients for various ME materials have been reported [7]. Among the ME materials, layered
composites have become a central issue, since they possess stronger ME properties in comparison
with the single-phase materials or particulate composites [3,4]. Most recently, the layered ME
materials are mainly fabricated by epoxy-bonding method [8] and deposition method [2,6].
Alternatively, molten-salt synthesis technique has been used to obtain multilayered ME composites
such as CoFe,O4 (CFO)/ BaTiO3 (BTO) [1]. Of the multilayers, however, little literature has been
published about the resonance frequency and CME property of the multilayered ME composite. In
this paper, we chose BST and CFO as piezoelectric and ferromagnetic phases, respectively.
Multilayered BST/CFO composite was fabricated using molten-salt synthesis method. The structural,
ferroelectric, ferromagnetic, resonance, DME and CME properties of the composite were investigated
in detail.

Experiment

The molten-salt synthesis process was employed as follows to prepare stoichiometric (1-x)
Baj 3Sr(,Ti03-xCoFe, 04 (x=0, 0.1,0.2,0.3,0.4 and 1 respectively) powder. Thestarting materials
were of reagent grade BaCO; (>99%), TiO, (>99.2%), C0,03 (>99.5%) and Fe;04 (>99.7%). In a
typical synthesis (x = 0.4): Co,03, Fe;04, BaCO3, SrCOs3, TiO,, NaCl and NP-10 (nonylphenyl ether)
were mixed in a stoichiometric molar ratio 10:20:12:3:15:15, ground for 20min, and then sonicated
for 10 min. The mixture was transferred to a crucible, pretreated at 400°C for 2 h, and then loaded into
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a furnace, where the temperaturewas maintained at 800 ‘C for 20 min, then cooled to room
temperature in air. Pure BagsSr,TiOs and CoFe,O4 productswere obtained afterwashing the
quenched material several times with deionized water to remove the NaCl salts.

The phase structures of the composites were characterized by X-ray diffraction (XRD) (X'Pert PRO,
PANalytical B.V. ). To study the morphology of the composites, Scanning Electron Microscope
(SEM, Quanta 200) was used to observed the composites. Magnetic measurements were studied
using a vibrating sample magnetometer (VSM, LakeShore 7404 ). Ferroelectric properties were
carried out by using ferroelectric tester (Premierll, Radiant Technologies ).

Results and analysis

Fig.1 shows the XRD patterns of the (1-x) Bag gSr,TiO3-xCoFe,O4 ceramic composites with x=0,
0.1,0.2,0.3,0.4 and 1. It can be seen that pure CoFe,O4 ceramic has single-phase cubic spinel structure,
pure BajsSry,TiO; ceramic has single-phase Tetragonal perovskite structure,andother composites
with x=0.1,0.2,0.3,0.4 are respectively composed of tetragonal perovskite Baj sSry,TiO3 phase and
cubic spinel CoFe,0O4 phase ,without any intermediate phase or impurity phase .The intensity of BST
peaks decreases with the decrease of BST concentration in the composites. The lattice constant for
ferrite phase in composite with 20% ferrite concentration is a=8.366A ,and the ones for ferroelectric
phase are a=3.982A and ¢ =3.990A (c/a=1.002).

intensity(a.u.)

26 (degree)

Fig.1 XRD patterns of the (1-x) BST-xCFO ceramic composites.

The backscattered SEM micrographs of the (1-x) Bay gSr,TiO3-xCoFe,O4 ceramic composites with
x=0.2,0.3 and 0.4 are shown in fig.2. It indicates all the composites show dense microstructure, less
pores and no cracks, as well as BST phase and CFO phase grains coexist in the composites, which the
BST phase appears as white area and CFO phase appears as black area. The dark area increases with
increasing the CFO concentration. At x=0.2,the spinel CFO grains are comparatively well dispersed
in the perovskite BST matrix . With x increasing to 0.3 and 0.4,the some isolated spinel CFO grains
begin to aggregate .
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Fig.2 Backscattered SEM micrographs of the (1-x)BST-xCFO ceramic composites with x=0.2(a)
,x=0.3 (b) and x=0.4 (c)

Fig.3 displays the leakage current density-electric field (J-E) behavior of the (1-x)BST-xCFO ceramic
composites with x=0.1,0.2,0.3 and 0.4. With increasing the CFO concentration, the leakage current
densities of composites increase. At an applied electric field of 10kv/cm ,the leakage current densities
of composites with x=0.1,0.2,0.3 and 0.4 are 4.4x10 °A/cm?, 1.0x10™* A/em?,1.7x10 *A/cm?, and
2.6x10 ~*A/cm’ respectively. Due to the comparatively low resistivity of CFO phase, as the
concentration of CFO phase in the composites increases , the aggregation of CFO phase,which is
demonstrated in the above SEM micrographs, leads to the decrease of composites resistivity.
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The polarization-electric field (P-E) hysteresis loop of the composite measured at room temperature is
shown in Fig.4. The loop demonstrates typical ferroelectric characteristic for the ME composite, in
which the coercive field (£.) of 4.2 kV/cm is obtained. The remnant polarization (P,) of the loop is 1.0
nC/em?®, which is equal to that of the CFO/BTO core-shell composite synthesized by a sol-gel
technique, but smaller than that of bulk BTO [9]. It should be noted that the loop is not saturated,
which could be attributed to the influence of space charge [9] and/or the leaky characteristic [2].
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Fig.3 The leakage current density-electric field Fig.4 The ferromagnetic hysteresis loops
(J-E) behavior of the (1-x) BST-XCFO ceramic of the (1-x)BST-xCFO ceramic composites
composites. at room temperature.

Fig.5 The ferroelectric hysteresis loops of the (1-x)BST-xCFO ceramic composites with x=0, 0.1, 0.2
,0.3 and 0.4 [(a) x=0 ;(b) x=0.1 ; (¢) x=0.2 ; (d) x=0.3 and (e)x=0.4].

The variation of magnetization as a function of magnetic field at room temperature is shown in fig.5
for the (1-x)BaggSry,TiO3-xCoFe;O4 ceramic composites with x=0.1, 0.2 ,0.3 ,0.4 and 1 at the
maximum applied magnetic field of 15kOe.The hysteresis loops show all the composites display
ferromagnetic characteristics. The saturation magnetization (M;) values of the composites with
x=0.1,0.2,0.3,0.4 and 1 are 7.02, 18.54, 32.14, 43.53 and 113.17 emu/g,respectively.The remnant
magnetization (M,) values of the composites with x=0.1, 0.2,0.3,0.4 and 1 are 1.62, 4.14, 7.82, 10.68
and 10.53 emu/g, respectively. The Mg value of the composites shows in fig.6. It displays the
ferromagnetic properties of composites are diluted with increasing ferroelectric phase concentration.
The coercive field (H,) values of the composites with x=0.1,0.2,0.3,0.4 and 1 are 279.18, 320.97,
400.59, 481.55 and 256.17 Oe, respectively. The H values of composites are all larger than that of
pure CoFe,O4 bulk ceramic. One is the change in the total magnetocrystalline anisotropy energy
related to the ME coupling due to the compressive stress in the CFO phase caused by the lattice
mismatch between the CFO and BST phases. The other is that the CFO particle size and particle
distribution in composites compared to that of pure CFO bulk can affect the coercive field [10].

Fig. 6 shows the DME coefficient agp for the BST/CFO composite. It is noteworthy that o shows a
strong dependence on bias magnetic field H,. varying from 27 to 7200 Oe. In the range of 27 to 400
Oe, ag decreases with the increasing bias magnetic field. For H;. >400 Oe, o first increases to a peak
value under bias field of 28000e, then decreases with the increasing bias magnetic field. Evidently the
shape of ap curve is similar to that of piezomagnetic coefficient of the BST/CFO substrates as
reported previously, since the H,. dependence of ME coefficient og tracks the H,;. dependence of the
piezomagnetic coefficient. Furthermore, the maximal oag (Fig. 6) is 36 uV/em-Oe, and its
corresponding induced voltage is 30 puV.
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The frequency dependence of CME coefficient a3 was measured as shown in Fig. 7. The frequency is
in the range of 30 to 200 kHz because of the limitation of the instruments. The figure shows that, in
general, ap decreases with increasing frequency, thus it is expected that ap will be enhanced if the
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Fig. 6 DME coefficient agas a function of bias  Fig. 7 CME coefficient o together with phasic
magnetic field H,. for the multilayered BST/ difference as a function of frequency for the
CFO composite. multilayered BST/CFO composite.

frequency is less than 30 kHz. The maximal value of az here, 1.16x10™ G/V at 30 kHz, is about two
orders of magnitude bigger than that of the BST /CFO core-shell composite [11]. This could be
attributed to the percolation and imperfect polarization in the core-shell structure [11]. Furthermore,
the largest ap for the multilayered BST /CFO composite is comparable to that for the three-phase
composite prepared by bonding piezoceramic, metal cap and magnet [10]. Additionally, the phasic
difference of the multilayered composite is larger than that of BTO /CFO composite [11].

Conclusions

We have successfully fabricated multilayered BST /CFO composites by using molten-salt synthesis
method. XRD pattern shows that no impurity other than BST and CFO phases exists. The SEM
images illustrate that the BST and CFO layers are alternately arranged but with delamination at the
interface. The coexistence of ferroelectric and ferromagnetic properties indicates that the multilayered
composite is magnetoelectric. The DME, CME and interfacial coupling coefficients are found to be
36 uwV/cm-Oe under the bias magnetic field of 2800 Oe, 1.16x10™ G/V at a frequency of 30 kHz and
3.2x10”. Consequently, it is concluded that the ME effect will be enhanced if the interfacial property
is optimized. Besides, the electromechanical resonance frequency of the multilayered composite is
measured to be 4.97 MHz, which may provide the possibility of designing high frequency ME
devices.
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Abstract: Dynamic mechanical behaviors are critical to the engineering applications of hollow
spheres filled syntactic foams. The potential of such composites cannot be fully realized unless the
effects of strain rate on their mechanical properties are fully understood. In this study, both the
compressive and the tensile behaviors of an epoxy syntactic foam filled by ceramic microspheres
were experimentally investigated over the strain rate range from 0.001 to 2000 s™'. The compressive
and tensile tests at high strain rates were carried out by means of split Hopkinson pressure bar (SHPB)
and split Hopkinson tensile bar (SHTB), respectively. The stress-strain responses and failure
mechanisms were examined quantitatively and qualitatively. The experimental results indicate that
both the compressive and the tensile behaviors of syntactic foam are highly sensitive to strain rate.
Moreover, a comparison of the stress-strain curves suggests that the compressive and tensile
behaviors are dominated by different failure mechanisms, which consequently lead to distinct effects
of strain rate on the compressive and tensile behaviors of syntactic foam.

Introduction

Syntactic foams are manufactured by filling a polymeric matrix with hollow spheres called
microspheres or microspheres. In general, epoxy resins, polyesters, silicones, polyurethanes, and
several other polymers are used as binders, while the fillers have been made of glass, carbon,
ceramics, polymers, and even metals. Compared with standard foams (containing blown gas bubbles
only), syntactic foams are preferred when high specific mechanical properties are required, rather
than just low density [1]. As a class of advanced lightweight composites, syntactic foams have been
widely employed in more and more engineering applications, e.g., marine equipments for deep sea
operations [2], core materials of sandwiches [3, 4], structural components in aerospace industry [5].

Such wide applications of syntactic foams call for the determination and understanding of their
mechanical properties. Large numbers of experimental studies on the mechanical properties of
syntactic foams have been reported [6-10]. These reports characterize the tensile, compressive,
flexural properties, and the associated failure features, and extensively explore the property-structure
relations, which provide a fundamental understanding of the dependence of the bulk properties on the
intrinsic properties of constituent phases, e.g., matrix properties [11], size and wall thickness of
microspheres [12, 13], and interface strength [14], and volume fraction of filler phase [15]. However,
most of the aforementioned research activities are focused on the quasi-static conditions, e.g., at a
strain rate of 0.001 s™'. The investigations on the dynamic properties of syntactic foams, especially
dynamic tensile properties, are limited, even though these foams are frequently used in many
applications at high loading rates.

The aim of the present work is to experimentally measure and characterize the strain rate effects on
the mechanical properties of an epoxy-ceramic microspheres syntactic foam including compressive
and tensile properties. Dynamic compressive and tensile tests of the prepared syntactic foam have
been carried out by means of split-Hopkinson pressure bar (SHPB) and split-Hopkinson tensile bar
(SHTB), respectively. Quasi-static experiments were also performed to study the foam behaviors
over a wider strain rate range from 0.001 to 2000 s™".
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Experimental Procedure

Material and Specimen. Epoxy resin E51 hardened by DDM and PA651 was used as matrix
material. Resin and hardeners were mixed with the ratio 100: 25: 7 (E51: DDM: PA651) by weight.
Hollow ceramic microspheres with commercial grade SLG supplied by Envirospheres Pty Ltd were
selected as fillers. The micrograph of these microspheres is shown in Fig. 1 and the physical
properties are presented in Table 1. Syntactic foam containing microspheres with volume fraction
V= 20% was fabricated for the experimental tests in this study.

Fig. 1. Microraph of the ceramic miop eres.

Table 1 Physical properties of the ceramic microspheres.

Technical Specifications Value
Particle Size Range [um] 20-300
Mean diameter [pum] 130
Average shell thickness [pum] 13
Relative density [gem™] 0.6-0.8

Dumbbell shape specimen recommended by ASTM D1708 standard as shown in Fig. 2(a) was
used for measuring the tensile properties. For compressive test, cylindrical specimen with the
thickness-diameter ratio L/D=1 as shown in Fig. 2(b) was adopted. Epoxy resin with microspheres
was injected into the molder of the same shape as the test specimen. Rough samples were firstly
prepared by this molding procedure, and then machined to eliminate the skin effect, ensuring that all
surfaces of the test specimens were free of large visible flaws and imperfections.

(a) 60 5 (b)

12

19
9

20 ® 12

Fig. 2. Shape and dimensions of test specimens (mm): (a) tensile specimen; (b) compressive
specimen.

Experimental Test Setup. Quasi-static uniaxial tensile and compressive experiments were
performed on a SUNS universal testing machine at room temperature. Longitudinal strain was
measured by EIR LE-05 laser extensometer whose measurement resolution is up to 0.001 mm;
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therefore it has sufficient accuracy to measure the tiny deformation of syntactic foam in the stretching
process. By adjusting the crosshead speed, the tensile and compressive specimens were loaded at
strain rate of 0.001 s™.

The split Hopkinson bar (SHB) system was employed to investigate the dynamic behaviors of the
syntactic foam at high strain rates. The split Hopkinson bar (SHB) system including split Hopkinson
pressure bar (SHPB) and split Hopkinson tensile bar (SHTB) was originally developed by Kolsky
[16]. As an efficient device for characterizing dynamic material behavior, it has been widely used to
obtain stress-strain curves for engineering materials at high strain rates between 10°~10* s compared
to the quasi-static test, where the strain rate is maintained in the range of 10°-10"" s '. A schematic
of the SHB system is shown in Fig. 3.

(a) Suker . ncidentbur Transmission bar (b) St Incident bar T
. ‘ Specime Absorber bar Specimen
A g""\?? Augcl P Gagem / \ Gagel  }  Gogell

a e — T
v gt / v
Photo Diode €k & Absorber ,-\hsnrb:r/ \ / €&y &
ir gun
ﬁ—- -
Trig timer E D ‘_f_l“—-J_@

Amplifier i i Computer Amplifier Computer
Digital Oscilloscope P Digital Oscilloscope i

Fig. 3. The schematic diagram of the SHB apparatus: (a) SHPB; (b) SHTB.

The specimen is placed between two long slender bars, called incident and transmission bar. A
striker bar is launched at high speed using a gas gun to impact with the incident bar and generate an
elastic wave, which travels along the bar length and interacts with the specimen. The incident wave
undergoes reflection and transmission at the incident bar-specimen and specimen-transmitter bar
interfaces depending on the relative impedance of the bar and specimen materials. Strain gages, one
each at the centre of the incident and the transmitter bars, are placed to record the strain response as
the wave propagates. An oscilloscope records the two strain gage signals obtained through a strain
gage conditioner and transfers data to the computer for analysis. According to Hopkinson’s original
one-dimensional stress wave theory and the signals of the strain gages that were recorded, the stress,
the strain, and the strain rate with respect to time (¢) can be calculated as follows:

o (1) = %Eoem (1)
o= a0 a @
H0=-""25,0) 3)

s

where 4y and 4 are the cross-section area of the bar and the specimen, respectively; and Ej is the
Young’s modulus of the bar material. Cj is elastic wave speed in the bar material. L is the length of
specimen; ¢&,.(¢) and & (¢) correspond to the time dependent strain signal of the reflected and

transmitted wave, respectively. Eq. 1 and Eq. 2 can be used to develop stress-strain graphs, from
which the dynamic mechanical properties of the tested material, e.g., elastic modulus, strength, can be
determined.

Regarding the dynamic tensile test of brittle materials, a common solution for clamping of the
specimen has not been reported. In this study, according to the SHTB apparatus, the joints of the
tensile specimen were proposed as shown in Fig. 4(a). The joints were first threaded connected to the
incident and transmission bars of the SHTB. The tensile specimen was then adhesively bonded to the
joints using Cyanoacrylate 7144. After curing for 4 hours at room temperature, the dynamic tensile
test would be conducted. To validate the results obtained from the SHTB signals, a sample specimen
was fitted with a strain gage and tested as shown in Fig. 4(b).
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Fig. 4. Additional devices for dynamic tensile test: (a) joints; (b) strain gage on specimen for
calibration.

Fig. 5 shows a comparison of the strain results calculated from the bar signals by Eq. 2 and directly
read from the strain gage, corresponding to a tensile test at strain rate of 1000 s™'. It can be observed
that the strain results from both measurements are close to each other, indicating that the joints and
adhesive bonding method utilized in this study have a minimal effect on the strain readings.

0.06

1 —=— Calculated from bar signals
0.059 —e— Read from the gage

0.04

0.03

Strain

0.02 1
0.01

0.00

0 10 20 30 40 S0 60 70 80
Time (us)
Fig. 5. Comparison of strains calculated from bar signals and directly read from the strain gage.

Results and Discussion

Following the experimental procedure described above, the quasi-static tests were performed at strain
rate 0of 0.001 s"l, the dynamic tests were performed at three levels of strain rate: 200 s"l, 1000 s"l, 2000
s, At least five specimens were tested at each strain rate level to account for variations in specimen
density and microstructure. The resultant compressive and tensile stress-strain curves are shown in
Fig. 6. For dynamic tests, the strain rate of each test cannot keep constant, but fluctuate around the
target level. Thus, the stress-strain curves presented in Fig. 6 are averages of the five valid data at
each strain rate. A comparison of the stress-strain curves in Fig. 6 yields the following observations.

The stress-strain curves in Fig. 6 indicate that the failure mechanisms of syntactic foam under
compressive loading and tensile loading are different. As shown in Fig. 6(a), the compressive
stress-strain curve of syntactic foam can be divided into two distinct regions: an elastic region
followed by a plateau region. The elastic region showing linear trend corresponds to the elastic
behavior of the foam. At the end of the elastic region, the microspheres get fractured and the hollow
space exposed by the fracture of microspheres is consumed by the materials while getting further
compressed. The plateau region thus corresponds to the energy absorption in the process of crushing
of microspheres. From the tensile stress-strain curves in Fig. 6(b), a sudden load drop instead of a
plateau region is observed when the failure strength is reached, indicating that the failure mechanism
of syntactic foam under tensile loading is dominated by brittle fracture.
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Fig. 6. Stress-strain responses of syntactic foam at different strain rates: (a) under compressive
loading; (b) under tensile loading.

The experimental results as shown in Fig. 6 indicate that both the compressive and the tensile
behaviors of syntactic foam are highly sensitive to strain rate over the range covered in this study.
Notably, the strain rate effects on the mechanical behaviors of syntactic foam under compressive
loading and tensile loading are also different. Taking the data points in the elastic region of the
stress-strain curves for linear fitting, the slope of the fitting line is obtained as the modulus of
elasticity. The compressive modulus of syntactic foam gradually increases as the strain rate increases.
In contrast, an increase in the strain rate results in a decrease in the tensile modulus. At the strain rate
0f 2000 s, increase in the compressive modulus and reduction in the tensile modulus relative to the
quasi-static condition (0.001s™") are approximately 87.1% (from 2.02 to 3.78 GPa) and 47.5% (from
2.55 to 1.34 GPa), respectively. Furthermore, the compressive strength of syntactic foam
monotonically increases from 73.5 to 128.8 MPa when the strain rate is increased from 0.001 to 2000
s as shown in Fig. 6(a). For the tensile strength, the rate dependence over the strain range covered in
this study is more complicated. It is noted, from Fig. 6(b), that the tensile strength increases from 26.8
to 40.2 MPa, corresponding to the strain rate increasing from 0.001 to 1000 s™. However, this trend of
increasing tensile strength reverses thereafter. The tensile strength drops from 40.2 to 35.8 MPa as the
strain rate is further increased from 1000 to 2000 s™. To give more details about the variation of the
strength of syntactic foam with strain rate, the tested data at each level of strain rate are taken for
linear fitting. Linear fits for the compressive strength in Fig. 7(a) yield:

73.72+0.1588¢ 0.001<£<2405s™
o.(MPa)= . . | “4)
109.48 +0.0097¢ 240<£<2103 s~
Linear fits for the tensile strength in Fig. 7(b) yield:
27.41+0.0148¢ 0.001<£<1004s™
o,(MPay=1 "7 0 I 5)
47.79 -0.0055¢ 1004 <£<2082 s



72 Materials, Mechanical Engineering and Manufacture

140

] (a) 45 (b)

1304

1204 0, =47.79-0.00552

N
=)
1

1 0,=27.41+0.0148¢
1104

1004

w
O
1

o,=73.72+0.1588¢

90

Failure stress (MPa)
Failure stress (MPa)

w
o
1

80

70 254 *

60

T T T T T T T T T T
0.001 500 1000 1500 2000 2500 0.001 500 1000 1500 2000 2500
Strain rate (s™) Strain rate (s™)

Fig. 7. Variation of the syntactic foam strength with strain rate: (a) compressive strength; (b) tensile
strength.

The strain rate-dependent mechanical behaviors of syntactic foam may be attributed to two
reasons. On one hand, mechanical properties of the matrix material are critical to the bulk properties
of syntactic foam. Consequently, the rate dependency of the foam is significantly determined by the
rate sensitivity of the matrix material. Viscoelasticity of the epoxy resin is likely to cause the strain
rate dependency of the matrix and therefore of the foam. On the other hand, the distinct effects of
strain rate on the compressive and tensile behaviors of syntactic foam can be attributed to the different
failure mechanisms. Under compressive loading, as reported by Li et al. [17], the micro-crack
propagates through microspheres at dynamic loading rates instead of bypassing or debonding them as
happens in quasi-static deformation. Such a rate dependent damage mechanism will result in a
stronger failure resistance (peak stress) and better energy dissipation capacity (plateau stress) of the
foam at high strain rates. Under tensile loading, the syntactic foam behaves in a brittle manner. This
brittle fracture mechanism heavily depends on the properties of the interface between microspheres
and epoxy resin, which determines the load transfer between the components. Thus, different
interface properties, e.g., stiffness, strength, and damage evolution, at different strain rates are
considered to contribute to the strain rate-dependent tensile behavior of syntactic foam.

Conclusions

In this work, both quasi-static and dynamic mechanical responses of an epoxy syntactic foam filled
by ceramic microspheres were experimentally investigated over the strain rate range from 0.001 to
2000 s™. The resultant stress-strain curves at various strain rates indicate that both the compressive
and the tensile mechanical behaviors of syntactic foam are highly strain-rate sensitive. A comparison
of the stress-strain curves suggests different failure mechanisms of syntactic foam under compressive
and tensile loading, which consequently lead to the distinct effects of strain rate on the compressive
and tensile behaviors of syntactic foam.

Under compressive loading, the syntactic foam undergoes strain-rate hardening over the range
covered in this study. Both compressive modulus and compressive strength monotonically increase as
the strain rate increases. Under tensile loading, an increase in the strain rate results in a decrease in the
tensile modulus. The trend in rate sensitivity of tensile strength experiences a transition when the
strain rate rises up to a critical level of approximately 1000 s™'. The syntactic foam undergoes
strain-rate hardening when the strain rates are below this level, but softened beyond this level. These
experimental findings provide a fundamental understanding of the dynamic mechanical behaviors of
syntactic foam, which could be helpful for the design and engineering applications of this foam at
high strain rates.
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Abstract: Experimental investigations were performed on strain characteristic of filament wound
composite pipes. Pipes were wound with S-1 glass fiber and epoxy resin, and then subjected to axial
tension. Three kind of winding pattern were adopted. The displacement-Load data were recorded.
The process of failure was analyzed and functional failure was defined. Based on experimental
result of three kind of winding pattern, the effect of winding pattern on axial limited load was
presented. There is apparently influence on pipes axial limited load caused by winding pattern.

Introduction

For their high strength-to-weight ratio and good corrosion resistance, filament wound composites
are becoming an important class of engineering materials for a wide range application in aerospace
industry, chemical plant and nuclear industries.

For particularity of winding process, the product of filament wound composite often is
revolution, pipes or tanks for example. It is important that failure of filament wound composite
pipes under different loading conditions, such as axial tension, internal pressure and torque.
Mechanical behavior , damage and failure of £55° filament wound composite was investigated in Jian
Bobai[1]. Carroll[2] performed mechanical tests on filament wound composite cylinders under different
loading type and loading rate. Relation between failure and loading rate of filament wound composite
was figured out. Effect of winding angle on failure was presented in Mertiny and F. Ellyin[3] and biaxial
monotonic behaviors of a multidirectional glass fiber epoxy pipes were shown in Martens M, Ellyin F[4]

There are several winding techniques and the wet helical winding is utilized frequently. When
the winding process completes, the surface of mandrel is covered by diamond shaped repeated unit cell
(RUC) as shown in Fig. 1.
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Clireumferential band

Fig.1 Diamond shaped repeated unit cell

Fiber arrangement in filament wound composite wound can be called winding pattern and it is
determined by winding parameters. If the winding parameters were changed, different winding
pattern could be obtained

In this paper, axial tension test would be performed. The specimens of different winding
patterns were prepared. Displacement-load behavior was recorded and analyzed. The influence of
winding pattern on failure and limited load was investigated.

Material and Experiment

The cylindrical specimens are wound with S-1 glass fiber and epoxy resin, manufactured by wet
helical winding technology. Winding angle, the angle between direction of fiber band and axis of
cylinder, is 45° and winding layers are 7 . Inner diameter is 30mm and length of specimen is
300mm. Tabs of glass fiber/epoxy composite are placed at each end of cylinders. Some Specimens
for test are shown in Fig.2.

Tab

L

Cvlinder

(a)Some specimens prepared for test (b) Geometrical of specimens
Fig.2 Cylindrical specimen of filament wound composite for axial tension

Three kinds of winding patterns were adopted. In the first situation, there was only one
repeated unit along hoop direction and three units for the second and five units for the third one.

Outer diameters of cylinder are measured at three different positions (dash line in Fig.2) before
test. All tests were performed in WDW-2000 mechanics test machine; loading rate was Imm/min.
Two short steel round sticks were inserted into cylinder at each end for preventing crash by
hydraulic grips.
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Experimental result and discussion

The experimental results are given in Table.1, Table.2 and Table.3. In Table.1, Table.2 and Table.3,
‘Max Load’ is max load sustained by specimens during the test. ‘Strength’ is max engineering axial
stress calculated with ‘Max Load’, inner diameter and outer diameter of specimens. ‘Average’ is
arithmetic average value of ‘Strength’. ‘Cv’ is coefficient of variance. The dash ‘——’ means invalid

result.

Table 1 Axial Strength of winding pattern |

Index Max Load (KN) Strength (Mpa) Averag (Mpa) | Cv(%)
01 43.08 208.8
02 46.23 216.4
206.6 6.5
03 39.16 189.8
04 43.18 209.3
Table 2 Axial Strength of winding pattern I
Index Max Load (KN) Strength (Mpa) Average (Mpa) Cv(%)
01 44. 0 216.4
02 40.434 196.6
03 - 199.05 6.5
04 40.149 196.6
05 39.537 191.6
Table 3 Axial Strength of winding pattern III
Index Max Load (KN) Strength (Mpa) Average (Mpa) Cv(%)
01 16.121 -
02 16.981 -
03 36.255 176.7 176.83 0.7
04 36.326 176.1
05 36.874 178.7

As shown in Table.1, Table.2 and Table.3, limit axial load decrease from first winding pattern
to third. For the winding pattern [, limit axial load is 206.6Mpa and 176.83Mpa for winding
pattern III. Axial strength descends 14.4% from winding pattern [ to winding pattern III. These
results prove that winding pattern has significant effect on strength of filament wound composite
pipe.

The influence of winding pattern is resulted from fiber arrangement in filament wound
composite. During the process of winding, fiber band cross each other and make up diamond figure
like Fig.1. As introduced in section “Material and Experiment, number of repeat unit in winding
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pattern [II is less than that in winding pattern [ . It means more fiber crossing point exiting in
winding patter III and more possibility of damage under loading. Because of more possibility of
damage caused by more repeat units, strengths of filament wound composites reduce.

Conclusion

The effect of winding pattern on strength of filament wound composite pipes was investigated in
this paper with axial tension experiments. The experimental results showed that winding pattern has
obvious influence on characteristic of strength of filament wound composite pipes. More repeat unit
concluded in pipes less strength they have. Such decreasing of strength of filament wound
composites pipes caused by winding pattern should be considered in structure design and analysis.
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Abstract. The effects of Si3N, addition on the room temperature physical properties and hot
modulus of rupture(HMOR) of unfired A1,03-C slide plate were investigated by using tabular
corundum and reactive alumina as starting materials, aluminium powder and silicon powder as
antioxidation agents, phenolic resin as binder. The phase composition and microstructure was
characterized by X-Ray diffraction (XRD), scanning electron microscope (SEM), and EDAX. The
results showed that with addition of Si3N4, the compactness of A1,03-C slide plate decreased, the
room temperature strength deduced. Due to formed cylindrical sialon as a binder phase, the hot
modulus of rupture increased.

Introduction

In recent years, with the increase in ladle capacity and the change of steel type, traditional unfired
A1,0;-C slide exhibits poor performance during casting, such as low hot strength, poor thermal
shock property, poor oxidation resistance and short service life, which limit its application. In order
to improve the performance and service life of unfired slide plate, the effects of zirconia-corundum,
Mg-Al alloy and other additives on the performance and microstructure were investigated by
drawing lessons from references[1-4]. In this work, the influences of Si3N4 on unfired bricks were
discussed.

Experimental

The main starting materials were tabular corundum of various particle size and reactive alumina.
The chemical composition was tabulated in table 1. Other starting materials were -196 graphite
flake, aluminium powder (particle size: <74um; chemical composition: Al: 98.44%; Al,O;: 1.08%);
silicon powder (particle size: <74 pum, chemical composition: Si: 97.24%; Fe,Os3: 0.47%; SiO;:
1.28%; CaO: 0.56%); B-SizNa(particle size: <36um; chemical composition: Si> 55.0%; N> 35.0%;
Fe< 3.0%; O< 3.0%; bulk density> 3.2g/cm’; main mineral: >90%p-SisNy).

Table 1 Chemical composition of the main starting materials

A1203 SlOz FCQO3 Na20 CaO
Tabular corundum 99.7 0.02 0.13 0.14 0.05
Reactive alumina 99.8 0.03 0.02 0.08 0.02

The starting materials were weighed according to the predetermined formulation in table 2, dry-
mixed, and then intimately wet-mixed with addition of 4% phenolic resin. The mixtures were first
formed into cylindrical specimens of 25mmx25mmx25mm and specimens of @36mmx>40mm. The
shaped samples were cured at 200°C for 12h.
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The cold strength was tested according to relevant national standard. The thickness of oxidation
layer was measured. The hot modulus of rupture was determined at 1400°C for 0.5h. SEM was
conducted to observe the microstructure of the fracture surface of the samples. XRD was conducted
to analyze the phase.

Table 2 The composition of the samples (wt. %)

Sample code 0# 1# 2# 3# 4#
Tabular corundum 86 81.5 81.5 81.5 80.5
Reactive alumina 4 4 4 4 4

Silicon powder 1.5 1.5 1.5 1.5 1.5
Aluminium 7 7 7 7 7
Graphite flake 1.5 1.0 0.5 0.0 0.0

B-SizNy 0.0 5.0 5.5 6.0 7.0

Results and Discussion

The effect of Si;N4 addition on room temperature physical properties. Table 3 shows the
physical properties of the samples at room temperature. With the increase of SizsN4 additions, the
bulk density of the samples decreases, apparent porosity increases, and cold strength decreases. The
cold strength of unfired A1,03-C slide plate was determined by the amount of phenolic resin and
particle size distribution. The bulk density of SizNj is far less than that of tabular corundum. Hence,
when corundum fines were substituted with SisN4 fines, the bulk density of sample decreased,
apparent porosity increased and strength increased.

Table 3 Room temperature physical properties of the samples

Sample code 0# 1# 2# 3# 4#

Cold crushing strength/MPa 151.2 117.0 114.2 110.6 100.7
Cold modulus of rupture/MPa 19.5 18.5 18.0 17.8 17.0
Bulk density /g/cm’ 3.09 3.02 3.00 2.99 2.96
Apparent porosity/% 53 8.46 8.63 9.88 10.33

The effect of Si;N4 addition on the hot modulus of rupture and microstructure. Table 4
shows the hot modulus of rupture of the samples. With the increase of Si3N4 additions and decrease
of graphite flake amount, the HMOR at 1400°C first decreased and then increased. XRD in figure 1
shows Al;C4and AlL,OC were generated except C and Al,Os in sample 0#. XRD in figure 2 shows
sialon was generated in sample 4#.

Table 4 Hot modulus of rupture of the samples

Sample code 0# 1# 2# 3# 4#

HMOR/MPa 41.75 342 44.1 45.8 48.7
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Fig. 3a and b reveal that sample 0# and 4# both show intergranular fracture and transgranular
fracture. Visible cracks were observed in sample 0# in Fig. 3c, which suggests the bonding between
grains and matrix isn’t very tight. It can be seen from Fig. 3e that some fibrous substances are
formed between grains and matrix in sample 0#. EDAX analysis (not displayed) showed the fibrous
substances are composed of three kinds of elements of Al, O and C. With the help with XRD, it
might be deduced that the substances are Al;C4and Al,OC. According their morphology, it could be
deduced that they were produced by gas phase formation mechanism. Al first reacts with CO in the
pore to form gaseous Al,O, which further reacts with CO to form Al;C4 on the surface of liquid or
solid, and finally form fibrous shape by epitaxial growth. Fibrous Al;Cy4 strengthened the modulus
of rupture of slide plate.

It could be seen from Fig. 3d that sample 4# has a homogeneous structure and tight bonding
between grains and matrix. Well-developed cylindrical crystals were formed in the gaps of sample
4# in Fig. 3f. EDAX analysis (not displayed) showed the cylindrical substances are composed of
four kinds of elements of Si, Al, O and N. It might be deduced that the substances are SIALON,
which plays a bridge-like role and strengthens the bonding between grains and the matrix.
According their morphology, it could be deduced that they were produced by the solid solution of
ALO3in Si3sNy4. So the HMOR of the material is improved.

Conclusions

With the increase of Si3N4 additions, the bulk density of the unfired A1,0;-C samples decreased,
apparent porosity increased, and cold strength decreased. The HMOR at 1400°C for 0.5h first
decreased and then increased. The reason is that with addition of SizN4, the densification of
materials decreased and the room temperature properties decreased. However, cylindrical sialon
were formed at elevated temperature, which could improve the hot modulus of rupture of A1,03-C
slide plate.
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