Magnesium
Technology
2011




TIMS2011

140th Annual Meeting & Exhibition

Check out these new proceeding volumes from the TMS 2011 Annual Meeting,
available from publisher John Wiley & Sons:
2nd International Symposium on High-Temperature Metallurgical Processing

Energy Technology 2011:
Carbon Dioxide and Other Greenhouse Gas Reduction Metallurgy and Waste Heat Recovery

EPD Congress 2011
Friction Stir Welding and Processing VI
Light Metals 2011
Magnesium Technology 2011
Recycling of Electronic Waste Il, Proceedings of the Second Symposium
Sensors, Sampling and Simulation for Process Control
Shape Casting: Fourth International Symposium 2011

Supplemental Proceedings: Volume 1:
Materials Processing and Energy Materials
Supplemental Proceedings: Volume 2:
Materials Fabrication, Properties, Characterization, and Modeling

Supplemental Proceedings: Volume 3:
General Paper Selections

To purchase any of these books, please visit www.wiley.com.

TMS members should visit www.tms.org
to learn how to get discounts on these or other books through Wiley.




Magnesivm
Technology
2011

Proceedings of a symposium sponsored by the
Magnesium Committee of the Light Metals Division of
The Minerals, Metals & Materials Society (TMS)

Held during
TMS 2011 Annual Meeting & Exhibition
San Diego, California, USA
February 27-March 3, 2011

Edited by
Wim H. Sillekens
Sean R. Agnew

Neale R. Neelameggham
Suveen N. Mathaudhu

K)WILEY TMS

A John Wiley & Sons, Inc., Publication



Copyright © 2011 by The Minerals, Metals, & Materials Society.
All rights reserved.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form
or by any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as
permitted under Section [07 or 108 of the 1976 United States Copyright Act, without either the prior
written permission of The Minerals, Metals, & Materials Society, or authorization through payment of
the appropriate per-copy fee to the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers,
MA 01923, (978) 750-8400, fax (978) 750-4470, or on the web at www.copyright.com. Requests to
the Publisher for permission should be addressed to the Permissions Department, John Wiley & Sons,
Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at http://
www.wiley.com/go/permission.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts
in preparing this book, they make no representations or warranties with respect to the accuracy or
completeness of the contents of this book and specifically disclaim any implied warranties of mer-
chantability or fitness for a particular purpose. No warranty may be created or extended by sales rep-
resentatives or written sales materials. The advice and strategies contained herein may not be suitable
for your situation. You should consult with a professional where appropriate. Neither the publisher nor
author shall be liable for any loss of profit or any other commercial damages, including but not limited
to special, incidental, consequential, or other damages.

Wiley also publishes books in a variety of electronic formats. Some content that appears in print may
not be available in electronic formats. For more information about Wiley products, visit the web site
at www.wiley.com. For general information on other Wiley products and services or for technical sup-
port, please contact the Wiley Customer Care Department within the United States at (800) 762-2974,
outside the United States at (317) 572-3993 or fax (317) 572-4002.

Library of Congress Cataloging-in-Publication Data is available.

ISBN 978-1-11802-936-7

Printed in the United States of America.

10987654321

WILEY TMIS

A John Wiley & Sons, Inc., Publication



TABLE OF CONTENTS
Magnesium Technology 2011

PrETACE ..ttt et et h e bt st e et ne et et st ee Rt et eeaeese st e ae s et e e n e e neert e teeseenteteanaeaeereenes xi
ADOUL thE EQIIOT ....veivieiiceeceeeeccece ettt ettt e ae st s et et ee e sase e et aetoasts et seteseeaeneeesse s eeeansesesenssansasanes Xiv
ADOUL the OTGANIZEIS.....c..ceiirveiiieirieirteercet et ettt besest et et ae e b e eresessesese et esesessasessnsetessesesessesensesesensssesnsenssssean xiv

Magnesium Technology 2011

Opening Session

Magnesium in North America: A Changing LandSCape.........ccovvuvirirrireeeernininieeessesesssseseseseeseseesessessssssesssssssssssssns 3
S. Slade

Global Magnesium Research: State-of-the-Art and What's NEeX(? .......c.oeeveuiiirieeeeiieeeetereeeeeeeee et 5
K. Kainer

Environmental Challenges for the Magnesium INAUSITY .......ccccvvvririrererieiirininieiesetee ettt sereresees st etesesenns 7
R. Brown

Predicting Mg Strength from First-principles: Solid-solution Strengthening, Softening, and Cross-slip.................... 13

D. Trinkle, J. Yasi, and L. Hector

Biodegradable Magnesium Implants - How Do They Corrode in-vivo? ..........ccccveerieeieenrenienereeeece e eveeenesenens 17
F. Witte, N. Hort, and F. Feyerabend

The Next Generation of Magnesium Based Material to Sustain the Intergovernmental Panel on Climate Change
POLICY 1.ttt sttt ettt sttt e a e R e eh et et ket e s ettt ebeberereRear e s et tesenesensasats 19
F. D'Errico, G. Garces, and S. Fare

JIM INTERNATIONAL SCHOLAR AWARD WINNER: Fracture Mechanism and Toughness in Fine- and Coarse-
Grained Magnesitmm ATIOYS ........cccvvuivirieeririeicrrieirrtre e et e e st et st e e s et se e eesaseee et essseasasesensetesestetenssssesesreneasans 25
H. Somekawa, A. Singh, and T. Mukai

Primary Production; Characterization and Mechanical Performance

The Development of the Multipolar Magnesium Cell: A Case History of International Cooperation in a Competitive
WOTIH ..ottt bbb e s e e s e st e bt s e s beba e bt e b et eaessans b s s ereretesesenennassenesens 31
O. Sivilotti

Effect of KC1 on Liquidus of LiF-MgF; MOREN SalfS.........ccccvvivirinieierereeieiisinietetetese e eseseseses s ssssessssssssnenenens 35
S. Yang, F. Yang, X. Hu, Z. Wang, Z. Shi, and B. Gao

Efficiency and Stability of Solid Oxide Membrane Electrolyzers for Magnesium Production.................occvurerennene, 39
E. Gratz, S. Pati, J. Milshtein, A. Powell, and U. Pal

Magnesium Production by Vacuum Aluminothemic Reduction of A Mixture of Calcined Dolomite and Calcined
IMIAZIIESILE ...ttt ettt st st sttt ettt e et et s e b e b a bR a etk ebabasbas s st es et b abrerse s s eeee et eneasarsannans 43
W. Hu, N. Feng, Y. Wang, and Z. Wang

Multiphase Diffusion Study for Mg-Al Binary Alloy SYSIEImM........ccceeeeeieiviirererciriernerereresestsssses s sessesss s sssesennaes 49
Y. Kim, S. Das, M. Paliwal, and I. Jung



Experiments and Modeling of Fatigue of an Extruded Mg AZ61 ALIOY ....ccocevvvieiirirciriierinenieeneneeenereeceeseseesesneesenes 55
J. Jordon, J. Gibson, and M. Horstemeyer

Low-Cycle Fatigue Behavior of Die-Cast Mg Aoy AZO1 .......cocviriiiiniiiininiiiticient ettt saseseens 61
L. Rettberg, W. Anderson, and J. Jones

Small Fatigue Crack Growth Observations in an Extruded Magnesium AlIOY ......c..ccooeeveeenininreenerneneneceecenennes 67
J. Bernard, J. Jordon, and M. Horstemeyer

Applicability of Mg-Zn-(Y, Gd) Alloys for ENgine PiStONS ........c.ceoeeevueuerreeneeereneninesrenenncereseeenieesesesse e sessenenes 73
K. Okamoto, M. Sasaki, N. Takahashi, Q. Wang, Y. Gao, D. Yin, and C. Chen

Compressive Creep Behaviour of Extruded Mg Alloys at 150 °C ...t 79
M. Fletcher, L. Bichler, D. Sediako, and R. Klassen

The Effect of Thermomechanical Processing on The Creep Behavior and Fracture Toughness of Thixomolded®

ATNO0 ALLOY .iviiieeniereieiteserc e e e e et en e tesreebe st es b e s e st e e see st ea e seeenesat et e st e e e st set e nene e st e s e et et s R se e e b et et e et et et e bese s nae 85
Z. Chen, A. Shyam, J. Howe, J. Huang, R. Decker, S. LeBeau, and C. Boehlert

Casting and Solidification

Simulation of Porosity and Hot Tears in a Squeeze Cast Magnesium Control A ........c.coeeeevenveneieeeerenenererseeenenne 93
C. Beckermann, K. Carlson, J. Jekl, and R. Berkmortel

Dendritic Microstructure in Directional Solidification of Magnesium ALIOYS ......cccoceverrirerrnenereine e 101
M. Amoorezaei, S. Gurevich, and N. Provatas

Microstructures and Casting Defects of Magnesium Alloy Made by a New Type of Semisolid Injection Process..107
Y. Murakami, N. Omura, M. Li, T. Tamura, S. Tada, and K. Miwa

Macrostructure Evolution in Directionally Solidified Mg-RE AlLOYS ......c.ccceereerernerrennerenenineeerc s 113
M. Salgado-Ordorica, W. Punessen, S. Yi, J. Bohlen, K. Kainer, and N. Hort

Microstructure and Mechanical Behavior of Cast Mg AZ31-B Alloy Produced by Magnetic Suspension Melting
PrOCESS ..ottt e e e s bs s s e e ab e sas e et s bs et e 119
N. Rimkus, M. Weaver, and N. El-Kaddah

Investigations on Hot Tearing of Mg-Zn-(Al) ALIOYS ..c..cccveriiriminiiniiiirciccteeetee s 125
L. Zhou, Y. Huang, P. Mao, K. Kainer, Z. Liu, and N. Hort

Proportional Strength-Ductility Relationship of Non-SF6 Diecast AZ91D Eco-Mg Alloys.....ccccovvverienenercrcnennes 131
S. Kim

Estimation of Heat Transfer Coefficient in Squeeze Casting of Magnesium Alloy AM60 by Experimental
Polynomial EXtrapolation MEthOd...........ccvvieirieiiincriterieeee sttt sttt sst e ete e st e e st e st et e e e e sa e e senenes 137
Z. Sun, X. Niu, and H. Hu

Wide Strip Casting Technology of Magnesium ALOYS .......c.cocoevriieiniinieiiiiiini it 143
W. Park, J. Kim, 1. Kim, and D. Choo

Microstructural Analysis of Segregated Area in Twin Roll Cast Mg Alloy Sheet..........cc.coovvinicinnniniinnne 147
J. Kim, W. Park, and D. Choo

Development of the Electromagnetic Continuous Casting Technology for Mg AlIOYS .....ccccovenerereiercnennenccnnenes 151
J. Park, M. Kim, J. Kim, G. Lee, U. Yoon, and W. Kim

vi



Alloy Design/Development; Grain Refinement and Severe Plastic Deformation

Effect of Zn/Gd Ratio on Phase Constitutions in Mg-Zn-Gd ALIOYS........ccceceeerrereceriernennmierenrererereniecsiessessissones 157
S. Zhang, G. Yuan, C. Lu, and W. Ding

Optimization of Magnesium-Aluminum-Tin Alloys for As-Cast Microstructure And Mechanical Properties......... 161
X. Kang, A. Luo, P. Fu, Z. Li, T. Zhu, L. Peng, and W. Ding

Thermodynamic Analysis of As-cast and Heat Treated Microstructures of Mg-Ce-Nd Alloys .......ccccoveevevervnvencnnnns 167
M. Easton, S. Zhu, M. Gibson, J. Nie, J. Groébner, A. Kozlov, and R. Schmid-Fetzer

Compressive Strength and Hot Deformation Behavior of TX32 Magnesium Alloy with 0.4% Al and 0.4% Si
AQQITIONS ...ttt ettt et e et s s a e sa bt s a s a e s R e s R s R s e R s R n e ba s e san b e e 169
K. Rao, Y. Prasad, K. Suresh, C. Dharmendra, N. Hort, and K. Kainer

An Analysis of the Grain Refinement of Magnesium By ZirCOnium .........ccocoeevrereecrrreenvcnminiennsins e 175
P. Saha, and S. Viswanathan

Study on the Grain Refinement Behavior of Mg-Zr Master Alloy and Zr Containing Compounds in Mg-10Gd-3Y
MAENESTUIN ALLOY L.uviveniieiinieteie sttt ettt sttt et ee e eate e et e e e bt et s e st st et s b e s et sas et et b e sa e s b sa s e sabenn e st s sesessane st ennasas 181
G. Wu, M. Sun, J. Dai, and W. Ding

The Effect of Rare Earth Elements on the Texture and Formability of Shear Rolled Magnesium Sheet.................. 187
D. Randman, B. Davis, M. Alderman, G. Muralidharan, T. Muth, W. Peter, T. Watkins,
and O. Cavin

Improvement of Strength and Ductility of Mg-Zn-Ca-Mn Alloy by Equal Channel Angular Pressing.................... 195
L. Tong, M. Zheng, S. Xu, P. Song, K. Wu, and S. Kamado

Deformation Behavior of a Friction Stir Processed Mg ALIOY .......cccoeveeieivenrervieeeeiieiniiscinisnesseisens 199
Q. Yang, S. Mironov, Y. Sato, and K. Okamoto

Effect of Heat Index on Microstructure and Mechanical Behavior of Friction Stir Processed AZ31 ....................... 205
W. Yuan, and R. Mishra

Strengthening Mg-Al-Zn Alloy by Repetitive Oblique Shear Strain.........ccocveveeveerereereercnieneennrenenerrre e ecereene 211
T. Mukai, H. Somekawa, A. Singh, and T. Inoue

High-Temperature Alloys; High-Strength Alloys; Precipitation

Creep and Elemental Partitioning Behavior of Mg-Al-Ca-Sn Alloys with the Addition of Sr.......c.ocovviicininnne. 217
J. TerBush, O. Chen, J. Jones, and T. Pollock

Effect of Mn Addition on Creep Property in Mg-Al-2Ca SYStEIMS ......cccevrireriiriniiinininiiiiiiiisisesenesns 223
T. Homma, S. Nakawaki, K. Oh-ishi, K. Hono, and S. Kamado

The Effect of Precipitate State on the Creep Performance of Mg-Sn ALIOYS .....c.oovvvvevrincencnnnnninninennieinns 227
M. Gibson, X. Fang, C. Bettles, and C. Hutchinson

Microstructure and Mechanical Properties of Mg-Zn-Y-M (M: Mixed RE) Alloys with LPSO Phase..................... 229
J. Kim, and Y. Kawamura

Application of Neutron Diffraction in Characterization of Texture Evolution During High-Temperature Creep in

MaAGNESIUM ALLOYS. ..c.ueiiirieeiinietetent ettt et see sttt e s ot et e st b se st s b s e sh s e s st e e sasess et e a b sr s s et ea b sa b s sesones 233
D. Sediako, S. Shook, S. Vogel, and A. Sediako

vii



Improved Processing of Mg-Zn-Y Alloys Containing Quasicrystal Phase for Isotropic High Strength
AN DUCHIIEY ..oeeiie ettt ettt et v sae et et e sa s et s e s et s st e shs s e s e e b e rssan e b e sannas 239
A. Singh, Y. Osawa, H. Somekawa, and T. Mukai

Precipitation Hardenable Mg-Ca-Al ALIOYS .......ocoevieiiirrirnenicniteicicnireeentrcse sttt s s sa e s essssaesannas 245
J. Jayaraj, C. Mendis, T. Ohkubo, K. Oh-ishi, and K. Hono

Microstructure, Phase Evolution and Precipitation Strengthening of Mg-3.1Nd-0.45Zr-0.25Zn Alloy.................... 249
G. Atiya, M. Bamberger, and A. Katsman

Precipitation Process in Mg-Nd-Zn-Z1r-Gd/Y ALIOY .....ccccmviriiieniinieiiniccicintie sttt ssssnssaene e 255
J. Li, G. Sha, P. Schumacher, and S. Ringer

Mechanical Properties and Microstructures of Twin-roll Cast Mg-2.4Zn-0.1Ag-0.1Ca-0.16Zr Alloy.............c........ 261
C. Mendis, J. Bae, N. Kim, and K. Hono

The Solidification Microstructure and Precipitation Investigation of Magnesium-rich Alloys Containing Zn

C. Zhang, A. Luo, and Y. Chang

Deformation Mechanisms I

Crystal Plasticity Analysis on Compressive Loading of Magnesium with Suppression of Twinning..........c.cccc.... 273
T. Mayama, T. Ohashi, K. Higashida, and Y. Kawamura

Crystal Plasticity Modeling of Pure Magnesium Considering Volume Fraction of Deformation Twinning............. 279
Y. Tadano
Nucleation Mechanism for Shuffling Dominated Twinning in Magnesium..........c.ccccoeererrveroeceniininnen 285

S. Kim, H. El Kadiri, and M. Horstemeyer

On the Impact of Second Phase Particles on Twinning in Magnesium AllOYS......c.cccvverueerernrenereneceneereneenenneneanen 289
M. Barnett, N. Stanford, J. Geng, and J. Robson

Influence of Crystallographic Orientation on Twin Nucleation in Single Crystal Magnesium ...........c.c.coceverurcvecnne 295
C. Barrett, M. Tschopp, H. El Kadiri, and B. Li

Twinning Multiplicity in an AM30 Magnesium Alloy Under Uniaxial Compression .........cccoeevereveereerereevecrecnennes 301
Q. Ma, H. El Kadiri, A. Oppedal, J. Baird, and M. Horstemeyer

Inhomogeneous Deformation of AZ31 Magnesium Sheet in Uniaxial Tension.........c.ccocveeveeervverneercinsenenrcninnns 307
J. Kang, D. Wilkinson, and R. Mishra

Limitation of Current Hardening Models in Predicting Anisotropy by Twinning in HCP Metals: Application to a
Rod-textured AM30 Magnesitm AJLOY .......c.uevereriererreienieieeiestenteiesteses et st st s et eseesat e e st ese s seesesanemesanesenanessnenee 313
A. Oppedal, H. El Kadiri, C. Tomé, J. Baird, S. Vogel, and M. Horstemeyer

Deformation Behavior of Mg from Micromechanics to Engineering Applications ............cccoovevervvcrerenveererncecnnne 321
E. Lilleodden, J. Mosler, M. Homayonifar, M. Nebebe, G. Kim, and N. Huber

Effect of Substituted Aluminum in Magnesium Tension TWill.........cocecveerrineiniii s 325
K. Solanki, A. Moitra, and M. Bhatia

viii



Deformation Mechanisms II: Formability and Forming

Influence of Solute Cerium on the Deformation Behavior of an Mg-0.5wt.% Ce Alloy .......cccovevvivivirisininiiiinnns 333
L. Jiang, J. Jonas, and R. Mishra

Texture Weakening Effect of Y in Mg-Zn-Y SyStemL......ccccoiiiiriniiiiniiiineienietiin sttt saesens 339
S. Farzadfar, M. Sanjari, 1. Jung, E. Es-Sadiqi, and S. Yue

In-Situ Scanning Electron Microscopy Comparison of Microstructure and Deformation Behavior between WE43-F
and WE43-T5 Magnesium ALLOYS .....cccvvvuerrieieneiieninterteeteiteseesteseestt et s tee e st e et e e sae et saresessesesesotaabesasensanesanessenns 345
T. Sano, J. Yu, B. Davis, R. DeLorme, and K. Cho

A Molecular Dynamics Study of Fracture Behavior in Magnesium Single Crystal..........ccccoveevninrnieninienencnenene 349
T. Tang, S. Kim, M. Horstemeyer, and P. Wang

Microstructural Relationship in the Damage Evolution Process of an Az61 Magnesium AllOy ........cccccoevrcnnecnene 357
M. Lugo, J. Jordon, M. Horstemeyer, and M. Tschopp

Formability Enhancement in Hot Extruded Magnesium ATlOYS........c.oovverueeererniainriieeneneeenneereneenesseseseesessessenns 363
R. Mishra, A. Gupta, R. Sikand, A. Sachdev, and L. Jin

Deformation and Evolution of Microstructure and Texture during High Speed Heavy Rolling of AZ31 Magnesium
ATLOY SHEEL ..o eeiiieirerierie i et et st e te et et e ats et teesteseesaeesteemaesmaesreesreesseenesen e e saesesssne e bt s r e s e b e sus s s ba s e b e e bt s b e s s e sas e e 369
T. Sakai, A. Hashimoto, G. Hamada, and H. Utsunomiya

Formability of Magnesium Sheet ZE10 and AZ31 with Respect to Initial TeXtUIe .......ccccoreeeeeeereneenereeenrenneeenn 373
L. Stutz, J. Bohlen, D. Letzig, and K. Kainer

Hot Workability of Alloy WE43 Examined using Hot Torsion Testing.......c.c.coeeveereiereriieninincnircnensineeceseneneseas 379
F. Polesak, B. Davis, R. DeLorme, and S. Agnew

Enhancement of Superplastic Forming Limit of Magnesium Sheets by Counter-Pressurizing...........c.coceccevevereenene. 385
W. Bang, H. Lee, H. Kim, and Y. Chang

Microstructural Evolution during Roller Hemming of AZ31 Magnesium Sheet ..........cocoovvrienenninnicenvninniniien. 389
A. Levinson, R. Mishra, J. Carsley, R. Doherty, and S. Kalidindi

The Warm Forming Performance of Mg Sheet Materials ..........coecverriirniicrireeinieeee e eesecrereeencneeereneanes 395
P. Krajewski, P. Friedman, and J. Singh

New Applications (Biomedical and Other)

Current Research Activities of Biomedical Mg Alloys in China.........cccocvicereineneneinieceeeeeceerenereereeeeneneen 399
Y. Zheng
Design Considerations for Developing Biodegradable Magnesium Implants .........c.c.coocveeereeinmnrcrcmnnennescnceennns 401

H. Brar, B. Keselowsky, M. Sarntinoranont, and M. Manuel

Coating Systems for Magnesium-Based Biomaterials - State 0f the Art...........cccoeevnriienniniicnnnenecere e 403
M. Staiger, and J. Waterman

Corrosion, Surface Modification and Biocompatibility of Mg and Mg ALIOYS ......cccccevvrevecrerinreeneerneenceceneenennes 409
S. Virtanen, and B. Fabry

ix



Magnesium Alloys For Bioabsorbable Stents: A Feasibility ASSESSIMENL ........cccceveveereieirninenenrinrcnmieenrereeeecnianes 413
C. Deng, R. Radhakvishnan, S. Larsen, D. Boismier, J. Stinson, A. Hotchkiss, J. Weber,
T. Scheuermann, and E. Petersen

Processing Aspects of Magnesium Aoy Stent Tube.......ccccocuiviiiiniininieecrtectetce e 419
R. Werkhoven, W. Sillekens, and K. van Lieshout

Ballistic Analysis of New Military Grade Magnesium Alloys for Armor Applications...........cceeeevivvenvervierisneines 425
T. Jones, and K. Kondoh

Mg;,Al}; Intermetallic Prepared by Bulk Mechanical AllOYING........c.coeevrviriiniinniininienie et 431
K. Sakuragi, M. Sato, T. Honjo, and T. Kuji

Corrosion Behaviour of Mg Alloys in Various Basic Media: Application of Waste Encapsulation of Fuel Decanning

TTOIM UNGG NUCIEAT REACIOT.....cvviiiiiiiirerieeiieeeesiirrrerteeiesststeesesesesssretesecessssssrsssseesesssassssssssesesssasssssssstsssssasansssaassnes 435
D. Lambertin, A. Blachere, F. Frizon, and F. Bart

Advanced Materials and Processing

Characterization of Hot Extruded Mg/SiC Nanocomposites Fabricated by Casting .......ccccoceeeerevvreevininnniciiiienn 443
S. Nimityongskul, N. Alba-Baena, H. Choi, M. Jones, T. Wood, M. Sahoo, R. Lakes, S. Kou,
and X. Li

Effects of Silicon Carbide Nanoparticles on Mechanical Properties and Microstructure of As-Cast Mg-12wt.% Al-
0.2W1.% MD NADOCOIMPOSILES ...c....cvrerenererreirerreeerereteseseseeseness e reseesraes e sestsrabeste s s b e st sbssbs e sesbssbes b ste s srs s sesrsans 447
H. Choi, H. Konishi, and X. Li

Thermally-Stabilized Nanocrystalline Mg-AllOys......c..cccoviiieiiiiiniiieniniicincrrc s 453
S. Mathaudhu, K. Darling, and L. Kecskes

TiNi Reinforced Magnesium Composites by Powder Metallurgy..........cccooviivininniniiiininninnninnesecninene 457
Z. Esen

Nanocrystalline Mg-Matrix Composites with Ultrahigh Damping Properties ..o, 463

B. Anasori, S. Amini, V. Presser, and M. Barsoum

Effect of Fiber Reinforcement on Corrosion Resistance of Mg AM60 Alloy-based Composites
10 INACT SOTULIONS ...ttt ettt et s e b et et e st b sh s s b e s b se e e sa s en s e e st sresan e aennesansansrnes 469
Q. Zhang, and H. Hu

The Production of Powder Metallurgy Hot Extruded Mg-Al-Mn-Ca Alloy with High Strength and Limited

ATHISOLTOPY «vvevveevererressereriesseseeteasastssassasteseasaseestesassesesaseessnsessssenssssssentessasentossasentestesesseneesessesseneesesreseesesenrenessearesesseans 475
A. Elsayed, J. Umeda, and K. Kondoh

Thermal Effects of Calcium and Yttrium Additions on the Sintering of Magnesium Powder ..........ccccocvvninnnnncns 481
P. Burke, C. Petit, S. Yakoubi, and G. Kipouros

Microstructure and Mechanical Properties of Solid State Recycled Mg Alloy Chips......c.cococeeeeenereecneencnencnennenes 485
K. Matsuzaki, Y. Murakoshi, and T. Shimizu

Corrosion and Coatings

Salt Spray Corrosion of Mechanical Junctions of Magnesium Castings ........ccccovvrrerererrerenrerrnieninnnniinseisnn 493
S. Grassini, P. Matteis, G. Scavino, M. Rossetto, and D. Firrao



Comparing the Corrosion Effects of Two Environments on As-Cast and Extruded Magnesium Alloys.................. 501
H. Martin, C. Walton, J. Danzy, A. Hicks, M. Horstemeyer, and P. Wang

Influence of Lanthanum Concentration on the Corrosion Behaviour of Binary Mg-La Alloys .........ccoccvevvivvuennnnen. 507
D. Héche, R. Campos, C. Blawert, and K. Kainer

Cryogenic Burnishing of AZ31B Mg Alloy for Enhanced Corrosion Resistance..........cc.ccooceveenienienenceniincnenccenenns 513
Z. Pu, G. Song, S. Yang, O. Dillon, D. Puleo, and 1. Jawahir

Advanced Conversion Coatings for Magnesium ALLOYS.......c.ccecerermririirrerinienentereetecriet e eree s e seeen et eeseens 519
S. Nibhanupudi, and A. Manavbasi

Development of Zirconium-based Conversion Coatings for the Pretreatment of AZ91D Magnesium Alloy Prior to
ElECITOCOALING ... ecureiiiierieeieiereeteee et ete st e s e e s te st e testesssasaeseeseassessassesseasseseansanseassessensanserssassensessseseansansenssessansenssases 523
J. Reck, Y. Wang, and H. Kuo

Use of an AC/DC/AC Electrochemical Technique to Assess the Durability of Protection Systems for Magnesium
ATLOYS .ttt ettt et e e ae st he s et st e b et e e see st e e benbe s 531
S. Song, R. McCune, W. Shen, and Y. Wang

Effects of Oxidation Time on Micro-arc Oxidized Coatings of Magnesium Alloy AZ91D
IN ATUMINALE SOLULION. ... euieririieiiiririretereee sttt ettt ese s e e s b esee e sssbeses st s sasesesessnesentenessnesensensasaesessessanes 537
W. Mu, Z. Li, J. Du, R. Luo, and Z. Xi

Composite Coatings Combining PEO layer and EPD Layer on Magnesium ALY ........cccoceeeirrccnennecenececrenenee 543
Y. Jiang, K. Yang, and Y. Bao

Poster Session

Growth Kinetics of y-Al;;Mg;; and B-Al;Mg, Intermetallic Phases in Mg vs. Al Diffusion Coupes....................... 549
S. Brennan, K. Bermudez, N. Kulkarni, and Y. Sohn

Development and Characterization of New AZ41 and AZ51 Magnesium ALOYS ......cccocevvrverrrninveennneninsneseeraennes 553
M. Alam, H. Samson, A. Hamouda, Q. Nguyen, and M. Gupta

Engineering a More Efficient Zirconium Grain Refiner For Magnesium ...........cocoocvevenieereninnennneneeennnsesensseseas 559
S. Viswanathan, P. Saha, D. Foley, and K. Hartwig

Microstructure and Mechanical Properties of Mg-1.7Y-1.2Zn Sheet Processed by Hot Rolling and Friction Stir
PrOCESSIME ... vttt ettt sttt sttt et et et et e st e bt eutebe e st e atea b e st aa bt st et e atease st ee e eateabe st et eatea b et e be ekt et et e bt sanenaernn 565
V. Jain, J. Su, R. Mishra, R. Verma, A. Javaid, M. Aljarrah, and E. Essadiqi

The Microstructure and Mechanical Properties of Cast Mg-5Sn Based AlIOYS ........ccccovereivieniiiiniesieceienesiesieniens 571
M. Keyvani, R. Mahmudi, and G. Nayyeri

Effect of Cooling Rate and Chemical Modification on the Tensile Properties of Mg-5wt. % Si Alloy ........cceun..... 577
F. Mirshahi, M. Meratian, M. Zahrani, and E. Zahrani

On Predicting the Channel Die Compression Behavior of HCP Magnesium AM30
using Crystal PLastiCity FEM .......oooiiieiiiiriiee ettt sttt sttt sse et sttt b e sta b et ssnosensenssseasassasansan 583
Q. Ma, E. Marin, A. Antonyraj, Y. Hammi, H. El Kadiri, P. Wang, and M. Horstemeyer

Investigation of Microhardness and Microstructure of AZ31 Alloy after High-Pressure Torsion ............cocceceveeenne. 589
J. Vratna, M. Janecek, J. Strasky, H. Kim, and E. Yoon

Plastic Deformation of Magnesium Alloy Subjected to Compression-First Cyclic Loading .........cccoevveeecineecerenene. 595
S. Lee, M. Gharghouri, and J. Root

Xi



Microstructure Evolution in AZ61L During TTMP and Subsequent Annealing Treatments...........ccccocevveerrernnens 599
T. Berman, W. Donlon, R. Decker, J. Huang, T. Pollock, and J. Jones

Modeling the Corrosive Effects of Various Magnesium Alloys Exposed to Two Saltwater Environments ............. 605
H. Martin, C. Walton, J. Danzy, A. Hicks, M. Horstemeyer, and P. Wang

Corrosion Performance of Mg-Ti Alloys Synthesized by Magnetron Sputtering.........c.ccceeeeeierevereeeereneecerenneneenne 611
Z. Xu, G. Song, and D. Haddad

Structure and Mechanical Properties of Magnesium-Titanium Solid Solution Thin Film Alloys Prepared by
Magnetron-SpUtter DEPOSIHION .......coueiirieierteee ettt es e sttt st s st e b e s et e e sa s sae st e resasseensen 617
D. Haddad, G. Song, and Y. Cheng

Effect of Adding SiO,-Al,0; Sol into Anodizing Bath on Corrosion Resistance of Oxidation Film on Magnesium
H. Liu, L. Zhu, and W. Li

Monotonic and Fatigue Behavior of Mg Alloy in Friction Stir Spot Welds: An International Benchmark Test in the
"Magnesium Front End Research and Development” Project ...........cocvevreeveenienninicineniiiessans 629
H. Badarinarayan, S. Behravesh, S. Bhole, D. Chen, J. Grantham, M. Horstemeyer, H. Jahed,
J. Jordon, S. Lambert, H. Patel, X. Su, and Y. Yang

Appendix
Controlling the Biodegradation Rate of Magnesium-Based Implants through Surface Nanocrystallization Induced by
Cryogenic Machining Implants through Surface Nanocrystallization Induced by Cryogenic Machining ................ 637
Z. Pu, D. Puleo, O. Dillon, and I. Jawahir
AULNOT INAEX ...ttt ettt et st n e et es et e s e e e e e e ks e s b s bbb bbb e s 643
SUDJECE INAEX .....eceeee ettt ettt et st st b e e st e b et ea e sa e assa b s sas et e s e b sa s e san s 647

xii



PREFACE

The world of today faces a number of immense challenges relating to such diverse issues as
sustainability (environmental concerns, long-term availability of energy and mineral resources),
security and quality of life. Most interestingly, magnesium can — and likely will — increasingly
contribute to the resolution of several of these issues. Weight saving by introducing magnesium
alloy components in vehicles is a recognized means of enhancing fuel efficiency and thus of
reducing energy consumption and greenhouse gas emissions. Different from several other
metals, magnesium is virtually inexhaustibly available from natural resources. By using
attributes of magnesium-based materials other than low density (such as impact resistance, bio-
compatibility and chemical affinity), a variety of new applications relating to ballistic armor,
biomedical implants and hydrogen storage rises at the horizon.

It is against this background that the Magnesium Committee of the Light Metals Division of
TMS has organized and sponsored its 12th edition of the Magnesium Technology Symposium,
held at the TMS Annual Meeting in San Diego, CA (USA) from February 28 to March 3, 2011.
The symposium was organized in an opening session, a poster session and nine technical oral
sessions, covering a broad range of topics. This included primary production and
characterization, casting and solidification, alloy design, high-temperature and high-strength
alloys, deformation mechanisms, formability and forming, new applications, advanced materials
and processing, and corrosion and coatings.

The volume at hand represents the Proceedings of this Symposium. Like in previous years,
contributions come from countries around the globe that are active in magnesium research and
development and reflect the latest advancements in the field. To ensure TMS standards, all
papers were peer reviewed by a pool of volunteers acting on behalf of the Magnesium
Committee. In addition to these Proceedings, some Symposium contributions on biomedical
applications will be published in full in an upcoming JOM Special Issue sponsored by the
Magnesium Committee and entitled “Biomedical Applications of Magnesium” (issue 63/4, April
2011).

The bar chart on the next page visualizes the development of the TMS Magnesium Technology
Symposium since its inception in the year 2000 in terms of size and international participation. In
the initial years, the number of contributions was quite steady, but as of 2005 when parallel
sessions were introduced this number rose steeply — although variations between the successive
years exist. Contributing countries can roughly be divided into two categories, depending on if
their market emphasis is on magnesium supply (e.g., China and Israel) or consumption (e.g.,
Germany, Japan and the USA). The largest share of the Proceedings publications comes from the
listed eight countries while the remaining category “others” comprises more than 20 other
countries from Europe and Asia (with the United Kingdom and Norway being the most
prominent of these). Overall, the USA accounts for roughly a quarter of all abstracts and papers
to date, followed by Canada (14%), China (11%) and Germany (10%). Notably, the chart also
reflects the market changes that the magnesium sector has seen over the last decade, the most
pronounced example of this being the large increase in Chinese contributions along with the
country’s development of primary and alloy production during the more recent years.
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The organization of the Magnesium Technology Symposium and the realization of its
Proceedings would not have been possible without the support of numerous engaged volunteers.
Hence this is the place to acknowledge the contribution of all authors, reviewers and session
chairs that have been instrumental in making this happen. Further, the continued support by TMS
staff has definitely facilitated the job and is well-appreciated.

While Symposium Proceedings traditionally reflect the state-of-the-art and spirit of the age, may
this volume become a valuable part of your reference library for the years to come and in
retrospect mark a memorable period in advancing the field of magnesium technology.

Wim H. Sillekens

Sean R. Agnew

Neale R. Neelameggham
Suveen N. Mathaudhu
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