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Abstract

Early reports pertaining to Non-Schmid phenomena of both slip and twinning in BCC and HCP 
structures and their effect on anisotropy and asymmetry were essentially attributed to either unusual 
activities of screw dislocations or to a certain solute effects on dislocation activity. In this study, 

on the initial texture. Crystal plasticity simulations and non-destructive EBSD suggested that these 
non-Schmid effects correlate with the effect of mantle plasticity, which changed with the nature 

to change by at least a factor of two for different initial textures of the same material composition. 
Sharp
while axisymmetric textures hardened twinning and softened non-basal slip. While both non-basal 
slip and twinning correspond to extended and liberated partial dislocations, respectively, these 
reversed tendencies could not be explained unless slip and twinning are considered as mutually 
competitive mechanisms. As low misoriented grain boundaries harden slip, twinning becomes 
softer. Conventional crystal plasticity based on a pseudo-slip approach for twinning was unable to 
capture these mantle-induced textural effects related to the magnesium asymmetry.

Introduction

challenge to many researchers dealing with the behavior of hexagonal-close packed (HCP) 
structures. The single crystal tests performed to verify whether or not twinning can be considered 
as a type of pseudo-slip deformation mechanism showed a surprising scatter in the critical resolved 
shear stress (CRSS)[1–11]. In general, the twinning stress exhibited a puzzling dependence on the 
microstructure, strain rate, temperature, stress state, prior slip, and texture. Fundamental studies 
on the generation of highly glissile twinning dislocations and their crystallography have since then 
been undertaken in an effort to develop physics-based models suitable for higher scale simulations 
such as crystal plasticity.

Recent literature has pointed to non-Schmid effects due to special cases of backstress, not 
arising from Geometrically Necessary Dislocations (GNDs), but arising from the incompatibility 
restrictions at the grain boundary segments where the residual twin lamella impinges [12–15]. 
These phenomena, however, relate to the forty-year old observations [16–21] on what researchers 
called accommodation effects and twin-twin interactions. Twin accommodation effects are in fact 
nothing else but a special case of backstress induced at the grain boundary (GB)/twin intersections, 
which give rise to either slip, twinning, or a crack so the twin can practically achieve its plastic 
deformation.

pseudo-slip CRSS of twinning can change by varying the initial texture of the material, which 
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by studying their effect on anisotropy and asymmetry of magnesium and exploring the capabilities 
of crystal plasticity to render the behavior of different textures obtained from the same material. In 
fact, crystal plasticity should, in principal, be texture-insensitive as long as the initial microstructure 
and composition remain largely unchanged. We use two types of texture: 1) a strongly concentrated 
ET   texture 
(rod-texture). Furthermore, because twinning and slip are competitive mechanisms, the GBM 

of non-basal slip to GBM in HCP structures has not been investigated yet, and thus constitutes 
another important motivation of this paper. The results of mechanical testing and crystal plasticity 
simulations are substantiated by non-destructive electron backscattered diffraction (EBSD).

Experimental and simulation procedures

AM30 Mg samples were prepared in two different ways to generate two strong textures: (i) ED  
  axisymmetric rod texture, and (ii) a ET || 

generated by extruding at approximately 530 °C of a 450 mm large cylindrical billet down to a 
billet of 180 mm diameter. This rod texture corresponded to a uniform distribution of the [0001] 
axis normal to the extrusion direction (ED). The basal texture was created using the same alloy 
composition but by extruding the 180 mm billet into 3 mm thick sheets (plane-strain extrusion). 

constrained between 0.37 and 0.49 for nearly all grains under the ED compression. Both Neutron 
Diffraction (ND) and EBSD techniques were used to analyze the macrotexture and microtexture, 
respectively. All mechanical tests were performed at room temperature at a 0.001 s-1 strain rate. 
All samples were extracted through electrical discharge machining (EDM) in the form of 10 mm 
diameter cylinders. For non-destructive EBSD analyses, it was necessary for samples to have 

destructive EBSD at a strain increment of 0.05%, we only report typical results.

Figure 1 shows the initial texture of the two sample materials. Neutron diffraction texture analysis 

was exported from MAUD [23] and imported into MTEX [24] for further Orientation Distribution 
analysis visualization.

This work uses the dislocation-density based hardening model developed by Beyerlein and Tomé 
[25] (based on equations of Kocks and Mecking [26,27]), and implemented into the Visco-Plastic 

deformation modes were selected in the simulations:

(0001)                  (basal  slip),                           (Prismatic  slip), 
(second order pyramidal  slip), 

                           tension twins, and                            compression twins. More details on the model 

Results and Discussion

Figure 2 shows the experimental and simulated stress-strain curves upon compression of the rod 

[31], but the relative activities of deformation modes under ED (profuse twinning) are shown in 

concept incorporated in the model. The reckoning of dislocation transmutation for this material 
correlated with a twin which hardened three times more than the parent. Moreover, although ET 
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compression was dominated by slip, twinning was noticeable and reached approximately 40% of 
that upon ED (Figures 3). Nonetheless, the model captured well the stress-strain behavior under 
ET which illustrates, again, its robustness. To the author’s knowledge, previous correlated models 
for magnesium were only shown to capture anisotropy in the two limiting cases of maximum 
twinning or no twinning. This topic is beyond the scope of this paper, but it is the subject of a 
different article [31].

However, the model was largely incapable of satisfactorily reproducing the anisotropy under 
tension of this same ET || 
the substantial overestimation of the yield stress under tension along ET which corresponded to 
profuse twinning conditions, and second to the underestimation of the yield stress under tension 
along ED which corresponded to minimum twinning conditions.

The inability of reproducing the yield stress under ET tension is intriguing. In fact, the onset of 
plasticity was dominated by both twinning and slip (Figure 2c), as was the case for compression 
along ED for both ED ||   and ET ||  textures. So the model parameters reproducing 
the anisotropy behaviors under compression for both textures should have been robust enough to 
predict the yield stress arising for basal and tension twin activities under ET tension.

The underestimation of the yield stress under ED tension is equally intriguing. The onset of 
plasticity was characterized by a marked activation of both basal  slip and prismatic  slip 

times greater than that of basal  slip, i.e. 23 MPa, in order to reproduce the behavior of both 
the rod texture and basal texture. The CRSSs of pyramidal  slip and tension twinning were 
111 MPa and 67 MPa. On the other hand, this very high CRSS value of prismatic  slip was 

 slips. 
The impact of underestimating the CRSS of prismatic  slip under tension can also be sensed 
under ET tension that is characterized by profuse twinning. In fact, upon reorientation, the twins 
deformed substantially by prismatic  slip, so the experimental stress-strain behavior showed a 
considerably higher hardening rate and a sharper Regime II than the predicted ones.

The phenomenon of concomitant softening of tension twinning and hardening of non-basal slip 

competitive deformation mechanisms. One may focus on either why the twinning stress decreases 
or why the non-basal slip stress increased under tension. The competition between slip and twinning 
is well known when one thinks of slip and twinning activities under the effect of temperature or 
strain rates. Twinning is essentially athermal, and it is only needed when pyramidal slip is too 
hard to activate for accommodating  axis deformation. When temperature is high enough to 
lower the CRSS of pyramidal  slip below or closely above that of twinning, twinning 
tends to disappear. The strain rate has an opposite effect, and there could actually be a ubiquitous 
combination of strain rate and temperature where twinning is omnipresent.

Although the dependence of twinning and non-basal slip stresses to the loading direction could be 
understood, the origin of either phenomena is clear. Nonetheless, considering recent simulations 
reports [15,32–34] on the twinning stress softening induced by a decrease in the grain boundary 
misorientation, it could be that this softening effect is sensitive to the stress state. In fact, it is well 
known that Bauschinger effect in cubics was usually correlated to backstress effects [35,36]. Thus, 
because the GBM effect on the twinning stress can be considered as special case of backstress, it is 

Figure 3 shows the misorientation distribution of the rod texture and basal texture, respectively. The 
texture is characterized by a peak in the misorientation angle distribution at the low GBM range 

Because, basal texture has substantially high fraction of grain boundaries with low misorientations 
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than the rod texture, according to the above theory by Beyerlein and co-workers on the non-Schmid 
effects of GBM, twinning should be much softer in the basal texture. The asymmetry observed in 
this study between the rod texture and basal texture substantiates the accuracy of this theory. To 
illustrate the effect of GBM misorientation on twinning, non destructive EBSD was performed to 
compare the growth rates of  twins nucleated at low and high misoriented grain boundaries 
in AM30 Mg.

Modern texture randomization to increase magnesium ductility may have indirectly mitigated 
twinning not only by reducing the volume fraction of grain with high Schmid factor to twinning, 
but by further reducing the surface fraction of GBs having low misorientation angles. However, 
one should note that backstress effects arising from strain incompatibilities at highly misoriented 
GBs should be more pronounced in weak textures. These backstress effects may restore high 
activities of tension twinning including detrimental nucleation of contraction twinning.

Conclusions

This paper illustrates that  twinning can be strongly promoted in polycrystalline magnesium 
showing low rotation angles with respect to the c-axis. Twinning softening is systematically 
accompanied by hardening of non-basal slip, which substantiates the competitive nature of slip 
and twinning as evidenced by the tension-compression asymmetry. This was corroborated by 
mechanical tests and advanced crystal plasticity models that while able to reliably predict anisotropy 
even if texture is radically changed, failed to predict the strong asymmetry and resulting anisotropy 
associated with the grain boundary effects. One may think that grain boundary misorientation is 
a special case of backstress so the effect of the stress state (tension or compression) may have a 
similar basis as those models that are invoked for cubic materials.

Acknowledgments

The authors would like to recognize the Center for Advanced Vehicular Systems (CAVS) at 
Mississippi State University for supporting this work. The authors gratefully acknowledge funding 
support through the DOE Southern Regional Center for Lightweight Innovative Design award DE-
FC26-06NT42755 to carry out a portion of this research work.

is operated by Los Alamos National Security LLC under DOE Contract No. DE-AC52-06NA25396.

References

[1] A. Cottrell, B. Bilby, Philosophical Magazine (Series 7) 42 (1951) 573–581.
[2] R.L. Bell, R. Cahn, Proceedings of the Royal Society of London. Series A, Mathematical   

and Physical Sciences 239 (1957) 494–521.
[3] G. Bolling, R. Richman, Acta Metallurgica 13 (1965) 709–722.
[4] G. Bolling, R. Richman, Acta Metallurgica 13 (1965) 723–743.
[5] J.P. Hirth, in:, R.E. Reed-Hill, J.P. Hirth, H.C. Rogers (Eds.), Deformation Twinning,   

Gordon and Breach Science Publishers, 1964, p. 112.
[6] J. Venables, in:, AIME Conference Proceedings, RE Reed-Hill, JP Hirth and HC Rogers   

(Eds), 1964.
[7] R.E. Reed-Hill, in:, R.E. Reed-Hill (Ed.), The Inhomogeneity of Plastic Deformation,   

American Society for Metals, Metals Park, OH, 1973, pp. 285–311.
[8] S. Mahajan, D. Williams, International Metallurgical Reviews 18 (1973) 43–61.
[9] A. Sleeswyk, Philosophical Magazine 29 (1974) 407–421.
[10] J.W. Christian, S. Mahajan, Progress in Materials Science 39 (1995) 1–157.
[11] M. Meyers, O. Vöhringer, V. Lubarda, Acta Materialia 49 (2001) 4025–4039.

622



[12] J. Wang, J. Hirth, C. Tomé, Acta Materialia 57 (2009) 5521–5530.
[13] E. Martin, L. Capolungo, L. Jiang, J.J. Jonas, Acta Materialia 58 (2010) 3970–3983.
[14] L. Capolungo, P. Marshall, R. McCabe, I. Beyerlein, C. Tomé, Acta Materialia 57 (2009)   

6047–6056.
[15] I. Beyerlein, C. Tomé, Proceedings of the Royal Society of London. Series A,    

Mathematical and Physical Sciences 466 (2010) 2517.
[16] S. Mahajan, G. Chin, Acta Metallurgica 21 (1973) 1353–1363.
[17] J.J. Gilman, Transactions of the Metallurgical Society of AIME 206 (1956) 1326–1336.
[18] J.J. Gilman, Acta Metallurgica 3 (1955) 277–288.
[19] J. Holden, Philosophical Magazine 43 (1952) 976–984.
[20] P.L. Pratt, S. Pugh, Journal of the Institute of Metals 80 (1952) 653–658.
[21] R.W. Armstrong, Canadian Metallurgical Quarterly 13 (1974) 187–202.
[22] H.R. Wenk, L. Lutterotti, S. Vogel, Nuclear Instruments and Methods in Physics Research 
   Section A 515 (2003) 575–588.
[23] H.R. Wenk, L. Lutterotti, S.C. Vogel, Powder Diffraction 25 (2010) 283–296.
[24] R. Hielscher, H. Schaeben, Journal of Applied Crystallography 41 (2008) 1024–1037.
[25] I. Beyerlein, C. Tomé, International Journal of Plasticity 24 (2008) 867–895.
[26] H. Mecking, U. Kocks, Acta Metallurgica 29 (1981) 1865–1875.
[27] U. Kocks, H. Mecking, Progress in Materials Science 48 (2003) 171.
[28] R. Lebensohn, C. Tomé, Acta Metallurgica Et Materialia 41 (1993) 2611–2624.
[29] A.L. Oppedal, H. El Kadiri, C.N. Tomé, G.C. Kaschner, S.C. Vogel, J.C. Baird, M.F.   

Horstemeyer, International Journal of Plasticity 31 (2012) 41–61.
[30] H. El Kadiri, A. Oppedal, Journal of the Mechanics and Physics of Solids 58 (2010) 613–  

624.
[31] A.L. Oppedal, H.E. Kadiri, C.N. Tomé, J.C. Baird, S.C. Vogel, M.F. Horstemeyer, (2012).
[32] I. Beyerlein, L. Capolungo, P. Marshall, R. McCabe, C. Tomé, Philosophical Magazine 
  90 (2010) 2161–2190.
[33] I. Beyerlein, R. McCabe, C. Tomé, Journal of the Mechanics and Physics of Solids 59   

(2011) 988–1003.
[34] J. Wang, I. Beyerlein, C. Tomé, Scripta Materialia 63 (2010) 741–746.
[35] C. Frederick, P. Armstrong, Materials at High Temperatures 24 (2007) 1–26.
[36] B. Chun, J. Jinn, J.K. Lee, International Journal of Plasticity 18 (2002) 571–595.

   a)        b)

revealing for an AM30 magnesium alloy (a) an axisymmetric rod texture, and (b) a strong 

Y correspond to radial directions (ET) normal to the extrusion direction (ED) Z, while for the 

and X is a transverse direction in the plane of the sheet (ET). Thus, axisymmetric extrusion and 
plane-strain extrusion led to a main ED || <10-10> and ET || <0002> components, respectively.
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  a)    b)    c)
Figure 2. Results of experimental and simulation tests including the (a) stress-strain curves for 

compression along ED and ET of the rod texture corresponding to the behavior that was used to 

    a)     b)
Figure 3. Misorientation distribution charts for (a) the ED || || <0002> 

while the second one has most grain boundaries with low misorientation angles (<15°).

624


	Welcome
	Title Page
	Help
	Search
	Exit
	Table of Contents
	Keynote 1
	Strengthening Mg Alloys When Twinning Is Dominant
	Greenhouse Gas Balance Of Magnesium Parts For Automotive Applications
	Elastic Properties And Electronic Structures Of Mg-Re (Re=Sm, Y) Alloys Studied By First Principle Calculation
	Making Magnesium A More Cost And Environmentally Competitive Option

	Alloy Development 1
	Thermodynamic Modeling And Database Development For Mg Alloys
	Development Of Magnesium-Aluminum-Calcium Alloys Using Phase Equilibria Computation And Microstructure Validation
	Identifying Optimal Conditions For Mg Alloy Design Using Thermodynamic And Properties Databases, The Factsage Software And The Mesh Adaptive Direct Searches Algorithm
	A Systematic Study Of A Statistics-Based Methodology For The Optimization Of Processing-Structure-Property Relationships In Magnesium Alloys
	Design Of New Mg Lean Alloys With High Formability And Strength Using Thermodynamic Database

	Simulation, Modelling 1
	The Effect Of Precipitate Morphology And Habit On Strengthening In Magnesium Alloys
	A New Model To Predict Grain Nucleation During Dynamic Recrystallization
	Analysis Of Work Hardening Evolution In Magnesium And Its Alloys Using Mean Slip Distance Normalized By The Inter-Obstacle Spacing
	Deep Drawing Simulations Of Az31b Magnesium Alloy Sheet Considering Asymmetry In Tension And Compression
	Full-Field Deformation Simulations Of Mg Alloys Explain The Link Between Their Creep Strength And The Hard-Phase Skeleton

	Corrosion and Surface Treatment 1
	"Electroless" E-Coating On Different Surfaces Of Az31
	Development Of Composite Micro-Arc Oxidation (Mao)/Electrocoat Coatings For Corrosion Protection Of Magnesium Alloy Az31b
	Hybrid Sol-Gel Coatings For Corrosion Protection Of Magnesium-Aluminum Alloys
	Hybrid Epoxy Silane Coatings For Corrosion Protection Of Mg Alloys
	Amorphous Thin Films Consisting Of Ternary Mgznca-Alloys

	Alloy Development 2
	Atomic Structure Of Precipitates In A Mg-Re System Revealed By Haadf Stem
	The Influence Of Micro-Alloying Elements Al And Si On Properties Of The Alloy Mg-3Sn-2Ca
	Modeling Of Thermodynamic Properties And Phase Equilibria In Mg-Re And Mg-Al-Re (Re=Rare Earth) Systems
	Effect Of Precipitates On Dynamic Recrystallization During Hot Compression Of Micro-Alloyed Mg-Al-Ca Alloys

	Simulation, Modelling 2
	A Microstructural Evolution Model For Mg17al12 Precipitates In Az91
	Carbon In Mg Alloys: The Experimentally Validated Mg-C Phase Diagram And Thermodynamic Calculations In Multicomponent Mg Alloys
	Mathematical Modeling Of The Twin Roll Casting Process For Az31 Magnesium Alloy Œ Effect Of Strip Thickness
	Advances On A Vof Based Numerical Simulation Of Mg Die-Casting Process On A General Unstructured Grid
	Thermo-Mechanically Coupled Modeling Of Mg Sheet Forming

	Corrosion and Surface Treatment 2
	Iron And Corrosion Control In Aluminium-Free Magnesium Alloys
	Corrosion Behaviour Of High Pressure Die Cast Mg-5Al-0.4Mn-Xce(X=0, 0.5, 1) Alloys
	Measurement Of The Corrosion Rate Of Mg Alloys

	Alloy Development 3
	A Comparative Study Of Mgymznn Rod Produced By Different Routes Using Severe Plastic Deformation
	Grade Magnesium Alloys Amx602 And Zaxe1711 For Armor Applications
	Magnesium Bulk Metallic Glass Formation
	Microstructural Characterization And The Creep Behavior Of Mg-Sr-Mn Alloys

	Simulation, Modelling 3
	A Multicomponent Magnesium Alloy Database For Industrial Alloy Development
	The Mg-Mn-Nd System: Experimental Investigation Coupled With Thermodynamic Modeling
	Measuring Heat Transfer During Twin Roll Casting Of Az31
	Thermochemical Analysis Of A Mg-Ni Plated Steel Joint During Laser Brazing By Factsage

	Corrosion and Surface Treatment 3
	Eb Surface Alloying Of Magnesium Alloys Az31 B And Az91 D
	Impact Of Different Coating Systems On Corrosion And Wear Resistance Generated By Laser Cladding
	The Relation Between Microstructure And Corrosion Behavior Of Fsw Magnesium Alloys
	Corrosion Protection Of Mg-Al-Galvanized Steel Assemblies

	Alloy Development 4
	In-Situ Neutron Diffraction Study Of Aging Of A Mg-Y-Nd-Zr Alloy (We43): Effects Of Precipitation On Individual Deformation Mechanisms
	The Influence Of Rare Earth Elements On The Mechanical And Corrosion Properties Of Die-Cast Magnesium Alloys
	Progress Of Microgalvanic Corrosion In Elektron 21 Magnesium Alloy

	Simulation, Modelling 4
	From Dislocation/Solute Interactions And Solute Distribution To Deformation In Magnesium
	Level-Set Modeling Of Galvanic Corrosion Of Magnesium

	Corrosion and Surface Treatment 4
	Effectiveness Of A Galvanostatic Cathodic Polarization Pre-Treatment On Improving The Corrosion Resistance Of Mg To Aqueous Saline Solutions
	Effect Of Deposition Temperature On The Properties Of Cerium-Based Conversion Coatings On Az31 And Az91 Magnesium Alloys
	Development Of New Green Protection With Cerium, Zirconium And Niobium Compounds For Mg-Y-Re-Zr Alloys
	Effect Of Sealing Treatment On The Microstructure And Anticorrosion Properties Of The Anodic Oxide Film Formed On Az31 Mg Alloy

	Alloy Development 5
	Influence Of Twin Roll Casting And Differential Speed Rolling On Microstructure And Tensile Properties In Mg-Al-Mn-Ca Alloy
	Decomposing The Basal Texture In Rolled Az31 Magnesium Sheets
	Microstructure And Texture Evolution Of MgŒ3%AlŒ1%Zn And Mg-Zn-Ce Mg Alloy Sheets Processed By High Speed Rolling

	Deformation of magnesium including processing, forming and crashworthiness 1
	A Rationale For Deformation Twinning In Nanocrystalline Magnesium And Magnesium Az80 Alloy
	Microstructure Evolution Of Alloy Az31b Sheet At Mildly Elevated Temperatures For Different Strain Conditions
	Formability Of Az31b And Zek100 Magnesium Alloy Sheets At Elevated Temperatures
	Recent Developments In High Speed Friction Stir Processing Of Mg Az31
	Yield Point Elongation And The PortevinŒLe Châtelier Effect In Magnesium Az31b-O Rolled Sheet

	Microstructural Evolution 1
	Intermetallic Growth And Interdiffusion In The Mg-Nd System
	Characterization Of Nanoscale Precipitates Using Three-Dimensional Atom Probe Tomography In Mg-Based Alloys
	Crystal Structure Evolution Of An Od Intermetallic Phase In The Mg-Al-Gd System
	Effects Of Microalloying Elements Of Ca And Ag On The Precipitation And Pfz Formation Behavior

	Alloy Development 6
	Evolution Of Intragranular Misorientation During Hot-Extrusion Of Mg-Zn-Y Alloys With Lpso Phase
	The Effect Of Cold Spray Coating On Fatigue Life Of Az31b
	Magnesium Usage Grew Rapidly In 1930-1950

	Deformation of magnesium including processing, forming and crashworthiness 2
	Localized Deformation Bands And Yield Point Elongation In Magnesium Alloy Sheet Zek100-O
	Complementary Tem And Ab Initio Study On The Ductilizing Effect Of Y In Solid Solution Mg-Y Alloys
	Effect Of Deformation Conditions On Microstructure And Texture During Compression Of Mg-3Sn-2Ca-0.4Al-0.4Si Alloy

	Microstructural Evolution 2
	Microstructure Of Mg-10Y Master Alloys And Its Effects On Microstructure Of Az31 Magnesium Alloy
	Characterization Of Precipitation In Mg-Zn-Ce-(Ca) Alloys
	Microstructure Evolution During Heat Treatment In A Super Vacuum Die Casting Az91 Alloy

	Mechanical Properties 1
	Orientation Dependence Of Fatigue Behavior In Magnesium Single Crystals
	Mechanical And Acoustic Emission Analysis Of Channel Die Compressed Mg Single Crystals
	Atom Probe Solute Analysis Of Hex Mg-Li Alloys And Solid Solution Softening

	Deformation of magnesium including processing, forming and crashworthiness 3
	Microstructure And Texture Development During Rolling Of Ternary Mg-Zn Alloys Containing Rare Earth Elements
	In Situ 3D Characterisation Of Damage Induced By High Temperature Deformation Of Magnesium Alloys
	The Mechanism Of Weak Texture Development And High Ductility For Mg-3Gd-Zn Sheet
	Forming Limit Diagrams For Mg Alloy Zek100 In Different Microstructural Conditions
	Influence Of Twinning And Precipitation On Grain Size Dependence Of Compressive Strength In Mg And Az61 Alloys

	Microstructural Evolution 3
	A Study On The Origin Of Shear Bands In Cold Rolled Mg-3Y Alloy Using 3D Ebsd
	Quantitative Measurements Of Twinning In Mg And Mg-2Al Alloy
	In-Situ Neutron Diffraction And Acoustic Emission Investigation Of Twinning Activity In Magensium
	Effect Of Thermal Processing On The Formability Of Ttmp Az61l Sheet
	Microstructure And Mechanical Properties Of An Extruded Mg-Sn-Zn-Na Alloy

	Mechanical Properties 2
	Material Behaviour Of Twin-Roll Cast Az31-Magnesium Sheets Over A Wide Range Of Strain Rates
	Effect Of Strain Rate And Temperature On The Tensile Properties Of Magnesiums Sheets Az31 And Ze10 At Elevated Temperatures
	Effect Of Deformation Temperature On The Microstructures And Mechanical Properties Of High-Strength Extruded Mg-Al-Ca-Mn Alloy
	Iin-Plane Compression And Tensile Testing Of Az31b Sheet And Their Deformation Mechanisms

	Deformation of magnesium including processing, forming and crashworthiness 4
	An Extended Taylor Model To Simulate Detwinning In Magnesium Alloys
	Effect Of Grain Boundary Misorientation On The Asymmetry, Anisotropy, And Nucleation Stresses Of {102} Twinning And Non-Basal Slip In Magnesium
	Twin Prediction In Az31 Via Machine Learning Applied To Ebsd Data
	Deformation Behavior Of Solid-Solution-Strengthened Mg-9Wt.%Al Alloy Subjected To Uniaxial Tension

	Microstructural Evolution 4
	Magnesium Forgings For Automotive Mass Production
	Shear Band Formation In Strip-Cast Az31 Mg Alloy During Hot Compression
	Dynamic Recrystallization In Magnesium Monocrystals
	Microstructure And Defect Structure Evolution In Almgzn Alloys Processed By High Pressure Torsion
	Recrystallization Nucleation Sites In Deformed Az31

	Mechanical Properties 3
	Predicting Mechanical Performance From Process Parameters In Cast Magnesium Alloys: A Review Of The Uwo Research Programme
	Microstructure And Mechanical Behavior Of Novel Extruded Magnesium Alloys
	High-Pressure Sliding For Production Of Superplastic Az61 Mg Alloy
	Development Of A Standard Test To Evaluate Bolt-Load Retention Of Magnesium Alloys

	Deformation of magnesium including processing, forming and crashworthiness 5
	Two-Step Forming With Intermediate Anneal Of Zek100 Alloy Sheet
	Workability Evaluation Of New Mg-Zn-Ce Alloys
	Effect Of Al Content On Tension-Compression Yield Asymmetry Of Magnesium Alloy
	Microstructure Evolution Of MgŒGdŒZnŒZr Alloy With X Phase During Extrusion

	Microstructural Evolution 5
	Microstructure Evolution Of As-Cast Mg-Al-Ca-Mn Alloy By Hot Extrusion
	Microstructure And Mechanical Properties Of Multi-Directioally Forged Az61mg Alloy
	Melt Conditioned Direct Chill Casting (Mc-Dc) Process For Production Of High Quality Mg-Alloy Billets
	Growth Morphologies Of Mg Alloys

	Mechanical Properties 4
	Micromechanical Characterization Of Lpso Phase In Mg-Zn-Y Alloys
	High Temperature Of Extruded Mgy2xznx Reinforced With Long Period Stacking Ordered Structures
	Influence Of Rare Earth Elements On Creep Resistance Of High-Pressure Die-Cast Magnesium-Rare Earth Alloys
	The Effect Of Bolt Materials On The Bolt Load Loss Behavior Of Magnesium Alloy Az91d Bolted Joint At Elevated Temperature

	Deformation of magnesium including processing, forming and crashworthiness 6
	Small Scale Production Of Usamp Magnesium Front End "Demonstration" Assemblies
	Dynamic Characterization Of Az31b And Zek100 Magnesium Alloy Sheets
	The 2 Dimensional Analysis Of Void Growth And Coalescence During Deformation In Magnesium
	Deformation Behaviour Of Az80 Subject To Multi-Axial Tensile Loading

	Magnesium Based Biomaterials 1
	The Effect Of Sr And Ca On Corrosion Behavior Of Magnesium As Biodegradable Material
	Characterization Of Stress Corrosion Cracking (Scc) Behaviour Of Biodegradable Magnesium Alloys For Temporary Implant Applications
	Influence Of The Ca-Amount On The Corrosion Behaviour Of Mgca-Thin Films
	Production Of Biodegradable Mg-0.9Ca Implants By Powder Injection Moulding (Pim)

	Welding and Post Processing 1
	Mechanical Properties Of Friction Stir Welded And Fiber Laser Welded Az31 Magnesium Joints
	Fatigue And Fatigue Crack Propagation Of Nd:yag Laser BeamŒWelded Magnesium Az31-Hp Sheet Material
	Effects Of Heat Treatment On The Microstructure And Mechanical Properties Of Resistance Spot Welded Az Series Magnesium Alloys
	Designing For Assembly With Thread Forming Fasteners In Magnesium

	Magnesium Matrix Composites 1
	Friction Stir Processing Of Magnesium Matrix Composites Reinforced With Carbon Fibres: Influence Of The Matrix Characteristics And Of The Processing Parameters On Microstructural Developments
	Thermal And Microestructural Characterization Of Mg-Az91e/Aln Composites Manufactured By Liquid Metal Infiltration
	Creep Behavior Of Magnesium Alloy Ze10 Reinforced With Ceria And Produced Using Ultrasonic Stirring
	The Beneficial And Comparative Reinforcement Of Hybrid Magnesium Alloys Using Nitride Nanoparticles

	Casting of Magnesium 1
	A Comparison Of The Microstructure Of Three Mg-Zr Master Alloys And Their Grain Refinement Efficiency
	Analysis Of Casting Defects In Magnesium Œ Aluminium Œ Zinc Direct Chill Castings By X-Ray Tomography
	Removal Of Nickel From Magnesium Melts By Precipitation With Zirconium
	Solidification Mechanisms In Melt Conditioned Twin Roll Casting Of Mg Alloys
	Microstructure And Mechanical Properties Of Az91e Alloy Modified By Ceramic Particles

	Welding and Post Processing 2
	Double-Sided Arc Welding Of Az31b Magnesium Alloy Sheet
	Assessment Of Hot Cracking Susceptibility In Az91e Using The Varestraint Test
	Deformation Mechanisms Operating During Creep Of Friction Stir Welded Az31b Magnesium Alloy

	Magnesium Matrix Composites 2
	Microstructure And Mechanical Characteristics Of Az41/1.5Al2o3 Magnesium Based Nanocomposite With 2 Wt. % Ca Addition
	Sliding Wear Behaviour Of Mg Alloy (Am60) Reinforced With Different Volume Percentages Of Al2o3 Fibres
	Study On Hydrogen Sorption Properties Of Ultrafine Mg Based Alloys Synthesized By Arc Plasma Method

	Casting of Magnesium 2
	Characterization Of Az91e-Si Alloys: Microstructure, Mechanical Properties, Hot Tearing Susceptibility And Modification Of Mg2si
	Flow Curvature Approach To The Evaluation Of Local Casting Quality In Magnesium Castings
	Qualitative And Quantitative Determination Of Nonmetallic Inclusions In Mg And Mg Alloys

	Alloy Development 7
	Microstructure, Tensile And Creep Properties Of Mg-5Al-Xyb (X=0, 1 And 2Wt.%) Alloys
	Development Of High Performance Mg-System Alloys Using Powders And Chips: Green Metallurgy Eu Project
	Development Of Mg-Si Based Cast Alloys
	Evaluation Of Mg-Al-Cao Alloys For High Temperature Application
	The Effect Of Sr On Texture Development Of Mg Sheet Alloys
	Development Of High Strength And Ductility Mg-Nd-Zn Based Wrought Alloy

	Simulation, Modelling 5
	Magnesium Twin Roll Casting Machine: Modeling And Control
	Modeling The Cyclic Plasticity Behaviour Of Wrought Magnesium Alloys
	First-Principles Derivation Of Nonlinear Elastic Constants Of Magnesium
	2-D Mathematical Analysis Of Vertical Twin-Roll Casting For Magnesium Alloys
	Ductility Prediction For Magnesium Casting Using Microstructure-Based Finite Element Method

	Microstructural Evolution 6
	Effects Of Initial Orientation On Deformation Behavior Of Az31 Mg Alloy Under Biaxial Loading Condition
	Microstructural Evolution Of Twin Roll Cast Mg-1.2Mn Alloy Sheet
	Multi-Scale Examination Of The Microstructure Evolution Of Az31 During Cold-Rolling
	Influence Of Texture And Structure On Ductility Improving Of Magnesium Alloys Subjected To Ecap
	Experiments On The Microstructure Of Diffusion Bonded Magnesium-Neodymium Samples
	Evolution Of Microstructure In Pure Magnesium Under An Electropulsing
	Effect Of Dynamic Precipitation During Hot Working Of Mg-0.1Al-0.6Ca
	Microstructure And Corrosion Properties Of Ultra-Fine Grained Magnesium Alloy Processed By Extrusion And Ecap
	Microstructural Analysis Of Severe Plastic Deformed Twin Roll Cast Az31

	Mechanical Properties 5
	Tensile And Fatigue Behavior Of A High-Pressure Die Cast Am30 Magnesium Alloy
	Fabrication Of Single Crystal Of Mg Alloys And Their Mechanical Properties
	Effects Of Rare Earth On The Mechanical Properties And Corrosion Resistance Of Magnesium Alloy
	Microstructure And Mechanical Properties Of Mg96zn2y1.9la0.1 Alloy With Long-Period Stacking Ordered Phase
	Deformation Behavior Of Mg Single Crystals During An Ecap Pass
	Lattice Rotation In Magnesium With Lpso Structure Subjected To Compressive Loading
	Microstructural And Mechanical Characterization Of Ecaped Az-Magnesium Alloys
	Grain Size Influence On Deformation Behaviour Of Cast Magnesium

	Corrosion and Surface Treatment 5
	Excellent Corrosion Resistance Of Mg-Al System Age-Hardenable Alloys In Na2so4 Solution
	Effect Of Grain Refinement On Corrosion Resistance Of Different Magnesium Alloys
	Effect Of Microstructure On The Corrosion Behavior Of Mg-Li-Al Cold Rolled Alloy
	Microstructure And Corrosion Characteristics Of Excimer Laser Melted Elektron 21 Rare-Earth Magnesium Alloy
	Influence Of Silane Coating On The Corrosion Resistance Of A Laser Treated Magnesium Alloy
	Effects Of Y On Microstructure And Corrosion Resistance Of Mg-5Al-1Sr-2Ca Alloys
	A New Route For Direct Electroless Ni-P Plating On Magnesium Alloys
	Corrosion Of Diffusion Bonded Magnesium - Aluminum Couples

	Casting of Magnesium 3
	Effect Of Silicon On The Microstructure And Tensile Properties Of Ae42 Magnesium Alloy
	Melt Filtration, Degassing And Inert Gas Bubbling Of Az91e Magnesium Melts
	Fluxless Refining Technologies Of Magnesium
	The Role Of Process Scrap In Endomodification Of Az91 Magnesium Alloy
	Improving Mechanical Properties Of Magnesium Pressure Die Castings
	High Temperature Mechanical Properties Of Die-Cast Mg-Al-Ca-X Alloys
	Study On Hot Cracking Susceptibility And Fluidity Of Mg-Gd-Y Magnesium Alloy

	Wrought Alloys 1
	Uniaxial Hot Deformation Of Mg-Al-Sn Alloy
	Influence Of Manufacturing Conditions On The Structure And Mechanical Properties Of High-Strenght Magnesium Alloys
	Microstructure Evolution And Mechanical Properties Of Mg-9Gd-3Y-1Zn-0.5Zr Alloy During Extrusion, Rolling And Ageing

	Welding and Post Processing 3
	Comparative Study Of Laser And Friction Stir Joining Of A Magnesium Alloy
	Some Problems Of Safe Machining Of Magnesium Alloys

	Magnesium Based Biomaterials 2
	Magnesium As Material For Resorbable Implant Systems
	Development Of New Magnesium Alloys For Medical Application
	The Macrophage And Osteoblast Response To Mg Alloys And Their Rare-Earth Constituents
	Evaluation Of Degradation Behaviour Of A Calcium Phosphate (Ca-P) Coating On Magnesium Alloys

	Deformation of magnesium including processing, forming and crashworthiness 7
	Warm Forming Of Twin Roll Casted Az31 Sheet For An Automotive Part
	Development Of Sem-Based Techniques To Characterize Hot-Deformation Behaviour Of Magnesium Alloys
	Microstructure And Superplasticity In A Friction Stir Processed Magneisum Alloy
	Investigation Of The Local Mechanical Properties In Pure Mg Using Nanoindentation

	Late News
	Effect of multiple pre-bending and intermediate annealing on bendability of AZ31 magnesium sheet


	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Subject Index
	3
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z
	{




