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ABSTRACT: Rare-earth (RE)-containing magnesium sheet alloys are promising for lightweight structures 
because they can reduce anisotropy and improve warm formability. Their industrial relevance, however, should 
be assessed not only through mechanical performance, but also through process-energy demand, corrosion 
durability, and critical-raw-material considerations. This perspective examines Mg–Zn–RE sheets, with ZE10A 
as an anchor case, to connect three issues that are often treated separately: low-temperature warm-forming 
windows, deformation-induced microstructural stability, and corrosion-film kinetics. Current evidence indicates 
that in the approximately 250–300 °C range, recovery and incipient dynamic recrystallization may improve 
formability while limiting major grain or phase evolution. Under these recovery-dominated conditions, we propose, 
as a working hypothesis, that the influence of thermomechanical history on corrosion is mediated primarily by 
defect architecture, near-surface heterogeneity, and the formation and breakdown kinetics of dynamic, non-
passivating films, rather than by extensive precipitation or classical microgalvanic changes. A screening-level 
discussion of process-energy demand, together with a database-based comparison of the embodied energy and 
carbon footprint of selected rare-earth elements, is used to frame responsible alloy and processing decisions 
without claiming a full life-cycle assessment. The perspective concludes with a research roadmap integrating 
history-faithful forming tests, correlative microstructure mapping, time-resolved electrochemistry, and transparent 
sustainability assumptions to support predictive manufacturing design rules for Mg–RE sheets. 

Keywords: Magnesium sheet; Rare-earth alloy; Warm forming; Sustainable manufacturing; Dynamic 
recrystallization; Corrosion film; Neodymium criticality; Energy screening 
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1. Introduction 

Magnesium alloys remain attractive for structural lightweighting because of their low density and high 
specific properties [1,2]. In contemporary materials selection, however, mechanical performance must be 
considered alongside manufacturability, process-energy demand, durability, and resource availability [3]. 
For Mg sheet alloys, widespread industrial adoption has historically been constrained by limited room-
temperature formability and pronounced anisotropy [4,5]. Warm forming has therefore become central to 
viable sheet-manufacturing routes, although the energy and throughput penalties associated with elevated-
temperature processing remain practical constraints. 

From an industrial perspective, Mg adoption is also intertwined with scalable forming, joining, surface-
engineering, and quality-control routes, as well as with the broader development of magnesium 
technologies documented in recent reviews [4–7]. Consequently, a manufacturing-oriented assessment 
should not isolate alloy performance from the process chain required to obtain and preserve that performance. 

Rare-earth alloying has emerged as an effective route to improve ductility and reduce anisotropy in 
wrought Mg products, largely by modifying texture development and deformation mechanisms [6,8–10]. 
Recent efforts targeting room-temperature and lower-temperature warm forming have emphasized Mg 
sheet alloys that combine formability with microstructural robustness [11]. Mg–Zn–RE sheet systems, such 
as ZE10A, therefore provide a relevant platform for examining how thermomechanical history generates 
deformation-induced microstructural states and how these states may subsequently couple to corrosion response. 

An energy-aware and resource-aware perspective is timely. Process-optimization studies explicitly 
target energy-economizing hot-stamping and warm-forming schedules for Mg [12], while rare-earth supply 
concerns motivate transparent discussion of alloying choices without over-claiming environmental 
superiority. In this perspective, environmental and criticality considerations are therefore treated as 
screening-level, database-dependent indicators rather than as a full life-cycle assessment (LCA) [3]. The 
objective is not to label Nd-containing Mg–Zn–RE sheets as intrinsically “green”, but to show how forming 
windows, durability, and alloy selection can be discussed within a transparent sustainable-manufacturing framework. 

The novelty of this perspective lies not in the presentation of new experimental data, but in the 
integration of three bodies of evidence that are often discussed separately: warm-deformation mechanisms 
in Mg–RE sheets, the dynamic and non-passivating nature of Mg corrosion films, and screening-level 
sustainability constraints associated with forming energy and rare-earth use. Compared with the authors’ 
previous ZE10A study, which reported mechanical and microstructural evolution between 250 and 300 °C, 
the present article uses ZE10A only as an anchor case to formulate a broader working hypothesis for Mg–
Zn–RE sheets. Compared with existing Mg–RE and Mg-corrosion reviews, the emphasis here is placed on 
how deformation-induced defect architecture and film kinetics may mediate processing sensitivity in 
recovery-dominated forming windows. 

This perspective focuses on low-temperature warm-forming windows, the resulting deformation-
induced microstructural states and stability (Figure 1), and the implications of those states for corrosion 
coupling in chloride environments (Figure 2). It then integrates process-energy and rare-earth criticality 
considerations through a deliberately conservative screening layer (Figure 3) and proposes a research 
roadmap for predictive processing–microstructure–corrosion design rules (Figure 4). 
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Figure 1. Thermomechanical window and deformation-induced microstructural states in Mg–RE sheets. 

 

Figure 2. From thermomechanical history to corrosion response: a coupling framework for Mg–RE sheets. 

 

Figure 3. Screening comparison of embodied energy and carbon footprint for selected rare-earth elements using commercial-
purity, primary-production elemental records from the CES Selector, accessed through the authors in 2026. Both axes are 
logarithmic. Carbon-footprint values are expressed as kg CO2-eq per kg of element. These elemental values are not weighted by 
alloy composition and do not represent the environmental footprint of ZE10A or of a manufactured component. 
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Figure 4. Research roadmap toward predictive processing–microstructure–corrosion relationships. 

2. Current Understanding: Thermomechanical Processing of Mg and Mg–RE Sheet Alloys 

2.1. Deformation Mechanisms in Mg Sheets: Temperature, Strain Rate, and Anisotropy 

In Mg sheet, the hexagonal close-packed (HCP) crystal structure restricts slip at low temperature and 
promotes strong anisotropy and twinning activity. Classic work on Mg crystal plasticity established strong 
temperature effects on flow stress and hardening [13]. In rolled Mg alloys, deformation twinning plays a 
major role in strain accommodation and can strongly influence strain hardening and texture evolution [14]. 
The limited availability of non-basal slip at lower temperatures contributes to plastic anisotropy, as 
documented extensively in AZ31-type sheets [15]. Twinning–ductility relations further emphasize the 
sensitivity of macroscopic formability to crystallographic mechanisms [16]. 

As temperature and strain rate move into warm-forming regimes, the balance shifts: non-basal slip 
becomes increasingly active, and recovery processes become more significant, leading to smoother 
hardening responses and reduced anisotropy in many Mg sheets [17]. At still higher temperatures, dynamic 
recrystallization (DRX) becomes increasingly influential; mechanistic links between plastic deformation 
and DRX in Mg are established [18], and high-temperature DRX behavior has been detailed for Mg alloys [19]. 

Recent work continues to refine this mechanism picture by quantifying texture and anisotropy in Mg–
Zn–RE sheets, deep-drawing behavior in AZ31 versus ZE10, and the viscoplastic responses of AZ31B 
versus Elektron 717 across warm-forming regimes [20–22]. 

2.2. What Changes with Rare-Earth Additions: Texture Modification and Microstructural Robustness 

Rare-earth additions are well known to modify texture and improve ductility in wrought Mg products 
[6]. Mechanistically, grain-boundary segregation and solute effects can alter texture evolution and 
deformation behavior [8,10]. In rolled sheet specifically, RE additions have been shown to affect 
microstructure and texture development [9]. 

A practical implication is that many Mg–RE sheets exhibit enhanced microstructural stability during 
warm deformation: extensive DRX may be delayed or remain limited under thermomechanical histories in 
which conventional Mg–Al systems would exhibit stronger recrystallization and texture turnover. This 
shifts the processing “control knobs” from wholesale grain-structure transformation toward tuning of defect 
architecture, recovery substructure, and texture. 
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Recent reviews and comparative assessments reinforce the breadth of the Mg–RE alloy-design space, 
including WE-series alloys and broader RE versus non-RE strategies, and provide context for interpreting texture 
engineering, precipitation effects, and corrosion-relevant microstructural descriptors in sheet products [23–27]. 

2.3. Low-Temperature Warm Forming as an Energy-Aware Target 

Energy-economizing optimization of Mg hot stamping has been explicitly addressed as a process-
design goal [12]. For sheet alloys, the preferred processing window is not simply the temperature that 
maximizes ductility. A manufacturing-relevant “sweet spot” must provide adequate formability at the 
lowest feasible temperature while maintaining acceptable heating time, throughput, dimensional control, 
surface condition, and microstructural stability. This places emphasis on windows where deformation is 
aided by recovery and incipient DRX, while phase evolution and grain growth remain restrained (Figure 
1). Figure 1 conceptually summarizes the transition from twinning-assisted plasticity toward increasing 
non-basal slip and recovery, with incipient DRX near the upper end of low-temperature warm forming. 

3. Emerging Insights: Microstructural Stability in ZE10A Within 250–300 °C 

A recent study on ZE10A subjected to thermomechanical treatments between 250 and 300 °C provides 
an anchor example of the low-temperature warm-forming window [28]. Within this range, strength 
decreases with temperature while microstructural evolution remains modest: grain morphology transitions 
toward partially equiaxed features consistent with incipient DRX, and diffraction indicates a nearly single-
phase α-Mg response with no clear evidence of Mg–Nd precipitates within the detection limits [28]. These 
observations support the view that deformation in this window is accommodated predominantly through 
slip and recovery, with reduced twinning activity as temperature rises, rather than through extensive recrystallization. 

This interpretation must be treated with appropriate limits. The absence of clear Mg–Nd precipitate peaks 
in diffraction data does not exclude nanoscale precipitation, solute clustering, or low-volume-fraction phases 
below the detection limits of the techniques used. Likewise, the 250–300 °C window should not be generalized 
uncritically to all Mg–Zn–RE sheets, because composition, initial texture, rolling history, strain path, strain rate, 
and dwell time may shift the balance between recovery, twinning, precipitation, and DRX. Thus, ZE10A is 
used here as an anchor case for hypothesis generation rather than as a universal benchmark for Mg–RE sheets. 

For practical engineering use, ZE10A/Elektron 717 property baselines and application context are also 
supported by industry datasheets and broader overviews of magnesium technologies and high-volume 
automotive adoption pathways [29–31]. 

This response elevates microstructural stability from a byproduct to a design axis. If large-scale 
microstructural transformations are limited, thermomechanical history primarily modifies defect density 
and arrangement, recovery substructures, twin population and relaxation, and stored-energy heterogeneity 
near the surface. In that situation, corrosion sensitivity to processing is not expected to follow simple “grain 
size → corrosion” heuristics. Instead, the coupling plausibly shifts toward film kinetics and defect-mediated 
interfacial behavior (Figure 2). The working descriptor set, therefore, includes twins, defects and recovery, 
boundary character, and texture, all of which may govern corrosion-relevant interfacial processes through 
defect architecture and film kinetics. 

4. Corrosion Response of Mg Alloys: Requirements for Processing–Corrosion Narratives 

4.1. Corrosion Films on Mg Are Dynamic and Non-Passivating in Chloride Media 

A foundational framework for understanding Mg corrosion emphasizes the inherently active nature of 
Mg in aqueous environments and the dynamic, evolving character of its surface films [32]. This remains 
consistent with broader mechanistic discussions applicable to biomedical and structural contexts [33] and 
with the widely used view that coatings and surface treatments are often necessary in practice even when 
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alloy chemistry is optimized [34]. For Mg–RE sheets, “corrosion resistance” therefore often reflects altered 
interfacial kinetics rather than true passivation. 

4.2. Why Deformation History Can Matter Even When Phase Evolution Is Limited 

Even when phase constitution and grain size remain stable after warm deformation, plastic straining 
introduces dislocations, twins, and localized strain gradients. These features are expected to influence film 
rupture and reformation rates, local cathodic activation and hydrogen evolution, transport through corrosion 
products, and the time dependence of impedance and polarization response; however, the relative 
contribution of each defect class remains insufficiently quantified for Mg–RE sheet alloys. 

Transmission electron microscopy (TEM) and tracer-based studies demonstrate that film formation and 
evolution involve complex uptake and transport of hydrogen and oxygen species. TEM studies of aqueous 
film formation provide microstructural evidence of interfacial evolution [35]. Tracer studies quantify film-
growth contributions from hydrogen and oxygen during corrosion in water and humid environments [36,37]. 
Notably, tracer work comparing AZ31B and ZE10A in dilute NaCl shows that alloy-system differences can 
manifest through film-growth behavior even in a weakly aggressive environment [38]. These observations 
reinforce the central message that dynamic interfacial states govern Mg corrosion—precisely the domain 
in which deformation-induced defect architectures can be consequential. 

Complementary studies further emphasize the sensitivity of Mg–RE systems to microstructure and 
near-surface states, including links between heat-treated WE-series microstructures and corrosion behavior, 
microstructure-controlled corrosion in ZEK-type alloys, and the time-dependent evolution of corrosion-
film nanoporosity and hydrogen ingress in chloride solutions [39–41]. 

Natural aging after warm forming is another factor that requires explicit control. Storage time and ambient 
exposure may modify surface films, near-surface defect relaxation, solute redistribution, and early corrosion-
film stability. Therefore, comparisons between warm-formed and naturally aged Mg–RE sheets should report 
the time between deformation and corrosion testing, storage environment, and surface-preparation procedure. 

4.3. Microgalvanic Narratives Remain Relevant—But Must Be Positioned Correctly for Mg–RE Sheets 

In Mg–Al alloys, corrosion is often linked to intermetallic particles and microgalvanic coupling. Model-
electrode studies examining intermetallic size and spacing support that these factors can substantially affect 
corrosion localization and kinetics [42]. For many Mg–RE sheets formed in recovery-dominated windows, 
however, a working hypothesis is that processing sensitivity may be less dominated by newly formed 
precipitates and more by the way deformation modifies surface-near defect states and, in turn, film kinetics. 

Anodic dissolution can itself enhance catalytic activity on Mg surfaces, reinforcing non-classical 
coupling between anodic and cathodic processes [43]. This again motivates a “film and surface state” 
framework rather than a purely bulk-microstructure narrative. 

5. A Coupling Framework for Mg–RE Sheets: Defects and Film Kinetics as Primary Mediators 

To structure the discussion beyond composition-only narratives, Figure 2 proposes a working 
processing–microstructure–corrosion coupling framework. Thermomechanical history—temperature, strain 
rate, strain path, and dwell—generates a deformation-induced state characterized by twin fraction and variants, 
recovery substructure and defect density, boundary character and texture, and near-surface stored energy. This 
state is hypothesized to influence corrosion predominantly through interfacial processes: dynamic film 
formation and breakdown, transport through corrosion products, local cathodic activation, and hydrogen evolution. 

For Mg–RE sheets formed in low-temperature warm-forming windows where extensive DRX and 
phase evolution are suppressed [28], this framework suggests that processing effects on corrosion—if 
present—may appear primarily as changes in interfacial resistance and film kinetics rather than as dramatic 
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shifts in corrosion type, such as a transition from active to passivating behavior. This interpretation is 
consistent with established Mg-corrosion frameworks [32,33], and tracer-based insights into film-growth 
dynamics [36–38], but direct validation for controlled deformation histories remains necessary. Table 1 
separates direct observations, supported inferences, the working hypothesis, and unresolved mechanisms. 

Table 1. Evidence hierarchy supporting the proposed processing–microstructure–corrosion coupling framework in Mg–RE sheets. 

Evidence Level Current Basis Implications for the Proposed Framework 

Observed 
Literature reports dynamic, evolving Mg corrosion films 
and time-dependent film growth in Mg alloys, including 
AZ31B and ZE10A. 

Corrosion response should be interpreted as an 
evolving interfacial process rather than as true 
passivation. 

Supported inference 
Warm deformation modifies twins, dislocations, recovery 
substructures, surface heterogeneity, and stored energy. 

These features may affect film 
rupture/reformation, local cathodic activation, 
and transport through corrosion products. 

Working hypothesis 

In recovery-dominated Mg–RE sheets with limited phase 
evolution, processing sensitivity may be controlled more 
by defect architecture and film kinetics than by newly 
formed precipitate-driven microgalvanic effects. 

This hypothesis requires direct validation by 
correlative EBSD/localized electrochemistry 
and controlled thermomechanical histories. 

Unresolved 
The relative roles of natural aging, solute clustering, 
nanoscale precipitation, surface preparation, and exposure 
time remain insufficiently separated. 

Future studies should control storage time, 
environment, surface condition, and aging state 
before corrosion testing. 

6. Sustainability and Nd: Using the Argument Without Over-Claiming 

Beyond mechanical performance, alloy and process selection for Mg–RE sheets is also influenced by 
manufacturing energy demand and the criticality of rare earths. The Nd-related argument is deliberately 
framed here at the screening level—indicative, comparative, and database dependent—rather than as an 
ISO-compliant LCA. Figure 3, therefore, contextualizes selected rare-earth elements using commercial-
purity, primary-production elemental records from the CES Eco Audit module in Ansys Granta 
EduPack/CES Selector, accessed through the authors’ institutional license in 2026, while the broader 
criticality discussion draws on geological and policy assessments [3,44,45]. The comparison is cradle-to-
gate at the elemental level, expressed per kg of element, and is not weighted by the composition of ZE10A 
or any manufactured component. 

For sustainable manufacturing, a lower forming temperature is not automatically equivalent to a lower-
impact process. The net benefit depends on furnace and tool efficiency, heating and dwell time, production 
rate, forming yield, scrap generation, reheating, lubrication, and the downstream need for corrosion 
protection. Accordingly, process-energy indicators should be reported together with the mechanical window 
and surface-integrity outcome, rather than being used as a stand-alone claim of environmental superiority. 

In multi-step forming routes, repeated heating, reheating between forming passes, and prolonged tool-
temperature stabilization may offset part of the energy benefit expected from a lower nominal forming 
temperature. Process-energy screening should therefore be reported on a per-part or per-batch basis and 
should include the number of heating cycles, dwell time, reheating events, rejected parts, and any 
intermediate thermal treatments required to complete the forming route. 

The same caution applies to Nd. Its relatively low addition level in Mg–Zn–RE sheets may support a 
favorable mass-based screening result, but supply concentration, recovery routes, purity assumptions, and 
database boundaries can change the interpretation. The practical objective is therefore traceable decision-
making: state the data source, functional basis, production route, and uncertainty, and use the screening 
layer to identify trade-offs that warrant a full LCA rather than to replace one. 

Durability and surface engineering also remain part of the manufacturing system. Anodizing and 
related treatments may improve Mg corrosion performance, but they add process steps, chemicals, energy 
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demand, and maintenance considerations [46]. Recent studies of deformation mechanisms in Mg–RE–Zn 
systems [47], alloy-design evidence on Nd-containing Mg alloys [48], and application-level assessments of 
Mg in aerospace and automotive sectors [49] further demonstrate why material performance, process design, 
durability, and supply considerations should be evaluated together. 

The knowledge gaps and actionable research directions emerging from this integrated view are 
summarized in Table 2. The table is intended as a concise checklist for future processing–microstructure–
corrosion studies in Mg–RE sheets, including component-scale warm forming, plasma electrolytic 
oxidation (PEO), automotive deployment, aerospace applications, and design constraints [50–54]. 

Table 2. Summary of key knowledge gaps and actionable protocols for linking processing, microstructure, corrosion, and 
sustainable manufacturing in Mg–RE sheets. 

Theme State of the Art (Selected) Gaps/Open Questions and Actionable Protocols 

Warm forming of Mg–Zn–
RE alloys 

Classical and recent studies describe 
Mg plasticity across temperature and 
strain-rate regimes, emphasizing 
anisotropy and activation of slip and 
twinning mechanisms in sheet alloys 
[15–22]. Component-scale warm-
forming studies provide an industrial 
reference point [50]. 

Intermediate warm-forming windows remain insufficiently 
systematized. Future studies should report rolling-direction 
orientation, strain path, forming-relevant strain rate or 
crosshead speed, dwell, tool-contact condition, heating 
efficiency, throughput, number of reheating cycles, and the 
approximately 250–300 °C window under microstructural-
stability constraints [21,22,28]. 

Microstructure and 
mechanical anisotropy 

Texture, twinning, recovery, and DRX 
are widely reported, often under 
simplified loading paths [15–22]. RE 
additions and solute effects are known 
to modify texture development and 
anisotropy in wrought Mg products 
[6,8–10,47]. 

Correlations between twins, recovery, incipient DRX, and 
forming-relevant anisotropy remain limited, especially for 
bending and springback across multiple sheet orientations. 
Actionable protocols include pre/post-forming EBSD, twin-
fraction and variant analysis, kernel-average misorientation 
or geometrically necessary dislocation metrics, texture 
quantification, and controlled surface-condition reporting. 

Hardness–strength 
correlations 

Engineering correlations between 
hardness and strength are frequently 
used for screening and materials 
selection [3]. 

Systematic validation is lacking for Mg–Zn–RE sheets 
subjected to temperature-dependent deformation histories 
and near-surface modification. Hardness–strength 
correlations should be calibrated against tensile/bending 
data after defined forming temperatures, dwell times, aging 
intervals, and surface-preparation states, especially when 
recovery and incipient DRX dominate. 

Post-deformation surface 
integrity and corrosion 

Mg corrosion is governed by dynamic 
surface films and hydrogen evolution; 
coatings and surface treatments are 
widely reviewed, commonly for as-
received or heat-treated states [32–
34,46], including PEO routes [51]. 
Film evolution and transport have 
been clarified by TEM and tracer-
based approaches [35–39]. 

The influence of thermomechanical history, plastic strain, 
defect architecture, strain localization, natural aging, and 
surface condition remains underexplored for Mg–RE 
sheets. Actionable protocols include controlled storage time 
between forming and corrosion testing, time-resolved 
OCP/EIS at defined exposure windows, localized 
electrochemical mapping, and correlative EBSD before and 
after corrosion exposure. 

Lightweight structural 
applications and 
sustainability screening 

Automotive and broader transport 
adoption depends on scalable 
manufacturing, joining, surface 
protection, and component design 
[5,30,31,49,52–54]. Energy-aware 
process optimization and critical-raw-
material screening are increasingly 
relevant [12,44,45]. 

Design rules should link processing → microstructure → 
surface integrity → corrosion tolerance → component 
requirements. Studies should report process-energy 
assumptions, repeated reheating, material yield and scrap, 
surface-treatment burdens, criticality/database boundaries, 
and the criteria used to decide when a full LCA is required. 
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7. Future Research Directions: A Roadmap to Predictive Processing–Microstructure–Corrosion 
Relationships 

Based on the gaps identified above, Figure 4 summarizes a roadmap toward predictive design rules and 
serves as a visual guide to the prioritized directions detailed in Sections 7.1–7.4. 

7.1. Correlative Microstructure Mapping and Localized Electrochemistry 

Co-register electron backscatter diffraction (EBSD) maps—twin fraction, misorientation, texture, and 
recovery metrics—with localized electrochemical probes to identify which microstructural units govern 
film stability, hydrogen evolution, and cathodic activation. 

7.2. Time-Dependent Electrochemistry as a Standard 

Use time-resolved open-circuit potential (OCP) and electrochemical impedance spectroscopy (EIS) 
protocols, and interpret the results in terms of evolving interfacial states, consistent with TEM and tracer 
evidence for dynamic films [35,36]. 

7.3. History-Faithful Thermomechanical Testing Aligned with Forming 

Warm-deformation regimes should reflect forming-relevant strain rates, strain paths, dwell times, tool 
contact, and surface condition; otherwise, mechanistic conclusions may not transfer to manufacturing 
operations [17,18]. 

7.4. Integrate a Transparent Screening Layer into Processing Maps 

Processing maps should include process-energy objectives [12] alongside explicitly stated materials-
selection assumptions [3]. At minimum, studies should report the temperature window, heating route, dwell, 
production basis, yield or scrap assumptions, repeated reheating cycles, database version, system boundary, 
and whether downstream surface protection is included. For corrosion validation, time-resolved protocols 
should also report OCP stabilization criteria and EIS acquisition windows so that film kinetics can be 
compared across studies. This reporting set would make screening comparisons reproducible and clarify 
when a full LCA is required. 

7.5. Perspective Context 

Recent perspective-oriented articles in the Journal of Magnesium and Alloys have used roadmap-style 
syntheses to frame priorities linking processing routes to performance and application-relevant constraints 
[55–57]. The present contribution applies that format to a specific mechanistic hypothesis—defect 
architecture and dynamic-film kinetics as mediators of processing sensitivity—and connects it to a minimal, 
testable set of experiments and sustainability-reporting assumptions (Figure 4). 

8. Concluding Perspective 

Mg–RE sheet alloys provide a distinctive opportunity for lightweight manufacturing because rare-earth 
alloying can reduce anisotropy and improve formability while supporting microstructural robustness during 
warm deformation [6,8–10]. In low-temperature warm-forming windows relevant to energy-aware 
processing, ZE10A results indicate modest microstructural evolution, incipient DRX, and phase stability 
[28]. Under these conditions, thermomechanical history is expected to affect corrosion primarily through 
defect architecture, near-surface heterogeneity, and dynamic-film kinetics rather than through extensive 
phase evolution or purely precipitation-driven microgalvanic effects [32,38]. 

Three ranked priorities emerge from this perspective. First, controlled warm-forming studies should be 
coupled with EBSD-based defect mapping and time-resolved electrochemistry to validate whether defect 
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architecture and film kinetics mediate corrosion sensitivity. Second, corrosion comparisons should 
explicitly control aging time, storage environment, and surface preparation after forming. Third, processing 
maps should include transparent energy and criticality assumptions, including repeated reheating, scrap/yield, 
and downstream surface-protection requirements. These steps would transform the proposed framework from 
a working hypothesis into a predictive basis for sustainable manufacturing design rules for Mg–RE sheets. 
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