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Abstract
Mg-based hydrides are promising solid-state hydrogen storage materials, but their practical application
remains limited by sluggish dehydrogenation kinetics, particularly at the onset of hydrogen release. In
conventional studies, the literature-reported apparent activation energy derived from Arrhenius analysis
is widely used to evaluate dehydrogenation behavior. However, this parameter does not adequately
capture the kinetic limitation controlling onset dehydrogenation, indicating that MgH2 dehydrogenation
cannot be fully understood within a static kinetic framework. In this work, layer-dependent theoretical
barriers, dynamic kinetic reconstruction, and literature-scale statistical analysis were combined to
compare the relationships of literature-reported apparent activation energy and initial dehydrogenation
activation energy with onset dehydrogenation temperature in Mg-based systems. The results show that
MgH2 dehydrogenation follows a dynamically evolving barrier process characterized by the burst and
plateau regions. Within this framework, the literature-reported apparent activation energy exhibits only a
weak correlation with onset dehydrogenation temperature, whereas the initial dehydrogenation
activation energy shows a much stronger positive correlation. These results indicate that onset
dehydrogenation is more directly associated with the initial high-barrier stage than with the averaged
kinetic behavior of the subsequent stable stage. This work moves beyond static kinetics and provides a
clearer dynamic kinetic framework for understanding onset dehydrogenation in Mg-based hydrogen
storage materials.

1. Introduction
Safe and efficient hydrogen storage is an essential prerequisite for the large-scale deployment of
hydrogen energy [1-3]. Among solid-state hydrogen storage systems, Mg-based hydrides are widely
regarded as promising candidates because of their high hydrogen capacity, low cost, and natural
abundance [4]. However, the practical application of MgH2 remains severely hindered by sluggish
dehydrogenation kinetics, particularly during the onset stage of hydrogen release [5-7]. Considerable
efforts have therefore been devoted to improving its dehydrogenation performance, among which
catalytic modification has been recognized as one of the most effective strategies [8-12]. In the
evaluation of catalytic performance, the apparent dehydrogenation activation energy derived from
Arrhenius analysis is still commonly used as a key kinetic parameter [13,14]. However, this averaged
parameter does not reliably describe onset dehydrogenation behavior. For example, catalysts such as
TiV-MgO, Ti2VAlC2 MAX, CuSA/Ti3C2Tx, and Ni0.034@TiO2 can reduce the literature-reported apparent
activation energy to 96.2, 78, 76.38, and 64.35 kJ/mol, respectively, whereas their onset dehydrogenation
temperatures still remain as high as 202, 204, 241.73, and 200 °C [15-18]. These results indicate that the
literature-reported apparent activation energy does not adequately capture the initial kinetic limitation
governing onset dehydrogenation, suggesting that the dehydrogenation behavior of MgH2 cannot be
fully understood within a static averaged kinetic framework.
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The origin of this inconsistency lies in the fact that MgH2 dehydrogenation is not governed by a single
static barrier. Instead, hydrogen release involves coupled processes such as bulk hydrogen migration,
surface diffusion, and surface desorption, while the MgH2 surface continuously evolves during reaction
[19]. Accordingly, the kinetic barrier varies with reaction progress rather than remaining constant.
Previous theoretical studies have shown that the barrier for first-layer hydrogen desorption is
substantially higher than those for subsequent hydrogen release steps, whereas migration-related
barriers remain comparatively low [20-22]. Consistently, dynamic kinetic reconstruction based on
segmented analysis has shown that the dehydrogenation activation energy exhibits a clear decline-then-
stabilization evolution with reaction progress [23,24]. Recent dynamic thermodynamic analysis further
indicates that the reaction enthalpy response of Mg-based dehydrogenation is also dynamic, and its
turning behavior is broadly consistent with the evolution of dynamic activation energy [25]. This
progress-dependent decrease followed by barrier stabilization is referred to as the burst effect. This
effect reflects the transition of MgH2 dehydrogenation from an initially hindered stage to a more

stabilized hydrogen release stage. Taken together, these findings indicate that MgH2 dehydrogenation
should be interpreted primarily as a dynamically evolving kinetic process, while the accompanying
dynamic thermodynamic response provides complementary support for its stage-dependent nature.
Under such a dynamic kinetic framework, the kinetic parameter governing onset dehydrogenation is
unlikely to be the conventional activation energy reported in the literature, which is extracted from
averaged reaction behavior, but is more plausibly associated with the initial high-barrier segment of the
dehydrogenation process.

On this basis, this work combines layer-dependent theoretical barriers, dynamic kinetic reconstruction,
and literature-scale statistical analysis to compare the conventional activation energy reported in the
literature with the initial dehydrogenation activation energy in Mg-based systems. Their respective
relationships with onset dehydrogenation temperature are then examined to identify the descriptor more
closely related to the initial hydrogen release process. By moving beyond static kinetics, this work uses
the burst effect as a physically grounded framework to reveal the dynamic evolution of dehydrogenation
barriers in MgH2 and to clarify its implications for onset behavior, kinetic evaluation, and catalytic
regulation in Mg-based hydrogen storage materials.

2. Methods and Data Curation
The data used in this study consisted of three categories: layer-dependent theoretical barrier data,
literature-reported isothermal dehydrogenation kinetic data, and literature-reported onset
dehydrogenation temperatures paired with apparent activation energy values. First-layer and
subsequent-layer hydrogen desorption barriers, together with hydrogen migration barriers, were obtained
from previous density functional theory studies and used to characterize the barrier differences among
distinct reaction steps during MgH2 dehydrogenation. On this basis, published isothermal
dehydrogenation curves were further analyzed to examine the evolution of dehydrogenation activation
energy with reaction progress. For the macroscopic kinetic analysis, a dynamic reconstruction method
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based on segmented analysis was applied to the isothermal dehydrogenation data. Following the
analytical procedure previously established from the distributed activation energy model, kinetic
parameters were reconstructed over successive reaction progress intervals to obtain dynamic activation
energy curves along reaction progress. The initial dehydrogenation activation energy and the subsequent
plateau-stage activation energy were then extracted from the reconstructed curves [23].

To evaluate the generality of these kinetic features in Mg-based systems, published dehydrogenation
data were statistically compiled from the solid-state hydrogen storage database Digital Hydrogen-S [26-
30]. Dynamic dehydrogenation activation energy curves were reconstructed for different systems, and
their distribution characteristics were statistically analyzed [31]. In addition, literature-reported onset
dehydrogenation temperatures and apparent activation energy values were collected and compared with
the reconstructed initial dehydrogenation activation energy. The analysis focused on three aspects: the
discrepancy between theoretically calculated activation energy and experimentally fitted apparent
activation energy, the correlation between literature-reported apparent activation energy and onset
dehydrogenation temperature, and the correlation between initial dehydrogenation activation energy and
onset dehydrogenation temperature. The origin of the theoretical-experimental discrepancy was further
interpreted by comparing the initial stage and the plateau stage of the dynamic activation energy curve.
These comparisons were used to clarify the relationships between different kinetic parameters and
initial dehydrogenation behavior.

3. Results and Discussion
MgH2 dehydrogenation cannot be adequately described by a single constant activation energy. Instead,
it should be understood as a barrier-evolution process that varies with reaction progress. During
dehydrogenation, the MgH2 surface evolves continuously, and neither the catalyst-contacting interface
nor the local reaction environment remains unchanged (Figure 1a). Layer-dependent theoretical barriers
show that the first-layer hydrogen desorption barrier is substantially higher than those for the second
and third layers, whereas hydrogen migration barriers remain consistently lower than desorption barriers
(Figure 1b) [20-22]. These results indicate that the initial stage of MgH2 dehydrogenation is associated
with a distinctly higher kinetic barrier. They also indicate that surface dehydrogenation, rather than bulk
hydrogen migration, remains the rate-determining step throughout the dehydrogenation process.
Consistently, the reconstructed activation energy curve obtained from dynamic kinetic analysis exhibits a
clear decline-then-stabilization evolution with reaction progress (Figure 1c) [23,24]. On this basis, the
initial stage characterized by a rapid barrier drop can be defined as the burst region, whereas the
subsequent relatively stable stage can be defined as the plateau region. In this framework, the starting
point of the curve corresponds to the initial dehydrogenation barrier and directly reflects the rate-
controlling feature at the onset of reaction. The slope characterizes the rate of barrier release. The
inflection point marks the transition from the rapid-drop stage to the stable stage. The plateau
represents the apparent barrier level in the subsequent stable hydrogen release regime. Accordingly,
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MgH2 dehydrogenation is more appropriately represented by a dynamic activation energy curve than by a
single averaged activation energy.

This dynamic barrier evolution is not an isolated phenomenon. A statistical analysis across pristine
MgH2, catalyst-modified systems, and alloyed systems shows that the reconstructed activation energy
curves of different Mg-based systems all display a similar decline-then-stabilization trend (Figure 2a)
[34-58]. This result indicates that the burst region and plateau region are not material-specific or
condition-specific features, but rather common dynamic kinetic characteristics of Mg-based
dehydrogenation. In addition, the reconstructed dynamic activation energy data exhibit an overall
unimodal, Gaussian-like distribution (Figure 2b), which is consistent with the statistical characteristics
expected from the distributed activation energy model [31]. Together, these results suggest that the
initial high-barrier stage and the subsequent stabilized stage have clear physical and statistical
foundations. This observation provides the foundation for comparing the relationships between different
kinetic parameters and onset dehydrogenation behavior.

Within this dynamic barrier-evolution framework, the long-standing discrepancy between theoretically
calculated activation energy and experimentally fitted apparent activation energy can be explained more
clearly [32,33]. The statistical results show that the mean theoretical and experimental activation energy
values compiled from the literature are 210.70 and 135.96 kJ mol-1, respectively, with an average

difference of 74.75 kJ mol-1 (Figure 3a). After the dynamic dehydrogenation activation energy curve is
further divided into the burst region and the plateau region, the mean initial dehydrogenation activation
energy and plateau-stage activation energy are 195.94 and 129.47 kJ mol-1, respectively, corresponding
to a difference of 66.47 kJ mol-1 (Figure 3b). The close agreement between these two differences
indicates that the theoretical and experimental activation energy data should not be regarded as
contradictory kinetic descriptions, but instead correspond to barrier information from different stages of
the same dynamic dehydrogenation process. Theoretical calculations generally probe the initial high-
barrier stage associated with first-layer hydrogen desorption. This stage corresponds to the front part of
the burst region. By contrast, the conventionally fitted apparent activation energy mainly reflects the
averaged kinetic behavior dominated by the plateau region. Therefore, the literature-reported apparent
activation energy does not directly represent the kinetic limitation at the onset stage, but is closer to the
averaged barrier level of the subsequent stabilized stage.

A further comparison between different kinetic parameters and onset dehydrogenation temperature
shows that the literature-reported apparent activation energy is not suitable as a standalone descriptor
of onset dehydrogenation behavior [53-65]. The literature-reported apparent activation energy exhibits
only a weak correlation with onset dehydrogenation temperature, with R2 = 0.087 (Figure 3c). In contrast,
the initial dehydrogenation activation energy shows a much stronger positive correlation with onset
dehydrogenation temperature, with R2 = 0.645 (Figure 3d). These results indicate that onset
dehydrogenation is not governed primarily by the averaged barrier represented by the plateau region, but
is more directly associated with the initial high barrier represented by the starting point of the burst
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region. Compared with the literature-reported apparent activation energy, the initial dehydrogenation
activation energy therefore more accurately reflects the kinetic limitation during initial hydrogen release
and provides a better explanation for the variation in onset dehydrogenation temperature among
different Mg-based systems..

The comparison of dynamic dehydrogenation activation energy curves under different catalysts further
supports this interpretation. The effect of different catalysts is not manifested as a simple uniform
downward shift of the entire activation energy curve, but is reflected in changes in the starting point,
slope, inflection point, and plateau of the curve (Figure 3e-g) [63-65]. This result indicates that catalytic
regulation is strongly stage-selective, with different catalysts influencing different regions of the dynamic
barrier profile rather than uniformly lowering the barrier throughout the process. Among these
characteristic regions, the initial dehydrogenation activation energy associated with the curve starting
point remains the descriptor most directly related to onset dehydrogenation behavior, whereas the
plateau region mainly reflects the averaged kinetic behavior of the later stage. Therefore, kinetic analysis
of onset dehydrogenation in Mg-based hydrogen storage materials should not rely solely on the
literature-reported apparent activation energy, but should pay greater attention to the initial high-barrier
feature represented by the starting point of the burst region and its direct relationship with initial
hydrogen release behavior.

4. Conclusions
In conclusion, MgH2 dehydrogenation cannot be adequately described by a single constant activation
energy, but should instead be understood as a dynamically evolving barrier-governed process. Layer-
dependent theoretical barriers and dynamic kinetic reconstruction reveal a transition from an initial high-
barrier stage to a subsequent stabilized stage, corresponding to the burst and plateau regions,
respectively. The initial high barrier associated with first-layer hydrogen desorption represents the major
kinetic limitation at the onset of hydrogen release. Statistical analysis further shows that the literature-
reported apparent activation energy correlates only weakly with onset dehydrogenation temperature,
whereas the initial dehydrogenation activation energy shows a much stronger correlation. This result
indicates that onset dehydrogenation is more directly associated with the starting point of the burst
region than with the averaged barrier represented by the plateau region.

These findings suggest that kinetic evaluation and catalytic regulation of Mg-based hydrogen storage
materials should move beyond a static averaged activation energy description. For material evaluation,
greater attention should be paid to the relationship between initial dehydrogenation activation energy
and onset dehydrogenation temperature. For catalytic regulation, different catalysts should be assessed
according to their effects on distinct regions of the dynamic barrier curve, including the starting point,
slope, inflection point, and plateau. Since the curve starting point is most closely related to onset
hydrogen release, catalyst regulation should pay more attention to first-layer hydrogen desorption. More
broadly, dynamic evidence from barrier evolution and thermodynamic response suggests that Mg-based
dehydrogenation should be examined using dynamic descriptors rather than a single averaged
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parameter. Overall, this work provides a stage-resolved dynamic kinetic perspective for linking
microscopic barrier evolution with macroscopic onset dehydrogenation behavior and for interpreting
onset behavior and catalyst effects in Mg-based hydrogen storage materials.
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Figures

Figure 1

Microscopic origin and macroscopic identification of the burst effect in MgH2 dehydrogenation. (a)
Dynamic evolution of the MgH2 surface during dehydrogenation, (b) layer-dependent barriers for

hydrogen desorption and migration and (c) dehydrogenation activation energy curve and characteristic
parameters.
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Figure 2

Database-enabled statistical validation of the burst effect across Mg-based systems [34-58]. (a)
Reconstructed dehydrogenation activation energy curves for representative Mg-based systems and (b)
statistical distribution of dynamic activation energies across Mg-based systems.
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Figure 3

Scientific implications of the burst effect for activation energy interpretation and catalyst regulation [53-
65]. (a) Statistical comparison of theoretical and experimental activation energy collected from the
literature, (b) statistical comparison of burst region and plateau region dehydrogenation activation
energy obtained from dynamic kinetic fitting, (c) correlation between onset dehydrogenation temperature
and the reported literature activation energy, (d) dependence of onset dehydrogenation temperature on
the initial dehydrogenation activation energy, and (e-g) dehydrogenation activation energy curves under
different catalysts.
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