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Fig. 1 Environmental transmission electron microscope (ETEM) and straining holder modified based on JEOL 4000 at the

University of Ilinois""*'*

. a. ETEM photo; b. Design of the environmental cell; c. Photo of the environmental cell ;

d. Home-made straining holder and schematic illustration of the front end. The sample is a lem long rectangular sheet with a

thin area prepared by electrolytic polishing in the middle, and circular holes at both ends for bolt fixing.
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Fig. 2 The effect of hydrogen on the interaction between
dislocations, stacking faults, and crack propagation in

metals''®’

. a. The effect of hydrogen in 310 s stainless steel
on the dislocation interspacing in a dislocation pile-up;
b, c. The effect of hydrogen on the stacking fault area in 310 s
stainless steel; d. Effect of hydrogen on crack propagation path

and morphology in Fe.
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Fig. 3 The effect of hydrogen on the dislocation velocity in metallic Fe and Ti

[9:16] " af. Video screenshots of the effect of

hydrogen in iron on the velocity of dislocation motion in Fe, which undergoes the process of hydrogen charging,

dehydrogenation, and recharging; g. Variation of dislocation velocity in Fe with hydrogen pressure based on image

measurements; h-k. Video screenshots of the effect of hydrogen on the velocity of dislocation motion in Ti; 1. The relative

velocity of dislocation motion in Ti as a function of hydrogen pressure measured in the video.
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Fig. 4 The effect of hydrogen on the dislocation cross-slip process in aluminum
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Fig. 5 Environmental transmission electron microscopy and quantitative nanomechanical sample holder

of the Xi’ an Jiaotong University research group.
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Fig. 6 Experimental design of the in-situ TEM experiment in Xi’ an Jiaotong

[50]

University to study the effect of hydrogen on dislocation motion"™".
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Fig. 7 Effect of hydrogen charging on the dislocation initiation stress in aluminum

(4] " a. The movement of dislocations under

cyclic stress in the absence of hydrogen; b. After hydrogen charging, the movement of dislocations under the same cyclic

stress; ¢, d. Molecular dynamics simulations of hydrogen pinning effect on dislocation motion.
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Fig. 8 Effect of hydrogen on the initiation stress and slip distance of screw dislocations in Fe

[50]

. a. Fe pillar

after stabilization of dislocation bow-out motion; b. Comparison of the profiles of dislocations at the maximum

loading stress in vacuum and hydrogen environments; c. The correlation between sliding distance of dislocations

and the loading stress and time in one loading cycle; d, e. The dislocation slip distance and the change of the

initiation stress before and after hydrogen charging.
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Fig. 9  Change of screw dislocation motion in Fe when switching from hydrogen environment to vacuum environment ™.

a-d. Comparison of dislocation bowing motion profiles in different environment; e, f. Dislocation slip distance and initiation stress

measured before and after dehydrogenation.
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Fig. 10 In the cracking process of the metal aluminum pre-notched cantilever, dislocations emitted from the crack tip

can arrange to form small-angle grain boundaries, where the enrichment of hydrogen can

[51]

promote cracking initiation and propagation ™.
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In situ TEM study on the effects of hydrogen on
dislocation behavior

XIE De-gang*, HUANG Long-chao, SHAN Zhi-wei "
(State Key Laboratory for Mechanical Behavior of Materials, Xi” an Jiaotong University, Xi’ an Shannxi 710049, China)

Abstract Hydrogen embrittlement can cause metals to fracture without warning, leading to a safety catastrophe. A key character of
hydrogen embrittlement is the reduction of material ductility caused by hydrogen. For metals, dislocations are the primary carriers of
plasticity. Studying the effects of hydrogen on dislocation behavior is fundamental to establishing the theory of hydrogen embrittlement.
Previous macroscopic experiments and post-characterization method were unable to directly observe the behavior of dislocations, making
it difficult to single out the interaction between hydrogen and dislocations from complex experimental phenomena. Recent advances in
in-situ transmission electron microscopy technology have render it possible to quantitatively study the interaction between hydrogen and
individual dislocations. This paper provides a brief review of classic experimental works on the effects of hydrogen on dislocation
behavior conducted by the University of Illinois, and analyzes the issues in this series of works. Additionally, it introduces a new in-situ
electron microscopy experimental method designed in Xi’an Jiaotong University to address these issues. This new method enables a
quantitative comparison of dislocation motion in the presence and absence of hydrogen. Experimental results demonstrate that hydrogen
hinders the dislocation motion in aluminum, while promoting the dislocation motion in iron.

Keywords hydrogen embrittlement; dislocation; in situ TEM; hydrogen damage
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