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Table 1. Geometry of specimens, with the twist
angle ¢ all set to 0°.
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Fig. 1. (a) Crystallographic orientation of the crack with respect to the (111) slip plane; (b) the CSRO sample prepared by the hy-

brid MD/MC method, with only oriention A shown here; (¢) the Warren-Cowley parameter employed for characterizing CSRO;

(d) cylindrical CSRO sample containing a crack; (e) random solid-solution sample.
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Fig. 2. (a) The GSFE as a function of the slip displacement
(A) for various hydrogen concentrations; (b) Vs, Vests Vutf

and 7y as a function of the hydrogen concentration (cg).

3.2 (ISBFEHEIENEERERF K,
R RV E S e RS A A R NEiDI
R T X =R ERE (646, 1291, 2579 appm) 3

17 T8 12l i 3 s, Se Ao 2
— 3, FERMERT, Sr4E & ST il A0 7758
FEF (Ky) 58K Z MR RE S5 g — B,
SR, T b PEARFIE B Rice AR M7 N, 7F =
PR ] T 5 AT REAY I SN TR EE R Ko, BIREE =
W SRRy L. AENS SR )
Ay 22 TR T 4 Peierls-Nabarro #5751 JG 5 M i 1
R MPEAs H RO DX A i 5 47 (4 Bl AL

Theroy: MD:
—— 0 appm ™ 0 appm
—<+— 646 appm < 646 appm

—— 1291 appm

—+— 1935 appm b 1291 appm
—+— 2579 appm ) 2579 appm
1.15
Orient.-A F
g
<
o
2
)
X
g
<
o,
2
)
X
g
<
o,
2
)
X
0.55 L L L L L
0 2 4 6 8 10 12

log(K'I)/(MPaumUis*l)

P 3 AT Sk BE T dme T RE N 58 B A T K, 19 398 F5T0
00 F 8 F RS R BN ER K AL SE R

Fig. 3. Theoretical predictions of the most probable SIF Kj,
and the MD results versus the loading rate K7 under vari-

ous hydrogen concentrations.
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Fig. 4. (a), (c) Distribution of hydrogen atoms (black) near the crack tip in the CSRO sample and the random solid solution

sample, respectively; (b), (d) cloud maps of the stress component distribution oy, , with the color gradient ranging from blue (low

stress) to red (high stress).
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Fig. 5. (a) Critical stress intensity factor required for the initial dislocation emission at the crack tip in the random sample and the
CSRO sample; (b) displacement of the initially emitted Shockley partial dislocation SP1; (c) snapshot from the DXA of the MD
simulation results for the CSRO sample, illustrating the motion of SP1.
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Fig. 6. (a) DXA snapshot obtained at a hydrogen concentration of 646 appm and a stress intensity factor of 1.04 MPa-+/m;
(b) stress intensity factor values required for the emission of partial dislocations SP2 and SP3.
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Fig. 7. Motion trajectories of dislocations SP2 and SP3 under different hydrogen concentrations, where Shockley partial dislocations

are colored green, and the white clusters represent defects induced by hydrogen atoms.
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SP1 as a function of hydrogen concentration.
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Abstract

This study investigates the hydrogen-assisted crack propagation mechanisms in FeNiCr medium-entropy

alloys (MEAs) through molecular dynamics (MD) simulations, focusing on the roles of hydrogen concentration,

chemical short-range ordering (CSRO), crystallographic orientation, and loading rate. By extending the Rice-

Thomson framework, it is demonstrated that hydrogen increases the energy barrier for dislocation emission,

suppressing crack-tip plasticity. Compared to random solid solutions, CSRO-structured FeNiCr alloys exhibit a

higher critical stress intensity factor for dislocation nucleation and promote hydrogen segregation near the crack

tip to form a hydrogen atmosphere. At lower hydrogen concentrations, hydrogen facilitates dislocation glide,

consistent with the hydrogen-enhanced localized plasticity (HELP) mechanism. At elevated concentrations,

however, the hydrogen atmosphere strongly pins dislocations, leading to highly tortuous dislocation lines.
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