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Fig. 1 Schematic diagram of discretization of hydrogen permeation concentration in the material
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Fig. 2 Schematic diagram of hydrogen permeation and dislocation emission at the crack tip of metal crystal
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Fig. 4 The relationship between the distance d from the crack tip to the grain boundary and the number of

dislocations n in nanocrystals (a) Ni and (b) Cu
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Fig. 8 Changes in elastic properties at grain boundaries under the influence of hydrogen permeation range i and concen-

tration C4 at the crack tip when the grain boundary angle is 5° (d=5 pm)
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Fig. 9 Changes in elastic properties at grain boundaries under the influence of hydrogen permeation range h and concen-

tration C, at the crack tip when the grain boundary angle is
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tration C, at the crack tip when the grain boundary angle is 5° (d=5 pm)



¢ 432 - W g 22 4l

2025 42 46 &

o

AL R B RRE A il A ) R B G K . ) I
T TCVE 28 A o i S AL Y SRR RE TG SRR AR B
WHPERER K. YRERGBAWE Ca=10%,8
S0 Y B EUL R T AS K B A =0. 4 nm, DL K& &
FUEE Ca =620 H1 Ca= 10238 A0 1Y B /U fk 5
JCAEABE h=0.5 nm B, g A0 8 A T A,
2.4 SEANMERGHIZNT

LR B AN AR F B T 20 S AL TR e
ARSI LLAE 38 22 % 32 24 8057 A R Suresh™ i
VRN B M A G2 F AR AR R
i 3k 2 B U A R P U VRS T R B R Miller™
PR TR ROy RIS A B U R A R
F B R R IR U AR SOl 2R S0k g B A0 1Y) B
TR FI W L e a5

m

Zo

0,=5°,h=0.3 nm
0.3

Without hydrogen
——C,=2%

—— C,=6%

—— C,=10%

0.2

7 (GPa)

0.1

0.0

7 (GPa)

z (pm)

(a)

0.1 0.2 0.3 0.4 0.5 0.6

R TT TOAL 5 XN BY 1V T KN 52 B0 Ui
B3 5 A U145 R0 v v i 1) 3L () 52 ot £ 0
Bl 11,12 o, 43 8UR N5 A e BE R I, 32 4L
2R i JG AL DX PN A B L ) B R i 2. 2 R
ERLUR NS AN h TR R AR
B i (i A AV A 67 A T R B R BUR e T AL
B DR BERIN. R T AL R 2 X 80— E B AR
P %5 A 5 A0 B R0 AL B A R R EUR
Ui 9 S HE TN o 57 B A S 0 AEA T A A
bR bl NSRRI P A DR VA R A ' (P )
B v Jo A B DX R BT N R R B OR. i X
(9)-(12) T 41 {57 55 B2 77 373 7 57 5 55 B 3 28 AR A0
DRI IH I 2 R 0BT 8 07 5 0 2R 0 2 S 52 W) K

0,=7°,h=0.3 nm

0.3
—— Without hydrogen
— C,=2%
—— C,=6%
02t —— C,=10%
0.1f
0.0 1 1 1 L 1 1 1 " 1 L 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7
z (pm)
(b

0,=9°,h=0.3 nm

0.3

0.2

7 (GPa)

0.1

0.0

Without hydrogen
——C,=2%
——C,=6%

——C,=10%

0.1 02 03

04 05 06 0.7 0.8
z (pm)
(c)

BI11 AN ] d AAARA R REURIR B R J) « 5B S Ca ZIAIR R
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Interaction Between Dislocations and Cracks in Body-Centered

Crystals Exposed to Hydrogen

Yue Sheng' Ming Li' Jian Dang' Yanjie Li*
(" CRRC Qingdao Sifang Co. , Ltd. , Qingdao, 266109) (* China Railway Jinan Group Co. , Ltd. , Jinan, 250031)

Abstract To investigate how hydrogen atoms affect the fracture of metallic materials at the micro-
scopic level, this paper develops a model of crack-dislocation interaction incorporating hydrogen infiltration
at the crack tip across multiple grains, based on discrete dislocation theory. The model examines how hy-
drogen alters dislocation distribution on slip planes within grains, affects dislocation penetration through
grain boundaries, and initiates wedge cracks at these boundaries. It applies to both body-centered cubic
(BCC) and face-centered cubic (FCC) crystals.

Through calculations, theimpact of varying hydrogen concentrations and infiltration ranges at the
crack tip on dislocation distribution in front of the crack is analyzed. Results show that hydrogen at the
crack tip promotes dislocation emission, increases the driving force for dislocation movement on slip
planes, and facilitates dislocation penetration through grain boundaries. The relationship between wedge
crack initiation at grain boundaries and hydrogen presence at the crack tip is explored. It is found that at
large grain boundary angles. an increase in the hydrogen concentration and infiltration range at the crack
tip makes it easier for wedge cracks to initiate at grain boundaries.

Additionally, the model assesses how hydrogen infiltration at the crack tip influences shear stress in
the dislocation-free zone in front of the main crack. It reveals that increased hydrogen concentration and in-
filtration range at the crack tip enlarge the dislocation-free zone in front of the crack, reducing the shielding
effect of dislocations and facilitating crack propagation.

This model effectively demonstratesthe influence of hydrogen atoms at crack tips on dislocations in
crystals, providing a foundation for studying metal fracture in hydrogen environments.

Key words crack, discrete dislocation, hydrogen environment, slip plane, grain boundary





