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Multi-modal 3D image-based simulation of hydrogen embrittlement crack
initiation in Al-Zn-Mg alloy

Ryota HIGA'*, Hiro FUJTHARA?, Hiroyuki TODA?
Masakazu KOBAYASHI®, Kenichi EBIHARA* and Akihisa TAKEUCHI®

In Al-Zn-Mg alloy, hydrogen leads to degradation of mechanical properties. It is indispensable to suppress this phe-
nomenon called hydrogen embrittlement (HE) for increasing the strength of Al-Zn-Mg alloy. Intergranular fracture
(IGF) mainly occurs when HE affects this alloy. In order to suppress HE, we need to understand the initiation be-
havior of IGF. Heterogeneous distribution of stress, strain and hydrogen concentration in polycrystalline material
have an influence on the IGF initiation. In the present study, distribution of stress, strain and hydrogen concentra-
tion in actual fractured regions were investigated by employing a crystal plasticity finite element method and hydro-
gen diffusion analysis using a 3D-image-based model. This model was created based on 3D polycrystalline micro-
structure data obtained from X-ray imaging technique. By combining in-situ observation of tensile test of the same
sample by X-ray CT with the simulation, we compared distribution of stress, strain and hydrogen concentration
with actual crack initiation behavior. Based on this, the condition for intergranular crack initiation were discussed.
As a result, it is revealed that stress load perpendicular to grain boundary induced by crystal plasticity dominate in-
tergranular crack initiation. In addition, accumulation of internal hydrogen induced by crystal plasticity had little
impact on crack initiation.
(Received June 21,2023 Accepted August 30, 2023)
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diffusion analysis
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WZIRE 2 HIAOIS 2R AN T L, fRZEic7ay b
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BNH Do TDOW, KEBREIZOWTIE, KA EOKFERE
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Loading
direction

P

5
= ¢ T
S LY

Fig. 2 3D grains and misorientations image.

"

Loadin,
direction

Fig. 3 3D cracks image at &,,, = 3.2%. The numbers in the figure
represent the crack IDs of the cracks in the region of interest.
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F AL OMEAE NS X 2 KFRALD IR & 7 - TRED T
HETBHLEVIEZIINT S, TOFEKFE LT, FFAEOKE
WAL & B R T E & D5 & X R D RFPIE A A = X 4
DIFAEDNE Z 5N Do Al-Zn-MgE &\ B 1T B RN DR FE M1

(b)

direction

Fig. 4 3D image-based model. (a) whole view, (b) enlarged view of
region B (B1 & B2).

Loading
directios

g a1
E 5
2
o /
w150
x\SD . y High Cj; region

Fig. 5 (a) Hydrostatic stress distribution and (b) hydrogen
concentration distribution superposed on the grains image at &y, =
0.97%. Red regions represent the regions where (a) hydrostatic
stress is larger than 133 MPa and (b) hydrogen concentration is
larger than 7.08 mass ppm. The areas enclosed by the black border

o
=4
2

High g, region

represent region C, where crack 4 occurred.

Fig. 6 (a) Image of crack 4 in the region C at &, =3.2% and
distribution of (b) hydrostatic stress and (c) hydrogen concentration
at slice DD’ around the GB where crack 4 initiated at &, = 0.97%.
GB 1 (white line) is the GB where crack 4 occurred.
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Fig. 7 Hydrogen concentration and stress normal to grain boundary
(GB) of GBs where is in the region of interest at ,,, =0.97%.
Cracked GB represents the GBs where initial cracks originated
from GB, not triple junction. Weakest GB represents the top 3 GBs
with GB properties close to the weakest GB described in previous
study’w). Strongest GB represents the top 3 GBs with GB properties
close to the strongest GB described in previous studym.
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