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Abstract

The hydrogen damage of the zirconium cladding in PWR will seriously affect the safe operation of
the reactor. The processes of hydrogen absorption, hydrogen diffusion and hydride precipitation
may cause hydrogen embrittlement fracture of the zirconium cladding. This paper mainly studies
the methods of using the density functional theory, first principles, molecular dynamics and phase
field methods to simulate the Zr-H interaction, and through Zr-H,0 system modeling and molecu-
lar dynamics simulation, the Zr-H interaction process at the interface was simulated.
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Figure 1. Labelling of interstitial sites in hcp Zr [8]
1. hep Z5H84 Zr SR R9IBIBR AL B [8]

C. Domain % A [8]16 F 2 37 BREEIE BT 58 T Zr-H RGO HERR, Wit B 1 H R T 23R F A2k o
WEVUEAT S, HH7ES BN A\ TS O) B BT, ¢ FLPESET F s BN T R EA O (.
P.A.T. Olsson 2 A [958 412 B BB HF 90 T AU H0WRION Zr J0 P A OB, I AUHFE 102 G B F
W 2T Al LA IR G M B, S 2 S IR TR PR FAAIG, L eh T /e e e, P T A
VR AFL 97 9

DOI: 10.12677/nst.2022.101003 21 MR A


https://doi.org/10.12677/nst.2022.101003
http://creativecommons.org/licenses/by/4.0/

ke
S

il

48

Christopher | % A[10]i2 | LAMMPS XIS4T 7130 7150 H 5, Zr-H fEH % H Christensen 5 A [11]
5T EAM HALIHREF AR X LA I R (KR 18 AL R oR (1, 3 R B LU K

V= —D[l+ﬂ(r =1 ):| Efﬁ(r*fo) |:ey"(r—rc) +l:|_1 "

Hep, D, MBS, y MEBEN 5.0, WEHHEMAM T HAE Zr hrgy#eR, IS5 LI e &
mEVE, I H A H 5 Zr A AR et 2 A 54, T H B RORFEK Zr i s .

2.2. ZrH, B AR

Xueyan Zhu %5 \[12)iz 5 — MR RS 7R T ZrH, (x = 0.5, 1, 1.5, 2)[I45 K LA e AT 3 2
Ji, RILT Pn3m G541 ZrHos TR e 8504, THE T S EEA RS A e, R T y 58 > ¢
HIFHAR S N B4 THEERE A, ZryHy T kS H 0N :

1
Ef (Zr_H,)= Ezpn, —(1—x)EZr _EE”Z 2

ﬁ\:l:':‘ ’ EZI’PXHX A EZI’ *D EHZ %%U%%%}ﬁ Xﬁ@ﬁl‘lé\ ﬁ%%o

Yongfeng Zhang % A [13]18 ] LAMMPS #AHU 1 y S HITEBALEL . T4 Zr-H 2451
[E) AR ELAE F A 35 R B0 COMB A2 B A3 [ 14], R Yongfeng Zhang 25 A\ {#i Ff COMB #4[15]4ik Ji -+
A AR o 89 T3 J1243 5T HiZe LUTE 1.0 3 2.0 2 (B AL I & Fh S M T e RE (& 2), #5 B
A VYT R AL A, R e S, B FENLRR 2 H R, TR HIBL 1.6 AT 1.0 (1) HIZr EE3k
/My 4, HTEAE COMB Hifr, SALMIN foc S5HIFRME N A fcka e 45k, DR AR i S AL
AT B A B HIZe BRIt 6 EAed.

-0.5
® COMB_5
o COMB vy Zr
A DFT Udagawa
< » DFT_Domain
-1.0F ‘ & DFT_Noordhock O H
’ ~«. 1.08 eV/H ® Experiment Zuzck
x 100 6 Experiment_Fukai
[ N o =
S
o b »
\q-)/ '1 5 ™ \\‘ i
Gt .
3 . :
‘ ~
LN A
2.0 LN
o
K}
_2 5 1 " 1 " 1 1 2 1

10 12 14 16 18 20 22
H/Zr

Figure 2. Hydride formation energy per ZrHy molecule as a function of the H/Zr ratio (left) and the crystal structure of hy-
drides used in the calculations (right) [13]
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Figure 3. Comparison of (a) TEM observation by Bailey [25] (b) Phase field simulation from Shi and Xiao [22]
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Figure 5. Zr-H,0O system (a) No reaction, (b) H-O bond fracture, (c) H atom diffusion into Zr matrix
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Figure 6. The H atomic diffusion coefficient of NPT at 15 MPa and different temperatures (a) 300 K, (b)
400 K, (c) 500 K, (d) 600 K
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