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ABSTRACT: This paper aims to investigate the relationship between grain orientation and irradiation hardening in reactor
pressure vessel steels. Chinese A508-3 steel, which is currently widely used in reactor pressure vessels, is selected. 160 keV
Fe-ion irradiation was performed on the pretreated RPV samples under room temperature. The irradiation damage was 0.2, 0.5,
1 and 10 dpa, respectively. Then the hardness was measured by nano-indentation technique on the marked areas of the samples
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before and after irradiation. The grain orientation analysis was performed by electron backscatter diffraction on the marked areas

of the samples that had been tested for nanoindentation before and after irradiation. The results of nanoindentation results with

different grain orientations were statistically analyzed, and the correlation between radiation hardening and grain orientation was

found. The nanohardness exhibited the highest value and the grain orientation was near the [001] direction, and It gradually de-

creased when the grain orientation was away from the [001] direction. Therefore, when the rotation angle of the orientation
[001] increased from 0° to 90°, the nanohardness gradually decreased. It is found that the hardness of Chinese RPV steel related
to its grain orientation, and there could be a strong orientation dependence of irradiation-induced hardening in it, which provides

abasisfor reverse design of RPV.
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with depth before and after Fe-ion irradiation
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Fig.2 Hardness of the RPV steel changes with irradiation
damage before and after Fe-ion irradiation
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Fig.3 Electron backscatter diffraction analysis

u a
= ) l.:' L] W
@ " mom u® o
001 101 001 101 001 101

¢ 0.5 dpa
4.216 GPa
1.714 GPa

001 101 001 101
d 1.0 dpa e 10 dpa

Bl 4 FTRWE (IPF) Mg KREE B A 510
Fig.4 Inverse pole figure (IPF) based color-coded nanohardness distribution map

PAPERL RS 249.3 GPa, BRILZ A, A HISE 2) BRI AR AR S W R A K.

W, FERBACHR T B T4 CIF 89) Hdg R A7 BRBE B, WEA/N, BRGNS 5
TE B AR 2 Schmid 1§ m# 5. H4& Schmid E4E, milli/)h, 43



.24 -

%K b TR

2022 4F 1 1

VIR I/, WRXELLIT 3. iR A4E[002] J7 1M 1) m
BN, B[00 i m fEE e K, 4 BETHY
T B AR AL AR A A Y . e A i RPV 4R
R RE R ERE), An[001] BT B R, U] RPV A %4 {4
1) BRI AL R P ARG, Dodm REE BEAS B4R T

P T4 K R I a7 A B 4% (<100 nm ) B
TN, B2 BT, 68 R 5 A%

HERf . 7E IR TR BEAL T 100~150 nm {5 Fil NS, 58K
SR RGERZE T — B AR BT B e i pRL
THEATRR IR, FRIRAOIE IR, DORTIRER, fEfE
W R GEIRZE M AT REME . BLAh, AT LA AR TR
JRIN AR, X BATR , [R)— i b A H ]
PR Al 2 8 i BEA T ST o0 M, X 2 T R ) X i T
PRI T AT RN

4.5 4.5 4.5
4.0+ 4.0 4.0 |
I3 3.5 [~ < 3.5 [~ L[] - I~ 3.5 B
@ - L] 6 - - é - . -
@3'0' . Q&O- . JDJC2(3.0— o
Eost | Eost Eost
2.0+ 2.0 2.0
1.5 1 1 1 1 1 1.5 1 1 1 1 1 1.5 1 1 1 1 1
0 15 30 45 60 75 90 0 15 30 45 60 75 90 0 15 30 45 60 75 90
BE[00115 1] (e £71/(°) BE[001]77 18] Ffied /(%) BE[001 177 18] 4% /(%)
a0 dpa b 0.2 dpa c 0.5 dpa
4.5 4.5
40} 40} ) -
© 351 s 35F - -
6 - ] . % LI -
@ 3.0+ - . ’ ; @ 30+
Eost . B o5t
20 20
1.5 1 1 1 1 1 15 1 1 1 1 1
0 15 30 45 60 75 90 0 15 30 45 60 75 90
FE[001775 1] kel £a/(°) BE[001 175 Iy et /()
d1dpa e 10 dpa
B 5 FEMAERERAYE (001) MJER: fh s

Fig.5 Nanohardness plotted as a function of rotation angle from the (001) polein all of the experimental specimens
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