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Study on the high-temperature irradiation behavior of austenitic stainless

steel 316H for pressure vessels

LI Zhe , WANG Yuerong, JIAO Shaoyang
(China Nuclear Power Engineering Co., Ltd.,Beijing 100840, China)

Abstract: To address the lack of high-temperature irradiation performance data for the austenitic stainless steel 316H, the
material used for the reactor pressure vessel of a fourth-generation high-temperature gas-cooled microreactor, at the design
operating temperature of 550 °C , a research plan involving irradiation damage tests and aging tests was proposed. The SRIM
software was used to simulate the trajectories and irradiation damage defects of energetic ions (He*") incident on the material.
Combined with high-temperature irradiation tests under different cumulative irradiation doses (0.005, 0.05, 0.5 dpa) and an
irradiation aging test at 650 “C for 100 h, the evolution laws of the material’s high-temperature damage behavior and aging
behavior with microstructure were established. The results show that at the design temperature of 550 “C, 316H exhibits good
irradiation resistance.The irradiation damage layer is approximately several micrometers thick ; and the damage mainly manifests
as microvoids and dislocations. After aging at 650 °C for 100 h, carbides precipitate along grain boundaries, with C and Mo
elements enriching at the grain boundaries and Cr element depleting near the grain boundaries , presenting a certain risk of failure.
This study provides a reference for subsequent engineering implementation of in-reactor irradiation tests.

Key words:high-temperature reactor; 316H ; high-temperature irradiation damage
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Tab.1 High-temperature tensile properties of austenitic

stainless steel 316H
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Tabh.2  Chemical composition of austenitic stainless steel 316H
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Fig.1 Trajectory of the irradiation agent after entering the matrix
— AT LLR H R e B AR R AU 7T

W AR IR R P S AL B . T He™ 5 T3k
75, [R5 5 o 7 E A, 3% ) He R g A
PR T AR RS A 45245 , 1 R 5N AR R R
N7, B4 [ M ASADL S PR op TR AR . AL, S
e He™ 1 A2k A 28 FARBL AR IR B . 1014
A3 HE N 540 keV 1Y He> Hh 43 BITE A 1.4x10™,

1.4x10" 71 1.4x10"0 B 781 He, = A= 1 20 1k
14573 5] 4 0.005,0.05, 0.5 dpa, & 2 i . E

W TERE LRI AR R Z (0~0.6 wm) 5 FE 4, 818
BB NS s MR E KT 0.6 pm )5, FF b
(R4 1 e B R B, FFAE 1.0 pum A2 G I8 B B K
18 5 B TR BE 33t — 2D 38, 49347 i PRk 3 0k
TEIEHN 1.2 pm IR G IR E %

0.6 -0.012
—A—1.4x10'°
05F —0—1.4x10" Lo H40.010
—m—14x10" g
0.008 =
i
0.006 =
fl..l\:):
0.004 B
Eg
0.002

TRBE jum
2 RRGHERENTL

Fig.2  Variation of irradiation damage with depth

B AR R RS R RN 1x10% n/em? Al
5.1 dpa. MRIEIH HE IR ER, K A4
FRE R BN T FE i 20 4, E>1 MeV R 1 3R
HEREZ N 1107 n/em?s T LRME XA, B
R IE R 5224 0.005 dpa. AET UL, 7E R % 4%
R 26 1F T, B RE LT (He™) 5 P 71
NEZ AR R I3 3 iR

#3 RSRPERGEET HSMIRPFEENXR

Tab.3  Relationship between He* and fast neutron injection

amounts under equivalent cascade damage conditions
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46 PRESSURE VESSEL TECHNOLOGY

Vol.43,No.3,2026

22 AZEERER

X AN [ 7] B A R S PR R T R AT ' 2 Sl
ML, W 4. AILLE 5725 B R ZH
(L 4 Ca) ) FHEE , 3R0FF 7E 28 3k AS (7] i 1 7)o s R
J& » RIMGFTESRE A K AR R, R B0
PEE RO . PR, S5 SRR XS 0.5 dpa %@ BRI
TR L SR T AT 3 — 2 ) SEM A TEM WL%2
2.3 SEMF3R

K HI SEM I HIUH HL 1 R B2 40 i) W ¢
0.5 dpaJFENEHTJEIAFE IR I AL . EBI5R
AR IR B AR 3R T S A () S A R A0 15 J i 3 T
B BSQ)NEEREMRTIES . LA
R R S 2008 30~70 um, fi R 3K 8 4%
R EI5(b) 550 'C R4 0.5 dpa 48 5245 5
[T TS, BT R RSF 28 20~70 um, HLOKEL
SRR HAR MR B BT, B 5 MR
EZREM R4 0.5 dpa 45 BR324 J5 1R TH TSR,
FHEC T B FE i, 0 S A 3R T o B AR AL
24 TEMMZ

XUk T S B RE AT TEM W %E . B 6(a) iR
H B AR R B AN 316H 2805 dpa 4 857 & 48 I8 Rl
J& B TEM BH 748, i I AR T e % )2 ] R 42 31 Rl fL

T

(O E B 2 kR X R4

(b I B 715

HERENAZ: S7N 27
|IIIIIII!!!|IIIIIII!!!

Ca) JRAAFE

|IIIIIII!!!|IIIIIII!!!

(h)550 CR4:0.5 dpa & B 5105

(DZERTFZ0.5 dpa 484
Es5 RmRERHFNRERER

Fig.5 Surface morphology of the specimen after irradiation
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Fig.11  Microstructure of the core region of the irradiated sample
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