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Abstract: At present, ice plug technology is often used in the maintenance process of nuclear power
plants to isolate part of the main pipeline and use refrigerant such as liquid nitrogen for ultra-low
temperature treatment, so that the internal fluid is frozen to form ice plug to complete the maintenance
of low water level valves. Generally, the design of pipeline materials for nuclear power plants is mainly
aimed at the working conditions of high temperature nuclear power plants, and the design of ultra-low
temperature environment of liquid nitrogen is less considered, which is easy to cause deterioration of
pipeline performance and even lead to broken accidents. Therefore, it is necessary to study the ultra-low
temperature thermal fatigue performance of pipelines. In order to investigate the influence of freeze-

thaw-heating process on Z2CNDI18.12 austenitic stainless steel for primary circuit pipes during ice
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blockage operations, 20 cycles of ultra-low temperature thermal fatigue (—196 C—0 C—350 C—
room temperature) simulation experiments were conducted. In this paper, Z2CND18.12 nitrogen-
controlled austenitic stainless steel used in a nuclear power plant was selected. In the test, boric acid
water was injected into the pipeline and frozen at liquid nitrogen (=196 °C) to make the internal fluid
form an ice plug, and the ice plug was maintained for 96 h. Then it was naturally thawed to room
temperature, heated after draining the boric acid water, kept at 350 °C for 12 h, and cooled to room
temperature again with the furnace. So far, a weekly ultra-low temperature thermal fatigue experiment
was completed. The ultra-low temperature thermal fatigue test samples with cycles of 1, 3, 5, 10 and
20 were obtained by repeated hot and cold cycles. After the test was completed, the changes in
macroscopic mechanical properties of the materials were evaluated by means of room temperature
stretching, 350 °C stretching, room temperature impact and microhardness test. Microstructure obser-
vation techniques such as metallography, SEM, TEM and XRD were used to study the microstructure of
the materials after ultra-low temperature thermal fatigue treatment. The result shows that after 20 cycles
of ultra-low temperature thermal fatigue, the Z2CND18.12 austenitic stainless steel pipe still maintains
the strength, plasticity, and toughness of the original sample. The microstructure dose not undergo phase
transformation or precipitation, but the dislocation density increases and the grain size slightly
decreases. It indicates that the microstructure of Z2CND18.12 austenitic stainless steel pipe is stable,
with excellent mechanical properties, and can resist the repeated effects of deep cold and hot cycles.
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Table 1 Chemical composition of pipe
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Fig.3 Sampling image of mechanical sample

IURE J5 B AP 2 IR SR A S 0 A v fin T
A ¢10 mm, FATEE R 60 mm, BLKE K 115 mm
B XSk R RE R USY, R AR SE G FE Zwick Z100
TEW+HT B F 7 BESL IR AL 14T, MRS & E
J 350 °C, PrAHE A 0.5 mm/min, 2 ik

FEIN T2 10 mmx10 mmx55 mm AREREE, i
P B F 5 [ Zwick 2 742 77 i RKP450 14 [
Bl P by SEEE AL

2 WMREREIT®
2.1 BRIEALET

X} Z2CND18.12 B[R EEH 0 J& Uil ke (5
RS A2t T 1. 3.5, 10 F1 20 AR IE 4
9 55 AR AR, 23 I JFJé T XRD. OM., SEM #i1
TEM S 820 V0, 43 #8095 55 BT 51 S 11 20 21
AR
2.1.1 XRD 4t [l 4 FoR i RE 7R AN [R) #4055
116 2R 8 W 1 XRD 3% B 4 H 4 3R R
XRD fiT gk | y M (111) . (200), (311) 1
(222) dh i, R JE AR 2 IR — B RAH . 4] 4
H 28 3o R 55 S 50 (R U A A B 0 28 L A BT ok
ATy M, 5EGEKHEEARSHET B 80
(220) fi T A7 SR 08 , 400 3 E 70 BRI 55 1o B2 vh W] R
KT RS RO SR

= — 0% —— 5 K
2 — 1K — 10K
) — 3K — 20K
e
= |vam
217 v00) (220) Y(311)y(222)
L
I
D N

40 50 60 70 80 90 100
200(°)

P4 LR TE A [ B 57 6 21 5 O 1Y XRD 4551
Fig. 4 XRD pattern of sample after different
thermal fatigue cycles

B TR A BB AN A A4 H T A — B 2 [ A A TR
A, BUHA-BCHK, MR CL Mn, Ni, N J2
WA EITE (K 1), C, N F ik nl
P AR e R RN N ) 7R 4 S A
BB A R AR, T ] FCA AT, BLAR 7 48 32 20, B
B 8% 26 AR 1 G ARG 228 i B M M, Ni JLF-7]
LS8 42 B AN 55 50 v 110 5 A 4k 32 A O FLIR IS M,
B8 B ECAAR 2 2R R R D7 AR SRR AN Tk AR g
55 S XRD 455 % W, Z2CND18.12 B[R A
BRAEL T 2 RI-196 C—0 C—350 T2



2184

B IEIJG A K AR, BRFE T RAF R S5 A Fa
FEME .

2.1.2 &AHSHT S Fi/R D Z2CND18.12 B K
PS5 B9 76 S [ R 55 198 34 JR1 IR 5 1) 4 AR 2 21
W& 5a fizs, Z2CND18.12 1 0 J& U if 52 2H st
TR B8 FCAAR ks 19 S5 3l 2 5008, FA e iR kR i, 42
P ST A GBI SRR R E S AR, U
TEAE B A 85 B0 0 R v A 3 AR B B, % 4
J AT VA b B 25 A0 Ak SR AT 4R T 24 b
AElS- 11, A, {8 FH Nano Measure {4 X 2%
B4 R RS AT e 11RO, o RS Bl 3R 55 176 B
JAR M AL & 6 Frm . & 6 I, JE R
R RSF 2950 79 wm, fioks RSF BEDE R & U
A WO W . BR B 50 8 IR A
Eb, dfchn ROT 2 BN S . Zead 20 AN ERE
WG, BFEP R R RS 74 pm, U6 AR
BIg/NT 6.3%.

2.1.3 SEM M TEM 534t & 7 iR ik ZEAS
[vi] % 57 16 98 JA 5 (9 SEMUJE S . an &l 7a fiF
7R, Z2CN18.12 11 0 J& YR iR 8L [ R 55 14 3 i, 11
ERED, AETEFR AR AR, W R DL ) [ A4
M, X b T T R RIS b, W R BOT R
TRITEL G . Zead B 55 I 4L SUB 50 5 T AR 4121

7 '.b

a——0 JAR; b——1 JAK; c——3 JAW; d——35 Ak,
e——10 JAU; £——20 A&
Pl 5 G L AN ) A 5540 B R Wi B 4 4 4 21
Fig. 5 Metallographic structure of sample
after different thermal fatigue cycles

JFRERR AR H558%:
140
120 ¢
100 -
g 80
-T__ P L
hi% —o
& 60r
uizs
40 -
20 F
0 I I I I I
0 5 10 15 20

P 6 FtoRn ST RERA R 55 7 21 8 v i 728 A th 4
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