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Abstract: To efficiently evaluate the corrosion behavior of T91 steel in lead-bismuth eutectic (LBE) under
different stresses, a corrosion experiment of small tapered conical specimen of T91 in LBE with an oxygen
concentration of 1 X107° wt% at 550 ‘C under 0~180 MPa was carried out. The results showed that the
(Fe,Cr);0, and internal oxidation zone always exist, but the Fe; O, peels off severely under tensile stress,
and its fragments become smaller with the increase of stress; (Fe,Cr); O, has two sub-layers, which is
caused by different Cr enrichments; As the tensile stress increases, the cracks increase in number and size,
extending continuously to the matrix direction, running through the whole (Fe,Cr);0, by the time the
tensile stress reaches 180 MPa. Moreover, with the tensile stress increasing, the thickness of each oxide
layer increases, but the rate of incrassation decreases constantly.
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WS 56 4 (lead-bismuth eutectic, LBE)
AR AL 75 P L R G 09 4% PR 1 DL 8 e 4
PE B R 25 0 g 5K Bl K I A R G (accelerator
driven sub-critical system, ADS) #{ 24 #0 F1¥4 #1751 By
AR AR T B G N B A R 1Y e T
AE BT R I e B A A e 0 B A, T A v
R W HE (China lead-based reactor, CLEAR) & %)
HE AR 5T R 3 AR 3 Y 408 3k 5 4 B ORES L B AR
LBE A Z 0t % B2 AE W T4 LBE 2%
XoF 25 R R R A B T L 45 K A OBHEE LBE S il
J5 o #7104 M8 35 T 24 80, W AT LA o 4
BT R B9 i 38 028 AR Doy B 9. B T
[ A AR E S XS AN A B4 oBHE LBE BREE T 19 8 Dl T
TR

TESEBR 00 b2 52 BRIV ) (S5 A8 N ) e
AR it A — 2 Sh N T B AR 3 2 A1 T I A TE
— 7 T S A PG T 52 o A e A i 5 % — O TR AT
A RE M AR AL BT R R R V%, S BUR K 2 T LBE
i (A o R A B T R i A N
AN SR A RHEE LBE A i 8 sl i 5. H A E P 4
KT AL S X5 B 46 B RHAE LBE h J bt (%) 52 ) F 5%
B/, Weisenburger Z£1 JF B T 15 MPa i)W /1 F
TI1 A5 AE 550 “C LBE (9 J 1l 52 45 , 52 46 25 21
RPN IR T Fe JUR MY H Il T F ALK
A K. Yamaki 51 45 4 3H i i 490 N A fH E B

T

#LIFE T HCMI2A #7E 400~500 °C A [l 4 e
FE LBE i Ji5 o 52 56, 45 SR 3R 01, 78 H g 7 i 4R
T RE N R SRR S B AR A o B IR I s L B
AT 2L, TR 5286 B E 90 UE AP N ) AE — E B
ERZWE TR RL A AL Dl BN ) (B R B A
B, HLAS BB AR AT N g 7K P % A0 T ok i 5 . Dy 1 TR
4 THT by S W A 87 3 0% A8 AR S Y B, G ST R A5 A
BOEHE LBE Hh A [R]85 T 59 J8 ik 52 e AF 52

JINEfE B £ 4K (small tapered conical, STC) iR,
B AT LUAETE E A T B — R F w0 ha 1 AT
TF o — Uk 552 56 B AT SJEA5 A W) 0 3 R B RE B8 T ol %
AE , 372 75 S I AR T I SE AN [] S g ) &5 48 A
F& LBE B Dl 52 W L A SCRL TO1 40 2 B 58 3% 2
FIHT T B ) A e e VA 4 R M 7 A L 2
B TF LN 13X — MY SR R g 5T /N B (B A
WIRAETE 550 CIRAS AT B 4 v BB AT B 9T
AT DR AR [F B g AE R A 45 48 8 51 e AR
KAT R AEEHE , 4 v ML PE AL TO1 B9 6 4 2k o v
TR 32 52 2% 6 1 AR ZS I 1 IR A P R 4R A1 S

| AT S UR

S FARE A T [ 7 E [CAR B9 T91, Hofk 2
BN 1 A, BRIV B T2 S 1E 2k (1050 °C/
25 min, Z5¥) M K (770 °C /75 min, 25 PR
BE g /N B TR HE R AR (STC i RE)  RHan &l 1 FF
/N LBE J& 4l FEH°8 99.99 % () Pb 1 Bi 43 J& #4 i
TR 44.5 + 55.5 S MR R0

R1 SERMEHE T HHZRS (BAL.wt%)

Table 1 Chemical composition of martensitic T91 steel (unit:wt%)

C Cr Ni Mo % Nb Si Fe
0.08~0.12 9.24 0.24 1.02 0.21 0.10 0.25 Bal.
1 ‘Lu/ 1 Fo TO1 49 11 e T 5 Mk OR, SC R R B R R

10

__._..__|X . =+ — _._._g
0 L8 7 1=38.16 5 / . 'Lﬂ.

D=4+0.02/ D=8+0.02
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Fig.1 Scheme of the STC specimen
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Eé"fi/. mm

550 ‘C B4 500 h, LBE " Ay SR vk B3 i [ E0F &
1Y H 2l A I 5 &R g8 5 i FE (0.98~1.02) X 10°°
wt i O, H R I A R OB LSk
[18-19 J. 5K 58 B, 4 2 ¥ 1) S 56 28 N A5 AH [) 1) 7
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(scanning electron microscopy, SEM) W £ J& 1 )2 1)
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dispersive spectrometer, EDS) 43 #7 J& oh 2 ) T & 41
R 53 AR

2 BERASEEEBNTEENMESR
Fig.2 Slow strain rate tensile test device

with high temperature liquid metal
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H =R GRINZED Fe ALY, P12 N Fe Fl Cr
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M ALY, N 2 R FE & Fe FI Cr B9 6%, (H Fe
TaEmTHREZ N O FERMThMZE AR 2 b
B 5 A 45 SR R Stk [20-21 7] 0 B 85 A1 J2 A ] 2
() E AL 4390 Fe, O, Fil(Fe,Cr), O, i NE N
& Cr A ALY 7 & A4 3R 4 0 A 1L )2 (internal
oxidation zone,10Z). W 7b, A 45 R R H Fey, O,
JAA K& LBE Bk HRKLZKBIER Fe, O, 2
Al(Fe,Cr), O, ERY A, (Fe,Cr);0, JEAA LBE
BBk U2 B B R PR A

K 3(a) & (Fe,Cr), 0, ZH B0 5 AP
JZ2 RSN Z (R FRAIEJZ2) AR X 2 50 850% L i 8 Y
FA9 0 )23 CRRT AR PRI 2D B P » A K o B AR LI 3
(Fe,Cr); O, 7+ EZH LR HIRESIER, H R T
WA R RE SR M R 450 CH#I AT 500 °C P IF A2 By
AALPEF ) (Fe, Cr), O, S22 B 1Y B2 854 .
WA BLEE AL A 2. i T R IR T 1OZ
JZ MR 45 Miller % 42 T R B 8O, 1] H
WHZ N W2 B 10Z J2 [ (Fe, Cr), O, J2 5578 1 ok
). 3X FhFE AR T 2L Fe (Cr M AN 8RO ] SR 1
KSR £ 2 v BLC M DU ZE N JZE 1
10Z )2 B4 RN Z H Fe fil O & HE L
EAMNI0Z BRI WIZE A Cr M EHF RS
10Z JZ—30, 0 R4 8 P56 1 T #: 90 L 550°C B J5E 10Z
JRTER (Fe, Cr)s O 2 #Z id #rp, Cr ST R 199 8L
BORALT Fe Ml O TR BE R, 28 Cr TRE
JR10Z 2 & 4. i 52 BB L LR B 2 5, B AR
(Fe,Cp); O, 2.

3 T91 EMAKENEEEEER (0K EDS BHEHBEER D)

Fig.3 Corrosion sectional morphology (a) and EDS area analysis (b) of T91 unstressed specimen
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Table 2 EDS point analysis of areas in Fig.3

BT HGI /%

X 35§
Fe Cr O Pb Bi Si
A 39.0 — 59.7 1.3 — —
B 32.3 7.8 58.9 — 0.6
C 32.1 8.4 58.5 — — 0.5
D 66.0 8.4 24.5 — — 0.6

2.2 FIMATHEMR&=YRS

X F Bt Nz B 3 i STC 3 RE L AR SCREHL T 45,
90,135 F1 180 MPa PUANAN ] 3 5 T i) 4% 1 T 51 2
TPWEE, K 4 s B 5 2K 4(h) ) T 5 45
G55 T B AT 18] 4 () P A AL IE N LBE
F AR, 2 ) K (Fe, Cr),0, 2 A 10Z 2, H
(Fe,Cr), O, JZRFEA SO (1 482 FGL A 19 P
JZ )& (Fe,Cr), O, JEIMEWKA Fe, O, )2, X B i
ANTA] T 3 v I8 1 0 3R T ok S A AT T S A
SMEEE D EHSEERL. K 4 (O D
F8 TR 41 4 245 SR Al 2R B UMK 53 2 (Fe, Co), O, 2 A
10Z 2. %A Fe, O, J2, L AEAR I 55 00 T L Hi 0if
T 2R TO1 AR Fey, O, JZWETE. XF & 4 P g
MUZMT LBE fF A Fe, O, B A R SF FLECE 20 07,

N TR S TV

(Fe3,Cr);04

K 45 MPa F LBE H K& Fe, O, W R 17 7£,
90 MPa F Fe, O, % F % & W 2> H R ~F 48 /),
135 MPa'F Fe, O, 8 R fy% st FURSE i — 2000 I 78
180 MPa ., JLP- %4 & 2 B 1Y Fe, O, i 7. ixX &
Bl R 13N Fe, O, 8 Fr 09 RST IR ASWsl/ ).

PAN B 4 B EH 45 MPa | (Fe,Cr), O, 25
LA PSR C R A Y (SR @yl Bl VS Y
TN JZ Z 8] /) 5 1 R N ) m#8J7 ), LLF
FROFATHE” s 0 J13K 5] 90 MPa B, B 28 B 5
TEREAN SN2 0 40 4 a0, Ty 1) 3 BT N ) ik
Jr 1), LATF iR e L0 0 S35 K F] 135 MPa
BF, R RIS 2, RSP AL HF R
M2 s 2 0 ) Ak 23 K] 180 MPa i, 3 B 2L
SE LR FHA (Fe,Cr), O, J2 4 E 4(d) 5 HEFT
7N XS AT EDS £ 8T, KB Pb F 4N 3.9 %,
KRR C AR E LBE Bi5%. W& L0 111
B L 3 GUR K ) (Fe, Cr), O, Al 1OZ J2 A1
K, HRGE el 4 AR R L PN I T B 80 RN ) R
. b TRAT RS 8 E R A )y 10 B SN TR AT
BN R R — 2 TR O A I TR i R AN — B
MiER TP S 240, (Fe,Cr), O, 2k 323 4K )
50 1 R B AT 24 80T g S e A K R
VB IV

X : Fe;04 TR
RN \\'I\f;'. R

|

(Fe3,Cr);04

(Fes,Cr);04

180 MPa

4 TR R BB R 1 T 1Y S o B S 5R

Fig.4 Corrosion sectional morphologies of T91 specimen under different stresses
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Fig.5 EDS area analysis of section in Fig.4(b)
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T4 5 AL I 2 A A AL I R SF S (EL T
Fe, O, FEHI N S In#l 2 J5 56 2 Wik b 78 F %t
6 rf JE g g R Ak R Y R S AL EE Fe, O
J2 B JEEBENIEL 6 T, BE A B T B HE N, 4% )2 AR
BB ) JEL 35 S PR N s B 3k 90 MPa Z )5 L BR
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SN BT R 32 B I g 1 S 35 AR AR R B E S Y
JEL 3R T AL A3 BT AR Ak RS I o g T T 4G R R, AT
VL& BRI % L 3 0 14 s 45 2 SRR S i B R R R
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Wi Fe Cr Ml O %500 E B ¥ #USL BLAY. B g 1l LA
BN S T A A B s A R A R R T A A
SETCERARY B, A7 5 R O R PR T HGE 1E
CHLFR Ay B O T8 o B b 7 7 7 4 0 3 i ook
TR HEY H, S5 (Fe,Cr), 0, B2 10Z R,
1T 4P BB 1 AN BT 14 T 2 S 30T R 9 BT T RS I
B8 DA 3 B3R AR AR A5 I g [ 1 39 R 33 R OR
FEAIR. M (Fe, Cr) s O, IS 2 JE B 7 5 6 ) 55 K i
WA TR TR T HAE RN ) N Z K LBE 7

ol ) oie K.

L A% 2 2 ) R BE K B, 7 0 MPa B,
10Z J2=>4MNE )2 > N2, i 7E 45~ 180 MPa i},
W2 >T0Z RN JE A0 =35 10 5 B L3 #20
XRS5 (Fe,Cr), O, 2B NI JZ F1 10Z 2
JEL 158 o 4 55 T R SR AT 22 51 AFL R AR A YA L
BE &, 45 MPa T AL SRRl 32.7 pm, 4y
JETCRL ST 2 A% 1 E] 180 MPa B, 4 4k - 5L 5
JEIZ 43.8 pm, 29N TC N ST B 3 A%, X 43 T 5
PO AL R X B T91 78 550 “CHY LBE 3£ 85 b
VEAL BRI, R 200 ) AR E R K.
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Fig.6 Thickness change of oxide scale

on T91 with stresses
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(Fe,Cr), 0, )2 B, Cr JTR MY HE L
T Fe f1 O TREMY BH R, 2 Cr WEEE
TE 1.
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