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Abstract: The high-temperature and high-pressure (300 “C/10 MPa) corrosion electrochemical behavior and oxide
film microscopic features of Incoloy 800H alloy aged at 675 °C for 0~10 000 h in alkaline environament were
investigated systematically. By means of electrochemical test, long-term immersion test, scanning electron
microscope/transmission electron microscope observation, Raman spectroscopy/fast Fourier transform analysis and
other methods, the electrochemical activity, evolution of oxide film morphology and composition characteristics of
the 800H alloy with extension of aging time were systematically studied. The results show that, the value of open
circuit potential and self-corrosion potential Ecorr 0f the 800H alloy in high-temperature and high-pressure water can
be slightly increased by aging treatment, but the effect of aging time extension on the electrochemical behavior was
not significant. A passive to trans-passive process was depicted. The oxide film of the 800H alloy formed in high-
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temperature and high-pressure water had a multilayer structure: the most outer layer was the dispersed large particle
oxides composed of Fe;O3 or NiFe2O4; the middle layer was relatively compact small size oxides, mostly NiFe2O4
or FeCr,04; while the inner layer was dense and continuous oxides, amorphous or nanocrystalline oxide containing
Cr and a small amount of Fe. The 800H alloy has good corrosion resistance and surface stability in alkaline high

temperature and high pressure water of 300 “C/10 MPa.

Key words: Incoloy 800H alloy; high temperature gas cooled reactor; surface property; alkaline high-temperature

high-pressure alkaline water
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Tab.1 The actually measured chemical composition of 800H
alloy used in the test

T C Mn P S Si
S 0.084 0.85 0.0044  0.0009 0.049
JTER Ni Fe Cr Al Ti
S 32.59 43.49 22.04 0.36 0.46
JLE Cu Co N

szl 00091  <0.005  0.0044
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1.2 R A%

121 X $EE

FAL e DL e S 9 F A, S8 9 A0 LA
O, RA=ZHRER, TAEBREA 800H &4k
FE, XTHAZ Y 20 mm>20 mm>0.5 mm [ Pt }i, &
e r AR A B 71T Ag/AQCT il 3 1E
JLE AQ/AQCH Z T Hk L is =, s NER
0.1 mol/L KCl & WRAE NS LLis i, R % % ZrO.
Ve B ZEAF N L ZE S A R R Tl . AR T i
SE S S R R OEE, R A A
BE . RSP ATRE, ff Ag/AQCH Ab T iR s AR
A, FFHEBREJIRREE AR A T E A, 1S HAL
Al (L) e 4 A bR HAL 617,

Ecoare = 0.286 6 —0.001(T —298.15) +
1.745x107 (T —298.15)% — (1)
3.03x107°(T —298.15)°

AH: Eepsre NHAL, V: T HNIEE, K.
1.2.2 KALF 44

R B R PR R ABE AL v I A HE B B s 4T A
] IR Ab 22 26, FEAR 2R AR IR B0 VA S R P
PH# Ny 18.24 MQ em A KAE N T, i 30
FR SRR Al 80 SORF R B VA VR L I pH B 4EH77E 9.5
Fedn HEE AR 2RI T 7X10° g/md, ilie it
R 4ERRE 3004+0.3 °C, JE /724 10 MPa.
1.2.3 ©iLE &

REET 800H A &N TAEHAR, 1550/ 75K
TR #-F B 2R K 408 B 2 40 6.5 um,
H BB B R WA . e AR, K
800H & 4> H Ml it m i 42 316 SS 22 Al Ni 224k
NFLR, FEEER 2 AMNIEA v R RV 205

(PTFE) #4% 4.

AL 20 R ] Gamry1010E AL 2% TAF ik .
RIS B TE iR FE 5 R IR 48 he &3 48 h Fil%d 4k
Ja, TAEHRRE AN RS A, i
P THRE « TFIHRRETF AL (OCP), ARJEHHT
Bl LA R AL 2R . 3% s ) A T Y L
—0.2Vocp & 1.5 Vsue, FAFHIHEZE N 1 mV/s,
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# 800H A 41 T 5% 10 mm><10 mm>3 mm (] L
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JE U, PR R T B ) B A AT RALE
1.2.5 B ink iz
FIFH Renishaw inVia Qontor %5 i3t AE B ivd 8
HAEDCR ARG AR R T SR 2o, B
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RV C /45K FEI-SCIOS 25 [ %K
FEE TR (FIB) il 2B S0 RE o R G A e = ik
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( HRTEM ) CCD A& ML A = ff 5 3 T2 1 3%
(HAADF) &l #&f¢) JEOL JEM-3200FS %45 f¢)i%
U SRR GO IEAS Y ik AT SRV K AN S 2 A
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2 AIGLHER
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Fig.1 The open circuit potential value of 800H alloy aged for
different durations in high temperature high pressure water
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54k FAZZE 0.6 ~0.65 Vishe N

1.50¢
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Fig.2 The polarization curve of 800H alloy aged for
different durations in high temperature high pressure water

M4 Lok b S 2R, Ptk X 1) He 97T 4 SR
PR, 1S BRI 2L TR 800H & < 4Rl FL i
B i, WAL IR HEAT Tafel #014, BEIAFEG S
(1) B B A Ecorr A1 E TR HLIR S L fcon, WL 2.
FHER 2 ] % A HT 800H &4 H B i LAY Ecorr BXAIGS
W5 i o s T 1) (1) KA AR K a3, (R AR AhE
BUIN, SEARAERFE-0.243~-0.218 Ve 305 B P 350,
5 OCP 45— A, H Ik I RS B fcorr FHZE
B ERE i VR B, WE—EE A
AN Y

R 2 T EIRTETE 800H A& BELESE

Tab.2 The electrochemical parameters of 800H alloy after
being aged for different durations

PRI TE] Eco/Vsie i/ (X100 A €m2)  ip/(X10°5A ¢m?)
0h -0.259 2.14 1.64
300 h —-0.222 221 1.31
1000 h -0.218 1.52 1.69
3000h —0.243 2.43 1.93
10000 h -0.234 2.09 1.39
2.2 R HIES T

K 3 AR R4t 1] () 800H £ 4 7E =il /K
2 500 h JERImA WA 2ok 245 5.t
Kl 3 AT 0L, 800H & 43 I 1) S84 ) F 5 NiFe204
F1 Feo0s. fHHT FeCr,04 1 EEALE (685 cm )
55 NiFe,04 I8 E (696 cmt) R R, itk
B ICIEHERAEAE FeCroO4 AT BEME o AN A RL N (7]
[ 800H & 4x, HAu S 61 R TIC B B 2 7
AT, B00H & 4 7E Z /KA PR A (1) S8 A I B A R
L AR sE P
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Fig.3 The typical Raman spectra of 800H alloy after being
immersed in high temperature high pressure water for 500 h

2.3 BIER D

Bl 4 SNSRI R TR] ) 800H A& & 7E il i s
K H1I236. 500 h J5 (1) A IR R TH SR HL B
HP 4 AP0 % 800H A &R FEaR THI 247 5 )H AN
ETOE=RE &Y VA PN T =R A Y N EOINEE ]
KEBHGCK, TR Z A, SAAETREG H T
N—BBNEE RN RS A, TR A 2 1
R, RSFEHTZ2HEHK. B TE8E R T
AR IR M R 500 h, R HER ALY
PITERSFR/NR I B 22 5, ¥BONERFIZRAL.
k QR o prrense

¢) 10000 h

4 800H & & TEmm = EKHIRIE 500 h BEWERER R
Fig.4 The surface morphology of oxide film of 800H alloy
after being immersed in high temperature high pressure

water for 500 h
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K 5—K 7 43 NtaT. BFRL 1000 hy BFRL
10 000 h f¥] 800 & 4= 7E il =i R /K HHR ¥ 500 h J5

3 T S A S A T 1) 38 S P R 3 RN 0 X R AT A
1EFE (selected area electron dlffractlon, SAED).

a) 137 1%

e) DSAED f) @SAED
[l 5 BR1ZAT 800H &&= imm /E/KHiR I8 500 h R
RIS ESE R ARG A
Fig.5 The TEM images and diffraction patterns of cross

section morphology of the oxide film formed after the
as-received 800H alloy immersed for 500 h

2) @SAED

d) @SAED e) @SAED f) @SAED
[E 6 BY%{ 1000 h &) 800H & & E S iREEKFIRIE 500 h
BB SN RBE R IRFAGTH LA
Fig.6 The TEM images and diffraction patterns of cross
section morphology of the oxide film formed after the
1 000 h aged 800H alloy immersed for 500 h
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c) OSAED

& 7 B$% 10000 h &Y 800H S & 7E SRS E7KHiZiHE 500 h
BB S RBE R SRAGT S A
Fig.7 The TEM images and diffraction patterns of cross
section morphology of the oxide film formed after the
10 000 h aged 800H alloy immersed for 500 h
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H & 5— 7 T AS[RIE R[] 800H &
S RMTE R EWNRIL N Z RS, mINERZ
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1 HRTEM %, WZESEAME T ZEH /M 10 nm
[ 4 K SR A A JURE L B 73 A 7 SR A ROk 22 Ta] (1)
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I B 5—E] 7 ke A B AR HRTEM &
BT FFT, 18 20Z X IGAT AR, @7 1ers
(5 AT AT, AN [FJ B RN 8] 1) 800H 7E g il i e 7K
RIS 2R T TR I B A 2 R ORS00 ]
BN RSHRRL B S5 /35 AR i S50, 2
AACTE R HTERE 22 WA R S IR IE . S5 5
Pl 8 AT R I BE TG 45 B, B 412 KU S A 1 2L %
N Fez03 Fl/EL NiFe2O4, H ] /NS Rk A AL 1)
HI2H N 2 A NiFe,O4 5% FeCro04, N JE NS Cr F
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H Z
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Fig.8 The EDS patterns of cross section oxide film formed
on the 10 000 h aged 800H alloy immersed for 500 h
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R AR kB NE.
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9800H & &SRS EKFEANELESERE
Fig.9 Schematic image of the cross-sectional oxide film of
800H alloy formed in alkaline high temperature high
pressure water

MR #E Pourbaix K18, fF Fe-Cr-H.O R 4iHl
Fe-Ni-H0 R4+, fHmfa e i E g Ly
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NiFe;04 HA I R KFT AR EN:, A R0H
IEAR I R [ i B &R e R AN B, R E
BT AR E T o

BN EEAYIEEE Y8 50~100 nm, L&
Cr Fl/bH: Fe [ R~F/NT 10 nm (g E ALy Bk
LA 43 A AE B A R 2 8] B AR S A B A R R
HRAE Lobnig 256 NRSIRIA 5T RCR, & #& AR AT DL
FIRR LR TCER AN HL B IS E & A AR A
4k, HTRMNES I EM SRR 5,
gEA ML, RAREAECEE TS, AR
800H TEIZ /KA 44 2 A HAT R 55 PR i JEg e

AR, BRI B 25 1) 800H & 4:7E
300 “C/10 MPa Pt v i s Fie 7K A 350 B 3L 1
PUBE BRI, 24 800H & &/E NIRRT RE
AR E I, ENLAL S S A s &
(A7) FL A L R R TH e 1k

4% 8

1) 800H A4 7EASADL o i A vA HE — [m % e il s
FEIK A AR Ak 28 I A - AL AR, AR
SEAFIATY) 800H A& M4ERl R % fEAE 1.3X 105~
1.8X10°° Alem? i [ P, ik B4k AL 7E 0.6~0.65 Ve
YU Y o BRI TR 800H £ 4= AR AL Hh £ S AN
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