#53E 1 HBEEERMBEIE
2024 4 1A RARE METAL MATERIALS AND ENGINEERING

Vol.53, No.1
January 2024

DOI: 10.12442/j.issn.1002-185X.20230010

JLFE £ 1E 450 'C/23 MPa fBBlIE R/ FLIMEH
[T AR

Edak, & EaKR? AR DA
(L ZAEK% FHRR% 5 TR %R, 09 I 110819)
(2. BB & RIFFHT, LT WM 110016)

B O R XML AT RMESE S TR, MR T 4 fh BRI & £ 7E 450 'C/23 MPa
F Na;PO4. NaySO4. NaCl I FAKE WP W EMmT . SH-EWH, S0h)a, AEREVWHASHEEER. R
BB ph =, EEH BN NiCr,04, Cry03, NiO, Niz(PO4),, CrPO, #l NasPO,%%. 500 h )5, B2 EEHE
WK, WKYETE R B B, 4 R G &R BRI . X-1#>X-2#>625>C-276.

KR BAEASE; BIEFKEWL; BiTH
FEESES: TG146.1°5 XERFRIRTE: A

XEHS: 1002-185X(2024)01-0204-11

i Is ALK & Ak (supercritical water oxidation,
SCWO) i Rfem MR b2 & & F A H. A&
VBT I3 T V5 U8 5 A% Gt A0 B AT T U ) & A AR
L, SCWO BARRGIGE/N . R PHFR . [N
I 6 5 R e U B v T v R 5 S el ) Il S
PG, RORE ) JE Tl i R R FELES SCWO $3 AR B A
() oCHE, St RN M EHE S CI'y SO, 1 PO,
S5V R 1 S o ) T

P SCWO BRI 7K, B N4 F ZHF Rk R
/5 IR (F/M D, Fiey st (ODS)
W, BWRAEAFNRESSEME, HPgEES
< 78 R Wl SR K rP R B ok ORI, N SCWO B
B 1 H AR B RLECT,

Tang 2RI Mitton Z5 97X T8 IE & S&ES &
WL NaCl. NayPO, ¥ ¥ I 5 7K o i) 5 ot ] 7238
Kritzer 2250 7 W0 I 52 A0 8 I 535 55 A ) A 5
(B W, HF, HCl, HBr, H,SO,, HNO;, H;PO,
%) PSS SMEE R R R,
— A R AT DL AR B b A ] — Tl B LA R Y 5T R
T, AR TGRS TG R A R R o A TR R A
J5T A i S K b A b 53 2% 58 HLAE F L BE 2 4 1 R
ER, BRI BT AR v E i G T 2
PRGN R E. mH, 4TIk (374 C,
22.1 MPa) LA F Ay Il 5 K B R 2 0k i v 5t
Fe s LS AR AT N, BN, R REHK, M

Yafs B ER: 2023-01-09

WRETERR A LM RIS 2, R — & WBAHAT
N R R ®IE T H0 M3k, W 0,.
CO, FIZ %, W AA#E T RE S KH, EIEH
L E IR K F R VA AR FE A B R IR IR S TN M
2 180 A A P AR SR IR B I K R T R B P
TR AR B 1 0 3 e T AR 2R 28 55 AR 08 G R n R Je B 2%
JER PN Rk, SCWO 5 A X & N 2% 44 R T 1
ot A SR R R A

E 2 Bt 7 B DL — M 3 77 35 U Hp B 4 S AL IR
WS FIRE NI, TR —FE PO N
¥, B AELE CUL SO 8 I 7 25 455 b it 85 okt 1
IRRCA B BRI 5 &, (EAR T i5 e SCWO &b
HAE R N AR R GE A R, A BB AT A R
R, B A S PO TN IR IR T4 4 N i S
PhvE gL S, HA RAFM SRR, BRI 4
FaE M .

EARE SR E i o NI (BN =W N A A
Y iR A 42 (X-1#. X-2#.625.C-276) 7 450 C/23
MPa bR 3 Ff #h 3L A7 B0 5 b (0 S5 0l AT Dy, E— 2B %
P LA & &R B L, v I AR R T A 4
PEAL T S SR I

1 £

B A R i & & X-1#.X-2#, VA K 625.C-276
HEMA R R 1.

TEZ I EHRBK, %, 1977 4, L, YT, RIACKFEMEIRSES TS, 127 PEFH 110819, E-mail: wangll@smm.neu.edu.cn



ERE IR JLF A TE 450 "C/23 MPa BRI FLK S AR 1l AT e 50 * 205 -

MORHE I X-1#. X-2#. 625, C-276 &4, &
I LA NI R B R A EL AR AT o BRORE R 4T
[l 7 A B, [ AR L) B2 A 1120 °C, 30 min (ZK# ).
WA 2 ML L e ] ~F N 14 mmx20 mmx>2 mm 32
B, fERANEERILSGAEL 2.5 mm BAAKESL, 85
FESL 6 ANTHYIHEATFT BRI . AN T 4% 1R i
B3 AT REE, BB T RN B,
R . AR 2 A AE 450 “CHEAT 50 A1 500 h Ji§
o SeIe R, RMENIEJEHIE 22.5~23.0
MPa. [ B3 1 A5 I R BT B o1 35 B TR R AR A 1)
o ERTHIE 1% 5 E HoO, 1 7KV HUH 17 6
I FE 7K s AR, SR 5 L DN 3.0 /L Na, SOy,
0.8 g/L Na;PO, f1 0.6 g/L NaCl 1] & 2 1] % i X4 7K
ERIEW, MNP

JEAE RS, BUH RS T RS A, Hk
W82 S AR R 1 TSR, AT W5 1 72 W 3 %
EE 23 #7 SR J5 S ] X'Pert PRO X 5t 28 A7 $H{X (XRD,
Cu ¥8) 40 By J&5 bl RE 1) S A6 B ) A 4H s 18
HITACHI S-3400N =4 B 7 28 (SEM) M 5
FEAAE RIS, R SEM Bt iy 1) B ik 4%
(EDS) 43 #1 S8 Ak JE R GTRR 40 1 43 5 & R0 Jy A 5
Kl ESCALAB 250X §f £t i 7 B2 i A (XPS) 4¢
Mot b WA 4 ek, Hoh Al Ka 4 1486.6 eV, O
BE K/ 500 pm, dHAE 50.0 eV

2 BR52H

2.1 EURIRXT L5

JURP 4 4 76 B IR 35 8 3 10 I8 Dl A o b 450 °C ik
BHS0h )5, FEMBIEMESWE 1 Fram. IS
FEEMILEE B, R —F G &, 8RB A () A
Frf, BMEMEREFTEE&BHBR™HE. B2 N
JUFRR & £ 7E B IR 25 08 2 8 1l A i3 b 450 °C &2 4T
H 500 h 5, AR AT SRR . IR T
DLEH, 5 &L K 450 CAE ARG MG,
RIZBE KRB, ke, RESGELE. A—ME48,
JE3 b il FE AN B AR RIS, BN BERETEA SR
o A of B 7

x1 #HEEMRITHS
Table 1 Chemical composition of the alloys (w/%)

Alloy C Cr Mo Al W Cu Fe Nb Ti Ni

X-1# <0.0118.0 5.0 - 2.0 1.0 15.0 - - Bal
X-2# <0.0120.0 1.0 1.0 40 - 10.0 - 1.0 Bal
625 <0.1021.59.0 <04 - - <5.03.5<0.4 Bal.
C-276 <0.02 15 16 - 4.0 - 6 - - Bal
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Fig.1 Macrographs of several typical alloys after exposure

at 450 C for 50 h in supercritical water containing

Na3;POy4, Na,SOy, and NaCl
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Fig.2 Macrographs of several typical alloys after exposure
at 450 C for 500 h in supercritical water containing

Na3PO,4, Na,SOy, and NaCl
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Fig.3 Corrosion surface morphologies of C-276, X-1#, X-2# and 625 alloys after exposure at 450 C for 50 h in supercritical

water containing Na3;POy, Na,SO4, and NaCl
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Fig.4 EDS point scanning of surface corrosion products of C-276, X-1#, X-2#, and 625 alloys after exposure at 450 ‘C for 50 h

in supercritical water containing Na3;PO4, Na;SOy4, and NaCl
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Table 2 EDS composition analysis of surface corrosion

products of C-276, X-1#, X-2#, and 625 alloys after

exposure at 450 C for 50 h in supercritical water

containing Na;PO,, Na,SOy, and NaCl in Fig.4

Point C O Ni Cr Fe P Na Mo

1 11.5 29.62 33.09 7.60 238 4.86 6.53 197
2 6.36 26.49 30.95 11.13 2.99 4.94 10.07 4.41
3 4.39 27.03 25.32 13.31 4.56 10.02 13.62 -
4 2.88 20.61 29.73 16.00 5.42 11.09 12.60 -
5 4.29 24.54 25.01 13.69 4.87 8.60 14.10

6 3.88 14.68 38.23 16.67 6.48 5.84 9.87

7 8.74 32.40 6.00 17.16 0.97 19.78 12.76

8 495 18.22 28.32 23.44 488 599 9.48

9 4.19 24.13 31,00 14.94 2.11 6.02 12.51 3.31

10 2.80 18.47 3891 16.85 2.56 5.11 11.83 3.26
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Fig.5 EDS line scanning results of composition distributions of surface corrosion products of C-276 alloy after exposure at

450 C for 50 h in supercritical water containing Na;PO4, Na,SO4, and NaCl
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450 C for 50 h in supercritical water containing Na;POy, Na,SO4, and NaCl
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Fig.11 XRD pattern of X-2# alloy after exposure at 450 C
for 50 h in supercritical water containing Na3;POy,
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Fig.13 Cross-section SEM images of several typical alloys after exposure at 450 C for 50 h in supercritical water containing

Na;PO,4, Na,S0,4, and NaCl
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Corrosion Behavior of Several Alloys in Supercritical Water Oxidation
Environment at 450 °C/23 MPa

Wang Linlin', Hou Kunlei?, Zha Xiangdong?, Ou Meiqiong?, Ma Yingche?
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The corrosion behavior of four typical Ni-based corrosion-resistant alloys in supercritical aqueous solution containing
Na3;PO4, Na,S0O4, and NaCl at 450 °C/23 MPa was studied by XRD, SEM, etc. The results show that after corrosion for 50 h, the
surface of the alloys is covered by short rod-shaped and needle-shaped products mainly consisting of NiCr,04, Cr,0s, NiO,
Ni3(POy4)2, CrPOy4, and Na3PO4. With prolonging the time, the thickness of the corrosion layers is increased and the corrosion
resistance is ranked as X-1#>X-2#>625>C-276.
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