Haa s H3W FMHAR
2015 4F 03 H SURFACE TECHNOLOGY o1

TR EI 690 & & FH#% R —[E B KIREH
L2 1R Bl 1T 7 1 = I

Rimk , THEA', B8, TREF, B0\, RES

(1. AR Z: FITREARIATT, 6R 100083 ; 2. AN T AR BibSonE1E
BARPIL, L7 7N 215004 ; 3. ELNEKRDBRAT FHINSIVES, 5/ 200940 ;
4. [PIEBBERAT MUZES, |78 BB 529500)

&

W E. B MREHBEH690 &28FHAeHa, Fik KA waml g miif i
B EIR ORI A AR T RRBL(SEM) X S LK EAL(EDX) A= X S &b 8 F 58 (XPS) , HF R R F
THE6 690 &2 REELEEBR T QBT H, R EFEBFTET,50% LK ZXF B &
WAL 25% RIS 2 RXAFIE 140 mV, 4L 0 A % B X K, FARBMEASH BN 107, B ETRALE,
XPS 24 B ,50% B SRR @R T WIEFH Cr0, 2525 T 25% TR X4, L Cr WEK
FVRMERE BB 50% K269 690 A2 Fm T % 09 AL RS 4k = M xR AR 6 LR A R 5%
KW 690 &4 HBRHE; THE,; wiLF,; XPS

FESES . TG172.5 MERARINAED: A XEHS: 1001-3660(2015)03-0001-08

DOI; 10. 16490/j. cnki. issn. 1001-3660. 2015. 03. 001

Effect of Rolling Deformation on the Electrochemical Behavior of
690 Alloy in Primary Water of Nuclear Power Plant Environments

ZHAO Rui-tao' , LI Xiao-gang' , CHENG Xue-qun', LI Cheng-tao>, MA Ming-juan’ , YUAN Jia-mei'

(1. Institute for Advanced Materials and Technology, University of Science and Technology Beijing, Beijing 100083, China;
2. Plant Life Management Research Center, Suzhou Nuclear Power Research Institute, Suzhou 215004, China;
3. Special Material Sales Marketing Department, Baoshan Iron & Steel Co. , Ltd, Shanghai 200940, China;

4. Maintenance Instrumentation Control Department, Yangjiang Nuclear Power Co. , Lid, Yangjiang 529500, China)

ABSTRACT: Objective To study the effect of rolling deformation on the electrochemical behavior of 690 Alloy. Methods Poten-
tiodynamic polarization, electrochemical impedance spectroscopy ( EIS) and high temperature and pressure immersion tests, com-
bined with scanning electron microscopy (SEM), X-ray spectroscopy ( EDX) and X-ray photoelectron spectroscopy ( XPS) tech-
niques, were used to investigate the corrosion behavior of 690 alloy heat transfer tubes with different degrees of deformation in the

nuclear simulation solution. Results Under the atmospheric pressure, the corrosion potential of 690 alloy with 50% deformation was
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140 mV larger than that of 690 alloy with 25% deformation. Furthermore, the passive current density of the former was significantly

declined and the impedance modulus was 10 times higher. After soaking at high temperature and high pressure, XPS results showed

that when the experiential materials were immersed for 200 h, 690 alloy with 50% deformation had a higher Cr,O; content in the

corrosion product film than 690 alloy with 25% deformation, and its dense inner layer of Cr-rich oxide film was much thicker.

Conclusion The passivation film and corrosion products layer formed on the surface of alloy 690 with 50% deformation had a better

protective effect on the substrate.

KEY WORDS: 690 alloy; high temperature and high pressure; deformation; electrochemistry; XPS
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Fig. 2 Potentiodynamic polarization curves of 690 alloy with dif-
ferent deformation in simulated solution for nuclear power

circuit water environment
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Tab.1 The parameters of potentiodynamic polarization

curves
J'/
Material E. /V E,/V P )
(A -em™)
25% deformation processing —0.255 1.12 0.838
50% deformation processing —0.399 1.10 4.19
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Fig. 1 Metallographic microstructure of 690 alloy:a) 25% de-
formation processing, before TT; b) 50% deformation
processing, before TT; c¢) 25% deformation processing,

after TT; d) 50% deformation processing, after TT
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Fig. 3 Electrochemical impedance spectroscopy and equivalent
circuit of 690 alloy with different deformation in simulated

solution
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Fig. 4 Morphology of 690 alloy specimens with different deforma-
tion before and after soaking: a) 25% deformation, be-
fore soaking; b) 25% deformation, after soaking; c)
50% deformation, before soaking; d) 50% deformation,

after soaking
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king: a) 25% deformation; b) 25% deformation
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Tab.2 Analysis results of the EDS spectra
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Fig. 6 XPS analysis of corrosion products of 690 alloy with 25% deformation after soaking for 200 h
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Fig. 7 XPS analysis of corrosion products of 690 alloy with 50% deformation after soaking for 200 h
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Tab.3 Data of the XPS peaks

) Peak value 25% deformation processing 50% deformation processing
Spectrum  Ingredient
/eV Peak area Proportion/ % Peak area Proportion/ %

Cr0, 576.3 8990. 83 28.87 8294.8 14.08
Cr 2p s Cr,0, 576.8 6969. 36 22.38 37 067.2 62.92
; CrO, 578.2 3326.28 10.68 7777.7 14.08
Cr(OH), 571.3 11 851.48 38.06 5767.7 9.79
FeOOH 711.8 7698.77 37.53 12 980. 1 52.22
Fe 2p Fe, 0, 710.9 11 414.32 55.64 10 784.4 43.38
FeO 709.4 1402. 84 6.84 1093.5 4.40
Ni, O, 855.8 3685.34 41.35 1159.5 37.86
Ni 2p Ni(OH), 855.6 2994.51 50.89 1478. 1 48.26
NiO 854.3 562.53 7.77 425.3 13.89
0 1s 0" 530.3 44 282.71 47.21 64 402.0 56.49
OH" 531.8 49 525.44 52.79 49 600.7 43.51
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