om0 TR 22k B3

+ 112 - EQUIPMENT ENVIRONMENTAL ENGINEERING 202543 H

A L F L R A b R E A

ﬁﬁ/l\\I/s Eﬁﬁﬂs HX1%EE, Rﬂ%g*s *ﬁﬁ%%
(JFRBFAZ BImBr IR RESBESHrEaRInE, [ & BEL 524088)

HE. B6) ARG FAIT A R, TR B IR 304 REN AL AL T i, BF 50 A BR 4T 2 304
RN EAC F LA AT AR L AL 69 %ok, ik iBiL7E | mol/L #9 A BR A% F 5 B i dm 0~20 g/L 89 A5 BR 47,

F R BALARAL, B & A AL RS . R TR 4 (OCP ), shufifafs, wALs 4T (EIS)
FRAF Tk, A6 XHELETFaE (XPS) SRR R ALALIL 69 ft ik A Fm b AR A9 20 % . BER %
FEBRAT B REA 15 g/L B, RAF4RM T3k b iaik 3] 5% K15 0.189 V, bited Akl k, H-024V,
BB AR AT AR, H3.61x10° mA/em®, MAAALZ K, H 2.48x10°Q-cm’, XPS S M4 R KM, ImA
15 g/L AEBR AT BT, RAFARGALIE T, Cr 898 L& &3m, FIRTALEILT Ce BN 1, Hb VB
BRAN R A B R R sk, 3T 304 RFAMBEAT AL AR, &) AH BR AN iR A i B AR BR AT VT VA B TE AL IR
PR e iR R ARLIE PG A A, ARALIERE,

KR wALFHAL; 304 REFAR; AEBRAN; ARALRL; 4Pk, Abikid

FESES: TG174 XEkRERD: A XERES: 1672-9242(2025)03-0112-08

DOI: 10.7643/ issn.1672-9242.2025.03.013

Coordination of Cerium Saltsin Electrochemical Passivation of Stainless Steel

HU Jiezhen, HU Xin, GENG Baoyu, DENG Peichang’, YANG Jingrong

(Key Laboratory of Corrosion and Protection of Ocean Engineering Equipment, Guangdong Ocean University,
Guangdong Zhanjiang 524088, China)

ABSTRACT: Based on the traditional electrochemical passivation theory, the work aims to develop an efficient and environ-
ment-friendly electrochemical passivation method for 304 stainless steel and study the effect of cerium nitrate on corrosion re-
sistance of electrochemical passivation film of 304 stainless steel. A stainless steel sample with passivation film was prepared
through constant potential polarization by adding 0-20 g/L cerium nitrate into 1 mol/L sodium nitrate solution. The corrosion re-
sistance and composition of different passivation films were studied by means of open-circuit potential (OCP), dynamic poten-
tial scanning, electrochemical impedance spectroscopy (EIS) and X-ray photoelectron spectroscopy (XPS). When the concentra-
tion of cerium nitrate was 15 g/L, the open-circuit potential of stainless steel reached the maximum value of 0.189 V, the
self-corrosion potential was up to —0.24 V, the self-corrosion current density dropped to 3.61x107> mA/cm?* and the impedance

was up to 2.48x10° Q-em’. By XPS analysis, when 15 g/L cerium nitrate was added, the oxide content of Cr in passivation film
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of stainless steel increased, and the oxide of Ce was also found. In the electrochemical passivation of 304 stainless steel with so-

dium nitrate solution as electrolyte solution, the transport channel of chromium in the passivation film can be widened by adding

cerium nitrate to sodium nitrate solution, the distribution of chromium in the passivation film is homogenized and the passiva-

tion film is densified.

KEY WORDS: electrochemical passivation; 304 stainless steel; sodium nitrate; passivation films; cerium salts; corrosion resis-

tance
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Tab.1 Chemical composition of 304 stainless steel (mass fraction, %)
C Mn P S Si Cr Ni N Fe
0.08 2.00 0.035 0.020 0.75 18.0~20.0 8.0~10.5 0.10 Margin




114 -

2025 4 3 H

1.3 BAFERMKAE
KHAZBRAR (L), 456 P07 (OCP ),
S (LSV ), Hib2#sc BT (EIS) 3 F
Jr XAk 304 ANFEANIETT HL AL AR, 4B
Bl Ak JIE 4 1 BE . OCP A1 EIS 13 A B i SR VR N 3.5%
FALBE T, LSV W3R ) H A TV TR R A e R Al
(0~20 g/L) A9 1 mol/L FYRSERENYS W . OCP . EIS FI
LSV MKk #E47, OCP KR [E] A 600 s; EIS Y
Pesh i R =10 mv, JEKAH A 10°~10° Hz; LSV
FFA I Bl —1.5~1.5 V, 33 E% 1 m Vs,

1.4 TTRAMSH

I X 5266 FRE1E{Y ( XPS, Thermoescalab
250XT ) Jrdrilifk 304 AR BRI T K Al Kot
M.

2 HREGH
2.1  FHERSH IR B X FF B B LAY

FE 1 mol/L () PR AR5 Y HH 8 AN ]k 38 1) i 7
Bl , Bl AR AN B B T % A7 i Y T o R ) A A
LN 1 TR . BEE RGN B T, B4R 304 R
BPTT B A B IR RS . AN R AT IR EIAE] 15 g/L
mF, JFEEAL I, 304 AN 8 ok R ARk, 8
Tl i ) e /N o SCHR[27-3018F58IA N, ik A5 OCP
AT DAE P43 BT A5 A0 B AR T T il P, OCP 5 R 5 4
s A TR ok PR B AE BE o FE A R A IR < 15 /L
B, AN OCP BEASMRAN Mk BEH RI 5 T, i
AR ST XF B2 8 304 AN At Ak i ok 1 LA 1 ) 7R
FH, ELAS IR 0 R B B0 SRRURON o 2 il R A o
HRIE>15 g/L B, ANEEH OCP il i e i 18 K
RAR, 6H I 22 A il R Al 2 AS 0] T A B i e e g 2

0.20 -
0.18
0.16
0.14
0.12
0.10 -
0.08 -
0.06
0.04 -

OCPy4ss, (v5.SCE)/V

1 1
10 20

Ceeioy/ (gLl
itk 304 ANEEH OCP I H Ak 2 i Ak Fi i o 5 i
Ce(NO3); ¥ 2 1y A8 4k
Fig.1 Variation of OCP of passivated 304 stainless steel with

Ce(NO;); concentrations in electrochemical passivation
electrolyte solution

1 1
0 5 15

K 1

o HAT LA, 7EXT 304 AN A HLfb A Bl
T6] 1 mol/L B TF TR B FY) P A O B0 R I AT R, 7
LASZIR 304 AL, 1ER MRS R (0~
15 g/L) P, X4 e Bl A 5 Ay T o P HAT I 1l 7

2.2 MHERFHIREXT 304 AENEEILIETERE

kAl

304 ANEEANTE S AS [ e B A i Vs Y HP 10 2l L o7
WAl Ze an &l 2a iR, itk 304 ANEEHR A 24l R I
BRE J, M E JE AL Ecor 5 Ce(NOs)s B SC R AN [E
2b. ¢ fItuR. ATLAFE Y, 8ok e {5 Bt 25 7 0 F il i
W B T TE R, FW 304 14 S il i [AAIG . 7R AL
DX PN, Al % B 2 A R A v B 4 v, A B P O
L SC R AR . PP R, A TR T A VR R TR
15 /L i, 2 ep 00 25 B A B i/ IME . BiME SR 1Y)
HEBEH R BE AN, BRI MRS M . BUR R .
TS PR AV BEAE 0~15 /L YU IRl P, 26 il r, 35 Bt At . o
JIE BT S, ULRH Ce™ B b A T BB, IR Hb
TR R BB, el Bl AL B A s Y R I v
JEME 15 o/L B, #EABILIER ceT BT Z,
BT BT A Bl AL B

HLAb A ElAE 304 ANEEBAE 2 AN TR vk 2 110 i il
{14 i R M 7 Y R Y BEL B (135 A 1] 3 7 o Chumlyakov
AEBURE A A RS vk RE S A PTIA &, PR
K, Mokl . BB RS Rl LAE 1, 7
EATRN, £ B A BB AR R R — P AP, B
B 25 s il o e AR BN, BB RS 2P AR AR KL R AR /DN
FEUBE R R4 = B A8 AN, 304 RS HN R T A BliAL
JIES ) i S e TSR 1 SR T e o 7 R s ) R e R
K15 g/L i, KB T K e KA A B i R
JEE 1 348 K I AP A 1) B sl B T3k — a5

A T 0L HL 2 194 FL LSS /)N T Ak B LB, L
HL 88 K TR AL IR A L 2, PRI UL 2 1 f 25
2233 IR, FHIE 4 B B 25 5 v i e A e o
BHPLIE (W3 2), Hid, RONVEWEBH, CPE(Q)N
BEALBE R ZE, Re WAL AR BE o 775 TR OO0 B A5 150
T, aEid s (1) SkiFE CPE(Q)RYBHBTAE .

Zo =(jo) /Y, (1)
o Yo SARE . o WRBE 0 YRR
G

N 2 HT LA, AR R O 15 ¢/L
F, 4tk 304 REEHIN Refe Kol 2.48x10° Q-em?,
Re Wi Ce™ e BEJett K. JE7E /N, Ul WAl 1k BT ik
PR K SRR/, BlE CeWREEMAEL, NN
BEALBE A F S ESE R S T, BT EIE IR B S Hod
o AR SN L A ) e o A
Wi SRR B n SR K RN, B Cet IR Y3
TIASASUAE A5 50 0 Ak B8 J52 | S AR AR 1 /6 A B F A R
JEEBSL SR IR Gl MR R A 15 /L BF, Ce¥ X 304



2% 3

AR, . ANEHIE ALl b Al R 09 b R VR

© 115 -

PETETTIT R T BETEEETTTT EETSrRTTIT EETErETITT AR T EErArE I Mt
10® 107 10° 10° 10* 10° 102 10!
JI(A-cm™)

& 2

1.4

®l

1.2

e Lo =
o o o

Jp/(10°A-cm™?)
I SRS

(==

10
Ceepuon/(8L™)

/ \

1 1 1 1 1

0 5 10 15 20
Coeoy/(g'L™)

°/0

(¢) AJEIHLAL Econ Bl Ce(NO;); ¥ BE 192 fL It 22

Fig.2 Passivation curves of 304 stainless steel in 1 mol/L NaNOj containing different Ce(NOj3); concentrations

(a), plot of 304 stainless steel dimensional passivation current density .J, (b) and self-corrosion potential
E o as a function of Ce(NO3); concentrations (c)
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Fig.3 EIS mapping of electrochemically passivated 304 stainless steel in 1 mol/L NaNOj; containing
different Ce(NOs); concentrations

o F2 ZHEBEESHE
I Tab.2 Parameters of the equivalent circuit
Rs
_D_ I Conc of R/ O Ry

R Ce(NO3)s/(gL") (Qem’) yyql-em?8") n /(Qcm’)
0 1.717 1.64x10™*  0.86 1.53x10°
4 SESEUA R 5 4.463 8.61x10°  0.87 1.80x10°
Fig.4 Equivalent fitted circuits 10 5.823 7 54%10° 0.87 1.86x10°
R0 A AT E 100, 5 el 5070 30 e 31 15 4528 441x107 088 2.48x10°
20 4.859 5.54x10°  0.87 6.64x10°

P 4t R 2 A B ) — Uk




- 116 - k& W B TR

2025 4 3 H

2.3 THERSH IR B X TT R H BRI

2R AAE T B koA Bl A 304 AN EE AN IR XPS 42
ik R AG A I 4 8 B T S R S R . A
EIRRT LA 1, fEdifeiEh, EZ0EEH O, Cr.
Fe &5, 754 i FR 5TV W Hh A= A i) B £ JE v Azl
T Ce t&, Ul Ce TESHT 304 ANFHEH 1L
IR, AL, 7E& 15 o/L MRS RR G 1R b, A5
BRETIL I A Cr 2p (R It 18458

— Bk, XPS FE 4 B T4l o R B Sk
PR s B A BT K 4 i IEH, RREEHET,
B LA B (%) B S T ) e SRR B AP 2R AN TR . Fe TE

AR ZAE T i A2aftifh 304 AN AR4EE L b BT |5 1K)
IRk, i Cr M EAMRKKE. 78 0 gL
Ce(NOs); AT, sk 2#4lifk 304 N5 miEhfL
b, BT HA Fe 1 Cr4b, A &P HABHE 7
HITEAE . 765 15 g/L Ce(NOs)s I T, Mk 4lifk
304 ANEFEWER AL Cr B3, R Cr
EI] NS S G =W 0 Ve e o (9 2 1
P& A Ce ITETE, CeriE %, Ce® k2,
KW Ce TEZSHT 304 NEWEILBEIE AL, Hit
A DLHED Ce JCZR N4 T 304 A5 Al TR e A AR K
fEHLS

O1ls

Fe 2p

Cr2

Y

68.09%

I Fe
[ Fe*
Bl Cr
e

26.71%

4.73%
0.47%

1400 1200 1000 800 600 400 200 O
Binding energy/eV

a 1 mol/L NaNO,

26.89%,

Bl Fe
0 pe*
B Cr
I cers
1.75% B8 Ce”

] Ce*

19.44%

9.08%

11.06%

31.78%

1400 1200 1000 800 600 400 200 O
Binding energy/eV

b 1 mol/L NaNOs+15 g/L Ce(NOs);

& 5

R 2R AL 304 ANEEINEILIE XPS 4xiff P Sl AL b 4 J 88 1 & 114

Fig.5 XPS full spectrum of electrochemically passivated 304 stainless steel passivation film and content
of metal ions in the passivation film
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Non-cerium nitrate passivation treatment

Defect

Non-cerium nitrate passivation treatment
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Fig.6 Densification mechanism of 304 stainless steel passivation film by cerium salt
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