L &K E TR #15E Fi1oW
-84 - EQUIPMENT ENVIRONMENTAL ENGINEERING 2018 4F 10 A

fig i AN 3.5%NaCl FEPHIEMITAY

%EJ% 1,2,3’ g_—%—;‘ 1,3,4’ ?%IEF!E 1,3,4’ *Z_]ﬂiﬁgﬂﬁ 1,3,4’ 1%1%% 13,4
(1. PENZREBFARET BMENERRSEPSIRERINE, WK 5% 266071;
2. PENZREAS, LR 100049; 3. PERZEFARNZARPIN, WK 85 266071;
4. ERFNZSEABRRINZRE BFRESHIPHNIER, WK 5% 266237)

¥

FE: B sTIAT 5 = Ahid A s HE A KR X IR B 09 B ARAT A 4F AR, 7 %k A ONi 4R, Q235 #%4W. 304L R~
MBS HE A AT A AR 3.5%NaCl Bl ik isik , RN TR An | wALE FLALHE . 30 B AL R AL ol 23K 7 ok AF
R E AP HE R AN AR BUA K 0 AL T B AR AR, B B 25 AR 8 2 A KR B e ROV A T SR AT A S

R ONi 40, Q235 B4R, 304L REF4RAEE G e FF R 4% (vs. SCE) 4% 4-0.55. —0.64, —0.10 mV, R,
{57 A 2792, 1765, 125100, “F¥ B AREE 4% 4 0.070 6. 0.160 3, 0.002 5 mm/a, MG IR I E T,
ONi 4RA= Q235 B4N K & & A WA R4k, M 304L REFN A K A2 meh 54k, 45 & 3.5%NaCl B gk
ZioP, 3041 RN AR, Q235 AN 5 4k, ONi MET A2, B A ONi A= Q235 4%k
HERAGR R AR P F B R BUG iR

KB BEHE; 3.5%NaCl; JB4RAT A KERE

DOIl: 10.7643/ issn.1672-9242.2018.10.014

FESES: TG172.5 XERFRIRED: A

XEHS: 1672-9242(2018)10-0084-05

Corrosion Behaviour sof Storage Tank Steel in 3.5% NaCl Solution

QIN Ming"*?, LI Yan-tao'™*, XU Wei-chen'>*, YANG Li-hui'**, HOU Bao-rong'>*
(1. Key Laboratory of Marine Environment Corrosion and Bio-fouling, Chinese Academy of Sciences, Qingdao 266071, China;

2. University of Chinese Academy of Sciences, Beijing 266071, China;
3. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China;
4. Open Studio for Marine Corrosion and Protection, Qingdao National Laboratory for Marine Science and
Technology, Qingdao 266237, China)

ABSTRACT: Objective To compare and study corrosion behaviors of three kinds of storage tanks during hydrostatic testing.
Methods 9Ni steel, Q235 carbon steel, 304L stainless steel tank material and 3.5% NaCl simulated seawater solution were se-
lected. The open circuit potential test, electrochemical impedance spectroscopy test and potentiodynamic polarization curve test
method were used to study the electrochemical corrosion characteristics of three types of storage tanks in simulated seawater.
Meanwhile, the microscopic corrosion morphology was analyzed in combinationwith soaking weight loss test. Results The open
circuit potentials of the stabilized 9Ni steel, Q235 carbon steel, and 304L stainless steel were —0.55 mVgcg, —0.64 mVgcg, and
—0.10 mVgcg, respectively; the R, values were 2 792 Q-cm?, 1 765 Q-em?, and 125 100 Q-cm?, respectively; and the average

corrosion depths were 0.0706 mm/a, 0.1603 mm/a, 0.0025 mm/a, respectively. The micro-corrosion morphology showed sig-
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nificant corrosion on the surface of 9Ni steel and Q235 carbon steel; while 304L stainless steel showed slight pitting corrosion.

Conclusion In 3.5% NaCl simulated seawater solutions, 304L stainless steel is the most resistant to corrosion, Q235 carbon steel

is the most susceptible to corrosion, and 9Ni steel is between the two. Temporary protection is required during seawater pressure

testing of 9Ni steel and Q235 carbon steel tanks.

KEY WORDS: storage tank; 3.5%NaCl; corrosion behavior; hydrostatic test

T REVR 1 i A7 A2 i B AN TR, th FASTE Y
A SRR RO S B R R — B, G T ()R Tt e 2
WIANEENAETE . IR AETE . R OIAETESE . B 2Bk
REVRAL TR & R, fiilE 1) G KA T kR 78
T R, N TR A ) S R 3 T
IR AR IR & A A Bl g TR R — 2 K R ) i
UL S BROK M X 5, SR AR 48 IR 7K AR K
T, TN T A VL DX A i AR R U, SR T
IKAR AL GE IR AR K 2 77 29 e UR AN A B
i

VKR g — B s R B B A T, X & JE AR LA AR
e PO R ot AT Sy R ot ) A 7 A A S I 2 T SR
fHECE IE WA, SHEE KBRS, A5
TRV 20T K FRBE b AR A 1 R A 7 A
T,k S 3% T B RS ol A E R R SR
Y1, W a-FeOOH ., y-FeOOH . B-FeOOH, E.{AZHJL
sl —Fh 5 BRI BT FAT R A B 56101, A — st
TEOLT , B 76 4 e 2R 1 A il = B0, dnT DL
H— BRI AR 2, RBP4 T bR} il 4k 22
PRIVERT o e L BT, BfF 5 7E 4 8 2 i 1Y ) 1ok
PRI BTN Ty LT 1, I FL28 B 1t i 4 B S5 50 s 1) 7
AL A RBVER, RSN T AR W7
U AR H R 4 bR K B AT R BRI 5T A AR
%, H 755208k i it it B 27 4 AN K EA TR
JN AN (5155 2 3 A/ = K P N[ S B0
WAETHEL, 3SR — bRk A ¥ K ol [ A8 5 A 56
T, BN LNG G85ER] ONi 4R, BF 0 FH AR i KO
JR AR 2 PR b R I 9 g D

SCHE o LEAFSE ONG AN . Q235 BN . 304L AN
AN = AP B EE P AILE 3.5%NaCl B /K 15 10 5
AT, BTE RS JE AR TRE K G H Bt 5 T H 1L
5%,

1 SRE&ES

S v T ) = FRAHTE T AL R BA ONi L Q235
W . 304L AWM. RSN 30 mm*x20 mmx
4 mm, FFRESKIE . HTH S8 AR
RSFA 10 mmx10 mmxS mm, I IR IERAE 5
B PVC B RN, FEM 2T 807, 2407,
600", 800", 1000%. 1500"&ZFT B, I/ B W9 ks
WU, ZEMAKIEYE, B RRT, &JaTE T+

IR . SRR 3.5%NaCl LR /K I
DO R SRS S P o B N o B AL M
DI/ S 1 25

S T B N [ L A
3.5%NaCl LR /K H B JE T ok 3 . SR 4 IR JB/T
901—1999 & J@ A RE 5L 30 2 3457 Ji b 4Rtk 7 ik )
HEAT, SEER R AR HEATRR AR ICAL B, IR 30
KIG WO, W 1 8 = B 3, RS )E 2808
K. ToK CBERE PG VR, W RR TR TRR i, B
J M otk 23 3B T o o S P R B 52
¥ rp il S AT LG, DAY T S 4k R MER

AL R Gk 2 Gamry3000 HL{b2E T
fESh, SCURIREE M (22+1) °C. T AR . XFH e A
Z: LU 530 P A IR L 2 emx2 em &2 B S
FEL A R AR RN R AR 2H B o SRR A H b2 S ol A TR
Wi EEA (OCP) Mk . Hfb=ABHPLHE (EIS)
DX R St H A W A i e S B o H b 2E BT
FHAESEEEN 10 mV, MR B X 6] A
100 kHz ~ 10 mHz, JfH&—MEEEHIR 7 ke, &
NI B Bl AR Ak 2 ) 4 R
0.33 mV/s, 2 HIHEAT XS FIFEEHAL 0 ~ 350 mV [f]
Wttt . 0~+350 mV PHMAR AL IR, Q235 FEIAY 5h
VAR A i 2 K A B 1 B 0.33 mV/s, H
7 BB A AR T B A7 +350 mV, 304 L AEEENAY
Sl A AL B 2RI BN 1 mV s,
0 LA A T I HL v —350 ~ +2000 mV

XoF R 4 0 B O A R T R TR
( SEM, JEOL-JSM-5600) #4744, 76 WL IE
THUIE S50 T T X R S R4 T I B = g b B

2 #R5HE

2.1 BEK
211 FEBANK

TE 3.5%NaCl %k rhovt = Fh s e FH AN R 7 T I Ha,
DR, anlEl 1 prs . BRI A A EE K, 9N XA
Q235 BRANITT B HL AL BT TR, T IR 040 S R
REAW K AETEM, W, MEE N T, B E
TRT AT Bk =y B AR, 8 ok ™= 0 1) B 2 T E Ve 2%
TN R R HEAT , 24 Tk = W ) DU RR 5 955 i 1 21 -



- 86

2018 4£ 10 A

i, JFEgEBABE TS, BE 1 P43 h)5, 9Ni K
1 Q235 WA A IR IR E o 1T 3041 ANFEWIT
PRELABEIR VR IER, 2 1 h R TRE, X2EH
AN B 2 T B PR 20, X R PR AN 5
PhAEEALAS . SCERFIANY, fEiR it A P PR R 1A
LA eE QN A U N TR S R A T B 0 N S
HAIER . TR I, RENRI S IE
FES, AR R AV I T PR SRR, PRl P AR T 5
PLIEFRE, iBHM R — e o F R, Bk
SR, MBI Y S T R B — A sh AT
TR A THaE . nTLAE S ONi 8. Q235 4N .
304L ANEFENEE G ITES AL (vs. SCE) 43 51H
—0.55, —0.64, —0.10 mV, #2768 ol fui 17 phy wfie 59
S M 304 L ASEEH > ONi 40 > Q235 B .

0.0

E —O9Ni

o —0lf —Q235

Q —304L

5 02}

Z

s -03

g

2 -04

=

5 -0.5 \M
‘3 \

5 -06}

o

o

~0.7 I ! ! ! I
0.0 0.5 1.0 1.5 2.0 2.5 35
Time/h
F1 =R EHE I AI7E 3.5%NaCl B8 K I
PN SR AULNEY

2.1.2 BAZFEHIENR

T T B FL 67 2 E (9N A . Q235 BR4NIR L 3 h,
304L ANEEFNRE 1 h) T AR LA BEPT SO R &
AN[EERE FANTE 3.5%NaCl B8l K o i i i 3 2%
R, WE 2 s, ATLUE H, AN FEIFEETE 3.5%NacCl
LR 7K i 28— B R A Bl PralEis
H R E/INT A 3041 AN > ONi 4K > Q235 B .
WA N, BB RS P A PO A AR R, FoR R
149 SN B TR, i A il 3 BRI o 7E B oI v A X
X IO P14 S SR A s oy % T ) XL J2 B AT Sk, T AE H A1
WX B 25 e AT A 5 07 P 2 e A 2 T 1) il A T o R
FEUTL R, ATHD 3041 ASAE A SN LB AR, B

JE AN Z BEAT, ONi HIRZ, Q235 fiHd Sy AL BHL
/N, BV i 5 AT o 0 T R AL S BE PTG A T 2R AL
AU UG 28T, S AN El 3 Brs . R T
S A BRI AL ) 3.5%NaCl AR K 1R R HLBH , H
e T Dl = M B BT Re 7R o 1R TR Ik b AR )
AT S 2 A AE IR TN, PR IH S et 0y I vl 2 o A
REAICIHCE, BV O Fon e M ARBIMAICHE Qa
PSR T R A ol S 5T o A OO 2 LY, T
FI RARZ VUL JZ 22 1] ) L £ e A% HELRHL

12

m 9Ni
e (0235
A 304L
9 ——Fitting curves
g
g
S
12
Zr(x10* Q-cm?)
Bl 2 =R R RTE 3.5%NaCl B I K S P Y
AL 2 BH T T
o
{}
E 3 =FhviEHEHMAE 3.5%NaCl B K B Y

FL A2 BELC 1 I ) 25 A 0L FL

XTSI AT S EAUS, Wk 1, 9Ni
BT FE RS LR R 2792 Q-em?, Q235 4N R (E
/N, R 1765 Q-em?, 304L ARG R MEHEFK, H
125100 Q-cm®, FHITE 3.5%NaCl #ifLliE K i, Q235
B TR R B e K, ONT IR 2, 304L NEWEAS)
R, BN, ATRUR B, S SE0T 3040 AN
PR BB Ry AT T H AL BRI B B R 2, A
69680 Q-cm?, KM 304L NEFEHAE 3.5%NaCl B
KR B R G i sk T A R T R T v R L A
PRI BEAR 1 PR 4

1 =FEEPMNTE 3.5%NaCl #HILEKARPHBLEERIEESENBENESEH
R Or Y, Ry Oa-Yo Ry
Sample /(Q-em?) /(10°-S-cm?) Qrn /(Q-cm?) /(10-S-cm?) Qarn /(Q-em?)
9Ni 4.566 1.297 0.7663 9.192 2.241 0.8067 2792
Q235 20.19 0.906 0.8257 70.89 0.359 0.8236 1765
304L 23.38 0.048 0.9395 69680 0.024 0.6489 125100




FH1s4 Fioiy

BRI, fERETIANTE 3.5%NaCl YT T B RS AT R BT ST - 87 -

2.1.3 ZhEEAIARAL gt

K 4 & =Fhfig B AITE 3.5%NaCl BB K T
B FaAE (9N AN . Q235 iR 3 h, 304L A&k
BRRH 1 h) R IE s E e th g . ol LR
tH, ONi B AT Q235 fi 4N il b i 26 EL A AHAL A R AIE
T T AL SR 5 15 3.5%NaCl Bl /K, PRt B
A o R 49 6 B Ry SR D N7 T S AR e R ) Ry ARk £
AL AR . N 3041 ASEEAN Y Bl B AV AR Ak il 26 T
Y, BAM R A A SRS R, 1T PR R A B A
FEARAE, BIFE S — e 5 Y PRl P B R B4, i
HREAAAR NS LTANAE . 2B 3041 N5 1 1
BEAL IR B ARG AP, AR — R B L7 0 BBl P i ek
LI N AR AR AR AR /N, (S H A R B — 2 B
(Be A ptfb s 2E s o, SR ), Bl 2,
g 1 1y N1 = = R e i< S R NG o O =R VAT o
T B A CN i 7 ST = =R VA VA
LI, ek e 7 A O A e DN 5 R 3
PR RN, T RS RS R iR A, ok R
PRSI R, P 4 T RLsE s 6 e 7 pR IR 3 Bk
304L ANEEM . ONi H9. Q235 B, EIVJE i fii 1) 15 4
WO H B Dl 2 /DB R 3041 ANEEAR L 9N
. Q235 A, BRIk ALK, X S5HITH
TF % H A7 T A A BB TSI 25 SR A W

2.0

L5r

1.0r

0.5r

0.0r

Potential (vs. SCE)/mV

-1.0

_1‘5 1 1 1 1 1 1 1
9 8 -7 6 -5 -4 -3 -2 -l

1g[(J/(A-cm™)]

Kl 4 = EEE AL 3.5%NaCl BALLE KW iy
By it (S A il e 1

S-3400N 15.0kV 8.8mm x1.00k SE

a N4l

b Q235H5k4W

22 RAREBRKIERERSH

B = R B RE T BITE 3.5%NaCl B4 K %5 U i
W30 REAT BB i odr, HBRIE =Y a1t
ﬁﬁ%ﬁﬁﬁf&ﬁ%’fm&?ﬁi ( poni=1.89 g/cm3 s PQ235™
7.85 glem®, pioa=7.93 glem® ), WLF 2, HFE 2 WA,
TE 3.5%NaCl BT K I IR 30 K5, 9Ni 4.
Q235 i . 304L NG540 14 - 47 J65 ok o0 3 R g ok %
R EN/IMKR YR g Q235 Hi4N > 9N 4N > 304L AEE4N
P Q235 WRANTE 3.5%NaCl Ll K % i v g ok e
P B, 3040 AN RS . R, T ONG
WA FWE Z 0. HR4E 48w+ bR i, 304L
ARV R 2 BARTH AR, ONi B Rl ¥FE R 5
QAT R, Q235 BRENTITERE K 6 Gt ik A4kl
X5 2 A7 H A A A A

K2 Z=FERERNTE 3.5%NaCl #iliE KR & &

B8 30 R K P
 PHUEH PR
P sy SV ORBERS e g

mm g

(g-m’2~h’1) (mm~a’1)

1 0.0733
INif 2 1600 0.0779 0.0636 0.0706
3 0.0686
Q235 1 0.1338
e 2 1600 0.1347 0.1437 0.1603
3 0.1282
1 0.0022
304L
N 2 1600 0.0027 0.0023 0.0025
3 0.0032

FHTE 3.5%NaCUBL LI K 5 VR i 300 30 K JE il —
Tl i 8 FFT 00 98 o 8 ok = 0 O 2R A OO T T S LS
WiE s piaw. WE S Faf LA S], 9Ni B9F1 Q235 i
WERMO LKA T A E M, Hd ONTEAE T A
BI5T B BRI B iy, R A 2 1w A KLY M8, Q235
B0 2 T o A B4 S Dk ST R AP A L XA TT R S AR
R SE R BB 56 L T 3041 FA 2 8 A i i,
HA D 0 ST AEAE | 3T AR Bl AL A S 1Y
53 e A g = A Y

¢ 304LAREHE4N

F 5 =R vigEEFBITE 3.5%NaCl ARLLEE K VA R P 25 508 1h = M o0 s il e 40



- 88 - e

& 2018 4 10 H

3 it

STRPUNDO N A U h L oSS S i I
3.5%NaCl BT 7K 3 W 0 JE o AT i, Wl LAAS
HLLF 458,

1) =FhfigHE I MAE 3.5%NaCl B K 5 8 b
TR P R F) /N K 3041 ANEEH > 9N 49 > Q235
T .

2) 1 3.5%NaCl BN KE R, 3041 AEHH
P T 2 T B0 A R 1) DR B DT LA AR 58 1) T ok e

3) fE 3.5%NaCl SR T, INi N
Q235 MM &A TR b, R, 7852 bRt i
KA L FH P % B8 Tl 15, BT A3 Y IR s
JE b AR A i

HFFE H AT R AE 3.5%NaCl A48l 7K 1 W
17, WAESCHE K IR, B R 4,
WEE . CLMREE . WV E S, FREfaaidt— LK
AW S

SE M-

[1] MATTOS O, ASSIS K D, ZEEMANN A, et al. Behavior of
ONi Steel in the Presence of Aqueous Solutions Containing
CO, and H,S[J]. Corrosion, 2017, 73(3): 303-314.
UEMORI R, HASEGAWA Y, HARA T, et al. Steels for
Energy Production and Transport[J]. International Journal
of Food Science & Technology, 2003, 46(3): 646-653.
XS . Aok R 7K 38 v s I B A AR 7 A 35 B
[J]. (LT, 2016(3): 213-214.

e, A0, i, % R 12MnNiVR N7ETEK
RIS AT D). AR SRR, 2013, 25(2):
105-109.

TREZE, 227 Ui X ORAUAERE T AR K 58 /KI5 By
JEERT]. Al T 5847, 2011, 28(5): 24-26.

(7]

(8]

[10]

[11]

AL-MALAHY K S E, HODGKIESS T. Comparative
Studies of the Seawater Corrosion Behaviour of a Range of
Materials[J]. Desalination, 2003, 158(1): 35-42.
BOUSSELMI L, FIAUD C, TRIBOLLET B, et al. The
Characterisation of the Coated Layer at the Interface Car-
bon Steel-natural Salt Water by Impedance Spectros-
copy[J]. Corrosion Science, 1997, 39(9): 1711-1724.

MA' Y, LI Y, WANG F. The Effect of B-FeOOH on the
Corrosion Behavior of Low Carbon Steel Exposed in
Tropic Marine Environment[J]. Materials Chemistry &
Physics, 2008, 112(3): 844-852.

REMAZEILLES C, REFAIT P. On the Formation of
Beta-FeOOH (akaganeite) in Chloride-containing Envi-
ronments[J]. Corrosion Science, 2007, 49(2): 844-857.
KAMIMURA T, HARA S, MIYUKI H, et al. Composition
and Protective Ability of Rust Layer Formed on Weather-
ing Steel Exposed to Various Environments[J]. Corrosion
Science, 2006, 48(9): 2799-2812.

OH S J, COOK D C, TOWNSEND H E. Atmospheric
Corrosion of Different Steels in Marine, Rural and Indus-
trial Environments[J]. Corrosion Science, 1999, 41(9):
1687-1702.

XK, EAE. KA HE R KR T B I T A ],
Al AR, 2010, 36(2): 103-105

HEF. VRIRKI I A 7 I I s B AR R 4P 4 it 1Y
NI, Az ], 2010, 24(12): 19-20.

ZEp, SRoRE. AR TSUMEE T K G A IR B 47 0],
A HHL T TR, 2009, 28(10): 56-57.

ZHAO R, DU M, WANG C. The Electrochemical Behavior
of Al-Mg-Ga- Sn Sacrificial Anode Materials[J]. Periodical
Ocean Univ China, 2012, 42(sl): 378-383.

B, 0N, BRI SRR G AR Y i phok
BEDFFE[I]. Ak T 5854, 2014, 33(1): 6-10.
TRETE. AL EOR M. bt fe2E Tk R,
2010: 230.

XIEEMG, SRR, WKHE, 4F. PEMZHSMAS Ni-Cr-Mo &
SHERM ORI, B S5 R5, 2017, 39(4): 1-4.



