gRE B1IH
201242 A

I 5 B e i

Journal of Chinese Society for Corrosion and Protection

Vol.32 No.l1
Feb. 2012

KRB PR MIEXS 3161 REWE AT AR

X)) Hf 12

Boap !

BARR !

(L. FEMEREETRT BEEMSH PR BRO WREEMR2ESIRE FE 266071,
2. PEBERFRAER LR 100049 )

BE: RAGLERARGQETFREM, B, St IRt REREEAR, SFEMHER
MBI T 3161 REMER R K P YRR VIR T A . FRRY, BEMEY AN
REEEMELBEDE, ERREK T AENNFF B EALIERLY 450 mV, TR EEK BRI HE
MEARFAE, BACFEPRRATRERES, SRR RS MM, SMBiftes, LR
BT RGO A A, XFMBEERSN T —MEEXER/ME R, RREKT, SRR &M
R =M A RS R R BlR e, X — Wit AR A 58 M 5 A R i B AR A e 1 R K

@iE . KWK YRR 316L REEH BEMMEE(IIERS iR

PESES : TGIT25  XERIRE: A

1 Hi

np

WEEREET, R BRI Y EM (Mic-
robiologically influenced corrosion, MIC) & {Z7#
FEMIE, B, AMTEE . BEXTNRRE
£ LA IR AR T e 2 AR I BN, A
T T B A INRC L EERM I E,
FHiNh, MAEYSEBMHEEERNERTUS A
R 0~ AR R i 10~ R E
WMREN TR R A AL, X
YIRERS 5B AR R i, Lk, 48R M, Ut
BETEBmMRESEME, MmN RIS HERN
AR R S A AR R | S E KT R A
BB ol R R B, {EAE DGR E AT XD
H AT xH T e — i E O I B LR N, TR
o R AR A 0 VR S R AL B S, A
SiRBRAEMENTERSR, BRCELHFREH
g5 14~22 (R AR ELZ G — B VLRV R RE

ERREAKT, RENWEBMmBAERE—
AEEMER WIS 1, WL FIRE AL ERN

2010-11-03

HF E ARSI (40976046) fIHE BB AR
fF TREZEFFME (KZCX2-EW-205) %B)
XM, B, 1986 44, M4, PR m B EREY
g

B4k, E-mail: duanjz@qdio.ac.cn

ERBE
HEeWH -

YeE T

WS

NEHS : 1005-4537 (2012) 01-0048-06

I, RN YRR A AR R nE AR
% 1516 WA FEA DI TILR: EPEHN HO,
g 06 AR SamEsa e 07, AT
AERELEr e (8 s maarem 09 &
% BWNFETRUH, EYRES R ALIER [ Ef
T Sk (HJE R SCHERAF 5 3R BH A A R )
THSfh . Little 25 RU 3ttt 47 T I 2 E A L5,
EFEE Y, 25 MRA%— WP EARREAIE
BH%, Hil, M TPEYESERMEMLERSAE
MBI X RERER IR, A SCUXTEEEY
RRESZ IR By 316L AR I I AT A AT IF R AR

2 XRFIE

SLE R R 316L AN, HALF 5> (mass%)
3. C 0.022, Mn 0.97, P 0.028, Si 0.69, S 0.003, Ni
10.03, Cr 16.28, Mo 2.16, N 0.015, Fe &%, L
AR A, 4 5IVE R TAE AR KIRKE . T
bR i — TR SR, HFEMssE, 2EE
R 1 cmx 1 cm; FiAREER SiC KD KEBERITE
1200, PIEABRTH, ZZIEKehE, BT RSN, &
B, SZEG T, iREESESE F T5% 0y Z IR LR S ST RE
SR . LI AEKEE B RS ZiKiEY, £
YuEEAY, YEKERE K 33.4 %o ~35.5 %o, TRRRE 5~T
mg/L, pH {HH 7.8~8.1, KRMW/KZ 121 CHEK
B 20 min, B KEEK, LSRRI EHERKE
K, DABTR G B A ft.



1 # X W% RREKPREDER 3161 REMMEMIT HBIF 49

BT E T ARG R B 45
BT EERREKANKE S K KES, ERHDFR
LR T R LAY AR O, B BABUE BRI A AR
e b2 38, FIRT, SHRHE 2 ARSI
BT RERES . TRBEHNER.

316L AEFEM LRI IE T WK FAEX T Ag/AgCl
ZHERMTFEEMKEET DDS16/32 ZhEE
SR £ V1o, KRABEBNRKRZZEERG
DDSXp2 #f73Rtid®. ikt 2R s b ZEHim
#t R A Solartron1287/1260 H L% iMiXRAKEZR
TR, BETIEAE5 VIE{E 10 mV #93ZRIE
573K, MIEAZR R 100 kHz~10 mHz, $iELERA
ZsimpWin FHPTAMTER . Ak 2R a0 4558 X (H] 4 A
XFHFEEA £0.5 V, FEIFHRAL AT TR AL
—0.25 V FF A, BEHXTF IR EAL 0.8 V 5H
H, RILMBHPERE R 05 mV/s, HEL¥EELER
KEAZHERE R, MBERA Pt B, SHBRAR
1 KC1 HR Bk,

SURIEMAENR ), HXER KR 3 K,
B 4% — 8 (HXKEBEAKHRE) EE 30 min, &
50%. 70%. 100%H] ZEERE MK, KSR T4,
MEFLE, AOWEFEHMENEEREREY
W& F B 4% (SEM, KYKY-2800B). FREIEX
(EDS, Oxford Ins.) 4yH7iss: By b2 A5 40 36 1 R
HITTER S R EH.

3 “RSifH

3.1 FRERBENEL

316L AEH4H AR TE R SR K 5 K K T 3%
MRS mE 1 PR, AT, FERREK,
LI 5 d W, TEMBEBRA IR MELAR
R, BALRTE -024 V EA, BEHEAREE KB
B, HFIIRIE 8 d ARBFEI—MRENB. TEXHE
Kb, REMAT BRI —ERETE -0.25 VAR,
KERS TR B AR D, BLBTHEK A SR U R A

0-2 r

0.1+

Natural seawater

00} ™~

s. Ag/AgCl

E Nv
ocp

0.1 F
Sterile seawater

/

_03 1 1 I 1 L

-2 0 2 4 6 8 10 12 14
tid

02}

Fig.1 Change of OCP (open circuit potential) of 316L

SS with time in natural and sterile scawater
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Fig.2 EIS of 316L SS immersed in nature and sterile sea-
water for the different time. (a) 5 d; (b) 16 d
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Fig.3 EIS of stainless steel immersed in natural seawa-
ter for different time. (a) Nyquist plots; (b) Bode
plots
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Fig.4 The corresponding circuit model for EIS of stain-
less steel immersed in natural seawater after dif-
ferent days. (a) no-biofilm; (b) with biofilm

Table 1 Parameter values of simulate circuit of 316L SS
immersed in natural seawater for different time

t R Qv m R, @Qp n2 Rp
/d /Qem? /uF /Stem?  fuF /Q-cm?
0 2879 - - - 59.28 0.8348 6151

78.84 0.7352 6393
46.74 0.7229 1.216x10°
23.13 0.6802 2.472x10%
27.85 0.6802 1.658x10%

2 2165 34.54 0.8906 1405
5 4.644 58.57 0.8568 2996
16 4.199 28.82 0.8902 4826
24 1.201 21.88 0.9153 1705
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Fig.5 Polarization behavior of 316L SS electrode im-
mersed in natural seawater for different days

Table 2 Parameter values of 316L SS immersed in the nat-

ural seawater for different days

t/d Ry /kQ-cm? Io/uA-cm—2 Eo/V Ep/V
3 53.3 0.489 0.382 0.592
8 144.2 0.181 0.452 0.714
26 126.6 0.206 0.515 0.632
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Fig.6 Cyclic polarization curves of 316L SS in different
conditions. (a) in natural water; (b) 8 d
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Table 3 EDS analysis of 316L SS before and after immersed in seawater (mass%)
Element C Mn Si Cr Mo P N S O Fe
Before immersion  0.02  0.92  0.69 16.28 10.03  2.16 0.028  0.015 0.003 0 69.83
After immersion 4.03 1.32 1.64 16.09 10.05 - - - 0.720 3.13 63.03
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MICROBIOLOGICALLY INFLUENCED CORROSION OF
316L SS BY MARINE BIOFILMS IN SEAWATER

LIU Bin'2, DUAN Jizhou', HOU Baorong!

1. Marine Corrosion and Protection Center, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071;
2. Graduate School of Chinese Academy of Sciences, Beijing 100049

Abstract: The microbiologically influenced corrosion behaviors of marine microorganism on 316L SS were
studied by the immersion experiments in the nature seawater using the open circuit potential (Eqcp), elec-
trochemical impedance spectroscopy (EIS), potentiodynamic anodic and cyclic polarization curves, scanning
electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS) methods. It was observed that
marine biofilm was formed by microorganisms on the surface of stainless steel. It was confirmed that ., of
316L SS in nature seawater shifted in noble direction nearly 450 mV. However, in sterile seawater, Eq, was
stable in experimental period. The presence of marine biofilms on the stainless steel played a role in inhibiting
the initial corrosion according to the decrease in corrosion current densities obtained from the polarization
curves, the increase of the polarization resistance (Rp) obtained from EIS and the increase of the pitting cor-
rosion potential from the potentiodynamic polarization by the comparison test of 316L SS immersed in nature
seawater and sterile seawater. It was suggested that marine biofilm and its metabolites improved the superficial
anticorrosive properties of 316L. SS by inhibiting the anodic dissolution behavior of stainless steel.

Key words: seawater, biofilms, 316L stainless steel, ennoblement, corrosion inhibition



