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Abstract

Objectives: Taking steel immersed in seawater as the research object, the change of biological process
during the corrosion process of steel plate was studied. Methods: During the experimental period,
the physical and chemical indexes, attached algae, attached zooplankton and attached microor-
ganisms were monitored. Results: The experimental results show that: 1) There is corrosion on
the steel surface by seawater, and the corrosion area is concentrated in the range of 4~12 mm. 2)
The early biological attachment is random, and the attachment with strong movement ability is
more likely. 3) Algae and protozoa with good fixation ability subsequently attached and became
dominant. 4) After soaking for 1 month, the number of OTU on the surface of the materials ranged
from 377 to 577, with Bacteroides and a-Proteus accounting for the highest proportion. It was
found that 3 kinds of bacteria accelerated corrosion and 4 kinds of bacteria related to the repair
process. Conclusions: This study shows that a variety of organisms participate in the corrosion
process of steel materials, and the movement ability and fixation ability of organisms are impor-
tant factors in the corrosion process.
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1. 518

WPV MO RS2 BIBAF L MR TT AL PR SR G R R, BTSN — RT3 DA B B
[1]. 1) P9E(Conditioning layer) B . FA4iR Nilg/K b ih e RN SRR — ZHZ 0. EE .
PSR O S H AV, BT, 2) AT . A B A S i A e R T s, IR
IR G A A A S AR TR b, TR A . 3) M AR AR S A . 4) KBS AR
H5EK,

WP A (Marine fouling organisms), 2fEE BE AEKEMIK, 153k, s k—IAN T
Jiti b, X NG TR BN = AR R0 I B AR YA AE M) R [2] o HEETS PR AR R A DA BT 3G A= o 2
IR BV, HAh R, OFRANR. MG v 2 KB 1SR DR A R AR S 2 5 MES I £
I125[3]. Hh G =R R R M BRI S 4544, B B 2R el A5 Ah i U B AE R, e
WE R, MR EEE R ) — RN R A, i, MES%E[3]. RREKES
U EERES R, HBRREHEE S A E. AV TR R R AR, S AL 2 N,
M SZ M R ko AT WS AR S YA S G Pl Rt X M E EE S B M RLHER T

T R 0o Y B v A P JE b BE R, ot T R i R B o AR ) AR A A L A LR B
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AT LR T I WU 5 (0K, TR AE BT, R KR 1 AT, LA
FE RSN B TR0 25 T ) 1 9 S T 52 A 00, DA S it o B B0 00« 3 B 35 B0 1 S A 00
DU T SRS e AR AT RS A B B, A A e B, R ik TR S

2. B 55%

2.1. AEEESHE

2017 4 4~10 F, AEIRDIKIE S e et St K 4R S e ARSI PTsk RO R, 9P b e 44
K, &R 2 g, SRR LYY Y 210 mm. BEEER N 148.5 mm. MR 508 AL FT A4 y—Hh, R
¥y 28 mm, HEJY 105 Kg. MEHR SN A2 MTA3 y—H, BN 19 mm. HEKN 9.3 Kg.

2.2. HmAIRESME

B A NIRRT RFE, RFE IS AR 4% B E IR ORI K B 28 77325 (2002) 3K
BT [4] PIFRFEFF K FH DAL 284G R A 71 1) H19829-04 #7722 LB 55 K M A (K #6654 pH . ppmDO.,
S, PR, WEMIEER SR B SRR E SR A B B A R A4 o B
(GB11894-89) . = M 1) I 52 K F B R % /7 ot o't i 72: (GB11893-89) « i IR h 0 K 48 #h 4 M 6 B vk
(HJI/T346-2007). F TGS M BB AA B} b I HL— & BORE S T 0 AT B 5 (3828 s ANy s SR8
F NIBIS B E A EA S I R A S S R A s ARSI IR E AR S, &
FEARRIE R PR A w6 R S AT I

3. &BR5WiL
3.1. BB

W 1 o, BEFUIRIHE K ER L L pH R SEY) BB PR AN RS 5E  HhE (psu) &L B iE I £E 30.98~33.53,
IR EAAE 25°C~31.34°C. W EFabR MBI R I T BT, AR MBS RR B AN

Table 1. Physical and chemical index of water body

T 1 KIEBIBLIEAR

izt 4 H 5H 6 H 7H 8 H 9 A 10 A
pH 8.83 8.38 8.7 9.07 8.78 9.08 8.95
ppmDO 331 ND ND 321 2.01 2.09 5.94
ms/cm 48.73 46.8 48.76 48.13 49.25 48.09 51.32
ppmTds 24.35 23.39 24.38 24.05 2461 2413 25.56
psu 31.66 30.38 31.65 31.18 31.95 31.27 3353
ot 19.65 19.90 19.20 18.80 19.00 18.50 22.50

°C 28.63 25.00 30.16 30.17 31.34 31.19 23.92
Psi 14.64 14.63 14.66 14.60 14.52 14.67 14.77
THER & (mg/l) 0.417 0.381 0.474 0.437 0.647 0.458 0.707
HE (mgll) 2.398 1.005 1.057 2.075 2.791 3.163 4,298
TR S (mll) 0.041 0.037 0.057 0.033 0.045 0.033 0.039
AT (mgll) 0.054 0.043 0.075 0.040 0.045 0.059 0.063
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3.2 BEERGEEMTE

BoBAs i 1 poR. SERRERAEERET, 5 A6 YA ARSI EE v E S A B EdE, TR
XS XTECJE ANKER DL, BEE I R OHERS 1 b (3R TV R SR T W 2 R AR, W IR ZR B RE |
Pl v A S W R B i A T MR AR AL . SEEG DU BRANAA R I 2R FERENE 2, R WD 1ot 3 S5 ik o 1

ki HENHE.
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Figure 1. Sample peak area of the flaw detection waveform

B 1. R E A i X S8

orMr 5 AN 10 A S, Sk EE . FRREAE 4~12 mm (XELE, BBLEE T g, SAM
YU KI5 AR o A JRIFR L3 Ar e AR B P S NS A AR IR FE T 0, ] 2 o, A FEAELAE 4~5 mm AIFE 5~12
mm 57 B X 18] A F AR T A R 3% 18 Ak 28 T AP o 4~5 mim X TR] FRg e g — AN B S5 (4 2 T R AIE
s 5~12 mm [X [AIFRUE g R B0, U7t IR GOR RS . XU, BBORBOREK T, AR SR TR
FEAE, FERLRIARFARE T H MY A, A NS I i, e A e 22 5, B A Bl — €

FEE B AT

S R AN IR AR KT, KPR R A R R DTSR R ER 2%
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Figure 2. Flaw detection waveform of four pieces of steel
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3.3. MIEEPFE

B 5 A2 10 A4 Lok, BRI G E, BRI EAT 4 17 12 )&, U8R 12 Fi
(% 2). Hrb, BEDINEEHET 2 NE, REEMWEERRE: 58178, WERE. LR, |
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Table 2. Changes and distribution characteristics of dominant adherent algae

* 2. MBMEEEIOTN

KigEw MEEE MR HLEE HEEEE SRR SRR NERE SECRE EFgE S mEE s

4 FH4y Al ++++ +
A2 ++++ +
A3 ++++ +
Ad ++++ +
5 54 Al +++ ++++ ++ + ++
A2 +++ ++++
A3 +++ ++++ + +
Ad ++ + ++++
6 H4 Al ++ ++++ ++++ + ++ ++++
A2 ++ + ++++
A3 +++ +++ ++++
A4 + ++ ++ ++++
7 A Al +++ ++ ++++
A2 ++ + + ++ ++ ++++
A3 ++ ++ ++ ++ ++ ++++
A4 ++ ++ ++ ++ +++
8 Hp Al + ++ + ++ ++++
A2 + ++ ++ ++++
A3 ++ +++ + +++ +++
Ad ++ +++ +++ ++ ++
9 Hp Al ++ ++ ++++ +
A2 ++++ ++ +
A3 ++++ ++ ++++
Ad ++++ ++++ ++++
10 A Al + ++ ++ ++
A2 + ++ +++
A3 + + ++++
Ad ++++ ++++ ++++

PR ++/0 R+ I+ (R 2T

HEPEAE, 4 AR, GRS, PPN R ERE R AR KR, R
HEC R, HTRKEBAHE, TUHBES), MRS AR R SRS B R A SR
FEFEI TR EER . SR ST UG L AR R v B LG R BB RS 70, — B RFS IS I8 45 D
SRS . IR R AT LR SR P TR R R T 2 WL, BT R 2K[5]. M 6 A TS, W
TR B I KR I E B A4S . AR I A R R A 1 T RE T RTS8, iz
AR R VR RSB G (1] B SCEE[5] [6]7EIE 3. TR DR Edih X fr il &5 (1 & 2k 0.57~214 g/L
() 22 AN B AR KR, BEETIBER S, R E MR SN, BT TR DU T DU
NE, BUBHAME R, TR T B A A RS T 400, (62 REmt 2R AL B . m] L7 %
b BV R B B 7 3 A AR SR B BN R e THT, B S PR A4 [ 5 % 0 R B 8 ) T R P SR AR
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Table 3. Changes in dominant attachment animals
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BEAh, WEFLRNT, BN SIS Bl RE DB ARG S I S R I EAT B, SR S RS B 178 B o
(¥ PR S AN SR (1) AT R I S ARS8 LS A — A BN S kb B AP 5 ol A s
NRIXEETT UG -

35 WEMEEEN

Wz 4 Fios, PERRARLR A F U BT T 15 15.83%%) 32.65%, =T MK 25 [10]EE AN BN £ TH
AT T 5 HE(7.40%): a-ZB TR 5 23.61%%F] 36.25%, T MK HEEEAEANEAN R a- 28 T 1 15 b
(72.30%); y-ATEHH i 7.45%%F] 29.94%, 1= T MRAHSETEANE MR p- LI 5 H(2.1%); KoM G
7.08%3%] 21.09%; HuAth 15 2.56%%] 2.93%; A3 Hr HERRA R R R AP AE W EE ) R TE ) JRBEFT R
eBIEH, i e-BIE B o L (1.85%) /N T BR /K R SR FEAN B AN R T oL T 1A 5 L (18.10%) [10].

Table 4. Proportion of each microbe on the surface of the material to the total colony number (total 16S rRNA gene)
R4 MRREMERENE S TH S BEEHALLHI(R 16S rRNA EE)

%' AT BT FEEI ORSER WEE pRRE ARRRE EETET Kl

Al 38.61% 2.37% 7.08% 27.39% 21.62% 2.93%
A2 24.04% 1.98% 2.01% 23.66% 25.43% 20.17% 2.71%
A3 32.65% 21.09% 36.25% 7.45% 2.56%
A4 15.83% 2.57% 15.92% 23.61% 29.94% 1.85% 7.57% 2.71%

ICHA[L0] 7.40% 72.30% 2.10% 18.10%

ORI A A, S i 5 8 SO R A R I AR B AE S LR b S A A= 0 0 AL
4.72%; A2: 3.81%; A3: 4.89%; Ad: 10.67% (/%] 3).
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Figure 3. Bacterial diversity in attached microorganisms associated with corrosion and repair processes

3. MEMENHERMEEESEARNAES T

PR TR W B 25 26 s i i A4 7 3 F, Sulfurimonas_autotrophica_ DSM_16294 (i & 5 i 4 J&8
() 474 Fsl), Thiomicrospira chilensis (i34 % J&), Dokdonia sp.. Sulfurimonas autotrophica DSM16294 (fi
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TR R R I SRR, BRI, APIR, HREBE TR, ATREBRER AR, RN 2 5 iR
FIFVERRAE IR B A= 25T BE[11] . Thiomicrospira chilensis(B i iE B J8 ) & AN 40 2 T 77 48 () — F Ak BE 1 3740
W, ER—MEESIIAPIRE, BERME S TG, Wi, SRR H LA R TR, (EAREERIE.
B LR ARSHEN R IR LR, IEASHENEEM[12]. Dokdonia sp./&) VZ AA1E T-HEFEH i —Fh s AT Bk
AVERIE BRI TR A R IR, B TR RL, & B A AR S P L o R T AT AR K [13]

BEAh, BRETEE E IR A # AT 4 R, Altererythrobacter sp. (32 # 77T ), Balneolaalkaliphila,
Marinobacter_salsuginis (i #F B J& ), ¥R 1& % B Pseudoalteromonas sp. (232 & # & J&)
Altererythrobacter sp. (32 & 74T B8) il 23 WA BRI E29, & — MR IR 18 Y e i, L LA Bm e /18
LT TR JER A 1 LA B 0T 308 43 A6 WIS 77 0 463 5~ e e (P it 52 2, 7 T 5 ThT B AR VB AE 1) S FH A AL [14]

Balneolaalkaliphila, Marinobacter salsuginis (7T 1 J&) 55 & #1544 TG SRR 2R r@ss, adE
BN B BN BB A AR B AL D R DA R A2 By 1,2-XUHN4EUBERT 2,3- XU UM HE AL A 5% 7 A O AR A7 A1 i)
PEUFRDIR . LR RS G RIUEmE e & FOR AT A S ANV T, R R B R B BB IEE
AT o I BTEX PR b S H B i A G B g A S R ) 25 08, TR T i 3R 2% F T BTEX V5 I B
RIS RS Z AT YA B 5 LS RF[15]. IRUFIEY B Pseudoalteromonas sp. (532
B R JE) 2 M i E R R B M E A, %5 OEE TR R KR 4R R A EE[16].

4. #hig

AHFAIL K, 1) MR- G YRR IR IR X R, AFFE— e BRI, TR Tk X g e 75
FEfH 4~12 mm Z 18], 2) FATVAEVINE BITT AR BOSAT SeJa Uy, 4 SESRAN R A S (1 B A
HLEK, BEhRe RPN K. 3) A% RAFEIFE R MBI R A S RE e T a6 i, BEJe2 e
LI . 4) RIE 1A A)E, MORERIME A OTU #O0 377 2 577, UM 1A o- 22T B o L i
o RIUIEE M4 3 F, SEEEREA SR 4 M. ABTREY, ZMENSE TIHMEE
IR AW IZ B e M RE 0 A T R R AN R BRI R o KT B AL | PR K
BB B A SRR AR ot R AR AR AL, 38/ 23—t 7

E&ImHE
i /K T B TR 3 H (2020014027Z) g AL & ¥R M AR 2 5 AR 7 8 A S0 = (B R

S E 3k
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