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ABSTRACT

Microorganisms growing on surfaces perform a variety of metabolic reactions, the
products of which may promote the deterioration of the underlying substratum. These
reactions refer to microbiologically influenced corrosion (MIC) when the substratm consists of
a metal or metal alloy. Microbiologically influenced corrosion has been considered mainly in
anaerobic environments where sulfide-producing bacteria are active. Von Wolzogen Kuhr and
van der Vlugt proposed a cathodic depolization process cused by sulfate-reducing bacteria.
Since then other types of microorganisms, including aerobes, have been implicated in MIC -
In the present paper, mechanisms of MIC and corrosion prevention are discussed.
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B~ RIBE « EEAT . R K TGRS KES
BUMEERBIMERESR , SHREEE
B MR T - BRRKREEHIER
—JEEFER RN TIE , R TIER S R
BB TR, MEREHEIEEE A6
FERRT - AMBEAER , BMTEAAL
BBEREREEZR , BAEABELESHT . &
Ny TEREFRSNEFEEE - EAEEHA
B, RRBRUIEEFEEM , MHEEEREN L
TEBENHEE - AR BRESREE S BT
RS R ) B B B R BB B A B SRR
SETHEMANSESR -

At , BIERERBR1992F %M .21S0
92230 — KRR EER B EE AR , AR
HAKRE S FERE , DARRERE S E R
R B R - RBREAE , LUK
AERIBERAFEESERA N HZEEH (1SO
9226) » BEHERNHEHHEERBMELESR
HI(ASO 9225) > BNAIIH A R e R E & BRIE T
AR, BRBER 1 MR EasERE JSO

9224) , ARG EIBMMREE 5 2 Bz E

B - TAEMBURATKR S EHELUE 1 8
7N o

RIRISO 9226 B FI K RIZHEAFBERE SR
o, REAFEHEREBRAN » KRB F BEH
RUBHIGA  RET . RENE . BEME
WS - #7858 R BBRHES—F o MIERER
HFREEERERE - K4 “Wire-on Bolt
Test.” R BRAKNSEIMEA , BFHE , MERRE
BRI ERERBEEEE , REMTARE
BEBRNERAE  TMAFEI9NEEEES B
EHERI00BEBRERAMREA R » RN HE
ALAEER -

= > CLIMAT TEST

CLIMAT TESTRH B HERERRAIK ,
DB EEBER N BENEETE , 19554
ASTM  Gl116-93E ERFEERFSTX® - CLI-
MATR=H CClassify Industrial and Marine At-
mospheresfIFEHIK - HAF RS BIRERE
FEMEER L, AEEELBES “Wire-on
Bolt Test” -

1 FRARMEERNZE - FREABRRMES

S B EaRE
5% B 2 R B ik & i $8
1 ¢/(m? ° a) r<10 r<0.7 r<0.9 Negligible
um/a r<1.3 r<0.1 r<0.1 —
2 &/(m? ° a) 10<<r <200 0.7<r<5 0.9<r<5 r<0.6
um/a 1.3<rg25 0.1<r=0.7 0.1<r£0.6 —
3 &/(m? ° a) 200<r £400 5<r<15 5<rg12 0.6<rg2
um/a 25<r<£50 0.7<r=2.1 0.6<r=1.3 —
ca &/(m? ° a) 400<r <650 15<r=30 12<r<25 2<r<s
um/a 50<r<80 2.1<rg4.2 1.3<r<£2.8 —
Cs g/(m?*° a) 650<<r=<1500 30<r=60 25<r<50 5<r<10
um/a 80<<r=200 42<r<84 2.8<r<£5.6 —
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BEITREC, RBEREA-ESBERAE AT
RIS R AR L B AR PR BB AR H S
E Rt BT RE R A B AV A A B B 4
¥ (microorganisms) £ B E 8HAYBIEH , B
Z-EBREENAT - HEFFSEek T2
MEMBRERRRR  CETHE , Bl KA
TR ERAS A ERE R BEMED R
T, BEGHSBEeEREEREE
R, AR R e B = R R BB : , BEH
BN ZLEE -

ZEREEZ R E

1. AHE SRR R AR BR 5

HEEe (MIC);E—E4F » REBERH
HEA (bacteria) FIE $H (fungi) 5 | BRI S BE S - (B
BIRERTER » BRI EENGEE , W T SBE
FERFENE(CRRIE , 5B INESBEehH
TR - BOIRER , ME - MEMTUFERLH
TR & BE K FLBH (pitting) » FEWBRER « 185
W HEE. B BES . B8 SBUK
RCH#HE - ARSI HEE , AMEEENRR
M&EEER , BEERR  THHS=KE

(LHEE ~ MEES B R T R 5 (bio-
films) » AR EBWEKBERFEHEZIBEE « pH
ERMHER - BEYWE , SREMERTRE
A B E R E 2 R EM (Differential  aeration
and concentration cells) o

(CHIEE  MEMTESBREETHBEAS
ELEREEBREY , SREBEEREM

BEREHRT » HRBREME (WS
FE)ETE » EREHEB L (cathodic depo-
larization) R AR AL KA LB EEahE
Y, RSBk o
HWARES , ME - MAEVERSBERE T NENA
&

1. §EMEERA - EiF €M% (aerobic) M B B 4

VHEESBRER , EMEBEZEE , HIEBEE
THEEEIEBEE » RS (oxygen-def-
icient) Bl ; WEBHEESEBNS , 255
#i(anodic) X FE , HER RIS EL o

2. 8RR - RERENEE  NRER
& (sulfate—reducing bacteria » SRB) A F| &
B FERS T E £ S RETH RS, BRRE
EBHR  MEBESENERRIE -

3. REBEEEHFA : BESMERESHE
RIRE) ) HEFESBRENREEZNE - E4
BREBRIHES, SBNSBREARRE
HETB/NER B » HI3E R e o

4. IHEIBIRIFIA - 3L B 28 57 PR AR 53 09 38
B R F AR FE AR ETSE, U
BUE R B R Ak SR AR (R EE & B A IhBE© o

5. BER BB WEL  FZEFENME
Y, HFBRAHEBHNRBEY TS EEE (1
B ) R EHE (UREE) c EELEEYES
RECEBERAER , MIRMEEERERILT
EL46,

6. REZRBEMNEL - HE - MEVES
BEERE GEBBEEFRERTEENS
B EESRMBENERGSERTEE .

7. SR TR - BERRABFNEIE
nt (ATH.SRBE ) "I SBMBET U1 , s
&8 E B o

2. {AERE(biofilms)SEFE £k A4 BR 1%
MEENEFERRMETARERFEE
BEAHE, AFEEEHKRZEE - HRHTER
HE BB E S Mextracelluar  polymeric  sub-
stances (EPS) - HREPSHETE » RETHWEE
MREE R Y E S, MR RAHYRE R
& > AR BT 7 S8 % A R T e A g
71® . HPE—EERENREE , FETRES
EREBHERMNTS NS RESEEER
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ZHEE , DRkEESBRAEL | ERIEMNT
B, EEEFNCLENE - SHERREEERE
BRI RR (R LR AN %R
DFELFHEREEESBRE  gERER
EEHRHEEZRERE - MLEFESSMHE
SBMEAER , ABEEEBHNTEK , fLekd gl
BEESELISBRERES
CHIBEBE AT EEME , REREREA
HESERTERNES , F&EElERETEH
WEEBBE » BFIRKEME (anaerobic bacter-
i) ETE - Mt HREMBRITFENMBRESES
e R EY , EREMHE RS
BEBICRIE , &8 mEEe -
(EER S ELENREY (polymers) TJ B
FHAEERBE PR TFROEE, WREBREEERE
flsts , EABEEZREN , BRRIEM -

3. HEEMHERS

HARE , BEWLDEFEERREA . 8K =
2. EEHRESWEES (WEHEKC
280EARE , HEREBREERRIUETS
#Ho) o EE e TIEAT2 & (National Associ-
ation of Corrosion Engineers » NACE Interna-
tional) #5251 5% Bl ) B 2 BRI A5 I 2

(1R 1L B E B (sulfate-reducing  bacteria,
SRB): ML ERESREMEE , AEEESR
R T ST HEKTE - BERER TEMERRHE
55 B B A5 o O R L SR I R T BRI R S B FLER
WEERBARCBNEEEY  HEERBELHR
1. B JH B R A B BR B (sulfate) (F B BRI BE T #
2, EELEKEHRILY (sulfide) » B
L4 7] 1% & B O B AR 1L B £ Rt #i(iron sul-
fide) MR EBBER - HPEREBRLHAR
EFREBEXREHEENSRGHEMICBRERE, XU
BERER EEL , EREBEeGE 1) -
VAR, FEERLCRERENEBEE , RifR

FEEBENEL K ESD -
5 [ e 4Fe—4Fe’ + 8¢~
KB EKE 8H,0-8H*+80H"
Res i [ fE 8H* +8¢ —8H
(=Yt e SO¥ +8H—-S* +4H,0

IR EEY) Fe** +S?~ —»FeS
3Fe** +60H —3Fe(OH),
H 5 FE : 4Fe+SO:™ +4H,0—3Fe(OH); + FeS

+20H

ARMEREENBRT , SEFHREERBRE
PFERMPEMY , AikCostello #19745F 1R
Hoo , eERL R IR 6 E 4 MR R (hydrogen sul-
fide) » TREBHW T EXHE (2H,S +2¢ >
2HS +H,) » T HE AR 5 il 58 £ 88 FR 8 Y
HEE o WA EHREACEN TR, HREESET

W sy
: D 0. 0. o, 0, D
' D AERATED WATER D
D H,0 = H*OH" D
% ’ % D

D 0, 0, D :

“\ b \i\ \
N\ R
.

- c e -

DO AR

B 1 GRS R aE

Fig. 1 Sequence of corrosion events involving sulfate-
reducing bacteria. (J.W. Costerton and Joe
Boibin, 1987)
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B HHAENTRERENEE » ARBREN
BIRKE > DRk 89 DT el o

(2@5%’@%%&%&%(slime—forming bac-
teria) : R BE B AR E LI Hig 8 —HE
RIBAEY) o NS E A AR B 25 58 o 1 3R mT
HMRL—EE . BX L, HEREELHH
# Bpolysaccharide capsuleBiZexopolymerfIi
R, ERERERNEE - RERBEBEREHF
SRRE , EEBRMBET , EFEBREEN
BEEZEMWE 2) - NACEW FEl & H 8k
TR » BL¥8 tH Pseudominadaceae » Enter-
obacteriaceae > Micrococcaceae s FlBacillaceae
WEERATY R E BRI EE , HEERER
B, EERNARAFYHESE , BERERL
B o WA EMBEESBRERN , THEELRER
B, BRI ERECET , BRESHENEE
JEEk o

(3%¥8 E 1L B (iron — oxidizing bacteria) : &
tERFEMEE , BNTUEEEEEE(<0.5
ppm) ERFFET IR - HHAERRKEA « ¥
KT AUk EG , EEREETE , HE
EBEANRG , TESBEILHEKE - ENE
B EEER=ENEHT -

4FCC03 + 02 + 6H20“’4FC(OH)3 -+ 4C02

NRESBRE , KERBENHEE (coating) -
L EEREEERREYIESR , AIEBRE
EEM, LELREEN, AAREMENE
7o

(4)EA , BEEENEE  BENEERE
TS IE AR B A » MR T L
SHREMEMBEEENERE , FeBRITAeN
BEEREL -

= HEEREIBLE

1. CORROSION CELL

He
\ Ve Existing corrosion cell rate
Ho— Hp } \F.Z* Ha Hp limited by cathodic and
[ ‘wc anodic polarization.
2. so, Org ) H,S SO
C, \‘ /HZS Pk W 4
U U U Fa*! U [] U SAB coloniza cell. Increasec
\ electron density dus to

cathodic depolarization.
Sulphide depolarizes anode

FeS precipitates in biofiim
and on metal surface
increases electron ftux
even further. { Larger
surface area )

Very large cathode : anode
area. High electron flux.
More concentrated pit due 0
encroachment by cathodic
FeS + Bacteria.
Chemolithotrophy in boftom
layers.

B 2 HERAREELANHEEESBRECEEN
BEEREM R

Fig. 2 Nonuniform (patchy) colonization by bacteria
results in the formation of differential aeration
and concentration cells where areas under
respiring colonies are depleted of oxygen relati-
ve to surrounding noncolonized area. (Gaylared
and Videla, 1987)

SR EBIE SIHFERT (Electric Power Re-
search Institute, EPRIBR N LIS
%, B REE , 2 EES , k%
BRETHERBROYWE , (4R A RS ek &l
Bl GIBITH GBS EH , F(6)EIEehE K
B, BRI BB o RIT B EELS
FERREBERMARE >, BEMERM Y RERTR
FENME ERARERENSBEEREY >, W
BAATHAES - WA . R AIRE - KRR
. BmiE . B BREHARE, RURE
EREENBRES , BRAENMEDNE
bR EREE (stand-by) REEFE T BIEHK
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RABKE BN BRI W > N T BRI A e
BREETNRIE  EREBREE . R ERRE
RS BRAOFIAE , B TEPRICEB A B (10
RIFRSR ) > MBS SRR « BREBERSIS  HIE
FEERE - HBEHE A% REBNACE"HEPRI"™
ZRE, M -
1. WRERET
SEREANRMERE  Be B igREs
RS ZH , (FEREANBREE , RS
5o P B MR T RS R M S B FT BB M
DUE H R RHRIE RS AR o RS E %
AESBOREE , QBB S, QIERNE
B OCMAHE « ABRE . SRRk B 1R
e\ LIRBERER)  WSBREIRYNE
(R BN, DUR(5)EBE Ak R BB R
BHEY o A EEE , SREEM T
LUREIER , T8RS EOTEE , LR
BEGEIURIERR » (PRI -

2. BRI

PITRGEERENRAER , FESBHY
R EAYE o HepE RIS BERE1ERANL
BE , 2QkREBRER  MEERSHRENRE
KRG o Hot » FIRBBREEYRIT -
B PIERTHRCANEEERS , BEE
ME MM EY S EE BRI -

3. Eahagkesl

EEeRERES  BEEENEE
B, SRR EME ERTTRY > (20K
B bE LR E , DIRQITERE LRYES - &£
KEEE AT » B2 EE NRE R (biocides) » #E
B E B (biodispersants) ~ FEEHHINIFIA (corro-
sion inhibitors) > PR H (deposit control
angents) © EPRIE % > BEBINEEER -
CHLORINE

HYPOCHLORITE(e.g., Sodium or calcium
hypochlorite)

CHLORINE-DIOXIDE
BROMINE(Chlorinated)
BROMINE-CHLORIDE
HYDANTOIN(Halogenated)
HYDROGEN-PEROXIDE

OZONE

ALKYL-QUAT-AMINES
POLY-QUAT-AMINES
FATTY-DIAMINE-QUAT
COPPER-SALTS(e.g., Copper Sulfate)
TBTO(Tributyl Tin Oxide)
GLUTARALDEHYDE

PHENATES/CL-BR

ORGANO-SULFUR
METHYLENE-BISTHIOCYANATE
ISOTHIAZOLIN

DBNPA (Dibromo-nitrilo Propionamide)
B-BROMO-B-NSTYRENE(f-Bromo f-NitroSt
yrene)

DODECYL-GRANIDINE
2-TMB(2-{Thiocyanomethylthio}-benzo thiazo-
le)

R E A

FATTY ACID AMIDES

NONIONIC EO-ADUCTS
ANIONIC-POLY-EO-ADUCTS
TANNIN-LIGNOSULFANATES
NAPHTHALENE-SULFANATES(Nonyl/phe
nonaphthalenesulfates)

ALKYL-SUCCINATES

BN HI B A

CHROMATE

NITRITE(Borated)

SILICATES
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ORTHOPHOSPHATE(Concentration as
PO.=)

POLYPHOSPHATE(Concentration as PO.=)
PHOSPHONIC-ACID-SALTS(Concentration
as acid)

PHOSPHATE-ESTERS
MOLYBDATES(Concentration as MO4=)
ZINC

2-MBT(2-mercaptobenzo thiazole)
BENZOTRIAZOLE

TOLYTRIAZOLE

VIRV S BER -
POLYACRYLIC-ACID-SALTS(Concentration
as acid)

POLYMETHACRYLATES
MALEIC-ANHYDRIDE-COPOLY (a
mer)

POLYMALEIC-ANHYDRIDE
POLYCRYLATE-ACRYLAMIDE(copolymer;

sulfonated styrene should provide similar re-

copoly-

sults)
FIE L BT A AR B BRI, RUERER R B
SHREHNEEREOEHARE -

E— RO BERE 5 - MEYRNEEL
FREMEREFE , ZEERETHMAIE
BATF , TREZEEMERMNVER - HIHE R
HEeh B AR AR , DS REER TR
BE, ARBASREZZIWEE -
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