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LRNERE, FMESCHAREMELAEERE, BOBH B
FLREEREFCIRELNBRHEISRESART, BHEEL
WG, AREEREMEE, BkRE BEERBMPERK
Yo RERS B I8 S BURT FR

B BaRE
%@W%%%"ﬁE@K%@%%%k%ﬁ%ﬁ@ﬁﬁ%%&Zﬁ
B A EESRRYEAERZ A - RS BRI R BIR
, U&BXE, eBONGAERTFMPRERET:

M > MOt o D ittt erreeeseasosnsnnoansnssssss (1)

%@ﬁﬁ%ﬁﬁ,%?Q%E%?Z%&ﬁﬁﬁﬁkﬁ%,&%%@ﬁv
f&(anodic reaction); MAIKE —ELBTERNRE—&RMTRER
BTz (cathodic reaction):

* EUSEBEEREMHIERERERRKEGR
* Bl EBEEREMTHIEMERBRR
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- BEEENZREESY -
-gEE X A -

AEc¢BEaRER—BEFHEE, FRAREEIFHER BEXER
—&LEE, RERERE—ERKE BTFHRERIERTEERE
- Ml — AR AN EEREE, THE0EE (BB ERSNEERE
ZET - IS ERRTRMRFELETR:

Zn + 2H2+ — Zn2%*t + Hy b oo (4

(R Z K HE T 8 53 5 b 5 52 e s o 1 < S P -

IN = 02t 4 2 vieitttt ittt (5)
9H* + 287 = Ho voiiiiiiiie i iieineiiananeansronnns (6)
=
- +
LN H |@| H+
24+
Zn::% Zn @ %E‘D
NN + &l TH
+«1 lzn* A H

an+ H* ; Ht

! f

Zn—Zn**+2e- 2H* +2¢~ — H,!

[E

H— RAREH
2 BEss

HEWMBLEY, SBETREBAEIMTEARE, RAHFEE
MBEFHIRE, SROEETEE—ERULOERR - SR,
S—ESEFHEMERT, PROENERET, THEETELE
e (E=), MERTFHRBNRAEERY, ¥ETVHIBRERETK
BN EETFRRERT, MELRTFAHRES TFHUEAPR
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- BEABDI MR -
- REW ® R -

HrH - BRSBTS YA, AR A SE B B A 6 OH - T B R R 14 BE SR N,
HEERER TUEREBEEIERZIARER ERERBEES
BRERRRE SBUErRFASBERZTEY - RERE - ED
- SBBEERHMRKENRE - —HEDRE— B ATE R R BRUE &

Jr
Y Anode Cathode _—7'
e e
Fe™ @ H
| ooml ® ®
W
He
on- ® OH-
F Fe® H H
Fe* e e
_ OH- H* H*
OH . ”
OH~
- _/

= ST (FetORBERSREER, BFRERTHEIESE
HEHETFHOPHORHESR

B ELEREMRMMNERS(galvanic series)

£ELBEEATE, £BERRETFHSELSER (half-
cell) BEEXAEHSBHEEEEEHZEBMNE - RAELR, 2
H,—2H+ + 2e- w4BEREZBUSSFEE, S/{BARK, FE
ERai/, lEBasER BEffIRRACERRARREME, &
ESBo EEEREMME—FT - EREHEEMREESTC, REME
M (activity) B— BHRFAISZFHEA -

PR EEBAEHESBEE ST K, Lﬁﬂﬁﬁﬁ?ﬂﬁtﬁﬁﬁﬂ
EAEREINE  EESBEREAMSBERANEMES, RELSR
SELEEETRAREE SFEEENSBAIRERRE, SRIFEX
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- BREEBYNE RSN -

- RBR® B OR-
B— EHESESHE(25°C,UEESERERIEHREBM)
= & K R %ﬁf % i R it %ﬁ:m
Au=Au’*+3e” +1.498 | In=1In""+3e” — 0.342
2H,0=0,+4H*+ 4e" +1.229 | Cd=Cd**+2e" — 0.403
Pt=Pt**+2e" +1.2 Fe=Fe’ +2¢” — 0.440
Pd=Pd*+2e” +0.987 |{Ga=Ga’"+3e” - 0.53
Ag=Ag*+e- +0.799 | Cr=Cr’"+3e” —0.744
2Hg =Hg ., +2e” +0.78 | Zn=Zn**+ 2e"” —0.763
Fe*=Fe'+e” +0.771 | Nb=Nb’"+3e” —-1.1
21 =1,+2e" +0.535 |Mn=Mn""+2e” - 1.18
Cu=Cu*+ e +0.521 [Zr=Zr'"+4e” —1.53
40H =0,+2H,0+4e” | +0.401 |Ti=Ti*"+ 2¢” —1.63
Cu=Cu®+2e- +0.337 |Al=A1%"+3e" —1.662
Sn™*=Sn*"+2e” +0.15 |Hf=Hf'""+4e" —1.70
H. =2H*+ 2e" +0.000 |{U=U>+3e" —1.80
Pb=Pb*+ 2e” —0.126 | Be=Be’+ 2e” —1.85
Sn=Sn*"+2e" —0.136 |[Mg=Mg*+2e” — 2.363
MO=MO*+3e" - 0.2 Na=Na*+ e~ — 2.714
Ni =Ni**+2e- —0.250 | Ca=Ca**+2e” —2.87
Co=Co™+2e" —0.277 |K=K*+e" —2.925
TI=Tl*+e" —0.336 |Li=Li*+e- ~3.05

MEEELBM(EYD) 2HRBE° ZHFREK

TESETRERE, EMARRIITHERERMEN - RIIIHEIES
BRASHERKMALBRIIZTAAEEERF - ILERIIXBEREES
F*5l(electromotive series), MIRNEFHEREBRREABRKEE
ENBEL DENRCERURERIMRBBRMNFRE, JIAR-Z
BECEBAEEZESBANRERS - T4 R HH M & B E LR
AfRE B R E, WHKRMALBRIIEFTE

MABRIIS, REEHERNSE, BERA - SBHEAAS
RESI7, SREKAARRELTE R  BHSBRSD, L—o8
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- BREMD KRy -

- RER

" R -

HUBMRFEME T2 EME M TER - 87 ISR a1
B, SAEET (Cut ) B & b Re A7 R I T ] 8 7 170 558 DR A <2 B o
FEERBERCAEECREMNERMERE -

- SBESEE/KIMALERT]

I B s (B 32 I )

T (FE M)
=

W &
op
g

## (SL1b)

& &

Wﬂvﬁﬁwﬂt—/\l%ﬁﬁﬁtﬁﬁﬁﬁm
)| it
op op
3

i (T

=\ (concentration cells)

E-RAESB NP OREAVEMEZERNGAEREARCRESR
t, MB=FT, ERNSBUNSTRENMEELEZRELERM,
MkFELEERBEEE], SEARFEERERENEAREEREE - &
REMZTEAMENESR, LTETESREEZEM HIANEREER
B—HEKER—ERAE, KABEIROE-BFBERBZIAE (
i) R, mMoaASE&(EE)NESFTRHAR -
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- BREGHDZEMENY -
-RBE 0¥ AR -

B= RESHBCHBERESESCEREEPRKSETAELR, B

TS -
h ~ BIKEHE
XRWATESREE, MAOWHAEZEEEK - BT K
RECHERKRZERZEAK -
AEEEEEKEE THIEY:

N = = I (T

RSB TEHAKBE LA ZEER

- BREBRE, TEfRELsA(NaCL) -

- BEEX - .

pH EEAEEHE -

- Bi2®@gE S (buffering capacity) »

- BRERR 810 -

- HSEERILEYMEE -

- EEWEE, TESRBMBEY (nicrofoul ing) A0S K &Y Frk

B #H, REFEY (nacrofoyling)NBE - HE - REKSHE
B -

HPEERREYE - (LBREVEW, EHERE - BE - XE

R BN, LEFEL - BHRBEVER -



- BREGBY IR RIEA -
-RgE ' & -

WATTUBRSELR, HPINEXTEAGIEKESE9. 955%,
ME=FH - HAXUEAHTFRERS, BAZESERREOTERM
REEEMER, 0K FARBATHEEREERTRE - ¥ATEL
B (salinity)®Re, HEBEREEN, BENFMFERIER
ME, BEfie/keg(%), RPOHFCRARETFRHRREEIAHET
, BEBRETAERRELCY, YERFAEFCERLEIIERZSAL -
YKL CREC BER1023g/], MEeBECNEEFRBEYETE-35%
M, WkZEE  WEERpHMENRRN - NERBKRETH - 8K
<~ pH{EZET. 8-8. 3, ¥AKZpHEBLAIREREZCORRTELHEE
TREERTE, REBW KRERBEMBRRKRE, TREECRRS
ERAMRE - AEBRRBERBEARBKIASZEETELERTR
& RA2ppn - WARBE—BRZUERY), BHETHEHESNEDHE
DRE, BELEESEED -

k= HEE3ISAYKELCZHERK

BE

#H Bk gkg-1(%%0)
Na*t 10. 77
K+ 0. 399
Mg?+ 1.290
Ca?t 0.4121
Sr2+ 0.0079
Cl- 19. 354
Br- 0.0673
F- 0.0013
HCO3- 0.140
S042%- 2.712
B(OH); 0.0257

WEEY (bacteriological activity) BRi5&Y (fouling) H& R
CEMPEESEE  c £YAMEREREECHEEYE, BERTFIE
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- BREBNC WY ERE -
-R@Em =B R -

MiEEY AEHEREMEAEEERN, WNKERSE - HEYE
EMEIRE, LRERR, BEHREY, FLELVREER—ETE,
FEREEHN, FEDENGFEYVIRNEEFZREE - BIIIERE -
B~ A - M - B BERBAKES -

BAAREEMEERISE, BFECEER(-3C, BREMEI
CBRERFOAER - BAZHENRME - RERREMR -

BEMEZEKTEEEEIHRATHR, HREETYEBEREES-
10%, EXEBFREZLEANERRL, TWHETRTEBLES, EF
RBAREAMETAR, NEKRVBRETH, Gt EaEERL
, BEVZEFRERENRY, DBCEREEDULELES - BEE
RRCTEMBEE - FREBE, BRHEBRTOUEIRAGTEY -

BRESEFRAREEFS, —BI¥ BERREHLBRYNES
RMEET - WBY(BRE - BRBORTEEEHYE, 5 XKRKRERK
BfTEECMEREYERE -

BRIE—REERRESRABNEK, TRIBFERERZERARRAE
AEREBE, MEHAENEERE ol - EVERERFETR IR
B BEARAKLALREEESRSUENRERIZ B, RRFREME
VAR R B TR ERE -

P B R RERRR

BHNEEERSE, $RAYEERMNRYFERE—REZ
BRLFTIERR, EABETNEREERCBFERMERE -

— ~ ¥4 Eah(uniform corrosion)

BEETR, CRATRESFCEEXEREER, MESBREZ
YN EM, THELESHE, NE=FT BYESRTERBRETMAZZ
HEOBEMTREEEETR —BEBELMcGEBE, REVKERET
B -



- BEGHYIRERES -
-RE® 0¥ & -

BaREeh

— -~ {mALEEa(galvanic corrosion)

ERETRASBEE—ER, YSBTEEHERT, BEBEANER
BREKREBEZ BN EFEEMMERS - RHRERERARERH
SBES, REETESBEMBETE - BRI ERE/ NBEBRAABE
ZEE, PIMNRABRSTMEMAE, METRRELE H LSS E AT
e N\ AR -

EAR {MmAEREa:
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- BREEBYCRMEYA -
-RBE ' R -

= - M E/ (crevice corrosion)
USBEEERNRRNESHCHBEREBRE, R IILEEK
WA, i E M (concentration cel D/FATIERERR KA
RBRZ SHBERIIEDERCEEEM - FIIIRBRCESRE BN
R EELH, BNt Ak (

B 7% ) e

- T B £

\\-ﬁﬁ%ﬁﬁﬁ

T e =

S

ianliils-y g

79 - FLAh(pitting corrosion)

AERDESREFEIESERSB A, ARTFERHESER
BEoEHmEREE, BSSAMNSBEME - ERESE - RIENHE
SEETMEHCSBEEBERASENENMBE(EB)RERBMNE,
R, W/ BEESEEMTERAL, FLaR—EIEETRACEM, &
BE—ERe SR L, ARILATRERETERE BERLEEER
M ERAEHEESNSIBE BT R - LM R EEOE
BRR -
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- BEEBYCWE K -
-REBE B & -

F + + + + + + +

-~ g et (erosion corrosion)

EEMEBNARRKENERGTBNESEBRBEEE (protective
film) W&, HEREABEESHA, WHRCHEREEKKFIEIHERKE
(BB EaERIEHE, REVHERLERENMRR, HEBNHE
BAERBHIEBETEE, HRCTLERERE, SBETER
WEPE—E, R@(cavitation) @iz —H&, BEAEHEGRGER
ZHEHEBR -

7N~ FESIfEfh (stress corrosion)

FENREMBREREMERSBCRERBREEN R - OB
BoORENEe S (stress corrosion cracking) X EatE 2 WA -
FESERhc FENBENAMERM A BEFRECBEEN - B/ \AREERRH
FHEMZCENEMER, BEEVPRBRXFESARBAATATE -
BB EERRFERZESE IR, HESHRE—ESREE, E&€
REa e RSN, BMAKEEARBIESHD, NEHOCET, H
EEFHRTHEEESBRCEE -

~ 1-11 ~



- BERBYCRMRY N -
-REE 0w & -

ey
(=

B\ FENRAEHE

- BEYREa
¥ EAREREDERNMS, B, T5HE, fHeskesttERA

REXME - BEYDUZERENESBRE, FEBREELER

#= 8 (oxygen concentration cell){Ef, BRINEWME HIRFLAL

- —RFASESTENEZTELEY, RERTHEERBERIFEEBED I - 8K

AEEERASREBEZHACERELTIRELY - KE¥MHEZREK

SRS EEREMNE, BERAEWE, BRNEEEDER

ETEENEATNEREEE SRR - M E M (bacteriological acti-

vity) R &VHEBZEBMEERK, BEYAIERCHEREERZH

B FEMREY, FiEEBEE (sulphate reducing bacteria)i&

MBREERREAEEERCFCVEHERIEETH, AEHENEE

Y RNERE -

BEYBEMBIEAESR:

()5 E8E: RHRASES - M- & - REEFSEWHENTER,
EFBESEACBRERBYETMFIEEEMIKNE - BEBK - =
SERFRBREECUKRATSESCBRERECERESYE
BHEUR - BFEBRRIRIGH S, BUHIEBENCHE - BERRK

~ 1-12 ~



- GRAVBCRMENM -
-REBE 0 O® &K -

T —ESocnct BRI E—ERASECERBMEREYHESR,
BRELRHEMEEE, TERXRBER -

(DOFREH: ERBOFTERRAEAR, REERAXARKN - DHR
HWESHRAREKERFBCRARKRERET -

(EOMHRE: RRESCERKEETRBLEYEMHE, SN
RERBEMZHE -

(EDFHAfh: SERRMEBKETEHTARK, REF—BRFEABTHR
BRISEREY - RABREGMEERE LBEYNE, HHEERILE
R E TSR S A - |

2K~ BFBRAGEIEE

—BSRL GRS TR EERRL, TR RIAER, BORE
YR - EH - #B&E (coating) ~ REBLAE, HohLIRRERES AL &K #
BEEAPBEERME, EBERMERTEABEENH, =EE
st HREGMRENE, BREHMERERRENSBEERERE
, UZEFIRBHEN, HEFRBERMCETFREARELASN, —ERE
SNER, S—EEFIARERE BAFMSEELTFERABKEE

R -
Aluminum
alloy anode -

EH T REBREBEIREEED

~ 1-13 ~



- BREGBDIRE RN -
-REBEE@ B A -

HMEMEBEZAREBEBZEE - 15 - 4TS  BIERESESE
HRYRKRHL  ASESEREEMEESRE, KUK
EE - BRERAMAM 2 A &R % (cathodic protection) R &
A, KRB RIS MRS (sacrificial anode) RAMIEHIE (im-
pressed current system) e

BARKITRABEBBCENREEERE - TS Tt
c SAMEFERIHEEERE, BEMEE; ERAREBBERREAES
CWINEBYCTE, ES2RFFMECRE - BEBEEE - 1§
BE=HE, HESEFHTES, ERNREERSEYERESS, &5
SREFRBRELEFTEARBESEY -

EEEiE s HE, REREANEZ.85V, Cu/CuS0BEEHBEN, 1B
HEEBTRERANBEEEERESE (Ah/ke), FERREA - BR¥XK, H
MRBAEEFREEERSETECEER -

BECEBYHENGES B R EERTIISEE:

- EREECHERBENEE -

C M ERKEBRPZIERER, WEITEZER -
CFHERRAEEASCBESREE -

- BEBRERMAER, EREREETERI0nA/0? -
- RITHENREE S HEGEEL -

== I

~ 1-14 ~



WREREN T REEN AT Y
hERESES HaM - &

W B B
BFH *

S \HES" £PWEill(biocorrosion)"

—_— E"f]‘
EHEEVERBLEER  ETSENFTBRAS - EERHNE
VEETERAHEEEYENRACER - EERVEREBRES
R EEEARNBREYEM EVERESENHEEESENREE
VEEEERYERE2EME (biofiln) EZHAESIRN » TMELE
Ve - EYEBEREERYERHREE KK AT  TEZBME
VRBEME LN E S Y (exopolyner JFTHER - &VEEHRABHE
EEYEREEAEHCER  SYELSREEEYERE LCHED
RECBHHBIEE ZEE (nicrobial community) @ EEBEASEMHE
AUEERRMETHREAS B EEESEHEHERNEFTOFERR
HEEE-—MERENENERREELEY S - EBEYENHEEE
LERKBEAEYEMESEEERAMN -

[

-7 B

BHARRLAEEBEHAKICERERSBREERR  &—
EENELIBREMEEN—ERE - EIRE  £WEAPEHIERR
T —/NEHRNEMERTNE - WEMEVFRESICEM—ERERER
REEE "H"ME MAESREBEEREARET - Von Yolzogen Kuhr
B Van der Viugt@R{EHIUMBRE FERELEKENERER
a8 - Bt BEEAREERFREHMMMEE, P LHEL£E (netha-
nogen) JREREAAAIERAMN

* BNREABEBEEYHARFABABREAR

~ 9-1 ~



~&n
- @

-]
*FE-

= -HEZHE > ERWERETISE (heterogeneity)

E—NBRZYEREERAKKDE - FAOKK P Z M ER & b h I
EFHERAEL  EBLEHERE -—RFEERGPR—LIEE - BEEL
MEHEZAHLETIGE  FEREEERDEBRIUKKER - EXLER
o KBEASERES  HRNPRECHEARER  C&BREHR
KBEERERREFREHE - BAREROMAERSERS > M
EPNERZEBUSERY (ME—F5) - REZIMRERERZ
CEORARPVRGE  MERAREGZSREEA ST REE - it
AR —E (ME=FR) - EEBREZEMEN T TSR
MEMLERESBREVREY  WEFENELHEERMEY L
- BREARCHEERAETHTREAMIREEBLRMEVERZS
RERE  SRBREMGEE - Mk > ARMEYZEREEERF
BRUERBREME @ InRERE  ERELGSEFCRIE - Rtk
RE—SENKEP > BREWEDREHET -

EYBERCHBEHEBR Microbial consortia)

ETRMIRE  TREBREM—BAE > BETSZARNGELSEHE
E  EEHECHKREERIKEER  SEEAZHENTEESE
R—EEYE - EYESH ILEENEE I AHEDEREKKRA »
HEREVERANHEYNEE FPRERE  EREREBZEa -

A - FiEIEE (Sulfur-reducing bacteria)
MEBRECERBIERAYBEREMCHBCEE - BREMRZ
BREE  HAKEERAREHNERBREEVERACZEEE - ETIAEWD
R BEAEREEMM" B TFRES" (electron donor) « FiERE T
LIFIA fumarate > acetate » propionate A EEfER B FRELE - Bt
REbmBEE RTHAHERBETFRESHN, AT ABRS EM(LEY
FRETREE B RERBBRHZHMERE - MBERETRH—
ERFEEEYERIER - Pl M TR Ess e BEERER (0HE
ZFR) c EasEETUBFIERFRERES FRZEERRERS r Bt
ik TEREBHE( - TRXEEA < EE LT FERDHRPEF N AR

~ 2-2 ~



-EN R M -
- 8 F % -

ROEEME - B4 —EEBRAFREBLEREMELCHHERCEE
- L BRFLE W EE REBB LML (cathodic depolarizing agent
) ZENNBENFR) - EMBEFEET  tREGFHESERERHT -
EREBCEBHEH HMETIEESB BT MERBERE (
MEARR)  EFREENESEERECEBMERACER, IZEE
REZHHERBRECRERATNES -

7S -~ ES R Z & (Hydrogen-producing bacteria)
HEHEERERKLEYREELER(NERFR) ETE

BPERFERZIHE  AEMBTFHES> FEELERETE - BRER

BEREBZABRRRAZEENKENGE—SZRBE -

+ - EBMIE (Acid-producing bacteria)

—HEHEEETHTHRRBRTEL LS WHT SR EEEBCESE
HEEPEEREF A CHER  SRVBRREELEE LEREXK »
MEKRERRE LREENBRBELRE (pH gradient) - BZ EWHE K
SERETEEXRREBCEREF L AERRERE RBEPRETFE (W0
BEAR) - BEAM—EMERECladosporiun resinae FrE LRI
EEREHNRBEETRE CEREMZER - Little EAREBERDY
—RmEPEY » isobutyrick isovaleric acid E3&EHL 201 nickel
brazed jointfBRi R - EXHMEBHSBREZHEBE - FHE
REBAERBECERELFH KRS BEMRE  MREBEHEZ
TBEMREE -

A\~ #EBFRME (Iron reducing bacteria)

SR ME T AP S (nild carbon steel) REZE L&
REBE > ERREZEZHBILZOEAFRR) - 3EREE 2 Pseudomonas
ALFA EEMFREEMERETEEETESE  NABSFESZ
L&YW B, (lactate) MERMIF - ELEMENSERMA L - £ER=
FNZEFe 0 M EB—EHFE MFEZ TERERR"KERA"

~ 2-3 ~



-ER
- B

o -
% -

(pit) F—EBBREZHKTHEBERE  BEEEL - BREFEAT
FVERE - T EBETELE EEETEELLEEFERET
A EM pipeBal - SEFREMVEREMMEBBE P R/NEE (tu-
bercle) REEMEpiver NERE - ERHM/NEER Y HBR M
B %A Sphaerotilus natans® Gallionella } Siderocapsaf <& -
Gallionella K SphaerotilusBHlEFHETELRERE IEHAKES
EHENESBRE (WBEAFRT) CERETFEET  EGRESLBARE
BB AEMER" @ "ZBK -

- EVERANEERRESEE R (netal concentration cell) B7$n
HZAR
EYERSBETCEREPROBETERBEBCEBL - £VIEK

NREHC BETF R » K2#EE (binding) A& BEE L EFRE{ER

MTFoEE - FEHE  EERBMERERNEBZIETS -

+ - Ha4 B & (exopolymers)ZET R & i 1~ 359 E (heterogeneity) Brin
HAA

&8 FAKBANEEEETEE TR Z SN RS (exopolymers)
s KEME  EXRERMESEELRAZSDAS - RARSHEMS
SMERTREE  BESHEEEESBRE - TRMEEEEZ R
BEMLBBEELTE @  KERAIHEEECHATEYRRY
EMTRKEBETFIRERSBETER - FACRBLKEETHT
FH - SHEZREEERELCRASEDHEBRNEENTRE -
NEELE—BLEEL FREFARESE  FRAZEABRSHRAS
FMEFZEAATE  E&BARELCEMERATR—FER - AR
EVHLEREYENAERBEDERE KT - EEERHEVRE
BN ESBRECEY -  —SRAERS "HE"WHEERREY
BEABRSREEINLSERD -



-—E R -
- B F %

A MRBRERFEEVEMPHAINEZAR

jll

— R
EHZERBERNRITEBEGRECEYEMEASR REFHER
HEMBERRE —KHEREEREAERE I BHUREERE
ZELZEALURTLBEELE - AN ERBEELEFERBIR
= MEBEIFANKE—F - #ERTERERERECHBREEEECIE
CEEBETEREVER - BAMREZIEEBUREEMEZARAOT
Fratt - .
(B EY"HALR" CHDBURNMBREECHE - MASEEAZIER
UFRREEMERARECEEER -
(CNBEBEREFERNECSBRACERENEYERN - EVER—
BRELERNVER  C2EHE  BAZREWEPSURERY(E
ERMEY) - HFEIVWEEERRTSBEEN - EEREANERZHME
BRiE (nicroenvironment) T R EE S » HBILE2/EARER
KHEE -

= &

RHaR—EFeLFAEEEe —LELE2FRAMERERCESE - &
BEECEE A2 REREZELE - URER - SRIFARIER
S EfIgRER - PH(nild steels) ~ THM, LR SHEE - 41 - 4
LESREVER(EEHFSEMEMRFSEME - 40 Gallionella
#F2E B E (LA 3E » Cladosporiun EETRRE LR ZIER) - #
RUREMRARRCEREM > BEEMEMZEE - EY - BB
MBEARSRMBMEE —1L o BORAT B BR{L 2 58 S bt T S 28 51 2 At £
RRALER -

= WMRERHELYEM
REHMEIREEXBEENAEECEMBE RN > FEARRKEE

~ 2-5 ~



-EmRE -
- -

RA{ERERIER REREEL - HEERBHRARIHRECBRET

FRONFWLEREY  YHEERMERSBRE L RER -

C&EHEER

HEREFREZEHREE  EfATHFRAHRFARRREFER
RERETERZE WRBRETFIERELRET TRERETEMHAK
MBRKILEMREDNESY  EFEFIACREFTR - ReegflAEfs
ERREES FERRBAEUTUE(LERAUREEHFEFRERERS -

h - BREZ B

BRERERCHATERRFPEECEBEFRAKKS - &8
REREFRAERHET  EEETFEFHREBERIK - UTZ/LEATTL
HEMRAERR B+ -
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Fig. 1. Oxygen concentration gradient in biofilm caused by respiratory activity of microor-
ganisms
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Differential Aeration Cell
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O2 + Le” «+ 2H20 — 4 0H"
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Me0 —» Me* + = —> e-

anode cathode

Fig. 2. Differential aeration cell resulting from heterogeneous distribution of biofilm-
forming microorganisms over the surface
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Cathodic Depolarization

8H20 — 8H"+ 80H"

hydrogenase

8;—1’+ 8e~—»8H >LHy = 8H%+8e”

ke-

Fig. 3. Cathodic depolarization of surface due to utilization of hydrogen by hydrogenase-
producing microorganisms )
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Cathodic Depolarization
(by production of sulfide)

S0 SOZ

Fe® + 2e” —AL
anode cathode

Fig. 4. Cathodic depolarization of surface by iron sulfide as a result of respiration of sulfate
by SRB's
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H,0 —> H* + OH' HS (SRB)
Il {
2H* + 2 ¢ —>2H > H,
+ 4
RCOOH —> H* + RCOO '
HHHHHHH
i
"(Metal surface) H

Fig. 5a. Hydrogen embrittlement caused by sulfide generation by SRBs

HS' (SRB)

'
Glucose —> organic acid + CO, + H, /> 2 H
'

(Hydrogen-Producing Bacteria) '
Clostridium '
Desulfovibrio s
Desulfobulbus '

HHHHHHH
:
(Metal surface) H

Fig. 5b. Hydrogen embrittlement caused by hydrogen-producing bacteria
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Anodic Depolarization

2H* 8H+S02" = H,S+ 4L H,0
) i 2 2
FelteHyS — FeS+2H \

Fe0

Fig. 6. Anodic depolarization of metal surface caused by reaction of hydrogen sulfide
produced by SRBs
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Acid Production

4 _
CH3COOH—> CH3C00™+ H*

- + Ca*+ HCOR + H40

H*+e~ —H [CaCO3~CalO), |

-
e-
protective oxide

film on
stainless steel

Fig. 7. Acid production (organic and inorganic) by adherent film-forming bacteria with
consequent promotion of electron removal from cathode by hydrogen or dissolution of
protective calcarious film on stainless steel surface
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Metal Reduction

lactate

{ anaerobic respiration
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acceptor I

protective
iron oxide

Fig. 8. Iron production by anaerobic respiration of ferric iron associated with protective
gamma ferric oxide film on mild carbon steel
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Metal Oxidation + Precipitation

3 CI™ (charge neutralization) 4 Cl-

+

11205+ Fe *+(OH)-

Gallionella
Sphoerotllu:l—’ /2 02
Crenothix HZO MnO»

MnCl
v 4

4 o2

(OHT" + Fe2* Mn2-
1 )

Mn°

low 02

protective oxide film
on stainless steel surface

Fig. 9. Iron and manganese oxidation and precipitation in presence of filamentous
bacteria. Stainless steel pitting in presence of chloride jons concentrated at surface in-

response to charge neutralization of ferric and manganic cations
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Fig 10. Generalized Mechanisms of Corrosion

Metal loss during corrosion occurs by the passage into solution of positively charged
metal jons at the anode of an electrochemical cell. This must be balanced by transfer of
the excess electrons to that part of the metal substratum which is cathodic and where a
second reaction can absorb the electrons. The simple, non-stoichiometric, equations
describing aerobic corrosion or rusting of iron would be:

Fe = Fe + 2¢ anode
120, + HO+ 2 =  20H cathode

with the subsequent formation of a complex of iron oxides and hydroxides as corrosion
products.

In the absence of oxygen, it has been hypothesized that protons (4) or hydrogen
sulphide (5) might serve as electron acceptor at the cathode:-

a) 2H* + 2~ 2H « H,
b) 2HS + 2e -~ 2HS + H,

with SRB subsequently oxidizing the molecular hydrogen, thus both preventing polarization
of the cathode by adsorbed hydrogen, and giving rise to sulphide and the potential for
metal sulphide corrosion products:

4H; + S0,2- < 4H,0 + S?-
Fe?+ + §%- <« FeS

BaERSBCER  EBRWEENSBETEAKBAK - &8
BEFLEEZEFRAINBERE - UTERE(LEXRARHEMRHEER
SBNZIBEER - ERERRT » EHETFTREFRBETTEREELE
FEZE HERRBRETUMALES  BETEERASNET -
MBRIERFAREEFRILEB-BMNIEEL -
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DIRECTION OF WATER FLOW
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Fig. 11 Diagrammatic representation of a natural adherent biofilm in which bacteria (open
circles) live within a continuous matrix of exopolysaccharide made by themselves and by
their algal symbionts. The diagrams speculates concerning processes within this microbial
biofilm, where diatoms and blue-green algae (cyanobacteria) are physiologically integrated
with the adherent bacteria. BG: blue-green bacteria; D: diatoms; DOC: dissolved organic

carbon; LC: lysed cyanobacteria; MC: microcolony

EYENHEEEE—CHAREES - HETHBRVFEDEA -
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X Antibacterial agents 2 Organic nutrients
o Digestive enzymaes

Fig.I12. Modes of nutrient acquisition and protection of a bacterial biofilm. (4) Nutrient
trapping. (B) Primary production. (C) Formation of a digestive consortium. (D) Exclusion
of antibacterial substances
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© Ruminococcus enzyme
o Fibrobacter enzyme

%

NG - “ Products of enzyme
digestion

Fig.[3. In the bacterial digestion of cellulose, Ruminococcus cells remain at some distance
from the substrate surface while their enzymes initiate digestion (B). Other cellulolytic
bacteria (e.g. Bacteroides) adhere intimately to the substrate (4) and detach vesicles and
enzymes that cause a focal pitting attack. This attack is accelerated by the metabolic
activity of noncellulolytic bacterial members of structured consortia
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Fig /4. Corrosion ecology of SRB
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Fig./5. Cathodic iron sulfide colonized by SRB
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] ZFARFAEGTEEEYHNEE (Redfield. 1952)

PLANTS H W 614
Bacteria W & 37
Fungi E H 14
Algac B ¥ 563
ANIMALS B 1,344
Protozoa IREEY 99
Porifera BREY 33
Coelenterata MR BN 286
Platyhelminthes R EIY 12
Nemertea SR E Y 11
Trochelminthes W % 5
Bryozoa ERER 139
Brachiopoda B2 1
Anneida B o4 108
Arthropoda 2B 292
Mollusca Lod-- ¥ k7| 212
Echinodemata BN Y 19
Chordata HEXREY 127

K2 BHEVRSFHEMEFELBE (Redfield, 1952)

¥ OB EBELEYVEE BBEEYEH =R d¢))
BEEY 8, 000 614 7.7
e b 3,000 33 1.1
7K LS| 3,000 200 8.7
e %% 1,000 12 1.2
% B & 3,500 99 2.8
S+ EL B ¥y 3, 000 139 4.6
B R E 5,900 90 4.0
& % 5 9, 000 115 1.3
X % 200 50 25. 0
i = 300 60 20. 0
iR A | 3, 000 60 2.0
S # 700 116 16.6

* IREBIGAGEDIFT R R 3EH -
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] SABRIEHREYESERE RSB (Hutchins, 1952)

gl (B | B|&| 8| F B8 | RI2H
i il f2 : % - B O(THRA
|4 | B | | & | K| B|M|KR |8 O#®
BACTERIA M & 37 37
FUNGI e 2 12 14
ALGAE BE
Diatoms EE 15 2 2| 27 6 75 111
Bllue-grcen HE#i3 7 6 | 20 32
Green Fr R 24 4 | 24 ] 89 8 1 19 127
Brown B 7 1|35 ] 53 1 23 88
Red LM 9 80 |126 7 26 205
PROTOZ0A R &8y
Flagellates W HH 1 4 5
Sarcodina HAH 3 3
Foraminifera fl & 35 8 43
Ciliata BEH 3 1 5 33 39
Suctoria ;e S 2 8 9
SPONGES i@y 5 13 6 1 1] 19 33
COELENTERATA EE iR &9
Hydroids 7k 18 69 6 { 12 [171 | 12 | 31 g 3 2 | 30 260
Hydracorals 7k 4 5 3§ 1 1
Alcyonaria EB% 1 1 1 3 5
Actinaria ¥ 4 1 1 8 1 1 6 12
Madreporariaf 5 & 8 2 8
FLAT WORMS R4 1 4 2 5 12
NEMERTEA 4 1 1 3 2 ] 11
ROTIFERS ®H 1 4 5
BRYOZOAA AL B ¥ (e ) 54 2117|2113 ] 20 1 64 139
BRACHIOPODA BEE &h%y 1 1
ANNELIDA BE#$y
Archiannelida F{E 4 1 1
Errant Polychaetes 10 3 14 16 4 2 13 44
(BFELSEE)
Sedentary Polychaetes 9 1 11 20 1 1 1 30 55
CEZEE )
Oligochaetes ¥ EH{ 4 4
Leeches K8 4 4
ARTHROPODA £ X &h ¥y
Copepods 1 E X 7 7
Ostracods 1% 5 5
Goose BarnaclesZ ff | 12 2 8 1 35 5 50
Acorn Barnacles# 2 41 3 6 | 27 2 2 2119 60
Amphipods U2 11 2 4 | 41 2 4 15 60
Isopods EEH 3 17 1 3 24
Deceapods + B 6 3 71 39 2 2 26 76
Pycnogonids¥g 1 & 1 5 3 8
Insects BH 1 1 2
MOLLUSCA skf&shiy
Amphineura ®#mEE 3 3
Nudibranchs# & ¥ 2 16 | 13 1 13 32
Pteropods & 2 i 3 1 4
Gastropods [ 2% 4 9 |17 6 26 58
Pelecypods #4851 35 1] 14 | 27 1] 18 6 11 47 115
ECHINODERMATASE fz g1 %7y
Crinoidea ®EHE 1 2 1 1 3
Asteroidea B E 1 3 6 1 1 7
OphiuroideaiE 1 2 3
Echinoidea ¥ 1% 1 1 2 2 1 1 5
Holothuroidea¥g 2 1 1
TUNICATES #EH (¥¥#)| 23 6 [ 63 | 29 1 1 3| 55 116
FISH 21 4 2 5 11
& &t 374 | 34 {306 |837 | 98 {166 | 10 | 14 | 13 |655 | 1964
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R4 DHEHBBFHREYESNER

| pa1i i g
Bacillariophyta(Distoms) - 1 73
Chlorophyta s S 1 23
Phaeophyta ® = 11
Rhodophyta O 8
Cyanophyta E = 2
Protozoa RE#SHY 4
Porifera EAREI Y 18
Coelenterate fe i B 4

Hydrozoa 7k 48 3F 34
Anthozoa i 3 55 12
Ectoprocta S ILE Y o7
Platyhelminthes RE8Y 2
Nemertinea 519, k] 2
Nemathelminthes BRIEEY 1
Polychaeta %EH
Erranta B = 65
Sedentaria T B 43
Sipunculida 20\ 2
Mollusca KEEY
Amphineura & i R HE 2
Gastropoda Pk | 41
Bivalvia L 3E ] 71
Arthropoda HE Y
Cirripedia ERE\ 33
Copepoda BESR 1
Ostracods s 1
Tanaidacea AREE 1
Isopoda ERE 12
Amphipoda i | 19
Stomatopoda OB 1
Decapoda +REGE - B) 32
Pycnoggonida ¥ B iR 1
Insecta B = 2
Echinodermata B 11
Tunicata HERGER) 20
Pisses A B 9
= Exg 614
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#5 SHREYWERE (FEBE 1964)

= gl R e =
I B E | AAERE, $)RE
(Mslv)
— K E
(Msl)
—H B — RO B B BER
(Ms) (Ms1f)
i B8 B | EXREH
(Mssv)
HE —/N B
¢)) (Mss)
B B | PUEEE, SEigeE, BYE
(Mssf)
X H fagmis, ToEER, KEE
(Mt1)
—® W
(Mt)
N OE INEEE
(Mts)
— ¥ R BE, KiE, EEdH
B Cg)
© ‘
: F R | E8RE@ERER)
(Ccsp)
g ®
(Ccs)
—f - Bk B R | BEEALESR,
(Ce) - (Ccsm)
it FRh, BRHE

(Cct)
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x6 HAEWEHREMEE(—EAR)

& v B 3

2

B ORMIAOR E|H B EREEEREDHE ) %

B b4

m ® B | Sk | P ERTE | dh O ALE | = | SOk |86 | ek | 5| R

(kg/m?) 1&)) WojE |E BB I8 RE BT | REE OB %

EGEE | 6 4.30 100 13 |86.7 3.20
HRETE) 6 1.75 92.5 14 89.5 3.20
8 W w4 2.60 94.0 5 83.3 3.80
RILOg2| 10 0.35 98.4 3 3.22
AHLmglr | 8 4.50 98.6 23 55.6|35.1 3.18
2 %) 6 0.41 90.0 2 99.8 3.19
s | 7 0.45 95.5 15 31.5 49.3 3.90
ROM| 4 2.40 100 6 99 3.17
w®uBo | 7 6.10 100 9 99 3.27
wEYAE | 10 0.23 82.3 11 83.6 [3.10
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I

i

4567 I 2 45
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1. i% % 45 3% 484% (Hemtsche, 1922)

2. £ 8 f 35 25048 A3 (Visscher, 1928)

3. £ B 7 3% 1004 #x (Visscher, 1928)

4. % & A5 3% 4814 4% (Kuhl-ziesemann, 1936-1939)
5. ¥ i % k3% 4644 Az (Paspalleff, 1933)

6. LA 2 5k 3% 1154% 4 (Kuhl, 1934-1955)

7. W B A ASAK A5 (E & ¥, 1960-1980)
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