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ABSTRACT

Marine transportation plays a major role in international trade and shipment. Being in good
condition, normal operation and port safety will positively influence import-export goods
circulation and national economic development. In the meanwhile, fisheries also contribute hugely
to domestic development. Therefore, physical condition of commercial and fishing ports facilities
and its safety must be comprehensively supervised in order to assure ports in maintain normal
operation, security, and cut loss.

Under the severe marine environmental impact, the safety and physical conditions of
structures should be specifically confirmed and assured. Thus, field surveying, environmental
factors, and maintenance strategy were the main spotlights of this study.

A ten-year exposure test will be implemented in the present study. Corrosion rate data of three
test locations, which are classified as marine environment, industrial environment, and rural
environment individually, will be collected to verify the guiding corrosion rate values for the
corrosivity categories in ISO 9224. In addition, a guideline of “Corrosion Protection of Steel
Structures by Protective Paint Systems” will be drafted based on ISO 12944.

For the above aspects, three subjects were executed in the study. They were as follows:

Three sub-projects were studied. They are as follows: (1) Sub- project 1: Field Survey on
Commercial and Fishing Port Facilities in Taiwan. (2) Sub- project 2: Corrosion Deterioration and
Maintenance on Trestle Type Wharf Decks. (3) Sub-project 3: Environmental Corrosivity
Classification for Structures.

The research was carried out as a two-year study. This year, the study completes the following
tasks: 1. References of inspecting and maintaining facilities for commercial and first-class fishing
ports have been collected and fully studied. 2. Field surveying and evaluating at Padou,
Chengping, South Suau and Wushi fishing ports had been executed. 3. Collecting decks re-bar
corrosion, deterioration and repairing history information, and conducting harbor field inspecting
at No.5A to No.35 of Taichung Harbor, No.6& No.7& No.10 to No.13 of Suau Harbor, No.71 of
Kaoshiung Harbor. 4. Completing atmospheric corrosion test of metals & alloys exposures,
drafting protective paints specifications, and revising the maintaining system for corrosion
environmental classification in Taiwan area.

The research results will provide maintenance strategies for harbor bureaus. The relative
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inspecting methods and procedures can be applied in the harbor-facilities management system, and
will lead to further study in the future. In addition, results obtained from atmospheric corrosion
tests could also provide appropriate metals & alloys applied in construction material and meet local
corrosion environmental requirements. Thus, it could assure all public engineering constructions,
such as bridges, wharf structures, to meet the life-service design or even longer, and avoid or
reduce the occurrence of engineering tragedies. It would also cut down social cost and enhance

economic efficiency.
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72:3}7%» CNS 13753 » & Bl = sﬁ}?f?’ :ﬁjgﬁ%qﬁﬁfé"‘?fé%iﬁl%”

A RV AT R &t dFr AR 2B 245 ONS
13753 (ISO 9226) %R = % & - T 1) a4k @ 22 & & B2 &
(Cu=0.03~0.10%, P <0.07%) » 2)4 : 98.5% 14 } 2z_ % B » 3)4F :
99.5% 2} 2 AR 0 4)4r 1 99.5% 0 F 2. B R o

B. :#5% %+ 1 ikyp ASTM G 50-76> £ & 150 mm -~ % & 100 mm -
E B 5Smm GEE 5 o

C. @#miyfe 1 10 # -
D. PH#FF 6% > TH 12235810 &% &~ = o

B v dc?  UERA SRR R B AL A
BE 22U FEPEIFRIFCEHEFO6T S FH ]
AR 0 £ 96 H Y -

Foidsh B EH A AL AL D FABREZ FE o o8k

TARITHCIETF O R FARERDRERERBRE)E 3
oo BT HETEAEY NS TR IEFERLERTRES
PRI EFR R R R AR

G *FRBHRREXE X § 5 B3% % %35 ASTM G50-76 &
RFEE D HEHRE A FERE S 760 mm o B KR RS L
ERA30°E Y Gea S o RBEEITBEEY BRI

H. fraid 534
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FRAR B AR RS BT L § KRR X RISy ONS
14122 (ISO 8407) 4 B2 £ k2 rh-* § -5 a4

ﬁ?fm’uﬁémwm1i%é$¥%ﬁﬁ%i$#’ £ ipl

iﬁ#F%’TIEAE%ﬁ'}'m%%E%F'& TEHLF e
})ﬂ— ﬁ;"‘i Rcoor'Ef 'ﬂﬂ'\u um/y Z\’I‘ ’;‘L_;% 2};\—&\7—? .

Reoor=AM/ (A 2D 2 8) i (5-1)

B AmSFRAA()
A= 5 F 0 A ()
=% B P i (year)
p=hpHIZ %R (gem’) s 2L B2 BR BT
4%=7.86 g/cm’
$=7.14 g/em’
4+=8.96 g/cm’

4£=2.70 g/cm’

5.2.1.3 ?#Jﬁﬁ;g’?g}*q-
it e
5214 +§EAFSFRELE

BHRHEA RS LERF L AER P HER 2T HH > AP E
& 2007 & & 2008 & 41 = r:%/%‘*’fq LR R L ARE SR
)J_%HF fres:z= < ;F Ji 4B, r]-—i- R ’fﬁ:'{i\.""’: .

I M AFFARBEASAPFOT R Y ORF L F A

59



BB ABDRER D Z o VAT RP R P ER R TR R R B
%
b

FTRAEAS ARES FRAEREFLF AT ETF
ERITHZ L BB 0472 rvUﬁ%@m%*Lm E
HF R en R d R 10 £ g B g F PR e

TR RTEHE - Y FRTFFIORERT - &
ﬁiﬁ%ﬁicéikl“F«'L%ﬁﬁ IRV o ¥ A - S X L
SN

4. BRIHRE S S G R BT A RELE RS > Tk
Bo BARENRTOARELFSBE S BER e T
FIA R B A ens iy o BT R 2 A2 o

AERBGHIT SR ORENB D E 2 X F BT T
&,;{% FLE e * pog o

5215 #EBALET SR

k5 B B0 e s 1SO 12944 S48 > P4 b B2 ¥ % - IS0
12944 & 4 8 B2RA » 4o

Part 1: General introduction

Part 2: Classification of environments

Part 3: Design considerations

Part 4: Types of surface and surface preparation
Part 5: Protective paint systems

Part 6: Laboratory performance test methods

Part 7: Execution and supervision of paint work
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Part 8: Development of specification for new work and maintenance

AP RRHRF A EREEAPARFEL R -

AIFF A S T EF E AR
1-?i§%J%ﬁ%%ﬁ BB ERATL R RS TRRE 0 B
L~ BT LU ME CPRET RS A A BEP UL S
zi2$§_o
LA S
ERP

2. BB R B AZPME - BHEEY kg REF
ﬁi—&r’)}%i}ﬁ \,g%gggr;g‘—k;\ég;fﬁiéjﬂif ST L BRI - - )
¥
=

e
S

[ I VAL- LW S gg\lﬁ\;ﬁﬁrﬁ *sc;._ .

EEN SRR S RS VS AR
PRE> PREZTEELR S Fﬁi;ﬁ,i‘\ﬁ &t e

A
4y

4. Py o257 B MY 2 PR L B R R Ep A IR 2 &
;}7%,\0
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7T L2 RT Y ET 7 2
r ARG // {—*L FEERA L F I

oy / w7

l 2 HEE

BN~ b § 4 ey
1aw%;% PR R
i ¥ _b_k?,éq\-%ﬁ-

—4?%%&%%

Eﬂp\‘?}—kf?ﬁréé |
A8 B AL H

g IR

; | { s aen)
/ Ef:‘,‘%}z %IJ

/ 4 ek R

D
—%\;
“F
P
by
\
5

| | 5 BT

B T R FERE A EH ALY kg

i b 38 % A 4

< F RS i} B
v TR R o

S F EREERE

EEE Bl

FHRERT®R | £ __________

CEIE T ol i 24

E ki
R o

HEEA FRErEH

B 53 3 HITEIALH
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5.3 e;;w:& FEIB 4 7
531 * § F4 iz

Sﬁ)@"' & JF 4 Fﬁ%ﬂ&\éll’gbt’;ﬁwgﬁ}f% EITRt 3 U G e R

FREY EHLeFF L opmitad AR AL EHEFI(UrR
SR CEREY SN A L A T i EFB ad vy
w0 B é?ib?fﬁf,@°3p£}§n:% ﬁ/«:%] ﬁ*/lQTmﬁ;’% A

4

v
A Ad 2 g P ke R RE 2R FEFPA
AP Firays o AP EHE o B ERE R 2B R E B
miEter et B RE R > 40T

Bias & M+xH,0 = M" e XHyO +D0€ e (5-2)
SF oM E R ER MG 0 2B o MY exHO B £ R4S

Lok &g o
s st e BB TP 5 0,4+ 2H0 +4e — 40H ........ (5-3)
LFLP A R (Ao )? o O+ 4H +4e” — 2H,0 ... (5-4)

L F R A TEEART P A s FE
e s pp e o

m,\"

5311 % § B4 i dapE g

A

1. % & h& ¥ A i* (Surface hydroxylation)

ERB A FFRDOE - BRES KEFEAME
L

oo KAFFURELIS T AT RE BEEE



Ago 2R kA S R R adEd 4 P E A5 & 2 § (metal-oxygen)
2 Frendg 2 252 £ 58 & § A (metal-hydroxyl) B s &

2. -k ez Mg 2 e g (Adsorption and absorption of water)

Eiw a é@wﬂéviﬁ é,?gwgy_%p@4,
FTEREREGE RS LB R FREREERER G
@Bz F P arkv A TNy 2 hEe 0 % - kKW

- e
ka3 e B3 (degree of ordering)# % 0 F 5 gk A+ 7 L AR R
Ao ER - kB R arke 3R RYER 2 285 (random

orientation) ; — £ @ % - K% (aqueous film)E & % * 3= BH & 5
& (monolayers) ¥ » B & & cgF (27 — 5 cr- R 48 (bulk water)4p 5 07

53.1.2 4 § Fad? FREK

F WiH

kAp? TR CFEF B Fon 2 RV 3R WS T(F A
RpsR) o ¢ g B §F KA gg e 35 CO,~ O35~ NH; ~ NO; »
H,S ~ SO, ~ HCl - HCHO % # %% NaCl » (NH,),SO, ~ (NH,)HSO, ~
NH,CI ~ Na,SO, £ 35 dr > iz o2tk & a & 5 & ~ &
HFRERENLE LG o

2. AR cnic B
FRCF kY €A S L FAT L EE B I 7 @
P Mk B aokip? i m & x5 ¢ > 40 SO, #& % = HySO;
HzSO4 ’ NOQ@% =N HNO3 A LE'-‘I-'L fj’xm/@u\ ﬁ:;:}; f@ o
3. ¥+ ypeirildzeng i3 f2(Proton- and Ligand- induced metal

dissolution)

~-,
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3. &+ pe¥f(lon pairing)
PEBBIENRME > vV NENARE T RS e
‘-_—- ’ £7fé14g_+ mﬁoi‘}‘_@ﬁ_f_bh’$%¢}g_—+’frﬁﬂ:—+ mj\’?}a ﬁ(,g ’ 13’# /
Lewis fe-d& > 3% » g — a4+ 4p3 8% g5 > F4pF T4+ (the
Lewis base) + th% + #-¢ & £ Jh a4+ (the Lewis acid)®) = & # 42 -

4. k& azid(Photosentivity)

FE X F A EAR G AR R o doddr B Y HS F B
o R R BRI RO R AT R DER 6 R
EBAGHESOERR S 152 28W et a- s ¥4
%ﬂ’iﬁﬁwﬁ*“ﬁ%ﬁ Fll o Tt SHES ARG

vik A o 2 A TG ARIRTUE L o 0 MBS VB OH S A5 5 45
& 4~ (complexes) > 4 A4F & = A - $ 5 Bk £ AT g T %
ok e £ A <400 nm ¥ > [Fe(OH)J4F & 7 07 7 € 45 ) & B
+ o B ERE SO » Filds- kA2 R E VB BB TR A
s -

5. &4 A& 4 = ¥%(Nucleation of corrosion products)

FEGRAEP BRI HRRIIEG L RS HEE A
FIMAD S & BAME H s g B e PP e A

53.13 4§ Faik ¥ FE

1. TR AR E

FFRBET R FRAFPITN SR PEES 2 F30¢
ﬁﬁ’ﬁi%\ﬁfﬁﬁiﬁéiogﬁﬁﬁﬁmi Eé%%&
PR R REAMEFL ML ERMERERIFTALEEL G
ﬁi%Jﬁ » T %f%ﬁﬁ—*r\% P@@ﬂ - @ T B B E RS (40 Q)

G BAEY K BRI (o SO E F 0 FRBAEY KR
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E’: Al ﬁ;{]},ﬁ%?—\;qﬁ FUL Fﬁ\ ’ %ﬁ_’_:j— mf-@ﬁ%%’}ix gi]‘_ﬁ_ ) EIJ_I‘EI é‘i E{j}@d’éﬁé
S R ERCE SRSl SER Ak R A

 FRAF G AN

BEUHRBY O EPAAKIBRESEN g5l BL G Rtk B
BReec®  FaRAF O LIS RGHE= BiEA 5 - Lhnpti
%Eﬁﬁ%’ﬁﬁﬁﬁim@@ﬁ,?:{@ﬁﬁ%fiﬁﬁ%%
BREF G TR SR

*ﬁﬂﬁ’ﬁﬁﬁ%%+%w%»mzma%€¢%maﬁ&ﬁq@@r
BAFR R CE AN R B AAR BRI R W
AoARGHE % o B 54 5 % F KB T LR e
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Process

. . . H H H H H
Dissociative adsorption O O O O O
of water. I | | | |

/
Reversible adsorption
of water.
¥
Electrochemical reactions,
e.g.,
Me—Men++ne= T
70, +H0 +2e”—20H". 7z
- , SO,
Deposition of atmospheric
species, e.g., SO,. _
Dissolution of species, HESoi_i_:' H: + HSSS
Henry's law. HSO,; —H*+S0O3
nnnnnnnm
%
#so2 so;_%—#
Alt: Oxidation of atmos-
0)<|dants
pheric species, e.g., by H,SO4 H,SO,
oxidants or catalytic action H,SO, — H*+S0;
or deposition of oxidized - n o
species. HSO,— H*+S0g
nnnnnnnm
Z
B 54 < 5§ FaiERZ TR

Result

Hydroxylated
metal oxide.

Formation of
aqueous layer.

Formation of
Me,(OH),
or Me,O,(OH)..

Acidification of
aqueous layer.

Stronger acidification of
aqueous layer.

1]

7 kR © C. Laygraf and T. Graedel, “Atmospheric corrosion”, 200014

ARRE 0 APEHBR & A

ZERTEZF P TR R

B F T
< F P EAR

KA g4 f ¢ ndp SR A
}Iﬁ’&-ﬁ“ﬁ}i—r’ifﬁ‘lm’}\i% ’a'ZE’L-F
BPREFRA SR o d 0 RS
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Se
=

‘ﬁ*" Fookm a4 2k o Bl § 3 F Y A gHER
EE-fRRER kAR EEAG A BRTCEF
i SRR A e iR BAL S £ B A TRA 10 HHR
AR A TRA AR EHB AR G 60% 0 i 2 4 BB R B4 6
B2y 5 PIEARHRAE 75%3 80%PF 45 ¢ FIF 4 A 3 & N R
L R I @ A R AN e FIAPEIRR 90%1 P
e aiE F ¢ FIMB LTSI R & AR F L RN - 3230
g SRR ERA S PRA  FRTRR AR 42
50%3% 70%z2 e

ey
vl
W&'

%FN

ez F YRR BT E B A ¢ R RS R
WF g B e P RFESRES A <57 F 5B
BFm o Avid FA S F KR F auRATIE S WA o B4
TR od R R FF B Jx:l;nu.z"s—m1 £ Kk ed k¥
i&ﬁi#ﬁ%‘i’??ﬁg%% }pﬁar)i%ﬂ?m%mﬁﬂ?éﬂw?ﬂ
et A - BRFARFSEL A PR A B TR a4 -
BB R TY S S Ea bl A o d FF T S i
R R FF F 2 B G el et folt ) Foa L G g

(J«
55 E‘)\s\:

‘“s‘?&?ﬁ%
YoE )
)| i S8 ah

|

BER A4 A4 S §F FAOT BT o R
gg%%akm%ﬁ,ﬁﬂﬁﬂﬁu’ﬁ REH -

EHpA o DR PIED Bk AR BIRAKSAREZIBT
2R ATIAs o R FME R [SO 9223 0 B R R (10 Time of Wetness)

0 rEPERBWO0C ApHIRA 3 80%2 ) PR Ak

a2

2

& -

3. PREFF

34

¥

PRSI h kg G F A MR R TP PR 5
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5.

WEAT R LK M ARL G L HERHEA T p R
R & ,%Iéﬁ%z"m7 };3“7ﬂ B "QZ\U%/F’&/,&FEFM AR SR RE R o

ERGRNBFEDA G REF SRR ORY LR
TrBE VA fERE ~RTIE s 2 FAERY £ -Bikadk B R o
TOBAAHEBRE ERRAPEIBARS > EAH S §F AL
PR TEBFIE IR FIRBEGE A EFREN L
WHBRED £ BTRA R AR  EAEAF 23 10 °Co F B ¥
HAavi Rk 28 o

SR F
éi’/,ﬂ}ii‘%ﬁ 1t £ &
B A

BRAEE - h FERH A S P
oo BIRPER > e PFs FRE & et R o
LG FBAS PRER  hd A F R TG
W%ﬁ*mﬂf% B R AR R R R -
BAg At 1 E g R RBET ZF Y DB RY 0 A
SO, ~CI'&E » 7"dvig = § KA adA 4 o

i)
T‘;
4
F
9
Ry
éu\:n
@
+=+ o
¥ Y
3
ey
%t
ﬁ
55
o

NS

FIR Ak H RS B T A L3 (DA P LG 7R
Frabld o § AR B XL FBEAT Q) EAd R
G AR fR(eRR) > T AR RS T 0 E B iR iR e

B R R o (3) A SRS A (e ) 5

ETTRN
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Ehtm Tk kE g A B NER 0 5T SRR
M

P ESF FaF W CO,~ 05~ NH; ~ NO, ~ H,S ~ SO, ~ HCI »
HCHO % ##8™ 2 7 A4 B X §F & ERY “THFdhe d 4

*
1. = ¥ i g (Carbon dioxide, CO,)

EE R R AN ol LR E LR R e P
AR e AR FEF IR R A e S F ¢ R i

Az 2 BBAFERE > FREAMPRESR T F ba > g R
HF R AR et 0 f R R s § R RR - B T e

E
B o A SR s gD § s A2 5 R N R
J;i»—f).(.gp;, o~ R f_ﬁ)mlﬂ.);ﬁ%‘\, KR @ir‘é B A 4 j:‘_':f A d j\mg &y
B P AREER N3G b L RTRS BT L

A F Pz § I BEEE05% LAk R R o
b3tz bRk e oRAE ok R
Mo F TR B R F PRy WA 2 T AL RERES
(COs™) :
H,0 + 2-
CO, (g) — CO,(aq) ——=—> 2H" +CO3> oo (5-5)

2. £ % (Ozone, Oy)

LF XA p AR LA FEETERY R A AN F
KiCBgy o ARF B F L FaksBli oy s ge A
LF o

Dok bk
NO, NO + O oo (5-6)
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4.

iiﬁéiﬁﬁﬁﬂﬁﬁ%ﬂ%@’gg;—ﬁ%ﬁﬁiﬁ
3 - H Feok 3 EE 4 a5 A(OHy):

bk
O e N 0 T o WO (5-8)
O XD & 0 JE, o) s L (5-9)

S F M i & S84 § A(OH )& —‘gz 23 (05)

A WL E e §F AT A FOAFE BB GF B T

P EE et B AP kBT F R %R

(photochemical smog, the word “smog” is short-hand for “smoke anf

fog?) o d ** & § A F E iR MR 3Bk 1T cht § ik
FRICAF Y LB T 2 TR o uRE A

7

i F (B ONAFRER >V LR G R B % 3 (aerosol 0 o)
#

SRR PSR S Y PR EF) TR F R AR i
i
=]
v

[(NH4),SO4] » i& BiEAZ § %% § FF o F
- BATEOP Y o WA b IR A B AR TR "R
PR F A S AR R G Rt 0 g F B Ao ¢ ERBR S o
= § i § (Nitrogen dioxide, NO,)

Vs

SFF AR RREERREA R RS Pad g H
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20
Ny +0; 5 2NO —> 2NOgueieeeeeeeeeeeeeeeeeeen. (5-10)
SF Rk MU R g BRFRA kehdk G P AL PR
Sdp A oovE- G E G 3 AR F AR RS A E(HNOS)
M
NO, + OHe ——> HNO3 (8) weeveeeeeeeeeeeeeeeeeeeeeeeeeens (5-11)

FP O MERRFA RN EDT R 4P o

RS B3k B FaEF 2 RFEE > M Biow
R BRTHFERLESF P AP N g F oo

. F=1* & (Hydrogen sulfide, H,S)

PRELFRERC EFRT FRETOAEAY LA ARA

RN R EAE N £ RS S EN RS 3T
xﬁiﬁ‘v}:&,}i)‘t@ T'ﬁ‘ ,d;n@]u:ﬁ&]w}}g,/‘;, R iR B2
Benpnis &) & AR R BURT o

4y 8o 1%

B & TR 0 RS A R PR G A R RO g
A4 HS#73k » HS & Bk 48 -

H,S (8) = HoS (aq) — H + HS oo (5-12)
. = ¥ i g (Sulfur dioxide, SO,)

SEFIPRTRANFA SN AELE DR EYF N A
E R (Ae B R R )RS £ e AR g A2 ok
X gz 3 iYL

O
RS =2 SO, (2) + R oo (5-13)
XY ORLBMEBTHBE o
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SO, % ¥ EA2 R a3 »toko Flt § - LR SO T e f i3kt
% SOy AR AR G AR > SO AR F I S ERE B S

(SO4%) :
SO () = SO (3Q) = SO4” oo
SO frd § oA SR S R o Tt T A f 4 enif
A 4 B ﬁ’x o Bt ﬁ’xv -2 rﬂ,/\ﬁ"”"‘ KEs ﬁ'?i:’{é}ﬁi‘ *UTE 4 0 B
4 A RS o
SO, (g) + OH* — HSO3* — HySO4 oo,

% i & (Hydrogen chloride, HCI)

FLEFRMTCETF Y OARRYT GRE EAEA B L F
Pl RS T ERE  PRMRE RS AR B 5
A TR TR R

HCI (aq) + HNOs (g) — HCl (g) + HNO; (aq)............. (5-16)
HCI (aq) + H,SO4 (g) — HCI (g) + H,SO,4 (aq)  ........ (5-17)

BT Eea R ens S o d R F R Wi A
AR ERE AT AL REER $E R E R £ 5
—ﬁé&%ﬁ«ﬁﬁ,ﬁ%i%%ﬂ&*%ﬂw«w%é%

fr4
BOE L R o (AR R E N A TS o T S

ICHR

(_.
F_*

f‘m
]
=R R

HCl(g) > HCl(aq) > H + Cl eooooveeeceeee,
8. 3 # A& (Organic acid)

? f(HCOOH){vfis it (CH3COOH) &4 i e #ofik » @ ALZER
HELEFE G RN 51 £EmE B D - LER DT
oo R E A F P AR RRADAPSHES DI 2 2E S LV FE
GE eE o 3 WHEAKT 7 s AU fRR 0 B A0 HfE 0 doF
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i

HCOOH (g) 5 HCOOH (aq) 5 H' + COOH ....ccovvvrvvvrrrrennan. (5-19)
B MRS F e F Mg e 3-1 o e

4051 MRS A FORSIF W i

Corrodant Ag Al Brass Bronze Cu Fe Ni Pb Sn Solder Steel Zn Stone
CO,/CO5™ L L M L M M M

NHyNH, M L L L M L L L L L L L

NO/NOy N L M M M M M M L M M M L
H;S H L M M H L L L L L L L

S0,/S05 L M H H H H H M L M H H H
HCYCrr M H M M M H M M M M H M L
RCOOH/COOH" L L M M M M M H L L M M

0, M N M M M M M M L L M M M

H = high sensitivity, M = moderate sensitivity, L = low sensitivity, N = no sensitivity.
An unfilled location indicates that no experimental assessments are known to have been performed.

T kR ¢ C. Laygraf and T. Graedel, “Atmospheric corrosion”, 20001

534 BEEG N F KA

BB g R B S E S RS T HARTEP A4t
G b R o B3V nE TN BB R N 0 VR AR A AR P 5%
~10%’1@%im,§$4f§_1§“1"ﬁ5771\ ER R RUR SIER E—ml’Ll% Jie 4 £
WAPERFL c - AT A F RBEBRFETD v G - R R
BEV RGP AGEE L mP ek S £ Ao R
AL BE AR e R A Y (e R ME A L% e

AR IR RS P BT A L2 B -
- R g/ AE R (~4om) o B F Y LG R
AFE RPN LG R ERDEIRT > A XA T B E kR
WA PR R T T (H/EF MR RN TR -
%4 1" [Fe',Fe"'O, (OH),] fc"% 4% 11" [Fe"Fe'O, (OH),]; 2 14 % 451
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g2 Er kEf2
FEECR] % b
B EAnandn T o Sis ¥ ® 3 a-FeOOH mﬁ 4 o "
ThE ook~ kv E‘“Ff(%’ PERESF EF
KA FFirz i+ 2 npaads s £ & o

FlPaghido 3o ARG EIRRT SR B A4
AT € Pk § 14 s (oxide films)enA = v g A § B4 AR § iR R
FR Ra g &Hh%20 0 7§ P08 0% G APF o F 33 € s
B M g 3t a0 CIE 4 niT ™ fofFB] - d 3 FeCl, 3 ﬂ'»ff mE e
EF o Bl CU{%E % 8% 1 T4 fFacd k> L B4B18% » iEm 4ok
KAF o BT !

FeCl, + H,O + 1/2 Oy — FeOOH + 2HCL. ..oooooooo (5-20)
Fe + 2HCI + 1/2 Oy — FeCly + HyO. vovvvoeeeoeoororeeeoee (5-21)

hokizie? o Fe'' 2 CT2; %47 & 4 (complexes) ¥ 2 OH - CT' 3
2
P

%\'(y Z‘"g,‘i’;&' ’ /;L/;ixm}g;}'ﬂ 45 ﬂ_\i % é IL:}»},E@ "Qf’?] 55 ,_;Li_ﬁ[48]o g]
P PREAF o PR L AGokk o RINWIGEE L RASEBOTH

R RIS Bk Aok e E *ﬁiﬁﬁéiwkmﬁ%n%
FoRT A F P HRGF AR o S Y BT ] 3 LR 2 g
oo BIRHEE £ A FeTTANE 2 Rk > BAEAN T S W
*47% % 3= (solution constituents)?) 3¢ i & 0 HFFIIZAPN £ F L TH A
(precipitates) ; & BN ~ FrFH=E gL P o d 7 5% 3 & RS
ﬁzxmiﬁiﬁﬁ%ﬁﬁﬁﬁﬁiﬁcﬁﬁﬁﬁ%%
T RERG S F R -
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2 \
5 FeZCP(OH)zr.)

Yttt

FIS5BEmMmEEL T F 2 F HBERTLE

F L &R : C. Laygraf and T. Graedel, “Atmospheric corrosion”, 2000*

W R € 71 SO 2 it > £ H § H,S0, 67 i 4o
I A ;n@%mﬁ%@ﬁv&&;;@ﬁﬁi(w i
vz F Va1 (2) Fe #£ SO, v O, % it = FeSO, > (3) FeSOy
§ 1Y N 484 > 8% SO, > SO L (Y RS iE— T A48 A 2 3760 FeSO,
r R R SO42" (E R R E LR SO/ 252 2 3 thi § Amiphe
BT A o T A g SOt P 0 FRE i R AH R

Fe + HyO — Fe(OH ags + H oo (5-22)
Fe(OH-)ags —> FE(OH)adsF € cvovvoveeeeeeeeeeeeeeeieeeeeeeeseeeseenees (5-23)
Fe(OH),4s + SO4~ — FeSO, + OH +¢

FeSO, ¢ & HyO 7% 4 & FeOOH » @ #z ! % ¢ SO, R % &2
FeOH i®* :

FeSO, + H,0 — FeOOH + SO,” +3H + ¢

Flh 4vid A F o O 2 F° 27 A2 FA8EET LR
4o 5.6 #7or o Bl ¥ "COS" % 71 B A e it 47 (carbonyl sulfide) -

5-26



5.6 B2atin g 3 As X F K &EET L H

F L &R : C. Laygraf and T. Graedel, “Atmospheric corrosion”, 2000*
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Zng(OH),Cl,H,0 NaZnCIl(OH),SO,-6H,0

Cl

BI57 8+ F R o
7L &k 11 Odnevall and C. Laygraf, “Reaction sequences of atmospheric corrosion of
Zinc”, ASTM STP 1239, 1995
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FI58 63 F §2 % F FaiEEs L E
F AL kR © C. Laygraf and T. Graedel, “Atmospheric corrosion”, 20001
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F L &k : C. Laygraf and T. Graedel, “Atmospheric corrosion”, 2000*"
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S0./80.2
Strandbergite Antlerite 4
Cu, sSO,(OH),-2H,0|\ % | Cu,SO,(OH),
. ‘-‘
A
Cuprite Amorphous Posnjakite /¥ [Brochantite
Cu,O | copper sulfate ’ Cu,SO,(OH),-H _h* Cu,SO,(OH),
Langite ;" Copper chloro- o i
Cu,SO,(OH),2H,0 |’ 4| hydroxysulfate?
/
Nantokite Atacamite |/
cuCl | ™™ | Cu,CI(OH), +
Cl:
WS510 g 5 FRAF2Z B
#1 % ;& © C. Laygraf and T. Graedel, “Atmospheric corrosion”, 20001**
L F A EART LR %Iv‘ RAEA P 7
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SRR g

A Eenge ’Fﬁ—‘«!—\" fo o B
L F LTI dF Lo
+ F &2 = CuCl » CuCl®; G\IQ,T} w {1

i FE A AR A = CupClI(OH);
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5.3.7 4Feht § A4
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HE283mme g ok ? A asF P BB RI S5 4K €448 y-AIOOH
(boehmite)*7 % ¥ > 5L £ 4% Al(OH); (bayerite)*7h % > 7 FF~ ¢ 113k
KE ey it g ¥ it 40 ALO;%H,O (Akdalaite) ¢ Al,O5-%H,0
(tucanite) o

grk o K- BEEFFECI G L §3 4 PO EF
AT R Fla 2 b by PP FBR - L F AT ML
2L SO4-rCl-13 wpFglac 2,5 » B F 5 ¢

AI(OH); + CI' — AIOH),Cl+ OH ooooooeeeeeeeeen (5-26)
AI(OH),Cl + CI' = AIOH)Cly + OH oo (5-27)
AIOH)Cly + CI' —AICL; + OH oo (5-28)
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B 5.14 887 F A X § FeERT LE
F L &k : C. Laygraf and T. Graedel, “Atmospheric corrosion”, 2000*"

5.3.8 1SO 9224 .= 11 &

ISO 9224 Corrosion of metals and alloys - Corrosivity of atmospheres
- Guiding values for the corrosivity categories = 4*%f % £ & & 1SO 9223

2 FRBRBEAFELY B LY i § g J“&#% ’ fﬁu#@nn’é &
£ % 7‘?“:'};?‘ n,“"'mﬁf»z%%ﬁv"iﬁ% N R Rk
- o - & T4 5 (average corrosion rate) © ¥ - 5 42 i}fg‘%, *

(steady corrosion rate) °
1. L 35JF 43¢ & (average corrosion rate)

TEFBEF r,2. &5 P EHh b 10 8 R B aNFBE

S =7 ES ANV A
Fowd TN
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r =L Yo Jf A g
Ah=%2 adAd 10 4 %A > 5= um
t== F F B ATUSPER
RS LA
2. #& T 48:® ¥ (steady corrosion rate)

REAFBESF rp 2 FER 5 ERLEDRBIFBET > 23
FRALEBDIT AP IR EEEI0ERFEDFE

¥ T T AR E

A
lin tz . tl .................................................................. (5-30)
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2 32 B - WiGH B FERLIRPFARRLTIIOFERE
FH R T
Values in pm/year
Average corrosion rate(r,,)during the first 10 years for the following corrosivity
Metal categories
C1 C2 C3 C4 C5
Carbon steel Vay <0.5 0.5<r, <5 5<r, <12 12<ry, <30 30<r,, <100
Weathering steel 7o <0.1 0.1<r,, L2 2<1z <8 8 <ry <15 15 <ry, <80
Zinc 7ay <0.1 0.1<74,<0.5 0.5<r, <2 2<ry <4 4<rg <10
Copper Fay <0.01 0.01<ry <0.1 0.1<rq <L.5 1.5<rq <3 3<rsy <5
Aluminum 7qy =0.01 Vo <0.025 0.025<7,,<0.2 See note 5 See note 5
Metal Steady state corrosion rate(7;;,) for the following corrosivity categories
o Cl1 C2 C3 C4 C5
Carbon steel 71in <0.1 0.1<r;;, <1.5 1.5<ry, <6 6 <rin <20 20 <77, <90
Weathering steel 71in <0.1 0.1<r;, <1 1<rin <5 5<riin £10 10 <7y, <80
Zinc 7iin <0.05 0.05 <7y, <0.5 0.5<r;;, L2 2<rin <4 4 <rp, <10
Copper 71in <0.01 0.01 <ry, <0.1 0.1<ry <1 1<rp <3 3<rin <5
Aluminum Negligble 0.01 <7y, <0.02 0.02 <7, <0.2 See note 5 See note 5
NOTES

1. The corrosion rate of carbon steel is not constant during the first10 years .

2. The corrosion rate of weathering steel is strongly dependent on the combination of various
influencing factors (alternation between wet and dry periods). In atmospheres with sulfur dioxide
(SO,) pollution, a more protective rust layer is formed .Rain protected surfaces in marine
atmospheres heavily polluted with chlorides may have much higher corrosion rates than freely
exposed surfaces.

3. Applies also to the copper-zinc, copper-tin and similar alloys with a copper content of at least 60%.

4. The rates shown are based on commercially pure aluminum (purity > 99.5 %) which, like most
aluminum alloys, corrodes in the atmosphere at a rate that decreases with time. However, these rate
are based on average mass loss results while the corrosion attack is usually manifested as pitting.
Consequently, the rates shown do not represent rates of penetration. Penetration rates for pitting also
decrease with exposure time. Commercially pure aluminum, aluminum alloys containing
magnesium, manganese and/or silicon as the major alloying elements, and Alclad products generally
have better corrosion resistance than aluminum alloys containing significant quantities of copper.
Zinc and/or iron, Alloys with significant quantities of magnesium, Zinc, copper and /or iron may also
be subject to other forms of localized corrosion such as stress corrosion cracking, exfoliation and
intergranular attack.

5. In atmospheres defined by corrosivity categories C4 and C5. a marked increase in corrosion rate may
be expected and local corrosion effects become important. For these two corrosivity categories, the
data concerning general corrosion may be misleading.

FoR %R © 1SO 9224, 19921
Note: Zn density=7.14 g/cm’, to convert corrosion rate from pm/yr to g/m?/yr,

g/m*/yr =pm/yr x 7.14 g/cm’

5-37




5.3.9 1SO 12944 .4 /i &

1998 » 4RI i e BISOH| RISO 129445740 o -t & 4 I 40 15
%Lk (Corrosion Protection of Steel Structures by Protective Paint
Systems) » 1T # k & B~ X % | 4BS 5493*&% 11 % 48 B DIN 559283
oo BT LR L RS KR SRR R AT iR o Rk

v

A G 8BIRA o AT

Part 1: General introduction

Part 2: Classification of environments

Part 3: Design considerations

Part 4: Types of surface and surface preparation
Part 5: Protective paint systems

Part 6: Laboratory performance test methods
Part 7: Execution and supervision of paint work

Part 8: Development of specification for new work and maintenance
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