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ABSTRACT

Hot dip galvanizing has been widely used to prevent steel from corrosion. However, its
anti-corrosion ability changes with the environment resulting in the change of its service life. In
this paper, electrochemical characteristics of different phases in the zinc coating layer and
corrosion behaviour and anti-corrosion mechanism of hot dip galvanizing in atmosphere,
aqueous solution and concrete are introduced. Furthermore, its service life in different
environment is described by the published data which shows that the concentrations of
chloride and sulfate ions possess the greatest influence on its service life, especially the former.
These results are noticeable for designers and users to pay more attention.
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A& P Gamma, I'(FesZnio); Delta, §(FeZnv);
Zeta, ((FeZnis)FEta, n(Zn)%HE » BERHMER
& —EWFe/Znt PISEE , DI EER HAH
B » HHVERE]REH Alpha, a(Fe-0~4 atom?,
Zn)FR@EM £, BEFBEEH - EERFERY
2007 / 7t NaCl+100% / A ZnSO BB F >, I
RIS — & SMEReEMMER , MER—FAT
RO, HEAHISSERS , BHERKK, &
GRS , ML (P.) FEsk & B0
IMRE - BLUESHEFERHBERHEREREET
HE&BZEMMTO :

EhEE - EBSE3AR

1 BNE / FESHEZBRRZ2005 / FNaCl
+100%% / A ZnSOBW 2 REHBEAL (¢ corr) » B
BERA corr)FIRLEE HL(PR)

Table 1 Corrosion potential (¢ corr.), corrosion curz-

ent (Icorr.) and polarization resistance (Px)

of iron and iron-zinc compounds in deaera-
ted aqueous solution containing 200g1/NaCl
and 100g/1 ZnSQO, at room temperature.

Eta at-1030mV vs. SCE
Zeta~ 6wt % Fe at-870mV. vs. SCE
Delta ~ 9wt % Fe at-820mV vs. SCE
Gamma ~ 24wt % Fe at-770mV vs. SCE
Iron at-480mV vs. SCE

( SCE : B#EHKERK )
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22 % ¢ corr. P Icoor.
3 {V vs. SCE) (Ohms) (uA)
Znta
No. 1 —0.940 108 242
No. 2 —0.940 113 231
Delta
No. 1 —0.822 160 163
No. 2 —0.819 197 132
Gamma
No. 1 —-0.772 336 78
No. 2 —0.722 343 76
Iron
No. 1 —0.678 5848 4.5
No. 2 —0.678 6419 4.1
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Fig. 1 Potential-PH diagram (Pourbaix diagram) of

zinc in neutral solution.
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ZnO+CO;+H;0*ZnCO;3; * HyO-----covvveeeee (5)
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Fig. 3 Stability domains of zinc carbonate and basic zinc carbonate (a) and (b), basic zinc sulfate (c)and basic zinc

chloride (d) in aerated aqueous solutions with varying anion content and pH value; 25°C, 10'M Zn. The dashed

line in (a) and (b) represents equilibrium conditions with outdoor atmospheres.
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Table 2 Potential-PH diagram (Pourbaix diagram) of
zinc in neutral solution.

. Solubility,
Zinc Compounds (&/100ml. H,0, at 298°C).
Zn(OH), TE > 0.000042
ZnO ¥ 5 0.0005
ZnS ¥ 5 0.0007 (at 291°K).
ZnCO; TE 5 0.0206
ZnF, I 5 1.62 (at 293°K).
ZnCl, G > 432
ZnBr, B » 471
Zal, B > 432 (at 291°K).
ZnSO, AIYE » 542 (at 293 °K).
ZnSO, * H;0 A > 70
Zn(HCOO), M > 3.8 (at 293 °K).
Zn(HCOO); * 2H.0 WEE > 5.2 (at 293 °K).
Zn(CH;COO0), AT¥A 5 30 (at 293 °K).
Zn(CH:COO), ® 2H,0 | "% > 31.1 (at 293 °K).

# [ZnOH(COs)os » Zn(OH),2(COs)os » Zn(OH), 5
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Table 3 Corrosion behaviour of zinc reacting with corrosion species in atmosphere.

[ Bl B 2| BN E REEY OV HEE EXKFZEHEE | BERE
SRRER £, FE A4 RZn0 + Zn(OH), + ZnCO, | H#E &
Zn + %0, —»Zn0O BIREKR |MBMEZnCOo, KA BE K
Zn + %0, +H:0->Zn(OH). —&ihm FHREE o
ZnO+CO;+H,0—-»ZnCO; ® H;0O
ZnCO; + 3Zn(OH),—ZnCO; * 3Zn(OH).
R BB A RETR = £ R Zn(OH), » MEHERZO | BRI ZEYHE | RAEX
Zn + %0, +H;0-Zn(OH): BriEK HEHE s SALZEEERY - |BK
Zn(OH),—»Zn0O + H.O
fco.EAEmpRER ZEALBE y Py HE &
ZnCO; ® 3Zn(OH), EREH ZBE R
BEAKEGHEKETZE £ 4 R Zn(OH), BE A4 EKZnOl | B¥E X
Zn+ %0, + H;0—-Zn(OH). Bk BB S EMERY , #
Zn(OH),»ZnO + H,0 R A -
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Zn(OH). +2C1- —»ZnCl, +20H"
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Zn +H,0+ %0;+2Cl *-ZnCl, + 20H"
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Table 4 Corrosion of zinc and galvanized steel as a function of environmental parameters
2 # n = 2 i
BartonF A K =0.00076tw**SO3™ tw : BRI > SO, : SO ) mg/m*-day -
K : B8 , g/m? ® day
Haynie® A K =0.001028(RH-48.8)SO; SO, : THSO MW ug/m® » RH : FHHHRE ,
' K : BEEEER ; ym/year
Guttman K = 0.005461(tw)**'*(SO, +0.02889) | tw : EAL2 (LI IR RS » SO, : SO BB ppm
K : JEBI#EE ; g/15in?
Atteraas®F A K =0.0080:+6.0 SO, : SO WEug/m? » ClI- + BHEFHEBg/m? e yr»
K=0.27C1" +0.2250;+4.5 K : BeEZg/m? o yr
Hudson® A K =0.1650,+6.32 SO, : SO.BE ug/m?
K : REEZE , g/m? e yr
Kontkova® A K =0.1780,+3.6 S0, : SO MR > mg/m? * day
K : JREIHEZE , g/m2 e yr

SOAICI BE—RHRSREE - BartonI AR
I BRSO, 18 FE B8 AU R Al LL SR IG BHER - KIB
£ AT 3 H0 R (Scandinavia) & & #4-8 F HYBR B 3
BERET BRI UTARZ™,

K=at" »a=0.75( 80, ) +0.51 [ CI ) +16-(18)

K: BHNEE > um
t: BRERM 5 year
(SO.) : SO.BE » um/m®
(Cl) : 8L LERAESE > mg/m?®  day
n:05-0.6
T 2 4 5 B B2 1B 28 R LD R AR MR LR

K =(0.023( SO, J +0.011 { C1 ) +0.53)t-- (19)

EREHBELEE , THR13~75C,
TIRH>80% WREME409% £H - EREHTH
R EMRBERE » MIBURME HEBEKK =at" 2K
EITe; EEBEANAERTREEEER o
Legault® R85 B AR IE ML HE B BRI R
VB REEERE » DB EREENRE O -

Slunder fiBoyd™ By &6 Hi » 76 AT BUER
HARBED , FEhB B K HEIR B R
B 1% o Legault¥€Pearson® % ¥ H B £ &R #1
&, R REIHREF BRI >, HHHEEK

FEEMIE , R SR BN RGERERE
P=kt" » B 6 TR  k BnBEE  BREK
g, T— &SR ZERARRHE AR
HBELSE, AERE_FERREBERBER, I
DHEHESBHRFARBEHTE -

BEBEORIFESESO, ZRPHIAR
BEEEAR » RCI- WHBEARXME 4 FEELE
ARt , BMERLESO, F8F HEMREE
6 o —MIES » RIS HE ST A F e
HBEBERSHEREEN W8 7ATR® .

HHLEMEATFRERNME BT
WRBN SRR , R n/EFMER - B 8
& 9 AT RCl-FISO. & B aFK WA ER , &
KRR B BRSO, RRAHAFHRAEEN
B 5 2R T B B o

EFEXR, BRNAMERE > AtGoodwin®
RN EENNAKZPHEETHE » ES
B 102 THE R 5 M Roetheli® & 1% & R BB H R

HIEPHIE REHE (g/m?/F )
2.5 34,242
3.5 10,695
4.5 4,991
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Fig. 7 Life of protection vs. thickness of zinc and
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on corrosion rate of zinc.
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Fig. 9 Effect of atmospheric SO, concentration on
corrosion rate of zinc.
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Table 5 Summary of the results of corrosion rate of zinc from various atmospheric, immersed and cyclic tests

o —afbmmE PP ES
HREE « 5 HEHM | maE Emg/m’ B g/m’
Kucera » #7782 E# (Stockholm) 84F 42 7.62
Kucera » &8 (Gothenburg) 84 42 12.50
E£WEYWE, ERER 3{EH 6. 2478 A B 9.27

6.955 A BB
A5113.20
Hodson & Stanners » #{& £(Godalming) & 18.4 7.62
Hodson & Stanners » & (Teddigton)#& & 65.6 15.06
Goodwinf&HF— 2.5@H 10. 24 A 7E 8.2~13.2
54.858 B
£5165.09
Goodwinf& = 2.518H 25.60 B A& 10.7~17.3
54.858 A B
45180.45
Goodwinf§E &= 2.5 H 5.97B N E 10.1~10.6
- 54.85H BB
£5160.82
Roeteli ( B EREH) — 4,991 ~ 34,242
Belisle & Dufresne ( iZE/EEh ) — 7.300
£ 6 WAHSHEHEMNEE
Table 6 Effect of rain quality on corrosion rate of zinc in various environments.
Woolwich Lanwrtyd Wells Calshot Sheffield
BERE () 1.65 5.94 2.48 1.97
|F#pH 4.8 6.5 6.9 4.3
HEEERYRE 548 269 411 324
THEEERYEE 560 63 238 3133
FRYHEER 1108 331 650 3456
i BE B (SOs) 163 32 37 86
Rk vi1(o)] 35 78 133 88
FEERRERTRAR ( BE/FEHR/E) 0.089 0.071 0.079 0.344
i 1 A BB BN T ¥R HE 1 BETER

i A ME By RSB RAWEGE  BUEA A GYMBERT > BBYASFS ATHRMLR -

WHE(EEE2442R) KB
YEEE(EEYES88AR) PR
Y (EEYE1,1892R) BR

Kure Beach, N.C.
Point Reyes, Calif.

Brazos River, Tex.

fRERE LR BERARR , WE 128
me, FRFMEReER Mg B EN, £
EHEENAMNEER » ME 13T BEZH
REBRHANEF IR ETHBES—FEH -
BB 122 EHRBESESaRE , AR
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Table 7 Atmospheric corrosion rate of zinc and iron.

” ; = 701 B B BR AR BB R | TR 2 B/
i B W) BERE | aw mpw ) | WER | FARZER )
England
Llanwrtyd Wells BN 0.073 19.0 27
Woolwich T 0.089 26.4 22
Motherwell T 0.103 21.0 19
Sheffield TEHH 0.405 7.5 5
Calshot BE 0.080 20.1 25
Dove Holes Tunnel BERRRE 1.92 1.0 1
Overseas
Khartoum WIREF R 0.012 3.6 165
Basrah MR 0.026 14.3 77
Apapa BRI 0.025 23.9 80
Singapore BB 0.021 16.8 95
Congella B 0.095 20.4 21
United States
State College, Pa, ] 0.021 30.9 95
Sandy Hook, N.J. v 0.062 30.6 32
Pittsburgh, Pa. T 0.181 15.1 11
#* 8 EFVHERRBETHWHRESG
Table § Estimated protective life of galvanized layer in different environments.
E E = g TBEHAERR R By
(Nx1000) | CBET/ BHAREKE) | N |BHEE|BEEE|R MKk E|BEIZLCE
3.6 2.00 50 40 35 30 25 15
2.3 1.25 35 30 25 20 17 9
1.8 1.00 25 20 15 12 10 7
1.1 0.60 10 8 7 5 4 3
0.66 0.37 7 6 5 4 3 2
0.44 0.25 5 4 3 3 2 1
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Fig. 12 Curves showing coating depletion of panels
with 311g/m? coating zinc in different
environments.
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Fig. 11 Years of exposure to initial rust of
galvanized farm field fence vs. weight of
zinc coating.
100 -
80
Ié 60
s
=
3
&
40 SC KB PR
20
S
10.0 15.0 20.0

—63—

2.0

Coating Weight (0z/sq.ft)

5 10 15 20
Coating Life (years/oz)

E13 EHBEORNER MR 0z=28g)

Fig. 13 Relationship of coating life as a function of
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coating weight (loz=28g).
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Fig. 14 Comparison of time to first rust in different
environments (loz/ft> =305.2g/m?).
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Fig. 15 A schematic diagram of atmospheric cor-
rosion property of Al-Zn alloys as a
function of Al content.
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Fig. 17 Corrosion loss of galvanized and galvalume
steels in moderate marine environment.
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Fig. 16 Corrosion loss of galvanized and galvalume

steels in severe marine environment.
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Fig. 18 Corrosion loss of galvanized and galvalume
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F 9 BBHESMMASEAEMERE—F(82.12~83.12)ZEELE(102g/cm?)
Table 9 Corrosion loss (107°g/cm?®) of galvanized steel exposed for one year (1993/12~1994/12) at six sites in

Taiwan
NG| SN HERE MM 7S | # 7
0.223 0.327 0.204 0.178 1.408 1.479

i L EAFIMETF S  6.515x<10%g/em? ~91.37um ( AEEZ FEHRKE)

2. 832 % E %7.13g/cm?
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Table 10 Corrosion loss (mg/cm?) of galvanized and galvafan steels exposed for four years (1990/7~1994/7) at three

sites in Taiwan
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Fig. 22 Effect of pH value on the corrosion of zinc
in aerated (CO,-free) solutions (in dilute
HC] and dilute NaOH at 30°C).
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Table 11 Corrosion rate of galvanized steel in sea
water (According to ASTM test method)
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Table 12 Average value of corrosion area in concrete rebar exposed for 13 years,
A 5 i & B EB¥EH BRa ERG BAKES BWARES
K K b (%) 50 65 45 58 58
B afFE (%) — — — 0.27 0.34
oML B E (%) 6.7 18.5 1.0 6.7 6.4
rEEBEE (mm) | 10 20 10 20 10 20 10 20 10 20
LEMOEEEEAEZE (%) | 120 | 3.6 {393 297 | 62 | 46 | 544 | 487 | 51.2 | 48.5
SIS HEMBEBEREEC( %) | 0 0 0.3 0 0 0 0 0 12 | 04
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Table 13 Exposure test results of rebar in concrete

NO R B Zisk HBnaER R ReEE | 8 M R I
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Table 14 Critical value of NaCl content in concrete
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Table 15 Estimated saline content in offshore con-
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