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Fig. 2 Electrochemical polarization electrolytic tank
device of hot galvanizing in the anaerobic bacteria
environment(1-dip zinc electrode; 2-ruthenium titanium
electrode; 3-salt bridge; 4-rubber plug, sealed to prevent
the flow of electrolytic cells and external air)
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Fig. 4 The polarization curves measurement of hot-dip
zinc after salt spray test
(1. after 100 h salt spray test; 2. after 200 h salt spray test;
3. after 400 h salt spray test; 4. after 500 h salt spray test;
5. after 500 h salt spray test)
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Fig. 5 The open circuit potential and polarization
curves of hot galvanizing in the SRB test at different
times

T 1 7K R ) i S5 O H ER Ak Tl
W, AHRTT ZARA 2 AR N 9 SRB. #E 18
R AR SRR A RIS A I, Ak
SRS A ] IR A R B 2 SRB B4 1)
ARG, PP AR RS B 2377 A HoS. W
H,S 1] {2 #E9% )2 1 8 il i 1R

H,S+Zn—ZnS+H, (4)

117



[RCE S S

FRI CM 7E IR 8 4H P P15 v T e A 1Y
CER AR
F B PHA S N : Fe—Fe* +2e (5)
F B AN R : 1/20,4H,0+2e—>20H  (6)
TE PR R IR A Jrg 8 P45 1 [T A0 o -
2H +2e—H, 1 (7)
YR 2 B BAML SR N : Zn—Zn*+2e  (8)
FEE CM BB =22 AR N
1/20,+H,0+2e—20H" 9)
£ SRB VI R AL A F— T FR
F R APGE IR Zn—>Zn* +2e  (10)
2 J5 Fe—Fe*'+2e (11)
FE AT FE: SH+8e—8H  (12)
FEVTS H SRB 512 SO, +8H—S* +4H,0

(13)
EEWE YA Zn® +ST—ZnS L (14)

H T A B SR B A S LA T PO B F,

PO B Tl Zn® B 17 A WAL SN IE I A JES
o= g T 00 ) ey BH R A R R A 3 A (De
Pauli et al., 1976, 1978; Wroblowa, 1990), SRB
B A ST B SO 0 I ok e T
FRAE R T8, N — & R B 45 7 R b ik
BEET5).
23 RUMEMEMMRERHTH

PO EEAE SRB B i 50 ) T4 F A 1]
YRR S R ISR R An A 6 TR .
Bl 6 Al AT A2l A & 1) TAE R 2 ZnO
B A REEH, ZnO HA LF5E0 454, Zn JR T2
sp3 2 AL AT DU AR A8, OF B Ty HE A N
Jres, B EEHIS], (B 42K (Yan et al.,
1986), 1E/K 5 K g

& 7 G FEARE R T SEM SOWIE 3%
fiE, WE 7R, ATULZ 30~40pm J5 A RIR B
JRIERES) (ILIRECE, 5 RMAR S G LR,
R UL e FLBRAE S FE (SRS, 2016).
HBEE /> #r (energy dispersive spectrometer,

EDS)JL R L 45 R LW, 1R M i 1T

118

WZ )5, BEEEMARE Y Z (AN Zn
5 O WY& B Wi N, Fe i & 28R 402
FEYNZB)F Zn 5 0 WS EMINE R KMEG
WA NREIRE TRE, Hh OMEEERZ, Fe
M) &b AT, BUREE )R FEE YA
AIBER Fe. Zn AP (THIZHES, 2006),

K6 —4edlry Wi NS

Fig. 6 Topography measurement under 3D digital
microscope

3 it

(1) [ 7™ A B e A T ol e o
KA =ZHEY 2, H—2AEKE ZnO0 1
PRI HER KA, 2R Zn JZ(HEHK
FELIL AR, =2 N Zn-Fe A &2, W)
TE Zn 1 Fe H[E]JE B0 & 4 (% 2L 0% i 3
FIVEHT) o A BIF 52 B 1 s 12X 56 v R P Al e
KB S, X S E R R KA T
FEH .

(2) HEEFJZ ARG K 1 B ok 37 8 ol
i, Zo® B FAERK P S EE T RIREL
BRI I LR e B & B W), XK B
DUBRAEBEIZ 3R, I T R R b (4 FH AR 2 72
ML R, R AR, o ze®
TS STE TR e 2 o B,
AL LA o) DR 4 AT 1 o



A [ IR PR EE AT P A IS (ID): BRI BERDRH I vk e

100pm

300 1

Base

200

R

100

[ s R e e R
10 20 30 40 50 60 70
L (um)

Bl 7 BARBFZER SEM BOILE () & EDS JEER /M7 (b)
Fig. 7 SEM microscopic morphology analysis (a) and EDS element analysis (b) of hot dip galvanized layer
T A FR BRI YR, B FRIMNZ )2, Base Fon K.

2 % X W

4, 1978 WSS iy, EERE, 2(2):
53—56

A1l B, PMNINIEAE, 2002, ¥ SRS, &
U T o A AR I ol S5 B P IR 1 SO

Al Bk, 2SR, 2006, FIEIHE wi2-1
V-5 7K N G H I ol 5 B AP A IS S TS, A
JE b ER, 20(2): 26—28

rhAe N B A [ K T B A T A 5 R . 2002,
GB/T 13912-2002, & /@ %2 WG #0248
2 BEARZR R D7k JRt: B RRAE R
#
L, SR, BREPICSE, 2002. #GgEER b
FRXTBE R PEBE RS . AORHAR, 35(7): 17—19
fHuHE, o B, &) 48, 2006, POREEELEIG K
JE AT RS, S B, 27(8): 379—381,
403

kO, FEREA, kB, 2016, PUSEERR R )R
BERFIE. P51, 38(4): 40—43

FotE, 1997. &BMEMmS P EAR. MK T 2B
240 18(2): 1—4

FE SR AR W B . 1991, GB/T 1771-1991, (43 FIVE 4
it kR S PR RE RO . dbRT: rP E AR AE R

EERSR, 1997, WHFEEMER Y. Juat: Bl2EH ik,
2(2): 53—56

BRI, 2003, 4@ AR A TR E S R
st B4 Tolk s Wikt 249—253

JEIE A8, SR SCRR, 1987. A4BRARHAG BT ik =, Jbat:

Bl AR AL, 58
TG, 2008, BERIE MG . JbE: e Tk
H it 1

De Pauli C D, Derosa O A H, Giordano M C, 1976.
Effect of phosphate ions on zinc dissolution in
alkaline solutions. Journal of Electroanalytical
Chemistry and Interfacial Electrochemistry, 73(1):
105—108

De Pauli C P D, Derosa O A H, Giordano M C, 1978.
Zinc dissolution and passivation in buffered
phosphate solutions: Part I. A comparative study
with sodium hydroxide solutions. Journal of
Electroanalytical ~ Chemistry &  Interfacial
Electrochemistry, 86(12): 335—348

ISO. 2009. ISO 1461: 2009, Hot dip galvanized coatings
on fabricated iron and steel articles-specifications
and test methods, International Organization For
Standardization

Mor E D, Beccaria A M, Poggi G, 1974. Behaviour of
Zinc in Sea Water in the Presence of Sulphides.
British Corrosion Journal, 9(1): 53—56

Wroblowa H S, Qaderi S B, 1990. The mechanism of
oxygen reduction on zinc. Journal of
Electroanalytical ~ Chemistry &
Electrochemistry, 295(1-2): 153—161

Yan M F, 1986. Zinc oxide in Encyclopedia of Materials

Science and Engineering, 7

Interfacial

119



(GIRESREIE S B

Cheadle B A, Coleman C E, Ambler J F R, 1987. Zirconium Alloys. Journal of Nuclear Materials,
Prevention of Delayed Hydride Cracking in 396 (396): 130—143

Research on the Corrosion Resistance of Domestic Hot-Dip Galvanized
Chain (II): Corrosion Resistance of Hot-Dip Galvanized Material

MA Shi-De'?,  SUN Sen-Feng®’, LIU Xin*, YAN Qing-Ran®, LI Li-Na?,
XU Jian-Ping’>, WANG Qi-Ran’, CHENG Kun*, LI Bo-Liang’, CHEN Ren-Juan?,
GOU Xiao-Chao®>, DUAN Ji-Zhou'"

(1. Key Laboratory of Marine Environmental Corrosion and Bio-fouling, Institute of Oceanology, Chinese Academy of
Sciences, Qingdao 266071, China; 2. Qingdao Dongqi Mechanical Equipment Co., Ltd, Qingdao 266071, China;

3. China Association of Professors of the Old Marine Anti-fouling and Anti-fouling Specialized Committee, Qingdao
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Abstract In this paper, a hot-dip zinc specimen of CM series steel was used as the test material. First,
for the accelerated salt spray corrosion test, the hot-dip zinc was sprayed with a 5% NaCl solution at a
constant temperature of 35°C and photographs were clicked to record the state of the surface. Next, an
electrochemical polarization test was performed in a seawater electrolyte, and the zinc coating was
observed using SEM to investigate the corrosion mechanism. In addition, the morphology of the hot-dip
zinc material was observed using a three-dimensional digital microscope and a further electrochemical
polarization experiment was performed in an anaerobic bacterial environment. The results of the
accelerated salt spray test indicated that the corrosion rate decreased with an increase in time; this occurred
mainly because the corrosion product film inhibited the corrosion anode and cathode processes
(passivation platform). Experiments under anaerobic conditions showed that the passivation platform was
formed when the bacteria grew to their peak. This was mainly due to the formation of dense ZnS corrosion
products on the electrode surface as these products formed a continuous and complete corrosion product
film. Hot-dipped zinc products containing 99.99% pure zinc as the raw material show high corrosion
resistance in the marine environment because of the protection of the corrosion products and the zinc—iron
alloy layer. The salt spray and electrochemical polarization tests can be used as quick methods to evaluate
the corrosion resistance of zinc coatings.

Key words hot-dip galvanized; corrosion; electrochemical experiments
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