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BEE A AR BCE P, i TR IR
TF 2R W TR 1 R . ke DI e s 11 9 2 B 1Y
e BRI R BRI I AT R B Y R A,
flan, TEGEEAE Y AR 7 i il i (floating
production storage and offloading, FPSO)(L7E
KA, 2013), B ACE BB HE AR
(spar platform)3% | (1 i H (Park et al., 2002;
Shin et al., 2003; Wyllie, 2004), JT4F 3 =¥ B
B B ) SR R RIS o, TR 5 ) T ol
P TSP SERE T B R AR

FE R Z B A - G =2 T 20 42 70
SRR 80 ARACHIMY, BRI, 5 2 BT Bl
AR TR TT RS, W & 5
SR ZR TH B 1Y) B B ORI, X i i
JE ORI TR k. HUIE ST | TR A
AEFE 1 B A R (K U A, 20005 BRZk
B, 2010; A4, 2011), 33X L6 44 A= P
ARPEH T HRM, A B BE 7l i T e i
AT R A LIS (L SR SRR AT, 2003; B
85, 2013), AHXF TSR S RIAEEA:
PERAR AR PR e, R E A R BE A ROR
5 20 A2 90 4EAE A4 M & e ok CR 1R
B, 1999), I ZRMER T, AR E R, M
KPP MAEAZ OB | FZAE RS HAN A 55
Z 7 AT ORI, 7 il S B L HOR
M A B e m iR TE, T 6 B 5 E SN
JE S AH E PP R RE T o 2003 4R N R R
) Z AR BE P AL AR P e T R E S K
K E RPN RIABEE R B 2200, B
REE br & 1K 21 [ PRt /K- (B 45 B, 2010).

i GO TR R EE A BN R R BT T
DI A Ml 7 3 — S5l 14 2B e b o7, 7R A 77

AR AR 77 B A 7 T AL 359 Ak [ B 45 ML A6
s T E N A EE . RINEE O, P2
THEHPRH SRS

R ZE SR & GO0 R IAEE R kA R
R A 7=, Sk R A A0 Tl A0 By 4 AR
OS5, AT B v IR — e A ME A GRS A 3 45,
2013), i I s 00 T O Al e T T A a0
Ul PS5 | U AE S PRl AR DL R
R —BE A LR Z TS SF R E S H TR

ARCGE T 2012 4F 6 H~2016 4 7 AR
B s AT ESE 4 A U S (AR AR ER
Rl 1 Y<), X R VS Y SE R TR ik 5 s
PG BLHEAT TR, Ve TR B T 2
I AR T SRR AR
1 EFERE
1.1 e sRt R mT

(1) R

FEE CM690 st #5 3 4~ S H AR Rl B
%34

(2) BEM Sy

FH CM690 FEE AL A LR 1,

(3) HhiE RoF Skl & 7 K

AR50 6 B Ay v s B Sk FHA R i i
Horp PO Al EE B 33mm, ARYEREREE E
22 29mm([E FHAWE R, 1993). fifE B4
Ref i 2, BHRERLE 1,

(4) HEEM T T2

AR 0 SR FH R 1) I T T2 KR 56 T vk
W prik:

DRk B R B A9 8% R V)R A 3 K
kL

F1 RGEMEELFRS

Tab. 1 The main chemical composition of the specimen

EBA ST (%)

B

C Si Mn P S

Ni Mo Cu Ti Al Als

CM690 0.3 0.2 1.7 0.016 0.006

0.04

0.01 0.004 0.04 0.015 0.024 0.024
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K1
Diagram of anchor chain dimensions and
suspension
T a IR RS iR B (RS EUOLE 2); b, K
R AUR A .

x2 AEHMBEERT

Tab. 2 Dimensions of the test anchor chain
(537 : mm)

HFE@W@C) B KL)  HEFTEW)
PO PR BE 33 132 119
R 29 114 103

Ohk: e PR RPN E 1L ;
@ PR R B B 0 B 2 ML AT

B BERT Mg HR A

Fig. 1
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Ju, FTESAERE R A AL B s T, BRI R
F1 oAb L 1 A ME AR AL Dh AR

O IS5 5 BE IEAT Y, P
Fm, HEEREICIEE;

I KB IR BB RIS . B
JOF TR AL A

@R FEAEE R MIT L ARED, BR i 4
SRS,

(5) MREMTTZ

L |=> | i > [mn > ko |-> [ o > e |

v

|&ﬁ
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Fig. 2 Hot-dip galvanizing process
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T 320 R A S A /N B TS s KU N
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Hh )R ) RS b 5 77 K 655 (B 1b).
1.3 REHEEEENE

F B AT s IR S, 1 R A
— AR, R alEE K B HARE, 0
Al e S ol IS 50 B B 2 TS A I L, il
FH EBURE 28 3 531 ) KU e 9 1T 4 30 ¥ 26 0
FWE =Y, B TT220 B9RAL b st
ZUWERHEE AT FRA W], v I Al fe B IR CR
)L I FIHOK )M BGR S Z R Bk
S, 0 TR ASC P VR DN 2 I T ok ) O )
JZIEEE B AR IR, AT IR IR A
S IT 2 i Hal 3%
1.4 SIREWIE R

6t FH BB 257 43 01 ) B Al % 2 1 43S Vs
AR TE S R, XS P T 2
YE | FREESE T . X = b A T o e
J& BEAT A A B, A #S A D/max-
2500/PC i X SFAAFHHN(H AR 2EAH], H
A, 1 20 £f128 5°~90°, FAHEHE K 10°/min.

2 HRE5WR

2.1 JEREER

SARIT 2013 4E 7 AL 20144 7 A . 2015
AE 7 AR 2016 4 7 ACRHREEESE T, TEER
2 101 B A A 75 0 A W O 4R BRI SRR Ok A
S50 VLI 3(FAR PR )RR 4(TR] 3 %8 BRZH 1Y
KRPEPEREE)

XA 3 R A ISR T LA R IR,
23S 4 UL S IR, PR PR RN
b T RS A YR R R SR e AE, T
W PE SIS PR IES 4 XA R
LR E

17 368 o8 O % () B0 A 7 3 1 ) HR L. (BT 4)
AT DLR B, R Al A R AR A 8 Rk R
JEE R R, B S A AR KR KR RS

Kl 3 CM690 IR B R 2 AF JB e X Lo
Fig. 3 Comparison of corrosion morphologies of the
hot-dip galvanized anchor chain
TE:a.20134F 7 A;b.2014 47 A5 ¢. 201547 A; d. 2016

FT1H

4 CM690 A B il i A7 T U 55 %

Fig. 4 Comparison of corrosion morphologies of the
anchor chain without galvanized layer
7E:a.20134E 7 A;b.20144F 7 A

AR o 1% 85 = R S0 IR AT RV
AT, RARPUR 3mm Ay, T5HEYHE
HuEE TH L BRAER, 7EHE TR
5 408 A ) ) 2o o o 5 ) O TR T 48 A ) —
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i AT L AT DL R B B A B
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Tan@l e, U\ :
S R B 4 2 8 €

Fig. 5 Black corrosion product obtained after scraping
the loose rust layer

P, FEEERAWIECN, AT HE b ) By
AW, RRBREIE R, ALl b Z,
R BRZH T 2014 4F 12 3B 1356 imi [R1
R PRI BE R AP B Al i R 1 BT AT 5 T B 42
SEUFHL AR R T BT IR B 1 B o

2016 4F 7 AR A R DR, 75 LB
SHRAY G, &I B EE R K
PR A, FRMDCI T TORR S o SR A BE L
WA IR 5N IR IR E AL BT R h
ME(K 6a il b), HGEH R FREHET
Mg, T RORSER Kz 3, BRI
AT Y S Bl EE AR, 3 A ok A T DA A
R, K2 T B RIPER, i
T U A i B R A T 1, AR B

6 CM690 FFERIHESS ] i B 5
Fig. 6 The phenomenon of abrasion between loops of
hot-dip galvanized anchor chain
T a KRG b KT XEEFFE IS

X 6a Fil b & ER, KX BEER
A7 A B S ) 2T 2 R 455 5, UK R X B 3R
JEE b AN A DL BH B, R R LA AT R AT
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B BA A HEN LR ATy, IR RS
TEK T 58 B s, 4 24 R BE AR i
HLORIP T AN S
22 BHREE

2.2.1 TRV 2K b DX IR i 4 B )R
JREGAAGEY R BEEE 2014 4FR

X GIKR IXRE PR B B )23 J5E B 0 o 25 R Ll A
UL 7; 2013~2016 4F 45 20 5 5 9% F )25 5 B 0
W W 3; PIREEEE 2013~2016 4F KR
X 5K DX PR B 22 T B U (L DL 1] 8 A
K9,

R3 CM6VKEHE4 ERMBRHBEETEHEE
BEE

Tab.3  Reduction in the thickness of the zinc layer
of hot-dip galvanized anchor chain over 4 years
KRAK KFIX
2013 45725 B (um) 166.50 168.17
2014 45 P JEJE (um) 148.64 122.20
2015 45 -3 5 B (um) 200.7 1323
2016 47 -3 J5 B (um) 304.6 102.6
2013~2014 4FJR WG (um/a)  17.86 45.97
2014~2015 4R FEOH (um/a)  -52.1 -10.1
2015~2016 4FJE EE )8 (pm/a)  —103.9 29.7

2013~2016 4FJE )M (pm/a)  —138.10 65.57
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K7 2014 4 CM690 Sl HE R //K T BERMIEHEZ S
J3E I 25 R (um)
Fig. 7 Thickness measurements of the zinc layers of

the CM690 anchor chain exposed to the atmosphere and
in the underwater area in 2014 (um)
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Fig.8 Thickness measurements of the zinc layers of

the CM690 anchor chain exposed to the atmosphere
and in the underwater area in 2014 (um)
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Fig. 9 Thickness reduction of the zinc layer of the

CM690 anchor chain exposed to the atmosphere and in
the underwater area in 2013~2016 (pum)

ST DL R AT AL

(1) LT 2013~2014 4 3% L2 P A X AR 5
TR R EE I aE, ORI BE B 2 R ) Dk i
s B/NFKTX, 48 10um/a, S5EBR -
T AR AT IS SR LA R R RIS 8 il
FM RN 0.5~0.8um/a; Mattson, 1982). 1M
2014~2015 4EH12015~2016 4F5F 2 ) JE 45 535
AEBG N, AT RE B B P 28 0k % SR PR AR Y B
B, KAXPERZ e kA Ak, MEZ R
T Zn (NE =Y

(2) KT XA 45 SRR, 2013~2014

AP X BRI 1Y B Tl s R 2428 20~50pm/a.
B 4% M Vg K R RE R RS Dl E R 20~70pm/a
(Porter, 1997), 5ARIS 25 B8 AT E 2014~
2015 AREEZRERA ETE, nTREMY L kK
KRR KA AR ROV A KA. 2015~
2016 FEHF)Z B T AR AT A 20~70um/a 1Y
JE R

(3) HE 7 A 8 W LIFE H, PR ErasE
FH B JZ SRR 25 AR KRR
B2 R BN, KR XEEE RN
2.2.2 AS[RIE K G il X AR R Rl A G B 2
JE B B AR AR Ak 3 T2 50 B A (] FsF ] £
AN T) U 7 ok DX JER 235 SR A DA R BEAE
K DX S8 ok TR AR RARX R, SR
IR — 2 (PRI AR i R, B
FTIS R & BAL TR KR KR BB K
FROHE 6 04 J68 b X o,V AN 1
IR IR TE 20 20 & B[R PR 85 X 7
AR S ok R, B0 R A R ™ Rl X
(Humble, 1949). 2 FIERAE 1A BT H 0 1k
ZARSEAANE, ANAE K P Az E P
B, B A VAN [R] DX P SR Mk 22
M(Revie, 2011), T EFEHEE PR H 0 1 2
Ji ok Wy RS T A A TR Y RS P R K rh
T2 BB ol A R B[] L 2L A ok B R
R4 A F1 ¥R H (Revie, 2005)
23 HEBMEISH

A X e g B S R
3R, AR AR R IR 85 ) KA & 08 JF
ZFEEL A Y . FERIE YR, R WY
— R EAY) . AR IR . O
fi B (ZnSO, - nH,O) 1 5 =X #i R £ [Zn,SO,
(OH)s - nH,0] . £ Wi M X, ¥% 5L & 1k #F
[Zns(OH)Cl, » H,O] & F E (b & ¥
(Graedel, 1989; Odnevall, 1994; Revie, 2005),

TEWG PRI, B R B = i A
BOR T A5 NR 4 R .
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x4 FESEREDHEMRYIRET N (Porter, 1997)

Tab. 4 Changes in the zinc film produced by corrosion in marine environment

24 /NI 14 14
ZnO
ZHs(CO3)2(OH)6
Zn\Zn(OH)z\ Zn5(OH)8C12'H20 NaZn4C1(OH)6SO46HZO Zl’ls(OH)gClz'HzO
Zn4SO4(OH)6'nH20

NaZn,CI(OH)S04+6H,0

3 I KA FIK T DXCBE 20 00 65 okt 7= 4
BT X S5 (X-Ray diffraction, XRD)/3 4T,

RN RILRNIE 10a F1 b 7R, il nl LUK
JE W a5 SO ET AR SR 45 R — 2

a b
(09 B} .
-Zn0 (003)
¢-71,,(S0,),CLL(OH),;- SH,0 ¢ ¢-Zny(OH),Cl,"-H,0
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= =
B = .
op iy
.
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| 1 1 1 1 1 | ] 1 1 1 1 1 1 | ]
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K10 BFZEM e XRD & 1E
Fig. 10 XRD spectrum of the corrosion products of the zinc layer in the atmosphere (a) and in underwater area (b)
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Research on the Corrosion Resistance of Domestic Hot-Dip Galvanizing
Chain (I): Test for Hot-Dip Galvanizing Chain at Sea Port

MA Shi-De'?, WANG Zai-Dong®, LIU Hui-Lian'", LIU Xin*

(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
266071, China; 4. Qingdao University of Science and Technology, Qingdao 266042, China)
*Corresponding author, E-mail: hlliu@qdio.ac.cn

Abstract Harbor experiments were conducted for the first time at home and abroad for
commercial hot-dip galvanized chains for nearly four years; and the development process of corrosion and
biofouling were recorded accordingly. Tests were carried out in July 2013, July 2014, July 2015, and July
2016, respectively. The anchor chains were taken out of the sea water, and the organisms attached to the
anchor chains were scraped, classified, identified, and weighed. Then the anchor surfaces were cleaned to
check the rust. Finally, the thicknesses of the zinc layers present on the chain surfaces were measured. The
whole process was photographed. The results of harbor tests show that the bare steel underwent severe
corrosion, and the rust layer was approximately 2~3 mm thick. The corrosion product fell off even upon
touching slightly. Corrosion pits of different sizes were observed, with the maximum pit depth being
approximately 3 mm. The hot-dip galvanized chain did not show apparent corrosion, and that the
corrosion rate of the zinc layer was approximately 10 um/a in the atmosphere and 20~70 pum/a in the
seawater. However, abrasion was observed at the junction of the two chain rings; the corrosion-resistance
of the anchor chains in the atmosphere is higher than those in the sea water. The number of fouling
organisms present on the surface of the hot-dip galvanized chain was less than that on the non-dip
galvanized anchor chains, and the number of fouling organisms on the hot-dip zinc chain increased year by
year. The dominant organisms were ascidians, bryozoans, mussels, oysters, and u/va sp., and southern
fouling species, such as thePerna viridis was present. The weight of fouling organisms per unit area on the
anchor chain was 1257.6 g/m’, 1454.6 g/m’, and 21304.0 g/m” in 2013~2014, 2014~2015, and 2015~2016,
respectively. The increase in the weight of the fouling organisms led to a great increase in the degree of
abrasion; this creates a hidden danger of anchor corrosion. This study provided valuable scientific basis for
the design and application of marine engineering.

Key words Hot-Dip Galvanized; Anchor chain; Corrosion; Harbor experiment; Jiaozhou Bay
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