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Application and Progress of Sacrificial Anodes Used
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Abstract: In this paper, research and development history of Al-alloy sacrificial anodes, Zn-alloy sacrificial anodes and
Fe-alloy sacrificial anodes was referred, as well, research status, hotspot and research achievement of corresponding sac-
rificial anode products were summarized, meanwhile, ideas that sacrificial anodes used in the special environment and
micro-segments market was direction of future development of new anode materials was pointed out . For the Al-alloy sac-
rificial anodes, application of Al-alloy sacrificial anodes used in the normal and special environment for the special materi-
als including low-driving potential anode in the normal seawater and in the oil seawater, wet-dry cycling, high temperature
environment used in the cathodic protection of warships was introduced, meanwhile, research progress of Al-alloy sacrifi-
cial anodes used in the ships was summarized; For the Zn-alloy sacrificial anodes, development status, history and corre-
sponding Zn-alloy sacrificial anode products used in the warships was referred; For the Fe-alloy sacrificial anodes, status
and practical application in the cathodic protection of warship was summarized.
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AL GG R BH AR DI FE LA BORR IR 3 AR
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T PEAP P B A AU A B AR P e, 408 5 4 A B RR 1 P e
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ALGEMYE R I R & D5 T sk AT, R
B m AR TSR, 20 2 50 FACR A
Al-Zn, Al-In, Al-Sn 5058 1R, Al G & AR BT
FBWIRA, Al-Zn, Al-In, Al-Sn 5§ 505 4 I HTE
TR, SN AR, mAEREE 20 40 60 ~
70 A0 FR ) Z I05R G 4 PR BR800 51 10 R 4 D K
Galvalum [ I Galvalum Il 2 0F & 50 SR 09 B BE, HLIR AR
R ) A5 DA ole . (H 2, Galvalum [ 1 Galvalum II iy T
& Heg, X THEEM A EZ N, BES Al-Zn-In il Al-Zn-
Sn & =0 4 PR PR K g, TR BE G BIF 9 45 I 2
SIFIRA, AE Al-Zn-In &A1 Al-Zn-Sn FEEAH F WA B
THTFBHMERERY Cd, Si, Mg, Ti, Ga FILR, flifs
Z U A AR R SR T 2 22 4

HETH I AL S SRR, BLAl-Zn-In & 3
Al-Zn-In RESATHLHTIEI, ZEMWRELY, HAT
TR T 2 . TR 19— Al & 4 ik B
WAL, GB4950-2002€ 55 — BF — HH & & 4 4 BH AR ) X
F BB A AL E R R TR R L T, HOAT R
4 Al-Zn-In-Cd., Al-Zn-In-Si. Al-Zn-In-Sn. Al-Zn-In-Sn-
Mg Fl Al-Zn-In-Mg-Ti, F 1 Al-Zn-In-Cd, Al-Zn-In-Si,
Al-Zn-In-Sn 1 Al-Zn-In-Sn-Mg J& F 1 %1, Al-Zn-In-Mg-Ti
JET 2 A, 1 RN 2 BUEREORIT R A A2 X )y — 1. 18 ~
-1.10 V, TAEHRMKXEHN-1.12~ -1.05V, &K
AT | MERIFF AR =2 400 A - kg, K
HR=85% , 2 MEDRSPRHAF =2 600 A - h/kg, HL
AR =90% o
2.2 DHEREAASIREE

BEHE FIARBEFE I TRA W BB & 284 B 58 4 12
SEPRTREL, EFRPRRERIAEE . A4S0 Y BH AR 7 5 AN
o RRER AR 3 E A T TR A B L iR AR
TS FRBE I BR G A AP PHR RN B XoF re e S I 0K ) H o7 45
BEPHAR A5 o X SERFRR PRI X T80 5 B e P AR 1 i Al 2
PERESZMR B, DR S TH40 & Wk R AR A B B¢ 1k

BORH
2.2.1 #BRAFAKIES) Bz AR

o R AR A R 4 JE A ORE, B A R R 1 K
Jig, R R MORER)yZ R G ROk i, A
7 4% o S P SR A R ey R R B 4 AR
Lo R A= T R = AR @ Pl i I e =
W R R A AN S . A S AR s kA =
AT, BAUEsRa s Rt S8k, -2k
AT, K XoF A A G AS T A S 198 52 e AR TG ¥ 48R [ 46
Jo ARk, ENIMTARRAL AL A 404 PR AR 217
TRERFIIETAE. ¥E R Guyader L' Hii% T F A4
P s B A R 7 AL A 24 BH AR Al-Ga (& F),
PRy -0.7 ~ —=0.87 V Z[H], HIFEHIEH ALY
51, JRERE BRI R AR E TE R T
Tl TR 1 Al-Zn-Ga-Si LA AL AL £ 4 5 E
PR, DAmsa Al H R, WINJCE Zn, Ga, Si, %55
SH SRR E AR Zn 0.05% ~1.0%, Ga 0.05% ~
0.3%, Si0.5% ~1.5% ; HAMZHICE Fe + Cu + Ni<
0.15% , Ca<0.15% , it Al, HilfER AR TE R R 1
K TAEHITE —0.80 ~ —0.85 V Z i,

2.2.2 WmEHEER

A S LA 1 U S AL I A 2 SR K PR R
AR S A KE TS, K — L0855 4 BG4 B A 7 B
KAEARKASAL, FEAG Y5 0 K HP 3 8 A PR AR 2 1
WESEM, T — 2= aEse, PR R85 o
Jal, Aol G PR I SR AR ELIA PR RE R R

/N BT T Al-Zn-In-Si-Ze FIHE A6 & IR 75
BT b i N M RE, B AER Y M Zn 4% ~ 5%, In
0.018% ~0.026% , Si 0.113% ~0.127% , Zr 0.047%
~0. 113% (it A 404k, T, &Rk Al %A R
EHE RIS K P BRI R KT 86% , TAEHRAH
-1.075 V, L FN#Esh# 20 mV DI,

BBRBIFSE B B T 5 U PR I AT S Y 3 B8 52
Pro|wr, EFxHRARSCbRiE R, BFR T8 A Filis K
AR EK Bl F AP B AR, R4S T % Ao Ik B AR DA &
aff ALy FEZE0RE, W Zn, Bi, Si, Horp & gy i
HEHSLH: Zn0.5% ~2.0%, Bi1.0% ~3.0%, In
0.018% ~0.022% , Si 0.10% ~0.50% , HAthZ% Mg
+In+Ti<0.15% , Fe<0.15% , 45 Al, % PHA%7E
1K TAERALAE -0.75 ~ —0.85V Z ], HLAL
BAMET 75% , BEHE, 05 B 2% B W
MR 1 iR,

2.2.3 FEIXBFFRFEMEMR
T AR B 45 BH A o B P A 2K AR 1



620 T A ek

33 %

U il i kAR LA AL BEAR 2 WL A
Fig. 1  Macrograph of low driving voltage sacrificial

anode used in seawater with oily soil
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TR ZOK AR s B A B R B oy, B AR 4R
il T Fe 1 Cu S5 2 i & i, HAKW K : Zn 4.75% ~
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Fig. 2 SEM micrograph of sample with optimized ingredient
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Fig. 3 Macrograph of sample with optimized ingredient
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H AT AR 11 Zn & 4 FHAR Y, Zn-Al-Cd FH
W RO By, B )12 . Bl FR GB/T4950-2002
(Zn - Al - Cd & & 1%k PHAR ) 23R Al & 546 0.3% ~
0.6% , Gd &84 0.05% ~0.12% , [FIAf$H Fe, Cu,
Pb, S BRI ST M T I R e A 5 T
XF Zn PHARHEAT T R BE5E TAE, DF5E Zn-0.45%
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Fig. 4 Macrograph of Zn-alloy sacrificial anode

ANGENEE) I BE AR HL A ARG i N F R, ELA bR
PRI ARG

T T A0 BH A% A 97 1 Fe 45 42 BH AR M R 45
235, 20 S84, 16Mn 145 S9%, SCHk[17]IRET
F Q235 FAVEREHERAM , TEW S K 4P 48 Cu, A%
AT Zn, ATPHML . SCHRL 18 JHRIE 1 FH 654K 76 g 7K h
BIREMIE 8 4E LU by IR %" RGE 1 Tk
4li Fe, 16MnR $ELH | 45 S HIH Mnl3 58 L Fe 3
B A B A AL R R RE, 45 R BT, Fe 3G 44
PEBAMR B X2 e R AU, TAEREIRH S, 7]
i Cu, Pb (5 IE 4 & 1 a3k B AR 0,
TR, TR R

5 & &

SR, A4 BFAR AR 7B AR R £ il AL A <6 i JE ke
AR T Al G e Zn 5 Fe 15 SR BHAR 76 AL
AP BT Z R . AR A B B R, B
W RCRFERALRL I SR B RS L SO S B A5 FhaT 20 15
PEREE, ELAEMhT IR . TR AR G . R AL AE,
XFFRRERAA L, LA DR B A A 07 i Hh AR T 5 T A X1
XETHEIR A P PRI, W TS AR EEREE 20 T B AR
PERERY RN o

FURU, UL AT A B AR A e Y e F 2 IR MR s B A
FOEFA BPERE I K, ST BT P N BH AR 1 R R L
BHAR PR PR PPN 7 3 o RS AR A LATR JLT5 i & T«
@ BB AR BRI ,  RIVGE S o5 4 a3 - YRR L
SOEINE . BRIASE TP | BEERAE . B T2,
T Az BT T vy, AR R SO P A B B AR A L . fE
FTHRIRIREE T B BIAR A BT o T T 38 L IR 3
BT AR 5 R T A HE S g TR R v e AR s R
T o A A AR B 5 NP TR I K R v 4 B AR 2
JEHHITWEET . QJF & RGHT A ThRE . QR T AR A4

AR B0 S Je AR A R AL L B 5 b < s 1] 43 fk ™ £
AR ik . @5 G TR AR FHATL AN BH AR 7 % L2 1
Fio PHBCHLIACRIAFE N . &G K MEHIPLEL . 17
ZESERINL . FHARBERIAE 25 RRFER IR EE T (19 3% fif LB A
T — 2050, QMBIEE AT T . TR AR IE
B A PR T A 5 12 LA AR I 0 1 H I O B v 5 e JH o
T AR RS PR P RE AN D7 15 S5 B 7 R T 0T e o T A
WL, PEREH 8 HIE ) B AR RS 2 78 AR ok AL A B A
PRAP A 2 L ARATHET

SExHt References

[1] Hu Shixin( #+15) .
(B AR TAETFH) [ M]. Beijing: Chemical Industry Press,
1999 129.

(2] Li Jiaran(Z54E38) . Study on Low Potential Al-alloy Sacrificial

Cathodic Protection Engineering Handbook

Anode under Oil-contaminated Seawater Environment ( JH75 ¥ /K
PRuE o AR LA AR A A RE PH AR B9 BF ) [ D], Qingdao:
Ocean University of China, 2013.

[3] LiWeili(Z= /1), Yan Yonggui( |27k 5t), Chen Guang( [
%) , et al. Effect of Alloy Elements on Electrochemical Perform-
ance of Aluminum Sacrificial Anode (4 470 3 R IEATI B
PEREIO ) [1]. Jowrnal of Chinese Society for Corrosion and
Protection( V1 [ Ji il 15 B 37 5% 4R ), 2012, 32 (2): 127
—-131.

[4] Huang Yanbin ( ¥ #E € ), Song Gaowei ( 4 & i), Ding
Hudong( T#E7Z5), et al. Research Progress of Sacrificial An-
ode Materials on Amphibian Vehicle ( 4 4= % F 4 4% FH 4% 1
BTSR[], Journal of Academy of Armored Force Engi-
neering (¢ W IR TREZBe 24l ) , 2011, 25(2) . 81 -84.

[5] LiJiarun( 2443 ), Hu Yangdong(#{14%5), Chen Xuezheng
(BE2£B0) , et al. . Research on Chemical Composition of Sacrifi-
cial Anode for Some Offshore Jacket (£ 45 42 F 4 4% BH % Y
AP F9E) [J]. Equipment Environmental Engeering (5 4% ¥
BETAR), 2012, 10(2): 25-27.

[6] The Seven Two Five Research Institute of China Shipbuilding
Heavy Industry Group Company (i EAUATE LA AR
ZTHHBFFEBT). GB4948-2002 Sacrificial Anode of Al-Zn-In
Series Alloy (53— 5 — 80 % 2 4 WL BI%) [S]. Beijing:
Chinese Standard Press, 2002.

[7] Guyader Le. Consumable Anode for Cathodic Protection, Made of
Aluminum-Based Alloy; US5547560[ P]. 1996 - 08 -20.

[8] The Seven Two Five Research Institute of China Shipbuilding
Heavy Industry Group Company ( H [# AR T 141 [ 24 Rl 5 &
“ WG . One Low Voliage Sacrificial Anode of Aluminum
Alloy( — F A% 9% 3l s A2 48 & & 89 4% B B2 ) . China,
200810249622.2[ P]. 2009 -06 —03.



622

Hh R R 2

33 %

(9]

[10]

[11]

[12]

[13]

[14]

Hao Xiaojun (##/N%%). The Aluminum Alloy Sacrificial Anode
Resistant to High Temperature Seawater and Smeary Seawater ( i
L PO KR A S A IR BT ) [J]. Development
and Application of Materials (41 ¥+ 3F % 5 57 i) , 2000, 15
(6):22-27.
Central Iron and Steel Research Institute, Qingdao Marine Corro-
sion Research Institute ( 8k T 5L e 77 55 VR JE T W 5 ) -
One Low Voltage Sacrificial Anode of Aluminum Alloy Used in Ol
contaminated seawater (— R F -5 EK 19K 9K 2l o1 A 4R A
4z FH#% ) : China, 201110394634. 6[ P]. 2013 —08 - 14.
Ma Yanyan ( th#HEFHE ) . Study on Electrochemical Performanceof
Sacrificial Anode Under Seawater Wet-dry Cyeling (i FIH% 72
WK TRRACHE A T R AL 2 PEREBT52) [ D] Qingdao:
Ocean University of China, 2006.
Jim Britton. Cathodic Protection Strategies for FPSO’ s [ EB/
OL]. (2002) [ 2014 ]. http: //www. stoprust. com/
7 cpforfpsos. htm.
Chen Xiuling ([ 753 ), Guan Jianqging ( ¢ # K ), Yin Yina
(FKIK) , et al. High Temperature Sacrificial Anode Protection
Technology for Oil-water Well In Oil Field (i FH il 7K H =1 5
WAL ARG A) [T]. Corrosion & Protection ( J& il 5 By
41) . 2005 , 26(12) ; 524.
Qi Gongtai(F/44) , Guo Zhihu(ZKHEDL) , Wei Bokang (51
) , et al. Electrochemical Performance High Temperature of

[15]

[16]

[17]

(18]

[19]

Aluminum Sacrificial Anode of Various Sn Content( 7 il 8} & it
o AL 5 FEA A B AR B AL ~# BB ) [ ). Materials Protection
(BB , 1999, 32(10) : 29 -30.

Tang Heqing ( Ji A7 ) , Zheng Jiashen (¥§ 5 45 ) , Wei Bo-
kang ( BLIAHE) . Research of High Temperature Aluminum alloy
sacrificial anode ( HT 15 i 88 & & WL BH AR B #F 52) [ 1],
Journal of Huazhong University of Science and Technology( &t
T RZEER) , 1992, 20(4) : 133 - 139.

The Seven Two Five Research Institute of China Shipbuilding
Heavy Industry Group Company ( H [ AL At 2 1- 4 [ 4 7] 56
L HFEFT). GB4950 - 2002 Sacrificial Anode of Zn-Al-
Cd Series Alloy(Fe — ¥4 — Hi 4 4 Wi W82 [S1. Beijing:
Chinese Standard Press, 2003.

Wang Yueyi( F El X ). Corrosion and Protection of Copper in
the flowing seawater (4881 72 i 3l /K 1 B9 1o S5 B 47) [T].
Development and Application of Materials ( ¥ B+ & 5N A ) ,
1994, 9(6) : 24.

Shumacher M. Seawater Corrosion Handbook ( ¥ 7K Ji& 1t T 19}
[M]. Translated by Li Dachao, Yang Meng (25K, 4 #f
1% ). Bei Jing: National Defence Industry Press, 1985, 228.

Luo Zhaohong ( % JK L), Long Ping(J&  #), Yang Shiwei
(B FE) . et al. Performance of Fe-based Sacrificial Anode
(BRIEBDRH AL PR PERE) [T]. Corrosion & Protection ([
P, 1999, 20(1) ; 22.



