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LOCALIZED CORROSION OF COPPER AND ITS ALLOYS IN
SEAWATER AT FOUR TEST SITS ALONG CHINA (DAST FOR 16 YEARS

ZHAO Yue-hong, LIN Le-yun, CUI Da-wei
General Research Institute for Nonferrous Metals, 100088 Beijing, China

ABSTRACT: The regulation of localied corrosion of 2 kinds of copper and 17 kinds of copper alloys ex -
posed in seaw ater at test sites of Qingdao, Zhoushan, Yulin and Xiamen for 16 years has been studied.
Results show that during immersion in the seaw aters, copper alloys suffered from pitting corrosion due
to high temperature and marine living adhesion at Yulin, and due to higher flow velocity of seawater
containing sand at Zhoushan. However, the seaw ater at Xiamen seems to prohibit pitting corrosion of
copper alloys, so that no pitting corrosion was observed for copper alloy plates tested there. The copper
alloys suffered from more serious pitting corrosion in the mean tide zone than that in the immersion
wne at Qingdao during the later exposure stage.
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Table 1 Environmental factors of seawater in experiment sta-
1 tions (annual averages)
(GB5776— 86) factors Qingdao  Zhoushan  Xiamen Yulin
1 2 fem pera ture, ‘C 13.6 17.0 209 27.0
dissolve oxygen ml/L, 5.6 53 53 43~50
: 2003-04-04 ; 2003-06-04 pH 816 8 14 813 8 30
(50271011 salinity. % 322 26.0 270 330-350
97370 flow vebcity, m/s 01 05~133 03 a ol
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Table 2 Mechanical property of copper alloys " . R . —
mechanical property  rocess - — - -
sam ple No.
oy MPa 3 % state - ’ ’
1 TUP 347 1. 1 hardened . .
2 T2 350 10. 1 hardened , (GB5776— 86)
3 QSi3—1 568 23. 4 hardened
4 QSn6. 501 562 23. 3 hardened 2
5  HSn62—1 453 22.7  hardened
6 OB 771 130 hardened 2.1
phte 7  HMn58—2 600 10. 3 hardened 1 .
8 HAI77—2A 350 79. 2 annealed 16 R .
9 HSn70— 1A 343 73. 4 annealkd )
10 H68A 328 690  anneakd ’ ' ’
11 B10 489 16.3  anneakd ' ' '
12 B30 351 527  amneakd : QSi3—
13 HG68A 389 60. 5 half hardened 1.HAI77—2A .HMn58—2.HSn62—1.H68A ,
14 HSn70— 1A 371 68. 5  annealed (0.05~0.94 um/a)
15 HAI77—2A 377 63. 1 half hardened
R (0. 03~ 1. 54 um/a)
tube 16 B30 392 36. 5 half hardened
17 BIO 307 43.8  anneakd
18 B30"" 369 44. 8 ’ ’
19 HAI7T7—2A " 408 61 4
*Impurity content of alloys is accordane to metallurgy standards.
* * Italian product .QSi3— 1.HMn58—2
@ 80
-~ 70 Qs TP —— T2 —f-—(QSi3 - 1
E % ——— Qsn6.5-0.1 ——l— QBe2 -« @ - HeBA
g 8 60 fF —O—HWMNS8-2 -- O HAT7T-2A =~ HSN70-1A
€ E 50| —®—mHsne21 —a&— B0 ——&— B30
c =
2 v 40}
g 2
£ 53 30
8 3
% g 20
o 10
>
© )] N " N " " "

1 2 4 8 16
Qingdao Xiamen Yulin Zhoushan
exposure time, a

Fig. 1 Average corrosion rate of copper alloy plates exposesed in immersion zone of seawater
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Fig. 2 Average depth of 10 deepest pits on copper alloy plates exposesed in immersing zone of seawater
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Table 3 Corrosion data of some copper alloy plates exposed in immersion zone of seawater for 16 years
copper test average cormsion rate *m/ a average depth of 10 deepset pits, mm depth of the deepest pit, mm
alby station 4 8 16 4 8 16 4 7 16
Qingdao 1.9 20 1.7 012 0.23 0. 27 0. 23 0. 50 0. 49
HAI77—2 Xiamen 2.4 1.9 — 0.12 — — 0. 29 — —
Yulin 22 2.5 4.3 011 0. 18 0. 41 0. 12 0. 34 0. 91
Qingdao 75 6.1 — 0.13 0. 17 — 0. 17 0. 25 —
QBe Xiamen 26. 1 56 2.4 — — — — — —
Yulin 12 9 4 817 0.35 0. 64 0. 98 L 12 1. 66 2. 09
Qingdao 6.9 35 4.7 0.12 0. 11 0. 20 0. 45 0. 26 0. 54
B10 Xiamen 50 4.1 1.9 — — — — — —
Yulin 16 15 14 0.15 0. 40 0. 37 0. 25 1. 25 0. 75
Qingdao 6.1 36 2.4 0.12 0. 09 0. 12 0. 27 0. 15 0. 26
BFe30—1—1 Xiamen 2.9 2.0 2.8 — — — — — —
Yulin 15 4 4 6.2 0.18 0. 20 0. 16 0. 42 0. 65 0. 27
Table 4 Corrosion data of some copper alloy tubes exposed in immersion zone of seawater for 16 years
copper alloy test average corrosion rate *m/ a average depth of 10 deepest pitss mm depth of the deepest pits mm
tube station 1 2 4 1 2 4 1 2 4
Qingdao 4.8 2.4 22 — 0. 12 0. 24 — 0. 22 0. 40
HA177—2A Xiamen 4.7 37 3.4 — 0. 08 0. 23 — 0. 13 0. 30
Yulin 3 37 2.4 — 0. 13 0. 24 — 0. 37 0. 50
Qingdao 16 12 7.0 0 14 015 0 18 0. 42 0. 20 0.25
B10 Xiamen 28 16 15 — 0. 10 0. 37 — 0. 16 0. 56
Yulin 15 12 9.1 0.13 0 18 0. 36 0. 19 0.53 0 71
Qingdao 22 15 14 0 2 0. 13 0. 37 0. 32 0. 21
BFe30—1—1 Xiamen 39 22 13 — 0. 32 0. 23 — 0. 44 0. 41
Yulin 21 12 8 0.19 0. 25 0. 19 0. 23 0. 54 0. 82
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Fig. 3 Average corrosion rate of copper alloy plates exposesed in mean tide zone of seawater
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Fig. 4 Average depth of 10 deepest pits on copper. alloy plates exposed in mean tide zone of seaw ater
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Fig. 5 Average corrosion rate of copper alloy plates exposed in splashing zone of seawater
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Fig. 6 Average depth of 10 deepest pits on copper alloy plates exposed in splash zone of seaw ater
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Fig. 7 Average corrosion rate of copper alloy plates xposed in Qingdao seawater

(0. 05 *m/a~0.2"»m/a).

16




5 16 271
08
. TUP ——T12
0.7 —+—QSi3-1 ——3— QSn6.5-0.1
E o6} —%— QBe2 - - @ - - HEBA
£ o5l —6—— HMn58-2 - - O - - HAI77-2A
% . 4—————— HSN70 -1A ——O—— HSn62 —1
g 04 —— B10 ——— B30
o
& 03 ¢
z o2t -
0.1}
0 . ) N - R ) ) .
1 2 4 8 16 1 2 4 8 16 1 2 4 8 16
immersing mean tied splashing
exposure time, a
Fig. 8 Average depth of 10 deepest pits on copper alloy plates exposed in saewater of Qingdao
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