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Corrosion Resistance of Three Kinds of Copper Alloysin First-class
Rever se Osmosis Seawater

WU Heng, DONG Cai-chang, DING Guo-qing, ZHANG Bo
(Qingdao NCS Testing & Corrosion Protection Technology Co, Ltd, Qingdao 266071, China)

ABSTRACT: To evaluate the corrosion resistance of copper alloys commonly used in fresh water pipelines, the corrosion resis-
tance of three typical copper alloys, B10 copper alloy, TUP copper, and aluminum bronze, in first-class reverse osmosis seawater
was studied by means of immersion test and electrochemical test. The data were analyzed by orthogonal test method. It was
found that the weight loss of the copper alloy in the indoor immersion test was at the corrosion rate of the order of 0.01 mm / a,
and the B10 had the smallest weight loss. As the temperature increased, the step of the B10 polarization curve was no longer ob-
vious. Through orthogonal analysis, compared with TDS and water hardness, the temperature has the greatest influence on the
corrosion resistance of copper alloys in desalination seawater. The above results show that among the three test copper alloys,
B10 has good corrosion resistance; the surface continuous film formation ability decreases at high temperatures in first-class re-
verse osmosis seawater; the protective effect on the substrate is no longer obvious; and the temperature has great influence on
corrosion resistance of B10.
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Tab.1 Chemical composition of materials %
Ak ¢ Si Mn P S Mo Ni Cr Cu Fe Al
TUP — — — 0.004~0.012  — — — — =99.90 — —
BFel0-1-1 — 0.075 0.63 0 — — 9.52 — 88.5 1.16 —
B — — 2.05 — - = — — Z N — 9.49
®2 HTEZKBHEEMAFE K, SRJEIE BRI R T ™, xR AT AR

Tab.2 Factors and levels for orthogonal tests

HEA HEB(TDS)/ HEC () /
(JEE) /C (mg-L™" (mg-L™"
K1 25 300 7
K2 50 500 40
K- 3 70 700 80

AN DR 3R 2 [B] A 32 B A PR Tl A s, B %
LoBHIERR T, WRM AR IEAT 9 SRR K H
{25, AT : AIBIC1, A2B1C2. A3BIC3,
A1B2C2. A2B2C3. A3B2Cl. AIB3C3. A2B3ClI,
A3B2C2, IEACIAESE, 152 Ml &0 L3k 3,
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Tab.3 Test water quality conditions
o oo TDS/ i, AETRE

KEAS BE/C mgL™")  (mgL") WE/(mgL")

1# 25 300 7 3.2

2# 25 500 40 18

3# 25 700 80 36

4# 50 300 40 18

S# 50 500 80 36

6# 50 700 7 3.2

T# 70 300 80 36

8# 70 500 7 3.2

o# 70 700 40 18
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Fig.1 Corrosion morphology of TUP copper before and after pickling in 1#, 5#, 9# water for 60 days:
a) soak in 1# water for 60 days before pickling; b) soak in 1# water for 60 days after pickling; c) soak in
5# water for 60 days before pickling; d) soak in 5# water for 60 days after pickling; e) soak in 9#
water for 60 days before pickling; f) soak in 9# water for 60 days after pickling
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Fig.2 Corrosion morphology of B10 white copper before and after pickling in 1#, 5#, 9# water for 60 days:
a) soak in 1# water for 60 days before pickling; b) soak in 1# water for 60 days after pickling; c) soak in 5#
water for 60 days before pickling; d) soak in 5# water for 60 days after pickling; e) soak in 9# water for
60 days before pickling; f) soak in 9# water for 60 days after pickling
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Fig.3 Corrosion morphology of aluminum bronze before and after pickling in 1#, 5#, 9# water for 60 days:
a) soak in 1# water for 60 days before pickling; b) soak in 1# water for 60 days after pickling; c) soak in 5#
water for 60 days before pickling; d) soak in 5# water for 60 days after pickling; e) soak in 9# water for
60 days before pickling; f) soak in 9# water for 60 days after pickling
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Tab.4 Pitting corrosion measurement results of copper alloys in 9 aqueous solutions

TUP 224/ B10 14 R ]

BT P Bk SRR A PR FoRRm A Nmh PHm BoRm AR A

WE/am WE/am  H7 %R FEam FEam pT ®E FEAm ®Eanm {1 HEF
1#7K 7 8 6 A-2 6 7 2 A-2 9 10 4 A-2
24K 9 10 8 A-2 7 9 2 A-2 9 10 3 A-2
3K 7 8 9 A-2 7 8 2 A-2 10 12 4 A-2
4K 10 16 10 A-2 11 11 2 A-2 12 14 2 A-3
5tk 8 12 8 A-2 9 12 2 A-2 14 20 3 A-3
617K 9 12 9 A-3 6 10 2 A-2 11 14 2 A-3
THIK 12 22 8 A-3 12 20 3 A-2 22 44 5 A-3
8#IK 9 16 4 A-3 9 12 1 A-2 14 24 2 A-3
9K 10 14 7 A-3 12 16 1 A-2 10 16 2 A-3
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Fig.4 Metallographic picture of copper alloy corroded in different aqueous solutions (after pickling)
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Fig.5 Comparison of corrosion rates of copper alloys after
being immersed in different water qualities for 60 days
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Fig.6 Polarization curves of TUP, B10, and aluminum bronze in typical water
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Tab.5 Polarization resistance values of copper alloys in 9 different dielectric environments Q-cm?
1# 2# 3# 4# S# o# TH# 8# ot
TUP 23 546 21 885 19 556 11 589 13 005 10 112 4250 3956 3325
B10 40 181 35 842 37294 19 945 15 873 12 846 6 548 7195 5264
ER T 4 33256 28 469 20 446 10 657 12 746 10 985 4010 6 724 4562

&6 TUPZFEXIKKEER
Tab.6 Orthogonal test results of TUP copper

ETRs HE (A)/C TDS (B) /(mg'L™")  AFEEEE(C)/(mg L") FEHL/ (mma)
1 25 300 7 0.0175
2 25 500 40 0.0244
3 25 700 80 0.0164
4 50 300 40 0.0424
5 50 500 80 0.0304
6 50 700 7 0.0353
7 70 300 80 0.0440
8 70 500 7 0.0558
9 70 700 40 0.0533
K1 0.0538 0.1039 0.1086 —
K2 0.1081 0.1106 0.1201 —
K3 0.1531 0.105 0.0908 —

K1 1 0.0194 0.0346 0.0362 —




W17 el RN WG A — BB B K T A X EEIFSE - 79 -
BT B (A)/C TDS (B) /(mg'L™") AR (C)/(mgL™) Fa#isk/ (mma™)
K2 3418 0.0360 0.0369 0.040 —
K3 3418 0.0510 0.035 0.0303 —
W2 R 0.0316 0.0023 0.0097 —
TR A>C>B _
LK A, B, G, -
A& AB,C, —
B10 FJIEACIRI S R LR 7. ATLIE W, IREEXT x8 HERNEXIRBER
B10 14 BY i o 22 i B 5, Hokol TDS, Tdi sy Tab.8 Orthogonal test results of aluminium bronze
/N B0 HATERLE D 25 °C . TDS=300 mg/L, o EE DS (B) JUEE
T =80 mg/L i, B fih s R, T ik T T (AT AmgL ’ff <i?1)/ (mm-a!)
mg-
£7 B0 AMERHBER : ¢ 300 7o 001
Tab.7 Orthogonal test results of B10 white copper 2 25C 500 40 0.0162
. AT 3 25°C 700 80 0.0164
an  ME TDS(B) ﬁf‘f( TS
(A)1C K(mgl™) / X.L_l /(mm-a~) 4 50 300 40 0.0327
(mg-L ) 5 50 500 80 0.0305
1 25 300 7 0.00930 6 50 200 ; 0.0361
2 25 500 40 0.0115 7 70 300 80 0.0511
3 25 700 80 0.0134 8 70 500 7 0.0505
4 50 300 40 0.0182 9 70 700 40 0.0404
5 50 500 80 0.0186 K1 0.0459 0.0971 0.0999 —
6 50 700 7 0.0219 K2 0.0993 0.0972 0.0893 —
7 70 300 80 0.0231 K3 0.142 0.0929 0.098 —
3 70 500 7 0.0260 KISFHE 00153 00323 0.0333 —
9 20 200 40 0.0258 K2 EH¥E  0.0331 0.0324 0.0298 —
K3 EH{H  0.0473 0.0410 0.0327 —
K1 0.0342 0.0506 0.0572 —
2% R 0.032 0.0087 0.0035 —
K2 0.0587 0.0561 0.0555 — -
F I A>B>C —
K3 0.0749 0.0611 0.0551 — .
Pt K- A B, C, —
K1E¥E 0.0114 0.0169 0.0191 — s AB,C, -
K2 0.0196 0.0187 0.0185 —
K3EHME 0.0250 0.0204 0.0184 — 3 i
W# R 0.0136 0.0071 0.0007 — I I
. . 1 i VNGRS A1 Y4 Y- 71 A1 6 i il 522
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