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Corrosion Mechanism of T2 Copper Tube at Water Line Positions

LI Chao, WANG Changgang, DONG Junhua®
(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

ABSTRACT: The work aims to analyze the corrosion mechanism of T2 copper tubes at the waterline positions based on the
study of the phenomenon of leakage and pressure reduction in T2 copper tubes within heat exchangers due to residual water ef-
fects. Wetting experiments were conducted to T2 copper tubes, followed by macroscopic and microscopic observations of cor-
roded samples and characterization of corrosion products at pitting sites using techniques such as EDS and XPS to explore their
composition and structure, thereby deducing the reaction mechanism. Both the above and below sections of the copper waterline
were primarily affected by uniform corrosion, with slight color variations. Pitting corrosion was predominantly observed at the
waterline position, with visible linear scattered corrosion pits that were predominantly black and green in color. According to the
results of characterization analysis, it was known that the corrosion system contains HCO;™ and SO,*". The composition of cor-
rosion products included an inner layer of Cu,0O and an outer layer of CuO. Additionally, a layer of CuCO;Cu(OH), film was
present on the surface of the copper tubes both at the waterline position and below it. Elemental analysis of the corrosion prod-

ucts indicates that copper exhibit high sensitivity to pitting in environments containing HCO;~ and SO4*". T2 copper tubes are
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prone to localized corrosion, exacerbated by the action of oxygen concentration cells, leading to severe pitting corrosion and

eventual perforation failure at the waterline positions.

KEY WORDS: T2 copper tubes; waterline; pitting; HCO;™ and SO,*"; localized corrosion; oxygen concentration cells
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Fig.1 Schematic structure of T2 copper tube and
stainless steel baffle

x1 M2EFEHUERS (RESE, %)
Tab.1 Chemical composition of T2 copper tube (mass fraction, %)
Cu+Ag Bi Sb As Fe Pb S
=99.90 0.001 0.002 0.002 0.005 0.005 0.005

1.2 &&E5FH*

ARG 1 5 R A 2 1T 1) ek R A AT AL
fifi Fi 50007 7K B0 44T B8 4mi 4 45 2 i A0 T sk =4, 4R
Ja H Zeiss Ye22 W% ( Axio Cam MRce 5, OM ) M
B T2 SHAE I 2 UL TR S0 o P4 A8 VR 48 T
PEIEFTT, BROR A MR Ak, P A B % Bt
FERYHLARERAL . f ) 8007~50007 7K B b 4% 34 44 4T
8, SR FEL a4 = ERBE 25 (SEM,
Inspect™F ) L% T2 584 45 3% A FIAR I (9 JE 1B 30
DA ERCTE 4 T S il A 8 o

FH X BT (XRD) H AN 28 S il 45 LA
K TR A7 400 45 2 T P I Tk = R A T A AT, B
M FE R By HE XD-5A T, 20 Ju & 5°~80°, 1
R 10 (°)/min, BTN, KB HUR %S
SR AR R A PR £ B A K £k L KR
LB RIKLR T B EFT XRD By AR R S EBORE, B
T o5t [ AR T b =, IR R, AS AT
M= A AL . R X SR FREIE AR
(XPS) RIEFEFMEAEE, &&4 KA Thermo VG
ESCALAB 250 14,

2 #HR

2.1 EWEHMRH
FLF IR BRI T2 S48 J b s By S B S an



21 H£5H

B2 oo mil&l 2 aln, A K ZR LA £ A
SIE A RRAE CULP 2a), HEASHRAE W foh F B
o, JE BB N Z LA E R TR
EOREIRAL, WL oy 3 (LI 2b), JHPIHRRIAT
WLZE 2 HE A B2 A9 BREAUIR IS S T, B ™y ) B4 2
TN RO TER  H A K E LA AR AL Y8 il s B0 57K
Lo UL AR ARML, [RIARE AR SOl ol 3, A A B
Bk 7 My B R L ELIGE ok B € PR R 2R (B
(LA 2¢ ),

V

a K& -FAL

b IKLHAL

¢ KL LAT#AL

K2 MR R B
Fig.2 Macroscopic morphology of copper tube:
a) above the waterline position; b) at the waterline position;
¢) below the waterline position
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Fig.3 Results of XRD analysis of corrosion products:

a) above the waterline position; b) at the waterline position;
c) below the waterline position
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Fig.4 Microstructures of copper tube pitting corrosion at the waterline position: a) surface morphology of pitting 100x;
b) cross-sectional morphology of pitting; ¢) surface morphology of pitting 400x
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Tab.2 EDS results of pitting corrosion products in Fig.4c
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Fig.5 XPS result of sulfide valence of corrosion products
at the waterline position of copper tube
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