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ABSTRACT Atmospheric corrosion of pure copper under sheltered and unsheltered exposure con-
ditions during 1 year period in Shenyang atmosphere is studied. Atmospheric corrosion rate of pure
copper, composition and protectiveness of corrosion product are different under the different exposure
conditions. Corrosion rate of pure copper exposed to unsheltered condition is higher than that exposed
to shelter. Especially during the rainy season, the corrosion is accelerated due to the runoff effect of
rain. The main corrosion products under the different exposure conditions are CusO, but also CuySOy-
(OH)g-H20 and CuySO4(OH)g under shelter. However, the effects of runoff and dissolution of rain
on the corrosion products delayed the formation process of CuySO4(OH)g-H20O, which appeared only
after 12 months under unsheltered condition. The thicker and compact corrosion film formed under
the unsheltered exposure, which could inhibit the cathodic reaction of copper corrosion effectively, and
thus provided a better protectiveness.
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Table 1 Environmental data at exposure sites, atmospheric corrosion rates of pure copper exposed for 6 and 12

months under sheltered and unsheltered conditions (RH—relative humidity)

Period Environmental Deposition quantity of pollutant Average corrosion rate
mg/(m*-d) pm/a
Mean  Mean Time of Total SO; NOy H»S NHjy Sheltered  Unsheltered
temp. RH RH>80%  rain
T % h mm
May—Oct., 2002 20.2 68.8 1555 543 31.08 23.13 5.44 11.97 0.98 2.30
Nov., 2002-Apr., 2003 1.2 57.4 677 25 112.43  30.66 4.33 2.39 1.22 1.64
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Fig.1 Surface morphology (a) and EDS (b} of pure

copper exposed for 6 months under sheltered
condition
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Fig.2 Surface morphology (a) and EDS (b) of pure
copper exposed for 6 months under unshel-
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Fig.3 Surface morphologies of pure copper exposed for
12 months under sheltered (a) and unsheltered (b)

conditions
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Fig.4 XRD patterns of corrosion product of pure

copper exposed for 6 months under unshel-
tered (a) and sheltered (b) conditions
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Fig.5 XRD patterns of corrosion product of pure

copper exposed for 12 months under unshel-
tered (a) and sheltered (b) conditions
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Fig.7 Polarization curves of pure copper in 0.1 mol/L
Na3S04 aqueous solution, which was exposed
for 6 and 12 months under sheltered and un-

sheltered conditions



%1

LE NI - PRSP AU 49 YR AT A 81

RIS, L7 0.1 mol/L NagSOy4 il s FLITIFI iR
(k. M 6 W[ 0, SR 64 Ll 4 ELG T PR,
BRI (R S (8] (1 A 1< T4 s T P A £ S A L
AR50 57 P 1 6 3 I TR (G PR, A O A 4 4
KT AU I =4 L W AR, U F R
S T HIBE AT AL BER (T8 7) B, SRR #9404
MBI VL R . e KSR, SR RS IR
B R AR RS B, AT 2 (o T 06 100 4 0 8
PEYE AT AN T ARG R R R, H R E
BRI, BRI S T, KA T S8 6 K
SR, (8 HARE AR =R I, MK
RVE P &R R BT S oo, WIE, (o LR IR TR LAY AR 1
PEREARRT B, JeIE, TR TR B AR
Pk, U AR RT AL R A JG Sk = AR
5T, (ELSAIBEF 9S4 4 R o 3 22 (7% 8 T A S 4 A T o
B, X RIFEE RGP R I A R
FETRBALT, 8T 6 N AMFKFG 6 A ff e
BRYESRRE MRS MR EE T TSER, &
TEFRBETI R & (T T 4R 230 S A b 2.
3 #i

SRAf . WBET AR TLIR R SIS AR R R R T S T
SARBVIPIKSIERITY, ST

(1) SRR RS, FUET IR 5% A L4 3
EEE. HAERTHEZ S, WAEERRGS
T K A AR, DT B2 D5 T S A 8 s 3.

(2) KIRRSIHF, ERTMFET RE & TR
HIARR I EE N CupO. KIERE AR A NG
TE, BT AN FEER. REH RSN
F, TR, BRI R R T B e,
BT CusSO4(OH)s)-HoO FEbE=HHT i, HE e 6
N ARBERALE, B HREHE Cu0 ; HERHN
[FEIEIER, 12 ©AJE CusS04(OH)e)-Ho0 BHFH A
EFREAET, BTFROTAKGWR, 648 EHme
WhEIE CusSO4(0H)s)-HaO s 12 AN A B~
# CuySO4(OH)s AL

(3) 42T 7 [5] A R 2 I 218 0 2 1 FE2 RGO 6T T 74 R
IPYEARTE]. A SRR ST, R AR AR A G o = 4 5
HE0E, REEH OS] 6 L ima R, HifiA
A A AP

S 3K

{1] Mendoza A R, Corvo F. Corros Sci, 2000; 42: 1123
[2] Graedel T E. Corros Sci, 1987; 27: 721
(3] Mattsson E. Mater Perform, 1982; 21: 9
[4] Leygraf C, Graedel T. Atmospheric Corrosion. New York:
John Wiley & Sons, Inc, 2000: 140
{5] Rosales B, Vera R, Moriena G. Corros Sci, 1999; 41: 625
[6] Vilche J R, Varela F E, Codaro EE N, Rosales B M, Moriena
G, Fernandez A. Corros Sci, 1997; 39: 655
[7) Mendoza A R, Corvo F, Gémez A, Gémez J. Corros Sci,
2004; 46: 1189
[8] Odnevall 1, Leygraf C. Corros Sci, 1997; 36: 2039
[9] Lobing R E, Frankenthal R P, Siconolfi D J, Sinclair J D,
Stratmann M. J Electrochem Soc, 1981; 128: 275
[10] Eriksson P, Jobansson L G, Strandberg H. J Electrochem-
Soc, 1993; 140: 53
[11] Veleva L, Quintana P, Ramanauskas R, Pomes R, Mal-
donado L. Electochim Acta, 1996; 41: 1641
(12] Nairn J, Fitzgerald K, Aterns A. In: Apsa A, ed., Proc
Australasian Corrosion Association Conf, Melbourne:
Australasian Corrosion Association Inc, 1994: 168
[13] Zakipour S, Tidblad J, Leygraf C. J Electrochem Soc,
1995; 142; 757
[14] Tidblad J, Leygraf C. J Electrochem Soc, 1995; 142: 749
[15] Nairn J, Fitzgerald K P, Atrens A. In: MacLeod I D, St
Pennec L, Robbiola L, eds., Metal 95, London: James &
James (Science Publisher) Ltd, 1995: 86
[16] Feliu S, Morcillo M, Feliu S Jr. Corros Sci, 1993; 34: 403
[17] Feliu S, Morcillo M, Feliu S Jr. Corros Sci, 1993; 34: 415
{18] Arroyave C, Lopez F A, Morcillo M. Corros Sci, 1995; 37:
1751
{19] Kucera V, Tidblad J, Leygraf C, Henriksen J, Kreislova
K, Ashall G, Stckle B. In: Corrosion Prevention Centre of
Australasia Inc, ed., 13th Int Corrosion Conf, Melbourne,
Australasian Corrosion Association Inc, 1996: 193
[20] Nassau K, Gallagher P K, Miller A E, Graedel T. Corros
Sci, 1987; 27: 669
[21] Odnevall 1, Leygraf C. J Electrochem Soc, 1995; 142: 3682





