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Electrochemical Corrosion Behavior of Bronze Artifact Materials Covered with Patina

in Environment Simulation Solutions
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(1. East China University of Science and Technology. Shanghai 200237, China;
2. Shanghai Museum, Shanghai 200050, China)

Abstract: The electrochemical corrosion behaviors of three kinds of patinated bronze and bare bronze in 3
environment simulation solutions were studied in terms of open circuit potential (OCP) and electrochemical impedance
spectrum (EIS) to investigate the corrosion regularity of bronze artifact materials in different preservation
environments. The results indicate that the bronze with Cu,O had minimal corrosion tendency in three kinds of
environment simulation solutions, while the bare bronze had the largest corrosion tendency. The corrosion degree of
bronze samples in three kinds of environmental simulation solutions decreased according to the order of marine
environment simulation solution > SO, environment simulation solution >> atmospheric environment simulation
solution. In the atmospheric environment simulation solution, the corrosion resistance of patinaed bronze increased
with the increase of soaking time. In the marine environment simulation solution, bronze samples suffered severe
corrosion, and their corrosion resistance could not be significantly improved with time. In the SO, environment
simulation solution, the longer the bronze was preserved. the more serious the corrosion.
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Surface morphology of 4 kinds of bronze:
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Tab. 1 EDS results of 4 kinds of bronze (mass fraction)
%
C 0 Al S Pb Cl  Sn Cu
2.10 1.31 0.95 0 7.20 0 8.52 80.02
Cu, O 0 7.75 0 0 0 0 0 92.25
CuCl 4,61 2.25 0 0 3.56 27.01 0 62,57

4.23 16.98 0.35 2.36 4.54 19.39 0 52.15
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Tab. 2 Fitted parameters of EIS for 4 kinds of bronze in atmospheric environment simulation solutions

R, Cy R Ca R, Z R,
Q) JFeem®) U @eem) JFean 0 /@eem®) /(Qeem?) /(Q em?)
1 8.1 — — 117.8 0.75 3871 0.008 1 3871
48 8.4 104. 3 0. 69 994 428.9 0. 69 4 360 0.006 3 5 354
Cu0 1 14.9 — - — 57.7 0.68 2922 0.000 7 2 922
48 11.1 35.6 0.74 4 540 283.1 0.59 9417 0.002 3 13 957
CuCl 1 14.7 62.3 0.33 0.4 38.6 0.70 1743 — 1743
48 8.3 90. 2 0.82 1539 101.2 0.38 25560 — 27 099
1 10. 6 — — 31.7 0. 63 3 580 0.000 4 3 580
48 12.2 47,1 0. 87 2 316 344, 3 0.58 3707 0.006 6 6 023
1h 48h 1) 4(b) CuCl+ ClI" —> CuCl,~ (3)
., CuCl 1h 48h 3(b) 1h .
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Fig. 6 EIS comparison of 3 kinds of patinated bronze with bare bronze in marine environment simulation solution:

(a) bronze with Cu;O; (b) bronze with CuCl; (¢) bronze with mixed patina
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Tab. 3 Fitted parameters of EIS for 4 kinds of bronze in marine environment simulation solution

3 4

o 84

R, C R; Ca R. Zy R,
/he /(@ em®)  /(pF s em?) " et /(uF +em™) M@ emt) /(@ em?) /(0 em?)
1 9.4 - - - 33.4 0.88 1559 0.004 6 1539
48 7.5 27.8 0.69 1324 234.5 0. 64 1425 0.004 6 2 749
Cu, O 1 8.2 - - - 229.5 0.74 2324 0.015 1 2332
48 7.8 11.2 0.99 1060 177.5 0.67 1482 0.010 1 2 542
CuCl 1 10.0 - - — 959. 4 0.76 1408 0.046 6 1 408
48 7.5 28.1 0. 86 129 112.8 0.53 2613 0.004 8 2 742
1 11.7 3.1 0.37 1158 0.6 0.68 614 0.000 7 1772
48 2.3 160. 3 0.18 1025 50. 3 0.77 588 0.000 5 1613
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Fig. 8 EIS comparison of 3 kinds of patinated bronze with bare bronze in SO, environment simulation solution:

(a) bronze with Cu;O; (b) bronze with CuCl; (¢) bronze with mixed patina
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Tab. 4 Fitted parameters of EIS for 4 kinds of bronze in SO, environment simulation solution
R. Ct R; Ca R Z,, R,
/b /(Qeem®)  /(uF e em™?) " em?) /(uF +em™) M@ em?) /@ em®) /(Q - em?)
1 5.4 — — — 85. 2 0.82 11740 0.0006 11740
18 7.0 175.9 0.72 2047 150.0 0.97 1460 - 3 507
Cu; O 1 7.4 - - - 156.0 0.79 10 670 0.007 4 10 670
18 8.0 97.2 0.83 976 107.0 0.78 5704 — 6 680
CuCl 1 7.8 - - - 255.3 0. 80 4997 0.002 8 4997
18 6.9 60. 1 0.88 1318 549, 0 0.63 20 680 — 21 998
1 6.2 10.4 0.70 3301 23.1 0. 84 1411 - 4712
48 5.4 183.1 0. 84 560 215.5 0. 84 1936 - 2496
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