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Mechanism of formation process of
pure Cu crystals in bronze corrosion

WANG Julin, XU Chunrchun
( School of M aterials Science and Engineering,

Beijing University of Chemical T echnology, Beijing 100029, China)

Abstract: The cycle voltammetry( CV) technique was used to study the electrochemical behaviour of bronze in simulated
edaphic electrolyte. Analyzing the composition of corrosion products formatted during oxidation process and at reduction
peak with XRD, the results show that the oxidation process is the formation process of harmful patina CuCl and the reduc-
tion process is the reaction of CuCl reduced or deoxidised to pure Cu. T he metallographic microscopy, SEM and the atomic
force microscopy( AFM) were used to observe the morphological characteristics of pure Cu crystals and the corrosion inter-
face. The formation process of pure Cu on bronze archaeology is simulated in laboratory conditions, in which CuCl can be
fully deoxidised to pure Cu for extended period of time. The same condition for the formation of pure Cu can also be pro-
vided in soil. This outcome forms the theoretical and experimental basis for restoring excavated bronze artefact from harm-

ful patina CuCl.
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Table 1 Chemical compositions and
pH values of simulated occluded cell( O. C.)

solutions (mmol*L™ ")

t/h S03 cr Cu Sn pH
0 13.0 26.7 0 0 7.00
8 22.4 46.2 23.3070 0.0329  5.22

J= 1 mA/cm?

TR K H Corrtest J& vt 3 33 A0 17 PR AR 22 1%,
P B RSN AL HE IS BV SR ALSE . DB E A =
R AR R, TAERM R 05 d & R, 2 h
Cu94.71, Sn5.12, Pb 0. 17 (JREDH, %), BFE
HIARZ) 10 mm x 10 mm, FIMZ 300" ~ 1200* /K#p
B RATEEPHE, HART S AW AR EE . S
MR 217 B H R WA (SCE), 4 Bl LK A 40 |
W . & B 2874l NaCl « Na;SO4 « NaHCO3 « Cu-
Cly « CuCl . SnCl, F12 B F /K EL il B3R 1 s A
PR ZEX W, Frdl7e 7 KB J5 R %E pH A, 7218
AR LS IG RSB Ny R 15 min( AL ZEX A
BERE), REH TAEBRMAE- 1.0V T HIMRNK
63 min, UABREFEZ TR AAEE, SERR
FEAER . AR TEE - 800~ + 800 mV, M

- 800 mV IEHHiZE+ 800 mV, SRJ5 LAAH [ Z A
HE- 800 mV, HEIHEZE R 2 mv/s.

1.2 XRD JIix

H T W RAENEIAR 20 A8 AR IR R N i FE 1
&l r= W) sy, K T A 7R B AR R B 3 A i R A
UAZEXERY, TEAITEK- 10 mV . + 300
mV .+ 750 mV HAL AL B8 g AL - 400 mV Ak
Sy AT 1E AL AR AL . R KH Corrtest & 1l Ik
RE, J3E E YT flat cell = WMAKZR, T/EH
AR R 17 mm % 17 mm . 4B 5 FH 2818 /K vk
BT8R, SRR E TR B A b,
ARSI FESPRAE, 2 h AT . HH
AP EE LR X- 5 2T X (825 08 DMAX) WllE &
) 2 T b ) P R AOML 6 A, LR VE LA 10°
~ 100°, HFHHHEZE 10°/ min, FFLIEH Cu K, . MR
I, TAEE B TAEE A A4 50 kV #1200 mA .
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XPARBATIHEAR 2 LR P HF WA 2, L
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S250 71 H FL T 52 AU 0] T R R T S AT D O JE
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1.5 JR¥ ) WiE L5 (AFM)

Sh T U0 b R Y nm RO S5 4,
300% ~ 1200 ZKHP 40K T 4R 18 04T BE T3, F
MU 22 BRI K AR AR rh 38 3R i 10
min AU, DARCTEAEARL rh i 438 A T SRS 40L T8
8h MM ZEXEWTHEIRLZARHE - 10 mV .
+ 750 mV J2— 400 mV HLAL AL B FE, 4 A 3B AT
AFM WK . Pr AR BAE R E R T T/EM
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Fig.1 CV spectra of bronze in simulated
0. C. solutions with different current

passing intervals
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Fig.2 XRD patterns of bronze oxidation

process in simulated O. C. solutions
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Fig. 3 XRD patterns of reduction
production in simulated 8 h O. C. solution
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Fig. 4 Metallographic photos of pure Cu separated out from

bronze in 8 h simulated O. C. solution
(a) —Substrate; (b), (¢) — 400 mV
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Fig. 5 SEM images of separated out pure Cu when

bronze was in 8 h simulated O. C. solution
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Fig.6 AFM images of pure Cu separated out from

bronze in 8 h simulated O. C. solution

(a) —Bronze substrate; (b) — 400 mV
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