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o 320", 600", 800",
1000%.1200" \ o
o Thermo o
NITON XL 3t X-
o Cu 83.43% Sn 11.52% Pb 4.43% ;
1.1.2 ; (SCE)
(NaCl) . (Na,S0,) . 2mV/s,
(NaHCO,) - (CuCl).
BTA (C,H,N,) (C,H,0H).2- 5- 4 ' : 1.34 g NaHCO,.
3 4- (AMT) (C,H;N,S,) . 2- 1.42 g Na,SO, 1.64 g NaCl 1 L
(MBO) (C,HsNOS) ( ). 1g/L pH=7.5.
+2. Smol /L (KNO, aq)- (Initial £) -800mV.
1 x10 *mol /L (KCl aq) 1(Scan Limit 1) +800mV. 2
1.2 (Scan Limit 2) - 800mV. (Final E)
1.2.1 Gamry —-800mV; (Scan Rate) 2mV /s ;
Interface 1000 (Electrode Area)  5.027cm’;
(Cyclic Voltammetry) (Step Size) 1mV ;

(Set a Voltage) - (Max Current) 10 mA; (Equilibration
1.2.2 X- (XRD) Rigaku D/ Time)  5s;
max 2200 X— 40kV (Initial Delay)  10s;

40mA o 1°. 1° ( Conditioning) 180 s.
0. 15mm. -1V ;
o ( Do
1.2.3 X-
(SEM-EDS) Hitachi S-3600 N
20.0kV;
o EDAX Genesis 2000
XMS  X- 20.0kV
1.2.4 Raman
Thermo Nicolet Almega
Raman Olympus
10X 50X 532nm 1
1 ~2pm lem ™! Fig.1 The cyclic voltammograms spectra of simulate bronze
6.25 ~10mw sample in neutral soil medium
672lines/mm 10s 8 -
Raman o _

2
2.1

(X = -50.95mV
Y = 150.0pA) (X = 404. ImV Y = 3.930 mA).
(X = 751.3mV Y = 6.677 mA)
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~50.400.750mV 1
3 ;
(X=-733.8mV Y= —6.568 mA); XRD

(Periodic)

( 2).

2
Fig.2 Continuous potential scanning cyclic voltammetry

spectrum by two cycle

2.2 X- (XRD)

X-

. (Cu 84.611% Sn 10.492% Pb
4.391%)
( - 50mV.400mV.750mV) ( 3)

o

Rigaku D/max 2200 X
« 4
(CuCl) -

3
Fig.3 Potentiostatic polarization Oxidation product of bronze

sample_cuprous chloride (CuCl)

4 (CuCl)
XRD
Fig.4 The XRD spectrogram of cuprous chloride (CuCl)

the potentiostatic polarization Oxidation product

(Cu 73.965% Sn 11.545%
Ph 4.115%)
(400mV. 750mV)
( -750mV) X-
«C 5
(Cu) .

5 (Cu)
XRD
Fig.5 The XRD spectrogram of copper(Cu)

the potentiostatic polarization reduction product

2.3 (SEM-EDS)
X -
Hitachi S3600 N EDAX
Genesis 2000 XMS X-
(Cu 84. 282% Sn 11. 046%

Pb3.971%)

(CuCl)
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6
Fig.6 The scanning electron micrograph EDS micropattern and element distribution scanning of cuprous
chloride generated after potentiostatic anodic polarization of Bronze
1 EDS I 2 EDS II
Table 1 The EDS analysis results | Table 2 The EDS analysis results 11
1% 1% 1% /%
Cl 20.39 32.71 Sn 25.17 15.68
Sn 4.92 2.36 Cu 71.42 83.10
Cu 71.59 64.08 Pb 3.41 1.22
Pb 3.11 0.85
(Cu73.965% Sn 11.545% ( 8a) 7000
Pb4.115%) (CuCl) (Cu 85.026% Sn 9.957% Ph 3.752% )
. 400mV.750mV
« D « 2. - 750mV
(Cu 83.433% Sn 11.517% ( 8h)
Pb 4.428%) 7000

-50mV. 400mV. 750mV
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7

Fig.7 The scanning electron micrograph EDS micro_pattern and element distribution scanning of pure copper precipitation

after oxidation by potentiostatic polarization and then reduction of bronze

8

~

Fig.8 The morphology characteristics of Cuprous chloride crystal and pure copper grained by potentiostatic

polarization using scanning electron microscope

2.4 Raman
1" ~3*
Raman ( 3.
Micro_Raman
810 485 395
326cm ™! Raman bands
( wavenumbers ) 1 3388 905 814 486 401
332¢m ™! X-

9~11). 9
3383 899 861

o 10
Micro-Raman 13590 3564
3405 3277 1127 1083 978 919 738 614 519

486 454 397 323 250 175c¢m” 19

Raman bands ( wavenumbers) : 3585

3563 3398 1125 1078 974 911 730 611 483
449 389 319 243 17lcm”'
o 11
Micro-Raman 13439 3351
979 915 825 518 358cm ™! 19
( ) Raman bands ( wavenum-—
bers): 3433 3349 974 911 820 512
358¢cm !
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3 Raman
Table 3 Raman results

(%)

Raman Raman
Cu Sn Pb
* 74.208 20.424 4.841 532nm ( CuprousChloride)
50 x 30%
CuCl
19
o 82.162 16.812 0.560 5 X532“m 159 (brochantite)
¢ Cu, S0, (OH),
19
3# 74.232 20.397 4.751 50 :32“"‘ 5501 (Atacamite)
- ¢ Cu, (OH),Cl
9 Raman

Fig.9 Yellow green products” microscopic Raman spectra

Fig.10 The blue_green product sample” smicroscopic Raman spectra

10 Raman
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11 Raman
Fig.11 Yellow green products” microstructure Raman spectra
. \ ( )
500mL ( 3); Raman
25mL.50mL.500mL CuCl
S380-WS 5
35.8% 42.9%  78.7% Cu,(OH),Cl ; RHT78.7%
60 600 (Tempera— Cu, (OH),Cl ;
ture) / (Relative Humidity) Cu,SO, (OH), RH35. 8%
558 .456 452 12) RHA2.9%
( ]3) 20
35.8% RH 42.9% RH 5 ;
( 1) 78.7% RH 4 Cu, (OH),Cl RH35.7%  RH42.9%
( 2) 3 o
12

Fig.12 Temperature and relative humidity recorder analysis report
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13

Fig. 13 Cuprous chloride (A. R.) changes under different

relative humidity environment

16 ~25°%C 2 45%
RHA0% ** .
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24

- ¢ 14)

25 .

Cu+Cl"—— CuCl +e”

2 CuCl+H,0  Cu,0 +2H"* +2Cl1°

14 (CuCl)

22

Fig. 14 Cuprous chloride (CuCl) body centered cubic

lattice structure
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Ccl- CuCl,

CuCl, +2C1"—— CuCl, *~
CuCl, *~

Cu+ CuCl, *>—>2 CuCl +2 Cl~

20



3 55
(Cu,0) CuCl  AMT CuCl  MBO
; CuCO,; * Cu(OH), o
PHS—3B pH
o pCl—1
217 78—1
4
1g/L
o 0.0.5.1.2.3.5.4.4.5.5.6.6.5.7.5 8mL
AMT (2- S5- 4 3 0.5% AMT ( MBO0)O0.5mL
4- ) N MBO(2-
) 50mL
o 0.10.20.40.70.
CuCl AMT : 80.90.100.120.130. 150.160mg/L AMT (
0.0302g.0.0501¢g.0.0704¢.0.0930¢g- MBO)
0.103¢g 0.5% 25.00mL AMT
10min 20min E(mV) ( 4).
2. 5mL 50mL
pH 6. 4
0.124 ¢ AMT . ) o .
Table 4 Electric potential of standard chloride ion solutions
0.0302g ~0.0930¢g ; by usi B, .
y using Cl~ selective electrode
0.103g 0.124g AMT
. AMT AMT MBO
/mg « L~} E/mV E/mV
H 0 178 178
N-N I-N ;
UL+ e —s I\ i+ Cl 10 157 149
BN § SH V%%
H CuCu 20 153 142
40 145 133
MBO .
70 140 121
0. 0309g. 0. 0504¢. 0. 0705¢g-
80 138 117
0.0813¢g 0.5% 25.00mlL. MBO
10min 90 136 115
20min 2. 5mL 50mL 100 133 114
0.124g MBO 120 130 112
0. 0813g; 130 128 111
0.0309g ~0.0705¢
150 125 109
; pH 6. MBO
- 160 124 107
G
A~ N —
I + CCl —= (Tl + H + C E pCl
~Y sH Y S
AMT ( 15) MBO

Cu

( 16).
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15 AMT
Fig.15 E_pCl diagram of The AMT solution

16 MBO
Fig.16 E_pCl diagram of The MBO solution

15 ~16 0 ~160mg/L CuCl AMT
AMT (E) : 153, 149. 144. 142
R’ =0. 9547 Ty =27.769 140mV .
x +188.2;MBO R* =0.9864 368.513.776.916 1081mg/L. AMT
1y =36.515 x +187.89, 69% ~85% o 5.
5 AMT
Table 5 CIl~ concentration in CuCl-AMT solution
E
/g /mV /mg + L7 /mg L~ 1%
0.0302 153 368 431 85.4
0.0501 149 513 715 71.7
0.0704 144 776 1005 77.2
0.0930 142 916 1327 69.0
0.103 140 1081 1470 73.5
CuCl MBO 339.495.770 930mg/L. MBO
(E) 143,140+ 130 68% ~80% o
127mV. 6,
6 MBO
Table 6 Cl~ concentration in CuCl-MBO solution
Ig E/mV /mg + L /mg L~ 1%
0.0309 143 339 441 76.9
0. 0504 137 495 719 68.8
0.0705 130 770 1006 76.5
0.0813 127 930 1160 80.2
5
1) 2) X- (XRD)

3)
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WU Lai-ming XU Fangyuan HUANG He. The demand analysis

Research on the formation and the mechanism of transformation in
harmful deeply rusted bronze relics

CHEN Shu_ying ZHANG Ran WANG Nian LIU Min
(Key Scientific Research Base of Metal Conservation National Museum of China Betjing 100006 China)

Abstract: In order to preserve deeply rusted bronze cultural relics collection effectively in the long term cuprous
chloride needs to be transformed or removed. Using reproductions of antique bronzes as research objects cycle
electrochemical experiments technique for example the Cycle voltammetry (CV) potentiostatic polarization
etc. were used to study the electrochemical behavior of bronze in an electrolyte that simulates moist soil. X —ray
diffraction (XRD) and micro confocal laser Raman spectroscopy were used to analyze the corrosion products. The
results show that the oxidation process involves the formation of CuCl which can be reduced back to pure Cu. The
morphology of the corrosion and its product was analyzed using scanning electron microscopy and energy dispersive
spectroscopy (SEM_EDS). The changes in the cuprous chloride at different humidity levels were observed.
Discussion of the removal of deeply harmful cuprous chloride rust from bronze relics will be of value in the conserva—
tion of bronze objects in museum collections.

Key words: Bronze artifacts; Deeply harmful rust; Cuprous chloride ; Formation and transformation
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