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[4]

C6H4 (OH ) ((DOH )"—Cuo—’Cu (C6H4OHCOO )2+H20 N
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M

1

Table 1 The chemical peformance of several typical activators

RX+

4N (CH,CH,0H )3+ Cu? " —Cu[ N (CH,CH0H D3] 4

,C ,C
C|7H35C(X)H 70~71 383
HOG,H,CO0H 159 -
H,NCH CH,NH, 8.5 117.6
(CH3CH» ;NH — 55.5
N(CH,CH,0H) 4 20~21 360
2.2.2 AR F
‘C 10 20 30 0 90
400 3 1'0 5_ 02 73 B0
327.502°C L
3
—
o ~— 231, 968°C
i 200F(Pb>t 193
= 183 61.9 2.5
X 100 /1 (ﬂ‘iSn
) {«~8a)
Ph 10 20 a0 40 50 80 70 a0 30 Sn
W(Sn)%
1
Fig. 1 Sn-Pb aloy equilibiun state diagram
1 61.9%, 38.1%, ) ,
183 °C, .
, 2.3
1 . 8 b b
, 200 C 2 2 [
’ ] (1 ’ ’
. Sn-Pb.Sn -Pb-Sb  Sn - s
Pb -Ag
2 b 9

Table 2 The composition of bronze samples

(wt. %)
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5° 85 15
6 88 7 e
" 73 17 10
8% 68 25 7
24 - 2.4.3 APAH4E R B g .
- o
241 ABRE oSX 810 ’ 1~-8 40mm X 40nm X (1—3)nmm.
SW- 1000°G 400nm < 250mm < Sn-PbSn-Pb-Sh  Sn-Pb-Ag 0.2 .
160mm; KSW - 30 - 16 50Hz . oG
0~350A, 30kW, .
1800 G . 0.0001g. . .
2.4.2 4 FV4E R MR B2 .
’ 3 .Sn-Pb
. Sn - Ph-A
M 8 REEE n g
é ; Sn - Pb -Sh, Sn-Pb - Ag Sn - Ph
e (i ,Sn —Pb -Sh

2

Fig. 2 Schematic diagram of spreadability test for soldering
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Tble 3 The resulls of spreadability test for soldering acid ~ (rm®)
17 2° 37 5°
1 67. % 131. 30 32.72 2. 64
2 75. 51 84. 32 35.24 9. 61
3 8. 8 106. 13 32.72 75.51
4 151. 4 203. 46 32.30 79. 70
5 198. 00 229. 4 39.01 73. 41
6 143. 05 219. 40 39.43 8. 84
7 133. 8 161. 93 39.85 75. 09
8 113.26 151. 02 35.24 56. 63

9
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Fig. 3 The results of spreadability test for filler metal
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Table 4 Comparson of Comosion test results (&)
/h
24 48 7 96 120 144 168
. 0. 006 0.008 0.011 0.012
1 4 0 3 0 0.0138 0. 0138 0. 0168
. 0. 004 0. 007 0. 010 0.011
2 0.0149 0. 0120 0.0161
5t 5 5 1 4
3 # 0.006 0. 009 0.011 0.013 0.0157 0.0139 0.0177
6 3 5 2
0023 0. 025 0.035 0.035
r 0 4 | ; 0.0377 0. 0417 0. 0417
0.025 0.031 0. 037 0. 039
27 0. 0402 0. 0434 0. 0473
Q* 0 0 2 5
37 0.0 0.02 0. 036 0.0% 0. 0400 0. 0444 0. 0437
9 2 8 1
2.6 5 . Sn-Pbh-Ag  .Sn-Pb
#®
2
#
. 5 o
5 . i 2.8
52 48 5
# b
1. 2
# b
55 .
6.
2.7 [13 #
: 6 . Sn - Pb - Ag 2
#
4 5 .
, 2 5 . Sn - Pb. o5 Sn — Pb - Ag
Sn -Pb-Ag. 5,
b °
5 . Sn -Pb
Table 5 Shearing strength test results of soldering
/ mm? / kN o
2.9
1 5. 14 2.56 10.43 "
57 2 45.72 3.95 1612 " 2
Sn -Pb - Ag 3 248, 04 5.10 20.57 5 ’
£ o F £ o # #
246.30 3.87 15.71 27.5 ) 27.5 7
. 72
1 247,20 7.87 3182 , 7. 7
2% 2 21.08 6.55 29,62
Sn -Pb - Ag 3 242. 61 7.76 32,00 ’
236.96 7.39 31.15 o
2.9.1 HFXIAT BIF AL 5% K Ak X e
1 20,72 9.68 40.39 27
2% 2 240,17 11. 01 45.86
b °
Sn -Ph 3 240. 40 8. 44 35.09 g g
240. 09 9.71 40,45 ° ’
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11.60%.
6
Table 6 Stretch strength test results of soldering (MPa)
2* 27 2* 5% 5% 5%
Sn -Pb Sn -Pb -Sh Sn-Pb -Ag Sn - Pb Sn -Pb -Sh Sn -Pb - Ag
1 61. 91 67. 287 71. 426 73.913 72.161 79.062
2 ®. 352 71.254 78. 052 66.44 70.008 71.659
3 49.772 49. 769 55.398 57.787 57.274 58.584
4 45. 406 52. 84 48. 707 48.328 38.449 45.791
5 50. 552 53. 176 52. 052 16.149 42.728 41.303
6 72.215 68. 768 75. 98 51.542 59.661 73.435
7 46. 45 54. 87 61.08 56.74 58.53 62.87
7 27 57
Table 7 'The nature salt spray test results of soldering joint (&)
1 41. 6413 41. 6525 0.0112
X 2 41. 8032 41. 813 0.0181
24 3 41. 6670 41. 6838 0.0168 0. 0166
4 41,6551 41,6711 0.0160
5 41. 4166 41. 4376 0.0210
1 45. 5048 45. 5082 0.0034
o ¥ 2 45. 4801 45. 4878 0.0077
. 3 45. 3882 45.3971 0.0095 0. 0049
5 4 45. 4649 45. 4667 0.0018
5 45.571 45. 5740 0.0019
1 42.2398 42. 2458 0.0060
X 2 4. 8676 42. 8730 0.0054
. 3 41. 4468 41. 4603 0.0135 0. 0100
7 4 41. 1789 42. 1871 0.0088
5 41. 1756 42. 1920 0.0164
1 4. 6953 44.7015 0.0062
5z 2 45. 1529 45. 1536 0.0007
o4 3 4. 8146 44. 8200 0.0054 0. 0044
4 4. 9423 44. A38 0.0015
5 45. 4289 45. 4370 0.0081L
1 41. 7309 41. 75499 0.0240
5# 2 40. 6013 40. 6300 0.0287
s# 3 40. 8292 40. 4H 0.0202 0. 0259
4 41. 3977 41. 4218 0.0241
5 40. 6724 40. 7051 0.0327
1 4. 5852 44. 5002 0.0050
5# 2 4. 1553 44. 1609 0.0056
% 3 4. 0107 44. 0149 0.0042 0. 0066
4 4. 4517 44. 458 0.0081
5 4. 0976 44. 1075 0.009
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Table 8 Comparison of wldering joint strength after the
nature salt spray test (MPa)
5 5

1 27 27 69.352 61. 193
2 27 27 78.052 ®. 185
3 5% 2F 50.552 46. 362
4 57 27 52.052 52. 760
5 7% 27 60.529 4. 399
6 77 27 67.506 0. 978

2.9.2 4FIF K F 4 ey ] iR
, . 3
, (Sn -Pb.Sn -Pb —Ag)
, , 9,

Table 9 The indirect judgement results of soldering joint

C %
. S -Pb 17.77
Sn-Pb -Ag 11. 36
52 Sn -Pb 7.89
Sn-Pb -Ag 0
% Sh -Pb 26. 65
Sn-Pb -Ag 9.67
9 s Sn-Pb
Sn - Pb - Ag : 27
,Sn-Pb -Ag Sn - Pb
3
b 2 2
3.1

3.1.1 R BRATIT AR ATk

017.027.037,

: Q"
CRID ,
. ’ 27 :
57 C 6
2.
3.1.2 AR BHY E AiBik i i
GB2423. 4 - 81 40 -
25°0), =>95%, 24
, 7( 2).
7, 03 (57
) .
« 27 )

3.1.3 JRAKATIT BIa w4k AL AT 037

03" Q@ )

8 SME, 500X
Fig. 8 SEM photograph of soldering joint 500X

9 SME, 100X
Fig. 9 SEM photograph of soldering joint (containing ZnCl,
soldering acid), 100X
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10. 11 ) ,
CL .
Cl . Cu.0.C 2)
Cu
. — . .
Cu. Sn , Fe.Si. Al
24.2cm, 32cm, . . . ,
10 Q" , .
Table 10 The EDAX analysis results of wldering joint ( %) ¢ 13, 2),
Cu Sn Pb (0} C Fe Cl Si Al ’ ’
2813 40.% 1260 8.24 10.07 ’ ’
5495 34.34 10.71
, .
1 G i
Table 11 The EDAX analysis results of soldering joint (containing
ZnCly soldering acid) % ¢ 2
Cu Sn Pb 0 C Fe Cl S Al
, .
34.15 2.18 9.39 12.91 18.90 1.57 0.8 ’ ’
43.68 26.10 5.75 10.20 14.27
3.1.4 FRXLMAN ZEER Bk X5 4
, ) (1
,
Q* ORI @) 8
s 10, 11 ¢ .
2). , 27 57, Sn —Ph - Ag
10.11 , 24
;
4 9 ’
,
3.2 : :
3)
1 . , 14.cm, , R
18 , , 0.3cm s , ,
;
’ ’ 4)
. ¢ 12,
2); ,
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Study on the new type soldering acid and filler metal for restoration of ancient bronze

ZHANG Guang - min, ZHANG Pei - chen, ZHANG Ming
(The Restoration Department of Shanghai Musaim, Shanghai 200003, China)

7ZHOU Hao
( Research Labonatory for Consavation and Archawlogy of Shanghai Museum, Shanghai 200050, China )

WU Lu - hai, XUE Xiao —huai
(Shanghai Jiaotong University, Shanghai 200030, China)

Abstract: Application of ZnCl, soldering acid and Sn —Pb filler metal is a traditional restoration method for bronze an-

cients. Because this soldering acid contains Cl , it is harmful to the conservation of ancient bronze. In this paper, anew

type soldering acid and Sn - Pb — Ag filler metal for restoration of ancient bronze have been studied by screening and se-

lection. A series of material performance test results have showed that the application of new soldering method has the

most anti — corrosive characteristic and soldering welability. Soldering joints remain bright and have an excellent connec-

tion for different ancient bronze. Bronze are kept for in half a year after soldering. corrosion phenomenon would not be

found surmunding the solder joint. Applications of new type soldering acid and Sn — Pb — Ag filler metal have replaced

tranditional ZnCl, soldering acid and Sn - Pb filler metal in the restoration of ancient bronze, which conform with conser-

vation principle of culture relics and have no effect on operator in soldering process.

Key words: The restoration of ancient bronze; Brage: Soldering acid; Filler metal: Performance test
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Fig.1 Gold and silver gilded bronze horse hamess, A typical goid gliact topze. matra

Western Han Dynasty
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Fig.3 Silver gilded bronze horse harness. X400 Fig.4 Cross-section of silver gilded bronze horse hurness, X6549
A typical silver gilded bronze material. o gobd gilded

A gold gilded sub-luyer is under the silver gilded layer
sub-layer is clearly shown under the silver gilded layer
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Fig.4 The tarnishing test results of bronze sumples T ik &)
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in different soldering scid Fig.5 Comparison of coupon test resulis for

differem soldering acid
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Fig.6 The phenomenon of ancient bronzet afler soldering
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Fig.7 The soldering joint phenomenon Fig.10 The tarnishing test results of Fig. 11 The tarnishing test results of

of bronze sample after moist test bronze samples after 24h bronze samples after 1488h
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Fig.12Before restoration(left) and after restoration(right) photograph of bronze mirror (Warring states)
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Fig.13 Bronze zeng before restorution Fig.14 Bronze zeng before restoration

West-zhou Dynasty West-zhou Dynasty



