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Abstract: Ag-Sn-Cu-Bi-Ni alloy was internally oxidized in air. The phase constitution, surface morphology and microstructure 
evolution of the alloy after internal oxidation were analyzed by X-ray diffractometry, optical microscopy and scanning electron 
microscopy, respectively. The results show that the surface color of samples after internal oxidation is different from the different 
oxidation time and temperatures. The oxidation reaction firstly takes place on the grain boundaries. The microstructure developed on 
the initial stage of internal oxidation is fir-tree crystal texture. However, this texture structure disappears accompanied by grain 
growth and oxides forming during the prolonged oxidation. Finally, the oxide particles are uniformly dispersed in the silver matrix. 
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1 Introduction 
 

The Ag-Cd groups of contact alloys are widely used 
in tonnages quantities in electrical and electronic 
industries because of high electrical and thermal 
conductivities, high resistance to arcing, high welding 
adhesion resistance, low contact resistance, high 
hardness and strength[1−4]. However, two European 
Confederation instructions, ROHS 2002/95/EC and 
WEEE 2002/96/EC, began execution since June 1, 2006, 
restrict rigidly the utilization of Cd. This means the 
European Confederation has completely forbidden the 
utilization of silver cadmium oxide (Ag-CdO) electrical 
contact materials[5]. Many investigators have worked on 
the alternative systems to replace Ag-CdO[6−13].  

As the replaced materials of Ag-CdO, the 
development of Ag-SnO2 materials have gained a great 
achievement, it has been used widely in business in 
European Confederation and Japan[14−19]. The method 
of fabrication Ag-SnO2 materials mainly has powder 
metallurgy (PM) and internal oxidation (IO) at present. 
Ag-SnO2 contact materials fabricated by IO method have 
high resistance to arcing, high welding adhesion 
resistance, high hardness and strength. But the oxidation 

of Ag-Sn alloy is difficult when the content of Sn exceed 
6%(mass fraction) in silver alloy. In order to enhance the 
oxidation rate of Ag-Sn alloy, we add Cu and Bi to 
Ag-Sn alloy. Consequently, the objective of this paper is 
to investigate microstructure of Ag-Sn-Cu–Bi-Ni alloy 
after internal oxidation. 
 
2 Experimental 
 
2.1 Materials 

Ingots of high purity silver (99.99%) and tin, 
copper, bismuth, nickel (99.9%) were used to prepare 
Ag-Sn-Cu-Bi-Ni alloy samples.  

 
2.2 Melting, casting and internal oxidation 

Ingots were melted in a medium-frequency 
induction furnace using graphite crucible. The melt was 
poured into a preheated square steel mould in the 
temperature range of 1 100−1 200  and chilled in air. ℃

The square alloy ingot was cut into sizes of 6 mm×6 
mm× 6 mm for internal oxidation. The cubic samples 
were cleaned thoroughly in acetone, alcohol and water to 
remove surface contaminations for further study.  

Internal oxidation experiments were carried out in 
air at 600 ℃ and 700  in a muffle furnace.℃

                       
Foundation item: Project (2006BAE03B03) supported by the Key Project of 11th Five-Year Plan of China  
Corresponding author: WU Chun-ping; Tel: +86-731-8830263; Fax: +86-731-8836320; E-mail: wcpphd@126.com 



WU Chun-ping, et al/Trans. Nonferrous Met. Soc. China 17(2007) s552 
 

2.3 Characterization 
The phase constitution was analyzed by X-ray 

diffractometry (D/max2500). And microstructure was 
characterized by optical microscopy (POLYVAR-MET), 
scanning electron microscopy (Sirion200 and 
KYKY2800) and the composition was analyzed by 
energy spectrometry (Gensis60).  
 
3 Results and discussion 
 
3.1 XRD analysis of samples before and after internal      

oxidation 
XRD spectra of Ag-Sn-Cu-Bi-Ni alloy before and 

after internal oxidation are shown in Fig.1. Typical peaks 
of Ag crystals can be detected in the XRD patterns, and 
the diffraction peak of Sn, Cu, Bi and Ni cannot be 
detected. In addition, the diffraction peak of Ag becomes 
broad and takes place deviation. It indicates that Sn, Cu, 
Bi and Ni atoms have dissolved in Ag crystals and exist 
in the form of Ag solid solution alloy. The major phase 
in internal oxidation samples are Ag, SnO2 and CuO with 
no indication of Bi2O3 and NiO. According to the 
oxidation character of Bi and Ni, diffraction peaks of 
Bi2O3 and NiO can be detected in the XRD patterns. We 
can assume that Bi2O3 has dissolved in Ag matrix and 
exist in the form of Bi2O3 atomic group. NiO content is 
too low to be detected in the XRD patterns. As a result, 
the major phase constitution of Ag-Sn-Cu-Bi-Ni alloy 
after internal oxidation is Ag, SnO2 and CuO. 

 

  
Fig.1 XRD spectra of Ag-Sn-Cu-Bi-Ni alloy: (a) Before 
internal oxidation; (b) After internal oxidation 

 
3.2 Microstructure characterization of samples 

Optical and SEM microstructure of Ag-Sn-Cu-Bi-Ni 
casting alloy are shown in Fig.2. From Fig.2, we see that 
the interdendritic distance and segregation are small, 
indicating that the distribution of Sn, Cu, Bi and Ni in the 
entitled sample is homogeneous and composition 
uniformity has been achieved. Fir-tree crystal texture in 
the materials’ microstructure is helpful to internally 
oxidize because they have a large amount of grain 
boundary which are helpful to oxygen diffusion in the 
alloy. 

 

 
 
Fig.2 Microstructures of Ag-Sn-Cu-Bi-Ni casting alloy: (a) 
Optical image; (b) SEM image 
 
3.3 Macromorphology of samples after internal 

oxidation 
The macromorphology of samples after internal 

oxidation with different time and temperature is shown 
in Fig.3. From Fig.3, we can see that the surface color of 
samples is different with the different oxidation time and 
temperature. At the same oxidation temperature, the 
surface color of samples becomes gradually light from 
the fuscous with the oxidation time increase. When the 
oxidation time is same, the surface color of samples is 
obviously different with different oxidation temperature. 
The surface color of samples oxidized at 600 ℃ is dark, 
but it is gray at 700 ℃. 
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Fig.3 Macromorphologies of samples after internal oxidation 
with different time and temperatures 
 
3.4 Surface morphology of samples after internal 

oxidation 
The surface morphologies of samples after internal 

oxidation in air at 600  ℃ for different holding time are 
shown in Fig.4. It can be seen from Fig.4 that the surface 
morphologies are different with different holding time. 
As shown in Fig.4(a), large majority of  the oxides take 
spherical shape. Oxidation at air assures adequate 
oxygen diffusion on the initial stage of internal oxidation. 
Consequently, oxides grow uniformly along all directions 
and form spherical particles. However, there are different 

surface morphologies in Figs.4(b)−(f), where two kinds 
of oxides are observed in the silver matrix. Oxide 
particles with diameter below 1 µm are uniformly 
dispersed inside the grains (for instance region A), those 
flake oxides are presented on grain boundaries (for 
instance region B). EDS result of region A and B are 
shown in Fig.5(a) and (b) respectively. From Fig.5(a) and 
(b), we can see that the flakes on the grain boundaries 
and the particles in the grain are oxides. In addition, the 
content of oxides on the grain boundaries is higher than 
that in the gain. It indicates that the oxidation reaction 
firstly takes place on the grain boundaries. Since the 
defect concentration of grain boundaries are higher than 
that in grains, the oxygen firstly diffuses into the grain 
boundaries and takes place oxidation reaction with alloy 
agent. With increasing oxidation temperature and time, 
the oxygen will diffuse into grain interior and react with 
metal elements. As a result, the oxides on the grain 
boundaries are more than that in grains. 

 

 

Fig.4 Surface morphologies of samples after internal oxidation for different time: (a) 12 h; (b) 24 h; (c) 36 h; (d) 48 h; (e) 60 h;     
(f) 72 h 
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Fig.5 EDS results of region A(a) and region B(b) shown in Fig.4 

3.5 Optical microstructures of samples after internal 
oxidation 
Optical microstructures of Ag-Sn-Cu-Bi-Ni alloy 

samples after internal oxidation in air at 600  ℃ for 
different holding time are shown in Fig.6. From Fig.6 we 
can find that the microstructure is changed after internal 
oxidation. On the initial stage (holding for 2 h and 4 h) of 
internal oxidation the microstructure is still fir-tree 
crystal texture (see Figs.6(a) and Fig.6(b)), where the 
interdendritic distance is larger than that in Fig.3. 
However, the fir-tree crystal texture has disappeared 
accompanied by grain growth and oxides formation 
during the prolonged oxidation (see Figs.6(c)− (f)). From 
Figs.6(c)−(f) we can see that the oxide particles 
uniformly disperse in the silver matrix. The oxide 
particles uniformly dispersing in the silver matrix can 
strengthen the silver alloy. As a result, the internally 
oxidized silver alloy have high resistance to arcing and 
welding. 

 

 
Fig.6 Optical microstructures of Ag-Sn-Cu-Bi-Ni alloy samples after internal oxidation for different time: (a) 2 h; (b) 4 h; (c) 6 h;  
(d) 8 h; (e) 10 h; (f) 12 h 
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4 Conclusions 
 

1) The major phase constitution of Ag-Sn-Cu-Bi-Ni 
alloy after internal oxidation is Ag, SnO2 and CuO, 
whereas Bi2O3 has dissolved in Ag matrix and exists in 
the form of Bi2O3 atomic group. 

2) The surface color of Ag-Sn-Cu-Bi-Ni alloy is 
different with the different oxidation time and 
temperature. At the same oxidation temperature, the 
surface color of samples becomes gradually light from 
the fuscous with the oxidation time increase. The surface 
color of samples oxidized at 600 ℃ is dark, but it is 
gray at 700 ℃. 

3) The oxidation reaction firstly takes place on the 
grain boundaries. The microstructure developed on the 
initial stage of internal oxidation is fir-tree crystal texture. 
However, this texture structure lately disappears 
accompanied by grain growth and oxides forming during 
the prolonged oxidation. Finally, the oxide particles are 
uniformly dispersed in the silver matrix. 
 
References 
 
[1] RONG Ming-zhe, WANG Qi-ping. Surface dynamics and it’s 

reaction to the effect of breaking arc for AgMeO contact[C]// Proc of 
16th ICEC. Loughborough, 1992: 389−394. 

[2] SAWA K, HASEGAWA M. Recent researchers and new trends of 
electrical contacts[J]. IEICE Trans on Electric, 2000, 83(9): 
1363−1376. 

[3] MANHAET H. Arc mobility on new and eroded AgCdO and AgSnO2 
contacts[J]. IEEE CHMT, 1989, 12(1): 48−57. 

[4] BRECHER C, GUSTAFSON J. The effect of additive concentration 
on material erosion matrix-strengthened silver-cadmium oxide[J]. 
IEEE Trans Components, Hybirds, Manuf, Technol, 1984, 7(1): 
91−96. 

[5] CHEN Jing-chao, SUN Jia-lin, DU Yan. The limiting policy of silver 
cadmium oxide and the development of the other silver metal oxide 
electrical contact materials[J]. Electric Engineering Materials, 
2002(4): 41−44. (in Chinese) 

[6] SHUBATA A. Silver/metal oxide contact material by internal 
oxidation process[C]// Proc 7, ICEC. Pairs, 1974: 749−754.  

[7] WEI Juan. Sliver cadmium oxide electrical contact material and its 
development[J]. Nonferrous Metal, 1992(4): 68−73. (in Chinese) 

[8] ZHANG Wan-sheng. The overseas basic situation of electrical 
contacts[J]. Electrical Alloy, 1995(1): 1−14. (in Chinese) 

[9] CHEN Li-cao, LI Zhong-bin. The optimizing problem of Ag/SnO2 
contact materials for contactors[J]. Electrical Alloy, 1993(4): 1−5. (in 
Chinese) 

[10] BEHREN N, BOHM W. Switching performance of different 
Ag/SnO2 contact materials made by powder metallurgy[C]// 11th 
ICEC. Berlin, 1982: 203−209. 

[11] BRAUMANN P, KOLB H, WEISE W. Optimization of Ag/SnO2 
contact material for use in contactors[J]. 16th ICEC. Loughborough, 
1992: 163−168. 

[12] ZHANG Guo-qing, DENG De-guo, QI Geng-xin, GUO Jun-mei, 
GUAN Wei-ming. The analysis of the deformation fracture of 
Ag/SnO2 composite materials[J]. Noble Metal, 1999, 20(4): 1−6. (in 
Chinese) 

[13] ZHANG Qi-sun, XIE Jian-qiu. Silver copper oxide contact material 
of powder metallurgy[J]. The Chinese Journal of Nonferrous Metals, 
1996, 6(2): 121−124. (in Chinese) 

[14] BEHERNS N, BOHM W. Switching performance of different 
AgSnO2 contact materials made by powder metallurgy[C]// Lectures 
of the 11th International Conference on Electrical Contact 
Phenomena. Berlin, 1984: 203−220. 

[15] BRAUMANN P, KOLB H, SCHRODER K. H,WEISE W. 
Optimization of Ag/SnO2 contact material for use in contactors[C]// 
Proceedings of the 16th  International Conference of Electrical 
Contacts. Loughborough, 1992: 163−168. 

[16] BOURDA C, JEANNOT D, PINARD J, RANONI P. Properties and 
effects of doping agents used in AgSnO2 contact materials[C]// 
Proceedings of the 16th International Conference of Electrical 
Contacts. Loughborough, 1992: 377−382. 

[17] BEHRENS V, HONIG TH, KRAUS A, MICHALl R, 
MINKENBERG N, SAEGER K E. Ag/SnO2 WPX a new type of 
silver /tin oxide contact materials[C]// Proceedings of the 17th 
International Conference of Electrical Contacts. Nagoya, 1994: 
613−618. 

[18] CHEN Jing-chao, SUN Jia-lin, ZHANG Kun-hua. Silver tin oxide 
electrical contact material fabricated by reactive synthesis[C]// ICEC. 
Zurich, 2002: 447−451. 

[19] LIU X M, WU S L, PAULl K. Effects of coating process on the 
characteristics of Ag/SnO2 contact materials[J]. Materials Chemistry 
and Physics, 2006(98): 477−480. 

(Edited by YANG Hua)

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


