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Study on the microstructure and properties of sintered Ag-Al electrical contact materials
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Abstract: Ag-Al electrical contact materials were prepared by pressureless sintering and hot-pressing
sintering methods. Their microstructure and element distributions were studied by field emission scanning
electron microscope (FE-SEM). The influence of sintering methods and Al contents on density, hardness,
conductivity, and breakdown strength was investigated. The results showed that hot-pressing sintered
samples exhibited better electrical and mechanical properties than pressureless sintering samples. The
hardness and compressive strength of the hot-pressed sample increased with aluminum content, while its
electrical conductivity decreased. The breakdown strength was mainly affected by Al contents. Sintering
methods influenced the microstructure, surface morphology and composition distribution of Ag-Al electrical
contact materialsafter arc erosion.
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Fig.1 Binary phase diagrams of Ag-Al
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Fig.2 Morphologies of Ag (a) and Al (b) powders
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Fig.3 XRD patterns of Ag and Al powders
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Fig. 4 Morphologies of Ag-Al mixed powders with different Al contents
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(a). x(A1)=0.5%; (b). x(AD)=1%; (c). x(AD)=5%; (d). x(A)=10%; (e). x(Al)=15%
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Fig.5 Backscattered electron images of pressureless sintered Ag-Al samples with different Al contents
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Tab.1 Ag, Al and O molar fraction in pressureless sintered Ag-Al

samples

T xX(Ag)/% x(AD/% x(0)/%
Ag-0.5%Al 92.69 0.73 6.58
Ag-1%Al 89.85 1.29 8.87
Ag-5%Al 65.23 5.9 28.87
Ag-10%Al 39.47 14.18 46.35
Ag-15%Al 24.41 18.82 56.77
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Fig. 6 XRD patterns of pressureless sintered Ag-Al samples
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Fig. 7 Backscattered electron images of hot pressing sintered Ag-Al samples with different Al contents
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Fig. 8 XRD patterns of hot pressing sintered Ag-Al samples
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Tab.2 Densities of pressureless and hot-pressing sintered Ag-Al

samples
HAD B p/ TCHRRSS op ARG, op,
(gem®)  pul(glemd) psl(glem?)
0.5% 1045 9.27 88.7% 9.46 90.5%
1% 10.39 9.19 88.5% 9.33 89.8%
5% 10.11 9.00 89.0% 9.39 92.9%
10% 9.73 8.47 87.1% 9.10 93.5%
15% 9.35 8.55 91.4% 8.64 92.4%
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Tab.3 Electrical conductivity of pressureless and hot-pressing

sintered Ag-Al samples /(MS/m)
x(Al) o e s IR
0.5% 41.5 455
1% 39.5 414
5% 31.1 34.5
10% 12.3 14.6
15% 10.9 12.1
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Tab.4 Hardness (HV0.2) of pressureless and hot pressing

sintered Ag-Al samples

x(Al) TR RS To R R4
0.5% 25.6 28.6
1% 26.1 29.4
5% 335 345
10% 44.1 45.6
15% 48.5 49.5
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Tab.5 Breakdown strength of pressureless and hot pressing

sintered Ag-Al samples

i R 565 e/ Y77 wi

X(Al) (x10° V/m) (<105 V/m)
05%  2.16 2.8 0.45 0.41
1% 227 227 0.20 0.26
5% 2.30 2.41 0.84 0.56
10%  2.46 2.48 0.57 0.30
15% 238 2.48 0.51 0.93
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Fig.10 Morphologies of hot pressing sintered samples after arc erosion tests
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