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Effect of Silver Powder on Properties of Varistor Paste

DONG Ningli, HA Min, WANG Dan
(Ningxia Special Material Key Laboratory, CNMC Ningxia New Material Co. , Ltd. , Shizuishan 753000, China)

Abstract: Two kinds of microcrystalline silver powders were prepared under different reduction conditions, and the
burning loss, particle size, specific surface area, bulk density and tap density of silver powders were tested. The results
showed that the physical properties of the two kinds of silver powders are similar. The two kinds of sliver powder were applied
to concoct varistor paste. The thixotropy index, printing quality, morphology, resistance, adhesion of paste layers, and grain
size of silver powders were tested and analyzed. The experimental results showed that the tap density of silver powders has a
great influence on the slurry viscosity, high tap density results in low slurry viscosity and vice versa. The particle size distri-
bution of silver powder has a great influence on the slurry thixotropy, if the particle size is small and nonuniform, the thixot-
ropy index is high and vice versa. The crystallinity and grain size of silver powder have great influence on the sintering per-
formance of the slurry. In the similar size distribution range, the grain boundary formed by powders with high crystallinity and
larger grain size is better, the sintering is more compact, the paste layer’s resistance is lower, the adhesion is better. Powder
with high crystallinity and larger grain size is more suitable for preparing varistor paste.
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Table 1 The constitutions of sliver pastes

Mass of components/g

Paste  Gilver

powder EC HEC Ra Rb  BL  AD
A 80 2 0.5 6 9 2 0.5
A, 80 125 125 6 6 2 0.5
A, 80 0.5 2 6 9 2 0.5
B, 80 2 0.5 6 9 2 0.5
B, 80 125 125 6 9 2 0.5
By 80 05 2 6 9 2 0.5

Note: * means that A; ~ A; pastes used 1# silver powder, B, ~ B;

pastes used 2# silver powder
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Table 2 Physical properties of silver paste

Samo] Viscosity/ Thixotropic ~ Sheet resistivity/ Adhesion
am
ample (Pa-s) index (mQ/[) /kg
A, 179 5.28 6.3 1.6
A, 135 5.32 6.25 1.7
Ay 85 5.35 6.23 1.6
B, 93.4 6.23 12.8 0.5
B, 75 6.26 12.6 0.6
B, 55 6.30 12.5 0.6
x3 RHEROMIEERE
Table 3 Physical properties of silver powder
Burning Average Specific Bulk .
. . Tap density/
Sample loss particle  surface area/  density/ 5
rate/ % size/ jum (m?/g) (g/cm®) (g/cm™)
1# 2.05 0.805 8 2 2.93
2# 2.26 0.736 7.8 2.09 4
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Fig. 1 SEM images of 1# (a) and 2# (b) sliver powder
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Fig. 2 Metallographs of silver paste on zinc oxide substrate after dr-

ying: (a) slurry with 1# powder, (b) slurry with 2# powder
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Fig. 3 SEM images of silver paste layer on zinc oxide substrates after sintering: (a, b) surface and cross section of A, silver paste layer,

(¢, d) surface and cross section of B, silver paste layer
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Fig. 4 XRD patterns of silver powder
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Table 4 Analysis result of XRD patterns of silver powder

Sample (kL) 20/(°) dyyy/nm FWHM/(°) Grain size/nm Lattice distortion/ ( Ad/d)
(111) 38.258 0.235 06 0.297 28.00 0.02
(200) 44.411 0.203 81 0.400 21.21 0.02
1# (220) 64.568 0.144 22 0.401 23.17 0.12
(311) 77.502 0.123 06 0.445 22.64 0.19
(111) 38.168 0.235 59 0.362 22.96 0.02
(200) 44.32 0.204 21 0.493 17.21 0.02
* (220) 64.508 0.144 33 0.460 20.19 0.13
(311) 77.381 0.123 22 0.546 18.43 0.21
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