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ABSTRACT The silver particles in micro-nanometer size were prepared by solution chemical reduction method using AgNO; as the
precursor, C¢HgOg as the reducing agent, and tannin as the dispersant. The effects of reactant concentration, dispersant dosage, and pH
value on the morphology, average particle size, and tap density of the silver powders were studied by X-ray diffractometer, scanning
electron microscope, laser particle size analyzer, tapping apparatus, and solar energy performance tester. The results show that, the
well-dispersed silver powders with spherical shape are synthesized under the optimal conditions as the pH value of 1, the AgNO;
concentration of 0.1 mol-L™", the C4HgOg concentration of 0.1 mol-L™!, the tannin concentration of 0.01 mol-L™!, and the reaction
temperature of 25 . The silver powders with the maximum tap density of 6.1 g'-mL "' can be obtained by mixing the silver powders in

an average particle size of 1.16 pm and 0.66 um. According to the surface morphology and battery performance of silver electrode, the
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silver electrode based on the mixed silver powders in the tap density of 6.1 g'mL™' shows the best relative density, and the

photoelectric conversion efficiency of the solar cell is the highest, reaching 17.16%.

KEY WORDS silver particles; micro-nanometer size; tap density ; electrode; chemical reduction method
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[8-10]
1 um
1 a 0.03mol'L" b 0.06mol'L" ¢ 0.10mol'L™' d
0.15 mol-L™!

Fig.1 SEM images of silver particles prepared by different AgNO; concentrations: (a) 0.03 mol-L™"; (b) 0.06 mol-L™"; (c) 0.10 mol-L™";
(d) 0.15 mol-L™!

1

Table 1  Characteristics of silver powders prepared by 0.10 mol'L™"  0.15 mol'L™"
different AgNO; concentrations .16 ym  0.66 um

/ (mol-L™") / um /(g'mL™h 0.20 mol-L™

0.03 0.66 4.10

0.06 0.96 4.43 0.25 mol-L™"

0.10 1.16 5.20

0.15 2.35 4.95

2.2

[11-12]
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2 a 0.10mol'L™" b 0.15mol'L™" ¢ 0.20mol'L™" d
0.25 mol-L™'
Fig.2 SEM images of silver particles prepared by different C4HgOg concentrations: (a) 0.10 mol-L™"; (b) 0.15 mol-L™"; (c) 0.20 mol-L™";
(d) 0.25 mol-L™"!

2

Table 2  Characteristics of silver powders prepared by

different C¢HgOg concentrations [15]

/ (mol-L™") / pm / (grmL™") 1
0.10 1.16 5.20 3 2
0.15 0.66 4.50 pH
0.20 0.43 3.60 1
0.25 0.25 3.10

23
3 [13-14,16]
3 3
= +2H*+2e
Tian HO OH HO 0

. [14]
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3 a 0.0lmol'LY b 005mol'lL" ¢ 0.10mol'L™! d
0.20 mol-L™!

Fig.3 SEM images of silver particles prepared by different tannin concentrations: (a) 0.01 mol-L™"; (b) 0.05 mol-L™"; (c) 0.10 mol-L™";
(d) 0.20 mol-L™!

3
Table 3  Characteristics of silver powders prepared by
different tannin concentrations E=E,-0.059A 2)
/ (mol-L™") / um /(g'mL™") E E
0.01 1.16 5.20 A pH
0.05 0.87 4.20 pH
0.10 0.95 3.80 3
0.20 1.25 3.20
24 pH
4 pH 2AgNO; + C¢HgOg = 2Ag + C¢HOg + 2HNO; 3)
pH 1 7 2.5 X
0.1 mol-L"'
4 pH 0.1 mol-L™ 0.01 mol-L™"
pH pH 1 25
X 5
(111)
pH (200) (220) (311)
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al b3 ¢ 5 d7
Fig.4 SEM images of silver particles prepared in different pH values: (a) 1; (b) 3; (¢) 5; (d) 7

4 pH 2.6
Table 4 Characteristics of silver powders prepared in different
pH values
pH / pm / (grmL™") 52gmL™"
1 1.16 5.20 5 L.16pm  0.66 pm
3 1.07 4.00
a7 -1 o -1
5 0.90 350 52 gmL 1 4.5 gmL
7 0.78 2.80 6.1 gmL
(111) 6
%( 6
= (200)
=
(220) @311
5
J ‘ 4 Table 5 Characteristics of the mixed silver powders
* ]
30 40 50 60 70 80 / pm /(gmL™)
20/(°) 9:1 1.13 5.6
8:2 1.08 5.8
7:3 1.02 6.1
> X 6:4 0.98 5.9
Fig.5 XRD pattern of silver particles prepared under the 1.16 um

optimal conditions 0.66 um
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a 5.6gmL™”" b 58gmL' ¢

6.1 gmL™"

Fig.6 SEM images of silver electrodes based on the

silver particles with different tap density: (a) 5.6 g'mL;
(b)5.8gmL™"; (c)6.1 gmL™"

6
Table 6 Photoelectric performances of the silicon solar cells based on the silver powders with different tap density
/ (g'mL™") IAY /A /Q /% /%
5.6 0.6008 5.5773 0.0175 77.51 15.36
5.8 0.6278 5.6083 0.0156 72.61 16.39
6.1 0.6257 5.6198 0.0086 76.12 17.16
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