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Synthesis of Silver Nano-particles by Homogeneous Precipitation
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Abstract  Silver particles were synthesized from silver nitrate by homogeneous precipitation and chemical
reduction methods involving the intermediate silver cyanate. The obtained silver particles were characterized by
XRD, SEM, TEM, and BET. Urea which could prevent the agglomeration of the reduced silver particles was used
as a homogeneous precipitator. The spherical silver particles with average particle diameter of 100 nm were
obtained under the optimum reaction conditions. The optimum synthetic conditions were found as follows: reac-
tion temperature 100°C, reaction time 60 min, concentration of silver nitrate 1x107% mol, urea 5x1073 mol, and
sodium citrate 8.5x10™ mol. The phase of obtained silver particles was crystalline state and the silver particles
were relatively dense, which had the surface area of 0.7571 m/g.
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Fig. 1. X-ray diffraction patterns of silver powder synthe-
sized at different sodium citrate concentrations: (a)
8.5x10”° mol (0.1 wt%) and (b) 8.5x10~ mot (1.0 wt%)
(Other conditions : reaction temperature 100°C, reaction
time 60 min, concentration of silver nitrate 1.0x107 mol,
and urea 5.0x10~ mol).
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Fig. 2. X-ray diffraction patterns of silver powder at dif-
ferent reaction times: (a) 30 min and (b) 60 min. (Other
conditions : reaction temperature 100°C, concentration of
silver nitrate 1.0x1072 mol, urea 5.0x10° mol, and sodium
citrate 8.5x10™ mol).
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Fig. 3. X-ray diffraction patterns of silver powder synthe-
sized at different temperatures: (a) 80°C and (b) 100°C.
(Other conditions : reaction time 60 min, concentration of
silver nitrate 1.0x107 mol, urea 5.0107 mol, and sodium
citrate 8.5x107* mol).
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Fig. 4. SEM photographs of silver powder synthesized at various sodium citrate concentrations: (a) 8.5x10~°mol (0.1 wt%),
(b) 8.5x10* mol (1.0 wt%) and (c) 8.5x10~ mol (10 wt%) (Other conditions : reaction temperature 100°C, reaction time 60
min, concentration of silver nitrate 1.0x107 mol, and urea 5.0x107 mol).

(a) (b)

Fig. 5. SEM photographs of silver powder synthesized at different temperatures: (a) 80°C and (b) 120°C. (Other con-
ditions : reaction time 60 min, concentration of silver nitrate 1.0x102 mol, urea 5.0x10 mol, and sodium citrate
8.5x107* mol).
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Fig. 6. SEM photographs of silver powder synthesized various at pH: (a) pH4, (b) pH6 and (c) pHS. (Other conditions :
reaction temperature 100°C, reaction time 60 min, concentration of silver nitrate 1.0x1672 mol, urea 5.0x107 mol, and

sodium citrate 8.5x10™ mol).
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Fig. 7. TEM photographs of silver powder synthesized (a) by homogeneous precipitation method (b) by Lee-Meisel method
[19]. (Synthetic conditions of and (a) : reaction temperature 100°C, reaction time 60 min, concentration of silver nitrate
1.0x1072 mol, urea 5.0x107 mol, and sodium citrate 8.5x10~ mol).
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Fig. 8. Nitrogen adsorption-desorption isotherms of the sil-
ver particle by homogeneous precipitation method. (Syn-
thetic conditions : reaction temperature 100°C, reaction
time 60 min, concentration of silver nitrate 1.0x1072 mol,
urea 5.0x1073 mol, and sodium citrate 8.5x10* mol).
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