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Optimization of Silver Nanoparticles Synthesis through Design-of-Experiment Method
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Abstract — The aim of this work was to obtain uniform and well-dispersed spherical silver nanoparticles using statis-
tical design-of-experiment methods. We performed the experiments using 2 k fractional factorial designs with respect to
key factors of a general chemical reduction method. The nanoparticles prepared were characterized by SEM, TEM and
UV-visible absorbance for particle size, distribution, aggregation and anisotropy. The data obtained were analyzed and
optimized using a statistical software, Minitab. The design-of-experiment methods using quantified data enabled us to
determine key factors and appreciate interactions between factors. The measured properties of nanoparticles were dom-
inated not only by individual one or two main factors but also by interactions between factors. The appropriate combi-
nation of the factors produced small, narrow-distributed and non-aggregated silver nanoparticles of about 30 nm with
approximately 10% standard deviation.
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Table 1. Selected six factors and experimental conditions at each level for the FFD

Factors HNO; (M) AgNO; (M) Temp (°C) Daxad (g) Asc (M) Time (min)
Levels -1 0.13 0.1 35 1.25 0.10
of 0 0.65 0.2 50 2.50 0.18 8
FFD 1 1.17 0.3 65 3.75 0.26 30
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Fig. 1. Main effect plots and interaction plots for the FFD: (a) main effect plots (dot lines are the mean values of all runs); (b) and (c) interaction

plots for Size and Sigma%, respectively.
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Table 2. Experimental sets according to 2% for the six factors including two center points, respectively, and the measured values for the selected

properties
Exp. Set Factors(coded unit) Properties
HNO;, AgNO; Temp Daxad Asc Time Size (nm) Median (nm) Sigma (%) Big-size (nm)  Anisotropy
D1 -1 -1 -1 1 1 1 63.9 51.1 28.1 12.8 0.457
D2 1 -1 -1 -1 -1 1 166.9 102.5 79.5 64.4 0.521
D3 -1 1 -1 -1 1 -1 100.7 40.0 98.3 60.7 0.648
D4 1 1 -1 1 -1 -1 45.6 28.1 252 17.4 0.217
D5 -1 -1 1 1 -1 -1 30.6 315 242 -0.94 0.091
D6 1 -1 1 -1 1 -1 84.2 79.3 34.8 4.84 0.194
D7 -1 1 1 -1 -1 1 38.6 35.8 29.0 2.85 0.132
D8 1 -1 1 -1 31.2 30.4 22.6 0.86 0.098
D9 0 0 0 0 0 0 33.6 325 23.4 1.16 0.109
D10 0 0 0 0 0 0 353 339 254 1.39 0.126
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Fig. 2. TEM images of the samples synthesized at the ten runs designated by the FFD.
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Fig. 3. SEM images of samples synthesized at the conditions of (a) D2
and (b) D6.
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Fig. 4. UV-visible absorption spectra show the preliminary forma-
tion of nanoparticles before addition of reducing agent at ten
experiments designated by the FFD.
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Table 3. Box-Behnken design as a response surface method (RSM) for three factors and the measured values for the selected properties

Exp. Set Factors Properties
HNO; (ml) AgNO; (2) Daxad (g) Size (nm) Median (nm) Sigma (%) Big-size

R1 1.00 0.85 1.25 48.5 35.6 111.7 12.94
R2 4.00 0.85 1.25 39.0 364 28.6 2.57
R3 1.00 2.55 1.25 39.6 313 74.7 8.37
R4 4.00 2.55 1.25 324 31.6 33.6 0.83
RS 1.00 0.85 3.75 40.4 37.9 48.8 2.56
R6 4.00 0.85 3.75 38.7 38.7 22.6 0.04
R7 1.00 2.55 3.75 35.6 27.6 573 7.98
R8 4.00 2.55 3.75 30.7 30.1 12.1 0.55
R9 0.00 1.70 2.50 49.8 283 101.0 21.5
R10 5.02 1.70 2.50 314 314 19.7 0.04
R11 2.50 0.27 2.50 95.0 85.9 413 9.1

R12 2.50 3.13 2.50 304 30.1 20.9 033
R13 2.50 1.70 0.40 438 39.0 58.8 4.77
R14 2.50 1.70 4.60 30.7 29.9 15.1 0.84
R15 2.50 1.70 2.50 35.0 31.6 39.8 343
R16 2.50 1.70 2.50 33.1 30.6 314 2.52
R17 2.50 1.70 2.50 335 322 29.6 1.25
R18 2.50 1.70 2.50 35.1 324 443 2.68

sfstmst Hl46H |43 20084 82
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Fig. 5. TEM and SEM images of the samples obtained with various reaction temperatures while other factors held constant at the condition estab-
lished in the optimization of the FFD: (a) 3 °C (SEM), (b) 20 °C, (c) 30 °C, (d) 40 °C, (e) 50 °C, (f) 60 °C (SEM), (g) 70 °C, (h) 80 °C
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tion of HNOj; on conducting the response surface method.
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