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Synthesis of nano-crystalline slaked lime using design of experiment
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Abstract Nano-crystalline slaked lime was synthesized using design of experiment. In order to synthesize slaked lime,
calcium chloride (CaCl,) and urea were used as starting materials. Calcium chloride solution and urea solution were mixed
and heated in vessel that calcium carbonate was precipitated during heating. Precipitates were filtered, washed several times
using D.Lwater and ethanol and finally dried in oven. Slaked lime (Ca(OH),) has been fabricated by the hydration of
calcined CaCO,. Design of experiment (Taguchi method) was used to optimize parameter, to minimize noise factors of
experiment and to statistically analyze the results. Slaked lime having about 50 nm in optimized crystallite size could be
obtained by calcination of CaCO, at 1000°C for 0.5 h and hydration with D.I water containing ethanol and oxalic acid.
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Table 1

- Experimental factors and levels for Ca(OH), synthesis using
CaCoO,

Level
Factor

0 1 2
A CaCO, calcination temperature ('C) 900 1000 1100
B CaCQ; calcination time (hr) 05 1 2
C  Content of ethanol (ml) 10 30 50
D Content of oxalic acid (Wt%) 05 1.0 2.0
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Table 2
Analysis for crystallite size of CaCO, using homogeneous
precipitation method

(a) Experimental factors and data

Factors and level Line No.
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1 0 0 0 0 2M 50°C  12h 80pum (104)
2 0 1 1 1 2M 70°C  24h  55um
30 2 2 2 2M 90°C  48h  95um
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Factor S o v F, F(0.05) ) J ....... RN TN
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Fig. 1. XRD pattern of CaCO, synthesized using homogeneous
Total 2500.01 8

precipitation method.

(A)

Fig. 2. SEM photographs of CaCO, synthesized using homogeneous precipitation method; (A) Low magnification, (B) High magnification.

(B)
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Fig. 3. Particle size distribution of CaCO, synthesized using
homogeneous precipitation method.
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Table 3
Analysis for crystallite size of slaked lime synthesized using
CaCO,

(a) Signal-to-noise ratio analysis

Factors and levels  Crystallite size (nm})

SN
No. A B C D U, U, ratio
Vo V, VoV,

10 06 0 0 708 854 657 719 -3736
2 0 1 1 1 83 1043 784 951 =3930
3 0 2 2 2 1144 1327 1267 1064 -41.62
4 1 0 1 2 325 3514 661 742 -3582
5 1 I 2 0 649 819 762 627 -37.13
6 1 2 0 1 950 1135 878 834 -3961
72 0 2 I 2042 236.1 1936 2161 -46.57
8 2 1 0 2 2622 2816 2473 2362 4821
g 2 2 1 0 3334 2981 3391 3510 5040

(b) Analysis of variance table for signal-to-noise ratio pooled by error

Factor ¢ S v Contribution ¥

ratio 0

Calcination 2 2022513 101.1257 894173 3241.4392*
temperature (A)
Calcination 2 237422 118711 104723 380.5110%
time (B)
Error 4 01248 00312 0.1104
Total 8 226.1183 100
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Fig. 4. XRD pattern of nano-crystalline slaked lime.
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(B)
Fig. 5. TEM photographs of nano-crystalline slaked limes; (A) Low magnification, (B) High magnification.
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