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Abstract
An experimental design method was used to optimize the synthesis of gamma-alumina with a superior thermal stability using
the reverse micelle method. First, twelve experimental conditions were derived by using the mixture design method to opti-
mize conditions for the ratio of surfactant, water and oil, which are main factors in the synthesis process. When the particles
synthesized by reverse micelle method were calcined at 900 C under the designed condition, they all had gamma-alumina
crystal structure although there were differences in particle sizes. The coefficient of determination of the second-order re-
gression model using the derived experimental results was 93.68% and the P-value was 0.002. The synthesis conditions for-
gamma-alumina with various particle sizes were presented using surface and contour lines. As a result, it was calculated that
the smallest particle size of about 2.8 nm was synthesized when the ratio of surfactant/water/oil was 0.3450/0.0729/0.5821.
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Figure 1. Simplex design plot using mixture design with constraints
(a) original (b) optimized.
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Figure 2. SEM images of alumina particle prepared by reverse micelle
after calcination at 900 C with various S/W/O ratio (a) 0.31/0.1/0.59
(b) 0.6/0.1/0.3 (c¢) 0.6/0.15/0/35.
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Table 1. Estimated Regression Coefficient for Size of y-ALOs
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Variable Coefficient SE Coefficient T P VIF
Surfactant 66.8 8.880 * * 106.08
Water 48.5 36.150 * * 450.66
Oil 25.9 6.194 * * 76.38
Surfactant * Water -112.3 62.632 -1.79 0.123 167.33
Surfactant * Oil -162.7 28.399 -5.73 0.001 187.23
Water * Oil -78.6 54.812 -1.43 0.201 188.32
S = 1.15963 PRESS = 49.7783 R® = 93.64%
Table 2. Analysis of Variance for Size of 7-ALO;
DF Seq SS Adj SS Adj MS F P
Regression analysis 5 118.848 118.8482 23.7696 17.68 0,002
Linear 2 72.487 48.1386 24.0693 17.90 0,003
2nd 3 46.361 46.3611 15.4537 11.49 0.007
Surfactant * Water 1 2.030 4.3226 4.3226 321 0.123
Surfactant * Oil 1 41.564 44.1176 44.1176 32.81 0.001
Water * Oil 1 2,767 2.7666 2.7666 2.06 0.201
Residual error 6 8,069 8.0685 1.3448
Sum 11 126.917
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Figure 3. TEM images of alumina particle prepared by reverse micelle
after calcination at 900 C with S/W/O ratio of 0.31/0.1/0.59.
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Figure 4. surface and contour plot of the optimum synthesis conditions
of 7-AlLO; with various surfactant/water/oil ratios.
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Figure 5. Optimization of synthesis conditions for 7 -ALQO; with the
smallest size obtained from the statistical analysis of the mixture
design method.
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