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Abstract

The main goal of this study was to find an optimal surfactant mixture composition for the development of the best performing
cleansing products. Three different surfactants including sodium cocoyl alaninate (SCoA), cocamidopropyl betaine (CPB), and
decyl glucoside (DG) were selected, which showed excellent properties in detergency, foaming height, and contamination rate
through preliminary experiments. The experiments by simplex centroid design matrix for surfactant mixtures were performed,
and the regression analysis was conducted with the experimental data. Surface response model equations, which is statistically
significant (p < 0.05), were obtained. The optimal composition of the surfactant mixture was also determined as SCoA (0.22),
CPB (0.78), and DG(0.00) from simultaneous optimization of three response variables.
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’ Defining the objectives for the experiments ‘

’ Comparison of surfactant properties ‘
v
’ Determining the independent factors ‘

v

Selecting the simplex centroid design for mixture
experiments

’ Performing the mixture experiments ‘

v
’ Analyzing the data ‘

v

Performing the verification tests
using the predicted optimal conditions

Figure 1. Flowchart for experimental design.
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Table 1. Design Matrix for the Mixture Experiment

T A ARYES 8T AR ARBEYA £FE 2] HHg) 577

Std No. Run No. Point Block X\ Xa Xe Detergency Fﬁzif;llig Contamination rate
Type ’ (Y1) R&) (Y3)
3 1 1 1 0 0 1 6.7 21.6 99.7
1 2 1 1 1 0 0 6.1 20.8 70.5
8 3 -1 1 0.667 0.167 0.167 6.1 29.0 87.6
2 4 1 1 0 1 0 18.7 213 98.8
10 5 -1 1 0.167 0.167 0.667 7.0 27.8 99.4
6 6 2 1 0 0.5 0.5 9.4 25.8 99.9
7 7 0 1 0.333 0.333 0.333 7.5 27.0 95.4
4 8 2 1 0.5 0.5 0 8.7 26.7 86.7
9 9 -1 1 0.167 0.667 0.167 10.1 27.7 99.6
5 10 2 1 0.5 0 0.5 7.0 26.5 87.6
Table 2. The Analysis Result of the Regression and Variance for Detergency
Response F P R*(%) Equation on terms of pseudo composition
Regression 89.76 0.000
Linear 176.71 0.000
Quiic = oot 9563 e X
A*NB . .
Xp+Xc 29.66 0.003
Xa: SCoA, Xg: CPB, Xc: DG
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Figure 5. Effect of mixture composition on detergency (a) response
surface plot (b) maximum value of detergency at optimized mixture
composition.

Appl. Chem. Eng., Vol. 32, No. 5, 2021



578 Sukefot -

21934

Table 3. The Analysis Result of the Regression and Variance for Foaming Height

Response F P R* (%) Equation on terms of pseudo composition
Regression 6.00 0.054
Linear 0.03 0.973
Quadratic 10.00 0.025 8894 Yy = 21.21X, + 21.37Xg + 21.69Xc
XasXp 12.30 0.025 + 24.21XaXp + 22.85XaXc + 18.37XpXc
XarXc 10.96 0.030
Xp+Xc 7.09 0.056

A - SCoA, X : CPB, X¢ : DG

Table 4. The Analysis Result of the Regression and Variance for Contamination Rate

Response F P R? (%) Equation on terms of pseudo composition
Regression 52.98 0.000
Linear 52.98 0.000 93.80 Y; = 44.39X, + 55.65Xp + 56.65Xc
Quadratic 1.82 0.283
Xa @ SCoA, Xp : CPB, Xc : DG
55
A
Foaming height Contamiation rate 50 .00
0.00
45 0.00
B B
1.00 0.00
1.00
c c
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Figure 6. Effect of mixture composition on foaming height (a)
response surface plot (b) maximum value of foaming height at
optimized mixture composition.
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Figure 7. Effect of mixture composition on contamination rate (a)
response surface plot (b) maximum value of contamination rate at
optimized mixture composition.
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Figure 8. Results of simultaneous optimization.
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