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The purpose of this study was improving the rheology properties of dentifrice by finding

optimum binders polymer system which consists of carboxymethylcellulose (CMC), carbomer, and Mg/Al
silicate. Response surface methodology (RSM) was employed to investigate the correlation between
polymers and rheological properties of dentifrice and to optimize responses. Rheological properties were
measured with oscillatory rheometer. As a result, it was identified that gel strength and yield stress
were dependent on contents of CMC and carbomer, and CMC caused long stringiness of dentifrice. And
springness of dentifrice was dependent on contents of CMC and Mg/Al silicate. Optimum components
proportion of polymers and silicate were obtained by responses optimization process. According to
determined optimum components proportion, it was possible to observe a dentifrice with improved

rheological properties.
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Figure 1. Principles of gel strength type test.
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Figure 2. Gel strength type test and calculation method.
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Figure 3. Mastication type test and calculation method : The
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Figure 4. Experimental design plots for three components : It
suggest seven experimental points.

Table 1. Design of Experiments

Std order Run order CMC(%) Carbomer (%) Silicate (%)
3 1 0.00 0.00 1.00
4 2 0.33 0.33 0.33
5 3 0.67 0.17 0.17
1 4 1.00 0.00 0.00
6 5 0.17 0.67 0.67
7 6 0.17 0.17 0.67
2 7 0.00 1.00 0.00
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Figure 5. Three—dimensional mixture surface plot of yield stress :

It indicates that CMC and carbomer have much influence on yield
stress.
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Figure 6. Three—dimensional mixture surface plot of gel strength :
It indicates that CMC and carbomer have much influence on gel
strength.
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Figure 7. Three—dimensional mixture surface plot of stringiness :
It indicates that CMC has much influence on stringiness.
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Figure 8. Three—dimensional mixture surface plot of springiness :
It indicates that CMC and silicate would be helpful to increase
strengthen springiness.
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Figure 9. Overlaid contour plot of yield stress, gel strength,
stringiness, and springiness : White areas show feasible region.

Table 2. Responses Optimization Data

Parameters Goal Lower  Target Upper
Yield Stress  Minimum 90 200
Gel Strength  Maximum 5000 20000
Stringiness Minimum 4 6
Springiness  Maximum 90 150
Components

CMC =0.15089

Carbomer =0.08643

Silicate =0.76268

Predicted Responses

Yield Stress  =119.01 desirability=0.51657
Gel Strength =6381.05 desirability =0.02722
Stringiness =4.20 desirability =0.90047
Springiness =137.19 desirability =0.78655
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Al Bazghel APds] 28 ciSgiolnk A 7= 22 5000
dyne/em’ oPdg Aok lar vREAEAR= 20000 dyne/cm”
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Figure 10. Responses optimization process : It presents each
trace plot of predicted rheological properties and optimal solution.

Table 3. Rheological Properties After Optimization

Rheological properties Control Modified
Yield stress (g) 482 97
Gel strength (dyne/cm?) 25863 5248
Stringiness (sec) 6.10 4.48
Springiness (%) 117 147
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