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EE: 2 rRe e RgiE Aok ARAl ong sk 84 Eeule) carboxymethyleellulose
(CMC) 8} carbomer, Mg/Al silicate] H#2] 4 &g Tajo] Aoko] AL2A £4& Ash= dlo] 24
o gltk ARANY F BHE ML HUEAYE Aol £, A B, i3, Bl 8l oscillatory d.2)
El% 2751900, A% A3 CMCSH carbomer's Aob|e) 2 7w} Selol W 8 A3, CMCE X<k
o) Folde 2ehe, CMCS Mg/Al silicater} BHg0) 560) BTk AMLE Faaigch e HAsE S
A1) Zejul 9 silicate ZAUE Talo] A3 A7 D BlewA S49) NS BAT 5 Ack

Abstract : 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 vield 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.

Keywords : response surface methodology, rheology, carbomer, silicate, carboxymethylcellulose.
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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
continuous up/down operating feature provides informations
about the sample.
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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
Ay 9 EE
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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.

2 o, YAt iidshs AR JHL 50~60% R3] wie] 2
oA7) Bk EolRl= $4€ 71 97) wiio)u), o= CMCE
A D5 AL W) B 5 gl Wdo® CMCY) B%
& Hasplol 212 solxle) dgwA] A4S I8 4t Qo= A
&5 el 0] 7Fs3k Figure 7-& 013 4ol wist contour
plot& HojFr}

el thh 31721 vt Zol AAE gk

vy =117.8%,+59.7x,+111.3x, -439.3x,x,
+216.0x,x; +149.7x,x, +1278.1x,x,x,

A3 B 3ol A7F 117.89 111.302 429] 59.7HY} =& 2
ke ERaL, ek CMCY Mg/Al silicated) 57} =84
5 o] B2 ok A F Utk 48 98 5 9t

Felols £ EEE) AE% A YFAgso] 953, A
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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 =(.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

2} 0.09% F%=2] carbomer, TI8|1 0.76% £59) Mg/Al silicate
2 739 A3Re] FMduioltk. o] HAslg SAS ke Fslo
7IE 4= e HhekE Aund, $288 ok 119 g9 #E 7IuE
g Qltk ol o] 200 g A folof 3k BHA= 90 go g
AR HEglell A43e) gt Sl A A= A 5000
dyne/cm” o3& IS0k skt vREElER= 20000 dyne/em®

Polymer (Korea), Vol. 32, No. 1, 2008



24 oI E . ¢

o) A AL B S50, HHgd 249 53k 6381
dyne/em’®, HAHE G 2 Zo|7) s BEE SR ghol
= Tk X )R g5 gE BRI 4 ik EolAS 625 dA
Yolof 3P njASAl= 420 2R AL BuT sgion 4
3} ZRAIAE E3F B 42057 EXZ 31901 B0l &4
Wl 7R B R = UE o L 90% oVdE
FAElor Bl 7 B 150%2 AARsn: o] ARA9)
JETE 137.2% % A BRE AW 150%2) g3 233 7
g 7o 5 gl
WSk HE3E ZE A%E AARE EUE AokA) ARE A
slod 2 Al Wil o) uk3gke Elst AxH(Table 3), A
2 AdHnlof wlet ARAE 28-S 71 du] XekA|lY ¥
22 AL MAE 5 o] YFTHIL

HAZE ATA 8|2 XAS A2319E 1 1 288 97
go® B¥F P 90 goll 2 WSS VERES & S 9l
3 of 7| vulEe] 482 g9 -9l v ARSI AKe] €\t
SHOEN 29k &5 folE AsEitiaL £ 4 Qltk

A 7yei= opFAR) Bxgho]dw 20000 dyne/cm®ollE ulx|=]

o 2 (N
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b 0 . 1.0
Cur| [0.1509] [0.0864] [0.7627)
031590 |4 0.0 0.0 0.0
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Minimum
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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

E2i, #3298 A13, 20089

o= A AeE vekiy, X3 Z2AA0 A53ko|3R 6381
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ZHSHs R& A = QUlth CMCe= T3 X[k solxle]l
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