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APPENDIX A

Rheological Behavior Determination

The Brookfield RVT Viscometer measures fluid parameter of viscosity at
given shear rates. We determined the viscosity of the thickeners using RVT with
SC4-14 Spindle at 2.5, 5, 10, 20, and 50 RPM, at 25 + 2°c. The viscosities were
determined by reading values multiplied with factor and 103 in Pa (factor for RPM
of 2.5, 5, 10, 20 and 50 are 5,000, 2,500, 1,250, 625, and 250). The shear rate and
shear stress were calculated as follows:

Shear rate (sec) = 0.4 XRPM (A-1)
Shear stress (N m'2) = TK XSMC X SRC X Torque X 10'1  (A-2)

where:

TK = Model spring constant: 1

SMC = Current spindle multiplier constant: 125

SRC = Current spindle shear rate constant: 0.4

Torque = Current viscometer torque in percent expressed as a number between 0

and 100: reading values from the viscometer

Tables A-I to A-5 show data of rheological behavior of thickener solution

with various crosslinking agent concentrations.



Table A-l Rheological Behavior of Thickener Solution with 0.5 Wt% Crosslinking Agent Concentration

Thickener Solution (wt%) RPM  Reaging (Tk) Average Factor  Viscosity (Pa ) Shear rate (sec')  Shear stress (N m)

6 25 1 1 1 10 5,000 5.0 1 5.0
5 15 15 15 16 2,5 38 2 1.5
0 15 15 2 17 1,250 2.1 4 8.3
20 25 25 25 25 625 16 8 125
5 4 4 35 38 250 10 20 192
8 25 15 2 2 18 5000 9.2 1 9.2
5 25 25 25 25 2,5 6.3 2 125
0 3 3 3 3.0 1,250 38 4 15.0
20 4 4 4 4.0 625 2.5 8 20.0
5 65 65 6 6.3 250 16 20 317
10 2.5 4 4.0 5,000 20.0 1 20.0
5 5 5 55 52 2,5 129 2 25.8
10 65 65 65 65 1,250 8.1 4 32.5
20 8§ 8§ 8 8.0 625 5.0 8 40.0
50 125 125 125 125 250 31 20 62.5
12 25 5 b % 5.0 5,0 25.0 1 25.0
5 65 65 65 65 2,500 16.3 2 32.5
0 85 8§ 8 8.2 1,250 10.2 4 40.8
20 1 1 105 108 625 6.8 8 54.2

86.7

)
o

50 175 175 171 173 250 43



Table A-I Rheological Behavior of Thickener Solution with 0.5 Wt% Crosslinking Agent Concentration (continued)
Thickener Solution (%) RPM  Regqing (TK) Average Factor Viscosity (Pa )  SMear rate (sec’ - Shear siress (N m'g

15 25 65 65 65 65 50 32.5 1 32.5
5 15 15 15 75 2,500 18.8 2 315
0 10 10 10 100 1250 125 4 50.0
20 13 13 13 130 625 8.1 8 65.0

5 20 20 195 198 250 5.0 20 99.2



Table A-2 Rheological Behavior of Thickener Solution with 1.0 t% Crosslinking Agent Concentration
Thickener Solution (wi%) RPM  Reading (TK) Average Factor  Viscosity (Pa )  Shear rate(sec’)  Shear tress (N mz)

6 25 15 15 15 16 5,000 1.5 1 1.5
5 2 2 2 2.0 2,5 5.0 2 10.0
10 25 25 25 25 1,250 31 4 125
20 35 4 35 37 625 2.3 8 183
5 7 65 65 67 250 17 20 33.3
8 25 25 25 25 25 5,000 125 1 125
5 35 35 35 35 2,9 8.8 2 175
10 45 45 4 4.3 1,250 5.4 4 217
20 65 6 65 63 625 4.0 8 317
50 105 105 95 102 250 2.5 20 50.8
10 25 45 45 45 45 5, 0 22.5 1 22.5
5 6 6 65 62 2,500 154 2 30.8
0 8 8 8 8.0 1,250 10.0 4 40.0
20 1 115 115 113 625 11 8 56.7
50 175 115 176 115 250 44 20 87.5
12 25 7 15 15 13 5, 0 36.7 1 36.7
5 95 10 10 98 2,5 24.6 2 49.2
10 125 12 125 123 1250 154 4 61.7
20 165 165 17 167 625 104 8 83.3

135.0

o

50 21 21 21 2710 250 6.8 2



Table A-3 Rheological Behavior of Thickener Solution with 15  t% Crosslinking Agent Concentration
Thickener Solution (Wt%) RPM  Reaging (TK) Average Factor  Viscosity (Pa ) Shear rate (sec'l) ~ Shear stress (N m™)

6 25 15 2 15 L7 5 0 8.3 1 8.3
5 2 2 25 22 2,5 5.4 2 108
0 3 3 25 28 1,250 39 4 142
20 35 4 35 37 625 2.3 8 183
50 65 65 65 65 250 16 20 32.5
8 25 6 55 55 &7 5,000 28.3 1 28.3
5 65 65 6 6.3 2,9 158 2 L7
0 8 75 8 18 1,250 9.8 4 39.2
20 95 9 85 90 625 5.6 8 45.0
5 14 13 14 137 250 3.4 20 68.3
10 25 15 15 15 15 5,0 315 1 315
5 85 9 85 87 2,5 211 2 433
0 1 1 1 110 1250 138 4 55.0
20 14 145 145 143 -625 9.0 8 117
50 195 195 195 195 250 4.9 20 97.5
12 25 12 125 125 123 5, 0 61.7 1 61.7
5 145 15 1 148 25 311 2 14.2
0 18 18 18 180 1250 22.5 4 90.0
20 2 25 2 22 625 139 8 1108

161.7

o

50 325 33 35 323 250 8.1 2



Table A-4 Rheological Behavior of Thickener Solution with 2.0 Wt% Crosslinking Agent Concentration
Thickener Solution (wt%) RPM  Reading (TK) Average Factor Viscosity (Pa )  Shear rate (sec )  Shearstress(Nm )

6 25 3 3 3 30 50 150 | 150
5 4 4 35 38 25 9.6 2 192
10 45 5 5 48 1250 6.0 4 24.2
20 65 6 6 62 625 3.9 8 308
50 95 9 9 92 250 2.3 20 458
8 25 55 55 6 57 5 0 283 1 283
5 8 8 8 80 25 20.0 2 40.0
0 95 85 85 88 1250 110 4 44.2
20 12 125 12 122 65 1.6 8 60.8
50 18 185 18 182 250 45 20 9038
10 25 8 85 85 83 50 417 1 417
5 105 105 1205 105 25 26.3 2 52.5
10 135 135 135 135 1250 16.9 4 67.5
20 18 5 W5 177 625 110 -8 88.3
0 28 28 28 280 250 1.0 20 140.0
12 25 115 115 12 117 50 58.3 1 58.3
5 15 15 145 148 25 3711 2 4.2
10 19 185 18 185 1250 231 4 92,5
0 285 24 4 B8 65 149 8 119.2
50 395 41 41 405 250 101 20 202.5



Table A-5 Rheological Behavior of Thickener Solution with 2.5 Wt% Crosslinking Agent Concentration

Thickener Solution (Wt%) RPM  Reaging (TK) Average Factor  Viscosity (Pa )  Shear rate (sx™) - Shear stress (N itC)

6 25 45 45 45 45 5, 0 22.5 1 22.5
5 55 b % 5.2 2,500 129 2 25.8

0 65 6 65 63 1,250 1.9 4 L7

20 8 715 8 1.8 625 4.9 8 39.2

5 1225 BB 12 125 250 31 20 62.5

8 25 9 95 10 95 5,000 415 1 475
5 1 115 15 113 25 28.3 2 56.7

10 145 14 14 142 1250 177 4 10.8

20 185 185 185 185 625 116 8 92.5

50 25 245 245 247 250 6.2 20 1233

10 25 95 10 10 98 5,0 49.2 1 49.2
5 5 1 12 122 25 304 2 60.8

10 15 155 15 1562 1250 19.0 4 5.8

- 20 195 19 19 192 625 12.0 - 8 95.8

50 3 30 295 302 250 1.5 20 150.8

12 25 15 15 15 150 50 75.0 1 75.0
5 18 18 185 182 25 454 2 90.8

10 25 22 23 232 1250 29.0 4 1158

20 30 29 29 293 625 183 8 146.7

203.3

[ )
o

50 405 41 405 407 250 102



APPENDIX B
Data of Surface Tension of Water-Based Inks

Table B-I Surface Tension of Various Concentrations of the Ink | Measured by
Tensiometer (Kruss K8) at 25°c

Concentration Ink |
( t%) Reading Values (nN ')~ Mean  STDEV surface tensions
1 9 3 (MNm)) (MN'm'Y)

0.1 389 403 408 40.0 0.73 428

05 307 306 402 39.8 0.24 42,6

1 370 370 372 3.1 0.09 39.7

10 35 326 325 325 0.04 34.8

15 21 325 35 32.6 0.09 34.8

20 22 1 32l 3.1 0.04 34.4

25 35 318 317 L7 0.11 3.9

Water 25°C) 668 675 678 674 038 721
Factor 1.07

&Surface Tension = Mean x Factor

Table B-2 Surface Tension of Various Concentrations of the Ink N Measured by
Tensiometer (Kruss K8) at 25°¢

Concentration Ink Il
(%) Reading value (N 'y~ Mean  STDEV Surface tensions
. 3 (MNmY (mN m"Y)

01 22 423 23 43 0.04 45.2

05 %S5 369 367 367 0.13 39.3

1 342 U5 44 34 0.11 36.8

10 288 287 288 288 0.04 30.8

15 288 285 285 286 0.13 30.6

20 302 28 297 299 0.20 32.0

2 298 305 304 302 0.29 32.3

Water (25°C) 668 675 678 674 038 72.1
Factor 107

Surface Tension = Mean x Factor
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