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APPENDICES

Appendix A Experimental Data of Critical Micelle Concentration (CMC)

1. Average Surface Tension of Single Fatty Alcohol Ethoxylates System for 
CMC Calculation

Surface tension versus concentration is measured by using the tensiometer 
(Kriiss Easy Dyne). The best linear fit to the descending and horizontal lines o f 
the plot is calculated, and their intersection is used to calculate for approximate 
CMC.

Table A1 Average surface tension as a function o f concentration o f C 12-14EO3 

single system at 25°C

Surfactant concentration Surface tension
(% wt/vol) (mN/m)

0 . 0 0 0 2 42.1
0.0004 33.2
0.0006 30.3
0.0008 29

0 . 0 0 1 28.6
0 . 0 0 1 2 28.2
0.0014 27.7
0.0016 27.7
0.0018 27.5
0 . 0 0 2 27.5
0.004 26.6
0.006 26.6
0.008 26.5
0 . 0 1 26.8
0.05 26.2
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Table A2 Average surface tension as a function o f concentration o f C12-14EO5 

single system at 25°c

Surfactant concentration Surface tension
(% wt/vol) (raN/m)

0 . 0 0 0 2 59.7
0.0003 49.2
0.0005 42.8
0.0006 37.8
0.0007 36.3
0.0008 35.4
0.0009 34
0 . 0 0 1 31.8

0 . 0 0 1 2 29.9
0.0014 28.9
0 . 0 0 2 28.3
0.004 27.8
0.006 27.7
0.008 27.5
0 . 0 1 27.5
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Table A3 Average surface tension as a function o f concentration o f C 12-14EO7

single system at 25°c

Surfactant concentration Surface tension
(% พt/vol) fmN/m)

0 . 0 0 0 2 54.6
0.0003 51
0.0004 50.6
0.0005 47.8
0.0006 44.8
0.0007 43 2
0.0008 40.7
0.0009 39.5
0 . 0 0 1 2 32.4
0.0014 30.9
0 . 0 0 2 30.1
0.004 30.5
0.006 29.6
0.008 29.5
0 . 0 1 29.4
0 . 0 2 29.5
0.04 29
0.06 29.1
0.08 28.7
0 . 1 28.8
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Table A4 Average surface tension as a function o f concentration o f C 12-14EO9

single system at 25°c

Surfactant concentration Surface tension
(% wt/vol) (mN/m)

0 . 0 0 0 2 57.1
0.0003 55
0.0004 53.3
0.0005 50.8
0.0006 . 48.9
0.0007 47.7
0.0008 46.3
0.0009 43.4
0 . 0 0 1 2  . ; 38
0.0014 36.5
0 . 0 0 2 35
0.004 31.8
0.006 31.8
0.008 .. 32.7
0 . 0 1 32.4
0 . 0 2 32.4
0.04 32.2
0.06 32.2
0.08 3 22
0 . 1 323
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2. Average Surface Tension of Single Nonylphenol Ethoxylates System for 
CMC Calculation

Table A5 Average surface tension as a function o f concentration o f NPE- 6  single 
system at 25°C

Surfactant concentration Surface tension
(% wt/vol) (mN/m) ■

0 . 0 0 0 2 46.9 '
0.0004 42.1
0.0006 37.2
0 . 0 0 1 32.1

0 . 0 0 1 2 31.7 •;
0.0014 30.1
0.0016 29.7
0.0018 29.4
0 . 0 0 2 29.8
0.004 29.1
0.006 29.4
0.008 29.6
0 . 0 1 29.5
0.05 29.7
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Table A6 Average surface tension as a fonction o f concentration o f NPE-9 single
system at 25°c

Surfactant concentration Surface tension
(% wt/vol) (mN/m)

0 . 0 0 0 2 52.6
0.0003 49
0.0004 47.2
0.0005 47
0.0006 44.9
0.0007 43.6
0.0008 43
0.0009 42.2

0 . 0 0 1 41.1
0 . 0 0 2 36.1
0.004 31.1
0.006 31
0.008 31.1
0 . 0 1 31.3
0 . 0 2 31.3
0.04 31.2
0.06 31.2

L 0.08 31.2
0 . 1 31.2
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APPENDICES

Appendix B Experimental Data of Foam Measurements

1. Ross-Miles Foam Test Results
The foam height is measured immediately after solution run out of 

the foam pipette and measured again at end of 5 minutes for estimating the foam 
characteristic.

Table B1 Foam height o f single surfactant systems at concentration o f 0.01 wt% 
and temperature o f 49°c

Surfactant Immediate Height (mm) 5-minute Height (mm)
C12-14EO3 20.7 5.3
C12-14EO5 23.8 18.7
C12-14EO7 61.3 42.0
C12-14EO9 71.7 58.0

N PE -6 22.3 13.0
N PE - 9 55.3 43.0

Table B2 Foam height o f single surfactant systems at concentration of 0.1 wt% 
and temperature o f 49°c.

Surfactant Immediate Height (mm) 5-minute Height (mm)
C12-14EO3 24.3 5.3
C12-14EO5 81.0 36.5
C12-14EO7 132.5 64.8
C12-14EO9 134.8 74.0

NPE- 6 32.3 13.0
NPE-9 139.3 70.5
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Table B3 Foam height o f single surfactant systems at concentration of 1 wt% and
temperature of 49°c

Surfactant Immediate Height (mm) 5-minute Height (mm)
C 12-14EO3 34.5 8 . 0

C 12-14EO5 96.5 56.3
Q 2-14EO7 204.8 116.5
C 12-14EO9 209.5 105.3

NPE- 6 43.0 2 0 . 0

NPE-9 192.3 43.6

2. Pneumatic Foam Test Results
Foamability is defined as the ratio o f maximum foam height to 

initial solution height, which is 7 cm. Foam stability (ti/2) is the time required for 
the foam volume to collapse by half.

Table B4 Foam height of single surfactant systems at concentration of 0.01 wt% 
and room temperature

Surfactant Maximum Foam Foamability Foam Stability, t]/2

Height (cm) (min)
C12-14EO3 29.5 4.2 2 0 . 0

C 12-14EO5 77.0 1 1 . 0 25.5
C12-14EO7 76.0 10.9 70.5
C12-14EO9 83.0 11.9 79.0

NPE- 6 30.5 4.4 9.0
NPE-9 23.5 3.4 15.5
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Table B5 Foam height o f single surfactant systems at concentration of 0.1 wt%
and room temperature

Surfactant Maximum Foam Foamability Foam Stability, ti/2

Height (cm) (min)
C12-14EO3 46.5 6 . 6 21.5
C12-14EO5 1 0 1 . 0 14.4 70.5
C12-14EO7 1 0 1 . 0 14.4 105.3
C12-14EO9 97.0 13.9 108.5

NPE- 6 34.3 4.9 1 0 . 0

NPE-9 41.0 5.9 18.5

Table B6 Foam height o f single surfactant systems at concentration of 1 wt% and 
room temperature

Surfactant Maximum Foam Foamability Foam Stability, t]/2

Height (cm) (min)
C12-14EO3 > 1 2 0 . 0 >17.1
C12-14EO5 97.5 13.9 82.0
C12-14EO7 119.0 17.0 152.5
C12-14EO9 102.3 14.6 139.3

NPE- 6 54.0 7.7 16.0
NPE-9 50.5 7.2 2 2 . 0
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3. Simple Shaking Foam Test Results
The foam height is measured immediately until 60 minutes for estimating

the foam characteristics of each surfactant.

Table B7 Foam height of single C12-14EO3 systems at concentration of 0.01, 0.1, 1 
wt% and room temperature from initial time to 60 minutes

Time
(min)

Surfactant concentration 
(wt%) Time

(min)

Surfactant concentration 
(wt%) Time

(min)

Surfactant concentration 
(wt%)

0.01 0 . 1 1 0.01 0 . 1 1 0.01 0 . 1 1
0 12.5 13.8 18.8
1 11.5 13.0 17.8 21 9.8 9.7 12.5 41 8.0 8.3 10.5
2 11.5 12.8 17.8 22 9.8 9.3 12.5 42 8.0 8.3 10.5
3 11.5 12.8 17.5 23 9.8 9.2 12.3 43 8.0 8.3 10.5
4 11.5 12.8 16.8 24 9.3 9.2 12.0 44 8.0 8.0 10.5
5 11.5 12.7 16.5 25 9.3 9.2 12.0 45 8.0 8.0 10.5
6 11.5 12.7 16.3 26 9.3 9.2 11.8 46 8.0 7.8 10.4
7 11.5 12.7 16.3 27 9.3 8.8 11.5 47 8.0 7.8 10.4
8 11.5 11.8 16.0 28 9.3 8.8 11.4 48 8.0 7.7 10.4
9 11.5 10.8 15.5 29 9.3 8.8 11.4 49 8.0 7.7 9.5
10 11.3 10.8 15.5 30 9.0 8.7 11.4 50 8.0 7.7 9.0
11 10.3 9.7 15.3 31 9.0 8.7 11.0 51 8.0 7.7 8.8
12 10.3 9.7 14.8 32 8.5 8.7 11.0 52 8.0 7.5 8.8
13 10.3 9.7 14.5 33 8.5 8.7 11.0 53 8.0 7.5 8.8
14 10.3 9.7 14.3 34 8.5 8.7 11.0 54 8.0 7.5 8.8
15 10.3 9.7 13.8 35 8.5 8.7 11.0 55 8.0 7.5 8.5
16 10.3 9.7 13.8 36 8.5 8.3 11.0 56 8.0 7.5 8.3
17 9.8 9.7 13.5 37 8.5 8.3 10.8 57 7.5 7.5 8.3
18 9.8 9.7 13.3 38 8.5 8.3 10.8 58 7.5 7.3 8.0
19 9.8 9.7 12.8 39 8.5 8.3 10.8 59 7.5 7.3 8.0
20 9.8 9.7 12.5 40 8.5 8.3 10.8 60 7.5 7.2 7.6
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Table B8 Foam height of single C12-14EO5 systems at concentration of 0.01, 0.1, 1
wt% and room temperature from initial time to 60 minutes

Time
(min)

Surfactant concentration 
(wt%) Time

(min)

Surfactant concentration 
(wt%) Time

(min)

Surfactant concentration 
(wt%)

0 01 0 . 1 1 0.01 0.1 1 0.01 0.1 1

0 14.0 25.3 28.5
1 13.0 24.0 27.0 21 10.5 21.0 23.0 41 9.5 18.8 20.5
2 12.5 24.0 26.5 22 10.5 21.0 23.0 42 9.5 18.8 20.5
3 12.0 23.3 26.0 23 10.5 21.0 23.0 43 9.5 18.8 20.5
4 12.0 23.3 25.0 24 10.5 21.0 23.0 44 9.5 18.8 20.5
5 12.0 23.3 24.5 25 10.5 20 3 23.0 45 9.5 18.8 20.0
6 12.0 22.8 24.5 26 10.0 20.3 22.5 46 9.5 18.8 20.0
7 11.5 22.8 24.5 27 10.0 20.3 22.5 47 9.5 18.8 20.0
8 11.0 22.8 24.5 28 10.0 20.0 22.0 48 9.5 18.3 20.0
9 11.0 22.3 24.5 29 10.0 20.0 22.0 49 9.0 18.0 20.0
10 11.0 22.3 24.0 30 10.0 19.8 21.5 50 9.0 18.0 20.0
11 11.0 22.0 24.0 31 10.0 19.5 21.5 51 9.0 18.0 20.0
12 11.0 22.0 23.5 32 10.0 19.5 21.5 52 9.0 17.5 20.0
13 11.0 22.0 23.5 33 10.0 19.5 21.5 53 9.0 17.5 20.0
14 11.0 21.8 23.5 34 10.0 19.3 21.5 54 9.0 17.5 20.0
15 11.0 21.8 23.5 35 10.0 19.3 21.5 55 9.0 17.3 19.5
16 11.0 21 0 23.0 36 9.5 19.3 21.0 56 8.5 17.3 19.5
17 11.0 21.0 23.0 37 9.5 18.8 21.0 57 8.5 17.0 19.5
18 11.0 21.0 23.0 38 9.5 18.8 20.5 58 8.5 17.0 19.0
19 10.5 21.0 23.0 39 9.5 18.8 20.5 59 8.5 17.0 18.0
20 10.5 21.0 23.0 40 9.5 18.8 20.5 60 8.5 16.5 18.0
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Table B9 Foam height o f single C12-14EO7 systems at concentration of 0.01, 0.1, 1
wt% and room temperature from initial time to 60 minutes

Time
(min)

Surfactant concentration 
(wt%) Time

(min)

Surfactant concentration 
(wt%) Time

(min)

Surfactant concentration 
(wt%)

0.01 0 . 1 1 0.01 0 . 1 1 0.01 0 . 1 1

0 17.0 27.7 35.3
1 16.0 26.7 34.3 21 13.0 22.3 28.7 41 11.5 20.3 23.7
2 15.5 26.7 33.3 22 12.5 22.3 28.7 42 11.5 20.0 23.7
3 15.0 26.0 33.0 2 3 12.5 22.3 28.7 43 11.5 20.0 23.3
4 15.0 26.0 33.0 24 12.5 22.2 28.0 44 11.5 20.0 22.7
5 15.0 25.3 31.7 25 12.5 22.2 28.0 45 11.5 19.5 22.7
6 14.5 25.2 31.7 26 12.5 21 7 28.0 46 11.5 19.5 22.7
7 14.5 24.8 31.7 27 12.5 21.5 28.0 47 11.5 19.3 22.7
8 14.5 24.8 31.7 28 12.5 21.3 28.0 48 11.5 19.3 22.7
9 14.0 24.5 31.7 29 12.5 21.3 27.7 49 11.5 19.3 22.7
10 14.0 24.5 31.3 30 12.5 21.0 27.7 50 11.5 18.8 22.0
11 14.0 24.2 31.0 31 12.5 21 0 27.0 51 11.5 18.8 21.7
12 14.0 23.8 31.0 32- 12.5 21.0 26.3 52 11.5 18.7 21.0
13 14.0 23.8 30.7 33 12.5 20.8 26.3 53 11.5 18.7 21.0
14 14.0 23.8 30.3 34 12.5 20.8 26.3 54 11.5 18.7 21.0
15 13.5 23.8 30.3 35 12.5 20.5 26.0 55 11.0 18.3 20.3
16 13.5 23.7 30.0 36 12.0 20.5 26.0 56 11.0 18.2 20.3
17 13.5 23.7 29.3 37 12.0 20.5 24.7 57 11.0 17.8 20.3
18 13.5 23.0 29.3 38 12.0 20.5 24.7 58 11.0 17.8 19.7
19 13.0 22.7 29.3 39 12.0 20.3 24.3 59 11.0 17.7 19.0
20 13.0 22.5 28.7 40 11.5 20.3 24.3 60 11.0 17.7 18.0
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Table BIO Foam height of single C12-14EO9 systems at concentration o f 0.01, 0.1,
1 wt% and room temperature from initial time to 60 minutes

Time
(min)

Surfactant concentration 
(พt%) Time

(min)

Surfactant concentration 
(wt%) Time

(min)

Surfactant concentration 
(wt%)

0.01 0 . 1 1 0 . 0 1 0 . 1 I 0.01 0 . 1 1

0 20.0 26.0 38.5
1 19.0 25.5 36.0 21 16.0 21.0 22.5 41 12.0 17.5 16.5
2 19.0 24.5 35.0 22 15.5 21.0 22.5 42 12.0 17.0 16.5
3 19.0 24.5 33.5 23 15.0 20.0 21.5 43 12.0 16.5 16.0
4 19.0 24.0 33.5 24 15.0 20.0 21.0 44 11.5 16.5 16.0
5 18.0 24.0 32.5 25 15.0 20.0 21.0 45 11.5 16.0 16.0
6 18.0 24.0 31.5 26 15.0 18.5 20.5 46 11.5 16.0 15.5
7 18.0 23.5 31.5 27 14.5 18.5 20.5 47 11.5 16.0 15.0
8 18.0 23.5 31.0 28 14.0 18.5 20.5 48 11.5 15.5 14.0
9 18.0 23.5 30.0 29 14.0 18.5 20.0 49 11.5 15.5 14.0
10 17.5 23.0 30.0 30 14.0 18.5 20.0 50 11.5 15.5 14.0
11 17.0 23.0 28.5 31 14.0 18.5 19.0 51 11.5 15.0 13 5
12 17.0 23.0 27.5 32 13.5 18.5 18.5 - 52 11.0 15.0 13.5
13 17.0 22.5 27.5 33 13.5 18.5 17.5 53 11.0 15.0 13.5
14 17.0 22.5 26.5 34 13.0 18.0 17.5 54 11.0 14.5 13.5
15 17.0 22.5 25.5 35 13.0 18.0 17.5 55 11.0 14.5 13.0
16 16.5 21.5 25.5 36 13.0 18.0 17.5 56 11.0 14.0 13.0
17 16.5 21.5 24.5 37 12.5 18.0 17.0 57 11.0 14.0 13.0
18 16.5 21.5 24.0 38 12.5 18.0 16.5 58 11.0 14.0 13.0
19 16.5 21.0 24.0 39 12.5 18.0 16.5 59 11.0 13.5 13.0
20 16.0 21.0 23.0 40 12.5 17.5 16.5 60 11.0 13.5 13.0
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Table B ll Foam height of single NPE-6 systems at concentration of 0.01, 0.1, 1
wt% and room temperature from initial time to 60 minutes

Time
(min)

Surfactant concentration 
(wt%) Time

(min)

Surfactant concentration 
(wt%) Time

(min)

Surfactant concentration 
(wt%)

0.01 0.1 1 0.01 0.1 1 0.01 0.1 1
0 8.0 10.4 16.8
1 7.5 9.5 15.5 21 5.8 8.1 10.5 41 5.0 7.4 7.6
2 7.0 9.4 14.3 22 5.8 8.1 10.3 42 5.0 7.4 7.6
3 7.0 9.4 14.1 23 5.8 8.1 10.3 43 5.0 7.4 7.5
4 7.0 9.4 14.1 24 5.8 8.0 10.3 44 5.0 7.4 7.5
5 6.5 9.4 13.8 25 5.8 8.0 10.0 45 4.8 7.3 7.5
6 6.5 9.0 13.6 26 5.8 8.0 10.0 46 4.8 7.3 7.5
7 6.5 9.0 13.5 27 5.8 8.0 9.9 47 4.8 7.3 7.5
8 6.5 8.9 12.9 28 5.3 7.9 9.9 48 4.8 7.0 7.5
9 6.5 8.6 12.4 29 5.0 7.9 9.5 49 4.8 6.9 7.5
10 6.5 8.6 12.1 30 5.0 7.9 9.5 50 4.8 6.9 7.3
11 6.3 8.6 11.9 31 5.0 7.9 9.5 51 4.8 6.5 7.3
12 6.3 8.4 11.8 32 5.0 7.6 9.5 52 4.8 6.5 7.3
13 6.3 8.4 11.4 33 5.0 7.5 9.0 53 4.8 6.5 7.3
14 6.3 8.1 11.4 34 5.0 7.5 9.0 54 4.5 6.4 7.3
15 5.8 8.1 10.9 35 5.0 7.4 8.5 55 4.5 6.4 7.0
16 5.8 8.1 10.8 36 5.0 7.4 8.3 56 4.5 6.1 7.0
17 5.8 8.1 10.8 37 5.0 7.4 8.3 57 4.5 6.0 7.0
18 8.0 10.4 16.8 38 5.0 7.4 8.3 58 4.5 6.0 7.0
19 7.5 9.5 15.5 39 5.0 7.4 8.0 59 4.5 6.0 6.9
20 7.0 9.4 14.3 40 5.0 7.4 7.9 60 4.5 6.0 6.6
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Table B12 Foam height o f single NPE-9 systems at concentration of 0.01, 0.1, 1
wt% and room temperature from initial time to 60 minutes

Time
(min)

Surfactant concentration 
(พt%) Time

(min)

Surfactant concentration 
(wt%) Time

(min)

Surfactant concentration 
(wt%)

0.01 0.1 1 0.01 0.1 1 0.01 0.1 1

0 17.0 25.0 33.7
1 15.5 23.1 28.3 2 1 13.5 16.6 18.3 41 11.5 13.8 14.8
2 15.5 23.0 26.7 2 2 13.5 16.5 18.3 42 11.5 13.5 14.5
3 15.5 22.5 26.0 23 13.0 16.1 17.3 43 11.5 13.5 14.5
4 15.5 21.3 25.7 24 13.0 16.1 17.0 44 11.5 13.5 14.5
5 15.5 21.3 25.0 25 13.0 16.1 17.0 45 11.5 13.5 14.3
6 15.5 19.8 24.0 26 13.0 16.1 16.7 46 11.5 13.5 14.0
7 15.5 19.5 23.3 27 13.0 16.1 16.7 47 11.5 13.5 14.0
8 15.5 19.0 23.3 28 13.0 16 1 16.7 48 1 1 . 0 1 2 . 8 13.7
9 15.5 18.8 23.3 29 12.5 16.1 16.3 49 1 1 . 0 12.5 13.7

1 0 15.5 18.8 2 2 . 0 30 12.5 15.6 16.3 50 1 1 . 0 12.5 13.7
1 1 15.5 18.5 2 2 . 0 31 12.5 15.6 16.3 51 1 1 . 0 12.5 13.3
1 2 15.0 18.5 21.3 32 12.5 15.6 16.3 52 1 1 . 0 12.5 13.3
13 14.5 18.3 21.3 33 12.5 15.5 16.0 53 1 1 . 0 1 2 . 0 13.3
14 14.5 18.3 20.3 34 12.5 15.5 15.7 54 1 1 . 0 1 2 . 0 13.3
15 14.0 18.0 2 0 . 0 35 12.5 15.0 15.3 55 1 1 . 0 1 2 . 0 13.0
16 14.0 17.8 19.7 36 12.5 15.0 15.0 56 1 1 . 0 1 2 . 0 13.0
17 14.0 17.3 19.5 37 12.5 14.8 15.0 57 1 1 . 0 1 2 . 8 13.0
18 14.0 17.3 19.2 38 12.5 14.8 15.0 58 10.5 12.5 13.0
19 14.0 17.1 19.0 39 1 2 . 0 145 15.0 59 10.5 12.5 13.0
2 0 13.5 16.9 18.7 40 115 14.0 14.8 60 10.5 12.4 13.0
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APPENDICES

Appendix c  Experimental Data of Dynamic Surface Tension

1. Dynamic Surface Tension Results
The aqueous surfactant solutions were prepared at studied 

concentrations which consist o f 0.01, 0.1 and 1 wt% o f each surfactant. Dynamic 
surface tension measurements were carried out using a bubble pressure tensiometer 
(Krüss, BP2) and the temperature was maintained at 30°c.

Table C l Dynamic surface tension data o f C 12-14EO3 at concentration o f 0.01 wt%

No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/m) (ms) (mN/m)

1 8 . 8 71.1 2 1 19.1 72.4
2 9 71.9 2 2 19.4 73
3 9.6 71.6 23 19.8 72.8
4 9.8 71.9 24 2 0 72.3
5 10.4 71.6 25 20.5 72.9
6 1 0 . 6 72.9 26 21.4 72.6
7 11.3 73.9 27 2 1 . 8 72.3
8 1 1 . 8 73.6 28 23.3 72.4
9 1 2 74.3 29 24.3 72.1

1 0 1 2 . 1 74.1 30 25 72.5
1 1 12.4 73.8 31 25.9 72.4
1 2 12.5 74 32 27 72.1
13 13 73.4 33 27.6 72.3
14 13.1 72.8 34 28.4 72.4
15 13.6 73.2 35 30.1 72.2
16 14.7 73.1 36 30.4 72.2
17 15.2 72.6 37 30.7 72.1
18 16.7 72.8 38 32.2 72.1
19 17.6 72.9 39 34 71.9
2 0 18.3 72.6 40 34.6 71.8
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No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/ra) (ms) (mN/m)

41 35.8 71.8 79 84.6 70.4
42 36.2 71 80 8 6 . 6 70.3
43 36.8 71.8 81 90 70.3
44 38.1 72 82 90.4 70
45 38.4 71.6 83 91.7 70.2
46 39.5 71.4 84 93.2 70.2
47 40.2 71.6 85 95.8 70.1
48 41.3 71.8 8 6 97.8 69.9
49 41.8 71.6 87 99.5 70.2
50 43.7 71.3 8 8 101.5 70.1
51 45.2 71.6 89 1 0 2 . 6 70.1
52 45.9 71.4 90 104 70
53 46.1 71.5 91 108.1 69.9
54 47.5 71.4 92 110.7 69.8
55 48.2 71.4 93 1 1 2 69.9
56 49 71.1 94 115.1 69.4
57 49.6 71.4 95 116.1 69.4
58 52.1 71.4 96 1 2 0 . 8 69.6
59 52.2 71.3 97 123.4 69.1
60 53.7 70.4 98 125.8 69.8
61 54.2 71.2 99 126.8 69.4
62 5 6 7 71.3 1 0 0 129.6 68.4
63 58.1 70.9 1 0 1 134.4 69.6
64 61.1 71.1 1 0 2 136.1 69.4
65 62.7 70.9 103 143.8 69.6
6 6 64.2 71.1 104 145.1 69.2
67 65.5 70.9 105 149.5 69.4
6 8 67 70.6 106 150.6 69.4
69 6 8 . 2 70 107 153.7 69.1
70 68.9 70.3 108 154.6 69.1
71 71 70.8 109 159.3 69.1
72 71.5 70.4 1 1 0 161.6 69.2
73 74.9 70.6 1 1 1 164.8 69.1
74 76 70.6 1 1 2 166.6 69.1
75 77 70.6 113 167.5 68.7
76 78 70.1 114 169.7 69
77 78.7 70.4 115 174.3 69
78 82.4 70.4 116 176.5 69
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No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/m) (ms) (mN/m)

117 184.7 68.9 149 399.1 66.9
118 189.1 6 8 . 8 150 421.4 67
119 193.8 6 8 . 6 151 438.6 66.9
1 2 0 199.6 68.9 152 468.4 66.4
1 2 1 2 0 0 . 6 6 8 153 486.1 65.5
1 2 2 212.5 68.5 154 537.5 6 6 . 2

123 216.3 6 8 . 6 155 547.4 6 6

124 220.7 68.5 156 589.6 64.6
125 228.2 68.5 157 605.4 65.4
126 229.2 6 8 . 2 158 637.5 65.6
127 231.6 68.4 159 671.8 65.4
128 241.9 6 8 . 1 160 689 65.1
129 251 6 8 161 732 65.3
130 255.8 67.9 162 762.4 65.3
131 262.3 6 8 . 1 163 835.4 64.7
132 269.7 6 8 . 1 164 886.3 64.4
133 275 6 8 . 1 165 928 63.7
134 285.5 6 8 . 1 166 978.6 64.1
135 293.9 6 8 . 1 167 1 0 1 2 . 1 64.2
136 298.3 67.9 168 1189.4 63.6
137 300.2 67.6 169 1236.8 63.4
138 303.8 67.3 170 1277.6 62
139 314.7 67.6 171 1499.2 62.3
140 317.3 67.4 172 1858.7 60.8
141 324.9 67.4 173 2376.2 60.6
142 335.4 67.4 174 2901.1 59.4
143 349.2 67.3 175 3590.8 58.4
144 356.4 67.2 176 4695 56.9
145 358.7 67.2 177 5104.5 56.4
146 362.3 66.9 178 6227.3 55.4
147 378.6 6 6 . 1 179 7955.5 53.9
148 393.6 67.1 180 9036.1 52.8
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Table C2 Dynamic surface tension data o f C 12-14EO3 at concentration o f 0.1 พt%

No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/ra) (ms) (mN/m)

1 8 . 2 69.9 27 39.2 59.9
2 8.9 69.4 28 41.5 59.2
3 9.1 69.4 29 45.2 58.2
4 9.6 68.9 30 49.5 57.6
5 1 0 68.5 31 51.5 57.5
6 1 0 . 1 68.3 32 51.7 57.6
7 1 1 . 2 67.8 33 62.3 55.8
8 12.5 67.1 34 78.4 54.2
9 12.9 67 35 98.7 52.3

1 0 13.2 6 6 . 8 36 119.8 50.7
1 1 14.6 66.4 37 150.7 49
1 2 14.9 6 6 . 1 38 190.2 47.1
13 15.7 65.4 39 239 45.2
14 16.4 65.5 40 300.5 43.2
15 18.1 65 41 379.9 41.3
16 19 64.6 42 476.1 39.6
17 19.7 64.7 43 599.8 37.9
18 21.4 64.1 44 756 36.5
19 21.9 63 9 45 953.9 35.2
2 0 2 2 . 6 63.6 46 1169.4 34
2 1 24.8 63.1 47 1491.1 32.9
2 2 27.3 62.4 48 1873.8 32
23 30.6 61.6 49 2281.1 31.3



Table C3 Dynamic surface tension data o f C 12-1 4EO3 at concentration o f 1 wt%

No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/m) (ms) (mN/m)

1 9.2 53.9 36 23.6 49.9
2 9.4 52.8 37 24.2 49.7
3 9.6 53.5 38 24.5 50.1
4 1 0 53.9 39 25.1 49.4
5 1 0 . 2 53.6 40 25.3 50.4
6 10.3 53.5 41 25.5 48.8
7 1 0 . 6 54.2 42 26.2 49.6
8 1 1 53.3 43 26.7 49.7
9 11.3 53.9 44 28.1 49.8

1 0 1 1 . 6 53.2 45 28.9 48.9
1 1 ' 11.9 53 1 46 29.3 49.4
1 2 12.4 52.2 47 30 48.7
13 . 1 2 . 6 52.5 48 30.9 48.9
14 13.1 52.7 49 31.5 49.3
15 13.6 52.2 50 32 49.1
16 13.8 52.4 51 32.2 48.9
17 14.2 50.7 52 33.4' 48.3
18 14.7 52.4 53 33.7 48.8
19 15.3 51 2 54 35.1 48.7
2 0 15.7 52.1 55 36.4 48.7
2 1 16.1 51.8 56 36.5 48.8
2 2 16.4 51.6 57 37.2 48.7
23 16.5 51 58 37.7 48.9
24 16.9 51.6 59 38.9 47
25 17.1 51.7 60 39.3 47.9
26 17.3 50.8 61 40.8 48.7
27 17.8 50.6 62 42.6 48.7
28 18.1 51.7 63 43.3 48.3
29 19.2 50.4 64 43.7 48.1
30 19.7 51.3 65 45.2 48.1
31 2 0 . 1 49.9 6 6 46.1 47.1
32 2 1 50 67 46.8 48.1
33 21.3 50.4 6 8 47.8 47.7
34 21.9 49.7 69 48.6 47.9
35 22.4 50 70 50.1 47.9



91

No. Surface age Surface Tension No. Surface age Surface Tension
(m s) (m N/m ) (m s) (m N/m )

71 51.4 47.3 108 131.8 44.4
72 52.3 47.5 109 133.7 44.5
73 53.8 47.1 110 139.3 43 7
74 55.8 47.7 111 141 43.7
75 57.1 47.7 112 143 43.4
76 59.9 47.6 113 146.2 43.6
77 61.8 47.5 114 148.2 43.3
78 62.4 47.4 115 151.2 43.9
79 65.3 47.3 116 152.3 43.2
80 65.4 46.9 117 152.7 43.7
81 66.2 46.9 118 158 42.9
82 69.7 47.1 119 159.1 42.9
83 70.6 47 120 162 43 1
84 72 46.7 121 165.3 43.2
85 73.8 46.9 122 169.3 42.2
86 76.2 46.9 123 173.6 42.6
87 77.5 46.8 124 178.3 41.9
88 79.6 46.6 125 183.2 42.4
89 81.4 46.5 126 187.5 42.1
90 83.3 46.8 127 190.1 42.1
91 83.9 46.5 128 193 41.9
92 85.8 46.4 129 195.7 42.1
93 89.8 46.1 130 197.2 41.6
94 90.6 45.9 131 200.8 41.5
95 91.8 45.5 132 203.9 41.6
96 94.2 45.9 133 207.2 41.5
97 95.9 46.3 134 210.2 40.9
98 97.9 45.8 135 211.9 41
99 100.8 45.7 136 221.9 41
100 103.2 45.6 137 223.1 40.8
101 105 5 45.9 138 226.9 40.7
102 111.1 45.4 139 235.8 40.3
103 114.5 45.2 140 239.2 40.1
104 115.9 45.2 141 248.7 40.1
105 119.6 45 142 249 39.9
106 121.1 44.8 143 262.3 39.6
107 127.2 45.1 144 272.1 39.4
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No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (m N/m ) (ms) (m N/m )

145 281.1 38.9 170 600.9 33.1
146 286.4 38.6 171 624 32.6
147 295.8 38.1 172 627 32.1
148 301.6 37.9 173 649.4 32.2
149 315.9 37.9 174 702.4 32.2
150 316.1 37.8 175 730.3 32
151 331 37.5 176 767.2 31.5
152 349.4 37.2 177 808.4 31.4
153 356.1 36.8 178 899.9 30.8
154 357.9 36.7 179 979.8 30.4
155 370.1 36.1 180 998.5 30.4
156 378.8 36.2 181 1014.9 30
157 387.1 36.4 182 1109 29.7
158 392.6 35.9 183 1179.2 29.5
159 410.8 35.8 184 1213.6 29.4
160 419.4 35.6 185 1-234.5 29.2
161 429.6 35.3 186 1428.4 28.7
162 459.1 34.8 187 1517.1 28.5
163 480.2 34.3 188 1623.9 28.2
164 497 34.2 189 1878.7 27.8
165 498.9 34.2 190 2400.4 27.1
166 512.5 34.1 191 2879 1 26.2
167 526.3 33.9 1 9 2 1 3678.9 26
168 549.4 33.9 193 4714.4 25.5
169 559.4 33.4 193 4714.4 25.5
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T a b le  C 4  D y n a m ic  su r fa c e  te n s io n  data  o f  C 12-14E O 5 a t c o n c e n tr a t io n  o f  0 .01  w t%

N o. Surface age 
(m s)

Surface Tension 
(mN/m)

No. Surface age 
(m s)

Surface Tension  
(mN/m)

1 8.2 72.4 39 39.1 70.9
2 8.6 71 9 40 39.3 70.9
3 8.7 71.6 41 41.4 70.7
4 9.6 72.1 42 45.4 70.6
5 9.9 72.5 43 49.6 70.3
6 11.6 74.1 44 49.7 70.3
7 12.5 73.6 45 49.7 70.1
8 12.6 73.4 46 53.4 70.1
9 14.1 73.1 47 62.1 69.6
10 14.3 73 48 62.6 69.6
11 15.1 72.9 49 78.7 68.7
12 15.4 72.9 50 98.9 67.7
13 15.6 72.8 51 103.3 67.5
14 16.4 72.9 52 120.2 66,8
15 17.9 72.9 53 144.6 65.9
16 18.9 72.6 54 150.6 65.8
17 19.7 72.5 55 160.6 65.5
18 ^  20.1 72.4 56 162.9 65.5
19 21.1 72.3 57 174.6 65.1
20 22.4 72.1 58 189.9 64.7
21 23.4 72.1 59 238.9 63.4
22 23.5 72 60 300.8 62.2
23 24.4 71.9 61 380.9 61.1
24 24.8 71.9 62 480.5 59.9
25 26.5 71.9 63 600.7 58.8
26 26.9 71.7 64 764.2 57.7
27 28.1 71.6 65 954.1 56.6
28 29.1 71.5 66 1185.2 55.6
29 31.2 71.3 67 1475.7 54.5
30 31.6 71.3 68 1868 53.3
31 31.7 71.3 69 2285.4 52.2
32 31.9 71.3 70 2942.8 51
33 32.4 71.3 71 3636.1 49.9
34 35 71.1 72 4791.4 48.6
35 35.9 71.1 73 5207.4 48.1
36 37.5 71 74 5717 47.8
37 38.6 71 75 8129.3 46
38 38.8 70.9
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T a b le  C 5  D y n a m ic  su r fa ce  te n s io n  data  o f  C 12-14E O 5 at c o n c e n tr a t io n  o f  0 .1  w t%

No. Surface age 
(ms)

Surface Tension  
(raN/m)

N o. Surface age 
(m s)

Surface Tension  
(mN/ra)

1 9.2 66.6 29 36 58.4
2 9.8 65.5 30 39.2 57.1
3 9.9 65.6 31 44.9 56.1
4 10 65.6 32 49.6 55.5
5 10 65.8 33 54.2 53.9
6 11 65.3 34 62.2 53.6
7 12.2 64.9 35 78.3 51.7
8 12.3 65.1 36 98.8 49.8
9 12.4 65.1 37 120.1 48.2
10 13.4 64.1 38 151 46.4
11 13.6 64.4 39 190.4 44.4
12 15.2 63 8 40 238.7 42.5
13 15.7 63.1 41 301.8 40.5
14 15.7 63.1 42 379.5 38.8
15 15.8 63.4 43 477.1 37.1
16 16.1 63.4 44 605 35.6
17 18.2 62.4 45 757 34.3
18 18.9 62.6 46 959.5 33.1
19 19.7 62 47 1165.3 32.2
20 20.2 62.4 48 1469.2 31.2
21 21.7 61.2 49 1874.6 30.3
22 24.8 60.5 50 2298.7 29.7
23 24.8 60.4 51 2969.9 28.9
24 24.8 60.6 52 3705.6 28.3
25 25.2 60.4 53 4590.7 27.8
26 31.2 59.4 54 4985.4 27.7
27 33.6 58.4 55 5473.4 27.5
28 33.6 58.7



T a b le  C 6  D y n a m ic  su r fa c e  te n s io n  d ata  o f  C 12-14E O 5 at c o n c e n tr a t io n  o f  1 w t%

No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/ra) (ms) (m N/m )

1 9.9 49.7 17 239.2 32
2 10 50.6 18 302.1 30.8
3 12.5 52.9 19 380.4 29.8
4 12.8 52.9 20 479.1 28.9
5 15.7 50.8 21 601.2 28.3
6 19.7 49.1 22 755.6 27.7
7 24.8 47.7 23 961.3 27.2
8 31.2 46 24 1172.3 26.9
9 39.3 44.2 25 1496.7 26.5
10 49.4 42.5 26 1857.8 26.2
11 62.2 40.6 27 2343.4 25.9
12 78.4 39 1 28 2996.1 25.6
13 99 37.4 29 3618.4 25.6
14 120 36.2 30 4608.9 25.4
15 151 34.7 31 5090.5 25.4
16 190.2 33.4 32 5711.4 25.3
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T a b le  C 7  D y n a m ic  su rfa ce  te n s io n  d ata  o f  C 12-14E O 7 at c o n c e n tr a t io n  o f  0 .0 1  w t%

No. Surface age 
(ms)

Surface Tension 
(mN/m)

No. Surface age 
(ms)

Surface Tension 
(mN/m)

1 9 67.5 37 42 66.8
2 10 70.1 38 42.4 66.8
3 12.2 70.6 39 43 66.7
4 12.4 70.6 40 43.1 66.6
5 14.5 70.5 41 45.1 66.6
6 14.8 70.4 42 49.2 66.1
7 15.6 70.4 43 49.6 66.1
8 16.6 70.2 44 50.2 66.1
9 16.8 70.3 45 60.8 65.1
10 19.7 69.7 46 62.3 65.1
11 20 69.6 47 78.5 64.1
12 20.9 69.6 48 79.8 64
13 22.9 69.2 49 85.4 63.7
14 23.5 69.2 50 98.8 63
15 23.8 69.1 51 119.6 62
16 24.1 69.2 52 151 60.7
17 24.8 69 53 190.1 59.5
18 26.9 68.6 54 239.1 58.1
19 28.1 68.4 55 300.6 56.8
20 29 68.2 56 378.7 55.5
21 29.4 68.2 57 479.5 54.1
22 30 68.3 58 604.3 52.9
23 31.2 68 59 757.2 51.9
24 32 67.9 60 952.5 50.7
25 32.2 67.9 61 1173.5 49.7
26 33 1 67.7 62 1500 48.5
27 33.2 67.8 63 1859.1 47.6
28 34 67.7 64 2323.9 46.6
29 36.5 67.4 65 2940.5 45.6
30 37 67.4 66 3763.7 44.6
31 37 67.4 67 4800.3 43.7
32 37.2 67.3 68 5136.4 43.4
33 38.2 67.2 69 5966.2 42.9
34 38.5 67.3 70 7647.8 41.9
35 39.4 67.1 71 8360 41.4
36 40.6 66.9



T a b le  C 8  D y n a m ic  su r fa c e  te n s io n  data  o f  C 12-14E O 7 at c o n c e n tr a t io n  o f  0 .0 1  w t%

No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/m) (ms) (mN/m)

1 9.2 60.8 23 62.3 45.2
2 9.8 60.7 24 78.5 43.2
3 10 60.4 25 98.9 41.4
4 10.4 60 26 119.6 40.1
5 12.4 59.1 27 150.7 38.6
6 12.6 59.2 28 190.2 37.2
7 15.6 57.9 29 239.3 35.9
8 19.7 55.5 30 301.1 34.9
9 20.4 55.6 31 380.6 33.9
10 24.9 53.5 32 476.7 33.2
11 25.3 53.7 33 604.7 32.5
12 25.4 53.9 34 756.9 32
13 25.5 53.6 35 954.6 31.6
14 27.7 52.5 36 1183.5 31.2
15 31.2 51.8 37 1473.5 30.9
16 32 51.5 38 1873.8 30.5
17 33.3 51.2 39 2284.2 30.2
18 34.7 50.7 40 2919.1 29.9
19 36.9 50.4 41 3590.1 29.6
20 39.3 49.8 42 4670.8 29.2
21 49.4 47.3 43 5060.3 29.2
22 51 8 46.7 44 6099.9 28.9
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T a b le  C 9  D y n a m ic  su r fa c e  te n s io n  data  o f  C 12-14E O 7 at c o n c e n tr a t io n  o f  1 w t%

No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/m) (ms) (mN/m)

1 8.3 42 24 78.5 33.4
2 9.9 42 25 99 32.6
3 12.4 L 42 26 119.7 31.8
4 12.4 41.9 27 150.6 31.1
5 13.5 41.4 28 189.6 30.5
6 15.6 40.9 29 239.1 29.9
7 15.7 40.9 30 301.9 29.5
8 15.7 40.6 31 379.5 29.1
9 16.6 40.5 32 478.5 28.8
10 18.3 40.1 33 600.2 28.5
11 19.7 r 39.7 34 765.1 28.3
12 20.3 39.5 35 955.5 28
13 24.6 38.7 36 1166.4 27.9
14 24.8 38.9 37 1483 27.7
15 30.7 37.7 38 1894.9 27.6
16 30.8 37.8 39 2312.1 27.5
17 31.2 37.6 40 2943.6 27.4
18 34.4 37.3 41 3776.2 27.2
19 37.5 36.9 42 4519.5 27.2
20 38.3 36.8 43 4833.8 27.2
21 39.3 36.6 44 5186.3 27.1
22 49.5 35.5 45 6060.5 27
23 62.2 34.5 46 7250.3 27



T a b le  C IO  D y n a m ic  su rfa ce  te n s io n  data  o f  C 12-14E O 9 at c o n c e n tr a t io n  o f  0 .0 1  พ t%

No. Surface age 
(ms)

Surface Tension 
(mN/m)

No. Surface age 
(ms)

Surface Tension 
(mN/m)

1 9.7 66.9 37 25.4 65.8
2 9.9 67.6 38 25.9 65.9
3 10 67.7 39 26.1 65.7
4 10.5 68.6 40 26.4 65.8
5 10.9 68.6 41 26.6 65.7
6 11.2 68.9 42 26.9 65.7
7 12 68.5 43 27.3 65.6
8 12.1 68.4 44 28 65.5
9 12.2 68.4 45 28.3 65.4
10 1 2 4 68.2 46 28.5 65.4
11 12.5 68.2 47 29.6 65.3
12 13.4 67.7 48 30.2 65.2
13 15.4 67.3 49 30.4 65.2
14 15.5 67.4 50 30.9 65.1
15 15 6 67.4 51 31.2 65.1
16 16.3 67.3 52 31.6 65.1
17 17.5 67.1 53 31.6 65.1
18 18.1 66.9 54 31.8 65.1
19 18.6 66.9 55 32.4 65
20 19 66.9 56 32.9 65
21 19.7 66.7 57 33.5 64.7
22 19.9 66.6 58 34.4 64.7
23 20 66.6 59 34.6 64.8
24 20.5 66.4 60 35.5 64.5
25 20.6 66.4 61 36.9 64.4
26 20.8 66.5 62 37.4 64.4
27 21.7 66.3 63 37.9 64.3
28 21.8 66.3 64 38.7 64.2
29 22.1 66.2 65 39.3 64.2
30 22.2 66.2 66 40.2 63.9
31 22.4 66.2 67 40.7 64
32 22.9 66.2 68 42.3 63.8
33 23.1 66.1 69 43.5 63.7
34 24.5 66 70 44.7 63.5
35 24.8 65.9 71 46.6 63.4
36 25.2 65.9 72 49.2 63.1



1 0 0

No. Surface age 
(ms)

Surface Tension 
(mN/m)

No. Surface age 
(ms)

Surface Tension 
(mN/m)

73 49.5 63.1 90 379.7 53.6
74 50.7 63 91 479 52.7
75 52 62.9 92 605 51.7
76 54.9 62.7 93 759.4 50.7
77 60.6 62.2 94 962.4 49.9
78 62.5 62 95 1173.3 49.1
79 63.9 62 96 1496.6 48.1
80 64.6 61.9 97 1872.8 47.2
81 68.7 61.7 98 2288.1 46.4
82 77 61.2 99 2976.7 45.4
83 78.3 61.1 100 3745.1 44.6
84 98.9 59.9 101 4702.7 43.9
85 119.6 59 102 5148.3 43.5
86 150.8 57.8 . 103 5695.7 43.2
87 190.5 56.6 104 7355.8 42.2
88 239 55.5 . 105 8740.8 41.7
89 300.9 54.6



T a b le  C l l  D y n a m ic  su r fa ce  te n s io n  data  o f  C 12-14E O 9 at c o n c e n tr a t io n  o f  0 .1  w t%

No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/m) (ms) (mN/m)

1 9.4 57.9 26 85.5 41.2
2 9.9 58.2 27 98.5 40.4
3 10.7 57.8 28 120.1 39.3
4 11.8 57.2 29 150.9 38.3
5 12.5 56.3 30 174.4 37.7
6 12.7 56.6 31 189.9 37.3
7 14.4 55.7 32 239.7 36.4
8 15.6 54.7 33 300.7 35.8
9 16.3 54.7 34 386.4 35.1
10 18.1 54 35 481.4 34.7
11 19.7 53.4 36 602.7 34.2
12 20.2 53.1 37 754.8 33.8
13 21.6 52.4 38 954 33.5
14 24.8 51 2 39 1178.5 33.2
15 30 49.5 40 1288.2 33.1
16 30.7 49.4 41 1391.9 33
17 31.2 4 9 4 42 1497.4 32.9
18 31.8 49.2 43 1904.6 32.5
19 32.1 48.9 44 2298.5 32.3
20 38.4 47.3 45 2896 32
21 39.2 47 46 3676.9 31.7
22 42.2 46.4 47 4645.4 31.4
23 49.5 45.1 48 5107.4 31.2
24 62.3 43.3 49 5703.7 31.2
25 78.5 41.8 50 6493.7 31



T a b le  C l 2  D y n a m ic  su r fa ce  te n s io n  d ata  o f  C 1 2 - 1 4 E O 9  at c o n c e n tr a t io n  o f  1 w t%

No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/m) (ms) (mN/m)

1 9.8 41.8 24 78.5 35.4
2 9.9 42 7 25 98.5 34.7
3 11.8 42.8 26 119.8 34.2
4 12.5 42.3 27 150.9 33.7
5 13 42.5 28 184.3 33.3
6 14.4 42.2 29 189.9 33.2
7 15.6 41.7 30 239.1 32.9
8 16.1 41.5 31 300.6 32.4
9 19.7 40.9 32 378.6 32.2
10 21.3 40.7 33 476.7 31.9
11 24 9 40.2 34 601.5 31.7
12 25.5 40.2 35 760.8 31.6
13 27.7 39.9 36 955.6 31.4
14 27.8 39.8 37 1166.4 31.3
15 28.4 39.7 38 1494.4 31.2
16 31.2 39.2 39 1865.3 31.1
17 32.7 39.1 40 2270 31
18 35.1 38.7 41 2897.6 30.9
19 36.1 38.6 42 3753 30.9
20 37.2 38.4 43 4889.3 30.7
21 39.3 38.2 44 5471.1 30.7
22 49.4 37.3 45 6254.3 30.6
23 62.3 36.3 46 7441.6 30.5
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T a b le  C 1 3  D y n a m ic  su r fa ce  te n s io n  data o f  N P E - 6  at c o n c e n tr a t io n  o f  0 .0 1  w t%

No. Surface age Surface Tension N o. Surface age Surface Tension
(m s) (m N/m ) (m s) (m N/m )

1 9.4 73.5 36 25.5 72.4
2 10.1 71.9 37 25.8 72.4
3 10.2 73.6 38 26.2 72.4
4 11 73.4 39 26.7 72.3
5 11.2 74.1 40 27.8 72.3
6 11.5 74.2 41 28.4 72.1
7 11.7 74 42 30.3 72
8 11.9 73.5 43 31.7 72
9 12.4 73.2 44 31.9 72
10 13.1 73 45 33.7 71.8
11 13.3 73.3 46 34.2 71.7
12 13.4 73.1 47 34.5 71.8
13 13.8 73 48 35.4 71.8
14 14 72.9 49 36.3 71.5
15 14.5 72.6 50 36.7 71.7
16 15.3 72.9 51 37.5 71.7
17 15.4 73.1 52 38.9 71.7
18 15.6 73.1 53 39.5 71.4
19 16.7 72.7 54 40.3 71.1
20 16.9 73.1 55 41.4 71.5
21 17.5 73 56 41.9 71.4
22 17.6 73 57 43.6 71.6
23 18.8 72.6 58 44.3 71
24 19.4 72.5 59 46.6 71.5
25 19.7 72.9 60 47.8 71.1
26 20.6 72.6 61 48.5 71.1
27 21.4 72.6 62 49 71.1
28 21.5 72.6 63 49.9 71.2
29 21.8 72.5 64 51.5 71.2
30 22 8 72.5 65 51.9 70.7
31 23.9 72.5 66 52.9 70.9
32 24 72.5 67 53.6 71.1
33 24.8 71.9 68 55.2 70.9
34 24.9 72.4 69 55.8 70.8
35 25 72.4 70 57.5 70.9
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N o. Surface age Surface Tension No. Surface age Surface Tension
(ms) (mN/m) (ms) (m N/m )

71 58.9 70.8 108 119.5 68.2
72 60 70.4 109 120.5 69
73 61.3 70.5 110 122 68.9
74 62.5 70.6 111 124 68.9
75 64.5 70.3 112 126 68.9
76 66.3 70.5 113 128 68.4
77 66.8 70.3 114 1 3 1 2 68.8
78 67.9 70.3 115 137.6 68.7
79 70.2 70.1 116 141.5 68.6
80 72.7 70.1 117 144.3 68.1
81 74 70.1 118 147.5 68.6
82 74.6 70.1 119 149.4 67.4
83 76.7 70.1 120 150.8 67.9
84 .78 .8 70.1 121 152.7 68.2
85 79.2 69.9 122 152.9 68.4
86 79.6 69.9 123 157.3 68.4
87 80.2 69.9 124 159.7 68.3
88 81.9 69.9 125 161.7 68.2
89 83.6 69.7 126 162.4 68.2
90 87.8 70 127 164.2 68
91 89 69.6 128 172.5 68.1
92 89.8 69.6 129 174.8 67.9
93 91.9 69.6 130 180.9 67.9
94 93.4 69.4 131 184.1 67.9
95 95.5 69.6 132 189.4 67.9
96 97.5 69.4 133 193.3 67.8
97 99.8 69.6 134 197 67.7
98 102 69.6 135 197.2 67.7
99 103.3 69.5 136 204.7 67.7
100 104.9 69.1 137 206.5 67.6
101 106.8 69.3 138 209.9 67.6
102 107.4 69.1 139 214.8 67.5
103 109.1 69.1 140 224.2 67.1
104 111.2 69.1 141 228.4 67.4
105 114.9 68.9 142 238.6 67.2
106 116.2 68.9 143 241.1 66.9
107 118.6 68.9 144 245.4  ' 67.1
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N o. Surface age 
(m s)

Surface Tension  
(raN/m)

No. Surface age 
(m s)

Surface Tension  
(m N/m )

145 247.6 67 172 594.1 64.9
146 250.2 67.1 173 600.7 64.6
147 254.2 66.9 174 643.9 64.6
148 259.5 67.1 175 710.3 64.4
149 264 66.9 176 731.8 64 1
150 268.1 66.9 177 754.8 63.9
151 275 66.9 178 826.3 63.6
152 278.8 66.4 179 854.2 63.2
153 285.5 66.9 180 953.3 63.2
154 289.9 66.6 181 1165.5 62.6
155 300.7 66.6 182 1245.1 62.4
156 308.5 66.7 183 1284.1 62.1
157 311.6 66 184 1384.9 61.9
158 318 66.1 185 1452.1 61.6
159 335.7 66.2 186 1495.1 60.9
160 352.3 65.9 187 1895.8 60.1
161 356.6 65.9 188 1990.9 60.3
162 372 66 189 2077.4 59.7
163 379.8 66.1 190 2313.7 59.1
164 382.9 65.9 191 2848.9 57.9
165 391 65.7 192 3696.5 56.4
166 401.7 65.9 193 4829.8 54.9
167 420.6 65.7 194 5150 54.2
168 467.9 65.5 195 5700.2 53.9
169 473.7 65.4 196 7246 51.5
170 485.7 65.2 197 9090.8 50
171 543.8 65.1



T a b le  C 1 4  D y n a m ic  su r fa ce  te n s io n  d ata  o f  N P E - 6  a t c o n c e n tr a t io n  o f  0 .1  w t%

No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (m N/m ) (ms) (m N/m )

1 9.2 65.4 36 49 62.4
2 10 66.4 37 51.6 62.9
3 10.5 64.9 38 52.8 61.6
4 11.1 57.9 39 55.3 62.4
5 12.4 67.4 40 57.4 6 2 7
6 12.6 64.4 41 57.7 60.6
7 12.9 65.3 42 61.2 62.9
8 14 65.9 43 64.5 61.1
9 14.8 60.8 44 67 59.7
10 15.7 67.3 45 71.7 60.9
11 16.1 r  64.5 46 . i 75.9 59.6
12 17.2 63.6 47 78.8 59.2
13 18.4 66.4 48 79.5 57.8
14 19.1 65 49 82.5 57.4
15 19.9 62.4 50 85.1 57
16 21.8 65.1 51 90.4 59.5
17 22.6 66.4 52 92.8 59.5
18 23.1 63.4 53 95.2 60.4
19 25.1 64.8 54 98.4 58
20 25.6 63.5 55 99.1 56.6
21 26.4 64.9 56 101.7 58.1
22 27 64.1 57 104.9 55.1
23 28.5 62.4 58 107.8 58.8
24 30.1 64.4 59 109.6 57.8
25 32.4 65.4 60 115 54.4
26 32.8 60.9 61 122.8 57.9
27 34.9 64.1 62 126.2 58.9
28 35.7 63.8 63 127.7 56
29 37.5 63.6 64 131.5 53.6
30 38.9 63.6 65 137.4 57.3
31 40.6 62.4 66 140.7 52.2
32 41.3 60.5 67 145.2 56 1
33 45 60.1 68 149.7 55.1
34 45.7 62.6 69 154.7 54.6
35 47.6 60.5 70 157.7 57.1
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N o. Surface age Surface Tension No. Surface age Surface Tension
(m s) (mN/m) (ms) (m N/m )

71 159.1 55.4 105 555.9 48.6
72 161.1 54.4 106 606.2 48.7
73 163.4 56.1 107 624.5 48.2
74 170.3 53.9 108 637.7 47.9
75 176.9 56.3 109 660.5 48.6
76 178.3 53.6 110 731.3 48.1
77 184.6 54.3 111 772.1 47.6
78 189.3 53.1 112 805.5 46.8
79 192.3 54.3 113 847.1 47.3
80 206.3 54.4 114 854.4 47
81 207.9 54.1 115 906.4 46.4
82 213.8 54.2 116 953.4 46.1
83 219.8 54.9 117 1003.8 45.1
84 226.3 53.6 118 1081.5 43.7
85 239.4 54.5 119 1134.7 43.8
86 244.1 52.8 120 1177.3 41.9
87 255.7 53.7 121 1299.7 44.1
88 260.6 53.4 122 1316.3 42:2
89 278.1 54.2 123 1393.6 42.1
90 295.5 53 124 1472.6 41.8
91 304.4 51.6 125 1513.3 41.7
92 320.6 51.3 126 1550.1 41.2
93 334.1 52.2 127 1797.5 40.4
94 334.4 50.2 128 1858.4 39.9
95 368.8 52.4 129 1904.7 39.7
96 381.4 51.8 130 2041 39.5
97 405.8 51.1 131 2215.3 39.7
98 414.8 50.2 132 2290.9 38.6
99 434.6 49.9 133 2920.7 35.9
100 445 50.4 134 3605.4 35
101 476.5 49.7 135 4528.8 33.4
102 494.5 51 136 4847.3 32.8
103 495.3 48.7 137 5192.2 33.3
104 523.2 49.4 138 5732.8 32.4



T a b le  C 1 5  D y n a m ic  su r fa ce  te n s io n  data o f  N P E - 6  at c o n c e n tr a t io n  o f  1 w t%

N o. Surface age Surface Tension No. Surface age Surface Tension
(m s) (raN/m) (m s) (m N/m )

1 8.7 53.6 36 21 51.8
2 8.8 53.5 37 21.3 52.2
3 9 53.9 38 21 9 51.7
4 9.2 53.6 39 22.1 52.4
5 9.5 53.6 40 22.3 51.7
6 9.6 53.8 41 22.7 52
7 9.8 54.2 42 22.9 52
8 10.1 53 8 43 23 6 52
9 10.4 53.9 44 23.7 51.7
10 10.6 53.9 45 24.7 51.4
11 11 53.6 46 24.8 51.5
12 11.5 53.9 47 25 3 51.4
13 12.2 53.4 48 25.6 51.5
14 12.3 53.6 49 26.1 50.7
15 12.7 53.9 50 26.8 51.1
16 12.8 53.6 51 27.2 51.1
17 13.1 53.3 52 27.4 50.6
18 13.4 53.4 53 27.8 50.9
19 13.7 53.4 54 28.2 50.8
20 14 53.8 55 28.4 49.8
21 14.4 53.4 56 29.4 49 .6
22 15 53.4 57 29.8 51.1
23 15.5 53.6 58 30.1 50.4
24 15.8 53.1 59 31 50.7
25 16.2 53.6 60 31.2 50.4
26 L 16.6 52.9 61 31.4 50.3
27 16.8 52.9 62 31.9 49 .7
28 17.1 52.6 63 32.4 50.7
29 17.8 52.9 64 32.8 50
30 18.2 53.1 65 33.3 49.6
31 18.3 53 66 34.3 50
32 18.9 52.6 67 34.5 48.8
33 19.6 52.4 68 35.4 50
34 19.7 52 69 35.9 49.7
35 20.6 52.5 70 37 49.4
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N o. Surface age Surface Tension N o. Surface age Surface Tension
(ms) (mN/m) (ms) (m N/m )

71 39.1 48.7 108 86 42.4
72 40.7 49.1 109 87.4 42.2
73 41.2 48.7 110 89.9 41 .9
74 42.3 48.7 111 90.3 41.7
75 43 1 48.3 112 91.7 41 .6
76 44.8 48.4 113 92.9 41 .6
77 45.1 48.1 114 95.1 41.3
78 45.8 47.9 115 96.3 41.2
79 46.4 48.1 116 97.5 40.9
80 47 47.8 117 98.5 40.4
81 48.1 47.4 118 101 40.3
82 49.3 47.8 119 103.5 40
83 49.8 47.6 120 105.8 39.8
84 51.9 47.5 121 107.5 39.7
85 53.8 46.9 122 110.3 39.3
86 54.4 46.7 123 111.8 39.2
87 55.9 47.1 124 113.9 38.9
88 57.5 46.6 125 116.8 38.6
89 58 46.4 126 118.7 38.5
90 59.5 46.4 127 120.1 38.3
91 60.6 46.1 128 122 38.5
92 61.1 46.1 129 123.7 37.9
93 62.3 45.8 130 126.8 37.7
94 63.7 45.9 131 129.8 37.6
95 64.2 45.6 132 135.1 37.2
96 65.2 45.6 133 137.2 36.8
97 66.5 45.8 134 139.7 36.9
98 68.6 45.1 135 140.6 36.6
99 69.9 44.5 136 143.8 36.5
100 70.9 44.6 137 145.6 36.4
101 73.4 44.2 138 147.8 36.4
102 75.2 43.9 139 150.9 36
103 76.3 43.9 140 153.4 35.8
104 77.8 43.8 141 154.2 35.8
105 78.4 43.6 142 154.9 35.7
106 80.2 43.4 143 155.1 35.7
107 83.4 43.4 144 160.6 35.5



n o

No. Surface age 
(m s)

Surface Tension  
(mN/m)

No. Surface age 
(ms)

Surface Tension  
(m N/m )

145 163.6 35.4 178 292.3 32
146 163.8 35.2 179 301.8 31.9
147 170.7 35 180 324.5 31.7
148 174.1 34.9 181 330.8 31.6
149 175.3 34.8 182 332.2 31.6
150 178.7 34.6 183 341.8 31.6
151 181.2 34.6 184 354.2 31.4
152 183.8 34.4 185 359.3 31.4
153 184.9 34.4 186 369.4 31.3
154 188.1 34.3 187 379.8 31.2
155 190.6 34.2 188 393.5 31.1
156 198.7 34 189 398.1 31.1
157 201 33.9 190 407.8 31
158 208.1 33.7 191 421.9 30.9
159 209.1 33.7 192 444.4 30.8
160 210.8 33.7 193 480.5 30.7
161 217.1 33.4 194 513.5 30.6
162 222.8 33.2 195 555.1 30.5
163 227.4 33.2 196 570.4 30.4
164 230.6 33.1 197 587.8 30.3
165 237.1 32.9 198 604.1 30.2
166 241.1 32.9 199 762 29.9
167 243 1 32.9 200 955.9 29.5
168 245.4 32.8 201 1179.3 29.4
169 248 7 32.7 202 1481.2 29.1
170 250.7 32.6 203 1868.4 28.9
171 252.9 32.6 204 2315.8 28.7
172 260.8 32.4 205 2936.3 28.5
173 264.4 32.4 206 3731.6 28.3
174 268.8 32.4 207 4738.6 28.1
175 277.6 32.2 208 5238.9 28.1
176 281.3 32.2 209 5897.2 28
177 286.2 32.2



T a b le  C 1 6  D y n a m ic  su r fa c e  te n s io n  data  o f  N P E -9  at c o n c e n tr a t io n  o f  0 .0 1  พ t%

N o. Surface age Surface Tension N o. Surface age Surface Tension
(m s) (mN/m) (m s) (m N/m )

1 9.3 68.4 36 34 67.4
2 9.6 69.2 37 34.2 67.3
3 10 69.9 38 34.7 67.3
4 11 71 39 34.9 67.2
5 11.8 70.4 40 35.4 67.2
6 12.4 70.2 41 36 67.1
7 12.9 69.8 42 36.7 67
8 14.3 69.4 43 39.2 66.8
9 15.7 69.5 44 39.3 66.8
10 15.9 69.4 45 40.8 66.6
11 15.9 69.4 46 41.1 66.6
12 16.7 69.3 47 43.3 66.4
13 18.1 69.1 48 45 66.3
14 18.7 69 49 47.1 66.1
15 18.8 69.1 50 49.4 65.9
16 19.7 68.9 51 49.4 65.9
17 20.1 68.9 52 50.5 65.8
18 20.3 68.9 53 52.8 65.6
19 22.7 68.5 54 58.5 65.3
20 22.8 68.5 55 62.2 65
21 23.4 68.4 56 66 5 64.9
22 24.1 68.4 57 75.2 64.3
23 24.8 68.2 58 76.1 64.2
24 25.9 68.1 59 78.3 64.1
25 26 68.1 60 96.9 63.1
26 26.7 68 61 99.4 63.1
27 27.4 67.9 62 120 62.1
28 27 5 68 63 149.1 60.9
29 28.6 67.9 64 151.2 60.9
30 30 67.7 65 160.6 60.6
31 30.4 67.7 66 190.2 59.6
32 31.1 67.6 67 238.9 58.5
33 31.2 67.6 68 301.7 57.4
34 33.3 67.4 69 378.5 56.5
35 33.8 67.4 70 479.6 55.5



1 1 2

No. Surface age Surface Tension No. Surface age Surface Tension
(ms) (m N/m ) (m s) (m N/m )

71 599.8 54.8 78 2879.4 47.9
72 759.6 53.9 79 3724.4 46.6
73 967.9 52.9 80 4805.4 45
74 1169.1 52.2 81 5142.9 44.5
75 1494.3 51.2 82 6009 43.4
76 1853.4 50.1 83 7433.9 42.2
77 2344 49 84 8391 41 6
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Table 0 7  Dynam ic surface tension data o f NPE-9 at concentration o f  0.1 wt%

No. Surface age Surface Tension N o. Surface age Surface Tension
(ms) (mN/m) (ms) (m N/m )

1 10 62.6 28 49.4 45.4
2 10 62.8 29 62.3 42
3 12.5 61.1 30 75.7 39.9
4 12.7 61 31 76.3 39.8
5 14 61.1 32 78.3 39.6
6 14.1 61.1 33 82.4 39.2
7 14.7 59.9 34 98.5 37.8
8 15.6 59.5 35 120 36.6
9 17.2 59.7 36 150 7 35.6
10 17.9 58.4 37 189.6 34.7
11 18.6 58.6 38 240.1 33.9
12 18.7 58.7 39 301.2 33.3
13 19.7 58.4 40 380.3 32.9
14 20.2 58.3 41 476.8 32.4
15 22 57.3 42 602.4 32 1
16 23.5 56.6 43 765 31.8
17 24.8 55.7 44 961.5 31.7
18 26.7 55.1 45 1175.2 31 4
19 29.4 53.6 46 1504.7 31.3
20 29.5 53.7 47 1870.1 31.1
21 31.2 52.8 48 2263 31
22 32 52.4 49 2868.5 30.8
23 32.4 52.3 50 3673.8 30.6
24 37.6 49.7 51 4713.6 30.4
25 37.7 49.8 52 5238.4 30.4
26 39.3 48.7 53 5919.8 30.3
27 39.9 48.7 54 8436.6 30.2



T a b le  C 1 8  D y n a m ic  su r fa c e  te n s io n  d ata  o f  N P E -9  at c o n c e n tr a t io n  o f  1 w t%

No. Surface age Surface Tension No. Surface age Surface Tension
(m s) (m N/m ) (m s) (m N/m )

1 9.3 40.6 27 39.3 35.7
2 9.7 41.1 28 49.4 34.7
3 9.9 41 2 29 62.2 33 8
4 12.2 41.6 30 78.6 33.1
5 12.4 41.4 31 80.2 33.1
6 13.2 41.2 32 98.9 32.6
7 14.4 40.6 33 120 32.2
8 15.6 40.4 34 1 5 0 7 31.9
9 16.8 40.1 35 190.1 31.4
10 17.9 39.8 36 239.4 31.2
11 19.2 39.5 37 301.6 30.9
12 19.3 39.6 38 379.8 30.9
13 19.7 . 39.5 39 477.7 30.7
14 21.8 38.9 40 600.2 30.5
15 23.4 38.4 41 756.1 30.4
16 23.6 38.4 42 959.7 30.3
17 24.9 38.1 43 1165.1 30.2
18 25.4 38 44 1477.7 30.1
19 26 37.9 45 1882.6 30
20 27.5 37.5 46 2268.4 30
21 27.5 37.4 47 2862.1 29.9
22 31 36.9 48 3630.7 29.9
23 31.2 36.8 49 4587.2 29.8
24 32.3 36.7 50 5062 29.7
25 35 36.2 51 6459.1 29.7
26 38.3 35.7 52 7640.7 29.7
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APPENDICES

Appendix D Experimental Data of Gel Range

1. Viscosity Test Results
The concentration o f  each surfactant is observed by rare eyes and

measured the v iscosity  by Brookfield Viscom eter M odel D V -III.

Table D1 V iscosity  behavior as a function o f  concentration o f  C 12-14EO 3 single 
system  at 25°c

Surfactant Concentration 
(wt%) V iscosity (cP) Spindle N o. Rotational Speed 

(rpm)
5 6 . 6 2 1 250

1 0 38.6 2 1 250
15 214 2 1 250
2 0 980 27 250
25 1450 27 150
30 1580 27 150
35 3000 27 80
40 4750 27 50
45 11400 27 2 0

50 44700 27 5
55 46400 27 5
60 5000 27 45
65 8500 27 25
70 17500 27 13
75 7400 27 30
80 3175 27 75
85 52.8 2 1 250
90 37.4 2 1 250
95 27.6 2 1 250

1 0 0 2 1 . 6 2 1 250
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T a b le  D 2  V is c o s i t y  b e h a v io r  a s  a  fu n c t io n  o f  c o n c e n tr a t io n  o f  C 12-14E O 5 s in g le
sy s te m  at 2 5  ° c

Surfactant Concentration 
(พ t%) V iscosity (cP) Spindle N o. Rotational speed  

(rpm)
5 8 21 250
10 33.2 21 250
15 49.8 21 250
20 70.4 21 250
25 150 21 250
30 178 21 250
35 287 21 150
40 42.4 21 250
45 201 21 250
50 1100 27 50
55 739 27 250
60 1500 27 150
65 4700 27 50
70 40200 27 5
75 41250 27 5
80 44000 27 5
85 7500 27 50
90 44 21 250
95 44.6 21 250
100 29.4 21 250
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T a b le  D 3  V is c o s i t y  b e h a v io r  a s  a  fu n c t io n  o f  c o n c e n tr a t io n  o f  C 12-14E O 7 s in g le
sy s te m  at 2 5  ๐c

Surfactant Concentration 
(พ t%) V iscosity (cP) Spindle N o. Rotational Speed 

(rpm)
5 1.6 21 250
10 3.4 21 250
15 10.6 21 250
20 39 21 250
25 130 21 250
30 374 21 130
35 1470 21 30
40 276100 27 0.8
45 132500 27 1.7
50 278750 27 0.8
55 585000 27 0.4
60 41000 27 6
65 4650 27 50
70 1228 27 200
75 4750 27 50
80 7250 27 30
85 224 21 200
90 61.4 21 250
100 40.8 21 250

□  = hard g e l (can not measure)
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Table D4 V is c o s it y  b e h a v io r  a s  a  fu n c tio n  o f  c o n c e n tr a t io n  o f  C 1 2 -1 4EO 9  s in g le
s y s te m  at 2 5 ° c

Surfactant Concentration 
(wt%) V iscosity (cP) Spindle N o. Rotational Speed 

(rpm)
5 - - -
10 - - -
15 - - -
20 3.8 21 250
25 7 21 250
30 143 21 250
35 139 21 250
40 5700 21 8
45 347000 27 0.7
50 371250 27 0.6
55 408000 27 0.6
60 490000 27 0.5
65 830000 27 0.3
70 4000 21 12
75 413 21 120
80 234 21 200
85 140 21 250
90 88.8 21 250
95 64.6 21 250
100 53.6 21 250

□  = h ard g e l (can not measure), - = N/A
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T a b le  D 5  V is c o s i t y  b e h a v io r  as a  fu n c tio n  o f  c o n c e n tr a t io n  o f  N P E -6  s in g le  sy s te m
at 2 5°c

Surfactant Concentration V iscosity (cP) Spindle No. Rotational speed
(wt%) (rpm)

5 - - -
10 - - -
15 - - -
20 85 21 250
25 150 21 250
30 800 21 50
35 1600 27 150
40 20100 27 100
45 22000 27 10
50 24500 27 5
55 32000 27 5
60 17100 27 10
65 19100 27 10
70 55000 27 4
75 101250 27 2
80 44000 27 5
85 8384 27 28
90 247 21 200
95 247 21 200
100 209 21 200

- = N / A
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T a b le  D 6  V i s c o s i t y  b e h a v io r  a s  a fu n c t io n  o f  c o n c e n tr a t io n  o f  N P E -9  s in g le  sy s te m
at 2 5°c

Surfactant Concentration 
(พ t%)

V iscosity (cP) Spindle No. Rotational Speed 
(rpm)

5 - - -
10 - - -
15 - - -
20 58.4 21 250
25 133 21 250
30 437 21 110
35 777 21 62
40 1740 21 27
45 1850 27 130
50 6550 27 35
55 1523 27 200
60 1300 21 35
65 12500 27 18
70 11000 27 18
75 12000 27 20
80 3070 27 80
85 380 21 120
90 324 21 150
95 - - -
100 183 21 250

- = N / A
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