
33

REFERENCES

Adamson, A .w . (1990). Physical Chemistry of Surfaces. 5 th ed. New 
York: John Wiley.

Alexandrova, L., and Grigorov, L. (1998). The three-phase contact 
parameters of thin water films on mineral surfaces. Colloids and 
Surfaces. 131, 265-269.

Averyard, R., Cooper, p., Fletcher, P.D.I., and Rutherford, C.E. (1993). 
Foam breakdown by hydrophobic particles and nonpolar oil. 
Langmuir. 9, 604-613.

Averyard, R., Binks, B.P., Fletcher, P.D.I., and Rutherford, C.E. (1994). 
Contact angles in relation to the effects of solids on film and foam 
stability. Journal of Dispersion Science and Technology. 15(3), 51- 
271.

Bahr, M.V., Tiberg, F.,and Zhmud, B.v. (1999). Spreading dynamics of 
surfactant solutions. Langmuir. 15. 7069-7075.

Basu, ร., Nandakumar, K., and Masliyah, J. FI. (1998). Effect of NaCl and 
MIBC/kerosene on bitumen displacement by water on a glass surface. 
Colloids and Surfaces A: Physicochemical and Engineering Aspects. 
136,71-80.

Bigelow, W.C., and Brockway, L .o. (1956). Variation of contact angle and 
structure with molecular length and surface density in adsorbed films 
of fatty acids. Journal of Colloid Science, 11,60-68.

Bourges-Monnier, c., and Shanahan, M.E.R. (1995). Influence of 
evaporation on contact angle. Langmuir. 11(7), 2820-2829.

Chandra, ร., Marzo, M., Qiao, Y.M., and Tartarini, p. (1996). Effect of 
liquid-solid contact angle on droplet evaporation. Fire Safety Journal, 
27, 141-158.



34

Chesters, A.K., Elyousfi, A., Cazabat, A.M., and Vilette, ร. (1998). The 
influence of surfactants on the hydrodynamics o f surface wetting. 
Journal of Petroleum Science and Engineering. 20, 217-222.

Christenson, H.K., and Yaminsky, v .v . (1997). Is the long-range 
hydrophobic attraction related to the mobility of hydrophobic surface 
groups? Colloids and Surfaces A: Physicochemical and Engineering 
Aspects. 129-130, 67-74.

Dahanayake, M., Cohen, A.W., and Rosen, M.J. (1986). Relation o f structure 
to properties of surfactant 13: Surface and thermodynamic properties 
of some exythylenated sulfates and sulfonates. Journal of Physicals 
Chemistry. 90, 2413-2418.

Dechabumphen, N., Luangpirom, N., Saiwan, c., and Scamehom, J. F. 
(2000). Contact angle of surfactant solutions on precipitated 
surfactant surfaces. Journal of Surfactants and Detergents, submitted.

Drelich, J., Miller, J.D., Kumar, A., and Whitesides, G.M. (1994). Wetting 
characteristics of liquid drops at heterogeneous surfaces. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects, 93, 1-13.

Drelich, J., Wilbur, J.L., Miller, J.D., and Whitesides, G.M. (1996). Contact 
angles for liquid drops at a model heterogeneous surface consisting of 
alternating and parallel hydrophobic/hydrophilic strips. Langmuir. 12, 
1913-1922.

Erbil, H.Y., McHale, G., Rowan S.M., and Newton, M.I. (1999). 
Determination of the receding contact angle of sessile drops on 
polymer surfaces by evaporation. Langmuir, 15,7378-7385.

Garrett, P.R. (1993). The Mode o f action of antifoams, in Defoaming, 
Garrett, P.R. (Ed), Marcel Dekker, New York, 1993.

Gonzalez-Garcia, C.M., Gonzalez-Martin, M.L., Gomez-Serrano,V., Bruque, 
J.M., and Labajos,-Broncano, L. (2000). Determination of the free



35

energy of adsorption on carbon black of nonionic surfactant from 
aqueous solutions. Langmuir. 16,3950-3956.

Good, R.J., and Mitta, K.L. (1993). Contact angle, wetting, and adhesion: A 
critical review. The Netherlands: VSP. Utrecht.

Guy, D.W., Crawford, R.J., and Mainwaring, D.E., (1996). The wetting 
behavior of several organic liquids in water on coal surfaces. Fuel, 75 
(2), 238-242.

Gyorvary, E., Peltonen, J., Linden, M., and Rosenholm, J.B. (1996). 
Reorganization of metal stearate LB films studied by AFM and 
contact angle measurements. Thin Solid Films. 284, 368-372.

Ftarwell, J.H., and Scamehom, J.F. (1993). Adsorption from mixed surfactant 
systems, in Mixed Surfactant Systems. Ogino, K. and Abe, M. (Eds), 
Marcel Dekker, New York.

Janczuk, B., Zdziennicka, A., and Wojcik, พ . (1997). Relationship between 
wetting of teflon by cetyltrimethylammonium bromide solution and 
adsorption. European Polymer Journal, 33, 1093-1098.

Johnson, R.E., and R.H. Dettre. (1993). Wetting of Low-Energy Surfaces, in 
Wettability. Berg, J.c. (Ed.), Marcel Dekker, New York.

Kwok, D.Y., Gietzelt, T., Grundke, K., Jacobasch, FI.J., and Neumann, A.w. 
(1997). Contact angle measurements and contact angle interpretation:
1. Contact angle measurements by axisymmetric drop shape analysis 
and a goniometer sessile drop technique. Langmuir. 13, 2880-2894.

Kwok, D.Y., Lam, C.N. c., Li, A., Leung, A., พน, R-, Mok, E., and Neumann, 
A .W . (1998). Measuring and interpreting contact angles: A complex 
issue. Colloids and Surfaces A: Physicochemical and Engineering 
Aspects, 142,219-235.

Kwok, D.Y, and Neumann, A .w . (1999). Contact angle measurements and 
contact angle interpretation. Advances in Colloid and Interface 
Science, 81, 167-249.

X  A C \^ ? ) ' ^ < 2  7 ๐



36

Lange, K.R. (1994). Detergents and Cleaners: a Handbook for Formulations. 
New York: Hanser/Garder Publications.

Lin, F.Y.H. (1995). The effect of surface heterogeneity on the drop size 
dependence of contact angles. Chemical Engineering Science. 50 
(16), 2633-2639.

Lunkenheimer K. and Wantke, K.D. (1981). Determination o f the surface 
tension of surfactant solutions applying the method o f Lecomte Du 
Nouy (ring tensiometer). Colloid and Polymer Science. 25(93), 354- 
366.

Marmur, A. (1996). Equilibrium contact angles: Theory and measurement. 
Colloids and Surfaces A: Physicochemical and Engineering Aspects. 
116, 55-61.

Miwa, M., Nakajima, A., Fujishima, A., Hashimota, K., and Watanabe, T. 
(2000). Effect of surface roughness on sliding angles o f water 
droplets on superhydrophobic surfaces. Langmuir. 16, 5754-5760.

Mukerjee, p., and Mysel. K.J. (1970). Critical Micelle Concentrations of 
Aqueous Surfactant Systems. Department o f commerce, บ.ร. 
Government: Washington D .c .

Nakae, IT., Inui, R., Hirata, Y.,and Saito, H. (1998). Effect of surface 
roughness on wettability. Acta matter. 46(7), 2313-2318.

Neumaan, A.W., and Good, R.J. (1979). Technique of measuring contact 
angles, in Surfactant and Colloid Science. Good, R.J., and Stronberg 
R.R.(Eds.), New York: Plenum press.

Oner, D., and McCarthy, T.J. (2000). Ultrahydrophobic surfaces. Effect of 
topography length scales on wetability. Langmuir. 16, 7777-7782.

Pitt, A.R., Morley, S.D., Burbidge, N.J., and Quickenden, E.L. (1996). The 
relationship between surfactant structure and limiting values of 
surface tension, in aqueous gelatin solution, with particular regard to



37

multilayer coating. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects. 114, 321-335.

Rathman J.F., and Scamehom, J.F. (1984). Counterion binding on mixed 
micelles. Journal of Physical Chemistry, 88, 5807-5816.

Rodriguez, C.H., Chintasathien, c., Scamehorn, J.F., Saiwan, c., and 
Chavadej, ร. (1998). Precipitation in solution containing mixtures of 
synthetic anionic surfactant and soap. I. effect of sodium octanoate on 
hardness tolerance of sodium dodecyl sulfate. Journal of Surfactant 
and Detergent, 1, 321-328

Rosen, M. J., (1989). Surfactants and Interfacial Phenomena. 2 nd ed., New 
York: John Wiley.

Ruijter, M., Kolsch, P., Voue, M., Coninck, J.D., and Rabe, J.p. (1998). 
Effect of temperature on the dynamic contact angle. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects, 44, 235-243.

Scamehorn, J.F., Schechter R.s, and Wade, W.H.J. (1982). Adsorption on 
mineral oxide surface from aqueous solutions. I: Isomerically pure 
anionic surfactants. Journal of Colloid Interface Science. 85, 463-478.

Serre, c., Wynblatt, p., and Chatain, D. (1998). Study of a wetting-related 
adsorption transition in the GA-Pb system: 1. surface energy 
measurements of Ga-rich liquid. Surface Science, 415, 336-345.

Shanahan , M.E.R. (1995). Simple theory of stick-slip wetting hysteresis. 
Langmuir, 11(3), 1041-1043.

Shiao, S.Y., Chhabra, V., Patist, A., Free, M.L., Huibers, P.D.T., Gregory, A. 
Patel, ร., and Shah, D .o. (1998). Chain length compatibility effects 
in mixed surfactant systems for technological applications. Advances 
in Colliods and Interface science, 74, 1-29.

Smith, S.A., Shiau, B., Harwell, J.H., Scamehorn, J.F., Sabatini, D.A. (1996) 
Performance and chemical stability of a new class of ethoxylated



38

sulfate surfactants in a subsurface remediation application. Colloids 
and Surfaces, 116,225-239.

Somasundaran, p., and Hanna, H .s . (1979). Adsorption of sulfonates on 
reservoir rocks. Journal of Polymer Science and Polymer Physics. 19, 
221-232.

Subrahmanyam, T.V., Prestidge, C.A., and Ralston, J. (1996). Contact angle 
and surface analysis studies o f sphalerite particles. Minerals 
Engineering, 9 (7), 727-741.

Teeters D., Takach, N.E., and Redman, W.A. (1992). Aerobic and anarobic 
three dimensional wetting maps for oil/brine/solid system, in Physical 
Chemistry of Colloids and Interfaces in Oil Production. Toulhoat, H,. 
Lecourtier, J. (Eds.), Paris.

Vogler, E.A. (1998). Structure and reactivity of water at biomaterial surfaces. 
Advance in Colloid and Interface Science, 74, 69-117.

Zettlemoyer, A .c. (1968). Hydrophobic surface. Journal o f Colloid and 
Interface Science, 28, 343-369.

Zisman, W.A. (1964). Contact angle, wettability and adhesion, in Advances 
in Chemistry Series: Vol 43, Gould, R.F (Ed.). American Chemical
Society, Washington DC.



APPENDICES 
APPENDIX A

Experimental Data of Contact Angle Study with Time

Table A1 T h e  a d v a n c in g  c o n t a c t  a n g le  o f  sa tu r a te d  C a C 12 s o lu t io n  c o n t a in in g  

N a D S  a t [ N a D S ]  =  0  m M , s o lu t io n  v o lu m e  =  2 0  | iL .

T im e  ( m in ) A d v a n c in g  c o n t a c t  a n g le  ( 0 A)
0 .0 0 8 2 .3
0 .2 5 8 2 .0
0 .5 0 8 1 .8
1 .0 0 8 1 .7
5 .0 0 8 1 .6

1 0 .0 0 8 1 .4
1 5 .0 0 8 1 .3
2 0 .0 0 8 1 .1

Table A2 T h e  a d v a n c in g  c o n t a c t  a n g le  o f  s a tu r a te d  C a C i2 s o lu t io n  c o n t a in in g  

N a D S  a t [ N a D S ]  =  5 m M , s o lu t io n  v o lu m e  =  2 0  (aL.

T im e  ( m in ) A d v a n c in g  c o n t a c t  a n g le  ( 0 A)

0 .0 0 4 7 .2
0 .2 5 4 7 .0
0 .5 0 4 6 .4
1 .0 0 4 6 .3
5 .0 0 4 6 .3
1 0 .0 0 4 6 .1
1 5 .0 0 4 5 .8
2 0 .0 0 4 5 .5
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Table A3 The advancing contact angle of saturated CaCi2 solution containing
NaDS at [NaDS] = 10 raM, solution volume = 20 fiL.

T im e  ( m in ) A d v a n c in g  c o n t a c t  a n g le  ( 0 A)
0 .0 0 4 0 .5
0 .2 5 4 0 .3
0 .5 0 4 0 .1
1 .0 0 4 0 .0
5 .0 0 3 9 .9

1 0 .0 0 4 0 .0
1 5 .0 0 3 8 .5
2 0 .0 0 3 8 .1

Table A4 T h e  a d v a n c in g  c o n t a c t  a n g le  o f  sa tu r a te d  C a C i2 s o lu t io n  c o n t a in in g  

N a D S  a t [ N a D S ]  =  1 0 0  m M , s o lu t io n  v o lu m e  =  2 0  g L .

T im e  ( m in ) A d v a n c in g  c o n t a c t  a n g le  ( 0 A)

0 .0 0 4 0 .6
0 .2 5 4 0 .1
0 .5 0 3 9 .9
1 .0 0 3 9 .9
5 .0 0 3 9 .8

1 0 .0 0 3 9 .5
1 5 .0 0 3 8 .6
2 0 .0 0 3 8 .1
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APPENDIX B

Experimental Data of Contact angle for mixed surfactant system

Table B1 T h e  c o n t a c t  a n g le  o f  sa tu r a te d  C a C i2 c o n t a in in g  N a D S . .  
[ N a D S ]  =  0  ra M .

V o lu m e  ( p L ) A d v a n c in g  c o n t a c t  a n g le

( 0 a )

R e c e d in g  c o n t a c t  a n g le  

O r )

2 0 8 1 .5 3 1 .0
3 0 8 1 .6 3 5 .1
4 0 8 1 .3 4 8 .5
5 0 8 1 .7 5 2 .4
6 0 8 1 .8 5 9 .6
7 0 8 2 .0 6 9 .0

A v e r a g e 8 1 .7

Table B2 T h e  c o n t a c t  a n g le  o f  s a tu r a te d  C a C i2 c o n t a in in g  N a D S .  
[ N a D S ]  =  0 .5  m M .

V o lu m e  ( | i L ) A d v a n c in g  c o n t a c t  a n g le  

( 0 a )

R e c e d in g  c o n t a c t  a n g le  

( 0 r )

2 0 7 0 .8 2 2 .8
3 0 7 1 .4 3 3 .0
4 0 7 2 .1 4 2 .6
5 0 7 2 .5 4 8 .9
6 0 7 2 .4 5 6 .5
7 0 7 3 .0 6 5 .6

A v e r a g e 7 2 .0
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Table B3 The contact angle of saturated CaC12 containing NaDS.
[NaDS]= 1.0 mM.

V o lu m e  ( |a L ) A d v a n c in g  c o n t a c t  a n g le  

( 0 a )

R e c e d i n g  c o n t a c t  a n g le  

( 0 r )

2 0 6 9 .6 1 5 .4
3 0 7 0 .0 2 3 .1
4 0 6 9 .7 3 3 .6
5 0 6 8 .9 4 1 .4
6 0 7 0 .1 5 3 .2
7 0 6 8 .7 5 8 .2

A v e r a g e 6 9 .5

Table B4 T h e  c o n t a c t  a n g le  o f  s a tu r a te d  C a C i2 c o n t a in in g  N a D S .  
[ N a D S ]  =  1 .5  m M .

V o lu m e  ( | i L ) A d v a n c in g  c o n t a c t  a n g le  

( 0 a )

R e c e d i n g  c o n t a c t  a n g le  

O r )

2 0 6 6 .2 1 4 .9
3 0 6 6 .4 2 2 .9
4 0 6 6 .3 3 2 .7
5 0 6 6 .5 4 0 .6
6 0 6 6 .1 5 4 .0
7 0 6 6 .2 5 7 .6

A v e r a g e 6 6 .3
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Table B5 The contact angle of saturated CaCi2 containing NaDS.
[NaDS] = 2.0 mM.

V o lu m e  ( |u L ) A d v a n c in g  c o n t a c t  a n g le  

( 0 a )

R e c e d in g  c o n t a c t  a n g le  

( O r )

2 0 6 3 .5 5 .1
3 0 6 4 .0 1 5 .4
4 0 6 2 .5 2 6 .2
5 0 6 2 .8 3 6 .1
6 0 6 2 .8 4 3 .3
7 0 6 3 .5 4 6 .0

A v e r a g e 6 3 .2

Table B6 T h e  c o n t a c t  a n g le  o f  s a tu r a te d  C a C  12 c o n t a in in g  N a D S .  
[ N a D S ]  =  2 .5  m M .

V o lu m e  ( f iL ) A d v a n c in g  c o n t a c t  a n g le  

( 0 a )

R e c e d i n g  c o n t a c t  a n g le  

( 0 r )

2 0 6 1 .5 6 .1
3 0 6 1 .2 1 5 .6
4 0 6 1 .1 2 4 .9
5 0 6 0 .9 3 5 .2
6 0 6 1 .3 4 2 .4
7 0 6 1 .2 4 5 .5

A v e r a g e 6 1 .2
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Table B7 The contact angle of saturated CaC)2 containing NaDS.
[NaDS] =3.0 mM.

V o lu m e  ((J.L) A d v a n c in g  c o n t a c t  a n g le

(0a)
R e c e d i n g  c o n t a c t  a n g le  

O r )
2 0 5 9 .0 1 1 .4
3 0 5 8 .8 2 1 .6
4 0 5 9 .4 3 0 .1
5 0 6 0 .2 3 9 .0
6 0 5 8 .9 4 7 .2
7 0 5 8 .7 5 4 .4

A v e r a g e 5 9 .2

Table B8 T h e  c o n t a c t  a n g le  o f  sa tu r a te d  C a C ]2 c o n t a in in g  N a D S .  
[ N a D S ]  =  3 .5  m M .

V o lu m e  ( g L ) A d v a n c in g  c o n t a c t  a n g le

(0a)
R e c e d in g  c o n t a c t  a n g le  

O r )
2 0 5 7 .5 1 2 .1
3 0 5 8 .0 2 2 .4
4 0 5 7 .1 2 9 .5
5 0 5 7 .2 3 8 .8
6 0 5 7 .3 4 6 .5
7 0 5 7 .0 5 1 .1

A v e r a g e 5 7 .4
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Table B9 The contact angle of saturated CaC12 containing NaDS.
[NaDS] = 4.0 raM.

V o lu m e  ( | i L ) A d v a n c in g  c o n t a c t  a n g le

( 0 a )

R e c e d i n g  c o n t a c t  a n g le  

( 0 r )

2 0 5 4 .5 6 .2
3 0 5 3 .9 1 5 .1
4 0 5 4 .5 2 1 .5
5 0 5 4 .8 3 0 .1
6 0 5 3 .6 3 9 .4
7 0 5 5 .0 4 6 .2

A v e r a g e 5 4 .4

Table BIO T h e  c o n t a c t  a n g le  o f  s a tu r a te d  C a C i2 c o n t a in in g  N a D S .  
[ N a D S ]  =  4 .5  m M .

V o lu m e  ( | i L ) A d v a n c in g  c o n t a c t  a n g le  

( 0 a )

R e c e d i n g  c o n t a c t  a n g le  

( 0 r )

2 0 4 9 .5 9 .5
3 0 4 9 .0 1 4 .1
4 0 4 8 .8 2 0 .2
5 0 4 9 .4 3 0 .4
6 0 4 9 .1 3 6 .4

7 0 4 9 .0 4 5 .2
A v e r a g e 4 9 .1



46

Table B l l  The contact angle of saturated CaC)2 containing NaDS.
[NaDS] = 5.0 raM.

V o lu m e  ( |u L ) A d v a n c in g  c o n t a c t  a n g le

( e A)

R e c e d i n g  c o n t a c t  a n g le  

O r)
2 0 4 6 .8 6 .1
3 0 4 6 .1 1 2 .4
4 0 4 6 .3 1 7 .3
5 0 4 6 .5 2 6 .0
6 0 4 6 .2 3 2 .2
7 0 4 6 .6 3 9 .1

A v e r a g e 4 6 .3

Table B12 T h e  c o n t a c t  a n g le  o f  sa tu r a te d  C a C |2 c o n t a in in g  N a D S .  
[ N a D S ]  =  5 .5  ra M .

V o lu m e  ( | i L ) A d v a n c in g  c o n t a c t  a n g le

( 6 a )

R e c e d i n g  c o n t a c t  a n g le  

O r )
2 0 4 3 .6 5 .5
3 0 4 3 .5 1 1 .2

4 0 4 2 .9 1 4 .1

5 0 4 3 .0 2 0 .8
6 0 4 2 .9 2 9 .9

7 0 4 3 .9 3 5 .6

A v e r a g e 4 3 .3
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Table B13 The contact angle of saturated CaCi2 containing NaDS.
[NaDS] = 6.0 mM.

V o lu m e  ( |u L ) A d v a n c in g  c o n t a c t  a n g le

( 0 a )

R e c e d in g  c o n t a c t  a n g le  

( O r )

2 0 4 0 .5 5 .1
3 0 4 0 .1 1 0 .4
4 0 3 9 .8 1 3 .2
5 0 3 9 .5 2 0 .5
6 0 4 0 .8 2 9 .6
7 0 4 0 .1 3 3 .3

A v e r a g e 4 0 .1

Table B14 T h e  c o n t a c t  a n g le  o f  sa tu r a te d  C a C i2 c o n t a in in g  N a D S .  
[ N a D S ]  =  6 .5  m M .

V o lu m e  ( | i L ) A d v a n c in g  c o n t a c t  a n g le

( 0 a )

R e c e d in g  c o n t a c t  a n g le  

( 0 r )

2 0 3 7 .0 5 .7
3 0 3 5 .9 1 1 .1
4 0 3 6 .0 1 4 .2
5 0 3 6 .5 2 0 .5
6 0 3 5 .9 2 8 .8

7 0 3 6 .4 3 4 .0
A v e r a g e 3 6 .3
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Table B15 The contact angle of saturated CaCi2 containing NaDS.
[NaDS] =7.0 mM.

V o lu m e  (fa L ) A d v a n c in g  c o n t a c t  a n g le  

( B a )

R e c e d in g  c o n t a c t  a n g le  

( O r )

2 0 3 6 .5 3 .1
3 0 3 7 .2 5 .5
4 0 3 7 .1 1 0 .2
5 0 3 6 .8 1 9 .4
6 0 3 6 .5 2 1 .0
7 0 3 7 .0 2 9 .1

A v e r a g e 3 6 .9

Table B16 T h e  c o n t a c t  a n g le  o f  s a tu r a te d  C a C ]2 c o n t a in in g  N a D S .  
[ N a D S ]  =  7 .5  m M .

V o lu m e  ( | i L ) A d v a n c in g  c o n t a c t  a n g le

(B a )

R e c e d i n g  c o n t a c t  a n g le  

(O r )

2 0 3 6 .8 4 .4
3 0 3 7 .8 9 .5
4 0 3 6 .8 1 2 .1

5 0 3 7 .2 2 0 .3
6 0 3 7 .6 2 1 .5
7 0 3 6 .8 3 0 .0

A v e r a g e 3 7 .2
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Table B17 The contact angle of saturated CaCI2 containing NaDS.
[NaDS] = 8.0 raM.

V o lu m e  ( f iL ) A d v a n c in g  c o n t a c t  a n g le  

( 0 a )

R e c e d i n g  c o n t a c t  a n g le  

( 0 r )

2 0 3 8 .0 4 .5
3 0 3 7 .7 8 .3
4 0 3 6 .5 1 6 .2
5 0 3 6 .9 2 1 .2
6 0 3 7 .0 2 8 .1
7 0 3 6 .7 3 1 .0

A v e r a g e 3 7 .1

Table B18 T h e  c o n t a c t  a n g le  o f  s a tu r a te d  C a C i2 c o n t a in in g  N a D S .  
[ N a D S ]  =  8 .5  m M .

V o lu m e  ( | i L ) A d v a n c in g  c o n t a c t  a n g le

( 0 a )

R e c e d in g  c o n t a c t  a n g le  

( 0 r )

2 0 3 7 .5 4 .6
3 0 3 7 .8 9 .6

4 0 3 7 .1 1 3 .4

5 0 3 7 .6 2 1 .5
6 0 3 7 .0 2 3 .6

7 0 3 7 .5 3 2 .4

A v e r a g e 3 7 .4
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Table B19 The contact angle of saturated CaC]2 containing NaDS.
[NaDS] = 9.0 mM.

V o lu m e  ( f iL ) A d v a n c in g  c o n t a c t  a n g le  

( 0 a )

R e c e d i n g  c o n t a c t  a n g le  

( 0 r )

2 0 3 8 .5 6 .1
3 0 3 8 .9 1 0 .2
4 0 3 7 .5 1 8 .1
5 0 3 7 .8 2 2 .0
6 0 3 8 .2 3 0 .0
7 0 3 8 .2 3 6 .1

A v e r a g e 3 8 .2

Table B20 T h e  c o n t a c t  a n g le  o f  sa tu r a te d  C a C i2 c o n t a in in g  N a D S .  
[ N a D S ]  =  9 .5  m M .

V o lu m e  ( |aL ) A d v a n c in g  c o n t a c t  a n g le

( 0 a )

R e c e d i n g  c o n t a c t  a n g le  

( 0 r )

2 0 3 9 .4 7 .0
3 0 3 9 .5 1 1 .4
4 0 3 9 .2 1 9 .2
5 0 3 9 .1 2 1 .9
6 0 3 9 .3 3 0 .4
7 0 3 9 .2 3 5 .1

A v e r a g e 3 9 .3

I
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Table B21 The contact angle of saturated CaC 12 containing NaDS.
[NaDS] =10.0 mM.

V o lu m e  ( } iL ) A d v a n c in g  c o n t a c t  a n g le

O a )

R e c e d in g  c o n t a c t  a n g le

O r )

2 0 4 1 .0 6 .8
3 0 4 0 .1 9 .9
4 0 3 9 .9 1 6 .4
5 0 3 9 .7 2 3 .2
6 0 3 9 .6 2 8 .5
7 0 3 9 .9 3 0 .0

A v e r a g e 4 0 .0

Table B22 T h e  c o n t a c t  a n g le  o f  s a tu r a te d  C a C )2 c o n t a in in g  N a D S .  
[ N a D S ]  =  1 1 .0  m M .

V o lu m e  ( f iL ) A d v a n c in g  c o n t a c t  a n g le  

(B a )

R e c e d in g  c o n t a c t  a n g le

O r)
2 0 4 0 .2 6 .4
3 0 4 0 .1 1 0 .5
4 0 3 9 .7 1 7 .2
5 0 4 0 .1 2 2 .8
6 0 3 9 .9 2 8 .8
7 0 3 9 .9 3 0 .4

A v e r a g e 4 0 .0
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Table B23 The contact angle of saturated CaC|2 containing NaDS.
[NaDS] =12.0 mM.

V o lu m e  ( |u L ) A d v a n c in g  c o n t a c t  a n g le

( 0 a )

R e c e d in g  c o n t a c t  a n g le  

( 0 r )

2 0 4 0 .0 6 .1
3 0 4 0 .5 9 .6
4 0 4 0 .3 1 5 .9
5 0 3 9 .5 2 4 .0
6 0 3 9 .8 2 9 .1
7 0 4 0 .3 3 1 .0

A v e r a g e 4 0 .1

Table B24 T h e  c o n t a c t  a n g le  o f  sa tu r a te d  C a C i2 c o n t a in in g  N a D S .  
[ N a D S ]  =  1 3 .0  m M .

V o lu m e  ( f iL ) A d v a n c in g  c o n t a c t  a n g le

( 0 a )

R e c e d in g  c o n t a c t  a n g le  

( 0 r )

2 0 4 0 .1 6 .5
3 0 4 0 .0 1 0 .2
4 0 3 9 .9 1 6 .4
5 0 3 9 .8 2 5 .5
6 0 4 0 .0 3 0 .1
7 0 4 0 .3 3 1 .5

A v e r a g e 4 0 .0
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Table B25 The contact angle of saturated CaC]2 containing NaDS.
[NaDS] =14.0 mM.

V o lu m e  ( f iL ) A d v a n c in g  c o n t a c t  a n g le

( 0 a )

R e c e d i n g  c o n t a c t  a n g le  

( 0 r )

2 0 4 0 .0 5 .9
3 0 4 0 .1 1 2 .4
4 0 4 0 .3 2 2 .1
5 0 4 0 .2 3 0 .1
6 0 4 0 .4 3 0 .5
7 0 3 9 .9 3 5 .4

A v e r a g e 4 0 .0

Table B26 T h e  c o n t a c t  a n g le  o f  s a tu r a te d  C a C i2 c o n t a in in g  N a D S .  
[ N a D S ]  =  1 5 .0  m M .

V o lu m e  ( | i L ) A d v a n c in g  c o n t a c t  a n g le  

( 0 a )

R e c e d i n g  c o n t a c t  a n g le  

( 0 ๗
2 0 4 0 .0 5 .9
3 0 4 1 .1 1 0 .0
4 0 3 9 .4 1 5 .6
5 0 3 9 .5 2 3 .4
6 0 4 0 .5 2 9 .3
7 0 4 0 .1 3 1 .4

A v e r a g e 4 0 .1
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Table B27 T h e  c o n t a c t  a n g le  o f  s a tu r a te d  C a C i2 c o n t a in in g  N a D S .  
[ N a D S ]  =  2 0 .0  r a M .

V o lu m e  ( |a L ) A d v a n c in g  c o n t a c t  a n g le  

( 0  a )

R e c e d i n g  c o n t a c t  a n g le  

( O r )

2 0 4 0 .4 6 .4
3 0 4 0 .2 1 1 .5
4 0 3 9 .9 1 6 .2
5 0 4 0 .0 2 1 .8
6 0 3 9 .9 2 9 .9
7 0 4 0 .6 3 1 .6

A v e r a g e 4 0 .2
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Table B28 T h e  a v e r a g e  a d v a n c in g  c o n t a c t  a n g le  o f  s a tu r a te d  C a C (2 w ith  

v a r y in g  N a D S  c o n c e n t r a t io n .

N a D S  c o n c e n t r a t io n  ( m M ) A d v a n c in g  c o n t a c t  a n g le  ( 0 A)

0 .0 8 1 .7
0 .5 7 2 .0
1 .0 6 9 .5
1 .5 6 6 .3
2 .0 6 3 .2
2 .5 6 1 .2
3 .0 5 9 .2
3 .5 5 7 .4
4 .0 5 4 .4
4 .5 4 9 .1
5 .0 4 6 .3
5 .5 4 3 .3
6 .0 4 0 .1
6 .5 3 6 .3
7 .0 3 6 .9
7 .5 3 7 .2
8 .0 3 7 .1
8 .5 3 7 .4

9 .0 3 8 .2

9 .5 3 9 .3
1 0 .0 4 0 .0
1 1 .0 4 0 .0
1 2 .0 4 0 .1
1 3 .0 4 0 .0



N a D S  c o n c e n t r a t io n  ( m M ) A d v a n c in g  c o n t a c t  a n g le  ( 0 A)

1 4 .0 4 0 .0
1 5 .0 4 0 .1
2 0 .0 4 0 .2
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Experimental Data of the CMC of Aqueous Solution of NaDS and 
Saturated CaC12 Solution with NaDS.

Table C l T h e  m e a s u r e d  l iq u id /v a p o r  s u r f a c e  t e n s io n  o f  m ix e d  s o lu t io n  o f  

s a tu r a te d  C a C ) 2 a n d  N a D S  a n d  a q u e o u s  s o lu t io n  o f  N a D S  a s  a  f u n c t io n  o f  

N a D S  c o n c e n t r a t io n .

APPENDIX c

N a D S  c o n c e n t r a t io n  

( m M )

S u r fa c e  t e n s io n  o f  

a q u e o u s  s o lu t io n  o f  N a D S  

( m N /m )

S u r f a c e  t e n s io n  o f  

m ix e d  s u r f a c t a n t , Y l v  

( m N / m )
0 6 3 .2 5 9 .0

0 .5 5 9 .9 5 7 .2
1 .0 5 9 .7 5 4 .0
1.5 5 3 .2 5 0 .2
2 .0 5 2 .7 4 5 .0
2 .5 5 0 .1 4 1 .5
3 .0 4 6 .1 3 7 .0
3 .5 4 2 .6 3 5 .9
4 .0 4 0 .9 3 4 .2
4 .5 3 9 .5 3 3 .7
5 .0 3 8 .4 3 2 .5
5 .5 3 7 .0 3 1 .0
6 .0 3 6 .0 3 0 .6
6 .5 3 5 .5 3 0 .1
7 .0 3 6 .0 3 0 .3
7 .5 3 5 .0 3 0 .8
8 .0 3 4 .7 3 1 .0
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N a D S  c o n c e n t r a t io n  

( m M )

S u r f a c e  t e n s io n  o f  

a q u e o u s  s o lu t io n  o f  N a D S  

( m N /r a )

S u r f a c e  t e n s io n  o f  

m ix  s u r f a c t a n t , y LV 

(m N /r n )
8 .5 3 4 .8 3 1 .1
9 .0 3 5 .0 3 1 .2
9 .5 3 5 .4 3 1 .0
1 0 .0 3 5 .8 3 1 .4
1 1 .0 3 5 .5 3 2 .1
1 2 .0 3 4 .4 3 2 .5
1 3 .0 3 5 .1 3 2 .5

1 4 .0 3 5 .2 3 2 ,6
1 5 .0 3 6 .8 3 2 .8
2 0 .0 3 5 .7 3 2 .5

I

*
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APPENDIX D

The Experimental Data of NaDS Adsorption Study

T h e  s u r f a c e  c o n c e n t r a t io n  r s, in  m ic r o m o le s /m 2, o f  th e  s u r f a c ta n t  c a n  

b e  c a lc u la t e d  w h e n  as, th e  s u r f a c e  a r e a  p e r  u n it  m a s s  o f  th e  s o l i d  a d s o r b e n t ,  in  

m 2/ g ,  ( t h e  s p e c i f i c  s u r f a c e  a r e a ) ,  i s  k n o w n  ( R o s e n ,  1 9 8 9 ) .

p ( C j - C j v
a s X m

w h e r e  Cj i s  t h e  m o la r  c o n c e n t r a t io n  ,in  m o le s / l i t e r ,  o f  t h e  s o lu t io n  b e f o r e  

a d s o r p t io n ,  Ce is  m o la r  c o n c e n t r a t io n  o f  s u r fa c ta n t  a t a d s o r p t io n  e q u i l ib r iu m ,  
a n d  V  is  th e  v o lu m e  o f  th e  s o lu t io n ,  in  l ite r s .

W e ig h t  o f  p r e c ip i t a t e  C a C ]2 ( m )  

S u r f a c e  a r e a  o f  C a C )2 p r e c ip i t a t e  (a s)  

V o lu m e  o f  m i x  s u r fa c ta n t  s o lu t io n  ( V )  

T e m p e r a tu r e

= 0.5 g  

= 3.457 g /m 2 

=  2 0  m L  

= 30 °c

Table D l. A d s o r p t io n  o f  N a D S  o n  C a C )2 w i t h  e q u i l ib r iu m  N a D S  

c o n c e n t r a t io n .

I n i t ia l  N a D S  

c o n c e n t r a t io n  

( m M )

E q u i l ib r iu m  N a D S  

c o n c e n t r a t io n  

( m M )

N a D S  a d s o r p t io n  

( p m o l e / g )

N a D S  a d s o r p t io n  

( f i m o le /m 2)

1 .0 0 .6 5 1 3 .9 9 4 .0 5
1 .5 0 .9 5 2 2 .0 2 6 .3 7
2 .0 1 .4 3 2 2 .9 9 6 .6 5
2 .5 1 .7 4 3 0 .6 0 8 .8 5
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In itia l N aD S  
c o n c e n tra tio n  

(m M )

E q u ilib riu m  N aD S  
c o n c e n tra tio n  

(m M )

N aD S  a d so rp tio n  
(p m o le /g )

N a D S  a d so rp tio n  
(p m o le /m 2)

3 .0 2 .2 6 3 1 .3 9 9 .0 8
3.5 2 .67 33 .07 9 .5 6
4 .0 3 .0 0 4 0 .0 4 11.58
4.5 3.55 3 8 .0 9 11.02
5.0 3 .97 4 1 .5 0 12.01
5.5 4 .2 2 51.13 14.79
6.0 4 .5 9 56 .49 16.34
6.5 4 .8 7 65 .3 7 18.91
7.0 5.45 6 2 .0 8 17.96
7.5 5 .80 6 7 .8 0 19.61
8.0 6 .2 4 7 0 .5 9 2 0 .4 2
8.5 6 .78 68.86 19.92
9 .0 7 .30 68.02 19.68
9.5 7.75 7 0 .2 0 20.31
10.0 8.16 7 3 .4 9 2 1 .2 6
20.0 15.58 176.69 51.11
30 .0 20.88 3 6 4 .4 0 105.41
4 0 .0 2 6 .8 9 5 2 4 .47 151.71
50.0 32.31 707 .63 2 0 4 .7 0
6 0 .0 3 6 .7 6 9 2 9 .3 7 2 6 8 .8 4
70.0 4 2 .9 4 1082 .29 3 1 3 .0 7
80.0 4 5 .0 0 1399 .20 4 0 4 .7 4
9 0 .0 48.01 1679 .56 4 8 5 .8 4
100.0 4 9 .1 4 2 0 3 4 .5 7 5 8 8 .5 4



A P P E N D I X  E

Correlation of Measured Contact Angle and Liquid/Vapor Surface 
Tension to Young’s Equation and Calculation of Solid/Liquid Surface 
Tension.

Table E 1 T h e  c o n ta c t a n g le  as a  fu n c tio n  o f  re c ip ro c a l o f  liq u id /v a p o r  
su rfa c e  te n s io n .

C o s 0 A 1/Ylv (m /m N )
0 .1 4 4 4 0 .0 1 6 9
0 .2 4 7 0 0 .0 1 7 5
0 .3 5 0 2 0 .0 1 8 5
0 .3 9 8 7 0 .0 1 9 9
0 .4 5 0 9 0.0222
0 .4 9 2 4 0 .0 .241
0 .5 1 2 0 0 .0 .2 7 0
0 .5 6 7 8 0 .0 2 7 9
0 .5821 0 .0 2 9 2
0 .6 5 4 7 0 .0 2 9 7
0 .6 9 0 9 0 .0 3 0 8
0 .7 2 7 8 0 .0 3 2 3
0 .7 6 4 9 0 .0 3 2 7
0 .8 0 5 9 0 .0 3 3 2
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Table E2 T h e  re d u c tio n  o f  so lid /liq u id  su rfa c e  te n s io n  as a fu n c tio n  o f  N aD S  
c o n c e n tra tio n  an d  N a D S  ad so rp tio n .

N aD S  c o n c e n tra tio n  
(m M )

N aD S  a d so rp tio n  
(p m o l/g )

Ysl° - Ysl 
(m N /m )

0.0 - 0.0
0.5 - -1 .8
1.0 14 .72064 -5 .0
1.5 2 3 .0 1 8 7 3 -8 .8
2.0 2 4 .1 3 8 0 3 -1 4 .0
2.5 3 2 .1 1 4 3 6 -1 7 .5
3 .0 3 2 .9 2 1 1 5 -2 2 .0
3.5 3 4 .7 7 9 5 2 -23 .1
4 .0 4 2 .0 5 9 3 7 -2 4 .8
4.5 3 9 .7 0 2 7 9 -2 5 .3
5.0 4 3 .5 4 5 4 9 -2 6 .5
5.5 53 .65271 -2 8 .0
6.0 5 8 .9 3 1 1 4 -2 8 .4
6.5 6 8 .4 9 4 6 3 -2 8 .9
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