
42

REFERENCES

Acosta, E.J. (2008). The HLD-NAC equation o f state for microemulsions 
formulated with nonionic alcohol ethoxylate and alkylphenol ethoxylate 
surfactants. Colloids and Surfaces. In Press.

Chai, J., Li, G., Zhang. G., Lu, J., and Wang, z . (2003). Studies on the phase 
behavior o f the system APG/alcohol/alkane/H20 with fishlike diagrams. 
Colloids and Surfaces. 231, 173-180.

Chai, J., Zhao, J., Gao, Y., Yang, X., and พน, c .  (2007). Studies on the phase 
behavior o f the microemulsions formed by sodium dodecyl sulfonate, 
sodium dodecyl sulfate and sodium dodecyl benzene sulfonate with a novel 
fishlike phase diagram. Colloids and Surfaces. 302, 31-35.

Chavadej, ร., Phoochinda, พ ., Yanatatsaneejit, บ., and Scamehom, J.F. (2004) 
Clean-up o f Oily Wastewater by Froth Flotation: Effect o f Microemulsion 
Formation III: Use o f Anionic/Nonionic Surfactant Mixtures and Effect o f  
Relative Volumes o f Dissimilar Phases. Separation Science and 
Technology, 39, 3021-3036.

Chavadej, ร., Ratanarojanatam, p., Phoochinda, พ ., Yanatatsaneejit, บ., and 
Scamehom, J.F. (2004) Clean-up o f Oily Wastewater by Froth Flotation: 
Effect o f Microemulsion Formation II: Use o f Anionic/Nonionic Surfactant 
Mixtures. Separation Science and Technology, 39, 3003-3020.

Clarence, A.M., and Neogi, p. (1985). Interfacial Phenomena: Equilibrium and 
Dynamic Effects. New York: Marcel Dekker.

Feng, D. and Aldrich, c .  (2000) Removal o f Diesel from Aqueous Emulsions by 
Flotation. Separation Science and Technology, 35, 2159-2172.

Holmberg, K., Shah, D.O., and Schwuger, M.J. (2002). Handbook o f Applied 
Surface and Colloid Chemistry. England: John Wiley & Sons Ltd.

Holmberg, K., Jonsson, B., Kronberg, B., and Lindman, B. (2003). Surfactants and 
Polymers in Aqueous Solution. England: John Wiley & Sons Ltd.

Lee, J., and Lim, K. (2005). Changes in two-phase emulsion morphology in 
temperature-amphiphile concentration or fish diagram for ternary



43

amphiphile/oil/water systems. Journal o f Colloid and Interface Science, 
290, 241-249.

Mitra, R.K., and Paul B.K. (2005). Effect o f temperature and salt on the phase 
behavior o f nonionic and mixed nonionic-ionic microemulsions with fish
tail diagrams. Journal o f Colloid and Interface Science, 291, 550-559.

Myers, D. (1999) Surfaces, Interfaces, and Colloids. New York: John Wiley & 
Sons, Inc.

Phoochinda, พ . (1997). Removal o f Emulsified Oil from Wastewater Using Froth 
Flotation. M.s. Thesis in the Petrochemical Technology, The Petroleum 
and Petrochemical College, Chulalongkom University.

Piispanen, P.S., Persson, M., Claesson, p., and Norin, T. (2004). Surface properties 
o f surfactants derived from natural products. Part 1: syntheses and 
structure/property relationships— solubility and emulsification. Journal o f  
Surfactants and Detergents, 7(2), 147-159.

Ratanarojanatam, p. (1997). Clean-Up o f  Oily Waste Water by Froth Flotation: 
Effect o f Microemulsion Formation by Surfactant Mixtures. M.s. Thesis in 
the Petrochemical Technology, The Petroleum and Petrochemical College, 
Chulalongkom University.

Rosen, M.J. (2004). Surfactants and Interfacial Phenomena. New Jersey: John 
Wiley & Sons.

Sharma, M.K. (1991). Particle Technology and Surface Phenomena. New York: 
Wiley.

Schramm, F.L. (2005). Emulsions, Foams, and Suspensions Fundamentals and 
Applications. Germany: WIFEY-VCH Verlag GmbH & Co.

Tadros, T.F., (2005). Applied Surfactants Principles and Applications. Germany: 
WIFEY-VCH Verlag GmbH & Co.

Tungsubutra, T., and Miller, C.A. (1992) Equilibrium and dynamic behavior o f a 
system containing C12E6, water, triolein and oleyl alcohol. In Friberg, S.E., 
and Linman, B. (Eds.). Organized Solutions. New York: Marcel Dekker.

Winsor, P.A. (1968). Binary and multicomponent solutions o f amphiphillic 
compounds, solubilization and the formation, structure, and theoretical 
significance o f liquid crystalline solution. Chemical Reviews, 68(1), 1-40.



44

พน, B., Cheng, H., Childs, J.D., and Sabatani, D.A. (2000) Surfactant-enhanced 
removal o f hydrophobic oil contamination. In Smith, J.A., and Bums, S.E. 
(Eds.). Physicochemical Ground Water Remediation. New York: Plenum.

Yang, X., Li, H., Chai, J., Gao, Y., Chen, J., and Lou, A. (2008). Phase behavior 
studies o f quaternary systems containing A-lauroyl-A- 
methylglucamide/alcohol/alkane/water. Journal o f Colloid and Interface 
Science, 320, 283-289.

Zhao, z., Bi, c., Li, z., Qiao, พ ., and Cheng, L. (2005) Interfacial tension between 
crude oil and decylmethylnaphthalene sulfonate surfactant alkali-free 
flooding Journal o f Colloid and Interface Science, 276, 186-191.

Zhu, Y., Xu, G., Gong, H., พน, D., and Wang, Y. (2009) Production of ultra-low 
interfacial tension between crude oil and mixed brine solution o f Triton X- 
100 and its oligomer Tyloxapol with cetyltrimethylammonium bromide 
induced by hydrolyzed polyacrylamide. Journal o f Colloid and Interface 
Science, 332, 90-97.

Zoller, บ., (2004). Handbook o f Detergents - Part B: Environmental Impact.
Newyork: Marcel Dekker.



45

APPENDICES

Appendix A Experimental Data of Solubilization Parameter (SP)

1. Solubilization Parameter (SP)
T h e  S o lu b iliz a tio n  p a ra m e te r  (S P ) o f  each  p h a se  o f  m ic ro e m u ls io n  is 

in te rp re ted  by  th e  fo llo w in g  fo rm u la tio n :
O il- in -w a te r  m ic ro e m u ls io n  p h ase  (W in so r  ty p e  I):

S P w J m
S P o  =  < O 5 - J * 1 0  

M s
M id d le  m ic ro e m u ls io n  p h ase  (W in so r  ty p e  III):

( 0 . 5 - พ ุ, )  » i 0  
M s

(Q j-K o n o
M s

W a te r-in -o il (w /o ) m ic ro e m u ls io n  p h a se  (W in so r  ty p e  II)
^ = ( 0 .5 - E w ) M 0

S P o  =
M s

0 .5 * 1 0
M s

w h ere
S P w  =  so lu b iliz a tio n  p a ra m e te r  o f  w a te r
S P o  =  so lu b iliz a tio n  p a ra m e te r  o f  o il
V w  =  v o lu m e  o f  w a te r  so lu b iliz e d  in  th e  m ic e lla r  so lu tio n
V o  =  v o lu m e  o f  oil so lu b iliz e d  in  th e  m ic e lla r  so lu tio n
M s =  to ta l m a ss  o f  su rfa c ta n t in  th e  m ic e lla r  so lu to n



Table A l Solubilization parameter (SP) o f AE3/n-butanol/motor oil/water system with a = 0.5 at 20 °c

% A E 3
(w t.% )

w t.A E 3
(g)

% b u t
(% w t/v o l)

w t.b u t
(g)

w t.to ta l
M s(g )

p h a se  h e ig h t (m m ) to ta l 3 
p h a se (m m ) V w V o S P w S pow a te r m id d le o il

5 0 .2 5 0 6 1 2 0 .6 0 2 7 0 .8 5 3 3 26.01 0 41 67.01 0 .3881 0 .6 1 1 8 1 .3107 5 .8 5 9 5
1 0 0 .5 0 0 7 1 2 0 .6 0 2 7 1 .1034 19.99 0 4 7 .1 8 6 7 .1 7 0 .2 9 7 6 0 .7 0 2 3 1 .8342 4 .5 3 1 4
15 0 .7 5 0 4 1 2 0 .6 0 2 7 1.3531 13.75 2 2 .7 9 30 .8 6 7 .3 4 0 .2041 0 .4 5 7 3 2 .1861 0 .3 1 4 9
2 0 1.0003 1 2 0 .6 0 2 7 1 .6030 7 .96 3 5 .0 7 2 4 .2 2 67 .25 0 .1 1 8 3 0 .3601 2 .3 8 0 7 0 .8 7 2 4
25 1 .2509 1 2 0 .6 0 2 7 1 .8536 4 .4 7 4 7 .4 6 15.48 67.41 0 .0 6 6 3 0 .2 2 9 6 2 .3 3 9 7 1 .4585
30 1.5009 1 2 0 .6 0 2 7 2 .1 0 3 6 5 6 .3 2 0 11.04 6 7 .3 6 0 .8361 0 .1 6 3 8 2 .3 7 6 8 1 .5977
35 1.7515 1 2 0 .6 0 2 7 2 .3 5 4 2 6 0 .3 4 0 6 .4 4 6 6 .7 8 0 .9 0 3 5 0 .0 9 6 4 2 .1 2 3 8 1 .7142
40 2 .0015 1 2 0 .6 0 2 7 2 .6 0 4 2 61 .43 0 5 .34 6 6 .7 7 0 .9 2 0 0 0 .0 7 9 9 1 .9199 1 .6128

Table A2 S o lu b iliz a tio n  p a ra m e te r  (S P ) o f  A E 3 /n -b u ta n o l/m o to r  o il/w a te r  sy s te m  w ith  a  =  0 .5 a t 30  °c
% A E 3
(w t.% )

w t.A E 3
(g)

% b u t
(% w t/v o l)

w t.b u t
(g)

w t.to ta l
M s(g )

p h a se  h e ig h t (m m ) to ta l 3 
p h a se (m m ) V w V o S P w S pow a te r m id d le o il

5 0 .2 5 0 2 1 2 0 .6 0 2 7 0 .8 5 2 9 2 7 .6 6 0 3 9 .73 6 7 .3 9 0 .4 1 0 4 0 .5 8 9 6 1 .0500 5 .8 6 2 3
1 0 0.5001 1 2 0 .6 0 2 7 1 .1028 2 2 .83 0 4 5 .4 6 6 8 .2 9 0 .3 3 4 3 0 .6 6 5 7 1 .5024 4 .5 3 3 9
15 0 .7505 1 2 0 .6 0 2 7 1 .3532 16.77 23.21 2 8 .2 5 68 .23 0 .2 4 5 8 0 .4 1 4 0 1 .8786 0 .6 3 5 2
2 0 1.0008 1 2 0 .6 0 2 7 1 .6035 13.03 3 2 .4 9 2 2 . 2 6 7 .7 2 0 .1 9 2 4 0 .3 2 7 8 1 .9182 1 .0738
25 1.2511 1 2 0 .6 0 2 7 1 .8538 9 .58 4 7 .7 6 10 .09 67 .43 0 .1421 0 .1 4 9 6 1 .9308 1 .8900
30 1.5009 1 2 0 .6 0 2 7 2 .1 0 3 6 6 .74 54 .86 6 .5 6 6 8 .1 6 0 .0 9 8 9 0 .0 9 6 2 1 .9068 1 .9194
35 1.7510 1 2 0 .6 0 2 7 2 .3 5 3 7 4 .0 9 59 .23 4 .28 6 7 .6 0 0 .0 6 0 5 0 .0 6 3 3 1.8673 1.8553
40 2 .0015 1 2 0 .6 0 2 7 2 .6 0 4 2 65 .25 0 3 .2 4 6 8 .4 9 0 .9 5 2 7 0 .0473 1 .9200 1 .7383
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Table A3 Solubilization parameter (SP) o f AE3/n-butanol/motor oil/water system with a = 0.5 at 40 ๐c
% A E 3
(w t.% )

w t.A E 3
(g)

% b u t
(% w t/v o l)

w t.b u t
(g)

w t.to ta l
M s(g )

p h a se  h e ig h t (m m ) to ta l 3 
p h a se (m m ) V w V o S P w S pow a te r m id d le o il

5 0 .2 5 0 5 1 2 0 .6 0 2 7 0 .8 5 3 2 27 0 3 9 .8 4 6 6 .8 4 0 .4 0 3 9 0 .5961 1 .1257 5 .8603
1 0 0 .5 0 0 2 1 2 0 .6 0 2 7 1 .1029 2 2 .6 2 0 4 4 .5 6 67 .18 0 .3 3 6 7 0 .6633 1.4805 4 .5 3 3 5
15 0 .7 5 0 9 1 2 0 .6 0 2 7 1 .3536 19.07 19 .14 2 9 .2 9 67 .5 0 .2 8 2 5 0 .4 3 3 9 1 .6066 0 .4881
2 0 1 .0007 1 2 0 .6 0 2 7 1 .6034 17.64 37 .5 13.58 6 8 .7 2 0 .2 5 6 7 0 .1 9 7 6 1 .5174 1 .8859
25 1.2508 1 2 0 .6 0 2 7 1 .8535 14.44 4 8 .5 4 6.5 6 9 .4 8 0 .2 0 7 8 0 .0 9 3 6 1.5763 2 .1 9 2 9
30 1.501 1 2 0 .6 0 2 7 2 .1 0 3 7 10.5 50 .98 7 .07 68 .55 0 .1 5 3 2 0 .1031 1 .6486 1 .8865
35 1 .7509 1 2 0 .6 0 2 7 2 .3 5 3 6 8.38 53 .2 6 .40 67 .98 0 .1 2 3 3 0 .0941 1 .6006 1 .7244
40 2 . 0 0 1 2 1 2 0 .6 0 2 7 2 .6 0 3 9 6 5 .4 2 0 2 .98 6 8 .4 0 0 .9 5 6 4 0 .0 4 3 6 1.9201 1 .7529

Table A4 S o lu b iliz a tio n  p a ra m e te r  (S P ) o f  A E 3 /M E S /n -b u ta n o l/m o to r  o il/w a te r  sy s te m  w ith  0 % N a C l, a  =  0.5 a t 30  °c

% M ix ed
(w t.% )

w t.A E 3
(g)

w t.M E S
(g)

% b u t
(% w t/v o l)

w t.b u t
(g)

w t.to ta l 
M s (g)

p h a se  h e ig h t (m m ) to ta l 3 
p h a se  
(m m ) V w V o S P w Spow a te r m id d le o il

5 0 .2455 0 .0368 16 0 .8041 1 .0546 2 6 .4 6 0 4 2 .9 2 6 9 .3 8 0 .3 8 1 4 0 .6 1 8 6 1 .1248 4 .7 4 1 2
1 0 0 .4 9 0 6 0 .0 7 3 6 16 0 .8041 1 .3048 2 3 .0 2 0 4 5 .5 9 68.61 0 .3 3 5 5 0 .6 6 4 5 1 .2606 3 .8 3 2 0
15 0 .7 3 6 2 0 .1 1 0 4 16 0 .8041 1 .5549 18.35 18.83 31 .83 69.01 0 .2 6 5 9 0 .4 6 1 2 1 .5055 0 .2493
2 0 0 .9 8 0 8 0.1471 16 0 .8041 1 .8044 1 2 . 8 6 25.81 30 .65 6 9 .3 2 0 .1 8 5 5 0 .4 4 2 2 1 .7428 0 .3 2 0 6
25 1.2268 0 .1840 16 0.8041 2 .0 5 5 4 9 .66 3 6 .4 2 2 2 .8 2 6 8 .9 0 0 .1 4 0 2 0 .3 3 1 2 1.7505 0 .8 2 1 2
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Table A5 Solubilization parameter (SP) o f AE3/MES/n-butanol/motor oil/water system with 3%NaCl, a = 0.5 at 30 °c

% M ix e d
(w t.% )

w t.A E 3
(g)

w t.M E S
(g)

% b u t
(% w t/v o l)

w t.b u t
(g)

w t.to ta l 
M s (g)

p h a se  h e ig h t 1m m ) to ta l 3 
p h a se  
(m m ) V w V o S P w S pow a te r m id d le o il

5 0 .2 4 5 4 0 .0 0 5 0 16 0 .8041 1 .0545 2 6 .1 5 0 42.41 6 8 .5 6 0 .3 8 1 4 0 .6 1 8 6 1 .1245 4 .7 4 1 6
1 0 0 .4901 0 . 0 1 0 1 16 0 .8041 1 .3043 2 2 .3 9 0 4 6 .5 0 6 8 .8 9 0 .3 2 5 0 0 .6 7 5 0 1 .3416 3 .8 3 3 5
15 0 .7 3 5 9 0 .0 1 4 6 16 0 .8041 1 .5546 19.57 14.44 3 4 .1 6 6 8 .1 7 0 .2871 0 .5011 1 .3696 -0 .0071
2 0 0.9811 0 .0195 16 0 .8041 1 .8047 16.80 2 1 .0 4 30 .03 6 7 .8 7 0 .2 4 7 5 0 .4 4 2 5 1 .3989 0 .3 1 8 8
25 1.2262 0 .0245 16 0 .8041 2 .0 5 4 8 14.46 35 .03 19.19 6 8 . 6 8 0 .2 1 0 5 0 .2 7 9 4 1 .4087 1 .0735

Table A6 S o lu b iliz a tio n  p a ra m e te r  (S P ) o f  A E 3 /M E S /n -b u ta n o l/m o to r  o il/w a te r  sy s te m  w ith  5 % N a C l, a  =  0 .5 a t 30  °c

% M ix ed
(w t.% )

w t.A E 3
(g)

w t.M E S
(g)

% b u t
(% w t/v o l)

w t.b u t
(g)

w t.to ta l 
M s (g)

p h a se  h e ig h t (m m ) to ta l 3 
p h a se  
(m m ) V w V o S P w Spow a te r m id d le o il

5 0 .2451 0 .0050 16 0 .8041 1 .0542 2 5 .7 6 0 4 2 .5 7 68 .33 0 .3 7 7 0 0 .6 2 3 0 1 .1668 4 .7 4 3 0
1 0 0 .4 9 0 0 0 . 0 1 0 1 16 0 .8041 1 .3042 2 3 .7 2 0 4 4 .6 2 6 8 .3 4 0 .3471 0 .6 5 2 9 1 .1725 3 .8 3 3 8
15 0 .7 3 5 6 0 .0 1 4 6 16 0 .8041 1.5543 2 0 .7 4 14 .04 33 .45 68 .23 0 .3 0 4 0 0 .4 9 0 3 1 .2612 0 .0 6 2 7
2 0 0.9811 0 .0195 16 0 .8041 1 .8047 18.00 20 .53 2 9 .5 9 6 8 . 1 2 0 .2 6 4 2 0 .4 3 4 4 1 .3063 0 .3 6 3 6
25 1 .2260 0 .0245 16 0 .8041 2 .0 5 4 6 16.81 44 .35 7 .25 68.41 0 .2 4 5 7 0 .1 0 6 0 1 .2376 1 .9178
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Table A7 Solubilization parameter (SP) o f AE3/MES/n-butanol/motor oil/water system with 7%NaCl, a = 0.5 at 30 ๐c

% M ix ed
(w t.% )

w t.A E 3
(g)

w t.M E S
(g)

% b u t
(% w t/v o l)

w t.b u t
(g)

w t.to ta l 
M s (g)

p h a se  h e ig h t (m m ) to ta l 3 
p h a se  
(m m ) V w V o S P w S pow a te r m id d le o il

5 0 .2 4 5 0 0 .0 0 5 0 16 0 .8041 1.0541 2 6 .7 7 0 4 1 .4 4 6 8 . 2 1 0 .3 9 2 5 0 .6 0 7 5 1 . 0 2 0 2 4 .7 4 3 4
1 0 0 .4901 0 . 0 1 0 1 16 0 .8041 1 .3043 2 2 .83 0 4 5 .3 4 6 8 .1 7 0 .3 3 4 9 0 .6651 1 .2658 3 .8 3 3 5
15 0 .7355 0 .0 1 4 6 16 0.8041 1 .5542 2 1 .5 2 13 .32 3 4 .68 6 9 .5 2 0 .3 0 9 6 0 .4 9 8 8 1 .2254 0 .0 0 7 4
2 0 0 .9 8 1 0 0 .0195 16 0 .8041 1 .8046 18.68 2 1 .9 4 2 8 .1 2 6 8 .7 4 0 .2 7 1 7 0 .4091 1 .2648 0 .5 0 3 8
25 1.2265 0 .0245 16 0 .8041 2 .0551 17.00 4 7 .4 6 3 .85 68 .31 0 .2 4 8 9 0 .0 5 6 4 1 . 2 2 2 0 2 .1 5 8 7

49
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APPENDICES

Appendix B Experimental Data of Equilibrium Interfacial Tension (IFT)

1. Interfacial Tension (IFT)
T h e  in te rfac ia l te n s io n  o f  each  p h ase  o f  m ic ro e m u ls io n  is  in te rp re te d  b y  th e  

fo llo w in g  fo rm u la tio n :
IF T  =  e (V d ) 3 ท2 Ap ( B l )

w h e re
a  =  in te rfac ia l te n s io n  o r IF T  (m N /m , d y n e /c m ) 
e =  u n ity  fa c to r  (3 .427*1  O' 7 m N  c m 3 m in 2 /m  g m m 3)
V  =  e n la rg e m e n t fac to r (0.31 m m /sd v )  
d  =  m e a su re d  d ro p  d ia m e te r  (sd v )
ท =  n u m b er o f  re v o lu tio n  ( 1 /m in )
A p =  d en sity  d iffe ren ce  o f  tw o  liq u id s  (g /c m 3)

2. Experimental Data of Interfacial Tension (IFT)

2.1 In te rfac ia l T en s io n



Table B1 Interfacial tension o f each phase in microemulsion formation of
AE3/12%n-butanol/motor oil/water system with a = 0.5 at 30 °c

% A E 3
(w t.% )

N o .
D en s ity  
ligh t ph .

( ๙ m l)

D en sity  
h eav y  ph. 

(g /rn l)
U p p e r
level

L o w e r
level

S p eed
(rp m )

IF T
(m N /m )

5 1 0 .8748 1.0496 4 .7 6 7 2 .835 2 7 0 7 0 .0943
2 0 .8748 1 .0496 4 .8 3 2 2 .855 2 6 8 9 0 .0 9 9 7
3

ave
0 .8748 1 .0496 4 .7 4 9 2 .8 7 2 2 692 0 .0855

0 .0 9 3 2
1 0 1 0 .8683 0 .99885 4 .7 3 6 2 .875 2345 0 .0 4 7 2

2 0 .8683 0 .99885 4 .7 8 2 2 .893 2361 0.0501
3

ave
0 .8683 0 .99885 4 .6 9 8 2 .905 2372 0 .0 4 3 2

0 .0 4 6 8
15 1 0 .9234 0 .99 4 .6 3 9 2 .9 3 2 2 3 2 4 0 .0183

2 0 .9 2 3 4 0 .99 4 .7 1 8 2 .9 7 2 2 388 0 .0 2 0 6
3

ave
0 .9 2 3 4 0 .99 4 .6 4 3 2 994 2 3 4 4 0 .0 1 6 8

0 .0 1 8 6
2 0 1 0 .9402 1.0308 4 .8 0 7 2 .818 2 2 4 9 0 .0 3 6 8

2 0 .9402 1.0308 4 .6 9 8 2 .8 0 4 2 3 6 7 0 .0 3 5 2
3

ave
0 .9402 1.0308 4 .7 8 5 2 .843 2 354 0 .0 3 7 5

0 .0 3 6 5
25 1 0 .9489 0 .9923 4 .8 4 2 2 .5 0 9 3262 0 .0 5 9 8

2 0 .9 4 8 9 0 .9923 4 .8 9 6 2 .6 7 2 3378 0 .0 5 5 6
3

ave
0 .9 4 8 9 0 .9923 4 .8 7 3 2 .6 1 4 3491 0 .0 6 2 2

0 .0 5 9 2
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Table B2 Interfacial tension o f each phase in microemulsion formation o f
AE3/12%n-butanol/motor oil/water system with a = 0.5 at 40 °c

% A E 3
(w t.% )

N o .
D e n s ity  
lig h t ph.
(g/ml)

D en sity  
h eav y  ph . 

(g /m l)
U p p er
level

L o w er
level

S p eed
(rp m )

IF T
(m N /m )

5 1 0 .8 7 0 9 1.00105 4 .7 4 9 2 .8 3 8 3461 0.1111
2 0 .8 7 0 9 1.00105 4.821 2 .8 7 9 3421 0 .1 1 3 9
3

ave
0 .8 7 0 9 1.00105 4 .748 2.821 3 4 1 2 0 .1 1 0 7

0 .1 1 1 9
1 0 1 0 .8 7 2 4 5 0 .9985 4.631 2.711 3 2 2 7 0 .0 9 4 9

2 0 .8 7 2 4 5 0 .9985 4 .7 0 6 2 .7 5 9 3 2 4 3 0 .0 9 9 9
3

ave
0 .8 7 2 4 5 0 .9985 4 .618 2 .7 3 7 3 2 1 6 0 .0 8 8 6

0 .0 9 4 4
15 1 0 .9 1 7 3 1 .01095 4 .848 2 .8 2 9 2 3 7 4 0 .0 4 4 3

2 0 .9 1 7 3 1 .01095 4 .872 2 .843 2 3 6 5 0 .0 4 4 7
3

ave
0 .9 1 7 3 1.01095 4.813 2 .8 0 8 2 3 4 5 0 .0 4 2 4

0 .0 4 3 8
2 0 1 0 .9 1 1 4 5 0 .99595 4 .887 2 .8 1 8 2 5 9 0 0 .0 5 1 3

2 0 .9 1 1 4 5 0 .99595 4 .892 2 .8 1 4 2 5 1 8 0.0491
3

av e
0 .9 1 1 4 5 0 .99595 4 .8 7 9 2 .7 3 7 2 4 9 5 0 .0 5 2 8

0 .0 5 1 0
25 1 0 .9 1 4 1 5 1.00525 4 .835 2 .7 4 4 2 7 0 7 0 .0 6 2 3

2 0 .9 1 4 1 5 1.00525 4.788 2 .7 3 4 2 6 8 5 0.0581
3

ave
0 .9 1 4 1 5 1.00525 4 .8 6 6 2 .7 5 2 2741 0 .0 6 6 0

0 .0621
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๐c

Table B3 Interfacial tension o f each phase in microemulsion formation of
AE3/MES/16%n-butanol/motor oil/water without NaCl at a = 0.5, 5 = 0.02, and 30

% A E 3 /M E S
(w t.% )

N o .
D en s ity  
lig h t ph.
(g/ml)

D e n s ity  
h e a v y  ph . 

(g /m l)
U p p e r
lev e l

L o w e r
level

S p eed
(rp m )

IFT
(m N /ra )

5 1 0 .8 5 6 9 0 .9 9 4 6 4 .9 5 3 2 .755 3 817 0 .2 1 7 6
2 0 .8 5 6 9 0 .9 9 4 6 4 .9 6 7 2 .813 3 8 4 6 0 .2 0 7 9
3

ave
0 .8 5 6 9 0 .9 9 4 6 4 .9 5 3 2 .7 4 9 3877 0 .2 2 6 3

0 .2173
10 1 0 .8605 0 .9 8 0 6 5 4 .8 9 4 2 .758 2621 0 .0 8 2 2

2 0 .8605 0 .9 8 0 6 5 4.961 2 .7 9 4 2 645 0 .0 8 7 4
3

ave
0 .8605 0 .9 8 0 6 5 4 .7 6 4 2 .6 5 4 2 6 0 9 0 .0 7 8 5

0 .0 8 2 7
15 1 0 .9 4 1 0 0 .9 9 6 9 4 .9 8 7 2 .6 3 6 2 5 3 7 0 .0 4 7 7

2 0 .9 4 1 0 0 .9 9 6 9 5.151 2 .735 2 7 8 2 0 .0 6 2 3
3

ave
0 .9 4 1 0 0 .9 9 6 9 5 .38 2.711 2 2 5 4 0 .0551

0 .0 5 5 0
2 0 1 0.9131 0 .9 9 2 3 4 .9 9 7 2 .7 9 4 3495 0 .1 0 5 7

2 0.9131 0 .9 9 2 3 4 .7 4 8 2 .5 1 9 3 5 5 6 0 .1 1 3 3
3

ave
0.9131 0 .9 9 2 3 4 .9 9 4 2 .7 6 9 3 692 0 .1 2 1 5

0 .1 1 3 5
25 1 0 .9 2 1 4 0 .9 9 2 3 4 .811 2 .6 8 9 4411 0 .1 3 4 6

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

ave
0 .9 2 1 4 0 .9 9 2 3 4 .8 7 2 2 .753 4 5 6 6 0 .1 4 3 6

0 .1341
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Table B4 Interfacial tension o f each phase in microemulsion formation of
AE3/MES/16%n-butanol/motor oil/water with 3%NaCl at a = 0.5, Ô = 0.02, and 30
°c

% A E 3 /M E S
(w t.% )

N o .
D en s ity  
lig h t ph.
(g/ml)

D en sity  
h e a v y  ph. 

(g /m l)
U p p e r
level

L o w e r
lev e l

S p eed
(rp m )

IF T
(m N /m )

5 1 0 .8 7 9 5 1 .0250 5.061 2 .4 2 9 2791 0 . 2 1 1 1
2 0 .8795 1 .0250 4.961 2 .6 5 4 3 508 0 .2 2 4 5

. 3 
ave

0 .8795 1 .0250 4 .9 3 6 2 .6 8 3 3 4 2 6 0 .1 9 9 5
0 .2 1 1 7

1 0 1 0 .8 6 8 7 1.0323 4 .9 5 9 2 .731 3 386 0 .2 1 1 9
. 2 0 .8 6 8 7 1.0323 4 .8 7 2 2 .7 3 6 3 292 0 .1 7 6 5
3

av e
0 .8 6 8 7 1.0323 4 .9 8 7 2 .7 7 5 3271 0 .1 9 3 5

0 .1 9 3 9
15 1 0 .8 9 3 8 1 .0364 4 .9 3 7 2 .7 4 3 1537 0 .0 3 6 3

2 0 .8938 1 .0364 4 .785 2 .9 2 2 2 3 6 9 0 .0 5 2 9
3

av e
0 .8938 1.0364 4 .7 1 4 2 9 6 4 2403 0 .0451

0 .0 4 4 8
2 0 1 0 .9 0 6 4 1.0341 4 .7 9 9 2 .8 5 2 2 0 8 8 0 .0 4 2 0

2 0 .9 0 6 4 1.0341 4 .785 2 .8 9 6 2198 0 .0 4 2 5
3

av e
0 .9 0 6 4 1.0341 4 .7 5 2 2 .8 9 3 2194 0 .0 4 0 3

0 .0 4 1 6
25 1 0 . 8 8 8 6 1.0318 5 .327 2 .4 6 8 2 4 5 9 0 .2 0 6 6

2 0 . 8 8 8 6 1.0318 4.781 2 . 8 6 8 3 488 0 .1 2 4 5
3

av e
0 . 8 8 8 6 1.0318 4 .863 2 .7 6 5 3 492 0 .1 6 4 6

0 .1 6 5 2
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Table B5 Interfacial tension o f each phase in microemulsion formation of
AE3/MES/16%n-butanol/motor oil/water with 5%NaCl at a = 0.5, 5 = 0.02, and 30
°c

% A E 3 /M E S
(w t.% )

N o.
D e n s ity  
lig h t ph .
(g/ml)

D en sity  
h eav y  ph . 

(g /m l)
U p p e r
level

L o w er
level

S p eed
(rp m )

IF T
(m N /m )

5 1 0 .8 6 5 6 1.0442 4 .9 5 8 2.511 4 1 5 9 0.4621
2 0 .8 6 5 6 1.0442 4 .923 2 .598 4 3 8 7 0 .4 4 1 0
3

ave
0 .8 6 5 6 1.0442 4 .9 8 2 2 .655 4 5 8 7 0 .4 8 3 4

0 .4 6 2 2
1 0 1 0 .8 6 9 6 1 .0664 4 .9 1 8 2 .7 3 9 4 1 8 2 0 .3 6 3 6

2 0 .8 6 9 6 1 .0664 4 .883 2.701 3991 0 .3 3 2 6
3

ave
0 .8 6 9 6 1 .0664 4 .963 2 .682 4 088 0 .3 9 8 6

0 .3 6 4 9
15 1 0 .8 9 8 9 1.0538 4 .8 9 2 2 .7 3 6 4 5 5 7 0.3291

2 0 .8 9 8 9 1 .0 5 3 8 . 4 .895 2 .733 4773 0.3641
3

ave
0 .8 9 8 9 1.0538 4 .752 2 .698 4 633 0 .2 9 4 2

0 .3291
2 0 1 0 .8 9 0 6 1 .0590 4 .6 5 7 3.011 1963 0 .0295

2 0 .8 9 0 6 1 .0590 4 .7 5 7 2 .643 1772 0 .0 5 1 0
3

ave
0 .8 9 0 6 1 .0590 4 .703 2 .7 9 4 1836 0 .0403

0 .0403
25 1 0 .8 8 8 2 1 .0722 4 .6 7 9 2 .718 2411 0 .0 8 2 3

2 0 .8 8 8 2 1 .0722 4 .714 2 .7 9 4 2 518 0 .0 8 4 3
3

ave
0 .8 8 8 2 1 .0722 4 .755 2 .823 2 4 3 6 0 .0 8 0 4

0 .0 8 2 3



56

Table B6 Interfacial tension o f each phase in microemulsion formation of
AE3/MES/16%n-butanol/motor oil/water with 7%NaCl at a = 0.5, 5 = 0.02, and 30
°c

% A E 3 /M E S
(w t.% )

N o .
D e n s ity  
lig h t ph .

(g /m l)

D e n s ity  
h e a v y  ph. 

(g /m l)
U p p e r
lev e l

L o w e r
level

S p eed
( ip m )

IF T
(m N /m )

5 1 0 .8 8 0 2 1 .0737 5.321 2 .3 7 2 3503 0 .6 2 1 7
2 0 .8 8 0 2 1 .0737 5 .283 2 .4 1 2 3 6 8 6 0 .6 3 5 2
3

ave
0 .8 8 0 2 1 .0737 5 .2 8 8 2 .4 1 8 3611 0 .6 0 9 0

0 .6 2 1 9
1 0 1 0 .8 6 3 8 1 .0616 4.921 2 . 6 8 6 4 7 1 5 0 .5 0 1 3

2 0 .8 6 3 8 1 .0616 4 .9 2 4 2 .735 4 5 6 2 0 .4 4 0 9
3

ave
0 .8 6 3 8 1 .0616 4 .9 8 8 2.731 4 9 1 4 0 .5 6 0 8

0 .5 0 1 0
15 1 0 .8 9 2 5 1 .0754 4 .8 6 9 2 .7 1 8 4 9 7 3 0 .4 5 9 6

2 0 .8 9 2 5 1 .0754 4 .9 2 3 2 .815 4 7 9 8 0 .4 0 2 7
3

ave
0 .8 9 2 5 1 .0754 4 .8 8 2 2 .653 4991 0 .5151

0 .4591
2 0 1 0 .8 8 9 7 1 . 1 0 1 0 4 .7 8 7 2 .923 4 7 6 5 0 .3 1 7 2

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

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

0 .3 1 2 4
25 1 0 .8 8 6 7 1 .1068 4 .8 7 6 2.851 4 5 9 5 0 .3 9 3 9

2 0 .8 8 6 7 1 .1068 4 .9 7 2 2 .8 3 9 4 4 9 5 0 .4 4 0 5
3

ave
0 .8 8 6 7 1 .1068 4 .7 6 6 2.821 4 5 7 6 0.3461

0 .3 9 3 5
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Table B7 Interfacial tension of each phase in microemulsion formation of
AE3/16%n-butanol/motor oil/water with a = 0.5 at 30 °c

% A E 3
(w t.% )

N o.
D en sity  
lig h t ph.

(g /m l)

D en s ity  
h e av y  ph. 

(g /m l)
U p p e r
lev e l

L o w e r
level

S p eed
(rp m )

IF T
(m N /m )

5 1 0 .8656 0 .9 8 7 4 4 .9 4 9 2 .703 3484 0 .1 7 1 0
2 0 .8 6 5 6 0 .9 8 7 4 4 .875 2 .703 3 5 8 4 0 .1 6 3 7
3

ave
0 .8 6 5 6 0 .9 8 7 4 4 .998 2.721 3 489 0 .1 7 8 7

0 .1711
1 0 1 0 .8767 0 .9803 4 .7 1 6 2 .925 3 0 2 6 0 .0 5 5 7

2 0 .8 7 6 7 0 .9803 4 .705 2 .988 2 8 0 8 0 .0 4 2 2
3

ave
0 .8 7 6 7 0 .9803 4 .825 2 .805 2 8 2 5 0 .0 6 9 6

0 .0 5 5 8
15 1 0 .9 0 5 2 0 .9912 4 .698 2 .9 2 2 2 3 6 2 0 .0 2 7 4

2 0 .9052 0 .9912 4 .7 0 6 2 .8 9 6 2 185 0 .0 2 4 9
3

ave
0 .9052 0 .9 9 1 2 4 .815 2 .8 9 9 2263 0 .0 3 1 6

0 .0 2 8 0
2 0 1 0 .9 3 2 6 1.0173 4.771 2 .8 5 6 2 3 0 5 0 .0 3 2 3

2 0 .9 3 2 6 1.0173 4 .8 2 7 2.721 1883 0 .0 2 8 7
3

ave
0 .9 3 2 6 1.0173 4 .965 2 .843 2 2 1 8 0 .0 4 0 7

0 .0 3 3 9
25 1 0.9231 0 .9585 4.971 2 .7 5 6 4 4 0 5 0 .0 7 6 2

2 0.9231 0 .9585 4 .935 2 .5 9 6 4 3 3 0 0 .0 8 6 7
3

ave
0.9231 0 .9585 4 .8 4 7 2 .768 4 8 1 0 0 .0751

0 .0 7 9 4
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APPENDICES

Appendix c  Experimental Data of Critical micelle concentration (CMC)
Table Cl C ritic a l m ice lle  c o n c e n tra tio n  (C M C ) o f  m ix e d  A E 3 /M E S  a t Ô =  0 .0 2  an d
30 °c

co n c .(w t.% ) S u rface  te n s io n  (m N /m )
1 2 3 ave

0 . 0 0 1 69.21 69 .83 6 9 .7 6 6 9 .6 0
0 . 0 0 2 64.21 64 .76 6 5 .0 9 6 4 .6 9
0 .003 59.4 59.03 59 .85 59.43
0 .004 52 .98 53 .67 54 .17 53.61
0 .005 4 9 .9 4 51.03 5 1 .7 7 50.91
0 .006 49 .7 4 7 .22 48.11 4 8 .3 4
0 .007 4 2 .04 4 1 .32 4 1 .7 7 41.71
0 .008 40 .6 39.93 40 .03 40  19
0 .009 34 .68 32.15 30.91 32 .58
0 . 0 1 0 2 7 .36 2 6 .52 2 6 .3 9 2 6 .7 6
0 . 0 1 2 2 7 .4 6 26 .8 26 .28 26 .85
0 .014 2 6 7 6 26.25 26 .03 26 .35
0 .016 25 .62 2 5 .37 24 .97 2 5 .3 2
0.018 25 .52 25 .25 2 5 .6 2 5 .46
0 . 0 2 0 25 .16 25 .08 24 .8 25.01
0 .030 2 5 .34 25 .28 2 5 .1 8 2 5 .2 7
0 .040 25 .25 2 5 .3 6 2 5 .3 4 2 5 .3 2
0 .050 25.41 2 5 .1 9 2 5 .2 2 2 5 .2 7
0 .060 2 5 .19 25.31 2 5 .2 6 25 .25
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Table C2 C ritic a l m ic e lle  c o n c e n tra tio n  (C M C ) o f  s in g le  A E 3 sy s te m  at 30  ๐c

co n e .(พ t.% ) S u rface  te n s io n  (m N /m )
1 2 3 av e

0 . 0 0 1 6 9 .7 7 69 .85 6 9 .4 5 6 9 .6 9
0 . 0 0 2 59.21 59 .27 5 9 .4 2 5 9 .3 0
0 .0 0 3 5 2 .3 2 51 .88 52 .9 5 2 .3 7
0 .0 0 4 48.31 4 9 .1 9 4 8 .5 3 4 8 .6 8
0 .0 0 5 4 2 .3 0 42.51 4 2 .3 3 4 2 .3 8
0 .0 0 6 3 9 .0 0 3 9 .32 3 9 .5 8 3 9 .3 0
0 .0 0 7 37 .78 3 7 .1 4 37.31 37.41
0 .0 0 8 35 .75 3 5 .4 6 3 5 .4 7 3 5 .5 6
0 .0 0 9 3 5 .0 7 3 5 .1 9 3 4 .7 7 35.01
0 . 0 1 0 34 .93 34.31 3 4 .5 8 34.61
0 .0 1 5 3 3 .6 4 3 4 .17 3 3 .5 4 3 3 .7 8
0 . 0 2 0 3 3 .1 7 33 .68 3 3 .4 9 3 3 .4 5
0 .0 2 5 33.01 33 .18 3 2 .9 4 3 3 .0 4

Table C3 C ritic a l m ic e lle  c o n c e n tra tio n  (C M C ) o f  s in g le  M E S  sy s te m  a t 30  ๐c

co n e .(พ t.% ) S u rface  te n s io n  (m N /m )
1 2 3 av e

0 . 0 0 1 4 2 .7 8 42 .75 4 2 .7 4 4 2 .7 6
0 . 0 0 2 4 1 .5 9 4 1 .6 2 41 64 42 .11
0 .0 0 4 4 0 .7 9 4 0 .7 4 40.81 4 0 .7 8
0 .0 0 6 39 .85 3 9 .9 0 3 9 .8 7 3 9 .8 7
0 .008 3 8 .3 9 3 8 .36 3 8 .4 0 3 8 .3 8
0 . 0 1 3 7 .8 0 3 7 .77 3 7 .7 5 3 7 .7 7
0 . 0 2 3 7 .52 37 .55 37 .61 3 7 .5 6
0 .0 4 3 7 .2 0 3 7 .1 9 3 7 .1 5 3 7 .1 8
0 .0 6 37.01 3 7 .0 4 3 7 .0 5 3 7 .0 3
0 .08 3 6 .8 9 36.91 3 6 .8 8 3 6 .8 9
0 . 1 0 36.71 3 6 .7 9 3 6 .7 5 3 6 .7 5
0 . 2 0 3 6 .45 36.51 3 6 .5 5 3 6 .5 0
0 .40 36 .15 36 .19 36.21 3 6 .1 8
0 .60 3 5 .9 7 36.01 3 5 .9 5 3 5 .9 8
0 .80 3 5 .7 9 35 .82 3 5 .7 4 3 5 .7 8
1 . 0 0 35.51 35 .6 3 5 .5 2 3 5 .5 4
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APPENDICES

Appendix D Experimental Data of Conductivity
Table D1 C o n d u c tiv ity  o f  th e  m ix e d  su rfac tan t sy s tem  (A E 3 /M E S ) in  W in so r  T y p e  
II

T otal su rfac tan t W in so r
T y p e% N aC l c o n c e n tra tio n % n -b u tan o l C o n d u c tiv ity T em p .

(w t.% ) (w t.% ) (w t.% ) (p s /c m ) (°C )
1 2 40 2 6 .9 II

30 16 40 2 6 .2 II
2 0 40 2 6 .2 II
8 30 2 6 .4 II

3 35 1 2 40 26 .5 II
16 30 2 6 .7 II
1 2 2 0 2 7 .4 II

40 16 30 27.1 II
2 0 2 0 2 7 .9 II
4 1 0 2 7 .0 II

24 8 2 0 2 6 .6 II
1 2 30 26 .5 II

5 8 2 0 2 6 .4 II
30 1 2 2 0 2 6 .6 II

16 2 0 2 6 .7 II
35 2 0 2 0 2 6 .6 II

24 2 0 2 6 .6 II
4 1 0 2 6 .6 II

24 8 1 0 2 6 .5 II
7 1 2 1 0 2 6 .6 II

45 2 0 1 0 26 .5 II
24 2 0 2 6 .6 II
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Table D1 C o n d u c tiv ity  o f  th e  s in g le  su rfa c ta n t sy stem  (A E 3 ) in  W in so r  T y p e  I and  
III

% A E 3  
(พ t.% )

% n-
b u tan o l
(w t.% )

C o n d u c tiv ity
(p s /c m )

T em p .
(°C )

W in so r
T y p e

6 4 4 70 26.5 I
8 3 4 4 0 2 7 .4 I

1 2 5 350 26 .5 III
14 7 310 2 6 .6 III
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