
REFERENCES

Baran, JR., Microemulsion Formation with Mixed Chlotinated Hydrocarbon 
Liquids, J. Colloid Interface Sci., 168, pp. 67-72 (1994).

Binks, B. p., Relationship between Microemulsoion Phase Behavior and 
Macroemulsion Type in Systems Containing Nonionic Surfactant, 
Langmuir, 9, 1 (1993).

Breen, J. J., and Dellarco, M. J., Pollution Prevention in Industrial Process. 
American Chemical Society, Washington DC, pp. 48-61 (1992).

Chhatre, A. ร., and Kulkarni, B. D., The Phase Behavior of Microemulsion 
Systems Containing Kerosene, J. Colloid Interface Sci.. 150, 2 (1991).

John, A. c., and Rakshit, A. K., Formation of Microemulsion, J. Colloid 
Interface Sci., 156, pp. 202-206 (1993).

Kegel, พ. K. and Lekkerkerker, H. N. พ., Phase Behavior of an Ionic 
Microemulsion System as a Function of the Cosurfactant Chain Length, 
Colloids and Surfaces. 76, 241-248 (1993).

Leung, R., Hou, M. J., and Shah, D. (ว., Microemulsions, Surfactant Science 
Series. 28, pp. 315-367 (1988).

Malcolmson, c., Lawrence, M. J., Three-Component Non-Ionic Oil-in-Water 
Micreomulsions using Polyoxyethylene Ether Surfactants, Colloids and 
Surfaces, pp. 97-109 (1995).

Mazare, M., and Macky, M. K., Potential for Groundwater Contamination in 
Mexico City, Environ. Sci. Technol., 27, 5 (1993).

Peng, and Di, P. K., Removal of Arsenic from Aqueous Solution by Adsorbing 
Colloid Flotation, Ind. Eng. Chem. Res., 33, pp. 922-928 (1994).



39

Pongstabodee, ร., Scamehom, J. F-, Chavadej, ร., and Harwell, J.H., Clean-Up 
of Oily Waste Water by Froth Flotation ะ Effect of Microemulsion 
Formation, Sep. Sci. TechnoL Submitted.

Rosen, M. J., Surfactants and Interfacial Phenomena, Second Edition, New 
York, pp. 229-235, 304-333 (1988).

Rosen, M. J., Surfactants and Interfacial Phenomena, Second Edition, New 
York (1992).

Scamehom, J. F. and Harwell, J. H., Surfactant-Based Treatment of Process 
Streams, Surfactants Science Senes. 28, pp. 77-125 (1988).

Shah, D. O., Proc. European Symp. Enhanced Oil Recovery, Bournemouth, 
England, September 21-23, 1981, Elsevier, Lausanne (1981).

Winsor, p. A., Solvent Properties of Amphiphilic Compounds, Butterworth, 
London (1954).

Wungrattanasopon, ร., Scamehom, J. F., Chavadej, ร., Saiwan, c., and 
Harwell, J. H., Use of Foam Flotation to Remove tert-Butylphenol from 
Water, Sep. Sci. Technol., 3L 11 (1996).



APPENDICES



APPENDIX A
HPLC CONDITION USED FOR ANALYSIS

TABLE A-l The condition used for analysis by HPLC
Substance Flow rate 

(ml/min)
Wave 
length 
(ททา)

Detector Column Mobile phase

SDS 1.5 Conductivity Supelcosil LC-18 Equilibrium solvent: 10/90 HPLC 
grade MeOH/triple distilled and 

filtered water for 1.5 minutes; swich to 
100% HPLC grade MeOH for 1.5-3 

minutes
NP(EO) 10 1.5 277 u v ODS Hypersil Hewlett 

Packard
90/10 HPLC grade 

methanol/triple distilled 
and filtered water

ODCB 1.5 254 u v ODS Hypersil Hewlett 
Packard

85/15 HPLC grade methanol/triple 
distelled

and filtered water



APPENDIX B
EXPERIMENTAL DATA OF THE MICROEMULSION FORMATION STUDY

TABLE B-l Volume fraction of microemulsion at different initial surfactants concentration (ISC) with initial oil/watcr
volume ratio =1/1 and temperature = 30^c

Volume Fraction at different Xsds
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ISC = 1 wt.%
Oil Phase 0.55 0.55 0.55 0.53 0.53 0.54 0.53 0.53 0.53 0.53 0.55

Water Phase 0.45 0.45 0.45 0.47 0.47 0.46 0.47 0.47 0.47 0.47 0.45
ISC = 3 wt.%

Oil Phase 0.59 0.55 0.55 0.55 0.52 0.52 0.52 0.52 0.55 0.64 0.53
Water Phase 0.41 0.45 0.45 0.45 0.48 0.48 0.48 0.48 0.45 0.36 0.47
ISC = 5 wt.%

Oil Phase 0.59 0.56 0.55 0.52 0.52 0.50 0.50 0.52 0.55 0.55 0.50
Middle Phase 0.00 0.00 0.00 0.34 0.31 0.28 0.40 0.29 0.17 0.24 0.00
Water Phase 0.41 0.44 0.45 0.14 0.17 0.22 0.10 0.19 0.28 0.21 0.50



TABLE B -l Continued

Volume Fraction at different X§DS
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ISC = 7 wt.%
Oil Phase 0.64 0.56 0.52 0.48 0.45 0.45 0.45 0.48 0.53 0.57 0.50

Middle Phase 0.00 0.00 0.00 0.24 0.31 0.33 0.45 0.31 0.31 0.00 0.00
Water Phase 0.36 0.44 0.48 0.28 0.24 0.22 0.10 0.21 0.16 0.43 0.50
ISC = 9 wt.%

Oil Phase 0.64 0.52 0.48 0.47 0.47 0.45 0.45 0.41 0.45 0.48 0.48
Water Phase 0.36 0.48 0.52 0.53 0.53 0.55 0.55 0.59 0.55 0.52 0.52



TABLE B-2 Total surfactant concentration in various phases at different initial surfactants concentration (ISC) with initial
oil/water volume ratio =1/1 and temperature = 30^c

Total surfactants concentration at different Xsds
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ISC = 1 wt.%
Water Phase 0.00 0.003 0.007 0.01 0.012 0.015 0.017 0.018 0.02 0.019 0.019

Oil Phase 0.021 0.018 0.015 0.013 0.012 0.009 0.008 0.007 0.005 0.005 0.005
ISC = 3 wt.%
Water Phase 0.00 0.018 0.029 0.035 0.043 0.047 0.051 0.054 0.061 0.076 0.068

Oil Phase 0.058 0.048 0.039 0.033 0.026 0.022 0.018 0.016 0.013 0.011 0.005
ISC = 5 wt.%
Water Phase 0.00 0.031 0.051 0.068 0.075 0.084 0.083 0.082 0.098 0.088 0.11
Middle Phase - - - 0.071 0.078 0.074 0.088 0.091 0.127 0.13 -

Oil Phase 0.088 0.079 0.066 0.048 0.044 0.027 0.03 0.03 0.015 0.013 0.003



TABLE B-2 Continued
Total surfactants concentration at different Xsds

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ISC = 7 wt.%
Water Phase 0.00 0.058 0.079 0.078 0.09 0.104 0.108 0.108 0.105 0.131 0.1421
Middle Phase - - - 0.098 0.131 0.135 0.13 0.128 0.123 - -

Oil Phase 0.123 0.098 0.081 0.072 0.039 0.027 0.024 0.037 0.047 0.041 0.017
ISC = 9 wt.%
Water Phase 0.00 0.032 0.118 0.132 0.149 0.15 0.151 0.151 0.155 0.152 0.151

Oil Phase 0.162 0.169 0.087 0.069 0.055 0.047 0.046 0.041 0.041 0.049 0.05



TABLE B-3 N P (E O )io  concentration in various phases at different initial surfactants concentration (ISC) with initial
oil/water volume ratio = 1/1 and temperature = 3 0 ^ c

NP(EO)io concentration at different XgDs
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ISC = 1 wt.%
Water Phase 0.00 0.001 0.003 0.004 0.004 0.005 0.005 0.005 0.005 0.002 0

Oil Phase 0.021 0.018 0.014 0.012 0.01 0.006 0.004 0.002 0.003 0.001 0.00
ISC = 3 wt.%
Water Phase 0 0.012 0.017 0.018 0.022 0.022 0.019 0.015 0.013 0.008 0

Oil Phase 0.058 0.046 0.036 0.028 0.02 0.013 0.009 0.006 0.002 0.001 0
ISC = 5 wt.%
Water Phase 0 0.022 0.03 0.038 0.038 0.037 0.03 0.024 0.022 0.011 0
Middle Phase - - - 0.04 0.038 0.038 0.032 0.026 0.023 0.012 -

Oil Phase 0.089 0.076 0.062 0.044 0.035 0.022 0.016 0.01 0.002 0.001 0



TABLE B-3 Continued
NP(EO)io concentration at different Xsds

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ISC = 7 wt.%
Water Phase 0 0.042 0.052 0.039 0.048 0.058 0.039 0.033 0.022 0.015 0
Middle Phase - - - 0.059 0.074 0.064 0.056 0.049 0.039 - -

Oil Phase 0.123 0.097 0.076 0.065 0.03 0.014 0.006 0.004 0.001 0.003 0
ISC = 9 wt.%
Water Phase 0 0.016 0.094 0.089 0.089 0.081 0.064 0.05 0.035 0.019 0

Oil Phase 0.162 0.165 0.07 0.054 0.035 0.016 0.013 0.005 0.002 0.001 0



TABLE B-4 SDS concentration in varioiis phases at different initial surfactants concentration (ISC) with initial oil/water
volume ratio = 1 /1  and tem perature = 30^c

SDS concentration at different X§DS
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ISC = 1 wt.%
Water Phase 0 0.002 0.004 0.006 0.008 0.01 0.012 0.013 0.015 0.017 0.019

Oil Phase 0 0.001 0.001 0.001 0.002 0.003 0.003 0.004 0.004 0.005 0.005
ISC = 3 wt.%
Water Phase 0 0.006 0.012 0.017 0.022 0.026 0.032 0.038 0.048 0.068 0.068

Oil Phase 0 0.001 0.003 0.005 0.007 0.009 0.01 0.01 0.01 0.01 0.005
ISC = 5 wt.%
Water Phase 0 0.01 0.021 0.03 0.038 0.047 0.052 0.058 0.076 0.077 0.11
Middle Phase - - - 0.031 0.041 0.057 0.056 0.065 0.104 0.118 -

Oil Phase 0 0.003 0.005 0.004 0.008 0.005 0.015 0.02 0.013 0.012 0.003



TABLE B-4 Continued
SDS concentration at different X§£)S

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ISC = 7 wt.%
Water Phase 0 0.017 0.027 0.039 0.042 0.047 0.068 0.076 0.083 0.116 0.142
Middle Phase - - - 0.04 0.057 0.071 0.073 0.078 0.084 - -

Oil Phase 0 0.001 0.005 0.007 0.009 0.013 0.018 0.033 0.046 0.038 0.017
ISC = 9 wt.%
Water Phase 0 0.016 0.024 0.043 0.061 0.069 0.087 0.101 0.119 0.133 0.151

Oil Phase 0 0.004 0.016 0.016 0.02 0.036 0.031 0.033 0.039 0.049 0.05



TABLE B-5 Com position o f  m icroem ulsion phase at initial surfactants concentration = 5 wt.%, initial oil/w ater volume ratio
= 1/1 and tem perature = 3 0 ^ c

Composition at different X$DS
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Water Phase
Water 100 94.34 90.01 84.6 84.01 81.44 81.4 81.78 82.99 84.00 82.28
Total

Surfactants
0.00 3.28 5.13 7.09 7.28 8.32 8.22 8.75 8.61 9.15 10.87

ODCB 0.00 2.37 4.86 8.32 8.71 10.24 10.38 9.47 8.40 6.85 6.86

Middle
Phase

Water 83.7
9

81.71 78.55 80.15 81.33 80.13 79.24

Total
Surfactants

6.98 7.89 9.60 8.53 8.78 10.71 12.77

ODCB - - - 9.23 10.4 11.85 11.32 9.89 9.17 7.99 -



TABLE B-5 Continued
Composition at different Xsds

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Oil Phase
Water 18.67 13.40 19.08 17.35 10.82 11.48 9.08 10.71 16.46 12.96 4.87
Total

Surfactants
5.96 5.59 4.44 3.20 3.22 1.93 2.25 2.25 1.12 0.98 0.25

ODCB 75.37 81.01 76.48 79.45 85.96 86.59 88.67 87.04 82.42 86.05 94.88



TABLE B-6 Com position o f microem ulsion phase at initial surfactants concentration = 7 wt.%, initial oil/water volume ratio
= 1/1 and tem perature = 3 0 ^ c

Composition at different X§P)S
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Water Phase
Water 100. 87.28 80.47 77.11 73.92 74.61 71.99 72.59 76.78 76.53 84.39
Total

Surfactants
0.00 5.81 7.72 7.49 9.17 9.05 10.11 10.32 9.90 12.59 13.92

ODCB 0.00 6.91 11.81 15.40 16.91 16.34 18.01 17.09 13.24 10.88 1.69

Middle
Phase

Water - - - 74.61 68.61 70.14 68.45 68.67 68.75 - -
Total

Surfactants
9.29 12.88 12.11 12.27 12.03 11.66

ODCB - - - 16.10 18.52 17.75 19.28 19.30 19.58 - -

Oil Phase
Water 6.41 14.39 8.62 2.91 3.25 1.09 1.56 1.79 19.84 27.11 2.70
Total

Surfactants
10.2 6.84 6.03 5.62 2.01 1.34 2.69 2.54 3.23 2.70 1.27

ODCB 83.39 78.78 85.35 91.46 93.79 96.78 96.54 95.14 76.76 70.19 96.03
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APPENDIX c
EXPERIMENTAL DATA OF FROTH FLOTATION STUDY

TABLE C-l Removal efficiency of ODCB at different initial surfactants
concentration (ISC) with initial oil/water volume ratio =1/1 and 
temperature = 30 0c

ODCB removal efficiency at different Xsds
0 0.2 0.4 0.6 0.8 1

ISC = 5 wt.%
20 min 0 7.84 5.77 13.41 31.24 0.15
60 min 0 40.63 26.46 46.04 83.7 0.24
120 min 0 77.59 59.2 90.47 96.51 1.03

ISC = 7 wt.%
20 min 0 12.85 25.80 30.76 37.33 5.48
60 min 0 44.39 67.83 84.94 91.66 18.37
120 min 0 89.95 99.27 99.59 99.99 47.15

TABLE C-2 Removal efficiency of NP(EO)io at different initial surfactants
concentration (ISC) with initial oil/water volume ratio =1/1 and 
temperature = 30 0c

NP(EO)io removal efficiency at different 
XSDS

0 0.2 0.4 0.6 0.8 1
20 min 0 7.20 5.99 13.90 34.01 -

ISC = 5 wt.% 60 min 0 42.33 28.66 49.04 89.13 -

120 min 0 76.31 63.78 94.19 99.84 -

20 min 0 13.09 30.69 30.46 31.05 -

ISC = 7 wt.% 60 min 0 42.13 70.70 81.25 81.97 -

120 min 0 84.41 97.60 95.32 89.01 -
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TABLE C-3 Removal efficiency of SDS at different initial surfactants
concentration (ISC) with initial oil/water volume ratio =1/1 and 
temperature = 30 0c

NP(EO)io removal efficiency at different X§P)S
0 0.2 0.4 0.6 0.8 1

ISC = 5 wt.%
20 min 0 7.31 5.49 11.76 27.00 3.88
60 min 0 42.27 26.03 40.92 70.23 11.79
120 min 0 69.81 56.62 76.48 78.76 31.57

ISC = 7 wt.%
20 min 0 12.47 19.52 24.45 22.62 7.33
60 min 0 39.56 53.69 64.83 60.92 23.57
120 min 0 78.22 76.00 75.86 67.13 49.97

TABLE C-4 ODCB and water contents in foam fraction at different initial
surfactants concentration (ISC) with initial oil/water volume ratio 
= 1/1, temperature = 30°c and operating time = 120 min

Contents in foam fraction at X$P)S
0 0.2 0.4 0.6 0.8 1

ISC = 5 wt.%
ODCB 0 60.17 56.68 66.11 64.15 5.06
h 20 0 34.73 38.22 28.55 31.04 81.37

ISC = 7 wt.%
ODCB 0 65.00 68.18 64.70 67.90 51.61

h20 0 0 27.39 24.35 28.66 26.10
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