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ABSTRACT
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9651-96-0
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Surfactants are widely used in many industries, such as healthcare, food
processing, and textile, as well as several surfactant based separation processes, and
the effluent streams of these processes usually contain surfactants that need to be
removed and recovered for both environmental and economic reasons. In this work,
a multi-stage foam fractionation column using bubble-cap trays was used to recover
surfactants from aqueous solution in both single and mixed systems of a cationic
surfactant, ~ cetylpyridiniumchloride  (CPC), and a nonionic  surfactant,
octylphenoxypolyethoxyethanol (OPEQI0).  From the experimental results, the
enrichment ratio increased with decreasing air and liquid feed flow rates, and with
increasing foam height. The effect of foam height on the surfactant recovery was not
as significant as it was on the enrichment ratio. In contrast, surfactant recovery was
strongly affected by the changes in air and liquid flow rates. In single surfactant
systems, hoth surfactant recovery and enrichment ratio obtained in the OPEQi0
system were higher than in the CPC system. Synergism was observed in the mixed

surfactant system, which led to a total recovery of OPEQio-



Multistage Foam
Fractionation Column (Recovery of Mlxed Surfactants from Water Using Multi-
Stage Foam Fractionation) . L o

58 ISBN 974-9651-96-0



ACKNOWLEDGEMENTS

First of all 1 would like to sincerely thank Assoc. Prof. Sumaeth Chavadej,
Asst. Prof. Pomthong Malakul, and Professor John F. Scamehom served as my thesis
advisors, for their patient guidance, understanding and constant encouragement
throughout the course of this work. Their positive attitude contributed significantly
to inspiring and maintaining my enthusiasm in the field. 1 will always be proud to
have been their student. | would like to thank Assoc. Prof. Pramoch Rangsunvigit
and Asst. Prof. Boonyarach Kitiyanan for their kind advice and for being the thesis
committee. 1 also would like to thank all of my teachers at the Petroleum and
Petrochemical College for their generous help.

The Research Unit of Applied Surfactants for Separation and Pollution
Control supported by Rachadapisek Sompot Fund of Chulalongkom University is
greatly acknowleged for funding a research assistant to this project. This thesis work is
partially funded by Postgraduate Education and Research Programs in Petroleum and
Petrochemical Technology (PTT Consortium).

Finally, I would like to take this opportunity to thank all of my graduate
friends for their friendly help, creative suggestions and encouragement. | owe a debt of
gratitude to all of my friends for their continuous help in my experiments. 1 had a very-
good time working with them all. Also, I'am greatly indebted to my parents and my
family for their support, love and understanding.



TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
List of Tables

List of Figures

CHAPTER
| INTRODUCTION

[l BACKGROUND AND LITERATURE SURVEY
2.1 Surfactants
2.1.1 Structure of Surfactants
2.1.2 Types of Surfactants
2.2 Foam
2.2.1 Foam Formation
2.2.2 Structure of Foam
2.2.3 Foam Stability
2.3 Foam Fractionation
2.3.1 Principle of Foam Fractionation
2.3.2 Foam Fractionation Equipment
2.3.3 Applications of Foam Fractionation Process

[Il EXPERIMENTEL
3.1 Materials
3.2 Apparatus
3.3 Methodology

S Ol BB W W

10
10
10
1

14
14
14
17



CHAPTER

IV. RESULTS AND DISCUSSION

4.1 Steady-State Operation

4.2 Operating Limits

4.3 Critical Micelle Concentrations (CMC) of Single
and Mixed Surfactants

4.4 Multi-Stage Foam Fractionator Efficiencies of
Single-surfactant Systems
4.4.1 Effects of Air Flow Rate
4.4.2 Effect of Liquid Feed Flow Rate
4.4.3 Effect of Foam Height

4.5 Foam Characteristics of Single and Mixed
Surfactant Systems

4.6 Multi-stage Foam Fractionator Efficiencies of
Mixed Surfactant Systems
4.6.1 Effect of Air Flow Rate
4.6.2 Effect of Liquid Feed Flow Rate
4.6.3 Effect of Foam Height
4.6.4 Effect of Feed Molar Ratio

V' CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions
5.2 Recommendations

REFERENCES
APPENDIX

CURRICULUM VITAE

Vil

PAGE

19
19
19

20

21
22
26
29

31
33
34
38
42
46
50
50
51
52
b4

58



TABLE

31
3.2
3.3
41

4.2

LIST OF TABLES

Chemical properties of the studied surfactants

Dimensions of the multi-stage foam fraction column
Operating parameters

The measured values of the CMCs of pure and mixed
Surfactants at different CPC to OPEQio ratios
Experimental results of CPC and OPEQI0 for foam
stability and foam ability (Total concentration of surfactant
solution=0.225mM)

VI

PAGE
14
16
18

21

23



LIST OF FIGURES

FIGURE

2.1
2.2
2.3
2.4
2.5

2.6
2.1
2.8
2.9
31
3.2
4.1
4.2

4.3

4.4

4.5

4.6

Schematic of a surfactant
Formation of foam
The structure of liquid foam
Schematic of foam
Stretch portion of foam lamella, illustrating mechanism
of film elasticity
Marangoni Effect and Gibbs Film Elasticity
Liquid drainage in lamellae by curvature effect
Principle of foam formation
Experimental configurations for foam separation
Schematic of multistage foam fractionation column
Schematic of tray (Top view)

Concentration Profiles withrespect to time
Operational zone of the five-stage foam fractionation
column
Surface tension as a function of total surfactant
concentration of single and mixed surfactant systems
at different molar ratios
Effects of superficial air velocity under operational
conditions of [CPC] = 0.225 mM,; feed flow rate =
50 ml/min and foam height = 30 cm
Effects of superficial air velocity under operational
conditions of [OPEOQio] = 0.225 mM; feed flow rate
=50 ml/min and foam height = 30 cm

Comparison of surfactant recovery between pure CPC and
OPEOio system operated at [surfactant] = 0.225 mM); feed

flow rate = 50 ml/min and foam height = 30 cm

PAGE

oy O o1 B~

1
11
15
16
19

20

21

24

24

25



FIGURE PAGE

4.1

48

4.9

4.10

411

4.12

413

4.14

Effects of superficial air velocity on separation efficiencies

of CPC as compared to the previous results under

operational conditions [CPC] = 0.225 mM; feed flow rate =

50 mI/min and foam height = 30 cm 25
Effects of liquid feed flow rate under operational conditions

of [CPC] = 0.225 mM; air flow rate = 80 L/min and foam

height = 30 cm 27
Effects of liquid feed flow rate under operational conditions

of [OPEOQio] = 0.225 mM; air flow rate = 80 L/min and foam

height - 30 cm Al
Comparison of surfactant separation performance between

pure CPC and OPEQio operated at [surfactant] = 0.225 mM;

air flow rate = 80 ml/min and foam height = 30 cm 28
Comparison of surfactant separation performance between

the present work and the previous work operated at [CPC]

= 0.225 mM; air flow rate = 60 L/min and foam height

=30 cm 28
Effect of foam height on separation efficiencies of CPC

system operated at [CPC] = 0.225 mM; air flow rate

= 80 L/min and feed flow rate = 50 ml/min 30
Effect of foam height on separation efficiencies of

OPEOio system operated at [OFJEQio] = 0.225 mM, air

flow rate = 80 L/min and feed flow rate = 50 ml/min 30
Comparison of the effect of foam height on separation

efficiency between CPC and OPEQio systems operated

at [surfctant] = 0.225 mM, air flowrate = 80 L/min and

feed flow rate = 50 mL/min 31



FIGURE

4.15

4.16

4.17

4.18

4.19

4.20

421

Foam stability of various types of surfactant solutions
operated at total surfactant concentration = 0.225 mM; air
flow rate = 0.1 L/min and surfactant solution = 250 ml
Foam ability of various surfactant systems operated at total
surfactant concentration = 0.225 mM; air flow rate =

0.1 L/min and surfactant solution = 250 ml

Effect of superficial air velocity on separation efficiencies
of each surfactant of 3:1 mixed surfactant system operated
at operated at molar ratio of CPC to OPEQio = 3:1,

[total surfactants] = 0.225 mM, feed flow rate = 50 mL/min
and foam height = 30 cm

Effect of superficial air velocity on separation efficiencies
of 3:1 mixed surfactant system operated at molar ratio of
CPC to OPEQio = 3:1, [total surfactants] = 0.225 mM, feed
flow rate = 50 mL/min and foam height = 30 cm

Effect of superficial air velocity on separation efficiencies
of CPC or OPEQI0 of 1:1 mixed surfactant system operated
at molar ratio of CPC to OPEOI0 =1:1, [total surfactants] =
0.225 mM, feed flow rate = 50 mL/min and foam height =
30 ¢cm

Effect of superficial air velocity on total surfactant
separation efficiencies of 1:1 mixed surfactant system
operated at molar ratio of CPC to OPEQio =1:1,

[total surfactants] = 0.225 mM, feed flow rate = 50 mL/min
and foam height = 30 cm

Effect of superficial air velocity on separation efficiencies
of each surfactant of 1:3 mixed surfactant system operated
at molar ratio of CPC to OPEQio = 1:3, [total surfactants]
=0.225 mM, feed flow rate = 50 mL/min and foam height =
30 cm

Xl

PAGE

33

35

35

36

36

37



Xil

FIGURE PAGE

4,22 Effect of superficial air velocity on total surfactant

separation efficiencies of 1:3 mixed surfactant system

operated at molar ratio of CPC to OPEQio =1:3,

[total surfactants] = 0.225 mM, feed flow rate = 50 mL/min

and foam height = 30 cm 37
4,23 Effect of liquid feed flow rate on separation efficiencies of

each surfactant of 3:1 mixed surfactant system operated at

molar ratio of CPC to OPEQio = 3:1, [total surfactants] =

0.225 mM, air flow rate = 80 L/min and foam height =

30 ¢m 39
4,24 Effect of liquid feed flow rate on total surfactant separation

efficiencies of mixed surfactant system operated at molar

ratio of CPC to OPEQio-3:1, [total surfactants] =

0.225 mM, air flow rate = 80 L/min and foam height = 30 ¢cm 39
4,25 Effect of liquid feed flow rate on separation efficiencies of

each surfactant of 1:1 mixed surfactant system operated at

molar ratio of CPC to OPEQio =1:1, [total surfactants] =

0.225 mM, air flow rate = 80 L/min and foam height = 30 40
4,26 Effect of liquid feed flow rate on total surfactant separation

efficiencies of mixed surfactant system operated at molar

ratio of CPC to OPEQio =1:1, [total surfactants] =

0.225 mM, air flow rate = 80 L/min and foam height = 30 40
4,27 Effect of liquid feed flow rate on separation efficiencies of

each surfactant of 1:3 mixed surfactant system operated at

molar ratio of CPC to OPEQio = 13, [total surfactants] =

0.225 mM, air flow rate = 80 L/min and foam height = 30 cm 41



xiii

FIGURE PAGE

4,28 Effect of liquid feed flow rate on total surfactant separation

efficiencies of mixed surfactant system operated at molar

ratio of CPC to OPEQio = 1:3, [total surfactants] =

0.225 mM, air flow rate = 80 L/min and foam height = 30 cm 41
4,29 Effect of foam height on separation efficiencies of each

surfactant of 3:1 mixed surfactant system under operational

conditions of molar ratio of CPC to OPEQio = 3:1,

[total surfactants] = 0.225 mM, air flow rate = 80 L/min and

feed flow rate = 50 mL/min 43
4,30 Effect of foam height on total surfactant separation

efficiencies of 3:1 mixed surfactant system operated at molar

ratio of CPC to OPEOQio = 3:1, [total surfactants] =

0.225 mM, air flow rate = 80 L/min and feed flow rate =

50 mL/min 43
4,31 Effect of foam height on separation efficiencies of each

surfactant of 1:1 mixed surfactant system operated at molar

ratio of CPC to OPEOQio = 1:1, [total surfactants] =

0.225 mM, air flow rate = 80 L/min and feed flow rate =

50 mL/min 44
4.32 Effect of foam height on total surfactant separation

efficiencies of 1.1 mixed surfactant system operated at molar

ratio of CPC to OPEQio =1:1, [total surfactants] = ,

0.225 mM, air flow rate = 80 L/min and feed flow rate =

50 mL/min 44
4,33 Effect of foam height on separation efficiencies of each

surfactant of 1:3 mixed surfactant system operated at molar

ratio of 1 | [total surfactants] = 0.225 mM, air flow rate =

80 L/min and feed flow rate = 50 mL/min 45



XV

FIGURE PAGE

4.34 Effect of foam height on total surfactant separation

efficiencies of 1:3 mixed surfactant system operated at molar

ratio of CPC to OPEOQio = 1.3, [total surfactants] =

0.225 mM, air flow rate = 80 L/min and feed flow rate =

50 mL/min 45
4.35 Effect of feed molar ratio of CPC to OPEQio on separation

efficiencies of each surfactant operated at [total surfactants]

=0.225 mM, air flow rate = 60 L/min and feed flow rate =

100 mL/min 4
4.36 Effect of feed molar ratio of CPC to OPEOQio on total

surfactant separation efficiencies operated at

[total surfactants] = 0.225 mM, air flow rate = 60 L/min

and feed flow rate = 100 mL/min 43
4.37 Comparison of each surfactant recovery between

single-surfactant systems and mixed-surfactant systems

operated at air flow rate = 60 L/min, feed flow rate =

100 mL/min and [total surfactants] = 0.225 mM 13
4,38 Comparison of each surfactant enrichment ratio between

single-surfactant systems and mixed-surfactant systems

operated at [total surfactants] = 0.225 mM, air flow rate =

60 L/min and feed flow rate = 100 mL/min 49



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



