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Preface

Based on the premise that all commercially available surfactants are at best
simple blends and that many in reality are a complex mixture of surface
active species and minor non-surface active components, it rapidly becomes
apparent that the prediction of performance-structure relationships is far from
easy. The development of surfactants to meet specific performance criteria
requires a fundamental knowledge of structural features and/or components
which contribute to or possess one or more of the desired surface active
properties. For example, a low foam wetting agent and emulsifier may con-
tain a major component which is an excellent emulsifying agent and wetter
with a tendency to foam, but a minor component may act as a defoamer, ren-
dering the product ‘low foam’. Structural aspects of each major component
must be understood, while the possible influence of minor components should
not be ignored. In addition to the basic factors influencing hydrophobicity
(e.g. chain length, degree of chain branching) and hydrophilicity (e.g. poly-
(oxyethylene) content), the stereochemistry of surfactant molecules is a criti-
cal feature of surfactant design, as this in part will determine their interfacial
behaviour. Simple ‘monomeric’ surfactants containing a single linear hydro-
phobe and a single hydrophilic ‘head group’ will pack closely at an interface,
whereas a surfactant with a sterically very large hydrophobe will have far
less molecules per surface area of the interface. Likewise, oligomeric ‘comb’
surfactants and polyfunctional surfactants, such as polyol-based EO/PO co-
polymers, provide effective surface coverage, due to the multiplicity of their
hydrophilic groups.

Volume 2 of this Annual Surfactants Review series addresses some of
these structure/performance considerations, from computer modelling
through to a consideration of how to modify specific surfactants by adjusting
carbon chain length distribution, by studying the influence of chain branch-
ing, by introducing reactive groups or fluorinated hydrophobes, or by replac-
ing conventional hydrophobes (or hydrophiles) with natural feedstock deriva-
tives. The latter include carbohydrate derivatives, natural hydrocolloids and
biosurfactants. A detailed study of catalytic and kinetic effects in ethoxyla-
tion processes shows how nonionic ethoxylate compositions can be altered,
and this is further illustrated by a consideration of narrow chain length dis-
tribution fatty alcohol ethoxylates and their properties. Influence of chain
branching in fatty alcohol ethoxylates is also demonstrated, using secondary
alcohol ethoxylates as an example. Two end-use applications are included,
not only to report the latest developments in those areas but also to illustrate
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the performance/selection approach in identifying the most appropriate sur-
factants for a specific end use.

The Editorial Board and the Publishers have attempted to report back on
some of the more recent and innovative developments in the field of sur-
factant technology. A single volume will provide only a fragment of the total
picture but, as this Annual Surfactants Review series develops, it is hoped
that the collected volumes will provide a valuable work of reference. The
Editorial Board would welcome any constructive comments in relation to
either the content or the presentation.

Dr David A. Karsa



Contributors

Mr R.W. Avery
Dr H.S. Bevinakatti

Dr M. Di Serio

Dr Lutz Fischer
Professor Nissim Garti
Dr Itsuo Hama

Dr P. Iengo

Dr Toru Inaoka

Dr Siegmund Lang

Dr Martin E. Leser

Dr B. K. Mishra

S C Johnson & Sons, Inc., 1525 Howe Street,
MS 153, Racine, WI 53403-2236, USA

ICI India Research & Technology Centre,
Thane-Belapur Road, Thane 400 601, India

Dipartimento di Chimica, Universitd di Napoli
‘Federico II’, Via Mezzocannone 4, 80134
Napoli, Italy

Technical University, Institute of Biochemis-
try and Biotechnology, Spielmannstr. 7, 38106
Braunschweig, Germany

Nestlé Research Center, Lausanne, PO Box
44, CH-1000 Lausanne 26, Switzerland

Process Development Research Center, R&D
Headquarters, LION Corporation, 13-12, Hirai
7-Chome, Edogawa-ku, Tokyo 132-0035,
Japan

Dipartimento di Chimica, Universita di Napoli
‘Federico II’, Via Mezzocannone 4, 80134
Napoli, Italy

Osaka Office, Nippon Shokubai Co., Ltd.,
Kogin Building, 4-1-1 Koraibashi, Chuo-ku
Osaka, 541-0043, Japan

Technical University, Institute of Biochemis-
try and Biotechnology, Spielmannstr. 7, 38106
Braunschweig, Germany

Nestlé Research Center, Lausanne, PO Box
44, CH-1000 Lausanne 26, Switzerland

ICI India Research & Technology Centre,
Thane-Belapur Road, Thane 400 601, India



viii

Mr Yoshiyuki Onda

Professor N. Quirke

Mr Kenji Rakutani

Professor E. Santacesaria

Dr Charles K. Taylor

Dr Yutaka Yasuda

CONTRIBUTORS

Osaka Office, Nippon Shokubai Co., Ltd.,
Kogin Building, 4-1-1 Koraibashi,Chuo-ku
Osaka, 541-0043, Japan

Department of Chemistry, Imperial College of
Science, Technology and Medicine, London,
SW72AY, UK

Osaka Office, Nippon Shokubai Co., Ltd.,
Kogin Building, 4-1-1 Koraibashi,Chuo-ku
Osaka, 541-0043, Japan

Dipartimento di Chimica, Universita di Napoli
‘Federico II’, Via Mezzocannone 4, 80134
Napoli, Italy

E.I. DuPont de Nemours & Co., Inc., Cham-
bers Works - Technical Laboratory, Deep-
water, NJ 08023, USA

Production and Engineering Division, KAO
Corporation, 1334 Minato, Wakayama
640-8580, Japan



Contents

1

Sugar derived surfactants
H. S. BEVINAKATTI AND B. K. MISHRA

1.1
1.2

1.3

Introduction

Chemical synthesis and production

1.2 1 Sorbitan esters

1.2.2 Ethoxylated sorbitan esters

1.2.3 Sucrose esters

1.2.4 Alkyl polyglucosides

1.2.5 Alkyl glucamides

1.2.6 Aldonamides

1.2.7 Bolaamphiphiles

1.2.8 Geminis

Enzymatic synthesis

1.3.1 Enzymatic synthesis of sugar esters

1.3.2 Enzymatic synthesis of alkyl glucosides
1.3.3 Enzymatic synthesis of alkyl glucamides
Physical properties and applications

1.4.1 Sorbitan esters and ethoxylated sorbitan esters
1.4.2  Sucrose esters

1.4.3  Alkyl polyglucosides

1.4.4 Glucamides/Gluconamides

Acknowledgements
References

Microbial and enzymatic production of biosurfactants
S. LANG AND L. FISCHER

2.1
2.2

23

2.4
2.5

Introduction

Microbial biosurfactants

2.2.1 Non-glycolipid biosurfactants

2.2.2 Glycolipid biosurfactants

Enzymatic production of biosurfactants

2.3.1 Lipase catalysis for the production of glycolipids
2.3.2 Glycosidase catalysis for the production of glycolipids
Potential applications of biosurfactants

Perspectives for biosurfactants

References

N NN —

12
13
14
15
18
19
20
21
23
28
35
40
40

51

51
52
52
55
79
81
83
84
86
87



CONTENTS

Natural hydrocolloids as food emulsifiers

N. GARTI AND M. E. LESER

3.1
3.2
33

34
35
3.6
37
38
39

Introduction

Gum arabic

Galactomannans

3.3.1 LBG, guar and fenugreek

3.3.2 Fenugreek gum

3.3.3 Adsorption isotherms of galactomannans
3.3.4 The role of protein in galactomannans
Xanthan gum

Portulaca oleracea and Opitus ficus gums
Tragacanth gum

Pectins

Mechanistic considerations
Protein-polysaccharide interactions

3.10 Stabilization by solid particles—colloidal microcrystalline cellulose as emulsifier
3.11 Biosurfactants

3.12 Conclusions

References

Narrow alcohol ethoxylates

I. HAMA

4.1
4.2

43

4.4

45

Introduction

Chemical synthetic method

4.2.1 Catalyst for alkoxylation

4.2.2 New catalysts for synthesizing NREs
423 Al-Mg compoéitc oxide catalyst
4.2.4 Propoxylation

Basic surfactant properties

43.1 NRE

432 NREP

Applications

4.4.1 Dish-washing detergent

442 Heavy-duty liquid detergent

4.4.3 Heavy-duty powder detergent

4.4.4 Thickener

4.4.5 Other applications

Other derivatives

4.5.1 NRE derivatives

4.5.2 Ethoxylated fatty acid methyl esters (EFMEs)

Acknowledgments
References

104

104
107
112
112
116
117
120
122
123
130
130
131
135
137
138
140
141

146

146
146
146
148
149
154
156
156
157
159
159
161
162
162
163
163
163
165
165
165



CONTENTS

Catalytic and kinetic effects in ethoxylation processes

E. SANTACESARIA, P. IENGO AND M. Di SERIO

5.1
52

5.4

Introduction
Mechanisms of catalytic ethylene oxide condensation
5.2.1 Introduction
5.2.2 Base-catalysed ethylene oxide ring opening and polymerisation
5.2.3 Acid-catalysed ethylene oxide ring opening and polymerisation
5.2.4 Transition metal complexes promoting ethylene oxide ring opening
and polymerisation
5.2.5 Heterogeneous catalysts
Ethoxylation kinetics in the production of surfactants
5.3.1 Conditions for the collection of reliable kinetic data and their interpretation
5.3.2 A general approach to the kinetic model for the ethoxylation promoted by
alkaline catalysts
5.3.3 Kinetics of alkylphenol ethoxylation in the presence of alkaline catalysts
5.3.4 Kinetics of fatty acid ethoxylation in the presence of alkaline catalysts
5.3.5 Propoxylation of primary and secondary alcohols in comparison
' with ethoxylation
5.3.6 Considerations about the kinetics of ethoxylation in the presence of
acid catalysts '
Conclusions

Nomenclature
References

Secondary alcohol ethoxylates

K. RAKUTANI, Y. ONDA AND T. INAOKA

6.1

6.3

6.4

6.5

6.6

6.7
6.8

Introduction

6.1.1 Manufacturing technology

6.1.2 Chemical characteristics

Physical properties

6.2.1 Viscosity and pour point

6.2.2 Gel range

Surface phenomena

6.3.1 Surface tension reducibility

6.3.2 Wetting power

6.3.3 Foaming property

Environmental effects and safety of SAEs
6.4.1 Biodegradability

6.4.2 Safety of SAEs

The application of SAEs

6.5.1 Application in household detergents
6.5.2 The industrial applications
Derivatives of SAE

6.6.1 Propylene oxide adducts (low foam derivatives)
6.6.2 Sulfosuccinate half-esters (SAE-MES)
New production process of SAE

Summary

References

X1

168

168
168
168
169
170

176
181
183
183

187
192
195

205
208
209
211

216

216
216
217
218
219
221
222
222

NN
[
(8]

L S aE S S S A ]
HoBE WD DN
SC A OO a9 s



X1l

CONTENTS

Surfactants in floor polishes

R. W. AVERY

7.1

7.2

7.3

7.4

Historical overview

7.1.1 Traditional practices

7.1.2 Water-based products

7.1.3 Emulsion polymers

7.1.4 Non-shellac co-polymers

7.1.5 Introduction of polyethylene waxes
7.1.6  Amino-functional polymers

7.1.7 Metal-containing polymers and polishes
7.1.8 Wash and wax polishes

Modem floor polishes

7.2.1 Emulsion polymer

7.2.2 Polish example

7.2.3 Metallizing complex solution

7.24 Levelling resin

7.2.5 Polyethylene wax emulsion

7.2.6 Plasticizers

7.2.7 Wetting agent

7.2.8 Preparation of modern wax emulsions
Polish categories

7.3.1 Polymer-rich Drybright

7.3.2 Semi- or lightly buffable polish

7.3.3 Moderately buffable polish
Environmental trends

7.4.1 Elimination of tributoxyethyl phosphate
7.4.2 Biodegradable surfactants with multiple bene fits
7.4.3 Elimination of metal-containing polymers
7.4.4 Non-aromatic-based plasticizers

Acknowledgements
References

Fluorinated surfactants in practice

C. K. TAYLOR
8.1 Introduction
8.2 Surfactants

8.3
8.4

8.5
8.6
8.7
8.8
8.9

8.2.1 The hydrophobe

8.2.2 The hydrophile

8.2.3 Fluorinated surfactants without a hydrophile
Fluorinated surfactants—general

Preparation of fluorinated surfactants

8.4.1 ECF-derived fluorosurfactants

8.42 Telomer-derived fluorosurfactants

8.4.3 Oligomerization of tetrafluoroethylene
Distinguishing characteristics of fluorocarbon surfactants
Behavior of fluorosurfactants in aqueous systems
Dynamic surface tension—the kinetics of fluorosurfactants
Dynamic surface tension in mixed systems

Foams

248

248
248
249
253
254
254
255
255
257
258
258
259
260
260
260
260
261
262
265
266
266
267
268
268
268
268
268
269
270

271

271
271
272
272
274
274
275
275
275
277
271
278
280
284
286



10

CONTENTS

8.9.1 Avoiding or eliminating foams

8.9.2 Reducing foaming with mixtures of surfactants bearing opposite charges
8.10 Fluorosurfactants and condensed-phase interfaces

8.10.1 Fluorosurfactants at the liquid/liquid boundary

8.10.2 Emulsions

8.10.3 Fluorosurfactants at the solid/liquid boundary. ‘Wetting’

8.10.4 Wetting and spreading in mixed systems.

8.10.5 Fluorosurfactants and ‘Rewet’

8.10.6 Fluorosurfactants and dispersions
8.11 Detergency
8.12 Interactions of fluorinated surfactants with charged surfaces
References

Polymerizable surfactants: spontaneous polymerization
in organized micellar media

Y. YASUDA

9.1 Introduction
9.2 Polymerization of polymerizable surfactants
9.2.1 Fixation of organized micellar structure by polymerization
9.2.2 Concentration effect of monomer
9.2.3 Orientation effect of monomer
9.2.4 Additive effect
9.2.5 Inverse micelle system
9.3 Spontaneous polymerization of pure vinyl monomers
9.4 Spontaneous polymerization of polymerizable surfactants
9.4.1 Effect of monomer micellization
9.4.2 Effect of alkyl chain length
9.4.3 Effect of additives
9.4.4 Mutual monomer interaction and spontaneous polymerizability
9.4.5 Spontaneous polymerization in organic media
9.4.6 Effect of different polymerizable groups
9.4.7 Spontaneous polymerization in lyotropic liquid crystal
9.5 Spontaneous polymerization in an anisotropic reaction locus
9.5.1 Spontaneous polymerization of vinylpyridinium salts
9.5.2 Spontaneous polymerization in emulsion polymerization
9.5.3 Polymerization of vinyl monomers initiated by water-soluble polymers
9.6 Initiation mechanism of spontaneous polymerization in an organized system
9.6.1 Spontaneous polymerization of polymerizable surfactants in micelles
9.6.2 Spontaneous polymerization of vinyl monomers solubilized in micelle
9.7 Conclusions
References

Computer modelling of surfactants

N. QUIRKE

10.1 Introduction

10.2 Models of surfactant molecules

10.3 Molecular simulation

10.4 Molecular models of surfactant solutions

Xiil

291

294
299
299
300
303
308
309
311

312
314
314

317

317
318
318
318
319
319
320
320
322
323
324
326
327
328
329
330
331
331
331
333
335
335
336
337
337

339

339
339
343
350



Xiv CONTENTS

10.4.1 Micellisation 350
10.4.2 Interfaces 354
10.5 Conclusions 357
Acknowledgements 357
References 357

Index 360



1  Sugar derived surfactants
H.S. Bevinakatti and B.K. Mishra

1.1 Introduction

Ever since the invention of ethoxylation by Scholler and Witter in 1930,
the market for non-ionic surfactants has grown steadily [1]. Needless to
say, the major share of this class of surfactants is constituted by
polyoxyethylene surfactants due to the flexibility they offer. While the
going has been good for the synthetic petrochemical-based surfactants in
general until recently, growing environmental awareness is putting a lot
of pressure on their continued use as surfactants. Keeping in mind that
surfactants/emulsifiers have found inroads into a wide range of
applications from use in detergents to more sophisticated applications
such as the electronics industry, environmental friendliness and their
biodegradability have become major issues [2]. The next millennium will
decide the fate of these surfactants as the fear of tightened regulatory eco-
toxicological appraisal systems becomes even more important.
Industrial surfactants are now required to be more environmentally
acceptable, particularly where residual surfactants may find their way
into aquatic or land environments. This has led to continuous, critical
assessment of the use of long-established surfactants and a search for
more cost-effective and environment-friendly alternatives. Moreover, due
to the complex nature of even the most simple commercially available
surfactants, the exact mechanisms of how they work are not often clearly
understood and continue to be the subject of debates. This has led to a
degree of empiricism while selecting surfactants for certain applications.
Such issues may make it necessary to have a serious look at new safer and
well-defined molecules and both surfactant producers and end-users have
taken a voluntary, proactive approach to such changes in recent years [3].
One such class of surfactants which fits into the present-day
requirements is carbohydrate derived surfactants, in short—sugar
surfactants. Carbohydrates, in addition to being conjugates of renewable
feedstocks, are 2'so inexpensive and readily available. They are not
harmful to the environment due to their complete biodegradability under
aerobic and anaerobic conditions. They are non-toxic, non-skin irritants,
odourless and tasteless, and they give normal food products after human
and animal digestion. The presence of several hydroxyls and an aldehyde/
hemiacetal group serves as good handles for their further modification to
attach hydrophobes. In addition, if these hydrophobes are derived from
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vegetable oils, another abundant natural resource, it further boosts the
‘greener’ image.

An attempt has been made in this chapter to bring together the
information currently available on sugar surfactants. While chemical
methods have delivered some of the widely used sugar surfactants as
detailed in the next few pages, there may be scope for further improving
the quality, contents and image of these surfactants through emerging
biotechnological tools such as using enzymes for their preparation.
Though such ‘natural’ processing conditions are being claimed to be
vastly superior to the conventional present-day synthetic methods, only
time will tell about their commercial viability in the long run.

1.2 Chemical synthesis and production

Currently available sugar surfactants fall into three distinctly different
chemical classes—esters, acetals and amides. While esters are the oldest in
the range of surfactants constituting well-known products such as
sorbitans, including their ethoxylated counterparts, and sucrose esters
which were introduced in 1940s and 1950s, respectively, acetals and
amides are more recent. Alkyl polyglucosides belong to the acetal class
and were introduced on the market in the 1980s. Amides are the most
recent class of sugar surfactants to be marketed and alkyl glucamides
were commercialized only in the 1990s. While it is beyond the scope of
this chapter to cover all the excellent work done on carbohydrate-based
surfactants of academic interest, an attempt has been made to look at
molecules of commercial importance.

1.2.1 Sorbitan esters

Fatty acid esters of anhydrosorbitol, generally called ‘sorbitan esters’, are
the second largest class of carboxylic ester surfactants and probably the
first sugar surfactants to be commercially made and marketed. The first
sorbitan ester synthesis was reported as far back as 1939 [4]. While
sorbitan monoesters take the major share of the market in this class, the
di-, and triesters are also commercially available. These are prepared
commercially by the direct esterification of sorbitol with a fatty acid at
200-280°C in the presence of either an acid or base catalyst [1] as shown
‘in Figure 1.1.

Though one would expect to see some sorbitol esters formed in this
reaction, the product, however, contains none of them. Sorbitol
undergoes dehydration at the high temperatures used for the reaction
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OR

H OR
R'COOH RO——H
H OR
/ Z H OR
OH OR
H —FOH Sorbitol esters
HO——H
H——0OH
H—+—OH OR
—OH o
\ R'COOH
Sorbitol CH,OR
RO OR R= —CO-R'
Sorhitan esters

Figure 1.1 Chemical esterification of sorbitol leads to sorbitan esters.

to give internal cyclic ethers. While the monodehydration occurs
predominantly to give sorbitans, double dehydration leads to isosorbide.
Moreover, the monodehydration can take place in several ways due to the
presence of multiple hydroxyls to give several isomers like 1,4-, 3,6-, 2,5-
and 5,2-sorbitans [5,6]. Thus, the commercial product not only is a
mixture of several isomers, but also contains varying degrees of mono-,
di-, and triesters. Analyzing such a complex mixture to pinpoint the exact
number and identities of its constituents has been a difficult task as shown
by the recent studies carried out using high-performance liquid
chromatography (HPLC) and supercritical fluid chromatography [7, 8].
A more recent study using the GC-MS technique detected around 50— 65
components in a commercial sorbitan ester [9]. They could detect up to
ten sorbitan isomers in the product based on which the possible
dehydration products as shown in Figure 1.2 were proposed.

Though the process is now well established and has been in operation
for the last 50 years, the effect of various catalysts on the course of
reaction was only recently studied [10,11]. Rate of dehydration vs.
esterification using catalysts such as p-toluenesulphonic acid, phosphoric
acid, sodium hydroxide and sodium phosphates was observed. While
it was found that monosodium phosphate led to the most effective
dehydration of sorbitol, disodium phosphate was found to be less reactive
and trisodium phosphate had no effect.

While it is believed that dehydrative cyclization in any high
temperature chemical esterification of sorbitol is inevitable, some of the
recent processes claim formation of sorbitol esters having essentially no
anhydro compounds. One such process [12] claims rapid heating of a
mixture of 2.5 mol of each sorbitol and coconut fatty acids containing
0.4% NaOH to 240°C for 35 min, allowing it to be stirred at this



