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Foreword


The author was not surprised by the success of the first edition, as there had not been a comparable textbook on the market that provided detailed explanations of paint additives. The author has therefore gladly taken on the task of revising and updating the first edition. To this end, he has eliminated errors, added several new figures and the completely new Chapter 11.


Additives are substances which are added to a coating composition in small amounts (commonly less than one percent) to alter the properties of a liquid paint or the resultant solid coating in a particular direction. For example, one property of a liquid paint is its ease of application, which can be influenced by rheological additives (e.g. sag control agents). One property of solid coatings is their anti-corrosion property, which can be influenced by corrosion protection additives or adhesion promoters. Additives act like “medicines for paints” and so can have unwanted side-effects as well.


The present book is primarily a textbook and originated from lectures given by the author at the University of Applied Sciences in Esslingen, Germany. Its objective is to provide a description of the chemistry and applications technology behind various paint additives. It does not cover test methods. On account of the sheer diversity of additives that exist, the book must further restrict itself to the most important types – but it looks at these in detail. It also contains numerous photographs/diagrams to illustrate the various kinds of damage which additives prevent, as a picture says more than a thousand words. In specific cases, coatings formulations (starting formulations obtained from suppliers of raw materials) are presented to explain the specific use of an additive, thereby also illustrating the needs of the coatings industry.


Patent restrictions and registered trademarks (e.g. ™ or ®) are not mentioned explicitly. Product and trade names are only used where otherwise unavoidable. It should also be noted that product or trade names can change as a result of mergers and acquisitions. Nonetheless, most of the raw materials described herein or their equivalents are available worldwide.


The present textbook seeks to familiarise laboratory assistants, technicians, graduates, engineers, bachelors, masters and chemists with this class of raw materials for paints. It presupposes a basic knowledge of chemistry. Moreover, it will serve as a reference work for all readers interested in raw materials, paints and coatings.


Würzburg, June 2019


Bodo Müller


bo_mueller@t-online.de









Exclusion of liability


It should be noted that this book reflects the author’s personal views, based upon his own knowledge. This does not absolve readers of the responsibility to perform their own tests with respect to the uses and applications of various processes or products described herein, and/or of obtaining additional advice regarding the same. Any liability of the author is excluded to the extent permitted by law, subject to legal interpretation.
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1 Wetting and dispersing agents


1.1 Dispersing process


Before the dispersing process is discussed, it would be helpful to characterise pigment particles (Figure 1.1). Small, single crystals which are formed during pigment synthesis are called primary particles. Aggregates are primary particles which grow together via their faces; the dispersing process does not generally separate them. Agglomerates are associates of primary particles and/or aggregates joined by their edges (Figures 1.1 to 1.3).


Figure 1.2 shows a scanning electron micrograph and Figure 1.3 an optical micrograph of pigment Red 3 as a typical example of agglomerates of an organic coloured pigment. Grinding processes are classified as true size reduction (crushing of primary particles) and deagglomeration (grinding of agglomerates to yield aggregates and/or primary particles).
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Figure 1.1: Simplified diagram of primary particles, aggregates and agglomerates
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Figure 1.2: Scanning electron micrograph of pigment Red 3





In the coatings sector, dispersing or milling is taken to mean the homogeneous distribution of disperse solid particles (e.g. pigments) in a liquid medium (mostly a solution of binder), i.e. deagglomeration. As the dispersing of pigments is the most important step in paint manufacturing and is necessary for an understanding of dispersing agents, the underlying process will be discussed here briefly.


During dispersing, adhesive forces (e.g. van der Waals) acting between the pigment particles must be overcome[1]. The purpose of dispersing agents is to stabilise the deflocculated pigment dispersions, which were produced by the dispersing process, for a protracted period of time; i.e. the pigment particles must be prevented from flocculating (see Chapter 1.2) [2].
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Figure 1.3: Optical micrograph of pigment Red 3 (scale bar 1 mm)
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Figure 1.4: Coatings of pigment Blue 60 mixed with titanium dioxide after different dispersing periods in an aqueous latex gloss enamel (development of colour strength)
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Figure 1.5: Optical micrographs (transmitted light) of a dispersion of phthalocyanine blue pigment after different dispersing periods





 The purpose of the dispersing process is to separate agglomerates. Ideally, the outcome is a dispersion of primary particles and aggregates. In practice, though, it is often only deagglomeration of large agglomerates to smaller ones which occurs [3]. Excessive dispersing (leading in extreme cases to crushing of primary particles) should be avoided at all costs, because after-treated pigment surfaces can be damaged and application properties can be impaired (see Chapter 1.4).


Dispersing proceeds in three steps:


– Wetting of pigment agglomerates


– Deagglomeration of pigment agglomerates


– Stabilisation of the resulting dispersion against flocculation (see Chapter 1.2 below).


Pigment agglomerates are wetted in two steps. The liquid phase spreads over their surface and then penetrates the pores or voids, displacing air.


Mechanical deagglomeration of the pigment agglomerates increases the tinting strength of coloured pigments (Figure 1.4) and renders them more economical.


Figure 1.5 shows optical micrographs (transmitted light) of a dispersion of phthalocyanine blue pigment after different dispersing periods; the qualitative decrease in agglomerate size is clearly evident.
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Figure 1.6: Particle size distribution of an organic red pigment in an aqueous binder (blank, d50 = 1.3 μm; see also Figure 1.8)





Figures 1.6 and 1.7 show the quantitative decrease in agglomerate size with increase in dispersing duration as measured by the particle size distribution. After 10 minutes, the agglomerates have disappeared (Figure 1.7).


1.2 Stabilisation of dispersions


During dispersing, adhesive forces (e.g. van der Waals) acting between the pigment particles must be overcome. Dispersing agents are necessary for stabilising the deflocculated pigment dispersion which was produced by the dispersing process; i.e. flocculation caused by these forces of attraction must be inhibited [2]. It is essential to distinguish between the terms dispersing agent and dispersion medium. A dispersing agent is an additive which improves the stability of pigment dispersions whereas a dispersion medium is a liquid phase wherein pigments are dispersed.


Flocculation is the association of pigment particles, which have been dispersed in a liquid paint medium, and is the result of forces of attraction (e.g. van der Waals) between the particles. Flocculation reduces the size of the phase boundary between pigment and dispersion medium. Most disperse systems are thermodynamically unstable, resulting in a decreased interfacial surface area due to flocculation [3]. Why?
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Figure 1.7: Particle size distribution of an organic red pigment in an aqueous binder (after 10 minutes’ dispersing, d50 = 0.51 μm; see also Figure 1.8)





The work (energy input) needed to move a molecule from inside a phase to the surface is calculated by:


where




W = γ · ΔA
















	
W




	
is the work [energy]









	
γ




	
is the surface tension [force/length = energy/area] [3]









	
ΔA




	
is the increase in interfacial area [area]















The work W is proportional to the increase in interfacial area ΔA and to the surface tension γ. Consequently, the larger the interfacial area and the higher the surface tension, the higher is the energy content of the disperse system and the less thermodynamically stable it is. Flocculation lowers the energy content of a disperse system because the interfacial area ∆A decreases; i.e. it shifts the disperse system towards a thermodynamically stable state (Figure 1.9).


Pigment and polymer dispersions are often stable for years because dispersions they are metastable. The term metastability is illustrated in Figure 1.9.


So, why do pigment dispersions have a long shelf life, i.e. why they are metastable? The answer is that electrostatic or steric stabilisation can prevent them from flocculating. These terms are explained below. The combination of both these stabilisation mechanisms is called electrosteric stabilisation.
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Figure 1.8: Reduction paste of an organic red pigment in an aqueous binder: blank and after 10 minutes’ dispersing time (see also particle size distributions in Figures 1.6 and 1.7)
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Figure 1.9: Thermodynamic states of pigment dispersions





Table 1.1: Isoelectric points (lEPs) of certain oxides[5]


















	
Oxide




	
IEP (pH)









	
MgO




	
12.5









	
Al2O3




	
9









	
ZnO




	
9









	
Cr2O3




	
7









	
FesO4




	
6.5









	
Fe2O3




	
6.7









	
TiO2




	
4.5 to 6.5









	
SiO2




	
2















Stabilisation is a kinetic effect. Transformation into the thermodynamically stable state by flocculation is prevented or retarded by a high energy of activation (Figure 1.9).


1.2.1 Electrostatic stabilisation


Inorganic pigments and fillers dispersed in water especially (which has a high dielectric constant) mostly bear electric charges. Since the overall disperse system is uncharged, the liquid phase must contain an equal number of counter ions in close proximity to the particles (Figure 1.10). An electric double layer (ion cloud) forms and flocculation is prevented because of the electrostatic repulsion of like charges (this is known as electrostatic stabilisation) [3].


It is important for the forces of repulsion (Coulomb’s law) to extend further into the dispersion medium than the forces of attraction (van der Waals forces; Figure 1.10). Wherever there are opposite charges (e.g. in the case of different pigments), co-flocculation occurs because of electrostatic attraction.


Adding electrolytes (salts) causes the electric double layer (ion cloud) to contract and may lead to flocculation [3].


The Schulze-Hardy law describes how the ionic charge of added salts influences their flocculating power:


– In negatively charged dispersions (the most common), the flocculating power of cations increases with increase in cationic charge: Na+ < Ca2+ < Al3+ or Fe3+


– In positively charged dispersions (rare, e.g. cathodic electrodeposition primers), the flocculating power of anions increases with increase in anionic charge:
Cl− < SO42− < PO43−.


In practice, therefore, water-borne paints should not contain any electrolytes (salts).
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Figure 1.10: Simplified diagram of the electric double layer of two pigment particles





There are various mechanisms by which the surfaces of pigment or filler particles can acquire charges:


– Dissociation of functional groups on the particle surfaces


– Adsorption of ions (mostly polyanions); see dispersing agents (Chapter 1.3.1).


Dissociation of functional groups on particle surfaces


Oxides have hydroxyl groups on their surfaces [3] that may react as acids or bases, in accordance with the oxide concerned. The pH at which the surface charge is zero (point of zero charge) is also called the isoelectric point (IEP) [4]. Above the IEP, the oxide surface is negatively charged due to deprotonation while, below the IEP, it is positively charged due to protonation [3]. The charge density increases with increase in distance between the pH of the dispersion medium and the IEP.


The data shown in Table 1.1 apply to chemically pure oxides. There may be significant deviations from these IEP values in the case of industrial pigments or fillers whose surfaces have been after-treated (e.g. titanium dioxide; see Chapter 1.4.2). The type of crystalline structure, too, can influence the IEP.


Electrostatic stabilisation is especially important in water-borne paints and latex paints because of the high dielectric constant of water. However, studies have shown that the electric charge on pigment surfaces also plays important role in solvent-borne paints [6]; the same pigment dispersed in different paint resins may exhibit opposite charges or none at all.


1.2.2 Steric stabilisation


It has been known for more than 100 years that aqueous dispersions (colloids) can be readily stabilised against flocculation by adding water-soluble polymers (so-called protective colloids), such as gelatin, casein, and polyvinyl alcohol. In contrast to electrostatic stabilisation, stabilisation effected with polymers is insensitive to the addition of electrolytes (salts).


As a rule, adding suitable polymers is the only way to stabilise dispersions in organic solvents. The polymers (oligomeric dispersing agents or paint resins) must adsorb on the surface of the dispersed particles; i.e. they must displace adsorbed solvent and/or surfactant molecules.
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Figure 1.11: Steric stabilisation (simplified diagram; not to scale)





As pigment particles approach each other, the polymer segments become restricted in their movement and the entropy decreases; the outcome is a repulsive force (Figure 1.11). For this reason, steric stabilisation is also referred to as entropic repulsion or deflocculation.


Studies [7, 8] have shown that, for steric stabilisation of dispersed particles up to 10 μm (10,000 nm) in diameter, the steric barrier need only be 10 nm (Figure 1.12).


The diagram in Figure 1.11 suggests that surfactants (wetting agents) can also act as steric stabilisers (especially if it is not realised that Figure 1.11 is not to scale). Low-molecular surfactants (wetting agents) do not act as steric stabilisers as their molecules are much too small (see Chapter 1.3.2). Only oligomers or polymers have the necessary molecular size.


Requirements for steric stabilisation


a) The polymers must strongly adsorb on the pigment surface by appropriate functional groups (anchoring groups).


b) The polymers must have sufficiently long chain segments (barrier groups) which readily dissolve in the dispersion medium (organic solvents or water), a process that leads to widening of polymer chains. The addition of poor solvents can cause these polymer chains to coil and so lead to flocculation (see “Dispersing agents” in Chapter 1.3.1).


c) Polymers (oligomers) of medium molar mass are optimal:


– If the molar mass is too low, the chain is not long enough.


– If the molar mass is too high, bridging flocculation may occur (see “Dispersing agents” in Chapter 1.3.1). Moreover, if the molar mass is too high, incompatibility may occur, or the viscosity may increase.


d) A minimum polymer concentration is necessary; if the concentration is too low, flocculation may occur, especially in the case of high molar masses (see c).
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Figure 1.12: Size relationships involved in steric stabilisation; the black rim around the particles shows the 10 nm-thick steric barrier (diagram roughly to scale)





1.3 Typical wetting and dispersing agents


Unfortunately, manufacturers provide hardly any information about the chemical composition of their wetting and dispersing agents, and that makes it difficult to explain the effectiveness of these additives. Moreover, they often employ the terms wetting and dispersing agents indiscriminately because the distinction between them is fuzzy.


In this book, they were distinguished by molar mass:


– Wetting agents (surfactants) are low-molecular amphiphilic substances.


– Dispersing agents are oligomers or polymers which stabilise dispersions of pigments and fillers against flocculation.


Let us look at dispersing agents first.


1.3.1 Dispersing agents


Polyanionic dispersing agents for electrostatic stabilisation


Polyanions serving as dispersing agents or dispersing additives adsorb primarily on inorganic pigment and filler surfaces, which they charge by means of their own electric charges.


The purpose of such polyanionic dispersing agents is to increase the level of repulsion and, therefore, to improve electrostatic stabilisation.


They achieve this by:


– Boosting the ‘like’ charge


– Reversing the charge of oppositely charged pigments (prevention of co-flocculation)


– Complexing multivalent cations (e.g. Ca2+; thereby increasing the radius of action of electrostatic forces)


Typical polyanionic dispersing agents are polycarboxylates (mostly salts of polyacrylic acids; Figure 1.13).


Figure 1.14 schematically shows the adsorption of a salt of polyacrylic on zinc oxide (IEP at pH 9).


Advantages of polycarboxylates


+ Hydrolytic resistance


+ Similarity to paint resins (compatibility, film quality)


Disadvantages of polycarboxylates


– Higher cost (compared to polyphosphates)


– Sensitive to multivalent cations – Relatively high addition level.


Further examples of polyanionic dispersing agents are polyphosphates


– Linear polyphosphates:
Nan+2PnO3n+1 (Calgon)
n = 2: pyrophosphate Na4P2O7
n = 4: tetraphosphate Na6P4O13


– Cyclic metaphosphates: (NaPO3)n


The charge and, therefore, the dispersing efficiency increase with increase in n.


Advantages of polyphosphates


+ Lower cost (compared to polycarboxylates)


+ Complexing of multivalent cations (e.g. Ca2+)


+ Relatively low addition level (0.2 to 0.5 wt.%)


Disadvantages of polyphosphates


– Slow hydrolysis to (mono-)phosphate


– Soluble phosphate salts may lead to leaching and crystallisation on coatings


A combination of polyacrylate and polyphosphate is often used in latex paints.
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Figure 1.13: Salt of a polyacrylic acid as a dispersing agent for water-borne paints
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Figure 1.14: Charging of zinc oxide pigment at pH 9 by a polyacrylic acid salt (simplified diagram, not to scale)





Polymeric dispersing agents for steric stabilisation


From Chapter 1.2.2 “Steric stabilisation”, it follows that block and graft copolymers (Figure 1.15) are better at stabilisation than random copolymers or homopolymers.


Given significant difference in polarity between blocks A and B (Figure 1.15), AB block copolymers can have amphiphilic properties (see polymeric surfactants); in such cases, the term “wetting and dispersing agents” which is often used by the manufacturers is correct.


A precise description of the chemical composition of polymeric dispersing agents is rarely found in the literature.


Steric stabilisation of titanium dioxide in methyl ethyl ketone by AB block copolymers of 2-vinylpyridine and methyl methacrylate (Figure 1.16) is described in [9]. Even a 2-vinylpyridine content of just 18 mol-% in the block copolymer is enough to effectively stabilise titanium dioxide dispersions (rutile) against flocculation. The degree of polymerisation of 2-vinylpyridine in the block copolymer containing 18 mol-% of 2-vinylpyridine computes to n = 27 while the corresponding figure for methyl methacrylate is m = 122 (Figure 1.16).


A second example of a polymeric dispersing agent employed for steric stabilisation is shown in Figure 1.17. Polyurethane chemistry can be used to build up this AB block copolymer step by step.


The nitrogen atoms in both AB block copolymers (Figures 1.16 and 1.17) are Lewis bases that are capable of interacting with metal ions (Lewis acids). They act as anchoring groups, especially for inorganic pigments and fillers.
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Figure 1.15: Block and graft copolymers as dispersing agents (multiblock copolymers could also be used)
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Figure 1.16: AB block copolymer as a dispersing agent for titanium dioxide in an organic solvent





Diluting sterically stabilised pigment dispersions with unsuitable solvents can cause the solvated polymer chains of the dispersing agent to coil and, therefore, to flocculate (Figure 1.18).
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Figure 1.17: AB block copolymer as a dispersing agent
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Figure 1.18: Effect of solvents on steric stabilisation (diagram not to scale)
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Figure 1.19: Principle behind bridging flocculation (diagram not to scale)





Bridging flocculation is especially likely to occur when the polymer concentration is too low and the molar mass is very high (Figure 1.19). The use of certain dispersing agents to effect deliberate but reversible bridging flocculation is called controlled flocculation (see below).


Mixtures of different pigments


At this stage, a brief discussion of the properties of different mixed pigments is needed. Since paints generally contain more than one pigment, the various pigments may separate on account of their different mobility (due to different sizes and/or densities). This separation occurs when different pigments in the fresh, still flowable paint are no longer distributed uniformly. There are two different types of pigment separation:


– Vertical pigment separation (floating): Local differences in concentration on the paint surface is called vertical pigment separation (Figure 1.20), and often leads to Bénard cells (Figure 1.21) or to streaking. The surface of the coating does not have a uniform colour, but instead looks speckled or streaky.


– Horizontal pigment separation (flooding): If the differences in concentration occur not on the paint surface but rather perpendicularly to it, this is called horizontal pigment separation. In this case, the coating has a uniform colour. This paint defect only becomes apparent when, e.g., the rub-out test is carried out or a coated glass plate is viewed from above and below.


Both types of pigment separation may be prevented or reduced by controlled flocculation or – preferably – controlled co-flocculation (Figure 1.22).
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Figure 1.20: Vertical pigment separation and cell formation (optical micrograph of a coating containing titanium dioxide and phthalocyanine blue) scale bar 0.5 mm
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Figure 1.21: Bénard cells (scanning electron micrograph of a coating containing titanium dioxide and pigment Red 3)





Advantages of controlled flocculation


+ No separation of pigments of different density


→ Little or no pigment separation


→ Little or no occurrence of Bénard cells or streaking.


+ Rheological effect:
Increase in non-Newtonian flow (reversible three-dimensional network)


→ Improved application
properties (e.g. less sagging)


→ Less settling of pigments.


+ No direct contact between the pigments in the flocs


→ Readily redispersible
 (mostly by stirring)


→ “Soft” sediment.


Finally, it should be stated that in many cases paint resins (mostly oligomers) can stabilise pigment dispersions sterically.
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Figure 1.22: Controlled flocculation (diagram simplified and not to scale)
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Figure 1.23: Sodium stearate





1.3.2 Wetting agents (surfactants)


This chapter covers the “classic” low-molecular wetting agents. Wetting agents, which are also called surfactants, emulsifiers, surface-active, and amphiphilic compounds, are substances which decrease surface or interfacial tension at phase boundaries. They therefore improve wetting. The terms wetting agent and surfactant are used synonymously in this book.


The first wetting agents to be employed were salts of fatty acids (soaps); a typical example is sodium stearate (salt of stearic acid; Figure 1.23). Sodium stearate has a hydrophilic group (carboxylate) and a hydrophobic group (long-chain alkyl). Each molecule has both hydrophilic and hydrophobic properties (“head-and-tail structure”) and is said to be amphiphilic.


Table 1.2: Influence of the hydrophobic group on surface activity in water (surface tension)


















	
 




	
Surface tension [mN/m]









	
Water




	
73









	
+ hydrocarbon surfactants




	
40 to 25









	
+ silicone surfactants




	
30 to 20









	
+ fluorinated surfactants




	
25 to 15















The maximum length of the stearic acid molecule is about 2.2 nm (Figure 1.23). Sodium stearate is therefore unable to stabilise pigment dispersions sterically because that requires a chain length of at least 10 nm (Chapter 1.2.2) [7, 8].


Wetting agents align themselves at phase boundaries, where they lower the interfacial tension and improve wetting. Figure 1.24 shows the self-alignment of wetting agents at the water/air phase boundary. The hydrophilic groups align themselves with the water, and the hydrophobic groups, with the air. The water surface now no longer consists of water molecules (high surface tension) but of hydrocarbon chains of lower surface tension.


Usually, wetting agents are classified by the charge on the hydrophilic group. There are anionic, cationic, amphoteric and nonionic types (Figure 1.25).


Wetting agents can be further classified on the basis of the chemical composition of the hydrophobic group, namely as hydrocarbon, silicone and fluorinated surfactants.
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Figure 1.24: Self-alignment of wetting agents at the water/air phase boundary
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Figure 1.25: Classification of wetting agents by the charge on the hydrophilic group





The greater the hydrophobicity of the “tail”, the more the surface tension of water decreases when treated with wetting agents; i.e. the more efficient the wetting agent becomes (Table 1.2). A typical hydrocarbon surfactant is sodium stearate (Figure 1.23). Examples of silicone and fluorinated surfactants are presented in Figure 1.26.


Table 1.3: Influence of the hydrophilic group on surface activity (surface tension) of different nonylphenol ethoxylates* (see Figure 1.27)




















	
 




	
Surface tension [mN/m]









	
Water




	
73









	
+ surfactant




	
0.01 g/l




	
0.1 g/l




	
1 g/l









	
n = 6




	
38




	
30




	
29









	
n = 10




	
45




	
31




	
30









	
n = 30




	
54




	
40




	
36












* It should be noted that concerns have recently been raised about the toxicity of nonylphenol ethoxylates.
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Figure 1.26: Typical silicone and fluorinated surfactants





The influence of the hydrophilic group on surfactant activity (surface tension) of nonylphenol ethoxylates (Figure 1.27) is shown in Table 1.3. The longer the hydrophilic polyether chain, the more hydrophilic these nonionic surfactants become. At the same time, the surface tension of the aqueous surfactant solution increases. In other words, as the “head” becomes more hydrophilic, the surfactant becomes less efficient.


Furthermore, Table 1.3 shows the influence exerted by the surfactant concentration. As expected, increasing the concentration causes the surface tension of the aqueous solution to decrease; i.e. the effectiveness of the added surfactant increases. Table 1.3 also shows clearly that 0.1 g/l is the optimal level of surfactant addition; increasing it further to 1 g/l does not provide much additional help.


Secondary effects


Wetting agents (like all paint additives) have an optimal addition level which should not be exceeded because wetting agents (again, like all paint additives) can have unwanted side-reactions. For example, wetting agents increase the hydrophilicity of coatings. An additional unwanted side-reaction of surface-active compounds, such as wetting agents, is foaming in water, with the foam lamellas (which have large surface areas) being stabilised by wetting agents. One remedy for this is to add a defoamer (see Chapter 3).


To sum up so far, the more hydrophobic the “tail” and the less hydrophilic the “head”, the more effective is the wetting agent. However, solubility acts as a limiting condition in water. For example, in the case of the nonylphenol ethoxylates (Figure 1.27), the surfactant having n = 4 is not completely soluble in water.


The nonylphenol ethoxylates presented in Figure 1.27 are the most important subset of the alkylphenol ethoxylates (APEO) and are nowadays not more used in Central Europe because of ecotoxicity. As with this group of wetting agents the relationships between structure, application quantity and effect can be demonstrated impressively (Table 1.3), these APEOs are still mentioned in this book.


Orientation at phase boundaries


Wetting agents align themselves at phase boundaries and are able to alter the polarity (and the wettability) of solid surfaces. For example, a cationic surfactant can hydrophobise a hydrophilic, negatively charged metal oxide surface (pigment or filler; Figure 1.28).




[image: ]


Figure 1.27: Nonylphenol ethoxylates (nonionic hydrocarbon surfactants)







[image: ]


Figure 1.28: Adsorption of a cationic surfactant on a negatively charged metal oxide surface (highly simplified; not to scale)
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Figure 1.29: Adsorption of an anionic surfactant on a nonpolar organic pigment surface (highly simplified; not to scale)





While surfactants can be used to improve wetting of hydrophobic organic pigments in water-borne paints (Figure 1.29), they are also often employed in solvent-borne paints. Furthermore, Figure 1.29 shows that adsorption of an anionic surfactant causes the surface of an organic pigment to become negatively charged, and that leads to electrostatic stabilisation of the pigment. Pigment wetting is a requirement for successful pigment dispersion (see Chapter 1.1). Paint properties, such as gloss and tinting strength, can be improved by wetting agents and, as a result, the time necessary for dispersing can be reduced (savings on energy and costs).


In Western Europe, 2.5 million tonnes of surfactants are used, of which 2 % (= 50,000 tonnes) are used for paints, coatings and plastics [22].


Examples of wetting agents which are important in coatings technology


Three important wetting agents for paints are described in detail below. The first one is the amphoteric (zwitterion) lecithin, a nontoxic renewable raw material shown in Figure 1.30. Note that there are two hydrophobic groups (two “tails”). Lecithin is produced from soybean oil (soybean lecithin) and is chiefly used in solvent-borne paints. Soybean fatty acids occur as a natural mixture (C16: 0 10 %, C18: 0 4 %, C18: 1 21 %, C18: 2 56 %, C18: 3 8 % and others, variable content). Such mixtures often serve as raw materials for paints because they have little tendency to crystallise.


Naphthenates (e.g. calcium salts of naphthenic acids; Figure 1.31) are an industrial mixture of substances obtained from mineral oil and are added to solvent-borne paints as wetting agents and driers (see Chapter 5.1). Additives often have dual functions – users should be aware of this.
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