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Emulsion polymerization is a useful technique for preparing waterborne latexes, which are the basis for many coating 

systems such as paints and inks. The polymerization reaction takes place in micelles in which the monomer droplet is 

stabilized by surfactants. The surfactants, usually an anionic or a combination of an anionic and nonionic surfactant, 

together with polymerization conditions, determine the particle size. Anionic surfactants provide shear stability to prevent 

loss due to coagulation. Nonionic surfactants provide electrolyte or chemical stability to the growing latex particles. The 

type and structure of a surfactant can have a dramatic effect on emulsion properties such as particle size, particle size 

distribution, and latex viscosity.
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Figure 1. Emulsion polymerization physical mechanism.

From Wikipedia, “Emulsion Polymerization”

Like non-reactive surfactants, reactive surfactants are molecules that typically have a hydrophobic segment and an 

ionizable and/or polar group. The hydrophobic segment preferentially adsorbs onto the surface of the latex particle during 

and following particle polymerization. The hydrophilic group extends into the aqueous solution phase and provides a 

steric barrier or charge repulsion against particle agglomeration and coagulation.

Unlike their non-reactive counterparts, reactive surfactants additionally contain a reactive group on the hydrophobic 

segment that is capable of covalently bonding to the latex surface. Usually this is a moiety such as a meth(acrylate) ester 

or a terminal olefin that can participate in free-radical emulsion polymerization reactions. When used in an emulsion 

polymerization a large fraction of the surfactant molecules become irreversibly bound to the

 

emulsion polymer chains and droplets.1,2 This can improve both the latex stability and reduce foaming. A number of 

coating properties are typically improved as well, especially improved water resistance of the coating.

Once a latex-containing product has been applied to a surface as part of a coating, the surfactant is no longer needed. 

In fact, the presence of the surfactant often degrades the moisture sensitivity of the coating. Other coating properties 

can be negatively affected as well. This is largely due to the mobility of the surfactant polymers. For example, locally high 

concentrations of surfactant molecules can form in the coating from the coalescence of surfactant-coated micelles. When 

the coating is exposed to water, these unbound surfactant molecules can be extracted from the coating leaving thin spots 

or pathways to the substrate surface. This can result in a pinholing effect and corrosion of the substrate.3

A number of reactive nonionic and anionic surfactants are commercially available. Most of these are designed to 

participate in free-radical polymerizations. None of these reactive surfactants incorporates more than one reactive moiety 

in their structure, however.

We are developing a new class of reactive surfactants, both nonionic and anionic, for use in both conventional aqueous 
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emulsion polymers and in coatings for UV curing that contain two polymerizable moieties. These new reactive surfactants 

can be employed either as emulsifiers or as pigment dispersants.

The patent literature discloses reactive surfactants (US 4,814,514) prepared by the addition of allyl glycidyl ether (AGE) to 

surfactant base hydrophobes such as hydroxyl-functional fatty alcohols or substituted phenols. However, the molar ratio 

of AGE to hydrophobe is 1:1. Due to the nature of epoxide reactions with hydroxyl functional materials, a distribution of 

adducts will be formed. Some of the hydroxyls will react with AGE as desired to make the 1:1 adduct, while some of these 

1:1 adduct products will add a second mole of AGE to make the 2:1 adduct. For every mole of these 2:1 adducts formed, 

one mole of unreacted hydroxyl functional material will remain. This material will continue through the second step 

reaction with ethylene oxide (EO) to form a non-reactive surfactant. In addition to the undesired 2:1 adduct formed, some 

3:1 adduct will be formed as well. For every mole of 3:1 adduct, two moles of surfactant base is left unreacted.

Our new reactive surfactants are block copolymers of two or more moles of allyl glycidyl ether (AGE) and ethylene oxide 

terminated on the AGE end with a hydrophobic moiety. The addition of a second equivalent of AGE significantly reduces 

the amount of non-reactive surfactant in the product so that increases in coating repellency may be achieved.

These new reactive surfactants may contain various hydrophobes such as styrenated phenol ethers, alkyl ethers such as 

tridecyl alcohol, or alkylphenol ethers. Varying the level of ethoxylation and adjusting the size of the hydrophobe results in 

being able to tune the structure for optimal performance for each application.

 

These nonionic copolymers may be further derivatized to convert them to anionic surfactants. Examples of these include 

sulfonates, phosphate esters, and carboxylates.

Generally, latex particles can be prepared by mixing monomers together to form a monomer mixture. A surfactant or 

surfactants is (are) then added to the monomer mixture and sheared into water to form an emulsion. The surfactant(s) may 

include a reactive surfactant, a nonreactive surfactant, or a combination of reactive and nonreactive surfactants.

A covalent bond-forming reaction occurs between the reactive surfactant and the latex particle surface. The “locking-in” 

of the surfactant onto the surface of the latex particle results in the improved properties observed with the use of reactive 

surfactants. Some of the  improved properties include dispersion stability of the latex under high thermal shear conditions 

and improved water repellency and water resistance of coatings based on the latex. Presumably, these latter two are a 

result of less free surfactant in the coating as described above.

Following are four studies designed to elucidate the benefits of reactive surfactants containing more than one reactive 

group rather than a single reactive group. To avoid differences based on reactive group differences, the allyl group is the 

reactive moiety in all of the reactive surfactants.

These new surfactants were used to prepare wood deck stains and direct-to-metal coatings. Their properties were then 

compared to coatings based on latexes prepared with mono-functional surfactants. In addition to learnings about 

the number of reactive groups, some learnings about hydrophobe type and level of ethoxylation (hydrophile size) are 

discussed.

http://ethox.com/


Phone: (864) 277-1620   
Email: sales@ethox.com

www.ethox.com

1801 Perimeter Road Greenville, SC 29605

4

Study #1: Study of Deck Stain Formulations With Reactive Surfactants. 
Comparison of ERS 01596 And ERS 01618 With Competitive Commercial Products 
In Latexes For Deck Stain Applications

Experimental
Surfactants used in Study (structures below):

a) Aerosol NPES – 930 - POE 4 (polyoxyethylene) nonylphenol (NP) ammonium sulfate - Cytec

b) Hitenol BC-1025, believed to be POE 10 allyl-substituted nonylphenol - Montello.

c) ERS 1596 is a reactive surfactant based on the styrenated phenol hydrophobe with one equivalent of allyl glycidyl 

ether, then ethoxylated with 16 moles of EO, sulfated, and neutralized. - Ethox Chemicals

d) ERS 1618 is a reactive surfactant based on the same styrenated phenol hydrophobe as ERS 1596 with two 

equivalents of allyl glycidyl ether, then ethoxylated with 15 moles of EO, sulfated, and neutralized. – Ethox Chemicals

 

The AGE-based reactive surfactants were prepared by the sequential reaction of AGE with the hydrophobe listed followed 

by further reaction with ethylene oxide. The sulfates were prepared by reaction of the ethoxylates with sulfamic acid. 

The commercial surfactants were purchased from the manufacturers listed and used as is. The sulfates were used in the 

ammonium salt form.
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Latex Recipe
All latexes were produced in a jacketed glass reactor. The temperature was regulated by an external circulating water 

heater. The reactor was fitted with a thermocouple and feed lines. The monomer was fed subsurface through a stainless 

steel tube. The initiator (oxidizer and reducer) were added above the surface of the latex. Both monomer and initiator were 

fed via FMI pumps.

Material Weight Purity Solids

Initial charge

Surfactant a - d 46.40 0.25 11.60

Sodium bicarbonate 10.00 1.00 10.00

Water 973.60 0.00 0.00

Sub total 1030.00 21.60

Initial oxidizer

Ammonium persulfate 4.00 1.00 4.00

Water (DI) 12.00 0.00 0.00

Sub total 16.00 4.00

Monomer feed

Water (DI) 386.80 0.00 0.00

Surfactant a - d 23.20 0.25 5.80

VV10* 700.00 1.00 700.00

Butyl acrylate (BA) 200.00 1.00 200.00

Methyl methacrylate (MMA) 460.00 1.00 460.00

Methacrylic acid (MAA) 20.00 1.00 20.00

Sub total 1790.00 1385.80

Delayed oxidizer

Ammonium persulfate 4.00 1.00 4.00

Water 100.00 0.00 0.00

TABLE 4. ΔECMC OF TINTED PAINTS WITH STD NP 9 AS STANDARD
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Material Weight Purity Solids

Sub total 104.00 4.00

Post oxidizer

t-Butylhydroperoxide (tBHP) 1.50 0.70 1.05

Water 40.00 0.00 0.00

Sub total 41.50 1.05

Post reducer Expected properties

Sodium metabisulfite (SMBS) 1.50 1.00 1.50 Total solids (%) 46.8%

Water 40.00 0.00 0.00 Surfactant on solids 1.23%

Sub total 41.50 1.50 Oxidizer on solids 0.64%

Post addition Reducer on solids 0.11%

NH4OH (28% NH3) 5.00 0.00 pH = 8
Measured proper-

ties

Water (DI) 0.00 0.00 0.00 Total Solids (%)

Sub total 5.00 0.00 Filterable solids - 40

TOTAL SUM 3028.00 1418.00 150 mesh

Feed rates Start Stop
Rate (mL/

min)
pH

Monomer feed 1 0 180 9.90 Viscosity

Delayed oxidizer 0 180 0.58 Particle size - 10%

Post oxidizer 180 240 0.69 50%

Post reducer 180 240 0.69 90%

Residual monomers Particle size - Mv

MMA BA Sty VV10
Vinyl 

A
Mn

Ma

TABLE 4. ΔECMC OF TINTED PAINTS WITH STD NP 9 AS STANDARD CONT.

* Vinyl Versatate (VV10 – Momentive)
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Procedure
1. Start circulating water heaters

2. Make up initial and delayed oxidizer solutions

3. Make up initial charge

4. Make up monomer feed in the order presented

5. Add initial charge

6. Raise temperature to 80C.

7. Add initial oxidizer.

8. Begin monomer feed

9. Begin delayed oxidizer feed

10. At end of feed, wait 1 hour

11. Begin post oxidizer and post reducer over 60 minutes.

12. Cool down

13. Adjust pH

14. Measure properties

Results and Observations

   

* Stirrer

** Thermocouple     

1) All surfactants produced good shear stable products

Pre-emulsion
characterization

Residual Monomer
(ppm)

Recipe Description
Ease of

formation
Stability VV10

In process

Foaming
Reactor Fouling

139 Ethox ERS 01596 good good 500 OK
significant fouling

on St*, Tc**

140 Ethox ERS 01618 good good 2000 OK
significant fouling

on St, Tc

144
NP(EO)4

ammonium sulfate
good good 300 OK Good

145 Hitenol BC-1025 good good 400 OK
some fouling on

St, Tc

TABLE 2. LATEX POLYMERIZATION PROCESS PROPERTIES
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Filterable solids

Recipe Description 40 Mesh(ppm)
150

mesh(ppm)
pH

Foam height

increase %
Viscosity (cps)

139 Ethox ERS 01596 182 79 8.3 50 13

140 Ethox ERS 01618 380 102 8.3 40 7

144
NP(EO)4

ammonium sulfate
6 78 8.3 40 16

145 Hitenol BC-1025 239 228 8.3 20 14

TABLE 3.  WET LATEX PROPERTIES

1) All surfactants produced very low filterable solids.

2) Foaming was variable in shake test with Hitenol BC-1025 producing the lowest foam (shake 50 g of latex in 100 mL 

graduated cylinder 20X).

Particle size (nm)

Recipe Description 10% 50% 90% Mv Mn Ma

139 Ethox ERS 01596 97 120 146 121 111 118

140 Ethox ERS 01618 94 120 169 127 110 120

144
NP(EO)4

ammonium sulfate
81 101 122 101 93 99

145 Hitenol BC-1025 85 101 121 103 97 101

TABLE 4.  LATEX PARTICLE SIZE

The two DSP based surfactants produce larger particle sizes than NP(EO)4 ammonium sulfate or Hitenol BC-1025.
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* Slightly      

** Very      

1) ERS 01618 has the best blush resistance of the four surfactants studied.

2) ERS 01596 has the poorest blush resistant properties.

Study #1 Conclusions

• All surfactants produced very low filterable solids.

• Foaming was variable in shake test with Hitenol BC-1025 producing the lowest foam. It is believed that this is due 

to the higher level of ethoxylation on the styrenated phenol surfactants ERS 1596 and ERS 1618 (15 – 16 moles of 

EO) than on the BE-1025 surfactant (10 moles of EO). Higher levels of ethoxylation are known to increase foaming 

tendency. Styrenated phenol surfactants are known to be generally low foaming.

• DSP based surfactants produce larger particle sizes than NP(EO)4 ammonium sulfate or Hitenol BC-1025. It is 

believed that this is also due to the higher level of ethoxylation on ERS 1596 and ERS 1618. See explanation below.

• All surfactants produced good shear stable products

• ERS 01618 has the best blush resistance of the four surfactants studied.

• ERS 01596 has the poorest blush resistant properties. We are not sure why this would be the case, but it could be 

because of the long EO chain and a high fraction of non- reactive surfactant in the product.

The larger surfactants with more ethoxylation have lower charge density than the smaller NP(EO)4 or Hitenol products 

and thus less charge stabilization. This would account for the larger particle size. Long EO chains stabilize foam as well. 

Presumably, similar DSP-based surfactants with a lower level of ethoxylation would perform better in both particle size and 

foaming. The surfactant with two reactive groups (ERS 01618) significantly outperformed the similar surfactant with one 

reactive group (ERS 01596) in blush resistance, a good measure of water repellency.

Drawdown Optical Water Whitening

Recipe Description Glass Leneta Microscopy Glass Leneta

139
Ethox ERS 

01596
sl* hazy

sl* 

hazy

no distinguishing

features
v** hazy v hazy

140
Ethox ERS 

01618
sl* hazy

sl* 

hazy

no distinguishing

features

v sl blue - better

than 144 and 145

v sl blue - better

than 144 and 145

144

NP(EO)4

ammonium 

sulfate

sl* hazy
sl* 

hazy

no distinguishing

features

v sl blue – better 

than 145

v sl blue - better

than 144 and 145

145
Hitenol BC-

1025
sl* hazy

sl* 

hazy

no distinguishing

features
v sl blue

v sl blue - better

than 144 and 145

TABLE 5. RESISTANCE TO WATER WHITENING OF THE DRIED LATEX FILMS
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 Study #2 - Further Study of Deck Stain Formulations with Reactive Surfactants
Materials
The surfactants used in this study:

1 ERS 01618 - POE(15) { styrenated phenol/2 AGE} Sulfate – Ethox

2) ERS 01617 - POE(15) { styrenated phenol /2 AGE} – Ethox

3) ERS 01651 - POE(15) { tridecyl alcohol(TDA)/1 AGE} Sulfate – Ethox

4) Aerosol NPES – 930 - NP(EO)4 ammonium sulfate - Cytec

5) Hitenol BC-1025 - POE(10) {NP /1 allyl } Sulfate - Montello

6) Hitenol KH-1025 - POE(10) {TDA /1 allyl } Sulfate - Montello TDA is tridecyl alcohol; NP is nonylphenol

Experimental Procedure for Latex Synthesis
All latexes were produced in a jacketed glass reactor. The temperature was regulated by an external circulating water 

heater. The reactor was fitted with a thermocouple, reflux condenser and feed lines. The monomer was fed subsurface 

through a stainless steel tube. The initiator (oxidizer and reducer) were added above the surface of the latex. Both 

monomer and initiator were fed via FMI pumps. The recipe is shown below in Table 5.

Note that the surfactants are 1.24% on solids. The reaction shown in Table 5 indicates 2.42% on solids. This is due to 

the additional use of the nonionic surfactant ERS 01617 in that recipe, doubling the total concentration of surfactant.
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Material Weight Purity Solids

Initial charge

Surfactant A 5.80 1.00 5.80

Surfactant B 5.80 1.00 5.80

Sodium bicarbonate 5.00 1.00 5.00

Water (DI) 504.20 0.00 0.00

Sub total 520.80 16.60

Initial oxidizer

Ammonium persulfate 2.00 1.00 2.00

Water (DI) 6.00 0.00 0.00

Sub total 8.00 2.00

Monomer feed 1

Water (DI) 202.10 0.00 0.00

Surfactant A 2.90 1.00 2.90

Surfactant B 2.90 1.00 2.90

Vinyl Versatate 350.00 1.00 350.00

Butyl acrylate 100.00 1.00 100.00

Methyl methacrylate 230.00 1.00 230.00

Methacrylic acid 10.00 1.00 10.00

Sub total 897.90 695.80

Delayed oxidizer

Ammonium persulfate 2.00 1.00 2.00

Water (DI) 50.00 0.00 0.00

Sub total 52.00 2.00

Post oxidizer

t-BHP 0.75 0.70 0.53

Water (DI) 20.00 0.00 0.00

TABLE 6.  POLYMERIZATION PROTOCOL
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Material Weight Purity Solids

Sub total 20.75 0.53

Post reducer Expected properties

SMBS 0.75 1.00 0.75 Total solids (%) 47.1%

Water (DI) 20.00 0.00 0.00 Surfactant on solids 2.42%

Sub total 20.75 0.75 Oxidizer on solids 0.28%

Post addition Post oxidizer on solids 0.07%

NH4OH (28% NH3) 2.50 0.00 pH = 8 Post reducer on solids 0.10%

Water (DI) 0.00 0.00 0.00 MAA on solids 1.39%

Sub total 2.50 0.00

TOTAL SUM 1522.7 717.7

Feed rates (mL/min) Start Stop Rate

Monomer feed 1 0 180 4.99

Delayed oxidizer 0 180 0.29

TABLE 6.  POLYMERIZATION PROTOCOL CONT.

Procedure
1. Start circulating water heaters

2. Make up initial and delayed oxidizer solutions

3. Make up initial charge

4. Make up monomer feed in the order presented

5. Add initial charge

6. Raise temperature to 80C.

7. Add initial oxidizer.

8. Begin monomer feed

9. Begin delayed oxidizer feed

10. At end of feed, wait 1 hour

11. Begin post oxidizer and post reducer over 60 minutes.

12. Cool down

13. Adjust pH

14. Measure properties
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Reactions
Table 6 outlines the experiments from Study 1 above in green (Recipes 139, 140, 144

and 145) and those produced for Study 2 (150, 151, 152, and 169).

1) Recipe 150 was run to add statistical relevance (150 compared to 140),

2) Recipe 151 was used to determine the effect of addition of nonionic polymerizable surfactants

3) Recipes 152 and 169 compare the Ethox TDA surfactant ERS 01651 to the TDA-based Hitenol KH 1025.

Effect of Polymerizable Surfactants on Particle Size
Recall that in Study 1 above, the polymerizable surfactants ERS 01596 and ERS 01618) produced 20% larger particle sizes 

than other surfactants based on Mv (see Table 6, data highlighted in green). The ERS 01618 experiment (140) was repeated 

(150) to add some statistical relevance to the data. Note that the particle size for 150 is similar to 140, indicating that the 

styrenated phenol surfactants definitely do produce slightly large particle sizes.

 

   

A second experiment was run using ERS 01617 in addition to ERS 01618 in equal concentrations, both in the initial charge 

and the pre-emulsion (151). The particle size increased dramatically. Note that nonionics normally cannot be used as the 

sole surfactant because the latex will not be stable.

Finally, the two TDA-based surfactants (Recipes 152 and 169) were compared. The Hitenol KH 1025 surfactant produced 

smaller particles than the ERS 01651. Possible reasons include the level of sulfonation and charge per gram of surfactant 

as discussed earlier. Note that the particle size distribution for ERS 01651 (169) had a small peak at about 1µm indicating 

some instability during polymerization.

Recipe Description Particle Size (nm)

10% 50% 90% Mv Mn Ma

139 ERS 01596 97 120 146 121 111 118

140 ERS 01618 94 120 169 127 110 120

144
NP(EO)4 ammonium 

sulfate
81 101 122 101 93 99

145 Hitenol BC-1025 85 101 121 103 97 101

150 ERS 01618 - repeat 94 119 141 120 108 114

151 ERS 01618 + ERS 01617 130 186 329 225 156 187

152 Hitenol KH 1025 85 107 131 107 98 104

169 ERS 01651* 162 190 227 223 182 193

* bimodal

TABLE 7.  PARTICLE SIZES OF LATEXES
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Latex Stability
Reactor filterable solids
The filterable solids from the latex reactions are shown below in Table 7. The data of the reactions from the previous study 

(139, 140, 144 and 145) highlighted in green, are included in this report for completeness and ease of comparison. The 

cleanest latex contains 01651 (169).

Shear test and resulting filterable solids
The filterable solids from the shear test are also shown in Table 7. The data for reaction from the previous study highlighted 

in green (139, 140, 144 and 145) are included in this report for completeness and ease of comparison. Only pass / fail data 

are noted for this previous set of data. The cleanest latex contains 01651 (169). Note that the particle size for 01651 is 

somewhat larger so greater stability in the shear test is anticipated. This may also be the case for reaction

 

151 with the added nonionics (011596). The Hitenol KH does not impart as much stability as  the ERS 01618 or ERS 01651 

surfactant as indicated by the failure in this test.

Graduated cylinder shake foam test
The foam test indicates that 01651 produced the most foam. It is not readily apparent why this is the case.

Viscosity of the latexes
The viscosity of the latexes is similar. This is expected as the viscosity is low, reducing any particle size or stability effects on 

viscosity.
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Recipe Description

Filterable 
solids 

40 mesh 
(ppm)

Filterable 
solids 
150 

mesh 
(ppm)

Shear 
stability 

150 mesh 
(ppm)

Foam 
height 

increase 
(%)

Foam 
height 

increase 
after 1 
minute 

(%)

Viscosity 
(cP)

139
Ethox ERS 

01596
182 79 pass 50 na 13

140
Ethox ERS 

01618
380 102 pass 40 na 7

144

NP(EO)4 

ammonium 

sulfate

6 78 pass 40 na 16

145
Hitenol BC-

1025
239 228 pass 20 na 14

150
Ethox ERS 

01618 -repeat
153 200 33 20 12 6

151

Ethox ERS 

01618 + ERS 

01617

127 0 13 44 44 6

152
Hitenol KH 

1025
440 380 fail 20 12 10

169
Ethox ERS 

01651
60 0 0 70 70 5

TABLE 8. FILTERABLE SOLIDS, SHEAR STABILITY, FOAMING TENDENCY, 
AND VISCOSITY

Clear Film Characterization
Film optical characteristics
The latexes were drawn down on glass to produce films of five mils in thickness. All the films looked similar and were 

slightly hazy (Table 8). The data for reactions from the previous

 

study (139, 140, 144, and 145) are included in this report for completeness and ease of comparison.

Film water spot resistance
The films were dried for 24 hours and subjected to 24 hours of a water spot. The ERS 01618 was the best for water 

whitening. The latex containing nonionics was the worst (151). This is expected since there was twice as much surfactant 

in this latex. The two TDA surfactants, ERS 01651 and KH 1025, were worse than their aromatic-based counterparts were 

(01618 and BC 1025, respectively).

http://ethox.com/


Phone: (864) 277-1620   
Email: sales@ethox.com

www.ethox.com

1801 Perimeter Road Greenville, SC 29605

16

Recipe Description Drawdown Optical Water whitening 
24 hr

Glass Leneta Microscopy Glass

139 Ethox ERS 01596 sl* ha-zy sl hazy
No distinguishing 

features
Slight white

140 Ethox ERS 01618 sl hazy sl hazy
No distinguishing 

features

v sl blue - better than 

144 and 145

144
NP(EO)4 ammonium 

sulfate
sl hazy sl hazy

No distinguishing 

features

v sl blue - better than 

145

145 Hitenol BC-1025 sl hazy sl hazy
No distinguishing 

features
v sl blue

150
Ethox ERS 01618 - 

repeat
sl* ha-zy sl hazy

No distinguishing 

features
no change

151
Ethox ERS 01618 + ERS 

01617
sl hazy sl hazy No distinguishing white

152 Hitenol KH 1025 sl hazy sl hazy
No distinguishing 

features
slight blue

169 Ethox ERS 01651 sl hazy sl hazy
No distinguishing 

features
slight white

TABLE 9.  CLEAR FILM PROPERTIES

* Slightly

 

Water soak test results
In the previous study, water spot tests in indicated the following trends over glass for the surfactants listed in Figure 2 

below.

A similar study was performed by soaking dried samples in water. The samples were cast over polyethylene sheeting and 

allowed to dry for 4 days, turning the samples over each day to aid in the drying process. The final sample thickness was 

1/8 inch. These samples were then placed in 600 ml beakers and covered with 200 ml of water. Water uptake as measured 

by change in opacity was noted as a function of time (1 day, 2 days, and 4 days). Whiter films indicate higher water 

sensitivity with these latexes. The data is presented below in Figures 3, 4, and 5 respectively.
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No further changes were noted after the 4 days of soaking, even after 2 weeks. The order of water whitening (water 

sensitivity) is as follows and correlates well with the water spot test:

Most whitening 01596 > BC-1025 > NPES0 930 > 01618 Least

 

Heat age stability of latex samples
Samples of the latex made with the various surfactants in Study 1 Part A (139, 140, 144, and 145) were placed in a 

polycarbonate jar. The jar was capped with a screw top lid. They were then placed in a 50 C (+/- 1C) oven for 1 month. The 

samples were examined weekly to determine if there was any settling. Pictures of the samples initially (Figure 6) and after 

one month (Figure 7) are shown below.
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The heat aged samples were removed from the oven after 1 month and cooled to room temperature. A clear water layer 

was not observed on the top of the latex indicating no visual settling.

Effect of polymerizable surfactants on freeze-thaw resistance
The latexes were placed in a ½ pint metal paint container. They were frozen overnight at

-5 C. Freeze-thaw tests indicate that all surfactants used in this study did not pass one freeze- thaw cycle at the 

concentrations employed. This is not unexpected as it is typically nonionic surfactants that impart freeze thaw properties.

 

Recall in experiment 151, ERS 01617 was employed in addition to ERS 01618, doubling the concentration of surfactant. 

Nonionic surfactants are thought to impart freeze-thaw characteristics. Upon thawing, there was significant coagulation, 

however not as much as that with 01618 alone. Improved freeze-thaw could be expected if higher MW polyether on the 

surfactant molecule and higher concentrations of the polymerizable surfactant were employed in the latex.

Conclusions from Study 2:
• It was confirmed that the type of surfactant affects particle size with the polymerizable styrenated phenol-based 

surfactants producing particle sizes at least 20% larger than the other in the study when employed with VV10 type 

latexes.

• The shear stability for the two TDA-based polymerizable surfactants indicates that ERS 01651 is the most stable in 

the finished product. Note that it had the largest particle size so increased stability in the final product is more easily 

obtained.

• ERS 01651 produced the most foam in the shake foam test.

• The best water resistance of all of the surfactants studied was obtained with ERS 1618. Addition of polymerizable 

nonionics increase water sensitivity. Presumably, the higher functionality of ERS 1618 results in less non-reactive 

surfactant to reduce the surface tension.

• ERS 1618 has the best blush resistance of the four surfactants studied in the water immersion test. Presumably, its 

higher functionality results in less non-reactive surfactant that can cause coating defects.

• Heat age tests at 50 C for 1 month indicate that all surfactants (NPES0-930, BC-1025, ERS 01596 and ERS 016180) 

produced heat age stable products
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Study #3: Formulated Deck Stain Testing
In the previous studies, a latex recipe was developed that allows for the differentiation of the properties of specific 

polymerizable surfactants. Various tests were performed to elucidate the properties imparted to the latex by the 

surfactants. The conclusions indicate that ERS 01618 produces the most hydrophobic latex. Data is reported here 

elucidating that the ERS 01618 surfactant imparts excellent water resistance to the final formulated deck stain coatings. 

Water beading confirms that ERS 01618 produces superior hydrophobicity as compared to other surfactants.

Experimental Procedure for Deck Stain Formulation:
Materials
The four latexes in Table 9 were formulated into deck stains. These latexes were made previously (See Study 1 for compete 

details on synthesis and final properties). The formulation procedure for the deck stain is shown below in Table 10.

 

TABLE 10. SURFACTANTS USED IN THE STUDY

TABLE 10. DECK STAIN FORMULATION

Latex ID Deck Stain ID Surfactant

1HAW- 1FGJ-

144 101-134
Aerosol NPES – 930 - NP(EO)4 ammo-

nium sulfate --- Cytec

145 101-135 Hitenol BC-1025 --- Montello

139 101-139
ERS 1596 POE(16) {styrenated phenol/

AGE} Sulfate --- Ethox

150 101-150
ERS 1618 POE(15) {styrenated pheno/2 

AGE} Sulfate --- Ethox

Ingredients #1 #2

Experimental latex 97.5 97.5

Water 111.2 111.2

Byk 023[1] 0.1 0.1

TINT-AYD CW 5600 Transparent Red Oxide[2] 1.2 1.2

Aqua Bead 525 [3] 0.0 2.5

Butyl CARBITOL Solvent[4] 1.7 1.7

Total 211.7 214.2

http://ethox.com/


Phone: (864) 277-1620   
Email: sales@ethox.com

www.ethox.com

1801 Perimeter Road Greenville, SC 29605

20

[1] BYK-Chemie

[2] Elementis Specialties

[3] Michelman

[4] DOW

The ingredients were added to a stainless steel beaker in the order listed above under agitation. The paint was mixed for 

a further 15 minutes. The paint was stored in ½ pint cans. Paints were made with Aqua Bead 525 using latexes made from 

NPES-930 and ERS 1618 in order to determine the effects of this ingredient on water beading properties as a function of 

surfactant type.

Effect of surfactant type on water beading
Deck stain performance is often demonstrated through its ability to produce water beads when sprayed with water. 

Latexes that are more hydrophobic in nature provide superior water beading. In order to determine the water beading 

character of the latexes that were formulated into deck stains, the stains were applied to a southern yellow pine board. 

Three grams of stain was applied to a 3 x 5” area of the wood and allowed to dry overnight (Figure 8).

The next day a drop of water was placed on the top of each board. A photograph was taken and the contact angle was 

measured. The results are shown in Figure 9 below.

Latex solids 41.9

Coalescing level, phr 4.1

Total solids, % by weight 17.7

% by volume 16.3

Weight per gallon, lb. 8.5
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The numerical results for the contact angle measurements are listed in Table 11 below.

TABLE 11. CONTACT ANGLE MEASUREMENTS

The contact angle of NPES-930 is the lowest. This is expected since the surfactant is not bound to the latex and is free to 

migrate, lowering the surface tension of the drop. The other surfactants demonstrate significantly higher contact angles 

with ERS 01618 having the largest. Upon addition of the Aqua Bead, the NPES-930 contact angle significantly increased but 

not to the extent of the two best surfactants, BC-1025 and 1618, without Aqua Bead. This demonstrates the excellent water 

beading characteristics that polymerizable surfactants can

 

impart to the latex. This may allow for less wax additives in the formula improving durability. This may have led to its poor 

performance as compared to the other surfactants.

Odor of stains
A simple odor test was performed on the final stains. The stains were placed into ½ pint cans and allowed to sit for 1 hour. 

The headspace was sampled and relative odor was assessed. The results are shown below:

Strongest odor   NPES-930 >> BC-1025 > 01596 = 01618 Weakest odor

CONCLUSIONS FROM STUDY 3
• Contact angle measurements of water beads on the formulated deck stain indicated superior water beading 

properties of 01618 over other surfactants in this study. Presumably, its higher functionality provided less non-

reactive surfactant to reduce the surface tension.

• The odor of the latexes were as follows with the latex stains containing the Ethox surfactants as having the lowest 

odor NPES-930 >> BC-1025 > 01596 = 01618

Surfactant in 
latex NPES-930 BC-1025 ERS 01596 ERS 

01618

NPES-
930 with 

Aqua 
Bead

01618 
with 
Aqua 
Bead

Contact angle (°) 75 88 80 92 86 92
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Study #4 Comparison of difunctional polymerizable surfactant with non-reactive 
and competitive commercial products in latexes for metal protection applications
Purpose of Study
Develop styrene acrylic latexes and paint formulations for metal applications that will allow for the differentiation of 

polymerizable surfactants and comparison to currently available and common non-polymerizable surfactants in latexes for 

metal protection. This is a high value market in which polymerizable surfactants can impart improved properties.

Materials
The surfactants used in the study:

ERS 01618 - POE(15) { styrenated phenol /2 AGE} sulfate – Ethox 

E-Sperse 704 – POE (20) styrenated phenol sulfate - Ethox

Experimental Procedure for Latex Synthesis
All latexes were produced in a jacketed glass reactor. Temperature was regulated by an external circulating water heater. 

The reactor was fitted with a thermocouple, reflux condenser and feed lines. The monomer was fed subsurface through 

a stainless steel tube. The initiator (oxidizer and reducer) were added above the surface of the latex. Both monomer and 

initiator were fed via FMI pumps.

 TABLE 12.  LATEX SYNTHESIS RECIPE
Material Weight Purity Solids

Initial charge

Test surfactant 5.0 1.00 5.0

Sodium bicarbonate 6.0 1.00 6.0

Water (DI) 485.0 0.00 0.0

Sub total 496.0 11.0

Initial oxidizer

Ammonium persulfate 2.3 1.00 2.3

Water (DI) 6.9 0.00 0.0

Sub total 9.2 2.3

Monomer feed 1

Water (DI) 235.0 0.00 0.0

Test surfactant 5.0 1.00 5.0

Styrene 160.0 1.00 160.0

Butyl acrylate 240.0 1.00 240.0
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Methyl methacrylate 400.0 1.00 400.0

Methacrylic acid 8.3 1.00 8.3

Sub total 1048.3 813.3

Delayed oxidizer

Ammonium persulfate 2.3 1.00 2.3

Water (DI) 57.5 0.00 0.0

Sub total 59.8 2.3

Post oxidizer

t-BHP 0.9 0.70 0.6

Water (DI) 23.0 0.00 0.0

Sub total 23.9 0.6 Expected properties

Post reducer Total solids (%) 49.9%

SMBS 0.9 1.00 0.9 Surfactant on solids 1.20%

Water (DI) 23.0 0.00 0.0 Oxidizer on solids 0.55%

Sub total 23.9 0.9 Post oxidizer on solids 0.07%

Post addition Post reducer on solids 0.07%

NH4OH (28% NH3) 2.9 0.00 pH = 8 MAA on solids 1.00%

Water (DI) 0.0 0.00 0.0 Measured properties

Sub total 2.9 0.0 Total solids (%)

TOTAL SUM 1663.9 830.4 Filterable solids - 40

ppm 150 mesh

Feed rate (mL/min) Start Stop Rate Initial pHFinal pH

Monomer feed 1 0.0 180 5.82 Particle size (nm) - 10%

Delayed oxidizer 0.0 180 0.33 50%

Post oxidizer 180.0 240 0.40 90%

Post reducer 180.0 240 0.40 Particle size (nm) - Mv

Temperature 80 °C Mn

Ma

Viscosity (cps)
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Procedure
1. Start circulating water heaters

2. Make up initial and delayed oxidizer solutions

3. Make up initial charge

4. Make up monomer feed in the order presented

5. Add initial charge

6. Raise temperature to 80C.

7. Add initial oxidizer.

8. Begin monomer feed

9. Begin delayed oxidizer feed

10. At end of feed, wait 1 hour

11. Begin post oxidizer and post reducer over 60 minutes.

12. Cool down

13. Adjust pH

14. Measure properties

Experimental Procedure for Paint Formulation
The ingredients were added to a stainless steel beaker in the order listed using a high speed disperser (Table 13). A good 

grind was obtained. Next, the letdown was made using low speed on the same disperser. The paint was mixed for a further 

15 minutes. The paint was then stored in ½ pint cans.
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 TABLE 13. PAINT FORMULATION RECIPE
Experimental White Metal Paint

Pigment Grind Pounds Gallons

Water 50.0 6.00

Propylene glycol 20.0 2.32

Ammonium hydroxide, 28% 2.0 0.27

Byk 023 2.5 0.35

Triton® CF-10 nonionic surfactant 3.0 0.34

Tamol 165A dispersant (NV 21%) 12.4 1.40

Ti-Pure R-900 220.0 6.43

Total 309.9 17.11

Letdown

Latex (NV 50%, Tg 4 °C, Tg 37 °C) 540.0 62.72

Water 0.0 0.00

Byk 023 2.0 0.28

Butyl CARBITOL® Solvent 12.0 1.50

Aerosol 0T-70- PG 2.0 0.22

UCAR Filmer IBT (high Tg only) 36.7 4.63

Ammonium hydroxide, 28% 2.0 0.27

Thickener 0.0 0.00

UCAR Filmer IBT 0.0 0.00

Surfynol 104E 2.1 0.30

Total 906.7 87.03

% Volume solids 41.5

% Weight solids 54.0

Pigment Volume Concentration (% PVC) 17.8

VOC, g/L (low Tg) 44

VOC, g/L (high Tg) 95
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Results and Discussion
Particle size
The polymerizable surfactants produced smaller particle sizes than the non- polymerizable surfactants (Table 14). Smaller 

particle sizes were also obtained with higher Tg latexes. It is not readily apparent why this is the case. Note that the 

monomer ratio for the low Tg latex is richer in butyl acrylate than methyl methacrylate and therefore is more hydrophobic. 

Theory predicts smaller particles with more hydrophobic latexes as the surfactants absorb more strongly to the surface.

 TABLE 14. TG AND PARTICLE SIZE IN NANOMETERS

Reactor Fouling
Reactor fouling was worse for the high Tg latex than for the low Tg latex. This may be  due to the smaller particle size 

obtained with the high Tg latex. Reactor fouling is worse with polymerizable surfactants in both low and high Tg latexes.

Latex Stability
The stability of the latexes was obtained indirectly by measuring the filterable solids in the latex (Table 15). The recipe 

containing only polymerizable surfactant in the low Tg latexes

(147) produced the highest 40-mesh filterable solids. This corresponds well with the level of reactor cleanliness, or lack 

thereof in this case. The 150-mesh filterables were essentially the same. Note that that 147 recipe was less foamy than 146 

in the shear test. This is expected as free surfactant normally creates more foam.

The high Tg latexes had fewer filterable solids. Recall, however, that the reactor was much more fouled as compared to the 

low Tg latexes. Note that the latex with free surfactant only (148) failed the high shear test after 6 minutes. The test runs for 

10 minutes. Note also that the lowest foaming latex in the shear test was 148, the only latex that had no free surfactant. It 

also passed the test while having the smallest particle size.
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 TABLE 15.  LATEX PROPERTIES

The pre-emulsions were easily formed and were stable in all cases. In-process foaming was low. All monomers were easily 

reduced to less than 150 ppm.

Filterable solids are higher than in what would be typical for production; however, it does show differences in the 

performance of the latexes. Styrene acrylics are more difficult to stabilize than other types of latex polymers. Note that the 

40-mesh filterable solids can include some reactor wall material. It is best to use the 150-mesh results since this reflects the 

filterable solids with the 40-mesh material already removed.

The shear stability tests confirm that polymerizable surfactants improve high shear stability and reduce foaming. After 

shearing in the Hamilton Beach blender at medium speed for 10 minutes, the ERS 01618 containing latexes were less 

foamy. This was expected since free surfactants contribute to shear induced foam. Note that the 149 latex with non-

polymerizable surfactants only, failed the shear test after 6 minutes.

Foaming in the shake test did not show significant variation. The 147 recipe was slightly worse than the others. Note that 

the foam here is different than the foam in the shear test. These bubbles were large while that in the shear test were very 

small. Styrene acrylics foam more than other latexes in general. Much of the foam is generated by the persulfate ended 

styrene-containing oligomers formed in the latex polymerization procedure.

The latexes did not exhibit freeze thaw resistance.

Dry film characteristics
Table 16 indicates the resistance to water whitening of the dried latex films. Since the higher Tg latexes (148 and 149) will 

not form a film at room temperature, 18% UCAR Filmer IBT on solids was added to the latex to facilitate coalescing.

 

Recipe

Surfactants 
(in up-front 
charge / in 

pre-emulsion 
feed)

Filterable 
solids 

40 mesh 
(ppm)

Filterable 
solids 

150 mesh 
(ppm)

Shear 
stability 

150 mesh 
(ppm)

Foam 
height 

increase 
(%)

Foam 
height 

increase 
after 1 
minute 

(%)

Viscos-
ity (cP)

146
E-Sperse 704 / 

ERS 01618
732 678

< 10 

(foamy)
70 70 110

147
ERS 01618 / ERS 

01618
2431 648

< 10 (slight 

foam)
80 80 10

148
E-Sperse 704 / 

E-Sperse 704
1176 204

Fail at 6 

min
70 70 10

149
ERS 01618 / ERS 

01618
408 108

< 10 (low 

foam)
70 70 28
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TABLE 16.  LATEX FILM PROPERTIES

Polymerizable surfactants improve blush resistance. This is demonstrated by the picture below for the low Tg latexes 

(Figure 10). The high Tg polymers were also tested. These showed no blushing at all over a period of 3 hours. High 

Tg latexes, which are softened with solvent, regain their hardness over time. This hardness resists water ingress and 

significantly reduces blushing. It is expected that blush resistance will grow in importance as solvents are taken out of 

coating systems and latexes will have to be made softer.

The Effect of Surfactants on Formulated Metal Coatings

Paint formulation results
The paints were drawn down on Leneta charts at 4 mil and 10 mil wet to a final dry thickness of about 2 and 5 mils 

respectively (Figure 11 below). They were allowed to dry for 16 hours at ambient. The paint films of the high Tg latexes 

are shown below and are similar to the low Tg paint films. The 2 mil dry film showed cratering for the latex made with 

01618 while the 5 mil films did not. Note also that these same paints had reduced gloss and hiding. It is possible that the 

difunctional surfactant is crosslinking the latex during manufacture not allowing the uptake of solvent into the particle, 

which in turn causes cratering and low gloss. Lower hiding often results from poorer TiO2 dispersion in the paint.  It is 

Drawdown Optical Water whitening

Recipe
Surfactants (in upfront charge/ in pre-

emulsion feed)
Glass Microscopy Glass

146 E-Sperse 704 / ERS 01618 clear
no distinguishing 

features

rapid whitening (5 

min)

147 ERS 01618 / ERS 01618 hazy
no distinguishing 

features

rapid whitening (5 

min) much less than 

146

148 E-Sperse 704 / E-Sperse 704 cratering*
no distinguishing 

features
no blushing

149 ERS 01618 / ERS 01618 cratering*
no distinguishing 

features
no blushing
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possible that the more hydrophobic polymerizable surfactant-containing latex robs some of the stabilizing moieties from 

the TiO2 grind, causing flocculation and reduced hiding. This flocculation may also account for the lower gloss.

Effect of surfactant type on coating hydrophobicity
The exclusion of water from the coating / metal substrate interface helps to control corrosion. This in turn reduces the 

chance of delamination from the substrate due to osmotic pressure built up by contaminants at the interface. Figure 12 

below demonstrates the hydrophobicity of the metal coatings by examining the contact angle of a drop of water on the 

coatings. Higher contact angles are usually indicative of more hydrophobic coatings. The contact angles are given in Table 

17.
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TABLE 17. CONTACT ANGLE OF WATER DROPS ON METAL COATINGS FORMULATION

Blister resistance of coatings
Blisters are formed due to migration of water to the coating/substrate interface. Osmotic pressure (due to the dilution of 

water soluble species at this interface) builds, causing  a blister to form in coatings that lose adhesion to the substrate and 

expand. Lower Tg coatings are more susceptible to this. Free surfactants at the interface also exacerbate this problem. 

Both of these situations are encountered in low VOC coatings as well as those containing free surfactants. Figure 13 below 

demonstrates this. Blistering occurs to a greater extent in the coating that contains the E-Sperse 704. The lower Tg coatings 

also form more blisters than their higher Tg counterparts. This blistering problem will become a greater issue in low VOC 

coatings due to their inherently lower modulus.

Tg 4 °C Tg 37 °C

Surfactant in latex paint 704 / 01618 01618 01596 01618

Contact angle (deg) 65 90 35 93
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Conclusions from Study 4
• Particle size is smaller for latexes when polymerizable surfactants are used.

• Reactor fouling is worse with polymerizable surfactants

• The polymerizable surfactants produced shear stable products in the blender shear test.

• All surfactants produced good, stable pre-emulsions. The pre-emulsions were easy to make (added monomers 

under agitation, adding the most hydrophobic monomers first). 

• Polymerizable surfactants had lower blush than non-polymerizable surfactants in the low Tg latexes. Presumably, 

this is due to improved hydrophobicity and less free surfactant present.

• Paints made with latexes containing polymerizable surfactants had lower gloss and poorer hiding. They were also 

prone to cratering. This could be due some crosslinking of the latex with concomitant reduction of ability to flow 

and coalesce.

• Paints made with latexes containing polymerizable surfactants had improved hydrophobicity and lower tendency 

to blister.

Overall Conclusions from all Studies
• The performance of ERS 1618 shows that adding a second reactive group improves the hydrophobicity of latexes 

prepared with reactive surfactants.

• ERS 1618 surfactant-based latexes appear to have good blister resistance, supporting the theory that free 

surfactant leads to blistering and poor adhesion problems.

• Reactive surfactants tend to cause more reactor fouling.

• Paints with reactive surfactants appear to have worse hiding power and lower gloss, at least in the formulations 

examined. Work to minimize this effect will need to be conducted.

• Styrenated phenol-based reactive surfactants appear to outperform tridecyl alcohol- based reactive surfactants.

• Further work to explore the performance of these reactive surfactants is necessary to better understand how to 

maintain the good properties they provide while minimizing the negatives.
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