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Waterborne two component epoxy/amine formulations can be an attractive alternative for solvent-based systems 

despite their higher cost and – in some respects – slightly reduced performance. Whereas the main driving force pushing 

waterborne systems comes from environmental, safety and health considerations, there are also applications where the 

performance of aqueous epoxy systems is not only adequate but can be even superior to conventional systems, e.g. 

adhesion to wet concrete. The most important applications for water-based epoxy systems today are coatings on concrete, 

primers for metal, and epoxy cement concrete (ECC).

However, one of the problems with low-VOC waterborne epoxy and hardener dispersions is that the freeze-thaw stability 

of these dispersions is often poor since common anti-freeze solvents are VOCs. We have found a surfactant system that 

imparts good freeze/thaw stability to epoxy dispersions. In addition, the stability and pot life of the dispersions are 

improved, often with improved cure times. Gloss and water resistance of the cured coatings were checked and are good. 

Formulations with good combinations of pot life, cure time, and freeze/thaw stability will be shared along with the 

presumed mechanisms for the excellent performance observed.

ABSTRACT
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Waterborne epoxy resins have been in the marketplace for many years. They are widely accepted as environmentally 

friendly alternatives to solvent borne or high solids epoxy systems. They offer distinct advantages over solvent-based 

epoxy coatings for a number of environmental, safety, and health considerations. They have a lower or zero volatile organic 

compounds (VOCs) content. Lower VOCs reduce air pollution and lead to lower odor, improving customer acceptance. 

Lower VOCs contribute to a reduced carbon footprint and provide for decreased flammability and thus improved safety. 

Recent legislation introduced globally underscores the need to develop ambient cured epoxy coating systems that have 

lower VOCs. This legislation includes regions such as the South Coast Air Quality Management District (SCAQMD), California 

Air Regulations Board (CARB), Ozone Transportation commission (OTC), European Directive, and others. Other voluntary 

initiatives such as Blue Angel, Ecolabel, and LEED, also promote the use of lower VOCs in coatings. 

Beyond environmental benefits, waterborne epoxy dispersions also provide further technical advantages to the formulator 

and applicator. The water-based attribute of these epoxy resin dispersions also allows water cleanup. Compared to high 

solids or 100% solids epoxy formulations, they have significantly lower viscosity contributing to ease of use. These water 

dispersed epoxy resins can also be produced at higher molecular weight while maintaining low viscosity, improving 

flexibility over metal as compared to their high solids or 100% solids counterparts. These high molecular weight epoxy 

resins also improve set time or walk-on time as compared to solvent-based or high solids epoxies due to their ability to 

“lacquer dry.”

However, one of the problems with low-VOC waterborne epoxy and hardener dispersions is that the freeze-thaw stability 

of these dispersions is often poor since common anti-freeze solvents such as propylene glycol are VOCs.  We have found a 

surfactant system that imparts good freeze/thaw stability to epoxy dispersions. In addition, the stability and pot life of the 

dispersions are improved, often with improved cure times. This is unusual since pot life and cure time cannot usually be 

improved simultaneously. Gloss and water resistance of the cured coatings were checked and are good. Formulations with 

good combinations of pot life, cure time, and freeze/thaw stability will be shared along with the presumed mechanisms for 

the excellent performance observed.

Epoxy resins contain the reactive oxirane ring structure commonly called “epoxy.” The most commonly used resins are 

derivatives of bisphenol A and epichlorohydrin. See Figure 1.

 

Figure 1 Generic epoxy structure.

INTRODUCTION
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However, other types of resins (for example bisphenol F type) are also common to achieve various properties. Resins are 

also available in various molecular weights, to provide unique properties to the final coating. Epoxy molecular weights of 

about 300 are generally liquid at room temperature; those of 500 molecular weight are semi solid, while those of 700 and 

above are solid in the absence of solvent. Molecular weights much higher than those listed are also used. Epoxy resins also 

include hybrids such as epoxy alkyds, epoxy acrylics, epoxy silicone, epoxy silane, epoxy polyurethane, epoxy urethanes, 

and other modifications are also known.

Epoxy resins can be dispersed in water. The technical problem that arises is that epoxy resins are rather hydrophobic, 

and thus do not readily disperse in water. Therefore, surfactants were developed in the past that would disperse these 

hydrophobic resins in water. These dispersed resins, however, are not freeze/ thaw stable. 

When epoxy dispersions freeze, ice begins to form within the continuous phase. Thereby the continuous phase expands in 

volume, and in turn, the pressure on the dispersed droplets increases considerably. Ice crystals can violate the protective 

surfactant layer around the emulsion particles. This leads to coalescence of the emulsion droplets and destabilization of 

the dispersion, followed by separation of the water and epoxy resulting in a poor coating. 

It has recently been found that by using certain distyrylphenol, tristyrylphenol or cumylphenol based hydrophobes in 

nonionic or anionic surfactants, aqueous epoxy resin dispersions can be formed that have good long-term stability at room 

temperature as well as elevated temperatures. These dispersions are stable, retaining consistent viscosity over extended 

periods. They also impart good freeze thaw resistance. Upon examination of their structures   

        

           

           Figure 2 Distyrylphenol                                   Figure 3 Tristyrylphenol                      Figure 4 Cumylphenol

(Figures 2, 3, and 4) it is readily apparent that these structures have a number of similarities to those of the epoxy resins 

shown in Figure 1. It is hypothesized that the similarity in structure provides for superior adsorption onto or absorption 

into the epoxy droplet by the surfactants produced from these hydrophobe structures. This compatibility is thought 

to result in greater stability of the dispersion, improving overall properties of the dispersion and subsequent coating 

properties. 

These hydrophobes may be converted into surfactants by ethoxylation (nonionic), or by ethoxylation followed by either 

phosphation or sulfonation (anionic) producing end groups which in turn can be neutralized resulting in a counterion 

cation of sodium, potassium or ammonium. 
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Epoxy dispersions were created at 75% solids using 0.5% by weight surfactant based on epoxy. This low level of 

surfactant was chosen to more readily observe differences in surfactant performance. Into a 600 mL beaker was added 

the appropriate amount of surfactant (Table 1).To this was added 300g of epoxy (EPON 828 – Hexion/Momentive). 

Subsequently about 100g of water was added to ensure that the solids of the final dispersion was 75% by weight epoxy. 

Finally, the ingredients were mixed using a dispersator from Premier Mill Corp at 40% power for 3 minutes. The resultant 

dispersion was transferred to a 16 oz jar and capped. Part of the resultant dispersion was transferred to a 10 ml jar, capped, 

and tested for freeze thaw resistance.

The various surfactants were chosen to demonstrate the common hydrophobes used in the dispersion of epoxies. These 

include lauryl, nonylphenol, and dioctyl maleate hydrophobes. Each surfactant end group was a sulfate. One surfactant 

also incorporated ethylene oxide. These were compared to a distyrylphenol-based (DSP) surfactant with ethylene oxide 

and a sulfate end group. 

STUDY 1 - EPOXY DISPERSION 

TABLE 1. SURFACTANTS USED IN STUDY 1

Surfactant Surfactant solids (%) Surfactant added (g)

Sodium lauryl sulfate Competitive DAs 6.6 – 9.9

Nonylphenol (4 moles EO) Sulfate 

(NH4)
pigment 50.0

Sodium dioctyl sulfosuccinate wetting agent 2.0

DSP 20 moles EO Sulfate (NH4) humectant 9.5

Shelf Stability Results for Study 1
The results of the 75% solids shelf stability test are shown below in Table 2. The nonylphenol based surfactant showed 

separation of the epoxy from the rest of the dispersion at the bottom of the flask after 1 month. This was expressed as a 

semi-translucent phase. After two months, both sodium lauryl sulfate and the nonylphenol-based surfactants showed 

separation. The results for both the sodium dioctyl sulfosuccinate and distyrylphenol based surfactant demonstrate good 

room temperature stability. Note that the sodium dioctyl sulfosuccinate contained about 30% propylene glycol, which is 

undesirable since it contributes to VOC’s. 
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Freeze/Thaw Results
The 10 ml samples from Study 1 were place in a -20 C freezer overnight. The next day they were removed and allowed 

to thaw (Table 3). All samples except the distyrylphenol based sample showed a significant layer of water on the surface 

indicating phase separation. The samples that exhibited phase separation also did not flow when the container was tipped 

on its side indicating coagulation of the dispersion. 

   

Heat Stability Testing
Epoxy dispersions were created at 75% solids using 0.5% by weight surfactant based on epoxy in the same procedure as 

above. These were then further diluted to 50% solids. To a 100 ml graduated cylinder was added 75 ml of the mixture and 

capped with polyethylene film. These samples were then put into a 50C oven for 2 months. 

Heat Aging Results  
The results of the 50% solids heat age test at 50°C are shown below in Table 4. After two months the sodium lauryl sulfate 

and the nonylphenol based surfactant showed separation. The results for both the sodium dioctyl sulfosuccinate and 

distyrylphenol based surfactant demonstrate good elevated temperature stability. 

TABLE 2. SHELF STABILITY

Surfactant 1 month at room 
temperature

2 months at room 
temperature

Sodium lauryl sulfate one phase two phases

Nonylphenol (4 moles EO) Sulfate 

(NH4)
two phases two phases

Sodium dioctyl sulfosuccinate one phase one phase

DSP 20 moles EO Sulfate (NH4) one phase one phase

TABLE 3. FREEZE – THAW STABILITY
Surfactant 1 month at room 

temperature
2 months at room 

temperature

Sodium lauryl sulfate one phase two phases

Nonylphenol (4 moles EO) Sulfate 

(NH4)
two phases two phases

Sodium dioctyl sulfosuccinate one phase one phase

DSP 20 moles EO Sulfate (NH4) one phase one phase
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The results show that the POE 20 distyrenated phenol sulfate surfactant did impart better freeze/thaw, heat aging, and 

long-term storage stability than the other surfactants studied. The DSP surfactant outperformed the other aromatic group-

containing nonylphenol surfactant. Further work to optimize the polyethylene oxide chain length for best freeze/thaw 

stability may be warranted. 

TABLE 4.  HEAT AGING TEST RESULTS

Surfactant 1 month at room 
temperature

2 months at room 
temperature

Sodium lauryl sulfate one phase two phases

Nonylphenol (4 moles EO) Sulfate 

(NH4)
two phases two phases

Sodium dioctyl sulfosuccinate one phase one phase

DSP 20 moles EO Sulfate (NH4) one phase one phase

STUDY 1 CONCLUSIONS
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STUDY 2 - EPOXY DISPERSION VISCOSITY STABILITY AND POT LIFE 
In this study, 75% by weight in water epoxy dispersions were made using 2% and 5% by weight of solids of various 

commercially available surfactants. The viscosities of these epoxy dispersions were characterized with respect to 

Brookfield, KU, and ICI viscosity measurements. Further, an adduct hardener was made at a 4:1 weight ratio of 1,3 bis-

(aminomethyl) cyclohexane (BAC-Figure 5) to epoxy resin, and combined with different commercially available surfactants 

in order to evaluate the pot life of mixed 2K epoxy systems. These adduct and hardener compositions form water 

dispersible or waterborne hardeners that are combined with the waterborne epoxy dispersions. 

 

Figure 5 -BAC

Materials 

A BPA based epoxy resin from Hexion/Momentive, EPON 828, was used for the epoxy dispersions. BAC from Mitsubishi Gas 

Chemicals was used as supplied. It was also used to make a 4:1 BAC epoxy adduct. A commercial hardener, Anquamine 

401 from Air Products was also used for some comparisons. The surfactants used in this study are listed in the Table 5 

below. 

Surfactant Hydrophobe EO Charge Solids HLB

Tergitol NP15 NP 15 non-ionic 100 15

Tergitol NP30 NP 30 non-ionic 100 17

Tergitol S20
secondary alco-

hol
20 non-ionic 100 16

E-Sperse® 703 DSP 20 non-ionic 100 14

ERS-1689 TSP 10 non-ionic 100 9.6

Tergitol S40
secondary alco-

hol
40 non-ionic 70 18

Aerosol OT-70
sodium dioctyl 

sulfosuccinate
- Sulfate (Na) 70 -

E-Sperse® 704 DSP 20 Sulfate (NH4) 50 -

Rhodapon UB STD
sodium lauryl 

sulfate
- Sulfate (Na) 30 -

TABLE 5. SURFACTANTS IN STUDY
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EXPERIMENTAL
Epoxy Dispersions 
The epoxy dispersions were created at 75% solids using 2% and 5% by weight surfactant based on epoxy. Into a 600 

mL beaker was added to the appropriate amount of surfactant. To this was added 300g of epoxy (EPON 828 – Hexion/

Momentive). Subsequently about 100g of water was added to ensure the solids of the final dispersion was 75% by weight 

epoxy. Finally, the ingredients were mixed using a Dispersator from Premier Mill Corp at 40% power for three minutes. The 

resultant dispersion was transferred to a 16 oz jar. 

Viscosity Determination  
The ICI of the epoxy dispersions was measured on a cone and plate viscometer at 25°C and 10,000 sec-1. This shear force 

is indicative of the film building properties of the epoxy dispersion. KU viscosity was measured using a KU viscometer and 

gives an indication of the overall “feel” of the stirred epoxy dispersion.

Adduct Preparation
A 4:1 BAC epoxy adduct was made by adding 400 grams of BAC to a large glass jar. Next, 100 grams of epoxy was added 

to the jar. A stainless steel two-blade stirrer was added to the jar and topped with a lid with a hole that allowed the stirrer 

shaft to protrude through and rotate freely. The adduct was allowed to stir and react for 8 hours at RT. 

Water Dispersible and Waterborne Hardeners 
For purposes of this study, a water dispersible hardener refers to a hardener where no water was present but contains 

surfactants so that the hardener is easily dispersible into water. These water dispersible hardeners were made from 

surfactants where 100% solid materials were available. For other surfactants such as E-Sperse® 704, that are supplied as 

50% solids solutions, water was added to the hardener system by virtue of inclusion of the surfactant. When water was 

present in the hardener, these hardeners are referred to as waterborne hardeners. 

With the exception of ERS-1689 TSP 10 nonionic, water dispersible hardeners were made by heating the surfactant to 50°C 

to give fluidity and then added to the hardener. This mixture was then stirred and subsequently heated on a hot plate to 

ensure that the mixture was completely mixed. Waterborne hardeners were prepared similarly, but, since the surfactants 

were already solutions, the extra heating steps were not required to gain fluidity of the surfactant.

Epoxy Hardener Mixtures
Using the epoxy equivalent weight of the epoxy dispersion and the active hydrogen equivalent weight of the hardener, the 

appropriate amounts of the epoxy dispersion and hardener were added at a 1:1 equivalence ratio to a small paint can and 

mixed with a stainless steel one-blade mixer for approximately one minute and then immediately used to determine pot 

life. 

Pot Life Determination
To determine pot life, the viscosity of a mixed 2K system was immediately measure with an RV Brookfield Digital 

Viscometer. A number 6 spindle was used set at 4 RPM to minimize any shear thinning effects. The initial viscosity was 

recorded and then subsequently every 5 minutes along with the temperature of the mixture obtained by a thermocouple 

inserted into the mixed system. The pot life was defined as the time required for the initial viscosity to double. 
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RESULTS AND DISCUSSION 
Viscosity Characterization of Epoxy Dispersions  
Table 6 shows the formulas for the 75% epoxy dispersions with 5% surfactant and the resulting viscosity data for each 

dispersion. 

As Table 6 shows, E-Sperse® 703 (POE 20 DSP) and 704 (POE 20 DSP sulfate) were the best performers in terms of both a 

high KU and ICI yet produced reasonable viscosities indicating the ability of the DSP based surfactant to form very stable 

and usable epoxy dispersions. ERS 1689, on the other hand, was not a very good surfactant for epoxy dispersions, possibly 

due to the shorter EO chain length.

To characterize the viscosities of epoxy dispersions at 2% surfactant, the 75% epoxy dispersions with 5% surfactant 

were diluted with the appropriate amount of water and epoxy to yield 2% surfactant on solids. The formulas for these 

dispersions and the resultant viscosity data for these 2% dispersions are shown in Table 7.

Surfactant solids surfactant 
(g)

epoxy 
(g)

water 
(g)

Total 
(g) ICI KU Brookfield 

RV #4, 4RPM
E-Sperse® 

704
0.5 30 300 85 415 2.2 102.1 12,000

ERS 1689 1 15 300 100 415 0.5 69.7 1,000

E-Sperse® 

703
0.5 30 300 85 415 2.5 91.6 8,000

Rhodapex 

CO-436
0.63 23.8 300 91.2 415 1.7 82.5 5,000

Aerosol OT-

70 PG
0.7 21.4 300 93.6 415 0.8 133 75,000

Rhodapon 

UB STD
0.3 50.0 300 65.0 415 1.7 88.9 8,000

TABLE 6.  5% SURFACTANT/75% EPOXY DISPERSIONS

Surfactant surfactant (g) epoxy (g) water (g) ICI KU Brookfield RV #4, 
4RPM

E-Sperse® 704 30 180 60 1.4 98.5 14,700

ERS 1689 15 180 60 0.2 88.4 600

E-Sperse® 703 30 180 60 1.2 61.4 2,000

Rhodapex CO-436 23.8 180 60 0.7 61.1 1,500

Aerosol OT-70 PG 21.4 180 60 1 90.1 5,300

Rhodapon UB STD 50.0 180 60 1 76.2 4,100

TABLE 7.   2% SURFACTANT - 75% EPOXY DISPERSIONS
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To examine the relative effectiveness of the different surfactants at 2 and 5%, Table 8 shows the ratios of the viscosity data 

at 2% divided by the 5% data. A value of 100 would indicate there is no change in the viscosity after diluting from 5% to 

2% surfactant. The total column sums the absolute difference in viscosity from 100 for each surfactant. A zero value would 

mean that viscosity properties did not change from 5% to 2% surfactant. Similarly, the lower the total sum, the better the 

surfactant performed at maintaining viscosity properties from 5% to 2% surfactant while a large value indicates a change 

in viscosity either lower or higher. 

It is clear from Table 8 that POE 20 DSP sulfate maintains the most constant viscosity when surfactant is reduced from 5% 

to 2% compared to the other surfactants. This indicates that POE 20 DSP sulfate when used in epoxy dispersions would 

reduce batch-to-batch variability in viscosity during production.

Figure 6 shows the 2% epoxy dispersions after sitting for 2-3 weeks. The arrows point out the areas of separation in the 

1689, 703, and 436 surfactants. At 5% (not pictured) only the 1689 separated, but as Table 7 shows, only 704, 703, 436, and 

the UB STD are practically useful (OT-70 PG was excluded because of its very high viscosity). Of those, the data in Table 

8 clearly show the superior performance of E-Sperse® 704 in epoxy dispersion stability. Due to this fact, 5% 704 in 75% 

epoxy dispersion was chosen to use in subsequent studies examining different surfactant effects in water dispersible and 

waterborne hardener mixes.

 

Figure 6 – 2% Surfactant 75% Epoxy Dispersions

Surfactant ICI KU Brookfield ratio % Total difference from 
100

E-Sperse® 704 ratio % ratio % 123 62

ERS 1689 64 96 60 127

E-Sperse® 703 40 127 25 160

Rhodapex CO-436 48 67 30 155

Aerosol OT-70 PG 41 74 7 150

Rhodapon UB STD 125 68 51 104

TABLE 8 - VISCOSITY RATIOS
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Hardener Experiments 
As mentioned, 5% E-Sperse® 704 (DSP 20 sulfate) in a 75% epoxy dispersion was selected for further work in evaluating 

surfactant effects in hardeners. The water dispersible and waterborne hardeners shown in Table 9 were prepared. Blue 

shading indicates a waterborne hardener and unshaded indicates water dispersible.

Surfac-
tant

4:1 
BAC 
(g)

Anqua-
mine 

(g)

BAC 
(g)

Surf. 
(g) AHEW Vis-

cosity phr % surf on 
epoxy

% surf. in 
hardener

Tergitol 

NP15
25  18.8 75.7 500 30.2 0.129 0.429

Tergitol 

NP30
25  18.8 75.7 wax 30.2 0.129 0.429

Tergitol S20 25  18.8 75.7 750 30.2 0.129 0.429

E-Sperse® 

703
25  18.8 75.7 wax 30.2 0.129 0.429

E-Sperse® 

1689
25  18.8 75.7 500 30.2 0.129 0.429

Tergitol S40 25  26.8 89.6 500 35.7 0.129 0.362

Aerosol 

OT-70
25  26.8 89.6 3750 35.7 0.129 0.362

E-Sperse® 

704
25  37.5 108.1 250 43.1 0.129 0.300

E-Sperse® 

703
25  37.5 108.1 250 43.1 0.129 0.300

Tergitol 

NP15
25  37.5 108.1 250 43.1 0.129 0.300

Tergitol S20 25  37.5 108.1 250 43.1 0.129 0.300

E-Sperse® 

703
50  37.5 350.0 n/a 0.598 0.429

E-Sperse® 

703
25 22.8 67.9 n/a 27.1 0.129 0.477

TABLE 9. - HARDENER COMPOSITIONS
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Table 10 shows the results of the water dispersible hardeners when mixed with the epoxy dispersion. With the exception 

of NP15, there was no differentiation between the pot life and thermal profiles of the water dispersible hardeners based on 

the 4:1 BAC adduct hardener. A dash indicates that the pot life ended before the time marked. 

4:1 BAC + Tergitol 
S40

Aerosol 
OT-70

E-Sperse® 
704

E-Sperse® 
703 (50%)

Tergitol 
NP15 
(50%)

Tergitol 
S20 (50%)

AHEW 89.6 89.6 108.1 108.1 108.1 108.1

phr 5% 704 75% epoxy 35.7 35.7 43.1 43.1 43.1 43.1

initial viscosity cps 1,100 1,200 1,200 1,100 1,100 600

HLB 18 14.3 15 16.3

time for viscosity 

doubling
15 17 28 28 17 16

time to reach 70C 16 21 35 35 19 19

viscosity t=5 900 1,200 1,700 800 900 500

viscosity t=10 900 1,300 1,300 600 800 500

viscosity t=15 2,200 1,800 1,100 700 600 700

viscosity t=20 - - 700 700 - -

viscosity t=25 - - 1,300 900 - -

viscosity t=30 - - - - - -

TABLE 10.- EPOXY MIXES WITH WATER DISPERSIBLE 4:1 BAC HARDENERS
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Table 11 shows the results of the waterborne hardeners when mixed with the epoxy dispersion. The 50% description notes 

that the surfactant was diluted from 100% solids to 50% solids. In the waterborne 4:1 BAC hardeners, there is clearly an 

effect of increased pot life when using the DSP-based surfactants E-Sperse® 703 and 704. 

Coinciding with increased pot life is an increase in the time required for the 2K system to reach 70°C when using the 

DSP-based surfactants E-Sperse® 703 and 704 in the waterborne 4:1 BAC adduct hardener. The time to reach 70°C was 

recorded since it gives an indication of how fast the curing is proceeding. In the waterborne hardeners, the DSP surfactants 

effectively slowed down the reaction of hardener with epoxy and thus took much longer to reach 70°C. When the reaction 

was not slowed down, the reaction proceeded very quickly and in many cases violently boiled over. 

It should be noted that in the case of 703, in a water dispersible hardener, there was no effect in increasing the pot life but 

when made into a waterborne hardener by adding water, the pot life was increased. A similar trend is seen with NP15 and 

S20 but the effect was more than a 3x increase in pot life with 703 and 704 compared to around a 1.5x increase for NP15 

and S20. This clearly shows that DSP-based surfactants increase the pot life of waterborne hardeners compared to other 

conventional surfactants. In fact, even after 10 days, E-Sperse® 703 and 704 waterborne hardener and epoxy dispersion 

mixes were still malleable and soft white plasticized compared to all other waterborne hardener and epoxy dispersions 

that solidified in under 24 hours.

A possible mechanism to explain the extension of pot life using DSP-based surfactants is that these types of surfactants 

associate with the adduct type hardener and slow down the reaction of the hardener with the resin. Also, the DSP based 

surfactants make much more stable 2K systems when mixed compared to the other surfactants which could also explain 

some of the extension in pot life. With a more stable dispersion, the hardener and epoxy are kept apart more effectively 

compared to a weaker dispersion, which allows the epoxy and resin to interact and thus react more quickly. 

4:1 BAC + Tergitol NP15 Tergitol NP30 Tergitol S20 E-Sperse® 
703

E-Sperse® 
1689

AHEW 75.7 75.7 75.7 75.7 75.7

phr 5% 704 75% 

epoxy
30.2 30.2 30.2 30.2 30.2

initial viscosity cps 1,100 1,500 1,200 2,400 1,200

HLB 15 17.1 16.3 14.3 9.6

time for viscosity 

doubling
5 11 10 11 11

time to reach 70C 5 11 11 11 11

viscosity t=5 - 1,700 1,300 2,900 1,100

viscosity t=10 - 1,400 2,800 3,500 500

viscosity t=15 - - - - -

TABLE 11 - EPOXY MIXES WITH WATERBORNE 4:1 BAC HARDENERS
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To investigate DSP surfactants in hardeners other than the 4:1 BAC adduct hardener, E-Sperse® 703 was added to the 

commercial hardener Anquamine 401 and the pot life was compared to Anquamine as supplied. Anquamine 401 is a 

waterborne hardener and as Table 12 shows, E-Sperse® 703 effectively increased the pot life from 23 to 31 minutes.

• POE 20 DSP sulfate (E-Sperse® 704) shows the best performance in terms of longest pot life and fastest cure time 

when compared to other surfactants in a water borne epoxy dispersion.

• POE 20 DSP sulfate (E-Sperse® 704) cures at nearly an identical rate as Aerosol OT-70 (dioctyl sulfosuccinate, a VOC 

containing surfactant) coupled with an extended pot life.

• POE 20 DSP, (E-Sperse® 703, the non-ionic analog of E-Sperse® 704), does not show “through dry” curing in 24 

hours (with and without water added to the hardener) suggesting the sulfate group may play a significant part in 

imparting faster cure times.

• POE 20 DSP (E-Sperse® 703) extends pot life when added to the hardener in a 2K epoxy system.

TABLE 12 - EPOXY MIXES WITH ANQUAMINE 401 HARDENER

Anquamine + E-Sperse® 703 Anquamine only

AHEW 350 200

phr 5% 704 75% epoxy 139.6 79.8

initial viscosity cps 2,700 18,500

HLB 14.3

time for viscosity doubling 31 23

time to reach 70C 35+ 35+

viscosity t=5 2,700 20,400

viscosity t=10 2,600 24,000

viscosity t=15 2,800 26,700

viscosity t=20 3,300 32,400

viscosity t=25 3,700 40,300

viscosity t=30 5,300 -

STUDY 2 CONCLUSIONS
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STUDY 3 - EPOXY DISPERSION CURING TIME STUDY
 Materials
A BPA based epoxy resin from Hexion/Momentive, EPON 828, was used for the epoxy dispersion. BAC from Mitsubishi Gas 

Chemicals is used in making a 4:1 BAC:epoxy adduct. The surfactants used in this study are listed in Table 13 below. 

EXPERIMENTAL
Epoxy Dispersion 
A master batch of epoxy dispersion was created at 75% solids using 5% by weight E-Sperse® 704 based on epoxy. Into 

a large stainless steel beaker was added to the appropriate amount of surfactant. To this was added epoxy (EPON 828 – 

Hexion/Momentive). Subsequently water was added to ensure the solids of the final dispersion was 75% by weight epoxy. 

Finally, the ingredients were mixed using a Dispersator from Premier Mill Corp at 40% power for 3 minutes. The resultant 

dispersion was transferred to a gallon container. 

Adduct Preparation
A 4:1 BAC epoxy adduct was made by adding 400 grams of BAC to a large glass jar. Next, 100 grams of epoxy was added 

to the jar. A stainless steel two blade stirrer was added to the jar and topped with a lid with a hole that allowed the stirrer 

shaft to protrude through and rotate freely. The adduct was allowed to stir and react for 8 hours at RT. 

 Epoxy Hardener Mixtures 
Using the epoxy equivalent weight of the epoxy dispersion and the active hydrogen equivalent weight of the hardener, the 

appropriate amounts of the epoxy dispersion and hardener were added at a 1:1 equivalent ratio to a small paint can and 

Surfactant Hydrophobe Eo Charge Solids Hlb

Tergitol NP15 NP 15 non-ionic 100 15

Tergitol NP30 NP 30 non-ionic 100 17

Tergitol S20
secondary alco-

hol
20 non-ionic 100 16

E-Sperse® 703 DSP 20 non-ionic 100 14

E-Sperse® 1689 TSP 10 non-ionic 100 9.6

Tergitol S40
secondary alco-

hol
40 non-ionic 70 18

Aerosol OT-70 dioctyl maleate - Sulfate (Na) 70 -

E-Sperse® 704 DSP 20 Sulfate (NH4) 50 -

TABLE 13: SURFACTANTS USED IN WATERBORNE EPOXY CURING STUDY
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mixed with a stainless steel one blade mixer for approximately one minute and then immediately used to determine cure 

time. 

Cure Time Determination
Cure times were determined using a BYK dry time recorder. 1:1 equivalent epoxy hardener mixtures were drawn down on 

acrylic plastic slides using a 150 micron (~5 mil) draw down cube. The recorder was set for 24 hours and the samples were 

evaluated in duplicate. A needle slides across the slide over the 24 hour period. This creates the characteristic data below in 

Figure 7. 

Figure 7 characterizes the different stages of the cure time from the dry time recorder. Explanation of the different phases 

is given below. 

 

Figure 7 – Cure Time Characterization

Description of Phases 1 to 5 (Circled numbers at top of Figure 7)

(1) During the early stages of drying, the coating tends to flow back into the wake of the stylus. Solvent is 

evaporating.

(2) When the tendency of the flow has ceased, the film may be considered set. The epoxy amine reaction 

takes place at this time which also increases Mw to build viscosity. A thumbprint will show on the surface, 

but no epoxy will come off on your thumb. 

(3) As the drying process continues, a skin will form. Visually, this part of the film formation is seen when the 

stylus begins to tear the surface of the film. The film may be considered surface dry or dust free when the 

skin is no longer ruptured by the stylus.

(4) There is a surface trace from the stylus contact.

(5) It is considered through dry when the stylus rides above the film.

Description of end Points 1 to 5 (Numbers at bottom of Figure 7)

End of 2 - Set to touch (also described as tack free or thin film set)

End of 4 – Surface dry (also called dust free or cotton free)

End of 5 – Through dry

Convention is to use end points 2, 4, and 5 to describe the cure process. We include end point 1.5 for completeness.
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RESULTS AND DISCUSSION

Table 14 shows the components of the individual hardeners prepared and tested for cure time in waterborne epoxy 

dispersions. These are the same hardeners evaluated for pot life in Study 2 above. Unshaded boxes indicate a neat water 

dispersible hardener while blue shading indicates a waterborne hardener.

Note in Table 14 that in the epoxy dispersion, the amount of surfactant (E-Sperse® 704) is 5% based on weight solids of 

epoxy. When the hardener is added, the amount of surfactant based on epoxy becomes 12.9% based on weight solids of 

epoxy. Surfactant in the overall is mixture is approximately 12-14%.

Cure Time
Table 15 shows the averaged results of cure time testing for the different hardeners. Figure 8 graphically depicts this data 

for the neat water dispersible hardeners. Figure 9 depicts this data for the waterborne hardeners. For end points with no 

data, the graph does not indicate a bar. However, for comparison, through dry time has been set at 24 hours for films that 

did not cure after 24 hours. 

Surfactant 4:1 BAC 
(g) Solids

Surf.
(g) AHEW Viscosity phr % surf on 

epoxy
% surf. in 
hardener

Tergitol NP15 25 100 18.8 75.7 500 30.2 12.9 42.9

Tergitol S20 25 100 18.8 75.7 750 30.2 12.9 42.9

E-Sperse® 703 25 100 18.8 75.7 wax 30.2 12.9 42.9

Tergitol NP30 25 100 18.8 75.7 wax 30.2 12.9 42.9

E-Sperse® 

1689
25 100 18.8 75.7 500 30.2 12.9 42.9

Tergitol NP15 25 50 37.5 108.1 250 43.1 12.9 30.0

Tergitol S20 25 50 37.5 108.1 250 43.1 12.9 30.0

E-Sperse® 703 25 50 37.5 108.1 250 43.1 12.9 30.0

Tergitol S40 25 70 26.8 89.6 500 35.7 12.9 36.2

Aerosol OT-70 25 70 26.8 89.6 3750 35.7 12.9 36.2

E-Sperse® 704 25 50 37.5 108.1 250 43.1 12.9 30.0

TABLE 14 – HARDENER COMPOSITIONS
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In Figure 8, there is little differentiation in cure time except that E-Sperse® 703 did not reach a through dry state in 24 hours.

 

Figure 8 – Neat Water Dispersible Hardeners Cure Time Representations

As Figure 9 shows, in the waterborne hardeners, there is much more differentiation in the cure time profiles. E-Sperse® 704 

has the fastest through dry with exception of Aerosol OT-70. It should be noted that OT-70 has VOC incorporated within 

the surfactant solution. Further, from Study 2, the pot life of the 704-based hardener was 28 minutes and took 35 minutes 

to reach 70°C compared to 17 and 21 minutes for OT-70. 

surfactant solids End Pt 1.5 
(hrs) End Pt 2 (hrs) End Pt 4 

(hrs)
End Pt 5 

(hrs)

Tergitol NP15 100 1.3 3.8 6.0

Tergitol S20 100 4.8 4.6 8.5

E-Sperse® 703 100 1.4 7.8 24

Tergitol NP30 100 1.4 4.4 7.1

E-Sperse® 1689 100 1.4 2.1 3.8 5.9

Tergitol NP15 50 1.4 9.5 10.8

Tergitol S20 50 1.5 20.1 >24

E-Sperse® 703 50 1.1 not cured not cured >24

Tergitol S40 70 1.5 10.3 not cured >24

Aerosol OT-70 70 0.5 1.0 3.3 4.5

E-Sperse® 704 50 1.3 2.4 4.0 5.8

TABLE 15 – CURE TIME DATA
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Figure 9 – Water Borne Hardeners Cure Time Representations

Table 16 shows the pot life data from Study 2 compared to the through dry time reported in this study. Figure 10 shows a 

graph of the ratio of pot life to cure time. It is clear that E-Sperse® 704 offers the best combination of long pot life and fast 

cure time by the highest ratio of pot life to cure time.

 

TABLE 12 - EPOXY MIXES WITH ANQUAMINE 401 HARDENER
Surfactant Pot life Anquamine only

(hrs) Through Dry (hrs) 200

Tergitol NP15 0.08 6

Tergitol S20 0.17 8.5

E-Sperse® 703 0.18 24

Tergitol NP30 0.18 7.1

E-Sperse® 1689 0.18 5.8

TergitolNP15 (50%) 0.28 10.8

Tergitol S20 (50%) 0.27 >24

E-Sperse® 703 (50%) 0.47 >24

Tergitol S40 (70%) 0.25 >24

Aerosol OT-70 (70%) 0.28 4.5

E-Sperse® 704 (50%) 0.47 5.8
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Figure 10 – Pot Life to Cure Time Ratio

An alternative way to look at the pot life and cure time data is to plot the pot life vs cure time. This is shown in Figure 11. 

A long pot life and short cure time are desirable. The location for this performance is in the far bottom right of Figure 5. As 

can be seen, E-Sperse® 704 has the best combination of properties. Recall that the hardeners containing surfactants listed 

at 24 hours cure time did not cure and those data points should be disregarded in Figure 11. 

 

Figure 11 – Pot Life vs Cure Time

CONCLUSIONS FROM STUDY 3 
1. POE 20 DSP sulfate shows the best performance in terms of longest pot life and fastest cure time when compared 

to other surfactants in a waterborne epoxy dispersion.

2. POE 20 DSP sulfate cures at nearly an identical rate as Aerosol OT-70 (a VOC containing surfactant) coupled with 

an extended pot life.

3. E-Sperse® 703, the nonionic analog of E-Sperse® 704, does not show through dry curing in 24 hours (with and 

without water added to the hardener) suggesting the sulfate group may play a significant part in imparting faster 

cure times
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OVERALL CONCLUSIONS
1. Freeze/thaw stability can be imparted to low on no-VOC waterborne epoxy dispersions by the inclusion of certain 

styrenated phenol-based surfactants.

2. The pot life of waterborne 2K epoxy dispersions can be extended with no extension of curing time by the use of 

styrenated phenol-based sulfated surfactants.
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