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S tricter environmental, clean air 
and waste management legislation 
continues to drive the architectural 
coatings market toward “green” 
chemistry and lower-VOC technolo-

gies. And the most stringent requirement is the one 
that sets the de facto minimum standard, whether at 
the local, state or federal level. Originators of such 
legislation include the North Eastern Ozone Trans-
port Commission states (OTC), the California Air 
Resources Board (CARB), the South Coast Air Qual-
ity Management District (SCAQMD) and the Environ-
mental Protection Agency (EPA).

The paint industry is currently adopting new tech-
nologies and reformulating its products to meet the 
deadlines of scheduled VOC legislation. OTC legisla-
tion sets the VOC content of flat paint at less than 
100g/L; semi-gloss paint less than 150 g/L; and gloss 
paint at less than 250 g/L. Although these levels are 
difficult enough to achieve, California and Federal 
initiatives will eventually mandate flat, semi-gloss 
and gloss paint VOC levels of less than 50 g/L.

Meeting these environmental requirements, with-
out sacrificing current performance, demands a new 

breed of additives. This article reports the results of 
comparative evaluations of different defoamers and 
dispersant chemistries proposed for the new genera-
tion of low-VOC architectural paints.

Defoamers
To select an appropriate defoamer, the formulator 
should consider many parameters. Raw materials, 
manufacturing process and specific application – 
singly or combined – make every paint unique. This 
usually leads to an individual defoamer recommen-
dation for each specific application. To meet upcom-
ing regulatory deadlines for lower-VOC architectural 
coatings, resin producers have recently introduced a 
new generation of products. These new resins require 
significantly lower coalescing agent levels to form a 
proper film. In addition, formulators understand that 
these new resins contribute to much higher foam 
stabilization and, therefore, necessitate use of more 
active defoamers.

Defoamer Screening Procedure
Thorough screening of a defoamer must include 
tests of defoamer efficiency, compatibility with the 
formulation, gloss, and persistence and storage sta-
bility. Tego determined defoaming efficiency with 
the Tego High Shear Stir test. This test is suitable for 
a wide range of viscosities and application methods 
including most spray techniques, brush and roller. 
Using this test method, 50 g of the candidate for-
mulation is poured into a 4-oz. jar. The defoamer is 
incorporated for one minute at 1,500 rpm using a 
30 mm impeller and allowed to sit overnight. After 
24 hours of equilibration, the formulation with 
defoamer is sheared for 1 minute at 3,000 rpm with 
a 30 mm impeller. Immediately 45 g of the stirred 
formulation is poured into a 100 ml measuring 
cylinder placed on a balance. The total volume of 
formulation plus foam is then recorded.

This test method introduces foam into the system 
by high shear and high-speed stirring. Immediately 
after shearing, technicians record foam volume and 
monitor air release by a pour down test. The pour 
down test also reveals compatibility, that is the mea-
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Figure 1 | Foam and gloss comparison.
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sure of the amount of defoamer added to paint without 
causing defects (e.g., cratering). A standard Tri-gloss 
meter measured gloss. Gloss and semi-gloss paint were 
recorded at 20° and 60°, respectively; flats and satins, 
at 85°. Figures 1 and 2 illustrate foam generation and 
gloss of the candidate gloss and satin formulations.

In addition, Tego performed application testing 
using 3/8-inch nap roller, brush and spray, with 
results demonstrating which defoamer best meets 
specific requirements of each final application.

Selected Technology Platform for Defoamer Evaluation
We selected candidate chemical structures from the 
defoamer types for comparison in analytical mea-
surements as well as application tests in low-VOC 
paint systems. The comparative tests determined the 
additive’s ability to improve coating properties for this 
new generation of low-VOC systems.

Criteria for selecting the different defoamer types 
for comparative study included:
•	 concentrates for grind incorporation;
•	 emulsions or highly compatible concentrates for 

letdown;
•	 compatibility with pure acrylic, vinyl acrylic and 

styrene acrylic resins;
•	 impact of pigment volume concentration (PVC); 

and
•	 low shear incorporation.

Based on the defoamer selection criteria above – 
and the performance requirements of efficiency, com-
patibility, gloss and stability discussed earlier – we 
narrowed the evaluation to the mineral oil “control” 
and organo-modified silicone technology. Both the 
mineral oil and the organo-modified silicone tech-
nologies were efficient in defoaming, but only the 
organo-modified silicone technology had minimal 
influence on gloss and compatibility (See Table 1).

To show defoamer efficiency in the various low-
VOC paint systems, application tests employed BASF 
and Rohm & Haas starting-point formulations and 
tested organo-modified silicone versus conventional 
mineral oil technology. The comparisons evaluated 
defoamers in commercially available low-VOC archi-
tectural paint formulations (see Appendix). Table 2 
summarizes the defoamers evaluated.
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Figure 2 | Foam comparison.
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Table 1 | Defoamer and deaerator chemistries.
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Table 2 | Tego defoamers for architectural paint.
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A variety of parameters influence defoamer choice, 
including hydrophobic or hydrophilic nature, concen-
trates or emulsions, and resin compatibility. Other less-
obvious defoamer characteristics merit consideration. 
These characteristics follow some typical trends; how-
ever, the formulator’s own direct observation should 
prevail in individual cases. The trends are as follows.
•	 Hydrophobic defoamers tend to be more difficult to 

incorporate into paint formulations than hydro-
philic defoamers.

•	 Defoamer concentrates typically require more 
shear than defoamer emulsions.

•	 The more hydrophobic the defoamer concentrate or 
emulsion, the higher the shear usually needed.

•	 Hydrophobic defoamer concentrates typically 
require lower concentrations and perform more 
efficiently than emulsions.

•	 Hydrophilic defoamer emulsions tend to be the 
most compatible but usually less efficient.

•	 Defoamer concentrates usually exhibit more per-
sistence in long-term storage than their emulsion 
counterparts.

•	 The higher the paint PVC, the more efficient the 
hydrophobic defoamer must be.

•	 Although hydrophobic defoamer concentrates and 
defoamer emulsions are usually more efficient, a 
higher degree of surface defects is possible than 
with hydrophilic defoamers.

For both defoamer concentrates and defoamer 
emulsions, optimal defoaming efficiency shows a 
relationship to shear and droplet size. There is a criti-
cal point at which the droplet size of the defoamer is 
most efficient. Additional shear reduces the defoamer 
to smaller droplet size, affecting efficiency. Insuf-
ficient shear – used to incorporate defoamer more 
readily – can reduce compatibility and increase sur-
face defect issues as shown in Figure 3.

Although these complex relationships are typical, 
there are always exceptions to the rules. Therefore, 
the formulator should devote significant time testing 
the defoamers in various paint systems and evaluat-
ing their properties and performance. Table 3 shows 
the testing performed with paint formulations based 
on the candidate resins.

Dispersants
There are dispersant technologies currently available 
that are environmentally benign and that contribute 
such performance benefits as faster color strength 
development, better color stability, lower rub-up val-
ues and less of a tendency to stabilize foam.

When selecting a dispersant, several questions 
must be answered.
•	 Is the system water-based or solvent-based?
•	 Will the dispersed pigment be organic or inor-

ganic?
•	 Will the grind be resin-free or resin-containing?
Answers to these questions help determine which 
dispersant type will be most suitable.

Selected Technology Platform for Dispersant Evaluation
Tego selected candidate chemical structures from 
the dispersant types for comparison in analytical 
measurements as well as application tests in low-VOC 
paint systems. These comparisons determined the 
additive’s ability to improve coating properties for this 
new generation of low-VOC systems.

Dispersant Screening Procedure
Testing of dispersants included: viscosity measure-
ment, rub-up, gloss, color strength, Delta E (ΔE) and 
long-term storage stability.

Viscosity was measured using a plate rheom-
eter. This instrument allowed for temperature-
controlled measurement of the paint at various 
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Figure 3 | Defoamer behavior and incorporation.

Table 3 | Architectural low-VOC test formulations.

 Resin Used 
in Formulation

Paint
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VOC
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Grind 
Defoamer
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all-acrylic,
19.2% PVC

48 Unnecessary Foamex 858

Rohm & Haas
Rovace™ 9900

Satin,
vinyl acrylic,
37.01% PVC

5 Foamex 8050 Foamex 855



Optimizing Low-VOC Architectural Coatings Through Additive Technology

JA N UA RY 2008  |  w w w . p c i m a g . c o m50	   

stress points. Viscosity was also measured with a 
Krebs - Stormer viscometer.

Gloss, rub-up and color development were tested 
by draw down on charts. A Tri-gloss meter was used 
to measure gloss at 20°, 60° and 85° gloss/sheen. A 
tinted paint system used for rub-up and color devel-
opment helped evaluate the benefit of the dispersant 
in the paint. A spectrometer measured Delta E (ΔE) 
and color strength of the tinted paints. To verify the 
results of these tests, we stored the paint samples in 
a 50 °C oven for a predetermined time. After storage, 
testing was repeated and results compared.

Test results were based on the following criteria:
•	 color strength development of pigment dispersions 

over time;
•	 color strength development of pigment dispersions 

after tinting low-VOC architectural white bases;
•	 rub-up behavior of pigment dispersions in low-VOC 

architectural white bases; and
•	 foam stabilization of pigment dispersions in low-

VOC architectural white bases.

Comparing Pigment Dispersions
In order to compare dispersants, optimized glycol- 
and APE-free pigment dispersions of inorganic, iron 
oxide red PR 101 (Elementis), organic blue, PB 15:3 
(Clariant) and carbon black PBk 7 (Degussa) pig-
ments used either Tego dispersants or corresponding 
dispersions based on alkylphenol ethoxylates (APE). 
The comparisons evaluated pigment dispersions in 
commercially available low-VOC architectural paint 
formulations (see Appendix).

Dispersant testing compared the APE-free Tego 
dispersants to traditional APE dispersants. Since the 
color intensity of pigments depends on their particle 
size, measuring the development of color intensity at 
intervals during the dispersing process can determine 
the endpoint. Determination of color intensity when 
mixing the pigment dispersion into a white base paint 
was a reliable indicator that the desired particle size of 
the pigment dispersion had been achieved.

By reducing the time to optimized color, we were 
able to reduce the cost of production. Figures 4 and 
5 illustrate how the color strength compares APE 
technology to the APE-free Tego technology. The 
Tego technology achieved higher color strength in 
a much shorter period of time. Also, Figure 5 shows 
that the associated color strength was higher with 
the three pigments tested.

Figure 6 illustrates the color acceptance values 
for both APE and Tego dispersants. The lower ΔE 
value indicates better colorant acceptance in the 
paint system. Figure 7 illustrates the foam behav-
ior of the concentrates.
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Figure 6 | Colorant acceptance.
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Figure 5 | Colorant strength.
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Figure 4 | Color strength development.
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Based on colorant acceptance, color strength, and 
color strength development testing, the Tego APE-free 
technology performed well compared to traditional 
APE technology. Table 4 summarizes recommenda-
tions based on blue, black and red pigment together 
with dispersant addition levels by weight on pigment.

Conclusion
Tego will always seek to develop innovative new 
additives that have a lower impact on our environ-
ment. The effect that the latest low-VOC legislation 
will have on manufacturers of architectural coat-
ings requires that resin suppliers, too, contribute 
to the development of paint formulas able to meet 
these demands without sacrificing the key proper-
ties of current formulations. The organo-modified 
siloxane defoamer technology and the APE-free 
Tego dispersant technology make it easier to meet 
more stringent standards of looming low-VOC leg-
islation. This new generation of additives allows 
the formulator to make environmentally friendly 
formulations without sacrificing such important 
properties as gloss and color strength. n
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Appendix
Formulations at PVC 15 – 40 %	

Ingredients Pounds
Ethylene Glycol 7.30

Water 10.30

Kathon LX 1.5% 1.50

Tamol 1124 3.10

Ammonium Hydroxide 28% 1.00

TEGO® Foamex 810 1.50

Mix Well for 5 minutes

Letdown
Tiona 596 Slurry 302.00

Water 70.00

Macol 85 10.30

Butyl Carbitol 6.20

Strodex PK-95G 4.10

TEGO® Foamex 1488 3.10

Acronal Optive 330 591.00

Rheolate 350 30.00

Acrysol RM 825 1.70

Figure 7 | Foam behavior of concentrates.

Gloss Formulation 
(BASF)
VOC: 50 g/L
PVC: 18 %
Resin: All Acrylic

Table 4 | Dispersant selection.

Pigment TEGO® Dispersants
Addition

Weight % on
Pigment

PR 101 -
Elementis

TEGO® Dispers 740 W
TEGO® Dispers 752 W

	 4.0
	 4.0

PB 15:3 -
Clariant

TEGO® Dispers 740 W
TEGO® Dispers 650

	 15.0
	 5.0

PBk 7 -
Degussa

TEGO® Dispers 740W 	 25.0



Formulations at PVC 15 – 40 %
Pigment Grind

Ingredients Pounds
Water 100.00
Natrosol 330 Plus 0.50 
Ammonium Hydroxide 1.00
Ethylene Glycol 10.00
Tamol 731 5.00
TEGO® Airex 901 1.10
Proxel DB 20 3.00
Ti-Pure R-706 225.00
Minex 7 25.00
Attagel 50 3.00
Acrysol RM 825 1.30

Grind for 10-15 minutes

Letdown
Water 113.00
TEGO® Foamex 1488 3.10
Texanol 2.00
Acrysol RM 2020 NPR 17.20
Aquaflow NHS 300 5.00
Acronal Optive 130 525.00
Polyphase CST 8.00

Semi Gloss Enamel (BASF)
VOC: 47 g/L
PVC: 21.4 %
Resin: All Acrylic

Formulations at PVC 15 – 40 %
Pigment Grind

Ingredients Pounds
Water 100.00 
Tamol 1254 7.70
Triton CF-10 2.21
Katon LX (1.5%) 1.50
TEGO® Foamex 8050 1.10
AMP-95 2.00
Ti-Pure R-900 175.00
Mistron 353 40.00
Snowflake 70.00

Grind for 10-15 minutes

Letdown
Ropaque OP-96 44.91
TEGO® Foamex 855 3.20
Rovace 9900 387.57
Natrosol Plus 330 (4% Soln.) 167.00
Water 62.50

Satin Formulation (Rohm & Haas)
VOC: 5 g/L
PVC: 37.1 %
Resin: Vinyl Acrylic

Formulations at PVC 15 – 40 %
Pigment Grind

Ingredients Pounds
Water 190.00
Ethylene Glycol 15.00 
Tamol 850 7.00
KTPP 1.00
Colloids 643 3.00
Ti-Pure R-960 100.00
Minex 4 50.00
Minex 10 150.00
Kadox 915 25.00
Natrosol 250 MBR 8.50

Grind for 20 minutes

Letdown
Acronal Optive® 510 410.00
TEGO® Foamex 858 3.20
Colloids 643 3.00
Busan 1440 6.00
Water 91.00

Elastomeric Coating (BASF)
VOC: 47 g/L
PVC: 32.9 %
Resin: All Acrylic

Optimizing Low-VOC Architectural Coatings Through Additive Technology
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Start Building Your Library
Purchase any of these powder coatings and additives resources on CD for a paperless library 
of information, easy searchable features, and printable pages for note taking or presenting.  

EXTENDER TECHNOLOGY 
MONOGRAPH CD

Extenders 
(extender pigments) are 
materials that are added 
to coatings and have many 
functions. Included in this 
CD are a variety of articles 
relating to extenders and 
how they are used in 
coatings formulation.

COATINGS ADDITIVES 
HANDBOOK 

This 146-page 
handbook is an encyclopedia 
of information on the 
properties and uses of coatings 
additives. 

POWDER COATINGS 
Foundation for the Novice Formulator
By Kevin Biller

Powder Coatings – Foundation 
for the Novice Formulator 
presents a logical, methodical 
approach to building a successful 
powder coating. 

Both the novice and seasoned 
powder coatings formulator will 
find this manuscript 
to be an indispensable asset.

Call Andrea Kropp to order key industry information today 
for only $49.95 each, plus shipping and handling.

Volume discounts are available.

Andrea Kropp  •   Inside Sales
810 - 688- 4847  •   kroppa@bnpmedia.com  •  w w w.pcimag.com
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