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The Science of Coatings Applications

Application Approach This Presentation Research

• Identify an interesting application • Society: Reductionof energy /
environmentalimpact− Significantcommercialgrowth

− Impacton society
• Application: Cool roof coatings− Needto solve technicalhurdles

• Partner: Leading Specialty Mineral
• Identify an industry partner Company

− Industry leaderinspecialtyminerals

− Desire to improve / change market

− Experience inrapidcommercialization
• Testing: Exterior acrylic coatings with

newsilica-basedwhite pigment

• Levels of formulation testing
− Make a formulation

− Make a formulationthatis equivalent

− Make a formulationthatis superior

Research Focus:
Demonstrate efficacy of newwhite pigmentingrowth applications
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Interesting Application:
Liquid Applied Cool Roof Coatings

• Cool roof coatings are highly engineered formulations forflatorlowslope roofs
• This applicationis regulated by the CoolRoof Rating Council(CRRC)
• The coatingmustmeetrigorous performance criteria
• This presentationemphasizes Acrylic Elastomeric types of cool roof coatings
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Cool Roof Coatings
Standard Specifications

• CoolRoof Coatings are specifiedbyASTMD 6083 – 97a
• Specifiedproperties are viscosity, volume solids, weightsolids, elongation, tensile

strength, accelerated weathering, permeance, waterswelling, adhesion, fungiand
tearresistance, and flexibility

• Unique focus on solarreflectance and thermal resistance
• THEATTRIBUTES ARE QUITE COMPLEX
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Interesting Application:
Elastomeric Acrylic Cool Roof Market

Acrylic Resin Type Cool Roof 2019 2024 2029
Key Takeaways:

Price $/square 85 94 105
• Large Market 5 million

squares

Area (millionsquares) 4.08 4.41 5.01

63.7 72.5

• Three elements of
growth

• Social
• Economic
• Mandated

Pounds Total(MMlbs.)

Dollars Total($MM)

58.6

345
• Projected growth at12%

414 527 nextfive years

Source: 2020 Liquid-Applied Roof Coatings Report, The Freedonia Group
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Interesting New Silica-Based White Pigment

• A highly refined silica-basedwhite pigment
thatcan be used inpaintand surface coatings NWM-5 NWM-10 NWM-15

• This pigmentis durable, lightweight(2.33
d10(μm)

d50(μm)

d90(μm)

HunterL

1.3

2.3

1.5

3.8

1.6

5.4

g/cc), brightwhite (HunterL>98) and inert

• State-of-the-artmillingtechniques yield
multiple productgrades

• Surface chemistry of the milledpigmentis
wellsuitedforcoatings 4.6 10.2

99.0

15.9

98.8

− Isoelectricpoint~2.2;

− zetapotentialatpH8.5 ~[-45]

− pH~9.3
99.4

Key Finding: Ourresearch has found thatthis newwhite pigmentcan improve cool roof
coatings attributes while reducing cost
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Properties Tested, Approach, and Key Findings

• Paint Manufacturing Process • Coatings Properties

− In-can stability− Pigmentload, wet-outand grind
times

− Dry time
− Energy requirements

− Hegman
− Dirtpick-up

• Variable Tested • Key Findings

− Control– 0% Replacement 1) Viscosity Reduction

2) Transparency Confirmed

3) AbrasionResistance Maintained

4) Favorable Weathering

− 12.5% Replacement

− 25% Replacement

− 50% Replacement

Control Formulation: TiO2 is incontrol formulation
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Viscosity Reduction When Using New White Pigment

Brookfield Viscosity (cps @ rpm) #4 spindle

RPM 10 20

1640

520

120

50

290

85

0% newwhite pigment

12.5% newwhite pigment

25% newwhite pigment

4700

1300

200 20

Brookfield Viscosity (cps @ rpm) #4 spindle

RPM 10 20 50

0% newwhite pigment 4700 1640 290

12.5% newwhite pigment
[-20% dispersant] 4000

5000

1700

1700

285

32025% newwhite pigment
[-35% dispersant]

Cost Reduction: The data illustrates viscosity reduction whichcan resultina
surfactantreductionthus lowering formulation costs
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Color & Transparency Impact with Increased Replacement

CIELAB L*values CIELAB transparency values
100.00

99.00

98.00

97.00

96.00

95.00

94.00

93.00

92.00

91.00

90.00

0.00

-0.05

-0.10

-0.15

-0.20

-0.25

-0.30

-0.35

-0.40

-0.45

-0.50

98.34
97.76 -0.0497.78

97.41 -0.07
-0.11

control control

12.5% replacement

25% replacement

50% replacement

12.5% replacement

25% replacement

50% replacement
-0.27

Improve /Maintain Brightness: Impact on Transparency:

Data shows thatthere is no degradation of
brightness

Values less than 0.5% are notvisually
detectable
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Cross Hatch Adhesion Test Show Favorable Results

ASTMD903 Cross Hatch Adhesion

5A=no delamination
0A=complete delaminationDescription

Control 5A

5A

5A

5A

5A

0A

1A

12.5%replacement

25% replacement

50% replacement

RetailBrandA

RetailBrandB

RetailBrandC

No Adhesion Issues:
Up to 50% replacementofTiO2 has no impacton adhesion
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Favorable Exterior Weathering Study

180-Day Weathering
3

2.8

2.6

2.4

2.2

2

2.72

2.5 2.46

2.18

1.8

1.6

1.4

1.2

1
Control 12.5% NWM 25% NWM 50% NWM

180 Day Similar Weathering:

Addition of the new white pigment doesn’t significantly impact the weathering
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Duplicate Exterior Weathering Sites 

12

1.19

1.91

1.42
1.54

0

0.5

1

1.5

2

2.5

3

3.5

4

D
E 

v.
 in

it
ia

l v
al

u
e

105-day Exterior Exposure Comparison

WV - control (0% EWP 5)

WV - (12.5% EWP 5)

WV - (25% EWP 5)

WV - (50% EWP 5)

1.46

2.12
1.86 1.78

0

0.5

1

1.5

2

2.5

3

3.5

4
D

E 
v.

 in
it

ia
l v

al
u

e

105-day Exterior Exposure Comparison

AZ - control (0% EWP 5)

AZ - (12.5% EWP 5)

AZ - (25% EWP 5)

AZ - (50% EWP 5)



QUV Accelerated Weathering Study
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Description Elongation Tensile
Strength

Elongation
1000 hr. 

QUV

Abrasion

Standard – 100% R-960 415 249 278 0.95

12.5% replacement with EWP 5 482 239 236 1.10

25% replacement with EWP 5 475 230 260 1.60

Passing criteria >100% >200% >100% N/A

Outcome

Key Result: Replacing R-960 TiO2 with EWP 5 does not affect QUV 
weatherometry



Favorable Cool Roof Attributes

Solar Reflectance Graph
89.4

88.8
89.0

87.0

85.0

83.0

81.0

79.0

77.0

75.0

87.6

86.5

82% is the
minimumfor
cool roofing*

control 12.5% replacement 25% replacement 50% replacement

Solar Reflectance Impact:

12.5% substitutionis a favorable improvementon solarreflectance.
Highersubstitutionlevels stillexceed cool roofing requirements.
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Encouraging Results:
Save Money / Enhance Performance

• Ourinitialtheory based on experiments fromotherR&D projects
− The newwhite mineralpigmentcanreduce productcost

− This productline will reduce solarenergy adsorptioninto the substrate

• We discovered thatthe newwhite mineralpigmentenhances coating performance
based on particle dispersionand separation

• This effectis measurable both inthe liquidand cured (applied) coating

• Based on particle size, surface chemistry and dispersionquality, the newwhite
mineral pigments will reduce cost AND… provide new benefits versus other more
costly pigments.
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New White Pigment is Different Then Traditional White
Fillers

Transparency with TiO2 replacement

-4.43

control: no extender

NWP size 5

-8.90

-11.54 nepheline syenite

calciumcarbonate

kaolin clay-14.77

-20.92

Not all white pigments perform the same:

The type of mineralhas an impacton performance
This newwhite pigmentperforms betterthan otherwhite fillers
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New White Pigment Improves Solar Reflectivity

SolarReflective Index with TiO2 replacement

67.0
64.8

57.0

48.5 48.0 control: no extender

NWP size 5

nepheline syenite

calciumcarbonate

kaolin clay

Enhanced Solar Reflectivity:

This data confirms thatnewwhite pigmentimproves solarreflectivity
versus traditionalwhite fillers

15



Conclusions and Next Research

• Silica-basedwhite pigments can reduce costand improve CoolRoof Coatings

• These white pigments are available inseveralparticle size distributions

• We have on-going experimentation with othercoatings properties forthis project

• Evaluations inotherpolymeric systems are inprogress e.g., epoxies, polyesters,
rubber, cementious, polyvinylacetate and otherpolymers, etc.

• Encouragingapplications include quartz countertops, inks, flooring, roofing, walls
and otherexteriorcoating applications, etc.

• We are lookingfordevelopmentalpartners
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