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Outline

Ç Introduction: Functional Fillers for Thermosets

Ç Lamellar Ground Silica

Ç Surface-Modified, Lamellar Ground Silica

Ç Surface-Modified Inorganics (ñUniversal Tool Adapterò)

Ç Summary

November 16, 2015
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Functional Fillers for Thermosets

11/16/2015

Å Used for reinforcement and typically increase modulus and strength. 
Å Constitute up to 70% by volume in oriented composites. 
Å Discontinuous systems typically do not exceed 30ï40% by volume.

Å Terminology:
Å Reinforcement - mostly used for long, continuous fibers or ribbons, 
Å Filler, performance filler or functional filler - refers to short, 

discontinuous fibers, flakes, platelets or particulates.
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Functional Fillers

November 16, 2015

NOVACITE PLATY                     80                 17-20             3-15            0-7.5           6-8            2.65              1.55                 7                 22.1 
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Diatomaceous Earth

Mica

Suzorite Mica

Mineral Fillers

November 16, 2015

Calcium Carbonate

Calcium Carbonate
Synthetic

Nyad wollastonite

Barium Sulfate

Kaolin Hard Clay

Kaolin Soft Clay

Luzenac Talc

Minex

Novacite Lamellar  Plate Silbond

Imsil
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Arkansas Novaculite
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Features of Lamellar Quartz

November 16, 2015

ÅBarrier Properties

ÅPlaty and Hard

ÅOverlapping Platelets - parallel to the substrate surface, 

somewhat like shingles on a roof. 

ÅHigher Loading

ÅOil Adsorption ï17%

ÅParticle Shape

ÅUltra High Solids
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ÅLower VOCs

ÅOil Adsorption

ÅParticle Shape

Features of Lamellar Quartz
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ÅEasy Wet-Out

ÅNo Porosity

ÅLow oil absorption

ÅReduced surface area

ÅSuperior Rheology

ÅLow oil absorption

ÅNo sub-1µ particles (stops a 1µ)

ÅPlates rubbing rather than jagged particles

Features of Lamellar Quartz
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Lamellar Quartz
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Summary

Å Lamellar or Platy Shape

ÅWettable

ÅNo porosity

Å Lowest oil absorption 17%

ÅRefractive index is typically lower than the resin system

ÅHigh dielectric and insulating properties ïñitôs quartzò

ÅChemically inert

ÅAnti-corrosive qualities

ÅClose to pure quartz (99.49)

Å Zero moisture

ÅMohs hardness 7

Rhombohedral
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Novacite Grades

November 16, 2015

Most Popular Grades
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Novacite® & Novakup ®

Chemical Composition

SiO2

Al2O3

Fe2O3

99.490%

0.102%

0.039%

MgO

TiO2

CaO

Loss

0.021%

0.015%

0.014%

0.190%

November 16, 2015

Physical Data

Specific Gravity 2.65

Hardness
7.0     Mohs Scale

820    Knoop Scale

H2O Presence
0.0%     3 Hrs @ 110°C

0.0%     30 Min @ 1000°C

Index of Refraction 1.550

Bulk Density

52.97 lbs/ft3 Loose packed

82.75 lbs/ft3 Dense packed

11.090 lbs/gal  Dense packed

True Density 22.07 lbs/gal

Packing Density (approx) 1.2 x 1019 / Gr

Mole SiO2 60g

Mole to Volume Ratio 22.6 ml

Oil Adsorption

Spatula Rub-Out

Linseed Oil

17% to 20% (coarse to fine)

20 lbs to wet 100 lbs

Water Adsorption 100 grams adsorb 8.7 grams water

Physical Data (Contd)

Surface Highly Polar

Acidity 6.0 ï6.3 pH in

distilled water

Thermal Stability Stable from

absolute 0°-573°C

High-low quartz inversion
573.7°C     On Heating

573.8°C     On Cooling

Mean Specific Heat

Between 0° and 200°C
0.192° cal/g/C°

Hegman Fineness Gauge 7 ½

Transmissibility

Very transparent to ultraviolet & visible 

spectrum; opaque for infrared beyond 7ɛ

Microscopic Description 

Small magnification ïwell rounded 

crystalline discs.  Small proportion 

agglomerate.

High magnification (2000) - All shapes, finely 

divided quartz containing many minute 

cracks and fissures.
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Thermal Properties (additional notes)

By X-Ray diffraction, Novacite is known as low or alpha quartz. 

It is stable in its phase from absolute 0° to 573°C.  Inversion and reconstructive 

inversion occur just past 573°C.  Novacite filled thermosets maintain dielectrics 

under prolonged saturation.  Since Novacite has an absence of bound water, 

Novacite filled encapsulants are superior.  Thermal conductivity or higher K 

values are important.  The specific heat (SH) of a substance would affect 

thermal conductivity.  

Specific Heat (SH) for typical silica is 0.32 cal/(g)/(C°).  Novacite departs from 

typical silica with SH at 0.192 cal/(g)/(C°).  Note: 0.188 is SH for pure quartz.  

Values for Novacite are mean values between 0° and 200°C.   

Interestingly, SH of Novaciteôs finer grades is much lower than Novaciteôs 

coarser grades.  This is paradoxical since finer subdivision should call for 

greater heat capacity and greater SH, but here again, you encounter a 

departure from what might be expected. 

November 16, 2015
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Crystallography (additional notes)

We just observed (thermal properties) that Novacite compared to other silica possesses 

specific heat some 40% less than typical silica.  In fact, it is very close to pure quartz.

At least 80% more thermal conductivity occurs along the C axis or principle axis of quartz, 

than observed along the A axis or perpendicular axis of quartz.

COULD it be then that Novacite parts or cleaves along the principle axis of its molecular 

structure?  The angle on intersection of the principle axis of the A and C axis is 90°.  

Moreover, if cubic particles parting along the principle axis were manifest in the Novacite, 

here could be the cause of lower specific heat as thermal conductance would be greater 

in particles oriented favoring the principle axis.

All of this points back to this uniquely odd occurrence of fine sized 

ñanhedralò crystals, which when processed for the purpose of grain size reduction, break 

down into fragments closely resembling a cube or

an unusually blunt rhombohedron.

Note: The author has neither observed a type of quartz just like 

Novacite nor encountered a recorded instance of a similar 

occurrence of the mineral.

November 16, 2015
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Typical Epoxy Formulation:

182 Parts Daper Novacite

100 Parts Epon 828

80 Parts Methyl Nadic Anhydride

2 Parts Benzyl Dimethylamine

Table I

Mechanical Properties

FORMULA

828-100

MNA-80

Daper Novacite

182

BDMA-2

CURE 

15 HRS at 165° F

8 HRS. at 300° F

Plastic Tensile

ASTM D 638

Maximum Stress                                               PS

Strain at Max Stress                                           %

Stress at Yield                                                  PS

Strain at Yield                                                     %

Stress at 0.2% Offset                                        PS

Strain at 0.2% Offset                                           %

Elastic Modulus                                        PSI x 10

11200(610)6 F

1.69(0.23)6 F

No Yield

No Yield

9460(410)6

1.22(0.17)6

0.978(0059)6

Compressive

ASTM D 695

Maximum Stress                                               PS

Strain at Max Stress                                           %

Stress at Yield                                                   PS

Strain at Yield                                                     %

Stress at 0.2% Offset                                        PS

Strain at 0.2% Offset                                          %

Stress at 10% Strain                                         PS

Stress at Rupture                                              PS

Strain at Rupture                                                %

Elastic Modulus                                      PSI x 106

26500(270)10 F

28.3(1.2)10 F

20300(220)10

4.94(0.21)10

13600(480)10

1.70(0.08)10

20900(230)10 

26500(270)10

28.3(1.2)10

0.919(0.024)10

Flexural

ASTM D 790

Maximum Fiber Stress                                      PSI

Strain at Max Stress                                            %

Stress at 5% Fiber Strain                                  PSI

Stress at 0.2% Offset                                        PSI

Maximum Fiber Strain at 0.2%                            %

Stress at Rupture                                              PSI

Strain at Rupture                                                 %

Elastic Modulus                                        PSI x 106

11200(1600)8  F

1.23(0.13)8  F

N/A

N/A

N/A

11200(1600) 8

1.23(0.13) 8

1.04(0.02)10

Novacite® filled thermoset
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Typical Epoxy Formulation:
182 Parts - Daper Novacite

100 Parts - Epon 828

80 Parts - Methyl Nadic Anhydride

2 Parts - Benzyl Dimethylamine

Table II

Thermal Properties

FORMULA

828-100

MNA-80

Daper Novacite

182

BDMA-2

CURE 

15 HRS at 165° F

8 HRS. at 300° F

Thermal Coefficient 

of Expansion

ASTM D 696

-65°F TO ROOM TEMP.                      IN/IN/ °C 38 X 10-6

ROOM TEMP. TO 165° F                 IN/IN/ °C 38 X 10-6

-65°F  TO 165° F                           IN/IN/ °C 38 X 10-6

THERMAL CONDUCTIVITY BTU/HR. SQ. FT. F°/IN 2.6

H. D. T

ASTM D 696

264 PSI        ° C  --- ° F                                                

66 PSI        ° C  --- ° F                                                146° C   295° F                                                

HEAT RESIST

MIL-I-16923

WEIGHT LOSS % 3.3 X 109

VISUAL EFFECT

SPECIFIC 

HEAT

CAL/GM/° C                                            

BTU/LB/ ° F                                                

THERMAL

SHOCK

NUT AND BOLT TEST                        /SCR-173

HOLLOW CYLINDER TEST                 /SCR-417

Novacite® filled thermoset
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Novacite® filled Silastic

10 vs 20 micron Novacite

Silastic 437

Press Vulcanized 5 minutes at 260° F 

Formulation #1:
100 Parts - Filler

100 Parts - Silastic 437 Base

1.5 Parts - Cadox TS-50
10 micron

L-207A Novacite

20 micron
Daper Novacite

OVEN CURED 4 HOURS AT 480° F

Durometer, Shore A 53 53

Tensile Strength, psi 910 800

Elongation, % 340 310

Tear Strength, Die B, ppi 65 78

Compression Set
(22 hours at 350° F)

26 ?

HEAT AGED 24 HOURS AT 600° F

Durometer, Shore A 58 55

Tensile Strength, psi 590 540

Elongation 200 200

10 vs 20 micron Novacite

Silastic 740

Press Vulcanized 10 minutes at 340° F 

Formulation #2:
50 Parts - Filler

100 Parts - Silastic 740 Base

0.8 Parts - Varox
10 micron

L-207A Novacite

20 micron
Daper Novacite

NO POST OVEN CURE

Durometer, Shore A 52 52

Tensile Strength, psi 600 510

Elongation, % 260 260

Tear Strength, Die B, ppi 50 50

Compression Set

(22 hours at 350° F)

16 15

POST OVEN CURED 24 HOURS AT 480°F                                                      

Durometer, Shore A 50 50

Tensile Strength 820 750

Elongation, % 270 300

Tear Strength, Die B, ppi 48 48

Compression Set

(22 hours at 350° F)

5.9 4.5

HEAT AGED 24 HOURS AT 600° F

Durometer, Shore A 43 41

Tensile Strength, psi 430 440

Elongation, % 170 190

PROPERTIES
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Untreated vs. Treated Particle within Resin
Not actual Novakup particle but rather a reference
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Premium Performance

An Ideal Interface for Silane Coupling

November 16, 2015

Ç Envision a three-micron particle of quartz with epoxy pendant groups protruding from all sides at a rate of 4 to 6 

per 100Å2

Ç Novakup has surface area of 2M2/g

Á Surface Area:

o 28 billion particles per gram with approximately

o 1.2 x 1019 pendant groups per gram.

Ç Approximately 1.2 x 1019 OH groups per gram of Novacite based on 6 OH groups per 100Å2

ÁThis calculation assumes that each silane will react with only one of the surface OHôs, while 

theoretically, it may react with up to three.  

Ç Thus the 0.47% is a maximum required for monomolecular coverage, and we would guess that 

considerably less would be necessary for positive results.

ÁñThe less the silane concentration, the better the resultò

ñItis well known that naturally occurring particulate materials are many times

deleterious to a polymer mixture (like adding ñdirtòto the ñbatterò)regardless

of how much care is taken in mining or processing. Silane coupling often can

solve these issues.òïJames Moreland
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1. ENABLES HIGHER FILLER LOADING

2. IMPROVES PROCESSABILITY

3. IMPROVES CHEMICAL RESISTANCE

4. IMPROVES FILLER DISPERSION

5. IMPROVES COMPOSITE STRENGTH

6. IMPROVES ELECTRICAL PROPERTIES

7. IMPROVES PROPERTY UNIFORMITY

8. IMPROVES WET-OUT OF THE MINERAL BY THE POLYMER

9. CLOSES THE VOID BETWEEN FILLER AND POLYMER

10. IMPROVES MECHANICAL PROPERTIES

11. REDUCES THE VISCOSITY OF THE FILLER/POLYMER MIX

12. ELIMINATES A STEP IN THE PRODUCTION PROCESS (NO NEED FOR IN-SITU)


