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About Me

Erik Antonio
Polymer Scientist - OTCC

» Mississippi State - Chemical Engineering

« Clemson University - Material Science and
Engineering

Ran first marathon in 2023, have
second one this weekend (May 5t)
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About Omya

Global producer of industrial
minerals - mainly derived from
Calcium Carbonate, Dolomite
and Perlite

Worldwide distributor of
specialty chemicals

Privately-owned Swiss
corporation with a global
presence

High-quality, innovative
products and environmental
solutions to multiple industries:

Construction, Paper, Board,
Polymers, Food and Personal &
Home Care, Agriculture, Water
and Energy.
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Viscosity — A Fluid’s
Resistance to Flow
Viscosity (n) = Shear Stress / Shear

Rate
« Shear Stress (1) — Force Per Area
« Shear Rate (y) — Velocity Gradient

Newtonian Fluids
 Water

. ) Height
Non-Newtonian Fluids ’

« CaCO, + Resin Suspension

A A A
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Viscosity — A Fluid’s
Resistance to Flow
Viscosity (n) = Shear Stress / Shear

Rate A Shear Thinning

Newtonian

» Shear Stress (t) — Force Per Area

« Shear Rate (y) — Velocity Gradient
Shear Thickening

Newtonian Fluids
o Water

Shear Stress (1)

Non-Newtonian Fluids
« CaCO; + Resin Suspension Shear Rate (7)
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What is a suspension?

Solution (smaller than 1 nm) — Colloidal solution —
Suspension (greater than 0.1 um)
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Factors
Influencing
Suspension
Viscosity
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Accuracy & Precision Varies for
Viscosity Measurements
Funnel/Visual Observation

Viscometer

Rheometer

Suspension

11 | 4/25/2024



Shear Rate Matters WWhen Measuring Suspension Viscosity
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Temperature Significantly Influences Suspension Viscosity
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Viscosity Can Be Influenced Generic Formulations
by Formulations

Resin

SMC = Resin
Additives y = LS/LP Additive

= Catalyst

Calcium Carbonate

= Mold Release

* VVolume Fraction

= Pigment
m Calcium Carbonate

BMC

m Thickener

M
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Viscosity Depends on Volume
Fraction of Solids

= Relative Viscosity

Suspension Viscosity
Nr =

Resin Viscosity

= Volume Fraction of CaCO,

B Volume CaCO,
~ Volume CaCO5 + Volume Resin

by

CaCoO
’ Suspension
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Calcium Carbonate Volume Influences Suspension Viscosity
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How Fillers Influence
Viscosity

Particle Packing

 Particle Morphology

e Particle Size Distribution
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Role of Aspect Ratio

L/D

Maximum packing fraction decreases
rapidly as aspect ratio (p,) increases

Spheres (randomly packed) = 0.64
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Broaden Particle Size Distribution to Improve Particle Packing
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Calcium Carbonate: Different Volumes Based on Particle Packing

Same Calcium Carbonate Weight from Different Packing

e —————

C

0 grams

* Optimize CaCO, Particle Size Distribution = Improve Packing
« Improved Particle Packing = Lowers Viscosity at Same Concentration

20 | 4/25/2024 This document contains proprietary information which shall not be used or disclosed without Omya explicit written authorization. i



21 | 4/25/2024

Viscosity [cP]

Improved Particle Packing Allows Lower Viscosity
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Particle Size Ratio on relative viscosity
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Suspension Viscosity Can Be Normalized for Viscosity Prediction

Incorporates
 Particle Packing

* VVolume Fraction

Maximum Packing, ¢,
« Suspension No Longer Flows
 Particles in Full Contact

 Estimated
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Theoretical Estimations for Viscosity In Practice
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Methods of
Predicting &
Modeling
Viscosity
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Design of Experiment for Modeling & Predicting Viscosity

Obijective

* Develop a Model for Predicting Viscosity
Central Composite Design
 Additional Center Points for Curvature
Factors Influencing Viscosity

« CaCO, Concentration

* Particle Size - Based on Blends

« Temperature
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Viscosity Measured Using Brookfield & TA Rheometer
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Response Surface Plot of Viscosity vs. Concentration &
Temperature

Holding Particle Size Constant
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Response Surface Plot of Viscosity vs. Concentration & Particle

Size
_ Holding Temperature Constant
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Conclusion

Factors Affecting Viscosity
1.  Concentration

2. Temperature
3. Particle Size

DOE Modeling Can Accommodate
Other Conditions

Omya Technology Center — Cincinnati &
Technical Service Team to Support
Region Americas
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Thank you!

Disclaimer

The data presented herein are in accordance with the present state of our knowledge. Any recommendations for use contained herein are mere references and do not constitute any warranty, either
express or implied, of the fitness, freedom to operate or suitability of the products for a particular purpose. Nothing contained in this presentation absolves the user from the obligation of investigating
third parties’ rights and, if necessary, clarifying the freedom to operate position. Omya affirmatively disclaims any and all warranty and liability resulting from the information or recommendations

provided herein.

31 I 4/25/2024 This document contains proprietary information which shall not be used or disclosed without Omya explicit written authorization.



References

J. Mewis and N. J. Wagner, Colloidal Suspension Rheology, Cambridge
University Press, 2012.

Elliott J. A., and Windle A. H., A dissipative particle dynamics method for
modeling the geometrical packing of filler particles in polymer composites, The
Journal of Chemical Physics, 113(22) (2000) 10367-10376.

32 I 4/25/2024 This document contains proprietary information which shall not be used or disclosed without Omya explicit written authorization. i



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32

