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• Introduction 
• Omya – Who We Are
• Viscosity Fundamentals
• Factors Influencing Suspension Viscosity
• Role Mineral Fillers Play
• Controlling Parameters
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Viscosity – A Fluid’s 
Resistance to Flow
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Viscosity (η) = Shear Stress / Shear 
Rate
• Shear Stress (𝜏𝜏) – Force Per Area 
• Shear Rate (𝛾̇𝛾) – Velocity Gradient 

Newtonian Fluids
• Water

Non-Newtonian Fluids
• CaCO3 + Resin Suspension
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What is a suspension?
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Solution (smaller than 1 nm) → Colloidal solution → 
Suspension (greater than 0.1 µm)
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Factors 
Influencing 
Suspension 
Viscosity



Accuracy & Precision Varies for 
Viscosity Measurements
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Funnel/Visual Observation

Viscometer

Rheometer

Suspension Chocolate Syrup



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

This document contains proprietary information which shall not be used or disclosed without Omya explicit written authorization.4/25/202414

Resin

Additives

Calcium Carbonate
• Volume Fraction

Generic Formulations

SMC

BMC



Viscosity Depends on Volume 
Fraction of Solids
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 Relative Viscosity

𝜂𝜂𝑟𝑟 =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

 Volume Fraction of CaCO3

ϕ𝑣𝑣 =
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂3

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂3 + 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 R
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CaCO3 Suspension



Calcium Carbonate Volume Influences Suspension Viscosity
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How Fillers Influence 
Viscosity
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Particle Packing

• Particle Morphology

• Particle Size Distribution



Role of Aspect Ratio
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L/D
Maximum packing fraction decreases 
rapidly as aspect ratio (pa) increases
Spheres (randomly packed) ≈ 0.64



Broaden Particle Size Distribution to Improve Particle Packing
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• Smaller Particles Fill 
Voids

• Higher Maximum 
Packing

• Lower Viscosity at ϕv

Increased Packing at ϕv



Calcium Carbonate: Different Volumes Based on Particle Packing
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• Optimize CaCO3 Particle Size Distribution  Improve Packing
• Improved Particle Packing  Lowers Viscosity at Same Concentration

Same Calcium Carbonate Weight from Different Packing

A

100 grams 100 grams 100 grams

B C



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
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Incorporates 
• Particle Packing

• Volume Fraction

Maximum Packing, ϕmax

• Suspension No Longer Flows

• Particles in Full Contact

• Estimated



Theoretical Estimations for Viscosity In Practice
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Experimental Data 
Exceeds Theory

Estimations Are Difficult
• Precision 
• Lack of Theory

Experimental Modeling & 
Viscosity Prediction
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Methods of 
Predicting & 
Modeling 
Viscosity



Design of Experiment for Modeling & Predicting Viscosity
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Objective
• Develop a Model for Predicting Viscosity

Central Composite Design
• Additional Center Points for Curvature

Factors Influencing Viscosity
• CaCO3 Concentration

• Particle Size - Based on Blends

• Temperature



Viscosity Measured Using Brookfield & TA Rheometer
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T-Bar Spindle

Common for 
Quality

RPM Shear 
Rate

Parallel Plate

Range of 
Shear Rates

Temperature 
Control



Response Surface Plot of Viscosity vs. Concentration & 
Temperature
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Response Surface Plot of Viscosity vs. Concentration & Particle 
Size
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Conclusion 
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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



Thank you!
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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.
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