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Motivation: The Testing of Bitumen Emulsions
        AAPT, Vol. 9, 1937

A more 
recent test: 
particle size



Required reading!
• Transportation Research Circular E-C102

‒ Asphalt Emulsion Technology
‒ August 2006

• Excerpts:
‒ Particle size/distribution
‒ Strongly influence
‒ Physical properties/performance

• Qualitative statements
‒ “larger” particle size lowers viscosity
‒ “broad” or biomodal particle size lowers viscosity
‒ “smaller” particle size increases performance, stability (Transportation Research 

Circular E-C102)



Steps toward preliminary specifications
• Wave 1

‒ Cationic slow set, cationic medium set (CSS, CMS)
‒ Varied of emulsifier dosage, pH, recirculating time
‒ Tested 2 hours, 1 day, 4 days, 7 days
‒ Beckman Coulter Multisizer 4, paddle viscosity

• Wave 2
‒ CSS, Cationic rapid set (CRS): neat, latex, solid polymer
‒ Tested 2 day, 5, 7, 14, 21, every 21 days until 180
‒ Horiba LA 350 AP, paddle viscosity
‒ CSS: Indirect tensile strength, direct shear test
‒ CRS: Sweep test

(Coulter multisizer)

(Horiba)



Particle size standard: Wave 1
• Eight emulsions – out of recommended ranges

‒ Proprietary CSS and commodity CMS
‒ High and low emulsifier dosage (0.15 – 1.75%)
‒ No acid, high (5.0), and low (1,0) pH
‒ Recirculating Herbert Rink mill (15 and 45 seconds)

• Compared to “in range” emulsions
‒ Proprietary CSS: 1.15% emulsifier, 4.5 pH 30 second mill
‒ Commodity CMS: 0.30% emulsifier, 2.75 pH 30 second mill

• Tested at 
‒ 2 hours, 1 day, 4 days, 7 days
‒ Beckman Coulter Multisizer 4
‒ Paddle viscosity Goal: correlate viscosity to particle size



Question 1: how much data to collect?

As number count increases
Graph smooths, shifts to left



Question 2: how to quantify the data

What did we learn in Wave 1?

• d10: particle size, 10% of volume smaller
• d50/median: particle size, 50% of volume 

smaller
• d90: particle size, 90% of volume smaller
• Mean: arithmetic average particle size
• Mode: most common observed size
• Standard deviation: measure of closeness 

mean
• Span: measure of closeness
    to median

d90 − d10

d50
 



Question 3: how does viscosity behave?

Viscosity increases as storage time increases

• D: emulsifier dosage
• P: pH
• M: mill time
• H: high, L: low



Question 4: how does particle size behave?

Mean particle size did not change over time (unexpected)

• D: emulsifier dosage
• P: pH
• M: mill time
• H: high, L: low



Correlating viscosity to particle size

Preliminary recommendations



Pivot to Wave 2 – bring in the rapid set, aggregate
• Three CRS emulsions

‒ CRS-2 (high viscosity), CRS-2L (latex polymer), CRS-2P (solid polymer)

• CSS-1, CSS-1h, CMS-2
• Tested at

‒ Day 2, Day 5, Day 7, Day 14, Day 21
‒ Every 21 days until 180 days
‒ Paddle viscosity and particle size (Horiba)

• Performance tests
‒ ASTM D7000 – sweep test
‒ ASTM D6931 – indirect tensile strength
‒ Direct shear test (based on interlayer shear test) Let’s start with CRS



Particle size distributions for CRS-2

Tying to aggregate tests

• 3 vertical lines on each 
curve: corresponds to 
d10, d50, d90 

• CRS-2: curves shift down 
and right, max 20 μm

• CRS-2L: curves shifted to 
right, not lower/wide, 
max 25 μm

• CRS-2P: curves very 
similar, max 100 μm



Storage time versus viscosity: CRS-2

800 cP viscosity (max spec) 
corresponds to 25 days 

storage time



Mean particle size vs. storage time

Perform similar exercise with 
sweep test



Recommended performance and particle size 

Tied particle size 
(maximum values) to 

sweep test 
(minimum values)

Transition to Wave 2



Wave 2: how does viscosity behave?

CSS and CMS emulsions did 
not reach 200 cP 

(maximum paddle viscosity)

A different approach was 
necessary



Indirect Tensile Strength over time

IDT strength 
decreases over time



Direct shear strength over time

Shear strength increases over time
 

DST Apparatus 

CMA Specimen 

Shear Plane 

Applied Load 

Load Cell 

Not to scale. 



Particle size: very stable

Difficult to discern dependence on particle size



Particle size recommendations to date

Thank you!  Questions?  afbrham@uark.edu 

mailto:afbrham@uark.edu
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