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High solid content asphalt emulsions
• Asphalt emulsions for cold mix applications 

are typically produced with a solid content 
of 60~70%. Disadvantages:

▶Longer curing time
▶Weaker early strength

• Goal: Produce a stable high solid content 
emulsions with at least 80% total solid 
content (TSC) applicable for cold mixes

WATER EVAPORATION
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• HIPR method is used to produce emulsions with 
very high dispersed phase volume fractions.

• Advantages:
▶ Lower temperature = lower energy 

consumption 
▶ Precise control over the solid content and 

particle size distribution
• However, emulsions with high total solid 

content produced using HIPR emulsions are 
typically highly viscous, which makes them 
unusable for practical applications.

High Internal Phase Ratio (HIPR)

Polyhedric structure of concentrated emulsion
Adapted from Querol et. al (2019)
https://doi.org/10.1016/j.conbuildmat.2019.03.301
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Emulsification Process
 Stage 1 produces a viscoelastic paste with initial volume fraction of 0.90 using high 

concentration of around 30~50% emulsifier in water.
 Stage 2 involves diluting the paste to appropriate solid content using 1% aqueous 

concentration of emulsifier

Low shear mixer using 4 pitched 
blade impeller

M I X I N G  E Q U I P M E N T

E M U L S I F I E R S

• Emulsifier A: quaternary 
ammonium salt

• Emulsifier B: amine-based 
cationic slow set 

176~194 °F



Emulsion A: Results

Sample 
ID

Emulsifier 
conc.%

Mixing
Speed (rpm) / Time (min)

Mixer 
type 
(cm)

Viscosity
(cP)

D32 
(μm)

TSC 
(%) Stable

1st Stage 2nd Stage
A-08 2.0 1000 / 10 - 7 - - - X
A-18 2.5 300 / 5 - 7 - - - X

A-13 3.0 1000 / 13,
800 / 3 1000 / 5 7 12100 10.3 78.60 ✓

A-20 3.0 600 / 5 600 / 5 7 - - - X

A-10 4.0 1000 / 15 1000 / 5 5 3200 2.71 80.54 ✓
A-11 4.0 1000 / 16 1000 / 10 7 14300 1.79 80.75 ✓

A-16 4.0 1000 / 5,
800 / 3 1000 / 5 7 1029 2.43 79.58 ✓

A-17 5.0 1000 / 6 1000 / 5 7 - - - X

U N S T A B L E  E M U L S I O N S

▲ Over-emulsified or broken emulsion 
separates into its components 

▶ The mixture failed to emulsify 
when the emulsifier conc. is 
too low (< 3%) and becomes 
unstable due to foaming when 
emulsifier conc. is too high (> 
4%), or when the mixing speed 
is insufficient (< 800 rpm)



Emulsion A: Observation
• Smaller particles (<10 µm) are 

produced at 1000 rpm, larger sizes at 
> 600 rpm.

• Longer mixing time increases 
viscosity, and has glossy, rough 
texture

• Optimal mixing time: 10-15 mins

|     4% emulsifier
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Emulsion A: Observation
• Smaller particles (<10 µm) are 

produced at 1000 rpm, larger sizes at 
> 600 rpm.

• Longer mixing time increases 
viscosity, and has glossy, rough 
texture

• Optimal mixing time: 10-15 mins
• Larger turbine (7 cm) emulsifies faster 

than smaller turbine (5 cm)

• Higher emulsifier concentration can 
produce more uniform and smaller 
particle size  (3.0~4.0%)

|     4% emulsifier



Emulsion B: Results

Sample 
ID

Emulsifier 
conc.%

Mixing
Speed (rpm) / Time (min)

Mixer 
type 
(cm)

Viscosity
(cP)

D32 
(μm)

TSC 
(%) Stable

1st Stage 2nd Stage

B-06 2.5 150 / 2,
300 / 3 300 / 5 5 9000 - 77.3 ✓

B-07 3.0 150 / 3,
300 / 2

300 / 2,
600 / 3 7 6200 - 80.37 ✓

B-05 3.0 600 / 9 600 / 3 7 24000 - 79.08 ✓

B-01 4.0 1000 / 22 1000 / 10 5 52000 2.29 79.45 ✓

B-02 5.0 1000 / 5 1000 / 5 7 82000 1.07 80.07 ✓

▶ Emulsifier B can produce 
stable emulsions even at 
emulsifier concentrations 
lower than 3% or higher 
than 4% , and at slow 
mixing speeds (< 300rpm)



Emulsion B
• Smaller particles at faster speeds, 

larger particles at > 300 rpm.
• Longer mixing time increases 

viscosity
• Stable emulsions even at high 

speed/time, high emulsifier 
concentration

• More stable and less sensitive to 
over-emulsification



Emulsion B
• Smaller particles at faster speeds, 

larger particles at > 300 rpm.
• Longer mixing time increases 

viscosity
• Stable emulsions even at high 

speed/time, high emulsifier 
concentration

• More stable and less sensitive to 
over-emulsification



Emulsion Stability
• Emulsion solid content vs. time: slopes indicate changes in emulsion composition over time
• Negative slopes more common in Emulsions A, suggesting a higher tendency for irreversible coalescence.
• Emulsions B are generally stable, attributed to its very high viscosity



Emulsion Viscosity
• Emulsions A are softer and more 

flowy, while Emulsions B appear 
more paste-like, virtually solid at 
room temperature.

• Smaller particle sizes correspond to 
greater viscosity, especially in 
Emulsion B.

• Higher emulsifier concentration and 
faster mixing speeds generally 
results to higher viscosity emulsions



Multimodal Emulsions
• Produced by low shear mixing of two types of emulsions (80% solid content) 

at 20~50 rpm for 5 to 10 minutes
• Microemulsion to normal emulsion ratio is 2:3

High viscosity, 
small particle 

sized emulsion

High viscosity, 
large particle 

sized emulsion

Slow mixing for 
5~10 minutes

Multimodal emulsion 
with lower viscosity



Multimodal Emulsions

• Combining bimodal or multimodal emulsions 
with varying particle distribution produces 
lower viscosity emulsions.

• Resulting emulsions are more polydisperse. 
Compared to emulsions with high uniformity, 
the polydispersity induces flow within particles, 
exhibiting lower viscosity.

• Multimodal emulsions are stable and usable 
even after more than 12 months of room 
temperature storage. 



Conclusion

• HIPR Method: Successfully produced high solid content emulsions (~80%) 
using low-energy emulsification with 90:10 asphalt to emulsifier initial ratio. 
It is a simple process without the need for high temperatures or high shear 
mixing.

• The type and amount of emulsifier, as well as the speed and duration of 
mixing determines the particle size, stability and viscosity of HIPR emulsions

• A multimodal emulsion approach reduced viscosity while maintaining high 
solid content, improving flowability even at room temperature.

• Further studies include varying total solid content, simplifying production of 
multimodal emulsions, varying asphalt types including asphalt modifiers, 
and studying overall applicability and performance

POLYMER-MODIFIED MULTIMODAL
HIPR EMULSION MICROGRAPH

TOWARDS CARBON NEUTRAL FUTURE



Thank you
Questions?

rizagabriela7@gmail.com
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