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What is required to achieve a good emulsion 
quality

Internal phase need to be distributed in external phase – certain droplet size 
respective droplet size distribution need to be achieved to fulfill a certain quality 
criteria.

Mechanical energy is required to break up internal phase into small droplets
Mechanical energy is brought into the emulsion (usually) by Rotor- Stator 

Homogenizers – so- called Mills

The small droplets coming out of the mill need to stabilized to maintain the products 
quality. To stabilize the droplet size, on the one hand reduction of interfacial tension 
between internal- and external phase is required and on the other hand coalescence 
of droplets need to be avoided
Suitable, specific emulsifiers need to be applied



How to characterize the Mill and its
performance
It is a common approach to characterize the mill performance by the SHEAR RATE which 
mainly considers the major geometrical aspects of the Mill:

SHEAR RATE = 2πRV / 60E  (R = Mill rotor (outer) radius (mm) / V = Mill rotor rotation speed (rpm) / E = Gap between Rotor and Stator 

(mm))
Even providing same SHEAR RATES, the MILLING PERFORMANCE differs (achieved
particel size / particle size distribution) from mill to mill, respective from tool geometry
to tool geometry. The MILL FACTOR was created to describe the mill performance more
precise: 

MILLING PERFORMANCE = SHEAR RATE x MILL FACTOR
Based on that relation, MILLING PERFORMANCE should be increased my reduced gap
and/ or increased mill rotor rotation speed as long as the tool geometry remains the
same.



Field study – experimental equipment
Supraton S300
 Dynamic rotor-stator homogenizer
Multistage tooling
 Tip speed around 50 m/s
 Shear gap 0,5-1,5 mm
A Horiba laser diffraction particlesize analyzer

The trials have been done at the Ergon Asphalt & Emulsions plant in 
Columbia, TN



Field study – experimental equipment

Hybrid Tool                                  Nozzle Tool                            Tooth- & Chamber Tool



Field study – experimental parameters
Tooth and Chamber Tool Set (TC) / Hybrid Tool Set (HT)
 Speeds: 3600, 4200, 4800, 5400 and 6000 rpm
 Flowrates 22.7, 27.2 and 31.8 m³/ h
 Pressures: 1.0 (15), 2.0 (30) and 3.0 (45) bar(g) (psi)
 Axial Gaps: 0,5, 1.0 (only TC) and 1.5 mm

Nozzle Tool Set (NT)
 Speeds: 3000, 3600, 4200 and 4800 rpm
 Flowrate: 17.0, 22.7 and 28.4 m³/h
 Pressures: 2.0 (30) bar(g) (psi)
Axial Gaps: 0,5 and 1.5 mm



Field study – all results
Overview about all the

collection of data measured
Chosen benchmark for Mean

particle Size is 3µm
Highest machine speed does

not deliver best results –
even relative low machne
speed performs really good

Nozzle tool does not provide 
promising results

Dominant appearence of
Hybrid tool in relevant area
– espececially with big gap
setting Hybrid tool is
subject for deeper analysis



Field study - HT - Energy Density
What energy input is
required to provide 

satisfying results regarding 
Mean Particle size

Chosen benchmark for
Emulsion Mean Particle size
is 3µm

One can see, that especially
set ups having wide axial 
gaps (yellow/ blue), 
regardless of the flowrate, 
providing satisfying
results with relatively low
energy input



Field study – HT – Energy Density
What amount of energy is

required to provide 
satisfying results regarding 

particle Surface Area
Chosen benchmark for

Emulsion Surface Areas is
30.000 m²/ m³

One can see, that especially
set- ups having wide axial 
gaps (yellow/ blue) 
providing satisfying
results, regardless of the
flowrate with relatively
low energy input



Field study – Benchmarking HT
Comparing performance of
different tool geometries 

regarding energy requirement
to provide satisfying results

regarding Surface Area 
 Hybrid tool ideal setting (high 

flowrate, wide gaps and high 
counterpressure) is
benchmarked with other tool
geometries like the common
set-up

 Chosen benchmark for
Emulsion Surface Area [m²/ 
m³] is 30.000

 One can see, Hybrid tool
requires in general
significant less specific
energy to provide better 
results



Results applied in field:

Plant Experience / S400.8.4-1.5  achieved results transferred into practice/ into the field
 The Supraton S400 produces better emulsion as the flowrate and pressure increase.
 The 150 HP motor is sufficient up to ~16,000 GPH (60m³/h). Previously, using the tooth and 

chamber tooling the max flowrate sustainable was less than 13,500 GPH (51m³/h) 
18,5% increased capacity respective reduced power consumption still having 
similar/ better product quality



Additional Intersting Aspect: Particl size
distribution It was noticed, that for set-

ups with different gap
width, the Surface Are does
not correlate with the Mean
Particle Size in the same 
way:

For tight gaps, the correlation
of Surface and Mean Diameter 
can be formulatetd by an 
equation SA= y x-² whereas
such equation for a wide gap
is rather having SA= y x-1. The 
equation SA= y x-² describes a 
more tight distribution
Product properties such as
viscosity and stability etc. 
are possibly also subject to
process parameters



Conclusion
The MILLFACTOR is good tool to get a good initial impression about

the general performance of a mill
Having a closer look, other process parameters such as counter

pressure, flowrate and gap width seems to have an additional 
impact of product quality
The right choice of tool geometry and process parameters opens

potential for significant reduction of energy consumption
The right choice of tool geometry and process parameters opens

potential to „adjust/ impact/ influence“ product properties and my 
become an additional tool/ feature for „product design“



Learnings
Sometimes, results from experiments do not correspond with 

common theories and strategies – it is worth to follow unorthodox 
routes
Having a look on the same results from different directions may

give you interesting, unexpected insights
Good results are rather based on ideal combination of different 

parameters then the sum of ideal parameters
Doing trials is essential – „unexpected improvements“ possibly 

having the huge potential and do not neccessarily need huge
investements – just do it



End
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