


Particulate Systems Analysis 2003, Harrogate, UK 

Page 2 of 5 

 
 

Fig1. Testing mode showing bulldozing 
action along the entire blade length 

 
Fig2. Typical repeat testing series followed by variable flow rate tests 

 
 
The two key difficulties of traditional methods – human interaction and the variability of the sample 
packing condition are overcome by using automated procedures to prepare a standardised packing 
condition and then run the test.  This “conditioning cycle” loosens and slightly aerates the powder 
sample to produce a uniform and reproducible packing state that allows tests to be repeated with high 
reproducibility of results. Fig2 shows seven identical tests each preceded by a conditioning cycle 
followed by further tests at slower blade speeds. The change of energy measurement during the first 2 
or 3 test cycles is typical of many powders as they stabilise. Usually this change is due to air (in this 
case, air removal) but other factors may also play a part.  The test7 result is the BFE value.  
 

3 MEASURING FLOW PROPERTIES 
 
3.1 How Flow Rate Affects Flow Properties 
 
High flow rates often result in greater levels of air entrainment leading to reduced interaction between 
particles and a reduction of the flow energy requirement.  This is not always the case, as shown by the 
various curves in Fig3 where the flow rate is varied by reducing the blade tip speed from 100mm/s to 
10mm/s. 

 
 

Fig3. Flow energy as a function of blade speed (flow rate) for three types of material 
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The limestone is the most sensitive to reducing flow rate probably due to the increasing 
compressibility of the material and removal of air.  The polymer is seen to be almost insensitive to flow 
rate.   The lactose data shows the effect of adding a lubricant - magnesium stearate – that transforms 
the behaviour. The energy requirement then increases with flow rate, typical of powders that contain 
flow additives.   
 
Powders that demand high energies to start them moving are likely to be difficult to process 
consistently.   Such powders often require 3 or 4 times the BFE value to initiate flow, like the limestone 
above. 
 
3.2 How Consolidation Affects Flow Performance 
 
The removal of air considerably changes the flow properties and always impairs flow.  This can occur 
as a result of long term storage, transportation or processing in a vibrating environment and direct 
pressurisation resulting from the use of a bin or hopper.  To some extent and especially in the case of 
a vibrating environment, particles may realign and interlock resulting in closer bonding and even more 
resistance to the shearing that allows flow to occur. 
 

 
 

Fig4. How flow energy varies with packing condition for two types of talcum 
 
Fig4 shows how the flow energy of two conditioned powders is changed by consolidation induced by 
tapping and by direct pressurisation.  The standard material (normal talcum) is compared with a fine 
(micronised) talcum.  Whilst both powders increase their energy requirement by 5 or 6 when 
pressurised to 0.1 bar, they behave very differently when tapped. The finer powder is unaffected by 
tapping due to its relatively low bulk density and ability to retain its air. In this case gravitational forces 
are unable to overcome the strong cohesive forces.  
 
These characteristics are very important to the powder processor who needs to understand both how 
the materials behave and what conditions are to be imposed on them during processing. 
 
3.3 Aeration And Fluidisation 
 
Aeration behaviour can be investigated using a controlled, dry air supply fed through a porous 
stainless steel disc at the base of the testing vessel.  The air throughput is adjustable to allow various 
levels of air velocity to be established whilst the test is in progress.   
   
Fig5 shows three very different powder types and how they are affected by being aerated. The 
catalyst shows the expected dramatic reduction of energy at less than 0.1cm/s of air throughput 
because it readily fluidises.  The titanium dioxide is very different, but even this cohesive material 
shows a significant reduction of energy when aerated.  The gypsum is not much affected. 
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Fig5. How aeration reduces the flow energy of three different powder types 
 
A high aeration index (BFE/aerated energy) usually indicates good flowability once the material has 
begun to flow.  On the other hand a powder having an AR of 100 and a BFE of 500mJ will require only 
5mJ when it is fully aerated and this could result in processing difficulties.  For example, it might flow 
readily through a stationary screw feeder or flood when discharged from a hopper.  The rule for 
consistent processing applies – material and plant need to have matching characteristics. 
 
3.4 Aeration Through To Consolidation 
 
Fig6 illustrates how the energy needed to process two powders varies in relation to the degree of 
aeration and consolidation.   It shows that the blend of solids and fluids being processed may be very 
different as a result of the conditions imposed upon the powder during processing. In the case of the 
food flavouring, the range of energy requirement varies from 3674mJ when consolidated to 29mJ 
when aerated, a 127:1 reduction. This factor is 7.4 for the plain flour sample due to its cohesive 
nature. 
 

 
 

Fig6. How flow energy varies with extremes of packing condition for two materials 
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3.5 De-Aeration or The Ability Of a Powder To Release Entrained Air 
 
The ability of a powder to release entrained air is important in relation to its flow performance and 
processability and this varies greatly from powder to powder. The rate at which entrained air is 
released can be measured by de-aeration testing as exemplified by the two different material 
characteristics shown in Fig7.  The catalyst releases air immediately in contrast to the cement that 
requires more than four de-aeration cycles to do so.   
 

 
 

Fig7. How de-aeration cycling removes air from previously aerated powders 
 
 

4 CONCLUSION 
 
Understanding how air affects powder flow properties is a prerequisite of efficient handling and 
processing of powders.  As the above data has shown, the rheology of powders, expressed in terms of 
the energy needed to make them flow, may change from a consolidated state to a fully aerated state 
by typically 100:1 and for some materials by more than 1000:1. This represents a serious challenge to 
processors seeking consistent flow performance who need to ensure that the material and plant 
characteristics are compatible. 
 
It is now realistic for databases of flow properties to be created to describe flow performance in terms 
of the many variables on which this depends. In particular understanding how the presence or 
absence of air affects the handling and processing of powders is crucially important.  Modern 
instrumentation that can condition a powder and measure the energies associated with the dynamic 
flow of powders can provide this information. 


