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freemantechnology                              CHARACTERISING WET MASSES USING THE FT4 
 

The presence of free water can fundamentally influence the flow properties of a powder.  Depending on the hygroscopic properties of 
the material, water can act as a lubricant, an adhesive, or a mechanism for granulation, each of which will change the way in which the 
powder will behave.  The ability to evaluate the flow properties of a wet mass, in comparison to the dry powder, can therefore provide 
valuable information on a powder’s response to the presence of moisture, whether this is an intentional stage in a production process, 
e.g. wet granulation, or a result of exposure to humid conditions. 
 

Liquid bridging occurs where free water is distributed throughout a powder, and typically causes an increase in Flow Energy reflecting 
the more cohesive nature of the wet mass.  At low moisture concentrations, the degree of liquid bridging is low, and particles can still 
readily move with respect to each other.  However, as moisture concentration increases, liquid bridges becomes more prevalent, causing 
particles to adhere to each other, resulting in an increased resistance to movement and a corresponding increase in Flow Energy.  
Conversely, free water can act as a lubricant, reducing Flow Energy, or as a mechanism for granulation, leading to large, efficiently packed 
granules often with a significantly higher Flow Energy, (see ‘W7030 – Basic Flowability Energy’ for further information). 
 

The Flow Energy of a wet mass is easily measured using the FT4 Powder Rheometer® Dynamic Flow test methodology.  This is a quick and 
simple test that can be performed on multiple samples in quick succession, (such as those drawn from a granulator during the granulation 
process).  A single test is carried out on each sample, as opposed to the multiple test approach employed in the standard Dynamic 
protocols. Tests should be carried out as soon as the sample is available, to minimise moisture loss during preparation. 
 

PROCEDURE 
 

A range of conditions should be used to generate samples with different properties depending on the variable to be evaluated, e.g. water 
content, blending time, water addition rate, etc. 
 

Aliquots of the resulting wet masses should be removed and immediately tested using a truncated Dynamic Flow test, consisting of a 
single Conditioning cycle followed by a vessel split, in order to generate a fixed sample volume, which is then subjected to a single standard 
Test cycle.  If required, additional equations can be added to the test program to allow further parameters to be automatically derived 
from the resulting data.  The Flow Energy measurements from the individual tests can then be collated to generate Flow Energy profiles 
as a function of the controlled variable. 
 

EXAMPLE INVESTIGATION 
 

Three samples of differently proportioned 
Lactose:MCC blends were granulated with varying 
quantities of water.  Aliquots of the granulates were 
extracted from the granulator and immediately 
tested using the truncated FT4 Dynamic Flow test 
described above.   
 

In this example, the transition from a cohesive  wet 
mass to a more free-flowing, efficiently packed 
granulate is evidenced by a sharp increase in Flow 
Energy as a critical water content is achieved for each 
blend. As the MCC content of the blend increases, 
more water is required to form a granulate, reflecting 
the more hygroscopic properties of MCC.  In each 
case, the conditions under which the wet mass 
becomes a granulated mass can be accurately 
determined, optimising the granulation process by 
avoiding over- or under-granulation.   
 

CONCLUSIONS 
 

The FT4 Powder Rheometer is an effective tool for characterising the flow properties of a wet mass.  The presence of free water can 
introduce significant variability in how a powder behaves due to the formation of unstable agglomerates and the non-uniform distribution 
of moisture. However, by evaluating the Flow Energy of the bulk material, a reliable and accurate assessment of its flow properties can 
achieved which can then be correlated with process experience and Critical Quality Attributes to define the conditions that are conducive 
to optimal performance and a high quality final product. 
 

If you have any comments or questions relating to this document, please feel free to contact our Applications team on  
+44 (0) 1684 851551 or email support@freemantech.co.uk.   
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