
ABSTRACT 

Powders are used in many different industries and their flow behaviour is an important 
property during production processes and for the final product. The final product does not have 
to be a powder itself. In the manufacture of many products, additives or ingredients are added 
in powder form. Spices are added to food, carbon black is added to rubber and so on. In all these 
cases, powders must be stored, transported, and dosed during the manufacture of the various 
products. When planning the equipment for storing and handling of powders, their flow 
behaviour and compactability are required. 

Dedicated instruments with special measuring geometries are available for the 
characterization of powders. But it is also possible to use a modern rheometer for this purpose, 
as long as it has a normal force sensor and can run stress-controlled shear measurements. 

MATERIALS AND METHODS 

The powders used in this study were two different stearates, substances used e.g., as 
additives for lubricants or release agents. The aim of the tests carried out was to quantify the 
compacting behaviour and to compare the onset of powder flow of the two samples tested. 

All tests were performed with a Thermo Scientific  HAAKE  MARS  60 Rheometer. 
The rheometer was equipped with a Peltier temperature module for cone and plate- or parallel-
plates geometries. For the measurements on powders, a serrated parallel plates geometry has 
been used to avoid slippage on the sample surface. For simplicity, the same geometry has also 
been used for the compression tests although standard parallel plates would have been sufficient 
here. Parallel-plates geometries should always be used for compression tests, to exert a pressure 
as uniform as possible across the sample area. 
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FIGURE 1: Sample preparation with the shallow cup ring 

RESULTS 
The results of the compression tests showed very good reproducibility, confirming that the 

shallow cup ring is a helpful tool to prepare powder samples in a reproducible way. Since the 
compression tests focus on the sample height and not on the mechanical strength of the powders, 
like the amplitude sweeps and the stress ramps do, the term compression is used here instead of 
consolidation3. 



FIGURE 2: Normal stress ( -n) as a function of the gap height during compression of the powders 
with 0.1 mm/s at 20 °C. The results of the double measurement of both samples show good 

reproducibility of the measurement results. 
 

The compression tests results show a clear difference between the two powders (Fig. 2). 
Right from the start, Powder A showed less resistance against compression. At a normal stress 
of 3.2 kPa (1 N), Powder A was already compressed to 50 % of its original height, whereas 
Powder B was at 72 % of its original height (Table 1). At the end of the test, at 153 kPa (48 N) 
the sample height of Powder A was only 15 % of its original height compared to 51 % for 
Powder B, a factor of 3.5 between both samples. 

 
TABLE 1: Evaluation of the compression tests based on sample height (h) and tangent intercept (TI). 

These results illustrate the better compressibility of Powder A in comparison to Powder B. 

 Powder A #1 Powder A #2 Powder B #1 Powder B #2 

 mm % mm % mm % mm % 

h(3.2 kPa) 1.19 52 1.11 48 1.65 72 1.65 72 

h(153 kPa) 0.36 16 0.32 14 1.17 51 1.18 51 

TI 0.56 24 0.54 23 1.46 63 1.46 63 
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FIGURE 3: Results from the amplitude sweeps at 20 °C plotted over the deformation  in %. In the 
non-linear range, the samples started to consolidate further (black curves). 



FIGURE 4: Results of the stress ramp tests on both powders at 20 °C and with a normal stress of 
15.9 kPa (5 N). The samples started to further consolidate at stresses above the tangent intersect. 

TABLE 2: Evaluation of amplitude sweeps and stress ramps. The deformation and the shear stress 
values at the EoLVR and the tangent intersect (TI) have been calculated. 

 
Amplitude Sweep Stress Ramp 

 (EoLVR) / % (EoLVR) / Pa (TI) / % (TI) / Pa 

Powder A 2.08 × 106 0.076 1425 0,322 4242 

Powder B 1.69 × 106 0.036 549 0,330 3063 

CONCLUSIONS 
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