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Abstract
Although limestone powders have frequently been used in many branches of human activities from
food industry to composites-of-plastics production for years, there often occur, even nowadays,
difficulties in production caused by problematic flowability of these materials, which becomes
especially evident in the processing of very fine surface-treated grades of limestone powders. The
present paper deals with the measuring of flowability of problematic grades of the limestone powders
by means of a classic Jenike shear ring tester and finds, in respect to flowability, the most sensitive
parameter area of the materials processed.
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1. Flowability of powders
More than 50 years have passed since the classic works by Professor Jenike, who
spearheaded the description of flowability of powders through Mohr’s projection of
description of shear and normal tensions in a volume of bulk materials (Jenike, 1961;
Jenike, 1964). The method of measuring the flowability of powders designed by Professor
Jenike was originally used for specific application of designing hoppers and silos from the
principles of solid state mechanics (Peschl, 2001; Koynov et al., 2015). This method is
rather laborious and the past periods witnessed great efforts to replace the measuring on the
Jenike shear ring by easier means e.g. Johanson indicizer (Johanson, 1992; Frank et al.,
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2006), Schulze tester (Schulze, 2011) or Waren Spring-Bradford cohesion tester
(Mohammed et al., 2011). In spite of these efforts, Jenike measuring method has remained
a generally acknowledged standard for assessing the flowability of powders until now
(Masuda et al., 2006; Opalińsky et al., 2012). Therefore, a Jenike tester (Fig. 1) have also
been chosen for the assessment of flowability of the calcium carbonate surface-treated
fillers, invited by a plastics processing company who use these materials for the production
of polymeric composites.

Fig. 1. Jenike shear tester: 1 – lid of normal forces 4; 2, 3 – rings with sample measured stays 6 and 7; 5 –
shear forces.

Flowability of powders ffc which is often called “flow-ability factor”, (Fayed and
Motten, 1997; Ludwig and Miller, 2015) is given by the quotient ffc = 1/c, where 1 is the
consolidation stress [Pa] and c is the unconfined yield stress [Pa] (Roth et al., 2012;
Calvert et al., 2013; Moreno-Atanasio et al., 2005). The stresses are demonstrated in
Mohr’s projection in Fig. 2. For example of Mohr’s diagram for particular case, see e.g.
work of Liu et al. (2008).

Fig. 2. Basic flowability factors in the Mohr’s projection.

In accordance with the literature (Fayed and Motten, 1997), Table 1 of the behavior of
powders as the numerical value of flow-ability can be shown:
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Table 1. The behavior of powders as the numerical value of flow-ability.
flow-ability value ffc [-]
behavior of powders
less than 1
non flowing
1–4
cohesive
4 – 10
easy flowing
more than 10
free flowing

2. Experimental
2.1 Limestone powders
As the material which was measured by the Jenike shear tester, five commercial
untreated limestone fillers were used (Table 2). Samples of the coarsest and the finest
materials can be seen in SEM photographs (Fig. 3).
Table 2. The basic grain-sizing of the samples measured.
samples
d10 [µm]
d50 [µm]
d90 [µm]

1VA
0.07

2VA
0.08

5VA
0.90

15VA
1.40

40VA
2.60

4.10

5.90

11.0

24.0

49.0

1.60

2.50

4.50

10.0

14.0

Fig. 3. SEM pictures of the finest (VA1 – left) and the coarsest (VA40 – right) material measured
(Magnification: X3000 and X500, respectively).

2.2 Powders surface treatment
Stearic acid, a saturated fatty acid with an 18-carbon chain (chemical formula C17H35CO2H),
was used for the surface treatment. Process of treatment was carried out as follows:
Drying for 2 hours at 115 °C; treatment in a 20-dm3 Papenmeier-TYPE-TGEHK-20-SS
mixer (Fig. 4) – 705 turns/min for 15 minutes at 60 °C; cooling for 1 hour down to 20 °C.
Each filler (1VA, 2VA, 5VA, 15VA and 40VA) was treated by the series of 0%; 0.1%;
0.2%; 0.3% and 0.5 % of stearic acid. The series of 30 samples altogether, 15kg each, were
prepared and processed to conduct Jenike shear ring measurement.
2.3 Instruments and processes
Instruments and processing as follows were used:
 The Jenike shear ring tester (Fig. 1) – Brno University of Technology production;
 Rings of 100/19 mm, support 2.39 mm/min, normal stress up to 12.26 kPa;
 Repetition of shear ring measurement – 5 times;
 Grain-sizing by a laser HELOS/KR Multirange, Sympatec GmbH.
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Fig. 4. Mixer for the surface treatment of powders.

3. Results and discussion
The results of measurements are given in the following synoptic charts in the form of
the flow function as a function of grain size and the surface agent content m [%] as a
parameter (Fig. 5) and vice versa (the flow function as a function of surface agent content
and the grain size as a parameter, see Fig. 6). Both charts include the value ffc = 4 which
represents the divide between the area of powders flowing and the area of their cohesive
behavior (Schulze, 1995; Moreno-Atanasio et al., 2005; Zhou et al., 2010). Thus, if the
curves in Fig. 5 and Fig. 6 get under the critical value of ffc = 4, difficulties arise concerning
the flowability of the powder.
As shown in Fig. 5, very fine powders with d50 from 6 µm to 8 µm with a very low
stearin surface treatment (i.e. less than 0.3%), all have poor flowability and can cause
difficulties in their processing. This statement corresponds to standard ideas of powders’
rheology (Aigner et al., 2013; Schulze, 2008).

Fig. 5. Flow function as a function of grain size and the surface agent content m [%] as a parameter.
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Fig. 6. Flow function as a function of surface agent contents and grain size d50 [m] as a parameter.

Very fine powder materials are often treated only for the reason of their better
flowability and can be processed more easily. Surprisingly enough, stearin surface
treatment can make powders flowability worse (see Fig. 6). What is the cause of that? The
stearin surface treatment is designed in a way that it generates, under fineness of limestone
powders d50 = 2.5 µm, a monomolecular layer. Conversely, if the powder material is
coarser and hence it has a lower specific surface, a coat of surface treatment agent arises on
the surface of powder particles which are of a multi-layer structure. Such nonhomogeneities of surface treatment with relevant excesses of surface-treatment layers can
cause mutual cross-linking among stearin molecules and thus forming a microgranulate of
powder particles in the volume of the powder. While the powder particles are still relatively
small and so are the inertial forces which generate separating tendencies in the powder
volume, there may arise conditions under which the surface-treated powders, with a higher
level of surface treatment, tend to be "sticky" and their flowability is worse, see e.g.
material of d50 = 4.5 µm. In coarser materials, this effect does not manifest itself because
the inertial forces, separating the particles from each other, act on discrete particles in such
a way that they depend on the mass and thus on the third power of particle size. Under these
circumstances, the increased cohesion of powders, which results in worse flowability,
cannot manifest itself relevantly.
4. Conclusion
Measuring the flowability of surface-treated limestone fillers indicated an area of poor
flowability of these powder materials with d50 under 8 µm. Surprisingly, this was observed
even in the case of limestone powders which were surface-treated in order to achieve better
bulk properties.
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