
Introduction

Tablets are the most common dosage form. They are
prepared by compression of powders or granular pow-
ders. The principle of the tablet compression process is
the transformation of the undeformed particles of
a compressed material to the elastically and plastically
deformed particles due to the action of the compression
force. The viscoelastic properties of the fillers and the
impact of the lubricants on these properties are important
factors, which are further reflected in the properties of
tablets. A more detailed description of the viscoelastic
properties and the interactions between the filler parti-
cles or the filler and the lubricants facilitate the selection
of excipients for the tablet preparation to obtain tablets
of required properties and quality. 

This study evaluates the elasticity and plasticity
behaviour of the tablet mixtures during the compression
process. The influence of two different lubricants on
microcrystalline cellulose, a filler intended for direct
compression, is studied using the stress relaxation test.

Experimental methods

Materials
Microcrystalline cellulose Avicel PH-200 (MCC) was

used as the filler. Magnesium stearate (MgSt) and/or
modified colloidal silicon dioxide Syloid FP 244 EU
(Syl), respectively, were used as lubricants at the con-
centration of 1%.

Methods
The particles were observed by a scanning electron

microscope MIRA\\TESCAN. The particle size distribu-
tion was measured by laser diffraction using a Malvern
Mastersizer. Mixtures of the filler and the lubricants
were prepared using a cube blender Erweka (AR 401 and
KB 15S). A material testing machine Zwick/Roell T1
FRO 50 was used to compress the tablets having a mass
of 500 ± 0.5 mg and a diameter of 13 mm using
a compression pressure of 75.3 MPa. The tensile strength
was calculated according to Fell and Newton1).
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The stress relaxation test
The stress relaxation test was used to evaluate the

parameters of elasticity Ai and the parameters of plastic-
ity Pi of tablets. At the same applied compression pres-
sure as mentioned above, the stress relaxation test was
realized with a dwell time of 180 seconds. The following
three-parametric equation [1] was used to calculate the
elasticity parameters Ai. To calculate the plasticity
parameters Pi, equation [2] was used2):
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Fig. 1. SEM image of Avicel PH-200 particle, magnification
500×

where CP is the compression pressure (MPa) at the
time t (s), A1–3 represent the pressure decrease which
expresses the elasticity parameter (MPa), A0 is the pres-
sure remaining in a tablet after the dwell time (MPa), T1–3
are the relaxation constants (s), and P1–3 is the plasticity
(MPa ⋅ s). The average of twenty measurements with the
standard deviation are listed in Tables 1 and 2.

Results and discussion

As can be seen in Figure 1, the particles of Avicel are
of an irregular shape with a rough surface. The particle
size was estimated by laser diffraction as follows: Dv10 =

[1] 

[2] 
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MCC – Avicel PH-200, MgSt – magnesium stearate, Syl – Syloid, TS
– tensile strength, x – average, s – standard deviation

MCC – Avicel PH-200, MgSt – magnesium stearate, Syl – Syloid, Ai – elasticity parameters, x – average, s – standard deviation

31.88 µm, DV50 = 160.22 µm, and DV90 = 250.14 �µm.
Similarly, the particle size of magnesium stearate and
Syloid were also measured having Dv10 = 2.63 �µm, DV50
= 9.45 �µm, and DV 90 = 29.82 µm and/or Dv10 = 1.87 µm,
DV50 = 3.52 µm, and DV90= 7.43 µm, respectively. The
smaller particles were noted for Syloid.

In the stress relaxation test, the elasticity parameters
A1–3 (MPa) express the interactions between the particles
in the different phases of deformation3). A1 characterizes
the interactions between the elastically deformed parti-
cles and the undeformed particles while A2 characterizes
the interaction between the elastically and plastically
deformed particles. The most important process for the
plasticity evaluation and tablet formation is character-
ized by the parameters A3 and P3. At this process, gener-
ally, the elastically deformed particles act on each other
in a material. It is assumed that the more bonds between
particles are created during this particle action, the more
the tablet structure firms up. 

The values of elasticity parameters A1–3 are summa-
rized in Table 1. The results show that an addition of
a lubricant affects the elasticity parameters. Both lubri-
cants increased the values of parameters A1, A2 and A3;
the higher values were noted for Syloid. Avicel is consid-
ered as a viscoelastic material which can create strong
bonds between the particles4, 5) and it shows a high poten-
tial for elastic deformation6). The Avicel particles can
release the accumulated elastic energy which affects the
other particles leading subsequently to a higher plasticity. 

The lubricants create a thin layer on the surface of par-
ticles of the filler, fill the irregularities and prevent their
interactions7). The less bonds are created between the
particles, the more elasticity could be released and could
affect other particles.

The values of plasticity parameters P1–3 (MPa·s) are
shown in Table 2. These parameters express the plastici-
ty which is formed as a result of the action of the elasti-
cally deformed particles and reflect to the creation of
interparticle bonds. The increase in plasticity is visible
from the two orders difference between the parameter P1
and P3 for MCC in Table 2. When the elastically
deformed particles of viscoelastic material become plas-
tically deformed, the hydrogen bonds can be created8)

and the structure of the tablet completes. 

Magnesium stearate and Syloid increase the values of
plasticity parameters. Again, the higher values were
determined for Syloid, probably for its smaller particles
which are in better contact with the particles of a filler.
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Table 1. Parameters of elasticity Ai

Mixture
A1  (MPa) A2 (MPa) A3 (MPa)

x s x s x s

MCC 6.861 0.561 4.064 0.085 4.142 0.099

MCC + 1% MgSt 6.958 0.677 4.145 0.040 4.391 0.044

MCC + 1% Syl 7.120 0.496 4.469 0.113 4.670 0.070

MCC – Avicel PH-200, MgSt – magnesium stearate, Syl – Syloid, Pi – plasticity parameters, x – average, s – standard deviation

Table 2. Parameters of plasticity Pi

Mixture P1 (MPa·s) P2 (MPa·s) P3 (MPa·s)
x s x s x s

MCC 2.442 0.240 16.773 0.461 266.211 7.344

MCC + 1 % MgSt 2.583 0.304 17.686 0.374 281.452 3.642

MCC + 1 % Syl 2.569 0.227 19.010 0.495 298.708 3.558

Table 3. Tensile strength of tablets

Mixture TS (MPa)

x s

MCC 5.151 0.215

MCC + 1 % MgSt 2.964 0.075

MCC + 1 % Syl 3.994 0.175

The results of the tensile strength measurement of the
tablets can be seen in Table 3. It is visible that both lubri-
cants decreased the tensile strength in comparison with the
tablets made of MCC itself. A less negative effect, howev-
er, was found for Syloid. The differences in the lubricant
effect can be caused by the structure and particle properties
of the filler as well as by different properties of the lubri-
cants. As explained above, the lubricants create a thin layer
on the surface of particles, decrease the interactions
between the filler particles reducing this way the tensile
strength. Syloid as a hydrophilic lubricant has a lower effect
on the particle interactions. In opposite, magnesium stearate
is a hydrophobic lubricant which can prevent the interac-
tions and reduce the tensile strength to a greater extent.

Conclusions

In this work, the effect of magnesium stearate and/or
modified colloidal silicon dioxide, respectively, on the
elasticity and plasticity of microcrystalline cellulose is
investigated. Different effects of lubricants on viscoelas-
tic properties of this filler were observed. Hydrophilic
Syloid increases the elasticity and the plasticity parame-
ters of microcrystalline cellulose tablets more than mag-
nesium stearate. On the other hand, Syloid had a less
negative effect on the tensile strength of tablets. This is
probably caused by its small particle size, hydrophilicity
and viscoelastic properties. The exact explanation of the
Syloid influence, however, requires further experiments.
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