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RESEARCH ARTICLE

MCC–mannitol mixtures after roll compaction/dry granulation: percolation
thresholds for ribbon microhardness and granule size distribution

Ana P�erez Gago and Peter Kleinebudde

Institute of Pharmaceutics and Biopharmaceutics, Heinrich-Heine-University, D€usseldorf, Germany

ABSTRACT
In roll compaction, the specific compaction force, the gap width and the roll speed are the most important
settings as they have a high impact in the products obtained. However the mechanical properties of the mix-
ture being compacted are also critical. For this reason, a multilevel full factorial design including these
parameters as factors plus three repetitions of the center point was performed for microcrystalline cellulose,
mannitol and five binary mixtures (15, 30, 50, 70 and 85% MCC). These two reference excipients were chosen
in order to investigate the plastic/brittle behavior of mixtures for the roll compaction process. These materi-
als were roll compacted in a 3-W-PolygranVR 250/50/3 (Gerteis) and the ribbons obtained were collected and
milled into granules which were characterized regarding granule size distribution. After statistical evaluation,
it was found that the most critical factors affecting the D10, D50, D90 and the fines fraction from the gran-
ules were the gap width and the specific compaction force, as well as the proportion of MCC together with
its quadratic effect and the interaction between force and proportion of MCC. The microhardness of the rib-
bons from the center point as well as the D10, D50, D90 and the fines fraction from the granules produced
at these same conditions were characterized. In all the cases, the proportion of MCC, i.e. the composition of
the mixture, showed also an important effect on these properties measured. In this sense, the percolation
theory was applied in order to study further the importance of the plastic/brittle ratio by calculating the per-
colation threshold or the limit over which the behavior of the system changes. This resulted in values of 34%
for the HU (expression of microhardness), 27% and 28% for the D10 and fines, respectively (percolation of
MCC) and 84% and 85% for the D50 and D90, respectively (percolation of mannitol).
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Introduction

Most of the drugs used in the pharmaceutical industry are not
suitable for direct compression and therefore a granulation process
is previously required in order to successfully accomplish the tab-
leting process. Roll compaction/dry granulation is a continuous
process, in which powder is being compacted while passing
through two counter-rotating rolls obtaining a densified ribbon,
which is subsequently milled in order to produce granules that
can be later compressed into tablets. The roll compaction process
is not completely understood and many parameters, configurations
and process conditions can be changed in order to obtain differ-
ent properties of their final and intermediate products as it has
been already investigated and shown in the literature1–3. In par-
ticular, several studies have been performed in order to evaluate
how the properties of the granules are affected by the roll com-
paction settings4–8 for different formulations and in order to pre-
pare diverse final products. However, another critical aspect that
has a high impact in the roll compaction process is the properties
of the material which is being compacted.

Microcrystalline cellulose (MCC) and mannitol are two excipients
widely used in the pharmaceutical industry due to their beneficial
properties and numerous applications, although normally both are
used as diluents9,10. However, these materials present different
behavior against compression. MCC is a material that principally suf-
fers plastic deformation while mannitol is a typical brittle material11.
These two opposed behaviors, together with their high presence in
the pharmaceutical industry, make these two materials interesting to

develop a study. Several authors have investigated how the roll com-
paction of MCC1,12–14 and mannitol15,16 affects the granule proper-
ties. Nevertheless, all these studies focused on one of these
excipients either as pure material or as a mixture with other powders.

Several authors have also investigated the importance of the
mixture composition and their mechanical properties on the roll
compaction process by studying several properties of the ribbons,
granules and mostly tablets13,15,17–21. Some of these studies have
been done in order to understand the impact of a plastic/brittle-
material mixture in roll compaction16–18,20,21, but most of the
work is focused on the tablet characterization. Malkowska et al.17

already observed different behavior for the plastic/brittle mixture
(consisting in MCC and dicalcium phosphate dehydrate) than for
the pure materials in the re-working potential. Freitag et al.18

studied the plastic/brittle interaction by using mixtures containing
magnesium carbonate and powdered cellulose (PC) of different
particle sizes. The ranges used were 0, 5, 10, 15, 20 and 25% of
PC. After roll compacting these mixtures, they concluded that
when using the PC type with the smaller particle size, more fines
and smaller mean size are obtained. The higher proportion of
bigger granules and the lower amount of fines were obtained
when using smaller proportion of PC in the mixture. P�erez
Gandarillas et al.21 investigated the properties of another plastic/
brittle mixture consisting of MCC and lactose in proportions of
25, 50 and 75% of MCC. Regarding granule properties, no great
differences on the granule size distribution (GSD) were found.

Binary mixtures can be described using the percolation the-
ory22–24, which basically refers to the interaction between the
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elements of a system. This theory addresses the formation of clus-
ters inside a lattice, which can connect and affect the behavior of
the system. Those clusters can be either a single particle or a
group thereof adjacent, and they can be finite if they are isolated
or infinite if they are connected. This change from finite to infinite
clusters affects the behavior of the system and is determined by
the percolation threshold or critical concentration. From the
pharmaceutical point of view, this theory can refer to the inter-
action between the powders forming part of a binary mixture. It is
possible to apply the percolation theory, if the system is well
defined by a lattice. When a powder A and a powder B are mixed,
the particles of both form a lattice by random occupation resulting
in the formation of clusters. At low concentrations of A, the par-
ticles of this material will form finite or isolated clusters inside a
matrix of B but once the percolation threshold is overcome, the
particles of A will form an infinite cluster affecting the behavior of
this whole mixture. For a binary mixture, two percolation thresholds
can be defined: a lower threshold where one of the components
starts to percolate (form an infinite cluster) and an upper threshold
where the other powder stops to have an infinitive cluster24.
However, in occasions, only one percolation threshold can be visual-
ized as shown in Blattner et al.’s work23. They applied the percola-
tion theory to study the properties of tablets prepared from a
mixture formed of a hard and brittle material (a-lactose) in three
different sieve fractions and a plastic and soft substance
(Polyethyleneglycol or PEG 10 000). They concluded that the perco-
lation threshold is a function of the geometrical packaging which
depends on the particle size, particle size distribution and the shape
of the particles. The percolation theory has been mostly applied for
studying matrix systems (generally tablets) in order to design the
best formulation regarding drug release and tablets disintegra-
tion25–31. However, not much work applying the percolation theory
in roll compaction has been reported on the literature32,33.

Therefore, the objective of this work is to investigate the
impact of the properties of a plastic/brittle-material mixture roll
compacted under different conditions in the properties of the out-
coming products. For this purpose, the percolation theory has
been applied in order to study the interactions between a typical
plastic material, a characteristic brittle one and five mixtures
thereof. With this intention, ribbons and granules from MCC, man-
nitol and their five combinations of 15, 30, 50, 70 and 85% MCC
were produced according to a design of experiments (DOE) con-
sisting of a full factorial design including the gap width, roll speed
and the specific compaction force as factors.

Experimental method

Design of experiments

DOE was used to investigate the behavior of the two materials
and their combinations under different conditions of roll compac-
tion as it has been proved to be a useful tool for the study of the
roll compaction process8. The same DOE was performed for all
mixtures but following different randomization orders. A multilevel
full factorial design consisting of two factors in two levels, one fac-
tor in five levels and three repetitions of the center point, which
means a total of 23 batches, is proposed and presented in Table 1.
The factors considered are the gap width, roll speed and specific
compaction force, and this latter one, due to its importance, is
investigated in five levels. Taking all mixtures into account, a new
factor, percentage of MCC was added with the purpose of building
a unique and more informative DOE, which summarizes all data.
All the statistical evaluations of the DOEs were performed in
Modde 9.0 (Umetrics, Malm€o, Sweden).

Preparation of mixtures

A total of five mixtures were prepared for performing the DOEs.
MCC (AvicelVR PH 101, FMC Bio Polymer, Philadelphia, PA, Lot
61333C, container 20781, and Lot 61351C, containers 20598 and
20999) and mannitol (PearlitolVR 200 SD, Roquette, France, Lot
E355G, containers 0595, 0597, 0599 and 0600; and Lot E884G, con-
tainer 0422) were kindly provided by Bayer Pharma AG (Berlin,
Germany) and were used as pure materials and the elaboration of
the mixtures were performed by following a mixing–sieving–mix-
ing process. A lubricant was not added, as it can drastically affect
the process14,34 and the idea behind this study is to understand
the powder behavior.

The specified amounts of powder were weighted using a
ground balance (Mettler ID5 MultiRange, Mettler Toledo, Germany)
and mixed in the drum hoop mixer Rh€onrad (RRM 100, J.
Engelsmann AG, Ludwigshafen, Germany) which is equipped with
the motor Sew-Eurodrive (RF40DT80K4BMG/TF, Germany). The
mixer was set at 29 rpm for 10 min. Afterwards, the powder was
sieved in a Frewitt mill (GLV ORV, Frewitt, Switzerland) using a
1 mm mesh sieve and the speed chosen was 154 rpm (velocity
number 5) in the oscillation mode. When all the powder has
passed through the sieve, the mixing process was repeated under
the same conditions.

Roll compaction and granulation

MCC, mannitol and their mixtures were roll compacted in a Gerteis
roll compactor 3-W-PolygranVR 250/50/3 (Gerteis Machinenþ
Processengineering AG, Rapperswil-Jona, Switzerland) using
knurled rolls and cheek plates or long side sealing system. The
feeding was carried out by the feeding auger (FA) and the tamp-
ing auger (TA), and the roll position, as characterized by the
Gerteis roll compactors, is inclined. The different production
parameters were changed according to the DOE described above,
as well as the FA and TA speeds (ratio between themselves 1:3.5),
which were automatically adapted in order to reach the desired
gap size by the gap control. During the compaction no vacuum
was used. The temperature and relative humidity (RH) were meas-
ured for every batch using a humidity and temperature indicator
(HygromerVR A2, Rotronic, Germany) after 5–10 min of equilibration
time, as the humidity plays an important role in the roll compac-
tion process, especially when working with hygroscopic materials.

Once the roll compaction started, only when the steady-state
conditions were achieved, a minimum of 800 g of ribbons was col-
lected. Approximately 300 g of the ribbons collected was milled in
a Frewitt sieving machine (GLA ORV 0215, Frewitt, Granges-Paccot,
Switzerland) under standard conditions. Several authors have
reported that the characteristics of the granules milled under simi-
lar conditions are an extrapolation of the properties of the rib-
bons35,36 as changing them and the machine can drastically affect
the properties of the granules obtained37. This mill was assembled
with a 1 mm mesh sieve and the speed, in oscillation mode, was
set at 154 rpm. The ribbons were milled following the same ran-
domization order as for their production and the sieve machine
was cleaned between each batch with a vacuum cleaner for mini-
mizing inter-batch contamination. The samples were kept in a

Table 1. Description of the DOE performed with the different factors and levels.

Factors

Levels

�1 0 þ1

Gap (mm) 1.5 2.25 3
Roll Speed (rpm) 2 3 4
Specific Compaction Force (kN/cm) 2 4 6 8 10
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climate room under 21 �C and 45% RH at least 24 h before per-
forming any characterization.

Characterization of ribbons: microhardness

The hardness of the microstructure was measured using a com-
mercial microindenter (Fischerscope Hm 2000 Microhardness
System, Helmut Fischer GmbH, Sindelfingen, Germany) built with a
ball indenter of 0.4 mm diameter. This metal piece consists of a
ball which penetrates the surface of the ribbon until a predeter-
mined force is achieved during a particular time. For this experi-
ment, the force was linearly increased to 1000 mN (1 N) during
20 s followed by 5 s of loading. The universal microhardness (HU)
and the maximal height (hmax) were obtained. The HU for the ball
indenter is defined by the following equation (N/mm2):

HU ¼ Fmax

2 � p � r � hmax:corr
(1)

where Fmax is the maximal force applied (which in this case is con-
stant, 1 N), r is the radius of the ball that is 0.2 mm for the
indenter used (although this value can slightly change based on
the penetration area) and hmax.corr which represents the depth
reached inside the ribbon, considering its surface as starting point,
and it is obtained at the end of the 5 s of loading. A correction
was performed in order to avoid some errors occurred during
measuring. As a result, it was decided to subtract the height
reached at 10 mN force from the original hmax and, hence, hmax.corr

was obtained.
The HU and hmax.corr were only measured for the ribbons belong-

ing to the repetitions of the center point for each of the materials
evaluated. For each of the three repetitions of the center point, three
ribbons were characterized (which means a total of nine ribbons for
each material) and in each ribbon a minimum of four points were
measured following the pattern on the surface of the ribbons, as
shown in Figure 1(a). As the compaction conditions were kept con-
stant, this means that the effect of the material was evaluated.

Figure 1. (a) Scheme of a ribbon in which can be observed the measuring points. (b) Representation of the average HU for the center point ribbons with the confidence
interval against the proportion of MCC. (c) Two examples of indentation curves: a case with the problem of high height reached at low values of force (left) and normal
case showing the expected variability between the curves (right).
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Characterization of granules: GSD, percentiles and amount of
fines

In order to obtain representative samples of a batch, the granules
were sampled using a rotary sample divider (PT, Retsch
Technology, Haan, Germany). The GSD was measured using a
dynamic image analyzer (CamsizerVR XT, Retsch Technology GmbH,
Haan, Germany) with the x-jet module. The dispersion pressure
used for this purpose was 30 kPa and approximately 9 g was meas-
ured for each sample. Every batch was analyzed considering a
minimum of three replicates. The class sizes were defined at 0–1,
1–10, 10–31, 31–45, 45–63, 63–90, 90–125, 125–180, 180–250,
250–355, 355–500, 500–710, 710–1000, 1000–1400 and
1400–2000 lm. The diameter chosen to express the results was Xc
min, which is the particle diameter most similar to the one, which
would be obtained in a sieving process. It is defined as the diam-
eter of a circle that has the same area than the particle being
characterized, calculated as the shortest of all the chords projected
by the particle38. GSD was described as the q3 and Q3 curves as
well as tenth, fiftieth and ninetieth percentiles (D10, D50 and D90).

The amount of fines was also determined by establishing the
lower limit according to the particle size of the mannitol before
compaction which is, according to the supplier, 180 lm39 as it is
the material having the bigger starting particles.

Results and discussion

Microhardness of the ribbons

The HU and hmax.corr of the ribbons of the center point (6 kN/cm
specific compaction force, 2.25 mm gap and 3 rpm roll speed)
were analysed, meaning that the roll compaction conditions were
kept constant and only the material affected the results. As it was
previously shown in Equation 1, the values of HU are inversely
related to hmax.corr, so if this last one decreases (and in conse-
quence the indenter penetrates less inside the sample), the HU
increases as the hardness of the material is higher.

Figure 1(b) shows the average values of the HU for all the rib-
bons from the center point of each material together with the
confidence interval (CI) against the percentage of MCC. This value
of HU is calculated as the average of all the points measured for
the three repetitions of the center point. The confidence interval is
calculated using Student’s t-distribution for an error of a¼ 0.05
using the equation below:

CI ¼ �x6t � s
ffiffiffi

n
p (2)

where �x is the mean HU value of the sample, s its standard devi-
ation, t the value of Student’s t-distribution and n the size of the
sample.

This representation shown in Figure 1(b) is the result of a correc-
tion. Probably due to the irregular surface of the knurled ribbons
and the problems to establish the zero point where the penetration
starts, for some of the samples it was noticed that low forces were
generating extremely high values of hmax. In Figure 1(c), an example
graph from the measurement of a sample showing the variability in
the curves that is expected (right) is plotted together with another
case (left) in which this problem can be observed.

For microhardness, a clear impact of the composition is
observed. MCC, as a plastic material is softer while mannitol is
harder due to its brittle character11. The high proportion of manni-
tol leads to harder ribbons while pure MCC to softer ribbons.
However, the combination between these two materials can even
result in softer ribbons, being those from mannitol the hardest

ones and the softest from 70% MCC. This stresses out how the
interaction between both materials affects the final behavior of
the mixture.

The measurements were always performed in the middle of the
ribbon and along its surface (Figure 1a) as the density distribution
and therefore the strength of the ribbon changes across the
width40,41. Nevertheless, several authors have also investigated
how the density varies longwise the ribbon42–45 and it was found
out that the screws belonging to the feeding system generate a
spiral distribution of the density along the ribbon. This fact may
explain the obtained variability.

Granule size distribution (GSD)

All granules produced were analyzed in the CamsizerVR XT. Due to
the high amount of measurements performed, an average curve
was prepared for each one of the 23 batches from each mixture. If
the q3 curve is taken into consideration, in all the batches a bi-
modal distribution is observed which is characteristic from the
granules obtained in roll compaction as no liquid binder is used
during the production and therefore the amount of fines, repre-
sented by the first component, is higher than in a wet granulation
process. In order to facilitate the outlook of this first element, the
q3 curve (left) together with its logarithmic representation (right)
is represented in Figure 2 and classified depending on the
mixture.

When evaluating the effect of the plastic/brittle interaction, a
more linear evolution is observed for the general tendency of all
the GSD curves together. As all combinations of parameter settings
evaluated are plotted together, it cannot be attributed to any mix-
ture effect. Nevertheless, the q3 representation permits to perceive
how the first component decreases as well as the amount of big-
ger particles increases while increasing the proportion of brittle
material on the mixture. In general MCC shows high amount of
fines from 10 to 250 lm and lower amount of larger particles from
500 to 1400 lm, while mannitol presents a more homogenous dis-
tribution as there are similar proportions of granules for each
interval.

For better understanding of how the different materials respond
to the milling process, an average Q3 curve of the granules obtai-
ned at the center point conditions was calculated for each material.
The center point (6 kN/cm specific compaction force, 2.25 mm gap
and 3 rpm roll speed) was chosen as it is the only batch performed
three times. These curves are plotted in Figure 3 to evaluate the
effect of the material. The mixtures show a non-additive behavior in
respect to the pure materials. The differences between the mixtures
depend on the segment from the whole distribution taken into con-
sideration, thus, below 250 lm the mixtures show a behavior more
similar to MCC. However, from 800 lm, the tendency of these mix-
tures is closer to the mannitol, i.e. more brittle. In the middle sector,
around 500 lm the higher differences for the mixtures (from 30 to
85% MCC) in respect to the pure materials are observed.

Amount of fines

As it was previously commented, in the q3 curve the amount of
uncompacted material is almost represented by the first compo-
nent already mentioned but not completely. This is due to the fact
that the limit for distinguishing between granules and fines was
established at 180 lm (particle size of mannitol according to the
distributor) although for MCC the particle size is, according to the
supplier, 50 lm46. The logarithmic form of the q3 (see Figure 2) is
used for facilitating the understanding of this first element almost
unreadable in the linear representation.
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However, in order to see, in which range the percentage of
uncompacted material are varying, the fines fraction for the 23
runs is plotted against the proportion of MCC in Figure 4. In this
sense, fraction of fines considering all conditions and materials
vary in general, from a minimum of 16% (mannitol) to a maximum
of 59% (mixture 70% MCC). In general, MCC has higher amount of
uncompacted material than mannitol batches. The combination of
the mixtures results in higher or lower values that the pure materi-
als, pointing out the interaction between MCC and mannitol.

In Figure 5, the average value of the HU for the three repeti-
tions of the center was plotted against their amount of fines. The
correlation coefficient has a value of 0.799 for this relationship and

considering that there are 21 points (20 degrees of freedom) the
trend of the curve is statistically significant for an a< 0.1%.

Mannitol ribbons which are the hardest ones, show the smallest
amount of fines. A tendency of increasing the fines when decreas-
ing the HU is followed also by the 15% and 30% MCC, but for the
other mixtures and pure MCC the values are concentrated in an
area between 39.3 and 61.0 N/mm2 for HU and 28.5 and 35.3% of
fine fraction. However the replicates of each material for 30%, 50%
and 85% MCC show different values of HU for similar values of
fines fraction, while for the 0%, 15%, 70% and 100% MCC is the
opposite, the HU is slightly changing for different amount of fines.

As the fine fraction exceeded in some cases a value of 50%, as
it is observed in Figure 4, it might be questioned, if the roll com-
paction process is really achieving the goal of size enlargement.
For this purpose, Figure 6 shows an average q3 curve for the cen-
ter point of each mixture together with the q3 curves obtained for
the raw powder of MCC and mannitol analyzed on the CamsizerVR

XT under the same conditions that the granules, these latter ones
are represented in a second y-axis which allows to see both mix-
tures and powder in a visible scale. In these representations it is
possible to observe that in spite of the high amount of fines previ-
ously mentioned, it is also clear that roll compaction increases the
particle size of the raw powder, and therefore is a useful process
for obtaining granules.

D10, D50 and D90 percentiles for granules

A new and summarized DOE was prepared for the study of the
D10, D50, D90 and fines, including the percentage of MCC as a

Figure 3. Average cumulative curves Q3 for the center points of each mixture.

Figure 2. Linear and logarithmic q3 curves for mixtures of: 100% (a), 85% (b), 70% (c), 50% (d), 30% (e), 15% (f) and 0% MCC (g).
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new factor. After the statistical analysis performed by Modde it
can be concluded which are the factors that affect the variation of
these responses and in Figure 7 the coefficient plot is presented.
Only the significant responses are shown, therefore, the roll speed
and its interactions were deleted.

The specific compaction force (SCF in Figure 7) and the quad-
ratic effect of the proportion of MCC have a proportional influence
for the three percentiles and an indirect effect for the fines. On
the contrary, the gap and the percentage of MCC have an inverse
effect but a direct influence for the fines. The interaction between
force and MCC is also significant for the four responses, but it has
an inverse effect for the D10 and fines, while for the D50 and D90
is proportional. Similarly, the interaction between gap and MCC is
only significant with a proportional effect in the case of the D10.
However, the quadratic effect of the specific compaction force has
no significant influence for this response but it does have it for
the D50 and D90 with an inverse relationship and a direct effect
for the fines.

The percentiles give another point of view of the GSD as they
are another manner to express the distribution curve and here the
effect of the mixture composition can be clearly evaluated.
Therefore, from this statistical analysis it can be basically con-
cluded that higher specific compaction force, smaller gap and
lower proportions of MCC generate larger granules. This direct
effect of the specific compaction force and the gap on the GSD
was already described in the literature5,7. Nevertheless, the roll
speed showed no significant effect for the tested speed values
although in the literature has been found to have an influence on
the GSD6,8. This difference with the bibliography may be explained
by the fact that the roll speed varies only from a minimum of 2 to
a maximum of 4 rpm.

From all these percentiles, the response, which is more inform-
ative is the D50 as it gives an average value of the size of the
granules. In Figure 8, the contour plots for D50 of all the mixtures
were collected in order to compare them. These representations
were obtained after the statistical analysis of the seven individual

Figure 5. Amount of fines for the center point granules against the microhardness obtained for the same batches of ribbons.

Figure 4. Percentage of fines smaller than 180 lm obtained for all the DOEs against the proportion of MCC.
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DOEs. All the mixtures but the pure MCC are influenced by the
gap and the quadratic effect of the specific compaction force
indirectly, while the force itself has a proportional relationship with
the D50. For the 0% MCC, the interaction between gap and force
shows a direct effect although not significant for the specific case
of the D50, and similarly, for the 70% MCC, the speed has an
inverse influence slightly significant for this percentile but illus-
trated at the respective contour plot. Finally, for pure MCC the

only factor significant is the specific compaction force, as the gap
presents an indirect influence not significant, which justifies the
pattern followed for this percentile.

Effect of material: percolation threshold

The ratio of plastic/brittle material for the mixtures has shown a
clear impact on the final properties of ribbons and granules.

Figure 7. Coefficient plots for the D10, D50, D90 and fines.

Figure 6. q3 curves for the center point of each mixture together with the pure materials so that the size enlargement can be observed. Please note that the raw pow-
der is represented using a second axis.
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Figure 8. Response contour plots for D50 of the mixtures: 100% (a), 85% (b), 70% (c), 50% (d), 30% (e), 15% (f) and 0% MCC (g).
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Hence, the percolation theory was used in order to understand the
relationship between material composition and mechanical behav-
ior by identifying the percolation threshold. As it has been already
reported on the literature32,47,48, the percolation threshold can be
obtained by calculating the intersection point of the best fit lines
for two data sets.

In Figure 1(b), a mean value of the microhardness was presented,
and now in Figure 9(a) the data from the three replicates is used to
draw the best-fit lines. The intersection between these two lines occurs
at 34% of MCC. If MCC does not percolate the system the microhard-
ness is higher and depends on the concentration of mannitol.

Similar procedure was followed for the three percentiles and
the fines fractions. Similar percolation thresholds were found for

D10 and the fines as well as for the D50 and D90, so these data
were paired in two groups. A graph containing both calculations
of the percolation threshold was prepared for both couples.
Figure 9 shows the graphical calculation of the percolation thresh-
olds for D10 and the fines (b) and for D50 and D90 (c). In the case
of D10 and the fraction of fines the values for the intersection
between the two best fit lines are 27% and 28%, respectively.
Below the percolation threshold of MCC the fraction of fines
decreases and D10 increases with the mannitol fraction. However,
in the case of D50 and D90, the percolation threshold is 84% and
85%, respectively, so in this case, the differences on the behavior
are due to the percolation of mannitol.

Conclusion

A DOE consisting of a multilevel full factorial design plus three
repetitions of the center point was performed for seven mixtures
of MCC and mannitol in order to evaluate how the ratio of plastic/
brittle material (variation of the proportion of MCC in the mixture)
affects the GSD of the granules and the microhardness of the rib-
bons of these materials produced under different roll compaction
conditions. A bi-modal GSD was found independently for the com-
paction conditions or the material used. The individual DOEs were
merged into one, which included the proportion of MCC as a fac-
tor. The percentiles D10, D50 and D90 as well as the amount of
fines were studied through this combined DOE in order to identify
the most critical factors affecting. On the one hand, the specific
compaction force and the quadratic effect of the proportion of
MCC showed a clear direct relation in the evolution of the percen-
tiles, as well as an indirect effect for the amount of fines. On the
other hand, for the gap and proportion of MCC an indirect influ-
ence was also detected for the percentiles while for the fines it
was a proportional effect.

The GSD of the granules produced under the center point con-
ditions was evaluated. The proportion of MCC shows a clear non-
additive effect on this property, meaning that the mixtures have a
behavior more similar to the pure plastic or to the pure brittle
material depending on the size classes considered. The microhard-
ness of the center point ribbons was measured resulting in stron-
ger ribbons for pure mannitol while the 70% MCC mixture had the
weakest ones. The range of plastic/brittle material also shows an
impact on these results.

The importance of the proportion of the two excipients in the
plastic/brittle mixture was further evaluated by application of
the percolation theory. For the microhardness, the percentiles and
the fine fraction, the percolation threshold was identified by calcu-
lating the intersection point from the best fit lines of the data div-
ided in two sets. A proportion of MCC of 34% was obtained as
percolation threshold for the microhardness. D10 and the fines
fraction as well as D50 and D90 were paired according to the
threshold values, which were 27% and 28% (percolation of MCC)
and 84% and 85% (percolation of mannitol), respectively. In this
sense, the importance of the plastic/brittle ratio when preparing a
mixture for roll compaction was proved. Depending on the propor-
tion of MCC, the behavior of a hypothetical mixture will be more
plastic or more brittle, which will be reflected as well on the prop-
erties of ribbons and granules.
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