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Summary

The relationship between the bulk density and the compactibility of lactose granulations was studied. The granulations were
prepared from different a-lactose monohydrate and roller dried B-lactose powders by wet granulation, using different techniques
with only water as a binder, or by slugging. The results demonstrate that by the process of granulation of one lactose powder,
granules with different bulk densities and different compactibilities can be prepared. In addition to the type of lactose used, the
compactibility of the granule fractions is dependent on the bulk density of the granule fraction. Generally, with an increase of the
bulk density, the compactibility of a granule fraction decreases. Little variation is observed between the intergranular porosities of
the granule fractions. More differences are found between the intragranular porosities of the granule fractions. However, the
compactibility of granule fractions of one lactose type is mainly determined by the total porosity of the granule powder bed.
Mercury porosimetry determinations on tablets compacted from the granule fractions show a relationship between the tablet pore
system and the compact strength: compression of granulations with a low bulk density results into tablets with a small average pore
diameter and a high crushing strength. Obviously, the possibility to deform a granule fraction during compression, the deformation
potential, is determined by the total porosity of the powder bed. A high deformation potential, i.e., a high compactibility, can be
obtained by using a granulation procedure in which granulations with a low bulk density are produced.

Introduction

Lactose is a widely used excipient of which
different types and fractions are available. Spray
dried lactose, roller dried B-lactose, agglomer-
ated lactose (Tablettose®) and coarse, regular
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grade sieved crystalline fractions of «-lactose
monohydrate are used as filler-binders in tablets,
prepared by direct compression. Ground frac-
tions of a-lactose monohydrate, in particular the
200 and 450 mesh qualities, are commonly used
as a filler in tablets, prepared by wet granulation.
The consolidation and compaction properties of
both lactose powders and physical mixtures have
been studied previously (Vromans, 1987; Riepma
et al., 1990, 1991, 1992). During granulation, the
particles of the powder will agglomerate to coarser
units with a different structure from the starting



particles. This may have implications for their
consolidation and compaction properties. In spite
of the large number of publications on this sub-
ject, the effect of the physical properties of lac-
tose granules on their compactibility has not been
fully elucidated. Moreover, most studies are fo-
cussed on type and concentration of binders.

It has frequently been reported that the pro-
cess conditions during wet granulation can affect
the compactibility of the granulation. Rue et al.
(1980) produced three paracetamol granulations
with Protein S as a binder using different gran-
ulation methods. Roller-compacted granules
showed the lowest compactibility, wet massed
granules gave tablets with intermediate strength
whereas the highest compactibility was found for
granules prepared by spray drying. Gamlen et al.
(1982) compared the structure of paracetamol
granules, prepared by fluidized bed granulation
and by wet massing. The fluidized bed granules
were more porous than the wet massed granules.
Moreover, tablets prepared from the fluidized
bed granules were stronger than tablets from the
wet massed granules for any compaction pressure
or tablet porosity. In both studies, the differences
in tablet strength were explained by differences
in binder distribution.

In addition to type, concentration and distribu-
tion of binder, physical characteristics of gran-
ules, such as size, shape, strength and porosity
are of interest as they can affect the compactibil-
ity of the particulate mass. Alderborn et al. (1987)
found a correlation between fragmentation prop-
ensity of granules prepared of a high dosage drug
with pvp as a binder and the tensile strength of
tablets. This was explained by assuming that the
fragmentation of the granules during compres-
sion increased the surface area available for in-
tergranular attraction and thereby increased the
tensile strength of the obtained tablets. In further
work Wikberg and Alderborn (1991) showed that
granule fragmentation during compaction was re-
lated to granule porosity before compaction. A
granulation with a higher porosity had a higher
fragmentation propensity, which resulted in
stronger tablets.

The effect of the presence of a binder will
affect both physical granule properties and the

consolidation and compaction behaviour of the
granules. This means that fundamental relation-
ship between physical properties of granules and
their compactibility may be complicated by the
presence of a binder and can better be studied
using granulations, prepared without a binder. In
only few studies, however, granules without binder
have been studied. Ganderton and Selkirk (1970)
studied the effect of granule properties on the
pore structure of tablets of sucrose and lactose.
The degree to which inter- and intragranular
pore structure within the tablets was sustained
was found to be dependent on bulk density, size
and strength of the granules. Ganderton and
Hunter (1971) produced binderless granules of
lactose and calcium phosphate, respectively by
pan granulation and by massing and screening. It
was found that increase in both moisture content
and time of mixing increased granule density, i.e.,
decreased the intragranular porosity of the gran-
ules.

In a previous paper, Riepma et al. (1993) dis-
cussed the consolidation and compaction proper-
ties of lactose granules prepared from sieve frac-
tions of «a-lactose monohydrate and roller dried
B-lactose, respectively, by dry granulation (slug-
ging). The results demonstrated that the com-
pactibility of the granule fractions was deter-
mined by the primary properties of the lactose
powder, the granule size and the compaction
force. Differences in physical properties between
the granule particles, such as porosity and
strength, were eliminated during compaction and
were not found to affect the compactibility. It was
shown that consolidation of the granule particles
involved both intra- and intergranular porosity
changes. Mercury porosimetry determinations on
tablets compacted from the granule fractions re-
vealed that the whole pore system determined
compact strength. The observed differences in
compactibility between the granules of the two
lactose types were suggested to be caused by
differences in the internal granular structure.

The objective of the present paper was to
evaluate the relation between the bulk density
and the compactibility of lactose granulations.
The granulations were prepared by several wet
granulation techniques or by dry granulation



(slugging) from several ungranulated powders of To exclude the effect of a soluble binder the wet
two types of crystalline lactose: a-lactose mono- granules were prepared with only water as a
hydrate and roller dried B-lactose, respectively. binder.

TABLE 1

Granule powder bulk density and compactibility of ungranulated powders of o-lactose monohydrate and roller dried B-lactose,
respectively, and of granule fractions (125-250 and 212-425 um) prepared from the powders

Starting Granulation Percentage Granule P4q C,
material method of water used Fraction (um) (g/cm?®) (N)
a-Lactose monohydrate
250--300 pm ungranulated - 0.79 41
slugging (S kN) 212425 0.58 32
slugging (20 kN) 212425 0.61 35
slugging (40 kN) 212-425 0.64 33
150 mesh ungranulated - 0.66 49
high shear mixer 212--425 0.52 40
200 mesh ungranulated - 0.47 56
planetary mixer 11.4 125--250 0.49 58
planetary mixer 15 125--250 0.53 50
planetary mixer 20 125-250 0.55 48
planetary mixer 22.5 125-250 0.55 47
rotating dish 125250 0.59 45
350 mesh ungranulated - 0.49 70
planetary mixer 114 125-250 0.46 63
450 mesh ungranulated - 0.43 79
planetary mixer 114 125-250 0.40 69
planetary mixer 15 125-250 0.47 55
planetary mixer 20 125--250 0.50 50
rotating dish 125-250 0.49 48
fluid-bed 212425 0.43 54
high shear mixer 212-425 0.51 37
slugging (5 kN) 212-425 0.52 44
slugging (20 kN) 212-425 0.59 35
slugging (40 kN) 212-425 0.65 45
Roller dried B-lactose
250-300 um ungranulated - 0.65 96
slugging (5 kN) 212-425 0.58 95
slugging (20 kN) 212-425 0.61 93
slugging (40 kN) 212-425 0.65 76
150 mesh ungranulated - 0.56 111
high shear mixer 212425 0.65 71
450 mesh ungranulated - 0.46 132
fluid-bed 212-425 0.40 124
high shear 212--425 0.60 74
slugging (5 kN) 212425 0.54 107
slugging (20 kN) 212425 0.61 100
slugging (40 kN) 212425 0.67 86
< 450 mesh ungranulated - 0.44 136
planetary mixer 11.4 125-250 0.37 127
planetary mixer 15 125-250 0.41 120
planetary mixer 20 125-250 0.49 109
rotating dish 125250 0.67 83

Granulations were prepared by wet granulation, with water as a binder, or by dry granulation. Tablets were compressed at 20 kN.
pg, bulk density of the granule fractions; C,, tablet crushing strength.



Materials and Methods

The materials used were different powders of
a-lactose monohydrate and roller dried B-lactose,
respectively, supplied by DMV (Veghel, The
Netherlands).

All handling was performed at constant tem-
perature (20 + 1°C) and constant relative humid-
ity (45 + 5%).

Granules were prepared from the lactose pow-
ders by different granulation techniques:

Wet massing in a planetary mixer Ungranu-
lated lactose powder was mixed with water in a
planetary mixer (KM 250, Kenwood Ltd, Hants,
U.K.) using a peristaltic pump with a flow rate of
10 ml/ min. The moist mass was passed through a
2 mm screen of an oscillating granulator (model
MG400, Frewitt, Fribourg, Switzerland). The
granules were dried for 16 h in a ventilated hot
air oven and rescreened through a 0.7 mm Fre-
witt screen.

Wet massing in a high shear mixer Ungranu-
lated lactose powder was mixed with water in a
high shear mixer granulator (Gral-10, Machines
Colette, Wommelgem, Belgium) at an impellor
speed of 650 rpm and a chopper speed of 3000
rpm. The moist mass was screened, dried and
rescreened as described above.

Wet massing in a rotating dish Ungranulated
lactose powder was granulated with water in a
rotating dish (Erweka GmbH, Mainz, Germany).
The water was sprayed on the lactose using a two
fluid nozzle. The moist mass was screened, dried
and rescreened as described above.

Fluid bed granulation Ungranulated lactose
powder was granulated with water in a fluid-bed
granulator (Strea-1, Aeromatic, Bubendorf, Swit-
zerland). Water was sprayed onto the powder
mass using a two fluid nozzle at a flow rate of 10
ml/ min. The moist mass was screened, dried and
rescreened as described above.

Dry granulation by slugging ‘Dry’ granules
were prepared by crushing flat-faced tablets
(slugs) of 500 mg with a diameter of 13 mm using
a pestle and a mortor. The slugs were com-
pressed at a load of 5, 20 and 40 kN, respectively,
using a programmable hydraulic press (ESH Test-
ing Ltd, Brierley Hill, U.K.).

The bulk density of the ungranulated lactose
powders and the granule fractions was measured
by pouring about 50 g of the powder into a
measuring glass cylinder. The data given are the
means of six measurements.

The intragranular porosity of granule particles
was measured by mercury porosimetry using the
method described by Strickland et al. (1956).
Pores < 13.5 um were assumed to be located in
the granule particles. The data are the means of
two measurements.

The intergranular porosity of granule fractions
was calculated from the true density of lactose
(1.54 g/cm? for a-lactose monohydrate and 1.59
g/cm’ for roller dried B-lactose), the bulk den-
sity of the granule fractions and the intragranular
porosity.

Ungranulated lactose powders and granule
fractions were compacted into 500 mg, 13 mm
tablets with a force of 20 kN using a pro-
grammable hydraulic press (ESH Testing, Ltd,
Brierley Hill, U.K.). If necessary the die was
prelubricated with magnesium stearate.

Compact strength was determined 30 min after
compaction with a Schleuniger 4M tester (Dr.
Schleuniger Production AG, Solothurn, Switzer-
land). The presented data are the means of at
least 10 compacts.

Pore size distributions of compacts were deter-
mined via mercury porosimetry (Carlo Erba se-
ries 2000 porosimeter). The compacts were evac-
uated at about 10 Pa prior to the measurement
for at least 15 min. The values are the means of
at least two compacts.

Results and Discussion

Table 1 shows the crushing strength of tablets,
compacted at 20 kN from (ungranulated) a-
lactose monohydrate and roller dried B-lactose
powders, respectively, and from granule fractions
(125-250 and 212-425 um) prepared from these
powders. The granules were produced by various
wet granulation techniques with only water as a
binder and by dry granulation (slugging), respec-
tively. Moreover, Table 1 lists the bulk densities



of the lactose powders (starting materials) and
the lactose granulations.

It can be seen that starting from one lactose
powder, granulations with both very different
compactibilities and bulk densities were pre-
pared. This means that these differences were
introduced as a result of the granulation process.
For instance, the granule fractions (212-425 pm)
prepared by fluid bed granulation from a-lactose
monohydrate 450 mesh and roller dried B-lactose
450 mesh, respectively, show relatively lower bulk
densities and relatively higher compactibilities as
compared with the granules produced by a high
shear mixer granulator or slugging. In addition,
for granules prepared by wet massing in a plane-
tary mixer, an increase in the amount of water
used during the granulation step results in an
increase in the granule powder bulk density and a
decrease in the granule compactibility. The ob-
served differences in compactibility between
granules prepared in a fluid bed granulator, as
compared with those produced by a high shear
mixer granulator correspond with the results re-
ported by Gamlen et al. (1982) and by Ragnars-
son and Sjogren (1982). In these studies, the
differences in compactibility were attributed to
differences in binder distribution. From the re-
sults with the binderless lactose granules in Table
1 it is evident that other factors than binder
distribution must be responsible for the differ-
ences in granule compactibility.

From Table 1 it is obvious that there might be
a relationship between the bulk density of granu-
lations and their compactibility. Therefore, in Fig.
1 the crushing strength of tablets, compressed
from the different granulations listed in Table 1,
has been plotted as a function of the bulk density
of these granulations. Fig. 1 demonstrates that an
increase in bulk density results in a decrease in
the tablet strength. Remarkably, the granules
prepared from one lactose type («-lactose mono-
hydrate or roller dried B-lactose) demonstrate
the same relationship between the bulk density of
the powder bed and tablet strength, irrespective
of the particle size distribution of the starting
material used and the method of granulation.
Furthermore, it is shown that the compactibility
of the granulations depends on the lactose type
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Fig. 1. Crushing strength of tablets compressed from different

lactose granule fractions (125-250 and 212-425 um) vs the

bulk density of the granulations before compression. The

granulations were prepared by wet or dry granulation from

a-lactose monohydrate (a) and roller dried B-lactose (®)
powders, respectively.

used, consistent with previous findings (Riepma
et al., 1993).

Fig. 2 depicts the relationship between com-
pactibility, expressed as the tablet crushing
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strength, and the bulk density for the starting
materials. The continuous lines in Fig. 2 refer to
the relationship as shown in Fig. 1. As demon-
strated by Fig. 2, the ungranulated powders of
both lactose types show different bulk densities,
which are caused by different particle size distri-
butions. In addition, it is evident that for the
ungranulated lactose powders the strength of the
compacts also decreases as the bulk density of the
starting material increases. Obviously, the com-
pactibility of the ungranulated lactose powders is
determined by both the lactose type used and the
particle size distribution (Vromans et al., 1985;
De Boer et al., 1986), as well as by the porosity of
the powder bed. However, tablets compacted from
the starting materials show higher strengths at a
certain bulk density as compared with those com-
pacted from the granule fractions. This result
corresponds with the results of previous work
(Riepma et al., 1991): the strength of tablets
compacted from binary blends of a coarse frac-
tion mixed with a finer fraction of «a-lactose
monohydrate was found to depend upon the bulk
density of the powder mass. A high bulk density
resulted in a low compactibility of the powder
blends. This result was explained by a decreased
fragmentation potential of the single particles
within the powder mass.

Powder bulk density is a function of the true
density of the material and the total porosity of
the powder bed. For a bed of granules, the total
porosity is determined by both the intergranular
and the intragranular porosity. To evaluate the
contribution of both porosities to granule powder
bulk density, Table 2 presents the total porosity
of several of the granule fractions (212-425 pm)
prepared from the two lactose types, together
with the inter- and intragranular porosity. For a
number of granulations, prepared via slugging,
the intragranular porosity was not determined by
mercury porosimetry, but was calculated from the
dimensions of the slugs and the lactose density.
The data in Table 2 demonstrate relatively small
differences between the intergranular porosities
of the granule fractions, ranging between 0.49
and 0.60, irrespective the starting material and
the method of granulation. These values agree
well with the value of 0.50 as found for the

TABLE 2

Total porosity of the granule powder bed, intergranular porosity
and intragranular porosity of lactose granule fractions (212425
wm)

Starting
material

Granulation €otal €
method

€

inter intra

a-Lactose monohydrate

250-300 um  slugging (5kN) 0.62 0.1 0.23
slugging(20kN)  0.60 054  0.12
slugging (40kN)  0.58 0.55 0.08
150 mesh high shear mixer 0.66 0.59  0.17
450 mesh fluid-bed 0.72 0.58 0.33

high shear mixer 0.67 0.54 0.29
slugging (5kN) 0.66 053 0.23
slugging (20 kN)  0.62 057 0.12
slugging (40kN)  0.58 0.53  0.10

Roller dried B-lactose

250-300 um  slugging (5kN) 064 049 0.29
slugging Q0kN)  0.62 053  0.17
slugging (40kN)  0.59 054  0.11

150 mesh high shear mixer 0.59 052 0.15

450 mesh fluid-bed 0.75  0.60 0.37

high shear mixer 0.62 053 0.17
slugging (5kN) 0.66 053 0.27
slugging (20kN)  0.62 055 0.16
slugging (40kN) 058 054  0.09

Granulations were prepared by wet granulation, with water as
a binder, or by dry granulation.

€otal» total porosity of the granule powder bed; €;,.,, inter-
granular porosity; €;.,.,, intragranular porosity.

intergranular porosity of lactose granules pre-
pared by wet massing, as reported by Ganderton
and Hunter (1971). In contrast, Table 2 shows
considerable differences between the intragranu-
lar porosities of the granule fractions, dependent
on the granulation procedure applied. For the
granules, prepared by dry granulation, this varia-
tion is caused by different compression forces
used for slugging. Due to a higher degree of
densification, the intragranular porosity of gran-
ules prepared in a high shear mixer granulator is
lower than that of granules prepared in a fluid
bed granulator, in agreement with the work of
Ganderton and Selkirk (1970).

Fig. 3 shows tablet crushing strength as a func-
tion of intragranular and intergranular porosity,
respectively. The left-hand part of Fig. 3 shows
that for a-lactose monohydrate the intragranular



porosity has little, if any, effect on tablet crushing
strength. For roller dried B-lactose, however, it
can be seen that an increase in the intragranular
porosity leads to an increase in tablet crushing
strength. From the right-hand part of Fig. 3 it
must be concluded that the intergranular porosity
of lactose granules has no marked effect on tablet
crushing strength. On comparison of Figs 1 and 3,
it is obvious that the compactibility of a granule
fraction is related to the total porosity of the
granule powder bed. However, differences be-
tween bulk densities of granulations are mainly
caused by differences in their intragranular
porosities.

A previous paper (Riepma et al., 1993) showed
a relationship between the pore system of a tablet,
determined via mercury porosimetry, and the
tablet strength. Tablets were compacted from
granule fractions prepared by slugging of various
powders of a-lactose monohydrate and roller
dried B-lactose, respectively. The results demon-
strated that the tablet strength was related to the
average pore diameter of the compacts. Gener-
ally, with an increase in the average tablet pore
diameter, the crushing strength decreased. With
respect to these results, Fig. 4 demonstrates the
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tionships as observed for tablets compacted from slugs

(Riepma et al., 1993) of a-lactose monohydrate (lower line)
and roller dried B-lactose (upper line).

relationship between the strength and the aver-
age pore radius of tablets compacted at 20 kN
from granule fractions (212-425 uwm) prepared by
wet granulation of the two lactose types. The
lines in Fig. 4 represent the relationship as shown
in a previous paper (Riepma et al., 1993) for
tablets compacted from slugs. As can be ob-
served, the data for the tablets compacted from
granules prepared by wet granulation show a
tendency similar to those found previously. Thus,
the strength of tablets compacted from granule
fractions prepared by wet granulation or slugging
is related to the average tablet pore diameter.

In Fig. 5 the average tablet pore radii from
Fig. 4 are plotted vs the bulk density of the
granulations from which the tablets were com-
pacted. As can be seen, the average pore diame-
ter increases with an increase in the granule
powder bulk density. Clearly, for both lactose
types, the total porosity of the granulations af-
fects the porous system within the tablets and
hence tablet strength.

The results presented so far demonstrate that
the possibility of deforming a granule fraction
during compaction, defined as the deformation
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compression.

potential, increases with an increase in the total
porosity of the granule bed. This involves a greater
amount of space being available for the process
of deformation, independent of the mechanism of
deformation. However, from previous work, it is
known that during compression the granule parti-
cles sustain their integrity to a large extent
(Riepma et al., 1993). Therefore, the deformation
of the individual granule particles within a gran-
ule bed can be considered as a sort of plastic
behaviour, in which the internal mechanism in-
volves rearrangement and fragmentation. For a
granule powder bed, a high bulk density, Le., a
low porosity, will result in a low deformation
potential: there is a lack of space for deformation
of the granule particles during compression. As a
consequence, less intimate contact between the
granule particles within the tablets takes place,
which results in weaker tablets. On the other
hand, granule particles in a granulation with a
low bulk density will deform more readily, result-
ing in tablets with a smaller average pore diame-
ter and hence a higher crushing strength.

This work reveals that the compactibility of
lactose granules, prepared by wet granulation with
water as a binder or by dry granulation is, in

addition to the type of lactose used and the
granule particle size, dependent upon the bulk
density of the granule powder bed. An increase in
the granule powder bulk density results in a de-
crease in its compactibility. The bulk density of
the granule fractions depends upon the size and
shape of the starting materials and the method of
granulation. Although the compactibility of a
granule fraction is related to the total porosity of
the granule powder bed, differences between bulk
densities of granulations are mainly caused by
differences in their intragranular porosities. Com-
paction of granules with a high bulk density pro-
duced tablets with a high average pore diameter
and a low crushing strength. Therefore, for
binderless lactose granulations, it is concluded
that with an increase in the total porosity of a
granule powder bed the deformation potential
increases. A high deformation potential, i.e., high
compactibility, can be achieved by using a granu-
lation procedure, such as fluid bed granulation, in
which granulations with a low bulk density are
produced.
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