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RESEARCH ARTICLE

Tabletability and compactibility of a-lactose monohydrate powders of different
particle size. I. Experimental comparison

Ann-Sofie Perssona, Samaneh Pazesha,b and G€oran Alderborna

aDepartment of Pharmaceutical Biosciences, Uppsala University, Uppsala, Sweden; bOasmia Pharmaceutical AB, Uppsala, Sweden

ABSTRACT
In this paper, two types of parameters representing tabletability and compactibility profiles of a series of
a-lactose monohydrate powders, ranging in particle size from approximately 3.5 to 203mm, are derived
and compared. By approximating the tabletability profiles using a three-stage model and the compactibil-
ity profiles using the Ryshkewitch–Duckworth equation, two compaction rate parameters and two com-
paction endpoint parameters were derived. The original median particle diameter had generally a strong
effect on the tablet tensile strength and hence the tabletability and compactibility profiles. The experi-
mental profiles were well approximated by the models used, and the compaction parameters were
regarded as representative of the experimental profiles. The compaction endpoint parameters increased
with decreased particle size and were controlled by the same structural feature as the compacts. The tab-
letability rate parameter also increased with decreased particle size and correlated well with the tablet-
ability endpoint parameter. The compactibility rate parameter tended to increase with decreased particle
size, but the effect was limited; moreover, no general correlation was obtained with the compactibility
endpoint parameter. It is concluded that compactibility and tabletability parameters collectively provide a
concentrated description of the compaction properties of a powder.
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1. Introduction

Tablets are typically formed by confined powder compression, i.e.
the transformation of a powder into a coherent tablet by the
application of pressure. This compaction process involves two
stages; the reduction in volume of the powder, which will
decrease the separation distance between particle surfaces, fol-
lowed by the formation of inter-particle bonds. Compression is
defined as the reduction in volume of the powder and the term
powder compressibility refers to the propensity of a powder to
reduce in volume, a property typically quantified by parameters
derived from compression equations. The ability of a powder to
form a tablet is obviously critical for the success of a tableting
operation and a fundamental quality attribute of a tablet is its
resistance towards breakage, often assessed by the tablet tensile
strength. The tablet tensile strength is affected by a series of par-
ticle properties, such as their size (Alderborn and Nystr€om 1982;
Adolfsson and Nystr€om 1996), shape (Alderborn et al. 1988) and
surface energy (Fichtner et al. 2008). It is, for example, frequently
reported that small particles form tablets of higher tablet tensile
strength compared to large particles (Butcher et al. 1974;
Vromans, Deboer, Bolhuis, Lerk, Kussendrager 1985; Cabiscol et al.
2020). Furthermore, particle size can affect the mechanical
response during compression since small particles typically require
a higher applied pressure for plastic deformation and are less
prone to fragment than large particles (Hersey et al. 1973).

In order to characterise the ability of a powder to form a tab-
let, the tensile strength is often related to the solid fraction of the

tablet (Wu et al. 2005, 2006), i.e. the relationship between two
tablet properties is used to describe a powder property. An alter-
native approach to describe the cohering ability of a powder is
the relationship between tablet tensile strength and the compres-
sion force or pressure applied to the powder, i.e. the relationship
between a tablet property and a process parameter. It has been
common in the literature to refer to these two types of relation-
ships, i.e. tensile strength – porosity and tensile strength – com-
paction pressure, as the compactibility and the tabletability of a
powder, respectively (Tye et al. 2005). However, since both tensile
strength and solid fraction of a tablet depend on the applied
pressure, compactibility and tabletability have some
interrelationship.

A series of equations attempting to describe relationships
between tensile strength – porosity and tensile strength – compac-
tion pressures, respectively, have been proposed (Sonnergaard,
2006). The dominating compactibility expression used in the
pharmaceutical literature is the Ryshkewitch–Duckworth equation
(Duckworth 1953; Ryshkewitch 1953). The expression contains two
parameters: the first describing the evolution in tablet tensile
strength with reduced porosity and the second the tablet tensile
strength at zero porosity. Theoretically, the tensile strength at zero
porosity corresponds to the strength of the material. In practice,
the parameter is obtained by extrapolation of a plot of the tensile
strength of tablets as a function of their porosity, and there does
not appear to be a unanimous agreement of the physical meaning
of this extrapolated strength (Adolfsson and Nystr€om 1996;
Steendam and Lerk 1998). Regarding the tabletability, several
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mathematical relationships have been proposed, including both
linear (Newton et al. 1971; Sonnergaard, 2006; Ilic et al. 2009) and
power expressions (Kuentz and Leuenberger 2000), but no relation-
ship has gained a similar recognition as the corresponding
Ryshkewitch–Duckworth equation. Some of the tabletability
expressions focus primarily on a limited pressure range and not on
the complete strength–pressure profile. A complete strength–pres-
sure profile is typically sigmoidal (Rees and Rue 1978; Sonnergaard,
2006), with a tablet tensile strength plateau that requires the appli-
cation of high compaction pressures to be observed experimen-
tally (Adolfsson and Nystr€om 1996; Tye et al. 2005; Persson and
Alderborn 2018). This tablet tensile strength plateau is typically not
associated with a tablet of zero porosity, although such an obser-
vation has been reported (Adolfsson and Nystr€om 1996).
Sonnergaard (2006) proposed that a simple linear expression, in an
appropriate way, describes relationships between a specific crush-
ing strength and the compaction pressure within the region during
which the tensile strength increases with applied pressure. The gra-
dient of the line can hence be used as a descriptor of the powder
tabletability. As an extension of this reasoning, an approach to
methodise the relationship between tablet tensile strength and
compaction pressure has been presented (Alderborn 2003). This
model approximates the sigmoidal strength–pressure relationship
into three regions, where the middle region, in which the tensile
strength increases with applied pressure, is assumed to be linear
until the maximum achievable tensile strength is reached. The
model has also been successfully used to predict the tabletability
of a series of powders (Persson and Alderborn 2018). In accordance
with this approach, two tabletability parameters can be deter-
mined which principally corresponds to the parameters of the
Ryshkewitch–Duckworth relationship, i.e. a gradient showing the
evolution in tensile strength with increased pressure and an end-
point representing the maximum tensile strength achieved. These
parameters represent indications of the complete tabletability and
compactibility profiles. Due to the interrelation between compacti-
bility and tabletability, the correspondence between the parame-
ters deserves to be further investigated, as well as their physical
significance.

Hence, the objective of this paper was to compare the tablet-
ability and the compactibility of some powders using parameters
derived from strength-pressure and strength–porosity relation-
ships. In order to calculate such parameters, the same principal
type of handling of the relationships was done, i.e. two parame-
ters are calculated for each relationship, one indicating the evolu-
tion in tensile strength (rate parameter) and one the maximum
tensile strength (endpoint parameter). To our knowledge, a similar
type of comparison of compactibility and tabletability of powders
has not previously been reported in the literature. Since the par-
ticle size is known to influence the cohering ability of a powder, a
series a-lactose monohydrate powders, ranging in median particle
size (d50) from approximately 3.5 to 203 mm, as measured by laser
diffractometry, was selected as model materials. With this
approach, a comparison can be made between powders with dif-
ferent tablet forming abilities but of the same crystal structure
and surface energy i.e. material properties that may affect both
the inter-particulate bonding and the fracturing properties of
a compact.

2. Materials and methods

2.1. Materials

Seven qualities of crystalline a-lactose monohydrate powder were
used. PharmatoseVR 80M (CL80), PharmatoseVR 130M (CL130),

LactohaleVR LH201 (LH201), LactohaleVR LH230 (LH230), LactohaleVR

LH300 (LH300) and LactochemVR Microfine (LCMF) were obtained
as generous gifts from DFE Pharma, The Netherlands.
PharmatoseVR 200M (CL200) was purchased from DMV, The
Netherlands. Magnesium stearate (Sigma-Aldrich, Sweden) was
used as a lubricant. Ethanol 95% w/w (Solveco, Sweden) and 2-
propanol (VWR, Sweden) were used as dispersion media. Prior to
further characterisation, the powders were stored in a humidity-
controlled laboratory at 33 ± 3% relative humidity and at room
temperature for a minimum of seven days. The unsettled bulk
density, the compression and the compaction experiments subse-
quently described were performed in the same humidity-con-
trolled laboratory using the same conditions.

2.2. Determination of particle diameter and particle and
powder density

The particle size distribution for all lactose powders was deter-
mined by laser diffraction (Coulter LS230, small volume module
plus, Coulter Corporation, Miami, United States) using a particle
refractive index of 1.533, a dispersant refractive index of 1.378
and an imaginary refractive index of 0.1. For all particle diameter
measurements, a suspension of about 100mg lactose were pre-
pared using 5ml of 2-propanol as dispersion vehicle. Prior to the
analysis, the suspensions were sonicated for 10min in a water
bath (Ultrasonic Cleaner Branson, B5210E-MT, Branson Ultrasonic
Company, Danbury, United States) at a frequency of 47 kHz ± 6%
for all powders, except CL80 and CL130. The latter powders were
excluded to avoid particle fragmentation during preparation.

The sample cell of the diffractometer was filled with 2-pro-
panol which was stirred with a rotating stirring bar and an appro-
priate volume of the suspension was then added and the
measurement performed. The particle diameter was calculated
according to the Fraunhofer theory. The median particle diameter
(d50) of a volume distribution was determined and reported
median particle diameters are the average of one (with 10 runs)
or two (with five runs) independent measurements.

The apparent particle density (qapp, number of independent
measurements, n¼ 3) was measured by helium displacement
pycnometry (Micromeritics AccuPyc II 1340, Micromeritics
Instrument Corp., Norcross, United States), with the powder held
in a 10 cm3 sample chamber. The measurements were performed
with run precision mode, and an average of a minimum five
cycles was used for each independent measurement.

The poured (unsettled) powder bulk density (qbulk, n¼ 3) was
measured using a 10ml glass cylinder of 11.1mm in diameter
(similar to the diameter of the die used during powder compres-
sion described in Section 2.3. below). The cylinder was filled with
powder by gentle pouring through a funnel, and the powder
weight was recorded thereafter.

2.3. Powder compression

Approximately 320–400mg powder was uniaxially compressed
(n¼ 5) up to 300MPa in a materials tester (Zwick Z100, Zwick/
Roell GmbH & Co, Germany) equipped with flat-faced punches
with a diameter of 11.3mm. The lower punch was stationary and
the upper punch moved at a rate of 10mm/min both during
compression and decompression. Prior to compression, the die
and the punch faces were lubricated using a 1% (w/w) magne-
sium stearate suspension in ethanol. The elastic system deform-
ation was measured to 0.4 mm/MPa as described earlier
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(Nordstr€om et al. 2008) and was accounted for in the calculation
of tablet height in the compression analysis.

Compression profiles were derived in accordance with the
Kawakita (Kawakita and L€udde 1971) and the Heckel (1961) equa-
tions, as reported earlier (Persson and Alderborn 2018). The engin-
eering strain in-die was calculated using the initial powder bed
height assessed from in-die powder weight and qbulk: The linear
form of the Kawakita equation was used for determinations of the
Kawakita a and b�1 parameters, using linear regression (R2 >
0.999) in the pressure interval 20–290MPa. In addition, the
ab-index (abI) was calculated as an indication of the particle
rearrangement propensity (Nordstr€om et al. 2009). The Heckel in-
die yield pressure (Py) was calculated as the reciprocal of the
slope of the linear part of the Heckel plot, determined by linear
regression (R2 > 0.999) as described earlier (Mahmoodi et al.
2013). From the decompression stage, the in-die elastic recovery
(ERin�die) was derived, as described earlier (Persson et al. 2018).

2.4. Powder compaction

Powder was compacted in an eccentric tablet press (Korsch EK0,
Germany) equipped with either flat-faced circular punches with a
diameter of 11.3mm (for pressures up to 300MPa) or 5.65mm
(for pressures from 300 to 1200MPa). A constant minimum punch
separation distance was used during powder compaction, con-
trolled by using metal stubs of 3mm (for 11.3mm punches) or
2mm (for 5.65mm punches) height. The powders were com-
pacted in a pressure range between approximately 20 and
1200MPa (n¼ 5 at each applied pressure), and the compaction
pressure was controlled by the amount of powder filled into the
die. It should be noted that the pressure range used varied
between each individual lactose quality. The die and punches
were lubricated prior to compaction in the same way as described
in Section 2.3.

After tablet ejection, the tablet height and diameter were
measured using a height gauge (Litematic VL 50 A, Mitutoyo,
Japan). Thereafter, the force needed to fracture the tablets while
compressed diametrically in a tablet hardness tester (Holland C50,
UK, with a rate of 1mm/min, or PharmaTest PTB311E, Germany,
with a linear force increase rate of 20N/s) was measured. The tab-
let tensile strength (rt) was subsequently calculated according to
Fell and Newton (Fell and Newton 1970).

2.5. Imaging

Images of discrete particles and fracture surfaces of compacts
were obtained by scanning electron microscopy (SEM) at an accel-
erating voltage of 2 kV using a Leo (Zeiss), 1550 Schottky
(Germany) microscope. Prior to the scanning, the samples, i.e. the
particles or the compact fragments, were sputtered with Au/Pd in
a sputter coater (Polaron, Quorum Technologies Ltd., Newhaven,
UK). The compact fragments used for imaging were prepared by
fracturing tablets compacted at 300MPa (Section 2.3) by diamet-
rical compression in the tablet hardness tester (PharmaTest,
PTB311E, Hainburg, Germany) as described in Section 2.4 but
without recording the fracture force.

2.6. Tabletability analysis

The strength–pressure relationships, i.e. the tabletability, were
approximated for all materials using the three-stage compaction
model (Alderborn 2003), and the slope of the linear region
(kc; Pazesh et al. 2019) and the tablet tensile strength at the

strength-pressure plateau (Persson and Alderborn 2018), herein-
after denoted as the maximum tensile strength (rt, max), were the
derived tabletability parameters. kc was calculated using linear
regression (R2 > 0.975) of the pressure range up to 700MPa. For
CL80, CL130, CL200 and LH201, the strength–pressure plateaus
were considered to range over the four highest compaction pres-
sures, and rt,max was determined as the average rt of the
strength–pressure plateaus. For the three other lactose powders,
a reduction in rt occurred at the highest compaction pressures
used, i.e. stable plateaus were not obtained, and the rt,max for
LH230 and LCMF was determined as the average of the four high-
est rt recorded and for LH300 as the average of the two highest
rt values recorded.

2.7. Compactibility analysis

The Ryshkewitch–Duckworth equation (Duckworth 1953;
Ryshkewitch 1953) was used to analyse the relationship between
rt and tablet porosity (e), i.e. the compactibility, as described
recently (Pazesh et al. 2019). e was calculated as 1–(qtab=qapp),
where qtab is the tablet density determined from the tablet mass
and dimensions. Linear regression was applied for calculations of
the slope and the intercept to be used as the bonding capacity
factor (kR) and the tablet tensile strength at zero porosity (r0),
respectively. Two sets of compactibilty parameters were derived:
the first set (denoted a) was calculated using the complete poros-
ity range (R2 > 0.969), whereas the second set (denoted b) was
calculated using the porosity range for applied pressures up to
700MPa (R2 > 0.977), i.e. the corresponding porosity range as
used for determination of kc as described in Section 2.6.

2.8. Tablet strength-particle size relationship

As a means to describe the relationship between the average tab-
let tensile strength and the original particle diameter, the Orowan
equation (Orowan 1949), as modified by Knudsen (1959), was
used, i.e.

ln rt ¼ ln rK � kK ln d50, (1)

where kK and rK are constants calculated as the slope and the
intercept, respectively, using linear regression (R2 > 0.897). The
relationship was applied to tablets formed at three compaction
pressures of the linear region of the tabletability relationship of
approximately 100, 300 and 500MPa (94.5MPa ± 6.65 standard
deviation (SD), 287MPa ± 7.99 SD and 522MPa ± 16.9 SD) and
two compaction pressures of the plateau region of the tabletabil-
ity relationship of approximately 800 and 1000MPa (808MPa ±
35.2 SD and 1031MPa ± 30.3 SD). Finally, the extrapolated tablet
tensile strength of the second compactibility set, i.e. r0b , (see
Section 2.7) was also used.

2.9. Statistical analysis

One-way analysis of variance (ANOVA) followed by Tukey post hoc
test was performed where applicable. The significance level was
set to 95%; thus, p< 0.05 was regarded as statistically significant.

3. Results

3.1. Particle and powder properties

The median original particle diameter ðd50) of the studied grades
of lactose ranged from about 3.5mm for LH300 to about 203 mm
for CL80 (Table 1), and LH300 and LCMF had approximately the
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same d50: The particle size distributions of the powders appeared
to be generally relatively broad (Figure 1), and the span ranged
from 1.4 to 2.6 (Table 1). For LCMF and LH300, sub-micron sized
particles adhered to the surface of the larger particles. The single
particles of all lactose qualities had a similar geometric shape, irre-
spective of particle size (Figure 1); a shape typical of crystalline
lactose particles and often denoted as a tomahawk shape.

The densities of the powders were determined using helium
pycnometry. It has been reported that using this method to meas-
ure densities of hydrates (Sun 2004) can be flawed due to the
loss of crystal water during the measurement. However, it is also
reported that a-lactose monohydrate is stable and does not lose
water during measurement (Chang et al. 2019). All lactose pow-
ders had nearly the same apparent particle density (qapp, Table
1), ranging between 1.54 and 1.55 g/cm3 and similar to earlier
reported values for a-lactose monohydrate powders (Pazesh
et al. 2018).

The unsettled bulk density (qbulk) increased (Table 1) with
increased particle size as expected (Castellanos 2005). The two
powders with similar d50, i.e. LH300 and LCMF, had the same
qbulk (p> 0.05). Since the particle shape was similar for all pow-
ders, the change in qbulk was dictated predominantly by the dif-
ferences in particle size.

3.2. Compression properties

It is well known that the type of lactose used in this study frag-
ments during powder compression, and the size distribution of
the particles forming the compact, may thus be different com-
pared to the original particles. SEM images of fracture surfaces of

compacts (Figure 2) showed that roughness of the fracture surfa-
ces decreased with reduced particle size. For compacts formed of
the larger original particle sizes, e.g. CL80 and CL130 (upper row
in Figure 2), large discrete particles could be identified, and small
cracks in the particles could also be observed. For compacts
formed of the three powders with smallest original particle size,
i.e. LH230, LCMF and LH300 (lower row in Figure 2), the fracture
surfaces were smooth, and it was difficult to observe discrete par-
ticles or cracks. It was generally difficult to judge if the fracture
occurred around or across the original particles. The SEM images
of the tablet fracture surfaces show that tablets formed of larger
original particles consisted of larger particles than tablets formed
of smaller original particles. The SEM images also indicate that the
inter-particulate tablet pore structure became more closed with
decreased particle size. Thus, the tablet microstructure depended
on the original particle size, and a difference in original particle
size will not be eliminated by particle fragmentation during
compression.

The compression process was also strongly affected by the ori-
ginal particle size, and the Kawakita a and b�1 parameters and
the Heckel yield pressure (Py) varied significantly (p< 0.05)
between the powders (Table 2). The Kawakita a parameter
increased and the Kawakita b�1 parameter decreased with
reduced particle size, i.e. decreasing original particle size gave
powders of increasing compressibility. The combination of the
Kawakita parameters into an index, i.e. the abI-index, gave index
values which were dependent on the original particle size. The
powders having a particle size larger than about 27mm, i.e. CL80
and CL130, had an abI-index smaller than 0.1, while the other had
values above 0.1. Thus, only the two powders with the largest ori-
ginal particles showed limited particle rearrangement (Nordstr€om
et al. 2009). The increased compressibility with reduced particle
size could thus be explained by an increased degree of particle
rearrangement during compression.

The Py increased with decreased particle size (Table 2), reflect-
ing an increased particle plastic stiffness with decreased particle
size. This is in accordance with earlier experiences (Pazesh et al.
2018) and typically explained by a reduction in the number of
crystal defects with a reduced particle size, causing a higher
resistance to particle deformation. In Figure 3, the relationship
between the original median particle diameter and the Py is
shown. For the coarser grades of lactose powders (CL80, CL130
and CL200), only a small reduction in Py with a decreased particle
diameter was obtained, but for the finer grades (LH201, LH230,
LCMF and LH300), Py increased markedly with reduced particle

Table 1. Particle and powder characteristics. Relative standard deviations are
given in parentheses.

d50 (mm)a Span qapp (g/cm3)b qbulk (g/cm
3)c

CL80 203.4 1.6 1.540 (<0.01) 0.78 (0.01)
CL130 75.2 2.0 1.541 (<0.01) 0.62 (0.02)
CL200 27.4�� 2.2�� 1.537 (<0.01)� 0.52 (0.01)�
LH201 15.7 2.6 1.547 (<0.01) 0.42 (0.01)
LH230 8.12 2.6 1.551 (<0.01) 0.32 (0.02)
LCMF 3.86 2.0 1.552 (<0.01) 0.26 (<0.01)
LH300 3.46�� 1.4�� 1.547 (<0.01) 0.27 (0.01)
� Obtained from Persson and Alderborn (2018).��Obtained from Pazesh et al. (2018).
aMedian particle diameter.
bApparent particle density (n¼ 3).
cUnsettled bulk density (n¼ 3).

Figure 1. Scanning electron micrographs of the studied lactose powders. Note the varying scales of the images.
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diameter. Thus, an abrupt change in particle plastic stiffness –
particle diameter profile was obtained at a medium particle diam-
eter below 27mm, indicated by the dotted vertical line in Figure
3. Below this particle size, the Py became strongly dependent on
the particle diameter. Thus, the particle plastic stiffness, as
assessed by the Heckel relationship, changed markedly at a critical
particle size of about 20–30mm.

One may notice that the LCMF and LH300 powders had nearly
the same original particle size (d50, Table 1), but the derived com-
pression parameters differed significantly (p< 0.05) between these
powders. LCMF had a higher a parameter and Py and a lower b�1

than LH300 (Table 2). However, the absolute differences were
small, and the powders must be described as having similar com-
pression behaviour.

There was a relatively small but significant variation (p< 0.05)
in the in-die elastic recovery of the tablets (Table 2). The ERin�die

were ranked in the following order from high to low,
CL80¼CL130>CL200¼ LH201> LH300> LH230¼ LCMF, i.e. a
weak trend of reduced ERin�die with decreased particle size
was obtained.

3.3. Compaction properties

3.3.1. Tablet strength – particle diameter relationship
The effect of particle size on the ability of a powder to cohere
into a tablet is often described by the relationship between the
original particle diameter and the tensile strength of tablets
formed at a constant compaction pressure. For the lactose pow-
ders used in this study, the tablet tensile strength increased with
a decreased original median particle diameter, as shown by the
linear relationships between ln rt and ln d50 (R2 > 0.897) for the

five selected pressures (Figure 4). The increased compaction pres-
sure shifted the lines parallel to each other until the highest com-
paction pressures, at which the relationships coincided. Hence,
the slope (kK) of the relationship was independent of the compac-
tion pressure (as shown by the numbers in Figure 4).

Figure 2. Scanning electron microscopy images from compact fracture surfaces.

Table 2. Compression characteristics. Relative standard deviations are given in
parentheses.

a (–)a b�1 (MPa)b abI (–)
c Py (MPa)d ERin�die (%)e

CL80 0.493 (0.001) 11.9 (0.002) 0.04 (0.002) 147.7 (0.009) 3.41 (0.005)
CL130 0.588 (0.001) 7.06 (0.011) 0.08 (0.012) 159.3 (0.011) 3.38 (0.021)
CL200 0.663 (<0.001) 5.79 (0.004) 0.11 (0.004) 164.3 (0.010) 3.12 (0.020)
LH201 0.719 (<0.001) 4.52 (0.001) 0.16 (0.001) 176.9 (0.003) 3.16 (0.005)
LH230 0.781 (<0.001) 3.68 (0.002) 0.21 (0.002) 190.7 (0.004) 2.78 (0.004)
LCMF 0.825 (<0.001) 2.90 (0.002) 0.28 (0.002) 206.8 (0.009) 2.78 (0.007)
LH300 0.816 (<0.001) 3.29 (0.001) 0.25 (0.002) 202.1 (0.006) 3.03 (0.006)
aKawakita parameter (n¼ 5).
bKawakita parameter (n¼ 5).
cParticle rearrangement index (n¼ 5).
dHeckel yield pressure (n¼ 5).
eIn-die elastic recovery (n¼ 5).

Figure 3. Heckel yield pressure (Py) as a function of original particle diameter
(d50). The vertical dashed line represents the brittle-ductile transition for a-lactose
monohydrate (Roberts and Rowe 1987). The error bars display the stand-
ard deviations.

Figure 4. Natural logarithm of tablet tensile strength (ln rt) as a function of
natural logarithm of original particle diameter (ln d50).
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3.3.2. Tabletability
The particle size strongly influenced the tabletability profiles
(Figure 5). The four powders with the largest original particle
diameter (CL80, CL130, CL200 and LH201) showed an evolution in
tablet strength with compaction pressure that was nearly linear
until a relatively sharp bending of the profiles was reached, and a
constant tablet tensile strength with increased compaction pres-
sure was obtained (Figure 5(a–d)), i.e. a stable tablet tensile
strength plateau. Thus, the tabletability of these lactose powders
could generally be well approximated using the three-stage com-
paction model (Alderborn 2003). Both the rate of increase in
strength with pressure and the plateau tablet strength increased
markedly with decreased particle size. For the three powders with
the smallest original particle diameter, i.e. below �10mm (LH230,
LCMF and LH300), the tabletability profiles were more clearly sig-
moidal, with an initial slightly bended increase in rt with pressure
followed by a linear region, which finally levelled off to a max-
imum tablet strength (Figure 5(e–g)). Similar sigmoidal tabletabil-
ity profiles have also been reported for other materials (Rees and
Rue 1978; Sonnergaard, 2006). Moreover, for these powders, a
reduced d50 increased the rate of strength increase with pressure
until the maximum tablet strength was obtained.

The finest powders did not show a constant tablet strength at
the highest compaction pressures, and a tendency to a reduction
in tablet strength with increased pressure was obtained, most
pronounced for LCMF and LH300 (Figure 5(f,g)). Thus, for the fin-
est powders, stable plateaus comparable to the coarser powders
were not obtained, and the spread in tablet tensile strength was
higher at the highest compaction pressures.

Regardless of the differences in the character of the tabletabil-
ity profiles, they were all approximated as a three-stage process,
and two tabletability parameters were accordingly calculated, i.e.
the slope of the linear region (kc) and the maximal tablet tensile
strength (rt, max). Both kc and rt, max increased gradually with
decreased particle diameter (Table 3), except for LH201 and
LH230, which had similar values of rt, max: For both parameters,
non-linear relationships to the original particle diameter were
obtained (Figure 7), similar to the relationship between Py and
particle diameter (Figure 3). The range of compaction pressures,
within which the tablet tensile strength increased with compac-
tion pressure until rt, max was reached, varied between approxi-
mately 550MPa and 800MPa. Nevertheless, the two tabletability
parameters were related nearly linear to each other (Figure 8(a)).

3.3.3. Compactibility
The compactibility profiles were plotted according to the
Ryshkewitch-Duckworth equation (Figure 6). The lowest tablet
porosity obtained was similar for all powders, about 4–6% (as
indicated by the dotted vertical lines in Figure 6). However, the
range of tablet porosities obtained was influenced by particle
size, i.e. the tablet porosity range was narrower for the coarser
powders (Figure 6(a–d)) than for the finer powders (Figure
6(e–g)). The Ryshkewitch–Duckworth equation gave satisfactory
approximations of the compactibility of the powders in accord-
ance with earlier studies on a-lactose monohydrate powders
(Tye et al. 2005; Wu et al. 2006; Pazesh et al. 2019). However,
some of the lactose powders gave slightly bended relationships
at the highest tablet porosities, with a somewhat higher rate of
change in ln rt with porosity. Moreover, some of the profiles
levelled off at the lowest tablet porosities, which corresponded
to the part of the tabletability profiles at which a strength plat-
eau was obtained or at which the tablet strength decreased. A
levelling off of the Ryshkewitch–Duckworth plots at low tablet
porosities has also been reported earlier (Pazesh et al. 2019).
Depending on the porosity range over which this levelling off
occurs, it will have a more or less marked effect on the

Figure 5. Tabletability relationships i.e. tablet tensile strength (rt) as a function of compaction pressure (P) for the single a-lactose monohydrate powders (a-g) and a
comparison between all powders (h). The error bars display the standard deviations. �Data obtained from Persson and Alderborn (2018).

Table 3. Characteristics of tabletability and compactibility profiles. Relative
standard deviations are given in parentheses.

Tabletability Compactibility

kc x 10�3(–)a rt, max (MPa)
b r0a (MPa)

c kRa (–)
d r0b (MPa)e kRb (–)f

CL80 4.53 2.88 (0.024) 5.82 14.33 5.51 14.02
CL130 5.75 4.04 (0.019) 8.19 17.44 7.97 17.29
CL200 7.99 5.67 (0.029) 13.1 18.42 13.7 18.53
LH201 10.6 8.21 (0.051) 14.3 15.33 14.4 15.39
LH230 16.4 8.62 (0.037) 20.0 12.77 26.3 13.93
LCMF 18.0 10.8 (0.054) 26.5 13.86 32.6 14.67
LH300 19.9 12.0 (0.008) 22.6 13.51 27.8 14.33
aSlope of the linear pressure region.
bAverage maximal tablet tensile strength.
cExtrapolated tensile strength, derived using the complete porosity range.
dBonding capacity factor, derived using the complete porosity range.
eExtrapolated tensile strength, derived using porosities generated at applied
pressures <700MPa.
fBonding capacity factor, derived using porosities generated at applied pressures
<700MPa.
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Ryshkewitch–Duckworth parameters, i.e. r0 and kR:
Consequently, two sets (denoted a and b) of the parameters
were calculated (Table 3). The first set (a) was calculated using
the whole range of tablet porosities, and the second set (b) was

calculated for tablet porosities obtained at applied pressures
<700MPa (Figure 6(h)).

Since the lowest porosities of the tablets achieved by the com-
paction were typically around 4–6%, the extrapolation down to

Figure 6. Compactibility relationships i.e. tablet tensile strength (rt) as a function of tablet porosity (e) for the single a-lactose monohydrate powders (a–g) and a
comparison between all powders using pressures <700MPa (set b) (h). The dotted horizontal lines represent the maximum tensile strength (rt, max), and the dotted
vertical lines represent the porosity at rt, max: The error bars display the standard deviations.

Figure 7. Tensile strength descriptors representing tabletability and compactibility as a function of original particle diameter (d50). (a) tensile strength endpoints i.e.
rt, max and r0b and (b) tensile strength rate parameters i.e. kc and kRb : The error bars display the standard deviations.

Figure 8. Relationship between endpoint and rate parameters for (a) tabletability and (b) compactibility. The solid line in (a) is the linear regression line. The error
bars display the standard deviations.
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zero porosity gave consequently higher values of r0 than rt, max

(Table 3). For both ranges of tablet porosity used for the extrapola-
tion (sets a and b), the r0-values for the coarser grades of powders
were generally approximately a factor of two larger than the
rt, max-values, while for the finer grades, factors of about 2–3 were
obtained depending on the porosity range used. Thus, although
the extrapolation was done over a relatively limited range of tablet
porosities, markedly higher values of r0 than of rt, max

were obtained.
The r0 (Table 3) was markedly influenced by particle size and

increased steadily but non-linearly with decreased d50 (Figure
7(a)), except for LH300 which had a similar d50 as LCMF (Table 1)
but gave a slightly lower r0 than LCMF. In analogy with the rela-
tionships between original particle diameter and tablet tensile
strength, the relationship between ln r0b vs ln d50 was also
approximately linear and shifted in parallel to the ln rt vs ln d50
relationships and with similar slope as the other relationships
(Figure 4).

A similar monotonous change as for kc, rt, max and r0 as a
function of d50 was not obtained for kR (Table 3). For CL80, CL130
and CL200, the kR increased with decreased particle size but, as
the particle size decreased further, the kR was reduced slightly
(LH201) and became approximately constant for the three finest
powders (for powders with d50 < 10 mm; Table 3). For these finest
powders, the kR was lower than for CL80, despite the much
higher r0: Thus, kR increased until a critical particle size was
reached and thereafter, lower and approximately similar values of
kR were obtained (Figure 7(b)).

4. Discussion

Tabletability and compactibility profiles are commonly used as
indications of the ability of a powder to form a tablet. In this
study, these two approaches are compared by the use of parame-
ters derived from each type of profiles, i.e. two parameters repre-
senting endpoints of the profiles and two representing rates of
change. Since it is generally known that the original particle size
of powders will affect their ability to form tablets, a series of pow-
ders of varying original particle diameters were used in
the comparison.

The transformation of a powder into a compact is fundamen-
tally an inter-particulate bond formation process and the position
taken in the discussion of the compaction data in this paper is a
bond summation concept, i.e. the tensile strength of the compact
equates the sum of the bonding forces acting between particles
over the fracture area (alternatively expressed as the product
between the bonding area per cross-sectional area of tablet and
the bond strength). Since all powders used were of the same sub-
stance and the same solid state, i.e. crystalline a-lactose monohy-
drate, it can be expected that they have similar chemical
composition and surface energy and hence form inter-particulate
bonds of similar strength (Vromans, Deboer, Bolhuis, Lerk,
Kussendrager, et al. 1985). With this approach, the differences in
tabletability and compactibility between the powders are mech-
anistically explained by differences in microstructure and bonding
area of the tablets, rather than by differences in bond strength. In
the discussion (Section 4.3) of the physical significance of the rate
parameters and their different dependencies on original particle
diameter, the terms contact area and bonding area are used and
the term proximity bonds introduced.

Furthermore, one should be aware of that both the compres-
sion and the compaction properties can be influenced by the rate
at which the powder is compressed and compacted (Roberts and

Rowe 1985). It is thus important to perform these experiments
under precise and standardised conditions with a controlled
punch travel pattern and velocity. For crystalline lactose, the
deformation properties has been reported as strain rate sensitive
(Roberts and Rowe 1985; Paul et al. 2019) whereas the tablet ten-
sile strength was insensitive to strain rate (Paul et al. 2019).

4.1. Particle plastic stiffness

Crystalline lactose has been described as a brittle-ductile mater-
ial (Hersey and Rees 1971), and it has been proposed that a brit-
tle-ductile transition occurs for a-lactose monohydrate crystals at
a particle size of 27.4 mm (Roberts and Rowe 1987). The Heckel
equation is the most commonly used equation to assess the
particle plastic stiffness of pharmaceutical materials and was
used in this study. The Heckel approach has however received
criticism in the literature (Rue and Rees 1978; Sonnergaard,
1999) and other relationships has been argued to be advanta-
geous in terms of deriving an indication of the plastic properties
of materials (Sonnergaard, 1999; Egart et al. 2014). However, the
Heckel relationship has recently (Vreeman and Sun 2021) been
proposed to be a reliable approach to quantify particle plastic
stiffness. In this study a marked increase in plastic stiffness
occurred at a particle size of about 20–30mm, which hence is
similar to the particle size reported for the ductile-brittle transi-
tion. In another study (Pazesh et al. 2017), it was found that ball
milling of a-lactose monohydrate gave a minimum particle size
of 5–6 mm, showing that fragmentation of small lactose particles
is difficult to achieve. It is concluded that the coarser grades of
the lactose powders used in this study can be described as pre-
dominantly brittle during compression and will show a high
degree of fragmentation, while the finer grades can be
described as predominantly plastic and show a limited degree of
fragmentation during compression. This is consistent with an
earlier observation (Alderborn and Nystr€om 1985) that a reduced
original particle size decreased the relative degree of fragmenta-
tion that occurred during compression. However, since there
was a distribution in particle size for the powders, it is possible
that a fraction of particles of the finer grades of lactose powders
fragmented during compression.

4.2. Experimental profiles vs models

The three-stage model of a tabletability profile gave reasonable
approximations of the experimental profiles (Figure 5). However,
two types of deviations from the model were obvious and
obtained, in particular, for the finer grades of the lactose pow-
ders. First, two of the finest grades of lactose powders (LCMF
and LH300) did not show a constant tablet strength at the high-
est compaction pressures; instead, it was a maximum strength
followed by a small gradual decreased strength with increased
applied pressure (Figure 5(f–g)). The absence of a stable plateau
may be due to the formation of flaws or micro-cracks in tablets
of very low porosity, flaws at which the fracture is initiated dur-
ing strength testing and hence, reduces the fracture strength. It
can be speculated that such flaws may be caused by the entrap-
ment of air in the powder bed during die filling (Long and
Alderton 1960). The entrapment of air may cause capping or
lamination of tablets (Mazel et al. 2015), which typically are dis-
played as a reduced tensile strength and can thus explain the
unstable plateau. Secondly, the three finest grades of the pow-
ders (LH230, LCMF and LH300) showed a more pronounced sig-
moidal shape with an initial upward bending of the part of the
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profile during which the tensile strength increased with compac-
tion pressure (Figure 5(e,f)). Thus, the finest powders required a
higher applied pressure to reach a consolidation state of the
powder bed that subsequently resulted in an almost linear
increase in tablet strength with compaction pressure. The finest
lactose grades consist of very small particles (median particle
diameters below 10mm) that spontaneously form weak agglom-
erates of different size. The microstructure of the bed of powder
in the die before compression is hence probably more heteroge-
neous than for powders of the coarser lactose grades that are
less prone to forming such self-agglomerates. During the initial
compression phase, it is likely that the agglomerates will break
and fragment, parallel with a marked rearrangement of particles,
and the microstructure will change markedly with pressure, man-
ifested as an initial non-linear tensile strength-applied pressure
relationship. After this initial phase, a more homogenous micro-
structure may be formed, and the rate of compression can
thereafter be constant in the same fashion as the coarser
grades. When a load is applied to a powder bed, it will be
transmitted by a system of load bearing columns (Travers et al.
1987; Erikson et al. 2002). It can be speculated that a constant
rate of compression is achieved when a certain quasi-static
structure of such load-bearing columns is formed.

The Ryshkewitch–Duckworth model of a compactibility profile
also gave reasonable approximations of the experimental profiles
(Figure 6), but deviations from the model were evident for most
powders. First, some powders gave slightly bended profiles, most
clearly expressed at the higher tablet porosities. Secondly, some
of the powders gave a levelling off at the lowest tablet porosities,
which probably will affect the extrapolated tablet tensile strength.
Consequently, r0 was determined by extrapolation in two ways
due to this tendency of a deviation from linearity at low tablet
porosities. For the coarser grades of powders, similar values of r0

were obtained in both cases, while for the finer grades the exclu-
sion of some values at low tablet porosities gave higher values of
r0 (Table 3). Thus, the choice of porosity range in the derivation
of the Ryshkewitch–Duckworth parameters may affect the
value of r0: An explanation for a levelling off of the
Ryshkewitch–Duckworth plot at low tablet porosities, as proposed
previously (Pazesh et al. 2019), is that there is a change in fracture
part during strength testing, from around to across grain as domi-
nating fracture path.

4.3. Physical significance of compaction parameters

4.3.1. Tabletability and compactibility endpoint parameters
The tabletability end-point parameter rt, max is the maximum ten-
sile strength that could be obtained during the loading situation
used and represents the practical compaction endpoint. The com-
pactibility end-point parameter r0 is a theoretical compaction
endpoint typically determined by extrapolation.

Irrespective of the compaction pressure applied during com-
pression, a consistent relationship between original particle diam-
eter and tablet tensile strength was obtained (Figure 4). For the
tablets of low tensile strength, it is reasonable that the interac-
tions between the particles are weak, and the tablets fail at the
inter-particulate junctions (around grain failure) while loaded.
Thus, the particle-particle bonding will control the tablet strength.
When the strength of tablets increases due to a reduced porosity,
a change toward a more complicated fracture path with both
around and across grain fracture may occur. The tablet strength
may then be controlled by the combination of the strength of the
particles and the sum of the strength of the bonds holding the
particles together. However, here it is argued that since the rela-
tionship between tablet tensile strength and original particle
diameter is preserved with reduced tablet porosity, the inter-
particulate bonds will also control the tensile strength for the tab-
lets prepared at the highest compaction pressures. The rt, max is
thus physically explained by the total strength of the inter-par-
ticulate bonds at the fracture plane.

The physical meaning of r0 is less obvious, and it may be
understood in different ways (Pazesh et al. 2019), i.e. as an intrin-
sic strength of the material, independent of particle size, the
strength of the particles forming the compact or the strength of
the bonds between the particles. For the parameter to be an
intrinsic property, it is required that the compaction of various
size qualities of a given material eventually forms a nonporous
solid unit. In this study, it is found (Table 3) that the original par-
ticle diameter markedly affected the r0, which is consistent with
an earlier report (Adolfsson and Nystr€om 1996). Thus, the effect of
particle size is not eliminated by the extrapolation, and it is con-
cluded that r0 does not represent an intrinsic material property.
It is also reported that the value is affected by the loading situ-
ation, such as the compaction speed (Steendam and Lerk 1998),
supporting that the value cannot correspond to an intrinsic
strength of the material. Also, for r0, the same relationship
between original particle diameter and tablet tensile strength was
obtained as for the tablets, for which the tensile strength was
measured (Figure 4), also shown by the nearly constant ratio of
2–3 between r0 and the rt, max (Table 3). Thus, both r0 and
rt, max reflect essentially the same property of the compacted spe-
cimen and are thus controlled by the same microstructural feature
of the tablet. It is hence proposed that for the powders used in
this study, r0 is physically explained as an indication of the total
strength of the inter-particulate bonds at the fracture plane. This
conclusion is consistent with an earlier proposal (Pazesh et al.
2019) that r0 is an indication of the total strength of the inter-
particulate bonds over the tablet cross-section for tablets that
obey the Ryshkewitch–Duckworth equation approximately.
However, under certain circumstances, the strength of the inter-
particulate bond network approaches the particle strength, and
the latter may then control rt, max and r0, instead. We have pre-
viously referred to these two circumstances (Pazesh et al. 2019) as
typical and atypical compaction behaviour, respectively.

Another indication of the effect of particle size on the tablet-
ability and compactibility of the lactose powders is to use the lin-
ear regression equations for the tabletability and compactibility

Figure 9. Porosity as a function of compaction pressure for a hypothetical tablet
with a tensile strength of 2MPa. The porosity ert¼2 and the pressure (Prt¼2) for
the hypothetical tablet were calculated using the linear compactibility and tablet-
ability relationships.
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profiles to calculate the compaction pressure and the porosity
needed to obtain a tablet tensile strength of 2MPa (as is a com-
mon value of tablet tensile strength during tablet manufacturing
(Leane et al. 2015)). A compaction pressure of about 150MPa and
a porosity of 18% were needed to reach the target tensile
strength for LH230, LCMF and LH300 (d50 < 10mm; Figure 9),
whereas for the larger powders, increasing pressure in combin-
ation with a reduced porosity is needed to reach the same target
tensile strength.

4.3.2. Tabletability and compactibility rate parameters
It has previously been proposed (Alderborn 2003) that the gradi-
ent of the linear part of a tabletability profile is controlled by the
increase in inter-particulate contact area per pressure unit, i.e. the
evolution in tensile strength is directly proportional to the
increase in contact area. The concept is based on a microstruc-
tural evolution of the tablet, focused on the process occurring at
the inter-particulate junctions. The contact area is assumed to be
controlled by the degree of deformation, which is dependent on
the hardness or plastic stiffness of the particles and the applied
contact force. This conception is consistent with a linear increase
in tablet strength with pressure until a finite contact area is
reached. The obtained experimental tabletability profiles (Figure
5) approximately obey this theoretical relationship. It was also
proposed (Alderborn 2003) that the pressure range within which
the tensile strength depends on the applied pressure in a linear
way is proportional to the yield pressure. Since the yield pressures
(Table 2) were similar between the powders, it is to be expected
that there is a correlation between the slope of the linear part
and the maximum tensile strength, which was also the case
(Figure 8(a)). This relationship also has a defined starting point at
the origin of the axes, i.e. if it is not possible to form a tablet irre-
spective of applied pressure, there will not be any region within
which the tablet strength will increase. A linear regression of the
rt, max vs kc plot gave however an extrapolated intercept, which
was somewhat higher than zero, i.e. 1.16MPa.

According to the derivation of the three-stage model, the gra-
dient of the linear part of the profile should be independent of
the original size of the particles. This was obviously not the case
for the powders used in this study. The inter-particulate contact
area, or area of contact bonds, is defined here as the area of con-
tact developed during powder compression between a pair of
particles due to particle plastic deformation. The bonding area
can be defined as the total area of attractive bonds acting
between a pair of particles. Inter-molecular bonding forces act
over some distance, and a close packing of particles may hence
provide the condition for a fraction of the particle surface area to
take part in particle–particle bonding in direct vicinity to the area
of contact. Such attractive forces are referred to here as proximity

bonds. The bonding area is then the sum of contact area (area of
contact bonds) and the area of proximity bonds, illustrated in
Figure 10. Depending on the microstructure of the compact, the
bonding area to contact area ratio may differ between compacts.
Since small particles are more closely packed in tablets with inter-
particulate pores of lower diameter, small particles will have a
larger bonding area to contact area ratio than larger particles.
This conception can explain the particle size dependent difference
in slope of the tabletability profiles.

The rate constant kR of the Ryshkewitch–Duckworth equation
has been denoted a bonding capacity factor (Steendam and Lerk
1998), a term indicating that the slope should reflect some ability
of the powder to bind due to the application of pressure. This
will probably mean that a high kR should be related to a high r0:
The slopes of the compactibility profiles showed however a small
variation compared to the slopes of the tabletability profiles.
Moreover, rather than having a similar point of origin, as was the
case for the tabletability profiles which all originated close to the
origin of the axes, the profiles were shifted along the strength
axis in an almost parallel manner (Figure 6(h)). The compactibility
of the powders were thus described predominantly by the pos-
ition of the profiles along the tablet strength axis rather than by
the slope of the profiles, and these positions controlled the
extrapolated r0: It has also been reported previously (Wu et al.
2006; Mishra and Rohera 2019) that an increased r0 may not cor-
respond to an increased kR, which is consistent with the results in
this paper (Table 3), i.e. a powder may generally compact into
tablets of high tensile strength without having a marked change
in tensile strength due to increased solid fraction (Wu et al. 2006).

Tablet porosity is a global tablet property and not based dir-
ectly on an analysis of the contact process occurring between
particles in the compact. However, the tablet porosity is an indica-
tion of the microstructure of the tablet, and it is to be expected
that a decreased porosity will typically correspond to a more
closed pore system due to fragmentation and deformation of the
particles and hence also an increased area of contact between
the particles. The similar dependency of the tablet porosity for all
the lactose powders indicates that the evolution in tensile
strength is controlled by the same microstructural feature of the
tablet, independent of the original particle size. This character of
the compactibility profiles can be explained using the same con-
ception as used to explain the different slopes of the tabletability
profiles, i.e. by an increased bonding area – contact area ratio
with decreased original particle size due to larger areas of proxim-
ity bonds. Accordingly, the constant kR reflects the evolution in
contact area with decreased tablet porosity, which was similar
between the powders and hence, almost independent of particle
size. Moreover, the changed position along the tablet strength
axis reflects a particle size dependent change in bonding area –
contact area ratio.

Although the kR varied only slightly between the powders, one
may note that if compactibility profiles are grouped, depending
on the brittle-plastic transition diameter, two sub-groups can be
distinguished as indicated in Figure 8(b), where one sub-group
constitutes of CL80, CL130, CL200 and LH201 and the other sub-
group of LH230, LCMF and LH300. Within each sub-group, a small
increase in slope kR was obtained with increased r0: Thus, it
seems that the evolution in microstructure showed some depend-
ency of original particle size, i.e. an increased r0 corresponded to
a slight increase in kR within each group of powders. Since the
powders in each sub-group can be argued to have different
mechanical properties, i.e. are predominantly brittle or predomin-
antly plastic, it is possible that the kR was also affected by the

Figure 10. Illustration of bonding conception.
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degree of fragmentation that is expressed during compaction of
these a-lactose monohydrate powders.

5. Conclusions

This paper reports on the tabletability and the compactibility of a
series a-lactose monohydrate powders, ranging in particle size
from approximately 3.5 to 203 mm. The main proposed findings of
the study are the following:

� The original median particle diameter generally had a strong
effect on the tablet tensile strength and thus also on the tab-
letability and compactibility profiles. The experimental pro-
files were reasonably approximated using the three-stage
compaction model and using the Ryshkewitch–Duckworth
compaction equation, and the compaction parameters
derived were hence regarded as representative of the experi-
mental profiles.

� The two compaction endpoint parameters, i.e. r0 and rt, max,
increased with decreased particle size and were both con-
trolled by the total strength of the inter-particulate bonds
acting over the tablet cross-section.

� The tabletability rate parameter kc increased with decreased
particle size and correlated well with the tabletability end-
point parameter and is controlled by the evolution in inter-
particulate bond network. In addition, the tabletability rate
parameter kc was also markedly affected by a particle size
dependent ratio between bonding area and contact area, i.e.
this ratio increased with a reduced particle size.

� The compactibility rate parameter kR tended to increase with
decreased particle size but the effect was limited, and no cor-
relation between the compactibility rate and endpoint
parameters was obtained. The compactibility rate parameter
kR reflects the evolution in contact area with decreased tablet
porosity, and the changed position of the strength-porosity
plots along the tablet strength axis reflects a particle size
dependent change in bonding area – contact area ratio.
Moreover, this parameter may be affected by the particle size
through a brittle-plastic transition.

In conclusion, the compactibility and tabletability analysis pro-
vides supplementary information of the compact forming ability
of a powder; collectively, these parameters give collectively a con-
centrated description of the compaction properties of a powder It
is believed that these findings are applicable to tablets of other
crystalline powders showing similar fracture propagation mechan-
ism during strength testing as the a-lactose monohydrate pow-
ders used in this study. However, tablets formed of more complex
materials, e.g. disordered materials, may have a different fracture
propagation mechanism during testing which may affect the tab-
letability and compactibility profiles and hence the derived
parameters. In a follow-up study, we intend to investigate the
possibility of using a hybrid approach to predict the tabletability
and compactibilty of these lactose powders.
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