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ABSTRACT

Small scale compaction studies which utilise equipment representative of commercial scale
tablet presses can be used to develop process understanding of pharmaceutical formulations
using minimal quantities of material. In this study the scalability of compressibility (solid
fraction vs. compaction pressure), tabletability (tensile strength vs. compaction pressure),
compactibility (tensile strength vs. solid fraction) and ejection shear stress were examined
over an eight-fold range in tablet size. Tablets of two representative commercially
manufactured formulations were compressed and compared using a small scale compaction
press and large scale industrial press. Different tablet sizes and shapes were produced from
the two types of press. One formulation was manufactured by direction compression and the
other by wet granulation. Generally good agreement was found across the scales for all the
measures assessed. In addition, the measurement of ejection shear stress data on the small

scale was able to accurately predict tablet failure on commercial rotary presses.
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1. INTRODUCTION

To develop process understanding of pharmaceutical formulations it is desirable to perform
small scale compaction studies with minimal quantities of material. However, there are a
number of known process differences between small and large scale tablet presses, including
press speed and dwell time [1, 2]. It is important that small scale studies utilise equipment
that is representative of the large scale tablet presses used to manufacture commercial
products. This enables data produced at different scales to be compared and for the
performance of the formulation on large scale to be predicted from data collected at small

scale.

Comparison of compression and ejection forces, tablet hardness and weight are only valid if
the tablets have the same dimensions and shape. The tablets produced from small scale tablet
presses are not necessarily the same size and shape as those produced at large scale.
Measurement of the correct tablet properties allows tablets manufactured at different scales
and using different equipment to be compared. The tablet dimensions are used to calculate
the compaction pressure, tensile strength, solid fraction and ejection shear stress of the tablet
which allows tablets of different sizes to be compared. The tensile strength, solid fraction
and compaction pressures were rationalised in terms of compressibility (solid fraction vs.
compaction pressure), tabletability (tensile strength vs. compaction pressure) and

compactibility (tensile strength vs. solid fraction) [3].



The tensile strength for flat face tablets was calculated from Eq. 1 and for convex face tablets

using Eq. 2 [4, 5]. The tensile strength of caplet shape tablets was assessed using Eq. 3 [6].

o = Eq (1)
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ot is the tensile strength, P is the fracture load, D is the length of the short axis or diameter of

the tablet, t is the overall thickness and W is the wall height of the tablet.

Generally, a tensile strength greater than 1.7MPa will usually suffice in ensuring that a tablet
is mechanically strong enough to withstand commercial manufacture and subsequent
distribution. Ideally, tensile strengths greater than 2MPa should be targeted to ensure a
satisfactory robust product. Tensile strengths as low as 1 MPa may suffice for small batches

where the tablets are not subjected to large mechanical stresses [6].

The solid fraction, or relative density, of the tablets was another method of analysis used to

compare tablets with different dimensions. Solid fraction was calculated from the ratio of the



tablet density and true density of the formulation. This indicates the ratio of air to solid in the

tablet. Solid fractions in the range 0.85 +/- 0.05 are optimal for tablet formulations [7, 8].

The ejection force for a tablet is the force required to eject the tablet from a die after
compaction. If the ejection force for a tablet is too high then capping and lamination will
occur. The ejection force will be dependent on the compaction pressure applied to the tablet,
typically the higher the compaction pressure the higher the ejection force [9].The effect of the
ejection force depends on the size of the tablet; a larger tablet will be able to withstand a
higher ejection force. Therefore, to compare across the scales, ejection shear stress was
calculated by dividing the peak ejection force by the area of the tablet in contact with the die

wall. The lower the ejection shear stress the less likely that tablet defects will occur.

Generally an ejection shear stress of less than 3MPa from a commercial tablet press will
suffice in producing a tablet which does not cap or laminate. Ejection shear stresses up to
5MPa may be acceptable where the tablets are not subjected to large mechanical stresses on
subsequent processing such as film-coating. Ejection shear stresses above 5SMPa would be

expected to cause failure [10, 11].

2. MATERIAL AND METHODS

2.1 Materials

A direct compression and a wet granulated formulation were examined in these studies.

The direct compression formulation (DC1) was a blend of active pharmaceutical ingredient
(API) with microcrystalline cellulose, sodium starch glycolate, silicon dioxide and

magnesium stearate.



The wet granulated formulation (WG1) was composed of a granulation of API, mannitol and
microcrystalline cellulose together with polyvinylpyrrolidone. The extra-granular excipients
sodium starch glycolate, magnesium stearate and additional microcrystalline cellulose were

blended with the granules.

2.2 Compression Experiments

The compression experiments were performed using a Gamlen GTP-1 single punch bench top
tablet press which has a uni-axial saw tooth displacement profile (Gamlen Tableting, United
Kingdom). Compaction forces from 1 to 5kN were used to compress 100mg of the direct
compression blend, DC1, and 80mg of the granulated compression blend, WG1, to form
either 5 or 6mm diameter flat face cylindrical tablets. The same bench top tablet press was
used to measure the diametral compression force i.e. the fracture strength of the tablets. Data
was collected on the compression profile, ejection stress, weight and thickness of the tablets

formed.

Fette rotary tablet presses (Fette, Germany) were used in commercial manufacture of these
products. 800mg caplet shaped tablets (for DC1) were produced and 350mg round convex
tablets (for WG1). Compaction forces from 6 to 30kN were used on the commercial presses

and the fracture strength of the resulting tablets measured as before.

Table 1. Comparison of tablet compression conditions from bench top (GTP) and rotary press (Fette)

2.3 Density measurements



The true density of the compression blends was measured using helium pycnometry

(Accupyc 1330, Micromeritics Instrument Corporation, U.S.A.).

3. RESULTS AND DISCUSSION

3.1 Direct compression formulation

The tabletability, compressibility and compactibility plots for DC1 are shown in Figures 1 to
3. The Fette tablets have a compression weight of 800mg and a caplet shape whereas the

GTP tablets are round flat face compacts with a compression weight of 100mg.

The tabletability plot shows a linear relationship between the compaction pressure applied
and the tensile strength of the tablets for most of the pressure range. At high compaction
pressures the tensile strength is beginning to level out. The GTP data and Fette data are
virtually superimposable despite the large differences in compression weight and in tablet

shape.

The compressibility plots are again superimposable for both shapes and sizes of tablets and

show that the range of solid fractions for tablet formation is between 0.70 and 0.95.

The Fette and GTP compactibility plots are also equivalent for most of the compaction
pressure range. There is some deviation and greater variability at higher solid fractions
which would be anticipated from variations in flaw size and distribution at these high

densities [12].

Figure 1. Tabletability of DC1



Figure 2. Compactibility of DC1

Figure 3. Compressibility of DC1

3.2 Wet granulation formulation

The tabletability, compressibility and compactibility plots for WG1 are shown in Figures 4 to
6. The Fette tablets had a compression weight of 350mg and a convex face curvature
whereas the GTP tablets were round flat faced tablets with a compression weight of 80mg.
The plots are once more superimposable showing that this approach to scaleability can be

applied to wet granulated as well as to direct compression products.

Figure 4. Tabletability of WG1

Figure 5. Compactibility of WG1

Figure 6. Compressibility of WG1

3.3 Assessment of Ejection Shear Stress



The ejection shear stress was calculated for the DC1 and WG1 formulations compressed
using both the GTP and Fette rotary tablet presses at typical commercial compaction
pressures (Table 2). There is excellent agreement between the shear stresses derived for both

machines.

Table 2. Comparison of ejection shear stress for tablets from bench top (GTP) and rotary press (Fette)

The impact of formulation on shear stress was then investigated further for WG1 using the
GTP. This was achieved by adjusting the extra-granular microcrystalline cellulose (MCC)
content. Four different levels of extra-granular (MCC) were compared; 0%, 20 %, 45% or
70% w/w. The original WG1 formula studied contained 20% w/w extra-granular MCC.

Figure 7 clearly shows that increasing the level of extra-granular MCC reduces the ejection

stress.

Figure 7. Ejection shear stress profiles of WG1 containing 0%, 20%, 45% and 70% w/w extra-granular

microcrystalline cellulose (MCC)

The four WG1 formulations were also compressed on a Fette rotary press. Examination of
the commercial tablets showed that the 0% w/w extra-granular MCC formulation had capped
tablets. The 20% w/w extra-granular MCC formulation had no capped tablets, but there was
evidence of surface defects. The 45% and 70% w/w extra-granular MCC formulations were
satisfactory with no defects. Hence showing that reduction in shear stress observed by the

GTP corresponded to a lower incidence of defects on a production rotary press.



4. CONCLUSION

The successful application of using only minimal quantities of material on a bench top press
to understand manufacturing on a rotary press was borne out in this work. Tablets of
different size and geometry could be compared using tensile strength and solid fraction
measurements. . Tablet failure on commercial rotary presses could be predicted accurately

by the measurement of ejection shear stress data on the small scale.

LIST OF SYMBOLS

ot tensile strength [MPa]
P fracture load [N]

D length of short axis (equivalent to disc diameter)  [m]

L length of long axis [m]

t overall thickness [m]
W tablet wall height [m]
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Figure 1. Tabletability of DC1

Figure 2. Compactibility of DC1

Figure 3. Compressibility of DC1

Figure 4. Tabletability of WG1

Figure 5. Compactibility of WG1

Figure 6. Compressibility of WG1

Figure 7. Ejection shear stress profiles of WG1 containing 0%, 20%, 45% and 70% w/w extra-granular
microcrystalline cellulose (MCC)



Table 1. Comparison of tablet compression conditions from bench top (GTP) and rotary press (Fette)

DC1 WG1

GTP Fette GTP Fette

Compaction 1 to 5kN 6 to 30kN 1 to 5kN 6 to 30kN
force (kN)
Weight (mg) 100 800 80 350
6mﬂn;1 td ]lggeter Caplet shape 5mﬂn; td ;g(r:];eter 10mm diameter
Shape o tablets 17mm by ) Y round convex
cylindrical cylindrical

7mm tablets

tablets tablets




Table 2. Comparison of ejection shear stress for tablets from bench top (GTP) and rotary press (Fette)

DC1 WG1
GTP Fette GTP Fette
Compaction
Pressure (MPa) 160 160 9 -
Ejection Shear 06 0.7 2.8 3.2

Stress (MPa)




Graphical abstract

Data collected from a bench top tablet press have been applied to understanding commercial
manufacture by the measurement of tablet tensile strength and solid fraction. Ejection shear
stress data collected at small scale has predicted the occurrence of tablet defects on
commercial rotary presses, where shear stresses greater than 3MPa are likely to produce
defects.
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Highlights

Ejection force measured at small scale has predicted tablet failure at large scale
Tablets with ejection shear stresses greater than 3MPa are likely to have defects
Different geometry tablets were compared using tensile strength and solid fraction
Minimal material was used at small scale to understand manufacturing at large scale



