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The compression process of cephalexin (CEX) powder was studied by using a tabletting
machine with punches of 0.7, 1.0 and 2.0 cm diameter, and the maximum compression stress (M P),
the compression loss energy (LE), the elastic energy (EE), the compression energy (CE), the
hardness of the tablet (H) and the elastic recovery (R) were measured. The compression process
followed Bal’shin’s equation, and was independent of sample weight in the range of 110 to 300 mg.
In the compression process with the 0.7cm punch the plot of the compression stress versus the
thickness of the powder bed was shifted to the slightly higher pressure side as compared with the
plots for the 1.0 and 2.0 cm punches, presumably because the die wall friction of the 0.7 cm punch
was larger than that of the 1.0 and 2.0cm punches. Elastic behavior appeared on high-pressure
compression of CEX powder. The Young's modulus obtained from the relation between MP and R
was calculated to be 4.75x 10° dyn/cm?. The tensile strength (7'S) and R value increased with
increasing value of MP.

Keywords——cephalexin; compression property; compression energy; tensile strength; tablet
elastic behavior

Introduction

There are many reports on equations describing the compression of powder materials,>>
the rheological properties during the compression process* and the hardness of molded
tablets.” In order to obtain basic data for studies of the mechanochemistry of organic
medicinal powders, we have investigated the compression of cephalexin (CEX) powder. The
stress and thickness of the powder bed during the compression of CEX powder were
measured, and the compression properties and compression energy were determined. The
relationship between compression characteristics and molded tablet properties (hardness and
elasticity) was studied.

Experimental

Materials CEX bulk powder (Larixin; Toyama Chemical Co., Ltd., lot HJ-595E) was used. The average
particle size, the crystal form and the tapped apparent specific volume of the bulk powder were 45 um by using the
sedimentation method (SKN type; Seishin Kigyo Co., Ltd.), plate crystal and 1.5cm?/g, respectively. The bulk
powder was identified as phase IV CEX by X-ray diffractometry; phase IV is a stable monohydrate under the usual
conditions of temperature and relative humidity in the laboratory, as described in a previous paper.®

Apparatus and Procedures Tabletting Machine: A single-punch eccentric tabletting machine (type KS-2;
Nichiei Seiko Co., Ltd.) with flat-type punches having diameters of 0.7, 1.0 and 2.0cm was used at 60 rpm.

Measurement of the Compression Stress: A load cell (LC/2C; Shinkoh Co., Ltd.) was positioned on the side of
the upper punch, and the compression stress was measured in terms of the voltage change.

Measurement of the Punch Distance: In order to measure the punch distance, a noncontact displacement
transducer (Shin Nippon Sokki Co., Ltd.) and an aluminium plate were fixed to the lower and upper punch,
respectively (see Fig. 1). The punch distance, like the compression stress, was converted to voltage change, and both
were recorded with a magnetic oscillograph (5L30; San-Ei Instrument Co., Ltd.).

Procedures: The punches and die were smeared with 5% stearic acid solution in chloroform, and dried, then a
sample was put into the die with tapping by hand.
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Fig. 1. Block Diagram of the Apparatus
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Fig. 2. Relation between Compression Stress
and Thickness of the Powder Bed

Thickness of powder bed

Measurement of Mechanical Energy——The plots of the compression stress against the thickness of the powder
bed showed a hysteresis loop (Fig. 2). The area of the hysteresis loop (A) corresponds to the compression loss energy
(LE), the area of the decompression process (B) corresponds to the compression elastic energy (EE), and the total
area of the compression (4 + B) corresponds to the compression energy (CE); all these areas were determined with a

planimeter. )
Tablet Hardness and Thickness——The tablet hardness was measured with a Kiya hardness tester. The thickness
of the molded tablets was measured with a micrometer.

Results and Discussion

Compression Properties of CEX Powder

Effect of Sample Weight on Compression Properties Plots of log (stress) vs. the
thickness of the powder bed during the compression of CEX powder with the 1.0cm punch
are shown in Fig. 3. A linear relation was obtained at each sample weight (110, 190 and
300 mg) and is expressed by Eq. 1. This result suggests that the compression process follows

Bal’shin’s equation (Eq. 2).

InP=kt+C 1)
InP=—-C,(V/V,)+C, (2

where P is the compression stress, ¢ is the thickness of the powder bed at P, V' is the volume at
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Fig. 4. Relation between Maximum Stress and Fig. 5. Relation between Maximum Stress and
Maximum Strain by the 1.0cm Punch Loss Energy by the 1.0cm Punch
A, 110mg; O, 190mg; <, 300 mg sample weight. A, 110mg; O, 190mg; &, 300 mg sample weight.

P, V, is volume at infinite stress, and k, C, C; and C, are constants.

The ratio of the thickness of the powder bed before compression to that at the maximum
stress (MP) is defined as the maximum strain (MS) (Eq. 3). Figure 4 shows the relation
between log (MP) and MS with various sample weights. Bessho et al.? reported that the
compression equation was independent of sample weight when the thickness of the powder

bed was replaced by the dimensionless parameter, N, (Eq. 4):
MS=1/1, (3)
N,=D*pt/m=4t/nt, 4

where 1, is the thickness of the powder bed before compression (tapped volume of phase 1v),”
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Fig. 6. Effect of Punch Diameter on the
Compression Process

0.1 0.2 0.3 0 ¥V, 0.7cm diameter (93mg); O, 1.0cm diameter

Thickness of powder bed (cm) (190 mg); (1, 2.0cm diameter of punch (760 mg).

l, 18 the thickness corresponding to the true specific volume, p is the density, m is the sample
weight, and D is the punch diameter. As shown by Eqs. 3 and 4, MS and N, are both
functions of the thickness of the powder bed.

Figure 5 shows that a linear relation exists between MP and LE for the compression of
CEX powder at all sample weights tested. These results suggest that the compression process
of CEX powder is independent of sample weight in the range of 110 to 300 mg.

Effect of Punch Diameter on Compression Properties Figure 6 shows the effect of
punch diameter on the compression process. In order to get the same thickness of powder bed,
samples of 93, 190 and 760 mg were put into the dies (these sample weights were proportional
to the punch area) for punch diameters of 0.7, 1.0 and 2.0 cm, respectively. The plots of log P
against ¢ are linear, suggesting that the compression process follows Bal’shin’s equation,
though the plot for the 0.7cm punch is shifted slightly to the higher pressure side (This
phenomenon of the tabletting process is presumably due to increased frictional resistance at
the die wall).

Compression Stress and Compression Loss Energy
The compression energy (CE) is obtained as a function of P by integration as shown in
Eq. S.

Va2
CE:J Pav 5)

Vi
The compression process of CEX powder follows Bal’shin’s equation, and substituting Eq. 2
into Eq. 5 yields Eq. 6:

Va Va2
CE=] k, exp(V/Vw)dV=k1/wa exp(V)dV

Vi Vi
=k,/V [exp(Vy)—exp(V))]; =k, exp(V)+CE, (6)
Now CE,=0 before compression, V, =V, and from Eq. 2, we have
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CE=(k,/k;) P=k,P @)

where V| is the volume before compression, V, is the volume after compression, and k,, k., k,
and k, are constants. The compression of the powder is elastic as shown in Fig. 2, and
therefore,

CE=LE+EE 8)
When EFE may be neglected, we have
CE=LE 9
When MP was plotted against CE (Fig. 7), a good linear relation was obtained for
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compression with the various punches, as expected from Eq. 7, and the results confirm that
the compression process of CEX powder follows Bal’shin’s equation.

When the stress of the tabletting machine is plotted against the thickness of the powder
bed, the relation shows hysteresis. For example, the results of compression with the 0.7 and
2.0 cm punches are shown in Fig. 8. Since the CE is better utilized for compression of powder
by the 2.0 cm punch, the area corresponding to the EE is small, whereas that for compression
by the 0.7cm punch is larger, reflecting a greater degree of elastic behavior of the tablet.

The relation between M P and LE is shown in Fig. 9. A linear relationship was obtained
for the 1.0 and 2.0 cm punches, since EE is much smaller than LE as expected from Eqgs. 7, 8
and 9. However, the results for the 0.7cm punch deviated from the linear relationship, even
though the compression process follows Bal’shin’s equation, because of the increased
frictional loss at the die wall, and the elastic property of the powder bed is greater in
compression with the 0.7 cm punch.

Elastic Properties of Tablets

The compression of powder during tabletting was studied rheologically by Sagawa er
al.¥ who analyzed the compression mechanism on the basis of viscoelastic models, and
calculated the rheological and elastic constants. The elastic behavior was most marked on
higher pressure compression of CEX powder. The M P obtained by compression with various
diameter punches was plotted against the thickness of the powder bed or ejected tablet, as
shown in Fig. 10. The thickness of the ejected tablet is almost constant on compression at M P
larger than 1 x 10° dyn/cm?, but a good proportionality was maintained at MP less than
1 x 10° dyn/cm?. The plot of the thickness of the powder bed of compressing tablet vs. log
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Fig. 10. Relation between Maximum Stress Fig. 11. Relation between Maximum Stress
and Minimum Thickness of Powder Bed or and Elastic Energy
Ejected Tablet . 0.7cm diameter (93mg); O, 1.0cm diameter
Ejected tablet: /7, 0.7cm diameter; O, 1.0cm di- (190 mg); (1, 2.0cm diameter of punch (760 mg).

ameter; [J, 2.0cm diameter. Compressing tablet: W,
0.7cm diameter; @, 1.0cm diameter; [, 2.0cm di-
ameter of punch.
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(MP) showed a linear relation. This result suggests that the expansion of the tablet after
compression is greater with increasing MP.

The relation between M P for compression with the various punches and EE is shown in
Fig. 11; EE is proportional to the MP at M P less than 3 x 10° dyn/cm?. This plot suggests that
the EE increases markedly in higher pressure compression.

The elastic recovery (R) is defined as the ratio of the thickness of the powder bed at M P
(z.) to the thickness of the ejected tablet (z,), as shown in Eq. 10, and is a parameter of the
elastic behavior of the tablet.

R=1,/t, (10)

The relation between R and MP for compression with the various punches was linear, as
shown in Fig. 12, except for the 2.0cm punch at lower pressure, when the hardness of the
molded tablets could not be measured. In general the relation between stress and strain
follows Hooke’s law, and the Young’s modulus (F) is the characteristic constant of the
material. However, the £ of CEX powder changes with the diameter of the compression
punches. The apparent E calculated from Fig. 12 is linearly related to 1/D?, as shown in Fig.
13. This suggests that a small-diameter punch is likely to require a larger compression stress
than a large diameter punch. The E value at 1/D*=0 (a punch of infinite diameter) is a
characteristic of CEX powder compression free from the effect of friction at the die wall and
in the present study on CEX it was calculated to be 4.75 x 10° dyn/cm?.

Relation between Compression Stress and Tablet Hardness

The relation between M P and the hardness of the molded tablet (H) is shown in Fig. 14.
The plots are linear except in the case of compression with the 0.7cm punch at higher
pressure; the larger the diameter of the punch, the less the slope of the plot. Newton et al.®
studied the hardness of tablets of various diameters, and suggested the tensile strength (7'S),
given by Eq. 11, as a hardness parameter.
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Fig. 14. Relation between Maximum Stress Fig. 15. Relation between Maximum Stress

and Hardness of Tablet and Tensile Strength

7, 0.7cm diameter (93mg); O, 1.0cm diameter 7, 0.7cm diameter (93mg); O, 1.0cm diameter
(190 mg); (1, 2.0cm diameter of punch (760 mg). (190 mg); [, 2.0cm diameter of punch (760 mg).
TS=2H/nDt, (1—¢) (11)

where H is the hardness, ¢ is the porosity, and ¢, is the thickness of the tablet. The tensile
strength is independent of the compression punch diameter. The relation between the MP in
compression with various punches and the 7S is shown in Fig. 15. The plots are linear except
for the case of the 0.7 cm punch at higher pressure, where the friction at the die wall and the
EE increase and the energy available for molding the tablet decreases relatively. Sagawa et
al® reported that the longer the decompression time, the more the elastic recovery decreased
and the hardness of the tablet increased, when tablets of lactose, starch and aspirin were
molded at constant pressure. Asahina® reported that tablets of granular lactose and starch
showed larger elastic recovery when compressed at higher pressure. In the pressure region
used in our study, the hardness increased with increasing compression stress, as did elastic
recovery. Thus, the hardness may be an effective parameter of the mechanical energy accepted
by the powder bed during the compression. However, the result of compression using the
0.7cm punch at higher pressure deviates from linearity (Fig. 15) because of the increasing
effects of friction and the elastic behavior. Therefore compression using a 0.7 cm punch is not
suitable to determine the mechanical energy of the compression process.
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