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reported that this information could be related directly to the ease of fol mation and ejec- 
tion of tablets. These workers also found that the die wall pressure decayed at a measur- 
able rate after the normal compression force was abruptly removed. 

MATKRIALS AND METHODS 

The following materials Wsre used: sodium chloride (cubic’ and dendritic2) crystals, 
direct compression paracctamol (acetaminophen)3, paracetamo14, phenacetin’, spray- 
dried lactosed and crystalline lactose ‘. Lactose granules with the following composition 
by weight were also used: lactose SO%, sucrose 33%, maize-starch 16%, and magnesium 

A vibratory sieving machine was used to obtain 30-40 mesh of the various crystalline 
materials and lactcse granules. An air jet sieve was used to obtain a 75 pm ftiaction of 
direct compression paracetamol. The 40-45 pm fraction of the spray-dried and crystal- 
lhlc lactose powders was separated using a zig-zag classifier’. All materials were dried at 
60°C for 4 h in a hot air oven and stored in waxaealed scrcwcapped jars. 

Compression was carried out at four machine settings, which gave approximately 45, 
0,140 and 180 MN rnm2, on an instrumented single punch tablet machine. 

The top and bottom punches were instrumented as described by Shotton and Gander- 
ton (1961). The radial pressure was measured by inserting a piezoelectric transducer’ 
through the die wall. Recordings for pressure applied to the top punch and the corre- 
sponding pressures exerted on the die wall were made continuously during the down and 
up strokes of the top punch by UV spot galvanometer on photographic paper. The die 
wall pressure was then plotted against the corresponding axial pressure to obtain the 
pressure cycle. Different granule formulations of paracetamol and phenacetin containing 
moistum, Byco’O were also compressed as above. 

RESW LTS AND DISCUSSION 

Compacts that showed signs of capping or that were too fragile were regarded as 
unsa&factory. Whilst tablets produced from plain paracetamol and phenacetin were un- 
satisfactory, those from the other materials and formulations were satisfactory. Table 1 
shows the values of initial slope of the first portion of the compression cycle and those 
for the maximum pressure exerted on the die wall, residual pressure exerted on the die 
wall, as well as the axiai pressure for the various materials. The compression cycle plots 



TABLE 1 

DETAILS OF TABLETTING PARAMETERS a FOR VARIOUS ~.4T~R~ALS 

Material 
Particle size 

Crystalline lactose 
Lactose granules -30 + 40 
Dendritic sodium chloride -30 + 40 
Cubic sodium chloride -30 + 40 
Direct compr. paracetarnol 
Paracetamol crystals -30 + 40 
Paracetamolpowder 
Paracetamol + 4% Byco 
Paracetamol + water 
Phcnacctin crystals 
Phenacetin powder 
Phenacetin * 4% Bye\, 
Phenacetin * water 

8 Pa, Pd, and Pdr are applied pressure, die wall pressure and residual die wall pr 
expressed in MN m”. OA is slope of first part of compression cycle. 

for the various materials from 45 Mn m-* to 180 MN m-* are ilIu 
The compre~ion cycles for sodium chloride, lactose powders and 
direct compression paracetamol and various formulations of paraceta 
had the same general form and seem to indicate that these materials 
a Mohr body as descxi’bed by Long (1960). The shape of the cyctes 
paracetamol and phenacetin differed in some respects. The residua 

Axial pressure (MN m-*1 

Fig. 1. Compression cycles for phenacetin. Pilled circles, crystals 
der dm = 75 pm. 



Fig. 2. Conrprcssion cycles for paracetamol. Crosses, direct compression paracetamol; triangles, 
tals -30 + 40 mesh; half-filled circles, powder dm = 60 pm. 

crys- 

wall after the axial pressure returned to zero was lower than with the other materials 
studied. None of the materials gave a pressure cycle similar to that of a body with con- 
stant yield stress in shear since the value of the second upward slope of the line would be 
constant and equal to 1 for such a material. 

With the crystalline paracetamol and phenacetin, the initial transmission of axial pres- 
sure to the die wall was very small, probably due to difficulties encountered by the par- 
ticles to rearrange. This is an indication that although the forces jnvolved in the sequence 

Axial pressure (MN mm21 

. 3. Comgrussrion cycles for sodium chloride. HalCfillcd circles, dcndritic 
crosses. cubic crystals -30 + 40 mesh. 

crystals -30 + 40 mesh; 



Axior pressure (Mr4 m- 2; 

Fig. 4. Compression cycles for lactose. Half-iillcd circle. *pray dried 40-W Mm; CIOMX UWQ&W 
40-45 Mm; triangles, grn!n~lcs -30 + 40 mesh. 

starting from loose material to close packing to compact formation arc being m~~~*z~.ra& 
from the moment the upper punch enters the die, these forces cannot be record& ~th5 
the material forms a suf’ficiently firm compact to offer resistance to the ctownurarJ ~ztnp~~- 
ment of the upper punch. The powder forms of both the paracetamol and pknxcria, ti 

IO 
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Axial pressure (MN m-2) 

r;ig. 5. Compression cycles for granulations of panoctamol and phcnacctin. CTWC~. 
water; triangles, paracetamol with 4% Byco; filkd cirdcs, phcnac?ctin %+-ilk waler; 
phanacetin with 4% Byco. 
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well as direct compression paracetamc:l showed a transmission of pressure to the die wall 
from the beginning of the compression. The initial slope, OA, in the first half of the plot 
is very low for paracetamol and phenacetin, reaching a value of 0.16-0.18. AS had been 
reported earlier (Shotton and Obiorah, 1973) for sodium chloride, the values for the ini- 
tial slopes were broadly in agreement with the Poisson ratio of the materials. The initial 
slope for the direct compression paracetamol was much higher than for the others, reach- 
ing a value of 0.23. The Poisson ratio determines the degree of lateral expansion a body 
subjected to a normal axial force would undergo. Because of the low vaIues of the Poisson 
ratio obtained for paracetamol and phenacetin, these materials would be expected to 
exhibit small radial expansion. When the forming pressure is removed, the compact is 
free to expand in the axial direction whilst contracting radially. This would induce con- 
siderable strains within the compact. The residual die wall pressure recorded with these 
two materials was very low. This indicates a substantial axial relaxation. Mohr’s theory of 
failure can be used to explain the process here. An isotropic solid material fails during 
compression by slip along a certain surface when shear stress acting along the surface 
reaches a limiting value which would depend on the major principal stress. The radial 
pressure can be regarded as a normal component when the axial pressure has been 
returned to zero. This would be the major principal stress acting on the periphery to the 
compact and when this exceeds a critical value, failure will occur along the direction of 
the shearing stress, in accordance with the Mohr theory. The direction of failure is similar 
to capping in a tablet. The distribution and direction of the stresses during recovery could 
account for the capping and lamination which occurred with paracetamol and phenacetin. 
This explanation assumes that failure occurred while the compact was still in the die. The 
substantial transmission of axial pressure to the die wall right from the beginning of com- 
pression and the greater value obtained for the slope OA, in the case of direct compres- 
sion paracetamol, indicate a greater plastic deformation with this material. Thus the main 
difference between the compression cycle plots of the other materials and those for plain 
paracetamol and phenacetin lies in the values of the initial slope, OA, and the amount of 
residual die wall pressure, which were much greater than for these latter materials. This 
Sll sts that the dissipation of radial pressure with the plain paracetamol and phenacetin 
was much greater than for the others. The greater pressure left on the die wall after the 
forming pressure had returned to zero obtained for materials that yielded sound tablets, 
indicates that such materials had been subjected to more permanent deformation than the 
other materials which gave unsatisfactory tablets. It is also possible that with the direct 
compression paracetamol, gelatin films may help bonding and the bonds may yield under 
elastic recovery to give relaxation at the bond and not across the crystal. The inability of 
plain paracetamol and phenacetin to form lasting interparticulate linkages is probably 
due to the absence of any significant signs of plastic deformation characteristics during 
compaction. When the axial pressure is released the high elastic recovery inherent in these 
materials may force the bonds to rupture. This tendency would be increased by the direc- 
tion and magnitude of the stresses during release of the forming pressure when the radial 
pressure becomes greater than the axial stresses. The addition of 4% hydrolyzed gelatin 
to paracctimol in the direct compression paracetamol seems to have increased the degree 
of lateral expansion of the material. An indirect evidence for this is the increase in the ini- 
tial slope OA for this material. It has been stated that this slope is proportional to the 



Poisson ratio which determines the degree of lateral expansion. 
Varsano and Lachman (1966) found a direct proportion 

contact area of the solid surfaces on which these fortes play 
sodium chloride, which showed plastic flow from the pressure ~~~~~ 
good tablets due to a greater contact area being formed waft 
phenacetin, in which recovery was mainly elastic, 
(1967) reported that materials giving the Bohr-ty 
capping and lamination. In this study, there was 
pressure used for sodium chloride and the other I 

to a Mohr body. 
The plain paracetamol and phenacetin gave pressure q4cs w 

to those of an elastic body. The low values for the Poisson ratio 
pressure for these two substances indicate the compact had rce 
tracted radially. This would induce considerable strain with 
during the recovery process the tablet was subjected to a resi 
the die wall and friction restricted peripheral movement. Under ti 
tion or capping can occur along the stress loci. 

Certain predictions can be made by evaluating the die wall pee 
satisfactory tablet resulted when there was a good conversion of ap 
die wall. In such cases the residual die wall pressure, after the co 
returned to zero, was greater than that for the materials yielding un 
Thus, sodium chloride, lactose and direct compression paraceta 
tablets. Similarly, tablets prepared from granules of paracctamoi and 
ing binder, as well as from these materials containing gelatin hydr 
moisture were satisfactory. Also, those materials which showed 
pressure cycles gave correspondingly good tablets due to a greater boot 
formed whereas plain paracetamol and phenasetin, in which recovery was 
produced weak tablets. 

Plotting of pressure cycles could thus be a useful research tool in tarot ~~~~~r~~~~~~~ c 

tained from them could be used to identify those materials cap 
sion. 
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