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Influence of Punch Velocity on the 
Compressibility of Granules 
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Nagoya 468, Japan 

ABSTRACT 

The influence of punch velocity over the range 1-30 mm/min on the compressibility 
of granules and particles was studied using a modified Kawakita equation. Granule 
strength (S,) increased with increasing concentration and viscosity of binder so- 
lution as well as increasing mean molecular weight of binding agent. The com- 
pressibility of powders was evaluated by the modified Kawakita equation (K). For 
the granules, the relationship between pressure and reciprocal of porosity (I/€) 
showed an inflection point, but for the particles, no such inflection point was found. 
The slope of low compression stress in the stage of densijication by powder slip- 
page and rearrangement was the constant K,; and slope of high compression stress 
in the stage of elastic, plastic deformation and plastic fracture of particles was the 
constant K2. The K,  values decreased with increasing punch velocity. An approxi- 
mately linear relationship was observed between reciprocal of compressibiliry 
constant ( 1 K j  and granule strength (8,). For crystalline lactose, K values de- 
creased with increasing punch velocity, indicating that compressibility was low- 
ered. Thus, compressibility was shown to be dependent on type of crystal. m e  
quantity of stress relaxation increased with increasing punch velocity. Especially, 
constant a and b values in a cellulose system (HPC) were greater than those in 
a noncellulose system (PVP). As a good relationship was found between constants 
a, b and constant K,, materials which undergo plastic deformation and fragmen- 
tation have great stress relaxation. The radial tensile strength (0,) increased with 
increasing granule strength (S,) . We concluded from these jindings that the ot value 
was affected by the contact area rather by than the number of contact points. 

*To whom correspondence should be addressed. 

Copyright 1996 by Marcel Dekker, Inc. 
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934 Danjo, Kimura, and Otsuka 

INTRODUCTION 

There are many factors which affect the compress- 
ibility of particles, such as particle size, shape, distri- 
bution, and surface conditions; and also punch velocity, 
surface condition of punch and die, and surrounding 
conditions in tablet machines. Rowe and Roberts (1) 
investigated the effects of punch velocity on the yield 
pressure using the Heckel equation. Newton and Pitt (2) 
studied the relationship between punch velocity and tab- 
let strength, and reported that tablet strength decreased 
with increasing punch velocity. Seitz and Flessland (3) 
and Fell and Newton (4) have reported that the appar- 
ent density of tablets increased with decreasing punch 
velocity for particles with a high degree of plasticity, but 
that of fragile particles was not affected by punch ve- 
locity. David and Augsburger (5) and Armstrong (6) 
concluded that tablet strength was easily affected by 
punch velocity for plastic particles. On the other hand, 
York et al. (7) investigated the relationship between 
punch velocity and capping phenomena. However, these 
experiments did not address the effects exerted by the 
punch velocity on the compressibility or stress relaxation 
using the same powder and/or granules. 

This study was carried out to investigate the effects 
of punch velocity on the compressibility and stress re- 
laxation of the same powders and granules. 

EXPERIMENTAL 

Materials and Methods 

Materials The sample powders used were a-lactose 
monohydrate (DMV 200), p-lactose anhydrate (Taiyo 

Chemical Co., Ltd.) and tablettose (Meggle 80). Gran- 
ules were prepared using a-lactose monohydrate and 
polyvinylpyrrolidone (BASF, PVP K30, K90) and hy- 
droxypropylcellulose (Shin Etsu EF-P, LF-P) as bind- 
ers. Table 1 shows the physicochemical properties of the 
binder solutions and granule diameters. 

Measurement of Viscosity Binder solution viscosity 
was measured at 20°C with an E-type viscometer (To- 
kyo Keiki Co., Ltd.). 

Granuhtion Method Granulation experiments were 
conducted with an agitating-fluidized bed granulator 
(Powrex Co., Ltd., type MP-01). Five hundred grams 
of a-lactose monohydrate was preagitated at 350 rpm, 
and 130 g of binder solution was then sprayed onto the 
lactose. The following granulating conditions were kept 
constant for all batches: inlet air temperature, 75°C; 
outlet air temperature, 35°C; and fluid flow rate, 12 g/ 
min 100 g of binder solution. Soon after, 130 g of bin- 
der solution was sprayed at 15 sec of intermittance. 

Measurement of Granule Diameter Distribution 
Granule diameter distribution was determined with JIS 
standard sieves vibrated on a sieve-shaking machine. 
The mean granule diameter (Ds0) is equivalent to the 
median diameter. 

Measurement of Granule Hardness Granule hard- 
ness was measured with a hardness tester, as described 
previously (8). The values shown represent the means 
and standard deviations of 30 granules. The granule 
strength, S,, was obtained by the Hiramatsu equation 
(9): 

S, = 2.8W/(xdz) (1) 

Table 1 

Physicochemical Properties of Binder Solution and Mean Granule Diameter (D50) 

Binder Solution 
~ ~~ ~ 

5% HPC EF-P 
7% HPC EF-P 
5% HPC LF-P 
7% HPC LF-P 
5% PVP K-30 
7% PVP K-30 
5% PVP K-90 
7% PVP K-90 

Mean Molecular 
Weight, MWa 

56,000 
56,000 
93,000 
93,000 
45 ,Ooo 
45 ,Ooo 

1100,000 
1100,Ooo 

Viscosi tyb 
(mPa. s) 

~~ 

33.36 
93.24 

186.48 
484.20 

4.38 
36.06 
84.00 

352.20 

~ 

246.44 
257.11 
290.89 
322.40 
155.88 
189.48 
371.28 
409.53 

~ 

aManufacturer’s data 
bMeasured at 20°C 
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Influence of Punch Velocity 935 

Table 2 

Particle Strength and Granule Strength 

Particle Strength" dP 
Particles ( kN/m2) (w-4 

where W is the maximum load at the fracture of the 
granule and d is the granule diameter. 

Compression Test and Measurement of Radial Ten- 
sile Strength All samples were compressed on a uni- 
versal tension and compression tester (Shimadzu Auto- 
graph AG 5000D) with 16-mm flat-face punches to a 
tablet weight of 1.0 g. Using the Autograph, we sub- 
jected the model tablets to a diametral compression test 
after they had been allowed to remain at room tempera- 
ture for 24 h. The test consisted of applying a load dia- 
metrically, measuring the maximum load, F, at the tab- 
let fracture, and calculating the radial tensile strength, 
ut, using the following equation: 

(T, = 2F/(nD,) (2) 

where D is the tablet diameter and t is the tablet thick- 
ness. 

Measurement of Stress Relaxation Stress relaxation 
experiments were performed using an Autograph equip- 
ped with 16-mm flat-face punches to a tablet weight of 
1.0 g. The evolution of the force in relation to time 
caused by the upper punch displacement was then re- 
corded during 30 min. 

Measurement of Specific Permeability Specific 
permeability of the compressed tablets in terms of air 
permeation was measured with a Shimadzu powder sur- 
face area determinator (model ss-100). 

Measurement of Pore Volume Distribution in the 
Tablets The pore volume distribution in the tablets was 
determined using a mercury porosimeter (Shimadzu- 
Micromeritics Pore sizer 9305). 

RESULTS AND DISCUSSION 

Effects of Properties of Binder Solution on the 
Granule Strength 

Granule strength increased with increasing binder so- 
lution concentration, binder solution viscosity, and mo- 
lecular weight of binding agent, as shown in Table 2. 
On the other hand, fracture strength of a-lactose mono- 
hydrate particles showed a tendency to be greater than 
those of p-lactose anhydrate and tablettose. Further- 
more, fracture strength of powder particles showed large 
values, compared with granule strength. It was consid- 
ered that the fracture strengths of granules and tablettose 
particles were small due to the presence of pores in the 
particles, as mentioned later. 

a-lactose monhydrate 51.04 (* 11.86) 202.7 
j3-Lactose anhydrous 30.00 (k 8.45) 186.1 
Tablettose 3.11 (k 1.13) 166.9 

Granules 
Granule Strengtha 

H/m2) 

5% HPC EF-P (EG5) 
7% HPC EF-P (GE7) 
5% HPC LF-P (GL5) 
7% HPC LF-P (GL7) 
5% PVP K-30 (GK35) 
7% PVP K-30 (GK37) 
5 %  PVP K-90 (GK95) 
7% PVP K-90 (GK97) 

3.31 (k 1.75) 
3.78 (* 2.28) 
4.30 (k 2.66) 
5.18 (k 2.66) 
2.92 (* 1.41) 
2.94 (k 1.54) 
5.37 (* 2.33) 
9.45 (* 3.90) 

PMean & SD. 

Effects of Punch Velocity on the Compressibility 
of Granules 

The effects of punch velocity on the compressibility 
of granules and powder particles were examined. We 
assumed that the relationship between porosity and com- 
pression force conformed to the following modified ver- 
sion of the Kawakita equation for the compression pro- 
cess (10): 

- (dddP)  = Ko2 (3) 
where E is the porosity of the compaction layer, P is the 
compression force, and K is a constant which is related 
to the compressibility of powder and granules. Equation 
(3) represents the following linear relations: 

(4) 

where 
Porosity ( E )  decreased with increasing compression 

force ( P )  for the samples of G,, as shown in Fig. 1. 
Other samples showed the same tendency as sample 
GE,. Figure 2 shows the relationship between compres- 
sion force (P)  and reciprocal of porosity ( 1 1 ~ )  for each 
sample. The results for powder particles showed good 
linearlity, but those for granule samples showed an in- 
flection point at the initial stage of the compression pro- 
cess. Thus, we divided the compression process into 
two stages. In the first, stage, K , ,  particles were con- 
solidated mainly by filling, slippage, rearrangement, and 

l lo = 1k0 + KP 

is the initial porosity at P = 0. 
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936 Danjo, Kimura, and Otsuka 

0.7 ' 

0.4 ' I 
0 1.0 2.0 3.0 4.0 5.0 

P (MPa) 

Figure 1. Relationship between compression stress and po- 
rosity for GET. 0, l mm/min; 0, 10 mm/min; 0, 30 mmlmin. 

elastic deformation of particles; and at the second stage, 
K2, consolidation of particles was accompanied by plas- 
tic deformation and plastic fracture of particles. 

Here we discuss the effects of punch velocity on the 
constant K ,  and K2.  We considered the inflection point 
Pb to represent the beginning of plastic fracture of the 
granules. The values of Pb increased with increasing 
punch velocity (v) as shown in Fig. 3. Pb value was 
shifted to high compression stress due to the nonuniform 
transition of applied pressure in the compacted layer 
when the punch velocity was high. Generally, the P b  

value increased with increasing granule strength, but 
when using binding agent in the HPC system, the Pb 
value was independent of granule strength as well as 
binder solution concentration until 10 mm/min punch 
velocity, as shown in Fig. 3(a). On the other hand, 
when using the binding agent of the PVP, the Pb value 

F 

0 

4 

w 

\ 
- 3  

2 

1 
0 5.0 10.0 15.0 20.0 2 

P (MPa) 

1.1 '  I 
0 10 20 30 

v (mmlmin) 

a 
I, 
n a 

1 

1.1- 
0 10 20 30 

v (mmlmin) 

Figure 3. Relationship between punch velocity and inflection 
point (Pb). (a) Cellulose system; 0, 5% EF-P; 0, 7%, EF-P; 
0, 5% LF-P; m, 7% LF-P. (b) PVP system; 0, 5% K-30; 0, 
7% K-30; 0, 5% K-90; m, 7% K-90. Dotted lines are 150 pm; 
solid lines are 210 pm. 

increased with increasing granule strength at punch vel- 
ocities over 5 mm/min, as shown in Fig. 3(b). How- 
ever, the P,, value was independent of punch velocity 
due to brittleness of granules prepared using PVP-K30 
as reported by Fell and Newton (4). Furthermore, Pb 
values increased with increasing granule diameter in the 
HPC system. Kato et al. (10) reported the same results 
using large particles. 

Slippage and rearrangement of particles were consid- 
ered to occur at incipient compaction due to the greater 
compressibility of particles with a large diameter com- 
pared with those of small diameter. In these results, 
failure process changed to lower compression stress and 
then Pb value became low, On the other hand, slippage 
and rearrangement of particles occurred at high com- 
pression stress due to the greater adhessiveness of small 
particles in comparison with large particles. 

u @ D o g  
\ - o ~ : o . o o  

o o o  

I 0 1.0 2.0 3.0 4.0 5.0 10.0 26.0 30.0 40.0 f 
P (MPa) P (MPa) 

Figure 2. Plots of the modified Kawakita equation as a function of punch velocity: (a) powder particle; (b) granule; (c) tablettose. 
0, 1 mmlmin; 0, 10 mm/min; 0, 30 mm/min. 
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Influence of Punch Velocity 937 

20.0 

c. 
-. -. . -I -- . -- ----' 

Q .*.....-- i3 7.0. 2 v 16.0- - s - 
12.0. 

a -.-...--....- - -.-. ..-o 'o..-- ..-- 

8.0 

Next, we examined the effects of punch velocity on 
the constant K , .  The value of 1/K, increased with in- 
creasing punch velocity as shown in Fig. 4. It was sug- 
gested that the compressibility during the particle rear- 
rangement decreased with increasing punch velocity due 
to the decrease in transmittance of compression stress 
with increasing punch velocity. The PVP system showed 
larger values of 1/K, compared with those of the HPC 
system as shown in Figs. 4(a) and 4(b). It was consid- 
ered that the granules prepared using the PVP system 
flowed more easily than those of the HPC system due 
to the greater surface roughness of granules in the form- 
er compared with the latter. Furthermore, small-sized 
particles showed a tendency to have higher values of 1/ 
K ,  indicating low compressibility due to the greater 
apparent adhesiveness between particles than in those of 
larger particle size. On the other hand, for powder par- 
ticles, the value of 1/K increased with increasing punch 
velocity as observed for 1/K,  value of granules. How- 
ever, 1/K as a-lactose monohydrate has smaller particles 
with smoother surfaces than those of p-lactose anhy- 
drate, a-lactose monohydrate showed increased com- 
pressibility due to better transmission of compression 
stress. 

York (1 1 )  estimated the value of particle densifica- 
tion (pFB) due to particle slippage and rearrangement 
according to the following equation: 

PFB = FPFA - PFO (5 )  

where pFA is the densification due to die filling and part- 
icle slippage and rearrangement, and pFO is the initial 
powder packing fraction. Figure 5 shows the effects of 

punch velocity on pFB; pFB showed a tendency to de- 
crease with increasing punch velocity. Further, pFB 
values of materials with large granule size were greater 
than those of smaller granules and showed greater val- 
ues in granules prepared by the PVP system than in 
those prepared by the HPC system, as shown in Figs. 
5(a) and 5(b). These pFB values showed the same ten- 
dency as the values of K , .  The constant K,  appered to 
be useful for determining the initial compressibility due 
to slippage and rearrangement of granules. pFB values 
of powder particles were compared with those of gran- 
ules at compression stress of 1.5 MPa; PFB values of 
powder particles were smaller than those of granules, as 
shown in Fig. 5(c), because the granules show better 
compressibility than powder particles. However, PFB 

values of a-lactose monohydrate particles were lower 
than those of p-lactose anhydrate particles due to the 
greater initial apparent volume of the latter, and the 
reduction of apparent volume of p-lactose particles in- 
creased. On the other hand, tablettose showed good 
compressibility due to facilitated slippage and rearrange- 
ment of granule particles. 

Figure 6 shows the relationship between punch ve- 
locity and reciprocal of constant K2 which represent the 
second stage consolidated by plastic deformation and 
plastic fracture of particles. 1/K2 values tendened to 
decrease with increasing punch velocity and the com- 
pressibility of particles in the second stage increased 
with increasing punch velocity. These results are in con- 
trast to the general observation that compressibility de- 
creased with increasing punch velocity, but it was con- 
sidered that plastic deformation accounted for the 

Figure 4. Relationship between punch velocity and reciprocal of constant K ,  and K .  (a) Cellulose system; 0, 5% EF-P; 0, 7% 
EF-P; 0, 5% LF-P; U, 7 %  LF-P. (b) PVP system; 0, 5% K-30; 0, 7 %  K-30; 0, 5% K-90; M, 7% K-90. (c) Powder particles; 
0, a-lactose monohydrate; 0, p-lactose anhydrate. Dotted lines are 150 pm; solid lines are 210 lm. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



938 Danjo, Kimura. and Otsuka 

I 
0.15; 10 20 30 

v (mmlmin) 

0.3 

m 
h 0.2 - 

o.loo 10 20 30 
v (mmlmin) 

I 
0 10 20 30 0.1 

v (mmlmin) 

Figure 5. Relationship between punch velocity and value of pFe. (a) Cellulose system; 0, 5% EF-P; 0, 7% EF-P; 0, 5% LF- 
P; m, 7% LF-P. (b) PVP system; 0, 5% K-30; X, 7% K-30; 0, 5% K-90; B, 7% K-90. (c) Powder particles; 0, a-lactose 
monohydrate; 0, p-lactose anhydrate. Dotted lines are 150 pn; solid lines are 210 pm. 

majority of the compression process rather than plastic 
fracture for granules. 

The granule strength (S,) and reciprocal of constant 
K, showed a good correlation (Fig. 7). These results 
suggested that the constant K2 is closely related with 
plastic deformation and plastic fracture of particles. 

Figure 8 shows the relationship between reciprocal of 
constant K2 and radial tensile strength, q; ot showed a 
tendency to increase with increasing 1/K2 values. Gen- 
erally, radial tensile strength increased with increasing 
plastic deformation and plastic fracture of particles, 
contrary to the general observations. We assume that the 
radial tensile strength increased with increasing contact 
area of particles in the tablet due to the predominance 
of plastic deformation over plastic fracture at high punch 
velocity. 

b) a1 

6.0- 8.0- 
0 10 20 30 0 10 20 30 

v (mmlmin) v (mmlmin) 

Figure 6. Relationship between punch velocity and reciprocal 
of constant K,. (a) Cellulose system; 0, 5% EF-P; 0 7% EF- 
P; 0, 5% LF-P; m, 7% LF-P. (b) PVP system; 0, 5% K-30; 
0, 7% K-30; 0, 5% K-90; m, 7% K-90. Dotted lines are 150 
pn; solid lines are 210 pm. 

0 0  

7.0 
300 400 500 600 

16 0 

0" 
E r" - 1 4 o r  I Z 0  

10 0 

8.0 200 400 600 800 1 
00 

S1( kN/m2) Sl (kNlm2) 

Figure 7. Relationship between granule strength and recip- 
rocal of constant K, at punch velocity of 1 mm/min. (a) Par- 
ticle diameter is 150 gm; 0, HPC; 0, PVP. (b) Particle diam- 
eter is 210 pn; 0, HPC; ., PVP. 

200c . - . . . * - - I 
6.0 9.0 12.0 15.0 

1lK2 (MPa) 

Figure 8. Relationship between reciprocal of constant K2 and 
radical tensile strength for 150-pm particle diameter. 0, 5 %  
EF-P; 0, 7% EF-P; A, 5 %  LF-P; A, 7% LF-P; 0, 5% K-30; 
m, 7% K-30; X ,  5% K-90; +. 7% K-90. 
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Influence of Punch Velocity 939 

To further clarify the reasons behind these phenom- 
ena, we examined the effects of granule strength on 
radial tensile strength, as shown in Fig. 9. Radial ten- 
sile strength increased with increasing granule strength 
for each punch velocity, and thus it was assumed that 
the radial tensile strength increased due to increases in 
contact area of particles with large plastic deformation 
when fracture of granules did not occur easily. 

Effects of Punch Velocity on Stress Relaxation 

We investigated the effects of punch velocity on 
stress relaxation using a Shimadzu Autograph universal 
tension and compression tester. Figure 10 shows the 
stress relaxation with punch velocities of 1 mm/min, 10 
mm/min, and 30 mm/min under constant strain, and it 
can be seen that the stress relaxation increased with in- 
creasing punch velocity for each sample. 

Many equations (12-15) have been reported for 
stress relaxation. Here, however, experimental data 
were arranged following Peleg’s (16) equation: 

(6) 

where F(t) is the decaying parameter in terms of force 
or stress, F, is the initial force, and Ft is the decaying 
force after time t; and fitted to following equation: 

(7) 

Y(t) = (F, - FJF, 

Y(t) = (ubt)/(l + bt) 

1/Y(t)  = l /(ab) + t/a (8) 
where a and b are experimental constants. a is the satu- 
rated stress; for example, if a = 1.0 the stress relates 
to zero level as in the case of liquids. b represent the 

E . 
c 
c 

u) 

5 600 

4- 

E . 
c 
c 
5 600 

I c 
u) 

a, - .- 

a, 
m 
d 

c - 
5 
n 4001 200 200 400 600 800 1000 

St (kNlrn2) 

Figure 9. Relationship between granule strength and radial 
tensile strength for 1 mm/min punch velocity. 0, HPC 
150 pm; 0, HPC 210 pm; 0, PVP 150 pm; ., PVP 210pm. 

Time(sec) Time(sec) 

Tirne(sec) Tirne(sec) 

Figure 10. Relaxation stress curves: (a) HPC system; 
(b) PVP system; (c) a-lactose monohydrate; (d) p-lactose 
anhydrate. 0, 1 mm/min; 0, 10 mm/min; 0, 30 mm/min. 

steepness of the decay; for example, llb is the time to 
reach the level of a/2. Figure 11 shows that Y(f) values 
were almost constant after 60 min. 

Figure 12 plots Eq. (8), at relaxation time up to 10 
sec for the G,, sample. It can be seen that there is a 
good relationship for each sample. 

The constants a and b were obtained by the slope and 
intercept from the straight line and plotted against punch 
velocity as shown in Fig. 13. These findings show that 

0 c - 
20 40 60 o.oo 

Time(sec) 

Figure 11. Relationship between stress relaxation time and 
Y(t) for G,. 0, 1 mmlmin; 0, 10 mmlmin; 0, 30 mm/min. 
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Danjo, Kimura, and Otsuka 940 

- 
'0 2 4 6 8 10 12 

Time(sec) 

Figure 12. Relationship between stress relaxation time and 
t /Y(t)  for GE5. 0, 1 mm/min; @, 10 mm/min; 0, 30 mm/min. 

a and b increased with increasing punch velocity. It was 
considered that the particles easily moved into pores in 
the tablet due to force transfer becoming nonuniform 
with increasing punch velocity. For granules, HPC of 
cellulose type (dotted line) showed greater stress relax- 
ation than PVP (solid line) as shown in Fig. 13(a). On 
the other hand, for powder particles, a-lactose mono- 
hydrate particles did not undergo stress relaxation to a 
greater degree than p-lactose anhydrate particles, as 
shown in Fig. 13(b). This was due to their ease of com- 
paction as described above, because a-lactose monohy- 
drate has higher density and a smoother particle surface 

than p-lactose anhydrate. Tablettose showed the lower 
stress relaxation than a- and p-lactose due to its ease of 
flow and compaction. Further, stress relaxation values 
of granules were larger than those of powder particles 
as shown in Figs. 13(a) and 13(b). These findings show 
that granules easily undergo plastic deformation. As 
stated above, these properties were reflected in Pb val- 
ues. On the other hand, large-sized particles underwent 
stress relaxation more easily than small particles due to 
the larger pore volume in the tablet. 

We investigated the relationship between the com- 
pressibility and the stress relaxation. Figure 14 shows 
the relationship between reciprocal of constant K2 in 
relation to compressibility of particles after the inflec- 
tion point, Pb and constant a and b relate to stress re- 
laxation. These findings show that the values of u and 
b increased with decreasing values of llK2, and it was 
confirmed that plastic deformation and plastic fracture 
of materials are more easily relaxed. 

Next, we investigated the effects of stress relaxation 
on radial tensile strength, q. Figure 15 shows the re- 
lationship between constant a and ot; '5, increased with 
increasing value of constant a, and o, of p-lactose an- 
hydrate was about twice that of a-lactose monohydrate. 

Effects of Punch Velocity on the Internal 
Structure of Tablets 

If we assume that the stress relaxation occurs mainly 
as a result of movement of particles, it will be affected 
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Figure 13. Relationship between punch velocity and constant a. (a)---0---, 5% EF-P 150 pm; ---0---, 7% EF-P 150 pm: 
---A---, 5% LF-P 150 pm; ---A---, 7% LF-P 150 pm; -El-, 5% K-30 150 pm; +, 7% K-30 150 pm; -0-, 5% K-90 150 
pm; -4-, 7% K-90 150 pm. (b) --Q--, a-lactose monohydrate; ---0--, p-lactose anhydrate; --U--, tablettose, (c) ---0---, 5% 
EF-P 150 pm; ---@---, 7% EF-P 150 pm; ---0---, 5% LF-P 150 pm; --I---, 7% LF-P 150 pm; -0-, 5% EF-P 210 pm; 
-@-, 7% EF-P 210 pm; U, 5 %  LF-P 210 pm; -&, 7% LF-P 210 pm. 
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Influence of Punch Velocity 

4 

900 ~ ~ 6 0 0  
E 

5 

? 

. ,AS4 E . 
2 A *" z 

0 '  ! 
? ...a ; 600 - *" 

.A 
s 
0 ) '  
C 

300 -..--- L 

- .- 
u) 
C al 
0 
-0 a 
0: 

.- - P 
ln 
al 
4d 
-0 a a: 

..-a - L 

O'...-- .- 
- - 
.- 

0; 300' . . 300 . . ' . . 

94 1 

*.-. 
...-a 

*.-- .' 
- 

P 
.* 

-4'. ........ 

- .  ' .  . * - .  . - - 

0 

0 
l/tQ (MPa) 

Y ....... 
...... 

x 10 
...... 

....... ......... ........ ......... ........... ........... 

v (mmlmin) 

Figure 16. Relationship between punch velocity and specific 
permeability. 0, a-lactose monohydrate; 0, p-lactose anhydrate. 
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Figure 14. Relationship between reciprocal of constant K, 
and constants a and b. (a) HPC system; (b) PVP system; 0, 
5% EF-P; 0, 7% EF-P; 0, 5 %  LF-P; W, 7% LF-P. 

by pore volume in the tablet. To clarify this we per- 
formed the following experiments. Figure 16 shows the 
effects of punch velocity (v) on the specific permeabil- 
ity (Pa) of a-lactose monohydrate and p-lactose anhy- 
drate tablets; the values of Pa increased with increasing 
punch velocity. These results suggested that the particles 

moved easily into the pores at high punch velocity, sup- 
porting the observation that stress relaxation increased 
with increasing punch velocity. In addition, a-lactose 
monohydrate was more affected by punch velocity than 
p-lactose anhydrate. On the other hand, the specific 
permeability Pa of p-lactose anhydrate was smaller than 
that of a-lactose monohydrate, and the radial tensile 
strength of p-lactose anhydrate was greater than that of 
a-lactose monohydrate due to the larger contact area 
between particles, as shown in Fig. 15(c). Stress relax- 
ation of a-lactose monohydrate was smaller than that of 
p-lactose anhydrate as particles of the former have dif- 
ficulty in moving and therefore showed better compress- 

. 
$ 5007 

Figure 15. Relationship between constant a and radial tensile strength. (a) HPC system; 0, 5 %  EF-P; 0, 7% EF-P; 0, 5 %  
LF-P; W, 7% LF-P. (b) PVP system; 0, 5 %  K-30; 0, 7% K-30; A, 5 %  K-90; A, 7% K-90. (c) Powder particles; 0, a-lactose 
monohydrate; 0, p-lactose anhydrate. 
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Figure 17. Relationship between mean pore diameter and 
pore volume. 0, a-lactose monohydrate; 0, 0-lactose anhy- 
drate. 

ibility than p-lactose anhydrate. However, specific per- 
meability Pa, as determined by the air permeation 
method, was low for p-lactose anhydrate, which has a 
more closed structure in tablet form than a-lactose 
monohydrate. 

To investigate these contradictory results, we mea- 
sured the pore volume distribution in the tablets used by 
mercury porosimetry. P-Lactose anhydrate has much 
smaller pore volume than a-lactose monohydrate as 
shown in Fig. 17. Thus, p-lactose anhydrate particles 
would form a closer structure in tablets due to their 
small pores which could not be measured by the air 
permeation method. 
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