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Summar v 

U n m i l l e d  p a r t i c l e  s i z e  f r l i c t i o n s  o f  a - l a c t o s e  monohydra te  wI?re used t o  

s t u d y  i t s  d e h y d r a t i o n  and t a b l e t i n g  c h a r a c t e r i s t i c s .  I t  appleared t h a t  

t h e  speed o f  d e h y d r a t i o n  o f  t h e  s u b s t a n c e  was de -penden t  on b o t h  t h e  

powder s u r f a c e  a r e a  and t h e  t e m p e r a t u r e .  

The r e s u l t s  made .it i p o s s i b l e  t o  e x p l a i n  changes i n  therrnograms w h i c h  

a r e  o b s e r v e d  a f t e r  m i l l i n g  o r  c o m p a c t i n g  t h e  m a t e r i a l , ,  b y  p o i n t i n g  t o  

t h e  s u r f a c e  en1 aryement  due t o  t h e s e  rnechani c a l  t r e a t m e n t s .  

T a b l e t  p o r e  s u r f a c e  (areas were d e r i v e d  f r o m  m e r c u r y  p o r o s i m e t r y  rneasu- 

rernents .  By p l o t t i n g  t a b l e t  s t r e n g t h  a g a i n s t  t a b l e t  p o r e  s u r f a c e  a r e a  

a l i n e a r  r e l a t i o n s h i p  was o b t a i n e d  f o r  d i f f e r e n t  s i e v e  f r a c t i o n s .  T h i s  

was c o n c l u d e d  t o  p o i n t  t o  a s i m i l a r  p r o p o r t i o n a l i t y  between t a b l e t  

p o r e  s u r f a c e  a r e a  and b i n d i n g  s u r f a c e  a r e a  f o r  t h e  f r a c t i o n s  used. I t  

was o b s e r v e d  t h a t  o n l y  f r a c t i o n s  w h i c h  i n t e n s i v e l y  f r a g m e n t  f i t t e d  

t h i s  l i n e .  From t h i s  i t  was sugges ted  t h a t  i n  g e n e r a l  t h e  t a b l e t  
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1716 VROMANS ET AL. 

strength of compacts of a-lactose monohydrate is mainly determined by 
fragmentation. For small particles counts however, that other mecha- 
nisms of consolidation play a predominant role so that the proportio- 
nality between tablet pore surface area and binding surface area gets 
another value. 

Introduction 

Lactose exists in a aand @-form and can be either crystalline or 
amorphous. In the crystalline a-form it occurs both as monohydrate and 
anhydrate. The crystalline @-form exists as anhydrate only, whereas 
amorphous lactose can contain varying amounts of water. a-lactose 
monohydrate can be desiccated to stable and unstable anhydrous a- 

lactose, respectively. All these types o f  lactose exhibit different 
compaction properties. The aim of the studies on tableting properties 
o f  lactose is to determine the role o f  both consolidation and actual 
binding mechanism on the compactability characteristics of the com- 
pound. The work has been started with the crystalline lactoses 
( 1 , 2 , 3 ) .  In this paper only a -lactose monohydrate is concerned. 
Several reports have been published dealing with the effect of par- 
ticle size on the tensile strength of tablets compressed from diffe- 
rent particle size fractions of @-lactose monohydrate (e.g. 4 , 5 , 6 ) .  
Although in one study (7) only a slight effect of initial particle 
size on tablet hardness was found, most studies indicate that the 
compact strength generally tends to increase as the particle size 
decreases. Moreover, the compaction speed has been found (8) to play 
an important role in determining the effect o f  the initial particle 
size on tensile strength, because differences in the mechanical 
strength of tablets obtained from different sieve fractions levelled 
out when the compaction speed was increased. This was presumed to be 
caused by the greater extent of particle fragmentation of the starting 
material, thus eliminating initial size differences. 
Various mechanisms of consolidation have been proposed in order to 
explain the variations in binding properties. While it has been sug- 
gested (6,9) on the one hand that a decrease in particle size would 
cause an increase in cohesive and frictional forces, resulting in 
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S T U D I E S  ON TABLETING PROPERTIES OF LACTOSE 1 7 1 7  

stronger tablets, i t  has been presumed on the other hand that tab 
strength would be a function to the total bond area (5). 
In  accordance with the "Activation Theory" ( 9 , l O )  it has been pos 

et 

U- 

lated that the fractions consisting of smaller particles are activated 
under compression to a greater extent than the fractions consisting of 
larger particles, which was observed as a decrease in density of the 
compacted material, indicating an increase in lattice defec:ts. 
Activation was also observed when milling the material, recliJcing the 
particle size as well as the degree of crystallinity (II), .thus impro- 
ving the binding properties of the substance. The increasedl rate and 
extent of removal of' water of crystallization during the drying of 
milled samples of a-lactose monohydrate at a certain temperature was 
suggested to confirm this activation theory (12). 
Another detection of mechanical activation by milling a-lactose mono- 
hydrate has been demonstrated by means of differential thermal ana- 
lyses (13). The effect of mechanical treatment of the material on the 
thermograms of lactclse has already been reported in earlier studies, 
in which 
by exper 
(14). Gr 
resulted 

( 1 5 ) ,  wh 

it was recognized, however, that the thermograms are affected 
mental conditions such as heating rate and type of container 
nding of organic hydrates, including a-lactose monohydrate, 
in a broadening of the dehydration, peak in the thermogram 
le intensive grinding even resulted in the total disappearan- 

ce of the peak (16). 

The aim of this study was to investigate the role of the particle size 
of the starting material on the tablet strength of a-lactose monohy- 
drate and to stud.y the dehydration characteristics of a-1actose mono- 
hydrate. 

Materi a1 s and methods - 

Preparation of sieve fractions. 
Unmilled sieve frdctions of a-lactose monohydrate were supplied by DMV 

(Veghel, the Netherlands) Particles over 32 vm were fractionated 
using an Alpine Air (Jet Sieve and the smaller sizes were obtained by 
sieving with the help o f  a windsifter (Alpine Multi-Plex Labor Zick- 
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1718 VROMANS ET AL. 

zacksichter 100 MZR). No other operations, such as milling, were used 
to obtain smaller particles. 

Compaction and characterization of tablets. 
Compaction of tablets was carried out using a hydraulic press fMooi/ 
Peekel). A weighed quantity of 500 mg was compressed at 55% relative 
humidity in a prelubricated die with flat-faced punches, having a 
diameter of 13 mm, at a compression speed of 2000 N/s .  

The crushing strength of the tablets was measured 15 min after compac- 
tion with a diametral compression test apparatus (Schleuniger 2 E ) .  The 
data given are the mean of at least eight measurements. 

Thermal analysis. 
Thermal analysis was performed by means of a DuPont Thermal Analyzer 
990 with DSC cell 910. Open aluminium pans were used. The samples, 
weighing 5 mg each, were flushed with nitrogen during the measure- 
ments. Thermogravimetric analysis was carried out with a Linseis 
Thermobalance (series Z O O O ) ,  using samples o f  50 mg. 

Mercury porosimetry measurements. 
Within 48 h. after compaction the tablets were subjected to mercury 
porosimetry measurements, which were carried out with the aid o f  a 
Carlo Erba Porosimeter series 200. The tablets were evacuated at about 
10 Pa prior to the measurements for at least half an hour. 
Tablet pore surface areas were derived from the mercury penetration 
data, using the calculation method as previously described (2). 

Results and discussion 

Thermal analysis has been shown to be an appropriate method to charac- 
terize the different types of lactose (e.g. 17). It has frequently 
been reported that the shape of the dehydration peak in the thermogram 
of @-lactose monohydrate was changed after milling or  compacting the 
substance (13-16). From fig. 1 it can be seen that there is a broade- 
ning of the dehydration peak when the material is compacted at increa- 
sing loads. Similar thermograms were obtained after short milling. It 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



STUDIES ON TABLETING PROPERTIES OF LACTOSE 

----t (Temp..l"C 
6 0  8 0  100  1 2 0  1 4 0  160  

Figure 1 
Dehydration peaks of a- lactose mono- 
hydrate 100 Mesh, compacted a t  d i f f e r e n t  
compaction loads,  a s  recorded by DSC a t  
a heat ing r a t e  of- 1O0C/rnin. 
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1720  VROMANS ET AL.  

has been postulated (13) that after mechanical treatment, there would 
be a quantity of water bound by a high energy form of lactose. Using 
unmilled sieve fractions o t  a-lactose monohydrate, it appeared how- 
ever, that the shape of the dehydrationpeak changed at decreasing 
particle size. From fig. 2 it can be deducted that smaller particles 
lose already considerable amounts of water of crystallization at 
relative low temperatures. With the aid of a thermobalance the speed 
of desiccation was examined for the different particle size fractions. 
Fig. 3 illustrates that dehydration is obviously determined by both 
temperature and particle size. 
At a fixed temperature of 113°C the speed of desiccation was measured 
for the different particle size fractions (fig. 4). From this figure 
it can be concluded that dehydration is also a function of the powder 
surface area. Thus it can be proposed that the observed broadening of 
the dehydration peak after mechanical treatment might be caused by the 
creation of smaller particles. For instance, comparing the thermograms 
of compacted (fig. 1) or milled (13) a-lactose monohydrate with a 
mixture of two untreated sieve fractions of the substance (fig. 5) 
respectively, it is likely to explain the changes in the shape of the 
peak by an increase in surface area. 
Thus it seems not to be necessary to refer to (surface) activa- 
tion processes. 
The formation of smaller particles under load is known to be an impor- 
tant contribution to the consolidation process of the compound. The 
fragmentation properties of a-lactose monohydrate have frequently been 
reported in literature (e.g. 5,18). It is known, however, that frag- 
mentation of this type of lactose is  less intensive than for products 
such as e.g. dicalcium phosphate dihydrate. Moreover, plastic deforma- 
tion is thought to play a certain role in the compaction of lactose 
(8,19,20). Although a-lactose monohydrate exhibits brittle fracture on 
compaction, initial differences in particle size are not levelled out; 
In fig. 6 it can be seen that from smaller particles stronger tablets 
could be obtained. The effect of the particle size on the crushing 
strength is dependent on the applied compaction load; at 77 MPa the 
differences in compact strength are small, whereas with increasing 
load differences become more and more pronounced. 
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STUDIES ON 'TABLETING PROI?ERTIES O F  LACTOSE 1 7 2 1  

I 

Figure  2 
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DEHYDRATION RATE 

1 

0 
I 
' u 2  

I 8 4 5 - 6 3 p m  

A 1 6 - 2 3 p m  f 

9 5  1 0 0  1 0 5  1 1 0  1 1 5  1 2 0  1 2 5  1 3 0  1 3 5  

+ TEMPERATURE CCI 

Figure 3 
Dehydration rate of particle size fractions of a-lactose 
monohydrate, measured by thennobalance at fixed temperatures. 

DEHYDRATION RATE 
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0 . 0 2  0 .06  0 . 1 0  0 . 1 4  0 . 1 8  

+ S U R F A C E  A R E A  m 2 / g  

Figure 4 
Dehydration rate of particle size 
fractions of a-lactose monohydrate 
at a constant temperature (113'C) 
as a function of the lactose particle 
surface area. 
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STUDIES ON TABLETING PROPERTIES OF LACTOSE 1 7 2 3  

-W (Ternp.l°C 
6 0  8 0  100  120 1 4 0  1 6 0  

Figure 5 
Dehyclration peak of a mixture containi~ng 
equal p a r t s  of two p a r t i c l e  s i z e  
f r ac t ions  of a- lactose monohydrate, 
recorded by DSC a t  a heating r a t e  
of 112°C/min. 

In our studies mercury porosimetry measurements have been used to 
investigate tablets compacted from different types o f  lactose. 
Fig. 7 illustrates the pore volume distribution of tablets compressed 
from 32-45 and 315-400 LITI fractions of a-lactose monohydrate, respec- 
tively, compacted at a load of 152 MPa. Assuming cilindrical pores, 
the specific surface area Sm can be calculated by S,,, := 4 C .  AV. 
where Vi is the volume of pores filled with mercury and di i s  the 
diameter of a certain pore (2). 

1 -1’ 

It is clear that the pore surface area of the smaller particles is 
somewhat larger than that of the large particles. One has to notice, 
however, that initial differences i n  powder surface area, which have a 
ratio of approx. lO:l, are not brought out in the pore surface areas 
of the tablets. This probably may mean that there is a difference in 
degree of fragmentation between the two sieve fractions. This i s  

illustrated in fig. 8, where the ratio between pore surface #area of 
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1724  VROMANS ET A L .  

\ 
\ 

COMPACTION PRESSURE 

( M N . ~ - ~ I  

462 

616 
308 i - -  - -  - -  - - -  0 77  154 

1 I I I 1 I 1 

0 100 200 300 400 x10'6 

1 1  1 

MEAN PARTICLE DIAMETER (m) 

Figure 6 
Compact strength versus mean or iginal  pa r t i c l e  diameter for  
t ab le t s  compressed f r o m  sieve fractions of a-lactose mono- 
hydrate a t  different  compaction levels.  

tablets compacted at a pressure of 75 MPa and the calculated initial 
powder surface area is used as a measurement of the degree of fragrnen- 
tation. 

From this figure it can be concluded that the fragmentation tendency 
strongly decreases with decreasing particle size. This has already 
been reported in a study using permeametry as a method to estimate the 
tablet surface area (21). The observation that the degree of fragmen- 
tation is a function of the particle size is not very surprising. It 
is known from literature (22) that the strength of a crystalline 
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u ” 0.02 
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0.0 1 

0 .04  
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0.02 
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10 2 0  5 0  100 
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3 1 5 - 4 0 0  pm 

1000 2000 

3 2 - 4 5  pm 

10 2 0  5 0  100 2 0 0  5 0 0  1000 

PORE RADIUS [ n m l  

Figure 7 
Pore volume distributions of tablets compacted from 32-45pm and 
315-400um fractions of a-lactose monohydrate, respectively, 
compressed at a load of 152M~a. 
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h 
a 
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U 
0 

I I 1 I I I I 

0.1 0.3 0.5  0.7 0 .9 

I N I T I A L  P O W D E R  S U R F A C E  A R E A  S c ( m 2 / g l  

Figure 8 
Degree of fragmentation, expressed a s  the  r a t i o  between the 
surface area of t a b l e t s  compressed a t  75MPa and the i n i t i a l  
surface area (Sc ) ,  respec t ive ly ,  a s  a function of the i n i t i a l  
p a r t i c l e  surface area (Sc ) fo r  s ieve f r ac t ions  of a- lactose 
monohydrate. 

material is dependent on the mean grain size: smaller particles re- 
quire a higher load for fracture. 
In fig. 9 the crushing strength is plotted as a function of the pore 
surface area for different sieve fractions of a-lactose monohydrate 
( 3 2 - 4 5 ~ m ,  125-160 fl, 315-400 pm) and for different types of crystal- 
line lactose (anhydrous a-lactose, roller dried 8-lactose, crystalline 
f3-lactose, all 100-125 u m  fractions). 

From this linear relationship it can be concluded that there exists an 
equal proportionality between the actual binding surface area and the 
measured pore surface areas. Consequently it is apparent that the 
tablet strength i s  mainly determined by the actual (bonding) surface 
area. It appeared, however, that for extremely small particles the 
relationship was not valid (fig. 10). 
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Figure 9 
Compact s t rength versus t ab le t  pore surface a rea ,  derived from 
mercury porosimet.ry, fo r  s ieve f r ac t ions  of c r y s t a l l i n e  a- lactose 
monohydrate: (0) 315-4001_1m, (V) 125-160pm, ( 0 )  32-45pm and 
anhydrous a- lactose ( @ I ,  r o l l e r  dr ied @-lactose (I) and crys ta l -  
l i n e  @-lactose (LL) , respec t ive ly ,  a l l  100-125pm f r ac t ions .  

T h i s  m i g h t  be  e x p l a i n e d  b y  p o i n t i n g  t o  f i g .  8. 

I n  t h i s  f i g u r e  i t  cdn be seen t h a t  s m a l l  p a r t i c l e s  f r a g m e n t  o n l y  

s l i g h t l y .  D e n s i f i c a t i o n  of t h e s e  f r a c t i o n s  must  o c c u r  b y  p ( i r t i c 1 e  

rear rangement  and b y  p l a s t i c  and e l a s t i c  d e f o r m a t i o n ,  r e s p e c t i v e l y .  

Because o f  t h e  l a r g e  number o f  c o n t a c t p o i n t s  w i t h i n  t h e  powder bed an 

i m p o r t a n t  amount o f  f r i c t i o n  must  e x i s t .  T h i s  i s  u n d o u b t e d l y  t h e  

r e a s o n  why t a b l e t  t h i c k n e s s  i n c r e a s e s  c o n s i d e r a b l y  w i t h  d e c r e a s i n g  
p a r t i c l e  s i z e  ( 1 ) .  One can suggest  f o r m  t h i s  t h a t  because o f  t h e  poor  

d e n s i f i c a t i o n  of s m a l l  p a r t i c l e s ,  t h e  a v a i l a b l e  l a r g e  p o t e n t i a l  bon- 
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Figure 10 
Crushing strength of tablets compressed from different 
crystalline lactoses at various compaction pressures, 
as a function of the pore surface area, calculated from mercury 
porosimetry measurements. Symbols as in figure 9. The values of 
a-lactose monohydrate samples indicated with figures, are obtained 
from tablets compressed at 75MPa: (*I) 1-8vm, ($$*) 8-16pm, 
( * )  16-24pm, ( * )  24-32pm and (*5) 32-45pm. 

ding surface areas cannot come to close contact. This means in fact 
that the proportionality between tablet pore surface area and binding 
surface area changes at small particle sizes. One can argue that 
obviously a prerequisite for obtaining the unique relationship (fig.9) 
is the existence o f  a large degree of particle fragmentation; i.e. 
brittle fracture must be the predominant mechanism o f  consolidation. 

In conclusion, a strong dependence o f  the compaction behaviour of 
crystalline a-lactose monohydrate on the original particle size can be 

explained by pointing to the differences in extent of particle frag- 
mentation. 
The speed o f  dehydration at a certain temperature increases with 
increasing powder surface area. The broadening of the dehydration peak 
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STUDIES ON TABLETING PROPERTIES OF LACTOSE 1 7 2 9  

i n  t h e  thermogram o f  t h e  s u b s t a n c e  a f t e r  m e c h a n i c a l  t r e a t m e n t  can be 

c o n s i d e r e d  t o  b e  due t o  a s u r f a c e  a r e a  e n l a r g e m e n t .  
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