
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 9 (3 ) ,  331-347 (1983) 

EFFECT OF RE-CONPRESSION ON THE PROPERTIES OF TABLETS 

PREPARED BY DRY GRANULATION 

S. Malkowska & K.A. Khan* 
Beecham Pharmaceut icals,  

B iosc iences  Research Centre, 
Great Burgh, Yew T ree  Bottom Road, 

Epsom, Surrey.  KT18 5x0 

ABSTRACT 

The e f f e c t  o f  re-compression on t h e  t a b l e t i n g  p r o p e r t i e s  o f  

some d i r e c t  compression e x c i p i e n t s  ( d i r e c t l y  compress ib le  s ta rch ,  

d i c a l c i u m  phosphate d i h y d r a t e  and m i c r o c r y s t a l l i n e  c e l l u l o s e )  and 

t h e i r  f o r m u l a t i o n s  was examined. Re-compression g e n e r a l l y  reduced 

t h e  t a b l e t  s t r e n g t h  and t h i s  r e d u c t i o n  was more s i g n i f i c a n t  when 

t h e  i n i t i a l  compaction was c a r r i e d  o u t  a t  a h i g h e r  pressure.  The 

reason f o r  t h e  r e d u c t i o n  of  t e n s i l e  s t r e n g t h  upon re-work ing 

i s  a t t r i b u t e d  t o  work hardening and t h e  p r o d u c t i o n  o f  r o b u s t  

granules,  which have i n c r e a s e d  r e s i s t a n c e  t o  de fo rma t ion  compared 

t o  unworked granules.  

INTRODUCTION 

S lugg ing  i s  w i d e l y  used f o r  f o r m u l a t i n g  m o i s t u r e  s e n s i t i v e  

drugs i n  medium and h i g h  dose ranges and as a re-work ing process. 

However, i n f o r m a t i o n  on t h e  s u i t a b i l i t y  o f  e x c i p i e n t s  as s l u g g i n g  
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332 MALKOWSKA AND KHAN 

a i d s  and t h e i r  re-working p o t e n t i a l  i s  l a c k i n g .  The mechanism by 

which s l u g g i n g  f a c i l i t a t e s  bonding i n  t a b l e t  manufacture i s  a l s o  

n o t  f u l l y  understood. 

s l u g g i n g  was " j u s t  a r a t h e r  e l a b o r a t e  method o f  s u b j e c t i n g  a 

m a t e r i a l  t o  i n c r e a s e d  compression time". This ,  however, has never  

been subs tan t i a ted .  T h i s  s tudy  was designed t o  examine t h e  

r e l a t i o n s h i p  between re-compression and d w e l l  t i m e  and t o  o b t a i n  

some s e m i - q u a n t i t a t i v e  da ta  on t h e  re-work ing p o t e n t i a l  o f  some 

d i r e c t  compression e x c i p i e n t s  and f o r m u l a t i o n s .  

Gunsel and K a n i g l  hypo thes i zed  t h a t  

PlATERIALS 

D i r e c t l y  compress ib le  s ta rch ,  S t a r c h  1500 (Colorcon, 

Orp ington,  U.K. ). M i c r o c r y s t a l l i n e  c e l l u l o s e ,  A w i c e l  PH102 

(Honeyw i l l  & S t e i n  Ltd., Surrey,  U.K.). D i c a l c i u m  phosphate 

d ihyd ra te ,  Emcompress (K & K G r e e f f  Ltd., Surrey,  U.K.). 
Magnesium s t e a r a t e  (Durham Raw M a t e r i a l s  Ltd., Durham, U.K.). 

METHOD 

The f o l l o w i n g  f o r m u l a t i o n s  were used: 

A. I n  o r d e r  t o  s tudy s i m i l a r  p a r t i c l e  s i z e  ranges f o r  

b o t h  i n i t i a l  compact ion and re-compression, d i r e c t l y  

compress ib le  s t a r c h  (D.C, S ta rch ) ,  m i c r o c r y s t a l l i n e  

c e l l u l o s e  (MCC)  and d i c a l c i u m  phosphate d i h y d r a t e  (DCP) 

were separated i n t o  s i e v e  f r a c t i o n s  (D.C. Starch,  

100-160pm; MCC and DCP, 32-160pm). No l u b r i c a n t  was 

added t o  MCC and D.C. Starch, b u t  0.5$w/w magnesium 

s t e a r a t e ,  prescreened th rough  a 250pm s ieve,  was 

i n c o r p o r a t e d  i n t o  t h e  DCP f r a c t i o n  by m i x i n g  i n  a 

p l a n e t a r y  m ixe r  a t  s low speed f o r  5 minutes.  

B ,  To c o n f i r m  t h a t  t h e  compress ional  p r o p e r t i e s  o f  t h e  

s i e v e  f r a c t i o n s  of d i r e c t  cornpression e x c i p i e n t s  were 

s i m i l a r  t o  t h e  uns ieved m a t e r i a l ,  t a b l e t s  o f  MCC and 

DCP raw m a t e r i a l s  Were a l s o  prepared. S ince  d i r e c t  

compression and s l u g g i n g  f o r m u l a t i o n s  o f t e n  c o n t a i n  
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EFFECT OF RE-COMPRESSION 333 

blends o f  two o r  more e x c i p i e n t s ,  t h e  f o l l o w i n g  

m i x t u r e s  o f  MCC and DCP were se lec ted :  (i) MCC 66% - 
DCP 33%, (ii) MCC 50% - DCP 505, (iii) MCC 33% - DCP 

66%. 0.5%w/w magnesium s t e a r a t e  was i n c o r p o r a t e d  as 

a l u b r i c a n t  as desc r ibed  above. 

Granule P r o p e r t i e s  

The tapped d e n s i t i e s  o f  t h e  e x c i p i e n t s  were determined 

b e f o r e  and a f t e r  m i l l i n g  t h e  i n i t i a l  compacts u s i n g  t h e  
2 procedure desc r ibed  by Neumann . One hundred t a p s  were used t o  

o b t a i n  t h e  f i n a l  tapped volume. 

graphs o f  e x c i p i e n t  s i e v e  f r a c t i o n s  b e f o r e  and a f t e r  i n i t i a l  

compression were a l s o  taken. 

Scanning e l e c t r o n  photomicro-  

T a b l e t i n q  

The d i r e c t  compression e x c i p i e n t s  and t h e i r  s i e v e  f r a c t i o n s  

as w e l l  as t h e  b lends  o f  MCC and DCP were compressed a t  s low 

speed ( d w e l l  t i m e  0.1 s )  on an ins t rumen ted  s i n g l e  punch t a b l e t  

machine (F, Manesty, Speke, L i v e r p o o l ,  U.K.) u s i n g  9.5rnm f l a t  

f s c e d  punches a t  a range o f  p ressu res  (9-116MNm-2). The t a r g e t  

we igh ts  o f  t h e  MCC, D.C. S ta rch  and DCP t a b l e t s  were 200m9, 

300mg and 400mg r e s p e c t i v e l y .  The t a b l e t s  p repared  f rom MCC 

and DCP b lends  weighed 350mg. 

T a b l e t s  compressed a t  two p ressu res  (e.g., 23 and 116MNm-2) 

f o r  D.C. S ta rch )  were then  reduced u s i n g  an Apex comminut ing 

m i l l  (Apex C o n s t r u c t i o n  Ltd., N o r t h f l e e t ,  Kent, U.K.) f i t t e d  w i t h  

a 0.04 i n c h  a p e r t u r e  screen o p e r a t i n g  a t  s low speed w i t h  hammers 

forward. The t a b l e t s  p repared  f rom s i e v e  f r a c t i o n s  ( d e s c r i b e d  

under A )  were m i l l e d  and separated i n t o  t h e  same s i e v e  f r a c t i o n s  

used f o r  i n i t i a l  compression. An a d d i t i o n a l  0.5% magnesium 

s t e a r a t e  was i n c o r p o r a t e d  e x t r a - g r a n u l a r l y  f o r  f o r m u l a t i o n s  

c o n t a i n i n g  DCP. 

The s i e v e  f r a c t i o n s  and g ranu les  o b t a i n e d  f rom f o r m u l a t i o n s  

desc r ibed  under B, were re-compressed under t h e  same c o n d i t i o n s  
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334 MALKOWSKA AND KHAN 

(e.g., pressures,  t a b l e t  we igh t )  used f o r  i n i t i a l  compaction. 

To examine t h e  e f f e c t  o f  d w e l l  t i m e  on t a b l e t  s t r e n g t h ,  o n l y  t h e  

s i e v e  f r a c t i o n s  desc r ibed  under A were used. A d w e l l  t i m e  of 

15 seconds was achieved by r o t a t i n g  t h e  f l y w h e e l  o f  t h e  t a b l e t  

machine manual ly and h e l d  f o r  15 seconds a t  t h e  maximum 

compressive fo rce .  

e f f e c t  o f  i n c r e a s e d  d w e l l  t i m e  was compaked w i t h  t h a t  achieved 

by re-compression. 

To t e s t  Gunsel and Kanig's' hypothes is ,  t h e  

T a b l e t  P r o p e r t i e s  

The u n i f o r m i t y  of t a b l e t  weight  was measured by weighing 

5 t a b l e t s  and c a l c u l a t i n g  t h e  c o e f f i c i e n t  o f  v a r i a t i o n .  The 

dimensions o f  f i v e  t a b l e t s  were determined u s i n g  a screw micro-  

meter. 

o f  t h e  e x c i p i e n t s ,  ob ta ined  f r o m  t h e  and t a b l e t  

Tab le t  p o r o s i t y  was c a l c u l a t e d  f r o m  t h e  t r u e  d e n s i t i e s  

Reworking potential = 
Area under recompression curve (A) 

Area under 1st compression curve (AtB) 
,oo 

Tensile 
strength 
(MNm-2) 

1st Compression 

Recompression 

Compression pressure (MNm-2) 

FIGURE 1 

The d e t e r m i n a t i o n  o f  re-work ing p o t e n t i a l  
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EFFECT OF RE-COMPRESSION 

we igh t  and volume measurements. T a b l e t  t e n s i l e  s t r e n g t h  was 

determined f rom t h e  f o r c e  r e q u i r e d  t o  f r a c t u r e  t a b l e t s  by 

d i a m e t r a l  compression on a m o t o r i s e d  hardness t e s t e r  (GOB. Caleva 
5 

Ltd., Ascot, U.K.) u s i n g  t h e  method desc r ibed  by F e l l  and Newton . 
6 

The t a b l e t  f r i a b i l i t y  was determined u s i n g  a Beecham F r i a b i l a t o r  . 
The re-work ing p o t e n t i a l  o f  t h e  d i r e c t  compression e x c i p i e n t s  

and b lends  was c a l c u l a t e d  by de te rm in ing  t h e  area under t h e  t e n s i l e  

strength/re-compression p ressu re  p r o f i l e  expressed as a percentage 

o f  t h e  a rea  under t h e  i n i t i a l  t e n s i l e  s t reng th /p ressu re  p r o f i l e  

(Fig.  1). 

RESULTS AND DISCUSSION 

The c o e f f i c i e n t  of  weight  v a r i a t i o n  of t a b l e t s  o b t a i n e d  

before and a f t e r  re-compression was below 2%, i n d i c a t i n g  good 

weight  u n i f o r m i t y .  Table 1 shows t h e  e f f e c t  o f  i n i t i a l  compression 

p ressu re  on t h e  tapped d e n s i t y  o f  t h e  g r a n u l e s  o b t a i n e d  f rom 

e x c i p i e n t s ,  t h e i r  s i e v e  f r a c t i o n s  and blends. 

Table 1 shows t h a t  t h e  g ranu les  o b t a i n e d  f rom m i l l e d  compacts, 

have h i g h e r  tapped d e n s i t i e s  compared t o  t h e  uncompressed raw 

m a t e r i a l ,  and t h e  tapped d e n s i t y  i n c r e a s e s  w i t h  i n c r e a s i n g  

compact ion pressure.  
6 

r e p o r t e d  by Khan and Musikabhumma . They suggested that  s l u g g i n g  

produced denser and l e s s  porous g r a n u l e s  and t h a t  as t h e  i n i t i a l  

compact ion p ressu re  increased,  t h e  g ranu les  o b t a i n e d  f rom t h e  s l u g s  

become more robust .  

These r e s u l t s  a r e  s i m i l a r  t o  t h o s e  p r e v i o u s l y  

Re-compression appears t o  have l i t t l e  or no e f f e c t  on t a b l e t  

p o r o s i t y  (Table 2). Theref  o r e ,  a l though  re-compression 

s i g n i f i c a n t l y  a f f e c t s  t a b l e t  s t r e n g t h  (Figs.  2-4), t h i s  i s  n o t  

r e f l e c t e d  i n  t h e i r  p o r o s i t y  values. 

F ig .  2 shows t h e  e f f e c t  o f  re-compression on t h e  t e n s i l e  

strength/compression p ressu re  p r o f i l e s  o f  t a b l e t s  p repared  f rom 
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MALKOWSKA AND KHAN 336 

MATERIAL 

TABLE 1 

The e f f e c t  o f  compression on t h e  tapped d e n s i t y  o f  g ranu les  

APPLIED COMPRESSION TAPPED DENSITY 
PRESSURE (MNm-2) 

D.C. S ta rch  
(100-160pm) 

MC c 
(32-160pm) 

DCP 
(32-160pm) 

MCC raw m a t e r i a l  

DCP raw m a t e r i a l  

- 0.82 
23 0.86 
70 0.88 

- 0.34 
9 0.36 

28 0.42 

- 0.81 
9 0.94 

28 0.97 

- 0.37 
18 0.44 
46 0.55 

- 0.81 
1 8  1.29 
46 1.34 

MCC 66% - DCP 33% 

MCC 50% - DCP 50% 

MCC 33% - DCP 66% 

D.C. Starch.  T h i s  e x c i p i e n t  i s  known t o  compact by t i m e  

dependent p l a s t i c  deformat ion7 and, t h e r e f o r e ,  i t  i s  n o t  s u r p r i s i n g  

t h a t  i n c r e a s i n g  t h e  d w e l l  t i m e  f r o m  0.1 t o  15 seconds d u r i n g  t h e  

i n i t i a l  compaction causes a 50% i n c r e a s e  i n  t h e  t a b l e t  t e n s i l e  

s t r e n g t h .  However, re-compression o f  granules,  o b t a i n e d  from 

t a b l e t s  i n i t i a l l y  compressed a t  23 and 70MN1n-~, s i g n i f i c a n t l y  

- 0.47 
18 0.65 
46 0.72 

- 0.54 
0.72 
0.79 

- 0.61 
18 0.83 
46 0.92 

I 18 
46 
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EFFECT OF RE-COMPRESSION 

TABLET POROSITY 

MATERIAL APPLIED COMPRESSION I N I T I A L  RECOMPRESSED RECOMPRESSED 
PRESSURE (LOW IN IT IAL  (HIGH I N I T I A  

P RE s s u RE*) P R E s s u R E*) 

D,C.Starch 23 28.6 31.4 32.3 
(100-160pm) 47 12.8 22.6 23.0 

70 20.8 19.6 20.5 
93 19.9 18.8 19.7 

116 20.5 18.7 19.2 

MCC 9 5i.R 51.6 49.1 
(32-160pm) 18 39.2 39.5 39.2 

28 32.6 32.7 32.6 
37 27.4 26.2 27.7 
46 22.6 22.6 23.2 

DCP 9 42.1 41.8 38.0 
(32-160pm) 18 37.8 35.1 33.1 

28 33.5 31.7 31.1 
37 31.4 29.3 28.4 
46 29.6 27.9 26.9 

337 

TABLE 2 

The e f f e c t  o f  compression on t a b l e t  p o r o s i t y  

reduces t h e  t a b l e t  s t r e n g t h .  Therefore,  s u b j e c t i n g  D.C. S t a r c h  

t o  an i n c r e a s e d  d w e l l  t i m e  has t h e  o p p o s i t e  e f f e c t  t o  t h a t  

achieved by s l u g g i n g  and t h i s  f i n d i n g  c o n f l i c t s  w i t h  t h e  h y p o t h e s i s  

o f  Gunsel and Kanig . I t  i s  a l s o  e v i d e n t  t h a t  g ranu les  o b t a i n e d  

f r o m  compacts i n i t i a l l y  cornpressed a t  70MN1n-~ produce s o f t e r  

t a b l e t s  compared w i t h  those  o b t a i n e d  f rom compacts i n i t i a l l y  

compressed a t  23MNn1-~. Khan and Musikabhumma6 a l s o  showed a 

p r o g r e s s i v e  decrease i n  t h e  t e n s i l e  s t r e n g t h  o f  potass ium 

p h e n e t h i c i l l i n  t a b l e t s  wi th  an i n c r e a s e  i n  t h e  s l u g g i n g  pressure.  

A l though an i n c r e a s e  ir l d w e l l  t i m e  f rom 0.1 t o  15 seconds has 

been shown t o  improve t h e  t a b l e t  s t r e n g t h  d u r i n g  i n i t i a l  

compaction,the e f f e c t  o f  d w e l l  t i m e  d u r i n g  re tcompress ion  i s  o n l y  

m a r g i n a l  (Fig.  2). T h i s  can be e x p l a i n e d  by t h e  change i n  

1 
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338 MALKOWSKA AND KHAN 

v a? M 

T 
0 

.- t 
I 

C 
0 

*rl 
m 
(I) 

r-l 

E 

m 
a 

rl 

4 3  
.rl 73 
m 
t o  a s  -Qo 

m a ,  

m m o  r m  
w o  n r  
3 c 0  
Cl O k  
H r n  
LL C.Q 

o m  
c o .  
m u  
a , .  
kc3 a 
E u -  
0 0  
0 
I c o  
m a ,  
k r l  

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Dwell time 15 secs. 

4.0- 

3.0- 
w 

E 
L 
L 

1.0 

2.1 
Dwell time 0.1 sec. 1st. compression 

Recompresse 

Recompressed 
at 28MNm-* 

0 I0 2!0 3b io !50 - 

Compression pressure ( MNw2) 

FIGURE 

5.0 

4.0 

3.0 

2.0 

1.0 

3 

7 1st Compression 

Recompressed 1st at 
9MNm-2 w 

Recompressed 1st at 
28MNm-Z 

- 10 20 30 40 50 

Compression pressure (MNm-2) 

The effect of re-compression on the tensile strength/cornpression 
pressure profiles of microcrystalline cellulose at two dwell times 

w M 
I 
n 

8 w B 
Ln 
Ln 
H 
8 

w 
w rD 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



340 

A 
0.5- 

0.4- 

N 

h z 
0.3- 

5 

e - 0.2- 

c' 

m c 
CI 

01 

UI c 
- .- 

0.1 - 

MALKOWSKA AND KHAN 

7 1st. compression 

(Recompressed 
1st. at 9 MNm-'*) 
(Recompressed 

d 
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Compression pressure ( MNm-*) 

FIGURE 4 

The e f f e c t  o f  re-compression on t h e  t e n s i l e  s t rength/compress ion 
p ressu re  p r o f i l e  o f  d i c a l c i u m  phosphate d i h y d r a t e  ( d w e l l  t i m e  0.1s) 

compact ion mechanism o f  D.C. S ta rch  f rom a p l a s t i c a l l y  deforming 

t o  a more b r i t t l e  m a t e r i a l ,  which i s  l e s s  a f f e c t e d  by an i n c r e a s e  

i n  d w e l l  t ime. 

F ig .  3 shows t h e  e f f e c t  o f  re-compression on t h e  t e n s i l e  

s t rength/compress ion p ressu re  p r o f i l e s  o f  t a b l e t s  made f rom -32 

+ 160pm f r a c t i o n s  o f  MCC a t  two d w e l l  t imes. An i n c r e a s e  i n  

d w e l l  t i m e  f rom 0.1 t o  15 seconds enhances t a b l e t  s t r e n g t h  

a l though  t h i s  i n c r e a s e  i s  cons ide rab ly  s m a l l e r  t h a n  D.C. S t a r c h  

(Fig. 2). Re-compression,on t h e  o t h e r  hand, m a r g i n a l l y  reduces 

t h e  t e n s i l e  s t r e n g t h  and a l though  t h e  magnitude o f  e f f e c t  i s  

d i f f e r e n t ,  b o t h  D.C. S t a r c h  and MCC demonstrate t h a t  an i n c r e a s e d  

d w e l l  t i m e  has t h e  oppos i te  e f f e c t  t o  t h a t  o f  re-compression. 

The reason f o r  t h e  e x c e l l e n t  r e - w o r k a b i l i t y  o f  MCC has been 
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EFFECT OF RE-COMPRESSION 34 1 

a t t r i b u t e d  t o  i t s  f i b r o u s  s t ruc tu re ,wh ich  undergoes s i g n i f i c a n t  

p l a s t i c  de fo rma t ion  on cornpaction . 7 

The au tho rs  recogn ise  t h a t  s l u g g i n g  i s  known t o  improve t h e  

c o m p r e s s i b i l i t y  o f  some fo rmu la t i ons .  However,the r e s u l t s  

p resen ted  i n  F igs.  2 and 3 c a s t  doubts on t h e  v a l i d i t y  o f  t h e  
1 extended d w e l l  t i m e  hypo thes i s  . I t  can a l s o  be argued t h a t  

d u r i n g  s l u g g i n g  and subsequent m i l l i n g ,  many bonds a r e  broken 

and on re-compression new bonds a r e  formed. Thus most o f  

t h e  i n i t i a l  bonds c o u l d  n o t  have been s u b j e c t e d  t o  an i n c r e a s e d  

compression t ime. 

F ig .  4 shows t h e  e f f e c t  of re-compression on t h e  t e n s i l e  

s t rength/compress ion p ressu re  p r o f i l e  

s i e v e  f r a c t i o n  o f  DCP. The c o m p r e s s i b i l i t y  o f  t h i s  e x c i p i e n t  

i s  n o t  a f f e c t e d  by changes i n  d w e l l  t i m e  , b u t  as f o r  D.C. S t a r c h  

and MCC,re-compression reduces t h e  t e n s i l e  s t r e n g t h  o f  DCP t a b l e t s  

(Fig.  4). S i m i l a r l y ,  t a b l e t s  made f rom g ranu les  o b t a i n e d  f rom 

compacts i n i t i a l l y  compressed a t  9MNm a r e  s t r o n g e r  t h a n  those  

o f  t a b l e t s  p repared  f rom a 

8 

-2 

prepared f rom g ranu les  ob ta ined  f rom compacts made a t  28MNm-'. 

This f u r t h e r  suppor t s  e a r l i e r  c l a i m s  t h a t  l ower  s l u g g i n g  

p ressu res  a r e  l i k e l y  t o  y i e l d  t a b l e t s  o f  h i g h e r  s t r e n g t h  . 6 

F ig .  5 summarises t h e  re-working p o t e n t i a l  (see F ig .  1) o f  

s i e v e  f r a c t i o n s  o f  D.C. Starch, MCC and DCP. A decrease i n  t h e  

re-working p o t e n t i a l  o f  these e x c i p i e n t s  i s  p robab ly  caused by 

work hardening, which i s  d e f i n e d  as " t h e  r e s i s t a n c e  t o  permanent 

de fo rma t ion  o f  a m a t e r i a l  i n c r e a s i n g  w i th  t h e  amount o f  
9 deformat ion".  A u l t o n  & Marok have r e c e n t l y  shown t h a t  t h e  

i n d e n t a t i o n  hardness of some t a b l e t  e x c i p i e n t s ,  i n c l u d i n g  D.C. 

S ta rch  and DCP, i n c r e a s e s  w i th  i n c r e a s i n g  compression pressure.  

An i n d e n t a t i o n  hardness i n d e x  was determined, which had 
10 

p r e v i o u s l y  been used t o  es t ima te  t h e  work ha rden ing  o f  m e t a l s  . 
A graph o f  t h i s  i n d e x  p l o t t e d  a g a i n s t  compact ion p r e s s u r e  showed 

t h a t  bo th  D.C. S t a r c h  and DCP were capable o f  b e i n g  work 
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342  MALKOWSKA AND KHAN 

'1st. Comp '""1 pressure (MNrn-2) 
9' 

- m 
t m 
0 
D 

c 

.- 
c 

C 

a 50- 
5 
0 

a# B 
a 

0 

9' 
23' 

Starch 
D.C. 

FIGURE 5 

Re-working p o t e n t i a l  o f  d i r e c t  compression e x c i p i e n t s  ( s i e v e  
f r a c t  i o n s  ) 

hardened. I t  has been suggested t h a t  d u r i n g  p l a s t i c  deformat ion,  

d i s l o c a t i o n s  a re  generated a t  weak p o i n t s  i n  t h e  c r y s t a l l i n e  

s t r u c t u r e  o f  t h e  m a t e r i a l s  . These d i s l o c a t i o n s  t e n d  t o  i n c r e a s e  

upon c o l d  working, which i n  t u r n  i n c r e a s e s  t h e  d i s l o c a t i o n  

d e n s i t y  and t h e  p o t e n t i a l  energy o f  t he  d i s l o c a t i o n  l a t t i c e  . 
It, t h e r e f o r e ,  becomes more d i f f i c u l t  t o  i n t r o d u c e  new d i s l o c a t i o n s  

i n t o  t h e  c r y s t a l  s t r u c t u r e ,  due t o  t h e  r a i s e d  energy l e v e l s  o f  t h e  

d i s l o c a t i o n s  a l ready  p resen t ,  t h u s  r e n d e r i n g  t h e  m a t e r i a l s  more 

r e s i s t a n t  t o  f u r t h e r  deformat ion.  I t  is i n t e r e s t i n g  t h a t  b o t h  

p l a s t i c a l l y  deforming (NCC and D.C, S t a r c h )  and b r i t t l e  (DCP) 

e x c i p i e n t s  a re  capable o f  b e i n g  work hardened. 

9 

9 

Scanning e l e c t r o n  photomicrographs o f  t h e  d i r e c t  compression 

e x c i p i e n t s  were taken  and i n  most cases, no d i s t i n g u i s h a b l e  
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EFFECT OF RE-COMPRESSION 

FIGURE 6 

Scanning e l e c t r o n  photomicrographs o f  D.C. S t a r c h  b e f o r e  (TOP) 
and a f t e r  compact ion a t  70NNm-* and m i l l i n g  (BOTTOM) 

343 
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344 MALKOWSKA AND KHAN 

1 st compression 1 pressure (MNm-*) 

100% 

18.9 

50% 

n 
" MCC DCP lMCC/ 1MCC/ 2MCC/ 

PDCP 1DCP lDCP 

FIGURE 7 

Re-working p o t e n t i a l  o f  m i c r o c r y s t a l l i n e  c e l l u l o s e  and d i c a l c i u m  
phosphate d i h y d r a t e  raw m a t e r i a l s  and t h e i r  b lends  

d i f f e r e n c e s  i n  t h e  g ranu le  s t r u c t u r e  b e f o r e  and a f t e r  compression 

were revealed. However, some g ranu les  o f  D.C. Starch,  o b t a i n e d  

a f t e r  m i l l i n g  t h e  i n i t i a l  compacts, showed more c racks  i n  t h e i r  

s t r u c t u r e  (Fig.  6 )  p robab ly  caused by e l a s t i c  recove ry  and work 

hardening. 

F ig .  7 shows t h e  re-working p o t e n t i a l s  o f  MCC and DCP raw 

m a t e r i a l s  and t h e i r  b lends. The re-work ing p o t e n t i a l  o f  a b l e n d  

o f  2 p a r t s  MCC and 1 p a r t  DCP i s  cons ide rab ly  l o w e r  than  t h a t  o f  

a b l e n d  c o n t a i n i n g  1 p a r t  MCC and 2 p a r t s  DCP, a l t hough  MCC i t s e l f  

has an e x c e l l e n t  re-working p o t e n t i a l  (F igs.  5 & 7 ) .  T h i s  

d i f f e r e n c e  can be e x p l a i n e d  by t h e  mechanism o f  compact ion o f  these 

e x c i p i e n t s .  When a b l e n d  o f  2 p a r t s  MCC and 1 p a r t  DCP i s  

d i r e c t l y  compressed, t h e  s t r e n g t h  o f  t h e  compacts may l a r g e l y  be 

determined by t h e  p l a s t i c  de fo rma t ion  o f  MCC. However, on 
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EFFECT OF RE-COMPRESSION 345 

RE-COMPRESSION 
PRESSURE (MNm-2) 

- 
19 

47 

105 

re-compression t h e  presence o f  DCP c r y s t a l s  on t h e  d i s l o c a t i o n  

areas o f  MCC f i b r e s  would be expected t o  reduce t h e  e x t e n t  o f  

p l a s t i c  deformat ion.  A t  t h e  same t ime, f r a g m e n t a t i o n  o f  DCP may 

a l s o  be reduced by t h e  cush ion ing  e f f e c t  o f  MCC and t h e  n e t  r e s u l t  

o f  t hese  f a c t o r s  w i l l  be a weaker, more f r i a b l e  compact. 

However, when t h e  r a t i o s  a r e  reve rsed  i.e., (1 p a r t  MCC and 2 p a r t s  

DCP) t h e  re-working p o t e n t i a l  i s  v i r t u a l l y  i d e n t i c a l  t o  t h a t  o f  OCP 

a lone (F ig.  7). 

DCP and thus,  a l t hough  work hardened DCP c r y s t a l s  s t i l l  undergo 

some f ragmen ta t i on ,  t h e  c o n t r i b u t i o n  o f  MCC f i b r e s  t o  t h e  o v e r a l l  

s t r e n g t h  o f  t hese  t a b l e t s  i s  now minimal.  

t h e  re-work ing p o t e n t i a l  o f  t h e  f o r m u l a t i o n  c o n t a i n i n g  e q u a l  p a r t s  of 

MCC and DCP i s  i n t e r m e d i a t e  between t h e  2 : l  and 1:2 blends, 

MCC i n  these  g ranu les  i s  l a r g e l y  contaminated by 

As may be expected, 

FRIABILITY ($) 
DCP MCC 1 MCC/2 DCP 2 M C C / l  OCP 

15 0.9 6.4 2.2 

35 0.5 - - 
36.9 0.7 47.9 39.4 

S t i c k i n g  1.4 - - 

Table 3 shows some t y p i c a l  r e s u l t s  o f  t h e  e f f e c t  o f  re- 

compression on t a b l e t  f r i a b i l i t y .  The f r i a b i l i t y  o f  MCC t a b l e t s  

i s  una f fec ted ,  b u t  t h e r e  i s  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  f r i a b i l i t y  

o f  systems c o n t a i n i n g  DCP. The range o f  compression p r e s s u r e  

(9-116MNn1-~) used i n  t h i s  s tudy produced r a t h e r  f r i a b l e  DCP t a b l e t s ,  

a l t hough  these  f i g u r e s  a r e  i n d i c a t i v e  o f  f l a t  f a c e d  t a b l e t s  and t h e  

s t r i n g e n t  t e s t  c o n d i t i o n s  . Using t h e  same t e s t  and f l a t  f a c e d  
6 

I1 
t a b l e t s ,  We l l s  & Langr idge  a l s o  found  t h a t  t h e  f r i a b i l i t y  o f  

DCP t a b l e t s  compressed a t  32BMNm-2 was 8.4% and decreased t o  4.5% 

TABLE 3 

E f f e c t  o f  re-compression on t h e  f r i a b i l i t y  o f  t a b l e t s  i n i t i a l l y  
compressed a t  47MN1n-~ 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



346 MALKOWSKA AND KHAN 

-2 f o r  c o m p a c t s  made a t  240MNm . The f r i a b i l i t y  v a l u e s  o f  t a b l e t s  

p r e p a r e d  from MCC/DCP 1:2 a n d  2 : l  b l e n d s  are 6.4% a n d  2.2% 

r e s p e c t i v e l y  ( T a b l e  3), b u t  t h e y  i n c r e a s e  t o  o v e r  40% on re -working .  

S i m i l a r  results are o b t a i n e d  when b o t h  t h e  i n i t i a l  c o m p a c t i o n  a n d  

r e - c o m p r e s s i o n  are c a r r i e d  o u t  a t  s i g n i f i c a n t l y  h i g h e r  p r e s s u r e s .  

F o r  e x a m p l e  ( n o t  i n c l u d e d  i n  T a b l e  3)  t a b l e t s  c o n t a i n i n g  2 p a r t s  

MCC a n d  1 p a r t  DCP i n i t i a l l y  c o m p r e s s e d  a t  108MNm-Zhave a f r i a b i l i t y  

v a l u e  o f  3% w h i c h  i n c r e a s e  t o  7% on r e - c o m p r e s s i o n  a t  t h e  same 

p r e s s u r e .  T h i s  i s  f u r t h e r  e v i d e n c e  o f  work h a r d e n i n g  o f  i n t e r -  

p a r t i c u l a t e  b o n d s  y i e l d i n g  b r i t t l e  t ab le t s .  

CONCLUSIONS 

T h i s  s t u d y  shows t h a t  re -working  p o t e n t i a l  i s  i n f l u e n c e d  by 

t h e  c o m p a c t i o n  b e h a v i o u r  o f  e x c i p i e n t s .  However r e - c o m p r e s s i o n  

p r o p e r t i e s  o f  m u l t i - c o m p o n e n t  f o r m u l a t i o n s  may be d i f f i c u l t  t o  

p r e d i c t .  The c o m p r e s s i b i l i t y  upon re -working  d e c r e a s e s  w i t h  an 

i n c r e a s e  i n  t h e  i n i t i a l  c o m p a c t i o n  p r e s s u r e ,  w h i c h  i m p l i e s  t h a t  

s l u g g i n g  a t  a h i g h  c o m p a c t i o n  p r e s s u r e  s h o u l d  b e  a v o i d e d .  S i n c e  

re -working  o f  t a b l e t s  may r e d u c e  t h e i r  c o m p r e s s i b i l i t y  by work 

h a r d e n i n g ,  r e - c o m p r e s s i o n  s t u d i e s  s h o u l d  b e  i n c l u d e d  i n  t h e  p r o c e s s  

o p t i m i s a t i o n  a n d  v a l i d a t i o n  programme. 
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