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1. Introduction 

When pharmaceutical powders are compacted into 
tablets, cracking, usually termed capping, sometimes 
occurs inside the tablets. Many studies have been done 
from practical and theoretical viewpoints to overcome 
this problem [1-3]. The mechanism of capping is, how- 
ever, not fully understood. Although some indices were 
proposed to estimate capping tendency [4-6], it is 
difficult to estimate capping quantitatively with any 
type of pharmaceutical powders by means of those 
indices. 

The present authors described capping as a cracking 
produced inside the tablet and was induced by residual 
die wall pressure applied at the final stage of the 
decompression process [7]. The capping ratio (tendency 
of capping) of a tablet was represented by (Fu-F)/F,, 
where F is the crushing strength of a tablet prepared by 
the normal method and F, is that of an ideally com- 
pacted tablet without capping using a loaded-ejection- 
type compaction apparatus [7]. The value of the 
capping ratio varies from zero (without capping) to 
unity (completely capped). The authors have proposed 
a capping index (C1) defined by Qr/Pc, where Qr is the 
residual die wall pressure which is evaluated by extrap- 
olating a linear relationship between the die wall pres- 
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sure and the axial pressure at the final stage of 
decompression process to zero of axial pressure and P~ 
is the axial crushing strength of a cylindrical compact. 
A good correlation was found between the two parame- 
ters. Capping always occurred when the capping index 
exceeded unity and where the residual die wall pressure 
exceeded the crushing strength. When the capping in- 
dex was approximately unity, the tablets were partially 
capped. It was possible to predict capping occurring 
during tableting by this index. 

Thus the capping index is very useful for predicting 
capping during tableting. However, it is difficult to 
measure the residual die wall pressure unless a special 
die with a strain gauge is used [8]. In this study, the 
physical meaning of the capping index was rediscussed 
more quantitatively and a new useful practical method 
to find this index was investigated by estimating the 
residual die wall pressure (Qr) from a crushing test of a 
cylindrical compact. 

2. Materials and methods 

2. I. Materials [7] 

Caffeine (Shizuoka, Japan), cornstarch (Japan Corn- 
starch, Japan) and a mixture (2:1) of lactose (DMV, 
Holland) and cornstarch were used as reference pow- 
ders without capping tendency. Ethoxybenzamide 
(ethenzamide, Yoshitomi, Japan), lactose, hydroxy- 
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buthylphenetidin (bucetin, Yamato, Japan) and the 
granule prepared from ethenzamide (45%), bucetin 
(45%) and a-starch (10%, Nichiden, Japan) by wet 
massing were used as powders with capping tendency. 

2.2. Tablet preparation [7] 

Tablets were prepared by using a die with 8.5 mm 
internal diameter, punches with either fiat face or con- 
cave face (6.5 mm radius of curvature) and a compact- 
ing test apparatus (Autograph, Shimadzu Seisakusho, 
Japan). The die was lubricated by puffing a very small 
amount of powdered magnesium stearate (Sakai, 
Japan) prior to every compaction. 

2.3. Measurement of  residual die wall pressure [8] and 
crushing strength [7] 
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Fig. 2. Stress-strain curves on crushing cylindrical compacts (1 
kgf/cm 2 =98.07 kPa) [1]. O, caffeine; A, lactose and cornstarch 
mixture; [], cornstarch; ~ ,  ethenzamide and bucetin granule; O, 
ethenzamide; A, lactose; II, bucetin. 

Die wall pressure was measured using a specially 
designed die with a strain gauge attached to the outer 
surface of the die. The crushing strength of the com- 
pacted powder was measured by compressing axially a 
flat-faced cylindrical compact (1000 mg weight, 11.3 
mm diameter, 7-8.5 mm thickness). 

3. Results and discussion 

3.1. Physical meaning of  the capping index 
(Cl = Or~Pc) 

Fig. 1 (upper) shows the stresses applied on a tablet 
in a die at the final stage of the decompression process 
and its Mohr's circle. The tablet is compressed by low 
axial pressure (P) and high radial pressure (Q). Shear 
stresses (~) and compressive stress (s) in the tablet are 
expressed by a Mohr's circle which passes through (P,0) 
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Fig. 1. Stress and Mohr's circle for a tablet (upper) and for a 
cylindrical compact (lower). 

and (Q,0), and shear stress (r) reaches the maximum 
( ( Q -  P)/2) acting in a direction of 45 degrees. If the 
shear stress (~) overcomes the shear strength of the 
compacted powders (%), the tablet may crack in the 
direction shown in the figure. The Mohr's circle of the 
tablet at the extrapolated end stage of decompression 
process is represented by the dotted line, passing 
through (0,0) and (Or,0), where Or is the residual die 
wall pressure and Or~2 is the maximum shear stress. 

The shear strength (%) of compacted powder was 
estimated from the axial crushing strength of (Pc) a 
cylindrical compact. Mohr's circle of the compact when 
crushed is shown in Fig. 2 (lower), which passes 
through (0,0) and (Pc,0). The shear stress in the com- 
pact becomes maximum at a direction of 45 degrees 
and the compact is cracked in this direction. Therefore 
the capping index (Or~Pc) is described in terms of the 
ratio of diameter of solid lined Mohr's circle to dotted 
line, that is the ratio of maximum shear stress (Or/2) 
and shear strength of compacted powder (P J2). 

3.2. Estimation of  residual die wall pressure 

The results of the crushing test and the residual die 
wall pressure measurement on a corresponding flat- 
faced tablet, which were reported in a previous publica- 
tion [7] are represented in Fig. 2 and Table 1. 

The powders with lower residual die wall pressure are 
assumed to indicate higher strain on the axial crushing 
test of a cylindrical compact. The maximum strain in 
the crushing test (Smax) was compared to the residual 
die wall pressure of a flat-faced tablet (Qrf). The rela- 
tionship between the residual die wall pressure and the 
reciprocal of maximum strain is shown in Fig. 3. The 
residual die wall pressure was approximately propor- 
tional to the reciprocal of the maximum strain. This 
means that the residual die wall pressure depends on 
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Table 1 
Crushing strength of a cylindrical compact and residual die wall pressure of a flat-faced tablet [7] 

325 

Material Crushing strength (kgf/cm2) a Maximum strain (%) Residual pressure (kgf/cm 2) 

Caffeine 505 3.11 95 
Lactose and cornstarch mixture 365 2.68 90 
Cornstarch 350 8.68 5 
Ethenzamide and bucetine granule 390 1.32 220 
Ethenzamide 450 1.16 240 
Lactose 175 0.97 195 
Bucetine 165 1.19 165 

"The unit 1 kgf/cm 2 = 98.07 kPa 

plastic and elastic properties of  the powder. Plasticity 
increases while elasticity decreases residual die wall 
pressure. The following empirical relationship was ob- 
tained between the two parameters.  

Qr, = 236/Smax (r = 0.91) (1) 

Eq. (1) means that it is possible to estimate the residual 
die wall pressure on the cylindrical compact  using the 
crushing test. This is a very practical method to esti- 
mate the residual pressure. 

3.3. Shape correction factor of  residual die wall 
pressure 

Usually capping takes place more frequently in con- 
vex-faced tablets than fiat-faced tablets, convex-faced 
tablets showed higher residual die wall pressure than 
flat-faced [7,8]. A thinner tablet showed higher residual 
die wall pressure and higher capping ratio. The authors 
described the following relationship between residual 
die wall pressure and tablet shape [7]. 

(O~c - Orf)/Orf = 0-7(Tv - Te)/Te (r = 0.97) (2) 

where Qrc and Q r f  a r e  the residual die wall pressures of  
convex-faced and fiat-faced tablets, Tv is the thickness 
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Fig. 3. Relationship between residual die wall pressure and maximum 
strain (1 kgf/cm2 = 98.07 kPa). 

of  the flat-faced tablet having the same volume as a 
convex-faced tablet and Te is the edge thickness of  a 
convex-faced tablet as illustrated in Fig. 4. The shape 
correction factor (F,) of  residual die wall pressure was 
defined by Eq. (3). 

Fs = Qrc/Qrf = 0.3 q- 0.7Tv/Te (3) 

The residual die wall pressure of  a convex-faced tablet 
can be estimated with the value of  a fiat-faced tablet by 
using Eq. (4). 

3.4. Estimation of  capping index 

It is possible to calculate the capping index (CI) of  
various shaped tablets without measuring die wall pres- 
sure by combining Eqs. (1) and (2) as follows. 

Clcalc = (235/PcSmax)(0.3 q- 0.7Tv/Tc) (r = 0.94) (4) 

The capping indices of  various shaped tablets were 
calculated using the crushing test results of  a cylindrical 
compact  (Pc and Smax) and tablet shape (Tv and Te). 
The calculated indices were compared with the ob- 
served indices which were evaluated using directly mea- 
sured residual die wall pressure (Fig. 5). A good 
correlation was obtained between the two indices. This 
means that it is possible to predict the capping tendency 
of tablet f rom the strength and the strain data of  a 
cylindrical compact  crushing test. This is a very conve- 
nient method to predict compressing behavior of  pow- 
ders and very useful for the practical study of  tablet 
formulation. 

I Te 

Fig. 4. Tv and T e of a tablet (Tv is the thickness of the flat-faced 
tablet having the same volume of a convex-faced tablet) 
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Fig. 5. Relationship between calculated capping index and observed 
capping index. O, fiat-faced tablet; o, convex-faced tablet 

3.5. Prevention o f  capping 
Eq. (4) suggesfs a w a y t o  p reven t  capping .  Increas ing  

Pc decreases  capp ing  index,  l ead ing  to  reduced  capping .  

The  add i t i on  o f  b inde r  wi th  fine par t ic le  size or  in a 
state o f  so lu t ion  effectively increases Pc [9]. Increas ing  

Smax is also effective in reducing  capping .  The  powder s  

o f  p o l y m e r  mater ia l s ,  such as s tarch o r  cellulose,  show 

higher Sma x. The  add i t i on  o f  these powder s  is effective 
in p reven t ion  o f  capp ing  [10]. The  shape  o f  a tab le t  is 

ano the r  i m p o r t a n t  fac tor  in p revent ing  capping .  Con-  

s ider ing convex-faced  tablets ,  table ts  wi thou t  capp ing  
m a y  be o b t a i n e d  i f  punches  with larger  radi i  o f  curva-  

ture are  employed  because  this decreases  the value o f  

Tv/Te. Thus  table ts  wi thou t  capp ing  can be successfully 
f o rmu la t e d  or  des igned using Eq. (4). 
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