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ABSTRACT 

The f r i a b i l i t y  o f  granule is one o f  the most important para- 

meters which e f fec ts  the propert ies o f  compressed tab le t  and se- 

vera l  fac to rs  play an important ro le .  I n  t h i s  study the e f fec ts  

o f  the molecular weights and types o f  the binding agents on f r i -  
a b i l i t y a n d  conpress ib i l i t y  o f  granules were investigated. 

Possesing various molecular weigths o f  Polyvinylpyrrol idone and 

Methylcel lulose were used f o r  the preparation o f  granules and 

t h e i r  physico-pharmaceutic propert ies were evaluated. 

INTROWCTION 

A u n i t  o f  granule i s  formed, by the agglomeration o f  the 

elements o f  i t s  components through bonds o f  a c e r t a i n  strength. 

The mechanical strength o f  a granule prepared by the wet gra- 

nu lat ion method depends on the surface tension o f  the binding li- 
quid used and the c a p i l l a r y  forces between t h i s  binding l i q u i d  

and the s o l i d  par t i c les .  These forces are responsible for  the in i -  

t i a l  agglomeration o f  the wet powder(1). 
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1342 BAYKARA AND ACARTURK 

The f r i c t i o n a l  and abrassive forces ac t ing  on dr ied  granules 

the manufacturing process modify the physico-pharmaceutic during 

propert ies o f  granules, Thus, the determination of granule f r i a b i -  

l i t y  i s  an important va l ida t ion  parameter f o r  the manufacturing 

o f  tab le ts  w i th  uniform propert ies( 2,3). 
The f r i a b i l i t y  o f  granules depends on the fo l lowing para- 

meters: 

a- The type and the concentration o f  the binding agent used 

i n  the granulat ion process(4). 

b- The temperature and the durat ion o f  the dry ing process 

( tak ing i n t o  consideration the moisture content and the 

f lowrate o f  the c i r c u l a t i n g  a i r ) ( 5 ) .  

c- The load on the trays, i f  the drying i s  car r ied  out i n  

t rays and a i r  i s  c i rcu la ted  hor izon ta l l y  over them(6). 

d- The working p r i n c i p l e  and the geometrical shape o f  the 

apparatus employed i n  the granulat ion process(7). 

e- The length o f  time i n  which binding so lu t ion  i s  added 

t o  the granulat ion m s s ( 8 ) .  

I n  order t o  determine the f r i a b i l i t y  o f  granule, the f r i a b i -  

l i t y  tes t  is performed and the f r i a b i l i t y  index(F1) i s  determined 

therefrom(9). For t h i s  purpose, the mass-median p a r t i c l e  s ize o f  

tested granules i s  diveded by the mass-median p a r t i c l e  s ize o f  the 

i n i t i a l  granules. This r a t i o  i s  required t o  be as close t o  u n i t y  

as possible. The lower the value o f  the(F1) from unity,the m r e  

f r i a b l e  i s  the granule( l0) .  

the F I  values and compressibi l i ty  o f  granules o f  the type and 

the molecular weight o f  the polymers used as the binding agent 

i n  the wet granulat ion process. Polyvinylpyrrol idone and Methylcel- 

lu lose  with varying molecular weights were chosen as binders. The 

e f f e c t  o f  uncontrol led v a r i a t i o n  i n  s ize and d i s t r i b u t i o n  o f  the 

p a r t i c l e  on the f low rate, the bulk propert ies, the consal idat ion 

and the compressibi l i ty  o f  the granules was a lso invest igated. 

The purpose o f  t h i s  study was t o  invest igate the e f f e c t  on 
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THE EFFECT OF BINDING AGENTS 1343 

EXPERIMENTAL 

Mote rials  : 
Corn Starch(Pharm. Qual i ty) ,  Lac tose(W) ,  Elcema P 050(De- 

gussa) , Polyvinylpyrrol idone( Kollidon, K-25, K-30, K-90, BASF AG) , 
Methycellulose( Tylose, M'1-50, MI-300, MH-1000, Hoechst AG) . 
A s ing le l o t  

Wet Granulation Process 

o f  each mater ia l  was used f o r  a l l  experiments. 

The wet granulat ion formulat ion used was as fo l lows. 

Lactose ............................. 665.52 g 

Corn Starch ......................... 286.86 g 

Elcemo P 050 ........................ 47.62 g 

Binder Solut ion (6 % w/v) .......... .310 g 

Lactose, Corn Starch and Elcema P 050 were mixed i n  a cubic 

mixer (Erweka, 15/UG) f o r  30 minutes a t  35 rpm. The wet granulat ion 

was ef fected 

t i o n s  o f  the binder so lu t ion  a t  equal time i n t e r v a l s  i n  a 30 m i -  

nutes long process, which was the passed through an o s c i l a t t i n g  

granulator(Erweka,FGS) with a 18 mesh screen. The granules were 

d r i e d  a t  5Ok2OC f o r  2.5 hours i n  a dry ing oven w i th  a c i r c u l a t i n g  

fan. The res idual  moisture content o f  the dr ied granules were de- 

termined by an I R  apparatus a t  8OoC for one hour, and was found 

to  be 3.2-3.4 %. The d r i e d  granules were passed again through the 

same screen. 

Determination o f  Average P a r t i c l e  Size 

i n  a planet mixer (Erweka,PRS) by adding equal por- 

The average p a r t i c l e  s ize and s ize d i s t r i b u t i o n  o f  the gra- 

nules were measured by sieve analysis. F i f t y  grams o f  granules we- 

r e  placed on a nest o f  6 sieves(0.841, 0.707, 0.595, 0.500,0.354, 

0.210 mn). The sieves were placed on a sieve shaker(Retsch,vibra- 

t ion anplitude:2 mn) and vibrated f o r  20 minutes. The f r a c t i o n  re-  

maining of each sieve was weighed. The cumalative percentage over- 

s ize was p l o t t e d  against sieve s ize on log-probabi l i ty  graph paper 

The average p a r t i c l e  s ize  o f  the granules were determined from the 

graph. 
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1344 BAYKARA AND ACARTURK 

Determination o f  Granular F r i a b i l i t y  

The granular f r i a b i l i t y  was determined using the f r i a b i l i t y  

t e s t  wi th  Roche F r i a b i l a t o r  suggested by Rubinstein e t .a l .  (9 )  and 

Baykara e t  .a l .  (11). F i f t y  grams o f  granules were placed i n  a Roche 

F r i a b i l a t o r  together with 10 rubber b a l l s  o f  diameter 15 M. The 

apparatus was ro ta ted  for 10 minutes a t  25 rpm. The tested granules 

were c a l l e d  fr iabled(FR) and the untested granules i . e .  i n i t i a l  

granules, unfriabled(UFR). Thus 12 d i f f e r e n t  granules o f  each type 

were obtained which were coded as fo l lows (Table 1). 

The F I  values were ca lcu lated the r a t i o  o f  the mean p a r t i c l e  

s i ze  o f  f r i a b l e d  granules t o  mean p a r t i c l e  s ize o f  un f r i ab led  gra- 

nules. 

Determination of  the Flow Rate o f  Granule 

The f low rates o f  the (FR) and (UFR) granules were determined 

wi th  the Flow Rate(Erweka) apparatus using 60 grams o f  granules 

a t  each t i m e .  

Determination of  Consalidotion Propert ies o f  Granules 

10 cm 

duated cy l inder  by using a funnel, i n  order t o  avoid perco lat ion 

and the weight o f  the 10 m l  was determined, the bulk  density(B0) 

The consal idat ion o f  10 m l  o f  each granule was rea l i sed  i n  a 
3 graduated cy l inder .  The granules were poured i n t o  the gra- 

Table I 
Codes of  Granules 

Polyvinylpryrrol idone Methyl Cel lu lose 

( Kol  1 idon ) (Tylose) 

K-25( UFR) 

K-25( FR) 
K-30 (UFR) 

K-30( FR) 

K-90 (UFR) 

K-90 ( FR) 

T-50 (UFR) 

T-50 (FR) 
T-300 (UFR) 

T-300 (FR) 

T-1000 (UFR) 

T-1000 (FR) 
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THE EFFECT OF BINDING AGENTS 1345 

being ca l cu la ted  therefrom. The graduated c y l i n d e r  was tapped from 

a he igh t  o f  10 mm and the r e s u l t i n g  reduc t ion  i n  volume was measu- 

r e d  a f t e r  repeat ing  t h i s  procedure 5,10,20,50,75,100,120,200,300, 
400,50O,bOO, and 700 t imes. The n a t u r a l  logharitmus o f  the  tapping 

values, thus obtained, were p l o t t e d  against  the  I n  I n  value o f  the 
r e l a t i v e  dens i ty  change(TDX - BD/TD) (12). The p roper t i es  o f  the  

regression l i n e s  ca l cu la ted  w i t h  a computer programme(Basic 80) 

were inves t iga ted(  13). 

Determination o f  the  Compress ib i l i t y  o f  Granules 

The compression p roper t i es  o f  (FR) and (UFR) granules were in- 

ves t iga ted  us ing  Heckel and Kawakita( 14,15) equations. For t h i s  

purpose a 10 mm diameter f l a t  face punch and a h y d r o l i c  press were 

used. Equal volumes of granules(1481.57m ) were pressed a t  767, 

1150.5, 1534, 1917.5, 2301, 3068 kg f  Pressure which maintained 

a t  the  requ i red  value f o r  30 seconds. The volume o f  the  tablet,V 
P' 

formed a t  each pressure l e v e l  was ca lcu la ted .  Results were ca lcu la -  

t e d  with a computer programme w r i t t e n  by us ing  Heckel and Kawakita 

equat ions( l3 ) .  

3 

RESULTS AND DISCUSSION 

The mean p a r t i c l e  s i z e  o f  the (FR) and (UFR) granules were 

ca l cu la ted  from the l o g - p r o b a b i l i t y  graphs p l o t t e d  according t o  the 

r e s u l t s  of t he  s i e v i n g  ana lys is  and (FI) values were determined f o r  

each gruriule therefrom( Table I I ) . 
The flow r a t e s  o f  (FR) granules had i n  the moin changed as a 

r e s u l t  o f  f r i a b i l i t y  t e s t  and a l l  the  f l ow  p roper t i es  were impro- 

ved(Tab1e 111). The d i f f e rence  obtained between the  granule p a i r s  

o f  the  same o r i g i n  i . e .  K(FR) and K(UFR) was signi f icant(p<O.Ol) .  

The decrease i n  the  f l ow  du ra t i on  o f  the  (FR) granules was the re- 

s u l t  o f  the r o l l i n g  a c t i o n  o f  the  f i n e  p a r t i c l e s  produced by break- 

i n g  down o f  l a r g e r  granules du r ing  the  f r i a b i l i t y  tes t ,  thus g i v i n g  

an apparent improvement i n  the f l ow  p r o p e r t i e s ( l 7 ) .  However i t  was 

observed that the  v a r i a t i o n  c o e f f i c i e n t  o f  (FR) granules were 

higher than those o f  the  (UFR) granules. This showed t h a t  the regu- 

X :  TD:Tapped Dens i ty  
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1346 BAYKARA AND ACARTURK 

TABLE I1  
The (FI)  values o f  granules 

Type o f  granule (F I  1 
- 

K- 25 0.762 
K-30 0.808 
K-90 0.941 
T-50 0.819 
T-300 0.840 
T-1000 0.854 

TABLE 111 
The f low rates and Hausner Factors o f  granules 

which prepared with Kollidon and Tylose 

~ ~~ 

Type o f  Flow Rate(g/sec) 

K-25 (UFR) 
K-25( FR) 
K-30 (UFR) 
K-30 (FR) 
K-90 (UFR) 
K-90 (FR) 
T-50 (UFR) 
T-50 (FR) 
T-300 (UFR) 
T-300 (FR) 
T-1000 (UFR) 
T-1000 ( FR) 

0.88 k0.0083 
0.68 f 0.025 
1.047f 0.0109 
0.70f 0.024 
1.16 f 0.018 
0.84f 0.015 
1.00f 0.014 
0.74f 0.014 
0.95f 0.017 
0.72k 0.019 
0.95f 0.011 
0.70f 0.017 

1.33 
5.14 
1.46 
4.84 
2.16 
2.50 
1.92 
2.58 
2.36 
3.72 
1.60 
3.46 

H. I .  

1.19 
1.19 

1.25 
1.23 

1.20 
1.15 
1.25 
1.14 
1.14 
1.10 
1.15 
1.09 

x: Var iat ion c o e f f i c i e n t  
R: n/lO 
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THE EFFECT OF BINDING AGENTS 1347 

l a r i t y  of f low properties o f  granule mass was changed and pa r t i c l e  

s ize d i s t r i bu t i on  range increased. In  another word the weigh var i -  

a t ion  of compressed tab let  was increased. This negative resu l t  was 
s ign i f icant  f o r  the granules prepared by the Kollidon,because (FI)  

values of the Kol l idon granules were l e s s  than the Tylose granules 

The s i m i l a r  resu l t  was also observed fo r  the Hausner Factor values 

o f  (FR) granules. The narrow pressure tolerance l i m i t s  o f  such gra- 

nules might lead t o  complications a t  the compression s tep( l8) .  
The consolidations o f  powder mass are a function of the i n t e r -  

par t i cu la r  holes, s izes and s i ze  d is t r ibut ions o f  the par t ic les.  
For t h i s  purpose, B.Neumann has evaluated the l i n e a r  re la t ionship 

o f  the tapping number versus re la t i ve  volume change, but 
a t  the compression step , the r e l a t i v e  density change,i.e. densi f i -  
cat ion has occured. For that reason the corre la t ion coef f i c ien t  o f  

TABLE I V  
The consalidation re la t ionship characters o f  the (FR) and 

(UFR) granules prepared by using Kol l idon and Tylose 

Slope Intercept S .D. Reg. 2 r Type o f  
granule 

K- 25 ( UFR) 0.9750 
K- 25 ( FR) 0.9058 
K-30 (UFR) 0.9811 
K-30 (FR) 0.9083 

K-90( UFR) 0.9674 
K-90 (FR) 0.9689 

T-50( UFR) 0.9745 
T-50 (FR) 0.9669 

T-300 (UFR) 0.9684 
T-300 (FR) 0.9050 
T-1000 (UFR) 0.9449 
T-1000 (FR) 0.9032 

6 . 3 8 7 ~ 1 0 ~ ~  
7 . 6 2 2 ~ 1 0 - ~  
7 . 9 9 8 ~ 1 0 - ~  

7 .965~10-~  

9 .775~10-~  
10 .l69xlO-* 
8 . 1 9 1 ~ 1 0 ~ ~  

9 . 9 0 2 ~ 1 0 ~ ~  
10 3 5 9 ~ 1 0 - ~  
7 .989~10-~  

13 1 5 0 ~ 1 0 - ~  
9 .450~10-~  

-1.0337 

-1.0757 
-1.0265 

-0.9 286 

-1.1690 
-1.2517 
-0.9304 

-1.2310 
-1.3984 
-1.3220 
-1.4990 
-1.3560 

0.0163 
0.0372 
0.0177 
0.0390 

0.0293 

0.0255 
0 .O195 

0.0239 
0.0298 
0.0382 
0.0507 
0.0411 
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1348 BAYKARA AND ACARTURK 

I n  I n  r e l a t i v e  density change versus tapping number re la t ionsh ip  

has more increased. The determination c o e f f i c i e n t  o f  UFR granules 

were higher than those o f  the FR granules f o r  the consal idat ion 

tes t .  This occured due t o  the change o f  homogenity i n  p a r t i c l e  s ize 

d i s t r i b u t i o n  as a r e s u l t  o f  f r i a b i l t y  test(Tab1e I V ) .  This change 

i s  opposed t o  the powder dens i f i ca t ion  and i n t e r p a r t i c u l a r  holes 

f i l l i n g  ru les by increasing o f  tapping number 

powders. Therefore the determination coef f i c ien ts  o f  regression 

l i n e s  o f  FR granules was less  than those o f  UFR granules. 

Tapping number versus r e l a t i v e  density change re la t ionsh ip  was chan- 

ged as a r e s u l t  o f  i r r e g u l a r  and/or uncontrol led p a r t i c l e  breakdown. 

The in tercept  values a lso inreased. The increase was d i r e c t l y  pro- 

por t iona l  t o  the increase o f  the slope o f  the regression l i n e  o f  

FR granules. For that  reason,during the compression step, the upper 

punch f a l l s  down from the required posit ion, so energy consumption 

incresed( l9) .  

f o r  granules and 

The determination coef f i c ien ts  o f  regression l i n e s  o f  UFR gra- 

nules obtained by the Heckel equation were higher than those o f  FR 
granules(Tab1e V).  The y i e l d  pressure(P ) values o f  FR granules 

which obtained from the rec iprocal  values o f  the slope o f  regression 

p l o t s  were i k r e a s e d (  20). These resu l ts  ind icated that the compres- 

s i b i l i t y  o f  FR granules were changed negatively. This var ia t ion  

shows that the di f ference between e l a s t i c  and p l a s t i c  deformation 

pressure of system was reduced(21). The pressure increase may lead 

t o  capping eas i l y  i n  such a granule mass(22). Consumed energy t o  

coapress the tab lets  was a lso increased. 

The l i n e  obtained by Kawakita equation was the best f i t t i n g  

l i n e .  The (a) value,the i n i t i a l  porosity, reduced as a f r i a b i l i t y  

tes t .  Because o f  this,the intragranular voids were f i l l e d  by the 

f i n e  par t i c les  which were formed as a r e s u l t  o f  a b r a s i o n  o f  granu- 

l e  un i ts .  The (b) value was a parameter re leated with the e l a s t i c  

c o e f f i c i e n t  o f  granule mass and was reduced a l l  the granule types 

except T-lOOO(UFR) and T-lOOO(FR). The increase o f  P 
these resu l ts (  23). 

Y 

values prove 
Y 

The resu l ts  o f  t h i s  study showed that the mechanical strength 
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THE EFFECT OF BINDING AGENTS 1349 

TABLE V 
The Heckel and Kawakita parameters o f  granules prepared by using 

Tylose and Kol l idon 

r 2 P r 2 axl~-l bx1~-3  
Y -  Type of 

Granule (Heckel) (Kgf .cm 2, (Kawakita) 

K-25( UFR) 0.9348 
K-25(FR) 0.9697 

K-30(UFR) 0.9865 

K-30 (FR) 0.9801 

K-90 (UFR ) 0.9769 

K-9O(FR) 0.9638 

T-5O(UFR) 0.9242 

T-5O(FR) 0.8899 

T-300 (UFR) 0.9464 

T-300 (FR) 0.9458 

T-1000 (UFR) 0.9678 

T-1000( FR) 0.9791 

0.9999 

0.9993 

0.9999 

0.9997 

0.9998 

0.9994 
0,9994 

0,9998 

0.9984 

0.9994 

0.9994 
0.9991 

7.233 

6.279 

7.086 

6.658 

7.563 

6.988 

6.955 

6.459 

6.936 

6.519 

7.022 

6.446 

6.382 

5.375 

6.454 

4.737 

5.748 

5.179 

4.694 

5.182 

4.640 

4.178 

3.961 

4.166 

o f  granules was changed by using equal amount o f  the same type o f  

binding agent which has d i f f e ren t  molecular weight. This uncontrol- 

l e d  var ia t ion  e f fec ts  the other propert ies o f  the granule mass(mec- 
hanica1,consolidation and compressibi l i ty) .  I n  t h i s  study i t  was 

observed that the increase i n  the molecular weight o f  the binding 

agent of  Kol l idon granules increased the mechanical strength of 

the granule. The 

K-25<K-30&-90 (Table I ) .  The s i m i l i a r  sequence was observed for 
the Tylose granules, i . e . T-50 < T-300 < T-1000. But the di f ference 

of  (F I )  value of Tylose granules were less than the Kol l idon gra- 
nules. A l l  propert ies o f  the granule changed with the di f ference 

of the (FI )  values. I t  was concluded that the di f ference o f  the 

molecular weight o f  binding agent was an important parameter ef fec-  

t i n g  the mechanical strength o f  granules. 

F I  values were changed i n  the fo l lowing order; 
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FOOT NOTES 

X This paper presented a t  the 2 nd In ternat ional  Symposium on Phar- 

maceutical Technology i n  Ankara,October 3-4, 1984. 

'Present Address : FAKO Pharmaceuticals, Levent-Is tanbul-TURKEY 
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