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The Gampression of Granulates 

Granüllerin Kompresyonu 

E. SHOTTON* and Oya ALPAR** 

Introduction 

Granulation is th° aggregation of small solid particles of form 
larger masses having desirable physical properties. The rnechanism 
underlying aggregation have been described by Rumpf' (1) and in 
pharmacoutical granulations surface tension forces and the forma-
tion of crystalline bridges, when solvents are used, are probably 
the two major mechnaisms. The effect of moisture on the compres-
sion characteristics of powders and granules has been investigated 
by Seth and Munzel (2), Jaffe and Moss (3) and by Shotton and 
Rees (4). In addition, Shotton and Rees examined the effect of the 
presence of a solvent (water) and non-solvents (light licjuid paraf-
fin and decahydronaphthalene) on the compaction of sodium chlo- 
ride crystals. Very little has been carried out on the effect of granu- , 
lating powders with volatile solvents and non-solvents and the 
subsequent compression of the dried granules. 

MATERIALS AND METHODS. 

Aspirin B.P. and hexamine B.P. These substances were ball-
milled and the resulting powders classified with an Alpine Multip-
lex zig-zag classifier 100 MZR, and the fraction having a partide size 
af 3 ixm chosen. The material collected was passed through the clas-
sifier a second time to remove undersized particles. 
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Spray-dried lactose. The lactose was passed through o fluid 
energy mili and on subsequent rnicroscopic size analysis the weigh-
mean diameter was found to be 2pm. 

Sulphadiazine. A commercial powder of B.P. quality was ob-
tained and a size analysis carried out using a Coulter Counter. The 
mean partide size was found to be 3 pm. 

Granulating liquids. The following volatile liquids, absolute 
alcohol, diethyl ether, acetone and distilled water, were used. For 
each substance a granulating liquid was chosen in which the subs-
tance had the greater solubility, granulate A, and another liquid in 
which the substance was much less soluble, granulate B. The liquids 
chosen for each powder are giyen in Table 1. Where substances have 
a low solubility in the liquid it was considered unlikely that, on 
evaporation, significant crystalline bridges would be formed. The 
choice of liquids was limited and the liquid in which the substance 
had the greater solubility was termed the «solvent», the distinction 
to some extent being arbitrary. 

Gramılation. The granules were prepared by moistening the 
`powder with the chosen liquid in a mortar and then presing the 
moistened mass through a sieve. The moist granules were dried. in 
an men at 50°C for the non-aqueous liquids and at 75°C for granules 
prepared with distilled water. The amount of liquid was just enough 
to wet the powder mass, although the quantity of ether and aceto-
ne was large due to evaporation. 

The dried granules were again sieved and the following frac-
fions collected; --10 +20 mesh, —20 +30 mesh, —30 +40 mesh, 
—40 +60 mesh. These gaye mean partide sizes as; 1245 .em, 717 
un, 507 ıım and 335 p,m respectively. Microscopic examination 
confirmed that the granules in the fractions were uniform and free 
form fines• The hardness of the granules was assessed arbitrarily 
by crushing under a steel spatule (Ganderton and Selkirk (5). 



Substance 

111•■•• 

«Gramdate A» «Granulate B» 

Solubility in 

liquid wiv  

Quantity 
per 100 g 
of Power 

Friability 
ender 
spatula 

Solubility hı. 
liquid w/v 

QualıtitY 
per 100 g 
of PowdeTj 

Friability 
ender 

spatula 

Hexamine 
Distilled 

water 
1 in 1.5 

4 ml very hard 
in 320  

Ether 

1 
50 ml meclium hard 

Aspirin 
Alcohol 
Absolute 
1 in 5 

20 ml medium harf 
Distilled 
water ı 	1 in 300 

40 ml soft 

SulphacLazine 
Acentone 
1 in  300 56 ml soft 

Distilled 
water 

lin 13x103  
62.4 ml soft 

Spray-dried 
Lactose 

Distilled 
water 
1 in 6 

12 ml very hard 
Absolute Alcohol 
(almost 

insoluble) 
34 1111 very soft 

TABLO 1 : Substances and liiquids used for Granulations 
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Moisture Content 

The residual liquid, referred to as the moisture content of the 
dried granules, was determined with a Chan Gram Electrobalance 
in a vacuum oven and in each case was below 0.04 % w/w, so that 
the effect of liquid present on the compression characteristic of 
the granules was minimal. 

Compression of Granules 

The weight of granules required to give each taglet 4 mm 
thick at zero porosity was filled into the die in each case. 
The weighed granules were left in desiccators over night the 
moisture content then determined. Plane faced cylindrical 
punches, 12 mm diamer, were used. Tablets were compressed from 
the granules at four different force levels and five tablets were 
produced at each force level. A power-driven Lehmann tablet mac-
hine was used, instrumented in a manner similer to that described 
by Shotton and Ganderton (6) and a constant speed setting on the 
Kopp variator was used throughout. The bore of the die and the 
punch tips were cleaned before each compression with metal polish 
and degreased with acetone. For sulphadiazine, to avoid jamming 
the machine the die and punches were lubricated by painting with 
a 2 % solution of stearic acid in acetone - carbon tetrachloride 
(1 : 1), and alloving to evaporate before the compaction of each 
tablet. The tablets were weighed, the thickness measured and the 
crushing strength determined by the method of Shotton and 
Ganderton (6). From the dimensions the relative volume and relative 
density were calculated. 

RESULTS 

The results of the crushing strength, Fc, of tablets, are sum-
marised in Figures 1, 2, 3, 4, 5 and 6. The verticle bars in figures 
indicate ± one standard deviation. 
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FIG. 3. The strength of sulphadiazine tablets prepared from granules 
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FIG. 6. The strength of spray- dılled)lactose tablets prepared from granules B. 
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Effects of granulating liquid 

Granules formed by using a liquid in which the substance hac, 

the greater solubility (granulates A) were harder than the granu 
lates B. 

At low compression pressures the effect of the granules on 
tablet strength and other parameters was inconsistent due to smali 
plastic distortion and fracture of the granules. The eift.cts were 
more consistent at the higher pressures used. The tablets compres-
sed fronı  granulates A were stronger than tablets prepared from 
granulates B for aspirin, sulphadiazine and spray-dried lactose. 
With hexamine the strength of the tablets was little difterent whet 
her granules A or granules B were used. 

The effect of granule size was variable. With hexamine the 
granule size had little effect on tablet strength whether solvent or 
non-solvent was used for granulation, except that the largest gr,.. 
nules A gaye the weakest tablets. With aspirin the largest granules 
gaye the strongest tablets for both granulates A and granulates B. 
The strong.-..st sulphadiazine tablets were produced from the sınal-
lest granules when granulates B were compressed, whereas for 
granulates A the effect of granule size was negligible. 

Finally with the spray-dried lactose the strongest tablets we-
re formed from the largest granules when granulates B were used. 
This is the reverse of the effect using sulphadiazine B granules 
and also the reverse of the effect when compressing spray-dried 
lactose A granules. 

Force lost to the die wall, Figs. 7, 8, 9, 10, 11 and 12. 

Aspirin. The force transmitted to the bottom punch was grea-
ter (i.e. Fd was less) for the granulate B than for the granulat 
A. In both eases however, there was a tendency of an increasing 
transmitted force (F d decreased) as the granule size increased 
and the original powder showed the greatest value for Fd at the 

higher levels. 
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FIG. 7. The effect of applied fofrce on the force last to the die wall when 
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FIG. 8. The effect of applied force on the force lost to the die wall when 
aspirin (3gm) granules B were used. 
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sulphadiazine (3“,m) (A) granules A (B) grataules B were used. 
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FIG. 11. The effect of applied force on the force tost to the die wal with 
hexamine A granules. 
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hexamine B granules. 
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FIG. 13. The effect of compaetion force on the relative volutms of tablets. 
made (A) from the granules A, (B) from the granules B of spray - 
dr ı ed lactose (2pm). 
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Sulphadiazine. The force lost to the die wall (F d ) was si-
milar for both types of granules an in both cases was greater than 
when the original powder was compressed. At the lowest pressure 
th‹:: force lost to the die wall was greatest for the original powder 
than for the granules B. 

Hexamine. For tablets compressed from granules A of hexa-
mine the effect of the applied force on the force lost to the die 
wall (Fig. 11) shows a decrease when compared to the tablets 
compressed directly from the powder. The effect of granules B of 
hexamine on the force lost to the die wall, F d , was the same as 
found with the granules A of hexamine, only to a lesser extent. 
(Fig. 12). 

Spray-dried lactose. For the granules B granule size had very 
iittle effect on the force lost to the die wall. For the granules A 
the force lost to the die wall was greatest for the largest granules. 

The relative volume was calculated from the dimensions of 
the tablet immediately af ter ejection. This was found to be slightly 
less for tablets compressed from granules than from the powder, 
except for the granules A of spray-dried lactose which gaye a grea-
ter relative volume. (Fig. 13). Comparatively greater relative volu-
me values were found for the compacts of granules A when com-
pared with granules B. Spray-dried lactose show this behaviour 
quite clearly, Fig. 13. The diffferences in relative volume esere di-
minished as the FA increased. 

DISCUSSION 

By using solvents and non-solvents to form granules it was in-
tended to separate the effect of surface tension forces, with non-
solvents, and surface tension followed by crystal bridging with 
solvents. Binding agents were not used. 

Effect of granulating liquid 

The efffect of granulating liquid on the strength of tablets 
shows a number of trends. When using a non-solvent the tablets 



'ormed from granules appeared to be weaker than those formed 
'rom the original fine powder. With solvents the tablets were 
›tronger than when non-solvents were used, and where the' solu-
ı llity of the substance was high, as for lactose in water, the tab-
ets formed from granules were stronger than the tablets formed 
'rom the powder, with the exception of hexamine. This also ap-
ılied to sulphadiazine which was poorly soluble in acetone and 
hese soft granules tend to break down to the powder under comp-
•ession, and as the force Tost to the die wall at the higher pressure 
s less with granules than with the powder it indicates that area in 
ontact with the die wall is less. Since less shearing of the surfaces 
n contact takes place between granules and the die wall, a weaker 
ablet results. This can be seen from the lower F d values but the 
lifference, however, is not great. 

When, granulating with a solvent hard granules result, due to 
:rystalline bridges being formed between particles on drying. In 
ıddition the solvent will tend to remove surface defects and cracks, 
ınd this will increase the resistance of the crystal to deformation 
ınd fregmentation (Marsh, 8). This agrees with Huffine (9) that 
his would reduce the strength of the compact with a compact for-
ned from the original powder. However, when the force suf-
iciently large, fragmentation probably occurs at the crystal brid-
;es exposing fresh surfaces for re-bonding to form stronger tablets. 
rhe force at which this occurs appears to depend upon the subs-
ance being compressed, but it appears at the higher pressure 
ısed, tablets prepared from the granules A gaye the stronger tab-
ets. 

The general tendency to result in a stronger compact when 
ırepared from granules A, compared to granules B is accompanied 
ıy the greater relative volume for the compacts from granules A. 
n other words the relative density of granules B compacts is 
;reater than compacts prepared from granules A. This improve-
nent of relative density however, is not reflected in an correspon-
ling increase in strength. As the force of compaction is increased 
he density of packing of the granules increases to a greater extent 
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than does the granules A. However, the strenght of the bond bet• 
ween the particles is less and the total strength of the compact is 
less. 

Effect of granule size 

The granules B showed very hale effect of the granule size 
--- within the size range examined — on the strength of the tab-
lets fonned from them. Since the granules were soft and easily 
broken down, this could be expected. This applied also to sulpha-
diazine granulated with acetone as the solubility is probably too 
low to affect the flaws in the crystals. 

The granules A of hexamine and spray-dried lactose produced 
the stronger tablet from the smaller granules in a similar manner 
to that found for crystals by Shotton and Ganderton (6). Granules 
A of aspirin did not show this effect, and this is probabiy due to 
fracture of the tablets taking place around the crystals, Shotton 
and Ganderton (7). 

The effect of granule size on the strength of tablets is the in-
yerse of the friction losses at the die wall. The force tost to the 
die wall for hard granules increases with the granule size for gra-
nules A except in the case of aspirin. The greater loss to the die 
wall by the larger granules A would also imply that there is a grea-
ter retardation of the punch movement so that the bottom of the 
tablet is less compressed. This could be brought about by the gra-
nules below and so transmitting a high radial force to the die 
wall. The crushing strength of the tablet would be dependent upon 
the least compressed zone. Therefore the tablets from granules are 
weaker. 

SUMMARY 

Solvents and non-sovents have been used to granulate aspirin, 
hexamine, sulphadiazine and spray-dried lactose. Granules prepa-
red with solvents as a granulating liquid are the harder due to the 
formation of crystal bridges. When such granules are compressed 



the tablets compressed from granules prepared with solvents are 

stronger even though the porosity was greater. The harder granu-
les offer a greater resistance to con ıpression as shown by the force 
Tost to the die wall, but fracture of the crystal bridges and re-bon-
ding of the fresh surfaces would account for the greater strength. 

ÖZET 

Aspirin, hekzamin, sulfadiazin ve spray-dried laktozun granü-
lasyonunda solvan ve non solvanlar kullan ıldı . Granülasyon s ıvı sı  
olarak «solvan»lar kullan ı ldığı nda, kristal köprülerin olu şmas ı  ne-
deni ile, elde edilen granüleler daha serttir. Bu tip granülelerden 
bas ı lan tabletler, porozitenin büyük olmas ına rağmen daha kuv-
vetlidirler. Daha sert olan granüleler, yuva cidarlar ında kaybolan 
kuvvetlerin büyüklüğünden de takip edilebilece ğ i gibi bas ıma da-
ha büyük bir rezistans göstermektedir. Fakat kristal köprülerinin 
çatlamas ı  ve neticede aç ı lan taze yüzeylerin yeniden ba ğ lanmas ı  
tabletlerde daha büyük bir mekanik dayan ı klığ a sebep olmakta-
d ı r. 
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