
Micromeritics of Granular Pharmaceutical Solids 11 

Factors Involved in the Sieving of Pharmaceutical Granules 

By DALE E. FONNER, JR., GILBERT S. BANKER, and JAMES SWARBRICK 

This report deals with basic studies concerned with the use of sieving as an accurate 
means of classifying granular pharmaceutical solids. Attention was focused on the 
effects of sieve shaker speed, initial load and particle size distribution of the granula- 
tion on the rate of particle size reduction and the cumulative per cent of material 
passing a sieve. The size and concentration of the smaller-than-mesh particles were 
shown to exert a profound influence on the equilibrium time of a sieve. Using a nest 
of sieves, an equilibrium time technique was developed to obtain the particle size dis- 
tribution and permit calculation of various statistical parameters dependent on the 
observance of the log-normal law. An equilibrium time procedure such as developed 
here permits the quantitative classification of granular pharmaceutical solids by siev- 
ing, with a better assurance that separatio: has been achieved with the minimum of 

attrition. 

HERE ARE few reports in the literature con- 
Tcerning the sieving of granular pharmaceutical 
solids for the purposes of classification or size 
analysis. It would appear that, in the past, such 
important considerations as size of the initial 
load, the sieve shaker speed, time of sieving, and 
the hardness, particle size distribution, and shape 
of the material being sieved have either been left 
to chance or substantially neglected. Such funda- 
mental parameters as the type of particle size 
distribution and the magnitude of various sta- 
tistical diameters on a weight or count basis have 
also not been applied to pharmaceutical granula- 
tions. 

Since sieving is the easiest technique available 
for classifying particles in the size range of gran- 
ular pharmaceutical solids, it  finds wide industrial 
application. However, sieving errors can arise 
from a number of different variables. According 
to Herdan (l), the most predominant are varia- 
tions in sieve loading, duration of sieving, random 
orientation of particles, fluctuation through sam- 
pling, errors of observation and experiment, and 
the effect of different equipment and operations. 
Consequently, if sieving is to be applied as an 
accurate, quantitative technique for classification, 
i t  is necessary to obtain more information as to 
the effect of the parameters previously enumer- 
ated on both the sieving process and the particle 
size distributions obtained. 

Whitby (2) has carried out an extensive study 
of the physical laws which govern the sieving of 
fine particles. It was shown that the sieving 
curve under nonsteady-state conditions can be 
divided into two distinctly different regions, with 
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a transition region between. The sieving curve 
was obtained by plotting the cumulative per cent 
by weight passing the sieve against time on either 
log-log or log-probability paper. A typical ex- 
ample of the former case is shown in Fig. 1. 
Whitby found that the rate a t  which the material 
passes a sieve in region 1 is a constant closely 
following the relationship : 

yo matcrial passing = atb (Eq. 1) 

where t is the sieving time, b is a constant very 
nearly equal to 1, and a is a sieving rate constant. 
Region 2 was found to follow the log-normal law. 
In this region all the particles much smaller-than- 
mesh size have already passed the sieve; conse- 
quently, the particles now passing the sieve are of 
a constant mesh size. For all practical purposes 
the sieve is considered to be at equilibrium at 
that time when the second linear portion (region 
2) begins, since the slight positive slope of the 
line is due mostly to the attrition of Iarger-than- 
mesh size particles (Fig. 1). 

The purpose of this report is to (a) present use- 
ful techniques and theories developed in other 
fields of study for the computation of various 
statistical diameters, ( b )  investigate the magni- 
tude of particle size reduction which occurs on a 
vibrating sieve, (c) investigate the effects of load, 
shaker speed, and particle size distribution on the 
cumulative per cent of material passing a sieve, 
and (d) suggest a method for determining the 
sieving time for a nest of sieves. 

EXPERIMENTAL 

Preliminary Controls.-Brdss screens1 constructed 
to A.S.T.M. specifications were used in all cases. 
A Ccnco-Meinzer2 sieve shaker was employcd with 
the speed setting at position 5, except for those 
studies concerned with the effect of varying the  sieve ___ 

Fisher Scientific Co., New York, X. Y .  
2 Central Scientific Co., Chicago, Ill. 
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region 2 -- 

E T. 

LOG TIME 

Fig. 1.-Typical plot of the. cuniulative per cent 
by weight of material passing a sieve as a function of 
time. 

shaker specd. A nylon brush was used to clean the 
sieves. Each granulation batch was gently mixed 
prior to sampling by placing the granulation on a 
sheet of paper and lifting the corncrs in scquence 
toward the center of the sheet. The preparation 
and properties of all granules used have been de- 
scribed elsewhere ( 3 ) .  

Particle Size Reduction on a Single Sieve.- 
Granules prepared using a hand scrren and an oscil- 
lating granulator were exarriiued (3). No sieve cuts 
were used and the initial load for sieve analysis was 
100 Gm. The cumulative per cent by weight 
passing a No. 16 sieve was plottcd against timc on 
log-probability paper over an extended shaking 
period. 

Effect of Load and Shaker Speed on Granule 
Breakdown.-Granules produced from an oscillating 
granulator ( 3 )  were employed. A 16-mesh sieve 
was used and no sieve cuts were taken. Thc cffcct 
of varying the initial load was studied between the 
limits of 50 and 150 Gm. The effcct of altering the 
speed sctting was studied using a standard load of 
100 Gm. and varying the specd between the limits 
ol positions 2 arid 8 on the shaker speed control. 

Particle Size Reduction on a Nest of Sieves.-- 
The effect of shaking time on the estimationzf the 
gcometric mean diameter on a weight basis, M, was 
determined using 16,20,40, and 60 screens in a nest. 
An initial 100-Grri. load of granules prepared using 
the hand screen was uscd and no sicvc cuts were 
takcn. The particle size distributions obtained 
a t  various shaking time intervals werc-plotted on 
log-probability paper. The values for A4 were then 
plotted against time on log-log paper. 

Influence of Particle Size on the Equilibrium Time 
of a Sieve.-This investigation was carried out using 
a No. 20 mesh sieve and a commercially prepared 
calcium sulfate base gran~lat ion.~ Three systems of 
granulations were studied. System 1 consisted of 
12/16 mesh particles together with various con- 
centrations of 40/60 mesh particles over the range 
from 12.5100% by weight. System 2 contained 
12/16 mesh particles and 30/40 mesh particles in 
concentrations ranging from 25-10070 by weight. 
System 3 was composed of 12/20 mesh particles plus 
various concentrations of 20/40 mesh particles rang- 
ing from 12.5-10070 by weight. The equilibrium 
times wcrc obtained, from log-log plots of the cumu- 
lative per cent passing thc sieve as a function of 
time, as that time a t  which the second linear portion 
of the plot began. This is shown as E.T. in Fig. 1. 
(See also Fig. 6.) 

Characterization of Particle Size Distribution.-- 
Various statistics were computed from the distribu- 

a Miles Laboratories Elkhart, Ind. 

tion of particle sizes obtained using two techniques. 
Standud Procedure.-The standard procedure 

rousistcd of sieving a 200-Gin. sample of the lactosc 
granulation (X), prepared using the hand screen, for 
10 inin. on a nest composcd of a No. 10, 20, 30, 40, 
60, arid 80 mesh sieve. The cumulative per cent 
less-than-stated size was plotted against stated size 
on log-probability paper. 

Equilibrizlnr Time Procedure.- The equilibrium 
time procedure was based upon a sequential analysis 
developcd from thc equilibrium time values of the 
individual sieves in the nest. 'I'his approach was 
necessary because the upper sieves in a nest will 1111- 

load their smaller-than-mesh particles b e h e  those 
sieves near the bottom of the nest. Consequently, 
the equilibrium time for a sieve in  a nest can only be 
computed when thc smaller mesh screcns are a t  lion- 
steady-statc conditions. Therefore, the sieve ini- 
mediately below the sieve whose equilibrium time 
was being determined was covered with a sheet of 
paper. The material collected after the upper 
sicve had come to equilibrium was then used as the 
sample for the previously covered sieve; the next 
lower sieve in the nest was covered in this casc. 
The cquilibrium tiincs for the individual sieves, 
obtained horn log-log plots of the cumulative pcr 
cent passing the sieve as a function of time, are pre- 
sented in Table I. 

On the basis of these results, the following pro- 
cedure was used to obtain the particle size distrihu- 
tion of 200 Gm. of the lactosc granulation ( 3 ) .  The 
Same nest of sieves was employed but no sieves were 
covered. The No. 16 sieve was removed after YO 
see. of shaking arid its contents weighed. I t  was 
then emptied and returncd to thc ncst. After 150 
scc. of shaking, the 20- and 30-mesh sieves were rc- 
moved and their contents weighed. The screens 
were emptied and then returned to the nest. 
Finally, the last three screens were removed and 
weighrd after a total of 200 sec. of shaking (this 
time was obtained by adding the individual equi- 
librium times together). Srlcctionof the times for re- 
moval of the sieves is not highly critical, although 
the selected time must ?tot be less than the corrlputed 
equilibrium time for the sieve being removed. 

RESULTS AND DISCUSSION 
Particle Size Reduction on a Sieve.-Thc data 

from extended shaking time studies performed 011 

particles hum the oscillating granulator were found 
to follow the log-normal l aw as predicted by Whitby 
(2), for sieving times beyond the equilibrium time 
value previously defined. Figure 2 reprcscnts a 
plot of cumulative per cent passing uersus time on 
log-probability paper. I t  is evident that a consid- 
erable number of particles are still passing thc sieve 
after 140 min. of shaking. Since i t  is not likely that 
undersize particles would take this long to reach thc 
classificatioii area, i t  must he assumcd that particle 
size reduction is occurriug. 

TABLE ~.-EQUILIHRIUM TIMES FOR THE IXDIVIDUAL 
SIEVES I?; A NEST" 

Mesh size 16 20 30 40 60 80 
Equilibrium time, sec. 45 30 25 20 36 44 

200 Om. of the lactosr granulation pi-epared by the hand 
x i - e m  method (3) was uscd. 
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Effect of Sieving Time on the Geometrical Mean 
Diameter by Weight.-P&ts of the geometrical mean 
diameter by weight, M ,  for particles from the 
oscillating granulator, at various sieving times are 
shown in Fig. 5 .  These data were obtained from 
studies on the particle size reduction on a nest of 
sieves. 

It is apparent from Fig. 5 that much care must be 
exercised when selecting a sieving time, especially if 
the ultimate objective is to characterize the clistribu- 
tion of particle sizes. The mean particle size by 
weight obtaincd from sieve analysis will continually 
decrease as the sieving time increases. Similar data 
werc obtained for particles prepared from the hand 
screen; however, the slopes of the two lines were 
different. Thus, the slope of the sieving curve for 
particles from the oscillating granulator was 0.096 
p/sec. and the slope for partides from the hand 
screen was 0.174 p/sec. This implies that the par- 
ticles prepared froni the oscillating granulator are 
harder than those from the hand screen, a finding 
which is in agreement with the hardness index values 
determined for these granulations in earlier work (3). 

Influence of Particle Size on the Equilibrium Time 
of a Sieve.-The effects of different proportions by 
weight of three sieve fractions of smaller-than-mesh 
size calcium sulfate granules on the equilibrium time 
of a 20-mesh sieve are shown in Fig. 6. Each point 
on the curve represents the mean of two cquilibriurn 

99.9 7 1  
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10 20 50 100 
T I M E ,  rnin. 

Fig. 2.-Logprohahility plot of the rate of attri- 
tion of particles from the oscillating granulator. 
1,oad: 100 Gin.; speed setting: 5 ;  sieve size: 16 
mesh. 

80 7 

, 
1 2 3  4 5 10 

TIME, rnin. 

Fig. 3.-Effect of initial load upon the rate of 
attrition of particles from the oscillating granulator. 
Speed setting: 5 ;  sieve size: 16 mesh. Key: A, 
50 Grn.; 0 ,  100 Gm.; ., 150 Gm. 

Effect of Load on Granule Breakdown.-Figure 3 
illustrates the results obtained for the three different 
initial loads studied. Since the curves for each 
initial load are virtually parallel, the attrition rate 
constant is apparently undff cctcd by the initial 
load over the range of values studied. However, i t  
is evident from Fig. 3 that the cumulative per cent 
passed a t  any one time increases as the initial load 
decreases over the range of values studicd. This 
means that the smaller loads have passed a greater 
percentage of their particles a t  equilibrium time than 
have the higher loads, i . e . ,  the smaller the load, the 
more efficient is the sieving process. This phe- 
nomenon is probably due to less “blinding” on the 
sieve and greater maneuverability of the particles a t  
these smaller loads. 

Effect of Shaker Speed on Granule Breakdown.- 
The results obtained from this portion of the study 
are plotted in Fig. 4. Since the actual vibration 
rates of the shaker a t  the various speed settings 
could not be determined, it was not possible to plot 
attrition rate as a function of vibration rate. 
Nevertheless, i t  is apparent from Fig. 4 that higher 
speeds nf shakiug may markedly influence the reduc- 
tion in size of particles on a sieve. 

100 700 300 500 1000 
TIME. sec. 

Fig. 4.-The effect of the speed setting of the sieve 
shaker upon the rate of attrition of particles from the 
oscillating granulator. Load: 100 Gm.; sieve size: 
16 mesh. Key: H, speed setting 2;  0 ,  speed setting 
5; A, speed setting 8. 

9 1000 -1 

I---- ’ 700 

1 3 5 10 30 
T I M E ,  min. 

Fig. 5.-Plot of the geometric mean diameter by 
weight against sieving time for particles from the 
oscillating granulator. Load: 100 Gtn.; speed 
setting: 5 ;  sieve sizes: 16, 20, 40, and 60 mesh. 
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Fig. 6.--Effcct of various particle s i x  fractions 
upon the equilibrium timc of a 20-mesh sicve using 
a commercial calcium sulfate granulation. Load : 
200 Gm.; speed setting: 5.  Key: ., system 1 
(12/16 and 40/60-mesh fractions); 0,  system 2 
(12/16 and 30/40-niesh fractions); A, system 3 
(12/20 and 20/40-1nesh fractions). 

times. Thcsc were obtained graphically and, in 
most cases, were identical. System 3 was chosen 
because it contained many particles a t ,  or near, mesh 
size. 

From Fig. 6, it  can be seen that the equilibrium 
times go through a maximum which is displaced to a 
Iowcr pcrccntagr of smaller-than-mesh size particles 
as these smaller particles decrease in size. A t  the 
same time, the height of the peak decreases. In this 
particular study, all the variables were held constant 
with the exception of the per ccnt by wcigbt of 
particles smaller-thammesb size. The time taken 
for all the smallcr-than-mesh sizc particles to pass 
thc sicvc is obviously a function of the number of 
these particles as well as the number of particles too 
largc to pass which will hinder tlie passage of the 
smaller particles. Thus, 

E.T. = f(n,, no) (Eq. 2 )  

where E.T. is the equilibrium time in seconds, n, 
is the number or weight of particles which can pass 
the screen, and no is the number or weight of the 
greater-than-mesh size particles. 

Incrcasing n,, while keeping nu constant would be 
expected to increase E.T. because of the increased 
number of particles which must now pass through the 
larger-than-mesh size particles and the sieve. On 
the other hand, holding nu constant and decreasing 
no would pcrmit the smaller-than-mcsh sizc particles 
to pass more rapidly through the sieve because the 
hindrdncc cffcct of the largcr-than-mcsh sizc particlcs 
is being progrcssively reduced. 

In  the systcm under discussion, we are increasing 
the weight conccntration of thc smallcr-than-mesh 
sizc particles a t  the expeusc of thc larger-than-mesh 
size particles, i .e. ,  nu is increasing and no is decreasing 
simultaneously. ’This reasoning may now he 
applied to tlie results shou~n in Fig. 6. Thus, it  is 
postulated that over the region AB, the E.T. is in- 
creasing because the increase in n,& is of more 
significance than the decrease in  no. However, at 
B, the efTect of iricreasing n,, (tending to increase 
B.T.), and the cffcct of decreasing no (tending to 
decrease E.T.), are equal and n masimum point is 
r~btaiiicd. Over the rcginti BC. the value for E.T. 
falls because the decreasing no is now the controlling 
factor. We would expect, furthermore, the point 
a t  which the equilibrium time begins to decrease, 
aftcr reaching the maximum B, to occur a t  lower 
concentrations of thc smaller sized component, as 

the size of thc latter decreases. This is because the 
hindrance of the smaller-than-mesh size particles by 
the larger particles decreases as the size of the former 
decrease. This is shown to occur in Fig. 6. 

It is also evident from Fig. 6 that the maximum 
equilibrium time increases as the smdler-than-20- 
mesh particles increase in sizc. This is prcsumably 
due to the fact that the movement of the smaller 
sized particles through thc void spaccs in the 
granular bed becomes more dificult as the size of the 
smaller particlc fraction increases. The large in- 
crease in equilibrium timc for systcm 3 (12/20 mesh 
and 20/40 mesh particles), is most likely due to 
“blinding,” since this systcm contained many 
particles at, or near, mesh size. Particies in this 
size range will reduce thc cffective open area of the 
sieve. Therefore. when selecting a sieving time, 
much thought should be given not only to the size 
of the smaller-than-mesh particles, but also to the 
concentration of such particles. 

It is interesting to note thc 100yo point on the 
curves for the three systems shown in Fig. 6. A t  
this point, there are no particles larger than mesh 
size prcscnt on the sieve. Therefore, an equilibrium 
time near zero is to be ewpcctcd. This was not the 
case for system 3, containing 20/4O mesh particles, 
where 6.7y0 of the granules by weight were still on 
the sieve after 15 min. of shaking. This phe- 
nomenon was clieckcd by resieving the bulk sample 
of 20/40 mesh particles and running the determina- 
tion again. The moisture content of the granules 
was checked before resieving and immediately follow- 
ing thc 15 min. shaking period; it was constant a t  
1.67,. The same result was obtdincd, i.e., approxi- 
mately 7% by weight of the initial load of ZOO Gm. 
did not pass. It is postulated that reduction in the 

PARTICLE SIZE, p 

Fig. 7.-l-’lot of cumulativc pcr ccnt less-than- 
stdtcd sizc against statcd size using the equilibrium 
time proccdurc for hand-granulated material. Load : 
200 Gm.; speed setting: 5 .  

. 0.5 2I 
100 200 300 500 1000 

PARTICLE SIZE, p 

Fig. 8.-I’lot of cumulative per cent less-than- 
stated size against stated size using a 10-rnin. sieving 
time for hand granulated material. Load: 200 Gm. ; 
spcccl setting: 5 .  
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‘rAB1.R II.-STATISTICAL 1’ARAMETERS CALCULATED FROM S E I V I N G  S T U D I E S Y  
~ ~~~~ - ~ ~ 

-Sieving Procedure--- 
Parameter Eq. Used (4) -Std., 10 min.,; Equilibrium Time-- 

Geometric mcan diam. by wt., % 

Geometric S.D., uQ - from plot on log-probability paper 3.67 4.12 

Geometric mean diam. by count, do log d, = log - 6.908 logz ug 5.13 p 2.19 p 

Mean surface diam. by count, d, log d, = log @ - 4.605 log2 uV 28.73 p 16.29 p 

Mean vol. diarn. by count, d, log de = log - 3.454 log2 ug 66.81 p 44.40 p 
Arithmctic mean diam. by count, d,, log d,, = log M - 5.7.57 log2 ug 12.36 p 5.97 p 

No. of particles/Gm., N 

SO?( of stated size from plot on 840 p 900 p 
log-probability paper 

84.135% stated size 
50y0 stated size 

1.369 x 107 4.861 x 108 
1 

log N = log - - log d g 3  
Pffw 

- 10.362 log2 U V  
~ ~~~ ~~~. _ _ _ ~  ~- _ _ _ _ _ _ _ ~ ~  -~ 

(i 200 Gm. of the lactose granulation prepared by the hand screen method uIas usrd. 

cffectivc open sievc area, due to the large number of 
ncar-mesh-size particlcs present, was probably the 
major Cause of this unexpected result. 

Comparison of Various Statistical Diameters.- 
Using the standard and equilibrium time procedures 
for sicvc analysis, it was possible to make a com- 
parison of various statistical diameters. These were 
computed from the respective plots of size distribu- 
tiou by weight on log-probability paper shown in 
Figs. 7 and 8. In both cases, the distributions closely 
follow the log-normal law. Tablc I1 summarizes 
the results obtained from Figs. 7 and 8. 

Owiug to the iiicreascd duration of sieving, i t  was 
expected that those statistical diameters obtained 
by sicving for 10 min. would be smaller than those 
usiug tlic equilibrium time procedure. However, 
this was only tfue for the diaineter calculated 011 a 
weight basis, Af, Thc cxpccted ordcr of statistical 
diameters by count was reversed because of the high 
value for u0 in thc equilibrium timc analysis. (See 
Table 11.) From this portion of the study, it can be 
concluded that although diameters on a weight basis 
will always decrease with increasing sieving timcs, 
those calculated diameters by count cannot always 
be assumcd to decrcasc with increasing sieving 
times. I11 actuality, these parameters do decrease, 
but the computed values are arrived at from a con- 
sideration of the entire range of particle sizes. Since 
sampling of particle sizes was possible only over a 
finite range, the error in ug arising from lack of data 
a t  the very small sizes was probably responsible for 
the results shown in Table I I. 

Particle size rcductioti has been showt~ to occur 
when sieving is continued well beyond the equi- 
librium time, and this pIpbably accounts for the 
widely varying valucs of M and u, shown in Table 
11. Therefore, to lessen the error introduced by 
particle breakdown. the equilibrium time procedure 
is suggested for the Characterization of size distribu- 
tion of pharmacrutical graiiulnr solids. Such an 
approach automatically takes account of the variable 
equilibrium times observed for the separate sieves. 
(Sec Tablc I.) 

CONCLUSIONS 

Basic studies on the sieving mcchanism wcrc 
carried out. I t  was found that particle size recluc- 
tion occurred during sieving and was markedly 
influenced by the sicvc shaker speed setting. The 
rate of particle size reduction was apparently in- 
dependcut of the initial load; however, the efliciency 
of the sicvirig operation is influenccd by the initial 
load, as evidenced by Fig. 3. The equilibrium time 
of a sieve was found to be markedly dependent on the 
particle size of the sample used. This was partic- 
ularly so when the sizc of the particles approach the 
mesh size of the sieve. Also shortcr equilibrium 
times w-crc observed when the concentration of 
srnaller~tlian-me~h size particles was eithcr fairly 
high or low in comparison to the greater-than-mesh 
size particles. A t  intermediate concentrations of 
the smaller-than~mesh particles, the equilibrium 
times can be expected to increase. 

Comparative studies, using two different tech- 
niques to obtain particle size distribution curves, 
showed that the computcd statistical diameters were 
influenced by the time of sieving. It is recom- 
mended that the equilibrium time procedure be used 
for the characterization of granular pharmaceutical 
solids by sieving. This in turn must entail prior 
knowledge of the  equilibrium times of each im 
dividual sieve since, as is seen in Tablc I, these vary 
with screen mesh size. Only by the use of the 
equilibrium time rnrthod can thc operator bc 
confident tliat particle brcakdown has been kept 
to a minimurn ancl that equilibrium conditions on 
each sieve in the nest have becn attained. 
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