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FACTORS AFFECTING AVERAGE WELGHT AND
WEIGHT VARIATION O COMPRESSED TABLETS

INTRODUCTION

Definition and Origin

Tablets, the most widely used oral dosage form to=-
day, are a progressive development from two older
dosage forms, powders and pills. Tablets are masses of
solid medicinal substances compressed into various
shapes. The moéernvera of tablets starts from the date
of invention of the tablet machine by William Brockedon
of England in 1843 (4, pe 1055). The evolution of the
tablet machine f{rom that date has passed through the
yarious stages of mechanical development to present
automatic machines capable ol producing tablets at the
rate of 1000 to 1500 per minute (6, pe 475).

The term "compressed tablets" was originated by
John Wyeth and brother in the United States in 1877 (11,
p. 82). Compressed tablets consist of a mixture of
powdered ingredients formed into small or large gran-
ules, which are then compressed mechanicually into a de-

sired shape or size.



Popularity

The tremendous use of tablets as a dosage fomm
for solid medicaments was evident in the early 1890's,
when tablets were used for all diseases. The [irst
official recognition of tablets was noted in U.S.P.
IX in 1860. Only one monograph on poison tablets of
corrosive mercuric chloride was mentioned. U.S.P.
XVI (1960) contains monographs of 139 different tab-
lets., A survey conducted in 1957 among all of the
pharmaceutical dosage forms used in the United States
indicated that 6.,20% of the dosage forms were for solid
medications (10, p. 49). Of these solid medications,
tablets accounted for 65.9%.

Advantages and Disadvantages

The accuracy of dosage, ease in administration,
convenience in handling, and ease in shipping and
packaging are important factors for the increased use
of tablets (14, p. 371). Because of the accuracy of
dosage of the tablet, the trend in increased use of
potent drugs has also increased the importance of tab=-
lets in industry as well as dispensing. In contrast
to these major advantages, tablets have minor disad-

vantages. The manufacture of tablets 1s mostly
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restricted to solid medicaments. Tablets of large size
also have often been found difficult to administer by

mouth.

Ingredients and Purpose

Making the tablet is not just a matter of com-
pressing the powdered, crystalline or granular material
into shape. Most drugs cannot be formed into a satis-
factory tablet without preliminary treatment regardless
of amount of pressure used during compression. Usually
a formula must be devised which includes not only the
active ingredient or ingredients but also a number of
excipients, each selected to play a specific part in
the manufacture and efficacy of the tablet. The ex-
cipients fulfill one or more of the following [functions:
dilution, cohesion, granulation, disintegration, lubri-
cation, absorption, coloring and flavoring (4, pe. 1056;
11, p. 82).

The diluent is a very important tablet excipient.
If a single dose of the active ingredient incorporated
into a tablet is too small in volume to permit the tabe
let to be compressed in the machine, an inert substance
such as lactose, sucrose, starch, or kaolin is added to

the formula to bring the tablet up to a convenient size
and weight,
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The cohesive 1s added to bind the powders together
as granules and the granules together as tablets of de-
sired hardness and size. Typical examples are gum
acacia, gelatin and methylcellulose.

The granulating agent is a liquid such as water or
alcohol used to moisten the dry powders for conversion
into granules. rformation of granules promotes smooth
and uniform flow into the die. The granulating agent
often contains the cohesive.

The function of the disintegrating agent is to
cause the tablet to break apart. Starch is the best
and most used disintegrating agent.

Granules are compressed between the punch faces
and the inslde of the dile. It is therefore necessary
to introduce a lubricant to prevent adherence of the
powder to the punches and die and to insure smooth
ejection of the tablet from the die., Commonly used
lubricants are talec, magnesium stearate and liquid
petrolatum,

An absorbent is necessary when oils, tinctures,
or fluld extracts are included in the formula for come
pressing the tablet. Certain diluents such as lactose
and starch can act as absorbents.

The use of color is necessary when tablets of a



desired shade are required. Moreover, the use of color
in tablets is often used as a means of identification.
for psychologlical effect, certaln drugs are availablé
in different colored tablets.

When the drug used for the tablets is bitter or
unpleasant in taste, flavors and essentlal olls may be

added to produce a certain degree of palatabllity.

Methods of Manufacture

Compressed tablets are commonly prepared by three
methods: direct compression, "slugging" or double
compression, and wet granulation.

Direct compression consists of compressing cry=
stalline granular substances directly to form a tablet.
Only a few materials do not need preliminary treatment
prior to the compression of the tablet.s Examples in-
clude such materials as sodium and ammonium chloride,
some lodides and bromides, methenamine and potassium
permanganate. These substances are normally cohesive
enough to bind under pressure and form satisfactory
tablets.

Granulation by "slugging", known as dry granu-
lation, consists of compressing the mixed powders into

oversized tablets or "slugs". These are broken and



passed through a screen of sultable mesh and subsequently
recompressed into tablets.
Wet granulation is the most commonly used process

for the preparation of tablet granulations. Granu-

lation is a process for converting materials to small
granules, which flow freely and uniformly into the die
for compression. It results in the reduction of gpecie-
fic surface area with an increase in density. Wet granu-
lation consists of moistening the powder with a liquid
or solution to produce a moist mass. The mass is then
passed through a screen of proper mesh and the re-
sulting granules are dried. Agents frequently used are
aqueous solutions of sugar, gelatin, gums, dextrin,
starch, and water, alcohol, glycerin, etec. Miller and
Chavkin have reported the use of polyethylene glycol
as & dry binding agent in tablet compression (16, p. 486).

Ffactors Affecting Average Welght and Weight Variation

Accuracy of dosage 1s an important requirement for
the productlion of good tablets. This can be achleved by
insuring proper and complete mixing of the components
and malntaining a unliorm weight of the compressed tabe
lets. Producing a tablet of accurate and uniform weight

necessitates the delivery of a constant volume of granu-
lation into the die.



for the evaluation of average welght and welight
variation of compressed tablets, all factors arlfecting
average weight and weight variation should be studied
together. The factors influencing the average weight
and weight varliation of compressed tablets include per=-
centage composition of fines with granules, particle
size of granules, physical and micromeritical proper-
ties of ingredlents, diameter of punch and depth of die
cavity, characteristics of particulates, and other fac-
tors as geometry of the hopper, speced of compression,

and irregularity in pressure.

Fines and Lubricants

Any factor which influences the flow will influence
the average welght and weight variatlion of the com=-
pressed tablets. Movement of the granulation inside the
die 1s largely influenced by the lubricant during come
pression, while flow outside the die is largely ine
fluenced by the amount ol [fines with granules and gran-
ule size (7, pe 17)s The lubricant plays the role for
smoo ther operation and good appearance of the tablet.
The distribution of particle size plays a role for
uniform volumetric feeding of the dlie and thereby unie
form weight of the tablet (l, p. 1056; 5; Pe U466). It



has been found that the presence of a small amount of
{fines improves the flow rates of dry particulates.
Schwartzkoff (7, pe 47) has shown that from 0 to 8 per
cent [ines will glve optimum flow rates, depending upon
the ratio of outlet-diameter to particle diameter. The
use of a "glidiant" for increasing the flow rate has
been reported (20, p. 263). Hammerness and Thompson
have stated that Iines have a measurable and uniform
effect upon the flow of tablet granulations (8, p. 61).
They have also stated that the addition of fines ine-
creased the rate of flow to an optimum level, after
which the rate began to decrease. In studying the
effect of lubricants and fines, Hammerness and Thompson
concluded that lubricant and fines had synergistic
actions on rate ol flow. The role played by a small
percentage of fines which have been found to improve
the {low of particulates may be that of £illing in the
surface impressions of the larger particulates (7,

p. 48). They also decrease the void fraction by going
in between those granules in the die, thereby decreasing
the welght variation. It is therefore necessary to
study the effect of different percentages of fines with
granules to determine the weight varietion of the
tablets,



Particle Size of Granules

The uniform and free flowing properties ol granules
have been discussed by many researchers. The major fac-
tors which affect the flow rate of granules are particle
size, particle size distribution, particle shape, den=-
sity of the particles and surface characteristics oi the
granulation (7, pe 47).

A study of the average weight and weight variation
of compressed tablets related to particle size has been
reported by Arambulo and Deardorff (2, p. 6913 3, p. 694).
They concluded that the decrease or increase in the
average weight and weight varlation of tablets is re-
lated to the particle size used.

Solid particulates exhibit certaln angular proe-
perties which have been found to be related to the
manner in whieh they flow (7, pe 45). The three most
important angular properties appear to be (1) the angle
of internal friction, (2) the angle of repose, and (3)
the angle of wall friction. Of these properties, the
angle of repose is the most commonly measured and re=-
ported angular property. The‘frictional forces in a
loose powder can be measured by the angle of repose.
This is the maximum angle possible between the surface
of pile of powder and the horigontal plane (13, pe. 592).
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Eino Nelson has studied the repose angle of sulfathla-
zole granulation as a function of the average particle
size, the presence of lubricants, and the admixture of
fines (17, p. 437). In general, the repose angle in-
creased with decrease in particle size. e also cone-
cluded that addition of fines to coarse granulations
caused & striking increase in the repose angle.

The correlation between punch size and granule
size (with no indication about the [ines) has been sug-
gested by several investigators (19, p. 19; 14, p. 380).
It should be emphasized that no original research has

been reported to support these views.

Physical and Micromeritical Properties

Physical and micromeritical characteristies of
particulates will influence the average weight and
welght variation of the compressed tablets. Density,
stickiness, and dustibility of the granulation are im-
portant factors. Hasegawa ol Japan has studied the
effect ol various tablet formulations on the weight
variation of the compressed tablets (9, p. 16). He
found that no slgnificant differences were recognized

among the three tablet rormulations used in this study.
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Diameter of Punch and Depth of Die Cavity

Increase in punch size will increase the weight
of the tablets. Thus, increase in weight of the tab=~
lets will ultimately lead to a numerical increase, but
a percentage decrease, of welght variation of compressed
tablets. Similar results can be obtained by 1ncreasing
the depth of the die cavity also. In a study of these
two factors, Hasegawa (9, p. 21) found that a decrease
of the diameter of the punch increased the percentage

weight variation of tablets quadratically.

Iypes of lMachines

There are two main types of tableting machines used
at the present time, the single punch and the rotary
machines (6, p. 472). The single punch machine, as the
name implies, contains only one station and has the
capacity to produce from 50 to 100 tablets per minute
(6, pe 4472)s The rotary machine is equipped with from
15 to 323 stations having the capacity to produce from
200 to 1500 tablets per minute (6, p. 472). Both the
rotary and the single punch machines are used in indus=-
try and are capable of producing most of the standard

slze pharmaceutical tablets.
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The principle of the two types of machines is
similar. The granulation flows from the hopper iato
the feed shoe, then into the die where it 1s compressed
between two punches to form the finished tablete.

A single punch machine 1s excellent for experi-
mental work as it is possible to operate with a small
amount of material. The main disadvantage ol the single
punch machine, as compared with a rotary type, is
limited production. A rotary machine, in addition to
greater production, is designed for smoother and quieter
operation. A rotary machine compresses the tablet by a
squeezing action from both sides. This type of com=-
pression and ejection is smoother than a single punch,
where compression is made rapidly by a hammer-like blow
of the upper punch.

In the rotary type, the granules are fed onto a
moving plate with a device to scrape off the overfilled
die which helps in uniform die £1ill. Some substances
which do not flow easily into the die of a single punch
type have been easlly handled by the dies of the rotary
type (6, pe L4T4).



QOther sactors

factors such as surface characteristics of granules,
large variation in pressure, speed of compression, and
geometry of hopper can influence the weight and weight
variation of tablets. Effect of speed ol compression on
welght variations of a tablet has been evaluated by
Hasegawa (9, p. 21). Hasegawa did not Iind any signi-
ficant difference ilor the two different speeds which he
selected. Any suriface phenomenon which would promote
difficulty in one particle sliding past another, as sur-
face roughness or cohesiveness, would promote variable
voidage. Thus, degree of surface roughness 1s an im-
portant consideration lor flow property of dry solid
particulates and thereby lor weight variation of com-

pressed tablets.

Experimental Design

Weight varietion of compressed tablets is an indl-
cation of the accuracy and uniformity of dosage. Cer-
tain of the factors arfecting welght variation and
average weight were selected for comparative study while
other factors were kept constant 1n the study.

The eiffects ol the tablet base, punch size, per-

centage of fines and granule size on tablet weight
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variation were evaluated. The evaluatlon consisted of
accurately welghing each tablet in the order produced
and analyzing the data statistically.

Lactose and sodium bicarbonate were selected for
evaluation as tablet bases. [or each base, three stan-
dard concave punch sizes were used: 3/8 ineh, 4/8 ineh
and 5/8 inch. ior each base and punch size, three
fractions of granule sizes were prepared: 10-20 mesh,
20-30 mesh, and 30-40 mesh. For each tablet base, punch
size and granule fraction, five percentages of [ines were
incorporated: 1%, 10%, 20%, 30% and L0%.

The overall plan for evaluation of these [lactors is
shown in flgure I. Other factors affecting weight vari-
ation were controlled within the limits of experimental

error.
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EXPERIMENTAL

All drugs and chemicals used in this study were
USP or N# quality (1, p. 1-531; 21, p. 1-1148). All
sieves and mesh numbers conformed to the U.S.P, equiva=-

lent series (21, p. 932).

Tablet Base

Two bases used for this study were prepared as
follows:
Base A: Sodium bicarbonate « « ¢« « ¢« ¢ « o 100 Gm.
Corn starche « ¢« o« « o s+ ¢ o ¢ « o 10 Gm.
Bagse Bt Lactos@e. ¢ o o o s ¢ ¢ ¢« ¢ ¢ o« o o 100 Gm.
Corn starche o« ¢« ¢« o o« o ¢« ¢ ¢ o « 10 Gm.
Each base was mixed thoroughly and passed through
#40 mesh sieve to break up lumps.

Granulation

Wet granulation process was used throughout the
study. In both bases 10% gum acacia solution, prepared
as below, was used as granulating and cohesive agent.

Gum acacCifle o o ¢ o o o s s o o o o o o » « 10 Gm,

Water tomake « o« ¢« ¢ ¢ ¢ ¢ ¢ o« ¢ o o o o+ o 100 Gm,

Each tablet base was molstened with measured and

necessary amount of gum acacia solution, until the whole
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mass became damp and could be broken into lumps. The
whole mass was then passed through #6 mesh sieve onto
trays and trays were placed in drier for 2 hours at
45° c.

The dry granules were then passed through #10 mesh
sieve, #20 mesh sieve, #30 mesh sieve and #40 mesh sieve
by hand, The whole amount was then classified into the
following three fractions of granules of required amounts

for tabletting:

10-20 fractions: The granules which passed

through #10 mesh sieve and retained by #20
mesh sieve.

20-30 fractions: The granules which passed

through #20 mesh sieve and retained by #30
mesh sieve.

30-40 fractions: The granules which passed

through #30 mesh sieve and retained by #40

mesh sieve.

Percentage of iines

Mve different composition of {ines were combined
with each fraction of granules as listed below. The
fines used were #60 mesh and above. One per cent mage-

nesium stearate was used as lubricant for all
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compositions. The magnesium stearate was included in

the percentage of fines.

1% fines: 1 part ol magnesium stearate.
10% fines: 1 part of magnesium stearate.
9 parts of sodium bicarbonate Ifor
Base A, or lactose [or Base B.
20% fines: 1 part of magnesium stearate.
19 parts ol sodium bicarbonate for
Base A, and lactose for Base B.
30% fines: 1 part of magnesium stearate.
29 parts of sodium bicarbonate for
Base A, or lactose for Base B.
4o% rfines: 1 part of magnesium stearate.
39 parts of sodium bicarbonate for

Base A, or lactose for Base B,

The final composition of each tablet formulation

conslsted of':

Magnesium stearate, fine powder . « « « « « 1 part
Sodium bicarbonate or lactose, {ine powder. x parts

fraction of granules, to make . « « « « « « 100 parts

The quantity of sodium bicarbonate or lactose as

fines was varied according to percentage of fines desired.
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Each tablet formulation was mixed thoroughly by
rolling on paper and compressed immediately. (ive per-
centages of fines were combined with each ol the three
fractions of granules for two bases, resulting in
(5 x 3 x2 = 30) different tablet formulations. Each
tablet formulation was compressed with three different
punch sizes, resulting in (30 x 3 = 90} batches of

compressed tablets.

Tabletting and Sampling

A Stokes model E single punch tablet machine was
used for the study. Three standard concave punch sizes
selected for study were 3/8 ineh, L4/8 inch, and 5/8
inch. The depth of die cavity was kept constant for
each punch and base separately. The machine was ad-
justed to a fixed pressure which produced a tablet hard-
ness of 8 Strong Cobb Units#. Speed of compression was
kept constant at sixty tablets per minute. Approxi-
mately 100 Gms. of each tablet formulation was fed into
the hopper and compressed into tablets. The compressed

tablets were collected in the order punched. ifor each

%A Strong Cobb Unit is an arbitrary unit obtained from
the reading on a Strong Cobb tablet hardness tester and
is approximately equal to a pressure of l.6 kg exerted
against the tablet (15, p. 85).
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bateh of tablets, the first five tablets were discarded
and the next [{ifty tablets were examined and weighed.
The average weights and statistical interpretations were
drawn from these samples of [ifty tablets for the ninety
batches;

During the compression it was [found that sodium
bicarbonate tablets containing U0% fines often capped,
while no capping was found in 40% fines composition of
lactose. It was noted that excessive fines of lactose
had a tendency to stick to paper, hopper and punch. It
was also noted that 0% fines composition of sodium bi=-
carbonate flowed well through hopper to die and com=
pression was easily done, but in lactose it was found
that L40% fines composition sometimes flowed with diffi-
culty from hopper to die and often a small amount of
powder came out of the die on ejection without com=-

pression into tablet form.

Repose Angle

The repose angle of each tablet formulation was
measured by a modilied method similar to that described
by Train (22, p. 928). The apparatus (Ffigure I) con-
sisted of a smooth glass funnel having an inside dia-

meter of 15.2 cm. on upperside and a tip ol l.l em. in=-

side diameter. A circular glass dish of 9 cm. diameter
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with edges l.5 cm, high was placed beneath the funnel a
distance of 3 cm. from the tip. The tip of the funnel
was closed by one hand and the funnel was filled with a
sample of the tablet formulation. Then the hand was
taken off and the formulation was allowed to drop in the
dish, When the conical pile in the dish reached the tip
of the funnel, the funnel was ralsed slowly by a mechani=
cal screw until the height of the pile was the maximum
possible. The height of the plle was measured by
pointing a metal tip on the top of the pille and then re-
moving the pile and measuring the distance from the edge
ol the dish to the metal tip point. The process was re-
peated three times for each composition. The average of
three readings was used to calculate the repose angle,

according to the following formula:

§ = tan "1 _H_ where H is height of pile and

iR

R is diameter of circular dish.
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RESULTS AND DISCUSSION

Average Welght ol Tablets

Table 1 shows the average weight of each sample of
fifty tablets for the ninety batches. Graphs of average
weight against the percentage of fines for each fraction,
punch size and base are shown in Figures III to VIII.

The graphs show that in sodium bicarbonate base, the
average weights ol tablets increased as the percentage of
fines increased, regardless of granule size or punch size.
No maximum was obtained in sodium bicarbonate graphs and
the average welght was increasing even at [j0% fines com=-
position.

In lactose base 1t was concluded that the average
welghts of tablets increased as percentage of fines in-
creased, reached a maximum at 30% fines composition and
then leveled off or declined at 0% fines compositione
This effect was found in all fraction of granules and
all punch sizes, except in 10-20 fraction of 4/8 inch
punch size.

These different results in lactose base and sodium
bicarbonate base indicated that fines played an important
role for increase or decrease in average weight of the

tablets.



Table 1

Average Weight in Milligrams

Sodium Bicarbonate Base Lactose Base
Punch 10-20  20-30  30-40 10-20 20=30 =
Size Pines fraction FPraction ifraction fraction sraction Jiraction
1% Blre9 530.9 521.6 370.2 418.0 Lh2.h
10% 1.2 551.1 551.2 393.0 0 y62.1
3/8 In. 20% 569.8 603. 571.9 433.3 0.9 492.7
30% 626.7 661. 655.0 466.3 499.6 497.5
L0% 688,6 722,8 713.0 460.1 499.3 623
1% 907.8 995.6 1002.2 680.6 795.0 816.0
10% 91«9 1057.7 1046.6 guu.S 849.7 868.1
30% 1105.4 12745 1297.4 822.4 9434 917.5
L0% 1313.2 1369.0 1383.5 872.4 926.5 895.6
1% 1406.2 1460.8 1500.8 974.2 1114.6 11,3.0
10% 1532.9 1564.1 1569.6 1012.7 1212.6 1190.8

5/8 In. 20% 16644 1729.2 1753.8 1078.9 1242.5 12033
30% 1796.8 1898.6 1864.1 1080.7 1259.7 12101.6
Lo% 1977.3 2025.1 2043.6 1035.. 1179.4 1116.5

FPor each batch she fifty tablets were weighed in order punched. The average
weight of those [ifty tablets was calculated.

tie
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Volumetric feeding of the dle (and thereilore tab-
let weight) can be affected in two ways: (1) by in-
creasing or decreasing the rate ol flow of the materlal
from the hopper to dle and (2) by increasing or de-
creasing the vold fraction.

The rate of flow of the lactose base from the hopper
to die was hindered by the sticking of fines to the
hopper. This stickiness may have been due to electro=-
static charges, which increased as the percentage of
fines inecreased, resulting in a leveling off of average
weight at 30%. Sodium bicarbonate was relatively un-
affected by this property. Another factor which may have
influenced the flow rate of lactose compared to sodium bi=-
carbonate was lower density, resulting in smaller {low
rate when subjected to gravitational forces.

Increase or decrease in void fraction largely de-
pends on the surface characteristics of the granules and
granule size. If the granule size and surface charac-
teristiecs of granules for the two bases were similar, then
only different percentages of f[ines used with granules
would give a comparative increase or decrease the vold
fraction.

Thus, increase in average weight up to 30% fines in

lactose and 40% fines in sodium bicarbonate was largely
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due to decreased void fraction and increased flow of
material.

The decrease in average weight of 40% fines compo=-
sitions of lactose base was due to the decreased flow of
material., This might be due to electrostatic charges and
low density of fines of lactose.

The sodium blcarbonate base containing L0% fines
gave no difficulty in compression or flow through the
hopper into the shoe. KEven 60% fines compositions were
compressed successfully. However, it was found that 30%
fines composition and above gave capped tablets occasion-
ally.

No capping was observed in lactose tablets, even at
0% fines composition, but sometimes it was difficult to
compress the tablets of L0% fines compositions. This
difficulty was due to the electrostatic property of lac-
tose fines, resulting in adherence to papers, walls of
hopper and faces ol punches.

Thus, it could be said for sodium bicarbonate base
that decrease in void [raction and increase in flow of
material acted synergistically for increase in average
weight of the compressed tablets., In lactose base, de-
crease in void fraction was more important up to 30%

fines composition and then for 0% fines composition
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decrease in flow of materlal was more responsible lor
decrease in average weight of the compressed tablets.

Visual analysis oi figures III to VIII shows that
the average tablet welght increased as the granule size
decreased from 10-20 mesh to 20«30 mesh (i.e. from
2000-840 microns to 840-590 microns). No such apparent
difference was noted between 20-30 and 30-40 {ractions
(Leee Lfrom 840-590 microns to 590-420 microns). This
is true Jor all percentages ol fines. One reason for
this difference was the blg dii'ference 1ln micron sige
of the granules. Another reason was the void fraction
due to granule size as increase in granule size in-
creases vold fraction.

Based on the above observations, it was concluded
that increase or decrease in average welght ol come
pressed tablets was largely influenced by the percen-
tage ol {ines and characteristics of lines used with

granules and granule size.

Welght Variations

Bach batch of fifty tablets was welghed in the
order punched. The fifty weights were considered as
observations for each sample and the sample variances

were calculated and tabulated as shown in Table 2.



Table 2

Sample Variance (S2)# in Mg.2

Sodium Bicarbonate Base Lactose Base
Punch 10-20  20-30 30-40 10-20 0=30 -
Size Mines Praction Jiractlion Fractlon #raction iraction Ffraction
1% 8l.56 8.04 3.39 81.89 11.10 2.87
10% 178.22 82.37 33.20 16073 10.86 7.71
3/8 in. 20% 535.47  213.60  426.50 93440 142,20 17.06
30% 211.52 760.52 110.96 115.69 28.24 5.86
L,0% 624,00 212,81 203.49 357.22 22.27 38.17
1% 166.12 20.52 16.01 117.32 1487 4«95
10% 1247.54 150.66 860.82 341.56 33.23 30.83
L/8 in. 20%  3694.60 1162.94  955.36 346.81 207.95 30.90
30% 3996.32 1033.99 950445 §13-89 «93 58.63
40%  18429.61  1622.34 741.35 09.47 2.51 476487
1% 375.81 43.26 30.27 294499 2l.10 9.39
10% 326,94 2294.92 1166.08 §87-3h 186.28 381.76
5/6 in. 20% 4251.23 818L.16 76347 57.01 212.65 86.00
304 20416.89 1178.22 2049.01 1212.08 168.90 26.53
Lo% 1917.25 3675.48 968,03 6979.23 2460.99 3150.69

#Each sample consisted of fifty tablets and variance of that sample was calcu-
lated according to the followlng formula: 2
' s2 =z f_yz-.(éﬂ_n

n=1

where y stands for observation, i.e. weight of tablet in milligrams and n stands
for sample size, which 1s equal to fifty for all samples.

he
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The chi square (xz) test for testing the homo=-
genelty ol variances was carried out. Bartlett's method
was used for this purpose (23, p. 194). The statistic
used in testing the hypothesis that k populatlon vari-

ances are equal was:

x2 2 23026 (D-0) wigh k-l df.
Lo 3teD
where D-C was the difference between the pooled d.f. log
82 and sum of d.f. log Sz, A-B was the difference between
sun of 1/d.f. and pooled 1/d.fs, and k was number of
samples.

This was a one tail test. If the k sample varlances
were equal, D = C and the chi square value was equal to
zero. Ii the sample variauces were very much diiferent
from one another, the chl square value would be large and
the hypothesis that the population varlances were equal
may be rejected.

Each composition within fraction was considered as a

sample and k samples were the number of compositions
(five) in each fraction. Thus, for each fraction, the x2
test was carried out separately. The hypothesls that the
variances were equal was tested for all fractions and for
all punch sizes. The x2 values obtained are given in

Table 3. The results were signiricant. Thus, 1t was

concluded that different percentages of fines gave



Table 3

x2 values (with L, degrees of freedom) for each fraction having

percentage of fines as k samples

x2 Values
O= =30 - Critical
Base Punch #raction PFraction Fraction Region Conclusion
Lactose 3/8" 38.530 33.226 88.240 x2 >13.276 Hypothesis is
at 1% signi- rejected.
L/8" 25.3190 96.164 225.47)4 ficance level Results are
with 4 d.f. signilicant.
5/8"  175.105 260.727 L437.332
Sodium bi- 3/8" 149.847 187.717 215.12 x2 =>13.276 Hypothesis is
carbonate at 1% signi- rejected.
/8" 208.409 193.648 142.472 ficance level Results are
' with L d.C. significant.
5/8" 265.740 211.833 141.252

9¢



Table 4

x2 values (with 2 degrees of freedom) for each punch having

granule fractions a

s k samples

Critical
Base Punch x2 Values Reglon Conclusion
Lactose 3/8" 93.166 =2 >9,210 at lHypothesis 1s re=-
1% signilicance jected.
L,/8% 79.384 level. with 2 Kesults are sig-
defe nificant.
5/8" 48.063
Sodiun bi=- 3/8" 2,448 x2 >9.210 at  dypothesis is
carbonate 1% significance accepted.
L/6" 3.64 level. with 2 Results are not
d.f. significant.
5/8" 1.515 1

LE
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significantly dilfferent weight varlations ol coupressed
tablets. Oae per cent {ines gave the least welght
variation.

Then each fraction was considered as a sample and
the three granules fractions (10-20, 20=30 and 30-40)
were considered as k samples. In this case, all the come
positions of fines in each fraction were considered as one
sample of 250 observations. The x° test was performed for
each punch size separately. The results are glven in
Table L.

The results were found significant ia 1aoto$e base
and were found nonesignificant in sodium blcarbonate base.
It wae concluded that granule slze had a signilicant
offect on weight variation in lactose base, but not in
sodium bicarbonate base., Least weight variation occurred
in 30-40 fraction (neglecting varlation of LO% fines).

from the results in Table 2, it was concluded that
1% fines composition with all granule sizes gave less
welght variation than 10%, 20%, 30% or LO% [lines compo-
sition in same fraction. Simlilar results were obtained
in all fractions and all punch sigzes and both bases.

It was also concluded that 1% filnes composition of
30«40 fraction gave less weight varlatlion than 20«30
fraction and 1% fines composition of 20-30 Lfraction gave
less weight variation than 1% fines composition ol 1020

fraction, regardless ol punch size.
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Also 1% fines composition of all fractions in 3/8"
punch size gave less welight variation than L/8" punch
size and 1% fine composition of all fractions of L/8"
punch size gave less weight variation than 5/8" punch
size.

Results also indicated that as the percentage of
fines increased the weight variation increased, reached
a maximum, in some cases, at 30% fines composition and
in some cases at [0% fines compositions.

The results in Table 2 also showed that in 3/86"
punch size, 10% fines in 30-40 fraction gave less
variation than 1% fines composition in 10-20 fraction
of same punch size, in lactose as well as sodium bi-
carbonate base.

In lactose base, the results of weight variation
were found significantly diifferent among the fractions
(Table L4). The 30-40 fractlon in all punch sizes gave
less weight variation than 10-20 fraction in all punch
sizes. The results in Table 2 also showed that all per-
centages through 30% fines composition in 30-40 fraction
gave less variation than 1% fines composition in 10-20
fraction in lactose base, regardless of punch size.

No such significant differences could be calculated

in sodium bicarbonate base, indicating that it was not
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the granule size but the use of fines of these two bases

that had played roles in differentiating then.

Repose Angle

The repose angle was measured for all compositions
of fines and fractions of granules. The results ob-
tained are shown in Table 5 and Mgure IX. It was found
that repose angle decreased as granule size decreased,
while increase in percentage of ines resulted in ine-
crease in repose angle.

A comparison of the data for repose angle with the
data for weight variation (Table 1) showed similar
trends, i.e. repose angle and weight variation generally
decreased as granule size decreased, and repose angle
and weight variation generally increased as the percen=-
tage of fines was increased. Thereiore, it was con=-
cluded that granulations with small repose angles
generally had small weight variations and granulations

with large repose angles had large weight variations.



Table 5

REPOSE A N GLE %

Sodium Bicarbonate Base Lactose Base

10-20 20-30 30-40 10-20 20=30 30=40
flnes Fraction ~Fraction Fraction Fraction #raction sraction
1% [2°-07'  42°-00 39°-56 41°-10*  389-32'  L}0°-55!
10% 42®-28'  11°-02  39°-56 43°-15'  Lo°-u8r  }2°-55¢
20% j2°-28y ;2900 ;00181 160=5t  LLO-02' UL C-l1
30% 43°-021  2°-55 }1°-18 48°-28'  [7°-03'  L5°-50!
1,0% u°-221  }3°-29 1,3°-011 48%-25+  };9°-13v  18°-11

#Average of three readings was used to compute repose angle by the
following formula:

-1
= tan "7 _E_ where H is height of pile and
Q g R ¢ R is diaggter of circular dish

™
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CONCLUSIONS

This study has shown that particle size, percentage
of fines, surface characteristics of fines, and diameter
of punch had slgnificant effects on average weight and
weight variation of compressed tablets of lactose and
sodium bicarbonate.

l. The average weight of the compressed tablets
increased as the granule size decreased from 10-20 to
20«30 to 30-40 fractions.

2. Average welght ol compressed tablets of sodium
bicarbonate base was found increasing as the percentage
of fines increased. No peak for increase of average
weight was found in sodium bicarbonate tablets.

3. £For lactose base, average weight increased with
Inereasing percentage of fines, reached a maximum at 30%
fines, then leveled off and declined at 0% fines., This
might be due to electrostatic charge of fines particles
and lower density of powder.

4o In each fraction 1% fines gave least weight
variation in comparison to 10%, 20%, 30% and 40% fines

composition in same fraction regardless of punch sigze.



5. Granule size had significant effect on the
welght variation for lactose base, but no significant
results were obtained in sodium bicarbonate base.

6. iHor lactose least weight variatlion occurred
with 30-40 fractions in all punch sizes (except L4O%
fines composition in 4/8 and 5/8 inch punches).

7. Weight variation of compressed tablets for all
fractions and all percentage composition ol [ines in-
ecreased numerically by increasing the punch size.

8. iines had significant effect on weight varla=-
tion in lactose as well as sodium bicarbonate base, re-
gardless of punch size or granule size.

9. HKepose angle generally decreased as granule
sige decreased.

10. Repose angle generally increased, as percentage
of Iines increased.

1l. Repose angle and welght variation tended to
change together, i.e. decrease in repose angle generally

produced decrease in weight variations.
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