fuope

FLb
1454 .

ANALYSIS OF THE PHYSICAL CHARACTERISTICS
OF COMPRESSED TABLETS

LOUIS NASIR ELOWE

A Thesis Submitted in Partial Fulfillment
of the Requirements for the Degree of
DOCTOR OF PHILOSOPHY

at the
UNIVERSITY OF WISCONSIN

195%



The author wishes to express his sincere thanks
and appreciation to Dr. L.W. Busse for suggesting this
study and for his guidanece in directing it to completion,

Gratitude Lis also extended to Dr. T, Higuechi for

valuable suggestions and assistanos rendered throughout

the duration of this work,
The author is also grateful to the Wisconsin

" Alumni Research Foundation for grants which helped to

. make this investigation possible.

~



TABIE OF CONTENTS

INTRODUCTION oooonuooQcncoc-oouuooaououoo-ooo-occoo

PAST WORK ON PROPERTIES OF COMPRESSED TABLETS eesecoes

Reviev of the Literature with respect to
Heardness and Disintegration Tim® seecescosssscnnse
Quantitative Determination and Cerrelation of

the Physical Properties of Compressed Tablets eees
THEORY (F TABLET COMPRESSION geesceceseccessvconsessss

" BIBLICGRAPHX seescescvcvscocenccsscccecoscssccesercssse

PLAN OF 8S8TUDY ccecvcoconcenscsestavecoscosscnsecsssanse
PRESENTATION (F DATA AND RESULTSE sesnecvcscccccsconsone

PART I 000000000000060000000000000000000000800000000000

Exporimental ceecsccecccsccescccocsscocecacecnense

Physical FProperties Studied and Methods of
thelir Determination sseceesscsvscscocsccencncesces
D‘u SO0 RENARGER PRGNV NAINERNESOIRRNBRORROROSORTRRY

PART II 0000¢00000000000000000000000000000000000000000

* THE PHYSICS OF TABLEYT COMPRESS8ICON V., 3tudies
on A:glrin, Lactose, Lactose~-aspirin and
Sulfadiazine Tablets gceceeccsveccccevasecresecsonene

PART IIX secveceeceeccceosscerescsoneaesnnesossssssasce

THR PHYSICS8 OPF TABLET COMPRESSION VI,
Compressional Behavior of Phenacetin and
Methacetin Granulations sscecsccscceccsscssnesscoe

’m Iv PRVVGOSOBOROPNNOEBNVEVIRODRRGROVEOEQURONVDEREGSRS

Correlation of Hardness, Porosity and Apparent
Density of Compressed Tablets cceccceccscncvcccscen
Density Gradient in Compressed Tablets sececcceses

GENERAL CONCLUSICKS seeveesscsscossvvcassosssssccsncene

GENERAL SUMMARY 0P R0 000000000E00000000000000R0000

e €SB R EBes +u B

- 4

95
109

17



INTRODUCTION

It is trus that compressed tablets are one of the
most commonly used dvsage forms of medication today, While
the many advantages they hold over other dosage forms of
medication have enabled gompressed tablets to occupy such
an important place, it must not bde forgotten that these
advantages have been very much enhanced through eontinued
and pustained research for over &4 hundred years. As &
result of extensive work by numerous investigators on the
formulation and produstion equipment of compressed tablets,
the pharmmceutical mnufacturer today has better insight
into the problems of tablet formulation and eertainly
possesses faster and superior methods of production than
his predecessors sould claim, 7To realize the tremendous
progress made in the field of eompressed tablets, one has
only to consider the vast mumber of tadblet formulations
available today in eonjunction with machines having a
production eapacity of nearly 100,000 tablets per hour.
The developement in this field has been great since Brocke
edon patented his invention under the title of "Shaping
Pills and Losenges and Black Lead by Pressure in Dies"
in 1843, |

The literature reveals that most of the work
done in the field of tadblets has been in the form of
empirical approaches to nmumerous probleas, Different
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sorﬁu liuu studied many physical properties of tablets
using a variety of methods, but no serious effort has been
exerted to correlats the findings into an integrated pie-
~ ture, Such a ecorrelation of the factors which influsnce
the manufacture of tablets and their subsequent effective-
ness is of paramount importance for any desired standarde
mudn in the manufacturing processes.

Recently, however, a trend in this direction is
noted in the foram of a more tjrshutio approach to the
study of tablet properties and the correlation of the
factors which influence them, Considerations of sompressed
tablets have been divided by Higuchi et al (1) into twe
categories, static and dynamie, with a viev toward better
elucidation of the factors involved during eompression.
Work has been in progress since 1950, studying tablet
eompressional bshavior from these two points of view,

Regarding statie considerations, a wrtical study
on a single sulfathiazole formulation has been undertakesn,
and senmi-empirical results and relationships were drawn
from the investigation (2,3). In the way of dynamie studies
of the eompressional behavior of tadlets, a fully instru~
mented tablet machine has been constructed and is currently
in use (4).

It s clear that before any conclusions eculd be
made, horizontal extension of the investigation over a
mmber of similar and dissimilar gystems had to be undere
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taken. 'lttathopurpuoﬂthu study to analyse and
interpret the findings in relation to the static considere
ations of compressed tadlets and to present nev quantite
ative data obtained through such a horisontal extension
of the investigation over several new formilations, An
attempt is made to drav up soms general conclusions pere
taining to the compressional bshavior of the tablets
made from these various formlationss



 PAST WORK ON PROPERTIES OF COMPRESSED TABLETS

The two physical propsrties of tablets, hardness
and disintegration time, have »eceived the attention of
many workers in the tablat field, The literature abounds
with discussion of thess two all important properties
and extensive treatment is aceorded them in many places
(5=33)s Whereas & general agreement exists that compress~
od tadblets must possess an optimum balance between harde
ness and disintegration properties, it is unfortunate
to find that it is altogether impossible to integrats the
vork of the investigators in this field, This is because
~ of the fact that these two terms have been used to desige~

nate a variety of characteristics, sonfusion thus arising
as to their exact meanings.

Because of the wvastness of the literature dealing
vith hardness and disintegration time, a review of all
the work done in this respect would be ocutside the scope
of this report, Howsver, a bdrief treatmsnt of these two
properties will be made here, pointing to reviev articles
vherever possible, | |

No specifie and precise definition has been gen-
erally accepted for the term hardness in the tablet field.
It has been used in the literature to designate a large



S | | s
Mtr_d resistances offered dy tablets to several types
of treatment. Spengler and Xaslin in 19%5 (19) enumerated
resistance by tablets to (a) wear and tear, (b) rolling,
(e) shaking, (4) shock, (e) adbrasion, (f) pressure, (g)
bending and (h) penetration, Each of these individually
has been termed hardness, Filleborn in 1948 (22) defined
hardness as being the resistance to plercing offered by
tablets, thus using the term much in the same way as it
is employed in European eountries and in Spengler and
Kaelin's own work (19)es In the United States, the term
is primarily taken to mean either the resistance to wear
and tear ( ineluding rolling, shaking, shock and abrasion )
or the resistance to mechaniecal breaking of the tablets.
In this connection, Rao (2) in 1952 states:

*Thus in general it can be stated that the
term hardness as used today may mean any
one of the following resistances exhibited
by tablets Ea resistance to surface
psmtration b) resistance to wear and
and () resistance to mechanical breake
e
In his own work, he uses the term hardness to designate
the resistance of tablets to mechanical breaking.

) In the ahsence of a general agreement on the
definition of the term, it follows that woriers have used
a variety of devices in the msasurement of vhat they call
hardness of tablets,

gaith in 1949 (25) mentions the Shore Scleroscope

and the Sclerographe in the msasuremsnt of the reslstancs
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of %ablota to surface pepetratione The former deternines
the rebound of a hammer striking a tablet and the depth of
the indentation madej in the latter the distance of the
fall of the hammer can de wvaried at will until no measure-
able rebound is left, Earlier, Filledborn in 1948 (22)
reports the use of a special apparatus of French origin

) by vhich he measured the resistance of tadblets to plercing,
These instruments are normmlly used to test the hardness
of metalss = | . | -

- The reaistance to wear and tear of tablets have
beenn tested by various empirical manusl methods, as well
as by controlled simple mechanical devices, Observing the
effect of shaking adout ten tablets in the cupped hand, and
the effect vhen a tablet is allowed to fall several feet
on to a hard surface, have been described by Smith (25) as
simple manual tests in the direction of noting wear at the
eodges of the tadlets., Many manmufacturers still employ
such empirical tests despite the awvailabdbility ef simple
eontrollable mechanical means. Some of the latter devices
have been described by Spengler and Kaelin in 1945 (19)
and Smith in 1949 (25) and in 1950 (26), They measure
the percentage of powder produced vhen a weighed number
of tablats are mechanioally agitated for a fixed period of
time, in this way deteraining the resistance of the tablets
to wear and tear, | _

'Feel judgement' has been thecommon test employed



todotcmino tl:l resis tan

inge The amount of pressure required to break the tablet A
between the thumd and fingers is taken in this method to
evaluate the degres of firmness of the tablets, Obviously,
~ guch results can never be of any real sclentifie value, In
1938, Miller and Bhalkova (11) described a small erushing
preas and the derivation of a formula for estimating the
strength or hardness of tablets, This was followed in 1939
by a method introduced by Brown (12) for the quantitative
determination of the resistance of tablets to mechanical
breaking, With the aid of a balanced beam he eculd detere
mine the weight necessary to break a tablet while dry and
the weight necessary to brsak 1t wvhile the vhole assembly
was immersed in water or any other disintegma tion medium,
Correlation of the two breaking weights will be discussed
later, |

The Mcnsanto Presswre Tester, which was introduced
in the U.S.A¢ in 1933, has been mentioned by Dandelin 4in
1945 (20) and Smith in 1949 (25) to hawe been used by warie
ous workers to assess the breaking point eof compressed tabe
lets, It consists of a spring equipped with a screv to
tighten down a hammer against the tadlet held in a stirrup.
An indicator on the spring moves along a scale wvhich is ale
ibrated in kilograms, This shows the stress required to
break the tablat,

Hosler in 1950 (30) eompares the Monsanto Pressure
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Iu.tﬁr with & Tablet Hardness Tester introduced by Strong
Cobd and Company. He prefers the latter because of the
precision piston operated by air pressure and the standard
maximum register gauge that have gone into its construction.
Unlike a spring type register, this instrunent, he claims,
oannot reglster further pressure once the tablet breaks.
‘ The term 'disintegration time'! has also been used
ambiguously by different workerss Some points of contro-
versy in this respect arel
(a) ths merits of wvater or artificial gastric juice as a
disintegrating medius, |
(b) the type of agitation to be used during the disinteg-
ration process and
(e) the degrees to vhich the tadblet should disintegrate,
Divarse thinking among workers cxi-ti regarding these
points and 1t would be elear that the term ‘disintegrating
 time' Dy itself has no significance unless the test and
the conditions used are desoribed in detail,

Bvanson and DeKay (28) estimated that by 1950
Jjoint and individual research had produced twenty seven
disintegration methods, Comprehensive review articles
regarding the disintegration of tadblets and the advantages
and the disadvantages of the different tests used have
been published earlier by Hoehn in 1945 (17), Filleborn in
1948 (22) and Sperandio et al in 1948 (23),
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+ A mathod for measuring the disintegration time of
tablets, reported used by the Laboratories of the United
States Army Medical mpartmht since 1940 and mentioned in
1946 by Gershberg and Stoll (3%), was adopted in Rovember

1950 by the United States Pharmacopoeia Cormittee, The
British Pharmacopoela, in turn, has accepted a method
reported by Berry and Smith in 19%% (16),

One of the main deterrents to the quantitative
study of the physical properties of compressed tablets and
their sorrelation has been the large number of variables
encountered in this field, As early as 1902, Hance (5)
pointed to this fact stating that the individuality of each
separate formula would make it impossible to apply one gene
eral rule to the manufacture of all tablets. It is, however,
generally agreed that such quantitative research is impera-
tive if sound scientific methods are to replace the empirice
al approaches that have characterized tablet making for over
& sentury.

In spite of this agreemsnt upon the necessity of such
organized studies, a reviev of the literature reveals wvery
1ittle work in this directionj this fact is well reflscted
in the absence of standardized requirements for compressed
tablets, The need for such standards, however, has continue
ally been emphasized by different investigators. To illustrate,



Berry and Smith !.n_19‘+b (16) stated that a good appeare
anoe was not the main consideration in tablst manufacture

and that, although there had been eonsiderable progress in
the standard and quality of tablets, there was still zoom
~ for further uprmt. A year later, in 1945, Bandelin
(20) 4 ¢iscussing w physical control and standardisation
of compressed and coated tablets, observed that 1little had
boen published in the pharmaceutical literature in that
 respect, "_urth (35)5 in 1948, emphasized the need for cone
" siderabdle research into fundamental factors before any co=
ordination of the numerous variations arising in tablet
manufacture eould be made, 85till more emphasis on the need
for further research in this connection was made as late as
1950 by Burlinson (29) who mntioned that there was much to
be learned about such problems as the nature and function
of lubricants, the hardness and friability of tablets and
their measurements, and the deteraination of the influence
of pressure on the strusture of the tabletss

There is no doubt that the formulation, the age of
the tablets and the degree of eompression are wariables that
influence the physical properties of tablsts considerably,
These will be discussed very bdriefly in vhat follows.
le Ihe Formulation e

The effect of the formulation is noticeable on the
properties of the tablets made, The influence of the type
and proportion of such materials as dimu;atmg, binding,
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and lnbricaun; agents are well known to those acquainted
vith tablet mamufactures Such matters as variation in the
somposition of the formulation with the viev of alterring
the final physical properties of the tablets occupy a very
prominent place in the pharmaceutical literature,

2. The Aze of the Iablets

¥While the influence of the formulation on the prope
erties of the tablets is of universal agreement, the same
cannot be said about the age of the tadlets., Some investige
ators assert that age has an effect on hardness and disinte
egrationj others hold the opposite view,

B'we in 193% (9) reports that 9.5 per cent ocut of
137 types of compressed tablets he studied have hardened aft-
er one year from the tims they were made, In his study, E'we
used the tera hardened or softened according to whether the
time required for disintegration at the end of the ageing
period was respectively longer or shorter than the initial
disintegration time. Hoehn in 1945 (17) alludes to an age
reement among several workers that aging does change the dis~
integration properties of certain tablets. This viev is
held by Burlinson and Pickering who, in 1950, (29), report
that tablets may be said to have hardened a little after sto-
rage for four years,

~ Kelly and Green (18), in 1945, Burlinson and Picker-

ing in 1950 (29) and Evanson and DeKay in 1950 (28) hold the
common view that the age of the tablets eontributes little
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to the disintegration time or to the character of the dise
integrated materials. ' _

There is nothing sonclusive, then, to be found as
to vhether or not age is a eontributing factor in the dise
integration time of tablets, Leonard (36) commented in 1933
regarding the importance and practicability of aging tablets
for long times by saying ¢ =~ .
"Deteriorations other than those of hardening,
deteriorations of chemisal nature which
- interfere with the pharmacodynamie action of
some products, may expected to occur in §
- years, and are more serious than any hardening.
e problem of failure to move out retail
stock in half a decade is a problem of econoe
mics and medical psychology, and can best be

dealt with by a policy of detail attention and
return credits in case of overstocking."

3+ Ihe Degree of Compresalon

In 1939, Brown (12), with the aid of a balanced beam,
determined the weight to break a tablet while dry, and the
weight necessary to break a tadlet of tho same batch while
the whole assembly was immersed in wvater or any disintegrae
tion medium, Correlating the two, he used a term ‘disinteg-
ration ratio' which he defined as the ratio of the average
dry breaking weight to the average wet breaking weight, Wwhile
studying the effect of compressional force these bdreaking
_ weights, he obtained results which showed a linear relation-
ship between the compression used and the logarithm of the
breaking weight, in both the dry and the wet procedures,
Brown's work wvas an attempt in the direction of correlation
of some of the physical propesrties of tablets, as a result
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of which he states that the higher the disintegration ratio,
the better the tadblet, In evaluating his work, one has to
keep in mind the fact that the degres of compression whish
_ Brown used was reached by the mumber of turns he applied to
the compression screw on the tadbletting machine, This cere
tainly would not give very accurate resultsj the exactness
- and - reproducibility of thess results are therefore in
qmstien‘i ‘

. Berry and Ridout (33) in 1950 studied disintegrate
fon time of phenacetin tablets as & function of ‘compresse
ion ratlio’ which they defined as theratio of the weight of
the tablets in gms, to the thicimess of the tadblets in eus,
This 'compression ratio' is related to the density of the
tablets by a constant factor and hence is a msasure of the
compressional foroe. Using ¥ gr. phenacetin tadlets eone
taining 15 per oent dried potato starch, they observed an
initial decrease in ths average disintegration time with
increasing compressional ratio until a eritical compression
vas reached after which further increases in thelatter
caused slower rates of disintegration,

Berry and Ridout explained thsabove phenomenon by
eorrelating the swelling of the starch grains with the vole
ume of the void spaces in the tablet. They mentioned that,
under & very light compression, the starch grains can swell
but that, owing to large intergranular spaces, they ean do
80 to a consideradble sxtent bofm they begin to mrt
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pressure on the surrounding granules. At the eritical
pressure, they added, as soon as ths grains swell they exert
pressure on the surrounding granules and the tadblet disine
tegratesrapidly. VNWith a heavy compression, time is required
for the water to seep through the outer layers of the tabe
lets before the starch grains can start to swell and come
menoe to disintegrate the tadlet,

Referring to the above phenomenon, Rao in 1952 (2)
mentions that Berry and Ridout's report was the only place
in the literature where this initial decrease in the dise
integration time by increasing the degree of compression
wvas described, In the present work, several such instances
were found, These will be described later,

E'we in 193% (9), Filleborn in 1948 (22), Saith and
8tephenson in 1950 (27) and Evanson and DeKay also in 1950
(28) attempted to correlate hardness with disintegration
time, While E'we states that the degree of hardness of a
tablet 1s not a criterion of its disintegration time, the
other workers above mentioned have reported the existence
of a eorrelation, although theiy results are in no case
quantitatively expressed,

In 1951, Tucker (37) measured the apparent densities
of several types of tablets by mercury displacement, and
Arnold (38) studied the eompressional behavior of several
sugars by measuring the displacement of the upper punch as
& function of compressional force, He used a mechanical
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lever machine capable of delivering the exact degree of
eompression required, and measured the displacement dy
moans of a dial micrometer,

Higuchi et al (1), in a preliminary report en the R
physics of tablet compression in 1952, state that much eme |
pirinal information is available on the relative efficacies
of different lubricants, binders, fillers and disintegrating
agents in various combinations dut that no seriocus attempt
had been made to correlate such physical properties as pore
osity, density, hardness, crystalline structurs, compresse
ibility, etac.y of both the tadblets and the tablet ingrede
ients., Labelling their work as an attempt in that diregte
ion, they divided aonsiderations of tadlets formed by compe
ression into twe types: (a) static ones relating to the
pore size, porosity, 'hn-n- strength, the echesiwe forces
involved, the modulus, etac.y, of the tablets, and (b) the
dynamic energetie considerations of pressures of formation,
rates of compression, energies involved, ets. Considering
the structure of tablets from a static point of view they
saids | '

Vi Sheariin o n s of tlets
following factors (a) bulk density of the

5 pore sise; an ()t cohesive strength

. and rdnuu..z ;

They then went on to describe a specially designed merce
ury displacement tablet pyonometer which was used by Tucker

(37) in his evaluation of the densities of tablets, and &

14
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high precision helium densitometer for thedetermination of
the true density of the granulations.. They also showed how
porosity eould be calculated from a knowledge of the true
and apparent densities. Regarding cohesive strength and
hardness, they referred to the Strong Cobd and Company's
Tablet Hardness Tester vhich was then under design and had
since been used to measure the resistance of tablets to
mechanical breaking., Referemos was also made to the instrue
mentation of a tabletting machine for dynamic measurements,
Such & machine has also been constructed and is at present
in operation, | R AR o

In 1953y Kennon (39) reported en the effect of
eompressional force on the hardness and disintegration time
of tablets. He compared the effect of carboxymethylcellulose
and dried corn starch, in variocus proportions, on the twe
physical properties of sulfathiazole tablets made under
different degrees of compression,

Also in 1953, Rehberg (40) studied weight variation
of tablets obtained on a rotary typs tabletting machine and
correlated weight with disintegration time and hardness of
the tablets. His results are essentially the dependence of
these latter physical properties on compressional foroe,

On the premise that the length of the compressional strolke
is émtant, varying weights of granulation in the die will
Bean varying compressional force under which the tabdlets
having different weights are made,

ook
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" Arambulo et al (41) in 1953 correlated partie
¢le size with average weight of tablets, Using a sine
gle punch tadblet press, they found that as the particle
size decreaged, the average tablet weight increased,
passed through & maximm at 150-350 mierons, and dec~
reased, They also observed that as particle size dece
'ro;na. the percentage of physioally perfect tablets
increased, the tadlets became more glossy and, in general
more satisfactory. This trend also passed through a maxie
mun followed by produstion of tablets of decreasing
quality.

Arambuleo et al (42) also determined weight varia=
tion of tablets made from lactose-starch gramulation and
from sodium chloride granulation with respect to particle
size, Thelir results indicated that as the particle size
decreased, the tadlet weight variation decreased, passed
through a minisum, and then increased, The particle sise
range leading to minimum weight variation was found in
their study to be 400-800 mierons for lactose~starch and
200250 microns for sodium chloride, In their studies,
particle size always referred to the particles before
coapression,

A eomparison of different disintegrating agents
'was made by Pirouzabadian and Lee Huck (k3)in 195%. They
eompared the effect of corn starch, alginie acid, methyle
ocellulose and starcheagar mixture with yrespeect to their
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disintegration properties in tablets, BSuch comparative
work on different disintegrating agents has also been
carried out lately by Swintosky and Kennon (4%),

In 1953, Higuchi et al (3) reported on the effect
o@" the maximal farce employed during the compressional
process on several tablet properties including (a) appa=
rent density and porosity, (b) particle sisze, (¢) harde
ness and (d) disintegration time, They found that the
tvo physical properties of the tablets, hardness and
apparent density,increased linearly with the logaritim
of the compressiomal foree with a deviation ocouring at
very high degrees of eonmpressions Porosity showed a
decrease as the coupressional force was increagsed, It
also varied linearly with the logarithm of the force used
in compression of the tablets, except at very high levels
vhere a deviation ocourrode The surface area of the tabe
lets increased with compressiomal forcej a mximus was,
however, reached, at 2500 1b, force, after which further
increases in compressional force resulted in lower surface
area measurements.

In their study of the disintegration time of the
tablets as a function of the degree of compression used,
the above workers found a linear relationship between
" the logarithm of the disintegration time of the tadlets
and the eompressional force used, They found also that
the size of the original granules compressed did not



19
alter the disintegration properties of the final tadlets
only, but affected the surface area of the tablets to
some degree also, Variation of the original granule
size, however, had a wery slight effect on the hardness
of the tablets. ‘_

Correlating soms of the physical properties of
the tablets they studied, Higuchi et al (3) noticed a
straight line relationship detween density and hardness
of the tablests, and also between hardness and porosity.

All the relationships cbtained dy ts above au-
thors in their study were limited in nature to a single
formulation of sulfathiazole, Consequently, no general
gonclusions could be made wuntil the same tests were app-
1ied to more formulations. They commented on this point

by sayings

“The present study is of a vertieal type in
that an intensive investigation has been
made of a single formulation in an attempt
to gather as much experimental information
as fosaibla for this one situation, Such

a situation permits nore extensive corre-
lation of the variables involved but leaves
in doubt the general anplication of the conge
lusions. Horizontal extension of the present
investigation over a large numher of systems
is necessary before the empirical relation-
ships discussed can be of praactical value."

The present vork is such a horisontal extension
uf ths investigation over several other similar and dise
similar tablet formulations and has the purpose of teste
ing vhether or not the relationships observed by Higushi
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ot al m the case of the sulfathiasols granulation are
of general application to all tadblet formulations,




THEORY OF TABLET COMPRESSION

~ Table$ compression has been eompared by Rae (2)
%o the initial steps of compression used {n the powder
metallurgisc production processe The warious theories
wvhich have been propounded to explain these latter pro-
cosses seenm to be operative in the oase of tadblet com=
pression also, While metals are used in the one omse
and granulations in the other, the operations for
compregsion are essentially the same. There exist,
in both, the identical stages of (a) £illing the mter-
1al to be compressed into timdie, (b) the exertion of
the necessary pressure to effect compression, ad (e)
eJection of the eompact mass from the die,

During the application of compressional faroe,
certain successive effects are munifested in the faram
of a modification in the interparticle speces followed
by possible changes in the shapes of tle pmticles them-
selves, These effects haw been classifiod by Seeling
and wulff (49) into three phases in their discussion of
sompacting metallic powders. These ares
1. Packing of the particles
' 24 Blastie and plastic deformation of the particles
3+ Coldeworking with or without fragmentation of the

particles.
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Rao .;pﬂlsﬂ the viev that these same concepts
might apply to the somevhat analogous process involved
in the compression of pharmaceutical powders.

Before initial compression is started, the partie
cles are packed at random, This type of packms'ruults
in considerable 'hridge formation' (44) which is mni-
fested in a fairly large percentage of void space., As
force is applied to the particles, void aspace decreases
in magnitude dus to ths c¢loser packing of the particles.

As coupressional force increases, its effect
begins to show on ths particles thsmselves., The strain
on these particles will lead %o their deformatiom which
may be either plutlb or elastic according to whether it
is respectively of a permanent or a reversibls nature,
Upon release of the streas causing it, an elastic defurm=
ation disappears complstely in the absence of owrcoming
forces whereas a plastic one is retained,

It is reasonable to assume that a plastic deform=
ation of the particles will result in detter coupresse
ibility., 4An elastic type of deformation ean give rise to
defective tablets when the stress is removed, unless of
~ oourse such elasticity is counterbalanced by sufficient
binding forces among the deformed particles, In conseqe
- usncey 1t i3 believed that higher proportions of binding
agents have to be used in case of elastic deformation of
particles to obtain tablets free from physical defects,
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Fragmentation of the particles may occur as the
compressional force is taken to still higher levels
unless the particles are very resistant to aerushing, If
fragmentation occurs, higher surface area valuss will be
obtaineds In this connection, Axslson and Piret (47)
studied the changes in surface area due to crushing of
a single orystal and then of multiple particles of
quartse Their results indicated proporticnately highe
or surface area values in the crushing of single corystals.
Multiple particles, they believe, interfere with each
other and the overall effect of force will be less than
what 1t i3 in the case of a single orystal, In tablet
making, the crushing of multiple particles is the problem,

With eor without fragmsntation of the particles, as
still higher forsces are reached, tom-bbndins BAY OCCUrs
In tablets, the proportion of binding agent used and its
type play an important role at this stage.

As a result of these succeasive, though not necee
ssarily separable phases in compression, it would be exe
pected that density and hardness of the tadlets increase,
approaching a lialt, vith ascending values of stress.
This is wvhat actually bappens during the compression of
tablets; the denzity of the tablets approach the dbulk
- Gensity of the granules, and hardness increases with
density in a linear relationship, as higher compression=
al forces are reached, | |
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PLAN OF STUDY

Several physical properties of compressed tablets
vere measured as a function of maximal compressional force,
The work covered trus and apparent densities, porosity,
hardness, disintagration time and specific surface area of
tablets coupressed from various formilations within the
range of 500-8000 1b, force levels per tablet,

| To test whether or not the relationships ebserved
were of general application to all tablet formulations, come
pounds similar and dissimilar in chemical ard physical pro=
yerties ware sclscted for investigations The eompounds
studied were ¢ sulfodiazine, aspirin, lactose, lactose-asple
rin, msethacetin and phenacetin with various dDinding agents,

The preparation of tablets and experimental detere
mination of their physical properties are next considered,
along with a discussion and correlation of the results obe
tained, Some general conclusions are tlen presented,

\




PRESENTATION OF DATA AND RESULTS

Experimental methods used in the preparation of
the tablets and the devices employed for the measurement
of their physical propsrties are discussed briefly in
Part I. Data obtained in the present study are also inoe
luded in Part I in the form of tables following the expere
imental methods,

8ince dlscussion of scme of the results is covered
in tve papers prepared for publication, these papers are
reproduced in that form in Parts IX and IIX of this thesis,
| Part IV deals with date and results not discussed
in the twe papers,




PART X

EXPERIMENT AL

AR

PHYSICAL PROPERTIES STUDIED & METHODS OF THEIR DETERMINATION

e d)

DATA




actone, Sulfadiazine and Methacetins These forme |
ulations were prepared by adding starch paste ( 10 por
cent ) to the different powders. After granulating
the masses obtained and drying them at 110° ¥, for
four hours, the percentage of partially hydrolyzed
starch in sach was as follovs 3 lactoss granulation,

& per centj sulfadiasine granulesy § per centj metha-

2)

3)

¥)

cetin gramules, 5.2 per cent,

Agpirin ¢ Two series of aspirin tadlets were made,

a) from commwreial granules obtained from the Dow
Cheamical Company, Midland, Michigan, prepared by slugg-
ing and containing 10.per cent dried corn starch, and
b_) from the starch and aspirin corystals incorporated
into Dow's granules { 90 per cent aspirin and 10 per
oent dried corn starch ).

Lastoze-agnirin ¢ This formulation was prepared by mixe
ing 45 per cent each of aspirin and lactose orystals
with 10 per cent dried corn starch,

Phenacetin ¢ Five different formulations of phenacetin
were compressed into tablets. These were prepared as
follovs $ a) by adding 10 per cent starch paste to phee
nacetin, b by adding 20 per cent starch paste te phe-
nacetin, ¢) spray-drying a suspension of phenacetin in




a
macilage of acacia, d) spray-drying a suspension of
phenacetin in methyl cellulose solution and 8) spraye
drying a suspension of phenacetin in esllulose acetate
hydrogen phthalate solution, Formulations "e" and
“h* gontained respectively 4.7 per cent and 20 per
cent partially hydrolyzed sterch after granulating
ard érying at 110° 7, far four hours. Formulations
oMy "d" and "e" were obtained from the Smith, Kline
and French Coey Philadelphia, Pennsylvania. Assay
of these formulations showed that “o* and *d* emch
contained 80 per cent phnnaﬁetin and "e" 92 per cent
phenacetin, | "

Be iz o anules uged fo mpression
All formulations prepared from erystals without the |
aid of dinding agents, were aompressed in that form, On the
other hand, granules prepared with the aid of starech paste
were ground, and then those granules passing through a Ko, 20
but not a Ko, 60 sieve were selected for compressicn,
C Compression inte Tablets |

A mechanieal lever machine eapadble of delivering the
desired levels of force was used for the preparation of the
tablets, In eonjunction with this, a set of 3/8" die and
flat punches wvas employed (1,2). Exactly the same weights of
each particular granulation were fed into the die for compresse
ion, Further, %o keep the trus volume of all tablets constant

throughout this study, the trus densities of the warious
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formulations were determined by helium densitometry (1).

From these, and starting with an arbitrary weight of 0.3950
Gm, of sulfadiazine granules, the corresponding weights of
all other formulations yielding the same true volume eould
be calculateds The true densities, and the weights compress-
ed into tablets, of these different formulae are listed in

Tablo I .
Table I

True Densities and Weights Compressed into Tablets of various
‘True Density Wwt, Compress-
ed'in  Ome

Formulation in Gm/co

gulfadiazine granules 1.55% 043950
Aspirin granules " Dow's * 1.404 043570
AP ied corn staren PO %t 1383 0.3515
Lactose granules 1,552 043945
Lactose~aspirin 1.485 063775
Phenacetin with 4,7 per cent

partially hydrolyzed starch 1,297 043300
Phenacetin with 20 per cent

partlally hydrolyzed starch 1.331 043380
Phenacetin with acacia 1.306 043320
Phenacetin with methyl cellulose 1.28% 043265
Phenacetin with cellulose acetate

hydrogen phthalate 1,295 043290

Eothacetin granules 1,281 0.3255




 PHYSICAL PROPERTIES STUDIED AND METHODS OF
THEIR DETERMINATION

Ae Irue and Avparent DPensities

Trus density is the density of the golid particles
measured by displacement in fluids such as heliur gas which
- penstrate into the smallest pores, vhereas apparent density
is the density measured by some fluids such as merocury which
cannot enter into the pores of the particles,

In the present study, trus density was odtained en
a helium densitometer, designed and constructed by Higushi (1),
To got the true density of a sudbstance, two detearminations
- have to be made for the deadspace in the oritical section of
the apparatuse One is made with the sample tube empty and
the other with the sample tube filled with the substance,
From these two valuesy the trus density can de calculated,
The methods employed in the determination of the deadspace
have already been sompletely deseribed by Strickland (3)
and Rao (4)s The ealoulations are illustrated below:

Total deadspaces with empty sample tube x
Wt, of Sample in sample tube v
Total decadspace with sample filling

sanple tube y
Trus volums of sample X~y
True density of sample .x'x-r

The apparent denaity of the tadlets was obtained dy
means of a speclally designed mercury displacement tablet
pycnometer, This device and the procedure used in the detere
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mnination of apparent densities of tablsts have already been

descrided (1, %,5) ¢ The pycnometer is weighed twice, first
filled with mercury alone and then filled with mercury after
the introduction of weighed tablets, From this and knowing
the dmﬁity of mercury at the temperature these moasurements
are madey the apperent doensity of the tablets ean be obtained,
These oalculations are illustrated below: .

Wt, of Pyenometer and meroury . o ox

Wt, of tablets | -

WS, of pycnometer and mrcury and tablets oy

Wt, of mercury displaced by tablets XeWey
Density of mercury at the temperature of |

msasuremnsants 4

Volume of mercury displaced dy tadlets ve x¢ ! =X
Apparent density of tablets w'v

Also, geometric apprarent densities were calculated
in sore instances as a check em the pycnomstric apparent
densities, 8ince the tablets in this study were all cylinde
rical of 3/8% dliameter, their apparent density was readily
caloulated geometrically after measuremsnt of thelr haights
hy a starret micrometer ealiper,

Be Eoroalty

Porosity is the ratie of the vold volume to the tab-
let's total apparent volums, The voids in this case '!.nclnﬁo
all spane not occupied by the trus solid material, i.e. the
internal pores and the interatices between the particles,
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Mathematically, porosity of the tablets can bde caloulated
from a Xnowledge of the true and apparent densities, as

follovwst o - | |

Wty of tablets | . - ow
~ Apparent tablet density - | a
Apparent tablet volume | w/a
True density e - do
Trus volume of tablet v/d,
Per mt porosity w/dwo w/ég .: 100

C. fnacillid Surface Area | |

A lov temperature nitrogen adsorption apparatus =
(BsE.Ts) was used for the purpose of specific surface area
. measurements of the tadbletss The apparatus has already been ‘
Gesaribed by Swintosky (6) and has been used for the detere
mination of particle size of pharmaceutical powlers (7 ~11),
With the introduction of a few modifications, the same appae
ratus vas used by Rao (4,12), and in the present study, to
measure the specifie surface area of tadlets,

It must de emphasized that the specific surface area
of the tablets measured by the B.E.T. procedurs is only rele
ativee 8ince 1% iz necessary that the gas to be adaorbed
mist penetrate into the pores of the tablets to reach all
particles, it is clear that the smaller the size of the gas
Rolegulesy; the more surface area vill be measured, |
De faxdnesa |

All hardness measursments in ths present study refer
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to the resistance offered by tablets to breaking, A Strong-
Cobb Tablet Hardness Tester dased on Hosler's design (13)
was used to measure this property of the tablets, Results
are expressed in Strong-Cobb units eorresponding to the
scale divisions on the instrument,

Ee Riaintecration 1ing

In this study, two different methods were used for
the measurement of disintegration rates of tablets, One is
based on the U.8.Ps XIV method (1%) with the exception of
replacing the No. 10 scresn by a Ko, 8 screen. The second
method is essentially that of the B.P. 1953 (15) with some
modifications, A larger tube was used { 18" x 5/8" effect~
ive measurements ), allowing 1* space for bubdble-forming
vhen filled with water at 37°C and stoppered, 8ince it has
been found that the temperature co-efficient of tablet dise
integration is small, and owing to the slight fall in tempe~
rature during the disintegration of the tablets (16), no
econstant temperature water bath was used in this case,

DATA

Tables II « XIV econtain the measurements obtained
for the physical properties of the various tablets studied,
48 a function of coumpressional forces Discussion of these
Tesults follows in Parts II and III of this thesise
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ZTable IX

Physical Properties of 8ulfadiazine Tablets* made at varye
w ing Compressional iorces

Foroe Surface  Apparent Porosity Hardness =
in - Area in densit in in
1b, sqem/gm  in ce per cent = 8-C units

‘wom. . 0.22 —— ——— ———
500 - 09 | 1.106 2933 .8
1000 0.58 1.239 | 20479 | 11.0
1500 0,68 1.318 | 16.13 149
2000 | 0,90 1.36% 12,7% 18,2
2500 1,00 1,400 10,43 19.8
L | 0,68 1031 8.23 24,0
6000 0.58 1.463 6.30 26.6
8000 0429 1.47% 507 27,6

——— ——

Trus Density of Granulation 8 1.55% gn/ece

¥Tablets made from grnnuiation eontaining 90 gor cent
sulfadiazine with 5 per cent gorn starch as binding agent
aund 5 per cent dried corn starch, |




Table IIX

Physiecal Proport!.u of Aapir!.n Tablets* made at urying
. Compressional Forces

Force Surface Apparent Porosity Hardness Disintege

in Area in deneity in in ration
ibe sqem/gn in gn/ce per sent 8-C units time in
| seconds
granules . | |
500 Oe5% 1.211 13,69 245 6.0
1000 0,62 .27 9.68 8.7 646
1500 0.55 1.309 6463 11,7 849
2000 09 133 549 15.2 11.%
25000 0N 1.346 be2l  15.b 17.5
4000 0.37 1.365 3.08 17.2 275
6000 O0.2% 1.377 2,30 18,7 %0.9
8000 0,18 14386 2,00 1.7 50
True density of the granules & 1.40% gn/ce
¥ Tablets made from Dow's aspirin granulation containing

90 per cent aspirin and 10 per cent dried sorn starch,
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Table IV

Physical Properties of Aspirin Tablets® mede at nryin;
Compressional Forces

. o

Foroce Burface Apparent Porosity Ihrdnou Disinteg-

in Area in density in ration

1b, lq.l/n in gw/ce per cent 8-C un!.ta time in

- seconds
0 0,10 onees cecee PUIPN cwwan

erystals |

500 0.4%0 1 -19_8 13.37 2.0 5.8
1000 0.1 1,246 9.90 7.0 6.
1500 0.6 1.286 7+01 11.0 8.1
2000 0.39 1.311 Se21 135 32,1
- 2500 0.35 1.323 be33 i U 15.6
%00  0.32 1.3%7 2,58 16.5 26,3
6000 0.25 1.356 1.93 17.5 3%l
8000  0.17 1.365 1.27 11,0 6.6

TRUE DERSITY OF CRYSTALS s 1,383 gn/ce

¥ Tablets prepared from 90 per oent aspirin erystﬁ'l and
10 per cent dried cora starch.




Table V

Physical Properties of Lactose Tablets® made at varying
Compressional Foroes

Force Gurface Apparent Porosity Hardness Disinteg-

in Avea in densi in in ration
lbe sqen/gm 4n ¢ par cent 8«C units time in
secoxkis
granules ' _
500 0.,21 1,109 28,68 5.0 . 20.9
1000 0,35 1,178 2k, 2 942 3040
1500  OJML  1.245 19.85 12,7 8.9
2000  0.49  1.301 16,24 17.0 6040
2500 0,61  1.343  13.52 19.0 85
4000 0,77  1.%07 9.1 22,5 255
6000 OM8 1459  6.01 25.5 1040
3000 002? 1.“"88 . *.20 3700 m

Trus Density of Granmules 3 1.552 gr/ee

*Tablets made from Lactose granulation containing 86 per
cent lactose, & por cent corn gtarch for hinding purposes
and 10 per cent dried corn starch as disintegrant,
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Table VI

Waieﬂ. Progertiu of Lactose-Aspirin Tablets® made
at varying Coapressional Foreces

. SRR

Forgce S8Surface Ajspnrent Porosity Hardness Disinteg-

in Area in density in in ration
1be 8qex/gm 4n gm/ce per cent 8-C units time in
peconds
erystals | :
500 0,39 19 19,61 Be2 26,8
1000 00% 1,267 1h,70 1005 20,59
1500 0,52 1302 12,33 13.2 17.9
2000 0460  1a327 10,66 15.8 17.2
2500 0463 14353 8.89 172 19.8
%000 0.56 1.385 5573 20,0 21,9
6000 0.53 1.406 $.33 2.2 23.2
8000 0.M7 1.413 h.8% 22.0 28.5

e it

True Density of Formulation § 1.485 gn/ee

¥ablets made from & mixture containing 49 per eent of each
of lactose and aspirin erystals and 10 per cent dried corn
starah, |




Table VI

Physical Propertiocs of Phonacetin=Starch Tablets® made at
varying Compressional Forces

Force Surface  Apparent Porosity  Hardness

in Area in éengity in in
1be = asqen/gm  in gm/ce por oent  8-C units
gronules
500 0e22 1.012 22,65 b,0
1000 °|l'° _ ltoﬂ ' 18.10 7.0
1500 0.5 1.124 12,10 10,0
2000 ———— 1.156 11,48 115
2500 0.6k 1.17% 10,08 12,5
%000 0.39 1.189 9.10 14,0
6000 0027 10188 8.71 5.0
3000 0,32 1-191 8031 ' 500

Trus Density of Gramilest 1,297 gn/ce

*Tahlets mads from granuiation contalning O%.3 per cent
phenacetin and 4.7 per cent starch as binding agent,
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Table VIIX

Physical Properties of Phenacetin-8tarch Tablets* made at
varying Compressional Forces

e —

Yores Apparent Porosity . Hardness
‘ig; ::nait“ | pormmt l-cn\:unh
500 1.0 24,03 3.5
1000 1.102 17.19 8.0
1500 1.157 13407 0.5
2000 | 1.195 10,20 | 1242
2500 1,225 7496 13.5
4000 Iéﬁ | 5«77 15.0
6000 1.265 %97 15.5
8000 ’ 1.271 W9 16,0

roesa— o oma— A _— -

Trus Density of Granulations 1,331 gn/ce

*Tablets made from granulation contalning B0 per cent
phenacetin and 20 per cent starch as binding agent.




Table IX

Physical Properties of Phenacetin~icacia Tadblots® made at
varying Compressional Foroes

—

Force Apparent Porosity Hardness
{:. g.:mi ce mtnoont s-cianih
500 00922 20 3.5
1000 1.077 .58 8.0
1500 1.127 uam 11.5
2000 | 1.180 9o 6h 14,0
2509 | | 1.229 590 1540
%000 1.260 3.53 16.5
6000 1278 2.13 17.5
8000 1.283 1.75 18.0

- —_—

True Density of Formulations 1,306 gw/ce

¥Tablets made from & formilation containing BO per cent
phenacetin and 20 per cent acacia
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Table X

Physical Propertiess of Phsnacetin~Mathylcellulose Tablets®
made at varying Compressional Foroes

Forece Apparent Porosity Hardnoss
iga . ﬁnﬁft&' pcn«:mt : s-c":nua
500 0971 24437 b0 | o
1000 1,077 16,12 8.5
1500 13590 9.9 12,0
2000 1460 9463 12,5
2500 1,18 777 13.5
4000 . - 1.229 k.26 | 15.5
6000 1.235 | | 3.79 16.0 ;
8000 1.239 3.7 16.5 ’

Irus Density of Formulation ¢ 1,28% gm/ce

*Tahlets mde from a formilatlon containing B0 per cent
phenacetin and 20 per cent Bgthﬁcollulou 6 -




Table XI

Physical Properties of Phenacetin-Cellulose acetate hydrogen
phthalate Tablets* made at varying Compressional Foroces

Force Apparent Porosity Hardness
ig. i:nsi a6 pcrmmt . a-citnmitl
500 0u925 28,58 I ]
1000 1.03% 20,17 7.5
1500 1.128 12,93 11,0
2000 .15 11,13 - 12,0
2500 1..172 9.60 - 1247
%000 1.220 5.82 18,5
6000 1.2 3.98 155
8000 1.255 3.10 1640

R sl ——

Trus Density of Formulations 1.295 gw/ce

*Tablets made from a formulation contailning 92 per cent
;lhnmoegn and 8 per cent cellulose acetate hydrogen




Table XIX

P!xnicu Prop-rtiu of ihthncctm Tablets made at nryin.
- Compressional Forces

A etlinants

::r:;. e sm‘t ngiw et Bardgll

in gn/ce per cent . 8<«C units
500 0.923 2796 3.0
1000 1.023 200 11.0
1500 24079 | 15-76I 150
2000 a9 12,65 | m;s
2500 1139 11.09 19.5
N0 1,180 7.0  23.0
6000 1,26 508 25.5
8000 1,227 0 W23 26,0

Trus Density of the Granules § 1,281 gw/es

N d




Table XIIX

Disintegration Tims of Sulfadiazine Tablets*® -ndc at

varying Coupressional ¥Forces

Force A
]13._ 8ECONDS a'hbht_-cmumm_
1% 5% _ 08 158

500 185 k').é | 36.6 i.'f.a |
1000 »30 62,7 2942 13-3
1500 5% 110 40,1 13.0
2000 170 172 51.0 20,2
2500 3800 235 7043 22.9
3000 4900 395 81.% 2746
4000 20650 940 165 48,0
6000 ———— 4030 W20 | 95,0
8000  —— 17100 920 210

¥0.8.P, X1V procedure, using Nos 8 screen in place of &

Ho. 10 screen
**Tablets contain ¥ per eent starch as a binding agent,




Table XIV

Dili.ntamuan Time® of Sulfadiszine Tablets** made at
: varying Compressional Forchs

DISINTEGRATION TIME IN GECONDS OF TABLE1S

r::u esontaining

ibe e 1 ed Corm st iy an

s00 o 29.1 22,1 1043 !
1000 340 32.3 22,0 79

1500 - 5340 27.2 9.2

2000 - b 36,7 1.6

2500 - 138 535 Yo7

3000 woa 275 66.;0 19.2

%000 e 30 | 108 26.%

*Modified B.P, procedure T

**Iablets contain 5 per oent starch as & binding agent
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THE PHYSICS OF TABLEY COMPRESSION V. Studies om Aspirin,
Lactose, Lactose~ aspirin and sulfadiasine Tablets.

ARSIRACT

A study has been made of the effeat of compresse
ional foree on various physical properties of compressed
tablets made from several different formulations, Compare
ison of the results with those sbtained earlier from a
similar investigation of sulfathiazole tadlets revealad a
general qualitative relationship applicabdle to all formmle
ations with regard to the influence of the maximal foree
used in compression and the physical properties of the tabe
lets,

- ANISCRUCTION

The influsnce of maximal force used in compression
en the physical properties of tablets prepared from a single
sulfathiszole granulation was discussed in an ealier pudlie
eation (1)¢ Since substances commonly sompressed into tabe
lets vary in their physical and chemical properties and
Tange from inorganie salts to eomplex organic molecules, the
Telations obtained in the ecase of the sulfathiazole studies
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may not necessarily hold 4in all tablet formulaes The pure
pose of the present work was to study the compressional
behavior of several other formlations and determine whee
ther or not the relations observed in the earlisr investie
gation were generally valid,

The eompounds for the present study were therefore
selected to provide a representative sample, insofar as
physical and chemical properties are concerned, of substane
ces comonly compressed into tablets, This paper deals
specifically with results obtained from compression eof
sulfadiazine, aspirin, lactose and lactose-aspirin tadblets,

As in the earlier ptudy, the following physical
characteristics and properties of tablets were determined
as functions of the maximnl oo used during the compress~
{onal processs |
(1) 8pecifie surface area
(2) Apparent and trus densities
(3) Hardness
(%) Disintegration time,

In the study of the disintegration time of sulfae
thiazole tablets (1), enly sne per oent dried sorn starch
vas used in all the tablets, In the present study, a more
extensive investigation of the disintegration rates of
sulfadiazine tablets was undertaken by incorporating various
proportions of dried corm starch in different batches of
the sulfadiazine granulation,

-
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In nearly all cases, the results sbtained by these
stuiles were in general qualitative agreement with those
previously found in the sulfathiasols granulation (1)e
Such differences as were found eould be sttriduted mainly
to the difference in relative hardness and cohesive propere
ties of the gramilations employed,

In gonsidering the influence et sompressiomnal foros
on the specifiec surface area of the tadblets in our shlly.
& qualitative relationship is found similar to that eburm
in the case of the sulfathiassls yrarulation, AR increase
in the maximal ecompressional force resulted in larger values
for the specifis surface area of the tadlets, This yelation
econtinued until a sertain force was reached after which fure
ther increments of force eaused the specifie surface area
to decrease, The walus of the maximum gpecific surface uﬁu.
and the foroe at vhich 1% appeared, varied with the structure
of the substances compressed, The mature of the relation
between specifie surface area of the tablets and maximal come
pressional foroe is shown inTigs. 1 and 2,

An examination of thege figures will show that sule
fadiaszine tablets resemdle to a great extent the sulfathiae
Sols tablets of the earlier study (1), doth in the position
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of the maxisum specifiec surface areas and in their values,

This was expected in view of the slosely related structures
of the two substances,

Aspirin particles appear to be easily srushed as
can be inferred from the rapid increase in their specific
surface area which reaches a peak at only 1000 1be foroe.

In the case of lactoss, the foroe required to obtain the
maximum specifie surface area is %000 lb,, indicating that
lactose particles are more resistant to srushing,

Specific surface ares values between those of lactose
and aspirin tablets were expected for the lactose-aspirin
formulas In thisg latter cnse, the maximm gpecific surface
area appeared at 2500 1b,, as expected, but the surface
areas 4id not shov values betw:sn these of lactose and ase
pirin tablets at every force level, A marked deviation in
the fores range of 6000-8000 1be ocecurred in particular, In
this range; the specifie surface areas of the tadblets made
from the mixed granulation remained higher than those made
from either constituent,

The relationship between the specific surface area
of the different tablets and their porosity at various force
levels 1is fllustrated in g, 3. It ecan be seen that all
the tablets exhidbit maximum specific surface area at around
ton per cent void space even though the forces at which these
maxine ocour vary widely with the different formulations
studied,
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8ince it is necessary in the method used for
msﬁrin; surface areas that nitrogen gas penetrate: all
capillary spaces within the tadlet, it would de expected
that with small void spaces penetration of the gas inte
the tablet might be impaired, At less than ten per cent
void space, the dlameter of the ecapillaries, vhose total
~Yolume constitutes the void spece, appears to have bee
come toe small te allow the free penetration of nitrogen
ges into all void spaces. muthuwzmum
lead to the msasurement of reduced gurfuce areas at ele~ |
vated compressional forees, 'cold bonding' of the particles
is an additional facter that contridutes to these reduced |
noasurements, |

An essentially similar relationship detween ape-
¢ifie surface area and compressional force was obtained in |
the case of the aspirin tablets mede from Dow's presompresse |
od granmulation and the tadlets preparcd from the original
erystals used in the manufacture of Dow's granulation,
The maximum specific surface areas ocourred for doth forme
ulations at 1000 1b, and, at corresponding compressional
fores levels, the surface areas were of the sane order of
mgnitude, The specific surface area of the erystals was
about one fourth that of the precoupressed gramulatione
This indicates that these is an appreciable decrease in
the particle sizs of the materials during the slugging proe
oSas,
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Poroalty and Avvarent Pensity
Here again, the qualitative relationships of poroe

sity and apparent density vith mximal compressional foroe
follov the same pattern as that observed in the omse of
sulfathiazole tablets (1), There appears to be a good core
relation between porosity and molesular strusture in the
comparison of sulfadiazine with the sulfathiazols tablets.
Fig. & shovs that sulfsdiasine tablets hawe a porosity of
29,3 per cent vhen sompressed at & maximal force of 500 1b.j
this decreases to 5.9 per eent at 8000 1b, The eorrespond-
ing values for sulfathiasols tablets were 29.9 and W2 per
cent, o

Pige 5 1llustrates that aspirin tablets have poro-
sities of 13.7 and 2 per cent at 500 and 8000 1lbe farce,
respectivelys The porosity of lactose tablets at those two
. forces are respectively 28,7 amd b,2 per e¢ent, Except for
a small deviation in the force range of 6000-8000 lb,, the
porosity of lactose-arvirin tablets is:of"a magnitude det-
ween that of the individual lactese and aspirin tablots at
gcorresponding foroce levels,

Porosity is related to the hardnoasg of tablets in a
linear form, Its importance in connection with the disine
tegration time of tadlets will be pointed out later.

8ince the apparent densities of tablets were detere
mined for the purposs of the ealoulation of porosities, it
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vas of interest to examine their relationship with the
maximal compressional force, A direct linear relationship
vas found between apparent densities and the logaritim of
the maximal foree of ecompression, except at high foroe le=
vels vhere a deviation from this relation was obtained,
This oan de expected in view of the fact that with increased
compressional force the apparent density of the tablets tends
to approach ths trus density of the muhtimutl@t.
Hardness

A direct linear dependency of hardness of tadblets
on the logaritim of the maximal compressional force, like
that in the study of the sulfathiasole granulation, was
found for all present sgystems, A deviation occurred at
high foree levels as in the aase of apparent density of the
tablets, This is illustrated in Figs, 6 and 7 which also
shov that lactose-aspirin tabdlsts have hardness values bete
weenn those of aspirin and lactose tablets separatelys

8ince tablet hardness wvas determined with a Stronge
Cobd Hardness Tester which measures resistance to breaking,
the relations found are enly valid for this property of the
tablets, PFurther, as in the case of disintegration times,
the figures plotted for the hardness of tablets represent

the mean of five walues obtained at each compressional force
1."1.
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Fig. 7. The effect of Compressional Ferce on
the Hardness of various tabletiss
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The disintegration times of lactose, aspirin and
lactose-aspirin tablets as a fungtion of compressional foroe
are presented in Fig, 8. All these tablets contained ten
par cent dried eorn starch as a disintegrating agent, in
examination of the figure will show that lactose-aspirin tabe
lets have the most rapid rate of disintegration at the epe
timm force of 2000 1bs Also, at higher force levels, the
disintegration rate of the lactose-aspirin tablots is rela-
tively fast when compared to that of the sparate lactose
and aspirin tabletss Further, the pronounced minimum which
ocours in the curve for the lactose-aspirin tadlets is abe
sent in the other two cases, ‘

The somparatively rapis rate of disintegration of
lactose-aspirin tablets at high compressional force levels
can perhaps be explained by the larger porosities retained
allowing more rapid penetration of water; and further by
the greater aspecific surface area of these tablets,

A more extensive investigation was carried out om
the disintegration rate of sulfadiasine tabletss In this
case, starch wvas added as disintegrant in four different
proportions ( 15, 10, ¥ and 1 per cent ) for comparative
studies. 7The results are given in Fig. 9 vhich shows a
ninimum in the curve of the time~force relation for sulfae-
diazine tadlets containing 15 per cent dried corn starch,
This minimm is less pronounced in the case of the tablets
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with 10 and § per cent dried corn starch and is completely
absent with those containing only 1 per cent of the same
disintegrant, It is also seoen from Fig., 9 that the slope
of the digintegration time-forae curves increases with dee-
yreasing percentage of disintegrant, |

The above results are in general agreement with
those ohserved by Berry and Ridout (2) who studied phmon-
tin tablets with 15 per cent potato starch and phenacetin
tablets with various proportions of alginie acid as disin-
tegrating agents. 7These authors deternined the dlsintegra«
tion times of the different tadlets as a function of the
ratio of the weight to height of the tablets which they ealled
jsompression ratioch IS is ebvicus that this *compression
ratio' is a measure of the maximal force applied during the
compression of the tadlets, 7They found that, up to an opti-
mum pointy, the disintegration time decreased vith increased
‘compression ratio's After this point, hovever, increased
‘sompression ratio' resulted in lower rates of disintegrate
ion, Vhen wvarious proportions of alginie acid were used,
they found that the curves representing the *sompression
ratio® against disintegration time of the tadlets had
steeper slopes with decreass in the percentage of alginie
acid added, _

Cur explanation for the occurrence of the zinima in
the eurves representing disintegration time against maximal
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compressional foroe of sertain tadblets 1is in agreement with
that offered by Berry and Ridout (2) for a siallar minioum
observed in their study ef phenacetin tadlets containing 15
per aent potato starch, This explanation takes into account
the swelling of starch grains and the porosity of the tabdbe
letss Under a very light compression, ths greins ean swell,
bust owing to large void spaces there is s eertain lag period
before they begin to exert pressure oan the surrounding gran-
uless, At the eritical compression, as soon as the grains
swell they exert such pressure on the surrounding granules
and the tadlets disintegrate rapidly, More tims is required
for the disintegration fluld to seep through the outor layers
of tablets made under heavy ecorrassion and, as & result,
slover disintegration rates are obtained for such tablets,
In the studies vwith sulfadiazine tablets made lmre,
the disintegration times were Getermined bdoth by the modi~
fied U,83.,P, and B,P, methods mentioned i{n the experimental
section of this papere It was observed that the times ob=
tained with the mndified U,5.P, method were uniforaly higher
than those obtained for the gorresponding tablats by the
modified B,P, tube method, K This is attriduted to the thrust
exerted on the tablet by the ascending bubdble in the tube,
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Granulaticns for sulfadiasine and lactose tablsts |
vere priparodbrvddmmpormt gtarch paste to the com=
pounds until the masses vere guitable for granulation. After
granulating, drying vas effected for four hours at 110% and
then tie dried granules were ground, The granules used for
eompression inte tablats were those passing through a Nos 20
but not through a No, 60 sieve, '

Tvo series of aspirin tablets were studied, These
vere made from (a) Dov's commercial aspirin granules vhich
are prepared by slugging and which eontain 10 per eent eorn
starch and (b) a mixture of aspirin erystals and 10 per cent
dried corn starch. | | |

Equal weights of lactose and aspirin orystals, in-
corporating 10 per cent dried corn starch, vas the basis of
the formulation for the lactose-aspirin tadblets. '

An arbitrary weight of 03950 Gme of sulfadiazine
granulation was taken for gompression into tablets. VWelghts
of the other forsulations eorrespending to the sane true
volume occupied by the sulfadiasine tehlets were caloulated.
This was made posaidle by obtaining the true densities of
all the formulations on a helium densitometer described
sarlier (3,4)¢ Table I shows the true densities and the -
weights compressed ef sach formulae '




TABLE I
Trus Densities and Weights Qmprened into Tablets of

True Lonaity Wt, Coupressed

Formilation in On/ce in Gme
Sulfadiazine granules 1.55% 043950
Lactose granules 1.552 043945
Lzctose-azpirin erystals 1.485 0.3779

 Aspirin (Dow's gramules)  1.,40% 043570
Aspirin (from crystals) 1.383 043515

The tablets were compressed at eight varying force
levels, ranging from 500-8000 1b, per tablet, by means of a
mechanical lever machine and a set of 3/8% die and punches
which have already been described (3).

Specific surface areas, apparent densities and harde~
ness of the compressed tadblets were determined dy means of
the B.E.T. low temporature nitrogen adsorntion apparatus,

a speaially designed mercury displacement tadblet pycnometer
and a Strong-Cobb Tablet Hardness Tester (1,3,4), respective-
1. |

Por disintegration tims measurements, the method of
~ the U.8,Ps (5) was used with the substitution of a No. 8 for
a Noe 10 screen, A second digintegration method based on
the B.P, procedure (6) was also used, employing a tube of
18" x 5/8% offective measuremsnts, When filled with water
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at 37°C an empty space of 1" was left for bubble forming.

The use of a constant temperature water bath was not found
necessary in this method owing to the small temperature
coefficlient of tablet disintegration and to the very smll
fall in the temperature of the water during disintegration
time measurements of normal tablets (7).

Porosity was caloulated from the following express-
lons

apparent density 100
Porosity ® (1= Apoar et ) X *

For true density of the tadblets, the true density eof the
granulation was used in the sbove exrression,

The results obtained in this work from the astudy of
the compressional dehavior of several tablet formulations
shovw simllar qualitative relationghips between the maximal

compressional foree and the corresponding physical properties

of the tablets in all instancess These relationships are
also similar to those obtained sarlier in the study of sule
fathiazole tablets (1) and to those found in the cese of
phenacetin and methacetin formulations{ 8 ).

~ Because essentially the saue type of relationships
bas been obtained for similar and dissimilar formulations,
1t L5 reasonable to conclude that theses relationships are
of general validity in all tablet formilationse
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The above relationships can be sumnarised as

follovwss

1.

3

e

Se

The specific surface area of the tablets increases vith
{noreased maximal compressional foroe to a maximum, and
then decreases, |

Apparent density varies directly, and poroeity inverse~
1y, vith the logaritham of the ecompressional foree, wp
to s foros level well above that used in ordinary com-
pression of tablets.

Hardness varies directly with the logarithm of compresse
ional force, levelling off at high foraes. Is t__ls__c

'vartes directly as the apparent density of tabletse

The logarithm of the disintegration time of tablets

varies directly vith compressional foroe, Eigher rates

of disintegration are yproduced by increasing the pro-
portions of dried corn starch added.

In some instances vhere & high percentage of disintege-
rating agent is present, faster rates of disintegration

of the tablets are obtained as the maximal cowpressione

al force is increased, This continues up to an optimum
compression after vhich the ordinary relationship of
disintegration time vith compressional force is mnifested.
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PART IIX

THE PHYSICS OF TABLEY COMPRESSION VIie Compressional
Behavior of Phenacetin and Methacetin Granulations,




THE PHYSICS OF TABLET COMPRESSION VI, Compressional
Behavior of Phenacetin and Methacetin Granulations,

AGSIRACT

A comparative study was made of the compressional
behavior of methacetin and phenacetin granulations, FPhenae
ootin tablets made at high compressional forces from a |
granulation sontaining a lov proportion of partially hydroe-
lysed starch were physically defestive, Incorporation of a
higher peroentage of partially hydrolysed starch for binde
ing purposes, as wll as other different binding agents, in
phenacetin formulations resulted, en ecompression, in tabe
lets free from capping or splitting, 7The compressional
behavior of a methacetin granmilation vas found to be d&iffer-
ont from that of a phenacetin granulation eontaining approxe~
imately the same proportion of the same dinding agent,

DIRRVCIION

Many pharmaceutical mnufacturers encountsy eone
siderable dirficulties in the making of phenacetin tablets,
dus to tlw frequent ecourrence of splitting and eapping
during the proocess of compression, To overcons these 4iffie
eulties and obtain phenacetin tadblets free from physieal
defects, formulations involving other binding agents such
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as acacia, methyl eellulose, cellulose acetates hydrogen
phmhummmuwmm starchy in a higher
percentage than that commonly used in the manufacture of
tablets, wvere prepared and studied,

Earlier work had shown a general qualitative sie
milarity among several formulations when subjected to diffe-
rent dsgrees of compression (1,2)e In the present study,
the effect of maximal compressional force on the physical
~ properties of tablets obtained from the commonly used phe~
pacetin granulation and the ether phenacetin formulae has
been investigated, ZThe purpose has been an attempt in the
direction of comparing the ecompressional characteristiss of
these with the exrdinary sompressional behavior of the syse
tens studied earlier, '

A furthar attempt is mde to investigate the possie
bility of correlating structure with compressional beshavior.
In this direeticn, tablsts were prepared from = theoetin
(p-methoxyacetanilide) & eompound elosely related in struo~
ture to phenacetin which i» the peethoxyacetanilide, Zhe
offect of the degree of compression on U physical propere
ties of these tadlets was investigated in 1ine vith the
other formulations.

It vas found that the phenacetin tadlets made from
the granulation eontaining a low percentage of partially
hydrolysed starch showed noticeabls eapping and splitting
at the higher compressional foree levels. This troublesome
behavior was, however, completely absent, throughout the




7
whole mgo'nr compressional forces 500-8000 1be per
tablet, in the ease of the formulations in vhich other bine
ding agents were used,

No correlation between compressional charaateristics
and structure vas found in this study,. The methacetin forme
ulation, although eontaining approximately the same percente
age of partially hydrolysed starch as that «f phenacetin
which gave defestive tablets, ylelded well formed tablets
vhen subjected to the different degrees of eompression up to
the 8000 1b, lewvel,

The surface area of phenacetin tablets containing
b7 per oent partially hydrolyszed starch showed a similar
qualitative relationship with compressional foree as obtained
in earlier studies of warious other formulations (1,2)e Fige
1 shows & maximum surface area for these tabdlats at 2500 1b.
~ eompressional foroe. At this point the surface area is three
times that of the phenscetin granules from vhich the tablets
are made, Higher inereases in surface areas were obtalned
for the formulations of the earlier stulles (1,2).

It ean bs seen from Table I that phonacetin tablets
with the lower pesrcentage of partially hydrolysed starch are
more resistant to an inarease in their apparent density, as
a result of rising compressional foros, than the tablets made
from the other four phensostin formulations.
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Table X
Apparent Densitles*of Phenacetin Tablets
——————kgEmrs

Y7 % 20 % Cellulose
rt mm

Mmmm mxmu ‘“ﬂu“
1.032 1.011 0.922 0,972 0.929
1.07% 1.102 1,077  1.077  1.03%
1.12% 1.157 1.127 1.150 1.128
1.156 1.195 1.180 1.160 1.151
117 1,225 1.229 1181 1an
1.185 1.25% 14260 1.229 3.220
1.188 1.26% 1.278  1.235 1.2
1.9 1.270 14283 1,239 1257

J

SEEEEET

® Apparent Densities are given in Gw/ce
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This means that the phenacetin tadblets eontaining the higher
percentage of partially hydrolyzed starch and the nev binde
ing agents are more sasily compressed, a fact reflscted in
their valus of porosity as shown in Fige 2¢ AS 500 1b,
eompressional faoree, the porosity of the tadblets unier come
parison shows increasing walues in the following orders
phenacetin with 4,7 per cent partially hydrolysed starch,
phenacetin with 20 per cant partially hydrolysed starch,
phenacetin with methyl cellulose, plwnacetin with cellulose
scetate hydrogen phthalate, phenacetin with acacia, In all
eases, porosity diminishes with inereasing eempressional
faoree, deelining sharply in the beginning and then lewvelle
ing off at higher forcese The range of this decrease,
however, is a characteristic of the individual formulation
and is therefore not necessarily of the same magnitude in
all cases. This is alearly seen at 8000 1lb, foree loewel
vhere the tablets show values of porosity in an order which
is the reverse of that exhibited at the initial eompressione
al fores ef 500 1b. R |

The rate of dearease of tablet porosity with ine
oreasing eompressional foree is apparently a measure of the
effectivencss of the dinding agent used, This, in turn, is
8 eriterion of the esase with which tablets san bs compressed
and reflects on the physical properties of the tablets after
coupression, In the case of phenacetin with &,7 per cent
partially hydrolyszed starch, this rate is mther slovw, the
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~ tablets still retaining the comparatively high porosity of
8.5 per oent at the 8000 1b, force level, On the other
hand, 1t is faster in the case of the other phenacetin tabe
lets, the phenacetin with acacia showing the most repid
decrease and, consequently, the best compressibility, This
is borne out in the walues of hardness of these tadlets.

At corresponding compressional levels, it is seen from Fige 3
that the phenacetin with acacia tadlets are the hardest and
the phenacetin tablets with the lower peresntage of partiale
1y hydrolyzed starch the softest of the five,

Methacetin tablets were expected to show similay
characteristics to those of phenacetin in view of the sinie
larity in structure of the compounds. However; in this stu-
dy, no sush gorrelation between structure and ecompressional
behavior becams evident, Absence of ¢apping or splitting
in the methacetin tablets was notioceadle, This is signifi-
eant dus to the faet that the methacetin granulation eon~
tained approximately the same proportion of the dinding agent
used in the case of the phenacetin gramilation that yielded
daefective tablets, The better compressibdility of the methae
cotin tablets 1s again reflected in the rate of decrease of
their porosity with ascending levels of compressiomal foroe,
 Pige ¥ shows that the decrease is faster in the case of mee
thacetin than 1t is in the ease of phenacetin with the lower
peracentage of the same binding agent, A4lso, & smller poroe
sity is retained by the mthacetin tadlets at 6000-8000 1b,




IN S-C UNITS

HARDNESS

o

| O

Phenacetin with 4,7 per ecent
partially hydrolyzed starch

@ Phenacetin with 20 per cent ,Q
5 partially hydrolyzed starecn

@ Phenacetin with acacia g g

O Phenacetin with P
: methyl cellulose ’

(D Phenccetin with
celiulose aceta

0.5 I 2 4 6 8
FORCE IN OO0 LB.

Fige. 3. The effect of Compressional Force on
the Hardness of various tablets.
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" foree levelss The relation of hardness and porosity is

enoe again demonstrated here, At corresponding foree levels,
the hardness of methacetin tablets ean be seen from Fig. 2
to de greater vhen compared teo that of the phenacetin tabe
lets with the b.7 por oent partially hydrolyzed starch,

The only granulation resulting in defectiwe tadlets
at high degrees of compression was phenacetin with the lower
percentaze of partially hydrolyzed starch as dinding agent,
Tablets made from all other formulations were eonspicuocusly
free from such defectses This dshavior ean perhaps bde atte
ributed to two factors:s (a) the high resistance to erushing
affered by the phenacetin partitles and (b) the insufficiency
of the binding agent useds

It 43 apparent that as gompressional forcs inereases
the particles composing a tablet are brought nearer to each
other, This of eourse results in a smller percentage of
void spaces At an optimum degree of compression that is
sharacteristiec for sach individual granulation, the partie
cles cannot be forced any closer to sach other, A% this
stage, any increase in compressional foroe will cause ene
of two thingss (a) the fragmentation of the particles and
eonsequently still lower porosity valuss or (b) the deforms
. ation ef the particles under pressure if they are resistant
to erushing. | o

The deformation under high pressures of particles
that resist erushing oan be eithsr permanent or reversibdle



*$43T99L

U330 WO JO SSOUPIRY OU} UG EII04 [BUCTSFRIdmOD JO 3093J8 o4l ‘S *314
g7 O0O0! NI 30404

8

9

1%

Z

G0

—

0
SS3INQYVH

| UR—|
) @)

o
A
SLINO D-S NI

Tp]
J




89
as Genmonstrated by various workers in the analogous field

of powder metallurgy (3-6)s Which of the two will ecour
dopends upen the mature of the particles and the kind and
percentage of the binding agent present, |

Phonacetin particles appear to be very resistant te
erushing, undergoing an elastic deformation at high compress-
ional forcese In the sase of the granulation eontaining .7
per cent partially hydrolysed starch, the bdinding agent is
apparently not sufficient to overcems the tendenay by the
doformed particles to assume their initial shapes as the
fores is released, Thus, a sudden removal of the pressure
eausing this kind of elastic reversible deformation results
in a springback of the particles, This finds in relief in
a form of capping or splittings A 20 per oent partially
hydrolysed starch in the phenacetin granulation seems to de
of sufficient dinding ability to emmterbalance the tendency
of the deformeé particles to regain their original orienta-
tion upon release of the presswre, Therefore, this granule
ation yields tablets free from physical defects, The same
explanation ean be applied to the phenacetin with acacia,
vith methyl cellulose and with celluloss acetate hydrogen
phthalate, the elasticity of the phenacetin particles being
overcome by the different binding agents in the proportions
in vhich they are present,
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‘Preparation of Formulationge= Tvo different formulations of
phenacetin vere prepared with starch paste. 4 10 per eent
starch paste wvas used in one and a 20 per cent in the other.
when dried at 11097 for four hours, the granules esontained
.7 per cent partially hydrolyszed starch in the first and
20 per cent in the second forsulation,

Phenacetin with acacia, with methyl eellulose and
with ocelluloss acetate hydrogen phthalate formulations were
odtained froa Smith, Kline and FPrench Co, They were prepared
by spray-drying suspensions of phenacetin solutions of the
different dinding agents, Assay showed that thw phenacetin
with scacia and with methyl celluloss each eontained 80 per
eont phenacetin while the foramulation with eellulose acetate
hydrogen phthalate had 92 per cent phenacetin,

" Methacetin granulation was prepared with 10 per cent
starch paste., After drying at 1109 for four hours, it con-
tained 5.2 per eent partially hydrolysed starch,
Camnression into Iablatge= A mechanical lever machine, in
conjunction with a set of 3/8" die and punches, was used for
the compression of all tadbiets at various force lavels (7).

ptg.= (a) True den~
sities were measured by means of a helium densitometer (7),
(b) apparent densities by means of a specially designed tab-
let pycnometer (1,7), (¢) hardness by the Strong-Cobd Tablet
Hardness Tester (1), and (d) surface area on the B.E.T, low
 temperature nitrogen adsorption apparatus (1),




densities obtained dy helium densitometry were utilized for
the ealculation of the weights of the different formulations
that would yleld a constant trues volume in all tablets,
Table II shows the trus densities and the weights compressed
into tablets in these studies.

Table IX
True Densities and Weights Compressed into Tablets of Different
Formulationa
frue Lenslity Wt, Compressed
Formulation in Gn/ce in Om,

Phenacetin with .7 per -
cent oga.rtidly hydrolyzed

star 1.297 . 0-3”
Fhenacetin with 20 per oent |

partially hydrolysed starch 1,331 0.3380
FPhenacetin with acacia 1.306 - 0.3320
Phenacetin with sethyl

cellulose 1.28% 0.326%
Phenacetin vith cellulose

acetate hydrogen phthalate 1.29% 0.3290

Mothacetin with 5.2 per cent
partially hydrolysed starch 1.281 0.3255%
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1, The compressional behavior of differsnt formulations
mede from phenacetin with various dbinding agents was
studied, ‘ ' _

2, A somparative study of methacetin granulation was also
carried out,

3. All formulations studied gave the same qualitative rela-

" tionships between mximal compressional foros and the
different physical properties of the tablats made from
them

%o Apparent density and hardness of tablets vere found to
vary directly, and porosity inversely, with the logae
rithe of the maxinmal compressional force.

5. Phenacetin tablets made from a granulaticn eontalning
b,7 per oent partially hydrolyzed starch as dinding
agent were physically defective shen gompressed at

high foroe levels: The eapping was absent when phena=
cetin formulations eontaining & higher perocentage of the

| same bdinding agent, er other binding agents, were come

- pressed.

6. No correlation butween structure and compressional behavior

' vas obtained in the comparative study of phenacetin and
methacetin mﬂuﬁm-mumnc approximately the
same proportion of the same dinding agente




1.
2,
3.

b,
e
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CORRELATION OF HARDNESS, POROBITY AND APPAHENT DENSITX

A A

DENSITY GRADIENT XN OOMPRESSED TABLETS




CORRELATION OF HARDNESS, POROSITY AND APPARENT DENSITY

~ 8ince the apparent densities of tablets were detere
nined in the course of obtaining data to make the calculate
fons for porosity values, their relation with maximal come
pressional force was studled,

Figse 1-3 show that, in all cases, a linear relation-
ship exists between the apparent density of the tablets and
the logarithe of the maximal compressional force, resembling
that obtained earlier with sulfathiazole (1), At compress-
ional force levels exceeding 4000-6000 1b, per tadlet, a
deviation from this linear relationship is manifested, The
point of onset of such a deviation in each particular case
d=pends on the nature of the granulation, It is evident
that at high compressional foroe lsvels, the apparent densi-
ty of the tadlets tends to approach the true density as a
1imit, It has been shown in powder metallurgy (2) that
attainnent of complets densities is usually impossible even
vith high compressional forces because of a certain elastic
springback expansion of the gompast upon pressure release.
This type of springback expansion is more maried, in our
studies, in the case of phenacetin tadblets containing only
4.7 per cent partially hydrolysed starch, Wwhen made at 8000
1b, compressional force, their apparent density is seen to
be still considerably removed from their true density,
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APPARENT DENSITY - IN Gm/cc

1.3 @ Phenacetin with 4.7 per cent starch
: as binding agent

@® Phenacetin with 20 per
dent starch as hinding
agent

@ Methacetin with
5.2 per cent

starch as
binding ’
agent ’)’
1.2 o ,/’
‘_6-- -0'-0--
"l
l.1 F

Phenacetin with
methylcellulose

(D Phenacetin with
: acacla

(O Phenacetin with
cellulose acetate
hydrogen phthalate

0.9

l

- e — h 'l A
045 1 2 4 6 O

FORCE IN 1000 LB,

Fig. 3 « The effect of Compressional Force on
the Apparent Density of Various Tablets,




2. Hardnesa vs Anparent Density

. Correlation of hardness with the apparent density
“of hbhts results in a direct linsar dependency of these
tvo piayus.oal properties of the tablets on each other. Such
a aiuuomhip has also been observed previously in the
study of sulfathiszols granulation (1), and is found to de
in agreemefit with the dependency of apparent density on the
hardness of compressed metal powders (2).

This relationship is 1llustrated in Figs. 48 for

ths 4ifferent formulations studied in the present work,

3« Poroslty vs Hardneszs
Porosity of the tablets is celculated at each

“compressional force level by utilizing the apparent dene
sity of the tablets made at that force and a constant true
density of the granulation from which the tablets are mades
Becauss of this, and since the apparsnt density of the tabe
lets is linearly related to their hardness, it would be exe
- pected that such a relationship should also exist betwsen
porogity and hardness of the tablets., This was found to de
the case esarlier in the investigation of sulfathiaszole tabe
lets (1) and ir the present studies, This type of depende
enoy is illustrated in Figs. 9-12 for all the various
formmlations in the present work,
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APPARENT DENSITY IN Gm/ce

i

1.4

1.3

1.1

0 Lactose

O Lactose-aspirin

@ Aspirin
5 10 15 20 25

HARDNESS IN S<C UWITS

Fig. 5 . Hardness vs Apparent Density of
various tablets.
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APPARENT DENSITY IN Gm/cc

1.2

1.1

0.9

@ Phenacetin with 4.7
per cent starch as
binding agent

() Methacetin with 5.2
per cent starch as
binding agent

2 1 1'5 25 25

HARDNESS IN S-C UNITS

Fig. 6 « Hardness vs Apparent Density of
various tablets.



APPARENT DENSITY IN Gm/cc

1.2 F
1.1
@ Phenacetin with 20
per cent starch as
1.0 binding agent
C) Phenacetin with
acacia
0.9 i — 2 3
5 10 15 20 25

HARDRNESS IN §-C UNITS

Fig. 7 . Hardness vs Apparent Density of
various tablets.
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APPARENT DENSITY IN Gm/cc

Phenacetin with
methylcellulose

Phenacetin with
cellulose acetate
hydrogen phthalate

10 15 20 25
HARDNESS IN S-C UNITS

0.9

Fig. 8 . Hardness vs Apparent Density of
"various tablets.,
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PERCENT POROSITY

35

o

‘; Aspirin

(’ Lactose

C) Lactose=-aspirin

0 1 [ 1 [ 3

5 10 15 20 25
HARDNESS IN S-C UNITS '

Fig. 10 . Hardness vs Porosity of various
tablets.




PERCENT POROSITY

(D Phenacetin with 4.7 per
cent starch as binding
agent

Phenacetin with 20 per
cent starch as binding
5 F - agent

GD Methacetin with 5.2 per
: cent starch as binding
30 f agent

25 r

10 p

5 10 15 20 25
HARDNESS IN S-C UKITS

Fig. 11 . Hardness vs Porosity of various
tablets.
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PERCENT POROSITY

c) Phenacetin with acacia

O Phenacetin with ceellulosd
acetate hydrogen phthal-
ate _

o Phenacetin with methyl-
cellulose

5 10 15 20 25
HARDNESS IN S~C UNITS

Fig. 12 « Hardness vs Porosity of various
tablets.




DENSITY GRALIENT IN COMPRESSED TABLEZS

Higuchi et al (1) sompressed different weights of
sulfathiazols granulation and found that they obtained the
same apparent density for the tablets at fixed maximal
compressional forces. To investigate this point further,

e more extensive study ef this area was undertaken in the
present work.

Three different formulations wers compressed at
eight various force levels using two series of weights for
esach formulation.. It was also found desirable %0 measure
" the apparent density of whole tablets and then the apparent
density of 'cores' of these tablets. These 'cores' were
obtained by slicing layers from all surfaces of the tablet
until approximately cubical masses of about 0,15 em. dimens
sions were left at the centers, The apparent density of these
cores' vas measured pycncmetrically like the whole tablsts.

Tables I-IIX contain data sbtained from measwre«
ments of the apparent density of different weight tablets
made at various maximal compressional forces. The results
clearly indicate that the apparent density of the tablets
at corresponding forecs levels is the same irrespective of
the weight of the tablets, This is in line with the earlier
£inding in the case of sulfathiasole tablets (1)¢ Data in
Tables IV-V ghow that ‘cores' of the tablets have the same
apparent densities as the parent tablets from vhish they
were obtained,

\




Table X

Apparent Density of Sulfadiazine Tablets of Different
Weights made at varying Compressional forces

BEEEIEE‘“ Gn/ce

Foroe

1. 0:2800 ome 3 1 %0 ™
500 1.100 1,098
1000 1.231 1.2m
1500 1.305 1.303
2000 1,357 1.356
2500 1.390 14392
4000 1,428 1,426
6000 1.456 1.456
8000

1.469 1,469




Table II

Apparent Density of Aspirin Tablets of Different Weights
made at varying Compressional Forces

P E H 8 I ¥ £ I N Gwm/ce
of

ri.:“ 042800 Gme - 03575 Gme
by | T ABLETS

500 | 1.213 16212
1000 1,269 1,268
1500 1.309 214308
2000 1.323 14327
2500 1.346 - 1349
%000 1.362 © 14361
6000 1,373 1.372

8000 1.377 1376




Table 11X

Apparent Density of Lactose Tablets of Different Weights
made at varying Compressional Forces

_ PENBITY 1IN Ga/ce
Q. Foree of
in 7 0e2800 Gme 0¢3%5 Gme
ib, | TABLERTS
1000 1..175 1.176
1500 1.242 124
2000 1.299 1.300 .
2500 1.34%0 1.382
%000 1.40% 1.406
6000 1.058 1.459

8000 1486 1,487

- U




Table IV

Apparent Density of Aspirin Tablets made at varying
Compressional Forces

Force DENSITY 1IN Gm/lce
inb. Whols Tablets i Cores
500 1,212 1.215
1000 1,268 127
1500 1.308 1,309 o
2000 1.327 1,327 |
2500 1.345 1a345 |
%000 1.361 1.359
6000 1.372 1.373
8000 1,376 1.37%




Apparent Density of Phenacetin Tablets mde at varying

Tables ¥V

Compressional Forces

Yorce PENSLITY 1R Gm/ce
i,blc Whols Tablats o Cores
560 | 1,003 ;-007
1000 1.062 1,069
1500 1.11% 1,109
2000 1.148 1.148
2500 1.166 1.16%
%000 1.179 1.179
6000 1.184 1.185
8000 1.189 1.187

L
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It would seem from the observed data that density
1s uniformly distributed throughout the whole volume of the
tablets, However, Seeling and Wulff (3) have demonstrated
the existence of & stress and a density gradient in compacte
ing metallic powders, A stress gradient has also been showed
to exist in compressed tablets in lelson et al's work (W),
In view of these facts, we are led to believe that a density
gradient might also exist in eompressed tablets, This 4s in
no way in contradiction with ocur data, because such data ean
also be interpreted $o indicate a density gradient in the
tablets, S
8inoe thc feores' of tablats were selected in our
study for apparent density measurements in comparison with
the whole tablets, thess !cores’ will apparently have an
equal averagze apparent ldmuy as the vhole tadlets themselves,
even though a density gradient existed,

In viev of the above; ovr results in this area are
not eonclusive 4 They could mean either (a) density is
uniforaly distributed throughout the volume of the thlet
or (b) there exists a density gradient in tablets,
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I8 became apparent from the results cbtained in the
present study and in the earller investigation of sule
fathiazole tablets that certain general qualitative
velationships between maximal compressional force and
the different physical properties of the tadlets exist
in all cases studied, While these relationships follow
the same qualitative pattern in all instances, they
differ quantitatively with the various formulations.

In sddition to the qualitative similarity bdetween sule
fathiasole and sulfadiasine tablets in regard to the
effect of maximal compressional foros en their physical
properties, a good quantitative agreement was also obe
tained in the values of corresponding properties of

the two formalations, JNo such quantitative agreement
wvas found, however, during the comparative study ef
phenacetin and methacetin gramulations. It is evident,
therefore, that before any conclusions can be drawn
regarding correlation of strusture and compressional
behavior, & more detailsd investigation of this area
of study has to be carried cut, |
Fhenaoetin gramulation eontaining k.7 per ecent partiale
1y hydrolysed starch as dinding agent gave defective
tablets shoving splitting and eapping at high compresse
ional foress. The incorporation of a higher percentage
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of the same dinding agent, and other binding agents, in
the formulation yielded good tablets upon eompression
b, The similar qualitative relationships observed in all
~ eases ean be swmarized as follovss
(a) The specific surface ares of the tablets increases
. with increased compressiohal foree to a maximum, and
then decreases.

(b) Apparent density and hardness of the tablets vary |
directly, and porosity inversely, with the logaritim i
of the maximal compressional force, up to a foroe
level well above that used in ordinary compression
of tablets,

(¢) Hardness varies directly with the apparent density

" and inversely with ths porosity of tablets.

(4) The logarithm of the disintegration time of tablets
varies directly with maximal compressional force.
Higher rates of disintegration are produced by ingreas-
ing the proportions of disintegrating agentse

(¢) In some instances, in the presence of high proportions
of disintegrating agents, & minimm in the disinteg~
pation time of the tablets is observed as the coupress-
fonal force inereases up $0 an optimum pointc After
this point has been passed, the erdinary relationship
of disintegration time with eompressiomal foroe is
then manifested,

(£) A density gradient has deen found to exist throughe
out the volume of the tablets,
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S« Because essentially the same type of relationships
has been found to apply in the similar and dissimiler

" gormilations studied, 1t is reasonable to conclude
that the general application of these relationships
to all tablet systems has bdeen established.



GENERAL SUMMARY

Analysis of the Physical Characteristics
of Coupressed Tablets

A quantitative study ef the compressional bshavior
and the physical properties of compresaed tablets is a
rather complicated project in viev of the meny variables
that exist in the different stages of their manufacture,
It is not surprising, therefore, to find that, until
recently, most of the work done in this field has been in
the form of empirical approaches to wvarious isolated
aspects of Sablet charasteristicse As compressed tableots
have Decome ens of the most commonly used dosage forms of
medication today, the need for standardized methods for
theiy manufacture and eontrol is now generally recognised
tn pharmaceutical manufacturing oireles, Such a standarde
ization can be achieved enly through quantitative studies
of the physical properties of compressed tadblets and their
eorrelation with the different variables encountered during
the manufacturing process, BRecently, in this direetion,
soms quantitative msasursments of the static characteristics
of compressed tablets have been made, along with an investie
gation into their dynamie compressional btehavior. s re~
sults obtained from these stuiies, being limited in nature
to & single formmlation, eamnot be of any real practical wlwe
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until the same kind of investigation has been extended to
other systems to test whether the quantitative relatione
ships observed are of general or limited application.
The present work comprises results obtained from
such a horizontal extension of the investigation over sevee
ral tablet formulations, An attempt is made to analyze,
interpret and ecmpare the findings with the purpose of
arriving at some general sonclusions regarding the compress-
ional dehavior of tablets.
In tablet making, one of the easiest variables to
nlﬁr and econtrol is compressional forcej its influence on 1
several physical properties of tablets was studied. The '
investigation covered trus and apparent densities, porosity,
hardness, disintegration time and specific surface area of |
tablets made from aspirin, lactose, lactose-aspirin, sulfa-
diazine, methacetin and phenacetin granulations.
The specifiec surface area of tablets was obtained
by means of the B.E.T. low Semperature nitrogen adsorption
apparatuse In all cases, the tablets showed increasing
specific surface area with rising force of compressions This
increases continued until a certain maximm was reached after
which further increases in compressional foree resulted in
declining specifie surface areas. This maximum appeared in
all formulations studiedj its magnitude and position along
the compressional scale; however, seems to be a charactere
istioc of each individual formula. '
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The trus and apparent densities were sbtained by
means of a helium densitometer and a mercury displacement
tablet pycnometer, respectively, vhile porosity was ealoule
ated from their walues at corresponding foree levels. The
apparent density increased, and the porosity dom,.
1inearly with the logarithm of the compressional force, the
true density remaining constant,

Correlation of porosity and specifie surface area of
the tablets revealed that the maximum in the specific swre
f200 area ourve ocourred generally at that compressional
force lsvel vhere the tablets retained approximately ten
per cent porosity,

A Btrong-Cobb Tablet Hardness Tester was used to mea-
sure the resistancs to breaking effered by the different
tabletse Here again, hardness increased linearly vith the
logaritim of compressional foroe, with a significant level~
ing off as the relatively high forces of 5000 1b, and over
were reached, This effect was also noticed in the ease of
apparent density, and 1t can be explained by the fact that
the latter approaches the true density of the tablets as a
limit at high force levels,

A linear relationship exists between hardness and
porndv and, therefore, between hardress and apparent
density,

Two separate methods based en the U.8.P. XIV and the
BoPe 1932 ( seventh addendum ) were employed for the measure-




ment of disintegration times of the ftablets. A linear 3
relationship was obtained detween the logarithm of the dise
integration time and the compressional foree, the rate of
disintegration increasing with higher percentage of dried
starchs

A possidle explanation was sought for the frequent
ocourrence of splitting and eapping in phenacetin tablets
during the process of compressions Different dinding mnﬁl
in varying proportions wers used in the preparation of phee
nacetin granulations for the purpose of a somparative study
of their eompressional behaviore From an analysis of the
results obtained, the following explanation ean be offereds
phenscetin particles are very pesistant to erushing as partly
evidenced by the comparatively lower increase in the specific
gurface area of phenacetin tablets over that ef the ggranules,
It 1s believed that phenacetin particles undergo reversible
elastie deformation vhen subjected to high pressures. If the
binding agent, in the proportion in vhich it is present, is
sufficlent to overcome the tendency of the deformed particles
to assume their original shapes as the pressure is released,
good tablets will de obtained. On the other hand, an ine
sufficient proportion of the binding agent used will allow
the deformed particles to bounce back upon release of the
pressures This ecould find a rellef in capping or splitting
of the tablets.
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In an attempt to eorrelate structure and compresse
fonal behavior, tablets were prepared from me thacetin (p=
methoxyacetanilide) , & compound dosely related in struce
ture to phanacetin which is the peethoxyacetanilide, The
tablets of methacetin wers sxpeated to shov similar eapping
and splitting with low proportions of binding agents, but,
unliite phenacetin tablasts, they were all well formed with
" no signs of physical defects, Thus, with these two eompound s,
no apparent eorrelation of structure and physioal charactere
1stics was obtained, Such s correlation was, however, found
in the comparative investigation of sulfathiazols and sulfa-
diasine tablets, IS is evident, therefore; that this area
of study must be investigated in detail before any conclusions
ean be drawn, |

From the yesults ef the present study, it is found
that, although differing in magnitude, the same qualitative
relations between compressional foree and the warious
physical properties of tablets studied have been obtained
for all formulations used in this investigationy DBecause
the same relationships were obtained for similar and dis-
similar systems, it is reasonable te eonclude that these
relationships are of general application to all tablet
formulations,






