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Io HIFIORY

Teablets have been defined in a nurmber of wayse Ferbaps one of the
better definitions, formulated by the Combined Contact Committee of the
American Pharmaceutical Yanufasetorers! Assoclation and the American Irup
“amfacturers! Asscciation,; is the followlnpy "lablets are unit forms
of medicinal substances prepared by corprossion or moldinge They are
most frequently of round or discoid form, but may be of a great vsriety
of shopes, Compressed tablets may be plain or coated in various ways foy
protection of ingredients, wasking of tastes, or for smeclal therspeutie
ugege Molded tablets are usually easily frisbhle and quickly soluble or
disinterrdbls. In 21l cases, medleinal teldets should exert thelr effect
within a satisfactory peried of time wmder noymal conditions of usel."™

In 191k Kebler estimated that from ona=fourth to onee~third of all
the medicinals in the Uniled States were administered in the form of
tatlets {1)e Tetlets ars probably emploved in even s greater ratio today.
It is alse true that nearly every industyy nakes some use ¢f a tableb
wachine (2)s The main impetus for such an enormous development of the
tablet industry has been the versatility of use of the tablet as a
eonvenient form for the dispensing of medlicines, for the preparation of
chemieal test solutions, for sterdlizing agents, for food, for fuel, and
in the munition and explosive industry (3)e But chiefly and foremost the
tablet is a convenlent mode for the administration of therapeutic apgents,
When costed, the tablet renders nauseating or bitbter medicinsls tasteless,
it prevenis decomposition of actlve Ingrsdients suscentible to the effects
of light or molsture, or permits the corbination of incompatible
ingredientse The advantages of this type of pharmaceutieal preparation

are: acouracy of dosape, economy, concentration, siability, portability,
# Osol and Farrar, U.5.D., 24th Ed., p. 1177 (19L7) T




absence of alcohol, elepance, and convenlence in dispensing and
shipping ().

slthougsh tablets are considered s comparstively modern type of
pharmaceutical preparation, dry remedies in the form of small dises,
eylinders, or tablots have been known sincs time immomorial. Fossibly
the carliest reference to thiz type of remedy is contained in the
Papyrus Fbers, written about the fifteenth century B.Ce. (5)s Tablete
were also a very porular Iform of medleation during the Creco-Roman epoch

of medicine and pharmaey. The Hippoecralesn Corpus {vhose authorship is

attributed to Hippoerates) includes a proeass for the preparation of
such remedies (), Tn the sarly litersture they were described as
“trochisel” from the Creek word irochos, meaning "rownd ox cirveularV; or
"pastils,” from the Latin word pastillus, weaning "a 1littls loaf of
foode™ Thosge two terms wors used Interchanpeablve In the first century
Aelley o Roman, Celsus, referring to lmportant choracteristics of pastils,
stated that they were mede from ceriain wetallle substonces rather than
from wvegotabls materiales. He givea the Mollowing descoription for the
proparation of this grouwp of romedies: "Iy medicaments which have been
rubbed together are mived by the ald of a liguld free from fat, such as
wing or vinegsr, md the mixture is dried again.® {7) Celsus mentioned
seven different Pormulas for troches, five of which were for external use.
These troches could also be liguefied by the same liguld used in thelr
preparation and adwinistered as Auld remediese ‘fetuslly, the evrigineldl
process of btablet mskdng, which consisted of cutting the plastic mass
into tho desired forms, is still employed st the prosent time for the

preparation of throat remedies, nemely, lozenges. Present practices,
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phamacopelias of the Yestern world until the late eighteonth century
{10). Another group of troches, also representstive of erpivical
medicinal practice, erploved astringent metallie corpounds as eye
remodiess Sueh “eollyria® were prepared by liquefaction of troches
containing usually alwm, buynt lead, satirmony trisulfide, sine oxide,
copper oxide, and similar wetallic corpounds in varicus corbinationa.
Since eye diseages are very widespread in the Orient, Arabs pald much
attention to this group of medicamentse. They called such troches vsiefls.®
The use of the clays by the aneclents and by the medieval peoples was not
founded entirely on swperstition, but i3 a revelation of thelr empirical
medicines The resulis of recent scientific research have Justified the
use of clays as limited bactericides, because of their reported agplutinge
ting effect on hacteria, vhich are attracted and absorbed inte the cleay
itselfes At the end of the seventeenth century there was a grest variety
of white, red, and yellow sealed earths on the market showing different
irmpressions such as images of saints, ships, coats of arme, etc., but one
hundred and fifty years later, they had {allen into disuse. (. Je Thompsoon
notes that "probably the last sppearance of Terra Sigilata® in any ilmportant
work on pharmacy was in Grey's “supplement o the {London) Pharmacopeia,®
1848 (11)e

The temn "tsblet” probabrly was first used by Jean de Mencu in 1615

in his Dispensatorium %’fa&mm in which the Latin term "tabella was

applied to a special type of troehe. In 1698 Hicholas Lemery in his
?hamm?gég Urdveselle differentiated betusen pastils, troches proper, and

takletss He reserved the term Ypastils® for troches containing aromatics

and intended for fumigsting purposes. The tem "troches® remained in use
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6
the cohesiony and socond, in lubricating the dis or molds"(17) The first
aatomatic "eormrossed pill” machine In the United States was invented by
Je Ae MeFerpan of Philadelphia in 107k, in the shop of R. Shosmaker, Jre,
who was =zuccesded by the F. J. Stokes Yachine Co. in 1895, In 1875
Josarh P, temington, also of Philadelphis, devised an mparastus for the
use of retail drugpglsts to manufacture thelr own compressed tablets as
enlled for on prescription. Thus rFhiladelphis becene an early center of
the tablet Industry.

At about the same time triturate tablets or tablet triturstes (T.7.)
were prepared by rolding fine powder which has bsen previously moistened.
They are an American idsa, having been introduced in 1878 by Dr. Paobert
Fuller {18}, At present tshlet triturates are slso called molded tallets,
dispenging tablets, or hypodermic tahlsts. Tablet ftriturates are usually
made on a triturate wichine or in a mold which givea them ithe shapa of
eut sections of a c¢ylinders. 7Tablebt triturates can be made by compression
on a ftshlet machine, bubt the term "tablet triturate” is still used and
may refer to an vneoated fat tablet, repardless of whether it is moldsd
or connressed,

A further ehange in the tablet industry wes introduced with the
discovery of the disintegrating power of starch added “in proper guantities¥
to the insoluble matier to be compressed. Although the discoverer, an
&merican, Charles Kilpore, was net grented a process patent, he made no
attompt to keep his finding sseret. "The discovery,® ssys KEebler, "wag
a great triumph for the industry.v(19) The subsequent crowth of the

industry was phenomenal.



In 1835 the Dritish Pharmacopeia listed a representative of this

new medicinal mode of administrstion: "Tabellae Nitroglycerini or Tablets
of Hitroglycerin.® This tablet remalned the only one officisl in the
British Fharmacopelss of 191k and 1932. The first edition of the British

Fhamaceutical Codex of 1907 was morye progressive and listed no legs than

fifty-four different tablets. The latsst edition of the British Phamacopeia

of 1948 1lists fortyenine tablets and the Dyitish FPharmaceutieal (odex of
1949 lists eighty tablets.

Similarly in the United ftates tablete were not immediately included
in the offieial compendias It was only in the United States Pharmacopeia IX
of 1916 that "Toxitabellae Hydrargyri Chloridi" appesred for the first

time and ne other tablet preparation was added to the inited States Phare

macoveia X of 1926, However, the Nationsl Formulary V of 1926 introduced
gix different tablets. The United Stetes Pharmacopeia XTI of 1936 listed

two rmore tablets: (Ayeceryl Trinitrate Tablets and Frythrityl Tetranitrate
Tablets, while the National Formulary VI of 1936 included fifty-eight

different tablets. The latest United States Pharmacopeia XIV of 1950

lists ninety=-two tablets and the lational Formulary IX of 1950 ineludes

another forty=gix tablet formulase



IXe IHTRODUCTION

The importance of partlele gize of the substances used in the
preparation of compressed products was roalized very early in the manue
facture of tsblets. There is, howevery practically no litersture concerne
ing this subjeets On the cther hand, there are accountsg of numerous
investipations referving to the importance of particle zize in other
seiences such ag chemlstry, physieal chomistry and crystallegravhy, snd
in industries such as the manufacture of cosmetles, dyes, cements and
explosives, Racently, vevorts on ¢linieal investipations conducted with
vowdered medicinal substances have emphasized the irmortance of materials
in the sutsieve yonge (finer then those corresponding to 325 mesh sieove),
and of ricronirzed products. At prasent some mmufacturing houses advertise
the virtuss of sulfonamides and venieillin in wicronized fom. However,
there is no report on comprossed talblets prepared fyom micweryzialline
drugs, concerning sither their ease of corpreszibility or thelr therspeutie
advantares. Very fimely gmwund acetylsaliierlic acid is claimed by the
Bayer Company, Inc., in one of its more popular advertisements, to be the
main factor fox nesrly instantancous disintegretion of "Bayeris Aspirin®
tablets. Perhaps some of the dearth of literature on particle mize is a
result of the relucimce on the part of mmmufaecturers to puklish thelr
trade secrets (1)s Amy attempt to secuwre technical information oncerning
particle size and shape studies must be made in fields other than pharmacy.

Yany investigators think of the shape of a partiecle in terms of the
erystal system to vhich it telonss. However, the genersl shape or physieal

outline of the particle does not diways corrvespond to the particular crystal



sysber, especially in the case Were raterisl has been subjected to
mechanical means of comuinution. Many substances show by their physlical
propertiss no repularity of crystalline structure whatsoever. Iudh
substances never exhibit characteristic polyhedral Fforms, and therefore

are considered mmorxphous (2)s The sppoarance of different characteristies
in the sase kind of crystals mgy vary considerably with conditionsg of
erystallization such as temperature, omncentration of solution ete., but
the angles boiween corresponding faces (plane surfaces) remain constardte
Accordingly the relative orientations of the cryetal faces are characteristic
properties while the external forms as such are not. Some substances
exhibit the ability to erystallize in polymorphous forms. For instance,
sulfathiazole when erystallized frow water, acetone, or methyl or ethyl

al coheol forms hexagonal prisms and platess when erystalliged from nepropyl
alechol prismetic rods sre formed (3). Similarly phenobarbital can exigt
in the three crystdl phases (Li)e According to Lehremn, sodiam chloride

may be obiaired in octahsdrons, instead of the usual cvbes, when crystallized
from a solution containing sodium hydrowide or ureaj; potassium and ammonium
alum, whieh usually erystallize in octshedrons, can be produced in form of
cubes fyom a sclution eontaining potassium hydroxide or sodium borate {5).
Although erystal faces may be aceldentally or intentlonally destroyed, yet
the substance does not thereby cease to be & crystal (6). The potential
ability of all erystals to develop faces wndey proper conditions of

growth is, however, a charszecteristie and immortant property which played

a decisive role in the establishment of the identification system for
various corpourxise The particular crystal structure that will e taken

by a gven element or compound depends partly on the type oft
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1. PBinding foree {(charpe of the nucleus)

2. Atomic grouping

3. Helatiwve size of different ions or atoms ebes (7)
There are six different fundavental systems of crystals: the reguldar or
cubic system, Segey alums, methenamine, alkali halides; hexagonaly Begey
iodoform, caleium carbonate, sodiuwm nitwate; tetragonal, s.ge., urea,
potagslum dihydrogen phosphate; orthorhombiles ee.gey lodine, suliury barium
sulfate; monoelinie, @.g., tartariec acid, most of the sugars, hydrated
ferrous sulfate; and triclinic ayster, ceges toric acld, potassium dichromate,
hydrated copper sulfate. The units of crystal lattice are not necesssrily
atoms or monoaztomle iones. They may be molecules, @e.7ey carbon dioxide.
The forces holding these molecular crystals together are very wesk. Meny
of the low melting orgmic compounds are ¢f this molecuvlar types In the
jonie lattice, 6.re, sodium ehloride, there iz no wmion to form molecules
in the erystale There sre two fundamentally different types of attractive
foreas which hold atoms tegether:

1. Ionie or electrostaile attraction giving rise to heteropolap

2e gﬁm pair bonding or exchengs emeryy fiving rise 0 homopolar

vonds

Different ervdtals have dliferent sow-ecalled mapnetic susceptibility and
masnetic effect is considerably pregter for ioniec bonds with thelr transe
Perred slectrons than for covalent honds, Most of the sirple crystalline
salis have ionie binding. Although the heteropslar and homopolar bonds
sceount for many crystals and for the formation of chemicsl compounds Lfrom
atoma, the presence of additlional electrostatic attraction explains the
attraction which exists betueen moleculese Thus many of the properties
of erystals can te predicled from classification of the crystal lattice,
type of bhinding and lonie size.
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The nature of atoms and forces exdsting within the molecule pree
determines chemical and physieal properties of the substmeey among them
the compressibility of the particulsr material. The experiments performed
by Richards et sls. indicate that the compressilility is closely related
to the ecohesive presmire of the substance, as shown by their bolling
points, and is therefore periodic in the system of elementse Thus the
compressibility seems to be not merely an isoloted physical faet bub
rather a phenomenon of chenmical gignificance immediately connected with
the most irportant properties of the material. Ividently, compressibility
is a property as definitely periodic as sny other property of the elements,.
Furthey work by the same investigator indieates that the corpressibility
is large when the surface tension is small and vice verss. In every case
it can be observed that the volatility, whieh may be ascribed to the lack
of eohesivs tendency, scems 1o he associsted with increased compressibility.
Pegides, not all substances have the same compressibility vhen subjected
to the same increase in pressure, even when thoy wers at first under the
same internal pressure. Yoreover, the compressibility includes wthin
ite magnitude not only the change in volume of the molecule, but also the
internal alteration of the wmolecule as well (8)e Spoeific gravity is
gregter in compownds with great surface tension and small corpressibility
than in those with small surface tension and grest corpressibilitye Tt
should be mentioned also that the speelific gravity is enormously affected
by the nature of the elements whdch bulld wp the mwleculs, and variations
in eorposition may wholly conceal the effects due to surface tension {9),.
The precedins deduetiong were drawn on the basis of experiments performed
upon pure elomontse. The proverties of salts eomposed of two, three, four,

etes 2lements would becone progressively rore corplicated,
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Richards end Jones, studying the corpressibility of chlorides,

bromides and iodides of potassiuwm, sodium, thallium and silver, concluded
that the corpressibility of a salt is smaller than the average compressi-
bility of the two elements concerned. ILikewise molecular compressibility
is less than the sum of the atomle compressibilities of the slements cone
gtituting it. Chlorine is wore volatile then bromine, whieh in turn is
nore volatile than iodine. The corpressibility of thosme elements is in
the order of: chlorine more compressible thsnm bromine and both of these
are more compressible than iodine, However, the cormpressibllity of
potassivn salts 1z in the opposite order as potassium iodide is more
eorpressible than potassium chloride, This phenomsnon is stiribuled to
the chemicel and cohesive atffinity of the elements, as chlorine has greater
affinity and hence is under greater Internal pressure than potassium
iodide {10). The following table illustrates the compressibilities of
those salts, expressed in kgs/em®.

Compressibilities x 10° At 20%C.

Chlovide Bromide Todide
retaseion Le93 611 Bk
Sodium 1& 03 !é . gﬁ ‘*{50 8
Thallium a6 5e0 GeS7
Silver 2013 2.;& 39 35

These values are basad on 0,00000371 for the average commussibility of
mercury botween 100 and 500 kilogvams per sguare centimeter. The numbers
in the tabhle wust e multiplied Ly 10-6 to obtain the true value.
However, little hasz been published conceming the covpressibility of
materials used in the preparation of tablets. FPressure erployed for

compression of tablets is usually expressed in kps/em® or tous/sge ine
and mey be as high as 10,000 kgs/om@ or 62.0 tons/sge ine (11) The
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mapnitude of pressure evployed for the cowpression depends on the type
and the purpose foy which the tablets ave intendede In each case pre-
liminary tests have to be perinred before the Ymaster formula® for the
particular tsblets iz decided upon 28 well as the modus operandi. A
ceneral ides concerning the compressibility of the substance is reported
Ty “Mitchelle He believes that wost materials have a 2:1 corpressibility
ratios for such material a depth of one-hal? ineh of raterial in the die
would produce s {inished tablet onee~fourth inch in thickness (12).

A faw words should be said about the method used for the production
of wicrocrystalline materials, as lately such a form of medicinale is
Pinding reeognition in cnerotherapy. There are chemicsl and mechaniesal
meang of producing these iypes of meterials, 2 chemical method for
preparing, for instance, microerystalline sulfonamides, congists in
neutralizing, at low vemperature, a sclation of the sodium salt of the
drugy with the rescting mixbure maintained in viclent agitstion by sonie
vibration or by sorme suitable hich speed wixing deviees The size of the
resulting ervetals may e ropiated within wide limits by conbrolling
the spesd of the adnlxture, the temperature of the reaetants, or bothe
The microeryetals produced are fairly unifornm in size. Uater may be
removed by filtration or ecentrifugation snd the precipitate dried to a
fine powder (13). Vhysicad metiods for producing rdercerystalline vowders
ubtilize mechanicsl wills and {luid enerey ~ills with intense contrifugsl
fields w effect classification in the fine size range (1l). The Mikroe
htomizer (Pulverizing Vachinery Corpany) and Raymond Vertical iil
{Comugtion inyineering Company) are machiney of the high speed rotor

desipng the "deronizer (Intemationsl rulverizing Corporation), the
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neductionizer {Peduction Engineering Cornorstion), md »tém Fagle Mill
{Yazle Penecil Corpany) sre of the fluid enercy type using corpressed
gases oy hirh pressure steam to effect the slrze reduction.

Yuch work has been done in the field of therapeutics concerning the
partlele size of medicinal substancos. In general, the solublility end
goeed of setion of a relatively insolubtle wmaterial depends on surface
ares, which is a function of particle sire snd shapes The use of fine
powders in compounding procedures resulls alse in the more astisifactory
phamacentical preparations. To incresse the amount of surface ares and
4o hasten s2lubility, some preducts were proparsd and tested in mieronized
forme L& number of investigators report "wicvoervsialline sulfonamides
show dilferences fron ordinary sulfonanides In both pharmacodynamic
behavier mnd therszpoutie activity® (15,16,17,18,19,20)« In pensral, such
differences suggest that in mieroeryvstalline form the activity of a powder
is enhancede It is obvious that the saturation level of a drug in blood
oy tisgue {lulde will be the same regardiess of the original erystal size,
but the rate of attaining that level in the case of subsisnces of low
solubllity is aifected by the totel surface area availoble. “ieroervstalline
preparations of sulfonamddes give conslderably hipgher bleod levels,
espeelslly during the first six hours zfter administration, than the
preparations of the macrocrystalline drup. This increarced rete of setivity
is true equally in cases of agqueous suspensions injected hypodermieslly oy
of powders applied loecally. In toth cases it has been reported that the
deereased tendency of the micrvcrystelline drug to lump or cske assures a
much greater surface for solution into loecal tissue [luids, Microerystalline
drugs dispersed in hydrophiliec amd white ointment bases show likewiss an
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inerecsed vate of shserntion (F1). The addition of a wetting agent such
2y sodium lavrel sulfate seems to produce sven prester dispersing effect
in suspenzions of microervstelline sulfadiagine (22) snd an increased
liveration of drug from ointwent bases. In conclusion, one mipght add that
the particles of the wegulsr powder grades of the sulfonamides ronge widely
in darmeter, with a larpe proportion between twenty and twenty-{ive microns,
and that 1% 1z not peozsitle to reduce the particle size of meerocrystalline
sulfonemidas in suspension by passing them throvgh a colloid mill (23).

n the other hand, a larpe number of particles of nicrocrystalline sulfae
diazine meazure uvavally 1 x 1 ¥ 3 wierons and are avproximately 1/350 of
the mass of ordinapy sulfadiazine crystals (2h).

Clrmilavly the officlonmey of nenieillin in oll and wax is influenced
by the size and melative welsht of the penicillin particles (25). However,
in thig case delayoed rather than vore repld absorption was sought by the
invostirators, From the clinlezl ewperimonts it was coneluded that, with
the solid preparvetiong in ofl and wax, the size and relative weipsht of
penicillin particles were of littls or no imsovtonce as fey as the proe
longation of the blood levels was concerned, With liquid prepavations,
however, it eould be seen that the size and relative weipht of the particles
inflvencad the gheorption from the intramuiselar site of injection, and
gonsequently the duration of the penleillin level in the bloeds Apparently
the larger particle is absorbed more slowly and the level in the Tlood
thus prolonged. The standards for liquid deapot type of preparations 1imlt
the subdlivision of penieillin particlss to flfiy microns or larger in size,
On the obher hand, the presence of two per cent zlurminum monostearate in
preparation of small particles of procaine penieillin € in oll anpears to
prolong the penicillin action (26).
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rarticle sirze of the sctive material is of importance in estrogen
therepy (27)e Tt nas been shown in experiments with estrone on rats that
if most of the eryystals in agqueous suspensgion ave small {ten mlerons or
loss} the averapgs durstion (ten days) eof estrogenic stimulation is less
than half {buwenty=four dors) that produced when the same dose ol a8 Suse
pengion eontzins large crystals (£ifty per cent or more are fifty to
hundred £ifty microns)e The lasting action of estrone in an aqueous suse
pengion conteining only small erystuls is slightly greater in tests on
rats than an oil solution of estrone.

&8 the Fineness and uniform distribution of particles of the medie
ginals influence the quality of sowme liculd and solid pharmaceutical
products, similarly the sice and uniformity of powders plays an important
role in the preparation of satisfactory tablets. Powdsr of wmiform size
is essential in order to assure even distributlion of ingredients in case
more than one substance enters into the commosition of a tablet and in
order to assimre miform welpht of a teblets Finencss and shipe of the
powder ermloyved influenre directly the disintspration time of a tatlet.
In many cases ground ervstals are subjected to direct covpresgsion., Sinee
all cryutals {of dizfevent salts) fracture differontly it is uwmavoidable
that one powdey will contain more fine varticles than will another and
that such corbinations will not feed evenly into the die (29). Tottled
tablets are producsd by fine particles f2lling omte the surface of the
lower punch while the coarser particles remsin on the tops resuliing in
the lower gide of the iteblet being srmoother. Consegquently, the reduetion
of all ingredients to similar sizes and the use of good mixers is emsantiadd,

particilarly in the preparstion of eolorsd tablets,
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BEven distribution of the materisi is influenced by the density of
the particles of the cowmponent ingredientse It has been reported that
poarsely sround oivtures of 4w or rore solld naterials diifering in
density will sevarnte wpon the jarring which resuwlbs from handling, transe
vortaticn, or storsge under conditions subject to vibration {29)s The
magnitude of vibration is considered as inverssly proportional to the
degree of subdivision and directly proporticonal to the differences in
density of the rmiwed materials. From the woperiments periomed i1 was
concluded thaty, when materials of different density are mixed tc wiformity
and then ground snd passed through a 200e-mesh sleve, Lhaey cannol be
segrezated by Jarping oy by Influence of vibrational storsge conditions
regavdless of the actual difference in density. Jand, sxperimenting with
weghanical blending of materisls, states thet 1t 1z S fievdil to obtain
an intimate mdxbure if the powders have widely differing spparent specifie
gravity, The aim should be teo have the sever:d vowders as nearly the same
density am nogsible (30). On the other hand, Teeler et al., experimcnting
with tablet mixbtures before gramldating, believes thot there is no
Indication thet the density of the component substances has any slgnificant
iniluence upon the hemogeneity of the wired materizls (31).

Much work has been done on the pramilating processee enployed in
tablet manufzeture since, in many ezssg, fine powders cannol be gubjscled
1o direect comprassion because thoy ceclude siry, compress unevenly angd do
not foed uwmiforely into the die. Crewilation aceomplishes thres puzposess
it assures wniform feeding of ths madterial into the diey 1t provides
accurate dosaze {boeause a die will conbain only a certain volume of
granules snd consequently a eerbain welisht of materiel)s 4t also provides

uniform hardness tecause of tie effect of a wnifor pressure on a given
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volume of materiale. The preferable size of dry granules is usuwally
specified as that of 5«20 mesh {32), 12«20 nesh (33,34)s or 20«10 mesh
{35)e The size of granules is determined by the size of tablets into
widich the particulear granulation is to be compressed. Clarkson makes the

¥or 1/89 to 316" éimwwﬂ mmm - H20 mesh gmﬂl&t&m

7/32% to 5/1én - il ®
w 32n to 7 /16” n o - iélll ] W
for over 7/16% ’zﬁf # -2 “

Brown from hils experimantal work has concluded that the size of the grsnule

affects greatly the solubility of a tablet, but that the slse and ahspa
of the tablet has no Influsnee on the lensth of dime it remains in the
stomach 37).

miformity in the gize of Yhe provule in also asgentidl. It ias

believed that not more than f‘iftsm poyr cent of the granules should nans
throurh the second saller sleve; otherwise the amowmi of medicament in
the tablets will not be constant (38). Iniformity of granules also helns
o prevemt the occurrence of comon dlfifieculties during the process of
comprossion. The presence or evcess of "fines® is often a ceunse of
Toappinget  Individual particles may ho only o fow mlerons In size and
hemee 17 the sprerallalion eontains too many "fines™, they will sidh down
bebwesn the runch and die and esuse gtickine (39). Wolfe, examining the
shape of pranmtdes vrepgred from different materials, stated that there
iz no corrvelsation between the senersl structure of a rranule Mwhether
round, eloncated, rectanpular, or cublcsl) and its eompressibility. He
poes on to state that suerose and sodium chloride both produoce cuvbiend
gramules vel sueroue s nob corpressible. At the same time pramles with

no definite shepe are ag cowressible as those having a rectonpular or
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eubical structuree According to ¥olfo, grandes having smooth edges
appear to be noneconpressibvle (LO).

Simudlteaneously with the production of powders in the fine size range
and the recognition of the irportance of their particle sise in a&all
different industries, new methods had to be developed for determiniing
particle size distrivution, espsclally in the subsicve range. The {inest
sieve available i® that of only 325 mesh corrssponding o particles of Ll
mierons. The limited scope of this discugsion does not allow the detailed
deseription of &ll the methods that have been devised or are in use for
meaguring particls gise in the subsiew ranve.s Following is a list of
those methods as elassified by Sehweyer and vork (11):

Te Sieve Analysis
TXa ¥leroseconle Anszlysis
Ae Conventional Mliecrosconile Methods
He Ultramlcroscopie "othods
ITTe Sedimentation Mnslveis
Ae Increment Yethods
2. IHydrometer
3. Pressure
e Thotographie
Be Cumulative Methods
1. Ialance
2+ Fressure
IVe rfentrifupal Analyeis
Ae Ordinayy Centrifuge Uethods
Pe Supercentrifuge Mathods
Ce Ultrazcentrifuge Methods
Ve FElutriation Analysis
Ae Alr Flutriation
e Tdiquid Blutriation
VIe Turbidimetric Analysis
As Uross Helhods
e Slze Distrivution Hethwods
VIT. Wiscellarneous ethods
As Permeability
Po ?dﬁﬁfi’)‘blﬂﬁ

Many of these methods of particle evaluation uss different criteria: for

exarple, the gleve sperture, the Stoke's Law dismcter, surface evaluation



by ras adsorption, etce There have been many serious attempts of
gorralation, but the literature does not reveal the relation of values
obtained by these retiods (42)e For instance, it has been shown that
size distribution based on the sedimentation methods cannot be corpared
with miexoscopic counts unless & covrelaiion factor is applied to one or
the other diasmeter, Also there are several inheyent factors in sedimenta-
tion techuigue that tend to give higher particle size values than those
obtained, for ingtance, by the alr permeability method. This birher
particle szize remults from the failure (o obtain efficient or thowush
dispersion of the powder in the settling liguid which thus contains
apglomerates. They would settle out faster and therely plve an apparent
larger particie gize than the material really has. Conseguently, particle
gize valuee obinined by the sedimentation method are about twice the value
obtained by the elr permeability method, and the same holds true on the
nicroscupic eounts (L3). Lately the air permesbility rethod has gained
somé popularity on account of the remarkable reproducibility of results,
especially when using the Fisher SubeSieve Sizey (Fisher Scientifie
Company) (hl}e Using this apparatus, the average particle size of a
nowdered material is determined bty welshing an amount of it egual to its
true densibty and compressing it in a sample tube between two perforated
plugs covered with filter popere The tube containing the sarple is then
inserted In an air stream mnd the air flow at & predetermined pressure
through the packed colum of material is measured on 2 flow meters Since
the air flow is desendent upon the speciiic surface of the powdaey which in
turn i dependent on its particle size, the latier can be resd from &

calibrated chart after equilibrlws in the Tlow gystem has been established,
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A few worde ghould be zaid shout microscople analysia since 1b is
one of the sirwlazst methods for certain sise ranges, althoush this method
consumes consideratde time and is guite labordous. Obsorvation of finely
ground particles under the nmieroscope shows the necessily of defining
particle size Yy some srbltrary diemetric dimensions, since very few
materials ars spherical in shape. There ars numerous ways by which microe
grovic dimensions ngy bef} raported. Hers again the resulis of diffevent
investirators comnot be compared unless the relation among the variocus
diameters is known, amd few are. According to Schweyer, the most simple
mieroscopic diameters to determine are those of Perrott and Xinnsy (in
which the dismeter, dy, 1s the side of a squarc having the same area as
the projected area of tha particle) and of Work (who used a diamcter,
&y, which is the intermediate dimension, being the shorter of the two
vigible dimensiong et rirht angles to each other) (L45). However, in wost
of the ecases maximum oy aversge parbtlcle size is observed by examination
of one or more flelds of the sample. Fecause contrast and visibility
decrease wuﬁ.}, with the decrease of the size of particle; great errvors
may occur in the estimating of sises, and in Judging the percentages of
components in mixture (L6)e Recently a method was developed for meusuring
the z2lze of renicillin particles in suspensicn of mineral oil usging a
hemaoytometer mieroscops (47)e In the subsieve range the clectron mierce
scope hasn opened new possibilities for vhotographle examination, witih the
result that the megnifiecation resclutions are now manifold greater tham
with the conventionel microscopeos

Just as the size of the perticles plays s parsmoumt role in Judging
the suitability of material for particular incdustries, so is the shape of
the particles of equal irportance, especially in the paint and cement



industry (Lh8)e There have been many atterpte to devise a system of
classification of shape of particles, bult so far no standaxd gystem has
been ayreed upone Lach investigator ssems to use his own clasmification.
Twm et al., for instance, used the following classification of exystals
(h9)s

2e Lamellar - sclcular

3¢ ielgular

e Lamellsr or acicular with spheres

Se lpherieal or roundish

€e Colummar or tabulay
The classificetisn used by Dalla Valle et sl. seems to be esasisr to
follow while trying to veproduce the numerical counts (50):

gype. LLorm,

Hepular Cubical
inzular Tetyrzshadron
reiewlay Tor, Cone
Plate=like Tlate, Mse

While thers are nany published articles on the measurement of the properties
vhere the particles were agssumed to be spheres, there are relstively few
rapers in which the suthors have attewmplted to evalvate shape in shaolute
ternse {reen has oroposed considering the shape of the particle in relation
to its volwwe and surface (51,52). Haywood, reasuring the surface and
volumse of relatively larpe paridcles, has proposed shape factors based on
the projechbed arca of the pertiecle and its thickness Lui those relations
become exceedingly complex in defining surface and volume (53)e Solmroyer,
who has made axteneive studies on particle sires, states that there is no
reason o ansume that the relation for macroscopic particies epplies to
mierepecnle oness 4z the subedivision ineresges, the particles tend to
lose Lhe shape of the rass from which they wore dorived and »ay or ugy not
btsrome soheroidal (Sh)s As with the weasurements of particle size, there
doag not appear o be any correlation among the methods for evaluating

shape of particles.



PERINDIC CLASETFINATION OF BLOTNTS BASFD OF CRYSTALLYNE SYOTEME

Flements of the pericdiec table were clagsified sccording to the
pattern of their internal srrangement or sowcalled erystal system™s Come
parison of such classification reveals that there ls a definite relatione
ship within practically each group of the pericdie table concerning the
pattern in which the corresonding elemonts tend to crystallize. Inert
gages, i.0., Neon, argon, krypton and menon, crystallisze in the ocuble
gvstem. Similavly all alkali metals crvstallize in the cuble systome
Flements of gproup two of the veriodice systen chow ceritain variability in
that caleim, strontiwn, barium and radium (9) on crystallisation acsume
cubie arrenpement and berylllum, masrmesium, gine, cadmium and mercury
erystallire in the hexagonal crystal system. Rhombohedrsl lattices of
eryetals of mercuyy {in the solid state) beloneg to the general type of
the heragonal sysbem. Considevable variation in crystal structure is
found emong the elements of grour three of the periodie table as it
includes representatives of the oubles hexagonal, tetrogonal and monoe
elinie crystal systemse Orow four is falrly wniform, and with the
execepiion of hafrnium, which belongs to the hexagonal eryetal system, zil
elemants on erystallization assuws cubde arrangement of crystals, Flements
of growr five of the periodic table are somevhal variails in that nityropen
{when in tle s0lid state), phosphorus, vanadimm snd tantalum belon~ to
cuble erystel svetemy arsenic, antimovy and bismuth to the hexaponal
eryetal svstems and wranium was lately reported as having a rhowble pattemm

of imner arrangement. ESimilarly, considerable variations are found among

® Aceording to the Handbook of Chemistry and Physics, by Che D. Hodgman,
33."@&‘3 j£ 2‘&;15 19)!;&?0 '




the elements of group elx=H. Oxypen can be crystallized in three

formas cubiec, rhombie, or rhombohedral, depending on the degree of
coolingsy sullur erystallizes In the rhomble forme Tellurium belonsgs to
vhe hexsponal, and poloniuwm t the moncelinic crystal system. Elements
of the grow sixed crystallize in the cuble ecrystal system. Halogen
elements {when brought to the solid state) in group seven-E of the
periodie table crystallize in the rhombic crystal system. Yost of the
elements in grouw eighil erystallive in the ecubie systemi exveptions are
rhuteniun and osmium which crystalllse in the hexagonal pattern. It is
remarkable thet none of the elements of the pericdie tablde so far
examined erysteallizes in a triclinie crystal sysiems In spite of ore
irregularities, the pattern of the internal arrsngement of erystals of
the elemeonts within practiecally each group of the periodic systen seems,
in most cases, to constitute one of the comson properties ol the elerments
of the same rouwp.



woyul 1] ane 27

2%

uoi xoy qno iy ianis U
ano gne xey o4 T qd 21 ny
CEO 5 G Y Qs SR i

a4 g1

xay

wrﬁq&

a0 oY ano auo | oo
) ] i g 8y

EEERE

*,

vy
o r/G\

o TR
0L xot] xoY qna 2383 PY g
qno qne Xey ox ag lus Y dy
pd Wy uy , qno e XA P oo | Gguo | ae
5 R A - & ] I

%«

o TG [F35%
ﬁﬁﬁ wWy oy qno rmﬁ vy mo

uRY X0 BT pris 1 R
e gno qne qno oo quo ana o g | o
OGO 85 o [ 4 54 &3 ey | o Y

[alaling B
SPaLUL
_ ®ay qro
[t IORLY ¥ite] T ane ¥ e ma
9 3 d 1Y . F | L T K -

@, Gt
WOu xou

a0 ) e uoH Ko oo
4 Foe, 4 2 q ey il e

TR
&

Wr , m.w i ..,s s mm.. wm ﬁ‘ u,«% .ww memn ' o q " iq:w } .
IIa @nolD | 1 (nodd f GOl AL TG |11 drodn 3T dhod. 1T thels [ &ow
_ cI87

i

1ITa “noss

OT TTOOUGH = UoW JTEAOVAGUIAC =  mohd TeUcr ax0y = £aq
TRLLOUOMOLRT - PO Tauelalgey - 399} STANE - U
BIfT Ay CY e

SANEETTE Hll A0 AT VAR

i § 1314

W




26

TIPERDMENT N0, L

An attempt was mude to ascartain if there is eny interdspendence
beotween Lhe esse of compressiibility and the fundamental pattorn of the
internal arrangenont of different crystalline substancese In this instance
the ease of cumpressitility rolerrod to the absence of sticking of the
tallets to the punches and disse for this purpose the behavior won
girect corpression of (ifiye-siy corpounds belongling to various crystad
aystens was lentede Subeitances for this axeviment wers seleeted ab
randos and were gosprossed dnle bublels wsdn Cellong' motor driven single
punch teblai mochine equirped with & 3/% inch dimwier punch™s ¥o lubrie-
eant or disintegrator wus usoede The mnterials comressed were used in
either omonlar or powder formg when & srenular reterdisl had a particle
gige loygeyr than that of the Ho. 20 mesh sieve, it wes ground to corresnond
approvinatels W Moe 20 powder mnd then suhjected to direct compression,

o atterpt was made to reduce &1 the substanccs to the same particls

gize us preliuinacy tests have indicated that there is no evident relatione
ship between the esse of ecorpression (as defined above) and the particle
size of the ~ateriale In each cose whore sticking to the pinches was
enccuntored won preliminary comresaion, the substance was drisd fop two
hours at L0O®C. and then subjected arsin to eorpression. This precaution
was tailan to assure thal stieking to the punches was not caused by the
molsture acgulired by the material while storesd previcus io the corpression.

In every instaace pressure on ihe upper punch had to be adjusted, ae

* golbons' 20T motor driven single punch taklet nmachine having 3/8 ineh
diameter sunches was used oy all the emperimentse
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d.fferent suhstences, regardless of thelir particle sive, require different
degrees nf rressme in order 10 be cororessed into a smooth firm teblet.
The maberisls covpresssd were obitained from different chemieal nmanufacture
ing firnee

The results of this experieent ere tahilated; subotances belonging
to the cuble {lsometric) crystel system are crouped separately (Tsble IT).
Mg mein eriterion for indging the case ond suitability of the substance
Tor dlrect eorpression was the sbsenes of sticking to both wper md
lower punches of the tallet machine, ‘lpon comparison of the reswits of
thdeg erperinent 1% was eoncluded that the svbgtances belonging to the
cubie crystal synten presoent no diffieulty for direct compression. Tablets
of this grop of substances were satiefactory in spresrences; althourh no
lubricant wes used these tablets hed & dossy surfzee. Stieking to the
vppar and loyer mnch was encomtered only with 1lithium bromide which 48
very deliquescent in nature. Tt is remarlabls thet prectdeally «Q1
chlorides, bromides and lodides of szedium, potassimm and silver crystallize
in the cubie ervstsol syrtems An evcepition constitubes gilver iodide which
telonse 40 the hexagongl corystal system,

The resulis of ths direct corpreossion of the suhstoness listed in
Table JIT are guite varlable as difflevliy of sticking to the pinches was
gncomntered regardiess of the type of crystel systen of the mmri&l.
Perhaps the murber of substances tested is insufficient to drew any
definite conclusions; however, the resvlts so far obtained seem to indicste
that the substances belonging to the monoelinic crystal system present most
of the difficulties encountorved duriny drect commression. UWater of

eryatallization does not seem %o play any partieulsr role so far as the
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behavier of the substance won direct comprasgion is comcerned, fome
gubstaneces hoving no weler of crystallizetion ghow as mueh tendency to
stick to the punches ze those which do contain water of eryztallizationg
arondum and potassiwm alum, both crystalliving in the cublc crystal
gyeben and having twelve molecules of water of crystalliizaticn, present
no diffiecally wpon direct compreggion. 74 is remorkoble that there axe
comparatively only feow metaleorpanic angd organie corpownds which do
erystallize in the cuble erystal systome Veray erwysitalloprsphic data, as
compilod by Je 0o Albricht™, show that of one thousand thirtyefive ine
organic compounds listed, 459 belong to the cuble crystol syotem. OF
ths metale=orsanic and organic corpountds listed only 649 erystaliice in
the cubic forme Among orgamnic compounds the mogt commonly encowmniered
form ceenms to be that of the monoelinde crysial gysteor.

Howevers the pattem of the internal srranpement of orysiale cannot
be, in most of the cases, identiiied with the actusl shape of the particles
of the materlials The sctual shane of the particles of the msterial is
determined by the method and by the conditions of the preparation of the
materiale fince the corpounds used in the foregoing esperiment were, in
@most of the cases, svbjocted to prinding befove being compressed, the
evantusl conformity of the shape of the particlss to the partlcular erystal
gyotem was loxt. The data obtained in this experiment thus would indiecate
that 1t is rathsr a chemical composition and not the shape of the particles

of the substance that detewiines its behavior upon direct compression.

@ Hancbook of Chemistyy and Thysies, by (ha D Hoderman, 3leed., p. 2001,
159,
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COMBARTEON OF LIRECT CCUPHRSSION OF SURSTANCES BRELONGING ™0 THE
cunIC (TEEMTaI0) MYLTAL SYOTRM

+ smooth compresaion, no sticking encountered.

Name of “ubsbanee Compressibility Structural Forrmula  Remarks

Amwonium ol + ALMHh 80y, ) 91240

Ampondtw bromlde + ) Pr

Ammoniun cidoride + nH,Cl

Antimony trioxide + 5??93

irsenic tricride + fisnog

Barium ndiraie + "a(NO)s

Bariws sulfide + Bal

Lithiuvm bromide - Lirye ‘é’a’fy deliquesce
Methenamine + Cghig oW, o

Potassivn alum + AIK( 0}, ) 2320

Fotassiue bhronids e rye
Potassien chlorate + KC&QB
Fotassium chlordide + xC1
Potasziom iodide + X1

Silver brovdde ¥ + 2By

Silver chlovide ¥ + Aptd
Podiim bronate 4 ﬁmzﬂs
Sodium bromide * WaP

Sodium chloratbe + 3%{:103

Sedinm chloride + Halrl
Sodivm iodide + Hal

¥ prepared in the latoratory
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TABLE TII (econtinmusd)

o x §

Hame of substance Compressibility Structural Formula irygta%
, , _ ysten
Potassium n&mg@m&ﬁe + Si“ﬁ%{)h rhem
Potassium sodium barirate aticking ’Eﬁ?m‘:h%ﬁ&{)éiﬁigﬂ rhom
Sdlver jodide + AT hax
Sodima acsiate stiecking Eaﬁaﬁgﬂgﬁiﬁa Hon
Soddum bleoarionate + Eﬁt@g et
Sodium bovala sticking HagP), 0210820 non
Sodinm esrvonate + i‘iamﬁ’igé rhom
Sogivm cibrate sticking “ﬁ%agﬁéizga?%zo mon
Sodium nitrate + ﬁaﬁ% hex
Sodimm sulfate sticking Nagfl)10H0 non
Sodium sulfale + H&zm& Pon
Styontimm chloride sticking Sr¢lLobH0 trie
ttrontium nitrate stdeking Sr(NO3)gh#iz0 mon
Suecrvse sticking CypHanlyy mon
Sulfadiszine zticking GEGWI;QZS mon
Suliur, precipitated + 8 rhom
Tale + hydrous magnesium o
silicate

Tartaric acid stieking 3, Hg0g mon
Urua + CHyNa0 tety




EXFERIMINT NHO. 2

sabstancos renresenting different patierns of internal arrangement
{orystal systen) were selected for this experiment in order to debermine.
whethsr the behavior of the materisl on Mroct corprossion pardllels the
behavior of thwe substance when it is propered in the formm of a gremda~
tione. Tn oach instance the materisl wag suljected to direct compiresaion
and itz esnce of comressibility (vide definition Expe. I} was compared
with the comressibility of the seme =mterisl prepared In the form of

pranless The granules were preparad according to the following foymule:

Aetive ingredient 88%
rorn starch (as disintesretor) 0%
Yarnesiun stesrete (as lubricmnt) 2%
stareh paste 108 w/w (es a binding agent) GeSe

The disintesrator was uged in two portioms: 37 of corn starch was mixed
with the powdsred materiel befere pramilating and the resalning 75 was
mided to the dried gramules. Tho resulis of compreasion are given in
Table IV.

The resulis of this experiment indicate that substonces presenting
no Afficulty of sticking to the punches won direct compression ususlly
prosant no HIflovdlty while belng corpressed in the fom of z gramdlation.
In nost eanes the sticking to the punches encountored won direct come
pression is overcome by the additicon of lubwicent olther dirsetly to the
granulsy form of the substance or o the prepared grenulation. Severe
ecapping in the case of barium sulfate snd borie acid resulted from the
inadeguate binding power of 10% w/w of starch paste for barium sulfate
having such high specific gravity (4490) mmd small particle size (from one
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to two vicvons), and for borie acld winieh has prectically no adhesive
property. When these twe substances were sromulated with 504 w/w
liguid AAucone gsoluviion as 2 binding azent and the prepared granvles
Tubricnted with 27 marnesium ztezralte, no dlffievdty was sneoountored

compreszing olther barium sulfate or boric acids

TABLE IV
COMPARTEOY OF THE COMDHTSSIBILITY OF POUDER YD OBAMULES OF

THE BAME MATFRIALE

Cxrystal \ rirect Hoe 10 Ho. 20
Aetlvs ingredient system compres- goranules gramiles Remsrks

Pobaselun alun cubs + satis. bab sabise tab

Fotassiuwn chloride eub e # 1 n #

Sodium chloride gub o+ " % n u

Sodivm nitrete hex + n " " %

Caleian carbonste hex + 5 f " % tabhlote fracgile
rea teby 4 5t # £ s

Potassium dihydreren teily - # 5 # ®

phiogphate
Sulfur, sublimed yhom + # H # -

Sulfur, precipiteted  rhom + " " ¥

W
Earium sulfate rhon - capping capping

Ferrous sulfate mwne - satis, tab satise t8d
Jueress mona - 5 i i 4
Tartaric acid mone - " # " i
Borie acid trie + capping stick. cap
Coppor sulfate tric < satig. tab satis. tab
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EYPERIMENT HOo4 3

Unlike most erystalline substancas, crysitals of sodium chloride, upon
cleavere, retain in generzl the geametric fomg of the original maberial
regerdless ol tue degree ol subdivision cbisined Ly subjecting the sallt
to the siyple method of grinding in a mortavre The possible explanation
of this phencomenon ngy lie in ithe act that undey pressure the caystals
ef sodiun cdoride have a Lendency to clesve along Lhelr exystal sxese
Sodium ehlovide also does not present any diificully uwoon direclt cosne
pregsion md does not require lubricabions or lhose reasons sodlum
chloride was solected to study the effect of the degree of subdivision of
the material on the compressibllilty of the malerial. A commerclial brand
of sodim: chlovide was pround in a mortar and sifted for 15 mine. uwsing the
Ro=Tap Sieve é%zz:éi%r%. The Dollowing portioms of the powder were ssparated:

Te passed through the sleve Hoe 10 but zetained on Hoe 20

IT. =# s “ o fios X Y # % Hoe LO
ITI.  © # W% Nes WO v " Hoe 60
e ¥ i u H floe G0 " " No. 80

L ¥ k& L 1 MNoe £ ¥ £ # No. 100
Vie © " TR Noe 100

Microsoopic sxamination of correspor

Ung fractions revealed that grinding
did not alter appreclably the ddentdily of shape of e ordglnal crysislline
materizl. The sane generality of shewpes of Indlividudl particles was
tooyved in the siyx groups examined excepd that in each following moup the

size of individual particles was correspondingly emallere FHach of the

% Ueial’a _T*ZX%?, Lo ?ni



six particle size fractions of sodlim chloride after drylng for iwo
hours at hO®r. was subjected to direct corpression using Colton's 287

motor driven singdle punch machine, with the sive and depth of the dle

ket constonte

The rocvits of covprescion are glvern in the following table:

TARLE V

PHYSICAL PEOFRRTIEE OF TAPLETS PREPATED VROV DIFFERENT

PARTICIE £I7E WATERIAL

35

A¥e Wi-ghtf

Ave thicke

Ave hardness

Koe. of Dansity of
batch of teblet™ ness of of tablet ¥ teblet U
T 603% (g 3&5 o 5.&85 Ko (e alogy

I Ge3U55 CGm 3¢5 vEm 114525 Xg 03959

I1T 0,4503 tm hef ™ 9.82% Xg 01000

Iv 05092 om L6 ram 13900 Ke 01306

v 0s5211 Le6 13,900 ¥ 0.1133

VI Gl Om Liely v

3w 833 Eg

00512

¥ Averare of ten teblets

#% The degres of hardness was measwred by an instrawent known as

Ravdness Tester for Tablets (Yonsento Chemiesal Company, Ste Louda,
Yoe) wWhich detormines the number of kilograms of pressure voguired
to froecture & tablet,

#me  Ootained by dividing the welght of the tablets Ly the ihidkness
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The same pressure was used to compress batehes T and ITe Howaver,
1o corpross the suceeeding four batches, a deeidedly decrcased pressure
was necessary to nrevent Jawdnp the machine. The dats obtalned from
the atove emperiment indleste that, in the Mlrst five bvatches; as the
perticde zize of the materdisld was progrezzslvely decreased, lhe weighiy
thickness and the density of tablets lncreasads In the case of Patch VI
the degres of subdivision of sudlum eldoride decrensed the “gopoarent
deneity® or Lulk densliy of the powder. During tle compression of Bateh VI,
more aly was trorped which caused the die of the talletl machine not to be
£11led as denselyy eonsequently, the weisht, thickness, hardness and
dengity of theze tabletls decreageds The wariation in the herdness of the
tatlets Indleste ihet esch of the subsequent batches of sodlivm ehlorids
getually reculred less pressurs for thelr comprsgsion. In the csse where
the sare prosgure was used to compress batches of dliferent particls
size (Deey T and TI3 TIT and IV), the tablete of the secand batch were
conslderably harder. Tt sppoars that the smaller the pariicle size of
the material uzed the smaller the pressure required for 1ts compression.

Comparison of the suwrface appearance of ihe tableis revezled that
ag the perticls sisze of the mterisal becare smeller, the itallets bocame
progressively whiter in colors.

However, there ls a certaln ranze of finencss Leyond which poudered
naterial, am such carnmot boe subjlected to Airasct cormrsszsion. Whers the
degree of subdivision of the maberisl causes the Yarparent density® Lo bLe
lesa than the zetual density, such material loses its "froe Mowing?
property md mgy feed uniforzly into the die. To be compressed into

satisfactory tablets, materials hsving an "apparent denaity" conasiderstly
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less than the ascotual density remerslly must be prandated before

m?gﬁﬁiﬂn.
BYXP:IMENT NOw b

The following are the regulls of the wmicroseopie vammination ol the
macroerysteiline sullsdiozlre (L.8aFe = Loderde) and of sdexverystalline

salfadiazise (VoS4 Pe) ¥ ¢
Average
Shape size of Ceystal
particles system

Microcrystalline sulfsdiazine noodlcelike 1.5 « 3 monoalinie
crystals malcerona ‘

Haeroeryotalline sl ladiazine needle~like 20 - 25 monoexinic
cryatals microns

Mrect comprozsion of both macroerystellire d mlorcerystalling siline
diazine lnto tallets is not practical as e powder lo much m fing to
feed uniformdy into the die of the tablet machine; when this saterial is
forced with 2 spatule into the die and corpressed, sticking to the
prmehes seours.  Sticking can be preventad by lubricating bhe powier
wfth 20 rmarmosium stearate; however, even then the powder does not
feed wiilforrdy into the diee

To determine whether rderocrystallice suliadiszine has any considersble

electrostatic chargs which roesibly eould be the csuse of the sticking of

o

the matariadl o the punches of the tabled ruchine, the following delerminge
tion was mades mlevoorystalline sulfedisziic, gread on a shesl of paper

= held over a charped electvoscops. Sulfadiazine on the shest of paper

# Hierperysialline sulfadiagline used in all experinents was suplied Yy
the Caleo Chomical Division of the Awerdcan Cyenamid Conpany.

#% According o Castle, Re Nep Ne Fo Wittand and C. ¥. Pos; Jeo Ame Chem,


mailto:l@ctrosta.tie
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discharged the electroscope I the same manner as did the plain sheet
of papere

Hoxt the tatlel sachine was grounded Ly attaching one end of an
inmidated copper wire to the machine and the otler end to a water pipe,
and microarystalline sulfadiazine subjected to dirvect compressione
Sticking of ihe lableis to the punches continued while operating the
grownded machinges Thus It was concluded that the electrieal charge, if
anys on the powder is of an insuificient depgree to arffect in any
appreciable manper the cormpresalbilliy of wmiercervetalline sulfadiazine.

EVPERTVENT N0 ©

Macroerystalline and wlercerystalline sulfadiaszine, when granulated
with 1 W/ w starch paste, fom very stleky nasses difficuli to force
through the granddating sleve., An atitempt was made to prepare the cranue
Jation using only water as a binding agent, which again resulied in 2
sticly meas, 7The following formulsa was used ior both Hypes of sulfadiaszines

Hacyoerystalline or micrecrystellire suliadiazine 83%
{oyn sharch {as disinteprator) 156
YVgenesium stearate (as lubricent) 2%

Waler Qese Lo make multable mase
in both cases %% corn stareh was mixed with the origlnal powders before
granviating: the remsining 107 corn starch was added to the dry gronules
foliowod by 2. masnesiun stearate as a lubricante Noe 10 and Noe 20 resh
siza granuloes were preparede The rvesulis of compyossion are given in the

following tables
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TAMLE VI
COVPCRICOR OF TABLETS PREPANED FROW GRANULIE OF HECULAR ANWD

P SR I S F L AYVE S TR
HICEOUTY DTALLIEE LUL aUEaZ U

Wame of subrcotonce Comregsion of No. 10 Corpresgion of Noe 20

mash granules medh granules
Hacroerretalline Tmfira premules, casily Unfim pranules, casily
suliadiagzine crushed intc powler; crushed into powders
varsictent soopdng of reralstent copring of
the tablets the tablets
ilorooryet x}li*m Persistent carming of Caping prevented by
sulfadiazin tho tabletsy not ineressing pressure
remedied by ths eddie on the uprer punch
tion of 1 stearic and by addition of
acid to gramien 1o stearis scide

Tablate satlizsfscicxry.
Meintormation tings ¥
35 soconds

R Tt

#* ilgt Lries ot , ?72&3’%:-}@{3%1, e ?{}6.

Althourn paerocrystalline and mieroerysislline mulfadiasine fomwed
very sulely soeses when granulated with water alone as a binding agent,
the resultont granules after helng dried lost thelr Jimpnmess and crushed
eagzily into & powder during the process of regranulation. Tablets pree
pared in such a mammer weys very frarile and persistent capping occcurred
during the procsss of compression dus to the lack of firmmess in the
granules thempelves. In the case of the microcyystalline sulfadiazina,
Hoe 20 sosh pranules were successfully compressed into tablebe by adding
i of slearie acid to prevent cccaslonal cappinge. Tablels prepared in sueh
@ manner ha & very shoret disintegration time when testea directly aiter

corprassion and also after siyx months of storage wder normel canditions
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of storage. However, such & metiod of granulating sulfadiazine powders
is not feasibls for the preparation of tableis bvecause of the ezpping

encountersd during the comression.
EZFERIMINT KDe 6

This experinent was intended as a study of the qualities of tablets
prepared fron the macrocrystalline and mlevoorystalline sulfadiszine.
V@agbm* was used as s disgintegrating agent., It has been reported recently
that epproximately 2% Veegum can be erployed ss an efficient disintegrating
egent for tablstas., Veepum is derived from a natumlly occurring wineral
base, consisting chiefly of a colloldal magnesium aluminum silicate. It
is a8 fine powder of a dull white color:; individusdl particles are very
irrepular in shape and are spproximately 115 x 75 =lcrons in sizs. The
ingredisnts were miwed in the following proportionss

Yaerocrystalline or microcrystallire sulfadisrine, Noe 10 mash

sieve granules, prepered with 0¥ w/w starch paste as a binding

& R« (&4

Marmesium stearate {as Jubricant)eecsssesecccscsssssovescessnsne 2%

Veerum (a8 41sintoprator)eeesscsscssvscsccscosensssnssevsnocscoce 26
During the cormpression of microerystalline sulfisdiezine the pressuve had
te e congiderably mduced below that used to corpress the maeroerystalline
salt to prevent excessive hardness of tablets, The determinations made

on the corpressed tublets are glven In the following talles

# Menufactured by B, T. Vanderbilt Coe Ince



TARLE VIX
COMPARTSCE OF RRIULAR AND MICRCCTHY STALLINE SULVADIAZIHE

InCLUDING & VEROUY AS DISINTEGRATOR

Hame Ave welpght Ave thicke Ave hard- Density Disin-
of tabldet nass of ness of terya-
tabtled tablet tion
| | L _tive
Macroerystulline  Ue2L0L Gm Lo men 3.2%0 Kg CLU00 OTver 1 hour
sulfadiszine
eroerystalline Ce272k On lie5 1 Lailhs ¥z 0.0605 fver 1 hour
sulfadiazine

HMerporystalline sulfadiazine tablets wore haavier In weipht them
those prepared from the macrerystalline oalt sl though the depth of the
e of the tablet rmchline was kept congtant, They were nlso harder
althourh compessed with roduced pressuze; tholy thickness and density
was greatar. This dnersase in wel ht, thlckness md hawiness of tablets
cam be sxmlained by the fack that microerystalline salfadissine, hecmise
of the sxaller size of ite perdicles, anparently forms denser granules
than those grepared from racroervstalline sulfadiazines Denser granules
sean to requirs o snelleyr prossure for thelr comression #lince the dle
centalng more mass of the materisl peyr wnit voluse. Jesldes, dve to the
#ealler size of individual particlos within the prunules, smeller prossure
wag required for thelr corpreszion. illowevsr, %ﬁm density of the compressed
tablets increased. The naln factor responsible for the smaller pressure
required for the compreesion of tablets from finer particle size materials
may be the locreased rmes of the materisl per unit volume of the die, or
the smaller vesistance toward the cormpression offered iy smaller psrticle

size of the subsiance although it cannot bte stated definitively on the
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basis of the forerping experiment, which of these two facteors plays ths
more dominamt role; they sesm to be related to one another.

The digintecration time of tahlets was determined by the method
deseribed in the Wational Formiary 1Y, p. 706 ueing gix tablets for each
detarmination. On the basis of this determination, Veegum proved to be
a very uwasatisfactory disintegrating spent, ag it reouired over one hour
for tablots to disintegrate and £till in this time not all particles of
the teblets passed the wire screen of the apparatuasz.

Additional axperinents were perfomed to determine the gualities
of sulfsdlazine tablets prepared fyom No. 10 and Ho. 20 nesh sleve
grannles. In this case stareh vas used 2s 2 disintarrating agent. The

grandlas were prepayred according to the following formila:

Macro= or wiercerystalline sulfadianingsscevossovase O0F
Masmesium stesrats (a5 lubric@mib)esecevsvansvscsasss 20
torn stareh f&s‘b ﬁiﬁiﬁﬁi&gﬁ&"&ﬁf};;o:unaqwanonuj-uco-uc 19;:

Starch paste 1084 w/w fas binder) GesSe

Toe disinteprsior wan added Yo the dried gramles. During the comprassion
prespure was varied to obtain mpproximately the sane hoardness of tableta.

The cuelities of compressed tablets ave svwmmeized in the following table:



TABLE VIII

COMPAMIEON OF SULTADTAZINY TapLuTe PREPATRD ¢ITH

DYVFERENT SIVE CRANULNS

Hoe. 10 mesh sieve Ave welght Ave hepdness 2ve thickness
granvies of tablets of toblets T tablets

ensity of
tatdlets

Zasular sllfadiazine 0.2375 Om. 3420 ¥z

eroerystiline 042808 Gm. 3965 Uz
gulfadiazine

;5.023 h55:131

Ce00L2
00638

e 20 megh sigve
g;;am:les;

Remlar sulfadiagine 042756 (e  3.260 g
Mieroerysialling 03009 (me L4220 Kg

sulfadiazing

bhe3 mn
}3-3 ma

0.,0641
04G027

TABLE IX

LDISIHTEGAATION TIVE OF SULP ALLAZLIRE TARLETS

Taklets from ¥oes 10 mesh sleve seangles

Yige 20 mesh gdleve gyranules

RPegular suliadiszine Tablets disgintegrated in
half an houwry few pare
ticles from the tabhlets
did not pass the sereen
after one hour

Microervetailline Tiblets digintesrated in
sulfadiazine 3 mine 30 sec. 4ll pare

ticles passed the screen
in 27 nine, 20 sec.

Tatlets disintegrated in
23 mineg i sece; all
particles nassed the

seyeen in
25 B&ce

}.zf) nine s

Tablets digintegrated in
1 mines &ll particles
pasged the screen in

17 miney 7 sece
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The data obitnined Indiecate that a3 the size of the granulos is dee
creased, the welpht and the thickness of the tabletes is incressed. Neo. 10
mesh sieve jrenuvles of rmicrcerystalline sulfadiazine required less
pressure for thelr compression thzn the coreesponding granvlation of
regilar sulfadiagine. Sinilarly YNoe 20 wesh gileve gprecdes of rdoroe
crystalline sulladiazine reoqulired leas pressure oy thelr corpresgion than
the correspunding gremmdation of regular sulfadlagines. Howvever, the harde
ness of teblots incressed In the reverse order. This woudd indleste that

the smaller the partiecle alze of the materisl, the srmaller the size of the

grantles, wnd the mmaller is the pressure required for compression. Further,

mierocyyatalline sulfadiagine tallets, nrepamd with an efficient disine
tograting arent, dleintograie more quickdy than the sivilar tablots of the
regular gulfadiazines Alsu, the smaller the sige of the granules, the

shorbter the disintepraiion time of the ltablets.
EYPIRIVENT NO. 7

The purpose of this experiment wos twoiold:

1. 7Po detormine the effect of negligible wariation in size of the
particles of a materlal on the gqualities of compressed tablets

2. To compare the gualitlies of tablets prepared from a fine pare
ticle size amorphous material and s fine particle size
crystalline material

A3 an smorvhous materdial, Pried A2uminmm Hydroride Cel, Ul.S.Pe., having

the fellowinr speeificstions war selecteds
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Type Fel000, 75% of which passed through 325 mesh sieve
Type F=2000, 857 of which passed through 325 mesh sieve

In & el form dried alwiinium hydroxide
particles that are flake like in shape. The two types of aluminiim hydroxdde
gel were propared in the fomm of No. 10 and No. 20 gramiles with 5% w/w
starch paste a8 a binders 15% corn stareh was used as & disintegrator and

is smorphous in nature, having

2¢ magnesium stearste was employed as & lubricant, Com starch was used
in two portionss 7.5% was sdded to the dvy powders befors granulation
and the renmaining 7.5% was added to the dry granules. FEach bateh of
granules was corpressed imto tablets using minimal pressure, sufficient,
however, to produce tablets with a smooth surface when examined through
a magnifving lense The properties of compressed tablebts are summardsed

in the following table:

TABLE X
¥ HYIROYTDE GEL TABLETE

DRIFD ALUMINT

Type of Dried Aluminium
Hydrordde Cel and Sise Ave welpght &v. thicke- Ave hard= Density of
of Gramiles of tablets nsug of ness of tablots
tablets tableots

FulQ00, Noe 10 mesh

gracules 0.1882 Om lie2 v L o860 Kg 0,048

granules 062067 (m lie& rm h.895 Kg 0.0L59

gramiles 0e2200 Gm  he7 mm 64072 Kg 0,0468
F=2000, No. 20 mesh

gramiles 02450 am Se0 wn 6135 ¥Kg 00190

¥ Swpplied through the courtesy of the Rehefig Company, Ince
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No 10 mesh sraniles of the Dried Aluddwmiss Hydroxlde fiel type F=1000
veculired corprassion inbs the sesllest véltrma for the taidets o hevo &
smoohh s faen, Taring the compression of ths subsequent batches in the
order piven in the tabls) volume of the tahlets was Ineressed and stild
these tallete had perfectly snooth surfsces when exmuined wnder a hand
lens, Albthowdl the pressure wag progresalvaly roloased as aach of the
Latohas of tallels was conmressad, still the handness as wesll as the thlek-
ness and Jdensity immam&. Since in each ecase the denth of the die
{volune of sranules) was rent constand, e nrogrsgsive ineresase in the
wad ot of the tablebs can bhe attributed to an inereasss in the densiiy of
the grandles with a3 decrease in the sirze of ths pariicles of Dried
Aaminus Hydroride Cele The abow data also Indieatls thai the smallor the
gire of the sranules {Ho. 20 vevsus Yoo 10 segh), the morve corplete was
the [illing of the die of tlw tahlel machine and thus smalier granuleos
nroduced heavier tablets.

The sbhoser yeguits oblalned with awovphous swherdal, having flakee-like

particles are vaysllel to those cblalinod dveing the compression of
diiferent syedes of sulladiaping, which ie a eryewalline mierial corposed
of needle~like marticles. This would sugrest thel regardless of the type
of substrace {whether umorphous or crystalline}, as the sige of the pape
ticles of the wmaterial used for the preparation of gramies for tablets

is decrsased, the weighl, hordness and dansliy of the tablete is inereased,
provided the depth of the dis is kept constante. This experiment zlso
sugpeste, that the smaller the size ol the particles of the material
employed in the foim ol ithe gramiles, the ameller is the amownt of pressure

required for thelr compression.
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EXPERIVENT HO. 8

To determine mnd corpare the propertiss of tableta prepared from
materisls differing in “apparent densiiy," the heavy, medium, light and
extraelizht grodes of blemoth subcarbanate, U.S.Ps" were tosted for direct
ecompressibility. Bowever, bismuth subcarbonate, regardless of whether
haney, medins, Tioht or grbra=lisht, cannot be sublected to direct come
prassion as the powders do not have a "free [lowing' property and thus
do not feed wmiformly into the dls. Upon mieroscopie examination, using
a stage wieronclter and waler as a Maperging mediws, the Iollowing data
were obinirned caicerning the sheape and size of the partieles of different

grades of bismuilh subgarbonates

TABLL X1

THZ SHAPE AND SIZE OF AVRRAGL PAUTICLUS OF BISMUTH CURCARDCUALE

Grade Shepe of particles Size of partislen

Bismuth suboarbonsie, heavy round 3=l microns
Dipmoth subcarbonate, medium round Z2e5w3e5 microns
Bismath subearbonate, lighb rouand 1e5»2e5 microns
Blemuth subcarbonale, extraslisht round 1=2 microns

ALY grades, snd pavticularly the heavy blsmuath subeasrbonate included paze
tielss which ware aﬁixymy&érﬁi@aﬁa}y larges The heavy bismuith suwbearbonatse
had alzo the largest number of aggregetes of small particles {balling wp

¥ pilsmuth Subcarbonste swpplied through the sourtesy of the J. T. Bsker
Chemlecal Company.
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effect)e 'The lighter the pgrade of bisruth subearbonate the smaller was
the number of aggregubes ad these apgyepates were smaller in size.

Sinee vismuih subecarbonate could not bhe subjected to direct comprese
sion, Nos. 20 mesh sieve gpranules were srepared with 5k w/w starch paste
as a binding apente These gramules were lubricsted and the disintegrstor
added in the following proportions:

Fismuth subcsrbonale sranuleSssssscvoscccecs 925

tCorn starch (o5 disintegrator)ecccecvassanee 55

varnesiun stoarate (88 lubricant)ecececvanse 35
AV four goyodes of bisrmuth subcarbonate sere comprosged inte tablots
bavin: the sase volume. The properties of the corprussed tablels are

sumarized in e following taile:

TABLE XIT

LATA O PIRUTH SUBCARRCHAT). TABLETS

A¥e Rurde ¥, thicke Disinte=
Heme Eve weleht neass of neogs of Tensity sraition

of tablels tablels beplets tire

pismuth subesre Ou135h Om 2,065 Kg ho5mm 00,0946 Over 1 hour
vonate, exlrge
it

Blermbh gubenre G.6579 Om 2,720 ¥ ho7 wm 0.1392 Cver 1 hour
bonate, iight

Rismuth subecare (.8721 Om  2.010 X¢ heo7 mm Ce1130 Over 1 hour
bonate, nedium

Bismuth subeare 0,0h82 tm 3,745 #¢  he7 mm 041740 Over 1 hour
bonute, hoavy

The above data indicate that weipght, hardness and density of ths come
pressed tablets inereased with the increase of the size of the particles
of bismuth subearbonste., These results are contradietoyy to the data
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obtained in the srovicus ewperirments concerning the cquslities of tablets
prepared fron the different particle size ranges of sulfadiagine, dried
aluminum hydroride gel and sodivm chloride (first five hatches)e Uith
those corpowsls the smaller the particlo sige of the materdal produced
the heavier tstlets. In the ease of bismulh cubecarbonate, the extra=iight
grade having the smaliest, from remzining prades, porticle size, pwduced
the tabhleis widich were the lightest in weishte This would sugwust that
the weight omd denslty of the compressed tablets is influsnced primarily
by the "anazent densliy® of the material and secondarily Yy its particle
sizee, The Mrference in density beltucen diifferent srades of bismuth
mubcarbonaie was best 1lluwstrated by the fact thsil the thickness of the
tablets of hoavy, medium and light blsmuti: subearbonate remained ihe sare
while the welit end density ol the tablets increased in the oxder of

compraesgion.
EXPEAIMENT NCe 9

Tn 1o course of experimentuablon it was hoped that a siudy of the
geometricsl foras of the granules misht sugsost a elue which would assist
in tablet mekinse TFor this purpose, different compoimds were gramiated
with 109 vfe sterch paste as the bimding apent and passed through ¥o. 10
or Noe. 20 mesh sleves. The dried pranules were examined under a magniiy-
ing lens. The wvaristion of shepes of gronules is given in the following

tablet




TADLE XIII

GEOUFTRLICAL oG

Name of corpownd premilsted fhape of Yo, 10 Shane of Hoe 20
mesh pgranuvles mesh cysnules

Dried Alwsinwn Dydroxide Col,

Yt OO0 tarb pabod el eublieal
Sried Aludous Hycroxids Jel,

HanglX X3 totrehadrad cublicsl
Bismwath s light irregular spasrical

Himwmth s*t s medimm irreculsy grherical
Tismuth subo ey hoavy frrepdar swhericnd
Porde pold grherical grhariecal
Lectose irrefulay irregular
Haopoerrrtadiine sulfadiazine totrohadral spherical
eroscryatelline suliadinging totrehadral sphepionl
Tathenmeine enbical cubilegl

fodiam cldoride cubical cubical

Oranulss pronered Jren bthe above corpounds verded mmewhat in extermal
appearance btut the gsoretrleal distinctions were not defindite.s This lack
ef vardiatiosg in shanes of granules is due to the Fact thal the sleve

imparts to the promudated material the ratbern of the ovenings in the

Iy

sereens However, closs examineting of the above gramiatime under a

liying lens allowsd one Lo wmolko ecsriain goneralizstions by clessilye
ing the ghopos ol sreamles into spherical, cilbilenly tetrshodeal ox
ireveguler., when evanining any swple of granales 1L uaw noted that even
thourh one periicdlar reomebtric fovsm nay predominete it did not excluds
other forms. Yoreover, the process of resranulation further decreased
geomebtrical variations. when the sawe corpoumnds granwlotbed with 52
acacia rowder or 2590 ldquid glucose sol.tion and passed through Uoe 10
and lipe 20 mesh sleves were compared with bthose prepared & th 10+ stareh
pagte as hinding azent, no sisnifiemt Jiiferenes in the ghape of granvles

was noteds ‘hus it was concluded tiwt the type of binder Joes not



influence the shape of granules. However, the size and shape of pare
tieles of The aateriel 1o te prunvlsated alfects the nanner in whiech the
mass will shoend throush the scrgening sicve. The sndller the purticles
of the maierial and the wors [Jaky in shape, the rsore likely the granules
will take the petiern of e sereens Other physicd propertlies of the
material seem to affect the mammer in wideh the granules are shipeds If
the ingrediemisz are 1ight and flaffy and possess consldersble cohesive
property, as 6ried sliwadmm hydwxide gal or sulladiszine, lrst screening
of the rslerial produces long, very aiien, totrahedral granules. On the

other hond, saline substances, lacking any acheslivenssz, uwhen crandlated

’Q

even with sirons Uinders,; have a tendency to Ireslk inbo duort cubicead

rranle s, The svocess of regranulation, usually thoough a srellar screen
than that used for the primsyy sranulation, Jurther decresses the ysometris
ral variotions smony the prenulesz. Comression of Hoe 20 nesh granuvies
produced torlets widch had a someunt {iner terbture and & more britile
fracture with & ciean break snd little erqedling than the Lablets con=
pressed ironm lo. 10 mosh granules. Thus 1t seess that the sctusl shape

of the grenules has 1iitle if any efifect on ihe appeasrance and properties
of the bablety hovever, e wegh ol e powder and more parbicularly, the
gires of the grrticles of the powder useo o prepare e praawlosn ad

the size of Lhe prepdos themuselves, are of paramount importancee so Jar

as the provertiez and the tevture of tabtlets oreo ooncernade

rleseification of the slements according two the pattern of thelr
internal arrangemsnt or sowcdlled crystel system, indleates that there
is a definite relationship within practically each group of the periodie



52
tables The systerms in which tie slements erystallive ares cuble, totra-
ponal, hezagonal, orthorhorbic and wonoclinic. Howsver, none of the
elerents of the veriosdic tabtle so fay examined erystallizes in a triclinde
cryebal systome Thers are comparatively Low metaleorgmic and orvganie
corpownds which opystallize in the culide crystdd sysieme Among orginic
eovpownds the most commonly encowdered evysballine forn seems to be ihe
moyacliric cryztal systens The actusl shme of the particles of ths
material osnnol, An most cauges; be ddentiified with the crysial system of
g2 subishanoo.

1o determine the relation bvetwesn the case of compreassibiiity
{abgsencs ol sticking to the punches of tho tablet michine) md the cryobal
syrten fiftresix compounds wers subjectad o dreet compressione fubstances
belonging to the ecuble eryotal systen progented no A fficdlty for direct
compreasion.  The direct copressibility of the compounds belonging to the
tebragonaly, hexaponal, orthorhorbic; monocliniec snd triclinie crystal
syotems was vardables The regelies obtoined seem o indlicate that usually
the sutoisnees assoclated with the roncolinie ewvstal aystem pressnt
difficuliies during direct ecorpressions The substaneces presenting no
diffiaudty unon direct corpression usually vresent no difficidty while
boing corpressed in the form of pronvles.

A pormpariscn of physicsl properties of tahleis prepared fryom different
particls sizes of the exminred materisdls fsome of vhich were cormrvgsed
diyectly and others in the form of pramiles) suggests that as the particle
sige is propressively decreased, the woisbt and density of grenmules, and
the welsht, thickness and density of the compressed tablets are increased,
Piarmth subcarbonate appears to be = excertion to this hyvothesis. Terture

of the tablets was progressively {iner as the particle sive decrsased, When
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