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[0 O When the developmental stage for a drug product reaches large-scale manu-facturel] one of the more
important parameters of interest is the ability of pow-dered solids to flow.204-206 Processability of these materials
is greatly affected byflowability concerns] since the materials invariably need to be moved from placeto place.For
example[] when tablets are to be compressed at high speeds[] the effi-ciency of the machine will only be suitable if
the powder feed can be delivered at asufficiently high rate.Since many pharmaceutical compounds are cohesive
innatureld their flow characteristics tend to be undesirable.One of the aims of gran-ulation is reduce the cohesive
nature of the individual componentsC] producing auniformly blended material whose physical properties are more
suitable forprocessing.[] [J An extremely useful system was described by Carr,who devised a system thatcan be
used for the evaluation of the flowability of powdered solids.207C1 208In hisapproach] Carr defined a number of
parameters related to flow,which are scoredafter their measurement according to a weighting system.Powder
flowability isevaluated using the angle of repose] defined as the angle formed when a cone of pow-der is poured
onto a flat surfacel] O the angle of spatulal] defined as the angle formedwhen materialis raised on a flat surface out
of a bulk piled [0 compressibilityl] obtainedfrom measurement of the bulk and tapped material densitiest] [ and
cohesion[] relatingto the attractive forces which exist on particle surfacesC] . The overall summation ofthese permits
deductions regarding the degree of powder flowability.[] [0 When powders flow,they do so either in a steady
controlled fashion[J as in thecase of dry sand[J [J or in an uncontrolled gushing manner[J as would damp sand

[ forwhich the entire bulk tries to move in a solid massl. This latter condition is termedfloodable flow,and is most
characteristic of the flow of cohesivelJ sticky powders.The floodability of a powder is determined by its overall
flowability[] the determi-nation of which has iust been describedd [J the angle of falllJ obtained as the new repose
angle when the powder cone is mechanically shocked[] [ the dispersibility] ability of a given powder to become
fluidizedd [0 and the angle of differencefobtained as the numerical difference between the angle of fall and angle of
reposel] .[0 (I Toillustrate the utility of Carr's method in the evaluation of powder flow,full characterization of 12
lors of microcrystalline cellulose have been carried out.209Measurements of the actual mass flow rates were
obtained.as well as each ofthe parameters specified by Carn As evident in Figure 1101 the overall flowabilityindex
proved to be a reliable predictor of the relative degree of bulk powder flowfor granular material grades.but the
correlation with actual flow rates did not hold for fine material grades.Detailed comparisons of the possible relation
of each parameter with the mass flow rates were conducted with the aim of determining which parameter exerted
the largest influence over the mass flow rate.For the microcrvstalline cellulose samples evaluated in this study,it was
learned that the powder flow rates were largely determined by the sample compressibility and degrees of
cohesion.Fairly well defined[] but separate[] inverse linear relationships were deduced between these properties
and the mass flow rates.
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