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3.01 Determination of Bulk
and Tapped Densities

Change to read:

This determination is harmonized with the European
Pharmacopocia and the U.S. Pharmacopeia. The parts of the text
that are not harmonized are marked with symbols (* ).

*Determination of Bulk ind Tapped Densities is a method to
determine the bulk densities of powdered drugs under loose and
lapped packing conditions respectively. Loose packing is
defined as the state obtained by pouring a powder sample into a
vessel without any consolidation, and tapped packing is defined
as the state obtained when the vessel containing the powder
sample is to be repeatedly dropped a specified distance al a
constani drop rate until the apparent volume of sample in the
vessel becomes almost constant. o

Bulk density

The bulk density of a powder is the ratjo of the mass of an
untapped  powder sample and its volume including Ihe
contribution of the interparticulale void volume. Henee, the bulk
density depends on both the density of powder particles and the
spatial arrangement of particles in the powder bed. The bulk
density is expressed in grams per milliliter (g/mL) although the
international unit-is kilogram per cubic meter (1 g/mL = 1000
kg/m®) because the measurements arc made using eylinders. I
may also be expressed in grams per cubic centimeler (g/em’).

The bulking propertics of a powder are dependent upon the
preparation, treatment and storage of the sample, i.e. how it was
handled. The particles can be packed to have a range of bulk
densities and, morcover, the slightest disturbance of the powder
bed may result in a changed bulk density. Thus, the bulk density
ol a powder is oilen very difficult to measure with good
reproducibility and, in reporting-the results, it is cssential to
specify how the determination was made.

The bulk density of a powder is determined by measuring the
volume of a known mass of powder sample, that may have been
passed through-a screen, into a graduated cylinder (Method 1),
or by measuring the mass of a known volume of powder that has
been passed through a volumeter into a cup (Method 2) or a
measuring vessel (Method 3). Method 1 and Method 3 are
favoured.

Method 1: Measurement in a Graduated Cylinder
Procedure

Pass a quantity of powder sufficient to complete the test
through a sieve with apertures greater than or equal to 1.0 mm,
if necessary, to break up agglomerates that may have formed

~during storage; this must be done gently to avoid changing the

nature of the material. Into a dry graduated cylinder of 250 mL
(readable to 2 mL), gently introduce, without compacting,
approximately 100 g of the test sample () weighed with 0.1 per
cent accuracy. Carefully level the powder without compacting,
if necessary, and rcad the unsetiled apparent volume (1) to the

hailbs

nearest graduated unit. Caleulate the bulk density in g per mL by
the formula #/Vy. Generally, replicate determinations are
desirable for the determination of this property.

If the powder density is loo low or too high, such that the test
sample has an untapped apparent volume of either more than
250 mL or less than 150 mL, it is not possible to use 100 g of
powder sample. Therefore, a difterent amount of powder has 10
be selected as test sample, such that its uniapped apparent
volume is 150 mlL to 250 mL (apparent volume greater than or
cqual to 60 per cent ol the total volume of the cylinder); the
mass of the test sample is specified in the expression of results.

For test samples having an-apparent volume between 50 mL
and 100 mL a 100 mL cylinder readable 1o 1 mL can be used;
the volume of the cylinder is specified in the expression of
results,

Method 2: Measurement in a Volumeter
Apparatus

The apparatus'”? (Fig. 3.01-1) consists of a top funnel fitied
with a 1.0 mm sieve. The funnel is mounted over a baflle box
containing four glass ballle plates aver which the powder slides
and bounces as it passes. At the bottom of the baflle box is a
funnel that collects the powder and allows it to pour into a cup
mounted direclly below it. The cup may be cylindrical (25.00 £
0.05 mL voluine with an inside dismeter of 30.00 £ 2.00 mm) or
4 square (16.39 + 2,00 mL volume with inside dimensions of
25.4 % 0.076 mm),

1.0 mm sieve
Powder funnel

Loading funnel

4V .
Baffle assembly  ~—-t ,M.,
Glass baflles _ /_\ Stand
o /7
_J_f a4
Sample receivingcup ——[]
1
Fig. 3.01-1 Volumeter

Procedure

Allow an excess of powder to Now through the apparatus into
the sample rceciving cup untit it overflows, using a mininum of
25 cm® of powder with the square cup and 35 cm® of powder
with the cylindrical cup. Carefully, scrape excess powder from
the top of the cup by smoothly moving the edge of the blade of
spatula perpendicular to and in contact with the top surface of
the cup, taking care to keep the spatula perpendicular to prevent
packing or removal of powder from the cup. Remove any
material from the side of the cup and determine the mass (m) of
the powder lo the nearest 0.1 per cent. Calculate the bulk
density in g per mL by the formula m/V in which V; is the
volume of the cup and recerd the average of 3 determinations
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density using the measuring vessel equipped with the cap shown
in Fig. 3.01-2, The measuring vessel with the cap is lifted 50-60
times per minute by the use of a suitable tapped density tester.
Carry out 200 taps, remove the cap and carefully scrape excess
powder from the top of the measuring vessel as described in
Mecthod 3 for measuring the bulk density. Repeat the procedure
using 400 taps. If the diflerence between the 2 masses obtained
afier 200 and 400 taps exceeds 2 per cent, carry cut a test using
200 additional taps until the differcnce between succeeding
measurements is less than 2 per cent. Calculate the tapped
density (g/mL) using the formula mg/ 100 where s is the mass of
powder in the measuring vessel. Record the average of 3
determinations using 3 different powder samples. \

Measures of Powder Compressibility

Because the interparticulate interactions influencing the
bulking propertics of a powder are also the interactions that
interfere with powder flow, a comparison of the bulk and tapped
densities can give a measure of the relative importance of these
interactions in a given powder. Such a comparison is often used
as an index of the ability of the powder to flow, for example the
Compressibility Index or the Hausner Ratio.

The Compressibility Index and Hausner Ratio are measures
of the propensity of a powder to be compressed as described
abave, As such, they are measures of the powder ability to settle
and they permit an assessment of the relative ::wc__.E:no of
interparticulate intcractions. In a frece-flowing powder, such
interactions are less significant, and the bulk and tapped
densitics will be closer in value. For poorer flowing malerials,
there are frequent)y greater interparticulate interactions, and a
greater difference between the bulk and tapped densities will be
observed. These diflerences are reflected in the Compressibility
Index and the Hausner Ratio.

“Compressibility Index:
100 (Vo — Vi ¥y

Vy: unsettled apparent volume
Ve final tapped volume

. Hausner Ratio:
ValVe

Depending on the material, the compressibility index can be
determined using ¥)q instead of V.
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Before the specific surface arca of thc sample can be
determined, it is necessary to remove gases and vapors that may
have become physically adsorbed onto the surface during
storage and handling. If oulgassing is not achieved, the specific
surface area may be reduced or may be variable because some
parts of surface area are covered with molecules of the
previously adsorbed gases or vapors. The outgassing conditions
are critical for obtaining the required precision and accuracy of
specific surlace area measurernents on pharmaccuticals because
of the sensitivity of the surface of the materials, The outlgassing
conditions must be demonstrated to yield reproducible BET
plots, a constant weight of test powder, and no detectable
physical or chemical changes in the test powder.

The outgassing conditions defined by the temperature,
pressure and time should be so chosen that the original surface
of the solid is reproduced as closely as possible.

Outgassing of many substances is ofien achieved by applying
a vacuum, by purging the sample in a Howing stream of a
non-reactive, dry gas, or by applying a desorption-adsorption
cycling method. In cither case, elevated temperatures are
sometimes applied to increasc the rate at  which the
contaminants leave the surface. Caution should be exercised
when outgassing powder samples using elevated temperatures to
avoid affecting the nature of the surface and the integrity of the
sample,

If heating is employed, the recommended temperature and
lime of oulgassing are as low as possible to achieve
reproducible measurement of specific surface area in an
acceplable time. For oulgassing sensitive samples, other
oulgassing methods such as the desorption-adsorplion cycling
method may be employed.

The standard technique is the adsorption of nitrogen at liquid
nitrogen temperature.

For powders of low specific surface area (<0.2 m*g™") the
proportion adsorbed is low. In such cases the use of krypton at
liquid nitrogen temperature is preferred because the low vapor
pressure exerted by this gas greatly reduces error, All gases used
must be free from moisture.

Accurately weigh a quantity of the test powder such that the
total surface of the sample is at least 1 m* when the adsorbate is
nitrogen and 0.5 m® when the adsorbate is krypton. Lower
quantities of sample may be used after appropriate validation.

Because the amount of gas adsorbed under a given pressure
tends to increase on decreasing the temperature, adsorption
measurements  arc usually made at a low temperature,
Measurement is performed at -195.8°C, the boiling point of
liquid nitrogen. )

Adsorption of gas should be measured either by Method 1 or
Method II. )

3.1 Method I: the dynamic flow method

In the dynamic flow method (sec Fig, 3.02-1), the
recommended adsorbate gas is dry nitrogen or krypton, while
helium is employed as a diluent gas, which is not adsorbed
under the recommended conditions. A minimum of 3 mixtures
of the appropriate adsorbate gas with helium are required within
the P/P, range 0.05 to 0.30.

The pas detector-integrater should provide a signal that is

approximately proportional to the volume of the gas passing
through it under defined conditions of temperature and pressure.
For this purpose, a thermal conductivity detector with an
electronic integrator is one among various suitable types. A
minimum of 3 data points within the recommended range of
0.05 1o 0.30 for P/Py is 1o be determined.

A Known mixture of the gases, usually nitrogen and helium, is
passed through a thermal conductivity cell, through the sample
again through the thermal conductivity cell and then to a
recording  potentiometer. Immerse the sample cell in liquid

‘nitrogen, then the sample adsorbs nitrogen from the mobile

phase. This unbalances the thermal . conductivity cell, and a
pulse is generated on a recorder chart.

Remove from the coolant; this gives a desorption peak equal
in area and in the opposite direction to the adsorption peak.

Since this is better defined than the adsorption peak, it is the
one used for Lhe determination.

To effect the calibration, inject a known quantity of adsorbate
into the system, suificient to give a peak of similar magaitude 1o
the desorption peak and obtain the proportion of gas volume per
unit peak area.

Usc a nilrogen/helium single-point
determination and several such mixtures or premixing 2 streams
of gas for a multiple-point determination, Calculation is
cssentially the same as for the volumetric method.

mixture for a

P
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A: Flow control valve

B: Differential flow controller
C: On-oft valve

D: Gas inlet .

E: O ring scals

F: Cold trap

G: Thermal cquilibration tube
H: Detector

I: Digital display

J: Calibrating seplum

K: Sample cell

L: Self seals quick connection
M: Short path ballast

N: Detector

O: Path selection valve

P: Long path ballast o
Q: Flow meter

R: Outgassing station
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3.04 Wwwan_@ Size Determination
Change the Method 2 .,.o. read:

Method 2.  Analytical Sieving Method

*The analytical sieving method is a method to estimate (he
particle size distribution of powdered pharmaceutical drugs by
sieving. The particle size determined by this method is shown as
the size of @ minimum sicve opening through which the particle
passes. “Powder” here means a gathering of numerous solid
particles. _

Sieving is one of the oldest methods of classitfying powders
and granules by particle size distribution, When using a woven
sieve cloth, the sieving will essentially sort the particles by their
intermediate size dimension (i.e., breadth or width). Mechanical
sieving is most stiitable where the majority of the particles are
larger Lhan about 75 um, For smaller particles, the light weight
provides insuflicient force during sicving to overcome the
surface lorces of cohesion and adhesion that cause the particles
to stick to cach other and to the sieve, and thus cause particles
that would be expected to pass through the sieve 1o be retained.
For such malerials other means of agitation such as air-jet
sieving or sonic sifting may be more appropriate. Nevertheless,
sieving can sometimes be used for some powders or granules
having median particle sizes smaller than 75 gm where the
method can be validated. In pharmaceutical terms, sieving is
usually the method of choice for classification of the coarser
grades of single powders or pranules. It is a particularly
altractive method in that powders and granules are classiticd
only on the basis of particle size, and in most cases the analysis
can be carricd out in the dry state.

Among the limitations of sieving method are the need for an
appreciablc amount of sample (normally at least 235 g,
depending on Lhe density of the powder or granule, and the
diameter of test sieves) and difficulty in sicving oily or other
cohesive powders or granules that tend to clog the sieve
openings. The method is essentially a two-dimensional estimate
of size because passage through the sieve aperture is frequently
more dependent on maximum' width and thickness than on
length. :

This method is intended for estimation of the total particle
size distribution of a single material. it is not intended for
determination of the proportion of particles passing or retained
on one or bwo sieves,

Estiniate the particle size distribution as described under Dry
Sieving Method, unless otherwise specified in the individuai
monograph. Where difficulty is experienced in reaching the
endpoint (i.e., material dees not readily pass through the sieves)
or when it is necessary to use the finer end of the sieving range
{below 75 um), serious consideration should be given to the use
of an alternative particle-sizing method,

Sicving should be carried oul under cenditions that do not
cause the test sample to gain or lose moisture. The relative
humidity of the environment in which the sieving is carried out

should be controlled to prevent moisture uptake or loss by the
sample. In the absence of evidence to the contrary, analytical
test sieving is normally carried at ambient humidity. Any special
conditions that apply to a particular material should be detailed
in the individual monograph.

Principles of Analytical Sieving—Analytical test sieves are
constructed from a woven-wire mesh, which is of simple weave
that is assumed to give _._nﬁ_w square apertures and is sealed into
the base of an open cylindrical contiiner: The basic analytical
method involves stacking the sicves on top of one another in
ascending degrees of coarseness, and lhen placing the test
powder on the top sicve.

The nest of sieves is subjected to a standardized period of
agitation, and then the weight of material retained on cach sieve
is accurately delermined. The lest gives the weight percentage
of powder in cach sicve size range. .

This sicving process for estimating the particle size
distribution of a single pharmaceutical powder is generally
intended for use where at least 80% of the panticles are larger
than 75 um. The size parameter involved in determining particle
size distribution by apalytical sieving is the length of ihe size of
the minimum square aperture through which the particle will
pass,

TEST SIEVES

Test sieves suitable for pharmacopocial tests conform to the
most  current  edilion of International Organisation lor
Standardization  (ISO) Specification 1SQ  3310-1; Test
sieves—Technical requirements and testing (sec Table 3.04-1),
Uniess otherwise specified in the monograph, use (hose 1SO
sieves listed in the Table 3.04-1 as rccommended in the
particular region, )

Sicves are selected to cover the entire range of particle sizes
present in the test specimen. A nest of sicves having o ¢.|o.
progression of the area of the sieve openings is recommended.
The nest of sieves is assembled with the coarsest screen at the
top and the finest at the bottom. Use micrometers or millimeters
in denoting test sicve openings. [Note—Mesh numbers are
provided in the table for conversion purposes only.] Test sieves
are made from stainless steel or, less preferably, from brass or
other suilable non-reactive wire,

Calibration and recalibration of test sieves is in accordance
with the most current edition of 1SO 3310-1%, Sieves should be
carelully examined for gross distoriions and [ractures, especially
al their screen frame joints, before use. Sieves may be calibrated
optically to estimate the average opening size, and opening
variability, of the sieve mesh. Allernatively, for the evaluation of
the effective opening of 1est sicves in the size range of 212 to
850 ym, Standard Glass Spheres are available. Unless otherwise
specified in the individual monograph, perform the sieve
analysis at controlled room temperature and at ambient relative
humidity.

Cleaning Test Sieves—Idecally, test sieves should be cleaned
using only an air jet or a liquid stream. If some apertures remain
blocked by test particles, careful gentle brushing may be used as
a last resort..

Test Specimen—If the test specimen weight is not given in the
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range (i.e., below 75 4#m), when the particles tend to be more
cohesive, and especially if there is any tendency for the material
to develop an electrostatic charge. For the above reasons
endpoint determination is particularly critical, and it is very
important to confirm that the oversize material comprises single
particles and is not composed of aggregales.

INTERPRETATION

The raw data nnist include the weight of test specimen, the
total sieving time, and the precise sieving methodology and the
sct values for any variable parameters, in addition to the weights
retained on the individual sieves and in the pan. It may be
convenient to convert the raw data into a cumulative weight
distribution, and if it is desired to express the distribution in
terms of a cumulative weight undersize, the range of sieves used
should include a sieve through which all the material passes. 1f
there is evidence on any of the test sicves that the material
remaining on it is composed of aggregates formed during the
sieving process, the analysis is invalid.

! Additional information on particle size measurement, sample size,
and data analysis is available, for example, in 1SQ 9276,

* International Organization for Standardization {1SO) Specification
180 3310-1; Test sieves-Technical requirements and testing
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