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Standards for  pharmaceutical powders are provided

Standards for powders based on sieving

in

pharmacopoeiae, which indicate the degree of coarseness or fineness

depending on percentage passing or not passing through certain

SIEVES. Table 12.1 Powder grades specified in British
e.g. BP Pharmacopoeia wppe” Limi¢ LewWe Limis
Description of Coarsest ' Sieve diameterthrough
grade of powder sieve which no.more than
diameter  @0% of powder must
(um) passifum)
Coarse 1700 355
Moderately coarse 710 250
Moderately fine 355 180
Fine 180 —
Very fine 125 - Y
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« Some Pharmacopoeia define another size fraction,
known as ‘ultrafine powder’.

e In this case it is required that the maximum
diameter of at least 90% of the particles must be no
greater than 5 um and that none of the particles
should have diameters greater than 50 um.

vy

Standards for powders based on sieving
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Particle size analysis methods

Electric stream sensing zone method (Coulter counter)

Equivalent diameter: hl— : Eslisiadl ygye
Volume diameter (d,) ' "‘ B IR C?
|

L)ooy
b
electrolyite solutior

|
__—Particle in orifice [

_— Orifice tube wall

Fig. 10.13 Particle passing through the measuring aperture of

an electrical stream sensing zone apparatus.
vy

Particle size analysis methods

Electric stream sensing zone method (Coulter counter)
Principle of measurement

34

Powder samples are dispersed in an electrolyte solution to form a
very dilute suspension.

The particle suspension is drawn through an orifice where
electrodes are situated on either side and surrounded by electrolyte
solution.

As the particle travels through the orifice, it displaces its own
volume of electrolyte solution.

The change in electrical resistance between the electrodes is
proportional to the volume of the particle (volume of electrolyte
displaced)

Ye
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Particle size analysis methods

Sedimentation methods

Range of analysis

» for gravitational ~ 5 - 1000 um

» for centrifugal ~ 0.5 - 50 um

YA
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Particle size analysis methods
Sedimentation methods

Equivalent diameter: Stokes diameter (d;)
« Stokes equation: _\/ 187h
st

s t
«d, = Stokes diameter, (ps—pi)9

* 1 = viscosity of fluid, TT
*h = height or sedimentation distance,
* p, = density of solid, h

*p; = density of fluid,
g = the acceleration due to gravity,
t = time

Particle size analysis methods

Sedimentation methods

Principles of measurement

 Particle size distribution can be determined by
examining the powder as it sediments out.

» The powder is dispersed uniformly or introduced as
a thin layer in a fluid. = @b of Blull as Lol

» Techniques can be divided into two main categories.

YA
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Sedimentation methods

Pipette method (Andreasen pipette)

* In this method known volumes of the suspension are
withdrawn, at various time intervals, from bottom (lower

« The amount of solid is determined in each volume.

» The particle diameter corresponding to each time period is
calculated from Stokes’ law.

» The amount of solid determined for each time interval is
the weight fraction having particles of sizes more than the
size obtained by the Stokes’ law for that time period.

set limit).
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for draining Rl

sample

Pipet tube
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A suspension of 5 g of ZnO,, density 5.60 g/cm?, in 50 ml of water
was prepared containing 2.75 g sodium citrate as deflocculating
agent was transferred to Andreasen pipette (h = 20 em) and volume
made up to 550 ml using distilled water. The suspension was shaken
and allowed to settle under the acceleration of gravity, 981 cm/sec?,
at 25<C. the density of the medium is 1.01 g/cm?, and its viscosity is
1 centipoise = 0.01 poise or 0.01 g/cm sec.

size J Jasu @ d _ 1877h
eIy dpud igowalal st
s Jl size J! g Jloe el (ps _pf)gt
pipette
wt of —
Particle Size Mean of | sample Cumulative |Cumulative | ||
Time size range [size range | collected wt undersize | Oversize ..
(sec) (pm) (pm) (m) ()] (0] (0] (0
600 1154 >11.54 0.7 14 86 14
1200 8.16 [8.16-11.54] 9.85 0.9 18 68 32 h
1800 6.66 [6.66-8.16| 7.41 15 30 38 62
2400 577 |577-6.66| 6.22 0.8 16 22 78
3000 516 |5.16-5.77| 547 0.6 12 10 90
3600 471 1471516 4.94 05 10 0 100
=35 —

A suspension of 5 g of ZnO,, density 5.60 g/cm?, in 50 ml of water was prepared
containing 2.75 g sodium citrate as deflocculating agent was transferred to
Andreasen pipette ( h = 20 cm) and volume made up to 550 ml using distilled
water. The suspension was shaken and allowed to settle under the acceleration of
gravity, 981 cm/sec?, at 25<C. the density of the medium is 1.01 g/cm3, and its
viscosity is 1 centipoise = 0.01 poise or 0.01 g/cm sec.

wt of
Particle Size Mean of | sample Cumulative |Cumulative
Time size range [size range | collected wt undersize Oversize
(sec) (1m) (um) (1m) @) %) (0] (%)
600 11.54 >11.54 0.7 14 86 14
1200 8.16 |8.16-11.54| 9.85 0.9 18 68 32
1800 6.66 6.66-8.16 7.41 15 30 38 62
2400 5.77 5.77-6.66 6.22 0.8 16 22 78
3000 5.16 5.16-5.77 5.47 0.6 12 10 90
3600 471 |4.71-5.16 4.94 0.5 10 0 100
Z=5

—e—Oversize —@—Undersize ~—@— Frequency distribution

100

% frequency
@
38

£y
4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

Particle size (um)
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Sedimentation methods

Balance method

The increase in weight of sedimented particles falling
onto a balance pan suspended in the fluid is recorded
with time. Gravity

HEIGHT

F
ig"
ot Ble

Figure §.3. Sedimentation balance

TIME
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Sedimentation methods
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Alternative technique ¢ sl Olgiadl Canys 8548 gaie vl

« It is the application of centrifugal sedimentation to
make quicker the sedimentation of small particles.
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Particle size analysis methods

Laser light scattering methods

Equivalent diameters: Area diameter, d,, volume
diameter, d,.

Principle of measurment: Interaction of laser light
with particles

1) Fraunhofer diffraction

‘-| This is based on forward scatter (small angle
partcal I change) of laser light by particles, which is detected,
05 piY ke amplified and analyzed by microprocessor.

Ss22 %5 Range of analysis = 0.5 - 1000 um

e 159 Y samplle s liquid or air suspended
o

L
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Laser light scattering

Cross Correlator

* LS Instruments
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Particle size analysis methods

Laser light scattering methods o
2) Photon correlation spectroscopy (PCS) ©7> 22 Sl pes
« It is termed also Dynamic light scattering (DLS)

« This is based on the Brownian movement (random motion of small
particles or macromolecules caused by the collisions with the
smaller molecules of the suspending fluids) .

» Range of analysis ~0.001 - 1 um
»S| i >y 3l seol di 1 45 Lo
« PCS analyses the constantly changanéw patterns 0 aselra ETﬁrJ F
scattered or diffracted by particles in Brownian movement and
monitors the rate

« Calculation of size is based on Stokes-Einstein equation:

1.38x107T _ _ |18
P . e er m*s™ o poat
— . T =absolute temperature, d = diameter, n= viscosity ofllqmd

« D = Brownian diffusion.
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Selection of particle size analysis method

Factors to be taken into consideration:
1. Size range of powder

2. Amount of sample
If sample is very small we can use microscopy but we can not use
sieving
3. Speed of analysis partical [ [Sae a8 e
4. Accuracy of results 5.1 o5 sphere I w8l particle ! <dls 13l
5
6

Cost

Physical nature of material (like Agglomeration and
cohesiveness)

£A
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Influence of particle shape

—

Fibrous _ -~ fes
particle J,/ \

ey

\\\ / Inscribed
) circle, d

Fig. 10.6 A simple shape factor is shown which can be used to
quantify circularity. The ratio of two different diameters (d/d.)is
unity for a circle and falls for acicular particles.

Circumscribed
circle, d-:
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Particle shape descriptors

Aspect ratio
e The ratio of the minimum to the maximum
Feret diameter is another measure for the

particle shape.

Xew 33134
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convexity ratio =
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Particle shape descriptors

Sphericity
» The sphericity S is

the ratio of the
surface area of a
sphere (with the
same volume as the
given particle) to
the surface area of
the particle:

Shape

Spherecity

Tetrahedron '

0.671

Dodeca-
hedron

0.806

0.910
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Particle shape descriptors

dred

Convexity and fullness ratio

convex darea

. area
fullness ratio = | ——
convex area

circumscribed
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