




16

Standards for powders based on sieving

• Standards for pharmaceutical powders are provided in

pharmacopoeiae, which indicate the degree of coarseness or fineness

depending on percentage passing or not passing through certain

sieves.

• e.g. BP

31

Standards for powders based on sieving

• Some Pharmacopoeia define another size fraction,

known as ‘ultrafine powder’.

• In this case it is required that the maximum

diameter of at least 90% of the particles must be no

greater than 5 m and that none of the particles

should have diameters greater than 50 m.

32
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Electric stream sensing zone method (Coulter counter)

Equivalent diameter:

Volume diameter (dv)

Range of analysis

(0.1 - 1000 m)

Particle size analysis methods

33

electrolyte solution 

Electric stream sensing zone method (Coulter counter)

Principle of measurement

• 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)

Particle size analysis methods

34
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Diagram of electrical sensing zone apparatus 35

Sedimentation methods

Range of analysis

• for gravitational ~ 5 - 1000 m

• for centrifugal ~ 0.5 - 50 m

Particle size analysis methods

36
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Sedimentation methods

Equivalent diameter: Stokes diameter (dst)

• Stokes equation:

•dst = Stokes diameter,

•  = viscosity of fluid, 

•h = height or sedimentation distance,

• s = density of solid, 

•f = density of fluid, 

•g = the acceleration due to gravity, 

•t = time
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Particle size analysis methods

37

h

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.

• Techniques can be divided into two main categories.

Particle size analysis methods
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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

set limit).

• 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.
39
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• A suspension of 5 g of ZnO2, density 5.60 g/cm3, 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/sec2, 

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. 

Time

Particle 

size 

Size 

range

Mean of 

size range

wt of 

sample 

collected wt  

Cumulative 

undersize 

Cumulative 

Oversize 

(sec) (µm) (µm) (µm) (g) (%) (%) (%)

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 1.5 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 4.71 4.71-5.16 4.94 0.5 10 0 100

S = 5
41
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• A suspension of 5 g of ZnO2, density 5.60 g/cm3, 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/sec2, 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. 
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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

43

Sedimentation methods

Alternative technique

• It is the application of centrifugal sedimentation to

make quicker the sedimentation of small particles.

44
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Laser light scattering methods

Equivalent diameters: Area diameter, da, volume
diameter, dv.

Principle of measurment: Interaction of laser light
with particles

1) Fraunhofer diffraction

• This is based on forward scatter (small angle
change) of laser light by particles, which is detected,
amplified and analyzed by microprocessor.

• Range of analysis = 0.5 - 1000 m

• sample is liquid or air suspended

Particle size analysis methods

45
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Laser light scattering 
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Laser light scattering methods

2) Photon correlation spectroscopy (PCS)
• 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 m

• PCS analyses the constantly changing patterns of laser light
scattered or diffracted by particles in Brownian movement and
monitors the rate

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

• T = absolute temperature, d = diameter, = viscosity of liquid,

• D = Brownian diffusion.
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Particle size analysis methods
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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

4. Accuracy of results

5. Cost

6. Physical nature of material (like Agglomeration and 

cohesiveness)
48
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Influence of particle shape

49

Particle shape descriptors

Aspect ratio

• The ratio of the minimum to the maximum 

Feret diameter is another measure for the 

particle shape.
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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:

SpherecityShape

0.671Tetrahedron

0.806Cube

0.910Dodeca-

hedron

51

Particle shape descriptors

Convexity and fullness ratio
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