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oy ~ Description of particle size
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Types of distributions >

* Normal distributiom. The mode separates the curve
into two symmetrical halves.

* Positively skewed: A frequency curve with an Sl ‘/ =

)
elongated tajl towards the higher size range. AP g - &
.t yb P )l b
* Negatively skewed: A frequency curve with an Tl
elongated tail towards the lower size range,)”}( ) o's Vb el | sl [ bt

* Bimodal The frequency curve containing two
peaks (two modes)
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Evaluation of degree of skewness i s 1Qes o—P \uf
« The degree of skév:v'n_csscan be estimated by determining B o -~
interquartile coefficient of skewness (/QCS) @Y ¥ é o
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Presentation of size distribution
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“Evaluation of distribution width

« The size gmb_ungn_ﬁ.dlh_can be estimated by determini
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Particle size analysis methods

: e
Microscope methods 1 (ect

: . 3 Ve —S (4
Equivalent diameters &= In P

dy d_p. dp and _(_{M_can be determined

Range of analysis
® Light microscope (1 - 1000 pm)
® Scanning clectron microscope ( 0.05 - 1000 pm)
@ Transmission electron microscope ( 0.001 - 0.05 pum)
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Particle size analysis methods ™"
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_\Microscope methods
ol : S0 AR
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i Sample preparation Lop S e it
Techniques e 7.4
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— Image shearing cyepiece (double prism arrangement)
«- Automatic (videe Gamiva) k.
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Figure 10.4, Typical image proceszing system




particle size analysis methods

- l—é_’lp_a_s\o |2/ Sieve methods ‘l

d-'w:(., PN Ch ‘;M >r°
Equivalent diameter
Sieve diameter (dg)

—

Range of analysis 0 cm) —o S g

Available range: (5 - 125 000 pm)
g0\ « IS0 range: (45 - 1000 um)
- (as Lo 1)
Sample preparation @)\ 7\ %
ooprhen sy Pawdet o3 (Dry sieving: for non cohesive powders
Wet sieving: for suspensions and cohesive powders
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Particle size analysis methods
Sieve methods
Techniques
1) Vibrated sieving:
SeLes AN cgd— o Uses a sieve stack (usually 6 -8 sieves) S B
SV co sevive Sy « The Particles are retained on sieve mesh B
e Jmp ) corresponding to the sieve diameter. T |‘ A
. MS' u—’ ‘és_“_,"
2) Air-jet sieving: (fes2)
25 L e §= « Uses individual sieves starting from that of smallest
aperture.
» Vacuum is applied to encourage particles to pass
Su— ¢ Zw a—— through sieves. e
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Figure 3.2. Vibratory sieve shakers in action.
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Standards for powders based on sieving PG Ske,
; S & s Asu
* Standards for pharmaceutical powders are  provided in €
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Standards for powders based on sieving

+ Some Pharmacopoeiae define another size fraction, i I & B
known as ‘ultrafine powder’. &L /5 g ¥
Jamd<) & =) g - o
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« In this case it is required that the maximum : '
diameter of at least 90% of the particles must be no Goz=ertf

greater than|5 pm\and that none of the particles &* - |
should have diameters greater than 50 pm. D i ﬁc"?"r‘h qu
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Particle size analysis methods

v LS - —
; Electric stream sensing zone metho% (Coulter counter)
e

Equivalent diameter:
Volume diameter @

N

Range of analysis
(0.1-(1000 pm)
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Particle size analysis methods

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 onf ice 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)
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EOPERIRE ( U) Sedimentation methods o
"Equivalent diameter: Stokes diameter (d,)
: —_—
» Stokes equation:
i 187
SIS
(p,—p))d)
e ol = SFokes diam'eter,\j]‘ 5 visc-:osigy of fluid, Loy SO
= ¢—h = height or sedimentation distance, p; = P
PSS o) fs = density ofsolid, pr= densi.tyﬂofﬂuid,\/v
94l g = the acceleration due to, gravity, t = time
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Particle size analysis methods

Sedimentation methods

N\ Range of analysis o e
@“de{géﬁ ~? « for gravitational ~(5 - 1000 = w;f:
™. for centrifugal 40550 um S A
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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.
* Techniques can be divided into two Mg@/s.
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Sedimentation methods
Pipettymethod (Andreasen pipette) -~ -

In this method &nown wolumes of the suspension are

lithdrawn, at various time intervals, from bottom (lower
set limit).

The amount of solid is determined in each volume.
S ———————

The jparticle diameter)corresponding to each time period is

calculated from Stokes’ law. o
——

7 D
The amount of solid determined for each time intervale

the weight fraction having particles of sizes more than the
size obtained by the Stokes’ law for that time period. )

—
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10 ml sampling———

reservoir

i
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Pipette.
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Fig. 10.19 Diagram of Andreasen pipette.
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« A suspension of § g of Zn0,, density 5.60 g/em', in 50 ml of water Wﬂz prepared
conlaining 2.75 g sedium citrate as deflocculating agent was lruns‘fcrre. !'(;led
Andreasen pipette (‘h= 20 cm) and volume made up to 550 ml using disti -y
water. The suspension was shaken and allowed to settle u.nder the nccclcrutl'on 0
gravity, 981 cmv/sec?, at 25 <C. thedensity of the medium is 1.01 gem?, and its oL
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Sedimentation methods
AV
Balance method ™ =
. . A cell
- A B L e increase in weight of
= ey sedimented particles
be.J\M = falling onto a balance pan |
/(/ suspended in t'he fluid is |
P recorded with time. ( Gxadi £ 4
uh G¥To & 1
Balsce pa
Figure §.3. Sedimentation balance.
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Sedimentation methods
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Particle size analysis methods
Laser iigljt scattering methods

Equivalent diameters: Area diamet
diameter, d,, '

(=)

er,(d,) volume
N

Principle of measurment: Interaction of laser light
with particles
Fraunhofer diffraction

+ This is based on forward scatter (small angle

Ny ghan%g) of laser light by particles, which is detected,
e i

amplitied and analyzed by microprocessor.
» Range of analysis 5 0.5 - 1000 pm ) o
« sample is liquid or air suspended
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Diffraction pattern
on detector

l/ “‘
(@)
Particles measured | '/
in cell \.--/\\ Detector
s
\

1 mW He/Ne laser

[L==1]
output
Multiplexor

Microprocessor
A/D converter

Fig. 10.17 Schematic diagram of laser ditfraction patiern
particle sizer. i

Particle size analysis methods

Laser light scattering methods O S

2) Photon correlation spectroscopy (PCS DL

9% t is termed also Dynamic light scattering (DLS)

« Jrhis is based on the Beoanian movement (random motion of small
particles or macromoiccuicsgfausca ﬁy the collisions with the
“smaller molecules of the suspending fluids) .

O Range of analysis ~0.00L [ um

s the constantly changing patterns of laser light

+(PCS’ analyse:
scattered or diffracted by particles in Brownian movement and

monitors the rate =i
« Calculation of size is based oq"ﬁlokes-Einstein eﬂuation:
1.38x107°T 3 -
=—mS
3rnd

« T = absolute temperature, d = diameter, 1= viscosity of liquid,

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

Factors to be taken into consideration:

Size ran e of powder
Am%n_t of sample

o If sample is very small we can 5 . : ;
use sievipﬁ—rzw
(O Speed of analysis
@Qgg@y of results

@ Cost

Physical nature of material (like Agglomeration and
cohesiveness)

Influence of particle shape

Fibrous = 7 Circumscribed
particle /

orcle(d;
e
\ / ~ Inscribed

crcle(d.

Fig. 10.6 A simple shape factor is shown which can be used to
quantify.circularity. The ratio of two different diameters@cilct)ts

unig for a circle and falls for acicular Erticles.

(ﬂi /d)c

) Y= . 2
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Particle shape descriptors

ﬂvzg iAspect ratio
* The ratio of the minimum to the maximum

-\« ¢ - Feret diameter is another measure for thesa
particle shape.
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Particle shape descriptors

h‘:) Sphericity : : Shape Spherecity
» The sphericity S is
the lﬁt_l_o of the Tetrahedron 0,671

Y% o sby :
|2+ surface area of a 94

== “‘ (with the —
same volume as the | =" Sol,

i rticle) to
~C~ glven pa ) Dodeca- 0.910
Y . the surface area of hedron, >
§ SR urtace b
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Particle shape descriptors

%  Convexity and fullness ratio

T
\
: . ( area
[ convexity ratio = Mok :
convex area o
SR .
area = —

" fullness/ ratio = y
A convex area




