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parical size analysis



Equivalent diameters

Volume diameter (d,)

» The diameter of a sphere that has the same volume
as the particle.

Stokes diameter (d,)

e The diameter of a sphere that has the same
sedimentation rate as the particles

Sieve diameter (d,)

e The particle dimension that passes through a
square aperture
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Fig. 10.7 Sieve diameter o, for various shaped particles A
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Description of particle size

Mean particle size
» The mean particle size of an analyzed sample can be
considered as a rough description for the size of
sample. I =

Particle size distribution A | | ™
« The distribution of particles into different size
ranges can be plotted in the form of histogram.

» A histogram presentation allows different particle
size distributions to be compared.

« The value of the peak is the mode (highest
frequency) .
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Presentation of size distribution

1) Frequency distribution data
2) Cumulative frequency distribution data

They are either under size or oversize

58.440

Cumulative particle size distribution

ize (nm)

1) Frequency distribution data
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Presentation of size distribution

Number and weight distributions

 Frequently, we are interested in obtaining data based
on a weight, rather than a number distribution.

» This can be obtained directly by methods such as
steving and sedimentation.

« Number distribution can be converted to weight
distributions and vice versa.
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5xnxd’
) ®) (C)] (10)
(3) Number Cumulative |Cumulative |Cumulative |Cumulative
of particles percent percent percent percent
(2) Mean of | ineach (6) Percent | frequency | frequency | frequency |[frequency
(1)size |[sizerange, [size range, [(4) Percent nd3 undersize | undersize | oversize oversize
range d (um) n n (5) nd3 (Weight) | (Number) | (Weight) | (Number) [ (Weight)
2.0-4.0 3 2 1 54 0.03 1 0.03 100 100
4.0-6.0 5] 32 16 4000 2.31 17 2.34 99 99.97
6.0-8.0 7 64 32 21952 12.65 49 14.99 83 97.66
8.0-10.0 9 48 24 34992 20.16 73 35.15 51 85.01
10.0-12.0 11 30 15 39930 23.01 88 58.16 27 64.85
12.0-14.0 13 14 7 30758 17.72 95 75.88 12 41.84
14.0-16.0 15 6 3 20250 11.67 98 87.55 D) 24.12
16.0-18.0 17 3 1.5 14739 8.49 99.5 96.04 2 12.45
18.0-20.0 19 1 0.5 6859 3.95 100 99.99 0.5 3.96
2 n =200 100 173534 99.99

% FREQUENCY DISTRIBUTION CURVE
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% CUMULATIVE UNDERSIZE

% CUMULATIVE OVERSIZE
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% FREQUENCY
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% CUMULATIVE UNDERSIZE
% FREQUENCY DISTRIBUTION CURVE
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Description of particle size
mod J! €395 wew> agasuds qu
Types of distributions 1S5 328 dad el dea I
« Normal distribution. The mode separates the curve )
into two symmetrical halves.

» Positively skewed. A frequency curve with an
elongated tail towards the higher size range.

» Negatively skewed. A frequency curve with an
elongated tail towards the lower size range.

* Bimodal. The frequency curve containing two
peaks (two modes)
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Cumulative percent frequency
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Per cent frequency

Per cent frequency

Boday £ @8y sgale Baduwy Joax Le o5 131 ISidl By jlice

o wSallg negative silins 398 sl oS 13 150185l @137

Normal

—  Positively skewed

e

Particle diam.

Bunodal

Per cent fraquency

Particle diam.

| Negatively skewed

| —rT™
#
&
[
L
L
[
¥
¥

g T m{

P il

Presentation of size distribution
Evaluation of degree of skewness souall 725 slada lalsa

» The degree of skewness can be estimated by determining
interquartile coefficient of skewness (/QCS)
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(undersize)

100

~
a1

50

N
(6]

IQCS — (D75 — D50) B (DSO — D25)
(D75 = Dyg) +(Dyp — D)

Cumulative frequency distribution
curves.

Point Dy, corresponds to the median
diameter; D, is the lower quartile
point and D,; is the upper quartile

D25 DSO D75

Particle diameter

point.
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Presentation of size distribution<ak! Laul dslealls
Evaluation of distribution width d>lue i5le (a8 gil Liouall guwgs slade

» The size distribution width can be estimated by determining Span

©
o

Span= Dygy — Dy
50

50

Cumulative percent frequency
(undersize)

=
o

_____-__...> -

D1 Dso Dgo

Particle diameter

* Note: Dgy,, D5, D, are values corresponding to 90, 50
and 10% in the cumulative undersize curve.

Particle size analysis methods

Microscope methods

Equivalent diameters
d,, dy, de and dy, can be determined

Range of analysis

 Light microscope (1 - 1000 um) VoS g 3Sule ¢ o Js
 Scanning electron microscope ( 0.05 - 1000 pm) T 9L—>L>ﬂ Coalin
« Transmission electron microscope ( 0.001 - 0.05 pum) - ’ ’
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Image by light Image by scanning electron

microscope microscope(SEM)
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e

« Semiautomatic
— Particle comparator
— Image shearing eyepiece (double prism arrangement)
« Automatic

— A video camera is used to transform the image to a
microprocessor where manipulations and calculations are
done

M arcas of the grid where RBC are counted
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Image,anlysis software
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image analysis softwar

Figure 10.4. Typical image processing system.
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Particle size analysis methods

& ] e Sieve methods | 5k oo 43S
- G Jsl sy B

dclio E_quwal_ent diameter
Sieve diameter (ds)

Collecting pan

i 8 Rangeofanalysis
a3Y Olaolgs Available range: (5 - 125 000 um)
) oS ISO range: (45 - 1000 um)  &xllell ucclaall
Sample preparation
Dry sieving: for non cohesive powders Jany dhaile Olasdl 555 W
Wet sieving: for suspensions and cohesive powders *

23385 Ly
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Particle size analysis methods
Sieve methods
Techniques
bl J5Lall dye 1) Vibrated sieving: <™ &
sae gne 8 Lo Uses a sieve stack (usually 6 -8
I olelyd e SiEVES)
a3 <Lsly o The Particles are retained on sieve

wejg bid Bl mesh corresponding to the sieve
diameter.

dapbkll cla 2) Air-jet sieving: e e
go 4l o Uses individual sieves starting from
ban Sle sz that of smallest aperture.

e & 198l o vacuum is applied to encourage
byl dwse particles to pass through sieves. v

Cap (lid)
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Air-jet sieving:

Vibrated sieving:
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(1) @) @) ) ®) (6)
Sieve size | mean of Siewe fractions Nominal % %
range (um)| size range aperture | Cumulative | Cumulative 250 pm
size (um) | undersize owersize | |[==—-—-==—=-—=-1
180 um
wi (g) A I I N B 125 pm
>250 0.02 0.04 250 99.96 0.04 %
180-250 215 1.32 2.96 180 96.99 3.01 Hm
125-180 152.5 4.23 9.50 125 87.49 12.51 63 pm
90-125 107.5 9.44 21.19 90 66.30 33.70 45 pm
63-90 76.5 13.1 29.41 63 36.89 63.11
45-63 54 11.56 25.95 45 10.93 89.07 Base
<45 22.5 487 10.93 0 0 100
Sum=44 54
—&—Undersize =~ =—®=—Oversize === Frequency distribution
100.00
75.00
z
c
o
3 50.00
£
ES
25.00
0.00 =
0 25 50 75 100 125 150 175 200 225 250 275 v

Particle size (micrometer)

30



3 30 oal b auMw 33|






