Chapter 3. Particle Size Analysis

3.1 Introduction
Particle size/Particle size distribution: a Key role in determining

the bulk properties of the powder. ..

Size Ranges of Particles
— Coarse particles : >10 um
— Fine particles : ~1um

- Ultrafine(nano) particles : <0.1 ny (100nm)
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3.2 Describing the Size of a Single Particle

Description of regular-shaped particles: Table 3.1



Figure 3.1
- Equivalent circle diameter
- Martin's diameter

- Feret diameter

Equivalent (sphere) diameters Figure 3.2
- Eguivalent volume (sphere) diameters:
the diameter of the hypothetical sphere having the same

volume

Equivalent surface diameter:
the diameter of the hypothetical sphere having the same

surface area

Surface-volume diameter:
the diameter of the hypothetical sphere having the same

surface-to-volume ratio

StoKes diameter:
the diameter of the hypothetical sphere having the same

terminal settling velocity

Aerodynamic diameter:
the diameter of the hypothetical unit-density sphere

having the same terminal settling velocity

"Which diameter we use depends on the end use of the

information. ”



3.2 Description of Population of Particles
1) Introduction to Size Distribution of Particles

Particle size ~ diameter, dp(uMd

Data on particle size measurement

Size Range Cumulative Fraction, F.. . —F.

Count _ —_—t

d, i ~d, ;i Wm Fraction, F;| F,, ,—F, dy iv1—dp,;
04 104 0.104 0.104 0.026
4-6 160 0.264 0.160 0.080
6-8 161 0.425 0.161 0.0805
8-9 75 0.500 0.075 0.075
9-10 67 0.567 0.067 0.067
10-14 186 0.753 0.186 0.0465
14-16 61 0.814 0.061 0.0305
16-20 79 0.893 0.079 0.0197
20-35 103 0.996 0.103 0.0034
35-50 4 1.000 0.004 0.0001

> 50 0 1,000 0 0.0

Count (number) size distribution: or frequency distribution by number

s LT e d, + discrete size distribution
dpiv1—dy i

Fro = Fy = dFN(dD) EfN(dp) vs. dp
dd,

LA‘A},»IEO dyiv1—dy i
- continuous size distribution :
where £.(d,).  fraction/um): count(number) size distribution
function
f(d,)dd,- fraction of particle counts(numbers) with

diameters between 4, and J,+ dd,

-Cumulative count size distribution : F}Ka)==}%iﬁ&a%)dd , (fraction)

 dF(d,)
cf. fN(dﬁ)_poL
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Mass(or volume) size distribution function

uld,). ( mass fraction/um) : mass size distribution function
fu(d,)dd,- fraction of particle mass with diameters

between ¢, and d,+dd,

Dp%dif(dp)ddp _ dif(db)ddb
f 0, ¢ difd)dd, ]: dfd,)dd,

fM(dp)ddp: :fv(dp)

80



Volume or mass size distribution function
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Surface—-area size distribution function

wdifd)dd, _ _ difd,)dd,
[‘ndndyad, [ dnd)dd,

fs(d,)dd,=

Figure 3.4
Table 3.3

3.5 Describing the Population by a Single Number :
1) Averages

Averages

Based on count size distribution:
_ oo 1
- Arithmetic Mean: d,= | d, Ad)dd,= [ d, dF(d,) 7 11.8um

- Median © d, at F(d,)=0.5 = 9. 0um

- Mode ! most-frequent size = 6.0 um

The differences in averages come from skewed distribution with



long tail,

Other Arithmetic Means

Mass mean diameter

0 1
dyun= [, difuld)dd,= | d,dFy
or
) 5 1
J, ddiaydd, | diaFy
[ disayaa, f; & dFy

Surface-area mean diameter

df), mm

o 1
dyow= |, dfd)dd,= | d,dFy
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Various average diameters
for skewed distribution with long tail

Moment average

First moment average: arithmetic count mean

d,= [ foldﬁdF]

Second moment average: diameter of average surface area or



quadratic mean

22| surface-mean, mass(volume)-mean &2 2 second, third moment
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Geometric mean

Harmonic mean

2) Standard deviation

o=[ [ ", ayarcay) " = [ (4, dyadpaa)
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3.7 Common Methods of Displaying Size Distribution:

Standard Size Distribution Functions

1) Arithmetic Normal(Gaussian) distribution:



(4, d)’ ]dd
202 b

Ad,)dd,= f@ exp

and

O::dam%“dam%::dam%“daw%:415(dam%“daw%)

— Hardly applicable to particle size distribution

" Particles @ no negative diameter/distribution with long tail

2) Lognormal distribution :
el HnExgrdAM 4,8 nhe,2 08 mo 2 HHFEH HOo{ZICL

(Ind,— Ind,)’
2(Ino )*

dind,

Alnd,)dInd,= m exp
&

where

nd,= [ Ind, dF(d)= [ Ind, dF(ind)= [ Ind, find)dind,= Ind,

d, ,; geometric mean(median) diameter

o _ 1/2 o 1/2
lnogZ[fo (d,— D)ZdF(dp)] = [ f_oo(lndﬂ— Ind, ,)*AInd,)dInd,

o, - geometric standard deviation

o __a&jﬂa__fﬁumﬁ__[fﬁgma 12
dp, 16%

“ dp, 50% dp’ 16%

From the Table above our sample data can be plotted as follows:
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Expression of data as a logarithmic size distribution function

x Log—probability diagram

For cumulative size distribution
Ina
F(na)= [ = Aind)dnd,

|
F vs. a

probability scale logarithmic scale
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Representation of cumulative % of the data

on log-probability graph

- Monodisperse : o =0 or o,=1.0, in actual o0,1.4 (x1.2)



- Polydisperse
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3.8 Methods of Particle Size Measurement
1) Sieving

2) Microscopy

3) Sedimentation

4) Permeametry

5) Electrozone Sensing

6) Laser Diffraction

3.9 Sampling

Avoiding segregation...

- The pceder should be in moction when sampled

- The whole of the moving stream should be taken for many short time

increments. ..



