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Mastersizer 3000 Part 2:

Obtaining and Understanding the Size

Distribution
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What does laser diffraction measure?
- Laser diffraction systems measure the scattering pattern
produced by an ensemble of particles suspended in a laser
beam
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What does an optical model do? A\ Panalytical

* An optical model predicts the scattering pattern produced by
a particle
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What does an optical model do? A\ Panalytical

» And can therefore predict the scattering pattern produced by
many particles

Volume density / %
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Measures Unknown
scattering particle
pattern size

Laser

diffraction

Applied to
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size
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scattering
pattern

Optical
model




How do we use the optical model?

Measures Unknown
Laser : :
. . scattering particle
diffraction pattern e
Applied :
Optical to known S'Z;?gﬁf
model particle it 9
e pattern

Measures Uses
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pattern model
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Understanding the data inversion process“\“\\\\\

Consider the following example:

 What is the answerto 6 x 7 ?
» The answer to this is easy, it's 42!
« Working this way through the problem gives one answer

- But what is 427
e 21x2
« 40+ 2
126+ 3
- 1764
« We see that working backwards yields many possible solutions
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Use optical
model

How do we use the optical model?

Generate initial
Scattering pattern

estimate of the
Size distribution  /
derived from f}/

size distribution
Make alterations
o size distribution
theory .
- 4

Y |s difference

minimized

Scattering Pattern  /
from measurement /£

o e

Report final size
distribution

between theory and /
measurement p 4
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Scattering models: Mie Theory S\

* Models the interaction of light with matter

« Assuming that the particles are spherical
* Assuming that it is a two phase system

» Valid for all wavelengths of light and all particle
sizes

* Predicts the dependence of scattering intensity
on particle size

* Predicts that secondary scattering is observed for
small particles

‘For particles smaller than about 50um Mie

theory offers the best general solution’
1SO13320
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Mie Theory: Predicted scattering
/M‘
E— Refracted light
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Mie Theory: Optical properties

Absorption

L the Mie theory offers the best
general solution.”

1ISO 13320: 2009
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Fraunhofer Approximation S

« Same basic assumptions as Mie Theory
« Assuming that the particles are discs Py
* Assuming that it is a two phase system

* Plus the additional assumptions that
» The refractive index contrast is high (RRI > 1.73)
* The particles are opaque
» The wavelength of the light is much shorter than the particle size
» The angle of refracted light is small

* In the MS3000 software the Fraunhofer
approximation is available as a particle type.

‘The advantage of this equation is that it is relatively simple and
quick to calculate’. “The Fraunhofer approximation does not make
use of any knowledge of the optical properties of the material’.
1ISO13320
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© Malvern Panalytical 2017
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models

[ Fraunhofer Approximation
Mie Theory J
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== Mie - Fraunhofer Size Classes (um)

If the Fraunhofer approximation is applied for samples containing an
appreciable amount of small, transparent particles, a significantly larger
amount of small particles may be calculated.’

1SO13320



Scattering models: N\ matvem

Fraunhofer Approximation OQ\ Panalytical

- Disadvantages

Will produce incorrect answers when...
Particles are <50um

The angle of scatter becomes large and secondary scattering occurs.

The relative refractive index is small (<1.3) - this equates to a particle
refractive index of 1.73 in water.

- Claimed Advantage

“No need to know the optical properties of your material.”



Mie vs Fraunhofer: Data quality
advice ~
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Mie vs Fraunhofer: Data

Quality advice
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‘Rec 100 - pigment Fraunhofer U

Wamning! Fraunhofer is not recommended for

Overall data quality: Fail ()

20.07
. Obscuration is okay for this particle size.
E 15.0- Warning! A high residual, check your fit
=
Ll
o particles smaller than 2um
2 10.0-
b
E
=
L, 5.0

0.0 I F T UVTTITf T T TTTIIT] I T ELITT] T LAY T T T ThEmnf F T TTTITg
001 0.1 10 10.0

*

== pigment Fraunhofer

Size Classes {um)
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Which optical properties do we need? <

 To use Mie theory correctly we need to know three optical

properties:
» The refractive index of the dispersant
* The refractive index of the sample material
» The imaginary part of the refractive index of the sample material
» Often referred to as the absorption

‘Good understanding of the influence of the complex refractive index in the light
Scattering from particles is strongly advised in order to apply the Mie theory or
the Fraunhofer approximation appropriately.’

1ISO13320



The imaginary refractive index §<<\M:A§?§Rca|
(or absorption) AN

* The absorption can be determined by looking at the
dispersed sample under a microscope and observing its
» Shape
« Transparency
* Internal structure

* Absorption is generally required to a factor of 10
« E.g. 0.1 or 0.01 (not 0.023)

Images of some calcium carbonate
o g 9 b particles, an absorption of 0.01 would
be used for these particles.



Estimating absorption from particle \?\\\///\ygg‘gf;{}cal
appearance AN\

Appearance Absorption Example
0 Latices
0.001 Emulsions
0.01 Crystalline milled powders

0.1 Slightly colored powders

‘ 1.0+ Highly colored

(complementary) and metal
powders
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* Four main routes to refractive index information
» Reference books and the internet
* Appendix of ISO 13320
* Malvern materials database
« CRC handbook
» Manufacturers label (for dispersants)
* Online info
» Refractometer measurements
« Microscope observations
» Empirical/semi-empirical models
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Online sources for refractive index \\// Malvern

information S\ Panayica

Index of Refraction: fixed and variable ratio at given wavelength

Different presentation approaches: (A) lists all refractive index values (n or k) from 11 to 12 and (B) gives individual
® WWW u X O COI ' l refractive index values, along with more information ranging from bandgaps, to temp dependendies; o
" - rica

nging from ps, to p
depending on the material. (C) gives refractive index for variable atomic content compound
fer

materials. Explanation of materials and r n

(A) GaAs . 1: 400 [nm 12: 700 |nm  step: 50 nm |n | 9o |
(B) Ag (Silver) *| 1 1047 [nm temp: 25 degC | go |
(C): Alx)Ga(1-x)As v 11047 nm temp: 25 |degC x: 0.07 | go |

[* See also our Long List of Index of Refraction Values (A-Z)... for other materials.
[* Click here for more index of refraction terminology and variable compound discussion points.

* Refractivelndex.info

Qicg ra X Neimé@% ANFO

Qﬁgrmsﬂuaia&am database
« www.Filmetrics.com/refractive-index-database

Refractive Index Database

Opcal o on

» Google Scholar

%

0 % 1000 1200 1900
Wavelangh ()

Scholar

 Remember to look for a wavelength of 633nm for the red light and 470nm for
the blue light.
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* You can estimate the optical properties based on typical

values of similar materials.

» A Refractive Index is generally only required to 2 decimal places e.g. 1.42 not
1.4234
» Some families of similar materials are:
 Plastics and elastomers = 1.38 - 1.57
* Organic compounds =1.4-1.7
 Inorganic salts = 1.52 - 1.8
» Metal Oxides = 1.6 - 2.5

» Use the estimated refractive index as a starting point and
examine the fit to confirm the suitability of the value chosen.



Assessing the data fit
* The fit report shows the measured and calculated scattering

data
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« How well these overlay is known as the data fit

 The residual quantifies how good the fit is
* Residual = area between the two curves

25.07

20,0

15.04

10,04

Light Energy

5.0

e i Resid I=0.83‘V]
| \\\\ esidua 0
\
__-r-l.—--ﬂ'_"-.'- \\-"'-. .l"r.—-—\—\_ .
| | |
A40.0 &0.0

0.0

== Corrected Data

Detector Mumber



Weighted and un-weighted data fits

Light Energy

Light Energy
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Example - weighted

o \.\
15.0- J/ I'll
\ |
f [ 1
10.0- § . |
; N, | I,
5.0 \ | I.'
0.0 ""J/l T T ' : T
20.0 40.0 60.0
Detector Mumber
40.0
Example - unweighted
30,0 ’\
20.0 y
10.0 _
.--"'f- . I‘\\
e b yer
0.0 T — S
&% === Corrected Data-sample 1 post ultrast = Fit data-sample 1 post ultrasound
-10. T T T
20.0 40.0 60.0

Detector Mumber



Inspecting the data fit: refractive index
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* A poor fit to the focal plane detectors (< 40) suggests an
incorrect choice of refractive index

30,0

20,0

Light Energy

10.0

0.0+

incorrect choice of

Poor fit indicates
refractive index

-10.0

== Corrected Data-sample 1

“““Fit data-sample 1

Detector Number
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Inspecting the data fit: absorption index
* Misfits to the extinction detectors indicate an incorrect

absorption value
* 51 in the red light
* 63 in the blue light

Light Energy

30.09

20.0

10.0-

) ~ N

Poor data fit here indicates
poor choice of absorption

‘-/

\

0.0

T
40.0
Detector Number
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Residuals - good “rule of thumb o
» For most size distributions, the residual should typically be less
than 1%

 For a good fit, the weighted and unweighted residuals should be
of similar orders of magnitude

* A low residual is good, but the distribution should be believable

[ Poor agreement

j Record View | \

Drag column header here to group by that column ! !

| Record Number | sample Name | Particie Refractive Index | Particle Absorption mné\\ | Residual(%) | weignted Residual{%) | Dv 10{um]
T
By Black pigment 1.680 0.100 451 2.14 0.0172
16 Black pigment 2.400 1.000 1.00 1.04 0.0147

[ Good agreement




Results (%)

Residuals for very narrow distributions
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» Residuals less than 1.0 are not always achievable.
» Narrow distributions can give higher residuals than expected

Drag column header here to group by that column

| Record Kumber 4« | Sample Name Particie Refractive Index | Particle Absorption In... | Residual{%) Wieighted Residuali 3} | D 10{pm}
[T
H 17 Black pigment 1.680 0.100 451 214 Q0172
18 400nmmm 1.580 0.000 2.56 1.03 0.364
19 400nmm 1.580 0.000 3.7 104 0.364
20 400nmm 1.580 0.000 1.48 098 0.364

[ Residual greater than 1%

However the }

\\ distribution is correct

TTT T T T TTT T T TTTT] T T T T T T T TTTT]
1.0 10.0 100.0 1,000.0 10,000.0
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Assessing the data fit: Example O\ Panalytical

* The user is seeing an “unexpected” mode of small material.

* The optical properties used were:
* RI:1.4, Absorption: 0.01

10.04
8.0+

6.0+

Results (%)

4.0+

2.0+

T Trrrry T T T TTTIT T T T TTTTT] T ] T TrrTg T T T TIETT] T T T TTTTT)
010 1.0 10.0 100.0 1,000.0 10,000.0
Size Classes (pm)

0.01

= sample 2



Assessing the
Weighted fit

2507

Weighted Residual = 3.26

4

Rec 2 - calcium carbonate

Malvern
Panalytical

X

fit using 1.4/0.01

Chbscuration is ckay for this particle size,
Warning! A high residual, check your fit,

Overall data quality: Fail ()

20.1}_ S —
= .
E — 2 "\
w 15.04 [ \
& 3
£ 10.0 F e ' \
: ____p"' o = II _|
5.0 g | .
g & 1
0.0 I . - }i"(
200 60.0
Detectaor Number
“Weighted Data-calcium carbonate " Fit datajweighted)-calcium carbonate
Poor fit

Un-Weighted fit
25.07
20,0
15.04

10,0

Light Energy

5.0

Residual = 0.82
= incorrect RI

0.0

== Corrected Data-calcium carbonate

Detector Number
Fit data-calcium carbonate



Assessing the fit using 1.54/0.01

Weighted fit

25,07
20,0

15.04

Light Energy

10.0+

5.0

Malvern
Panalytical

©

4

| Rec 23 - calcium carbonate

Weighted residual = 0.48

Obscuration is ckay for this particle size.
The fit is good
Owverall data quality: Pass &

0.0

=Weighted Data-calcium carbonate -1

Un-Weighted fit

2507
20,0

15.04

Light Energy

10.0-

5.0

'Fit datajweighted)-calcium carbonats

]
20.0
Detector Mumber

Residual = 0.57 Improved fit

— -
2

0.0

== Carrected Data-calcium carbonate -1 -

] | 5
B0.0

Detector Mumber

Fit data-calcium carbomate -1.540
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Looking at th 1t S\ T
OOKINg a e reSults

100+
& 8.0
=
& 8.0
E 4.0
LA ]
£ A" \
5 |
L 2.0 "\

D-'[: ] T T ITTHR] ] I T RTIre] I I T T TR ] LR RE i T T ETrTf 1 T TTTER}

0.01 010 1.0 10,0 100.0 1,000.0 10,000.0
Size Classes {um)
== calcium carbonate -1.400 calcium carbonate -1.550

« Sample is calcium carbonate
» Reference Rl is between 1.53 and 1.63
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The optical property optimiser (OPO) S\ e

« Offers a quick way to adjust optical properties and assess the fit and result

Optical Property Optimizer L]
Records » Result graph B
Result graph Data graph Record Mumber Sample Name Frequency {compatible]
|89 calcium carbonate
10,0
Optical and Analysis Settings E 8.0
Same blue-light properties ﬂ]‘-.lon—ipherical iGenerﬁl Purpose » E'“ 5.0
i |
E 4.0
=
2 2.0
-E 0-0 T TTTTI T TTTTI T TTTTI T TTTTI T T TTITI T T TTIT| T
-E 0.01 01 10 100 100.0 1,000.0 10,0000
o 2
g Size Classes (um)
<]
A
= .
)
= calcium carbonate
0.0 10 20 3.0 Data graph
Refractive Index Data and Fit(Weighted)
250 T
Optical Property Sets JStOEJ @ Remove| | @ Remove All| 20.0
=
Use Setname Analysis model  Particle type  Refractive index  Abserbtion index  Refractive ind g 15.0-
[E] |O1'igina| Settings| General Purpose | NonSpherical |1.5? |[}.Gl |1.5'." E 10,04
o .
5.0+ g | )
-~ [ %
« n v 0.0- T T =)
20.0 40,0 60.0 o
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Setting optical properties of mixtures S\
« Sensitivity to optical properties increases as particle size decreases.

@) i[e]sl M Consider the smallest
» Set the optical properties to suit the finest particles.

@Joilels”A Consider the average

 Calculate the volume-weighted average optical properties.
» Accept there may be errors in the fines.

@Jolile]s eI Consider using Fraunhofer

« Use the Fraunhofer Approximation.
» Accept there may be errors in the fines.
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Plastisol — a real life example QO Panalytical

* Plastisol uses include:

» Slush moulding
 Textile ink
» Binder in Electric Solid Propellant (rocket fuel)

* Plastisol is a suspension of PVC particles in a liquid
plasticizer:

Refractive index Absorption

Blowing Agent 1.76 0.1
Filler 1.59 0.1
Pigment 2.51 0.01
Polyvinyl chloride 1.54 0.01
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Plastisol — by optical properties A\ Panalytical

1.76/0.1 | " 1.59/0.1

Blowing ‘! N Filler
agent ¢ . / \

Volume Density (%)
-“\\\‘\_‘_‘_\>
kx\
Volume Density (%)
i EEEES
. o
; )

2.51/0.01 N 1.54/0.01
Pigment,+ 2 PVC
g /\/ 3

Size Classes (um) Size Classes (um)




\\\/// Malvern

Plastisol — by fit and residual A\ Panalytical

1.76/0.1 1.59/0.1
Blowing i Filler
8 /
agent o~ N A
? ? Loy f \ Y/ : :
E‘ E\ 4= e l |
= ! = _ | |
= — £ I' |"I
a . T I | 0 — | T T
20 40 &0 20 40 &0
Detector Number Detector Mumber
Sample Name Dx (10) {(pm) Dx (50) (mm) Dx (30) (um) Residual (%) Weighted Residual (3%)

plastisol 1.76/0.1 0624 7.705 27053 070 0.26

0.655 4,606 23874 0.86 | 126 |
plastisol 2.51/0.01  1.069 8740 28163 0.72 0.26
251/001 17492 171 I EX I 154/001

plastizal 1.54/0.01 0261 0.713

Pigment PVC

Light Energy
=
I
J
Light Energy
= H
T T
q:""-m
‘-\ -
_,-'—""'—’/

i
1
n
1

0= T I I 0 2 T T = =]
20 40 0 20 40 &0

Detector Number Detector Number




Plastisol — which optical
properties to chose?

176/0.1
Blowing
agent

Volume Density (%)
i i

2.51/0.01
Pigment,+

a
g

T T T T rrom T T orrrm
100.0 1,000.0 10,000.0
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» Similar residuals
* Unresolved peak in 1.76/0.1
« Sample knowledge:
* Blowing agent >10um
* Pigment <1um
- Laser diffraction knowledge:
» Sensitivity to optical properties
Increases as size decreases

» Select 2.51/0.01
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Plastisol ) N
—— Plastisol
6 Plastisol + residue
— Plastisol + residue
after ultrasound
4
&
z
=
&
i F]
E
=
£
:-_I'_
'D | I||IIII[ | III|||I| | IIII||I| 1 |II1III| [ ||r|.|1|| | |||III||
001 a1 1.0 10,0 100.0 1.000.0 10,000.0

Size Classes (um)



Volume Density (36}
¥ §

Plastisol

4

Malvern
Panalytical

400 pm



Volume Density (%)
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Pigment — a real life example of using the OPO
» Red ink

* Expected Dv50 120nm
* Red 1.47/0.01 & Blue 1.42/0.01 (reference)

10,0+

l 120nm

8.0+

Record Number Sample Name D (50) (um] Residual (%) Weighted Residual (%)

1.47/0.01 & 1.42/0.01

6.0

4.0+

20+

0.0 T T T TTTTT] T T TTTIT] | T T TTrTT] I T TTITT] I T T TTrr] T TTTTT]

001 01 10 10.0 100.0 1,000.0 10,000.0

Size Classes (pm)



Light Energy

Light Energy
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Looking at the fit report for the red ink
* Check fit report

2.0+

1.0+

0.0

-1.04

-2.04

8.0+

6.0+

4.0

204

Unweighted fit

Weighted fit

T — "

0.0

I } |
200 40.0 L

Detector Number



Light Energy
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Red ink
* Check fit — red light only

5.0 Weighted fit

4.0~

3.0 n

2.0+

10- A /\

0.0 | | l
20,0 40.0 60.0

Detector Number

Record Number Sample Name Dx(50) (um) Residual (%) Weighted Residual (%)
3 Red ink 0.179 5.80 4.09
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Optical Property Optimizer

Records M Result graph
Result graph Data graph Record Number Sample Mame Frequency (compatibie)
] 12 147/0.01 & 1.42/0.01
10.0
Optical and Analysis Settings & 8.0
>
Different blue-light properties ‘}jNon—Spher’tcal m MNarrow Modes E
a3
10.0 £
G
10 -
= . Y
% T TTTTTIT 1 TTTTI0] 1 T T TTTTI 1 T T TRy 1 T TTTTI 1 Trrrmn
= 01 10 10.0 100.0 1,000.0 10,000.0
o
2 Size Classes (um)
B2
2
o
< ~
=—[12] 1.47/0.01 & 1.42/0.01-01,/04,
Data graph
Refractive Index Data and Fit(Weighted)
6.0
Optical Property Sets l \@ Store| & @
=
&= 4
Use Set name Analysis model Particle type Refractive index Ab: @ ol
= ‘Origmal Settings | MNarrow Modes |Non5pherfcal |1,-’-1? ‘0.0] ;
2 2.0
¢ m T
- 60.0

Record Number Sample Name Do (50} (pm) Residual (3:) Weighted Residual (26)
1.47/0.01 & 1.42/0.01
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Optical Property Optimizer

Records s

Result graph
Result graph Data graph Record Number Sample Name Frequency (compatible)
[ 12 147/0.01 & 1.42/0.01
8.0+
Optical and Analysis Settings 3
: =
Different blue-light properties EﬁNon—SpherEcal w MNarrow Modes w g
a8
100 £
=2
o
=
1.0
@ —
- T T TTTTI] T T TTTTTI 1 T TTTTI 1 T TTTTTT] 1 T T TTTTTT 1 T TTTTIm
= 01 0.1 1.0 10.0 100.0 1,000.0 10,000.0
= RE
2 Size Classes (um)
o
2
z
Rid Alg A
1. 001 EN g =—[12] 1.47/0.01 & 1.42/0.01-01/04,
0.0001— T T |
0.0 1.0 20 3.0 Data graph
Refractive Index Data and Fit(Weighted)
) ) 6.07
Optical Property Sets [ y) Store d T | @
=
= ad
Use Set name Analysis model Particle type Refractive index Abs E %0
] ‘Origmal Settings|Narr0w Modes |Non5pherfcal|l.4? |0.0] ;
& 2.0
‘ mn T
= 60.0

Record Number Sample Name Dx (50} (pm) Residual (%) Weighted Residual (%)
1.47/0.001 & 1.42/0.01
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Optical Property Optimizer

Records - Result graph
Result graph Data graph Record Number Sample Name Frequency (compatible)
¥ 13 147/0.001 & 1.42/0.01
10.04
Optical and Analysis Settings £ 8.0
< 2
Different blue-light properties ['5 MNeon-Spherical m Narrow Modes w g 5.0
a
100 £ s
. ] 2.0
é OG 1 T TTTTTIT T T T TTTTIT 1 T TTTT 1 ]ﬁ]]l] 1 T TTTT 1 T
& 01 — 0.01 0.1 10 10.0 100.0 1,000.0 10,000.0
5 3 g Ad
= Size Classes (um)
o
2 O
£ —
< Rd Al ”
0.001 -
} —[13] 147/0.001 & 142/0.01-01/0-
0.0001- T T 1
0.0 1.0 20 30 Data graph
Refractive Index Data and Fit(Weighted)
_ B 6.0
Optical Property Sets l o StoreJ [ @ Remo\.rel [ @ Remaove All
=
=] _
Use Set name Analysis model Particle type Refractive index Abs E A0
1 |intermediate Narrow Modes | NonSpherical | 1.47 0.0C ;
] Original Settings | Narrow Modes | NonSpherical | 1.47 0.0C 2 2.0
final Narrow Modes | NonSpherical | 1.47 0.0C _/\
0= T T T
200 40.0 60.0

Record Number Sample Name Dx (50) (pm) Residual (3:) Weighted Residual (%)

15 147/0.001 & 1.42/0.02 0.125 5.50 214




Volume Density (%6)
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10.0+

8.0+ —— Original data

i —— Final result

4.0

2.0

N\

Dﬂ I LR | 1 I II-II!lll 1 LI | I LR i LR | LR

0.01 0.1 10 16.0 100.0 1.000.0 10,000.0

Size Classes (um)

Record Number Sample Name Do (50) (pm) Residual (3:) Weighted Residual (6)

12 147/0.01 & 1.42/0.01 0.046 5.78 17.05
| 15 1.47/0.001 & 1.42/0.02 0.125 5.50 214 I

* Dv50 now 125nm
* Close to expected value of 120nm
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Analysis Models A\ Panalytical

» Using a particular analysis model enables the software to
better interpret the light scattering data.

» General purpose
» Suitable for the majority of samples

@ D

P—
/J\ General Purpose v

This model is appropriate for most samples, including naturally occurring and milled
materials. You should select this model unless you know that your sample meets the
more specific requirements stated for the other analysis modes provided for the
Mastersizer 3000 system.

Use the 'Keep a single result mode' option in the Advanced settings to force the
analysis to only report the most significant mode present within the sample.

W Y
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Analysis Models A\ Panalytical

» Using a particular analysis model enables the software to
better interpret the light scattering data.
* Narrow modes

» Suitable for samples with modes spanning much less than a decade in size

i . -
I Advanced analysis settings Elﬂ-rg
i.”;; Narrow Modes i Y 9

Analysis Modes 1]

This model is appropriate for samples consisting of one
each mode spans much less than a decade in size. It is 1 ["|:Keep a single result mode
distributions which exhibit more than one peak.

Use the 'Keep a single result mode' option in the Advan

analysis to only report the most significant mode presey Dbt Deicc i L
Mumber of inner detectors to kill: 0
Red Light Only 1]

["] Remove Blue Light from Analysis
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Analysis Models A\ Panalytical

» Using a particular analysis model enables the software to
better interpret the light scattering data.

* Verification latex
» Suitable for use with very narrow latex size standards

Verification Latex

This model is designed to enable the analysis of one or more very narrow Latex size
standards, such as those used during the verification of the Mastersizer 3000 optical
bench performance.

Use the 'Keep a single result mode' option in the Advanced settings to force the
analysis to only report the most significant mode present within the sample.

N\ /




7 Mal
: . ] \\\\\\\<<\ P:n‘;?;acal
Particle shape, irregular or spherical? ™

* Irregularly shaped small particles (<1um) depolarise light
more strongly in one direction

* The Non-Spherical option enables this high angle scattering
to be correctly interpreted.

* Non-Spherical is the default option as the majority of
materials are irregular

? r“ |
’ ﬁ Non-Spherical D

This particle type is applicable for particles which are irregular in shape, or have a
rough surface structure, For example, it should be selected for milled or crushed
materials.

This type uses Mie Theory, and therefore requires input of the optical properties of
your sample in order to calculate a particle size distribution. The advantage of this is
that it provides the possibility of obtaining accurate size distributions for all particle
sizes.

| N Y 4
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Particle shape, irregular or spherical? S\

» Spherical samples are rarer but will include glass beads,
latex spheres and emulsions.

% ?)

G Spherical X

This particle type is applicable for particles which are perfectly spherical in shape. For
example, it should be selected for polymer latex samples or for emulsions.

This type uses Mie Theory, and therefore requires input of the optical properties of
your sample in order to calculate a particle size distribution. The advantage of this is
that it provides the possibility of obtaining accurate size distributions for all particle
sizes.

Q& 4
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Fine powder mode AW\ Panalvtical

 This removes the noise on the inner detectors caused by

temperature gradients in dry powder feeder measurements
» Or from using ultrasound in organic solvents

* [t is only used in measurements of samples which are finer
than 600 microns
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Understanding the size distribution §<<B"aar',‘;?§{}ca|

* The Mastersizer 3000 system is designed such that equal
volumes of particles of different sizes produce a similar
measured scattering intensity.

* The size distribution is reported as a volume distribution as
this best reflects the sensitivity of the system.

« What does this mean in practice?
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Particle size distributions A\ Panalytical

* If a sample contains particles that are all the same size
It is described as monodisperse

000000

* Most real world samples will contain a distribution of
particle sizes and are described as polydisperse

00000

© Malvern Panalytical 2017
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Understanding distribution weighting <

* If we have a sample made up of 3 particles
» With diameters of 1, 2 and 3 units.

© O
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Understanding distribution weighting

* If we measure the sample by a counting technique (such as

microscopy) we get a number weighted distribution...
* And each particle contributes equally

35 -

Frequency / %
—_ —_ N N w
o (@)} o (6} o

()]

o

1 2 3
Size / units

© Malvern Panalytical 2017
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Understanding distribution weighting )

* If we measure the sample by laser diffraction we get a

distribution weighted by volume
» And the largest particle features most prominently

70 -

Frequency / %
N w B an (@]
o o o o o

-
o

o
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Real example of number and volume \// P rtical
distributions i

—\Volume distribution = —Number distribution
25

- N
&) o
| |

Frequency / %
S

O I | |
0.1 1 10 100

Particle size / um




\\\/// Malvern

' ' f - N\ Panalytical
Representing the size distribution A\

* The particle size distributions are plotted on a
logarithmic axis

8.0

6.0

Results (%)

4.0 \

/]
,ﬁf""‘"‘““"’ﬁ\,.-/ \\

,nf""##‘f \'x
n-n ) T T TTTTT] T I ' TTTTT] T T T TTTTT] T T T T TTTT] T T T T TTTT] I " TTTTT)
0.01 0.10 1.0 10.0 100.0 1,000.0 10,000.0

Size Classes {pm)

Concentration 0.0834 % Span 0.910
Uniformity 0.277 Result Units Volume
Specific Surface Area 104.6 m*/kg Dv (1) 38.670 pm
D [3.2] 57.344 pm Dv (500 61177 pm
D [4,3] 64.046 pm Dv (90) 94.343 pm
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* Median = midpoint of the distribution
* Mode = most commonly occurring size class

Gaussian Distribution

Median Mode

% Volume

Diameter
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PSD Statistics: Median and Mode

* If the distribution shape is more complex then these
parameters will diverge

Bimodal Distribution

% Volume

A

Diameter
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PSD Statistics: Percentiles
* Percentiles are the size below which there is a certain

volume of the sample
* Taken from the cumulative distribution

% Volume

l 2 2 2

Dv10 Dv50 Dv90

Diameter

Record Number Dx (10) (um) Dx (50) (upm) Dx (90} (um)
43 208 3.32 343

 Default parameters in the trend table
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 Percentiles can be referred to in several ways
« The 50t percentile
« DV50
« D[v,0.5]
* xo5 (inthe ISO standard)

* The ‘v’ signifies that the percentile is from a volume

distribution
« Dx50 is used when the result may be volume or number

* The Dv10 and Dv90 are also reported by default
 Other percentiles can also be reported
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PSD Statistics: Mean particle sizes S\

* The most familiar mean is the arithmetic mean
' +20+3" 1+2+3
10 4+ 20 4 30 3 B

* Laser diffraction does not use the arithmetic mean
» As it measures the volume of particles, not the number

» Laser diffraction reports the volume weighted mean
« D[4,3]

* And surface area weighted mean
« D[3,2]

an — D[l,O] —
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Different types of average A\ Panalytical
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Different types of average A\ Panalytical

Number 10.33
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Value
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Different types of average
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Number 10.33
Value 4.31
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Different types of average A\ Panalytical

Number 10.33
Value 4.31
Weight 68.9
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PSD Statistics: Volume weighted mean S

* D[4,3] is sensitive to changes in the coarse particle fraction
» Useful for monitoring milling or dispersion

15.07
3
= 10.0
w1
T
(&
£
5 50
=]
pt

'-l}-"] ] T TInnrg ] T rrnEl] ] I T rperry ] ] Ii.i.ill| ] LB L LR | ] | B R
0.01 0.10 i0 10.0 100.0 10000 10 000.0
Size Classes {pum)
== 7_sample 1 ultrasound === g-sample 1 ulirasound

Record Number  Sample Name  Dx (10) (um) Dx (50) (pm) Dx (90) (um) D [3.2] (um) D [4,3] (pm)
7 sample 1 ultrasound 2.55 492 30.6 478 112
g sample 1 ultrasound 238 421 20.0 411 7.85
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PSD Statistics: Surface area weighted mean

* D[3,2] is sensitive to changes in the fine particle fraction
» Useful when surface area is important

15.0
= 100 ;
= f
L4 |
[ | | |
L 1] |
5 5.0 [
=]
=

ﬂ-{: ] LR 1 LR I ] IIIIH-| I- L ernng I 1 I.HH-I!III| ] I ¥ T TTHN)
0.01 0.10 1.0 10.0 100.0 1,000.0 10,000.0

Size Classes [um)
we [4] Average of ‘LHI0LH100 1090 11 = [3] Average of 'LH3kLH100 5:495 1k

Record Number Sample Name Dx (10) (um) Dx (50) (um) Dx (90) (um) D [3,2] (um) D [4,3] (um)
4 Average of 'LH300:LH100 10:90 1bar 14.9 162 275 344 165
3 Average of "LH300:LH100 5:95 1bar a0.3 168 279 291 175
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PSD Statistics: Other parameters
* Span is a measure of distribution width

(Dv90 — Dv10)

Span =
Dv50
_— Broad sample 8.619
g s000- Narrow sample 0.695
* |
= 20001
: |
o 100.0 |
5 /\\_/\
s 0.0 T T T TTIR0] T 1 lIIIlI|1#.a-TFTIt1]II|I T T T II000] T T T TTR0I] T T T TTIT6]
001 01 1.0 10.0 100.0 1,000 10,030.0

Size Classes [um)
== Average of 'broad sample 105 Average of "Marrow sample’
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PSD Statistics: Other parameters

* The Uniformity describes distribution spread

(has a lower value for narrower distributions)
Z VllDUSO — Dll

Uniformity = D503V
i

Dv50 = median

D; = diameter of size class
V; = volume in size class _m Umformlty

Broad sample  8.619  2.525

s 400.0
£ Narrow sample 0.695 0.213
‘_é" 300.0
£
2 200.0
z
u 100.0+ |
5 _,/\\—//\
£ Q-7 T T TTITEIf I T IIIII.I|1-..".=T-FTIF1III|I T I T TTITT] T T T TTETH] T T T TTTTI}
001 0.1 1.0 10.0 100.0 1,000.0 10,0000

Size Classes {um)

== Average of 'broad sample 105 Average of "Marrow sample’
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PSD Statistics: Other parameters

» Specific surface area

 Total surface area of particles in the sample divided by their total weight
* Requires the density of the material to be input on the Material page of the
SOP/record (default value is 1g/cc)

« Concentration
* Volume concentration (%) is calculated using the Beer-Lambert law



Chose a parameter that is sensitive to \\:// Malvern
the changes you wish to monitor A\ Fanay

50% Dv1 O(X
Result below {sizey
70%

Dv10 Dv50 Dv90



