Introduction to Laser Diffraction

Fundamental Principles and Everyday Uses
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Plan of Attack

B How does it work?

B \What can diffraction do?
B How does it help you?

B Strong points, weak spots

B Q&A
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Core Principle

B Can investigate a particle with light and
derive its size
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Core Principle

B\Why? Because the angle and intensity
of the scattered light depends on its size

T~

Larger Particle Smaller Particle
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Core Principle

B So all we need is a light source, a
particle, light detectors, and a German
mathematician

Joseph von Fraunhofer Gustav Mie

or

...but this guy has
a better solution
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Four Types of Interaction

B Diffraction
Reflected
 Refraction _’
Absorbed
and
_ Reradiated
B Reflection N
ﬂD| racte
B Absorption
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Edge Diffraction
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Diffraction Patterns
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Why a “pattern”?

Young's Double Slit Experiment

Light Coherent
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Constructive
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Figure 6 Intensity Distribution of Fringes

intenzity

position

Explore the future Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific HORIBA

© 2011 HORIBA, Ltd. All rights reserved.



HORIBA

Double Slit = Single Slit

HORIBA



: : : : HORIBA
A “particle” In disguise

B Light Scatter occurs whether from a

L slit, a pinhole or a particle. It occurs at
the edge of an object. A SLIT and

PARTICLE of the same size produce
the same diffraction pattern
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Size affects angle

M Large particles scatter light
through SMALLER angles

=

/7

Large Particle

Small Particle

Explore the future

9/ B Small particles scatter light
through LARGER angles
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Size affects Iintensity

B LARGE PARTICLE:

® Low angle scatter
® |Large signal

T~

Wide Pattern - Low intensity

B SMALL PARTICLE:

Narrow Pattern - High intensity ® High Angle Scatter
® Small Signal
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Other factors

M Size, Shape, and Optical Properties also
affect the angle and intensity of scattered
light

B Extremely difficult to extract shape
information without a priori knowledge
® Assume hard sphere model

B Optical properties (refractive index)
explain refraction
® Key difference between Fraunhofer and Mie
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Plan of Attack

B How does it work?

B \What can diffraction do?
B How does it help you?

B Strong points, weak spots

B Q&A
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Most flexible size analysis

B The core relationship between size and
scattered light works for:

® Nanoparticles %
® Small micronized particles ;@

® [ arge micronized particles {_:"
S B H.._‘---

Wide dynamic size range
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Most flexible size analysis

B The core relationship between size and
scattered light works for:

® Suspensions — solid-liquid

® Powders — solid-gas

® Emulsions — liquid-liquid

Flexible sample types
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Most flexible sizing

® Wide dynamic size range
B Multiple sample types

® No a priori information needed to monitor size
change

B Accuracy Is improved with refractive index
(when smaller than approx. 30 microns)

B Very fast measurement - think seconds, not
minutes

B Easy to use, easy to interpret
B First principal measurement = no calibration

Explore the future Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific



_ - HORIBA
Nanoparticle Sensitivity

M Laser diffraction can measure 30 nm!
® Typical setup is 2 light sources: red & blue
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Nanoparticle Sensitivity
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Large Particle Sensitivity
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Flexible Sample Handlers

10 ml 35 ml 200 m| powders

*\Wide range of sample cells depending on application
*High sensitivity keeps sample requirements at minimum
*Technology has advanced to remove trade-offs
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Plan of Attack

B How does it work?

B \What can diffraction do?
B How does it help you?

B Strong points, weak spots

B Q&A
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Monitor Process Quality
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*Black size distribution is internal standard

*Red result is considered a passing batch

*Blue result is a bad batch

*Highlights problem in production

*All accomplished with complex product formulation
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Monitor Product Quality

”'é “ Median (Peak 1) : 0.031 ¢m
. Median (Peak 2) : 1.75 um
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*Product quality and performance can be located at tails
Diffraction is “resolution limited” technique, but can still
have success finding outlier populations
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Minimize Sample (MiniFlow)

Colloidal Silica (weak scatterer) Magnesium Stearate
Median (D50): 35 nm Median (D50): 9.33 um
Sample Amount: 132 mg Sample Amount: 0.165 mg
" Bio-degradable Polymer

Median (D50): 114 ym

% Sample Amount: 1.29 mg
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Measurement Workflow

M Prepare the sample
® Good sampling and dispersion a must!
® May need to use surfactant or admixture

stable suspension

OOOOD

©co0o0,00
o © o O
0©

stable emulsion

o o

00 O

O
sedimentation 4 l flocculation coalescense 1 } creaming

By
.

IIIIIIIIIIIIII

Explore the future Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific

© 2011 HORIBA, Ltd. All rights reserved.



HORIBA
Measurement Workflow

B Prepare the system
® Align laser to maximize signal-to-noise
® Acquire blank/background to reduce noise

Explore the future

Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific




HORIBA
Measurement Workflow

M Introduce sample
® Add sample to specific concentration range
® Pump sample through measurement zone
®Final di
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Measurement Workflow

LA-950 for Windows - [Measurement screen]
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Measurement Workflow

B Measurement

® Click “Measure” button

— Hardware measures scattered light distribution
— Software then calculates size distribution
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lterative Calculation
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LA-950 Method Expert

There are four important tests...

I Method Expert Wizard

(%]

N ¢ -
L

—

Measurement Optimization

Welcome to the Measurement Wizard! §

This is the home for all tests which affect how the hardware collects
a particle size distribution (FSD) measurement.

Faor each test we will hold all variables constant sxcept one.
You will choose several test values for that one variable.
Multiple measurements will be collected and statistics reported
By looking at the resultant PSD graphs, statistics, and reading
the Expart Advice you will select the best value.

&) In the Circulation Speed test you will choose a range of
pumping speeds and monitar if a speed is too slow to suspend
the particle or too fast and breaks the particle.

) The Particle Concentration test finds a good light transmittance
range 5o that you add enough, but not too much, sample to
collect a robust, reproducible measurement.

&) Tofind the optimum Ultrasonic Treatment times and power

&) Measurement Duration will test the minimum number of
scans (ime) necessary for a reproducible measurement.

wi'll look at the coafficient of variation for multiple measurements.

Circulation Pump Speed
Circulation Pump Speed

Farticle Concentration
Farticle Concentration

Utrasonic Treatment
Ultrasonic Treatment

IMeasurement Duration
Measurement Duration

< Back

Explore the future
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LA-950 Method Expert

There are two important tests...

j Method Expert Wizard

&
Calculation Optimization

Welcome to the Calculation Wizard! s I a e al I a I

This is the home for tests which affect how the software calculates Real Refractive Index Wizard
the paricle size distribution (FSD) from scattered light data. R e e
eal Refractive Index \Wizar

-
Faor each test we will hold all variables constant except ane.
You will choose several test values for that one variable I I l a I n ar
Multiple calculations will be displayed and statistics reported
By looking at the resultant PSD graphs, statistics, and reading Imaginary Refractive Index Wizard
the Fxpert Advice you will select the best value.

‘ JN & =

Imaginary Refractive Index Wizard

&) The Real Refractive Index test is designed to help choose a
suitable Rl when neither dirsct measursment nor a literature
walue can be obtained

&) The Imaginary Refractive Index component is used to carrect
for non-ideal characteristics of the particle. Knowing haow to
choose a good value 15 often difficult, however, because a
direct measurement is either very difficult or impossible. Instead
we can use the LA-950 itself to help us discover the optimal
imaginary term for our method.

< Back
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LA-950 Method Expert

Why Is the test important?

What does the test do?

How will the results be displayed?
What is the best value?

User selects up to 5 values for testing
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LA-950 Method Expert

Method Expert guides user to prepare
the LA-950 for each test

Results displayed in multiple formats:
PSD, D50, R-parameter

Graph Summary | Distributions | D90.D50,D10| R Parame ter |

Diztribution Graph
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LA-950 Method Expert

HORIBA

1 Method Expert Wizard

~ 4 e

Nt

[ 3
Automation Wizard

Welcome to the Automation Wizard!

The purpose of the Automation VWizard is to teach the LA-250 how to Preparing for Measurement
analyze a particular sample so that the user need only push a single :
button to collect & measurement. Preparation I

A Condition and Sequence file will be created to automate the
process and effectively create a standard operating procedure.

Zollecting a Measurement
The entire measuremesnt process can be separated into four sections: | B ‘

Freparation, Collection, Calculation, and Output.

) Preparation is everything that needs to be done before the sample
is added to the analyzer. This includes identifying the sample, filling :
the analyzer with liquid, turming on the circulation pump, aligning the | Calculating the Measurement
laser, and taking a good background blank. Calculation

&) Collection is adding sample to the analyzer at the correct
concentration and then measuring the scattered light data over time |
i s _ Dutputting/Reporting the Measurement
) Calculation refers to the refractive index of the sample material HEREECR J
and number of iterations for the data to pass through the algarithm. Output I

&) Output consists of various wiays to save, export, and print the
measurement. The Condition and Sequence files are created here.

< Back | et > |
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HORIBA
LA-950 Method Expert

=

I Method Expert Wizard

~ ” =

lf\ Preparatian] Callection1 Calculatian] ]

Automation Wizard
Outputting/Reporting the Measurement .

Section Purpose Remember to click the & button for more information|
The measurement has been collected and calculated and can now be saved, exported, and printed for reporting.
The LA-350 was designed to meet a variety of customer preferences, so there are many ways to perform these tasks.

Once the reporting setup is finished, simply name the Condition and Sequence files used to run this method.

- Step 4. Give this Expert Method a unique, descriptive name. -
(This name is used as the output sequence file name)

@ |
-

v |Use same name for saving the condition file.

= Step 6. Fush save button.
This wizard is temporarily closed,
and the sequence file and condition file are saved.

Save Sequence and Condition

< Back | Mext |
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Plan of Attack

B How does it work?

B \What can diffraction do?
B How does it help you?

B Strong points, weak spots

B Q&A
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Diffraction Drawbacks

B Assumes hard spherical model
® Most materials are aspherical
® Error is introduced

® Data cannot be directly compared to other
technigues measuring different property

- @
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Diffraction Drawbacks

M “Optical” concentration range
® Dilution can cause stability issues
® Especially difficult for creams and pastes

stable suspension
o0

stable emulsion

0% o ;'o %
© 0%, 00
o o o o o O
sedimentation 4 l flocculation coalescense 1 } creaming
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Diffraction Drawbacks

B VVolume basis by default

® Although excellent for mass balancing,
cannot calculate number basis without
significant error

7 “\ A/Number

<—Area

Volume
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The Benefits

® Wide size range
® Most advanced analyzer measures from 30 nano to 3 milli

B Flexible sample handlers
® Powders, suspensions, emulsions, pastes, creams

H Very fast
® Allows for high throughput, 100’s of samples/day

B Easy to use

® Many instruments are highly automated with self-guided
software

B Good design = Excellent precision

® Reduces unnecessary investigation/downtime
B First principle measurement

® No calibration necessary

B Massive global establishment
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Plan of Attack

B How does it work?

B \What can diffraction do?
B How does it help you?

B Strong points, weak spots

B Q&A
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For More Information

—the go-to guidance resource
by Henk Merkus

Visit
Previously recorded webinars:
-- Laser Diffraction Performance
-- LA-950 Method Expert Software
-- Understanding and Interpreting Your PSA Results
-- Setting Attainable Size Specifications
-- “Boot Camp” Laser Diffraction 6-part Training Course
Many application and technical notes

Ask a question at

Keep reading the monthly e-mail newsletter!
Visit the to find the video and slides from this webinar.
Thank-you
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