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- HORIBA
Method development overview o

« Consider Goal(s): Reproducible method that tracks product
performance

« Choose measurement approach (dry vs. suspension)
« Choose Refractive Index (real and imaginary)

« Vary measurement settings that can influence result
— Dry: measurement duration, concentration, air pressure

— Wet: sampler selection, dispersion, duration,
concentration, energy (mixing + ultrasound)

— Rough out working values
— Systematically test near working values.

« Test method (reproducibility)
— Meet ISO, USP or internal guidelines =
— Check COV at d10, d50, d90

partica &

© 2021 HORIBA, Ltd. All rights reserved. 2



Goals

HORIBA

* Reproducible method that tracks product performance

- Accuracy: tricky subiject, is it the “real” particle size?

* Repeatability: liquid suspension re-circulating in sampler
* Reproducibility: prepare, measure, empty, repeat

- Resolution: optimize to find second populations

- Match historic data (sieves), but quicker, easier technique

« Use structured approach for any decision/choice that may
Influence result

- Have data to support selections made
«  Document process so colleagues understand your choices

1.0
0.9
0.8

07 . . =
lunderSIze error of +/-20%

0.5 —f----remrmm e e [/
i A
S AT T R ——— o0y

03

0.2+ R
i | | sizeerror
P11 of H-5%
il 1 G
| | | 1 | |
20 40 60 80 100 120 140
SIZE IN pm

0.1+

© 2021 HORIBA, Ltd. All rights reserved.



. . HORIBA
Accuracy vs. Precision

HIGH ACCURACY
HIGH PRECISION

LOW ACCURACY
HIGH PRECISION

HIGH ACCURACY
LOW ACCURACY LOW PRECISION
LOW PRECISION

(A) Low accuracy, low precision measurements form a diffuse, off-center cluster

(B) Low accuracy, high precision measurements form a tight off-center cluster

(C) High accuracy, low precision measurements form a cluster that is evenly distributed but distant from the center of the target
(D) High Accuracy, high precision measurements are clustered in the center of the target.
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HORIBA
Accuracy Scien

Is it the “real particle size”?
- Comparison to referee technigue
* Microscope (image analysis) is referee technigue for particle characterization

- For submicron particles, also consider DLS and Nanoparticle Tracking analysis,
though TEM images are more convincing.

- Compare to sieving or historical data

Focus on precision, in the worst case, you can build a
correlation.

Adjustments to analysis (e.g., refractive index) are easier with

good precision.
Very hard to build a correlation without precision.
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Image Analysis

HORIBA

Scientific

Take a picture, analyze
for size and shape
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. HORIBA
Types of Precision

Repeatability

Prepare sample, add to wet sampler, re-circulate, measure
same multiple times (suspensions only)

Provides limited information (mostly a test of analyzer
performance)

First test of a method

Reproducibility
Prepare sample, measure, drain, repeat (suspensions + dry)
Distinguishes great methods




Reproducibility

HORIBA

Scientific

Frequency %

24 Samplings of Polystyrene Latex

Size (microns)

Yes, we
emptied
instrument
between each
analysis.
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Reproducibility HORIBA

Reproducibility: prepare, measure, empty, repeat
What would be good reproducibility?

Look at accepted standards

Measure 3 or more times, calculated COV at d,,, dz;, dg,
COV (RSD) = st dev/imean * 100

1SO13320 | Note: double all limits
COV < 3% at median ds, when d,, ds,, Or dg,
COV <5% atd,;; &d g, < 10 microns
USP<429>

COV < 10% at median d
COV<15% atd,; & d ¢
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Repeatability HORIBA

Test repeatability first!

If possible, check repeatabillity by leaving sample in the analyzer
and running a multiple times.

This lets you separate issues with reproducibility from
repeatability. Your reproducibility is unlikely to be better than
repeatability.
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] HORIBA
Resolution

» Abllity to measure small differences in particle size.

- Small differences between successive samples (different
production lots) are most important. This is tied to reproducibility.

* Detection limit of small amount of material outside of main size
distribution.

- Best defined by user’s real-world requirements.

© 2021 HORIBA, Ltd. All rights reserved. 11



High Resolution?

HORIBA
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Resolve size difference between two
materials of similar size

552nm and 600nm PSL
Measured separately: high resolution

Measure mixed together: peaks would
blend and you cannot discern two
populations.

Directly connected to reproducibility. If
your result is +/-5%, then you can't
resolve a 2% change.
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Separate peaks

HORIBA

Scientific
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Resolution of multiple modes in a single sample
Next peak at least 2x of previous size

{ )
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Separate Peaks

HORIBA

Scientific
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Next peak 2x of previous size

100pum,
200um,

400pm
glass beads

Resolution is independent of where you are on size scale
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ey = . HORIBA
Identifying Trace Impurities
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HORIBA
Dry vs wet? Scientifie

Wet:
if your sample is already in liquid dispersion

smaller particles (<10 microns>) that need
liguid to keep agglomerates apart

need to use surfactants

Dry:
sample is already a dry powder
larger particles

16
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HORIBA
Workflow HOR

First determine RI

Choose dispersant (water, surfactants, hexane, etc.)
Sampler selection: sample volume

Pump & stirrer settings

Concentration

Measurement duration

Does the sample need ultrasound?
Document size-time plot
Disperse sample, but don't break particles
Check for reproducibility

© 2021 HORIBA, Ltd. All rights reserved. 18



HORIBA

ontifi«

Refractive Index

Refractive index affects accuracy, but not repeatability

Real component via literature or web search, Becke line, etc.
Measure sample, vary imaginary component to see if/how results change,
choose value that minimizes R parameter error calculation

" Graph Type Refractive Index (R) Median Size Chi Square R Parame ter 3
— 1.57-0. 0I[1.57-0.0I( 1.570 - 0.000!),Water( 1.333)] 20.41485(|.|m) 0.327785 0.054077 3
C— 1.57-0.1i[1.57-0.1i( 1.570 - 0.100i),Water( 1.333)] 18.65780(pm) 0.177736 0.036778 2
10— 1.57-1.0i[1.57-1.0i( 1.570 - 1.000i),Water( 1.333)] 18.18505(pm) 0.218785 0.053589 3
¢ - g
a0 =
e h - s e
More in the refractive index webinar at :
https://www.horiba.com/en en/products/by-segment/scientific/particle-characterization/particle-analysis-webinar-series/
19
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HORIBA
LA-960 Method Expert 4 Lh

™

“ ’ @ .] - Real Refractive Index Wizard | Imaginary Refractive Index Wizard

Calculation Optimization
Imaginary Refractive Index Wizard -Result-

Graph Summary | Distributions | D90,050,D10 | R Parameter |

Wms ows o o wss e, Becasccancnasnsnsans "
1 T Tmaginary_R-T58 000 ———— &+

\ Imaginary_RI- 1.58- 0.01i

- P ! Imaginary_RI- 1.52- 0.10i :
é 1 '/ S . Imaginary_RI- 1.58-1.00i « R
5 L . Imaginary_RI- 1.58-10.00i '

— I"l"l"|'f1'|'|"""i"I'l"'\"\'1'f"71"""‘l —
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R Parameter
'

\\\

0.110 L i o e e

| o
1.58- 0.00i
Refractive Index Refractive Index

R Parameter

Na(micro

1.58-10.00i

Step 6. Choose the best value
Please Select the parameter listed below which provides the best particle size distribution.
If you would like assistance choosing the best value, please click the help symbol to the right.

Imaginary_RI- 1.58- 1.00i .'_I
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- ] HORIBA
Dispersant Choice

Which liquid?
Water is easy to handle and
inexpensive so it is quite popular.
Choose organic solvents
when dispersion in water is
difficult or if particles are water
soluble.

Set up vials or beakers
with each candidate
dispersant. Gently put
a little bit of fine
particle on the top of
each.

Poor wetting can lead to poor
accuracy (evaluating loose
agglomerates rather than primary
particles) and repeatability
(variatins in agglomeration.

© 2021 HORIBA, Ltd. All rights reserved. 21



HORIBA

Scientific

Good wetting: particles separate

Poor wetting: particles don’t and stream through surface

break surface tension

© 2021 HORIBA, Ltd. All rights reserved. 22



- H RIBA
Sample Handling b

Agitation and sampling (sample volume) affect repeatability.

Larger, broad distributions require larger sample volume
ezl Dispersing Volume (mL)
Sample Handlers
Lower volume samplers for precious materials or solvents
Aqua/SolvoFlow 180 - 330
MiniFlow 35 -50
Fraction Cell 15
Small Volume 10
Fraction Cell
Median (D50) Median (D50):
| .
Median (DSO) 35 nm Sample 9.33 Hm
114 pm Sample 100 42 Amount: oo 12 Sample 100
= 132 mg
] 5—60 % _ ;so g éso %

© 2021 HORIBA, Ltd. All rights reserved. 23



Pump and Stir Start HiorIBA

*  Must be high enough to Measure 2 or 3 times in a
suspend & circulate heavy row

particles-if too low speed,
larger particles won't be
measured and apparent size
decreases with time.

Size going Increase stir/

* Add sample to 85-90% down? pump speed
transmission.

* Do this to get in the right
neighborhood before

systematic study. Increase level Bubbles

reduce stir / pump (bonus large
speed particles?)

© 2021 HORIBA, Ltd. All rights reserved. 24



Concentration

HORIBA

Laser diffraction works best in limit of zero concentration
High enough for good S/N ratio
Low enough to avoid multiple scattering

Typically 95 — 80 %T

Rough out pump/stir

Add sample to ~95% T (low concentration)

Measure size

Add another drop to go to ~90% T—-> Measure
Add another drop to go to 85% T > Measure

0.6

1 ‘\‘\j—‘ 105
_ 104

13 &

w 40 =
Review results (see graph). Size changes with 5 0 Las
T% or extra peaks? Concentration too high, fg | «— Lgy
T% too low. ] , ]
97 .4 951 a5.2 Q4.7 936 925
Red Transmission %
© 2021 HORIBA, Ltd. All rights reserved. 25



Duration

HORIBA

» Long enough for reproducibllity
« Typically 5 sec (almost always...)

* Longer time for large, broad
distributions

 Can be automated In software

» Could be used for robustness testing
during method validation

Check repeatability. If size is varying at
random, try increasing duration or
concentration.

"I Method Expert Wizard g

—_

. Circulation Purnp Speed | Particle Concentration | Ultragonic Treatrment ‘

Measurement Optimization
Measurement Duration Wizard

Remember to click the & button for more information.

This test will discover the minimum data acquisifion fimes (i.e. measurement duration) necessary for good reproducibilit
If the measurement time is too short, the result may not represent the particle size distribution of your sample

To evaluate what effect measurement duration has on the result choose several detector scansftimes (Step 1)
Larger numbers indicate longer measuremsnt times

Test results will be presented using particle size distribution graphs and their D10, D50, and D90 statistics.

Step 1: Check the box of any measurement duration for test

Test Value 1. ™ 5000(Default) Step 2 Push "Exectte " button

Test Walue 2. ™ 10000 This wizard is temporarily closed,
TestValue 2 I 50000 and the test sequence Is executed.

Test Walue 4. ™ 100000

edtVale S T H00000 Execute Test Sequence >>

(see BExpert Advice for more information)

< Back

© 2021 HORIBA, Ltd. All rights reserved.
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i _ i HORIBA
Ultrasonic Dispersion Scientifis

Adding energy to break up agglomerates — disperse to primary particles, without breaking
particles

Similar to changing air pressure on dry powder feeder
Typically set to 100% energy, vary time (sec) on
Investigate tails of distribution
High end to see if agglomerates removed
Small end to see if new, smaller particles appear (breakage)
Test reproducibility, consider robustness
Note:
Do not use on emulsions
Can cause thermal mixing trouble w/solvents - wait
Use external probe if t> 2-5 minutes

More in the sampling and dispersion webinar at :
https://www.horiba.com/en en/products/by-segment/scientific/particle-characterization/particle-analysis-webinar-series/

© 2021 HORIBA, Ltd. All rights reserved. 27
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Ultrasound

HORIBA

10

On board ultrasound can break
up loose agglomerates. CGraph Typs Remarke 1 MedianSize |
i 1= No Ultrasound  74.41438(um) =0
SE=F 5 sec US 66.39429(um) :
Get sample at middle of T% A H T Rk et
- P 1—  20secUS 56.54691(pm) | :
range and rough pump and stir. of []— 40secUs 49.78359(um) | 0
I 60 sec US 45.37601{pm) §
§ ] S = 5—50 E.E
Measure |
Ultrasound 10 sec~> measure
10 more seconds - measure ¥
Etc- 25 é—zo
Review results. No significant = = oSN
change means way too little or Diameter

you don’t need it. If changing, go

to where size stops changing. If you need a lot of ultrasound, use

an external high power unit.

© 2021 HORIBA, Ltd. All rights reserved. 28



Plot summary data

HORIBA

Scientific
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Reproducibility HORIBA

Need the same answer after drain and refill. Sy p—-—
D”Ven by 72 . -an
« Concentration repeatabllity/sensitivity—> T%
« Hard to hit the same T%, predilute before adding 3 &
« Ensure the suspension is well mixed to entrain all particles, " 2
even large ones that settle. > 10
- Suspension stability (e.g., agglomeration or e

dissolution with time)

* Check rinsing here. Do you get your old baseline
back?

© 2021 HORIBA, Ltd. All rights reserved. 30



Systematic reporting

HORIBA

‘,JI ITI

- Systematically measure at several settings &
select optimum (repeatability)

*  Pump +/-1

o Stir +/-1

« Ultrasound +/- 10 seconds
« T% +/- 5%

- Write a report to yourself so you understand
your choices.

Exp # | Agitation | Circulation | Dmean (nm) Dio(nm) | Dgo(nm)
1 1 1 187.03 137.5 245.7
2 1 3 184.23 135.9 242.1
3 3 1 187.28 137.8 245.8
4 3 3 184.61 136.1 2425
5 1 1 185.32 136.3 243.7
6 1 3 184.04 135.8 241.8
7 3 1 184.13 135.8 241.9
8 3 3 184.98 136.4 242.9

Automation Wizard
Measurement Preparation .

— Step 1. How will dispersant be delivered to the instrument? Howr much?

- |Choose fill level j Wait time after Io—(s) ‘
— Step 2: Choose a circulation pump speed

' |Choose pump speed | Waittime after [0 (3) ‘
= Step 3. Choose a agitation stirrer speed.

. |Choose agitator speed | Waittmeatter [0 (g) ‘
— Step 4. Dehubble the instrument?

& “No C Yes Waittime after IO—(S) ‘
— Step & Blank check ofr instrument cleanliness?

W F Mo © Yes Wattmeafter [0 (3] ‘

Back | Next |

© 2021 HORIBA, Ltd. All rights reserved.



Reproducibility

HORIBA

58 methods

Laser diffraction for PSD
If RSD for d50 < 20%, then
acceptable for QC

environment

Note: RSD increases with
decreasing size

.. Not acceptable per USP<429>

e ™ O — ]|

.00 100.00 150.00 200.00 250,00

dyy Szo (microns)

*Barber, Keuter, and Kravig, A Logical Stepwise Approach to Laser Diffraction Particle Size Distribution Analysis Methods
Development and Validation Pharmaceutical Development and Technology, 3(2), 153-161 (1998)

© 2021 HORIBA, Ltd. All rights reserved.
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Sampler Selection

HORIBA

Scientific

Remove points from not acceptable region using Fraction Cell

..o Not acceptable per USP<429>

£ 12
*

>

oo 0,

8
]
it -
2
0

1
-
.

Y
. ¢ N
. o 3

— . __J
\

000 50.00 10000 150.00 200.00
dyy Sz (microns)

[ ©« Not acceptable

000 .00 100.00 150.00
dy, Sze (microns)

200.00

Systematic analysis gives good hint about fraction cell use and importance of pumping for

larger particles.

© 2021 HORIBA, Ltd. All rights reserved.
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HORIBA

Automation

4 o
i.— Circulation Purmp Speed | Particle Concentration Measurement Duration |

SyStematlcaI |y Vary Measurement Optimization

Ultrasonic Treatment Wizard

m e aS u re m e nt p ar am ete r S : Test Purpose | Remember to click the @ button for more informtion

The purpose of this test will be to identify an appropriate ultrasonic (US) time and power for a specific material.
Ultrasonic treatment can greatly improve particle dispersion thus improving both measurement accuracy and precision.
Test Design

-
R e f r aCt I Ve I n d e X The testwill collect three separate measurements using three different samplings
Each measurement run will consist of an "as-is" measurement before any S is applied, then the US probe is tumed

on at the specified power (Step 3) for the specified amount of time (Step 1). After this interval time finishes
another measurement will be collected. This cycle repeats until the total LS time elapses (Step 2)
Test Results

P l I I I l p The optimum US time and power will produce the best combination of sample dispersion and reproducibility.

Step 1: Select how much ultrasonic treatment time betwesn each measurement.

‘5 j {sec)

| traS O n d Step 2 Selsct the total Uitrasonic treatment time for the measurament sst
U u K [

Step 3: Select a power for the ultrasonic probe. | Step 4: Push "Execute " button.
(1 isweakest, 7 i5 strongest) This wizard is temporarily closed, and the test sequence is executed.

Generate result graphs : :

LA-960 Method Expert will

< Back Mext >

© 2021 HORIBA, Ltd. All rights reserved. 34






HORIBA
Workflow HOI

First get sampling right & determine Rl
Measure at 3 different pressures (low, medium, high)

Determine optimum pressure based on good dispersion while not breaking
particles

Can also compare dry vs. wet measurements
Adjust other settings to optimize

sample concentration (T%)

duration (amount of material)

|deally measure all of powder placed into the sampler

Segregation can occur on vibrating tray
Constant mass flow rate important for stable concentration (T%) during measurement

Once settings chosen, test reproducibility

© 2021 HORIBA, Ltd. All rights reserved. 36



- ) HORIBA
Dispersion vs Breakage

Theoretical Actual
.&’ Stability 0
z i
—_— _—
Increasing energy Increasing energy

Higher air pressure or longer ultrasound duration

37



- ) HORIBA
Dispersion vs Breakage

 Dispersion and milling can be parallel rather than
sequential processes

Theoretical ﬁ@ X e
Proper Air Pressure éf‘:z Alr Pressure too High e ﬂaﬂ
{If::z In— > L% o/ g0

{:} {‘:f? °0 *ex

. o o©
Aggregated Dispersed Braken

S S

° {J Air Pressure too High ,:, ﬂ 4

Froper Air Pressure
Actual {ffi:z | — aﬁ} o 9
¢

s "N

Aggregated Dispersed Broken

© 2021 HORIBA, Ltd. All rights reserved. 38



. . HORIBA
Pressure Titration

Data Name Graphk Type Transmillance(R) D10 Median Size D90
200903301124034 [ | ——  95.8(%) 10.87530(um) 78.59105(y=) 680.62109(u=x) —400
2009033$ 726035 [ |—— 958(%) = 10.28836(um) 6564630(um) 265.44348(u=x) =
200903301 127036 [:I —  96.9(%)  9.64050(yw) 56.0983A(yw) 151.93370(m) 3
6 |l —80
. T S
: ] ~60 ¥
F 1] - R
§ : N : %
| e
: 1] = =)
: ) :
2 : '\'. E
] \ -20
) . . 1 .'l..\ :
: \I'\_ E
) e T
4 : \ z
0- ' ' ' |i|i|| ' ' L | ' ' N | ' ' L BN | " ~0
0.100 1.000 10.00 100.0 1000 3000
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HORIBA
Mg Stearate

16 —100
[ I [ S g Y S iy S | - ____ - __ I ___ T K] 5_90
" ! i Graph Type Remarks 1 Median Size Air ' E
- — small nozzle 7.50244{um) High ; a0
: [ ]——  smallnozzle 8.14897{um) Mid r .
2 T ]— small nozzle 8.62565(um) Low :

7o

10

g . High = 3 bar
Mid = 2 bar

|
L]
=
UnderSize{%h)

o] Low =1 bar :
5—30
= :
f—zo
2 B
10
0= : : Coor : : Coo e : ' e T
0100 1.000 1000 1000

Diameleniys)
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HORIBA
Mg Stearate Scientific

—e— D90
—a— D50
D10

—e— D90 15.258 14.394 12.822
—a— D50 8.626 8.149 7.502
D10 4.862 4.564 4.234

© 2021 HORIBA, Ltd. All rights reserved. 41



iy ene HORIBA
Reproducibility at 3 Bar

16 —100
E—so
14— === -t - T
—Graph Type Remarks 1 Median Size Air : E
] — small nozzle 7.68627(um) High 5 -80
e small nozzle 7.47809(pm) High b ;
11— small nozzle 7.50244(pm) High : :
T — small nozzle 7.43856(um) High :
s et e S E + :
;—60 -
D50 D10 - 3
200707180852099 NGB My Stearate 7 b6 4 280 s "Eh?
200707180853100.MGE - My Stearate 7478 42X : 2
200707180854101.MGE Mg Stearate 7802 4 234 %_,,o =
200707180854102 NGB Mg Stearate 7439 4189 :
Mean 7526 4232 =
standard Deviation 0.110 0.040 E
COY st dew/mean)™00 1.458R 0.95R ~20
2 =
10
w ——u—u—] : : | ' — IE_O
0100 1000 10,00 1000

Diamebera)

© 2021 HORIBA, Ltd. All rights reserved. 42



T HORIBA
Reproducibility at 2 Bar

16 —100
=0
14
e o 7,
121 Graph Type Remarks 1 Median Size —Air :

] small hozzle 8.25422(pm) Mid ; i_m
1 — small nozzle 8.20483(um) Mid " :
. 11— small nozzle 8.20709(um) Mid : :
1 — small hozzle 8.23608(um) Mid ~60
_______________________________________________________________________ E E
D50 D10 D90 -
200707180858106.MGE My Stearate 8.264 458 14.898 %
200707180859107 . MGE Mg Stearate 8.205 4 568 14 678 - 5
2007071809001058. MGE Mg Stearate 8.207 4 579 14,583 ;""’
200707180901109. MGE Mg Stearate 8.236 4 595 14722
Za0
hlean 8.226 4 581 14.720
standard Deviation 0.024 0.011 0132
COW (st dev/meany™100 0288 0242  0.89% =
2 :
—10
W : | : ' N AEEEmi : ' === IE_O
0 100 1.000 1000 100.0

Diameteri=)
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iy ene HORIBA
Reproducibility at 1 Bar

16 _—100
E—so
14 =
Graph Type Remarks 1 Median Size Air 2—3"
12 T ]— small nozzle 8.62565(um) Low ; :
o — small nozzle 858677(pm) Low 2 o
] small nozzle 8.68576{pm) Low : :
. 1 — small nozzle 8.56557(ym) Low
: ~60
FEE EPPEFEEE PEPEEF P P BT SR A e - %
D0 010 o B
200707180903111.MGE Mg Stearate 8626 4 82 g
200707180903 112 MGE Mg Stearate 8587 4 851 £
200707180904113. MGE Mg Stearate 8.6 4918 0
200707180906115. MGE Mg Stearate 8.566 4 851 :
30
Mean g8hR16 4 871
atandard Deviation 0.053 0.032 - 2o
COY (st dewfmean)™100 0612 06559 :
2 =
;—10
@ i i B : : i i : == |E-'fJ
o_{00 1000 10,00 1000

Diameler(ps)
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Scientific

Summarize Reproducibility

0

1 Bar 0.659 0.612 1.007

B >par  0.242 0.288  0.896

3 Bar 0.956 1.456 2.209

This is reproducibility; Sampling is important!

Must have representative sample

45



T %, quantity oL

T% is done much like you did with
wet. Vary T% setting and monitor
results

Sample Quantity. Vary quantity and
monitor results.




HORIBA
Summary Scientific

Design for maximum precision.

~ollow guidelines in standards.

_iquid Suspensions: wet, disperse

nvestigate system settings. concentration,
agitation, ultrasound.

Dry Powders: select air pressure

Must have representative sample.
Systematically evaluate the method.

Prepare a report in case there are questions later.
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HORIBA

Thank you
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