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. HORIBA
Overview ¥ bl

 Goal: Reproducible method that tracks product performance
 Choose measurement approach (dry vs. suspension)

 Lock down RI

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

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

« Test method (reproducibility)

— Meet ISO, USP or internal guidelines
— Check COV at d10, d50, d90
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HORIBA
Goals B el

* Reproducible method that tracks product performance
* You might have other goals
« Accuracy: tricky subject, 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
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. . ORIBA
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 oientific

Is it the “real particle size”?
- Comparison to referee technique

* Microscope (image analysis) is referee technique for particle
characterization

» Two kinds of image analysis:
* Dynamic image analysis; particles flowing

« Static image analysis; particles sit on slide on automated
stage




- HORIBA
Image AnaIySIS Scientific

Static:
particles fixed on slide,
stage moves slide

Dynamic:
particles flow past camera
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Guidelines

HORIBA

Scientific

Document particle size

Drug substances used
in pre-clinical studies

And morphology using
photomicroscopy

Development of instrumental methods may be initiated at this stage

Scheme for outlining particle evaluation for preclinical studies

Is the
substance
BCS Class

I or H1I?

Document particle size

and morphology using
photomicroscopy

Initiate development of a

particle-size distribution method

using a quantitative technique
(see table 1)

Compare with quantitative
microscopy results

If the drug is poorly soluble,
you need to pay attention to
particle analysis.

Compare with quantitative
microscopy.

Evaluate the effect of any change in drug substance with respect to morphology or particle size from that initially studied.

Decision tree outlining particle evaluation for Phase | clinical studies

© 2019 HORIBA, Ltd. All rights reserved.



HORIBA
Guidelines Phase Il Scientific

Evaluate need for
Validate particle size control in
PSD conjunction with other
method physical properties that
may influence processing

Develop Compare with

PSD Quantitative

Photomicroscopy

method results

Compare with
quantitative
photomicroscopy
results

Document particle size/ Screen and
morphology and evalute develop suitable
PSD method

Evaluate the effect of any change in drug substance with respect to morphology or particle size from that initially studied.

Compare Validate Document
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Types of Precision L

Repeatability

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

Provides limited information (mostly a test of analyzer
performance)

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

10



HORIBA
Reproducibility Lt

24 Samplings of Polystyrene Latex

Yes, we
emptied
instrument
between each
analysis.

Frequency %

Size (microns)
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Sheet1

		SAMPLE_1.Diameter		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24

		0.114		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.131		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.15		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.172		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.197		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.225		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.258		0.1151020154		0		0.1064287275		0.1150015518		0.1023057923		0.1088171899		0.1020230129		0.1075218916		0.117997095		0.1111883		0.1083126441		0.1053582877		0.1045671776		0.1035814732		0.1364300102		0		0.1226099581		0.1232227013		0.1143281534		0.1023173854		0.1014195755		0.1222705469		0.1125598401		0.1226649061

		0.296		0.1289851665		0.1125834286		0.1236219034		0.1326950043		0.1174490824		0.1240908131		0.1177607551		0.1229167059		0.1340729594		0.1259136796		0.1232779622		0.1208325177		0.11924088		0.1178952605		0.150937438		0.1064993441		0.1374209672		0.139206484		0.1300525963		0.1176319197		0.1181973442		0.1382231414		0.1277384907		0.138323009

		0.339		0.1284285784		0.119832091		0.1287287027		0.1360802352		0.1211329848		0.1263952851		0.1219742596		0.1255507767		0.1348645985		0.126901567		0.1252294332		0.1242277622		0.1215028539		0.1203373		0.1458567828		0.111291714		0.1358255297		0.1389790624		0.131553039		0.1214258447		0.1241347715		0.138900429		0.1289690733		0.1377195269

		0.388		0.1135268137		0.111976169		0.1183385625		0.1237027049		0.1104288548		0.1141023189		0.1115111858		0.113553293		0.1207621396		0.1135323346		0.1127333343		0.1130259037		0.1094551459		0.1087253541		0.1264141798		0.10220211		0.1197719499		0.1238093078		0.1182027012		0.1107610166		0.1148825288		0.1246465817		0.115668036		0.1222715974

		0.445		0.1206334606		0.1250880808		0.1298219562		0.1337279975		0.12065465		0.1233471334		0.1219278499		0.122925505		0.1288428605		0.1216549724		0.121563144		0.1231553704		0.1181816384		0.1179581583		0.1307646632		0.1128803864		0.1262297481		0.1315772533		0.1269529164		0.1209955513		0.127089113		0.1337298751		0.1240835041		0.1295527369

		0.509		0.2536280751		0.2677174807		0.274099052		0.2781393528		0.2559756041		0.2597993612		0.2582325637		0.2591023147		0.2667052746		0.2552745342		0.2560589015		0.2605210543		0.2499458343		0.2501934171		0.2670063376		0.243210867		0.2612766623		0.2721308172		0.2655159831		0.256439358		0.270210743		0.2778218091		0.2596024275		0.2679933012

		0.583		0.6610707641		0.6965640187		0.707280159		0.7092194557		0.6663326025		0.67350173		0.6702898741		0.6718261242		0.680766046		0.6615338922		0.6646886468		0.6765534878		0.6516296268		0.6534200311		0.6799995303		0.6421269178		0.6708850861		0.6952804327		0.6843491793		0.6667042971		0.700696528		0.7108193636		0.6698858142		0.6857421398

		0.668		2.2041604519		2.2750415802		2.3013780117		2.2866191864		2.1985530853		2.2187335491		2.2025983334		2.2127308846		2.2113432884		2.186365366		2.1959247589		2.2273337841		2.1636483669		2.1711099148		2.2273094654		2.1483318806		2.2052965164		2.2635242939		2.2432713509		2.196516037		2.2874863148		2.3095719814		2.2011914253		2.2391059399

		0.765		7.1703286171		7.2086100578		7.282913208		7.1957092285		7.0728230476		7.1331915855		7.0564551353		7.1122221947		7.0384492874		7.065486908		7.0849485397		7.1489272118		7.0151257515		7.0410284996		7.1692595482		6.9938392639		7.106610775		7.2141919136		7.1829199791		7.0573787689		7.2552156448		7.3315820694		7.0736722946		7.1601886749

		0.877		17.568977356		17.3573493958		17.5017051697		17.2638130188		17.2671585083		17.3847198486		17.1859436035		17.3408241272		17.0842876434		17.3098678589		17.3290405273		17.4006652832		17.2400684357		17.2953033447		17.4886512756		17.2374362946		17.3689556122		17.4634552002		17.4449863434		17.2222156525		17.4687213898		17.6482219696		17.262216568		17.3871192932

		1.004		25.8005905151		25.4029941559		25.5117397308		25.2492866516		25.507106781		25.5932102203		25.3909950256		25.558265686		25.2401638031		25.5930194855		25.5896549225		25.6002845764		25.5656528473		25.618637085		25.7053031921		25.6167106628		25.6160793304		25.5830135345		25.6059455872		25.4573154449		25.5091571808		25.6905784607		25.4917545319		25.5429191589

		1.15		22.7176151276		22.5884838104		22.5365333557		22.5008563995		22.7608890533		22.7242584229		22.7271347046		22.7355175018		22.6654777527		22.7954120636		22.7759304047		22.7223052979		22.8411006927		22.8392715454		22.725435257		22.9162921906		22.7531032562		22.6333656311		22.6767120361		22.7567863464		22.5691642761		22.5694694519		22.742483139		22.6646842957

		1.318		13.1431684494		13.3222608566		13.1717643738		13.3315315247		13.3950490952		13.2924823761		13.4497117996		13.3290758133		13.4963588715		13.3592224121		13.3443946838		13.2843017578		13.4269952774		13.3863515854		13.2078342438		13.4770050049		13.2950983047		13.2018232346		13.2326393127		13.4281101227		13.2083463669		13.0735054016		13.3841485977		13.2651872635

		1.509		6.0309791565		6.2641787529		6.1259775162		6.3090744019		6.2501926422		6.1624264717		6.3232698441		6.194026947		6.3983464241		6.1971406937		6.1912827492		6.151945591		6.2474927902		6.2052111626		6.0762691498		6.2675433159		6.1489663124		6.1047663689		6.1205859184		6.285835743		6.1489748955		6.008099556		6.2469425201		6.1593151093

		1.729		2.4768021107		2.6390833855		2.5502893925		2.6799793243		2.6013643742		2.5490837097		2.6551961899		2.5677678585		2.7143683434		2.5620601177		2.5607540607		2.5399487019		2.5898303986		2.5613086224		2.4944078922		2.5937359333		2.535462141		2.5196969509		2.5264914036		2.6253726482		2.5611336231		2.4677464962		2.6022641659		2.5544188023

		1.98		0.9423437715		1.0295953751		0.9821709991		1.0563124418		0.9992319942		0.9735267758		1.0302760601		0.9826222062		1.0664265156		0.9770185947		0.9771313667		0.9672885537		0.9899120331		0.9742650986		0.9460491538		0.9883167744		0.9648090601		0.9606250525		0.9630832076		1.0122978687		0.9862908721		0.93641752		1.0012648106		0.9792883992

		2.268		0.3229347765		0.362378031		0.340124011		0.3760300577		0.3450276554		0.3341042697		0.3600701988		0.3379220665		0.3782646656		0.3344345391		0.3348264992		0.3306813538		0.3397303522		0.3324430287		0.3220734		0.3377949893		0.3294502497		0.3289676607		0.3297961056		0.351100564		0.3414365351		0.3184081018		0.3464821875		0.337618798

		2.598		0.100731954		0.1162652224		0.1071023196		0.1222248226		0.1083218157		0.104208678		0.1146245748		0.1056341752		0.1224971041		0.1039751843		0.1042316034		0.1026541144		0.1059284061		0.1029617265		0		0.1047866195		0.1021612734		0.1023644432		0.10261821		0.1107907742		0.107447058		0		0.1090780944		0.1058783308

		2.976		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		3.408		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		3.904		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		4.472		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		5.122		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		5.866		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		6.719		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		7.696		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		8.815		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0
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S HORIBA
Reproducibility L0

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

Look at accepted standards

Measure 3 times, calculated COV at d,,, dzj, dg,
COV (RSD) = st dev/imean * 100

15013320 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 5,

© 2019 HORIBA, Ltd. All rights reserved. 12



] HORIBA
Resolution b

* Abillity 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.
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High Resolution?

HORIBA

antific

EZ| FILES: 5525TDE.DAT/203B6004A_ DAT

30 -

o0 M0e0me MM

81—5
?z-f
53-3
54-5
45-5
35-2
2?-5

18

L a0
f-an
f—?n
f—E:D
f—EIII
f—am
5-30
f-zn
f-m

r 0O

B R ==l |

EE2nm and &600nm Key
# BRZSTDB.DAT Fx -
*  Z203B6004 DAT Fx W
1 I\‘I T I I I T T 1
0,10 1 5

Diam=eter (pm)

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.

© 2019 HORIBA, Ltd. All rights rese|

rved.
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HORIBA
Separate peaks Soientifio

37.00 / 100.0
r:J;H? —l_H_H_L 0

- - T T T LI | L T -
00285 0100 1.000 2278
Diameter ()

Frequency (%o)
|
Undersize (%o)

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

© 2019 HORIBA, Ltd. All rights reserved. 15



Separate Peaks

HORIBA

Scientific

48,00 100.0
7 8
B | G
e o
| —
0. ol : j—[— m=—F

Q473 1000 a00. 0

Dimtneter {pir)

Next peak 2x of previous size

100um,
200pm,

400um
glass beads

Resolution is independent of where you are on size scale

© 2019 HORIBA, Ltd. All rights reserved.
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HORIBA
Identifying Trace Impurities L0

48 —100 18 | —100
Median Size : 0.031 ym Median Size : 1.65 pm [ E
g - L 100 - - B
& 50 @ g -50 @
= = | [
20 3 F= | | 20-] [ 3
5 | | O
0 11— _— -0 F— | - O j .\.......ro
0.010 0.100 1.000 10.00 r 0.010 0.100 1.000 10.00
Dizmelerips) n, : Dizmelerim)

&
=]
UindersSize{)

% 20—

4 4 Y

.00 0100 1000 1000

1 Illllll_ﬂ

izmelerpgs)

0.05wt% Geltech 1.5 in LUDOX

© 2019 HORIBA, Ltd. All rights reserved. 17






Workflow e

First determine RI

Choose solvent (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

© 2019 HORIBA, Ltd. All rights reserved. 19



] HORIBA
Refractive Index

Real component via literature or web search, Becke line, etc.
Measure sample, vary imaginary component to see if/how results change

Recalculate using different imaginary components, choose value that minimizes
R parameter error calculation

7.0 —100

Graph Type Refractive Index (R) Median Size Chi Square R Parameter
— 1.57-0.0i[1.57-0.0i( 1.570 - 0.000i), Water( 1.333)] 20.41485(pm) 0.327785 0.054077
C1— 1.57-0.11[1.57-0.11{ 1.570 - 0.1001),Water( 1.333)] 18.65780(pm) 0.177736 0.036778 e
i ]— 1.57-1.0i[1.57-1.0i( 1.570 - 1.0001),Water( 1.333)] 18.18505(pm) 0.218785 0.053589

Dizmebe rgam)

More in the refractive index webinar at :
https://www.horiba.com/en _en/products/by-segment/scientific/particle-characterization/particle-analysis-webinar-series/

© 2019 HORIBA, Ltd. All rights reserved. 20
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HORIBA
LA-960 Method Expert 1o

F'Mem&;e:w,a )
I .
- & 1
l V\ :&/' | ‘ ' Real ReﬁadivelndexWizardl ImaginawRefracti\reIndexWizard|
1 % ksl -
Calculation Optimization |

Imaginary Refractive Index Wizard -Result-

Graph Summary | Distributions | D30,D50,010 | R Parameter |

Distribution Graph ~ i -
B T Imagmnary_RIl- T.58- 0.0 ——————— E
i Imaginary_RI- 1.58- 0.01i —————
i Imaginary_RI-1.58-0.10i ———
g 1 o Imaginary_RI- 1.52- 1.00i "
=4 i Imaginary_RI- 1.58-10.00i ———
: | $ B T L R R R R S e 1
a.01 o1 1 100 1000 30060
D96,050,D010 R Parameter
16 0.213
E LT LT g
‘ g
=]
.
E T A g
g D—\ﬂ\\n_gﬂ___n § /
ﬁ 3'"|""'"'"|"""""|"""""|" AR RRLARE & 0_110|||||||||||||||||||||||||||||||||||||T|||||||||||||||
1.58- 0.00i - 1.58-10.00q 1.58- 0.00F n 1.58-10. 00
Refractive Index Refractive Index

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 |

< Back I Mext > I
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Sample Handling

HORIBA

clentf

Larger, broad distributions require larger sample volume

Lower volume samplers for precious materials or solvents

LA-960 _ _
Sample Handlers Dispersing Volume (mL)
Aqua/SolvoFlow 180 - 330
MiniFIOW 35 - 50
Fraction Cell 15

Small Volume 10

Fraction Cell

Median (D50):

Median (D50): 35 nm
114 pm Sample .
F0-
80
20— 3 20
E_so %
= 15 2 N =
é 2 ‘E § 20
‘e 2
103 3 5
2 10
53 ~20
0= i T i oo ' -vE—O [
20.00 100.0 700.0

Dizmeterim)

Diameteriym)

S R R R RS o T R R R R e |t i
0.010 0.012 0.076 0.020 0.025 0.032 0040 0050 0063 0079 0100

Sample
Amount: oo

UnderSize(%)

Median (D50):

9.33 pm

Sample

o s
o
=3

UnderSize{%)

© 2019 HORIBA, Ltd. All rights reserved.
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- HORIBA
Pump and Stir HOR

Exp # | Agitation | Circulation | Dimean (nm) Dio(nm) | Dgo (M)
1 1 1 187.03 137.5 245.7

*  Must be high enough to suspend & K s | teezs | 1me | 242
circulate heavy particles-if too low speed, — o
larger particles won’t be measured and s | © | aess | wes | 2e7
apparent size decreases with time. . e R Rl

» Not so high that bubbles are introduced s | s | tsas [ 1ea | 22

Automation Wizard

» Adding energy — can disperse loose Messurement Preparatin
agglomerates

* Measure at several settings & select

m
" |Choose fill lewel j Wait time after | 0 (s) ‘
u LY — Step 2: Choose a circulation pump speed
optimum (re peatab|l|ty) D roese s e 9 vemeas[—— |
= Step 3. Choose a agitation stirrer speed.
. . |Choose agitator speed | Waittmeatter [0 (g) ‘
* Can be automated in software
& Mo  Yes Wait time after IO—(S) ‘
— Step & Blank check ofr instrument cleanliness?
& Mo  Yes Wattmeafter [0 (3] ‘

© 2019 HORIBA, Ltd. All rights reserved. 23



		Exp #

		Agitation

		Circulation

		Dmean (nm)

		D10 (nm)

		D90 (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

		242.5



		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



		Parameters Selected:       Agitation:
2
  Circulation:
2
  






] HORIBA
Concentration

High enough for good S/N ratio i
Low enough to avoid multiple scattering -

Typically 95 - 80 %T °’*

44
L] 0 L] L]
Measure at different T%, look at Chi Square calculation 2
J
04 . e v R A =+ == TR A
0.010 0.100 1.000 10.0
Diameler(pm)
?'I:l 1 " Method Expert Wizard
1ns .
. 1 i Circulation Pump Speed | Ultrasonic Treatment | Measurement Duration |
RO :
Measurement Optimization
E ED T Dfi Particle Concentration Wizard «
= Test Purpose Remember to click the @ button for more information
—
=
=gl = The purpose of this test is to discover a good concentration range of sample within the LA-950.
.d.l:l -T -T I:I . 3 E Toa little sample (j.e. too few particles) may not provide sufficient scattered light to escape the background
'ff.' = Too much sample may cause multiple scattering where light is scattered from many particles leading to poor accuracy
- — Test Design
-
oy 3':' T To evaluate the effect of concentration first choose the light source most appropriate for the sample (Step 1)
U — |:| 2 Then we'll choose the Transmittance ranae within which we'll collect measurements every 5%T . (Step 2)
: Step 1: Choose either red or blue light for test. Step 3: Push "Execute ..." button
zl:l -T * Red  Blue This wizard is temporarily closed,
I:I _.l (see Expert Advice for more information) 1D T SERSIES I8 - Eaizs

Step 2: Select concentration test range
Mese [95(Defauly  -|-Min: [60(Defaury -

10 +
0 : : : : : 0
g7 4 95 .1 g5 2 947 936 925

Red Transmission %

Execute Test Sequence >>

© 2019 HORIBA, Ltd. All rights reserved. 24



uration

HORIBA

* Long enough for reproducibility

Scientific
"1 Method Expert Wizard
1 :.:: Circulation Purng Speed| Particle Concentration | Ultrasonic Treatment |
| ] n
« Typically 5 sec, up to several minutes |Vesemen opimezation
) Measurement Duration Wizard
Test Purpose Remember to click the & button for more information

* Longer time for large, broad
distributions

 (Can be automated in software

» Could be used for robustness testing
during method validation

This test will discover the minimum data acguisition times (i.e. measurement duration) necessary for good reproducitilit:
[f the measurement time is too short, the result may not represent the particle size distribution of your sample.
Test Design

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

Test Results
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: I 5000{Default) Step 7 Push "Execute " buttan

TestValue 2. T 10000 This wizard is temporarily closed,
Test Yalue 2 I~ 50000 and the test sequence is executed

TestValue4: I 100000

TestValue 5 T 500000 EX@CUte TeSt Sequence >>

{see Expert Advice for more information)

< Back

© 2019 HORIBA, Ltd. All rights reserved.
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- : HORIBA
Ultrasonic Dispersion

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/

© 2019 HORIBA, Ltd. All rights reserved. 26
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] HORIBA
Automation

LA-960 Method Expert will

4 —

t t. I | - "..' _' Circulation Pump Speed | Particle Concentration Measurerment Duration |
systemalically vary.

Measurement Optimization
Ultrasonic Treatment Wizard

I eve I p Owe r Test Purpose Remember to click the & button for mare information

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

| ]
I I l I l e O I I The test will collect three separate measurements using three different samplings.

Each measurement run will consist of an "as-is" measurement before any US is applied, then the US probe is turned
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 US time elapses (Step 2)

Test Results

n
I te rat I O n S The optimum US time and power will produce the best combination of sample dispersion and reproducibility.

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

\5 j 5ec)

D e I ay Step 2 Select the total ultrasonic treatment time for the measurement set.

1 [
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 seguence is executed

Generate result graphs »1 ]

< Back { Next » |

© 2019 HORIBA, Ltd. All rights reserved. 27
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HORIBA
Ultrasound

10 —100
9 2—90
W e I P S Y N e = E
—Graph Type Remarks 1 Median Size i
8- ; 11— No Ultrasound  74.41438(pm) -80
= —— 5secUS 66.39429(ym) !
. j[CJ— 10secus 62.45641(um) | =
S — 15 sec US 59.12541(um}) ! :
‘T |  20secUS 56.54691(jm) | :
e [ ]—  40secUS 49.78359(um) | - 60
‘[ ] 60secUS 45.37601{um) | - B
§ 5 e e RS S— o S s B C 2—50%
-
L 40
3] 5—30
2] %-20
1 é—m
N | — — = | T SN T
1000 10,00 100.0 1000

Namxeberis)

© 2019 HORIBA, Ltd. All rights reserved. 29



Plot summary data

HORIBA

Scientific

180

160

140

120

100

80

60

Size (um)

40

20

10

11

12

13

Ultrasound (sec)

D90
—+— D50
—+— D10

© 2019 HORIBA, Ltd. All rights reserved.
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thili HORIBA
Reproducibility

- 1S013320 — USP<429>
« COV < 3% at median d;, « COV <10% at median d 5,
-« COV<5%atd,; &d 4, « COV<15% atd,, & d 4

Data Mame sample Name Dal 010 Da0 Comments
9 200707 161438232 NGB Avicel PH-101 . 59125 22221 1149315 sec US
‘;'gr'e;;r','ﬁ;;',;;,;.;;,;;';';\;,;gi;,',"s'i'z; """"" T 200707 161500243 NGB Avicel PH-101 . B0131 22662 11911515 sec US
sf I[]— 15secUS 59.12541(um) 200707 161607246 NGE | Avicel PH-101 EOE3 22392 117.452 15 sec US
SEsE 15 sec US  60.13116(um) 200707 161516248 NGB Avicel PH-101 . BO.417 22955 119.974 15 sec US
.4 [ ]—  15secUS 59.88999(um) 200707 161623262 NGB Avicel PH-101 B0194 22765 11728915 sec US
T 15 sec US  60.41748(pum) B .
L 15secUS 60.19360(um) : 200707161631266 NGB Awicel PH-101 53983 22829 116585 15 sec LS
= 11— 15 sec US—59.98288(um) o0
i - g hdean FOO56R7 22 R3733 1175578
B o S : fe0 § Standard Deviation 0.445191 0.278595 1 799055
© 3 COV (st dewimean)*100 074419 1.230591 1.531123
L 5—40 >
13 5—10
®5 ! ! L ! ! oo r e ! ! ! D |§—°
1.000 10.00 100.0 1000

Dizmctergm)

© 2019 HORIBA, Ltd. All rights reserved. 31



HORIBA
Reproducibility ok

58 methods 0y -

L % Not acceptable per USP<429>

Image analysis for
morphology

Laser diffraction for PSD

If RSD for d50 < 20%, then
acceptable for QC
environment

- H
1 $ === R R e = L e SE S R |

Note: RSD increases with t: 0o 50.0¢ 10000 150.00 200.00 250.00

decreasing size

*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)

dyy Sza {microns)

© 2019 HORIBA, Ltd. All rights reserved. 32



- HORIBA
Sampler Selection Scientific

Remove points from not acceptable region using Fraction Cell

El} ' S — N — e N EI} o N —
-
1B 1+

b *'.'. Not acceptable per USP<429> ' &« Not acceptable

=
|"-..

0 B &0.00 10000 150.00 200.00 250.00
dyy Sre (microns)

(i) 50.00 10000 150.00 200.00 250.00
dyy Sze (microns)

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

© 2019 HORIBA, Ltd. All rights reserved. 33






H RIBA
Workflow 10R

First get sampling right & determine RI
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 & duration

|deally measure all of powder placed into the sampler
Segregation can occur on vibrating tray
Constant mass flow rate important for stable concentration during measurement

Once settings chosen, test reproducibility

© 2019 HORIBA, Ltd. All rights reserved. 35



HORIBA

Dispersion vs Breakage
Theoretical Actual
.&’ Stability 0
Z 7
_— —_—
Increasing energy Increasing energy

Higher air pressure or longer ultrasound duration

© 2019 HORIBA, Ltd. All rights reserved. 36



- - HORIBA
Dispersion vs Breakage entific

 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

© 2019 HORIBA, Ltd. All rights reserved. 37



HORIBA
Pressure Titration

Data Name Grapk fype JTrarzsailltarce(R) D10 Median Size Dag
200903301124034 [==1] 95 _8(%) 10.875300m) 7B 59105(m) 680 62109 () —400
2ﬂﬂ9ﬂ33ﬂ;126ﬂ35 [ 1—— 9580%) 10 28E36{pna) | 6h EF630{rm) 265 FI3FB{na) L
2009033044 27036 [ | ——  96:90%) { S 64000 {nm) D6 0F83f(pm) 151 93370{=) E
6 —80
1 2 -
; —60 ¥
4 % 21]
= 7 7 o
§ ] i ".u.a?
1 0 8
] =
2] 3
: ~20
ﬂ_- 1 1 1 1 1 | I 1 1 I__ﬂ
0100 1000 Z000
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HORIBA
Mg Stearate Scient

16— —100

[ I Sy ey ey [y S gy S N ) ey P R N —90

'GraphType Remarks 1 Median Size Air
T — small nozzle 7.50244{um) High

14—

: —80
*|:|— small nozzle 8.14897(ym) Mid r
. 11— small nozzle 8.62565(ym) Low :
' —70
10—
—60

g . High = 3 bar
Mid = 2 bar

|
L]
=
UnderSize{%h)

—F0
_ Low =1 bar

—30
.

20
2_

—q0
0] . e . .
0100 1.000 1000 1000

Diameleniys)
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HORIBA
Mg Stearate Scientific

—e—D90
—=— D50
D10

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

© 2019 HORIBA, Ltd. All rights reserved. a1



Chart2

		15.258		8.626		4.862

		14.394		8.149		4.564

		12.822		7.502		4.234



D90

D50

D10



Avicel 1

		File Name		Sample Name		Material		Median Size		10.00%		90.00%		Remarks 1

		200707161152218.NGB		Avicel PH-101		Avicel PH-101		956.28		0.12		2244.185

		200707161152219.NGB		Avicel PH-101		Avicel PH-101		956.28		0.12		2244.185

		200707161155220.NGB		Avicel PH-101		Avicel PH-101		56.324		21.439		107.115

		200707161328221.NGB		Avicel PH-101		Avicel PH-101		74.549		28.298		157.828

		200707161332222.NGB		Avicel PH-101		Avicel PH-101		69.502		25.156		144.038

		200707161336223.NGB		Avicel PH-101		Avicel PH-101		69.242		26.834		141.926

		200707161408224.NGB		Avicel PH-101		Avicel PH-101		64.289		23.281		125.699

		200707161410225.NGB		Avicel PH-101		Avicel PH-101		51.989		16.988		98.727

		200707161411226.NGB		Avicel PH-101		Avicel PH-101		45.749		14.487		87.153

		200707161413227.NGB		Avicel PH-101		Avicel PH-101		41.717		13.275		82.18

		200707161414228.NGB		Avicel PH-101		Avicel PH-101		39.683		12.668		79.299

		200707161435229.NGB		Avicel PH-101		Avicel PH-101		74.414		29.511		159.619		No Ultrasound

		200707161436230.NGB		Avicel PH-101		Avicel PH-101		66.394		25.784		133.794		5 sec US

		200707161437231.NGB		Avicel PH-101		Avicel PH-101		62.456		23.855		123.481		10 sec US

		200707161438232.NGB		Avicel PH-101		Avicel PH-101		59.125		22.221		114.93		15 sec US

		200707161439233.NGB		Avicel PH-101		Avicel PH-101		56.547		20.813		109.307		20 sec US

		200707161440234.NGB		Avicel PH-101		Avicel PH-101		54.859		19.946		106.527		25 sec US

		200707161441235.NGB		Avicel PH-101		Avicel PH-101		52.829		19.007		101.77		30 sec US

		200707161443236.NGB		Avicel PH-101		Avicel PH-101		51.373		18.207		99.695		35 sec US

		200707161444237.NGB		Avicel PH-101		Avicel PH-101		49.784		17.595		96.996		40 sec US

		200707161445238.NGB		Avicel PH-101		Avicel PH-101		48.88		17.135		97.404		45 sec US

		200707161446239.NGB		Avicel PH-101		Avicel PH-101		47.34		16.47		93.398		50 sec US

		200707161448240.NGB		Avicel PH-101		Avicel PH-101		46.254		16.041		91.506		55 sec US

		200707161449241.NGB		Avicel PH-101		Avicel PH-101		45.376		15.668		90.49		60 sec US

		200707161458242.NGB		Avicel PH-101		Avicel PH-101		74.267		29.303		159.527		0 sec US

		200707161500243.NGB		Avicel PH-101		Avicel PH-101		60.131		22.662		119.116		15 sec US

		200707161501244.NGB		Avicel PH-101		Avicel PH-101		51.052		18.126		99.524		40 sec US

		200707161506245.NGB		Avicel PH-101		Avicel PH-101		74.199		29.226		157.681		0 sec US

		200707161507246.NGB		Avicel PH-101		Avicel PH-101		59.89		22.392		117.452		15 sec US

		200707161509247.NGB		Avicel PH-101		Avicel PH-101		50.98		17.994		99.494		40 sec US

		200707161514248.NGB		Avicel PH-101		Avicel PH-101		75.502		29.984		160.683		0 sec US

		200707161516249.NGB		Avicel PH-101		Avicel PH-101		60.417		22.955		119.974		15 sec US

		200707161518250.NGB		Avicel PH-101		Avicel PH-101		51.189		18.243		99.359		40 sec US

		200707161522251.NGB		Avicel PH-101		Avicel PH-101		75.532		29.977		161.317		0 sec US

		200707161523252.NGB		Avicel PH-101		Avicel PH-101		60.194		22.765		117.289		15 sec US

		200707161525253.NGB		Avicel PH-101		Avicel PH-101		51.274		18.258		99.243		40 sec US

		200707161529254.NGB		Avicel PH-101		Avicel PH-101		74.345		29.717		156.416		0 sec US

		200707161531255.NGB		Avicel PH-101		Avicel PH-101		59.983		22.829		116.586		15 sec US

		200707161532256.NGB		Avicel PH-101		Avicel PH-101		51.364		18.415		98.783		40 sec US

		200707170938257.NGB		Avicel PH-101		Avicel PH-101		66.045		25.557		130.099

		200707170938258.NGB		Avicel PH-101		Avicel PH-101		61.69		23.546		117.421

		200707170939259.NGB		Avicel PH-101		Avicel PH-101		58.488		21.801		109.625

		200707170940260.NGB		Avicel PH-101		Avicel PH-101		55.633		20.283		103.453

		200707170941261.NGB		Avicel PH-101		Avicel PH-101		53.993		19.297		100.253

		200707170942262.NGB		Avicel PH-101		Avicel PH-101		52.371		18.398		98.102

		200707170942263.NGB		Avicel PH-101		Avicel PH-101		50.779		17.605		94.816

		200707170943264.NGB		Avicel PH-101		Avicel PH-101		49.296		16.892		92.137

		200707171020265.NGB		Avicel PH-101		Avicel PH-101		59.349		22.346		111.043

		200707171053266.NGB		Avicel PH-101		Avicel PH-101		59.79		22.609		111.511

		200707171100267.NGB		Avicel PH-101		Avicel PH-101		58.466		22.124		109.468		Third measurement of 15 sec co

		200707171105268.NGB		Avicel PH-101		Avicel PH-101		58.1		21.886		107.778		Third measurement of 15 sec co

		200707171109269.NGB		Avicel PH-101		Avicel PH-101		59.045		22.104		110.25		Third measurement of 15 sec co

		200707171538085.NGB		Avicel		MCC		56.75		21.989		136.47		small nozzle

		200707171545086.NGB		Avicel		MCC		58.578		22.655		144.259		small nozzle

		200707171548087.NGB		Avicel		MCC		57.802		22.498		141.316		small nozzle

		200707171605088.NGB		Avicel		MCC		64.599		24.308		160.713		small nozzle

		200707171607089.NGB		Avicel		MCC		65.938		25.76		161.158		small nozzle

		200707171728090.NGB		Avicel		MCC		59.884		22.111		155.167		small nozzle

		200707171729091.NGB		Avicel		MCC		58.415		22.105		139.193		small nozzle

		200707171731092.NGB		Avicel		MCC		58.822		22.135		145.149		small nozzle

		200707171734093.NGB		Avicel		MCC		58.586		22.572		140.354		small nozzle

		200707171736094.NGB		Avicel		MCC		58.57		22.493		143.201		small nozzle

		200707171738095.NGB		Avicel		MCC		58.918		22.76		146.236		small nozzle

		200707171739096.NGB		Avicel		MCC		58.982		22.6		148.916		small nozzle

		200707171741097.NGB		Avicel		MCC		58.25		22.832		147.036		small nozzle

		200707180825098.NGB		Avicel		MCC		58.662		22.221		139.906		small nozzle

		200707180852099.NGB		Mg Stearate		Mg St		7.686		4.286		13.342		small nozzle

		200707180853100.NGB		Mg Stearate		Mg St		7.478		4.22		12.791		small nozzle

		200707180854101.NGB		Mg Stearate		Mg St		7.502		4.234		12.822		small nozzle

		200707180854102.NGB		Mg Stearate		Mg St		7.439		4.189		12.72		small nozzle

		200707180856103.NGB		Mg Stearate		Mg St		8.149		4.564		14.394		small nozzle

		200707180856104.NGB		Mg Stearate		Mg St		8.155		4.595		14.25		small nozzle

		200707180857105.NGB		Mg Stearate		Mg St		8.169		4.593		14.281		small nozzle

		200707180858106.NGB		Mg Stearate		Mg St		8.254		4.58		14.898		small nozzle

		200707180859107.NGB		Mg Stearate		Mg St		8.205		4.568		14.678		small nozzle

		200707180900108.NGB		Mg Stearate		Mg St		8.207		4.579		14.583		small nozzle

		200707180901109.NGB		Mg Stearate		Mg St		8.236		4.595		14.722		small nozzle

		200707180902110.NGB		Mg Stearate		Mg St		7.884		5.583		21.017		small nozzle

		200707180903111.NGB		Mg Stearate		Mg St		8.626		4.862		15.258		small nozzle

		200707180903112.NGB		Mg Stearate		Mg St		8.587		4.851		15.039		small nozzle

		200707180904113.NGB		Mg Stearate		Mg St		8.686		4.918		15.381		small nozzle

		200707180905114.NGB		Mg Stearate		Mg St		7.873		5.535		17.07		small nozzle

		200707180906115.NGB		Mg Stearate		Mg St		8.566		4.851		15.109		small nozzle

		200707180907116.NGB		Mg Stearate		Mg St		8.518		4.868		14.795		small nozzle

		200707180908117.NGB		Mg Stearate		Mg St		7.83		5.538		15.093		small nozzle

		200707180920118.NGB		Mg Stearate		Mg St		9.007		5.524		14.599		small nozzle

		200707180923119.NGB		Mg Stearate		Mg St		8.721		4.886		15.727		small nozzle

		200707180924120.NGB		Mg Stearate		Mg St		8.56		4.833		14.954		small nozzle

		200707180926121.NGB		Mg Stearate		Mg St		7.494		4.154		13.067		small nozzle

		200707180927122.NGB		Mg Stearate		Mg St		7.493		4.192		13.016		small nozzle

		200707180927123.NGB		Mg Stearate		Mg St		7.351		4.161		12.517		small nozzle

		200707180929124.NGB		Mg Stearate		Mg St		7.469		4.161		12.982		small nozzle

		200707181552297.NGB		Mg Stearate		Mg Stearate		10.821		6.963		16.674		Mg Stearate in IPA

		200707181607298.NGB		Mg Stearate		Mg Stearate		1098.199		0.151		2293.741		Mg Stearate in IPA

		200707181610299.NGB		Mg Stearate		Mg Stearate		11.163		6.997		18.531		Mg Stearate in IPA

		200707181611300.NGB		Mg Stearate		Mg Stearate		11.263		6.979		20.071		Mg Stearate in IPA

		200707181612301.NGB		Mg Stearate		Mg Stearate		11.14		6.943		18.778		Mg Stearate in IPA

		200707181613302.NGB		Mg Stearate		Mg Stearate		11.095		6.925		18.546		Mg Stearate in IPA

		200707181615303.NGB		Mg Stearate		Mg Stearate		11.489		6.986		30.747		Mg Stearate in IPA

		200707181615304.NGB		Mg Stearate		Mg Stearate		11.104		6.916		18.849		Mg Stearate in IPA

		200707181617305.NGB		Mg Stearate		Mg Stearate		11.452		6.941		31.903		Mg Stearate in IPA

		200707181618306.NGB		Mg Stearate		Mg Stearate		11.16		6.885		20.233		Mg Stearate in IPA

		200707181618307.NGB		Mg Stearate		Mg Stearate		11.014		6.836		18.482		Mg Stearate in IPA
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		Data Name		Sample Name		D50		D10		D90		Comments

		200707161438232.NGB		Avicel PH-101		59.125		22.221		114.93		15 sec US

		200707161500243.NGB		Avicel PH-101		60.131		22.662		119.116		15 sec US

		200707161507246.NGB		Avicel PH-101		59.89		22.392		117.452		15 sec US

		200707161516249.NGB		Avicel PH-101		60.417		22.955		119.974		15 sec US

		200707161523252.NGB		Avicel PH-101		60.194		22.765		117.289		15 sec US

		200707161531255.NGB		Avicel PH-101		59.983		22.829		116.586		15 sec US

		Mean				59.9566666667		22.6373333333		117.5578333333

		Standard Deviation				0.4461912893		0.2785955252		1.7999547124

		COV (mean/st dev)*100				0.7441896192		1.2306905637		1.5311227345





Sheet3

		200707180903111.NGB		Mg Stearate		4.862		8.626		15.258		small nozzle

		200707180856103.NGB		Mg Stearate		4.564		8.149		14.394		small nozzle

		200707180854101.NGB		Mg Stearate		4.234		7.502		12.822		small nozzle
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Reproducibility at 3 Bar o
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H RIBA
Reproducibility at 2 Bar 10K
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H RIBA
Reproducibility at 1 Bar 10K
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HORIBA
Summarize Reproducibility Scientific

O

1 Bar 0.659 0.612 1.007
2 Bar 0.242 0.288 0.896
3 Bar 0.956 1.456 2.209

This is reproducibility; Sampling is important!

Must have representative sample
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HORIBA
Summary ciontifi

Must have representative sample
Powders: select air pressure
Suspensions: wet, disperse

Check accuracy w/microscope or DLS

Investigate system settings: concentration, agitation,
ultrasound

Design for maximum precision
Follow guidelines in standards

© 2019 HORIBA, Ltd. All rights reserved. 46
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