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More Information {y, HORIBA

B Best Practices/Training
@® Setting Attainable Size Specifications TR0OO7
® Understanding Laser Diffraction PSA Results TR0O08
® Troubleshooting Laser Diffraction Data TR010
® Help! How Can | Trust My Size Results? TRO15

® Refractive index selection, sampling, dispersion, system
verification, method development and more

B Technology
® BET Flowing Gas Surface Area TEOOS5
® Find the Best Analyzer for Your Application TEOO6
® [ntro to Laser Diffraction TEO10
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What is trona? Ly, HORIBA
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HGoogle says...
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What is trona? by, HORIBA

® Naturally formed
sodium sesquicarbonate

B Na,CO; * NaHCO; * 2H,0
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Why is trona useful? {y, HORIBA

B EPA regulates SO, emissions
B Multiple strategies to remove SOy
® Dry Sorbent Injection attractive option

M Trona
® Capital cost low relative trad. scrubbers

® Operational cost proportional to sorbent
cost
® SO, removal proportional to reactivity
— Reactivity directly proportional to surface area
— Surface area directly prop. to particle size
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Balance SO, removal vs. cost

B Unmilled trona
® Coarser PSD - Smaller SSA

® Need to inject more sorbent to hit removal
target

® Milled trona
® Finer PSD - Larger SSA
® Need to inject less sorbent to hit removal
target

— Added cost - either material cost or on-site milling

— Finer powders typically bring flow and handling
challenges
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Calcination aids removal (-, HOoRiBA

B Trona has low natural SSA

B Trona injected into flue gas undergoes
calcination and produces sodium
carbonate with higher SSA

m2(Na,CO;*NaHCO,;*2H,0) + heat =
3Na,CO, + 5H,0 + CO,

B Evolution of water and CO,, creates
micropores > higher SSA
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Measure surface area to screen incoming material
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U illed t %/J - HORIBA
nmilled trona
Data Name Graph Type D(v,0.1) D(v,0.5) D(v,0.9) S.P.Area

Coarse Trona1-1 [ |— 131.42154(pm) 308.70682(pm) 760.91968(pm) 241.40(cm?cm’)
Coarse Trona1-2 [ |— 132.08002(pm) 307.35019(pm) 752.87378(um) 241.44(cmicm’)
Coarse Trona1-3 [ |— 137.03998(um) 317.32086(pm) 770.82068(um) 233.72(cmicm’)
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Measure particle size to screen incoming material
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Milled trona by, HORIBA

1| Data Name Graph Type D(v,0.1) D(v,0.5) D(v,0.9) S.P.Area
Fine Trona1-1 [_]— 8.37994(pm) 21.10479(pm) 98.33163(pm) 3454.2(cm/cm’)
,| Fine Trona 1-2 []— 8.39405(pm) 20.76745(pm) 95.21474(pm) 3476.6(cm‘/cm’)
Fine Trona1-3 [_]— 8.36223(pm) 21.37006(pm) 98.62337(um) 3444.3(cmicm’)
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Measure particle size to screen incoming material
and monitor milling end point, efficiency, etc.
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Unmilled vs. milled trona [ HORBA

Data Name Graph Type D(v,0.1) D(v,0.5) D(v,0.9) S.P.Area
Coarse Trona1-1 [ | — 131.42154(pm) 308.70682(um) 760.91968(pm) 241.40(cmi/cny’)
Fine Trona 1-1 []— 8.37994(pm) 21.10479(pm) 98.33163(pm) 3454.2(cm’/cm’)
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Featured technologies @ MorEsA

HLA-950 & LA-300

Laser Diffraction

HSZ-100

Dynamic Light Scattering & Zeta Potential

B CAMSIZER & CAMSIZER XT

Dynamic Image Analysis

HPSA300

Static Image Analysis

HSA-9600

Flowing Gas BET Surface Area
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Size Range by Technique C HORIBA

o L Lt E L EE D DL P PR PR o BB,

ACOUSTIC SPECTROSCOPY

OPTICAL MICROSCOPY / IMAGE ANALYSIS

ELECTRICAL CONDUCTIVITY

LIGi—IT OBSCURATION / ELECTRICAL SENSING ZONE

DYNAMIC LIGHT SCATTERING

LASER DIFFRACTION

10 nm 100 nm 1 um 10 pm 100 um 1 mm
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Laser Diffraction {y, HORIBA

- *Converts scattered light to
~ particle size distribution
*Quick, repeatable
*Powders, suspensions
Most common technique

LA-950V2

R -.L-;.-;.-,.--r .
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LA-950: Laser Diffraction C HORIBA

M |owest total cost of ownership

B Measures In less than 60 seconds
B One-button operation

B Wet and dry measurement

® Ultra durable

® Ninth generation
B 10 nanometer — 3 mm
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LA-300: Laser Diffraction C HORIBA

B Unigue portable design
® Shippable in Pelican case

B Ultra durable

B One-button operation
B \Wet measurement
®100 nm - 600 um
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SA-9600 Surface Area Analyzer

mO0.1->2000 m4/g
M Single or multi-point analysis
B One or three station systems

M Single point: up to 30 analyses
per hour

M High value route to quick and
easy surface area analysis
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HORIBA

Size Terminology

O0.1lpm 1.0pm 10pm 100pm

10-10 10-° 10-8 10-7 10-6 10-° 10-4 10-3 10-2 10-1 10-9

4 T 100 nm T T T
nanometer micrometer millimeter meter
nm Micron or pum mm m
Angstrom
(A)

The most common designation is micrometers or
microns. When very small, in colloid region,
measured in nanometers, with electron
microscopes or by dynamic light scattering.
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The Basics Y inm

Q{Q"’ﬁ:tmto“z

Which is the most meaningful size?

< >

A

different
size definitions

different
results

—>
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The Basics (g, HORIBA
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What sizes can be measured?

A

v-e
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The Basics

ly, HorBA
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Particle Distribution
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The Basics D in

O

Particle Size Particle Size Distribution

T~ . E "-'
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The Basics (G vomea
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Laser Diffraction

Assumes hard, spherical shape model

12 —100

10—

q% = amount _
of each size - €

&
=1
UnderSize()

H_

by volume
o0 . e e e e | —0
oot od00 1000 1000 {1000 Jo00
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Central Values ly, HORIBA

Mean
Weighted Average
Mod
/ ode Center of Gravity
Median

- wean  Median
c - 50% Point
o I \ D[4,3]
-3 oo
£ I : ' Mode

| N Peak of the distribution

1| N Most common value

Size

Remember: D[4,3] is sensitive to large particles
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Mean vs. Median {y, HORIBA

Data Name Graphk Fype Median Size
200713350917589 [ ] 0.4 7462 prar) —100
200711150918590 [ | —— 0. 47164 (pm) [1 ]1 000 [?.:.’] 02441 [I-ll'l'l] :
(220,00 (%] 0.47TE[pm] =
_ [3]30.00 %) 27033pm] -
= Mean Size - 1.09216{um)
§ / (1710.00 (%} 0.243%m) o 15%
: : (25000 (%) 0.47460m) = & difference
e (390,00 (%) 279900pm) — - 3
: I 5
\ -8
Mean Size . 1.292050m) 25
) / “20 .
\\ - Classic example:
N \ / § CMP slurries
0 - Lo . . R —o
0100 1.000 {1000 F00.0 200.0
iameltenips)
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Most Common Statistics [/ HORIBA

half are smaller than this diameter half are larger than this diameter

__— D(v,0.5)
median
10% of the particles lie 90% of the particles lie
below this diameter below this diameter
D(v,0.1) D(v,0.9)
D(v,1.0)
Never use
// the D100!
Size ym

D(4,3) sensitive to large particles
D(3,2) sensitive to small particles
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Bimodal Distribution y, HORIBA

Which numbers to use for specifications?
D50 still an option, but some prefer finer details
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Multimodal Report () HonmA

o

10—

0 ' R T B e T T
I
0.01 o1 1 10 100 1000 3000

Summary l Frequency | Statistics |

Sample Digtribution Distributian 1 Dhistribution 2 Diistribuition 3 Fezidual
v Dizplay v Dizplay [w Dizplay [~ Dizplay
‘ D50 . 25.09]um) D50 © 151{m) D50 - 46.29(um) D50 Y TGRS
D10 © 114 D10 . 088 D10 © 241 3um) D10 ) - 12z
Dan : F2E7(um] (1] . 2.58pm) D30 : B8.33(pm] D40 e[ fres Ratia:
‘ Average + 30.03(pmm) fverage - 1.EB[pm] Average + B2.83[pm] Ayverage R T | Residualabs]:S ample

tiode - 48.08(pmm] Mode 1. 420um) Mode - 47.97pm] tode B T - 007

STD Dew. @ 31.44{um| STD Dev. @ 0.72pm] STD Dev.  : 28.37[pm) STD Dev. @ --[um) Fiesidualiabs]: Dist1

Span o 2.85(pm) Span c 1.33em) Span o 1.380pm) Span R TV | - 01E

Area Fatio: Area R atio: Area Fatio: Area Fatio: Residuallabs]:Dist2

Sample:Dist] © 243 Dizt1:5 ample 04 Dizt2: 5 ample . 057 Dizt3:5 ample P = - o011

S ample:Dist2 © 175 Digt1:Dnist2 ;072 Dist2:Dist1 : 139 Dist3: Dist1 P ome Fesiduallabs):Dist3

Sample;Dist3 HEE Dizt1:Dist3 FE Dizt2:Dist3 B Dist3; Dist2 A B

Dialprn) | Freal] i‘ Dialpr]  Freg(¥] il Dialurn) | Fregl%] i‘ Dialurn]  Freql¥] il Diatum) | Freatz) 4]

0014 0 not4 1] 00114 ] 0omtg - 0014 1]
0.01306 0 001308 1] 0.01306 0 0.01306 --- 0.01306 1]
0.01495 0 0.01495 a 0.01495 a0 0.01495 - 001495 1]
00173 0 0m#a 1] nm¥a ] 001713 - nomyz 1]
0.01962 0 001962 1] 0.013962 0 0.01962 -~ 0ose2 1]
002247 0 002247 a 002247 a0 0.02247 - 002247 1]
0.02574 or 002574 oax 002574 nr 0.02574 - hd 0.02574 ox
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Automate COV Calculation 2 "OREA

W Coefficient of Variation indicates
precision of multiple measurements

B[SO 13320 makes recommendations
using COV

Il Surmmary Report

E:-:pnrtSummar_l,ll Pritit Surnrnary | Edit Lapout | Best Fit Ealumnsl Hide Selected I E «it |

File MName Sample Name | Dfw0.1) | D05 | Da0 |

Z008110671138063. NGE Zircoa Slurry 0.085 n1a? 0185
c00811061140069. MNGE Zircoa Slurry 0.071 0145 11.6896
Z0087110671144070.NGE Zircoa Slurry 0.0R9 0129 3.834
Ayarage 0.0Bg nizvy 530G
Stod. Denw. 0.003 0019 F.4997
Ch (3] 4471 15023 112921
S0 13320-1 (200, 15.0, 20.0) F:'.a'-"-.E:E:E[]_ FAILED _ FAILED
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Result Verification

“,
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HORIBA

& Scienti

_ Diisiboution Geaph | Diala Table | Fesul Dats |
M Yerification Setting El Mean Sice 0.15408{jim)
Parameter |Median5ize j "u"mium::a_ : 1.838BE-3(um)
Median Size 0.1 FF30{pm)
Specification (150133201 | Mode Size 0.1649(jim)
Std. D o DLDAIE( )
Standard Yalue |5|:| (] Chi Equnre © 4 1E2%19
Talerance |5 (] R Paramater ) ¢ ATITIE-]
Certified range of walues Diameter on Cumulative * :‘I‘-E};ggg ﬁ{ g;‘z;i“ﬂ:;
Dly.0.8)>=10um *: & Cumulative % on Diameter - (1850.0 (pm)- 100 000{%)
Dfv.0.5] < 10um + % D (26000 (um)- 100 000
SEFA25.0 (pm)- 100 0000%)
(A0 (pm)- 100.000{%)
SSR212.0 (um)- 100000
SENS0D (- 100 000%)
. . S (FYT06ED (m)- 100 0O0{)
Flesult-DlspIa_l,l Setting - (BY75.00 (pm)- 100.000{%)
Pass: D (953,00 (pm)- 100.000%)
Colar: - - (VI 36.00 (pm)- 100 000(%)
Text: ok Wenfication 10K 4.3 : :-"'|:|'I':: ML
Ik THIRQN 0 e 1.00
Fail; ‘ I 1 [Dhwe 3] [ 0 e 1 0m
Cobor I - |
Text [MG Drata Hame Graph Type Transmittance{R) Median Size R Paramets
andy¥’ T B88I3(%) 0.17730{pm) 0.373785
200801181026014 | | 81.11(%) 9.35329(pm) 0.069234
Cancel andy1 C— Bﬂ.‘f‘%} 0ATT30{pm) 0.373795
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Specificationon Xor Y Axigy, HORIBA

Errors on X & Y axis not the same

1.0

0.9

0.8

50% below 100 pum
75% below 120 pum
100% below 140 um

0.7

0.6

% Under os

0.4
0.3

0.2

0.1 Size error of +/- 5%

Size in um
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Specification with Error (-, HORIBA

Must tighten internal spec by lab error %
Then product always within performance specification

| |
| |
I »
| |
: Product Performance Spec. :
| |
I I | I I I | I I
a0 85 gk 05 100 105 iL[x 115 120
: Size in um
I‘
|

|
|
"
Spec. Including Error |

http://www.spcpress.com/pdf/Manufacturing_Specification.pdf, By David Wheeler
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Specification with Error (-, HORIBA

W Must tighten internal spec by lab error

B Therefore minimize lab error makes life
easler

® How to minimize error?
® Get sampling right
® Structured method development
® Eye on the goal: reproducibility
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Particle Characterization Home + Scientific + Products + Particle Characterization

Environmental

Particle Characterization

HORIBA designs, manufactures,
and supplies state of the art
particle characterization
instruments:

Every instrument across the five

business segments must meet

stringent requirements before the

HORIBA name is attached. The Particle Characterization group of analyzers
_has incomorated this_orincinle into sach. new desian since entering the
business in 1979. Relentless innovation united with high performance to
attain the ultimate goal: a new standard in usability.

Particle Characterization Products

HORIBA offers instrurnents for particle size, particle shape, zeta potential, and
surface area analysis. Measurable particle size range is from 1 nanometer to
30 millimeters, at concentrations ranging from 1 ppm to 50 vol% with shape
determination available starting at 1 micrometer. A range of analytical
technigues are employed including laser diffraction (Mie Theory), dynamic light
scattering, acoustic and electroacoustic spectroscopy, and dynamic and static
image analysis. (measuring both paricle size and shape information).

HORIBA's advanced designs and powerful software, combined with flexible
sample handling systems are available to meet every analysis need. These
instruments can incorporate small volume pumping systems for precious
materials, high throughput automation, dry powder dispersers and
temperature controlled flow systems in order to provide the user with the best
possible solution with none of the trade-offs that might otherwise be
necessary.

Particle Size

o Laser diffraction
o LA-950V2
o LA-300

o Dynamic light scattering
a 57-100
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