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Sieving
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Motivation for particle sizing

Defined properties

Agreement

Detected properties

Certain properties are to be achieved when products are manufactured.
These depend on the particle size and the particle distribution.

|:> Particle size/distribution = product property
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Motivation for particle sizing

© 2016 HORIBA, Ltd. All rights reserved.

Example 1: Coffee
The particle size determines important taste properties
Too coarsely ground coffee: a watery cup of coffee

Too finely ground coffee: too many aromatics, acids and
bittering agents are dissolved, the filter could be blocked
or fines arrive in the coffee cup
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Motivation for particle sizing
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Example 2: Sandpaper

The quality of the sanding result is always determined by
the particle size distribution of the abrasive.

Incorrect Size wrong surface finish

Too wide particle size distribution:

Generates grooves and rills on the surface.

© 2016 HORIBA, Ltd. All rights reserved.
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Measuring systems

MEASURING DEVICES

Particle Size
dnm dum Imm 10cm

Sieve Analysis (dry) | . . 20um 30mm

CAMSIZER | | | 20um .30m;n
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Sieving

Traditional measurement:
e Sieve analysis 0.02mm - 30mm
e Sufficient statistics in a short time
until now: older optical systems had poor statistics
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Measuring principle: sieving

What size particle passes through a
two dimensional (often square) hole?

© 2016 HORIBA, Ltd. All rights reserved. 9
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Measuring principle: sieving

What size particle passes through a
two dimensional (often square) hole?

Surprises! Doublet from
Spray Drying

Il
|

e

‘ Lenticular particle
(e.g., pill)... no

Same size in sieve simple dimension
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Standards for sieving

If sieve analysis is used for quality control
within the context of DIN EN ISO 9000:2000
then both the sieve shaker and the

test sieves must be subjected to

test agent monitoring.

Technical requirements & testing
according to ISO 3310

Tolerance for mean value (Y ):
The mean value of the mesh
width must not differ from the
nominal value w by more

than the tolerance t Y.

w = mesh width

d = wire diameter
© 2016 HORIBA, Ltd. Al rights reserved. 11
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Sieve analysis: workflow

Sample division

Test sieves
Sampling

»
2

Sieve shakers

IdEanERae
‘mamwestp

Accessories
& cleaning

T

Evaluation

_ 12
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Measurement

Add known mass of sample to top of sieve stack.

|

Analyze Data.
&

/.
Clean sieves for the next user. ¢ ,,;:,fﬂ
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Visualization

Cumulative distribution

Qs [°/ci] 10% 69 3g

15¢g /r‘

90+

807

707

607

50+

407

307

207

107 3%
4.5¢g

4550 63 100140 250 500 1000 2000 4000 6000
Particle size x[pm]
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Visualization

Cumulative distribution

Qs [%] Ps [%]
90+ 190
807 180
7071 170
607 1 60
50+ 150
407 740
307 r30
207 r 20
10+ r1o0

4550 63 100140 250 500 1000 2000 4000 6000

Particle size x[pm]
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Visualization

Cumulative distribution

Qs [0/2] Es [%]

/?___-[
90+ 790
807 180
707 170
607 1 60
50+ 150
407 740
307 T 30
207 T 20
10+ T 10
45 i50 63 . ;.OO ;.40 | 550 | gOO T iOOO ‘2000 | 4‘-006 éOOO
Particle size x[pm]
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Visualization

Cumulative distribution

Qs [0/2] Es [%]

/?—_—__1
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Visualization

Cumulative distribution

Qs [0/2] Es [%]
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90+ 790
807 180
707 170
607 1 60
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Visualization

Cumulative distribution

Qs [0/2] Es [%]

/?___-[
90+ 790
807 180
707 170
607 1 60
50+ 150
407 740
307 T 30
207 T 20
10+ T 10
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Particle size x[pm]
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Visualization

Cumulative distribution

Qs [0/2] Es [%]

/?___-[
90+ 790
807 180
707 170
607 1 60
50+ 150
407 740
307 T 30
207 T 20
10+ T 10
45 i50 63 2:100 140 250 ;500 1000 ‘2000 | 4‘-006 éOOO
Particle size x[pm]
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Visualization

Cumulative distribution

Qs [0/2] P3 [%]
90+ 790
807 180
707 170
607 1 60
50+ 150
407 740
307 T 30
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10+ T 10
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Visualization

Cumulative distribution

Qs [0/2] Es [%]
90+ 90
807 180
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Visualization

Cumulative distribution

Qs[q@] ps [%]
9071 90
801 80
701 T 70
607 T 60
Q1 (s Particles <330 pm Lo
40T Particles <250 pm 140
Qs(36)¢
301 30
207 T20
10+ N - - - +10
63 100140 5 1000 ooo oo 6000
250 ym 330 pm Particle size x[pm]
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Quality monitoring problems (size) "

d : aL » |
Cross contamination and weighing problems

6 HORIBA, Ltd. All rights reserved.
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Importance of mesh width

consequences of tolerances

Q3 [%] Q3 [%]

907 T 90
807 T 80
707 T 70
607 T 60
507 T 50

44%

400/0 a0 T 40
301 / 63 pm 30

Tolerance + Y = 3.7 pm
200 T 0
10 o 10
40 50 60 ‘70 éO éO iOO éOO éOO éleO
Particle size  x[pum]
+Y 66.7
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Spherical particles

Passing [%] W
90

H ~
Sample-1__xc_min_002.rdf f
80 o] Sample-1__xc_min_001.rdf

—¥— Sieving-Nominal-S1.ref /

0 200 400 600 800 1000 1200 X [um]

In theory these curves should match. Why don’t they?
Hint: Look at the detailed sieve specification!

© 2016 HORIBA, Ltd. Al rights reserved. 26
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Influence of mesh width

© 2016 HORIBA, Ltd. All rights reserved.
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Mesh sizes warp

/

Nominal/ Sieve Mesh] = 1400um

only beads < 1400pum
will pass the sieve mesh

beads > 1400um will not pass the
sieve mesh

Mesh sizes weft

1400pm 1429.5pm

Reality: o ‘/1
/

Real Sieve Mesh >1400 = 1455

Upper mesh size range ~1455pum
sieve No. 03033531 (nominal 1400um)

27
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Real mesh width

Passing [%]

90

— Sample-1__xc_min_002.rdf
—¥— Sieving-upper-range-S1.ref

;z -
. /

80

30

20 / |
10

0 200 400 600 800 1000 1200 X [um]
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Particles get stuck in sieves

~ — @,

particles
are
easily
captured — .\ V! ST |
but
hardly
released

2. Sliding friction

YEP [

——anran 9T I00_xo.m i_008 b1 —
eo ——ah2h_snbon_>om f_00e it —
——2P2h Hun erisnedw B 1 —f— /

. |/
. /

oe 0d oy

oe Lo xom o [
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Different shaking amplitude

100 e o -
90 ’/
_ | Quartz sand, Sieving /
80 time: 2 min.
. /
S 60
S WA
\></ 507 - /
@ | Amplitude: 1.2 /‘
40 A
i «\/ /
30 =3 ;::‘/ /
Amplitude: 0.5 *]
20 - Identifiers
- - . AMP- 2 ||
10 Amplitude: 2 o AMP- 0.5
- -a- AMP- 1.2
0 : -

10 50 100 500 1000 5000
Particle size / pm
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Watch out for wear!

“Beating” on sieves with particles (sieve analysis),
or careless cleaning is going to wear out the sieves!

It requires a lot of work to monitor sieve condition.

- 8 AYe el

Worn out sieves

SESEEENADRTE0
muililili-lnlllnv-qnlllnl
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Sieving advantages

e Robust and industrial-suited

e Easy handling
j>| e Long history

e Low cost

© 2016 HORIBA, Ltd. All rights reserved. 32
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Sieving disadvantages

e L ow resolution,

small number of ascertainable classes
Limited sample amount

High operation costs (labor,
replacement)

Hard to confirm correct operation
Cannot see change in size of some
particles (e.qg., rods)

e No shape analysis possible

© 2016 HORIBA, Ltd. All rights reserved. 33
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Dynamic Image Analysis (DIA)

measurement volume of the instrument
and the field of view of the camera.

- Particles images are captured \

during movement,

no other moving parts necessary. CAMSIZER

« Capturing of many particle images

- Particles flow through the \.“'J'
=

: = - _ particle flow
in a short time interval > \r * paticles
§ % o camera
- Particles are projected s @® E‘:
in random orientation (3D) l . e

e
— ’*——- ¢ enlarged

© 2016
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Data analysis

Raw image
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Binarize

a I

O e <:7 ]

Q

article No.

NOWw B W

NHOOVR

©
Q

Q 13
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i
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i Find edges

x5

,9028
,0800

8570

, 8006
,2663
L0971
,9952

6237

7679

1)!7

.5‘!
.14{

(?(?

k Analyze each particle

ys X_area xFe wa
0,3489 0,1219 0,1269 0,1186
0,4677 0,2176 0,2234 0,2156
0,6081 0,4872 0,5260 0,4746
0.8691 0,3937 00,4154 0,38%4
0.7%29 0,2767 0,3113 0,2720
1,2902 0,5874 0,6104 0,5833
1.1762 0,2226 0,2342 0,2194
1,2215 0,1609 0.1668 0,155%4
1,2251 0.1’4’ 0,1237 0,1238
T €%a2 n M %385 fa % an
U as29 D 3049 0,451/
.-/_-
- o~
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What is the size?

llllllll

Different measurement systems provide different results.

. .

:"‘, - ./
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Many size measures

X¢ min X.rea XFe max
“width” “diameter over “length”
projection
surface”

v

xFe max

Width is best

suited for 8“ Shape
comparison . parameters

with sieves ! I can be
calculated!

© 2016 HORIBA, Ltd. All rights reserved. 37
Explore the future Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Sclentific HORIBA




HORIBA

uuuuuuuu

Comparison of size definitions

X & xArea & xFe max

c min

R [ | [“gomqsn gl /ﬂ/f
T |—E2sngdA g
—A—eand)A_SJ
80 T
0 ¢
a0 7 // /
| f
M
€0 1 / / /

0 1 /

S

-
=

0< oh 00 I 2 X[mm]

different < > different
size definitions results
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Image analysis reproducibility

YEOP [

NO

&

g

N0

IO

Samples 1-8, the following samples
show identical results .
1=7, 3=5, 2=8,

© 2016 HORIBA, Ltd. All rights reserved. 39
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Area measurement <~ sieving

F,;,Diamamm ...\moldan‘\probel_001_rdf
Dae Beabsten pnsicht Ewnes Hife
e I e 5 5 Y S P ]
03 [%]
B0
70
B0
50
40
30
© probel1_001 rdf
% 20 —— molgan1 ref
X 10
0 200 400 800 800 1900 1200 1400 x[urn)
X area o i
diameter comparison

via projection surface”

CAMSIZER-measurement X,,ea (red)
and sieving ¥ (blue)
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Measuring of width < sieving

Q3% | I | T

90 - -== width measurement 17

cmin
-*- Sieving /;’}"

“width”

80 1

f
60 | /i

//
40 1 /
30 |
20 | ,//
10 ] j
e
0 B P -

200 400 600 1000

Xcmin

comparison

CAMSIZER-measurement X¢ min (red)
and sieving ¥ (black)
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Size range
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Q3 [%] | L
a0 - /i{/
80 | . . /4
—— Camsizer x,min Sample.rdf 77
—#—5 60-97 Sieb.ref f ’f
701 i i I ¥/
s === width measurement },jf
-*¥- Sjevin /
5 | g /»}‘
| a0 /
20 /’//
10 - f
— S
400 G600 Cmm

Range is 200 to 2000 microns ... (factor 10)

How to cover a wider range or different size products? (factor 1500)

© 2016 HORIBA, Ltd. All rights reserved.
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2 Camera system for size range

l

Large particles

in high Small particles
representation- with high

wide field of resolution
view (magnification)

an &
-
e
- a i 5
Basic camera Zoom camera

© 2016 HORIBA, Ltd. All rights reserved.
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Calibration

Master sieve stack
(that wears with use)

- Traceble to an international standard
- Covers the whole measurement range
- Instrument to instrument agreement
- Does not wear

© 2016 HORIBA, Ltd. All rights reserved. 44
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Resolution and fitting

This is due to poor resolution of sieves.

Q3 [%] |

80 1
701
60 1
50 {
40 t
30 1
20 1
10t

ol

1.0 125 15 1.75 2.0 X [mm]
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Lenticular particles

P [ ]

—=2gngdA 88 0K xomm O0L b
——2anqdA_»pt 7( /

] //
o | //
o I/

Mt

0 1 /
o | /

0S 0h 09 I X i [

\
AN
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Lenticular particles

] e

—=2angq$A_8S_08° _xom i 00L b
| ——=2anqsA_»nt 7/ /

Xn-,Camsizeﬂ !
_ |
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Angular particles

(coal, sand, sugar)

R [ //
80 /
/ ) ——ATa9e_£eeE X 9 039 >om i _00L b1

Yo / / —l—AT89e AT _£ee€ vt B
) /
/ /

. 7
4

. /)
. /
/

IO

© 2016 HORIBA, Ltd. Al rights reserved. 48
Explore the future Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Sclentific




HORIBA

Sclentific

Cubes / angular particles

X Sieve X, Camsizer

X .. Camsizer

© 2016 HORIBA, Ltd. Al rights reserved. 49

HORIBA




''''''''

Fitting ... the final adjustment

EF [ —

angular particles
without fitting

——ATa9e_£00E X 8_03° _som fi_00L
ceE Bt |

RN

//
) /; CAMSIZER-measurement X¢ min (red)
) / sieve analysis (black)
<0 / .
0 // ! .
o] — <00 200 300 500 " //

0 / !—ao_e-ng 002 3080 o 00

o /

i /

angular particles /
with Q;-fitting //
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Limits of Q; fitting

)E
)E
e
e
)8
)8
Y
)Y
)o a
)
)e a
)
A N
)
E )E
) j
/ )S
/
)L
// - -

Io e SO0

ra <o se €0 xom it i [

Cannot fit in general.
(all sizes)

Elementary - fitting
i — T ————————————

/ Fingmetod  [one sheve class ang entre detiintin =
/ %
g e d Loww (o) [22400
= X = -
/ E = Uppar ind e} 2300
oo Updne
/ femove |
/
¢ // tex | At
N / The sheve clozs bt t0 ke 02 amal & poteicis
e / Data o ertye s ution
y Coercees riw cudn They (e 10) Raterence fes (svrg) (08 10)
s /
o 1 3o %001 1ol ez
/ s |
s / '
» Rencee. | Renare |
" ket Sl
o
re < sam fdm [ 1 e 1 s
o« Cace Zave
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Elementary fitting

q3{1mm]
i 128 ot 4. - .. Two samples
= [ R N T . . with different
" ), Ly width of
" distribution
ol but ...
b3
o With '] L
similar shape. |
(= same ..
product type) °
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Digital imaging & sieving
1 1

@ {Wmmj

Vo Elementary
J,~\ fitting with
single (narrow)

sieve class

a7

06

a

Single class (element):
Taken from the sieve stack
and measured in CAMSIZER

For the CAMSIZER
elementary fitting
use the more narrow sample

© 2016 HORIBA, Ltd. All rights reserved.
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Elementary fitting

Create o fitting filo &.I

Fiing metrodt fr:ﬂe skeve closs and entre dstrintion '_]

Dita of 06 3arve Cliss

Carrncoat rawy Ot ey (o 1)

Loraw et [n) 22400

]| s [, single (narrow)
sieve class
entire
distribution

Madier_1-35en 1% ER206.238 sc_mn

1 fhea e
The skeve clasa has to Ko 02 amall &9 pozsioks

fhes  (max 1) Refererce fes (svig) (082 10)

e _min_0O1 raft [Mebor_) S et

Elementary
- fitting

Se €0 o i e [
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Elementary fitting results

T
- /
I /
Elementary Fitting: . /
e For samples with similar shape “
e Fitting of different width of ) S L1 ||
distribution possible ) / e ‘
(even multimodal distributions) 4
e Applications: sand, sugar,
fertilizer, minerals, plastics,
foodstuffs... | v
> Samples with varying particle shape, i /
e. g. abrasives will need different fitting files ~ //
. M(/
- //f
/ Multimodal Distributions
© 2016 HORIBA, Ltd. All rights reserved. S 56
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Conclusions

7

The Camsizer can be used in place of sieves to
provide fast, easy data. It also provides
shaped data.

Historical sieve data can be matched through
an elementary fitting process. This requires
one (good) sieving and two Camsizer
measurements.

©2016 HORIBA, Ltd. Al rights reserved. 57
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Image analysis advantages

Low resolution High resolution

Limited sample amount Flexible sample amount

No shape information Shape information included
High labor costs Low labor costs

Hard to check accuracy Easy accuracy check
Cannot see doublets Easy to analyze doublets

and other complex shapes

© 2016 HORIBA, Ltd. All rights reserved. 58
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Questions?

Ask a question at labinfo@horiba.com

Keep readin? the monthly HORIBA Particle
e-mail newsletter!

Visit the Download Center to find the video and
slides from this webinar.

www.horiba.com/us/particle

Jeff Bodycomb, Ph.D.
P: 866-562-4698
E: jeff.bodycomb@horiba.com

Thank-you
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Thank you
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Tack ska ni ha
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