In-and on-line particle size analysis of suspensions and
emulsions of high concentration with an industrially
approved sensor based on ultrasonic extinction

L]

OPU
% Fundamentals
% Realisation

* Adaptation
% Application

HST: Horse-head Nebula
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Fundamentals

FIIERE RF generator RF detector

. measuring zone ||

% Primary signal: Attenuation of sound waves
Ultrasonic Extinction
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Fundamentals

. . RF Generator RF Detector
Particle-wave Interactions

% Particle << wave length

Q:} Entralnment RF Generator RF Detector

suring zone

% Particle >> wave length

&, Scattering

RF Generator RF Detector

Special case:

% Particle = wave length
elastic particles

& Resonance

Measuring zone
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Fundamentals » ff—
Calibration

% Extinction Function K(o)

IE3F  um > e

Depending on material L <K

1E4+ /.~

theory

extinction cross section

x =100

Based on scattering theory R ol U= N S B

1IE4 1E3 1E2 1E1 1E+0 1E+l 1E+2
o = ZRparticle size x

Simple to achieve via wave length A
evaluation software — Adipin

S WINDOX KSIGMA

2,51 — Cacao
—— Liposome
— NaCl

Broad range of experience
e.g. ...

rel. extinction cross section K (o)
o

0.01 0.1 1 10 100

T * particle size x
length A

wavenumber © =
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Fundamentals

Mathematical Treatment

% Lambert-Beer's equation

v¢ Mono-disperse suspensions

— ln[ij
I, p

OPUS Signal
v¢ Distributions

—h{LJ _15-Al-C, -—
IO f; M1,2
1

=1,5-Al-C, -
M

[S—

2

Particle size

const. values

=1,5-A1-cv-1-1<( LX)

X

Extinction Function

X

K(f,x) q,(x)dx Integral

min

X

ZK( i’xj)'%(xj)A"j Approx.

J

Copyright© 2006, Sympatec GmbH, D-38678 Clausthal-Zellerfeld, Germany
OPUS 2006/ 9 E




Raw signal SYMPA
Fundamentals (uid + particle) | | T Jes

OPUS Measurement "article signal

% Attenuation spectrum

31 frequencies applied

&, Leads to 31 particle
size classes

Background signal (fluid)

Fast scan < 30 sec. e —

, , o o B B B | T 77
High dynamic Q I\ / "
range (160 dB) £ YN Cumulative

J [/ distribution
* Particle size distribution ~ :: Y
e /A, \ 3
Density distribution [/ \ :
: /7 \
10 / \
; ~ \
ot ‘ N
” P;?ﬂticle Size ;opolm
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Realisation
Requirements to in-line PSA sensor

% Measuring zone and electronics

% Compact and rugged design

* Applicable for: %, Process concentrations (no dilution)
% High and variable temperatures
& High and variable pressures
&, Caustic and acidic liquids

% Easily adaptable to different kinds of processes

% Easily accessible
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Realisation RF electronics
OPUS |
sample intlet | B h
SEMES O Iy _*p
I ........__-._.EJ I
% OPUS Probe Uﬁl

Measuring gap allows 10 mm intrusion depth

& Stainless steel (V4A, DIN/ISO 1.4571, SS316)
&, SIGRADUR ™
& Fibre enforced TEFLON ™

Standard materials in contact with suspension (other on request):
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Realisation

OPUS specification
% Process conditions

v Temperature: 0..120°C (150 °C optional)
v’ Pressure: 0..40 bar
v’ pH-value: 1-14

v IP65, ATEX I 2GEEXxp Il TS

% Measuring conditions

v Suspensions & emulsions
¢ 0.01 ym-3000 pm

v’ 31 size classes

« Volume concentration: 1 to 70 % vol.
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Process Adaptation
% Adaptable length

OPUS can be manufactured in
different lengths (up to 3500 mm)

Standard version
fixed length: 330 mm
diameter: 89 mm &

For installation in reactors
and pipes > 200 mm

Installation via standard flange
through the reactor head

OPUS

Measuring
zone

adapter
flange AF

expandable probe

<
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Process Adaptation
% OPUS/FT - Flow-Through Adapter

" For installation in small pipes
@ <DN 25

v Entire suspension passes the
measuring zone

v Simple solution for bypass-
installations

* OPUS/BP - Bypass-Adapter

v For pipes from DN 25 - 200

v Partial flow passes the
measuring zone

& Avoids drop of pressure in process pipe
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Process Adaptation
* OPUS/AF — Adapter flange

v For process pipes
@>DN 200

v Simple flange-on
solution with OPUS
AF-Adapter

¢ in-line analysis

Copyright© 2006, Sympatec GmbH, D-38678 Clausthal-Zellerfeld, Germany
OPUS 2006/ 18 E




Process Adaptation

% Docking Positioner & Cleaner
(DP&C)

v For installation on vessels or
pipes @ > 200 mm

« Motorised drive unit for easy
access to the OPUS probe
without shut down of the process

v’ Integrated cleaning station for
flushing of the measuring zone

Copyright© 2006, Sympatec GmbH, D-38678 Clausthal-Zellerfeld, Germany

OPUS 2006/ 19E _



Applications

Typical installations

in-line installation

% PSA directly in main process flow:
& High measurement frequency (typ. 2 analyses / min.)
% No bypass required

on-line installation

% PSA in bypass-operation e.g. in circulation loop
& High measurement frequency (typ. 2 analyses / min.)
& Simple and easy access to the sensor

off-line installation
* PSAinlab
%, USE available for R&D purposes
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Applications

Typical processes and fields of applications

Crystallisation

% Vaporization crystallisation
& e.g. NaCl, KCI, K2S04,
ammonium perchlorate
% Precipitation crystallisation
%, e.g. CaCO3, plastics
% Cooling crystallisation

& e.g. dextrose, fructose,
lactose, perborate,

Polymerisation

& e.g. PS, EPS, HIPS,
PVAC, EPDMs.

Classifying / Blending

%, e.g. minerals

Grinding
*  Ball mill
& e.g. minerals, ore, sand,
metals, pharm. drugs
% Agitation mill
& e.g. pigments, coatings,
pharm. drugs

Homogenisation

% Emulsions homogenisation
% e.g. beverages,
lubrications, polymers,
pharm. & cosmet. creams
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Installation Example
in-line / AF-Adapter / Crystallisation / Food

% Product: Sweetening agents

* 3 0OPUS inon one
crystalliser

% Goal: modelling
of crystallisation dynamics

Heat
3 exchanger

-
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Installation Example &
in-line / AF-Adapter / Crystallisation / Food

* Results: Sweetening agent S

p— | T T /\ \\\ T T T T L Hi‘n . L
Vi /3\ _ N bk =
s < \ o 9 1. f“j ] :
700 He 2 HL.C 0o 8
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E ‘MA““
3 500 ial: i o
N Material: sweetening agent " ——
N | Trend: x ,-value “.u“‘ B
@400 ®  Trend:x 5-value 3 T
- ¢ Trend: x 4value and o*
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< A 0ng®
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o
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A gn“‘ -MM"’
100 =~ ~——
13:00:00 14:00:00 15:00:00 16:00:00 17:00:00
Time
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Installation Example T

in-line / AF-Adapter / Crystallisation Pharmaceuticals

ey,

% Products {| OPUS in 200 mm pipe
% Ultra refined NaCl, iy Reactor
KCI and K2S04 for Pt A L7 T
pharmaceutical use A
% Process

& Vaporisation crystallisation
& Temperature: 70 °C
& Vacuum: ca. 100 mbar
% Process pipe: 200 mm &

* Goal

& Significant enhancement of the
reactor utilising on-line PSA
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Installation Example
in-line / AF-Adapter / Crystallisation / Pharma

% Results: Ultra refined NaCl, KC| + K2S04

1000 T
osol |K+S Kali GmbH |

Info
- x{84 %
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—— x(50 %) jum
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T T T I T I I T T T T T I I T
i o
¥
. o
}.. 3 A T
g ;

et

. e

B

S00
450

Volume concentration / %

400
350

300
250

200 I ! ! I 1 o
12:00:00 00:00:00 12:00:00 00:00:00 12:00:00 00:00:00 12:00:00
04.04.03 05.04.03 06.04.03 07.04.03

Time

v Particle size analysis throughout the entire process
v/ Process regimes are clearly detected
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Installation Example T

in-line / Docking Positioner & Cleaner / Crystallisation / Chemicals

% Product: Ammonium sulphate

OPUS 1400 &
DP&C

Circulation
pipe 28 m

* Process

&, Cont. crystallisation
& 115 °C

L, 3 bar

& Pipe: 1100 mm &
&, QOperation: 24/7
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Installation Example
in-line / DP&C / Crystallisation / Chemicals

% Results: Ammonium sulphate

4000
[ [ [ |

Sympatec in-line particle size analyses
|

3500

3600

3400 Info

3200 = x(90%
—— ¥x(50%

annn - x{10%

25800
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particle size / um
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00
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P-L;.eﬁh

200
10.07.99 11.07.99 12.07.99 13.07.99 14.07.99 15.07.99 16.07.959 17.07 .99 18.07.99 19.07.9

time

v Detection of known oscillation of cont. operating crystallisers
v Instabilities are recognised and allow for fast reaction
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Installation Examples
on-line / FT-Adapter / Crystallisation / Detergents

&, Batch operation
< 1700 | reactor

\)
L.

% 35°C vy
& 1 bar ad =
% 30-60%vol.  opys G/FT 25 &

* Adaptation S :
¢, Using a FT 25 Adapter v e
%, In circulation loop > |

Circulation pipe

% Product: Various detergents 1700 | vessel =
* Process conditions ¢ S Sl | Z?% ™  ,¢
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Installation Example

% Product: Ammonium per-
chlorate (for solid

% Process
&, Batch operation
%, Cooling crystallisation
% 14 | reactor
& 70-20°C
% 1 bar
< 0-60 % vol.

% Adaptation
& FT-25 Adapter

propellant missile)

on-line / FT-Adapter / Crystallisation / R&D

OPUS G/FT 15

el |
- EERsR
| —’ - L
i i ¥
Tl
]

J

® Pilot reactor

Peristaltic pump
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Installation Example
on-line / FT-Adapter / Crystallisation / R&D

% Results: Ammonium perchlorate

800 T T T T T T T T T T T T e T “‘E\, T
750 - o
700 - WL e
650 r » < —
600 - Rate 4 -
550 > 1
g = 5 7 e e o |
= 500 =+, “nu.-_p mds Pt e ® P8 u::n"n nmj
Sl n A : ~ Rated ,
% 400 i
-,::: 350 - T ‘ i
és 300 :“MWJ\M’WT ]\‘ o ‘0‘ _
1.0 T — T
250 - 0.9: ty
200 1 it it it e it o, o st F [ o
150+ 8
100 - o d] "
0|+ SR 1 =
0 L L L L L L L L L L L » 0.
0 10 20 30 40 50 60 70 80 90 100 110 120 13( 3 f
No. of measurement / a.u. o
-3 Rate 1
. . . 2 Rate 5
v OPUS detects varying particle sizes b — Raes
depending on the cooling rate b e o o
Particle size / pm
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Installation Examples

on-line / BP-Adapter / Crystallisation / building materials

% Product: Gypsum slurry (native)

% Process
& Temperature: 120 °C
& Pressure: Approx. 4 bar
&, Conc.: Approx. 20 % vol.
% Adaption
& BP50-Adapter
& Between two digesters

% Background

%, PSD is relevant with respect to the drying stage
& PSD decisive for the strength of gypsum
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Installation Examples
on-line / BP-Adapter / Crystallisation / Building materials

% Product: Gypsum slurry (flue gas Sample
desulphurisation/FGD) _ - inlet

% Central measuring stage
L, Alternating sampling

from 3 lines [TV el
% Measuring Samp|e D= g st

frequency outlet &

1M/ 15 min

& Flushing between
each sampling

% Primary goal:
Solids concentration
analysis

OPUS BP5O
FIushlng pipe
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Installation Example
in-line / AF-Adapter / Polymerisation / EPS

% Product: Expandable polystyrene (EPS)

* Process @“
& 12 h batch - V
o =T he rr E_é;'
&, 2-7 bar " T
* Installation = |
D |
% Through the | I[
reactor bottom | l
* Goal

& Visualisation of EPS-particle
growth in order to stop the
process “just-in-time”

Copyright© 2006, Sympatec GmbH, D-38678 Clausthal-Zellerfeld, Germany
OPUS 2006/ 34 E




ad

Installation Examples
in-line / AF-Adapter / Polymerisation / EPS

* Results: EPS ditio
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Bead growth is precisely detected e

Copyright© 2006, Sympatec GmbH, D-38678 Clausthal-Zellerfeld, Germany

OPUS 2006/ 35E



Installation Example

% Product:
Beverage emulsions

* Process conditions:

%, 7 —10 min.
batch operation

% High pressure
homogeniser

% Conc. 30 % vol.

% OPUS adaptation
& With FT 25 Adapter
& In sample outlet

in-line / FT-Adapter / Homogenisation / Food

High pressure
homogeniser

OPUS G/FT 25

& Outlet

homogeniser
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q3*
"
[

Frequency distribution

2.6

% Results: Beverage emulsions

Installation Example
in-line / FT-Adapter / Homogenisation / Food

2.4

2.2

2.0

-
=)
I

—
£
I

>
=]
T

>
=)
T

<
I
I

=
(8]
T

Analysenzeit x(50 %)
pm
17:19:18 12,12
17:20:34 3,73
17:23:04 3,09
17:27:12 2,93
17:31:15 2,89

Sympatec

OPUS-Ultrasonic Extinction

Particle size / pm

I
20

I
40

Progress of homogenisation is clearly detected in real-time
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Installation Example
in-line / BP-Adapter / Grinding / Minerals
* Product; Iron ore \ B

* Process
& Ball mill 10 m3/h

% Installation

& Main process flow
sieve under run

& Behind cyclone
% Adaption
& BP 50 Adapter
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Installation Example

* Results: Iron ore

In-line / BP-Adapter / Grinding / Minerals

17 —3.0
. '
lone under run — fine fract
Cyclone under run - fine fraction
15 A —2.6
A N
@bl a A/ sasasa,aas s oaa AT L ab ANt A aany —2.4
13— —2.2
Kurve
2L | =  x10 %) mm 2.0 ¥
i e x(50 %) /nm ~
N 11 a x(90 %) /um —1.8 ,
g - Volumenkonz. /%
! 10 — o — 1.6
g oL ,/,0’.0.'0.077..,"’. e 00.‘ 00000000 . 14
8- —1.2 5
LA™ — 1.0
6 —0.8
5 — 0.6
al —0.4
sl .7J—17J,\.7.717'”././H”Hit"fI—IfIflfI*lI{l«i“’ [ w @8 86sassSaness g8esaa —Ho.2
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time

Process interactions are monitored immediately

Copyright© 2006, Sympatec GmbH, D-38678 Clausthal-Zellerfeld, Germany
OPUS 2006/ 39E




Installation Example
in-line / FT-Adapter / Grinding / Pigments

% Results: Metal pigments in benzene

o L T A A A M
DE'DD EFDEI‘_‘l 0 o
s
1001 T -
= | :
. 50 i
o L a
N u _
V2]
~ = . oo
=
‘g Info
e 10F o x(90%) |
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5.0F — -
[T T T S T T O D ety TWW_
12:00:00 12:30:00 13:00:00 13:30:00 14:00:00 14:30:00 15:00:0
03.03.99
time
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Installation Example

off-line / FT-Adapter / various products / R&D

*x OPUSin0,5-11
re-circulation loop

% Static measurement (no circulation)

%, Sedimentation during
analysis has to be avoided

& Required sample approx. 100 ml

% Product: Various -
* Calibration; WINDOX KSIGMA

2
{i
e

% Lab-version of USE:;
NIMBUS = “OPUS” +

integrated circulation loop e %
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Coherence of OPUS Measurements
to HELQOS Laser Diffraction

HELOS & OPUS results
e.g. platinum ore

/N
®m OPUS Original sample / \
® OPUS Coarse fraction R °
OPUS Fine fraction X\
¢ HELOS Original sample \

v HELOS Coarse fraction
HELOS Fine fraction

frequency g3*(x)

Very good agreement between ultrasonic extinction OPUS
and laser diffraction HELOS
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Coherence of OPUS Measurements

to sieve analysis

3
<
T

(=)
<
T

e.g. quartz sand

30

20 -

Cumulative distribution Q3(x) / %
Z
T

10

- | - - -l L

100 T T T T T T T T T T L Rt o - i ol
| Fine (sieve) |
90 Coarse (sieve)
B Medium (sieve)
80 ~* Fine (OPUS) —
. = Coarse (OPUS)
& Medium (OPUS)

0 | 1 | | | TN IR I |
3.0 10 50 100 500 1000

Particle size / pm

Very good agreement between ultrasonic extinction OPUS
and sieve analysis

5000
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Density distribution q*

Coherence of OPUS Measurements

to image analysis

5.00 T T T T T T T

4.75 -
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4.25 -
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3.75 -
3.50 -
3.25 -
3.00
2.75 -
2.50 —
2.25 -
2.00
1.75
1.50
1.25
1.00
0.75 -
0.50
0.25 -

Identifier Product
Imageanalyses after Batch | Batch I
OPUS batch L.txt Batch 1
Imageanalyses after Batch IV Batch IV
OPUS batch IV.txt Batch IV

RN

0 & = al
80 100 200 400 600 800 1000 2000
particle size / pm

Very good agreement between ultrasonic extinction OPUS
and image analysis
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Experience (Excerpt)

ABS polymers Gypsum

Adipic acid Harbour mud
Aluminium Iron powder
Aluminium hydroxide Isodecanole in water
Aluminium oxide Kaolin slurry
Ammonium wolframate Lactitole

Ammonium perchlorate Limestone
Ammonium poly vanadate Lithium hydrate
Ammonium sulphate Magnetic suspensions
Barium sulphate Mayonnaise
Calcium carbonate Melamine

Carbon black Offset paint
Chocolate Oil in water

Chrome Ore (generally)
Coca mass Paraffin oil in water
Colour pigments Precipitate

Dextrose Petroleum in water
Food colour Polymer systems
Glass beads Polystyrene beads

PVC suspensions
Quartz sand
Sepharose

Silicon oil / water
Sodium chlorate
Sodium chloride
Sodium nitrate
Sodium perborate
Sodium percarbonate
Sodium water glas
Soft rinser

Soot suspensions
Suggar slurry
Tenside suspensions
Terephtalic acid
Titanium dioxide
Zeolite

Zinc carbonate

Zinc oxide
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