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History SECOPTA

Fast. Precise. Robust.

1998 Spin-off Clausthal University of Technology

* 2001 LIBS mine detection by Secopta

* 2010 Market introduction of FiberLIBS

« 2014 Market introduction of MopallIBS (Recycling)

« 2017 Change of Shareholder structure, Business Angles,

New Facilities in Teltow (south of Berlin) focus on

industrial applications

« 2021 SlaglLIBS, New PMI Applications, New Mineral Applications,

18 employees turnover 2.3Mio.€
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SPECTRUM
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Laser Induced Breakdown Spectroscopy (LIBS)

laser pulse

. spectrometer

lens

fiber optics

plasma
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Laser Induced Breakdown
Spectroscopy (LIBS)
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LIBS spectrum: Aluminum
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1
.| Periodensystem der Elemente ol

LIBS Basics - Advantages of the method e =
Universal and flexible “'f

* each element is detected, even lightweight

* identification of complex objects
by “fingerprint”

* adjustable by software

‘ Quantitative :q' Qualitative

Fast and straight forward

* Online — full automated data analysis in ~¥1 ms
FiberLIBS with up to 100 measurements per second

applicable for monitoring und process control
* Inline —compact sensor head for integration directly into machinery

* Insitu —no sampling and no sample preparation

SECOPTA 7

Fast. Precise. Robust.



USPs SECOPTA LIBS Technology

*  Results within milliseconds
1000 measurements /s
* Upto 20.000 measurement points /s

* Quantitative Measurements <0,1 wt% . o 3
sl(=ei=l  ° Typical error of approx. 5% rel. possible @ 3m/s
*  Simultaneous measurement of all elements (even -
. . 04 J
lightweight) p “,/

* LBSsll — Ures L85l

*  SECOPTA sensors in industry quality
IP67, sealed in clean room environment, air stream
*  Connection to PLC via common industrial interfaces

robust.

SECOPTA
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Residues LIBS application
LIBS application sorting
Quality control :

Product New scrap LIBS application End-of-Life
manufacture New scrap sorting

LIBS application
recycling
LIBS application

Check input Raw materials

Residues production

LIBS application
LIBS application Metal & alloys minerals

Primary material

sortin
8 Natural resources
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SECOPTA Products and Applications
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FiberLIBS FiberLIBS MopalLlBS meltLIBS Lab solutions
inline inline SP - Extreme fast * Analytics on « 2D-and 3D
+ Fast. without * Non metal . Autofocus molten metals mapping
sample applications - Applications: + distance * Segregations
preparation « Volume flows - Al-Recycling 700mm (Steel/Al)
* PMI Steel on belt . Stainless * automated * Inclusions
* PMI Aluminum conveyors steel distance - concretelLIBS
« PMINDT * Metal industry . ZORBA control - concrete
finishing line « Glass industry . Non-Iron * applications: analysis
* black bar * Ore. coal. slag - Copper castiron. pig * slagLIBS
* bright bar + Coating rron. * slag without
_ . ©Zn aluminium.
« billets thickness sample
copper. slag :
AN J Y, \__preparation
20.01.2022 AMAP, LIBS for Al

11



Content

LIBS Basics
Application: Recycling
Application: meltLIBS

Application: Positive Material
identification (PMI)

Application: MineralLIBS
Application: Lab-Analytics

> wWwhN =

o U

SECO PTA 20.01.2022

Fast. Precise. Robust.

AMAP, LIBS for Al

12



Materials recycled by LIBS

Aluminium

(Si, Mg, Mn, Cr, Zn,... alloys)

High-alloy steel

(Mo, Cr, Ni, Si, Mn, Cu, P, ...
alloys)

SECOPTA

. 20.01.2022
Fast. Precise. Robust.

Titanium Classification
(Ti Al6 V4, Ti AI3 V2.5, Ti 99, ...)

Low-alloy steel
(Mn, Cr, Ti, Al, Si, Cu,... alloys)

Building material

Minerals / material
(concrete, Gypsum)

mixes

(furnace refractories, sinter,...)

AMAP, LIBS for Al 13



MopalLIBS

MopalLIBS =
@ SECOPTA ¢

o st s sy

Features -Options

m Fast precise online PA Preablation
Measurements >350/ s

Sealed, purged window .
Higher inner pressure ALU Standard appl. Al-Recycling

faUtO Target distance 350 +/- 75 mm Si3a8| Standard appl. Steel-Recycling
e Extreme fast: 7mm/ms

SECOPTA

" 20.01.2022 AMAP, LIBS for Al
Fast. Precise. Robust.




MopallBS, how it works

MopalLIBS
LA ©
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Principle of preablation

LIBS measurement

Preablation

N

SECO PTA 20.01.2022
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Laser Preablation: 100 kHz

Belt speed: 3m/s
spartial resolution between laser shots: 30 um

Measurement laser: 20 kHz

Belt speed: 3m/s
spartial resolution between laser shots: 150 um

AMAP, LIBS for Al



RMSEC calibration Al at 3m/s
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methode

Cu

Fe

Mg

Mg < 2%

Mn
Si-classification
Si<5%

Si>5%

Zn

O 00 NO UL B WN -

20.01.2022

Without With

PA Better?
0.15 0.02 YES
0.08 0.05 YES
0.27 0.13 YES
0.070 0.039 VYES
0.09 0.04 YES
0.74 0.58 YES
0.11 0.17 No
1.06 0.80 YES
0.07 0.03 YES

AMAP, LIBS for Al
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Setup Sorting Unit

* Surface cleaning by second laser

* Increase of penetration depth Measrure the

—> Reduction of surface effects shape of object

- Waving of sample cleaning

SECOPTA

. 20.01.2022 AMAP, LIBS for Al 18
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Steinert LSS
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MAGNETIC + SENSOR SORTING SOLUTIONS
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Sicon Sorter A ...

SICON. PERFORMANCE

Air Nozzles

Discharge Chutes

SECOPTA 20.01.2022 AMAP, LIBS for Al 20
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Presentation our technology at the G20

GGGGGGGGGGGGGG

The World’s First LIBS Sorter Machine
Successfully Developed for Commercialization

— Using a laser for individual item screening enables precise sorting of
materials, for the ultimate in recycling technology —

We create. o
Copyright (c) Harita Metal Coltd. All Rights Reserved  HARITAAMETALS ¢

SECOPTA 20.01.2022 AMAP, LIBS for Al
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System

SECOPTA G20 Ggl}m&tdv 2017

ZLERIF prenNA “f\’/i“SiS"’é’LlBs by SECOPTA

m
nu“w

LIBS prototype sorter is made by Pellenc ST Japan retiencst -‘55

We create, 8
Copyright (¢) Hanta Metal Co.id. All Reghts Reserved  HARITALMETALS 7
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MeltLIBS - in process
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Camera view through the measurement hole

LIBS plasma

»

o
./

Laserdistance

. 4 Sensor

Kamerabeobachtung durch den Keramikkegel
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Software and GUI

SECOPTA

FberlIBS

LIES Softwars
Sute 824

app. module | hardware l communication |

result smﬁﬁi Moving everage lsem'ngs|

9| LBS_volumetric_flux | app. module

class

display mode moy avg
[N

-

0,315

concentration moving average
element

concentration [% (m/m)]
uncertainty [%]

P

C Cu Mn Si
3,623 0,093 0,299 2,064
0,065 0,026 0,005 0,015

0319
0,305
0.3
0,225
0,23
0,285
£ 028
# 0275
E 0,274
:n,xs-
E 0,26
0,255
0,254
0,245
0,24
0,235+
0,23
0,225~

20:35:00 10:352) 10:350
03.07.2017 03.07.2017 03.07.2017

10:36:00 10:3520 13700
03.07.2017 0307.2017 03.07.2017 03.07.2017

w3720 DIR4H 103820 03820 B T
03.07.2047 03.07.2017 03.07.2047 03.07.2017 03.07.20L
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Liquid iron: calibration Si

cv graph
2,6

24

predicted / wt.%
oo o ‘E
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14 Molten iron: Si
- cross validation
' RMSECV 0,035

1 P2 14 16 18 2 22 24
reference / wt.%
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meltLIBS I, Aluminum Analysis
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Liquid aluminium analysis

v ¥R o N

Launderiwith liquid*
aluminium

L /T
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LIBS results of inline MeltLIBS measurements
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Konzentration / %

0,45

0,40 +

0,35+

0,30

O

0,25

Mn (LIBS)
Gleitender Mittelwert
Pilzprobe Mn

1Mittelwert LIBS
@& Mn = 0,345 % + 0,007

Mittelwert OES

@ Mn = 0,343 % + 0,001

16:58

™
17:00 17:02 17:04 17

:06 17:08 17:10 17:12 17:14

Messzeit (hh:mm)
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LIBS results of inline MeltLIBS measurements

0,50
o Fe (LIBS)
Gleitender Mittelwert

0454 e Pilzprobe Fe
S5
20,404
=
=
£ 035+
a
)
=
© 0,30
s

0,25+

|Mittelwert LIBS Mittelwert OES
_— & Fe =0,35 % + 0,01 & Fe =0,349 % + 0,005
] I 4 | > | v I * | ’ | > | . | E |
16:58 17:00 17:02 17:04 17:06 17:08 17:10 17:12 17:14
Messzeit (hh:mm)
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Analytical performance of MeltLIBS

SECOPTA analytics standard calibration

Element | Min. wt.% Max. wt.% Precision

S Si 0 1.50 4%
® | cu 0 0.32 6%
25
TE|  Fe 0 1.20 6%
S%E|  Mn 0 2.25 4%
T g
55| Me 0 5.60 5%
cs| o 0 0.24 5%
2| 2n 0 0.30 5%
D Ti 0 0.34 6%
" \Y > 1000 ppm - lo
E B Sn > 1000 ppm - lo
8| b > 1000 ppm - 10
£ S
bl Zr > 1000 ppm - 1o
€t
g a Na > 1000 ppm - 1o

Ca > 1000 ppm - lo

SECOPTA

Fast. Precise. Robust.
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PMI Market Overview

SECOPTA
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20.01.2022

Operating Sample Automatic
costs Speed preparation operation
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PMI Technology - LIBS

SECOPTA

Fast. Precise. Robust.

+ Inline applicable

+ Speed

+ Low operating costs
+ Fully automatic

+ Integrated sample
preparation

+ Universal

+ Based on chemical
composition

- Market implementation
ongoing
- Initial Invest
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Black bar analysis - Laser safe housing

SECOPTA
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SECOPTA PMI software

SECOPTA

FiberLIBS

UBS Software
Suite 5.7.9

SN, 20180921
12:33.00.8

A

LIBS
device
_ ready
User

1§

language E
N -

start
(F1)

SECOPTA
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module I status I ‘communication I

result [Forle’ngs]

order

nr

56789 *

U quality_control : Iapp. module

result

Al 0,03
cr 0,09
Cu 0,05
Mn 0,67
Mo 0,00
Ni 0,01
Si 0,21
Ti 0,01
v 0,00

element targetvalue m% measured value m% deviation m%

match % measurementerror
0,00 94,54 0,01
0,01 9732 0,02
0,00 99,80 0,03
0,02 98,97 0,12
0,00 99,98 0,03
0,01 96,68 0,03
0,02 92,08 0,04
0,00 99,99 0,03
0,00 99,98 0,04

overall consistency

95,00 target %
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SECOPTA PMI software

SECOPTA

FiberlIBS

LIBS Sottware
Sure 5.7.9

SN. 20180921

12:36:64.3

A

LIBS
device
ready

User

language
EN &

start
(F1)

SECOPTA
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it ‘

module I status l communication I

result I history lrse!ﬁngs I
order
nr

element target value m%

Al
Cr
Cu
Mn
Mo
Ni
Si
Ti
\%

overall consistency

result

56790 °

measured value m% deviation m%

0,02 0,03
0,02 0,05
1,06 0,65
0,00 0,00
0,00 0,00
0,27 0,21
0,01 0,01
0,00 0,00

95,00 target %

0,01
1,08
0,03
041

0,00

0,00
0,06
0,00
0,00

match %

71,08

0,00
66,04
50,38
99,97
99,98
96,30
99,98
99,98

measurement error
0,01
0,02
0,03
0,12
0,03
0,03
0,04
0,03
0,04

2

quality_control

|~ app. module
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The measurements
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Bright bar production reference 1
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Bright bar production reference 2
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Inline identification of rolling ingots
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y/mm
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Segregation in Al
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Si/ Al peak ratio

20.01.2022
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Other Al sample, 5,9wt.% Zn

position / mm

SECOPTA
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Zn distribution/m %

70
30

6.5
28

6.0
26

55
24
22 50
20 45

40 50 60 70 80
position / mm
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slagLIBS at-line container solution with spark OES - 1

Input window
and sample
storage unit

\ Arc spark
L\ "  OESfor
| steel

Lol o —— | analysis
e~ | Robotfor
i sample
Milling for || Crusher for | handling
steel samples slag size ' '
o adjustment

SECOPTA u.c.S..
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summary

precise,

robust.

SECOPTA

Fast. Precise. Robust.

LIBS is an innovative universal elemental analysis technique

LIBS is extreme fast, results within ms, >350 measurements/s

LIBS is much more precise than other process measurement
techniques like XRF or neutrons

LIBS systems from Secopta are extremely robust: Low maintenance

LIBS can be used under harsh industrial environmental conditions,
e.g. for primary raw materials - sorting or quality control

LIBS can be used quantitative or qualitative (classification), Secopta
provides standard applications as well as individual chemometric models
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Customers Benefit

High add Value for the Customer
Low Cost of Ownership

Reliable long term Partnership is our Key Value

Our local Partners are essential for our sales approach

Professional Service together with our
Japanese - German Service Team

Easy and mediate Remote maintenance possible upon request

High Quality - Made in Germany

Ole]x]e] ¢

SECOPTA
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Thank you for your attention...

SECOPTA

Fast. Precise. Robust.

Your contact:
Dr. Christian Bohling
christian.bohling@secopta.de
mobile: +49 (0)151 16 93 59 07
phone: +49 (0)3328 35403-11

© SECOPTA analytics GmbH, February 22
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