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> Research on Metal Recycling: Requirements for Metals

The circular economy is demanding high performance
In recycling technology:

The Products

®" From waste to products: quality and performance
The Processes

® Efficient processing: energy and materials usage optimization
The Socio-economics

® Viable process: tracking the value chain and developing
senseful incorporation of the recycling strategies

The Environmental Footprint

® Sustainable Processing: safeguarding the natural resources
and protecting the environment from wastes and emissions

Current recycling technology demand
predictive skills and rapid action in short period
of time!
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Constant need of optimization of kinetics and ® Difficult material characterization

process parameters | * Extreme environments for sensors (High
Time-consuming laboratory analysis temperatures, reactive atmospheres)
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> Digitalization in Metal Recycling Process

Current state in industry
" Digital tools

® Enterprise Resource Planning (ERP) software for waste management and recycling
® Index online tool for metal recycling machine

® Sorting process

® Jaser object detection (LOD) system from TOMRA-Sorting
® Redwave XRF/C for metal sorting

® Hand-held LIBS-Analysis for light elements
®  Al-powered robotic sorting systems from ZenRobotics

Current state in research

" Process simulation and system modelling

® Measurement and data infrastructure

® Data-driven solutions for concrete use cases
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> Digitalization in Metal Recycling Process

Why it is necessary for research institutes to accelerate the progress of digitalization?

® Better know-how in the early stage of the development

® Training for experienced engineers with digitalization skills and solid understanding of the metallurgical
field

Why it is difficult for research institutes to implement digitalization?

® Limited attention and budget for digitalization topics
® Communication difficulties

Which aspects need to be located for digitalization in research institutes?

® Digital tools to support in experimental design
® Sensor technology and online monitoring for increased process transparency
® Centralized data- and information management system
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P ME Activities in Digitalization - Overview

Process Simulation and System Modeling

® Quantification of process indicators through
mathematical modeling

® Thermodynamic simulation
® with FactSage
® with HSC Chemistry

Data Management and Data Analysis
® Centralized experiment database
® Data-driven solutions

® Online process evaluation
® System identification modelling
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> IME Activities in Digitalization — TBRC Recycling Process

Definition of the influencing factors along the process chain
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> IME Activities in Digitalization — TBRC Recycling Process
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SCADA system and online monitoring

® Overview of all signals in off-gas cleaning
system at one glance

Control elements
" Valves

" Pumps

" Fan

Measurements

Thermocouples
Pressure
Sensors

Gas analytics
Filling level
meter

Water analytics
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> IME Activities in Digitalization — Hydrometallurgical Recycling Processes

Online Data Acquisition System for Hydrometallurgical Recycling Process
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IME experiment database
Network Attached Storage (NAS)

Database server: MariaDB

Data importation through an
(developed in python)

Relational Database Management System (RDBMS)

interface program

i — 1 Server: Manal 10 » Jatabase: testDatenbank1 » [ Table: testTable -
phpMyAdmin [ Server: MariaDB 10 » @ Datab: Datenbankl » | Tabl T:
QH enNde _| Browse 4 Structure LJ SQL 4 Search #¢ Insert =} Export [} Import = Privileges ,i’ Operations 2= Triggers
Recent Favorites
- .. Current selection does not contain a unique column. Grid edit, checkbox, Edit, Copy and Delete features are not available.
g New N
[#_ 4 information_schema
.09 mysal  Showing rows 0 - 24 (8182 total, Query took 0.0003 seconds.)
(¥4 performance_schema SELECT * FROM ~testTable®
[= J testDatenbank1
|3 New O Profiling [Edit inline] [ Edit ] [ Explain SQL ] [ Create PHP code | [ Refresh]
#L1% TABLE 1
=L * testTable 1 v~ > > Number of rows: | 25 w Filter rows: | Search this table
="l Columns X
|48 New + Options
Solid- ) :
|1l Acid a Volume Black . . Retention Rotation Real = Redox e
O Date Acid e :I::g;d Temperature s i) time. time pH TempProcess potential Conductivity
|l Conductivity 1243 HCI 1M 500ml 50g 70 120min 300pm g %2024 g 373 4124 NaN
(Al Date :
’ 1211372021
|8 pH 1213 HCl 1M 500ml 509 70 120min  300mm  ggenser 2 042 373 4124 NaN
(=4l Real time 12413 HCl 1M 500ml 50g 70 120min 300pm (2132021440 373 4124 NaN
| #l Redox potential $:48.05 A
I Feteniie 1213 HCI 1M 500mI 509 70 120min  300mm ;3{;_30’20:& 4 012 373 4124 NaN
(1l Rotation rate ' 12113/2021
O e 1213 HCl 1M 500ml 50g 70 120min  soopm o AARECEL 5 02 373 4125 NaN
|4l Temperature 12-13 HCl 1M 500mI 509 70 120min  300rpm ;ﬂé%’g% 6 012 373 4125 NaN
30 TemeP 12413 HCl 1M 500mI 50 70 120mn  300pm 21320210 5540 374 4124 NaN
|l time 9 i 9:48:08 AM ' - -
L1l Volume Concentrati ; 12113/2021
- Jia.ﬂ_nml 1M 500ml 509 70 120min 300pm  GetEl 8 012 374 4125 NaN .
d I {E E N Foto: https://de.wikipedia.org/wiki/Datei:NAS.png
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> Conclusion and Outlook

Digitalization in metal recycling process
" Further development required for both industry and research institutes

Sensor technology and online monitoring system

® Improved process transparency
® Solutions for process analysis and further process optimization
® New sensor technologies are required for abrasive environments

Centralized data management system

® Structured and long-term data archiving
® Overview of all experimental work
® Information exchange and knowledge sharing platform
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