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15t Cell

PET —
Grade(Wt%) Recovery(W1t%o) Newton's
PET ABS PS | PET ABs ps |Efficiency
JGL| e 1999 01 0.0 |100.0 0.999
Under
0.0 98.7 1.3 96.6
G2 Pg\‘fe“r“ — — 0.954
Product 0.0 33 36.1 26.8
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=1

HEEMHEO L= D—HI

B |HEEHGEV) Y E |[HEBEHEV) Y H HEEH (eV)
Zn 3.63 BaO 1.10 #YIFLULDSR*) | 5.24+0.24
C(graphite) 4.00 CaO 1.60+0.20 | #)IFLYLDNSR*) | 6.04=.047
Al 4.06-4.26 Y203 2.00 #7° 0t VYSR*) 5.43+0.16
Cu 4.25 Nd203 2.30 #U7°AE’LYNSR%) | 5.49+.034
Ti 4.33 ThO2 2.54 FYRFLY 4.77+0.20
Cr 4.50 Sm203 2.80 F B2 4.86+0.73
Ag 452-4.74 uo2 3.15 K Yh—k %= 3.85+0.82
Si 4.60-4.91 FeO 3.85 79U 4.30+0.29
Fe 4.67-4.81 Si02 5.00 770Y 6.71+0.26
Co 5.00 Al203 4.70 rUPE 4.36+0.06
Ni 5.04-5.35 MgO 4.70 HYIFLYTLISL—b | 4.2510.10
Pt 5.12-5.93 Zr02 5.80 +40v66 4.08+0.06
Au 5.31-5.47 TiO2 6.21 W4AL9HA7740 4.84+0.21

*) LDSR: Low Density, Stress Relieved, LDNSR: Low Density, Not Stress Relieved

SR: Stress Relieved, NSR: Not Stress Relieved
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Magnet Paddle
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LIBSY—4REBER

[3DREN R T L 1E“Mopa-LIBS (Y-scan)’ (2L 5
BREAMRAGR

7IVEGRTHRRERN TORIMER
T4—FDANILMIE Si Mn Zn Cu Ta Au
=@ 1 1 100 | 100 | 100 | 100 | 100 | 100
2 100 | 100 | 100 | 100 | 100 | 100
g2 3 100 | 100 | 100 | 100 | 100 | 100
4 100 | 100 | 100 | 100 | 100 | 100
afl | 5 100 | 100 | 100 | 100 | 100 | 100

*NILMERE: 1 m/s

LIBSY—2RIZ&LBT7IZEEHEDEFER

- 2000% | 3000% | 4000% | 5000% | 6000% | 7000%
Iilllﬁ
(Wt%)
E(ﬁz? 99.9 99.2 100 100 100 99.5 100

53



w Department m
_ AMR\ o || AR, e
()
o 6th & 7th March 2018, Aachen
8th International Conference
Rheinisch-Westfalische Technische Hochschule Aachen
7—AUITREKE
o 9F &R, 260K =E, FL-EL1300—X
N oo \Wj/ i FEEHITA06%, 2H37,017 A (201285 )
L& /\g;rm : 8§:Itic
a ea
i NETﬂ;L ‘{,C
u.x.{) 4 T—AKEF
\‘\’,‘1{'
e

FRANCE

Burtscheid
7

54



Content 1, SBSC 2018

High volume sensor-based ore sorting solutions
Christopher Robben, TOMRA Sorting GmbH
Evaluation of sensor based sorting technology for the pre-concentration of Sn-Nb-Ta-Y-REE ore from Pitinga, Brazil
Carlos Petter, Federal University of Rio Grande do Sul (UFRGS)
Operation of LIBS elemental analyzer for inline volume flow analysis of minerals in mining and steel industry
Amit Ahsan, SECOPTA analytics GmbH
Next generation urban mining — Laser-based sensing and sorting of electronic scrap
Sven Conneman, Fraunhofer Institute for Laser Technology
Non-ferrous scrap metals classification by hyperspectral and multi-energy X-ray transmission imaging
Lorraine Braibant, University of Liége, Faculty of Applied Sciences
Towards smart e-waste demanufacturing systems exploiting multisensor vision system capabilities
Nicoletta Picone, ITIA-CNR - Istituto di Tecnologie Industriali e Automazione
Characterise-to-sort: Advanced solid waste characterisation by multi-sensor data
Roeland Geurts, Sustainable Materials Managment, VITO
RhoVol — a new method for rapid particle density analysis
Anthon Voight, De Beers Technologies South Africa
Application of area-scan sensors in sensor-based sorting
Georg Maier, Fraunhofer Institute of Optronics
Large scale waterjet printing for the ultra-fast high definition sensor sorting technology
Pingping Wen, Delft University of Technology
Application of optical sensor-based sorting for preconcentration of seafloor massive sulphides
Klaus Hahn, AMR - Unit of Mineral Processing, RWTH Aachen University
Quantitative chemical imaging in the industry
Matthias Kerschhaggl, EVK DI Kerschhaggl GmbH



Content 2, SBSC 2018

Machine vision based measurement system for quantity and quality inspection of aggregates transported on conveyer belts
Anna Bzymek, Institute of Fundamentals of Machinery, Silesian University of Technology
Evaluation of bulk and particle sensor-based sorting strategies for the New Afton block caving operation
Stefan Nadolski, NBK - Institute of Mining Engineering, The University of British Columbia
Analysis of intra-particle heterogeneity to assess XRF sorting
Santiago Seiler, NBK - Institute of Mining Engineering, The University of British Columbia
Assessing ore heterogeneity for bulk sorting at the New Afton copper mine
Bern Klein, NBK - Institute of Mining Engineering, The University of British Columbia
Methodology for the evalutation of ore sorting potential: approach in CIS
Alexey Kobzev
Capabilities of the newly developed XRF-Sensor for process analysis — XRFline
Glinter Buzanich, LLA Instruments GmbH
Short wave infrared hyperspectral imaging based procedures for quality control of recycled aggregates from end-of-life concrete
Silvia Serranti, Department of Chemical Engineering, Materials & Environment, Sapienza University of Rome
An evaluation of plastic classification techniques using Hyperspectral Near-Infrared Imaging
Marcel Bosling, I.A.R. - Department of Processing and Recycling, RWTH Aachen University
Hyperspectral imaging applied to quality control of end-of-life plastics waste
Giuseppe Bonifazi, Department of Chemical Engineering, Materials & Environment, Sapienza University of Rome
On-line analysis for the classification of metal and plastic scrap using laser-induced breakdown spectroscopy and machine learning
algorithms
Jonas Petersson, Swerea KIMAB
Drill core analysis by neutron activation (Drill Core Analyzer “CorA”)
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Hyperspectral imaging applied to quality control of end-of-life plastics waste
Giuseppe Bonifazi, Department of Chemical Engineering, Materials & Environment, Sapienza University of Rome
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Figure 1: Digital images of the eight representative waste polymer samples utilized to ¢
calibration model
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Figure 2: Digital images of the EOL plastics constituting the validation set.
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Figure 4: Average reflectance spectra acquired in the SWIR range (1000-2500 nm) of EOL plastic samples
(LDPE, PA, HDPE, PET, PP, POM, PS and PVC) (a) and PCA score plots (PC-PC2) related to them (b).

> SWIR: 1,000~2,500 nm® i, (NIR: 750~1,000 nm, VL: 400~750 nm)
> PCA: Principal Component Analysis (£ % % #7) & PLS: Partial Least
Square (Regression) (8873 &% /N 3 ([A1IF) i) D& & THEHT,
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Table 1: Description of the pre-processing strategies applied to the spectra of the different plastics
for each rule of the hierarchical PLS-DA classifier.

Rule Preprocessing Classification output
1 Standard Normal Variate (SNV) 0 Ei EEJPPESTADPEIPPIPVC
Mean Center (MC) 91.8 /053\’5& ¢) PET/PS
Multiplicative Signal Correction (MSC) 7 a) PA
2 Mean Center (MC) 94.7 %5 &% b) POM
s : , a) PET
3 Multiplicative Signal Correction (MSC)
Mean Center (MC) 96.6 %ﬁﬁi b) PS
Multiplicative Signal Correction (MSC) a) LDPE/HDPE
4 Mean Center (MC) 97.3 %5 & b) PP/PVC
Standard Normal Variate (SNV)
L 1st Derivative (window: 15 pt) 85.8 %ﬁﬁi Z::: EEC

Mean Center (MC)

Standard Normal Variate (SNV) 7
Smoothing (window: 9 pt), 99.5 %n\’ﬁ*& Ej:: h%i’EE
1st Derivative (window: 15 pt)

Mean Center (MC)
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Figure 2: Dendrogram showing the hierarchical model structure utilized to perform the classification of the
eight different polymer samples: LDPE, PA, HDPE, PET, PP, POM, PS and PVC
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Figure 5: Source images and corresponding prediction maps obtained applying the developed hierarchical
PLS-DA based classifier to post-consumer plastic flakes resulting from mechanical processing
(i.e. comminution, classification and separation).
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Large scale waterjet printing for the ultra-fast high definition sensor sorting technology

Pingping Wen, Delft University of Technology
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Fig.1. Comparison of the common sensor sorting method and the ultra-fast high definition sensor sorting

method. (a) For the airjet-based sensor sorter, an increase of recovery rate would result in a decrease of KE[— £\ = ' y = — AN
the grade of the selected component. (b) High definition waterjet sensor sorter maintains a high grade of EI:% *E ': 7] Iﬁﬁ L_’__’ % 0) 1§ ! 7 7 ‘j: @' — t '“ 7] ﬁﬁ ! ﬁﬁ:\ %
the selected component in a broad range of the recovery rate. :EJ@, — t ( :éj\ I'.ﬁﬁ , EE (j: new
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