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1. The sensor technology

1.1 The NIR three-range procedure — a proven sensor principle borrowed from the

visible wavelength range

Open spectrographs, designed as hyperspectral cameras, are usually used in the recycling sector to
perform the separation of different plastics. Working in combination with a broadband NIR light
source (e.g. built up from high-intensity halogen spotlights), these cameras combine a moderate
spatial resolution with a good spectral resolution of the objects. A further procedure directs a high-
intensity NIR light source onto a surface to be scanned via a polygon mirror, whilst an optical unit is
directed onto the polygon mirror. This means that part of the NIR light impinges on it after it has
impinged on and been reflected from the object via the rear optical path, from where it is directed
onto the aperture of an NIR grating spectrometer. Both procedures enable the spectral detection of a
relatively large NIR wavelength range with simultaneous spatial resolution. This means for example,
that different objects adjacent to each other on a conveyor belt and which pass through the
detection area simultaneously are detected as separate objects, whilst being spectrally differentiated.

Plastic granulates on the other hand, do not require individual spectral differentiation. Instead, an
integral process should record as many plastic pellets as possible at the same time, thereby obtaining
reliable information about the quality or purity of the product. The complex technology that would
be necessary to determine the spatial resolution is unnecessary and can be dispensed with. In
principle however, an NIR spectrometer with optics and NIR illumination could be considered, but
would represent a cost-intensive solution.

A more cost-effective alternative is a system that works in accordance with the three-range
procedure. This measuring procedure directs three different NIR LED types (each LED type covers a
specific wavelength range in the NIR) at the plastic granulate to be investigated, and a broadband NIR
receiver detects the light reflected diffusely by the pellets. This is converted and passed on to an
evaluation unit.

““ Analogous to the three-range color evaluation
NIR-L NIR-C NIR-R in the visible wavelength range, the color
values are also calculated from the raw color
§ data NIR-L, NIR-C and NIR-R (analogous to red
'g X, green Y and blue 2):
g omesmom  N¥i*r* (analogous to L¥a*b*).
- EWMLC o 1w
fmswe N*: provides information about the grey value
$200 et coc v ,’..’ of the object to be examined. The higher the

Wavelength in nm N* value, the brighter the object surface.

i*: provides information about the course between the medium NIR wavelength range (1550nm -
central wavelength range) and the short NIR wavelength range (1300nm - central wavelength range).
A high negative i* value indicates a reflection from the object around NIR-L, whilst a high positive i*
value indicates a reflection from the object around NIR-C.

r*: shows the progression between the medium NIR wavelength range and the long NIR wavelength
range (1650nm - central wavelength range). A high negative r* value indicates a reflection from the
object around NIR-C, whilst a high positive r* value indicates a reflection from the object around NIR-
R.
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1.2 NIR sensor technology in fiber-optic and fixed-optic design
Two NIR sensor types are currently available:

The fiber optic version SPECTRO-T-3-FIO-NIR/NIR + KL-D-0°/45°-22-
1200-d80/d110-A3.0-NIR is primarily used in locations with high
plastic granulate temperatures (above 100°C). The KL-D-0°/45°-22-
1200-d80/d110-A3.0-NIR sensor head is connected to the evaluation
unit by the optical fibre cable (1200mm length). The control
electronics have 5 digital outputs; binary coded, 31 different
products can be stored and provided with tolerances. The 0°/45°
procedure is used here, i.e. the NIR light irradiation is perpendicular
to the surface of the plastic granulate, whereas the receiving fiber
optic considers the surface of the plastic granulate at an angle of 45°.
Using the RS232 interface, the raw data and the N*i*r* values can be
transmitted digitally in series. An RS232/USB and an RS232/EtherNet
adapter are also available. To perform inline measurements, the
sensor head can be integrated into a protective housing
and the protective housing pressurized with
compressed air, thus preventing contamination of the
optics. The sensor head is mounted on a specially
prepared sight glass by means of a protective housing.
The sensor head and protective housing are positioned
on a calibration tray to perform calibration. Defined
plastic cards are available for calibration, which have
been manufactured from various plastics. The N*i*r*
values are stored in a file; each plastic card can be called e
up during calibration by means of the number reserved for the card. The selected card is then
inserted into the calibration tray. After acknowledgement, the calibration software reads the triple
value N*i*r* stored under the selected card from the file and
enters it in the calibration table. This procedure can now be
performed for the existing plastic calibration cards. The sensor
head is remounted on the sight glass after calibration has been
completed. The sensor can also be integrated in a laboratory
device. Seeking to use the same measuring equipment as far as
possible to perform laboratory measurements, care was taken
with the laboratory device to direct
the same sensors onto the plastic granulate in the same spacing through
the same type of sight glass. A battery-powered mobile device version is
also available in addition to the laboratory device. The N*i*r* values are
displayed numerically and graphically using the Windows® DOCAL
software and are saved in a file in EXCEL® format.

5 -

[—
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A measurement system with fixed optics is also available in
addition to the fibre optic version. The SPECTRO-T-3-60-
NIR/NIR-D20 NIR sensor works in accordance with the d/0°
procedure, i.e. diffuse NIR light passes through the sight glass
onto the granulate surface. At 0° |
to the normal on the other ik
hand, the sensor's reception

window is directed at the
granulate surface. The rest of
the measuring process is similar to the measuring process using fibre
optics. An inline version is also available for this version. The sensor is
mounted on a sight glass specially prepared for this purpose. The NIR
sensor is directed through a 9mm thick crown glass onto the plastic
granulate to be measured. The calibration of the measurement system '
is performed using a calibration tray and the corresponding calibration IK

standards (plastic plates made of ‘ '
various plastics). To this end, the NIR sensor is dismounted
from the sight glass and fixed to the calibration tray. A suitable
recess is provided on the calibration tray for this purpose. For
the measuring system with fixed optics, however, it is
necessary to ensure that a temperature of 70°C is not
exceeded at the mounting area of the sight glass enclosure.
Otherwise, the
fibre optic variant
should be used. The fixed-optics NIR sensor is also
available in the laboratory device; the optical arrangement
here is identical to the placement on the sight glass. As
with the fibre optic version, a mobile unit is available for
this purpose. Calibration, measurement and measurement
data storage are performed using the Windows® DOCAL
PC software. The laboratory and mobile devices can be
used to determine an N*i*r* measured value over a

volume of type 3 litres. The result is correspondingly precise.

If on the other hand, only a small
amount of plastic granulate material is
available for the investigation, the type
of plastic can also be determined using a
reduced measurement set-up. Here, too,
measurements are taken at almost the
same distance from the granulate and

BRI O£ L OOt

under comparable optical conditions. A
suitable fixture is available for both the
SPECTRO-T-3-FIO-NIR/NIR + KL-D-0°/45°-22-1200-d80/d110-A3.0-NIR fibre
optic version and the SPECTRO-T-3-60-NIR/NIR-D20 fixed optic version.

ATRNST
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2. Investigating the plastic type of virgin material using NIR technology

The following virgin material plastic granulates were investigated for their NIR behaviour:

S8 STYRON 4062777 / PET LIGHTER €93 ABS Terlutan CP22 PAE ULTRAMID 834 L PETRAMSTER PF20INT
\‘\
, ) '\
/ |
¥ . 4
; i \
4
3
. 3 \
[} .
PP Gopo BC 245 MO LOPE Dowlnx 2045G £ TPRE GF ULTRAMID BIEGE ) PS EDISTIR Nasez HOPE PURELL GA 7760
!
B 5
PP Random Copo RFI&HM0 EVAELVAX 670 ] FP Homo HE 124 Mo PLA INGEO 20020 LOPE EXXONMOSBIL LD252

PMIA ACRYREX Ch-205 1 TRETERAN 1218 PR CURAN ass COTTRST T PETG SKYGREEN 1N 206 T TRUIDESMIOPAN 29908 GMP

2.1 Measurement results with the SPECTRO-T-3-60-NIR/NIR-D20

2.1.1 The compact measuring device

As not enough pellets were available from the individual
granulate samples to fill the funnel of the laboratory device
sufficiently, the more compact measuring device was used
instead, in which a flat tray filled with pellets is placed below
the glass plate in front of the sensor. To reduce the influence of
the random arrangement of the pellets in the detection area,
the tray was moved underneath the sensor during the
measurement (forwards, backwards movement). The same
glass plate (material: crown glass) is used as with the sight
glasses. The compact measuring device is also suitable for
receiving the calibration cards (plastic type calibration). The
compact measuring device can thus also be used as a
calibration unit. The capacity of the pellet trays is ¢ 0.1 litre.
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2.1.2 Referencing the sensor

The optimal setting of the available dynamic range of
the sensor is achieved using an aluminium surface
that ensures constant reflection in the NIR range. The
aluminium plate serves as a reference surface for the
white alignment. The three available NIR LED light
sources are set in such a way that the received
signals display the same value for each wavelength
range and are at a value of c. 3600. The NIR LED
transmission powers can be set using the Windows®
software SPECTRO T3 Scope.
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2.1.3 Displaying the N*i*r* values

e The N*i*r* values are determined from the received
‘ - signals X (NIR-L), Y (NIR-C) and Z (NIR-R) in accordance

with the method for calculating the L*a*b* color
values. For example, a certain type of plastic occupies a
certain place in the three-dimensional N*i*r* space. As
already mentioned, N* provides information about the
grey value, while i* provides information about the
signal course in the lower (X-Y) and r* about the signal
course in the upper NIR wavelength range (Y-Z). The
following figure shows the N*i*r* values of four
5 v different types of plastic: , N*i*r* N*i*r* and
N*i*r*,
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Representation of e.g. four different types of plastic in the N*i*r* space. The points in the point
clouds should express the individual measured values. The variation results from the different
positions of the pellets during a measurement. At the end of a measuring process, the individual
measured values are averaged. The CTRL SPACE 3D Windows® user interface displays the three views
(front, side and from above) to facilitate the display in three-dimensional N*i*r* space
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The i*r* diagram provides information about the course of the individual plastic samples in the NIR
spectrum, while the i*N* and r*N* diagram provides information about the grey value and the
wavelength course in the lower (i*N*) and upper (r*N*) range.

+r*

/
Pl Bopiths .

i*r* diagram

N

r*N* diagram
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2.1.4 Determining the N*i*r* measured values
First, the following granulate samples were examined:

a) SBSTYRON
485/27/7

b) PET LIGHTER
Cco93

c) ABS Terluran
GP22

d) PA6 ULTRAMID
B3K

e) PBT RAMSTER
PF201INT

The pellet trays were fed into the compact measuring device one after the other and the measured
values were recorded using the SPECTRO T3 Scope PC software.
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This is followed by the next 5 samples:

f) PP Copo BC245

MO

LLDPE DOWLEX

2045G
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g)

h)

NSFUCTAQ 11 Scopa vLE

Seomnar

Sovu Erasevseomts

MAXVED e

T I

FVALLUATION MOCE _BEST T -

BHAPE MOOR SHERE -2
oy W CONY =4

non

-
meser |

].;auta';: ]'c: g o
T T

e — T —— —

NTNGURSY " " SR [y T T T —
®ACH | MaC |, cAUD_.|._oEN. | acom. .|
MRS M - I
NTUM  — —
EVALLATION MOOE BEST T -
v M SR -
i ﬂ TRGOER

CONT

v 9

vo- .
!

MWinos o o who e

8!
2o 0 e sdo
aep- -

2023-08-31_SI_Checking the type of plastic - A new method in the NIR range.docx 14/64

e

iz

H START 1 1O ] |
comren 4 [vemr |
[— [~ v w
SN s T
{ TRACH TO TARLE _ |

PP Copo BC 245 MO
oar- e
no- -
me- -
p Lo .9 =
L 1 T—
w@o-
[ .
oo T
@ T
Seovvwor .

Srvw trasrrneiv s

| sTamt 11 STOP |
—
e - »

[ . ST o
| FEACH 1O TABLE |
LLDPE Dowlex 20456

ne- o

20 >

m™mo- -

no- - =¥

B0 e

wo- 8

=0

o T

e

A TN M . * \ 4 4 3 o
2o oo 2w sb s wo iz wo wa )



oo ¥

Mo

LY T |

T wo- - S
MREVET s g 5 ot P ]| S0P |
s

[T S | PARAL | FAMAL I o1en- I -
e . ! ¥ [(com ]

NTUM 0 2 w20 coumeTEn 353 nesey I
EVALLA THOM MOCE BEST 1 It ooy
= — . = -
1A MODE S RE <] o —— o =
ST 60+ st on | sim
EATEACH o ' TRGGER CONT i X
20+ | VEACH TO TABLE 1
uo- ) 7* v
an, . E ] | ) PAG GF ULTRAMID BIEG6
4igon 200 450 edo wip 1
aae- - — Ma- o
son- 1 w0 =
™o . ™o -
- e "
mao« 00 -
“o - =
wa- wa-
=0 =0
a0 I was 7T
0. = =0 +
9 8 - 7 ' 4 §
3 ™y, . " s P M. \ 4 \ . 4 4 h)
. aiggo adn #80 o w00 e Jo 0o s w0 ¥s wWo iz wo o

"e- [ STANT 1 STOP
-
09~
s0- —a— - w
&0 ' - w0 i )
“n-
20~ | TEAGH 10 TAILE ]
ae- ) . .
38 Lot ) . PS EDISTIR N3982
-teos 00 4do dn w0 13
$ 1320V | V611 | 14| 1000 | BOO 000 Me f ' “s e
0.00 ! 00.0~ \ 200~ -
no o ™o- -
e *6 MO - 6"
o < aor -
we &0~
“e an0
08 4 200~ T
! \ ao - amo 5
9 8 i 7 ! B 5
. } ™y, : : : L W P — daeraacsd y
1te0d 200 o ed0 wo 1 a0 oo 2% s 7w o wade  w

FECTRO T 3 Scope V1.0

ar— | FARA | AnAL T ¥ e
EACH | AL o | et Lo oy [oo=]
R - "a- .
MREVET M - | 5 el { sTamt 11 ST 1
NTUM | 0 - counTEn e
EVALUATION MOCE BEST T -l 0o-
- — el d s I w
S MODE Sk -~ o
= U - &0 \ s} - | _ssn J
EATRACH %% vl TRIGGER cont -l p
.-
r . 20 { TEACH TO TABLE i
|
! vo- . v
| v,
sy - A, B | } . HOPE PURELL GA 7760
214904 |8 | TR0 51800 200 <00 <00 00 13
$551 | 268 | 8100 . .
s 1Azt wny i i N ps- o~
Al 000 1 0o -
u 4001 | w2 145 m™u- L ™o -
.lﬂﬂl 000 LR ) 10 09 - & - o
B 1350 | 077 |ede0 | 1000 ma- S« mo, § -
" 558 L) 10 00
} 8 (8889 | 100 2 =0 . B -
| N «@a- @0
=0 =0
vEacHmean | [ vEachimec | [ meser | 13
- —tree [ N e — e 004 Mo
] = 3
! aso a0 .
g R (0 ) BT B R j)
; : 1. ! 2 s s R 4
aisdo 0 0 wo w00 1 Jo oo 3% 3o s o wsma )

2023-08-31_SI_Checking the type of plastic - A new method in the NIR range.docx 15/64



NSFOCT0 T 1 Scopa W13

Seomxar

Sovm Orasevsernts

AT 4 > NSO v e c IR

TR
€ re A0% -~ —
¢
£ Jene
w =i
N -
xarz-
PR oo
TR0
—ta
Tead D0
RS RAMSTES PY20INT e i 04B<
L PA R TRAMD B -
A S Tasaan GPZ2
A FPET LOHTER C9) 1536~ h
4 S8 STYMON M6 7 detat Yaane
5 _HOPE FUNELL GA TS0 I
£ IS EDes e aoned 1034~
7_PAG GF LK TRAMID D80 -
[ o= IR 8 7 8 9
) v 812 g Seta o Eaa
h. ) L8 ] PO { "
= & s
~ “-D Al
-:" { SEND {1 ) |
SIRO TS0 oAy a3
~ae L art 1 1o | | comamscanonront [T 38 ERECTRD e

Another 5 virgin granulate samples:
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2.1.4 Summary of the measurement results in relation to virgin material

Fortunately, reproducible measurement results can also be achieved using the transparent granulate
samples. This is probably due to the fact that the work was performed with diffuse lighting and at a
viewing angle of around 0° to the normal. This means that direct reflections from the pellets, which
would have affected the measurement result, could be kept away from the receiver side as far as
possible.

Summarized in a table, the following values were produced for the 20 different products:

Virgin granule samples measured with SPECTRO-T-3-60-NIR/NIR-D20 SPECTROTI
2 . . N Scope V10
Granule name Rol density to water  Plastic type ~ ool

ALl BAMTY W 1 0 ™ L

1EARN 111H
PWIMA ALTTYRES DA, 229

A ELAY o

1 - Daagramm Neuware - Geaneiat

When displaying the measured values in
. » ai>1 the individual diagrams (i*r*, N*i* and
. - N*r* diagrams), an accumulation of plastic
. pellets with a specific weight below 1 can
be observed within a certain sector,
%i:i9 whereas virgin pellets with a specific
weight above 1 are outside this sector.
— - . *_ Furthermore, the i*r* diagram shows that
. the PP types within the specific density of
<1 are located in the upper part of the
green-marked area of the i*r* diagram,
dz>1 1 = & . whilst the LLDPE, LDPE, HDPE as well as
’ EVA type are found in the lower green-
marked area. A grouping of the PA6 types
inc. TPU can be observed for the virgin
granulates with a specific density of >1,
. Both the N*i*- and the N*r*-diagram show
- ‘ y - * that the N*-value of these granulate types
' is far below the values of the other
granulate types. This subgroup thus
appears darker in the NIR range in comparison to the other types. The following table divides the
individual granulates into different groups:

dn <1 .
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Hobar 1* - Wert {> 70):

vohe r* - Wert >10) Nindriger |* - («<S0) und nedeiger r* « Wes

T (<10

It should also be added that some of the

TR DESORAN s PR e virgin granulate samples are clear articles,
PAS GF ULTRAMID PCLEXAN X
FAGULTAAMODBSK P81 RAMSTER i.e. optically highly transparent in the
PS5 EDISTIR
SAN LURAN visual wavelength range. Transparent
SB STYRON . .
ABS TENLURAN HDPL PURKL materials are less prone to diffuse
POIG SKYGREEN . .
i RO backscattering, which means that a lower
— signal strength (N*) should be observable
Niedriger N* - Wert (c55): SHohes N* - Wert {>75] Wlth these Samp|eS. The Samples
TR SERORAN T LA measured are of the following types:
PAS ULTRAMID B3K P87 RAMSTER
PAL GF ULTRAMID SAN LURAN
S8 STYRON

SAN LURAN, PC LEXAN, PCTG SKYGREEN, TPU DESMOPAN, PMMA ACRYREX, EVA ELVAX, PS EDISTIR,
LLDPE DOWLEX

However, since no direct relationship can be established between the visually transparent
appearance of the granulate samples and the N* value, it can be assumed that the optically
transparent behaviour of these materials is primarily limited to the visual wavelength range.

i*r* diagram virgin granule

at
b}
PETLIGHNTER
-
P LExAN
> 0T RAMS TER ol 1
LRy " ‘:::’: g 20

. o ABE TERLURAN

15
POTG IKYGRERN
e 20
@PYMA ACRYRER d n < 1
o "LAMGED
10
P OMO e
® pp carpac
® PP RANDOM R+
@ TPU DESMORAN
EVA ELVAR 5 GF UL TRAMO stmaioe
s LLEPE COWLER ®
0 20 © w0 a0 100 120

@ LOPE EXaOuMCEL

@ lOrEFUNELL

The i*r* diagram above shows the classification of the measured virgin granulate samples in the
individual groups (highlighted in color). In particular, the green group could be subdivided further,
into a subgroup with an r* value <2 and into a group of polyethylenes inc. the copolymer ethylene
vinyl acetate with an r* value >2 into a group of polypropylenes. In the i* value, a slight difference in
the two subgroups can also be seen: PP group: i* >36 and for the PE/EVA group: i* <36.
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N*r* - Diagramm Neuware - Granulat
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The group formation can also be observed rather well in the N*i* diagram. Polyurethanes and
polyamides appear to absorb NIR light more strongly than other types of plastic, with surfaces
appearing bright at least in the visible wavelength range.

N*i* - Diagramm Neuware - Granulat
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N*i* diagram
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3. Using NIR technology to investigate the plastic type of various

recyclates
The NIR absorption behaviour of almost 70 different recyclates was investigated:
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3.1 Measurement results with the SPECTRO-T-3-60-NIR/NIR-D20

3.1.1 The compact measuring device

The compact measuring device is also used to determine the N*i*r* values (the
capacity of the pellet trays is c. 0.1 litre), as there was not enough material
available to use the laboratory device with the large funnel to examine the
samples (c. 2-3 litres of recyclate material per sample would be suitable). To
determine an average value and to avoid a dependence of the measurement
result on the random position of the pellets in the detection zone of the
measuring device as far as possible, we recommend moving the pellet tray in
the measuring device during the measuring process. The duration of the
measurement can be set in the Windows® PC software.

3.1.2 Referencing the sensor

The aluminium plate (reference surface) is also used for this purpose  susswa -
and in consequence, the same setting parameters are used. The TR
average value has no influence on the signal heights and can be WS
increased to 16384 accordingly. Only the scanning time and the PORER Y it
measuring accuracy are increased through this step. v
Aumat 323

rew (AL ER 1IN AN Y -

3.1.3 Determining the N*i*r* measured values
The almost 70 recyclate samples are grouped into groups of 5 so that the graphical representation in
the GUI does not become too unclear.

1. Quintet

a) 10 beige-white semi-transparent PO, specific
weight <1

b) 18 white PET, specific weight >1
c) 64 white semi-transparent, specific weight <1

d) 52 beige, specific weight >1

e) 15 white PET, specific weight >1

2023-08-31_SI_Checking the type of plastic - A new method in the NIR range.docx 27/64



om 000 I

—4
111 00

o

10 00

0 Do

10.00
—

0m

173
wo

140~

2u-

we-
LS
ho-
an-
20
ue-

a3

Mo~
"S-
mo-
-
0

o
L5
40~
20~
0o~

30

.

W3 o 40 wo edo

-~

)

s

o sdo edo

o

i~

12 2 . 2
o2 wo o sdo edo o

mna-

-
70-
T2
o
75
@mo
628
wo-
57§
53.0-
any

-

=
e

in

23 e «de o o Mo

"

~

LR

b

-

LR

[ aiac w7

| TEAGH TO TABLE |

15

"o -

124 5
750~
28~
W0
8-
€o-
CTH
w00~
ur8-
"0~
e

32 oo 2n so s e vis o iz

TEACH 10 TADLE

mi- .
e

™0-

”s

e
s

®wo

e

o

675

o~
N

232 oe 25 so Y3 1o s Wofa

M- o

20 s

160 133 180 i

d)

2023-08-31_SI_Checking the type of plastic - A new method in the NIR range.docx

28/64



NSAUCTRD * 1 oge 00

CCE Y
WEACH. ) mOe cam Gew |

o T

SR CORS MANLIALL ¥ -
saecTmow § ¢ mowcowos TN
! ASTON TO NOW. ]! areer |
{ SAVE TO FILE 1! OET PROM e 1
{ svitoseson | [ cerrromsenson |

FFECIRCATION

~ b
A Cr—
s L oY 1] | sTOF A

SPECTRO T 3 Scope V1.0

Y
I S S .. 18
7 00 400 wWo we we any
LA o L - i
ria- re

Wi

160~ N oy
1o | START ]! =Toe ]
2o
e COUNTER an | RERET

e == B “

bt L _sih ] I =R
4n-

30-* | TEACH 1O TABLE |
::’ % 10

- A S S SURY O . 10

203 300 400 Wo we weo a1
RSN o ke - o
ria- e
mo- -~ 0~ -
s -~ 75 -
s WO -
era- s
S50~ @0
he 25
%00+ wo
$76- 5=
- 10 LT a)
519 B L e s et

262 wo ado wio wde wo " A2 We 2% &0 7% o vis el

iR

u [ecmaTsvie

| COMMUASCATION PORIT TlAap02

2023-08-31_SI_Checking the type of plastic - A new method in the NIR range.docx

29/64



2. Quintet

f) 53 grey PET, specific weight >1

g) 55 grey-beige, specific weight >1
h) 46 light beige, specific weight <1

i) 16 light beige PO, specific weight <1

j) 54 grey PET, specific weight >1
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3. Quintet
d) 36 beige, specific weight < 1
[) 30 light blue, specific weight >1

m) 1 white PET, specific weight >1

n) 35 light aquamarine, specific weight >1

0) 41 beige, specific weight <1
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4. Quintet F
p) 38 light blue, specific weight <1

q) 65 light blue PET, specific weight >1
r) 17 light blue PET, specific weight >1

s) 62 grey-blue, specific weight >1

t) 61 light blue mix PET, specific weight >1
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5. Quintet v
u) 23 blue transparent, specific weight >1
v) 7 blue PO, specific weight <1

w) 25 grey-blue PO, specific weight <1

x) 3 red, specific weight >1

y) 2 violet, specific weight >1
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6. Quintet

z) 6 blue, specific weight <1

A) 50 dark green, specific weight <1
B) 47 dark blue, specific weight <1

C) 9 light blue PET, specific weight >1

D) 66 olive, specific weight >1
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7. Quintet

E) 44 green, specific weight <1
F) 4 green, specific weight <1
G) 11 light green PO, specific weight <1

H) 67 olive, specific weight <1

1) 21 turquoise PO, specific weight <1
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8. Quintet

J) 24 turquoise PO, specific weight <1
K) 51 olive, specific weight> 1

L) 69 dark green mix, specific weight <1

M) 68 dark green mix, specific weight <1

N) 48 dark green, specific weight <1

| TSI

SVALUATION MODE BEST st - 80~
7.0
THAPE MOCE rueng - o
ERTEALM oF w| TRGGER conr wi s0 \,
-
e | s | A0 ¢ _; ;™
w35 | 1000 ::.« “2
0004 | 1000 " an S 48
™18 | 1000 &5 o wo e He ala  ar
8147 | 1000 »?0- . 7o~
6102 | 1000 L e O e Py
%34 | 1000
w050 | 1000 »0 - -
3a3s | 1000 Py - «as -
w0~ = ne- - =
%0- - 550 P
san =
480~ e
400~ 0o

o worda

N)

FVALLIATION MODE BEST vav - bl
¥ Lo e =
THAPE MOOE araeng - =: P "
Wom s =5 - - = YT
ERTEACM oF -l TRGGER cont - 20 \,
‘-
TEACH 1O 1A
N 39- # X [ aLe [
20+ &8 o
1047
- y . 68
65 Ma w0 20 e wr
rro- o "o g
{3139 00+ a1 »e -
556 412 &0 2 o =
san- = - ne- - - =
%0- - 5o s
00 =0
480~ a0
400- w©o
sz 8 —— P E s eom— . | M
65 6 150 200 Mo w0 »ry 02 20 4o 4o wo wo douds

2023-08-31_SI_Checking the type of plastic - A new method in the NIR range.docx 44/64



ROT 3 &epavid

ToraRct | TANAL
mackw | cam |
MAKVEL dis: H
TN [
FWALLATION MODE BEST saT -
THAPE MOOE _Shieatc h .
ERTEALM o - TRGGER COnY -l
|
REIETRETE]
Lo 092 |34,
j 867 1 037 }3440
Lok o Lo Lol o L ase L one 3]
[ manoaaTo | M & 6 —_—

TEALH MEAN

coneer ] | PANAL rapas
TRACH | e U R BOFE
MAXVES i - | 3
INTLI 0
SVYALUATION MOOC BEST saY -
SHAPT MO0E _sSMnt -
ERTRALM 5 - TRGER COnY -y
| - " | :
{1eh | 273 [esas ]

EX

LEALY

SVALLIATION MOOE BEST saY -
THAPE MOCE _ShEnRt h
ERTEALM -l TRGGER cont -

0.3

{3139

[ macuoarato | v & % o

[ macumec  §1 reser |

| ImACH Mean

o Mo

e

120

o

wo
8o
L
10
co
%0
40~
20~
20
10~
L

51\

PE

2023-08-31_SI_Checking the type of plastic - A new method in the NIR range.docx

w0

{ sTAnt Il TP ]
COUNTERN | SE1
SR - W
Lo 140 T,
| TEALM 10 TABLE [
"o —— g
™o -
«o —
"o - - =
550 -
=0
a0
-

o

o

M3+ . \ ’ " A

02 20 4o a0 o wio douds

{ arant 11 5108 |
comen 0
s - "

[ 2> ] LE T

TEACH 1O TARLE

Sl - "
o 143 .
| TEACM 10 TABLE ||
7o e T
u

e -
«o =
ne- - - —
o —
=0
a0
o
M3 \ ’ " )

02 20 4o 4o wb wo douds

L)



N SCTRO 13 Ropa V12 o

LorRect | _rARA: . ranAz | =
TRAGH | MRS LG cen | acom g= AYZ | GARSPAGE. | CINL BAGK 9, | e o« EEEEE - DN .
e T P
LR 1
ST RGW L R Marn il v - =
siecymow  F 9 mowcoon NN | EEDNDN
[ ssmonromow || westt i
{ SAVE 1O HiLE i QLT oM Pat | e
[ otae ]  p——
[ sawmomnsar | [ correommcon ||| e
< - 2304 ~
! sECInCATON — e
B Ie4 G o) . IR P P —
RAp4 GROW o) N ow.
LT HELLGROM PO
r WTOUN &) ) rev
IR ) date 250~
21 TORS PO [ v e |
NN 054~
T 55 DURRELGROM « | g
B SR DAMRELGRUIN M <Y
B L5 DURRELGROM + | Ve 2NI-
LT
2 A = 24 51 4] &2 48 ..
=T o 100
L pmr e %o | , — - :
= - S ~
~ E oET ]_J| [ Ty 1 | Commmcanonront [ [FRCTOTIVIn  Oshepaniad

9. Quintet k4
0) 42 grey-green, specific weight <1
P) 12 grey PO, specific weight <1

Q) 72 grey-beige, specific weight <1

R) 59 grey, specific weight < 1

S) 70 dark grey, specific weight <1
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10. Quintet
T) 28 grey transparent PET, specific weight >1

U) 31 beige LLDPE, specific weight< 1
V) 34 brown PO, specific weight <1

W) 14 olive PO, specific weight <1

X) 8 olive transparent PET, specific weight >1
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11. Quintet

Y) 22 beige transparent PO, specific weight< 1
Z) 37 beige, specific weight >1

aa) 13 beige, specific weight >1

bb) 43 white transparent, specific weight <1

cc) 5 beige PET, specific weight >1
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12. Quintet

dd) 20 light grey PET, specific weight >1
ee) 39 green-grey, specific weight >1
ff) 26 grey PET, specific weight >1

gg) 33 grey-white mix, specific weight> 1

hh) 27 green-grey PET, specific weight >1
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13. Quintet

ii) 45 yellow, specific weight >1
jj) 63 grey, specific weight > 1
kk) 56 light grey, specific weight >1

[1) 57 black HDPE, specific weight <1

mm) 19 dark grey PO, specific weight <1
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14. Quintet

nn) 77 blue FC 387, specific weight <1
00) 76 red FC 071, specific weight< 1
pp) 75 green FC 144, specific weight <1
qq) 74 green FC 040, specific weight <1

rr) 73 green FC 049, specific weight <1
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3.1.4 Summary of the measurement results in relation to recyclates
The following two tables list the N*i*r* values of the individual recyclates and subdivide them by

color according to specific weight <1 and specific weight >1.
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3.1.4.1 i*r* diagram

The following table shows the placement of the different recyclates in the i*r* diagram. Here, too,

the specific weight provides an initial indication of the classification of the recyclates into certain
groups, especially since it was not known for all the recyclates examined which type of plastic they

actually were. The i*r* diagram marks the recyclates for which information regarding the plastic type
was provided by the respective recycling company. The PETs and the POs certainly form the two main
groups in the i*r* diagram. The placement of the recyclates is very similar to the placement of the

virgin granulates.
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Certain parallels were also presented by the subgroup with the specific weight >1 at i* >80, which
suggest that recyclates 2 and 3 could be PA6- or TPU-based plastics.

Strictly speaking, 45 is
not a recyclate in the
conventional sense, but
rather a masterbatch.
The appearance of
recyclates 13 and 52
indicates that they are
not PET-based
recyclates. The same
applies to the recyclates
56 and 55, although
both have a high i*
value and are thus
located outside the PO
group in the i*r*
diagram. Recyclates 11
and 22, on the other

\

hand, have an untypically high r* value for PO.
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55:N*=74.76 i*=45.04 r*=-1.16

11: N*=70.15 i*=34.79 r* =494

Tl

22:N*=63.61 i* =30.40 r* =5.85
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3:N*=56.23 i*=94.09 r*=2.10
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52: N* =80.69 i*=22.95 r*=0.66
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3.1.4.2 N*i* diagram

In the N*i* diagram, both main groups overlap (specific weight <1 and specific weight >1), but the
recyclates with the specific weight >1 tend to be on the right-hand side (higher N* value) of the
diagram. However, recyclate 8 stands out due to its rather low N* value. The reason for the low N*
value ("grey value") is probably to be found in the semi-transparent nature of this recyclate. From the

sensor's point of view, a part of the impinging infrared light is lost.

8:N*=52.7 i*=19.87 r*=10.01
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3.1.4.3 N*r* diagram

The N*r* diagram shows the separation between PET- and PO-based recyclates. The two recyclates
with specific weights >1 and low N* and r* values have a high i* value, so that although there is an
apparent overlap in the N*r* diagram, this is not presented in the spatial view.

di>1

20
dzu < 1

4. Conclusion

In the case of both virgin granulates and recyclates, the three-range procedure appears to produce a
clear distinction between the individual articles. This means that we provide a cost-effective, easy-to-
use and compact measuring unit that can be used both in a laboratory and in an inline context.
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