Differentiationof
PlasticTypedor
Recyclates

With the Helpof the Threerange Method in
the NIR Range

Se nsor Let'’s make sensors more individual
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NIR Measurement
of Recyclates

Immediatelyafter the extrusionprocess

in the recyclingcompanyduring material
feedingat the plasticsprocessomandduring
the dosingprocesammediatelybeforethe
injectionmoldingor extrusionprocess
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Plastics Recycling
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A Collectingplasticwaste
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A Reprocessinglasticwaste
A Separatingand sortingthe coarsefraction

A Shreddinghe coarsefraction

A Cleaninghe fine fraction 3
A Separatingand sortingthe fine fraction y 6 Y
A Extruding filtering and regranulatingthe fine fraction
A NIRcontrol of the recyclate

A Fillingandpackagingf the recyclate

A Deliveryto the plasticsprocessingndustry N



NIR Measuremenbf
Recyclatesluring
Production

In the past it wassufficientto produce
recyclateghat couldonly be usedfor inferior
products(sc-calleddowncycling, butthe
plasticsprocessingndustryandthe legislators
areincreasinglydemandinga recyclatequality
that comescloseto the propertiesof virgin
plastic Modernrecyclingapproachesaimto
keephigh-quality materialsin the cyclefor as
longaspossible.

Theplastictype of the recyclateis animportant
quality criterion, asit canserveasanindicator
of possiblecontamination Deviationsfrom the
respectivereferencevaluemayindicatethat
the recylatehasnot beencompletelycleaned
or that it consistof different typesof plastic
Thepurity of a typeof plasticis crucialfor
manyend products
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Inline Recyclate
NIR Measurement in a
Recycling Plant

Thefirst waywhichthe N*i*r* valueof
recyclatescanbe measuredsimmediately
after the extrusionprocess The NIRensor
systemis directedat the recyclateflow
conveyedon avibratingchute. Thankgo
the robust desigrof the sensorsystem
reliablemeasurementsanbe madeeven
at highrecyclatetemperatures
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SPECTRO T 3 Scope V1.0
MeasurementAccuracy

and Comparabilityof
N*I*r* Values
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In manyrecyclingplants,only the L*a*b* colorvalue
of arecyclateis usuallymeasuredn the laboratory
Theexaminationof the type of plasticin the laboratory
on the other hand, hassofar beenlessof afocus as
they rely on pre-sortingandsortingafter shredding
washinganddryingthe plasticmaterial,usuallywith 97.6- e -
hyperspectratamerasand subsequenpneumatic
separation

However asimilarprocesds alsousedfor sortingby
color. Presortingandsortingof the fine fractionis
alsocarriedout there usingline scancolor cameras
andcompressedir nozzledn aline arrangement
Butdespitethis effort, an additionakolor checkof

the respectiverecyclateis carriedout in the laboratory
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Determinationof the
N*I*r* Values

Why s this step, which makessense

in terms of the color quality of the recyclate
not alsoappliedto the type of plastic?
Thereasonfor thisis probablydueto

the limited rangeof inexpensive
NIRmeasuringnstrumentsthat can

be usedboth in the laboratoryand inline.

The SPECTREEB seriesnow offersarange
of attractivelypriced highperformance
measuringsystemdor both laboratory

and inlineapplications Butwhat exactlyare
N*i*r* valuesand how they are determined?
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Definition of the
N*I*r* Value

Todeterminethe color, there are basicallytwo
measuremenimethodsin the visiblewavelengthrange

A Useof aspectrometerand asuitablewhite light sour

A Useof an RGRletectorin conjunctionwith a
D65like, modulatablewnhite light source.

In both methods the XYZ initiataw valuesarefirst
determinedfor the further calculationof the L*a*b* valu
The L*a*b*colorspace alsoknownasCIELAB, was

standardizedby the Commissionnternationale det Y9
(CIE) in 1976. wajor advantageof the L*a*b* color spa
the perceptualequidistance Thismeansthat equaldista
in the L*a*b* color spaceare alsoperceivedasequalcolc
distancesvhenviewedby the humaneye.



TheThreerange Method In
the NIR Range

Basedon the findingsmadewith the L*a*b* colorvalue
in the visiblewavelengthrange this method hasnow
alsobeenconsistentlyappliedin the NIRrangeusingthe
three-rangemethod. Themeasurementatafrom three
wavelengthrangesin the NIR (NIR., NIRC, NIRR)are
usedasXYZaluesand N*i*r* is now calculatedinstead
of L*a*b*.

Numerousinvestigationson a largenumberof
different virgin materialgranulatesand recyclates
in the N*i*r* spaceprovidedthe basisfor this
three-rangemethodtransferredfrom the
VISrangeto the NIRrange
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Calibrationin the
N*I*r* Space

Usingthe DOCAL Window®software,
calibrationin the N*i*r* spaceis extremely
simple. As irthe VISrange(RALcolor cardg,
variousplasticcardswith a defined N*i*r*
valueare alsoavailablehere. Analuminum
cardis usedfor the white balance asthis
providesa neutralreflection of the NIR light
used However plasticcardswith a defined
N*i*r* valueare alsoavailable whichdefine
the referencepointsduringon-site calibration




Display and Recordirg the
NIR Value®eterminedinline

The DOCAL Windo®softwareis usedto
displaythe N*i*r* valuesnumericallyand
graphicallyaswell astheir deviation
dN*di* dr* from the targetvalue

At the same timethe datais storedin a
file on the panelPC andhe datacan
alsobe transmittedviafieldbus
(ProfiNe) or Ethernet.
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Calibrationof the Inline
NIR Sensor On Site

Calibrationof the inline color sensordoes
not requirethe systemto be dismantled
Analuminumcard(includedin the scopeof
delivery) only needsto be placedin front

of the sensorat the prescribeddistancefor
the white balance Calibration(UCALJjo the
respectiveproductis carriedout using
recycledmaterial andthe measurementiata
from the laboratory After aone-off calibration
to the respectiverecyclatetype, the
calibrationdata canbe easilyimported from
the respectivefile.




Determiningthe Recyclate
N*1I*r* ValuesUsinga
Mobile NIR Measurement
System

The mobile NIRheasuremensystemcan
be usedto obtain N*I*r* measurement
datamore quicklythanin the laboratory
evenwithout aninstalledNIRsensor
system Arecyclatesamplecanbe taken
on site from productionandfed into the
mobile unit (hoppercapacity 11liters).
The mobile NIRheasuremensystem

Is calibratedin the sameway asthe

inline unit.




Displayof N*I*r* Values
UsingDOCAL Software

Softwarethat enablesboth simple
calibrationand convenientdisplayof
the N*I*r* measurementvaluesin
both numericaland graphicaform.
Furthermore the tolerancesof a
referencesamplecanbe individually
definedandcalledup asrequired
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Determinationof the
RecyclateN*I*r* Values In
the Laboratory

The N*i*r* valueof arecyclatesample
canalsobe determinedwith highaccuracy
(dEO.3)usingthe NIRIaboratorydevice
The highmeasuringaccuracyis achieved
by measuringhe recyclateflow and
continuouslyaveraginghe measured
values Thiseliminatesthe influenceof the
randompositionof the individualpellets

in the light spotof the measuringdevice




Compact Laboratory
Systenfor Measuringthe
N*I*r* Value of Recyclates

Averycompactandinexpensive
NIRmeasuremensystem(MSTserieg
wascreatedusinga measuringable top
and anoptomechanicalail. Therecyclate
samplesarefilled into the suppliedtrays
andmovedlaterallyunderthe light spot
in afigure-of-eightmovement This also
achievesan accuracycomparableto

Inline measurement
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DOCAL Softwarer
Laboratory Equipment

In additionto the inline and mobile NIR
measuremensystemsthe DOCAL Windov&s
softwarecanalsobe usedin the laboratory

in the sameway. Theonly differenceisthat
the measurementatais not recorded
continuously but rather triggeredby means
of additionalsensorson the laboratory
deviceor viamouseclick
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Plastics Processing

‘l'

A Storageof recyclatesin silos Modernsilo systemsare

equippedwith advancedcontrol technologythat m6

and controlsthe operationto ensurea smoothprocess
A Dryingthe recyclate Recyclatecanabsorbmoisture dur gs ~

whichcanhavea negativampacton the materialpropertie \ \
A Conveyingand dosingthe recyclate Therecyclatelsitrans ort

from the dryerto the processingnachines Conveylngsys 1

suchasscrewconveyorsor pneumatlcconveymgsystemsar
usedfor this.

A Mixing andhomogenizing Toensureuniform materialguality, Se—

the recyclateis often mixedwith virginmaterialor other additive ——

A Extrusion:Themixedmaterialis melted in extruders yres
througha dieto producenew plasticproductssuchasfili:

profilesor granules = B
A Injection molding: Alternatively the recyclatecan be"'np CESSE
in injectionmoldingmachinedo producecomplexme

Here,the materialis injectedinto a mold and cooledun:



N*I*r* Measurement of
Recyclates the Plastics
Processing Industry

Dueto the increasinguseof recyclatesn the
processingndustry it is advisablego carry out
anincominginspectionin orderto prevent
anyfluctuationsin the quality of the recycled
material.

Theplastictype of the recyclatecanbe
checkedat variouspointsin the process

A Atthe silo
A Atthe materialfeed container

A At the dosingunit



