
With the Help of the Three-range Method in 
the NIR Range

Differentiation of
PlasticTypesfor
Recyclates



NIR Measurement 
of Recyclates

Immediatelyafter the extrusionprocess
in the recyclingcompany, duringmaterial 
feedingat the plasticsprocessorand during
the dosingprocessimmediatelybeforethe
injectionmoldingor extrusionprocess.



IncreasingUse of
RecycledMaterials

The increaseduseof recyclatesworldwideisof greatimportance
for severalreasons:

ÅEnvironmental protection: The useof recycledmaterialsreduces
the needfor newraw materials, whichin turn reducesthe extraction
of naturalresourcesand the associatedenvironmental damage.

ÅReducingwaste: Recyclateshelp to reducethe amountof
plasticwastethat endsup in landfillsor in the environment.

ÅCirculareconomy: In a circulareconomy, materialsarekept in the
economiccyclefor aslongaspossible.

ÅEnergy saving: Manufacturing productsfrom recycledmaterials
requireslessenergythan productionfrom newraw materials.

ÅLegal requirements: In manyregionsof the world, requirementsare
set for the useof recyclateswith the aimof promotingsustainability
and reducingenvironmental impact.



Plastics Recycling

ÅCollectingplasticwaste

ÅReprocessingplasticwaste

ÅSeparatingand sortingthe coarsefraction

ÅShreddingthe coarsefraction

ÅCleaningthe fine fraction

ÅSeparatingand sortingthe fine fraction

ÅExtruding, filtering and regranulatingthe fine fraction

ÅNIR control of the recyclate

ÅFillingand packagingof the recyclate

ÅDeliveryto the plasticsprocessingindustry



NIR Measurement of
Recyclatesduring
Production

In the past, it was sufficientto produce
recyclatesthat couldonlybe usedfor inferior 
products(so-calleddowncycling), but the
plasticsprocessingindustryand the legislators
are increasinglydemandinga recyclatequality
that comescloseto the propertiesof virgin
plastic. Modern recyclingapproachesaimto
keephigh-quality materialsin the cyclefor as
longaspossible. 

The plastictype of the recyclateisan important
qualitycriterion, asit canserveasan indicator
of possible contamination. Deviationsfrom the
respectivereferencevaluemayindicatethat
the recylatehasnot beencompletelycleaned
or that it consistsof different typesof plastic. 
The purity of a type of plasticiscrucialfor
manyend products.



Inline Recyclate
NIR Measurement in a 
Recycling Plant

The first waywhichthe N*i*r* valueof
recyclatescanbe measuredis immediately
after the extrusionprocess. The NIR sensor
systemisdirectedat the recyclateflow
conveyedon a vibratingchute. Thanksto
the robust design of the sensorsystem, 
reliable measurementscanbe madeeven
at high recyclatetemperatures.



Measurement Accuracy
and Comparabilityof
N*i*r* Values

In manyrecyclingplants, only the L*a*b* colorvalue
of a recyclateisusuallymeasuredin the laboratory. 
The examinationof the type of plasticin the laboratory, 
on the other hand, hasso far beenlessof a focus, as
they rely on pre-sortingand sortingafter shredding, 
washingand dryingthe plasticmaterial, usuallywith
hyperspectralcamerasand subsequent pneumatic
separation. 

However, a similarprocessisalso usedfor sortingby
color. Pre-sortingand sortingof the fine fraction is
also carriedout there usingline scancolorcameras
and compressedair nozzlesin a line arrangement. 
But despitethis effort, an additional colorcheck of
the respectiverecyclateiscarriedout in the laboratory.



Determination of the
N*i*r* Values

Whyis this step, whichmakessense 
in termsof the colorqualityof the recyclate, 
not also appliedto the type of plastic? 
The reasonfor this isprobablydue to
the limited rangeof inexpensive
NIR measuringinstrumentsthat can
be usedboth in the laboratoryand inline. 

The SPECTRO-T-3 seriesnow offersa range
of attractivelypriced, high-performance 
measuringsystemsfor both laboratory
and inline applications. But what exactlyare
N*i*r* valuesand how they aredetermined?



Definition of the
N*i*r* Value

Todeterminethe color, there arebasicallytwo
measurementmethodsin the visible wavelengthrange:

ÅUse of a spectrometerand a suitablewhite light source

ÅUse of an RGB detector in conjunctionwith a 
D65-like, modulatablewhite light source.

In both methods, the XYZ initial raw valuesarefirst
determinedfor the further calculationof the L*a*b* value. 
The L*a*b* colorspace, also knownasCIELAB, was 
standardizedby the CommissionInternationale de ƭΨ9ŎƭŀƛǊŀƎŜ
(CIE) in 1976. A majoradvantageof the L*a*b* colorspaceis
the perceptualequidistance. This meansthat equaldistances
in the L*a*b* colorspacearealso perceivedasequalcolor
distanceswhenviewedby the human eye.



The Three-range Method in 
the NIR Range

Basedon the findingsmadewith the L*a*b* colorvalue
in the visible wavelengthrange, this methodhasnow
also beenconsistentlyappliedin the NIR rangeusingthe
three-range method. The measurementdatafrom three
wavelengthrangesin the NIR (NIR-L, NIR-C, NIR-R) are
usedasXYZ valuesand N*i*r* isnow calculatedinstead
of L*a*b*. 

Numerousinvestigationson a large numberof
different virginmaterial granulatesand recyclates
in the N*i*r* spaceprovidedthe basisfor this
three-range methodtransferredfrom the
VIS rangeto the NIR range. 



Calibrationin the
N*i*r* Space

Usingthe DOCAL Windows®software, 
calibrationin the N*i*r* spaceisextremely
simple. As in the VIS range(RAL colorcards), 
variousplasticcardswith a definedN*i*r* 
valuearealso availablehere. An aluminum
cardisusedfor the white balance, asthis
providesa neutral reflectionof the NIR light 
used. However, plasticcardswith a defined
N*i*r* valuearealso available, whichdefine
the referencepointsduringon-site calibration.



Display and Recording of the
NIR Values DeterminedInline

The DOCAL Windows®softwareisusedto
displaythe N*i*r* valuesnumericallyand 
graphically, aswell astheir deviation
dN*di* dr* from the target value. 
At the same time, the dataisstoredin a 
file on the panelPC and the datacan
also be transmittedvia fieldbus
(ProfiNet) or Ethernet.



Calibrationof the Inline 
NIR Sensor On Site

Calibrationof the inline colorsensordoes
not requirethe systemto be dismantled. 
An aluminumcard(includedin the scopeof
delivery) onlyneedsto be placedin front 
of the sensorat the prescribeddistancefor
the white balance. Calibration(UCAL) to the
respectiveproduct iscarriedout using
recycledmaterial and the measurementdata
from the laboratory. After a one-off calibration
to the respectiverecyclatetype, the
calibrationdatacanbe easilyimported from
the respectivefile.



Determiningthe Recyclate
N*i*r* Values Usinga 
Mobile NIR Measurement 
System 

The mobile NIR measurementsystemcan
be usedto obtainN*i*r* measurement
datamorequicklythan in the laboratory, 
evenwithout an installedNIR sensor
system. A recyclatesample canbe taken
on site from productionand fed into the
mobile unit (hoppercapacity: 11 liters). 
The mobile NIR measurementsystem
iscalibratedin the same wayasthe
inline unit.



Display of N*i*r* Values 
UsingDOCAL Software

Software that enablesboth simple 
calibrationand convenientdisplayof
the N*i*r* measurementvaluesin 
both numericaland graphicalform. 
Furthermore, the tolerancesof a 
referencesample canbe individually
definedand calledup asrequired.



Determination of the
RecyclateN*i*r* Values in 
the Laboratory 

The N*i*r* valueof a recyclatesample 
canalso be determinedwith high accuracy
(dE0.3) usingthe NIR laboratorydevice. 
The high measuringaccuracyisachieved
by measuringthe recyclateflow and 
continuouslyaveragingthe measured
values. This eliminatesthe influenceof the
randompositionof the individual pellets
in the light spotof the measuringdevice.



Compact Laboratory 
System for Measuringthe
N*i*r* Value of Recyclates

A verycompactand inexpensive
NIR measurementsystem(MST series) 
was createdusinga measuringtable top 
and an optomechanicalrail. The recyclate
samplesare filled into the suppliedtrays
and movedlaterallyunderthe light spot
in a figure-of-eightmovement. This also 
achievesan accuracycomparableto
inline measurement.



DOCAL Software for
Laboratory Equipment 

In additionto the inline and mobile NIR 
measurementsystems, the DOCAL Windows® 
softwarecanalso be usedin the laboratory
in the same way. The onlydifferenceis that
the measurementdataisnot recorded
continuously, but rather triggeredby means
of additional sensorson the laboratory
deviceor via mouseclick.



Plastics Processing

ÅStorage of recyclatesin silos: Modern silosystemsare
equippedwith advancedcontrol technologythat monitors
and controlsthe operationto ensurea smooth process. 

ÅDryingthe recyclate: Recyclatecanabsorbmoistureduringstorage, 
whichcanhavea negative impacton the material properties.

ÅConveyingand dosingthe recyclate: The recyclateis transported
from the dryer to the processingmachines. Conveyingsystems
such asscrewconveyorsor pneumaticconveyingsystemsare
usedfor this.

ÅMixing and homogenizing: Toensureuniform material quality, 
the recyclateisoften mixedwith virginmaterial or other additives.

ÅExtrusion: The mixedmaterial ismelted in extrudersand pressed
througha die to producenewplasticproductssuch asfilms, 
profilesor granules.

Å Injectionmolding: Alternatively, the recyclatecanbe processed
in injectionmoldingmachinesto producecomplexmoldedparts. 
Here, the material is injectedinto a mold and cooledunderpressure.



N*i*r* Measurement of
Recyclatesin the Plastics 
Processing Industry

Due to the increasinguseof recyclatesin the
processingindustry, it isadvisableto carry out 
an incominginspectionin order to prevent
anyfluctuationsin the qualityof the recycled
material. 

The plastictype of the recyclatecanbe
checkedat variouspointsin the process:

ÅAt the silo

ÅAt the material feedcontainer

ÅAt the dosingunit


