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Abstract—In this paper, an automated system is presented for
identification and separation of plastic resins based on near infrared
(NIR) reflectance spectroscopy. For identification and separation
among resins, a "Two-Filter" identification method is proposed that
is capable to distinguish among polyethylene terephthalate (PET),
high density polyethylene (HDPE), polyvinyl chloride (PVC),
polypropylene (PP) and polystyrene (PS). Through surveying effects
of parameters such as surface contamination, sample thickness, label
and cap existence, it was obvious that the "Two-Filter" method has a
high efficiency in identification of resins. It is shown that accurate
identification and separation of five mgor resins can be obtained
through calculating the relative reflectance at two wavelengths in the
NIR region.
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Spectroscopy

|. INTRODUCTION

LASTIC is one of the most widely used materials in a

variety of industries. They are essential part of our
everyday lives and due to their short lifetime, it is not
surprising that they accounts for large of amounts of waste that
is generated. This increases the urgency and importance of
plastic recycling. The chalenge of municipa solid waste
(MSW) management has become a priority for governments
all over the world [1]. Separation and sorting of plastic resins
from MSW are the major steps in plastic recycling. Wide
ranges of plastic resins in use of which most are incompatible
to each other, pose a unique challenge for the recycling
process. The separation of the different polymers by type is
amost aways mandatory because contamination in the
recycling of one type of plastic by another type can cause
serious processing problems [2]. For example, more than 50
parts per million (ppm) of polyvinyl chloride in polyethylene
terephthalate would make the entire batch of the resin
unusable. The presence of polyvinyl chloride in the
polyethylene terephthal ate recycling process is harmful, due to
the presence of chlorine, and lowers the product quality,
namely colour and viscosity [3,4].

Sorting of plastic resins is usually performed with separation
among five major resins of polyethylene terephthalate (PET),
high density polyethylene (HDPE), polyvinyl chloride (PVC),
polypropylene (PP) and polystyrene (PS).
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Methods for identification and sorting of waste plastics
range from manual sorting to advanced automated
technologies. Sorting and separation techniques are usually
based on chemical, optical, electrica or physical property
differences between the various plastics to be sorted [5].

Density based sorting methods include float-sink tanks and
hydrocyclone. These techniques have been used widely for
many years [6].

Another method for identification and sorting of plastics is
optical and spectroscopic-based method. Optica and
spectroscopic-based sorter can be used to separate plastic on
the basis of colour [7,8] or type [9,10]. Also electrostatic
sorting techniques can separate different polymer types [11].

Auto-sort technologies based on X-ray detection are
generally considered to be the most reliable binary-sort
method to remove PVC from a stream of predominantly PET
bottles. This is because X-ray sensors only detect the presence
of the chlorine atom found in PV C bottles, which is absent in
PET bottles. This makes it extremely accurate for
differentiating between PVC and PET, but not for identifying
other plastic resin types. Because X-rays are a form of
radiation, precautions must be taken to protect workers from
exposure. X-ray systems include sophisticated shielding to
eliminate worker exposure [12].

In 1995, D. M. Scott [9] proposed a method for the
identification and separation of PET and PV C resins from each
other. He used near infrared radiation (NIR) in this method.
The proposed separation method in Scott's paper is based on
the using two important peaks in absorbance spectra of PET
and PV C. Absorbance peak occurred at 1660 nm for PET and
at 1716 nm for PV C. In Scott’s method by calculating the ratio
of the absorbance at 1716 nm to that at 1660 nm, we can
distinguish PET and PVC from each other. According to
Scott’s observations, the dominant absorbance peak in PET is
at 1660 nm, and in PVC this peak is shifted to 1716 nm. As
indicated by his results, if the polymer is PVC, then the ratio
of the absorbance at 1716 nm to that at 1660 nm will clearly
be greater than unity, whereas it will be less than unity in the
case of PET. In Scott's paper one lens was used to focus the
illuminating NIR source on the sample. Also, a gold-plated
screen type of beam splitter was used to separate the
transmitted energy into two streams.

In 2001 J. Edward and J.R Sommer [13] invented a method
on the basis of Scott's paper for grouping and separation of
PET and PV C from each other. Their method was based on the
NIR transmission spectra of PET and PVC. They suggested
application of an optical filter in preferenceto using alens.

In this paper, by generalizing the Scott's method and the
Edward's invention, a system is presented for classification of
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five important polymer resins, i.e. PET, PVC, HDFE and
PS. The proposed sorting system is composed of tmagor
units: identification unit, control unit, and throw unit. Also,
the effects of parameters such as sample thickessstence
of label or cap, and surface contamination on dieatification
system are investigated.

Il. MATERIALS
For finding identification system, samples madePR#T,

HDPE, PVC, PP and PS were collected. Some of sample
some were white, and some were colored

were clear,
however, samples of dark colors weren't used. balt@59
samples from a municipal waste disposal site of dite of
Isfahan consisted of plastic bottles, containerd an were
collected for the test. 31, 34, 32, 30 and 32 samfrbm PET,
HDPE, PVC, PP and PS were surveyed, respectivdigsd
samples generally included various bottles and apets in
MSW with different sizes. Their dimensions wereiedrfrom
6-14 cm2 to 16-40 cm2. The samples were conveaedfiat
form. Flattening of samples has been carried outbbitle
flattener-perforator machine. This machine is sseersal part
of the plastic sorting process. It squashes thielsato they do
not roll about while being scanned by the Auto-soachines;
it sieves out any remaining bottles tops, whichtaomnnate the
plastic. Flattening the containers reduce rollingd aother
movement on the accelerating conveyor belt. Fiatleor
partially flattened bottles can scatter the detectieam, which
prevents the sensor from getting a reading on tier cide.

The samples were not cleaned prior to testing,iarmbme
cases were notably dirty on their surfaces. Stus@dples did
not include labels and caps.

PVC samples have been included various fillers sagh
montmorillonite, silica, calcium carbonates and afitim
dioxide.

wavelength range of 700 to 2000 nm were measuriw) @s
UV-VIS-NIR spectrometer (trade mark of JASCO V-57B9r
registering the

accessory unit was connected to the spectrometer.

Ill.  METHODS

A. Optoelectronic Sorting of Plastic

The optoelectronic sorting system is composed oéeth
major units: identification unit, control unit, atidrowing unit.
A simplified schematic of the proposed sorting egstis
shown in Fig. 1.

-
>
The NIR reflectance spectra of these samples in the
reflectance spectra, a JASCO ARSBI-47

EED

F
CONVEYOR SPECTROMETER

CONTROL
UNIT

AIR
RESERVOIR

Fig. 1 The schematic of optoelectronic sortingeyyst

As seen in Fig. 1, the mixed plastic container aottle
stream is fed onto a high-speed conveyor belt, hvharves to
disperse the individual items of the plastic wasteam across
the length and width of the conveyor belt. Spregdnt the
material facilitates the identification of the maaé of
construction of each item as it passes througldgification
unit.

As each item passes under the optical sensorsnalterial
of construction of each item is determined by tlentification
unit and control unit. Target resins, are ejecteaimf the
material stream by ejection nozzles (using comkssr)
onto a further conveyor belt. The target resinio B is PET.
The remaining products that are not targeted wit be
subject to the throwing unit and will fall to anethconveyor
belt due to gravity.
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The throwing unit is composed of a compressor dect®  C-O bonds observed in NIR spectra can be charatitadly
pneumatic valves. The valves are put at the botbénthe attributed to specific plastic resins, thus enaplaentification
conveyor belt to be actuated as soon as the thgpggmmand of most commonly used plastics [5].
is received by the control unit. As presented in Fig. 3, the NIR reflectance spedia

The LabVIEW software and data acquisition (DAQ)dcarcommon resins found in industrial and municipal teas
are used in the control unit. The main task ofdbetrol unitis streams are quite distinct. For this reason, thHe iflectance
the execution of identification and recognition gedure for spectroscopy method is appropriate for plastic tifleation
the desired material, and then the transmissioa efiitable and separation.
command to the throwing unit.

B. NIR Reflectance Spectra | PS

The NIR region covers the wavelength range of ab@
to 2500 nm. The samples spectra are independesdlof in
this region. On the other hand, NIR spectra of comm
plastics found in MSW are quite distinct. For thesasons it
is ideal for plastic identification and sorting. Uy the
principal operation of the identification unit issed on the PP
NIR reflectance spectroscopy.

The basis for quantitative analysis of spectroscigpthe
Beer—Lambert law. The Beer-Lambert law [14] statiest
absorbance (A) is directly proportional to the kiniess of the

Reflectance

PVC
sample
Ay =Ll I 1y,) = Ln(@/T) = abe. 1)
In (2), A is the absorbance at a particular wavelength HDPE

Loey is the intensity of light incident to the samplg(,“ is the

intensity of passing lighgis the molar absorptivity of the

absorber b is the distance the light travels through the sampl /_—_“—’\—‘\/./—"\, PET
(the path length or sample thickness), amd is the
concentration of absorbing species in the sample.

Fig. 2, shows the NIR reflectance spectra of twoPHDNn
blue and green color.

700 900 1100 1300 1500 1700 1900

Wavelength (nm)
Fig. 3 The reflectance spectra of five resins
» The reflectance spectra in Fig. 3 are drawn witlsetfto
avoid interference with each other to improve tyari
The NIR spectroscopy method is not suitable for
identification of dark colored plastics. This digsadtage of
— Blue HDPE NIR method for sorting of waste plastics has besows in
—Greentppe  Fig. 4. As seen in Fig. 4, black PVC absorbs moife hght;
so its spectrum is quite different from reflectaspectrum of
white PVC. Note that no spectral structure is otgdifor the
black plastic using NIR reflectance spectroscogy [5

Reflectance (%)
8 3

~
(=]

0

900 1100 1300 1500 1700 1900 100
Wavelength (nm)
Fig. 2 The NIR reflectance spectrum of blue ana:gridDPE g0

As seen in Fig. 2, the overall shape of spectrthénNIR *

region do not change even with variation in colorg spectra
peak points are fixed for a given resin. Infrargebcira of
waste plastics provide more detailed information tbé

40 e \White PVC

Reflectance (%)

Black PVC
20

chemical composition [15]. The absorbance and ctftee of 0 ‘ ‘ ‘ ' ‘ ‘

. . . . . 700 900 1100 1300 1500 1700 1900

light in NIR spectral range is due to overtone ombination Wavelength (nm)

vibrations of plastic resin molecules. The C-H, OM4H and Fig. 4 The NIR reflectance spectrum fd& and white PVC
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IV. RESULTS ANDDISCUSSIONS

A. Sectral Analysis

According to the acquired NIR reflectance spectirdive
major resins PET, HDPE, PVC, PP and PS, an ideatifin
system is presented to distinguish between eatheofi. This
system is called the "Two-Filter" method, becawse optical
filters are used to separate two specific wavelesnhgof
spectrum. By comparing them in the control unig tiesin
type will be estimated.

In the spectral region of 700 to 2000 nm, therenly one

peak point at the wavelength of 1656 nm for the PET

spectrum. However, three important peaks are seen

wavelengths of 1210, 1412 and 1724 nm for the HDPE

spectrum. For the PVC spectrum, the most impopiaak can

be seen at 1712 nm. In the case of PP, three @#akt99,

1394 and 1721 nm are seen too. PS has only onertempo
peak at 1677 nm. In all 159 surveyed samples, donpes

which are made from a specific material, peak poare seen
with maximum 3 nm deviation.

Through comparing the acquired spectra of samplashw
were made of one type of resin, it was obtained shaface
dirtiness of samples has no effect in the overbipge of
reflectance spectra or the peak points. The ontferdnce
between spectra of a given plastic resin is in tb&l
reflectance values.

According to the reflectance and absorbance relatiaccan
be concluded that absolute reflectance is dependant
sample's thickness. Relative reflectance, the ragtween
absolute reflectance values at two distinct wawghes) is
independent of sample thickness [7]. The identilicasystem
can be acquired using this reflectance proportion.

Through surveying the spectral peak points of mgsiwo
wavelengths at 1656 and 1724 nm were selectedctpriing

the identification system. These two wavelengthe ar AS mentioned

respectively related t®ET and HDPE spectral peak points.
Thus by measuring the ratio of reflectance at 16&6 to
reflectance at 1724 nm a simple and reliable ifieation
system can be obtained for recognizing the regie.tyfhe
relativereflectancevalues for 159 samples afeownin table |I.
Measuring the ratio of the reflectance at 1656 ron
reflectance at 1724 nm for the 31 samples of PEelded an
average value of 0.692, with a range of 0.638-Q.Bimilarly
for the 34 samples of HDPE, the average value %S with
limits of 4.786-5.679 is resulted. For 32 samplé®dC, the
average value of 1.466, with a range of 1.299-1.6&te
obtained. Regarding PP, 30 samples were investigafe
which 16 samples were hard and 14 samples of themra soft.
An average value of 3.509 and a range of 2.64744\8@re
obtained. Finally, the average value of 0.955 armadnge of
0.921-0.977 were acquired for the 32 samples of PS.

TABLE |
THE RELATIVE REFLECTANCE FOR PLASTIC SAMPLER(1656)/R(1724)
Hard  Soft
PET HDPE PVC r PE PS
0.71z  5.64% 1.39¢ 4.05¢ 2.687 0.97i

0.72¢ 5.581 1.651 4.22¢ 296! 0.93¢
0.67: 5.43:2 131z 4.12: 2.647 0.96¢
0.63¢ 5.29¢ 1.41C 4.21t  2.817 0.967
0.66t  4.78¢ 1.45C 4.181 2.74C 0.93(
0.69¢ 5.67¢ 157 4.01¢ 2.75: 0.961
0.691  4.92¢ 1.61¢ 4.15¢ 2.90: 0.97C
0.712 5.011 1.29¢ 4.17¢ 2.88( 0.95¢
0.72¢ 5.061 1.408 4.09¢ 2.74: 0.921
0.69¢  4.81: 1.39€ 4.117 2.811 0.95Z
0.681 5.33( 1.50¢ 4.20¢ 2.83¢ 0.96f
0.711  4.90¢ 1.49C 4.061 2.731 0.92¢
0.701 5.192 1.58< 4.15: 2.6917 0.961
0.64¢  4.84¢ 150 4.19¢ 2.707 0.94¢
0.722  4.86( 1.38t 4.21f 0.97¢
0.64:  4.90% 1.63( 4.16% 0.95¢
0.69¢ 5.641 1.46¢ 0.97:¢
0.73¢ 5.071 1.33¢ 0.95¢
. 0.64z  4.80¢ 1.55¢ 0.947
! 0.70: 5.17: 1.62: 0.95¢
0.72( 5.420 1.47:2 0.94:
0.68¢  4.857 1.42: 0.972
0.66: 5.41: 1.53¢ 0.95¢
0.64¢ 5.51% 1.60¢ 0.97:¢
0.65C  4.93¢ 1.33¢ 0.961
0.70¢ 5.24¢ 1.35¢ 0.941
0.67¢ 5.23¢ 1.632 0.94¢
0.69( 5.10¢ 1.427 0.93:
0.72¢  4.97¢ 1.37i 0.93%
0.73C  4.79¢ 1.34¢ 0.964
0.74t  4.99: 1.36¢ 0.96¢
5.551 1.44% 0.96:

4.85¢

5.047

From table |, it is obvious that all relative reflance values
are less than 0.8 for PET samples. For HDPE, niwe 4.7,
for PVC from 1.2 to 1.7, for PP from 2.6 to 4.3ddimally for
PS, this value is between 0.92 and 0.98.

Regarding PP, the relative reflectance range for i®P
greater than other resins. This is due to the rdiffee between
hard and soft polypropylene spectra. This diffeeeria
reflectance is a result of the additive materidiéclv are added
to PP to achieve the desired hardness propertieshef
material.
in previous,
experimental test have been included various $illeuch as
silica, calcium carbonates and Titanium dioxidecéxding to
experiments, the overall shape of spectra in tHe fehion for
various PVC samples do not change even with variai
filler, and spectra peak points are fixed for aegiPVC resin.

tAlso, HDPE, PS and PET samples have been includedus

types and grades. The relative reflectance rangetHese
samples is limited and for each of them the ovesh#ipe of
spectra in the NIR region for various type do rizdrige even
with variation in grade.

The aforementioned conclusions are the basis ofatipa
of a suggested identification unit, which is shawrflowchart
form in Fig. 5.

the PVC samples for
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Get Reflectance in
1656 nm (Ry1656))

Get Reflectance in
1724 nm (R(1724))

Calculate Relative Reflectance
Rr=(R(1656)/ R(1724))

Mat = PVC

Mat = HDPE
No
Mat = Unknown

Fig. 5 "Two-Filter" identification flowchart

B. The Optoelectronic Sructure of Identification Unit and
Control Unit

The most important issue in the identification egstwith
the "Two-Filter" method was limiting the wavelengtgion of
light to two distinct wavelengths. As illustrated Fig. 6, two
optical filters with an operation in two specificavelengths
were used for this purpose.

In an optoelectronic sorting system, plastic mateis
carried to the inspection station via a conveyohew the
plastic material passes through the inspectioniostait is
irradiated by a NIR light source. The light refledtfrom the
plastic material is collected at face plate displase the end of
optical fiber cable. The collected light is carrita the two
optical fiber cables. The collected is carriedhe tespective
GRIN lenses and optical filters.

Light
Source
I(I// Grin Lens
Optical Filter
[]Photodiode 1
— L= 1 DAQ card
—) 1724 nm |_|
Face Plate || Photodiode 2
Plastic Resin Optical Filter
Solenoid Optical Fiber Cable
Valve
DAQ card Computer
LabVIEW

Fig. 6 The optoelectronic structure of sorting syst

The optoelectronic sorting system uses a 0.25 EBHN
lens to focus and collimate the light sources. Tt#5 pitch
GRIN lens normalizes the light incident to the oatifilter,
because the optical filters are designed for usencamal
incidence of collimated light. Certain charactécistof optical
filters change with the incidence angle. For ins&arthe center
wavelength, the most important parameter of ancapfilter,
varies approximately as a cosine function, shifttogvards
shorter wavelengths with increasing angle. Theofulhg
equation may be used to determine the wavelengihcattain
angle of incidence [16]:

A=A\ 1= (51114 VP sin? ¢ @)

where 1, Agr @5 1 and Ng are the wavelength at the angle

of incidence, the wavelength at normal incidenbe,angle of
incidence, the refractive index of external mediamd the
effective refractive index of the filter, respeetiy.

Two optical filters have been used in optoelectayistem.
These optical filters pass a band of wavelengthdighft
centered on 1656 and 1724 nm. The light wavelenggilsing
filters were then directed to detectors (i.e. pHades such as
Indium-Gallium-Arsenide). The photodiode would cervthe
received electromagnetic energy (in the form dfitignto an
electric signal (in the form of amperage or voljag€he
output of each photodiode is proportional to thee raf NIR
reflectance light from the plastic surface at treevelength of
the related filter. The output of the photodiodesent to a
computer via a data acquisition (DAQ) card.

The output of the photodiodes has been seen iadfteare
environment as input through applying DAQ card asial
drivers in LabVIEW. Then the type of resin would be
recognizable using the written program in LabVIEW
environment. The command of actuating or not agtgahe
solenoid valves would be sent for the actual sdjmereof
plastic resins.
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C. TheEffect of Different Parameters on | dentification System

The performance of the identification unit was ased by
evaluating the effect of different parameters. Sartifickness,
the existence of a label or a cap, and surfaceaotnttion are
the most important parameters.

1. Sample thickness

According to the Beer-Lambert law, absolute absocba
(A) is directly dependent on sample thickness. &imelative
absorbance and relative reflectance are both imdigpe of
sample thickness. The variation in thickness shawaltlhave
any effect on identification system operation. Néweless, a
test was performed on this relation. Five green BBBmples
with thicknesses of 1, 2, 3, 4 and 5 mm were peghaf heir
NIR reflectance spectrum was registered. Fig. AvshNIR
reflectance spectra of these samples.

——HDPE (5t)
——HDPE (4t)
HDPE (3t)
——HDPE (2t)
——HDPE (1)

Reflectance (%)

700 900 1100 1300 1500 1700 1900
Wavelength (nm)

Fig. 7 The reflectance spectra of five green HDRth thicknesses of
1,2,3,4and 5 mm

As presented in Fig. 7, absolute reflectance valaes
increased with increasing thickness. However, therall form
of the spectrum has been still preserved and peakspare
fixed. Table Il shows the relative reflectance ealun two
principal wavelengths.

TABLE Il
THE RELATIVE REFLECTANCE QUANTITIES INL656AND 1724NM FORHDPE
WITH THICKNESSES OFL, 2, 3,4 AND 5mm

Thickness (mm) 1 2 3 4 5

RaeseyRqi724) 4774 5025 5332 5387 5.346

According to the results of table I, the relatneflectance
values are within the allowable range for HDPE he t
identification flowchart. As seen in table I, bycreasing the
thickness from 3 to 5 mm, the relative reflectahae had little
changes and has reached a rather steady state.

2. Label

The effect of label is demonstrated with the examgi a
PET bottle that was covered with a label. Fig. 8vah the
corresponding spectra. Spectrum 1 has been obtamedhe
PET bottle without any label coverage, spectrunianfthe
bottle with 10 percent label, spectrum 3 from tlwttlb with

35 percent label coverage, spectrum 4 from thdebwith 75
percent label coverage, and spectrum 5 from thel.l&ther
PET bottles with 25 and 50 percent label have lseeveyed.

Reflectance

700 900 1100 1300 1500 1700 1900
Wavelength (nm)
Fig. 8 The reflectance spectra of PET bottle abéllg1) PET bottle
without label, (2) PET bottle with 10% label, (3P bottle with
35% label, (4) PET bottle with 75% label, (5) label

As presented in Fig. 8, the spectrum of the lalzd ho
considerable peak and its reflectance value hds thange
from 800 to 2000 nm. Table Il shows the relatieflactance
values of PET, label and the combination of them.

TABLE Il
THE RELATIVE REFLECTANCE QUANTITIES ATL656AND 1724nmFORPET

AND THE COMBINATIONS OFPETAND LABEL
PET PET PET PET PET

Samples PET (10% (25% (35% (50% (75%
label label label} labell labell
RaessfRa72ey 0.673  0.709 0.771 0.795 0.869 0.994

As presented in table 111, it can be concluded that"Two-
Filter" system properly distinguishes the existermfePET
even when the PET surface is 35 percent coverdd laliel
material. In the case of 35 percent label coverdgerelative
reflectance value of 0.795 has been acquired. @nother
hand, in accordance with the identification systéig, 5, the
relative reflectance values less than 0.8 showsxistence of
PET. If the label covers more than 35 percent ef ghastic
surface, the system provides invalid results. Qfrse, a bottle
or a plastic container with label coverage of mtran 35
percent is rarely found in practice.
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3.Cap

Most of bottles and plastic containers which ar@dyefor
separation are with caps. The effective surfaceapfis much
less than label. Caps are generally made of PfRelsurveyed
samples in this section, caps which are made ofh&re
covered between 2 to 4 percent of the effective BTace.
However, the effect of 10, 25, 35, and 50 percentap
coverage is also studied. NIR reflectance specfr&BT
bottles and caps (PP resin) are shown in Fig. @ §Jpectra
belong to following samples: 1, PET bottle withaistp; 2,
PET bottle with three percent cap; 3, PET bottl¢hwien
percent cap; 4, PET bottle with 25 percent cafPBT bottle
with 35 percent cap; 6, PET bottle with 50 peraeag, 7, cap
coverage.

Reflectance

900 1100 1300 1500 1700 1900
Wavelength (nm)
Fig. 9 The reflectance spectra of PET bottle aqd ¢ PET bottle
without cap, (2) PET bottle with 3% cap, (3) PETtleowith 10%
cap, (4) PET bottle with 25% cap, (5) PET bottl&w@5% cap, (6)
PET bottle with 50% cap, (7) cap

700

Table IV shows the relative reflectance values BT Pcap
material and the combination of both.

TABLE IV
THE RELATIVE REFLECTANCE QUANTITIES AT1656AND 1724nmFORPET
AND THE COMBINATIONS OFPETAND CAP

PET PET PET PET PET

Samples PET (B% (10% (25% (35% (50%
cap cap cap cap cap

RuesefRu724y 0.678  0.684 0.706 0.766 0.818 0.926

According to table 1V, the relative reflectance ued are
increased with increasing the percentage of cagrage. In

the case of PET bottle with 35 and more percerdcéffe
surface of cap, recognized type of material ushmey 'tTwo-
Filter" method will be incorrect. In practice hovesy the
effective percent of cap coverage is very smallpggroblem
will be encountered during the sorting of PET. Evana
sample with 25 percent cap coverage, the proposgers will
determine the existence of PET.

For other resins with different cap material is ested that
the proposed system will distinguish the targeinrgsoperly.
These resins are not expected to cause any traulsierting
system, because the samples with considerable merteap
coverage are not often observed in real waste.

4. Surface contamination

Contaminated samples do not affect the quality ¢R N
reflectance spectra, because in the NIR wavelerggion the
length of light pass is much higher (about 10 mrthatsecond
CH stretch overtone about 1200 nm) than the ldyekness
of the dirt (< 0.5 mm) [17].

The selected samples for spectroscopy were noteslasid
not cleaned. As such, some of them had a dirtyasarf
However, after taking spectra, it was concludedt tte
spectra of dirty samples are similar to spectreledn samples
for a given resin (Fig. 10).

80
——Clean Blue PET

60 = Dirty Blue PET

40

Reflectance (%)

20

700 900 1100 1300 1500 1700 1900
Wavelength (nm)

Fig. 10 The NIR reflectance spectra of clean anty $iue PP

D. Cost Considerations

With all sorting categories available for plastipe and
color separation, the infrastructure and operationat would
arise as a serious challenge for the success @utomatic
sorting system [8]. The proposed identification and
classification system represents a significant iporiof the
costs associated with the recycling process. In dineent
work, identification hardware and classification stgm
required costly component such as optical filteAQ@card,
GRIN lens, face plate, optical fiber cable, andvayor belt.
However, this method provided a higher value ancuiate
sorted plastic output. Furthermore, sorting thestigabottles
and containers with this method would result in the
considerably value added that legitimizes the costs
identification hardware and sorting system in lotegm.
Furthermore, in other methods such as manual fiiton
and sorting, increasing labor costs are making @lasorting
economically unviable. In addition, the resultingoguct
which is costly produced, generally only finds lied
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application in low value products, due to the poigi of
human error during the sorting operation.

V.CONCLUSION
It has been demonstrated that the

separation of plastic resins can be obtained

[17] Feldhoff, R., Wienke, D., Cammann, K., Fuchs, HQn®line post
consumer package identification by NIR spectroscopybined with a
FuzzyARTMAP classifier in an industrial environméenApplied
Spectroscopy 51, 1997, 362-368.

identificatiord an
using

measurements of the NIR reflectance spectroscopy. A

identification system has been proposed that usés tao
specific wavelengths in the NIR region. Using tlsigsstem
identification of plastic resins was correctly merhed. A
reliable separation and sorting among containets laottles
made of PET, HDPE, PVC, PP and PS is possible thith
proposed optoelectronic sorting system. Tests is situdy
have shown that thickness changing of samples, thed
existence of a label or a cap are not expected aisec
difficulty using the identification system and iptoelectronic
sorting system. NIR reflectance spectroscopy offerany
advantages for identification and sorting plasésim, though
this method is not suitable for the identificatiafi dark
colored plastics.
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