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MR. JIRAWAT INTAJAK : SORTING POST-CONSUMER POLYMER ON CONVEYOR
BELT USING NIR SPECTROSCOPY THESIS ADVISOR : SARAWUT PHUPAICHITKUN, Dr.Agr

Sorting plastic waste in Thailand usually done by manual using recycle sign

or by physical sorting such as float-sink. Due to no recycle sign on products and some
heavy filler might effected to density thus could be a mistaken in sorting machine.
Using near infrared spectroscopy, the identification is fast and high accuracy but the
IR-Sensor in the range of 900 to 2500 nm is very intensive cost. In this research was
interested in using low cost sensor (400-1000 nm) for sorting plastic types. The first
part of this research was design and instruct the NIR line scan system on conveyor.
Reflection spectra from the samples across the conveyoris collected by lens system
and grating to the IR image sensor. The wavelength position on image is calibrated
using that of the laser light measured by multispectrometer (Tec5 AG, Germany).
Spectra of polymer samples (PET, HDPE, PP, PS and PVC) prepared by compression
molding is measured. The spectra of samples with various colors, thickness and
roughness was measuring - and statistically analyzed by using Principle component
analysis (PCA) method. Loading matrix of synthetic waste are using for identify the type
of polymer at 60% purification. And its decreases to 20-50% for the real plastic waste.

PVC was the highest in %Purification.
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2.1 Ugymivasvezuazisnisuen

a °o v 9« U = 1% a V1 a =

vggnararniaaludymlulagdu Weshwaunsandalaiglulzunaun dany
anvaneyiawasUiuy BulvisveeiunanaTiseularanamngsy dmiulsemelngiy
a a a a [ = 7 = Y a
fUsnaeznarainAaly 12% vesTinaeznoun  Jedulvginazanaingananasn
yianiy viananadn Tluussgemnsuaskmnatainuuuldnsufelarussaiaeiaug e
- A o 1Y) a ay o ¥ 9 va U a % &
M50 1 [3-5] Weiimsdnnisveenarainiiligndes a1aneliiianansenuivdwindouna
nsunkaznanza Aatulugiel w2560 - iatynvsznanainassinaauuiniy
YUMAVDUTL AL NITNERUVDIFR INZATIANEIINNTAUVEENAERN  Faammdusndn
Ainannsisvesvestiuluguy dnviewiies vesanlssugnamssy sutavesnla

NN15UTELNDUBITNNINZLE

¥
;Y

Lﬁaqmﬂﬂ%mwmﬁuazﬁﬁﬁi’ﬂmumﬂLLagﬁmiUuLﬁauqa aladinsmdnvesivianiingg
mythludlsnauiieseliiianistesaasvesaseuniouazdnnwniiondoluniends  us
Brravandl W uasiuiisuamnn warenvliifeuafivdedsndouiuiu duiudau
seduaulslunmsivsynarainuldsvsenisinluslmaadaedl Wy mstwsswanainly
ruuulnlslagasududshmdeauildugiienandudomas  sudomdsnaniildanisd
seiiUsyans st lsind ulasvhfuSnamesleveminludomaanatanas  [1] vde
nsthesenaainuaztnallwsuuinisladalagldsudauiiseniendndudomas  [6]
vizamsthnanadnuauunldlunisuanduludemadeenss wunisi HDPE, PP, PS uay
ABS fifimsiiinansvidasiliie Polybrominated Epoxy (ABS-Br) waufiu PET uaz PVC 11vh
nsunuuulnlslsda Wiolilaisiulnlslada lnsannnisvaasmuiniiewiu PET uay PVC ag
vnlssiulnlsladaanas uiazsilinandnidusiadiuty wavloldiulnlsladaunniy
509% Tngtwin aswuhiiasdmanalasiuuazansiiluouiusvonuufuduesduszney

e [2]



M15197 1 wadwas 5 siiawaznisunluuszendldeu [7]

vida | Taudu nieay | lassasae s luld
PET | Polyethylene & 70\ 0 VINUTIVOIUNAY LYY SEEH
terephthalate PET -—o@o% A3eeRy wazyiiy wHuildy
) ’ nszynla
HD | High density /2\ H H VINUY Uﬁﬁgﬁm%ﬁm%’uﬁwmﬁﬁ
PE | polyethylene %S? _,:';_(,L:, ; ANNALDIN LIUNATTNU w4
N LLazqmﬁa nueios
PP | Polypropylene Lls\.b L en—0—L | 71%ULUS597M75 LYY Ndoq
o ST L &1 nzn¥ nszuenldiin
wiLdu vanged wialewisn ¥In
U397 Tudrusosud 1fnaae
wanaAn Luss
PS | Polystyrene /6\. ‘((‘I"%St Tgvinsugussyuedly wu wnd
L.,s‘) LNaY d18 NIV IWWA
wonanvudiiuiialauld
919415 Navdlnle LHUTINA
nsgilnzwesludnes wLneaIng
W auauanuseu analdls
PVC | Polyvinylchloride /3\ Il-l (I3| vorhUsyin anvensla uruildy
LV..S g_CH d1m¥urieainis dnulusies

91011 uRuUNIELde9819 W
wanaAnyliy Useg nieg 29
U LaguuaLfigd NSI835195
wWestiaes fhidananadin ndu

WU wenla wauliliew




o a ! :’1 l a o o dy = o ¥
nmsdmaanmaiunslada  aansavilalaenisiilunaesduguiiiethunldanu
Tnidnass winsslafamedsl wanafnildmslunarafnudnfeaiuunduingiundiu
Wesnnsivggnanafnvateviiafinauluiy - wvugUasyiinandaeiladandhsine

1 & a ag vy Aady yva o o & = a o & v o
anaseg1aun wenInlvesnarainildmsiianindifesiu  Auiudadanudndudewiinis
wenviiananafnneuiiasilildau wasmnaunsafnuenvesnatafnlidanuuigndgs A
sgyhlanansadnaulUldanulangau gnamnssunswenveglutagtulatnisiau
wialulagdmsunisfanennarafinuauriiunwidy nawnunsweniagldussny  Auenves

1PgN1TdLNALAZNITINTISN B LAUTDINANEANTTAGN & 19U

madausnnataininsandeliihain . maladinlflunisuensdananain 2 wlind
wanegieiy 1w wedhillapaslss/medieviumisvinian  lagendomaidendiuves
wanadniia 2 wliaviliAensdiemszinmmaRnuianilainuszquinuasSnatianis
AnUsygauvisedinadunansuiinugia  uazuenalelagefonism  (Reflection) anelu
aunulwi (8], (9]

nsduendananainlaaUSuaninituiovizeisonin Froth Flotation Inewnafail
wlfuennanadin 2 vdeifauutiundeiu Tnededmanafnuinauegluasinans
awihmsUSuRmiTe manaRneaausalitaTRnigeuth (Hydrophilic) Tneldansiivimein
\Ju selective wetting isliananafinulenilsldfinfunestng drunanafnuiinfidesazns
autafilivouth  (Hydrophobic) Lﬁ@lﬁwmaﬁﬂmmsaLmzamﬁ’umﬁwuasaaaa@ﬂumﬁ
finansle  leegdesigazdsmalinnuiiulagsiuanss - JUARANNLANAISUDIAIL

PULUUYDINAERNNY 2 ¥R Vi lAkensRanarainaanainiule [9]

nsAnLenvlanaainlagafeauiuIwinTewlvan  (Magnetic  density
separation: MDS) wipfiatlagldudmanluguvaavainusenaumewmaneenleddusinas
lumsuen lnganuvuuiuresealazansnsanvualalagldauuulvan widedeves

FRdAsliaunsawennatafniiaNuLIwLLAULNEINULA [9]

N3ARLENLALDIRIAIILLANAINTDIANUNUILULTOINAERNIsaz TlnTIazARLEN
a ) 1 <@ Y A & 1 %z’ %,’ A
wanafnuaueenlu 2 ngu mumnuswesiinaiiiuvetya Wy 91n1A 11 UNaLn&e
Jusiu § 3 3Uuuy
1. Pneumatic separation azienvianaradneuivinuazeualagldszuy

pnanymtmdusinansdnddlunnusioan Inednwauzvesasasaziivunlve



yilvnununlunsldny Wendeserfegunsainanediiioldlunisaisaudn

S 1 [10]

Al 1 dauUsznaunazansineIuYes Pneumatic separator [10]

2. Centrifugal separation sgwenviiananadnlneendeusuiomigudnaradiin
MNNIsMuTEUYAI TadfetnduiBfiussAvE nnlunsuendia winanadin
wwdesegluanngnuaazdonnou Wiaiiuamnmudndus uasdduneunis
yemuannds 1 suneu lagmsteutagiuatuisatoudilulilaensesiiu
nszuavesenalngilaidosldtugaalunisdauans Inefievnanisinavesian
meluaglnalufienimmduuiing Inennil-2 wans Cylindrical Centrifugal

Force Separator (CFS) [10]

AN 2 Cylindrical Centrifugal Force Separator (CFS) [10]
3. Sink/float separation NMsnadeuUN1sILaBeluIERlIduFouLAFaINSFINa1aT
ﬁmmumLLu'uagiizwj'mwa']aaﬂﬁéfamﬁﬁmLL&Jﬂaaﬂmﬂﬁ’u Foisssunay
annsadauenlananarafnuauiifiinunuuiuannnidetdesnin 1 g/cm?

WNUY  lunSiRuITNa T ANLAIRIlUAINg1s W USUANAINULLLUUTD



Ana N IALZaUA U NANURUILLLTIRBINITUI DUNaNTAT DU 31
Uszgndld vi3on15linseuIunIsnIenIenIn Wy M3y dmsunediuesiiianny
nuldunnnI 1 g/em® anansawenlalagldvnedin Wy shaking table,

fluidized bed separation [9]

2.2 dunsusagulng (Near infrared)

o = 1

Se@durlsusngilng  AeSedwiwdnlnifidnegluriesid@dursusn  nevienau
Bunsnsagnuiieendu 3 Yisgeunuanueindy daantiluansed 2

A5199 2 Y29vasseddunsusa [5, 7]

%4 AL TIAAY @Ay (cm™) HIUSUNTATEN
(nm)
dursusagnulng (Near Infrared, NIR) 750-2,500 13,333-4000 | lavasiny, moudiudy
dunssagunans (Mid IR) 2,500-25,000 4,000-400 msé"imwuﬁugm
dunlssngulng (Far IR) 25,000-100,000 400-10 NI

Tuvansdlenafinsutarnanueedulianzinzasiunsidon Wy 99 600-
2,500 nm 159011 Far-Infrared-Visible spectroscopy %39 overtone vibrational
spectroscopy 424 600-1,100 nm 158A71 Short-Wavelength Near-Infrared Region (SW-NIR)

Wudu
2.2.1  vannisvasduninsalnUdunsnsagulng

N3rUIUNINIIRANANTEB I LR wlng Tuanaviausananiussdlueillades

[y

fisnuauzddaysed (5, 7]

1. aensfiluenaussnausmeuselelasiau (X-H) Tnefl X fio a1susu eendiay
Tulnsiau dawles 1Wusiu

2. asfaudiriunungnisiaen (Selection Rule)

3. Tmanaiiansduuuuleneslnu  (Overtone  Vibration) n1sduuuuiiiinain

U aa

TuanagandusedduisisagnilndidnluyilfiAnnsivasussfundanunisdu

ANTEFUNY (v = 0) TUdaugnszduannInig (v = 2,3...) fnfilaazvisonia
uoulaneslnudsiidnuaanuduiiinit Tagnsnseduainsedud o Tsedud
2 aziFeninlonesnududu 1 (First Overtone) MInsgAuanszun 0 Tuszdu

#1 3 azsenilonesinududu 2 (Second Overtone) #1UN1INTEAUIMNTEAUTN O



usgdui 4 awFeninloneslnusudu 3 (Third Overtone) Insdsdusiulonasiny
wntu wpuleneslmumsdenuduanasfanini 3

a. Tuanaiansdunuunesdiudu (Combination Vibration) LHunsdunuus
Annmsiliananifnnisduldvanseislunanfionty  viedansdud

saviinfuinn1ssuduls Safndunauroududuiu

3
g
=
T
=
&
&= :
AR o
e ki 4 1# -Teres Inu
=
e __/\_/\___/\___—

A121112AAY (Wavelength; nm)

i 3 nMadSeuiisuainisaanaulunaulanasinuduausiieg [5, 7]

A U Aa ! [N A o aa 1 ¥ 1 I
ﬂiS‘U'J‘lJﬂ'ﬁﬂ'ﬁQfﬂﬂﬁuiﬂﬁ@u%li']Li@EJ’]usLﬂaLﬁll‘ﬂ']ﬂ Wessddunsusngulnadesniiu

(Y )

Whldansvsetanianusaiindunsiseniussd@dunsusegnlngle faisvsedanaviin

q

nsganduuaslut@unsnsagiulng Mlildianaveensiianisdunaiiuias lngnisdu

'
=

YBINUTLAILANNY AN AR TR 1L u ez laidy Welsanalasused
dunsusngulnauaziindunsiseniu Saddunsusngiulndagaaniusedniiniueingu
nsafuiusgluluana asviliinnsduluanuznssulusedulenesinuvionoudiutu us
luanalianunseegluantugnsziuladwasladsiasaendenueenunluguanuseouie i
ndufednisduluaniugiuaiuiy Fudulumungueades-uaudsa (Beer-Lambert)
= Y d' A o v @ ' = s =
nanfendnuresnaukaiisiudlulufegrazgngandulilagesduszneunmaaiily
Y 1 ¥ A v < o ! [ a (3 =
Mog1e ANULveuasidueenulaea s dudndiuiuliunavesesrusenauniauadl
1 lnganuduvesaunisganduluanasusunsusagnlnddinasuanddusudnisganau
uwas (Absorbance) LuunuisiazAugIAaY (Wavelength) Wunnuueusannd 3 [7]
Tn8AIANE1IAAUTDIRIAYTTNB UG NUTINlukauaUnasu NIR @a1u1sauanslesa

AN5197 3



10

M131991 3 LAYARULATANEIAAUBIAUSENBUANNY YaswadWas 5 vilanusinglunau

adnmsyu NIR

Bond vibration in wavenumber HDPE PP PS PET PVC
(cm™)
C-H stretching 3000-2840 3000-2840 3000-2840  3000-2840  3000-2840
C-H bending aromatic compound 2000-1650
C=0 stretching carboxylic acid 1720-1706
C=C stretching alkene vinylidene 1658-1648
C=C stretching conjugated alkene 1650-1600
C=C stretching cyclic alkene 1650-1566
C-H bending alkane methylene gr. 1465 1465 1465
C-H bending alkane methyl gr. 1375, 1450
C-O stretching ester 1210-1163
C-H bending alkene mono 995-985
substituted 915-905
C=C bending alkene (trans) 980-960
C-Cl stretching 850-550
C-H bending 1,2,3-tri substituted 780120
C=C bending alkene (cis) 730-665
C-H bending 1,2,3-tri substituted 780+20 780+20
Bond vibration in wavelength (nm HDPE PP PS PET PVC
C-H stretching. 4" overtone Benzene 713 713
C-H stretching. 4™ overtone CHj3 740
C-H stretching. 4" overtone CH, 746 746 746 746 746
C-H stretching. 4" overtone CH, 762 762 762 762 762
3xC-H stretching + 2xC-C stretching 840 840 840 840 840
C-H stretching 3™ overtone benzene 874 874
C-H stretching 3" overtone CH; 900
C-H stretching 3™ overtone CH, 913 913 913 913 913
C-H stretching 3™ overtone CH, 938 938 938 938 938

2.2.2 dunsusngrulngd Near-infrared (NIR) spectrometry

Near-infrared (NIR) spectrometry 5o asesaiUnlasimessunsusagulng Ju
wsosleiildnsrvdeuteyaaunniuuetemis uwaviandus Fawmsiaeulaviadelsunn uas
a = a sa | v aa = D
Wenaunm ey wnsesaunlasiwesdunsusagulnaidunieuiownandesvaieusenis

' A a (3 1% < L) v 1 A o ! = o w |
naTAe IATEHalATINGT Wit savihumageuievsaindiet i mageuldlay

ladounssuiay Ivayanlalunisaunuiissnsadedlvivssinalovaivegne waglivinla

e Y ¥ 1

fegnndemy  egnlsimuniivessvegtng efiwu  Aeslinisinaiunmsuanndegnen

Calle
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UhinasSenunwansuueuiietuiiouiioy  gunsalindinaunaarlinszuauns
$eBaidutou uasdedldgifienudngluiumslinnzimmaniiognsesiden Tullagu
dnsvimesoumaeilluesufifinistaldsefgiualdinau Sdnniedosaun
TnstweBunsusagulndiduldnu Weandldsouasnaidel daduuslovdin

lunszuiunsudnlugnavngsuems [11]

\3osiodunsusadongdivd  (Commercial infrared instrument) @1an3aUUd
paniu 2 Usean [12, 13]

1. Laboratory analyzers e wuuldlustosuduiiions3ds Jeuldlunisise ues
Wau n13euANAnAIN TElunsEuINNIAIUANTRILIUNGNBIMNS YTelures
wWSuaanudnu nsnzansnsaldlaie 1 Ligesansdeiu 1Hnuldvansedns uay
wisushegaienageuliie wiolifeuriuuay Futuaies MPA (Bruker)
Judu

2. Process analyzer fio wuuTillunszuIunanan fideanusanuiean1nzuLss
fealduogianiniendunsyuaunIaneImIs IFeINIINIAILANAMNINLUY
online Tngpanwuulimumiu wawals kaviUsesdvanings anunsaldauiuy

lnzizaslugenIsnaale LagduTaaesIgs al LIatue (real time) 19

TneUnfuds indasadnlasiwesazUsznaulusne 3 @ Ao druuvdaridauas
feuld Quartz-halogen lamps Wusudunis 399a911ABNGY Light-emitting diodes (LED)
AIUTTUULENLAY FaTVaI8LUY 9771U photodiode arrays (PDA), diode array detectors
(DAD), laser diodes (LD), fixed filters (FF), wedge interference filters (WIF), tilting filters
(TF), acousto-optical tunable filters (AOTF), liquid crystal tunable filters (LCTF), prism,
gratings, fourier transform NIR (FT-NIR) tJusiu dugnvinefesiingadu (sensor) Tnefidow
110 A. lead sulfide (PbS), indium gallium arsenide (InGaAs, 900-2500 nm) kag silicon-

based devices filuaniglugia UV fs short-wavelength NIR (200-1,000 nm)
2.3 msidwmatiagunnsalnUdunssagiulnalun1sanuunvgsnangdsn

waldeannsalnUdunsusngrulnagnilulelunisimsigiwuulavinanediesng
Y

a

Tnefinisuluuszendldnuduasusndasd 1950 lunisnagaundananianisinuns
Uszinmansgosn lulagluliviennseliowasUsennanasosdnsdnludfuinuneings

LA309 NIR dmTUN1IATIADUATEUIUAITUUY real-time lugnannssuiail 81m1s e
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nszawuarnaain lasiedesdiedannsatufindaueneduiidesiuvieasiouain
fegnuazuanwald snfogaty Wesdudaruiulunsnsraeunuveeulad iusy
[14] Tngludagtuladinsuninedaaninsalnddunsusagulndunldnuiunisdwunsia
yosvgznarainuniu lnsudnnsnislimadaanlasalndunsnsaglndlunisduun
yiavespznanainiy dosrdensindunsitenseninediddunansalndsuTannie
asfideansariieh Inedeauansivszneulusetusyradlelnsiau (X-H ned X e
pgmau C, O, N, S LLasﬁuq) Feduunnnedwesasuseneulumelassadreiiu CH Hundn
Tnedunsfsefiintufonsilluanaganduisddunsnsagiulndlunsasasa memadud
saifu vililuanafnnisdunuulenosnunsensdunuunesdiudunaziinsuasuutag
sefundsuannsdusuvamusiulusianiuznssfunuuiuty Tnsnisamaandsy

rldvanesuuuudunisiakuuasyiew (Reflectance) n50n15TAUUUdDIH Y

[ A

(Transmittance) Wusy lpgsgaun1spanaussadunsusngmlndvesansvioTaniniue 1

9

[
Y

Adusna azUsInglusvesanefufisunuueuiuaiminenedulazinuinduainig
ganduuas ndsnduuihanaduildlulinsedde Bl daunsgiuasril g
auNTIguNInSIU (Calibration Equation) #8nun [7] Tagnwil 4 uansaiUnadu NIR vos
wodlosusiazylialugag 1000-2500 nm

2. overtone C-H stretching

%5 | c-H combination band

wm f 2% | NHbends
i :‘: 1. overtone C-H stretching
O8] c-obands
i _C-Oband
- ) :,; 2 C-H combination band
PE \/»--\M/_‘._-.\M [T215:2.5 [
PP st _.4//'——“"’"
1
R e
PET —'__‘\r/__v/—
P s S
PMMA W T NG AT \,/Jr-\,f“
PA
P et /"\./-‘
1 1.3 16 19

wavelength / um

2NN 4 @UNASUYRINANERNLAazYEn [14]
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2.3.1 JausnsnevaanaiadininsalnUdunsisagulnanazadnlnsdunsisngnu

a7

Waswnatiafinanulazendenmsduvaduianaiiioldlunsiiaseimand
d 1Y) ] a a | S A 4 YU o aa 1
willoury  wiwmallnanlnsdursisagunansiuileansviseluanalasuseddunssaguy
aa cs' YR o g Y a 1Y) & = Yy
nanniianuenndussaiuiusylulians  agvilAinnsduluuiugIuredluanaTauwuela
Ju 2 wuu [7] fasnmd 5 Teiun
1. nsduluugn  (Stretching)  MsduwuuibinliiAnnsiuasuwdasminue1iiusy
syminezmeu lnauudlaon 2 wuudes laun Luuauuins (Symmetric Stretching)
wazuwuuliauung (Asymmetric Stretching)
2. M3duuuuse (Bending) mMsdukuuilvliinnswWasuwasvesuiuse Jawudle
= 1 =) 4 1 . .
3N 2 uuugey Aon1sseluseunu kN N1598kULNTILNg (Scissoring) wag N9BLUY

Ton (Rocking) Warn154ausn Iz Uy LALA NTIBIUUNTEAN (Wagging) Lagn15Iauuy

AV,

U (Twisting)

Symmetrical Antisymmetrical Twisting
stretching stretching (deformation out-of -plane)
Wagging Rocking Scissoring
(deformatlon nut—of -plane) (deformatlon in- plane) (deformation in-plane)

mwm 5 mmmmuwumumaﬂmu [15]

‘Ll@ﬂ%’mLﬂﬂﬂ’]iﬂULLUUWM"ﬁWULLa’Juu @]EN?,Jﬂ’]ﬁLﬂﬂﬂ']‘iLUaEJULL‘Ua\‘iIﬂJ bUR GEIJ’]@JI“UQQ

Y @

luanasiudly (Dipole Moment) m%mamﬂmaqammmw IR-Active F9agvilviLiu

awnndureanisganduuassingeeny danluanailifinisdsundaddumudiigas
138177 IR-Inactive ImaLﬂ%‘laaﬁaﬁmﬁami@mﬂﬁuuawaamﬂwﬁw Mid-IR wielddmsunis
AAT1LINITANTEUSNIUMENT92L38n 3 Infrared Spectrophotometer Tutlaguulaiinas
WannlnensldszuumaRuLau Interferometer dvazi3aniasesiiin Fourier Transform

Infrared Spectrophotometer [5, 7]
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wallrawninsalnUdunssngulndilumeiaussinnniegd Faunnsaananlng
Surlssngunansitanasuvemyiliiduiatusnimeaizas shlvnadeanlnsalnd
sunsusagnilnddnduazdoafuteyaanauuaramaniiuiugvesnetaidosns
Tnsrvdeuneu Wisldmauduiusidedfssmnsanasusuamaniiidedels ndsn
Tugahteuusaesiing (Prediction model) Tldlulusunsuitlddauen wieviunee
Maniveseg1sldnsiuan (Unknown) Tagnstuiinaiunnsuvesiogne udaluuuuinass
Funeiievuginduiiegeesls wasdamaeiivilug Tnemsed 4 wanstoruaztode
vovis 2 walannmaedl 4 aweidenldmalinanTnsalnBBunssngulndluns
Suundaveznanain deswn
1. dusnnlasasmdntemediweseziidnvasiduasldmsvouiivsznauluse
asveuuarlalasiaulunan Taeonadivyieliu (NH) wasnylansend (-OH) U
= o

ANULARZYRAYDIND DS Fe5a@punsLsagulndazdnsiAnounsnseiu

v 13
Ao alag

amsUszneuiiiuselelasian  faiuAsidsannsolimmyiliiduvesiasaiianed
wos ieldlunsduunmanadnld ufsennsadieseiviinamemyilaitulatn
fe [5, 7]

2. wanaRnvanevfndnin nivansfuwndng wu 3 wanadluges vieasiiuaiy
afosmenuSen Wusy Sasiuusniulifinaseaiunasu NIR dewdsuiisuiy
mMsleneisemedaadnlisdunsusagtunans  (MidIR) fiainasuiuasusng
finvosasifuussame  dohunadraunnsdlndsunsisngnilndseiesons

AAvaUnnsULNawentlevaInatainuInnan [16, 17]

Tunsaiffuvsrwanainiuenaiidadovusineg isnde saudaanmanainiifaunivuin
danailaifnasioaunaiy NIR [17] TaoBusiildansuiseves Y. Tachwali uazanis [18]
Tnensloann3u NIR weswananadn 3 wuu TduAuuuidnisiudeu wuuiitlaannnssany
LazuuUiTaananafndnegimiusuifisuainnsu  NIR veswinana@nian  wuin
annduwesanfiinisvuilouazmaiifiaannwanadnduuwnuliissmnannduvesun

wanadnan  usduduanasumandiinaanuuunseaetiuanasuiildesifiafinaudy

(%
Y

anasiialSsuisunvalUnasSulaal Aanni 6 wansruedlilinasenisideuvesiia
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WB9NAUNASULRAYVRIVIALUANUT BT NaNINNINFULUaULATaaIN

Without contamination

Sutecrs (4
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T £ - 3 = e
e

Without Paper label

o

|

i | -

| A

N

P

N/

of q JN/A\’ |

L o 3 o - £
e

With Plastic label

-

L

£ - - w5 - £
v

Without Plastic label

o

i

L

N

P ®

,J | "
\/ ,.//A\

N
|
\/' "“‘J‘\.’m"‘\"ﬁ |'A

L L L i
T ) el 3 ) e

2nfl 6 avasdsULlBaU 2arnnsEmuIazaaInNaIaRndINananNNLItNYEIUNASY

3. awnselesgvieguiidesmmaulaly  eurleudeyavesawnniy NIR 9

sean1snsulUluaunsiiisuansguliuan

AU UADIINUNTZUIUNNS

AATIEITNINIFILEN wenINiIBUYI N sdeeslignyiane (5, 7]
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A157199 4 n1silSeuisudennazdaidevaanaladiuninsalnUdunsusagulnanaza

Wnlasdunsusngunans [2, 16, 17]

alnnsalnUdunssagulng (NIR)

anlnsdunssngiunans (Mid-IR)

Y a

UDA

asuAnLasUseLnng, a1suuleunseaain
waaRnee ludinaneaunasy NIR dudaiiu
annsoganaulaatugsrueIAau NIR ATy

awnasuilaunuazlivsngiae

anansaldiigaionanualvomyfleiduras
asusznavduvsdlagldununsganauly

alnesy

frnudedlisiegunsalngindused

(Photoconductive Detectors) 317031 Mid-IR

anasu Mid-IR ansnsaldlunisitgadiondnual

voslAseasnslag

IiAnwusanszyiseninedgnavaneuagm i

avanele lnwenaldindusivhazaney

AnATi Mid-IR 2098751ANLAY 9EUeneonNu
2g9tAUINAADUY Feamnsalylunism

USunaue9AUsENaUYaIaN S RuLsale

131501 MIkar AT lUNISAR NS A NIR Wiy
wadiulend, wudusuliinawarangliiuasoaun

Frazivansuuresianla

1%

Jayanldlunsiguanasgudianuvainvae
w3l NIR waganansaleusiedayaan

wsalionileludnaasilaniialadienin

Jldy

LaUNIRANAUYeANATN NIR Aziiasiutiey
nuavann3u Mid-R IdurainanAsauLUY
Toveslnuuazaondiuduhlnldiaunesns

gandunamasuay Swihlsldadnnnsuiionnse

ASATIEN

o a '

Msussedvediagmilnasiensganiused Mid-IR

q
°o v w

v ldnasuanategeivedfuiunnue?

o

AR

sosdinafudeyaninedidenisldnsinaauneou

wieldlunsyihnsifisuannsgi

o Al

Tannldlunisdoaiued Mid-IR dullsiaumns

warusvialinumeansiall

lanansaleusedeyaarnasesilondsluan

A P ~ Y
\Asationdlale

Tandulvajiinazaadusad Mid-IR nsgaziu
AUENIVDIAIAIBEN (path lengths) Aogdu

1ne dwlugjazlidenegil 10-100 pm
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WwAldA Light Induce Plasma Spectroscopy (LIPS) [5] ﬁqﬂmaﬁﬁmmaﬂsﬁlﬂu
dusznoulumatleaiuninsalnlaunsusagulng  Feaunsauszendldlunisszyrilaves
wodlwes iwgunuanulaliuiugn wwesnldlunisiuia Plasma Ao yaawes Nd:YAG

Bnstlasunsimniinisnevauasuuiud - (90-99%)  lunsTuunngunaiaing

¥
a o

LANFANULAEATN1SAATIZRANUAUNUSNI9EDR wADANIANNNALDALEEUEINSUNTS

al

ATILYLUU online uag real time Msldlawesyiln Nd:YAG ddenrevlade Tdnude T
UseanSnmas elddnetes warlianumnzadlunisldseysin wungdmsunisldsyyyiia

wanain Tnglduasmanuenaaulugig 230310 nm wag 200-800 nm

2.3.2  dauUsenaunes YaaAIad NIR[13]
URaInLln39d (Radiation source)

wiseantdu 2 wfianmang Ae Continuum sources NUaseuaIRUL9AIALAE A

I 1%

VULATIF DLl UTI9ANUENIPAUTNNIN kAT Line sources 32 UapgkaILUUAINNE1IAAY

1%
=

Liailos diuprnuduuainasiuegivyeninuenpauvesianiiliniidauas lnawmada
NIR 214 quartz halogen lamps daLduunasidauasusginn Continuum Usynausaeg
ey waylaloledulunsyiuivmondiluunasindnisd ua quartz halogen lamps f
Ny o A v 1% a )~ % & = «

faidensanadisniuseueanunluysinagin de1ensldeudu wasiin1siaauvoiuay

awnasy (drift)

qﬂnsaﬁtﬁanmmaﬂﬂﬁu (Wavelength selection devices)

¢ a o

Wawnas Miuldlunies NIR wuseanidu 2 afinnans Ae optical interference

= LY

filters fiUsnevdeduiiianaudiiduauiulwihuansgduiifauaudilunsagiounas
snafu Fadufdeniifisnangn uay electronically tunable filters @s150AIUANN1TEBS
Wuvesaiunasuldlaenisusuaianuasdngluin pduaud wazardug 31 2 wuud
Bunldauegrsunsnats fe liquid crystal tunable filters (LCTF) fluszneusedues
polarizers Wi liquid crystal fianunsau§uaudiuniuld drudnvfianis fe Acousto-
optical tunable filters (AOTF) I¥AAuANLATINg LonANueNAdUeenIn Wuaueady

WEIINANYNIPAUNIVUANNIUAS AR
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Tululasuumas Wugunsalidenannuenduinfeanis aneluazdszuunszanowas
pandumnuennauae 9 wagldnisaziouvesnszanlaavadaiiieldonuasniuegnInauy
Nf0Ing

Y

Usau dnavanlalu whudan1d1msuwmiag visible waz NIR IngUs@uyinu1ann NaCl

Y

'
o w =

= Y o Y] ac A v ' A A Y
%30 KBr Yaldendnuouidu Ae arunsaldaulalugisaueeiundiin ddutaqduas

unuNUITume diffraction gratings 138 interferometer lusguu Fourier transform

nIAR (Diffraction grating) ugunsalildnszansuasisousniduaseandutg
AuANEIAEUdeLaLAfouNIuTe LGN tneuasinueTIAdUNuATEgnAs o
ponunluyuseiy vwnvesseldnuludinadunsisnagegin 50-200 Tossie wul. lag

Uszansnnlunisnszansuasdiulvgazdusd iusreeniaseninesesniniuuasyuvesses

Y

o A

%4 diffraction grating HildetHe N1 wasiAuazAIILENIAGUBIINAETBURBNUTlUYY

wenduld dsanunsoantamiddlalaeld cut-off filtters ruminaiueaduflifen1Teen
Diffraction grating U uslalAgedluUAD LUUdziou (Deflection) haghUUADINIY

(Transmission)

Interferometer AnAunasUssfivglang Albert Abraham Michelson Tun1snaass
Michelson-Morley #an8lu Interferometer 18uN15%1971150 U84 interferograms AU

a A o v = 1 a v A a e % .
NITINLAADUN ‘Vl'ﬂ,‘ﬁﬂqiﬂ'ﬁﬂLa@ﬂeﬁfNﬂauVLﬂmquLasUﬂﬁUWLUU"LU@'mWaﬂ‘UaQ fourier transform
dusuiasesiiltinatiaiaziseonid FT-NIR BadAuneiIuaI81s 81991989 nTzaniadoud
a [ v o [ a d' A 5 1 [ ay v
\Ainkdu Interferograms ke lUAMIAMIUSHIALEINENANNEUTBIRIDENY NAIULASTILA

971 Interferometer 1INANUGNLNNAILUULNTARS Hazldifianssuniuvesuaiavndudy

auUn3ain3293u (Detectors)

'3 v & & v o Y Ao Y a
@‘Uﬂimmijﬂﬂ‘ULUu@qUﬂﬁm‘ﬂa@ﬂLLUUNWI%W"IWUWW?W@?"INLTN%@QLLZ‘“\T@NW?WLﬁﬂiﬂﬂ

wWasunasusiddudygraliin Ussdnsnanvesgunsalnsraduiiuegiumaies Jade

Y

[y

sutennuhlunisnevaues MineuausiselmaUNn U Yo ulaTnTIITUld wazgunll

lunsvinu msidenldnuaunsaingiaduiuediuinaug1induineanisin Gweunsald

Y
<

Tugduuuvedlalen (@wsumsiamies 1 9a) Wudunse (1D array) w3aidunn (2D Array)

[

Fuagiunisuszandldanu Tunuidelidesnisiadranasuvuaieniudndesdndud e

2NUNNALUNASUUUAIENIU (Line scan) ULhaddasy1auaanaInNi19819u1viNNIShe NLEbaL

'
v @ e

M5793AAENED (2D Array) T1A AT NAUNAINNTINTIITUALTUREY U Tanldvin enfigu

9
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indium gallium arsenide (InGaAs, 900-2500 nm) kag silicon-based devices (200-1,000

nm)

YaNAwI3 (Software)

v o =

TngUn@mn309 NIR UpIuAazUSenNazlaanwIsNNAUITULLDY a9 na usa by

a al

suuuuUgugiiliud danunsaldnuuuuyegiilde Jusasuisniasiigiudeya vieyn
Toyafuvesnules wazusazuivnidarazideasumaluladfuansaiusonly Fdlal
ansnsonanldsamiuls sy Tuiesufoinsiifiaiesin Multispectrometer (Tecs) uax
thawnssululiasesiunlusunss Unscrambler (Camo) Tuvaiili3esin MPA (FT-NIR ¥4

USEW Bruker) yinnsinnazdiaseiunlusunsy Opus
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2.3.3  9and3oUVBINITAATIZHIUY Principle Component Analysis (PCA)

AUN15M IUVRINITIATIERLUL Principle Component Analysis (PCA) Tddmsuns
wonNguFteEINalnesy  Iaen1svuesndiugundiuvedwsiagiiog e nAEy
Usgdns (Alvands) Neaduaunasuuaglvdinziuy PCA Nuennduegrednaulaglides

NFEAINILAT IUNITIATIZI

aunsadsuaumstansaunisanuanat nef X fAe awnasuiinle PC anpswuu
PCA %30 AzkuuTNvamndiedy L Aownindluannuieldlunismeinziuu PCA uazan
E anenuiiananailoauannanagkuy PC 19iun
X=PC.L" +E (1)
PINANTUNANTLRUUINAIAT UL PCA V09bAaLF10879 aza1unsadguaunsianamalull
- T
X = xmean+PC(A).L(A) +E(A) (2)

PINRASUNAIANLT LA azEUN SUTRInTleFag19azla

Xik = Xmeank + Yaz1PC " la + €ikay (3)

MNISUATIEMTUUATND

A1AZWUL PCA (PC) 98@1u150M LARINAEMEINTIILATIEN PCA
PCa= Xa— X1l (4)
2.3.4  msUuanasulitinnnsgiudeanu

q o

Junsusuudnguresaiunesuiielildawnasuniigadfywiuiu wazilu

msfdaanuulsuTuduiiosnandadeilidesniseenlu ananududeurestoyatel

1Y

feyaaunduluviaunisuiuifieu (Calibration equation) ladediu lagisuainnisigna

(%
=

dygrasuniuluszuuaiedinges (Filter) kagnisnidnnansenuidnavinladunu

(Baseline) MUasunUasseninanisin
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Savitzky-Golay Filter

Ao

nstdnundauegimilad sy low-pass filters  Aansvilviteyanildeyny o

FUNMUIIIUIN NsnagladayansuiseuiBvis Aensindauwdsnnunndneiuegsd 9 9
o D v i =
#

nazdiadudnausunudain  Anduldnsunuiiudazandeyameniafevesgndeya

Y

Q3]

e

= Y o

sou 9 eanyenieglndidusindnlndidesiuninAaieaaninsoanseiuvesdygy i

sunulaglidnananinnunaiatAaauuIntn

Savitzky-Golay filters \Ju3sleuldlunmsuansrnuninduimsuasannuawadu

a

anasuludeyaanasunddygasunie. Aneaflawesgninluldiuynvesmdoyaiviu
SeugInnu fi = f (t) 109 t =, + IA §INSUTLLNIRAIDE1NAIT Way | = ..,-2, -1, 0, 1, 2,...

lisununAveyausazel x; InsyaaHAILTNdL X; vesiiiawamilavsou i

Xi=Y"R  cox;+n (5)

n=—-np,
= o all v . £ U 7 v . A o dl v
Tng . ARANUIURATN I NesnuENe” 1e9qadeya i, ny ARAIUIUNTE

N19A1u91 Tneicausal fitter agdl np = 0

ABmsvsuanussusuliduninsgrusasn1susususlda (Standard Normal Variate

(SNV) wag Detrending)

[y

Juigusuamusdsusauliduniasgiu neduisdnazldadunisusuwualiy
alnniu Detrending laglgnasusunnaag SNV ua233msmegni1susuuiuuiluunion1san
¥ a $ %4 U r-ﬂl % v .«.:4' a a % Y v
ANMULLULD VDA UAUNASU LN OUSULNHATILAAAINNTINTELAILAILALNAINNITUTULLA 919
ANT 7 992AA8AUITUUU MSC uaazunnalansantidndusasldaunasudeds 1uas
SNV anmsuusasidurzgnusuuitasusumgandulmduniasgiudentiu (Normalization)
Ineusuuibinnaisvesawnasudiandugud smenmsihaneievesannsy vesdiegieiug
WaveanInAIEUNesuNkarAUEIARURaRAYI USuunadesuumasgiuliyindu

i pawansluaunns

(Xi—x;)

(6)

Xi (SNV) =

lagdl X, ; fip A1QANAUNANNEIARY | (ANUNIRAUININUA p AUYTIARY) VBIRIDE |

a; Aa ALRRYYBIAINITAANAURARAYTNAIUNATIVBIAIDENY |
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o
[+2]

o
IS

o
N

Absorbance(a.u) @

Absorbance(a.u.) >

" " " " -2 " " " "
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Wavenumber(cm“) Wavenumber(cm")

Absorbance(a.u.) O

Absorbance(a.u) O

" M " " 2 - M " " "
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Wavenumber(cm'1) Wavenumber(cm‘1)

nwil 7 arnadu AldSumansemuiuunagy (multiplicative effect) nasannisuiuud
A8 SNV [19]

ﬂﬁiﬂ%ULtﬁ'ﬂ’l‘sﬂ‘mﬁm‘uuwa@,m (Multiplicative scatter correction, MSC)
Wuwmadafadausniiieansaiiinainnisnseidanas (Scattered light) sipaiunnsy

NIR  AlR3INMSInRUUAL D ULNS WaZRUUABDIN LR8N UN1SNTELAkad9E I trA LTy

TnesauvesaUnasulasuluansnini 8 lay faunisaad

Xpw = a; + b;iX,, (n
w=1,..,p
ed x;,, | = log (1/R) wahesne i finnnenanay w vasnesnadil p
ANUETIARY
%, = Awade log (1/R) fimnsignndu w YoiFeEevLn
a;uaz b; = APTIESUALNISAIILOANDEVDIFIENN |

luusazsiegne Naglaan a; way b; MuanAeiu A1 a; wag b; Tagdanldlunsusuiduinu

wazvyuanasy Welilagiudeiiunnanasy dsaunisiuaiail

_ Xiw—ai
Ximsc = by (8)

w=1,..,p
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(C)]

Log (1/R)
o
@

o
o

o
S

1 1 1 1 1 01 1 1 Il 1
9000 8000 7000 8000 5000 4000 10000 9000 8000 7000 6000 5000 4000
Wavenumbers (cm-1) Wavenumbers (cm-1)

AW 8 uansanaTu NlasunansEnuluLRanY (multiplicative effect) fiau waswds
U3uufidae MSC [20]
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a
unmn 3
ad o =% a o
AN UUNTINAY
anvazvgrnaaRnfazuenviiadaesin v AueguNSUIYYLLINIUNTEUIUNNTAR
I ay 1 [ =l U o 9 I~ ay dl‘ a d' (BN} 9 I ay
Wudunaun1sanuken 59 wennaunluandutu Fevesnatainiliniunisdadudy 2y
anunsanenladeiliosainveziivuinlue e1fiwu vindisu vesau Wudu urerausyau
Yaymlunsusnwdaiinsnindiuds 9 vesveziiviiannatafnagetn 1wy d1unul aain
wazyanin sy nsssysiuniiuuaenudniesiownanguinniidnvaslaeEunse
nasilvilasuiunisazeguuaieniu 9193z litunsunisuentunevdslaudugn
Tuvagfinarafnfiiiunssuaudnduduan q aunsaszysiwniinisinesnldegadaau
LAZNITULUUTEMINNANARNEDITLALDYAT ANSIALASILNVLAVDIVELNAERNUUAIYNIUY
aLdee wvilvanusassyviianatainuasdvesnesntu iessydumiaiaglieIe o
o a a 1 ) Ly [~4 a ) [y ) [ M v
LENALRUNSWENANNUSENRaLE Aauthlusnumdunaiaindmsuiinnauuntdlvdle Tu
MATeillseaniuudiunaun saiuududTus oy 1ola TunaunITesnkuLLATasalUnls
salnUBUNS I ULNARARIULAGWILANALT NITASIUATDILATNITADUWIEU  TUADUNIT
WSBUFAIDYNIVLENANARNDIADT TUABUNITINAUNISYNUISSTLATELNA1ERN YUNDUNNS

PNAFDUNT LN UATDIENT LAV

3.1 asnwuusnIasanlnsalnUdunsnsagrulnavuaigniuanas PN GERR

JuUNBUNI5 Calibrate 10599

3.1.1 asnwuuLAsasanlnsalnUdunsnsagrulnavuaigniuanass (NIR LineScan)

A1uUseNaUNANURAUATRIAUNASULAT L U LENTIA LD TAUD T UNS LS AEY

Thavuanenuades azlidrulsenoukardirusasa Uil

ANAINISHAR 119D N1AILUNISHYNVLZWAERAN

NsivuAYlln JUS19090eY karUTavesNaslena e

STUUEIUNIUALAYS

ATUIUAINLNA LAY AIUSIVIEANINIY SAUmdaawasiu deludiuillasy

MsaduaRUIINUIYN WJ Technology 311n
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wyaan ALY sTuUIna NSy

ANMUATLAVDILAAIN WUALES ANAIVDILAAINBUALES ANLNAUIRARIVDILNAIN LA
LAY AARLALRANINIUL SEUUAUATIULAY UINLAZTLUAVDINTARLUUADENUY kAZNABISU

AN

3.1.2  nsUTuiguAIasiiadnaUnATIULAIEWIUAULATENR NN

NNINTIIADUATINARIALARDUTYBILNNADIUAZITHZNEDI NISLTAFILIUIAIINEIAGY

YDITLUUSUNIN

3.2 NISHTENAIDENINTUNAERNLINDNITASIUUINADIMN UL BUANAERN

(Calibration model)

[
a A

Tunuidetidenwedwes 5 vdanuusuiunasiaulawn PET 1 SA135T 970
USEm e Win 1584 9170 (Thai PET Resin Co.,Ltd), HDPE 4n5a HD60005 91nUSTW A7
Inavea wlAsa 9119 LT (PTT global chemical public.,Ltd), PP 1nsa 2300K, PS 156
GP150 910 USEW loo15iid 9189 (IRPC public Co.,Ltd) kag PVC ABUN1IAEU1ILATA SG660
R9173022 04134 91nUIEN vewatadniaziailiuel 910n (ur19u) (Thai plastics and
chemicals PCL.) TnpagliugtidudusuginLaiosdniugy (compression molding) a4
et ingmsuazimanssitan anTiverdefauing MWannenstuguduandunmme 5

) a

Imamsm%’ami%’waéma%u%qw%mawaaLuasf?imwm,ﬂuﬁaaemmaau WWBNANLARINIS
FUNUAINESIE Lazwedwesfiuntsnandldsunisatvayuainuisy arddawass 9in
(Un19U) (Salee colour public co,ltd) 3717m T1UIU 3 @ Ao wAS LT82 wazudu &
¢ Y a = 2 ' P \ o v A
29AUTENDUAIAITINTN 6 TI9IAUTENBUUNBYNDNILNANTENUFDEUNASUAIY Wazklladan
v} 1 1 v Qll 1 v Qy a o Qsi’d =
N5IANNSERaNUdzYIBU (Transflectance) VaakaINdodtuda@uau Tunuidediansay
FUNUNTANUNUN 1 TaAWAT 3 LaaLUAT WAy 5 LaaLAT LaZUIA98199UN 3 LaalunS
1191NNSTAMIYNTLATENTILLUBS 0 BaT LUBS 10 WWBlAANITNTLLIIVDILEIUAFNIIDY

Wad1a0INTYATATIARTUTENINNTSEaNAY

o <

3.21  dndawaainludugualeds Compression molding lagldluagunsedivaey

[

INTHUUIN 30 ANTIURLAT IAUVUT 1 3 uag 5 afuns
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f13199 5 annzmwugﬂﬁuumué"sms Compression Molding
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YUANAERN

ATUNUN

U3uneu

(n5w)

v
v

guninly
ugyd (°0)

taildlunsvugy (wii)

Heat

Venting

Compress

Cooling

PET

60

180

450

260

5

5

10

HDPE

60

180

430

160

PP

56

190

400

200

PS

70

200

400

220

PVC

70

200

QW IOWFRIOW(F|OW(F|0TW]|F-

450

220

A5199 6 astinuaerng s Ninnsuanludindweduesudazviin

o
- = [}
b ac) - o 2=
- 5 8 v 3
€ fo € a 2 §e) 2
2 Q ) =] < |3
<& Eelga .HEE = |5 s 2
Color Code Name S5 E2lge = S e © 2 N e
E® 213 £ ot o ¢ |8 =olelelz| 3] |E 36
» ¢ E X228 h c oo o x c O z o =l s Q c
B> 20T 8 gy ¢ o5 X sl < g 29 © ) £
D& ccnda S22 zf 3w c © U2 13 5 3
x ~ [0 |0 o o (%) + = C
U 0 0o 0 0 C = I wa Ul s © O ©
83399837 §5S ol S accaSPEZ 38 = £
oo o VWU 0 axaoca>> w@a O I U apg< T U =
Red MTRD7689 4 v v
PET Green MTGN14168 v v v v v
Blue MTBL13358 4 4 v v
Red <no information>
HDPE Green | <no information>
Blue MHBL18061 4 v v v
Red MPRD17801 4 i v 4
PP Green MPGN7041 v v
Blue MPBL 16930 v v vV
Red MSRD17647 4 v 4 v
PS Green MSGN16310 v v v vV v
Blue MSBL17552 v v
Red MVRD15867 v v
PVC Green MVGN16117 v I v VIV
Blue MVBL13149 v v v v ViV ViV
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3.2.2  maudayadneduivetilyadauuudiassinue

1%
= v &

1NFUNUNLANNTTATUIUAMTLTLAMAENINTAvIN 1.5 [ufiung wonauyin

Y
1

YDINANARN & ANUNU dNwaEUR 11UUEENUA GBS rLsasadn uaItudin
Toyaanasuvasdunuluguiuuresguam wanhllulasduaaunasuvosusagiums
o a a v o o/ U ¥ d‘ o d‘ ¥ 1
vuaenuades lunuidgagyhnsinanasumeinsesin 3 lasesddun
3.2.2.1 \A39¥In Multispectrometer (HandySpec Field, Tec5AG)
3.2.2.2 \AT0TINANATUUUANENIUIWIAAIUNTIN 30 LUUFALAT NIR LineScan la

3.2.2.2 A3 VInAUNASUULENINILTUIAAMINATIS 80 LURLLAS NIR LineScan Ib

3.3 YUABUNIUNANNTIINNUIBTTLATVEZNAERAN

3.3.1  msuSulseaneiy

[ o 1 a @ =2 1 a 1 A A o 1% a wa
nsinaUnesu A inasaBuinseglnaluwasedoinluviosuunns
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SONY (XC-EI50)
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AN 10 anvazkazduUsENaUYaIA5ad NIR line scan 1b
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NIR LineScan la NIR LineScan Ib

Specifications

Conveyor width 300-mm 800 mm
Conveyor speed 0-1m/s 0-4 m/s
Spectrum resolution (average) 2nm 0.45 nm
Conveyor length 10 mm (at speed 1 10 cm (at speed 30
m/s) cm/s)
Conveyor width per pixel 1.82 mm 0.625 mm
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Polymer | Color | Amount | Total | Corrected fota! %Separation | %Purification
corrected
PET Red 5 3
PET Green 6 18 1 11 15.217391 61.11
PET Blue 7 7
HDPE Red 10 0
HDPE | Green 10 30 10 20 28.985507 66.67
HDPE Blue 10 10
PP Red 10 0
PP Green 10 30 10 20 28.985507 66.67
PP Blue 10 10
PS Red 10 0
PS Green 10 30 0 10 15.217391 33.33
PS Blue 10 10
PVC Red 10 10
PVC Green 10 30 10 30 21.73913 100.00
PVC Blue 10 10
SUM 138
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la %50 AwA9aznnAUDILES

dunuiianainazieduiunaiafiniiludvnuiniign

wsgdlsunsuagdnlillegnquideiudaeniuandedaly PVC Tngnansvmnasinss
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A5197 9 WANISNAFBUNUVLZWANERAN

Plastic waste Input | Type Input Type | Predicted | %separation | %Purification
Tea bottle 11
PET 23 5 6.50 21.74
Soft drink bottle | 12
Bottle cap 60
Lubricant oil
bottle 6
Shampoo bottle | 7
Bathroom
cleaning bottle | 5
HDPE&PP | 89 35 11.30 39.33
Powder bottle | 2
Detergent
bottle 2
Dishwashing
bottle 1
PP board 6
Plastic spoon 204 | PS 204 0 0.56 0.00
PVC Pipe 1
PVC 38 22 73.73 57.89
Bottle label 37
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Abstract

Plastic is widely used and caused non-degradable waste which are not easy to classify their types after landfilled.
This rescarch was interested in plastic type discrimination using short wave near infrared spectra (SWNIR, 800-
1000 nm). Five plastic types (HDPE, PP, PS, PET and PVC) from plastic waste were collected and then cut in to
1.5 em length and 1.5 cm width. Plastic type of samples was identify by using FTIR spectroscopy. The NIR spectra
were measured using multispectrometer (TecS, Germany) and NIR=line scan on conveyor (developed at Silpakorn
University). Spectra discrimination using Principle component analysis (PCA) on Unscrambler, the spectra from
multispectrometer showed five groups separately using PC1 and PC2 while the spectra from NIR-Line scan
showed only three groups. When applying Partial least square discrimination analysis (PLS-DA) with type
numbering gave, regression coefficient at 0.968 and 0.644 was spectra from multispectrometer and NIR-Line scan
respectively. The results showed the possibility to identify the plastic waste using multispectrometer and spectra
quality of NIR=line scan have to improve.

Keywards: Plastic wasee, Near infrared, NIRs, Principle component analvsis, Partial least sguare diserimination analysis

experience labors, using differential density such as

Introduction sink-float separation and froth floatation [4].
Plastic is very useful material for packages, furniture Identification and classification using near infrared
and many components in car regarding lo easily spectroscopy (NIRs) in range 750-2300 nm was
process into various shapes and specific propertics successfully in laboratory. Qualitative analysis using
of them. The ways to eliminate plastic wastes are the statistic algorithm on comercial software such as
landfilled, pyrolysis and burn off. Landfilling was The Unscrambler, Matlab etc. is necessary for NIR
still the first option in many EU countries. In 2014, spectroscopy  regarding  to unclarified  the
25,8 million tons of plastics waste ended up in the combination peaks and peak overtone. Sorting
official waste streams. 29.7% was recycling 39.5% machine with full range NIR device is intensive cost
energy recovery processes while 30.8% still went to due to the detector produced from InGaAs which are
landfill [1]. Also in Thailand 2015, 26.85 million rare carth material. Applying the short wavelength
tons of mixed garbage were produced or 73,560 tons near infrared (SWNIR, B0O0-1000 nm) which could
per day which 72% were eliminated by landfilled [2] more penetrate than long wavelength (1300-2500
and 20 % of them are plastic [3]. Landfilled is nm) [5] and able to use the CCD sensor is optional
optimal for daily mixed garbage in term of cost to reduce cost and speed up the sorting machine. In
process and less pollution comparing with burn off this work, laboratory device and CCD sensor on NIR
immediately. Increasing the land cost and sorting machine in the SWNIR range are using to
degradation period up to hundred years this method build up the prediction model for discriminating the
will be incoming problem of this task. One type of plastic.

possibility to reduce the landfilled plastic is burmning

them afier degradation of organic waste are finished. Materials and Experimental

Both landfilled plastic and mixed plastic waste must Plastic waste from houschold product and food
be identified and classified them into their type due packaging consist soap bottle, shampoo bottle,
to some mixed polymer will decrease their yogurt, frozen food package and water bottle and
properties such as flexibility, opacity, modulus, PV pipe were cut into square pieces in size 1.5 cm.
process ability ete. To classified type of plastic in Cut samples except PVC were confirmed the type by
industry are using human separation requiring using Fourier Transform Infrared spectroscopy in

39
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Attenuated Total Reflectance mode (ATR-FTIR).
The PVC samples were ground and mixed with KBr
then compress to a disk before characterized by
transmittance mode of FTIR spectrometer {Bruker,
Wertex70, Germany). Multispectrometer  (TecS,
Germany) and NIR line scan (Silpakomn University)
were using for measuring VIS-NIR spectra, The
spectra was selected from wavelength in the range
of 300 tol000 nm. Using principle component
analysis (PCA) and partial least square discriminant
analysis (PLS-DA) with numbering plastic type
from 1 1o 5, HOPE, PP, PS, PET and PVC, on The
Unscrambler software (camo Ver. 9.7) for feasibility
study in statistic discrimination.

Results and discussion

FTIR Spectra Analysis

Specific wavenumber in FTIR range and specific
wavelength in NIR range of HDPE, PP, PS, PET and
PV are presented in Table.l. The IR spectra of
plastic waste using ATR-FTIR and FTIR
spectroscopy showed in in Figure la. Comparing the
mtensity at specific wavenumber confirm the the
type which labeling from the waste, After that the
samples were labelling and using for measuring the
NIR spectra.
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H“—-\.\ PP
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Fig. 1 al. FTIR graph and kbl VIS-NIR  from
multispectrometer of § plastic wastes
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In Figure 1b showed raw VIS-NIR spectra of 5
polymers from multispectrometer in raw spectrum
maode that no sharp peak liked FTIR graph in figure
la made it could not identified peak with human
eyes. So it could use statistic to analyze.
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Table. 1 FTIR and NIR peaks of 5 polymers [6.7].

Bond vibration in HDPE FP

wavenumber {em™)

it e, o mLATE 7 aanLaC 18

Ps PET Ve

CH stretching TM0-2840 JO00-2840
C-H bending aromatic
compound

C=0) stretehing
carboxylic acid

C=C stretching alkene
vinylidene

C=C siretching
conjugated alkene
C=C swretching eyelic
ulkene

C-H bending alkane
methylene gr.

C-H bending alkane

methy] gr,

1465
1450

1375
O3 stretching ester

C-H hending alkene

e

substituted

C=C bending alkene
{trans)

CC1 stretching

C-H bending 1,2,3-ri
substiluted

C=C bending alkenc
[is)

C-H bending 1,2, 34ri
substituted

P95-985

G15-905

TRO=20

3000-2840
2000-1650

AN0D-28400 J000-2340

1720-1706
165 E-1648
1630-1600
1650-1566

1465 1465

1210-1163

GR0-9a0

B50-550
TROL20

730-665

TRO20

HDPE PP

Bond vibration in
wavelength (nm)

Ps PET PVC

3=C-H stretching + 840 40
2=CC stretching
CH stretching 1
ovenone benzene
CH stretching 3+
overtone CH;

C-H stretching 3
overtone CUH:

C-H stretching 3
overtone CH-

SO0
913 913

Y38 438

540 240 840

74 274
913 913

Y38 938

PCA Analysis

NIR spectra have many combination and overtone of

peaks especially in SWNIR (800-1000 nm) range,
The type of polymer can’t discriminate directly like
previous case. In this section, the Principle
Component  Analysis (PCA) was using for
discrimination the type of polymer. The scattering
plot of PC1 and PC2 of spectra from

41

Multispectrometer (Tec3) and NIR line scan
presented in Figure 2a and 2b respectively. The
results of  Multispectrometer  showed  that
experimental points discriminated into five groups
according to their type of polymers used in research.
The scattering plot of NIR line scan showed only
two groups which are PVC and mixed of HDPE, PP,
PET and PS.
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PLS-DA Analysis

Numbering technique is the idea from a recycled
symbol and is the easiest way to identified that they
should stayed scparately from each other. PET.
HDPE, PP, PS and PVC were numbering
respectively from 1 to 5 which was a guidance
number in PLS-DA. Using full cross validation
method, the regression coefficient are 0.947 in
calibration  and  0.937 in  validation  for
Multispectrometer {Tec3) and 0.644 in calibration
and 0.417 in validation for NIR-line scan.

In Fig. 3a showed the numbering and prediction of
each polymer in multispectrometer that only number
1, 3 and 5 were reliable because prediction of
number 1 and 3 were close to numbering and 5 was
a one point error of prediction. But in number 2 and
4, the prediction were distributed in wide range due
to their chemical structure that have CH: in
backbone more than others. In Fig. 3b, the prediction
were spread out in every polymer therefore, NIR line
scan could not be reliable in PLS-DA method. These
probably caused by different instrument that
multispectrometer is a point scan but another is line
scan,
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Another reason that can  explained about
differentiated of Resquare and efficiency of two
mstruments  was  bit  depth  of sensor that
Multispectrometer had 12 bit sensor but NIR line
scan had 8 bit sensor, so 12 bit sensor could gave
maore picture resolution that can saw more peak of
spectrum than 8 bit sensor which gave more smooth
spectrum.  This  means two machines can
discriminated polymer type but multispectrometer
had more reliability than NIR line scan should be
improved,

Conclusion

Polymer waste could discriminated by SWNIR
spectroscopy cooperate with statistical analysis on
PCA and PLS-DA with numbering of The
Unscrambler software. The possibility to identify
the plastic waste of multispectrometer was very
good but NIR-line scan must be improved for more
reliable to applying in auto sorting machine.
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