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Abstract

Plastic pollution is a widespread and increasingly significant source of contamination globally.
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When ingested by organisms, these pollutants can cause harm to human health through the food
chain. Therefore, the detection and identification of plastics are crucial for ecological risk assess-
ment. Classifying and recycling mixed plastics in natural environments present significant chal-
lenges. To address these issues and enable more precise and rapid identification and recycling of
mixed plastics, this study employs a multiple curvature resolution (MCR) algorithm based on Fouri-
er transform infrared (FTIR) spectroscopy data. This algorithm is straightforward in principle and
highly adaptable. In this study, we focused on four common types of plastics: polyethylene (PE),
polystyrene (PS), polypropylene (PP), and polyethylene terephthalate (PET). We conducted com-
ponent identification on binary mixtures of these plastics. The MCR-based FTIR spectroscopy
technique was successfully applied to mixed plastic component analysis. The results demonstrate
that this method achieves an accuracy of over 0.95 in identifying mixed plastics, with rapid recog-
nition speeds and no need for special sample pretreatment.
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1. 51§

WEBELMPS) & 48 ]S A 1 oK B 5 220K A BURERIORE , FH AR ) SRR v 3t o ) B g A A2 250 b
TER[L]o X LGB RN, AP EE R 22 (52 T 5 SR TR A SR, 0] IS e R it gk AT R 4 2y
KT ARKIIEI[2]. BEE AT SERHG GP i 5E H 2830, A5 ARG I 3 R B AEAS T % R [3]. i1
S 2 T (SERS) AR HIHR B R 08 1R AR 11k 22 B B SU RIS RHE, I LIRS A B &
B2 (CNN)BERL, SR 50 FhE SRR S0 SERS Yeilt th & AN 2y, MPS 4 &I T- 8 R RS B ik
99.54% [4]. /NEALITLLAMBRLL AN RES S 4k 2T T2 A 45 A MR B0 E, B T2 RHES ) 2 i
AL AN BCHREYIREATIE L, A 3 5805 7 b (PCA) A 5 /s — e (PLS) [l A % Hidfs A2 ik 47 43
#r[5]. LA EAMOBT TR 7 M S BUN G GEERLE) 5 0 7 i (PCAVHZS & (i& I TE[6], 2E T
X a] P 2 M i fe /) — T[] VA (IPL.S-R) FH 5% 4+ H & B I AR A (CARS/PLS-R)E gk 22 it & T B, 55
32550 1 30 T [ 44 R 4 1 S s A (1AL ) HDPE 11 LDPE JE4%), CARS/PLS-R. iPLS-R il PCA il
UYL Th BRIV [7], RS EEIA R T 95% LA 1o it 22 o i 3 03 HE I (MCR) AT LA ELW i 43 H7 HE VR
B IR NS AR, BB R R EER, W] DUA SO R 4 AR I o U 5

N TR SR VR A R R, SR HRE ARG R R L DU AR RL R SY, 43 B TR A (PE)
RROIGPS), RN M(PPYRIRN K — R £, —FEBR(PET) . HiX JLA BRI ALV T IR &, il
R E MR A YRREAS, #Id MCR LK AH HLIH-20 AN AR 45 A (0 7 VAR REASBEAT IR . 45 SRR IR
SIRREARTSR] T AR, REHRE A 0.95, AR e BURE . HERRTERSE T 0.9,

2. BEFMHE
21 RARAHZE
FE 5206 5 rh BRERURLE 2 3 TR N SR HE AL DA B B AR SR AT Ry W A2 7~ (9 [8] . LR M
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(PE). AR LIHPS). F M (PP)FIEXS K — iR £ B (PET) VU R B il o 20K} . SRR MR B T
RARZERIEBABR AR . LBRFRAESE, KRR ST K BT i 98 5 AN BT TV /N ) o FIZKAE i 20
FIE T TR X SO S VIR AL B 2 S BN RS . OB S B RHE =R T % 12 /he), IERNE S — )=
FEA 2 FLI R B, B IEREASZ RIS ITG G a0, BT E 1SR B dd it 500 pm 57 3R 47
gy, 1FRNFTTR RN, PE & —F B4k, K/ 105 | 145 HUKASE . PS BRI LBk 24 %,
K/N—FR 100 pm. PP HHIG 0 & AR AL, P30 F 84078 12000, K/hA 2 2 3 =K. PET H
IREAEERFE CIRIZE R, KM 1 3] 2 ZKA%. K PP FI PET HB R A, WHEE R/ 5140
¥, SFHIRIEZh 100 um, .

IR RER AR i £ 58 B E DLITARASHR 2 & IR A SRR AR . LA PP 5 PET A, # )i &Rty 8:2 ¥ PP,
PET ¥y K HZRL B NARE PR AT, Bl B3R, ERFLT N 15 min, BERIBSY TSR LEAEIIR.
JE 5 min AEIFSHER. DULEEE PP PE. PS. PET ¥y oK MU AN A (AT Eb 4k 40 4, 1 At R AT B4
Ji SR A ARG R AR ZE o il £ 58 i BT 43 21 —HE T & o DR S L U A R ) — ool &
BHEEA
2.2. HAERWE

AR FEELL iR ERIAR, KA VUF RS PE. PP. PS. PET. JEidhi# iRk & H =
BC L AN A1 PE + PP, PE +PS. PE + PET. PP +PS. PP+ PET. PS+PET MBS MEREA., £ 14
ANEFRER L NSRS R REARAN S, HeHl45 T 726 MREA, TINR T 658 MNEEAR

Table 1. Dataset creation for mixed plastic samples

* 1 ORAEREANBIRREL

PP + PE PP + PS PP + PET PE + PS PE + PET PS + PET
Num 119 116 125 119 117 116
1:9 12 15 14 11 12 12
2:8 11 11 11 15 11 11
3.7 15 15 15 14 15 15
4:6 14 14 14 14 14 14
55 16 16 14 16 16 16
6:4 10 12 10 14 10 11
7:3 15 10 12 15 15 12
8:2 13 13 13 13 13 13
9:1 13 13 13 13 13 13

LA EIR A AT & 5 VERTEX70 BUBHEAC) ATR #ACREE, VERTEX70 ADGHHCR H
RockSolid ™ 7k A H & M e T35 1, 1243 2% 4076 B Ay 30000~10 e, 43 364 5 ns, {5 M Lk Ay 50000:1.
K 1 ONBCEE 2:8 1) PP PET IR S FEAFEINIA 15 IR Ja B WIIE Lot . i v 15 x 1762, %
KGNy 500~4000 nm. MEVRAERFEARN KIS, FEARTERE 5 M6k KEdk R T wiFp ke
A1 B = A WA, WA /N =R 22 e, RO B LR U e A TR 7 S IR C LU (VR & SR
AL UG EAEE 2R, I07E 137053 cm ™t 1500.24 cm . 2850.63 cm t AbIAE SR T A AR ARAE . [,
NEEE RX IR IR G RE A, B Savitzky-Golay T35t il e i HEAT RS IE[9],  FFfEBh £
G I 2R A ML R RATREAR A 26
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Figure 1. Original infrared spectrum
E 1. JRIRLIoMEIEE

3. ZER55Hh
3.1 BIREAESHE

% juith 253 H(multiple curvature resolution, MCR)& —Fh Z o MR HAR, W H T HTREY)
JR I AN GE R DL R A Z B A AR, o DAE— A B & AN R R E 1 5 0 7 5 B3R
H HARIEE[10] [11], #iEiRA YA BRI TAEH .

FIFH MCR XHE & ¥R LM G AT b, B R =ADER: (1) BB Sk &R b s
YIFREL: (2) S BRI B CBOEHRE” BT TE, 7RI BNAZCA A AR I AL AN G
FEFIRTAE M TEs () EFEE &M PRHI K AF[12]. (EESAT 1 B T AR Sk 2 5, USRS 4
6T B BRI TR & B At B R AS [R] R 2l P 2R 2 (K] 2)
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Figure 2. Infrared spectrum image of some mixed plastic samples after MCR decomposition processing
E 2. BREENHARZ MCR S IRLIERLHINLIINEIEE &

SHRABRIEAEE MCR IR, #fE AL5 ) (MR EOT 13 SR e SRR G s - 0 23 A5 31 11
AT RG], LAFEAS b A, iz 2060 cm™ ALfFAE C-H B EIRBNIE L, 1450 cm ™ AAFES
MRS L 1375 om ™t AbAEAEZS #IPRENIELE, 1150 cm * AL B IRBNELE, ATHI 3 E 2R N IR
(PP). £ €8 il 25 3= BA7/E =N BURFE I : 1715 om P AL (R4 HR 3004 . 1270 em ™ 45§k 304 LL & 1500 cm ™
Wb TS RSN, AT I ) L IR RS B IR R £ —RERR(PET), WIFEA b 2 PPPET (IR & %
B AEXT I I MCR TR 58 U 43 211K MPS S B0 (1 A H2 = , B R B 204N 6 i VTR i) 77V [13]
AR UL J5C PR ALE e R R AL RE SR IR VR 5 SR i (P Rl 73 S 28 o AR R ey, Xof DC 258 31 s 2 SR
e PR VT PR U R 7E 90% BA F .

3.2. RIEFECERKARIRAZ

T I IE A R, xR 1 P RR A R AR . RSB S R 2 BoR, LR 658
GRS, ASFITC HE VR & SRR RE AR IR B 2 38 ik 90% LA b, BURBIR Y & T 95%. PP + PE IR FEA M
AR N 96%, TEJfiE LN 1:9. 2:8. 5:5. 6:4 FRAFEARTE — 0 FEARI JI, ] BEE B JR A 2
F/bE PE PP + PEIRGY, Wi ZRAEE— A EAEM, IREY PP I B T T RE A 3158
PN ANPAT T8 R IR B A 2 oy R R AR T ARG [14], S BN EOGIERFERI WS . 7E PP + PET
BEFEAR T BARBR N 96%, FEFEM RN 1:9, 2:8. 5:5. 7:3 MR GFEARSE — RN, Al Agid ik
(KRR N PP AT PET 45 — AL R I AE 45 4E, BN 2900~3000 cm ™t () iy v A X 35, L2454 -CH2- [ 45 9%
SR, E PE + PET IR A FEA IR B ZIL T 97%, 77— iRl 1:9. 5:5. 6:4 HIRAFA
REAFRI 32, WIRRIE B S5 R AT RRE I fL AR P2 AR I I B R 22 . £E PS + PET & FEA 1 SR
HILF) 96%, TEJELL 2:8. 3:7. 6:4. 91 MRAFEARTHE — KRB BRA /32K, 1T Be R R KA 7E AT
FEAR G MM S R TIRE A5 . SRR 7 IEARTA MR E ERFEARTAF R 1 70200, fF1E
BAN S B R S AN UT I, 383F MCR J7 V%R A SR A AR 2 J5 B R L %28 MPS 282 (174
T 1 0 R A
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Table 2. Accuracy of MCR in identifying decomposed mixed plastic samples

3 2. MCRIIRA SR & BRI AR THE

Rat PP + PE PP + PS PP + PET PE + PS PE + PET PS + PET
Num Acc Num Acc Num Acc Num Acc Num Acc Num Acc
1:9 12 92% 12 100% 14 93% 11 100% 12 92% 11 100%
2:8 10 90% 10 90% 10 90% 8 100% 9 100% 10 90%
3.7 9 100% 11 91% 13 100% 9 100% 9 100% 12 92%
4:6 8 100% 9 100% 10 100% 10 100% 10 100% 9 100%
55 13 92% 14 93% 12 92% 13 92% 13 92% 14 100%
6:4 12 92% 10 100% 10 100% 7 100% 9 98% 10 90%
7:3 10 100% 9 100% 11 91% 14 93% 15 100% 8 100%
8:2 8 100% 7 100% 5 100% 8 100% 8 100% 7 100%
9:1 9 100% 9 100% 7 100% 11 91% 10 100% 9 90%
10:0 9 100% 10 100% 8 100% 9 100% 11 100% 11 100%
Total 100 96% 101 97% 100 96% 100 97% 106 97% 101 96%

EIE MCR 43 28340 58 A 1E R i 8 7 R A B R [15], 6 DT C 58 J ) T VR A SRR RE A BEAT IR 5l R
FAUERPE(ACC) BB (SEN) FIEE M (SPE) = MNP S EOTPF M B AL PR RE[16] 0 L rp S50 i 2 A e 11 FH
PERTLEB . S R TR IERR IR PR Le ] . IERR 0 8RR IEM R 2 RS B BBt R . KA
RUF:

TP

TP+FN

o FP
Specificity = —
P Y= TN

TP +FP
TP+FN+FP+TN

BEAL ST T RN A 5 b o 28 R RORE AR (LR ME, TP) B KA R A A B (AT, FN),

DA AE R Sy S HIRE A K (B P, FP)FI 4328 R AT HOREA S (LB, TN) [17]0 4% 3 R T 2 A ALt
FFREA MPS B A F LU 2R P RE . T LI VR & MPS BRI BE R UT,  7EARHE RN T 4 1)
FhEFEHIE 0.95. Wi# 3 fin, PP +PE. PP +PS. PE +PS #i4rKIEM, REEEF] 1.00. PP+ PET i
BREAR MRV . BURMERIRE T 2877 i 22, RBUE RIEF] 1.00, FIEREM RN REZ PP 5 PET
1F 2900~3000 cm ™ i Hisk X SR A7 16 e S (A 4 IR B R e, 7 28 /% DX SR A VA S FE A Bl . PE + PET
TRAFEARTUERR MR 1L 3] 1.00, BUBHE» K722, REUEHN 0.94. PS + PET IREFEAMIHER
VERURIE 70 2RI, R R R ERS T ARE ] 1.00, 7T RSt FAH AR 1k X 1) 2 18] (¥ M A5
MMV S R FrA MREAREFE AR T 0.9 UL, B8AIE T %7V IR B & SRR A (R AERA 12 -

Sensitivity =

Accuracy =

Table 3. Classification performance of the classification model on six mixed plastic samples with different mass proportions

3. SEERAMARRELLALIR SEERF AT A M EE

PP + PE PP + PS PP +PET PE + PS PE + PET PS +PET
ACC 1.00 1.00 0.97 1.00 1.00 1.00
SEN 1.00 1.00 0.95 1.00 0.94 1.00
SPE 1.00 1.00 0.96 1.00 1.00 0.97
4, Z5ig

AR R LD BRI & 2 Te i 373 FR(MCR) S, ELERIANR & SRR i o 12070
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