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Fig.1 Schematic of structure of mesh collision enhanced microtube plasma ionization (MC-TP) device
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To R AR T B T R S R T TR R R A S TE TR
1.2.3 MC-uTP-MS %
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0.5 L/min; %8 5T Ul —76 kPa; TAERE M= . #i P B & s BEms 0 TAE &
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1.2.4 HIEWMAIE

AR AL FEAA . RF SRR 4% 5817 P50 Python 3.10.4, #:4E R 428 Windows 10 Ll iR (64
f7)s HEAUEFRES K Intel Core™ i5-13600KF , HLHF RAM 4 32.0 GB.

JE 46 o 3 5 A A A ELADBR AN . (1) $RERBTRHIVE R 100.0~550.0 Da P 1 BT 1S5 B O  T
SHCFES0REE ) 5 (2) 1 R AR IS5 55 8 LU (SIN) B | Xof- S ARSI R TR MR, P Al 12 11 9
WK 50 Da, WK IR BE I R 10° cps, M BB 3 FHEMR L  (3) XM B M5 S HR b1 7 i
KA —Ak B H a5 E 0~1 JEEI s (4)100.0 F1550.0 Da 230 SIHE J 4346 S5 MZ 5, 0.1 Da 1 2046
B, £0.05 Da R4 AR, B AR SN (SR NS TF SRS 24
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Fig.2 Effects of alternating current (AC) voltage (A), carrier gas flow rate (B) and negative pressure at VAPUR
interface (C) of MC-p.TP ionization device on total ion current (TIC) intensity
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2.1.2 FRBEUEHERE

1 R U B e i G AE B P2 AR MR, 28 M- TP 28 B L B I (L i S B B s 20 i
(T o 25 IBEIABIFEN BRI B/ SRS IR 53 511 35301 227 “C14 R ERET LA 4 )
MR S50 350 T 200~250 °C 257 5 M Bk BEiL B 1 7 S 350 °C, LLLE B BUR [RU RIS 27 4l )
RS ) R LA TR S KRR AR AR SR B o REE R S B 2 AR B |, 51 Btk
Blnsk (65 181 A8, 4501 MRRAERED) TR Seblaes~) o el RIEIA— AL BEAOAR  Fo0F
B REGLTAERIGLL RAAE FUE P AN 3 7R, 4 JEETAEAERE R B TR 5 Bt A BRI JTO i LU A5 [T 2477
PR IE S AR WL I AR it T 5l S VI T A R S A HIRE S 2T AR S LA T T4
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Fig.3 Representative mass spectra of textile standard samples with different fiber compositions (100.0—

550.0 Da): (A) Cotton; (B) Cashmere; (C) Wool; (D) Polyester; (E) Acrylic
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VA 4R it BT A AR 1 B R T8 s TR 45, SR FHJC B A3 S ik A T BdIE A0 . S (EAS:
I SRR RS IE . 165G, i PCA 425 800 Bl A S ke 22 25 4 UEARTURTE R . IREZOEL
PRl PR k. 181 4A JBZR T PCA A 18, o i 10 A i BRUHRE 1 95%m )5 22 , &
W WA A J R AT B R A S LA IE A B 5 50 . SRJ , SR K (0 SR Sk 1 Tk e e s P 00 S 10470
WEB 2, DAV B A B, i (o 10 SR 25 (n_clusters ) K PG48 BE R AL M 4. QnlE] 4B IR, %X
P b &R i STE PCA I 3 A F2 0000 i R4 2 (] ep Ui oA, ELFR [E] B B A, W 97 2t i 4is vl
SIVERGE . (ER RN, F9 S F BN R S B A S JOE L AR Xt T A
IR N a- 1 1 (a-Kelatin) , {XFE SRR IS4 R AT BN 20 SRR AE K A AL . TR
LRSI R BIISRE A B ARG — N “EBIEG(Wool/Cashmere)” o F5eJe , 437K FH VR 3K >4 e 4
(Adjusted rand index, ARI)[M . B YERRER T 580 (Davies-Bouldin index, DBI)[ZSJﬂ] Calinski-Harabasz F5 %X
(CHD) P REM T W B 28R . 45878, ART N 0.833, W1 R2A45 K SR S I /3 4R 28 w5 B — 3k, Bk
P BA W20 4548 5 DBI A 0.518 , 3R W FIr A R N AEAS 73417 LA K %5, BN AP AE B S 878 i 0T
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Fig.4 Principal component analysis (PCA) scree plot (A) and 3D visualizaiton (B) of K-means clustering

CHI 4 299.347 , R W & Jry RS LEFY TG T, 28] 25 S W 2 o 25 L il | BTy 4t o i 5l 4 ot o v LA
S MR 2R 2 BR
2.3 ETHEAKRIEHIBEETL RF £ RER

P25 4 B EE SR F IR 7 23 B LU BIBEN LR 20 A IR Al A | T RF 2328 It Hopk
BTN . B, T 20T Z-score BFRifEfL AT PCA %?ﬁ(n_components:ZS) BOVIZRAE | 38 1k A 46 X6
RF A ST AE 25 ) 5 S S E BUETE S e 25 5 35 1, SRIG 51 00B il
AR WAL 5 AR AR BEUEA TITAG o 25 R0 %A ALY OOB 75343155 0.9762 , K BRI 7E I 25
AR FEBEHLAR A EARRAR (S T AR A (EIASAMEAS ) F 2RI R 4, S e AR 2Rt i 2 AL RE T 88
5, LA MBS B . 5 P18 SURHIET- S 0ER R R 0.9683 (+ 0.0299) , brifE 255/ 1N, B A AI7E R [R) 5X
T4 YRR s /N Gl RE S Radd . ANl SA it BB 4 R4 ARE R R . H IR A FL
S EUBIARAIR T 0.889 , 2 B XF 4 28 531 (1 40 S G 7 359 7 , oA HE B0 68 38 2R il g 2 o I 1 R
0.9636, SUIZREEVEREANIT . IS AIRIBHERS (K 5B) il LI, FHUF-TMIF L A4 1D RA,
A RESEAFAE X0 B AN JE R AR T M S SRR LT 4k R 2653 B 8 N O ANIHAAEAS | Ho v v
KA RRAAAE L A AR
£ T INGEMALBEHLERAR (RF) B 250

Table 1  Optimization of hyperparameters for random forest (RF) model based on training dataset

FF5 i AL bz
Entry Hyperparameter Range of value Optimization result
Ny Ags Sk g=N
1 {j%pﬁﬂﬁlm 100, 200, 500, 1000, 2000 100
n_estimators
L% B
2 BRI None, 10, 20, 30 10
max_depth
= +-/J‘_E7Ié =X
3 BORAFIE R None, sqrt, log2 log2
max_features
%If_:?\/ ZUE I\ S
4 RN R R/ VAL 2.5, 10 )

min_samples_split

-1 i e/ IVEEAS %
s [ s/ IMREA B 1L2.4 4

min_samples_leaf

2.4 LR
i ESIB-MC-wTP-MS kR A SCAIAG Y) 55° 36 S5 42 dl B i B BT 0, A Al A7 R 2 3 I
WJE G IR RN , i AL B S EOIZR RF B JEXERE S EA TR AR A 400, 25 3 kS
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Fig.5 Heatmap of the classification report (A) and confusion matrix of test dataset (B) for trained RF model

M2 R A 2 LA AR P2t o IN3R 2 B 3R A 8 AN RLRELAY 30 1R 27 35 S8 5 i M 0l B £ 448 1 oy
ARSI AR S Her, 20 AR AR BTN ELAR BN 1.00, 403K 3 UOFATHE 5 A5 R SRR —
B, X i 2 AR AN G b B, R TR B B A T R R A R R 2 2 BAT IR T
Wi, 8 AFERNEAFEE N 0.67, EEMAEFT . RERLTHEMNE LI, 3% GE L PRkt i B Bt h 77
e/ BB AT 2, T LAE A AT 55 BOR R B R R, 42 e AR . (EA I R, SR
SHEMBELAS | AREAL (R 2,055 3 T 27) I ELAS UM 0.33, S S5 ME L HERAR

2 MEAMEALR) RF BEIRIYET 30 Fhai i 2% 1 S e i 2T 4 1L

Table 2 Textile fiber identification of 30 kinds of luxury apparel samples using the optimized RF model

¥ 5 i it BRIy TR 53 L AR S B
Entry Brand Claimed composition Predicted group label Confidence (n=3)
| Ly N2t e 100
Brand 1 Acrylic Acrylic ’
) i 1 g N4 0.67
Brand 1 Acrylic Acrylic ’
3 R 1 S S 033
Brand 1 Acrylic Acrylic ’
4 i) *E FEBIEY 1.00
Brand 2 Wool Wool/Cashmere ’
5 mmfi 2 KRR 4 RERA 4 100
Brand 2 Polyester Polyester ’
[=]
fnfd 2 it i
1.
6 Brand 2 Cotton Cotton 00
7 ) RERET RUERET Yk 0.67
Brand 2 Polyester Polyester ’
g At 3 FE FBIEH 100
Brand 3 Wool Wool/Cashmere ’
. i 3 A fi 1.00
Brand 3 Cotton Cotton ’
10 3 *E B e ) 100
Brand 3 Wool Wool/Cashmere ’
1" s 4 *%E FBAAY 0.67
Brand 4 Wool Wool/Cashmere ’
o g - o
12 L *E FBAAY 1.00

Brand 4 Wool Wool/Cashmere
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£3:4¢2 (Continued to Table 2)

T s it B s T 532 ARSE B
Entry Brand Claimed composition Predicted group label Confidence (n=3)
5 A 4 FE FBIEH 100
Brand 4 Wool Wool/Cashmere ’
" A 4 FE ERLY 0.67
Brand 4 Wool Wool/Cashmere ’
m 5 it 1
15 1.00
Brand 5 Cotton Cotton
16 ] *% LB 1.00
Brand 5 Wool Wool/Cashmere ’
17 A 5 FE FBIEH 1.00
Brand 5 Wool Wool/Cashmere ’
18 A 5 FE LBIEY 0.67
Brand 5 Wool Wool/Cashmere ’
i 6 it i
19 1.00
Brand 6 Cotton Cotton
i 6 Uit i
20 Brand 6 Cotton Cotton 1.00
=i R )
21 Y ) Ui Fii 1.00
Brand 6 Cotton Cotton
[=]
” i) i) i i 1.00
Brand 6 Cotton Cotton
[=]
fuhi 6 Ui i
23 Brand 6 Cotton Cotton 1.00
[=] A 4 4
4 SR 7 JiE * I 4’34 0.67
Brand 7 Acrylic Acrylic
= ir R )
25 i 7 Ui Ui 1.00
Brand 7 Cotton Cotton
o fhig 7 RERLT 4 RBREF 4 0.67
Brand 7 Polyester Polyester ’
” g7 RBRET Yk RBRLF 4 0.33
Brand 7 Polyester Polyester ’
=]
i~ i 8 it i 100
Brand 8 Cotton Cotton
=i R )
29 fmhd 8 Ui Ui 1.00
Brand 8 Cotton Cotton
=]
30 A 8 it it 0.67
Brand 8 Cotton Cotton

N T A AR EAR AR 1 USSR P B0 RF PO AR ) S 00 e 2, SR HZ0A1DG1E
BTN . 0] 6A TR FERGLEARIERE SR ALLAME I, 1731 em™ b SEIRISCHS AT U1 J g PR 3
PAARTR FH R SRR AE A, 1044 om™ RSB ISCHT PTVAJE IR S A REAE IR B . S 1 75 3 FEM S 4
PRAERE SO ZL AN (7 B AR — 2, st al PIWTH A BRI 2E . 71 68w SR BRET AEARAERE fl i
1721 em™" A BYWISCH FTUSJE  C=0 4R, 1242 em™' ALAYIRIECH AT IHE K C—O M43l
714 em™ A ARISCHT T I S % SUBUR R IR 1) —CH, TR . 5 83N G 7 155 27 B 5 5 Rk
EFLRERR AR Sl PR — 3, FU M A SRR 4. DA B2 AR LM RE R 25 5 5 REF AR
SENEE R B X PIE A SEPR AT AR S AR U AR ZE S o (KRS DL T, 400 B 15 P AR Y it
PURT BESE X A AT AT I 5 B A, S EC S S RHE A SR s o] BRI ZR4E AR i
Ll R BRETAE A REA R /) , 250 RF B S50 AH SCSE BB Sl A o BB BH 1



5 8 M W TS DA S MR L B A 4G B LR B PR S 51 52 b £ 4 1 1339

Real sample

WVV—‘/W |
Real sample | m

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™ Wavenumber/cm™!

6. A4 B O B ST BR: (AR 1, FF5 35 (BT, F 5 27
Fig.6  Fourier transform infrared spectroscopy (FT-IR) analysis of two low identification confidence samples:

(A) Brand 1, entry 3; (B) Brand 7, entry 27
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Rapid Identification of Textile Fiber Composition Using
Microtube Plasma Ionization Mass Spectrometry
Combined with Random Forest Algorithm
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GUO Xiang-Yu, ZHANG Qing’
(Key Laboratory of Consumer Product Quality Safety Inspection and Risk Assessment of State Administration for
Market Regulation, Chinese Academy of Quality and Inspection & Testing, Betjing 100176, China)

Abstract A rapid and accurate method for textile fiber identification was developed for quality control and
consumer protection. This method utilized electric soldering iron burning-mesh collision enhanced microtube
plasma ionization mass spectrometry (ESIB-MC-uwTP-MS) to acquire textile fiber MS data and used a random forest
(RF) prediction model to identify fiber composition based on these MS data. The MC-TP device involved in the
method was a homemade low-temperature plasma ionization device constructed using cost-effective and readily

available components. The system was applicable for direct analysis of small amount of textile samples without any
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complex sample pretreatment processes. Characteristic thermal decomposition products of different fibers were
generated via soldering iron burning (350 “C) in ambient atmosphere, and were subsequently analyzed by a mass
spectrometer, with each analysis completed within 5 s. Raw MS data underwent noise reduction, normalization, and
global binning steps to form a dataset, and its intrinsic class separability was evaluated using principal component
analysis (PCA) combined with k-means clustering. Then, the RF model was trained based on the dimensionality-
reduced textile fiber dataset. After grid search optimization, this model demonstrated robust performance with a
0.9762 out-of-bag score, a 0.9683 cross-validation accuracy (5-fold), and a 0.9636 test accuracy, supported by
precision, recall, and Fl-scores exceeding 0.889 for all fiber classes. The method was applied to analysis of 30
luxury apparel samples from eight brands, among which 20 samples achieved 100% prediction confidence,
aligning with labeled compositions. The identification result of two low-confidence samples was further confirmed
using attenuated total reflection Fourier transform infrared spectroscopy (ATR-FT-IR). The method has been
proven to be simple, portable and with minimal sample requirements for on-site customs inspections, providing a
viable tool in the fight against counterfeit products, therefore supporting regulatory enforcement and consumer trust
in the textile goods market.
Keywords Textiles; Microtube plasma ionization mass spectrometry; Random forest; Fiber composition
identification
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