55 46 % 45 5 0 i i 2 R Vol.46 No.5
202549 H Journal of Chinese Mass Spectrometry Society Sep. 2025

ETREFREZBBERIEEREENGAm
SFHER ST

2> 1,2 SN 2 = 1,3 252 | 1
SEEDY HFEH, R R, B, TR, a5, & &
(1. EK R RERATII B, dbat 1001765 2. PISE T F YA X 7 3 MBI PR A 30 o0y, NS2 T PRI 4 010070;
3. KGEH T Rk TG 5 a2 be, I T &5 124221)

O AW ES T RS B Ba- Pk 2% A v B T3, DA 2 40 B e A e SR 4 o ol s Ak
T RERE B P A R, B PR A v B TS R GRS AT, T B SR T A B, R R, BB R 4R R 4~
5s. Gflifh, ZIr kI A RGE MR TS S, BRSBTS T B A MR AR R 7 2K 39 Pk
SE YT ARERE S RSSO A, 359 20, LH A T LS 4 500 MRt (m/z 16) LT 4R BB g . Widne s
A LivelD #ft, @7 30 Hr-Ze M TS A (PCA-LDA) TR, Tt 7 207 8L 41 4k il o #4753
J5. JITASARARL 2 FATAE XRAIE, TR AN 2.23%; HXA . A 22 REGLFEMERL 1/ JOMEmf 3 REHh . B %
FIF1 BB RTF 99%, MEBAMETF 90%, ML NELAMET 75%, FEANH R IR HNER . G5 AR Ar i
FLPES3 BT 5 Progenesis Q4 BE 45 5, 1Rt 430 T 7 2R EF 4y 29 MHRAERE R B o K2 PCA-
LDA BRI T 20 Fh 2215 52 BRee & 19 - i Fh 2 4000, 15 30 09 25 5 50 B B R I N T4 5 I 1 2 A — B
TR . RG4S S AR LS Jm 1 50 5 R ST R R S5

o5 S - PudiZE K B (REIMS); 8400 (PCA); ZeEHI B2 (LDA ) 74618 4% sk 45 51

FE S ZES: 0657.63 XA ES: A X EH S 1004-2997(2025)05-0591-11
DOI: 10.7538/zpxb.2024.0205 CSTR: 32365.14.2pxb.2024.0205

Fast Identification of Textile Fiber Composition Using Rapid Evaporative
Ionization Mass Spectrometry

GAO Hai-yan'?, SHANG Yu-han', ZHAO Gang’, GE Yun-cheng'”,
WANG Song-ying’, LYU Yue-guang', MA Qiang'
(1. Chinese Academy of Inspection and Quarantine, Beijing 100176, China;
2. Inner Mongolia Autonomous Region Institute of Product Quality Inspection, Huhhot 010070, China;
3. School of Chemical Engineering, Ocean and Life Sciences, Dalian University of Technology, Panjin 124221, China)

Abstract: A rapid and efficient method of soldering iron cauterization coupled with rapid evaporative
ionization mass spectrometry (SIC-REIMS) was developed for fast acquisition of mass spectrometric
data from textile samples. This approach utilized a heated electric soldering iron to directly cauterize
the sample surface, generating smoke plumes that were simultaneously analyzed by a REIMS system.
The method required no sample pretreatment, making it straightforward and time-efficient, with each

data acquisition cycle completed within just 4-5 s. The performance of SIC-REIMS was optimized by
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adjusting key operational parameters, the cone voltage was set to 50 V, the heating bias voltage to
60 V, the auxiliary solvent flow rate to 200 pL/min, and the soldering iron temperature to 450 °C.
These optimized conditions ensured stable and reproducible mass spectrometric signals, which met
reproducibility standards for MS analysis. Mass spectrometric data were collected from
39 authenticated textile samples spanning seven fiber categories by SIC-REIMS, including cotton,
silk, wool, polyester, polyamide, spandex, and acrylic. The resulting dataset, comprising 359 mass
spectra and 4 500 variables (m/z values), was processed with the LivelD software to develop a
principal component analysis-linear discriminant analysis (PCA-LDA) model for classifying textile
fiber compositions. The PCA-LDA model undergoing five-fold cross-validation achieves a
misclassification rate of 2.23%. It exhibits exceptional classification performance for various fiber
types, accuracy, precision, recall, and F1 scores exceed 99% for cotton, silk, polyester, and
polyamide. For wool, these metrics are not less than 90%, and for spandex and acrylic, they are over
75%. This accuracy makes the method suited for rapid and reliable identification of textile fiber,
addressing the needs of rapid quality assessments. Feature importance analysis of the PCA-LDA
model combined with Progenesis QI screening identifies 29 characteristic fragment ions specific to
the seven fiber categories, including seven ions from cotton, four from silk, three from wool, eight
from polyester, five from polyamide, and one each from spandex and acrylic. These characteristic
ions provide critical chemical markers for further understanding and classification of textile fibers.
The trained PCA-LDA model was subsequently applied to analyze 20 textile samples obtained from
the market or online. Using LivelD's offline recognition mode, the predicted results aligned with both
the claimed fiber compositions and manual identification results. Overall, the SIC-REIMS method
offers a rapid, accurate, and technically advanced solution for textile authentication and quality
evaluation, serving as a valuable reference for the authentication and quality control of clothing and
textile products.

Key words: rapid evaporative ionization mass spectrometry (REIMS); principal component analysis
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Table 1 Textile standard samples used to build the mass spectral dataset
5 ESRTHIES ) HRRE UL YLy
No. Type Color Claimed fiber composition Identified fiber composition
1 FAE SRE) FE i
2 FAE e FE i
3 ik F ik i
4 FFA Fe FA 4
5 FFA SRe) FFAR i
6 apififinet FLAM 3100% i
7 k-4l Pl F#100% i
8 A4l H 3100% i
9 A2l e N #3100% i
10 iR AL ##100% i
11 IITEES LR AL F§100% il
12 (&= WKL FE100% i
13 JRE E gl 5100% i
14 Tl IR #3100% i
15 B2 AR He FAL£100% b4
16 L LA AR SREN FRAL£100% R
17 ES<EiqiEAll F FA4£100% BRI
18 EXCb dinpCall T FAL£100% 324
19 EERZAS T +H M FEA%££100% 332
20 A2 YL F RAL2100% Mg 22
21 Fl I P SN 3 FE£100% XE
22 12064:F F EN L *E
23 FHBBR M FRFEE FE
24 2021-F S FE FE
25 #IEE M FE FE
26 #EE Sfi) FE *F
27 Akt Sfi) RBRLT4E100% R BRET 4
28 THiL R, 0 RFREFAE100% RBRLT 4k
29 (I FUIREIAE EERLF4E100% RERLT 4
30 KIa A, RBRLT4E100% RBRET 4
31 ik (Efi) EERLF4E100% RERLT 4
32 2 SN RN ey ) KA R Pe LY
33 Je et i) FbzH Mt
34 UILILES TR H4£100% EEy
35 Akt Sfi) H4100% g
36 ik F HE£100% e
37 | IR €2, JiE4:100% f&4s
38 el T, CREty 24
39 il F D404 24
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Fig. 2 Representative mass spectra of textile standard samples with different fiber compositions

soldering iron temperature (d)
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K2 HEETEEEMNSTS Progenesis QI FFik s RN HH S ERRR BEF
Table 2 Characteristic fragment ions identified by combining feature importance analysis and
Progenesis QI screening results
P ARt AR JE Ao HE SRR IED; 3 IR PCATEMAE
No. Variable name mlz Highest mean abundance Lowest mean abundance PCA importance weight
1 123.05 123.0084 R4t i ey 0.02493
2 125.05 125.0243 i ik 0.04080
3 137.05 137.0253 e 0.06809
4 143.05 143.0252 M4 ALY 0.04979
5 153.05 153.0572 FE ik 0.02280
6 167.05 167.0344 Uit e 0.04715
7 169.05 169.0612 i34 i ey 0.08248
8 177.05 177.0212 i B 0.05197
9 178.05 178.0603 g ik 0.05720
10 179.05 179.0762 i34 RERLT 4 0.04038
11 181.05 181.0471 i ik 0.02592
12 189.05 189.0548 Uit ERkd 0.02125
13 191.05 191.0374 RERLF 4t i ey 0.02562
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No. Variable name mlz Highest mean abundance Lowest mean abundance PCA importance weight
14 193.05 193.0346 *E A 0.05427
15 202.05 202.0521 fi34 e 0.02464
16 212.15 212.1274 i i 0.02150
17 214.15 214.1435 it e 0.04383
18 223.05 223.0746 *E e 0.09024
19 247.05 247.0298 Uit e 0.02272
20 249.05 249.0631 2 i 0.04888
21 281.25 281.2482 Hige 2L 0.02074
22 285.15 285.1808 ki i 0.02678
23 313.05 313.0707 R R4t b 0.56488
24 325.15 325.1834 b e fi34 0.04033
25 341.05 341.0693 RMgLr Yt *%E 0.02305
26 357.05 357.0633 RURET 4t b 0.32329
27 383.05 383.0773 RBRLT 4 *% 023114
28 505.15 505.1134 RMgLr Yt e 0.22792
29 549.15 549.1131 RERLr Yt e 0.03275

23 LERESES
{8 F| SIC-REIMS 2R 4E 20 Fh 25 21 5 SEBRFE
I TR B, WA LivelD (1955 28 05 T g, IF

FF I 2k B9 PCA-LDA #5 %) 2F 4 41 il g 47 %
FE, R TR 3. LA L, XF 20 FAE & T
PCA-LDA LAY % I i 25 I 5 N T3 51 45 S —

&3 ERIIZE PCA-LDA #EILER 20 L7 A m KRR YER 5

Table 3 Recognition of 20 textile real samples using the trained PCA-LDA model

PCA-LDA Y5125

e R i) HRREF YRS YR ST YISy PCA-LDA identification result
No. Type Color  Claimed fiber composition Identified fiber composition YRR (22
Fiber composition ~Confidence/%
1 Tl SRR #5100% Uit Uit 100
2 JLER L SR 5t #1100% i i 100
3 T (Sfe) HE100% Uit i 100
4 PRE W% T Ui Ui it 69.91
5 PRE IREEHE T e Ui Uit 95.58
6 Tl Se) #1100% i i 99.88
7 21y e FA£100% R i34 99.99
8 HLFTHL MR HeE FAI2100% Rz g4 100
9 2210 Kk FA22100% Rt F( 314 97.81
10 21h -SR] FA22100% Egi 34 99.66
11 21y ZIR AL FA£100% R i34 98.24
12 Hil I ekt WIBY/NEEE100% *E *E 100
13 SEV E g FE100% *E *E 100
14 #3EE He *E Ees *E 100
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FE REmFRE Bifa HRRALE RS YR LY A PCA-LDA identification result
No. Type Color Claimed fiber composition Identified fiber composition LY Fhs BASEE
Fiber composition  Confidence/%
15 fh IR R 4:100% RERLF 4 RMRLF 2 100
16 WERSS  REE RERLT4E100% RRLT 4 R4 100
17 #Eeks  ERE RBRLT4E100% RMRLT 2k RBRLT4E 100
18 Akt H i i i 99.82
19 211 E230) JF4:100% ARAGI i 100
20 i SRE) D40 HI AL {2 97.13

B, H 2 Bl 0 45 R R A PR A £F G —
B, RWIPE LAY 7 U IS T T 25 SUR AR i £ 4 R
PR, R 40
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&it
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