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X-ray Fluorescence Spectrum Analysis of Disposable Paper Cups Based on Factor
Analysis and Systematic Clustering
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ABSTRACT: The work aims to develop a new method for classifying paper cup evidences. Thirty-one disposable paper
cups from different manufacturers were tested through X-ray fluorescence spectrometry. Meanwhile, for spectral data, two
main factors containing 79.209% of the information of the original spectral data were determined by factor analysis. Four
factor analysis models and factor score functions were established with the two main factors so as to calculate the factor
score, and then the original data were replaced by factor scores for systematic clustering. Finally, Fisher's discriminant
analysis was performed to verify the accuracy and reasonableness of the clustering results. When 31 disposable paper cup
samples were divided into three categories, the disposable paper cup samples of the same company were grouped into one
category. The samples had good discrimination, and the classification accuracy was 100%. By means of X-ray fluorescence
spectrometry, factor analysis and systematic clustering, the nondestructive, rapid and effective inspections as well as
classification of different paper cups can be achieved with accurate and reliable results.
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Fig.1 Spectral curves of samples
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32 HFERELLEREFISAWERGE

ol

FIJH SPSS Statistics 23.0 #A4XF eI dE FE A7 h
YEALALEE 1 FH KMO K56 A1 Bartlett BRDRAS 56 % b
ARA B A 6 3 R 147 R 740 B 0 338 T A 1)
gERLZRI, KMO K{Hl 0.666, Bartlett BRI
sig (A 0.05. ik 2 Wik sah Rk, FuRA R
ZIEA MM, WFairfse, Hid gy, o
PAAS H 50 T ) R - A W A AR

3.3 —RMEKMEMA XRF HILHER T
S

3.31 ETFRAFHHAEMEEETF

Xt 31 AS— R EAMAE oIS S b e R AR
AT T 8T . R Fo0rk, BAniE s 5258
e Cl. Ca % 4 Fion RS m Y, It reett
e, B 44AHT. 4 NHETFHEBET ClL Ca, Ti,
Fe & 4 PR BTG LS, & BT RHEE
TIHRR AN 1 iR o FESEPRR I, AR EURAAE (A R
T 1LHHEFAER T mFE1ATH, 737 2 A HEFREE

EEART 1, A& T —E4FhIEr Cl, Cass
4 FhoCRAEH 79.209% )15 B, B —E R,
AT AR R 0 B S BR i  — IR AR 4y 2R 25
bR

x1 JETFRRFEEMTEE

Tab.1 Eigenvalue and contribution rate of each factor
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2 1.011 25.287 79.209 1.058 26.449 79.209
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Tab.3 Summary of factor scores

FE i 5 Fy F, FE i 5 F F,

1" 0.387 84 0.765 91 17* -0.142 12 -0.142 76
2" -0.166 68 -0.194 50 18" -1.300 20 -0.266 94
3" -0.277 96 -0.283 48 19* -0.150 14 -0.079 88
4* -0.299 69 -0.295 59 20" -0.388 12 —0.248 63
5 —0.117 49 -0.221 35 21* -0.550 62 -0.299 20
6" -0.621 68 —0.297 94 22" 0.205 73 —0.141 72
7* —0.877 74 -0.292 98 23% -0.298 02 -0.265 29
8" 0.256 60 -0.509 93 24" -0.374 96 -0.243 47
9" 0.112 72 -0.238 82 25" -0.305 70 5.051 49
10* 0.627 57 0.922 36 26" -0.852 58 -0.282 79
11" -0.192 12 -0.303 28 27" —1.148 35 -0.289 03
12 —0.049 19 —0.270 34 28" 2.116 68 -0.813 73
13" -0.104 85 -0.319 04 29% -0.466 15 -0.224 62
14" -1.254 00 -0.113 79 30" 0.704 97 0.043 39
15" -0.075 38 0.087 80 31" 2.129 48 -0.710 64
16" 3.472 17 0.478 79
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Tab.4 Clustering results of disposable paper cup samples
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Fig.2 Cluster analysis results of 31 disposable .
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Tab.5 Discriminant function details
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Fig.3 Discriminant function distribution
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