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Study on the test of rubber soles by X—Ray fluorescent spectrum
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Abstract: A convenient and rapid, sensitive and accurate, and non—destructive method was established to
analyze rubber sole. It provides clues, indicates investigation direction for the detection, and provides the
scientific basis for proving the crime. Rubber sole samples was tested by using X-ray energy dispersive
spectroscopy (EDS) to provide scientific basis for verifying crime. The test parameters were set as
the following: voltage was 45 kV, test current was 40 pA, power was 1.8 kW, the size of sample was
1.5 cmx1.5 cm, and testing time was set as 60 s. The qualitative and semi—quantitative analysis of inorganic
elements in 40 different rubber sole samples of different brands and different types was carried out, and the
reproducibility of the method was examined. At the same time, the rubber sole samples were classified using
SPSS clustering analysis —center of gravity method as definition of distance between the classes.
Consequently, the method has the characteristics of accurate and reliable result, good reproducibility, no
need for sample preparation and non —destructive testing. It can be used for public security organs to

resolve the cases.
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Tab.1 Rubber soling samples

Number Name and variety of sample Number Name and variety of sample

1 Ao okang lady s leather shoes 21 361° man's basketball shoes

2 Yong liang man's leather shoes 22 Nike man's basketball shoes

3 Nike lady's casual shoes 23 Unknown man's leather shoes

4 Uuknown man'’s running shoes 24 Ao kang lady's leather shoes

5 Cartelo man's leather shoes 25 Yang da man'’s casual shoes

6 Louis man's leather shoes 26 Nike man's casual shoes

7 Yong liang man's special shoes 27 361° man'’s casual shoes

8 Plover man's leather shoes 28 Nike man's slippers

9 Ga man's military shoes 29 Ying yue gu man's leather shoes
10 Camel man's leather shoes 30 Mistral man’s casual shoes

11 Shen ta lady's casual shoes 31 Puma man's casual shoes

12 Jrv nali man’s leather shoes 32 Senda man's casual shoes

13 Daphen lady s leather shoes 33 Nike man's football shoes

14 Police shoes delivered by PPSUC a 34 Niu ai ke man's leather shoes
15 Daphne lady s leather shoes 35 Ao kang man's leather shoes a
16 Z - Suo man'’s casual shoes 36 Ao kang man’s leather shoes b
17 Hui li man's basketball shoes 37 Adidas man'’s casual shoes

18 Li ning man’s basketball shoes 38 Police shoes delivered by PPSUC b
19 An ta man's basketball shoes 39 Police shoes delivered by PPSUC ¢
20 Olunpo man's leather shoes 40 Police shoes delivered by PPSUC d
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Tab.2 Reproducibility test results of 2# rubber soling samples(Unit:mg-kg™)

Time Ca Zn Fe Sb Cu Pb
1 2288 18 355 641 286 40 90
2 2289 18 356 643 287 43 89
3 2290 18 355 642 283 41 92
4 2291 18 352 639 284 39 91
5 2287 18 357 640 285 42 93
Mean 2289 18 355 641 285 41 91
SD 1.5811 1.870 8 1.581 1 1.5811 1.5811 1.5811
RSD 0.069 1% 0.0102% 0.246 7% 0.554 8% 3.856 4% 1.7375%
3.2 AEMEE—FRBGEERND T R RSN 5.9.10,13 15,23 .24 .30 .34 .38,
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21.22.25.27.31.35.36.37.39 4055 4 4, & 6 REEFEATIX 43, HAmEH YRR T DL B G A B
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Tab.3 Results of 10 in S5th rubber soling samples analyzed by XRF(Unit:mg-kg™)
No. Ca Zn Fe Sb Cu Ti Pb
5 15843 19726 801 55 71 23 34
9 35250 26219 1150 56 162 126 40
10 20 623 7526 760 52 61 369 39
13 37431 514 578 45 45 3179 267
15 40775 276 2074 276 104 83813 2025
23 21 984 14.219 1040 59 50 481 26
24 53 356 12036 4959 37 37 1431 3026
30 69 379 696 522 32 87 1292 97
34 20 697 20 436 3473 40 129 299 54
38 33478 11775 1113 74 52 40 39
Fx 4 F£5HEEMCa/Zn 5 Ca/Fe tL1E
Tab.4 Ratio of Ca to Zn and Ca to Fe of the S5th samples
No. 5 9 10 13 15 23 24 30 34 38
Ca/Zn 0.80 1.34 2.74 72.82 147.74 1.55 4.43 99.68 1.01 2.84
Ca/Fe 19.78 30.65 27.14 64.76 19.66 21.14 10.76 132.91 5.96 30.08
3.3 B—MmEHTEMEGRRERS T RO AR, T 284 FEAEIBR(THIC R & B, BE(Zn) oo

Nike fiffift 5 PEERFEAR I E LR, LK 5,

% 5 Nike BEMIRIER (B mg-kg™)
Tab.5 Results of tesing Nike shoes for male

(Unit:mg-kg™)

No. Ca Zn Fe Sb Cu Ti

3 515 12 376 - 53 60 22014
22 2285 13320 - 67 72 2074
26 16205 18118 545 39 201 8 462
28 15973 9989 662 81 196 35073
33 2934 12201 - 68 - 1365

MR 5 AL M A B2 5 A R R 5 45 (Pb)
JUE, HorilJE FASEI AL, 334 5 KA 4 Foo
F BT 24,34 f 22# RES IS A 5 MoT R R
T2 3 45 i E 3# A 22# FESAT L, 3# AE AL EK (Ti)
JCRM T E R, F5(Ca)C R W& 2K, 0 22# FEdh ek
(THICE M AR, 85(Ca) TR 1Y & it i, Pk vl LK
TSI, 264 Fl 28# FERIIE 6 FOTE R TR 4
2 Hoh 264 FESHINER(Zn) G R B UL, BR(Ti) ot

A

R R, L, e D X TF b srdT
VLA, [Al— b ARSI RPE A RE S RE &, A X B,
I X SOt =T LTI 43
3.4 SPSS BEN

RO A R 2SR R 5 (SPSS B4 H Bk
RN o

TR, RS R R BE B, LR
IR E RS, FO TR E XM Z ] 1Y IR
B, G, Ml G, O XIS E) 73 512X,
X, (EE— AR p 454, G, M1 G, Z [l
FEBSE Dyy=dy x o

WREKIAE - G, I G, 533 A FE 5 on,.n,
N, ¥ G, MG, 63k G, WG WEERDECH n=
nq+n,, EHELEX=1/n) nX+nX,), F—I G
MO EX TS G W (R RS 2
[i) £ B2 25 R FH RO L LA R ) R

D, =d,, =(X,~X,) (X, ~X,)=

X

Pp

[X,~(1/n,)(n, X, +n, X )I[X,~(1/n,)(n, X, +n X, )=

X,'X,~2(n,/n)X,'X,~2(n,/n)X,'X,+

1023002-4



sroh gk TA2

% 10 21 www.irla.cn % 46 5
p 9 . 5 P M N2 _ S N N =7 A
(1/nf)(nlz)xkIXk+2npanp1Xq+n;Xq/Xq) (1) ﬁnJ:JLFKEXéI n{,_anT,Eﬂj‘jqleﬂEEl%%EﬁL\ito

TR AR B S D | A — R, PR
R A A IR, R TR 0 L
D, =(n,In)(X,'X,~2 X,'X,+X,'X, )+ e

2% R BRSNS 40 AREF BT RAIHT
I 1AL

FIFX, X, =(1n, )(n, X, X, +n, X, ' X)RA 305

(n,/n,)(X,'X,~2 X,'X,+X,'X,)~

(n,n,/n )(X,'X,~2 X,"'X +X,'X, )= HUE B PR R R B 1
(n,/n)D,, +(n,In,)D, ~(n,/n)(n,In)D,,  (2)  FEFTISR 34 2 46 A BBy 2 W, BEd 0T 40

A dendrogram used by centroid connections

merging cluster after readjust distance
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Fig.1 Testing results of systematic clustering analysis
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