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Fig. 1
ceramic prints on automobile glasses
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Fig. 2 The sample holder used for high-energy
SRXRF analysis and one typical fragment of a ceramic
print sample used in the present study
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Fig. 3 The number of samples for Pb Type and Bi
Type showing the change of the use of Pb and Bi in
ceramic prints with the model year of automobiles
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Table 1 Characteristic elements detected in the 99 ceramic prints and their frequency for each type.
Mean relative standard deviations (RSD) of the normalized XRF intensity measured for three

fragments of each sample are given for each element.

the Pb Type and 37 for the Bi Type

A total number of samples were 62 for

Pb Type Bi Type

Element No. of samples RSD, % Element No. of samples RSD, %
v 62 5.8 v 8 8.4
Cr 62 5.3 Cr 37 6.8
Mn 41 5.7 Mn 20 4.7
Fe 27 5.8 Cu 37 4.6
Co 21 4.8 Zn 17 3.5
Ni 24 4.5 Zr 13 3.6
Cu 44 4.6 Mo 20 - 5.8
Zn 27 3.6 Sn 35 36.9
Zr 32 3.7 Sb 1 6.4
Mo 3 9.0 La 1 4.1
Sn 58 36.4 Ce 11 3.6
Sb 15 5.2 Hf 18 6.8
Hf 37 7.0 w 5 3.4
W 7 9.3
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Fig. 4 The normalized XRF intensity showing the
concentration range of each characteristic element
found in the analyzed 99 ceramic prints of (a) Pb Type
and (b) Bi Type
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Fig. 5 Typical XRF spectra of ceramic print frag-
ments of the Pb Type collected from 1995 model auto-
mobiles: (a) ceramic printI; (b) ceramic print II'; (c)
ceramic print III '
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Table 2 Normalized XRF intensity of characteristic
elements measured for three typical ceramic
print samples (Pb Type) collected from 1995
model automobiles. Their typical XRF
spectra are shown in Fig. 5

Element/Pb
Element Normalized XRF intensity

Sample I Sample II Sample I
A% 1.0£0.1 0.9 +0.1 1.1£01
Cr 2.0=%0.1 14%0.1 2.2+0.1
Mn 0.8=0.1 — 1.1£0.1
Fe 21+0.1 — 48=*0.3
Co 1101 — 41%0.1
Ni 12£0.1 — 23%0.1
Cu 1.6£0.1 3.8+0.3 —
Zn 54%0.1 — —
Zr 28*0.1 — —
Sb 0.6 0.1 1.7£0.1 —
Hf 0.3+0.1 — —

a) Mean value = SD (n = 3)
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Fig. 6 Typical XRF spectra of ceramic print frag-
ments of the Bi Type collected from 2003 model auto-
mobiles: (a) ceramic print IV ; (b) ceramic print V;
(c) ceramic print VI
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Table 3 Normalized XRF intensity of characteristic
elements measured for three typical ceramic
print samples (Bi Type) collected from 2003
model automobiles. Their typical XRF
spectra are shown in Fig. 6

Element/Bi
Flement Normalized XRF intensity

Sample IV Sample V Sample VI
\% 1101 — —
Cr 82*0.4 2.8+0.3 3.8+0.3
Mn — — 33+0.2
Cu 13.8 0.5 7.5 £0.5 7.9=0.7
Zn 51.2 0.6 5.7%0.1 —
Zr — ‘ — 18.3*0.6
Mo 0.9+01 — —
Ce 76.3 = 2.5 — —
Hf — — 1.8+0.1

a) Mean value = SD (n = 3)

VI ZBHBRIZERR) S Iz,
ULEDRREYS, £53Iv 77y Y MEIH T A LB
HEEOBS T 5REEEDZODOEELRTWERTH
D, MMk ts Iy 7YY PETYH, HESRXRF IZ &
S THMEBTEZ SREICONTE, BREBRNOER = Fik
LB EFHLNI R o7,

4 # W

75.5 keV DFh#E X # % FH\» 72 HE-SRXRF i, 0.5 mm
DTFOMMAEBBESFX€IIv 7TV PEPL, V
POWETOELRLALEDILEL KM THEREIC
B CHN T B LD THo72, EELZET Iy
27 MOERLEERSEPb 2B OVTRNT, X
Bz o T2OIlHETEZ. HARbhTWws HEE
DERDPH L B BICONTBIVERDTTH S S DHHE
s HfEm %= EEEH P OMRT 5 LW TEL. ERSG
RO XBBECL o THETRO X BBELER L
AL X BBEE2HEVWAIET, EEZE»H2 %L,
FERL, WEICHMELT Iy 2 7Y Y M REELT S
TENUMETHo 2. BFRICELY, £5Iv 2 FY U b

iR, S, B, VS, TH, A, i, i . HESRXRFICX BAEBET I A5 I v 7 7Y ¥ MEESH 1051

RERBNCEREZZ OMWEREREFATEY, 7'
A LR, BEEIZBET AR EREOERELIMERCTH
5 EBHLDRI R o7z LB SIS Nz HEE
HIARIWTET I v 7 7Y s OFEFRD NG,
HIGAEETIv IS vYOMEEIHT52LT, B
WIERE R RFERBIA T REIC 2 5 TH A 9.

ABFFEIL, SPring-8 D —ikHF4LIRE 200580587 TiF b=, i
LTHBEEZELTT. ABIREZTHICEZD, BEEERICOW

TR A F LB RIS ¥ 8 — DS HI T8
HIEHL T
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This study revealed that high-energy SRXRF (synchrotron radiation X-ray fluorescence spec-
trometry) utilizing 75.5 keV X-rays of SPring-8 is a powerful technique for trace elemental analy-
sis of ceramic prints on automotive glasses for forensic examination. Fragments of 99 ceramic
prints were collected from automobiles of various manufacturers, types and model years. Their
major heavy element-components were found to be either Pb or Bi. Because of recent environ-
ment protection movement for lead-free material, there was a tendency of the shift of material
from the Pb Type to the Bi Type with years of the production. A utilization of 75.5 keV X-rays
as excitation source allowed us to detect trace heavy-elements, such as Sb, La, Ce, Hf and W, as
well as relatively light-elements, such as V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Zr and Mo, in samples
using K series of XRF emission lines. XRF intensities of these elements normalized by those of
the major heavy-elements (Pb or Bi) became characteristic finger prints, showing the identity of
each sample with a size of less than 0.5 X 0.5 mm®. The mean relative standard deviations of the
normalized XRF intensities measured for the three fragments of each sample were less than
9.3%. These results show that the ceramic prints on automobile glasses contain rich elemental
information for discrimination, and therefore the materials can be important evidence for prac-
tical forensic examinations.

Keywords : SRXRF ; ceramic print on automotive glass; lead free; trace heavy-element analysis ;
forensic examination.
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