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Abstract: Identification of paint on victim’s clothing and a vehicle are valuable for forensic examination
when investigating hit-and-run accidents. Automotive paints on clothes are used to prove a victim caused
by traffic accident and to identify a suspected vehicle. The comparison of transferred paints between victim’s
vehicle and suspected vehicle can be an important evidence in reconstructing the accident situation and in
discovering the truth. The paints such as white, yellow, red, blue, or black are hard to examine particle
shape under a stereomicroscope because of it is not included aluminum, pearl, and mica flakes in the pigments.
The aim of this study under forensic aspect is to compare pigment among basecoat layers of solid paints
by identifying inorganic elemental compositions and binder resins of pigments using by micro-FT-IR and
micro-XRF spectrometer. The pigment samples were analyzed by using two methods of FT-IR: Reflectance
and ATR method. Two methods of FT-IR were useful in discriminating binder resins of pigments by
comparing characteristic peaks and patterns of spectra. Also, XRF spectrometer could identify the elemental

compositions in inorganic pigments of trace paints which are difficult to compare the identification by FT-IR.
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Table 1. List of solid color paint samples

Sample ID Color name Model
SBD-1 Creamy White Santafe, New Santafe, Avante, 140, Veracruz
SBD-2 Vanilla White Santafe, New Santafe, Avante, 140, Veracruz
SBD-3 Creamy White Avante Hybrid, 130, New 130, New Avante
SBD-4 Creamy White Genesis coupe, Grand Starex, Tucson
SBD-5 Creamy White Porter
SBD-6 Sun Flower Accent, Veloster, Veloster turbo
SBD-7 Dynamic Yellow Genesis coupe, Grand Starex, Tucson
. SBD-8 Reddish Brown Taxi(Sonata, Grandeur)
Body paint .
SBD-9 Super Red Genesis coupe, Grand Starex, Tucson
SBD-10 Tropic Red Avante Hybrid, 130, New 130, New Avante
SBD-11 Alice Blue Morning, Ray
SBD-12 Onyx Blue Porter
SBD-13 Phantom Black Santafe, New Santafe, Avante, 140, Veracruz
SBD-14 Timeless Black Genesis coupe, Grand Starex, Tucson
SBD-15 Phantom Black Tucson
SBD-16 Black Diamond Sonata, Sonata Hybrid, Grandeur
SBP-1 Creamy White Genesis coupe, Grand Starex, Tucson
SBP-2 Vanilla White Santafe, New Santafe, Avante, 140, Veracruz
SBP-3 Creamy White Santafe, New Santafe, Avante, 140, Veracruz
SBP-4 Sun Flower Accent, Veloster, Veloster turbo
SBP-5 Dynamic Yellow Genesis coupe, Grand Starex, Tucson
. SBP-6 Reddish Brown Taxi(Sonata, Grandeur)

Bumper paint .
SBP-7 Super Red Genesis coupe, Grand Starex, Tucson
SBP-8 Onyx Blue Porter
SBP-9 Phantom Black Accent, Veloster, Veloster turbo
SBP-10 Phantom Black Santafe, New Santafe, Avante, 140, Veracruz
SBP-11 Phantom Black Avante Hybrid, 130, New 130, New Avante
SBP-12 Phantom Black Tucson
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2.2.2. Micro-FT-IR(Micro-Fourier Transform Infrared
Spectrometer)

HRJIE ¢ts59] A= @vA stollA AHAT = A
2] glo] A|EF(gold plate) 9ol X Z&|2 Yo
HAGA & T 100 um x 100 um A A 271 E Reflec-
tance %'H 2} ATR (attenuated total reflectance) 5 2
7R 2 E2 31T Reflectance= FQIE A7} F 9]
o] RIS o] SHHERE A5 A T
wet 329 R xpo] 7t %F7F 9l ot ATR HH -2
AZvhr Agl2g3 FRlE AlE7F A HEEHEE
2000~650 cm™ G oA =9 A& A o] Reflectance
P mrk $5stel wae] sjao] golsknz U A
Soll i8] F 714 WL o831k 7171 mereury-
cadmium-telluride (MCT) #2717} 428 Nicolet iN10
(Thermo Scientific, USA)2 ©] &3l £35]5 4 cm™
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2.2.3. Micro-XRF (Micro-X-ray Fluorescence Spec-
trometer)

H¢lE basecoat 2] ¢tFo] EA5le XA A4S
g3t7] $15ke] M4 Tornado (Bruker AXS GmbH,
Germany)E AFE-3IATH Alg5= o g s 243 AAS
o] &3l FA HAH ozl B AR U4 L &
A3t 4L 10 mbar ©|3F2] JF e oA 71
<t 30 kV, beam current 400 pA, collection time
500,000 Counts, energy range/gain 0-20 keVe] =713}
oAl AA|EtSTt.
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Clearcoat

Basecoat

Surfacer

ED coat

Fig. 1. A cross section of real layers obtained from an
automotive red paint chip.
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Reflectance spectra

Fig. 2. FT-IR spectra of pigments in white body paint.

ATR spectra
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9] basecoat ol oFZES-HEA Y vRRIE 7} AFSE S
& 4 AT SBP-1 A E+= aromatic ring] 3100~3000
em™ (C-H)9} 1494 cm™ (C=C) ¥ =7} SBP-2 2 SBP-
3 A& HlE] AstA ER R S-#'e] C-N-He
C-O carboxyle] €13+ 1250 cm™ & acrylate C-O°1 <]
3k 1157 em™'o] EA3= 1300~960 cm™ G oA 3
3 A7Ie sjde] TEA uErEth " dA
aromatic®] ¥ 37} Bolu} ol S eAE AsAU
isocyanate® aliphatics®] AFH&-%|3. aromaticse 3HO
2 AMEEHA gou® AstAlA frHfd dae of
d Ao Brke

Table 2. Elemental composition of white pigment

Major Minor Trace
312 FT-RO| 2|3t &AM =@ okZo| H|m (>80 wt%) (10~80 wt%) (< 10 wt%)
Mo 1B ¢ty BALS AN EAF 5UF SBD-1 Ti Si Al
PYOoR TARYG Felo] 33} Aol g el oo o ST
- 1 - 1 Ir
2R Ke: ; A = 3 - Cr
A AASA. Fig. 34 HE ik 2ol SBP SBD-4 Ti - AL Si, Zr
1~SBP-3 Al 552 3380 cm 2] amide (N-H), 1690 cm™ SBD-5 T - S, Si, Al
9] isocyanate (C=0), 1530 cm™¢] carbamate (N-H), SBP-1 Ti - Al, Si, Fe
800~650 cm™' 9] TiO,°ll 9§+ ¢hvtet F71 354 SBP-2 Ti - S, CL, Si, Al
oz EAsgen ol 54 YA A ¥ SBP-3 o § Al 81, Zr
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Fig. 3. FT-IR spectra of pigments in white bumper paint.
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SBD-7 Al &A= 2233 cm™ 9] acrylonitrile ¥ =7}
Holx] ¢kgkor} SBD-6 A glA = oFsiAl HloH,
800~650 cm™t G oA SBD-7 A&+ Ti0,9] 54
F7} Boluk SBD-6 AlEoA = TiO,o] & Hth
E styreneoﬂ 23 703 cm™ ¥ =27} =4 3t} SBP- 4
9} SBP-5 A&+ $#eA viely A2 1690 cm™
9] isocyanate$} 1530 cm™9] carbamateol] 2]3F =7}
FE5ZHoZ HAh SBP-49} SBP-5 AlEA TiO,9]
EA4 471 Ho|i SBP-5 AlEE tE AlFRoA B
o]A] 9= 1787, 1622, 1418 cm ™' F A7} BHPoH o]
= H39] g4 PJoz Hol §7] AE(diarylide
yellow pigment)el] ¢J3] Fed Aoz & 4 AUT}S

322 XRFO|| 2|3t =2HH otZo| H|w

ZH] AlE%] SBD-62 IR 2= ERFo|A T2 Al59}
22 TiO, 54 F57F Heh A k=l XRFIAM &

£ AR vl Ti7h v AEEHUL St FHaR

Table 3. Elemental composition of yellow pigment

) Major Minor Trace
SBD-6%} SBD-7 A&+ A4 x}&Fe] Ao 285 (>35 wi%) (10~35 wi%) (<10 wi%)
HJAEL} FAS otZd HEFIAZA] 1730 cm '] SBD-6 Si Bi, V Ti, P, Ca
carbonyl, 1550 cm™3} 815 cm™'9] @&yl E4 ¥ = SBD-7 Bi Vv, Ti Al, Si, P, Ca, Zn
2 29901 1260~920 cm™ JHAA A EERT T SBP-4 Bi V, Ti Ca, Zn, P, Al, Si
9] FjElo] k¥ o= 24y 9SS W) L SBP-5 Bi Ti, V Zn, Ca, Al, P, Si
— T ™
é w0l \\ — f/ E Eﬂ: 1 N n ! 1
5 1 NI NS, / € | / LAY 1
§ ' / 2 } KJ N b, AT
= i [ = ! V [ 7\ i
2 20 \ A 2 gl fi | \ N .
| vV . 1 1 \Y% |
. isBD7 S ~ '@isBD-7 : 1
5 \ Vv w01 1 :
S M~ ‘ ! ! 1
8 TN s ® ! ]
* 104 * mj L :_____.! L
o0 SBP-4 ) S isee-a Mo
; | g w04
. -
. mésap-s _— — ., . 5B O . “
g e - ‘\\ / L | @ |/ @ N ‘,‘/ “\
E L:l ~_ \/V\A.,\/\\ {; £ o] “U v VAN B
= i \ A # I I R \
1 , AvA ol Il
4000 3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1) Wavenumbers (cm-1)

Reflectance spectra

Fig. 4. FT-IR spectra of pigments in yellow paint.

ATR spectra
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Fig. 5. XRF spectra of pigments in yellow paint.
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= { = 60+ 1 1
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o . o / ' !
! | [V \f\/‘/‘ﬁ ! h ﬂ
= - = m? ! y 1 : /}JMl ‘
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Reflectance spectra ATR spectra
Fig. 6. FT-IR spectra of pigments in red paint.
AEEA O, Table 33} Fig. 55 =34 FUE StE 9 X AE=E Bic Pb tiAlell ARS-EE Qt&elth
XRFel| gk A4 2445 Yebliich SBD-7, SBP-4 3
SBP-5 A& 7] H|WE BiZl FU4AE ¥53 o2 33. MM HAE
AZEY O Fhhel Tish v, 1 949 AL Si P 331 FT-RO| 28t XA otzo| u|m
Ca Zo7b JThd F% Aol BATE w2 B AR SBDS ARE AE 90 AgEE 2UgENo
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Table 4. Elemental composition of red pigment

Major Minor Trace
(>40 wt%) (10~40 wt%) (< 10 wt%)
SBDS8 Ti Bi, V P, Al, Zn, Si, Ca
SBD9 Cl Ba, S Si, Al
SBD10 Cl Si S
SBP6 Ti Bi V, P, Ca, Al, Zn, Fe
SBP7 Cl Ba S, Si

2 SBD-99} SBD-10 A &0l Hla] <13+ AAko] 2 A
S 2 Ti0®] &4 F5E YR Fig 6914 B
£ Hle} o] x}A9] SBD-8, SBD-9 ¥ SBD-10 A&
= A =@ s SR 9} nRVIAZ ota Y
Agrle] B4 F3E FFHOE B o SBD-9¢
SBD-10 A1 &+ 3400 cm 2] of|2]3F N-H (primary amide
free) I T7F BP0} SBD-8 A|BolA = A7) Ho|
A gttt T3 2 Al 52 1300~1000 cm™ G
Al m Ao Al7le s e ztolzt AT W 9
SBP-6, SBP-7 Al olAd e 54 WAE FF
Ao g HAO} SBP-6 AR @] SBP-7 A=
A= 3400 cm™'2] N-H(primary amide free)S} 1495
cm 9] (unsaturated C=C) |25 H 2™, 1610~1320
cm™'#} 845~650 cm™! F oA H =] wElo] EEk)
SBD-8 A &9} SBP-6 Al ZE ztz} xpA| 9 W 7
S5 Y A4 FAJIER tE Algol HE)| 44
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o

&3] TiO7F gF= o] =

332 XRFO|| 2|t =AM ot=zo| H|W

SBD-8% SBP-6= Y A= IR 2 EF oA
TiO,9] EA40] UEWI XRFAIAE FA4E Tivt
AEHATE Table 4914 HE Hpe} 7+o] SBD-9,
SBD-10, SBP-7 Al5.9] F4%-2 Clo] HEHAoYs
HA49t v 949 Ba, Bi, S, Si 5 A2¥E 94
E0] olstith

34. MM moE

34.1. FT-Ro| 2|8t XM ot=o| d|m

SBD-11 A8 A% Ao|a SBD-129} SBP-8& %
%4 A(Onyx blue)®] &L Aoz Aol k7 z}o]
7} = AlEolth Fig 7914 Hi= ufel ho] ZA o
ALE e FAE ofad Wyl B4 H3rt 9loH,
HE = ol md A A7 AHSES & F AATh
T Aol xpA| 2] SBD-129F H¥ 2] SBP-8 AlFE
SBD-1191 H]&}l 3109~3014 ecm <} 700 cm™ F-ZollA]
aromatics®] E4 ¥ =7} e Y 1300~1045 cm™!
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Fig. 7. FT-IR spectra of pigments in blue paint.
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Table 5. Elemental composition of blue pigment

Major Minor Trace
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Fig. 8. FT-IR spectra of pigments in black body paint.
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