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@ Povrchové apravy dopravnich prostredkii
e automobily, motorky, kola, lodé, letadla
e typicky presny priimyslovy proces
e vice rtiznych vrstev
@ Povrchové Gpravy nemovitosti
o zdi, okna, dvefe, ramy, sejfy, naradi, ale i tfeba graffiti
e obvykle jedna vrstva
e méné standardizované
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Autolaky

typicky presny priimyslovy proces
vice rtiznych vrstev

prakticky vsechny mozné barvy od bilé po

Cernou (vCetné)
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Ochrana povrchu automobild

Min. Ctyfi vrstvy — pretreatment — primer — topcoat — clearcoat

& - =
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Vrstvy laku

@ clear coat

e vrchni vrstva bez barviva nebo pigmentu

o nastfikana pres barevné vrstvy jako ochranny film

e obvykle akrylat, tloustka 35-50 um

e dnes presun k dvouslozkovym urethantim
@ topcoat (base-colour coat)

e urcuje finalni barvu

o film 15-25 pum, akrylat + rozpoustédlo melamin

e prechod na vodou feditelné (ekologie) — slozita feSeni na bazi latexu,
bez tézkych kovii
bud &isty pigment, nebo v&. hlinikovych vlocek (metaliza) nebo
slidovych vlocek pokrytych TiO, a FepO3 (perletovy efekt)
Goodpaster, J. B., Analysis of Trace Evidence Using Microspectrophotometry and Multivariate
Statistics. In 2007 Trace Evidence Symposium, Clearwater Beach, Florida, 2009. Davies, G.,
7.4.3 Environmental Improvements in the Automotive Paint Process. In Materials for
Automobile Bodies, Elsevier. http://app.knovel.com/hotlink/pdf/id:kt00A7CGE3/materials-
automobile/environmental-improvements.
Koons, R. D.; Peters, C. A.; Rebbert, P. S., Comparison of refractive index, energy dispersive
X-ray fluorescence and inductively coupled plasma atomic emission spectrometry for forensic

characterization of sheet glass fragments. Journal of Analytical Atomic Spectrometry 1991, 6
(6), 451-456, DOI:10.1039/JA9910600451.
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Obvyklé ptvodni vrstvy laku
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Figure 5.3 Diagrammatic representation of common original automotive finish layer
structures. (See insert for color representation.)

Ryland, S. G.; Suzuki, E. M., Analysis of Paint Evidence. In Forensic Chemistry Handbook,
John Wiley & Sons, Inc.: 2011; pp 131-224. http://dx.doi.org/10.1002/9781118062241.ch5.
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Pocet vrstev miize byt i vyssi

LT

Figure 5.6 Cross section of a seven-layer automotive paint sample mounted on a micro-
scope slide with a 1.56 refractive index mounting media and coverslip and viewed with
transmitted brightfield light on a polarized light microscope. Layers 1 and 3 are clearcoats,
layers 2 and 4 are basecoats with a decorative flake in them, and layer 5 is a color-
coordinated primer followed by two additional primers (layers 6 and 7). (See insert for
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Nejbéznéjsi pripad

Ulomek laku pfi ,hit-and-run“ nehodé
@ Prvni krok

e urceni pocCtu vrstev
e zjistit, jestli to je OEM vzorek (original equipment manufacturer) —
pokud ano, tak mtiZzeme prozkoumat referenéni tabulky jako napt.
e AKZO Colormap (AKZO Nobel Coatings)
@ Nexa Autocolor (PPG Industries) - ty jsou pouzivany opravnami a
mapuji barvu s moznymi znackami a modely automobilu

@ Druhy krok — IC spektra a jejich srovnani

Muehlethaler, C.; Gueissaz, L.; Massonnet, G., Forensic Paint Analysis. In Encyclopedia of
Forensic Sciences, Siegel, J. A.; Saukko, P. J., Eds. Academic Press: Waltham, 2013; pp
265-272. http://www.sciencedirect.com/science/article/pii/B9780123821652001094.
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|C spektra a jejich srovnani

Representative Spectra of Clear Coat(A), E-
coat(B) and Primer(C) Layers
Spectral range used for study: 600 em™ to 1500cm! ya ™
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Fig. 1. Representative IR spectra of the clear coat, e-coat, and primer paint layers.

Lavine, B. K.; Fasasi, A.; Sandercock, M., Improving PDQ database search strategies to

enhance investigative lead information for automotive paints. Microchemical Journal 2014, 117
0 _ DOI-httn-//dx dai oro 0 1016/i micrg 4 06 00
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|dentifikace

Identifying a motor vehicle from microscopic paint chips left at the crime

Sample Analysis —» Instruﬁent Data — Vehicle Identification

Lavine, B. K.; Fasasi, A.; Mirjankar, N.; Sandercock, M., Development of search prefilters for
infrared library searching of clear coat paint smears. Talanta 2014, 119 (0), 331-340,
DOl:http://dx.doi.org/10.1016/j.talanta.2013.10.066.
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Forenzni specialista

Forenzni specialista sbirajici vzorky barvy z €asti auta. Za pouziti
mikroskopu hleda drobné stopy barvy zanechané po kolizi s jinym autem.
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Vzorek muze byt opravdu maly...

Figure 5.5 Paint fragment placed on the date of a penny for sample size perspective.
(See insert for color representation.)
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Severni Amerika

USA: Do 1990 se spoléhalo na The Reference Collection of Automotive
Paints (Collaborative Testing Services, 1989)
komplexni soubor piivodnich povrchovych Gprav pouzitych na americkych
automobilech v 1974-1989
dvé hlavni omezeni — neobsahovalo:

@ celou povrchovou Gpravu (vE. primerd + undercoats)

@ importovana vozidla (tj. vhodné jen pro ,domaci” (US) automobily)
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Systém identifikacnich kodi

The Reference Collection of Automotive Paint - Technical Data booklet
(Collaborative Testing Services, 1989)
— pfifazeni typu vozidla ke kédu barvy
Obsahuje informaci
@ vyrobce barvy
@ slozeni pojiva (binder)
@ rok, kdy byla poprvé pouzita
Priklad: stejna barva (tmavé modra nemetalicka, monocoat)
NC84 0830 BASF Inmont; akrylové pojivo smaltu; poprvé vyroben 1984
pouzito na: Jeeps a American Concords, Eagles a Spirits
KN82 L 0830 starsi barvy: pismenny kéd, L = modra
Glasurit America; nevodné disperzni pojivo smaltu; poprvé vyroben 1982

pouzito na: Jeep Cherokees a American Alliances, Eagle 30s, Eagle SX4s a
Encores
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Infracervena spektra
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Forensic Chemistry Handbook edited by Lawrence Kobilinsky, 2012, WILEY
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Figure 5.13 Infrared spectra of rutile, anatase, and two yellow nonmetallic automo-
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tive monocoats from the Reference Collection of Automotive Paints. The monocoats are
identified by their Reference Collection codes: (A) rutile; (B) anatase; (C) LC81H0506;
(D) KC81H0506. Both monocoats have acrylic melamine enamel binders with styrene
and contain rutile, Nickel Titanate, and an organic pigment. KC81HO0506 also contains
hydrous ferric oxide. [From Suzuki (1096b); copyright © ASTM International; reprinted
with permission.]
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@ Po r. 1989 jedina komplexni kolekce orig. automobilovych aprav FBI

e 1994

o the Scientific Working Group for Material Analysis (SWGMAT) fesila

tento problém
https://www.asteetrace.org/swgmat

e ziskala financovani pro rozsifeni existujici databaze Paint Data Query
(PDQ) udrzované laboratofemi Kanadské jizdni policie

e dnes je vytvarena spolupraci mezi Kralovskou kanadskou jizdni policii
(Royal Canadian Mounted Police, RCMP) a Federal Bureau of
Investigation (FBI) financovanou National Institute of Justice (NIJ)
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Kanadska Jizdni Policie

https:
//nij.ojp.gov/library/publications/pdq-tracking-down-vehicle
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PDQ - Paint Data Query

https://www.nist.gov/system/files/documents/2016/11/04/
hodgkins_-_pdq_-_intl_forensic_automotive_db.pdf
prezentace o této databazi

zaznamy vzorki analyzovanych automobilovych laka:

o fyzické atributy
@ chemické slozeni
@ IR spektrum kazdé vrstvy laku automobilu

slouzi k urceni vyrobce, znacky, modelu a roku vyroby podezfelého
automobilu

Lavine, B. K.; Fasasi, A.; Mirjankar, N.; Sandercock, M., Development of search
prefilters for infrared library searching of clear coat paint smears. Talanta 2014, 119 (0),
331-340, DOI:http://dx.doi.org/10.1016/j.talanta.2013.10.066.
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Historie PDQ

Historie
@ Projekt bézi od r. 1996

@ Postaven na ptivodni databazi kouskd automobilovych laki, vytvorené
pred 25 lety
o Pivodni databaze — stejny obsah
o sbirka vzorki laki
jednotlivé vrstvy analyzovany pomoci IR spektroskopie
byla na mainframu RCMP, pak zabirala pfilis mnoho mista, z
mainframu ,vyhozena"
1993 vyvinut program na PC (MS Windows, databaze Paradox for
Windows)
od r. 2013 na Visual Basicu
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Dostupnost PDQ

r. 2016 spojovalo 102 laboratofi, Software pro PDQ placena z granti plus:

@ vyuzivajici agentury musi zasilat vzorky z ulic (vrakovisté nebo mista
¢inu) FBI nebo RCMP
e analyza + zahrnuti do databaze
o vzorky z mista Cinu pouze kdyz byly ovéfeny pomoci VIN (Vehicle
Identification Number) — v r. 2016 to bylo 60 vzorkii/rok pro kazdou
agenturu
o rozdéluji se na auta mladsi nez 6 let a starsi

https:
//forensiccoe.org/identifying-an-unknown-paint-system/
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Obsah databaze

vice jak 13 000 vozidel knihovna
vice jak 50 000 vrstev laku
automobily Severni Ameriky od r. 1973 vice jak 60 % vzorki je ,,z ulice”
ziskavani novych vzorkd
@ ze zacatku velka zavislost na vyrobcich, ktefi vsak nechtéli davat
slozeni lak

@ analyza a spoléha se na IR data
@ data od vyrobci, ale kontrola pomoci vzorki z ulice

rocné sebrano cca 1 500 vzork, cca 500 vybrano pro analyzu a pfidani do
databaze

uzivatelé - vice jak 100 mezinarodnich Gcastniki (Kanada, USA, Australie,
Novy Zéland, Japonsko, Singapur, EU)
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Fungovani

PDQ navrzeno jako obecny textovy databazovy systém
Hlavni problémy:
@ presné hledani IR spekter

e pouziti textu pro kédovani chemickych informaci o kazdé vrstvé

e hledani vyzaduje kédovat IR spektrum podle uréenych pravidel a hledat
v téchto kédech v databazi

e primé hledani IR spekter neni

o komeréni softwary neumi rozlisit jemné rozdily mezi IR spektry
jednotlivych modelt (velké mnozstvi velmi podobnych spekter)

@ textovy systém neumoziuje hledat ,clear coats”

e ty jsou kédovany jen jako acrylic melamine styrene, nebo acrylic
melamine styrene polyurethane

o zadné dali vlastnosti (anorganické vyplné nebo pigment) = clear coat,

ktery neni pfifazen k barevné nebo jiné podkladové vrstvé, nelze
poradné hledat
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Munsellav systém barev

Value‘ Munsell Color System

Chroma l

Purple-Blue Bl

Blue-Green

Kazda barva je charakterizovana tfemi slozkami: — hue — value — chroma
5 zakladnich barev: — red (R), yellow (Y), green (G), blue (B), purple(P)
5 smiSenych barev yellow red (YR), green yellow (GY), blue green (BG) ,
purple blue (PB), red purple (RP)

Priklad zapisu barvy: 5P 5/10 (Purple, hue 5; value 5; chroma 10)
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Buckle, J. L.; Macdougall, D. A.; Grant, R. R., PDQ—Paint Data Queries:
The History and Technology Behind the Development of the Royal
Canadian Mounted Police Forensic Laboratory Services Automotive Paint
Database. Canadian Society of Forensic Science Journal 1997, 30 (4),
199-212, DOI:10.1080/00085030.1997.10757099.
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European Paint Group (EPG)
— vytvorena 1997, (28 laboratofi z 15 zemi)
Cile stanovené r. 1997:

Vytvoreni European Paint Collection

Vytvoreni kombinované databaze laki
Provadéni spolec¢ného cviceni na Evropské arovni

Doporuceni std. operacnich postupii pro zkoumani laki

Vyménu aktualnich informaci ohledné analyzy laki véetné soudnich
pfipadii

o Koordinace kombinovanych vyzkumnych projekt
Becker, S., Trace evidence: A European perspective. In 2007 Trace
Evidence Symposium, Clearwater Beach, Florida, 2007.
https://archive.gfjc.fiu.edu/trace/docs/final /Tues  830AM/S Becker%20trac
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EUCAP: European Collection of Automotive Paint

https://wuw.nist.gov/system/files/documents/2016/11/04/
becker_-_eu_tape_paint_glass_data_sets.pdf

EUCAP: European Collection of Automotive Paint

¢ EUCAP — member =
crime laboratories from
23 European countries


https://www.nist.gov/system/files/documents/2016/11/04/becker_-_eu_tape_paint_glass_data_sets.pdf
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Proces tvorby EUCAP
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Trace evidence: A European perspective
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Sample collection

Sample collection at BKA Wiesbaden/ Germany ~20.000 samples
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EUCAP

IC spektralni knihovna:

@ Spreje: 1019 spectra

o Nastroje: 446 spectra

@ Barvy a pigmenty: 649 spectra

@ Rizné: 3218 spectra

@ Lepidla a lepici pasky: 6007 spectra
Raman spektralni knihovna:

o Barvy a pigmenty: 2753;

@ Anorganické: 178 spectra
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Zajimavost: distribuce barev automobili
Australska studie (Sydney) — dva mista sbéru vzorka: 1) auta v ulicich ve
mésté a 2) na predmésti (pres 5 tis. vozidel) — stopy barev na sloupech v
péti garazovych domech
Nejcetnéjsi

@ prvni studie: bila, 3eda, erna, modra

@ druha studie: modra, bila, Cervena, stribrna
Pravdépodobné davody pro rozdily

@ Seda = stribrna

@ Cervena barva — pracovni vozy v parkovacich domech

o bila barva — sluzebni vozy

o atd.

Nejméné pocetné — zluta, oranzova, fialova, hnéda
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Historie vs. vyvoj

Je potreba

— znat historii, protoze zlo¢in bude spachan spise starsim vozem, ne
nejnovéjsim sportovnim modelem

— sledovat novy vyvoj v priimyslu
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Dalsi informace

SWGMAT - Scientific Working Group for Materials Analysis - Paint
Subgroup

https://www.asteetrace.org/subpaint

European Paint and Glass Group (EPG-EGG) of the European Network of
Forensic Science Institutes (ENFSI)
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