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Examination of automotive paint flakes by A Attenuated Total Reflectance
Fourier Transform Infrared Spectroscopy (ATR-FTIR) and Color determination
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Abstract

The purpose of this study was to explore the use of Attenuated Total Reflectance
Fourier Transform Infrared Spectroscopy (ATR-FTIR) technique and color measurement on
spectrophotometer to diffentiate automotive paints. Thirty-three samples of automotive paint
flake were collected randomly from cars of different brands. The IR spectra of all samples
displayed a similar spectral profile in the mid-IR region (4000-600 cm ). Therefore, the method
use in this study may not be applicable in the discrimination of automotive paint. However,
the paint samples had different color values (in CIE L*a*b* color space) as measured by the
spectrophotometer in the visible region (360-800 nm). It is possible to use the color value of

the paint sample to identify the vehicle as the source of the sample.
Keywords: car's flakes / ATR-FTIR / CIE L*a*b*
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A15719% 3 tavrauinulualnnsunlaannnisiesizy ATR-FTIR

SV %T Wave number(cm ) Functional group
O-H(stretching),
95.8,86.2,86.8,92, | 2957,1688,1461,1382,764,7
S1-0 N-H, O-H(phenol),
80.7.84,83 01
Ar-H(bending)
O-H,C=0(stretching),
87,80,49,51,77,56, | 3364,2926,1716,1688,1536, CH(bending),
S1-1
73,63,57,51 1463,1382,993,764,701 C-O(stretching),
Ar-H(bending)
N-H, C-H(m),0-H(phenol),
S1-2 88.5,89,88.5,84 1685,1459,1130,764
Ar-H(bending)
3374,2927,1724,1685,1602, O-H(stretching),
89,79,51,53,83,80, | 1540,1494,14652,1381,1336 C=0,N-H(bending),
S1-3
80,51,70,75,45,49 ,1142, C-N (stretching),
764 Ar-H(bending)
O-H(stretching),
97.5,88.5,88.5,86, C=0(aldehyde), C=C,
S1-4 2933,1685,1459,1135,763
83 O-H(phenol),
C-O(stretching), Ar-H(bending)
O-H, C=0(stretching),
88,93,76,71,87,73, | 2924,2854,1724,1685,1493,
S1-5 C-N,C=0O(stretching)
85,73,73,65 1453,1376,1162,1029,761
Ar-H(bending)
98,95,78,93,79,87, | 3374,2932,1686,1538,1460, O-H, C=0(stretching)
S1-6
84,86,80,78 1367,1246,847,764,700 N-H(bending),Ar-H(bending)
O-H,C-O(stretching)
S2-0 98,94,94,92.5,92 2921,1725,1463,764,701
Ar-H(bending)
C=0,C=C(stretching),
S2-1 89,87.5,83,82.5 1685,1459,764,700
Ar-H(bending)
O-H(stretching),C=0, N-
95,86.5,83.5,83.8, | 2926,1722,1684,1461,1380,
H(bending), C=C(stretching)
S2-2 | 91.5,87,84,81.5,81 1238,993,764,
C-N(stretching), O-H(phenol),
2 701
Ar-H(bending)

121



aninermansuazinalulad Veridian E-Journal, Science and Technology Silpakorn University

Uit 4 adudl 4 Wou NINYIAU-FMIAN 2560 Volume 4 Number 4 July - August 2017 ISSN 2408 - 1248

A15197 3 veaunnUlualnnsunleaInnIsIAs1zs ATR-FTIR (519)

C=0, C=C(stretching),
S3-0 94,94,91.8,93 1687,1463,1143,763
C-O(stretching), Ar-H(bending)
3375,2936,1719,1689,1533, O-H(stretching),
95,84,50,56,81,60,
S4-0 1464,1383,1235,1074,992,7 C=0(stretching),C-H(bending),
75,62,67,68,60,51
63,701 O-H, Ar-H(bending)
O-H(stretching),
94,89,68,67,69,83, | 3388,2928,1722,1686,1461,
G1-0 C=0(stretching), C-O(stretching),
62,67 1381,1141,763
Ar-H(bending)
O-H(stretching),
G1-1 96,89,88.5,83,82 2934,1684,1453,1030,760 C=C(stretching),C-N(stretching),
Ar-H(bending)
95.5,88,91,83.8,85 O-H(stretching),
2922,1719,1454,1142,1017,
G2-0 5, C=0(stretching), O-H(bending),
760
87.5 C-O(stretching),Ar-H(bending)
93,87,63,59,86,63, | 3385,2932,1722,1685,1529, O-H(stretching),
G2-1 80, 1461,1379,1238,843,764,70 | C=O(stretching), O-H(bending),
70,83,64,64.5 1 C-O(stretching), Ar-H(bending)
O-H(stretching),
96.5,90.5,78.3,78. | 3364,2928,1714,1688,1533, C=0O(stretching), O-H(bending),
W1
5,91,80.5,88,77,80 1461,1380,1142,764 C-H(bending), C-O(stretching)
Ar-H(bending)
83,71,77,58,54,80, | 3373,2922,2851,1722,1686, O-H(stretching),
W2 56, 1539,1462,1380,1031, C=C(stretching),C-N(stretching)
78,35,64 912
2922,1719,1256,1118,
W3 | 96.5,92.5,92,91,91 O-H(bending), C-N(stretching)
1068
wda 93,93.5,90,87 1719,1466,1250,1017 C-N(stretching)
O-H(stretching),
92,93,77,88,50,42, | 3375,3027,2931,2859,1725,
O=C-H(stretching),
85, 1686,1602,1534,1494,1462,
B1-0 C=0O(stretching),
83,78,46,73,76,52 | 1379,1335,1156,1072,1030,
C=C, C=0(stretching),
,66,70,84,49 844,763
O-H(bending), Ar-H(bending)
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92,84,55,82,50,77, | 3373,2934,1720,1529,1460, O-H(stretching),
B1-1 75, 1381,1335,1236,1146,995,7 C=0O(stretching), O-H(bending),
60,47,65,51,56 64,701 C-N(stretching) Ar-H(bending)
89,71,83,31,42,85,
80, 3385,2933,2874,1723,1689, O-H(stretching),
B2-0 | 45,67,47,4550,55, | 1602,1534,1464,1383,1239, C=0O(stretching), C=C,C-O
70 1070,995,966,847,764,701 C-N(stretching), Ar-H(bending)
,50,43
98.9,96.2,96.4,95. O-H(stretching),
2933 1684,1461,1384,764,7
B2-1 6, C=0O(stretching), C-O,
01
95.8 Ar-H(bending)
94,77,82,82,74,78, O-H(stretching),
2947,1724,1688,1453,1132,
B3-0 72, C=0O(stretching), C-O,
1031,760,700
56.4 Ar-H(bending)
92,71,75,76,84,63,
2947,1723,1689,1454,1383, O-H(stretching),
DB1 63
1135,1072,1030,845,761 C=0O(stretching), Ar-H(bending)
,62,83,64
87,77,46,37,77,41, | 3378,2932,1718,1686,1529, O-H(stretching),
DB2 56 1461,1367,1335,1246,848,7 C=N(stretching),C-H(bending)
,72,53,60,48,44 64,701 C-N(stretching), Ar-H(bending)
87,89,35,78,56,68, O-H(stretching),
3363,2949,1720,1534,1453,
GR1 39 C=0(stretching), C-H(bending)
1382,1071,846,763,701
,68,46,37 C-N(stretching), Ar-H(bending)
O-H(stretching),
3379,2957,1722,1688,1529,
95,89.5,68.5,71,92 C=0(stretching), C-H(bending)
GR2 1464,1383,1237,992,764,70
)74’86)76776)74}70 C:C, C—O(Stretchlhg),
1
Ar-H(bending)
O-H(stretching),
93,89,76,73,74,84, | 3374,2924,1719,1685,1461,
R1 C=N(bending),0-H(bending)
68,70,67 1381,1141,1031,763
C-N(stretching), Ar-H(bending)
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A15199 3 vmduinuluaunnsunlaannnisiesied ATR-FTIR (519)

I %T Wave number(cm-1) Functional group
91,83,57,84,54,76, | 3379,2932,1722,1529,1461, O-H(stretching),

R2 80 1381,1335,1238,1145,993,7 C=0(stretching),N-H(bending)
,65,51,70,60,64 64,701 Ar-H(bending)
86,73,31,39,78,43, | 3385,2932,1724,1688,1534, O-H(stretching),

R3 66,66,74,44.63,67, | 1461,1384,1368,1336,1240, C=0(stretching), N-H(bending)

50,63 990,846,765,702 C-N(stretching), Ar-H(bending)
3354,2925,1719,1601,1537, O-H(stretching),
93,86,65,87,86,85,
R4 1494,1453,1381,132,1073,1 | C=O(stretching), C-N(stretching),
70,80,64,65,67,60
030,761 Ar-H(bending)

A5 4 LaUARULAEALLIDIAUTENDUVDIAYETOEUA B1-0 Honda(accord)

Lﬁ‘llﬂ?ilu 3375,3027 2931 1725, 1686 1462 1156 763
O-H
9 (stretching), C=0 Cc=C C=0 O-H Ar-H
ﬁﬂﬁ%u O=C- (stretching), | (stretching), | (stretching), | (bending), | (bending)
H(stretching),

anasuiildfinnuaaiendsiu arnawnesuvenavdsasusinamaia ATRFTIR wufingas
@vRduUsEINa 3700-2800 cm’ demasndufinues CH  stretching  we3dawAu finves C=0
stretching V048aflarfignsndu 1725 cm-1 finves C-H bending 7igepdu 1465-1450 finwes C-O
Tutrapdu 1300-1000 cm * daduansmnieaons wasfinves ArH Tugasedu 770-730 Faduaisnan
wud Tnglunsazdogisasiiavaduilndifssty wiazilinsganduuasiivinsiu uazlutas 1820-
1760 awnesuveudaziegnuasuanifinvesinawesdaiuasildlunisiniedavesdilily

& 1 aa = a =
PAFINNITNINYUALTU BYATAN YINU DNDNY

N5ATIERRUAMNAINYRIAEEsAsuAlaamALla Color Spectrophotometer lagLAToq
Agilent Cary 60 UV-Vis Spectrophotometer ilauadu 830-360 nm lngnsiageudlusguu CIE Ao L*
a* b* aglaaunasuNIANULANA19 UL 19TALIUAIRISIT 2 ANFRegaUnRSUTLANLAWE DU

= I Ay v o = o Ay v = sy
FALAIRNNYNRDAUAININN 6 LLagaL'Uﬂm3uﬂ1ﬂﬁnﬂLﬂUaiﬂﬁlumasﬂq'§ 7
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AN5197 5 ANNTASYIOULES L* a* b* U090 1uAyasnaus

I ¢ atuii 4

@vInemansuaznalulad

Wou NIngIAN-GmnAN 2560

i | s Bva L* a* b*
1 S1-0 | Toyota-Nn4652 UATUTH 81.2630 -0.0662 5.8785
2 S1-1 | Toyota(vios)-nn1453 Eﬁ%‘lﬁ 97.8297 -1.0160 2.4163
3 | S1-2 | Toyota(vigo)-nu7901 &s¥ys | - - -

4 | s1-3 | Toyota(vigo) 98.4904 -1.7335 6.1433
5 S1-4 | Toyota(camry) 92.3597 -1.8953 -2.4922
6 S1-5 | Toyota(altis) 100.231 -1.1604 3.9020
7 S1-6 | Toyota(corolla) 94.3101 -2.4592 -1.6318
8 S2-0 | Honda(city) - - -

9 S2-1 | Hondal(civic) 93.8177 -0.6976 3.0907
10 | S2-2 | Honda(civic) 94.2212 -1.1360 3.4251
11 S3-0 | Mitsubishi 1200 78.7163 -0.4519 5.5835
12 | S4-0 | Nissan-nA779 awy% 93.9385 -1.4270 4.4973
13 G1-0 | Isuzu(d-max) 73.5978 1.9166 13.4724
14 | G1-1 | Isuzu 93.6586 0.3602 10.7431
15 G2-0 | Honda(city) 93.6586 0.3602 10.7431
16 G2-1 | Hondal(civic) 81.3284 1.4151 11.9270
17 | W1 Mazda(BT50) 97.2804 -1.9274 6.3904
18 | W2 Toyota(vios) 95.2124 -0.8761 8.9070
19 W3 Ford 102.518 -1.9501 8.4509
20 | w4 Isuzu(d-max) 97.1924 -3.5238 4.3186
21 B1-0 | Honda(accord) 15.0358 -0.3184 -4.0267
22 B1-1 | Honda(city) 16.9209 -0.5880 -3.2698
23 B2-0 | Isuzu-un171 aﬁmﬁ 26.8767 -1.3841 -2.1823
24 B2-1 | Isuzu-n37654 Eﬁwﬁ 9.8201 -0.3748 -1.7568
25 | B3-0 | Toyota(corolla) 53.8464 -0.9959 2.5896
26 DB1 Nissan(bigM) 24.4035 -3.8066 -4.8561
27 | DB2 | Toyota-5129 aw*uﬁ 30.8087 -3.4764 -71.3256
28 | GR1 Isuzu 26.5807 -7.8082 -0.0959
29 | GR2 | Toyota-ud4500 asmﬁ 30.2757 -7.1395 0.6472
30 R1 Datson 37.2038 32.3018 12.2878
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AN9N 5 ANNTALNDUKED L* a* b* 9996108 14AvESeUR (58)

31 R2 Mitsubishi(lancer) 27.4951 26.5825 8.1656
32 R3 Honda(city) 38.2865 63.4779 40.2394
33 R4 Hyundai 333187 55.7825 30.5376
() ldanunsansieaeuld eswnuunvesiietng
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= o= =
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o

AN 5 AUNATUNTAZYIDULAIUDILAYATOIUARLAYINED D A9 Honda-city (R3), Hyundai (R4),

Datson (R1) wag Mitsubishi-lancer (R2) @1ua1eu

White Yellow
100+ 100-
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60+ S T
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0+ -100 T T l
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A 6 fegsaiunasulunsasiounasaulfvoAvdsosunauns Hyundai (R4) dan

L* = 33.3187, a* = 55.7825 Wag b* = 30.5376 mud1u
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A 7 fregrenmadnasulunisazvioulasaulfveaAedsngunav1d Mazda-BT50 (W1) fen L* =

97.2804, a* = -1.9274 waz b* = 6.3904 AIUAIAU

ANANT 12 way 13 WWuanasuauiifvesiegaAedsasuddine Hyundai R4 way
Mazda (BT50) W1 anusndiunuinfiegaawdsasudiinisasviounasiisnaiulunndiet1ed uavdvie

= o

Jevhlanansaseysosudld Nalldsanansavenlaitfmegiseglutisvesdla 3na1sei 13 uansdieans

4 1 a LY
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Y1 aa <
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d5UNaN15IY
wwdsngudnegluiiamaiuianudidyegrauin dmfududuundeiiuivesawdain

sopudila Famsueaduseniuarduliannsossyldin Dusasudduls asiuisfosihnim e
Aaszid ilelianunsasyyfsnsudluiifamgvielal 91nmsiinseifedaavisasuidaudaiy
NENAUTOUARY, UTOUANDY, V13, 91, Gy, 197 wazune lagia3es ATR-FTIR wWowSsuieulutag
Adu 4000-600 cm ' vedusazdvio nudlifinrmuandistusgistaiay safiesdasnisganduuag
wirtiu Tnemndegnagnumyilaidu C-H stretching favaduuszana 3700-2800 cm* Faududiaves
YOITAAU FIARY 1725 cm - WAYEI C=O stretching A199AAY 1465-1450 cm firvesdadles a9
AAU 1300-1000 cm WAv9s C-H bending fiAves C-O daduasminioaiens wazluraandu 770-
730cm” 999 ArH - Baduasdwanivudu wasuenaniuansanativedindmes luras 1820-
1760cm vesusiaziiegns dseraiduarsililunisinmedavoseynadildlugnamnssusnsudivu

9¥ATAN Y3V BNend NaenrdediuawiIdeves Eyring M. B., (2001)
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