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JIRAPORN KERDKAEW : FORENSIC EXAMINATION OF FABRICES BY ATR-FTIR,

TGA AND DSC TECHNIQUES. THESIS ADVISORS : SUPACHAI SUPALAKNARI, Ph.D. 103 pp.

The objective of this study is to identify and differentiate types of fabrics by the techniques
of Attenuated Total Reflection Infrared Spectroscopy (ATR-FTIR) and thermal analysis (TGA and
DSC).Twenty-one samples were selected for the 'study. Eight fabric samples were of know
composition namely, 100% polyamide, 100% polyester, 100% natural cotton, 100% acrylic, 70%
bamboo + 30% long shape cotton, 65% polyester + 35% nylon, 40% milk silk + 30% long staple
cotton and 30% tolay velvet.

The IR spectraof the samples of known composition displayed characteristic peaks of the
functional groups present in the samples. By combining the IR results and data from thermal analysis,
80.9 % of samples studied ‘can be! identified -and distinguished. The techniques of ATR-FTIR and
thermal analysis employed in thisstudy are convenient methods.for the identification of fabric types

and may be used to help in the forensic examination of fabrics:

Program of Forensic Science Graduate School, Silapakorn University
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M3199 6 uaasn U LiNveduleriiaa1 9 (9)
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1anNM3veunAila Fourier Transform Infrared Spectroscopy (FT-IR)
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Y3903 1A999YDIWUTE (bending vibrations) A4 1UAINA 3

stretching vibrations:

/7

asymmetric stretching symmetric stretching

bending vibrations: @ @

/

in-plane bending

out-of-plane bending
or wagging

or scissoring

7

in-plane bending

4

out-of-plane bending

",

or rocking
or twisting

r . .
A 3 msduvesTuanalugduuuaie 9
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http://www.chemistry.sc.chula.ac.th/course info/2302275/ir-265.pdf
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a Y~ v A < 1 A R A [
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3600-3400 O-H stetching 3650-3590 cm " (sh, w) 1IBaND g000a5

3400-3200 cm (b) HANDIBANINANUTY

laTasau

3400-2400 cm’ (vs, vb) ATAMSUDNFAN

3500-3200 N-H stretching 32003400 cm (m) 1 teRuuazoliall 2 1oy

3200-3400 cm (W) 2 101uLazeNAY 1 11

3300 (vs) =C-—H stretching 3300 cm_léjahlﬂﬁﬁfl =C-H ﬁﬂamicﬁ
3100-3000 (w, sh) =C-H stretching aAUas U (919 1Uva1gNn)
3000-2800 C-H stretching ¥ CH, , CH ,la CH v049aInu
2850-2780 C-H stretching uoan laq

2250-2225 C=N stretching Tun3a (m)

2260-2100 C=C stretching sa'lail (w) Twanafiauinasee lutiuauil
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MMINN 7 ﬂ'ﬂllﬂellﬁ]\?ﬂ"liﬁ]ﬂﬂau5Qﬁ@u1/\]5"Ili@m@ﬂﬂgﬂﬂﬂ%uﬂﬁTﬂJmU?ﬂ%u@ (919)

1820-1760 (s)

C=0 stretching

J
woula'lasd (s) ¥ 2 uaw

1800 (s) C=0 stretching nsanaolsa
1770 (s) C=O0 stretching unu-Lan Iau
1735 (s) C=0 stretching BEINDS

1725 (s) C=0 stretching (oad laa

1715 (s) C=0 stretching Alau

1710 (s) C=0 stretehing ATANSUBNTAN
1690-1650 (s) C=0 stretching 10 lug
1650-1600 (w) C=C stretching oanu
1650-1590 (s-m) N-H bending 1° 193U
1650-1550 (w) N-H bending 27 1oiu
1620-1590 (s) N-H bending 1° 1olia
1550-1510 (s) N-H bending 2% 10%in

1600, 1580,

1500 tae 1450

C=C stretching

=y A Ao A 9 [
muclfugl,azmuwumwguwummmmﬂu

1 = A A g}J
UUUDUDIIY 2,3 UIDUNN 4 UDU

1520 (s) tag 1350 (s)

NO2 bending

asilszneululng

1465-1450

C—H bending

Wi CH,
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A = A 1 do A o a 1
MMINN 7 ﬂ'ﬂllﬂellﬁ]\?ﬂ"liﬁ]ﬂﬂau5Qﬁ@u1/\]5"Ili@m@ﬂﬂgﬂﬂﬂ%uﬂﬁTﬂJmU?ﬂ%u@ (919)

1450-1375 C-H bending 13 CH,

1400-1000 C-F stretching asilsznoungos lsa

1300-1150 CH,—X arssznowalanu

1300-1000 C-O stretching diresuaziemned

1220 C-O stretching Wuoa

1150 C-O stretching 3° upanagon

1100 C-O stretehing 2° paneden

1050 C-O strétching 1° eanodon

990 tag 910 C_H (OOP bending) | Safu (i 1My, RCH-CH,)
970 G H (QOP bending)’ | $aAu-(HLunui 2 Wi, wans)

890 CH (OOP bending) | S (Majunui 2 w1 , R.C-CH,)
815 C-H (OOP bending) | anu (Myjunudi 331, R,C-CHR)
700-690 C-H (OOP bending) | Sant (Mijunui 2 vy , cis)

750 1a% 690 C-H (OOP bending) | 1y (Myjunudl 1 1)

750 C—H (OOP bending) | iy (uyunudi 2 nyjunuoain)
780 Lag 700 C-H (OOP bending) | 1udu (Myjunufl 2 wyjuuinmn)
825-800 C—H (OOP bending) | udu (wyjunudi 2 vigjuuums)
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800-600 C-Cl asdsznovunanlsd
600-500 C-Br asdsznouTus lua
~500 C-1 msdsznovlelolaq

UGG : s = ANVITNGI, vs = ANUTUFNN , m = Anuduiunaig, w = anudue
vw = ANNANEINIA , Sh = Hauaw, b= n19, vb= 1319110, OOP = out — of — plane

M A Y a Y = A Y 2 Y
(M3duvanuBNIZUIL) NN : Uy waln, Nqud IR Widuie 19 wyieu 2557, 1o 1dn

http://www.chemistry.sc.chula.ac.th/course_info/2302265/Spectro.pdf
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High Frequency Low Frequency
(short, strong bonds) v=1720 cm™ (long, weak bonds)

Z W weak

Eeo
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medmum !
strong
= Functional Group Region - Fingerprint Region —

AT 5 FVBINIGANAUVDI- infrared spectrum
11 : Infrared theory , accessed-19 April 2014. Available fromhttp://chemwiki.ucdavis.edu/

Physical Chemistry/Spectroscopy/Vibrational-Spectroscopy/
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HanMsvaunNAin Thermal Gravimetric Analysis (TGA)
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HanmM3veunaiia Differential Scanning Calorimeter (DSC)
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http://dwb4.unl.edu/Chem/CHEM869E/CHEM869ELinks/qlink.queensu.ca/~6jrt/chem210/Page5.html
http://dwb4.unl.edu/Chem/CHEM869E/CHEM869ELinks/qlink.queensu.ca/~6jrt/chem210/Page5.html
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2. MsANEENTANIANNSoUVDIA 19N

AT UM mANIn e Ui 19 d10mATiA Thermogravimetric Analysis
(TGA)  Wag Differential  Scanning  Calorimetry  (DSC) lagm3idnsIgyisnemaiin  TGA
Fanos Tuunsui I8z ndensznnudefiduvenhminiimeld (%) dugamad (C )

Tuann 18

30A

30B

AW 30 M3 TUUNTUIAMATA TGA T8 30A Ao 100% Natural cotton, 30B Ao /'l
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100% polyamide 350 =500 99.221
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100% acrylic 300 -475 /| 70.525
70%Dbamboo 300 - 500 -83.134
30%longstaple cotton
65% polyester 350-500 | 88.246
35%nylon
40%milk silk 200-350 | 31.572 350-450 | 36.919
30%long staple cotton
30%tolay vekvt
Toraypoping 300-390 | 35.320 390-500 | 52.719
Japan sklk 275-375 | 24.321 375-500 | 61.400
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4 a d o 1 a 1
31N 13 HANINATIZHA0IRANANA TGA (919)

S’fare 350-500 | 86.742

Chiffon 350-525 | 87.511

Cotton 275-390 | 69.347 390 -500 | 19.594
Jeans 225-360 | 39.953 360 -450 | 38.413 450 - 550 | 5.328
Khaki 300-380 | 19.970 380-500 | 68.695
Lacework 350-475 | 98.895

X1 350 -500 | 84.520

X2 350-500" | 87.199

X3 350 -500" | 86.093

X4 275 -390 | 49.876 390-550 39.364
X5 350 =500} 83.069

d' 1 Y = d' aol Y g’/ v d' a A
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4 y . 2 A=) Y -
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NN 31 thermogram U®4 100% Natural cotton
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NN 33 thermogram U® Jeans

] 1 a 1 o a 4 a 1
VINHANIIANGUUBINATA ATR-FTIR $2NUMAMIAATIZHA0mANn TGA luasnd 13
Wy madia TGA awnsoswunfmdaiuluald ua ldamnsoduun 65% polyester WAy 35%

nylon, X1, X2, X3, X5 g Cotton, X4 Iag s’fare, lacework &
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NINANEITIUIU 21 YUA

r
v v v ! v
Ty 100% polyamide, 100% polyester, 100% natural cotton,cotton, X4 japan silk,
wAtla ATR-FTIR { , 100% acrylic, 70% bamboo HANAL 35% nylon, s*fare,
toraypoping
65% polyester NANNY 35% nylon, 40%milk silk WerNNU30% long staple khaki,
L X1, X2, X3, X5 cotton NU 30% tolay vekvt, jeans lacework
r
100% polyamide ™ 100% polyester | 100% natural cotton > japan silk
wAlA TGA . ¢ N R .
< > toraypoping > 100% acrylic »| 70% bamboo WEUN1 35% > Kkhaki
65% polyester WErNNU 40%milk silk WerUN1U30% long s*fare,
— >
\ 35%nylon, X1, X2, X3, X5 staple cotton AU 30% tolay vekvt lacework
jeans
Cotton, X4
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a S Y A o R o ' A v o
M3nTIZRAIematin DSC mos luunsui Idvzndensznnemsnlasunlasldndni
9 o a o =3 A A a da! 1A A 9
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Aa J Y . = =
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AN 34 Thermogram IMNAUADSC ¥94-100% natural cotton

{ 2 A
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S 1
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d' o w 1 Y ?x}/ @ ] a Y a 1 9 I'4
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4 o 14 1 a 4 [ 1
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CRLIEAR mawdemnlasniad 1
QaIHg An
(C) J/g)
v 160.50 132.11
100% polyamide 217.36 56.47
100% polyester 236.26 28.36
100%natural cotton 155.66 90.63
100% acrylic 241.30 17.87
70%bamboo 163.35 151.32
30%longstaple cotton
65% polyester 255.02 52.43
35%nylon
40%milk silk 312.25 221.99
30%long staple cotton
30%tolay vekvt
Toraypoping 226.38 62.68
Japan sklk 255.05 31.69
S’fare 249.57 4.81
Chiffon 249.61 19.95
Cotton 254.32 4221
Jeans 254.24 8.97
Khaki 156.10 47.72
Lacework 251.91 23.49
X1 250.97 44.49
X2 254.53 44.64
X3 256.93 44.02
X4 254.00 20.68
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A v
100% polyamide, 100% polyester, 100% natural cotton,cotton, X4 japan silk,
) 100% acrylic, 70% bamboo WENNU 35% nylon, s’fare,
toraypoping
65% polyester NANNY 35% nylon, 40%milk silk WerNNU30% long staple khaki,
X1, X2, X3, X5 cotton NU 30% tolay vekvt, jeans lacework
100% polyamide ™ 100% polyester | 100% natural cotton > japan silk
»| toraypoping > 100% acrylic | 70% bamboo HAUNU 35% » khaki
65% polyester WErNNU 40%milk silk WerUN1U30% long s*fare,
—p '
35%nylon, X1, X2, X3, X5 staple cotton AU 30% tolay vekvt lacework
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—> X5 Cotton, X4 o
w
—» s’fare
65% polyester WU
S » Cotton, X4 L
lacework

35%nylon, X1, X2, X3
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