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KITTISAK  HANGHIRUNYAWONG : DETERMINATION OF DENSITIES AND
REFRACTIVE INDECES OF GLASSES AND MEASUREMENTS TO THERMAL
PROPERTIES OF SOME PLASTIC AUTOPARTS BY DSC AND TGA TECHNIQUES.
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The research project in this thesis is composed of two parts. The first part is the study
on the measurements of refractive indices and densities of glasses by the Becke line method and
the method of water displacement respectively. The aim was to use the two parameters for the
identification of glass types. Eleven types of glass were chosen for the study. The refractive
indices of the samples were in the range of 1.47258 — 1.52363 while the densities of the samples
ranged from 1.932 g/cm3 to 2.451 g/cmS. The two parameters were found to be characteristic for
each type of glass with the exception of the values for float glass and soda bottle which were
found to be nearly identical.

The second part of the project is the examination of thermal properties of plastics car
parts using the Differential Scanning Calorimetry (DSC) and Thermal Gravimetric Analysis
(TGA). Seventeen plastics samples of the exterior car parts were selected for this work. These
parts can be commonly found in the scenes of car accidents. In the DSC thermograms of the
samples studied, one or two endothermic peaks were observed in the temperature range of 162 —
484°C with the AH values in the range of 5.76 — 20.54 J/g. The TGA thermograms displayed
one or two onset temperatures of the mass change in the range of 115.85 — 931.16°C with the
percentages of mass loss in the range of 1.95 — 100.00%. From the DSC and TGA data, it is
possible to distinguish samples into three groups. The first group is for samples made of
polypropylene, namely the front bumper, the license plate frame and the headlight lens. The
samples in the second group are the side skirt, the rear bumper and the plastic part of outside-rear-
view mirror. These samples are made of acrylonitrile styrene acrylate. The last group is for the
other samples of unknown plastic type. However, the results from this study have demonstrated
the possibility of using the DSC and TGA techniques in the identification of plastic samples

collected for forensic examination.
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AN 6 NIZINAZNOULLE

A s. Kanakaraju Chetty and Son, Reflective glass [Online], accessed 20 january 2012.

Available from http://www.skcglass.com/products.php
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e Toughened / Tempered Glass (DF-02) [Online], accessed 20 january 2012. Available from
http://dongfa-glass.en.made-in-china.com/product/PMY QKmgqJqtho/China-Toughened-

Tempered-Glass-DF-02-.html |
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11 : Sealed Insulating Glass [Online], accessed 20 january 2012. Available from
http://www.made-in-china.com/showroom/blueskyglass/product-detail QpHnuwUoYepi/China-

Sealed-Insulating-Glass.html
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117 : Eric Ablett et al, Applications of Total Internal Reflection [Online], accessed 18 january

2012. Available from http://201 1sec2lss.wikispaces.com/Applications+of+ Total+Internal+

Reflection
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117 : Leno S. Pedrotti, Basic Geometrical Optics [Online], accessed 18 january 2012. Available

from http://cord.org/step_online/st1-3/st13ei4.htm
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Friedrich Becke
(1855-1931)

NN 17 Friedrich Johann Karl Becke

111 : Michael W. Davidson, Friedrich Johann Karl Becke [Online], accessed 20 january 2012.

Available from http://micro.magnet.fsu.edu/optics/timeline/people/becke.html
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Formation of Becke Lines

Above
Focus

Becke
Outslde
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Inside

2 18 Juuunmsadu Becke line

117 : Michael W. Davidson, Friedrich Johann Karl Becke [Online], accessed 20 january 2012.

Available from http://micro.magnet.fsu.edu/optics/timeline/people/becke.html
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11 : Shoes Cover [Online], accessed 21 january 2012. Available from http://www.advance-

pack.co.th/contents.php?cat=9
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11 : About DAco-Trade Ltd [Online], accessed 21 january 2012. Available from http://daco-

trade.com/
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N A3 é}ﬁﬂﬂ [mmwh], HDPE High Density Polyethylene [Online], accessed 21 january 2012.

Available from http://www.foodnetworksolution.com/vocab/wordcap/HDPE
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111 : Overhead Conveyor Trolleys and Shackles [Online], accessed 21 january 2012. Available

from http://www.mirnezamco.com/products/poultry/overhead conveyor trolleys shackles.htm
4.1.4 TN@00NFNNAY (polyoxymethylene 13o polyacetal)
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11 : Overhead Conveyor Trolleys and Shackles [Online], accessed 21 january 2012. Available

from http://www.mirnezamco.com/products/poultry/overhead conveyor trolleys shackles.htm

4.1.5 Tnanasg TNQE)E)I? oAy (polytetrafluoroethylene)
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111 : NeoEase [pseud.], Kitchen Basics 101 — Tricks of the Trade [Online], accessed 21 january

2012. Available from http://saucymoi.wordpress.com/
4.1.6 Tnaeames uumes Iuna1adn (thermoplastic polyester)
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11 : DE Wilmington, Automotive News [Online], accessed 21 january 2012. Available from

http://www2.dupont.com/Automotive/en_US/news_events/article20050815.html

an I I
4.1.7 TNQDMOT N3 AU (polyetheretherketone)
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11 : PEEK Cable Ties [Online], accessed 21 january 2012. Available from

http://accuglassproducts.com/product.php?productid=16966
4.1.8 Tnd hilanaelsa (polyvinyl chloride)

@ i =\ ] 3 o A 1 ) an Yy A
8AHIE0 PVC UANUHUILUY 1.35 gem’ anvay lilid Tisela deudld innw
I i A o o 1 :‘ Y ]
dunuau Wi Weda lnludransasu 1ddedes nuaesiniu 91521 nsauaza1g 81150
a P4 ' A . J
azaneluasazaneueyiiala wu lasnasefau (trichlorethylene) LALASUOUNAATIAGD
7 . A 3 A qu o q Y1 o
154 (carbon tetrachloride) 9UANINAN PVC LU wol¥asilviooud (solftener) @1U1TD
o I ¥ wad'sl o a a dy o = dgl Aa a
P5uld ldmuguaniiandesms luvazimswda waradntazihwndavugy iharwazaa

214 Tnalilanae'lsdn 2 Usznn dail Gun duasziiamag 2548 : 293)
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111 : Case in polyvinyl chloride for iPhone 4/4S [Online], accessed 21 january 2012. Available

from http://www.sbs-power.com/iphone/protections_cover/734 case-in-polyvinyl-chloride-for-

iphone-44s TE8SCB40B.html
4.1.8.2 Tnalyitanae lsAuuseu (plasticized polyvinyl chloride)
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11 : Neonglow [W1ttp], 39UA1H5H8 GOG-NA-01 [Online], accessed 21 january 2012.

Available from http://www.sgbksafebiz.com/category/safety-products/eye-protection/eyes-

protection-goggle/
4.1.9 TNANaUNIATIAA (polymethyl methacrylate)
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117 : Evonik: First car windshield made of PMMA [Online], accessed 21 january 2012.
Available from http://plasticker.de/news/shownews_en.php?nr=12280&nmin=100&div=&special
=&select=&sort=&begriff=&nmax=100&stag=&smon=&sjahr=&etag=&emon=&ejahr=&backto

=/news/index_en.php
4.1.10 Tnae'la3u (polystyrene)
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N nanaanludiailsesriu [Online], accessed 26 january 2012. Available from

http://kanchanapisek.or.th/kp6/New/sub/book/book.php?book=28&chap=8& page=t28-8-

infodetail06.html
4.1.11 923 la Iulas-yaladu-a'lasu (acrylonitrile-butadiene-stryrenc)
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7131 : JadeSeven [mmwlﬂ, ¥ALAI Plastic ABS 81451 Mitsubishi ECar, CK, Cedia, New

Lancer, EX [Online], accessed 26 january 2012. Available from http://www.lancer-

club.net/forum/index.php?topic=109284.0
4.1.12 Twamsueiun (polycarbonate)
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111 : Kitchen Basics 101 — Tricks of the Trade [Online], accessed 26 january 2012. Available

from http://www.supplierlist.com/product view/jmgykj/93040/100418/polycarbonate sheets.htm

4.1.13 Tnadmoesalslu (polyethersulfone)
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111 : Hollow Submerged Membrane [Online], accessed 26 january 2012. Available from

http://www.nordgroup.com.cn/product2.htm
4.1.14 Tnalo'lud (polyimide)
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N Polyimide heater 18.60 W/cm? [Online], accessed 26 january 2012. Available from

http://www.directindustry.com/prod/minco/polyimide-heaters-5076-475766.html
4.1.15 a'lg3 U-1a 1ladu (styrene-butadiene)
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nn Properties of Styrene-Butadiene Rubber [Online], accessed 26 january 2012. Available

from http://www.ehow.co.uk/info_8633410 properties-styrenebutadiene-rubber.html
4.1.16 magTa ADLHAN (celluloseacetate)
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111 : StorminMatt [pseud.], Fiberglass in Newports (Tokyosmash!) [Online], accessed 26

january 2012. Available from http://honda-tech.com/showthread.php?t=2310278
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4.2 WaaAnuY9 (Thermosetting Plastics)
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Tswanadn (duroplastics) (N¥® AeNNA 2537 - 73)
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N Guy Newell, BAKELITE [Online], accessed 26 january 2012. Available from

http://www.nimrodplastics.com.au/product-bakelite.htm
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31 : Science Museum, Personal and domestic accessories made of urea formaldehyde, 1930-

1960. [Online], accessed 26 january 2012. Available from http:/www.sciencemuseum.org.uk/

images/1015/10276753.aspx
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formaldehyde)
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M [pseud.], What is Melamine? [Online], accessed 26 january 2012. Available from
http://cat-chitchat.pictures-of-cats.org/2009/02/what-is-melamine.html#!/2009/02/what-is-

melamine.html
4.2.4 Tnawaaos 1oud) (unsaturated polyester)
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111 : Unsaturated polyester resin [Online], accessed 26 january 2012. Available from

http://www.alibaba.com/product-gs/441022139/Unsaturated polyester resin.html
2 S A .
4.2.5 91on®13%U (epoxy resin)
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e Eung-Ho Park, I am Looking at You [Online], accessed 26 january 2012. Available from

http://www.edwardwinkleman.com/2005/05/artist-of-week-052305.html
4.2.6 TWagsmu (polyurethane)
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11 : *NEW* PU Design Polyurethane Front Lip Mazda MX5 90/97 [Online], accessed 26

january 2012. Available from http://www.fullcartuning.nl/details.php?intID=43441&setlang=EN
4.2.7 %a 1y (silicone)
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N Jacky Guo, NEUTRAL SILICONE [Online], accessed 26 january 2012. Available from

http://www.aluminumcompositepanel.biz/neutral-silicone/
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5. MIUATIZHITINNU30U (Thermal Analysis)
d
5.1 HENNVINIAATILHITIAN30U (Definition of thermal analysis)
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{ ] 9 Y oy
G]’Ii’l\?ﬁ 11 mm‘Viu1L!,uueuml,ﬁ‘bu,l,ﬂ’smml,muﬂﬁ

Y

Swit | 1hwin (o) | Y5u1as (ml) ANUHUIUY (g/em)
1 0.6023 0.2 3.0115
2 0.4150 0.2 2.0750
3 0.2481 0.15 1.6540
4 0.6267 0.3 2.0890
5 0.3981 0.2 1.9905
6 0.3704 0.2 1.8520

{ 1 9 1
G]'li'l\?ﬁ 12 ﬂ’ﬂiﬂ’iunluuﬂl@ﬂlﬁylLﬂ’Ji]'lﬂﬂi%i]ﬂLlWHL?ﬂ‘Ublﬁ'

9

Swit | 1hwin (@ | Y5105 (ml) ANUHUUUY (g/em’)
1 0.7921 0.4 1.9803
2 0.7765 0.4 1.9413
3 0.6697 0.3 2.2323
4 0.7362 0.3 2.4540
5 0.6728 0.3 2.2427
6 0.6585 0.3 2.1950

' 9
AN 13 ANUHULH B AANILA v aan e

9

Swit | 1o (o) | Y5uas (ml) ANUHUULUY (g/em’)
1 0.6360 0.3 2.1200
2 0.5704 0.3 1.9013
3 0.3451 0.15 2.3007
4 0.3952 0.2 1.9760
5 0.2956 0.15 1.9707
6 0.2800 0.1 2.8000
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{ 1 Y )
G]TiNﬁ 14 ﬂﬂiJ‘ViuHmuﬂl’ENLﬁ‘HllﬂTﬂ1ﬂ6]ﬂml,ﬂ’ﬂﬁ

Y

Swit | 1hwin (o) | Y5u1as (ml) ANUHUIUY (g/em)
1 0.6527 0.3 2.1757
2 0.5327 0.25 2.1308
3 0.6858 0.3 2.2860
4 0.7072 0.3 2.3573
5 0.6841 0.3 2.2803
6 0.6588 0.3 2.1960

' , v ¢
A15197 15 ﬂ31hﬁu1lluuﬂlﬂﬂlﬁyllﬂ’3ﬂ1ﬂﬂi%%ﬂﬂi%iﬂii‘lﬂuﬁ

9

Swit | 1hwin (@ | Y5105 (ml) ANUHUUUY (g/em’)
1 0.8005 0.4 2.0013
2 1.0773 0.4 2.6933
3 0.8026 0.4 2.0065
4 0.9640 04 2.4100
5 0.7327 0.3 2.4423
6 0.8335 0.4 2.0838

A15190 16 ﬂ’J13J‘Vi‘Ll1LL‘Li‘L!"U’ENLﬁBLLf#’J%']ﬂﬂi%%ﬂﬂﬁﬁﬂﬂuﬁ

9

Swit | 1o (o) | Y5uas (ml) ANUHUULUY (g/em’)
1 0.5620 0.2 2.8100
2 0.5015 0.2 2.5075
3 0.5780 0.3 1.9267
4 0.4372 0.2 2.1860
5 0.4374 0.2 2.1870
6 0.6135 0.3 2.0450
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4 ] 9 L
A1 1N 17 ANUHUIMUUVDUABUAINTININDT Lo

Y

Swit | 1hwin (o) | Y5uas (ml) ANUHUIUY (g/em)
1 0.5538 0.25 2.2152
2 0.5254 0.25 2.1016
3 0.4462 0.2 2.2310
4 0.5032 0.2 2.5160
5 0.4183 0.2 2.0915
6 0.2511 0.1 2.5110

{ . ) v
G]'IiNﬁ 18 mmwumuummmyummﬂmmwaﬂﬁ

9

Swit | 1hwin (@ | Y5105 (ml) ANUHUUUY (g/em’)
1 0.7674 0.3 2.5580
2 0.5149 0.2 2.5745
3 0.6293 0.3 2.0977
4 0.6113 0.3 2.0377
5 0.5267 0.2 2.6335
6 0.3823 0.2 1.9115

A3 19N 19 ANUHUHBYAANUAI UL

9

Swit | 1o (o) | Y5uas (ml) ANUHUULUY (g/em’)
1 1.0016 0.4 2.5040
2 0.6567 0.3 2.1890
3 0.7546 0.3 2.5153
4 0.8171 0.3 2.7237
5 0.3989 0.2 1.9945
6 0.5794 0.25 2.3176
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{ 1 Y )
G]TiNﬁ 20 mmwmuuummmyummﬂmmmﬂﬁ

Sud | shwdn (o) | Y5u1as (ml) ANUHUIUY (g/em)
1 0.5226 0.2 2.6130
2 0.6361 0.3 2.1203
3 0.6980 0.3 2.3267
4 0.6066 0.25 2.4264
5 0.6280 0.25 2.5120
6 0.5328 0.2 2.6640

{ 1 9 9 1
G]'li'l\?ﬁ 21 mmwumuummmyummﬂﬂiz%ﬂwmmﬂﬁ

Swudt |t (@ | Y5105 (ml) ANUHUUUY (g/em’)
1 0.7453 0.3 2.4843
2 0.5275 0.2 2.6375
3 0.7078 0.3 2.3593
4 0.7567 0.3 2.5223
5 0.6789 0.3 2.2630
6 0.7315 0.3 2.4383

M13197 22 ANUHU UL AGVBUALUAIAI0E1 11 ¥ilA (g/em)

FUANTLN D1 D2 | D3 D4 D5 D6 Mean
udnila 3.0115 | 2.0750 | 1.6540 | 2.0890 | 1.9905 | 1.8520 | 1.93210
nszanuruiseula | 1.9803 | 1.9413 | 2.2323 | 2.4540 | 2.2427 | 2.1950 | 2.17425
viahsaanla | 21200 | 1.9013 | 23007 | 1.9760 | 1.9707 | 2.8000 | 2.17811
Wi le 2.1757 | 2.1308 | 2.2860 | 2.3573 | 2.2803 | 2.1960 | 2.23769
n52aNUsqInoud | 2.0013 | 2.6933 | 2.0065 | 2.4100 | 2.4423 | 2.0838 | 2.27285
ATLINNTNIOBUA | 2.8100 | 2.5075 | 1.9267 | 2.1860 | 2.1870 | 2.0450 | 2.27703
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{ ] { Y o 1 =Y 1
A15199 22 ANUHUILUUDDSVDIABLAIAI0E19 11 ¥ (g/cm3) (99)

FUANTLAN D1 D2 | D3 D4 D5 D6 Mean
Jnnes la 2.2152 | 2.1016 | 2.2310 | 2.5160 | 2.0915 | 2.5110 | 2.27772
v la 2.5580 | 2.5745 | 2.0977 | 2.0377 | 2.6335 | 1.9115 | 2.30214
nuuila 2.5040 | 2.1890 | 2.5153 | 2.7237 | 1.9945 | 2.3176 | 2.37402
vauddla 2.6130 | 2.1203 | 2.3267 | 2.4264 | 2.5120 | 2.6640 | 2.44373
aszannthanala | 2.4843 | 2.6375 | 2.3593 | 2.5223 | 2.2630 | 2.4383 | 2.45081
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1 Q>Q,, awnsndanald Tasar Q,, Hiawsng 1d91nm1519 (Skoog 2004 : 167-

168)
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MAVHUNIVIVDIA 1IN

{ [ @ a 'cv Y
A1319N 23 MAFLNNHUIANTIAY 9 WHANIAAIY Refractometer

S Forr31ad] AMAFUHNLY
1 Dichloromethane 1.4202
2 Cyclohexanol 1.4498
3 Ethyl Benzoate 1.5022
4 Pyridine 1.5040
5 Methyl Benzoate 1.5124
6 Anisole 1.5136
7 Methyl Salicylate 1.5334
8 Benzyl Alcohol 1.5356
9 m-cresol 1.5358

113

A15197 24 MAFUHNIMVOIANSIANNENTEHIN 2 (Cyclohexanol) N1 3 (Ethyl Benzoate) 199

4
78 Refractometer

S USuasvosasalingy 2+3 (ul) ARBUHNIN
1 500+500 1.4755
2 510+490 1.4748
3 520+480 1.4742
4 530+470 1.4736
5 540+460 1.4732
6 550+450 1.4726
7 560+440 1.4720
8 570+430 1.4715
9 580+420 1.4712
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A15197 24 MAFUHNIMVOIANSIANNANTEHI1N 2 (Cyclohexanol) N 3 (Ethyl Benzoate) 199

Y [
9118 Refractometer (719)

RENEL Usuasvosansalingy 2+3 (ul) ARBUHNIN
10 590+410 1.4704
11 600+400 1.4702

M13197 25 A HINIMVOIANTIANNANTZNIN 6 (Anisole) 11 7 (Methyl Salicylate) NIndI8

Refractometer

S USuasvosasalingy 6+7 (ul) ARBUHNIN
1 50+950 1.5318
2 100+900 1.5310
3 150+850 1.5300
4 200+800 1.5288
5 250+750 1.5282
6 300+700 1.5270
7 350+650 1.5260
8 400+600 1.5250
9 450+550 1.5242
10 460+540 1.5240
11 470+530 1.5238
12 480+520 1.5236
13 490+510 1.5234
14 500+500 1.5232
15 550+450 1.5220
16 560+440 1.5218
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M13197 25 A HITNIMVOIANIIAINANTZNIN 6 (Anisole) 11 7 (Methyl Salicylate) NInd8

Refractometer (A1)

S USuasvosansalingy 6+7 (ul) ARBUHNIN
17 570+430 1.5216
18 580+420 1.5214
19 590+410 1.5212
20 600-+400 1.5210
21 610+390 1.5208
22 620+380 1.5206
23 630+370 1.5204
24 640+360 1.5202
25 650+350 1.5200
26 660+340 1.5198
27 670+330 1.5196
28 680+320 1.5194
29 690+310 1.5192
30 700+300 1.5190
31 710+290 1.5188
32 720+280 1.5186
33 730+270 1.5184
34 740+260 1.5182
35 750+250 1.5180
36 760+240 1.5178
37 770+230 1.5176
38 780+220 1.5174
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M13197 25 A HITNIMVOIANIIAINANTZNIN 6 (Anisole) 11 7 (Methyl Salicylate) NInd8

Refractometer (A1)

S USuasvosansalingy 6+7 (ul) ARBUHNIN
39 790+210 1.5172
40 800+200 1.5171
41 810+190 1.5170
42 820+180 1.5168
43 830+170 1.5166
44 840+160 1.5165
45 850+150 1.5164
46 860+140 1.5162
47 870+130 1.5160
48 880+120 1.5158
49 890+110 1.5156
50 900+100 1.5155
51 910+90 1.5154
52 920+80 1.5152
53 930+70 1.5150
54 940+60 1.5148
55 950+50 1.5146
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FNAFUTNHVDUABLUAIFIDIUAAZFIA

¥UANTLIN — — — — — —
AIDYWN 1 AIDYIN 2 AIDYIN 3 AIDYNN 4 AIDYWN S AIDYNN 6

1.4732 - 1.4726 - 1.4732 - 1.4720 - 1.4715 - 1.4715 -

Jnnes la 1.4736 1.4732 1.4736 1.4726 1.4720 1.4720

N2 1.5156 - 1.5152 - 1.5152 - 1.5152 - 1.5152 - 1.5152 -

U3z930 1.5158 1.5154 1.5154 1.5154 1.5154 1.5154

1.5165 - 1.5165 - 1.5164 - 1.5164 - 1.5164 - 1.5165 -

ufninla 1.5166 1.5166 1.5165 1.5165 1.5165 1.5166

N2 1.5164 - 1.5166 - 1.5165 - 1.5165 - 1.5165 - 1.5165 -

winele 1.5165 1.5168 1.5166 1.5166 1.5166 1.5166

1.5165 - 1.5164 - 1.5165 - 1.5165 - 1.5165 - 1.5164 -

nuula 1.5166 1.5165 1.5166 1.5166 1.5166 1.5165

1.5198 - 1.5198 - 1.5198 - 1.5198 - 1.5198 - 1.5200 -

Wi le 1.5200 1.5200 1.5200 1.5200 1.5200 1.5202

ATLINNTA | 1.5200 - 1.5194 - 1.5194 - 1.5196 - 1.5202 - 1.5204 -

TOOUA 1.5202 1.5196 1.5196 1.5198 1.5204 1.5206

VN 1.5206 - 1.5210 - 1.5210 - 1.5210 - 1.5210 - 1.5210 -

hdaaula 1.5208 1.5212 1.5212 1.5212 1.5212 1.5212

NSLANUAY | 1.5214 - 1.5214 - 1.5214 - 1.5212 - 1.5214 - 1.5214 -

Sould 1.5216 1.5216 1.5216 1.5214 1.5216 1.5216

1.5216 - 1.5216 - 1.5214 - 1.5214 - 1.5214 - 1.5214 -

vauddla 1.5218 1.5218 1.5216 1.5216 1.5216 1.5216

1.5236 - 1.5234 - 1.5234 - 1.5236 - 1.5238 - 1.5234 -

viamale | 1.5238 1.5236 1.5236 1.5238 1.5240 1.5236
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9 ) Onset Y = 9035 mg
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