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Kosin Wasasiri 2009: Laser Diode Sensors for Measuring Properties of Recycled
Plastic. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering. Thesis Advisor: Ms. Suneat

Pranonsatit, Ph.D. 71 pages.

Uncertainty of mechanical properties is one of the obstacles to control quality of plastic
products that are partially made of recycled plastic. Generally, mechanical testing is a
complicated and destructive method. The purpose of this research was to study an alternative
measuring method of mechanical properties. The method should be fast, convenient and non-
destructive. The plastic sample products in this study are 32 Polypropylene samples that made

from different recycled composition percentages and colors.

A suitable candidate technique for analyzing the difference of the samples is the
application of optical transmittance of near-infrared band. A laser diode of 1550 nm wavelength
and a photodiode were employed as a light source and optical detector, respectively. The
measured results were then used to develop mathematical relationships between optical
transmittance and recycled composition, tensile strength and impact strength. Subsequently, the

results were compared with those obtained from a spectrometer.

From the experiments, the relationship between optical transmittance and recycled plastic
properties, i.e. composition percentages and mechanical properties, can be considered as a linear
relationship, with coefficient of determination (Rz) over 0.8. Therefore, recycled composition,
tensile strength and impact strength of the plastic samples can be determined by the use of the
demonstrated laser diode sensor, with efficiency equivalent to a spectrometer sensing method.
The advantages of laser diode sensor are lower investment and maintenance costs, smaller size

and lower power consumptions than a spectrometer.
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Method (a) Near-infrared spectrometer (b) LD absorption (a)/(b) Ratio
Price ($) 42000-84000 4200 1/10-1/20
Size (mm3) 400%300%200-1000%1000%500 50x100x100 1/40-1/1000
Weight (kg) 15 0.5 1/30
Maintenance Required Free 0

Lifetime of light source (h)  ~ 3000 (incandescent lamp) ~100000 (laser diode) 33
Response speed (ms) 1 0.05 1/20
Dissipation power (W) 200 5 1/40
Identification accuracy Good Medium -

Analysis Detail Simple -
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d‘ U 1
FOAIDY N

AMMTAIRIULAS (%)

anlnTasiimes a3 la Toatruires rHAnAT
B040 23.02 64.50 41.48
B050 27.21 67.69 40.48
B075 33.81 71.28 37.47
B100 41.19 73.85 32.66
R000 6.03 49.81 43.78
RO10 8.66 51.84 43.18
R020 9.28 52.34 43.06
R030 11.82 55.76 43.94
R040 16.09 58.14 42.05
R050 17.72 59.42 41.70
RO75 23.32 62.62 39.30
R100 26.73 64.11 37.38
G000 5.57 42 .81 37.24
G010 6.60 43.65 37.05
G020 8.13 46.03 37.90
G030 8.47 46.92 38.45
G040 10.21 48.01 37.80
G050 11.22 49.10 37.88
G075 16.89 52.38 35.49
G100 19.65 53.83 34.18
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Y ' Y A = ~ v W 1 ~ a :/1 ad o
AIDYNAINIT NN 10 Tﬂﬂlﬂiﬂ“ﬂﬂﬂﬁl“ﬂNaﬂ1i§5]i'Ji]’J@’f]@]i'lﬁ?]‘llWﬁhillclflﬂﬁi]1ﬂ1/]\‘]ﬁ@\1’3°ﬁﬂﬂﬂ1i

Y Y ]
BT IUTUIIUAI0E19N 32 tuV 1ddInINg 48

d' 2 1w 1 = a g a 4
13NN 9 wamsma%’mmamwmuWﬁm”lmﬂamﬂmﬂﬂimumai

dasrauNay lwaa (%)

Fodods .
NSIATINAIDE alnlasiimes AnaIANaY
NO00O 0 -4.27 -4.27
NO10 10 14.55 4.55
NO020 20 18.84 -1.16
N030 30 35.77 5.77
N040 40 36.01 -3.99
N050 50 52.07 2.07
N075 75 69.17 -5.83
N100 100 103.20 3.20
B000 0 3.39 3.39
B010 10 8.53 -1.47
B020 20 17.88 2.12
B030 30 27.22 -2.78
B040 40 39.73 -0.27
B050 50 53.54 3.54
B075 75 75.33 0.33
B100 100 99.71 -0.29

R0O00 0 -0.54 -0.54
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dasraunays lwaa (%)

Fodods .
N13IATINAIDE1 alnlasiimes AnaAAAU
RO10 10 11.58 1.58
R020 20 14.42 -5.58
R030 30 26.13 -3.87
R040 40 45.79 5.79
R050 50 53.34 3.34
RO75 75 79.11 4.11
R100 100 94.82 -5.18
G000 0 4.65 4.65
G010 10 11.69 1.69
G020 20 22.18 2.18
G030 30 24.48 -5.52
G040 40 36.39 -3.61
G050 50 43.32 -6.68
G075 75 82.18 7.18
G100 100 101.09 1.09
M3t 10 wansnsn tamsasaunad lefadiomusesiadiaiy
4. BAAIUNANT IniAa (%)
RGRGIAR — - — "
NSIATENAIDE s laloasulyes  mAaAndou

NO00O 0 2.84 2.84
NO10 10 7.84 -2.16
NO020 20 16.07 -3.93
N030 30 31.17 1.17
N040 40 36.73 -3.27
N050 50 54.35 435
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dasraUNaYT lwaa (%)

Fododns .
N13IATINAIDE1 a3 laloaruiyes  maaamaeY
NO75 75 78.49 3.49
N100 100 96.63 -3.37
B000 0 -1.59 -1.59
B010 10 2.36 -7.64
B020 20 20.62 0.62
B030 30 30.46 0.46
B040 40 42.84 2.84
B050 50 59.44 9.44
B075 75 78.12 3.12
B100 100 91.49 -8.51
R000 0 -5.35 -5.35
RO10 10 8.09 -1.91
R020 20 11.40 -8.60
R030 30 34.05 4.05
R040 40 49 81 9.81
R050 50 58.29 8.29
RO75 75 79.48 4.48
R100 100 89.35 -10.65
G000 0 -3.50 -3.50
G010 10 3.87 -6.13
G020 20 24.75 4.75
G030 30 32.55 2.55
G040 40 42.11 2.11
G050 50 51.68 1.68
G075 75 80.45 5.45
G100 100 93.17 -6.83
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3. HANIATIVIAMANNNUUTIAG

9 A 4 ] S I o (] [ [ [ [ Y
1M 1FmlnTasuwesng 100 I UAN T AIHIULFIVDIUAATAIDEIAILNY

1 H 1Y [ 4 1 1 [ ] [ {
A ldluaumsanudunusseniemmsaaiuaIazAANUNULTIA Iuaumsi 14 9y

Y = 1 % 1 o A Y s Y 492/

Tam1aNuNUUT IR IAaT@A1081999A15 199 11 Haz1nm s usos nas19vulu Tvua
MIAT197AAIANUNULTIAT 92 1A AN ULTIAIVBIUAAZAI081989015197 12 Tae
WS euMeunan15n329IARIAIUNULTIAITEHIN Universal testing machine nuailnlns

A s o oa v & o o Y o A
llm@ﬂlagmlcb'@ihlﬂT@ﬂ!%ul%ﬂiﬂﬁi’lﬂﬂluﬂlﬂﬂ@'J?JEJ'I\‘WN 32 L!‘]J‘]Jllﬂ@\?ﬂ'lW‘Vl 49

d' [ 1 =K 9 a o
M3199 11 wansasviamanunuussasneailnlasimes

ANUNUUTIAY (N/mm)

Fofoe1a .
Universal testing machine anlnlnsiines AnaIAAaDY
NO000 25.90 25.36 -0.54
NO10 25.82 26.34 0.52
NO020 26.43 26.56 0.13
NO030 27.28 27.44 0.16
N040 27.34 27.45 0.12
NO050 28.43 28.29 -0.14
NO75 29.56 29.18 -0.39
N100 30.65 30.95 0.30
B000 25.90 25.76 -0.13
B010 25.82 26.03 0.21
B020 26.43 26.52 0.09
B030 27.28 27.01 -0.27
B040 27.34 27.66 0.32
B050 28.43 28.38 -0.05
B075 29.56 29.51 -0.05
B100 30.65 30.78 0.14

R0O00 25.90 25.56 -0.34
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ANUNUUTIAY (N/mm)

Fofo61a .
Universal testing machine anlnlnsines ANAAAADU
RO10 25.82 26.19 0.37
R020 26.43 26.34 -0.09
R030 27.28 26.95 -0.33
R040 27.34 27.97 0.63
R050 28.43 28.36 -0.07
RO75 29.56 29.71 0.14
R100 30.65 30.52 -0.12
G000 25.90 25.82 -0.07
G010 25.82 26.19 0.37
G020 26.43 26.74 0.31
G030 27.28 26.86 -0.42
G040 27.34 27.47 0.14
G050 28.43 27.83 -0.60
G075 29.56 29.85 0.29
G100 30.65 30.84 0.19
MR 12 HaMIATI IR SRR Ieme S A9t
4. ANUNUUTIAL (N/mm”)
D RGRGIAR p — 5
Universal testing machine a3 Ia loalruiyos AINAIANaDU

NO000 25.90 25.76 -0.14
NO10 25.82 26.02 0.20
NO020 26.43 26.45 0.02
NO030 27.28 27.23 -0.04
NO040 27.34 27.52 0.18
NO050 28.43 28.44 0.01



M519N 12 (919)

56

ANUNUUTIAY (N/mm)

Fod0614 p — .
Universal testing machine a3 Ia loalruiyes AnAAAAU
NO75 29.56 29.70 0.13
N100 30.65 30.64 -0.01
B000 25.90 25.51 -0.38
B010 25.82 25.72 -0.10
B020 26.43 26.67 0.24
B030 27.28 27.18 -0.10
B040 27.34 27.82 0.49
B050 28.43 28.69 0.26
B075 29.56 29.66 0.10
B100 30.65 30.36 -0.29
R000 25.90 25.29 -0.61
RO10 25.82 25.99 0.17
R020 26.43 26.16 -0.27
R030 27.28 27.33 0.06
R040 27.34 28.15 0.82
R050 28.43 28.59 0.16
RO75 29.56 29.69 0.13
R100 30.65 30.21 -0.44
G000 25.90 25.40 -0.50
G010 25.82 25.78 -0.04
G020 26.43 26.86 0.44
G030 27.28 27.27 -0.01
G040 27.34 27.77 0.43
G050 28.43 28.26 -0.17
G075 29.56 29.76 0.20
G100 30.65 30.42 -0.23
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4. HaN15AIIVIANIANUNUUIINTZUND

9 a 4 [ ] o ] ] [ o 1 9

1M lFmlnTasuwesng 10 iAo I UANT AIHIULAIVDIUAALTAIDENIUAIUNY
1 4 Y] [} J 1 1 1 1 1 y
A laluaumsanuduR S Iz I TaIRIUL A AN NUNULTINT U luaunIsn

PR ' o l o A 9y sy
16 92 19AIANUNUUITINTLUNNVDIUAAZAIDINAIAITIN 13 11NN 1B UET N5
Y
VU THuaNINIIAMANUNULTINTZUND 2 TAAIANUNULTINTZUNNVDILAALAIDE
[ { =3 [ 1 1 a o
#9915199 14 TaenlSeumeunanisnsiniamanunuusanssunnsereanlnlasumesn

J @ [l @ {
mwaﬂﬂammuwamaz Pendulum impact tester "UfN‘UWW]’JfJElNVl%ﬂ\‘]ﬂ1Wﬁ 50

H [ 1 Y a 4
GﬂiNﬁ 13 Nﬁﬂﬁ@]i?ﬁ]’)ﬂﬂ1ﬂ?ﬂh‘lﬂuu§\1ﬂi%u‘ﬂﬂﬂﬂ]ﬁlﬁ'!ﬂﬂjﬁih!,@ﬁli

ANUNULTINTSUND (mJ/rnmz)

Fod0d1e .
Pendulum impact tester alnlasiimes AMnaAnaou

NO000 3.29 3.36 0.07
NO10 - 3.13 -

N020 3.16 3.08 -0.08
NO030 2.97 2.88 -0.09
NO040 - 2.88 -

NO050 2.80 2.69 -0.11
NO75 2.75 2.48 -0.27
N100 1.85 2.08 0.23
B000 3.29 3.25 -0.04
B010 - 3.19 -

B020 3.16 3.08 -0.08
B030 2.97 2.96 -0.01
B040 - 2.81 -

B050 2.80 2.65 -0.15
B075 2.75 2.38 -0.37
B100 1.85 2.09 0.24

R0O00 3.29 3.31 0.02
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AITUNULIINTIZUND (mJ/mmz)

Fodods .
Pendulum impact tester alnlasiimes AMnaAnao Y
RO10 - 3.16 -
R020 3.16 3.13 -0.03
R030 2.97 2.99 0.02
R040 - 2.75 -
R050 2.80 2.66 -0.14
RO75 2.75 2.36 -0.39
R100 1.85 2.17 0.32
G000 3.29 3.24 -0.05
G010 - 3.16 -
G020 3.16 3.03 -0.13
G030 2.97 3.01 0.04
G040 - 2.86 -
G050 2.80 2.78 -0.02
G075 2.75 2.32 -0.43
G100 1.85 2.09 0.24
M3aTt 14 WANIATIITAFMIANINLLTINTLUNN TS A9
4, ANUNULTINTZUN (mI/mm’)
FoA1081 p — 5
Pendulum impact tester s la loasuires AIN[IANADY

NO00O 3.29 3.24 -0.05
NO10 - 3.18 -
NO020 3.16 3.08 -0.08
NO030 2.97 2.90 -0.07
N040 - 2.83 -
NO50 2.80 2.62 -0.18
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AITUNULIINTIZUND (mJ/mmz)

Fod0614 p — .
Pendulum impact tester awes laloarumes  Anaianaoy

NO75 2.75 2.32 -0.43
N100 1.85 2.10 0.25
B000 3.29 3.29 0.00
B010 - 3.24 -

B020 3.16 3.02 -0.14
B030 2.97 2.90 -0.07
B040 - 2.75 -

B050 2.80 2.55 -0.25
B075 2.75 2.33 -0.42
B100 1.85 2.16 0.31
R0O0O 3.29 3.39 0.10
RO10 - 3.23 -

R020 3.16 3.19 0.03
R0O30 2.97 2.92 -0.05
R040 - 2.73 -

R0O50 2.80 2.63 -0.17
RO75 2.75 2.38 -0.37
R100 1.85 2.26 0.41
G000 3.29 3.35 0.06
G010 - 3.26 -

G020 3.16 3.01 -0.15
G030 2.97 2.92 -0.05
G040 - 2.81 -

G050 2.80 2.69 -0.11
G075 2.75 2.35 -0.40
G100 1.85 2.19 0.34
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1. mamamwaﬂ‘nmuwam"lmmauazauummanaunﬂszmsmﬂwmmammnﬁuu

1INHANITNARIATIV TR AN ADIY TNV IRIRg NNAITAN NN ALaZdnI
1 = a 1 Y] 3 Qy 1 Aag 9 a 4 4
drunays lsfadadunavua 32 ¥u wuIsms I¥maln Iasimesuaziatses laloa

4 Y] [ [ 1 < 1 wAa ~ [
HUHDS A1NITOATIVIANMENEULAIY 18 019 lsnaumquauianienanasinia ldain
09/' ada A VoA v 9 an o a o dy A 9 o 1
Nnaeddsianuamamasu lanainasiaiadlreasng il suidethiaenldnismiuian

a

ANAAADUNNADAAI8IS Normalized Root Mean Square Error (VRMSE) ¥iigasnmsfiuin
o ~ oA 9 o 3 d I 4 A £ a P Ao 9
ANEUNITIN 18 ﬂ"I‘VI‘lﬂ%']ﬂﬂ']ﬁﬂﬂ!?lﬂ!fﬂ%Lﬂu&ﬂ@il“ﬁuﬁﬂ’l"mﬂa"lﬂlﬂa@u “If\ilﬂﬂﬂ?ﬂﬂ?ﬂ’lﬂhlﬂfmﬂ
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ANMUNULTIAIAIY Universal testing machine, AMANYNULTINTLUNNAIY Pendulum impact

tester AaLLAAI 11A15197 15

x 100 (18)
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[ 1A

A ] A 1 I\ A Ao Y 14
¥\)3) e, =MAANUAATIAUNADUISHINATIIIN ﬂ"lﬂﬂﬂﬂmﬂizmm'lﬂ

[

ala

X, = AEEEAVDIAIIIN

max

v
o

' 1 A Aw Y
AINFAVDINTITIN ﬂklﬂ

xmin

a J 3 J A an a 4 o J
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IBUIYOS
BATIAIUAENS LpiAn (1INNTIATINAIDE1N) 3.89 5.32
ANNUNULTIAY (Universal testing machine) 6.18 6.19

MANUNULTINTZUNN (Pendulum impact tester) 13.60 16.35
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