CHAPTER 3 : RESULTS AND DISCUSSION

3.1  FTIR Analysis

Results of FTIR-Transmission analysis are shown in Figures 2 to 11 and results of
FTIR-ATR analysis are shown in Figures 12 to 21.

The spectra obtained from FTIR-Transmission on plastic wrapper of Kosyn 1502 ( Figure 5),
Kosyn 1712 ( Figure 6 ), Ubepol 150 ( Figure 7 )‘and plastic bag of curative ( Figure 10 ) and
small tyre ingredients ( Figure 11 ) were found differ in shape and intensity of the band as
compared to those obtained from FTIR-ATR ( Figures 15, 16, 17, 20 and 21 ) even though
FTIR-Transmission and FTIR-ATR were performed on the same sample. However, for
plastics wrapper of SDR 20CV ( Figures 2 and 12 ), SDR 10 ( Figures 3 and 13 ), SDR 10
CV ( Figures 4 and 14 ) and plastics bag of reclaimed rubber ( Figures 8 and 18 ), crumbs (
Figures 9 and 19 ), the spectrum obtained from FTIR-Transmission is about similar to
FTIR-ATR in term of shape but not in term of band intensity. This is similar to a study
conducted by R.T. Graf et. al.'"® on polymethyl methacrylate. In that study, R.T. Graf et.al

explained that the differences were the effects of optical distortion.

Figure 22 : Schematic diagram of FTIR Transmission'*

24



Figure 23 : Schematic diagram of FTIR-ATR'®

( Note : n = refractive index; k = adsorption index )

Based on the relative intensity of the peak at about 1464 cm-' to the peaks at about 720 cm!,

the FTIR-ATR spectrum of plastics give a higher band intensity at longer wavelengths

pared to FTIR-Tr ission spectrum. This is because the effective depth to which the
radiation penetrates the surface of the sample i at longer length for FTIR-ATR."
Shortwavelength Long wavelength
ATR crystal A A
Sample / \/’i Penetration depth

Figure 24 : Penetration depth’®
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The depth of penetration is the distance from the crystal sample interface where the intensity
of the evanescent wave decays to 1/ e (=37 % ) of its original value.® It is defined as :

dy= A /(27mn,(sin20 -ny2)t2
where % is the wavelength of infrared radiation, n, is the refractive index of the ATR crystal,
6 is the angle of incidence, and n,, is the ratio of the refractive indices of the sample and the
ATR crystal.?®
Interference fringes observed in the sealed cell pathlength calibration were detected present in
the FTIR transmission spectrum especially for the plastic bag of curative ( Figure 10 ) and
plastic wrappers of SDR10 ( Figure 3 ) and SDR10 CV ( Figure 4 ). The above observation
confirms interference fringes in the spectrum can be present in an empty or partly filled cell;
or within a polymer film which has highly polished surface.'” For sealed cell, fringes are
caused by interference between radiation which is transmitted through the cell and radiation
which is refiected from the inner surfaces of the cell.*' For FTIR transmission spectrum of
plastics, interference fringes in the spectrum are due to reflections occurring within the plastic

film.

WA AW,

Figure 25 : Interference fringes*!
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Figure 26 H The cause of interference fringes®
Figures 27 to 32 are the FTIR spectrum of polyethylenes.?2 The FTIR transmission spectrum
of all the analysed plastics are resemble that of polyethene. Thus, it can concluded that the
analysed plastics are polyethene based.
Figures 33 and 34 are the correlation of IR vibration with absorption® For FTIR

transmission spectrum of all the analysed plastics, the absorption peaks are attributed by :-

Absorption Vibration
2700 to 3000 cm™! C-H stretch
1370 to 1470 cm! C-H bend

730 to 670 cm™! C-H bend

Table 8 : The correlation of IR vibration with absorption
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PT38.11903 Low Density Polyethylene

LDPE LUPOLEN 3020D.BASF.PRESS 120°C
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PT38.11904 Low Density Polyethylene + Butyl Acrylate

LDPE CARLONA.SHELL.PRESS 125°C
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Rapra Technology Limited
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PT39.12101 Linear Low Density Polyethylene

LLDPE STAMYLEX 4046 MEDIUM DENSITY.DSM.PRESS 150°C
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PT39.12102 Linear Low Density Polyethylene
LLDPE STAMYLEX 1026 LOW DENSITY.DSM.PRESS 150°C
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Part | - Plastics Transmission Spectra -

% Transmittance

% Transmittance

Figme 31
PT40.12301 High Density Polyethylene
HDPE RIGIDEX 94169.BP CHEM.PRESS 140°C
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PT40.12302 High Density Polyethylene
HDPE ELTEX.SOLVAY.PRESS 140°C
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3.2 DSC Analysis

Differential scanning calorimeters (DSC) use a method of heat flow measurement based on

power compensation.? They are built of the following parts :

Figure 35 : The block diagram of DSC**

The sample and reference are heated separately by individually controlled heat elements. The )
power to these heaters is adjusted continuously in response to any thermal effects in the
sample. [n this way sample and reference are at identical temperatures. The differential power
required to achieve this condition is recorded as the ordinate on the recorder, with the

programmed temperature of the system as the abscissa.



Figure 36 : DSC curve®
(Notes : 1. Initial deflection that is proportional to the sample’s heat capacity.
2. DSC curve with no thermal effect << baseline >>
3. Glass transition of amorphous fraction
4. Peak of cold crystallization ( devitrification )
5. Melting peak of the crystalline fraction
6. Beginning oxidative degradation in air )
For DSC curve, the melting peak can be characterized by peak temperature.s ¥ Mettler

Toledo has characterized PE and the test results obtained by Mettler Toledo are as follows

PE-LD PE-LLD PE-HD
Peak temperature, 108.8 123.5 132.9
°C

Table 9 : Test results of PE obtained by Mettler Toledo *5



PE-LD  Mxtrapal. Psax 109,80
Paak Valus -13.22 oW
Pask 108.81
PE-LLD Extrapol. Feak 123.32
Peak Valua -12.66 oW
Peak 133.48 *C
PE-ED  Extrapol. Faak 133.30 *C
Peak Valua -26.26
Peak 132,83 *C
20
o
T T T T T
50 90 | 100 120 ‘{ 140 *C

Figure 37 : DSC curve of PE obtained by Mettler Toledo **

For the project, figures 38 to 47 show the DSC melting curve of various plastics. The melting

points of the plastics are as follows :-

Peak temperature, °C

Plastic wrapper of SDR 20CV 108.96
Plastic wrapper of SDR 10 108.99
Plastic wrapper of SDR 10CV 109.08
Plastic wrapper of KOSYN 1712 108.74
Plastic wrapper of KOSYN 1502 109.46
Plastic bag of reclaimed rubber 124.43
Plastic wrapper of Ubepol 150 110.17
Plastic bag of crumbs 108.39
Plastic bag of curative 109.17
Plastic bag of small tyre ingredients 109.89

Table 10 : Test results of plastics




Based on the above, it was concluded that the various plastics consist of the following :-

| Polymer |

Plastic wrapper of SDR 20CV | PE-LD |

Plastic wrapper of SDR 10 | PE-LD |

Plastic wrapper of SDR 10CV | PE-LD 1
Plastic wrapper of KOSYN 1712 PE-LD
Plastic wrapper of KOSYN 1502 . PE-LD
Plastic bag of reclaimed rubber PE-LLD
Plastic wrapper of Ubepol 150 PE-LD
Plastic bag of crumbs PE-LD
Plastic bag of curative PE-LD
Plastic bag of small tyre ingredients PE-LD

Table 11 : Test results of plastics
( Note : PE-LD is low density polyethylene, PE-LLD is linear low density polyethylene and

PE-HD is high density polyethylene. )

Referring to Figure 37, the DSC melting curves of PE obtained by Mettler Toledo consist of a
single melting peak. However, not all the analysed plastics show a single melting peak. The
plastic wrapper of KOSYN 1712 ( Figure 37 ) and the plastic wrapper of KOSYN 1502 (
Figure 39 ) have an additional small shoulder at about 80°C. This seems to indicate the
presence of other additives beside PE in KOSYN 1712 and KOSYN 1502. This also explains
the presence of additional peaks at 1708 cm' and 874.73 cm' in the FTIR-transmission

spectrum of KOSYN 1712 ( Figure 6 ) and KOSYN 1502 ( Figure 5 ).
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3.3 Softening Point Analysis By the Ring And Ball tester technique

The ring and ball tester is one of the few equipment available to determine the softening point
of the ointments, synthetic and natural resins, edible fats, lubrication greases, waxes, fatty
polymers, bitumen and tars. * These materials do not have a well defined melting point. They
soften with increasing temperature and gradually become liquid over a wide temperature
range. The softening point obtained is deﬁried as the temperature at which the substance

becomes sufficiently liquid for a drop to fall out of the sample tube that is open at the lower

end.” In the other words, the softening point is reported as the mean of the temperatures at
which the samples soften enough to allow each ball to fall a distance of 25 mm to the botfom

of ring supporter.'s '

Figure 48 : Ring and Ball Assembly
For ointments, synthetic and natural resins, edible fats, lubrication greases, waxes, fatty
polymers, bitumen and tars, the samples are melted and then cast in rings for testing. [n this
study, the plastic samples are clamped between two rings for testing.

The results obtained are reported below.



’7 Determination I, °C | Determination II . ‘ Average, °C
oC |
Plastic wrapper of 106.0 107.4 106.7 |
SDR 20CV |
Plastic wrapper of 111.8 110.6 1.2 1
SDR 10 |
Plastic wrapper of 112.4 112.9 112.7 |
SDR 10 CV
Plastic wrapper of 111.0 13 1.2
KOSYN 1712 .
Plastic wrapper of 107.1 112.7 109.9
KOSYN 1502
Plastic bag of 1245 1237 241
reclaimed rubber
Plastic wrapper of 115.2 117.1 116.2 |
Ubepol 150 | ‘
Plastic bag of 108.2 112.0 110.1
rubber crumbs
Plastic bag of 112.4 111.6 112.0
curative |
Plastic bag of small 112.2 108.1 110.2 “‘
tyre ingredients |

Table 12 : Test results of softening point analysis
In general, most of the test results of softening point are higher than those obtained by the
DSC technique. An average for duplicate determinations is obtained to indicate the softening

point since some of the test results do not show very good repeatability.
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