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Analysis for the Thermal Decomposition of Plastics
Using Combined TG/FT-IR System

Ryoichi Kinoshita, Yoshihiko Teramoto and Hirohisa Yoshida*

(Received January 23, 1992)

Analysis for thermal decompotision using a combined system of thermogravimetry (TG)

and Fourier-Transform infrared absorption spectroscopy (FT-IR) was described. Two kinds
of engneering plastics; poly (ethylene terephthalate) (PET) and poly (butylene terephthalate)
(PBT) were measured by TG/FT-IR. The evolved gases at various temperatures were identified

by the library search of FT-IR spectra according to their residual values. The main evolved

gases from PET were carbon-dioxide and benzoic acid, while those from PBT were terephthalic

acid esters and benzoic acid esters at initial stage of decomposition. The specific gas profiles,

which were measurements of the integrated IR absorbance in the spectra as a function of

temperature, were compared with TG curves and DTG curves. Different decomposition

mechanisms were suggested between PET and PBT at initial stage of thermal decomposition.
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Table 1 Comparison table between FT-IR and MS as detector
of evolved gases from TG sample.

FT-IR

MS

Real-time Measurement Possibie

Possible

Detection Sensitivity High

Extremely High

Measuring Object All Evolved Gases

{Nondestructive)}

Portion of Evoived Gases

{Secondary decomposition by ionization)

Detection of Evolved Gases
{Mixture gases}

Inorganic Mixture Gases

o Easily Detected
o Impossible for inactive IR

absorption fike Oy, Hy, Nz,

etc.

o Detectabie
o Difficult for gases with same mass
(CO and N3, etc)

Organic mixture gases
with molecular weigh of
about 100~300.

{Ester, etc.)

o Detectable
° Some degree of
identification possible

from peaks

o Difficult because of secondary
decomposition caused by ionization
and complex mass spectrum.

Carrier Gas o Nonrestrictive

° Herecommended

Library numbers

Phase)

° About 10,000 (Vapor

o About 130,000
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HQI 0.43 TEREPHTHALIC ACID, DIALLYL ESTER
HQI 041 BENZOIC ACID, BENZYL ESTER
HQ! 0.38 BENZOIC ACID, 3,5-DICHLOROPENTYL ESTER

Spectrum of evolved gases from PBT at 413°C
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Fig.1 Library search results for the spectrum
of the gases evolved from PBT at 41 3°C.
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HQt 0.59 BENZOIC ACID
HQI 0.58 BENZOIC ACID, 0-1000-
HQ! 0.57 BENZOIC ACID, P-TERT-BUTYL-

Subtract spectrum {PBT 413*C - Library spactrum}
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Fig. 2 Library search results for the subtract
spectrum (subtracting library spectrum

from PBT spectrum at 41 3°C).
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HQl 0.28 BENZOIC ACID, 3,5-DICHULOROPENTYL ESTER
HQL 0.26 TEREPHTHALIC ACID, DIALLYL ESTER

NG [V

HQ! 0.24 TEREPHTHALIC ACID, OIBUTYL ESTER

Subtract spectrum (PBT 400°C - PBT 420°C) u\/Ap\)

l T T T T T T T T T T T T T L
3806 3600 3400 3200 3000 2800 2500 2400 2200 2000 1800 1500 1400 1200 1000 800
Wave numbers

Fig. 3 Library search results for the subtract
spectrum (subtracting PBT spectrum at

420°C from PBT spectrum at 400°C)‘
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HQI 0.43 BENIOIC ACID, P-TERT-BUTYL-,

HQ! 0.40 P-TOLYIC ACID
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HQl 0.38 BENZOIC ACID

Subtract spectrum (PBT 420°C - PBT 400°C}
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Fig. 4 Library search results for the subtract
spectrum (subtracting PBT spectrum at

400°C from PBT spectrum at 420°C).

Table 2 Identified evolved gases list for PET
and PBT thermal decomposition,

Plastics Identified Evoived Gases
PET CO2, Benzoic acid, Benzoic acid derivatives, CO
PBT Terephthalic acid esters (dibutyl, etc.), Benzoic acid esters,
Benzoic acid, CO;
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Fig. 5 Absorption intensity changes of specific
gas profiles at 1321em™® ~ 1207cm™
(for aromatic acid ester) for PET and
PBT as a function of temperature.
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Fig. 6  Absorption intensity changes of specific
gas profiles at 2400cm™ ~ 2250cm’™
(for CO,) for PET and PBT as a
function of temperature.
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Fig.7 Comparison of TG curve, DTG curve

and specific gas plofiles for PET.
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Fig. 8 Comparison of TG curve, DTG curve
and specific gas plofiles for PBT.
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Fig.9  Estimated chain scission locations at
the initial stage of thermal decom-

position for PET and PBT.
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