©

N lambda S

scientific

* TUOSON AZ

L4

Application of TGA-FTIR Coupling Technology in the Thermal

Decomposition Study of PA6

Abstract:

PA6 (Nylon 6), characterized by its semi-transparent or opaque milky white particles,
possesses properties such as thermoplasticity, lightweight, good toughness, chemical
resistance, and durability. It is commonly used in automotive components, mechanical
parts, electronic products, engineering accessories, and other applications. PA6 is a
type of polymer with repeating structural units containing amide groups on large
molecular chains, and its thermal degradation mechanism is crucial for flame
retardancy research.

1. Experimental Method:
1.1 Sample and Equipment:

PA6 (Nylon 6, granular, produced by BASF, industrial product)
FTIR-8600

Heatable gas chamber and transfer line accessories

TG 209 F1 (produced by Netzsch, Germany)

1.2 Experimental Procedure Settings:

1.2.1 TGA Settings:

Atmosphere: High-purity nitrogen gas at 30 ml/min

Initial temperature for thermogravimetric analysis: 30°C, ramping up at 10°C/min to
700°C.

1.2.2 Heatable Gas Chamber and Transfer Line Temperature Settings:

Transfer line interface temperature: 200°C
Transfer line temperature: 210°C

Heatable gas chamber temperature: 210°C
1.2.3 FTIR-850 Settings:

Resolution: 4 cm™

Measurement range: 4000-400 cm™

1.3 Experimental Procedure:

After 30 minutes of ventilation, continuous data collection was initiated in the FTIR-

Tucson AZ GmbH | Berliner Allee 59, 40212 Dusseldorf | Geschaftsfihrer: Weiguang Li
Sitz der Gesellschaft: Disseldorf | Registergericht: Disseldorf, HRB 86671
Umsatzsteuer-ldentifikationsnummer (USt-IdNr.): DE291571893 / Steuernummer: 15/460/00701
Email: info@ts-az.de  www.ts-az.de



N lambda =, TUOSON AZ

scientific

850 software with a 1-minute interval, selecting the trigger wait option. Approximately
one PAG6 particle was placed in the sample crucible, and the TGA and FTIR were run
according to the experimental program set in 1.2.

2. Experimental Results and Discussion:
(Results and discussion section will follow, containing findings from the experimental
study.)
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Chart 1: TG Curve and First Derivative Curve
From Chart 1, it can be observed that the thermal decomposition process of PA6 in a nitrogen
(N2) atmosphere exhibits a single weight loss region. The main temperature range for thermal
weight loss occurs between 360 and 490°C. The DTG curve displays a single weight loss peak,
with the maximum thermal degradation rate reached around 450°C (43 minutes). This indicates
that the thermal degradation of PA6 is a one-step process. Utilizing FTIR allows for the
investigation of the gases produced during its thermal decomposition.
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Figure 2: FTIR Spectrum of PA6 Thermal Decomposition Gaseous Products at 43 minutes

At 43 minutes, peaks in the regions of 3000-2800 cm™, 2400-2300 cm?, and 1800-1700 cm?
reach their maximum values, which align perfectly with the DTG curve. From Figure 2, a strong
absorption peak appears near 2900 cm?, analyzed to be the absorption peak of alkyl groups and
CO2. The intense absorption peak at 1710.88 cm™ is attributed to the absorption peak of the
amide group, while the peaks at 928 cm™ and 961 cm! represent the deformation vibrations of
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CONH in amide IV. Combining these findings with the main chain structure of PA6, it can be
inferred that these absorption peaks are caused by the formation of polyamides after the
degradation of the main chain. The absorption peak near 1500 cm™ is associated with H20, and
around 2300 cm™, there is an absorption peak for CO2, indicating the presence of water and
carbon dioxide in the gaseous products at this time.

From these results, it can be concluded that the TGA-FTIR combined technique is a valuable tool
for studying the thermal degradation behavior or mechanism of polymers.
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