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Application of TGA-FTIR Coupling Technology in the Pyrolysis Study 

of Flame Retardant Aluminum Hydroxide 
 

Abstract 

Aluminum hydroxide (Al(OH)3) is one of the most common flame retardant fillers. Due 
to its non-toxicity, cost-effectiveness, and the absence of toxic and corrosive gases 
during combustion, it has been widely used in high-filled plastic materials, exhibiting 
flame retardant and smoke-suppressing effects. 
 

1 Experimental Method 

1.1 Samples and Instruments 
Aluminum hydroxide (Al(OH)3, powder form, produced by Nippon Light Metal Co., Ltd., 
Japan) 
FTIR-850 
Heatable gas chamber and transfer line accessories 
TG 209 F1 (NETZSCH Germany) 
 
1.2 Experimental Procedure Settings 
1.2.1 TGA Settings 
Nitrogen gas atmosphere at a flow rate of 45 ml/min 
The initial temperature for thermogravimetric analysis is 30°C, with a heating rate of 
10°C/min up to 650°C, and then further increased to 1000°C at a rate of 40°C/min. 
 
1.2.2 Heatable Gas Chamber and Transfer Line Temperature Settings 
Transfer line interface temperature is set at 200°C 
Transfer line temperature is set at 210°C 
Heatable gas chamber temperature is set at 210°C 
 
1.2.3 FTIR-850 Settings 
Resolution is set at 4 cm-1, measuring range is 4000-400 cm-1. 
 
1.3 Experimental Procedure 
After 30 minutes of ventilation, continuous collection is initiated in the FTIR-850 
software with a collection interval of 1 minute, selecting "wait for trigger." 
Using a spatula, approximately 10 mg of aluminum hydroxide powder is placed into 
the sample crucible, and TGA and FTIR are run according to the experimental 
procedure set in 1.2. 
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2 Experimental Results and Discussion

 
Figure 1: TG curve and its first-derivative curve 

 
As can be seen from Figure 1, the thermal decomposition of aluminium hydroxide in a N₂ 

atmosphere exhibits only one weight loss interval, with the temperature range for thermal 
weight loss primarily occurring between 220 and 350 °C. The rate of thermal decomposition 
peaks at approximately 290 °C (26 min), with a weight loss of about 30 per cent occurring within 
this interval. This is because, as a flame retardant, aluminium hydroxide decomposes to release 
chemically bound water (theoretical content: 34.6 per cent) at high temperatures; the 
composition of this gas can be confirmed using FTIR. 

 

 
Figure 2: FTIR spectrum of the gaseous products from the thermal decomposition of 

aluminium hydroxide at 26 minutes 
 
As can be seen from Figure 2, the absorption peaks at around 1500 cm⁻¹ and 3500 cm⁻¹ 

correspond to H₂O, whilst the peak at 2362.44 cm⁻¹ corresponds to CO₂; this demonstrates that, at 
high temperatures, aluminium hydroxide produces almost exclusively carbon dioxide and water. 
This dehydration decomposition reaction is endothermic; it can delay the rate of thermal 
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decomposition of polymers, thereby slowing down or inhibiting their combustion and acting as a 
smoke suppressant. Furthermore, the generation of large amounts of water vapour dilutes the 
concentration of combustible materials, reducing the contribution of combustible gases to 
combustion, thereby decreasing the heat release and smoke production, which also helps to 
interrupt combustion. 


