
Thermogravimetric analysis (TGA) is a powerful technique for the  

characterization of the decomposition or weight loss properties of  

materials. The technique provides the following useful information:

• Decomposition temperatures 
• Thermal degradation properties 
• Oxidative degradation characteristics 
• Quantitative weight losses 
• Compositional analysis 
• Assessment of inert fillers 
• Long term stabilities 
• Flammability properties 
• Rates of degradation

Thermal Analysis

a p p l i c a t i o n  n o t e

Better Characterization of  
Multi-Component Materials  
using AutoStepwise TGA

With the TGA approach, a sample is generally heated at a constant rate and 

the resulting degradation temperatures and amounts of degradation are mea-

sured as a function of time or temperature. The results obtained by TGA on 

complex blends or multi-component samples can be greatly enhanced through 

the use of AutoStepwise isothermal TGA analysis.

As an example, the quantitative analysis of cigarette tobacco by TGA is very 

difficult, as there are many different components in the material. Tobacco 

samples exhibit multiple and severely overlapping weight loss events by TGA. 

It is therefore desired to have an easy means of separating or resolving the 

successive mass loss events to better help in the characterization studies of 

the tobacco products. This is necessary in order to aid in the optimization of 

the processing parameters utilized in the production of the tobacco end products, 

particularly cigarettes.

PerkinElmer Pyris 1 TGA
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Figure 1.  TGA results on cigarette tobacco sample A.

Figure 2.  Comparison of standard TGA results and AutoStepwise isothermal data on tobacco sample A.

The PerkinElmer® Pyris™ 1 TGA instrument provides 

very high sensitivity and the ability to perform TGA 

experiments in the AutoStepwise isothermal mode. 

The use of the AutoStepwise mode gives the highest 

possible degree of resolution between successive 

decomposition events, such as those associated with 

complex, multi-component materials, including tobacco. 

With this technique, the sample is heated at a con-

stant rate until the instrument detects an amount 

of weight loss due to the evolution of volatiles or a 

decomposition product. The TGA will then automatically  

hold the sample under isothermal conditions and permits  

the given decomposition event to take place until the 

rate of weight loss is insignificant or less than the 

isothermal exit threshold value. The instrument will 

automatically resume heating the sample at a con-

stant rate until the next weight loss event is detected. 

Using this approach, overlapping decomposition 

events can be fully separated or resolved.

The Pyris 1 TGA offers the following state-of-the-art 

features:

• Low mass, ultra-light balance for ultra-low noise 

and outstanding sensitivity

• Separate thermostatically controlled temperature 

environment of balance to provide highest possible 

stability

• Iris shutter assembly to isolate balance chamber 

from sample/furnace

• Automated ion stream to eliminate troublesome 

static effects

• High performance heat/sensor furnace technology

• Reduced furnace volume for more efficient switching 

of purge gases and elimination of oxygen during 

pyrolysis

• Autosampler accessory for unattended operation

• Accupik accessory for better handling of volatile 

samples without uncontrolled and unmeasured 

weight loss while waiting to run

• Environmental autosampler carousel to avoid exposure 

of queued samples to ambient air and moisture

Displayed in Figure 1 are the TGA results obtained by heating a sample of cigarette tobacco 

‘A’ at a constant ramp rate of 40 ˚C/min. The sample was analyzed using an air purge  

(40 mL/min), which helps to simulate the real-life thermo-oxidatve degradation properties 

of the cigarette tobacco. The plot shows the % mass along with the derivative (d%/dt)  

as a function of sample temperature. The derivative trace is a sensitive indicator of the  

transitions that occur when a material is heated. The derivative shows the occurrence  

of numerous, overlapping decomposition events associated with the tobacco sample.  

It is difficult to obtain quantitative compositional results from the % mass signal from 

standard TGA because of the highly overlapping nature of the transitions.
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Tobacco sample A was analyzed using the AutoStepwise mode of analysis  

featured with the Pyris 1 TGA. The sample (approximate mass of 14 mg)  

was heated at a rate of 40 ˚C/min under an air purge (40 mL/min) 

and with an AutoStepwise entrance threshold value of 3.5 %/min and  

an exit threshold value of 1.0%/min. Shown in Figure 2 are the TGA 

results obtained for the tobacco sample A using the AutoStepwise 

mode of operation and directly compared with standard TGA (constant 

heating). Excellent resolution of the successive thermal decomposition 

events is obtained with the AutoStepwise approach. The first weight loss 

at approximately 100 ˚C corresponds to the evolution of moisture, and 

the AutoStepwise approach permits an accurate assessment of the  

moisture content in the tobacco. The complex nature of the tobacco  

lamina is clearly evident in the AutoStepwise TGA results, based on  

the large number of stepwise weight loss events obtained.

A second tobacco sample, tobacco B, with a somewhat different formu-

lation from A was analyzed using the AutoStepwise isothermal approach. 

A direct comparison of the AutoStepwise TGA data for tobacco samples 

A and B is displayed in Figure 3. The two tobacco samples yield signifi-

cantly different decomposition profiles, especially in the temperature 

region between 150 and 500 ˚C. The different TGA results reflect the  

differences in the formulations or compositions of the two different 

tobacco samples.

Summary

The Pyris 1 TGA instrument provides the AutoStepwise isothermal mode 

of analysis which yields the highest possible resolution between successive 

decomposition events. Complex, multi-component materials (polymers, 

elastomers, pharmaceuticals, foods) are best characterized using the 

AutoStepwise TGA mode.

Figure 3.  TGA auto stepwise results for tobacco A and B.


