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Introduction
Thermogravimetric Analysis (TGA) is a method used to study how the mass of a substance 
changes as it is heated or cooled. This technique involves heating a sample at a constant rate while 
continuously recording its mass. The data obtained can be used to determine various properties of 
the material, such as thermal stability, decomposition temperatures and compositional changes. 
TGA is widely employed in materials science, chemistry and engineering for both qualitative and 
quantitative analyses.

Description
The principles of TGA

The fundamental principle behind TGA is straightforward: As a sample undergoes thermal 
treatment, its mass may change due to physical or chemical processes. These changes are recorded 
as a function of temperature or time. The TGA apparatus typically consists of a balance, a furnace 
and a temperature controller. The sample is placed in a small crucible that is then heated according 
to a pre-defined temperature program.

Experimental procedure

A typical TGA experiment involves the following steps:

Sample preparation: The sample is carefully weighed and placed in a crucible. The choice of 
crucible material depends on the temperature range and the nature of the sample.

Heating program: The sample is subjected to a temperature ramp, typically from ambient 
temperature to a specified upper limit. The heating rate can be adjusted based on the desired 
resolution and sensitivity.

Data collection: As the sample is heated, the TGA apparatus continuously measures changes 
in mass. This data is then plotted as a thermogram, showing mass loss or gain as a function of 
temperature.

Analysis: The resulting thermogram is analyzed to determine thermal behavior, including onset 
temperatures, weight loss stages and residue.

Applications of TGA

Materials science

Polymers: TGA is used to assess the thermal stability and decomposition characteristics of 
polymers. It helps in understanding the impact of additives, plasticizers and stabilizers.

Composites: For composite materials, TGA can reveal the degradation of individual components 
and provide insights into the overall thermal behavior of the composite.

Chemistry

Catalysis: TGA can monitor changes in mass during catalytic reactions, helping to evaluate 
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catalyst activity and stability.

Inorganic compounds: For inorganic materials, 
TGA helps in understanding thermal decomposition 
patterns and the formation of intermediate phases.

Pharmaceuticals

Drug formulation: TGA is employed to study the 
thermal behavior of pharmaceutical compounds 
and their formulations, ensuring stability and 
compatibility with excipients.

Polymorphic forms: The technique aids in 
identifying different polymorphic forms of drugs 
by their distinct thermal behaviors.

Advancements in TGA technology

Coupled techniques

Differential Scanning Calorimetry (TGA-DSC): 
Combining TGA with DSC allows simultaneous 
measurement of mass changes and heat flow, 
providing a more comprehensive view of thermal 
events.

Mass Spectrometry (TGA-MS): Coupling TGA 
with mass spectrometry enables real-time analysis 
of evolved gases, offering insights into the nature 
of gaseous products formed during thermal 
processes.

High-resolution TGA

Ultra-fast heating: Modern TGA systems with 
ultra-fast heating capabilities can capture rapid 
thermal events with high resolution, crucial 
for studying materials with complex thermal 
behaviors.

High sensitivity balances: Advanced balances 
with high sensitivity provide more accurate mass 
measurements, essential for precise analysis of 
small or low-mass samples.

Challenges and limitations

Sample size and sensitivity

Sample size: TGA typically requires a minimum 
sample size, which may be a limitation for 
precious or limited samples.

Sensitivity: The sensitivity of TGA may be 
limited by the balance’s resolution and the noise 
level in the measurements.

Interpretation of data

Complexity of thermograms: Interpreting 

thermograms can be complex, especially for 
samples with overlapping thermal events or 
multiple stages of decomposition.

Environmental effects: External factors such as 
humidity and sample environment can influence 
TGA results, requiring careful experimental 
control.

Future perspectives

Integration with other techniques

Multi-modal analysis: Combining TGA with 
techniques like Raman spectroscopy or X-ray 
diffraction can provide a more holistic view of 
material properties and behavior.

Enhanced data analytics:

Machine learning: Incorporating machine learning 
algorithms into data analysis can improve pattern 
recognition and predictive modeling, enhancing the 
interpretation of complex thermograms.

Miniaturization and portability:

Field-portable TGA: Advances in miniaturization 
may lead to portable TGA systems, allowing for 
on-site analysis and broader applications in field 
studies.

Sustainability and green chemistry:

Eco-friendly materials: TGA will play a role 
in the development and analysis of sustainable 
materials, including biodegradable polymers 
and green solvents, aligning with global efforts 
towards environmental sustainability.

Conclusion
Thermogravimetric analysis is a cornerstone 
technique in thermal characterization, offering 
invaluable insights into material properties, 
stability and reactions. It’s broad applications 
across various fields underscore its significance in 
both scientific research and industrial processes. 
As technology advances, TGA continues to 
evolve, providing increasingly detailed and 
accurate analyses. With ongoing innovations and 
the integration of complementary techniques, 
TGA is set to remain a vital tool in the exploration 
and understanding of material behavior in the 
ever-evolving landscape of science.


