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Thermal Analysis Methods

• The analytical techniques used to study changes in physical 
properties with temperature are called thermal analysis 
techniques

• They include thermogravimetric analysis (TGA), differential 
thermal analysis (DTA), differential scanning calorimetry (DSC), 
thermometric titration (TT), and direct injection enthalpimetry, thermometric titration (TT), and direct injection enthalpimetry, 
dynamic mechanical analysis (DMA), and thermomechanical 
analysis (TMA).

• Thermal analysis techniques are used in the characterization of 
inorganic and organic compounds, polymers, pharmaceuticals, 
metals, alloys, glasses, ceramics, and many manufactured 
products.
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Thermogravimetry

• Thermogravimetry or thermogravimetric analysis (TGA) 
measures the mass (weight) of a sample in a specified 
atmosphere as the temperature of the sample is programmed. 

• The most common temperature program is a linear increase in 
temperature with time, although isothermal programs, stepped 
temperature programs, and so on can be used.temperature programs, and so on can be used.

• The output from a TGA experiment is a plot of mass (or mass%) 
vs. temperature. The TGA plot is called a thermal curve.
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Interpretations from TGA curve

• The weight loss at a temperature is helpful to determine the 
composition of a compound and follow reactions in its 
decomposition

• It also enables to identify crystals of unknown composition
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TGA Instrumentation

• Consists of:

– sensitive balance (usually a microbalance) for continuously 
measuring sample weight

– furnace surrounding a sample holder

– purge gas system for providing inert or reactive atmospheres

– computer to control the furnace temperature, data collection 
and data processingand data processing

– auto-samplers
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Block diagram 

Schematic
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Instrumentation details

• Balance: 1 to 1000 mg, with typical sample size of 5 to 20 mg

• Furnace: heating rates up to 1000oC/min (typically 200oC/min); 
cooling at ~50oC/min through forced air circulation. Furnace 
upper temperatures: 1500oC, 1700oC, or 2400oC.

• Purge gas: argon or nitrogen for providing inert atmosphere; air • Purge gas: argon or nitrogen for providing inert atmosphere; air 
for combustion or oxidation studies; hydrogen for reducing 
atmopshere 

• Sample holder: quartz, platinum, and various ceramics

• Thermocouple is made as small as possible and placed close to 
the sample holder
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Analytical Applications of TGA

• Determination of correct drying temperatures for precipitates 
used in gravimetric analysis

• Identification of gases given off while a sample’s temperature is 
increased

• By determining the residues by techniques such as XRD, and • By determining the residues by techniques such as XRD, and 
gases by IR spectroscopy, the identification of material is 
possible

• TGA is very important in determining the upper use 
temperatures of materials such as polymers by identifying the 
temperature at which oxidative degradations occur on heating in 
air
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Identification of compounds in a mixture
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Estimating Magnesium Oxide in a mixture 
of Magnesium Oxide [MgO] and 

Magnesium Oxalate [Mg(COO)2.2H2O]

Temperature = 500oC
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Robinson, Undergraduate Instrumental Analysis 6th Edition, Marcel Dekker, New York
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Determination of Stability of Polymers

Robinson, Undergraduate Instrumental Analysis 6th Edition, Marcel Dekker, New York
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Derivative Thermogravimetry

• Examination of a TGA curve will show that a sample’s weight loss 
associated with a particular decomposition occurs over a 
considerable temperature range, not at a single temperature. 

• When TGA is used to identify an unknown compound, this wide 
range is a handicap because the uncertainty of identification is 
increased.

• This problem can be partially overcome by derivative 
thermogravimetry (DTG). In DTG, the first derivative of the TGA 
curve is plotted with respect to temperature.

• In this method, temperature increase slows as weight loss 
increases. This is done so that the exact temperature at which a 
peak occurs can be more accurately identified. 
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Robinson, Undergraduate Instrumental Analysis 6th Edition, Marcel Dekker, New York
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TGA of CuSO4.5H2O
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Desorption Studies
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Determination of Stoichiometry of Oxides
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Buoyancy Correction

• Due to changes in density of a gas as the temperature changes, 
buoyancy corrections must be made in TGA experiments

• Without corrections every sample will appear to show a mass 
increase during a heating experiment

• TGA experiments are usually corrected for the effect of buoyancy 
by performing blank experiment
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Influence of Heating Rate
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Influence of Heating Rate

• If the sample undergoes chemical reactions, the temperature 
region in which the reaction occurs is very much dependent on 
the heating rate. 

• In general, higher heating rates cause reactions to shift to higher 
temperatures

• Sample controlled TGA: a quite different approach for separating 
overlapping reactions makes use of rate of change in sample 
weight to  automatically control the heating rate: the faster the 
change in mass, the slower the heating rate.
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