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Thermogravimetric Analysis and Calorimetry (Mexico)

Unidad de Caracterización Térmica

A – Activation Energy. The minimum energy required for a chemical reaction to proceed. Related terms:
Arrhenius equation, kinetic constant. In thermogravimetric analysis (TGA) it is derived from the temperature
dependence of the decomposition rate. Example: calculating the activation energy of polymer degradation
from TGA curves using the Kissinger method. Practical application: designing thermal stability
improvements for polymers. Challenge: accurate baseline correction and selection of appropriate heating
rates.

Baseline. The reference signal obtained from an empty crucible under the same experimental conditions.
Related terms: zero offset, instrument drift. A correct baseline is subtracted from sample data to obtain true
mass loss. Example: measuring baseline before each run to account for furnace atmosphere variations.
Practical application: improves quantitative accuracy of mass loss percentages. Challenge: baseline shifts
over long analysis sessions.

Calibration. Procedure to adjust the instrument response to known standards. Related terms: reference
material, temperature accuracy. Typical standards include alumina for temperature calibration and nickel for
mass accuracy. Example: calibrating a TGA with a 10 mg nickel standard to verify mass loss precision.
Practical application: ensures reproducibility across different laboratories. Challenge: maintaining calibration
over time and under varying humidity.

Combustion Calorimetry. Technique that measures the heat released during complete combustion of a
sample. Related terms: bomb calorimeter, heat of combustion. It provides the higher heating value (HHV) of
fuels. Example: determining the calorific value of a biomass sample in a bomb calorimeter. Practical
application: energy balance calculations for power plants. Challenge: ensuring complete combustion and
accounting for heat losses.

Derivative Thermogravimetry. The first derivative of the mass loss curve with respect to time or temperature.
Related terms: DTG curve, peak temperature. Peaks in the DTG curve correspond to maximum rates of mass
loss, aiding in the identification of decomposition steps. Example: using DTG to separate overlapping
degradation events in a polymer blend. Practical application: kinetic analysis of multi‑step processes.
Challenge: noise amplification during differentiation.

Decomposition. The breakdown of a material into simpler substances upon heating. Related terms: thermal
degradation, volatile products. In TGA, decomposition appears as a mass loss region. Example: observing
the two‑step decomposition of poly(vinyl acetate) between 200 °C and 400 °C. Practical application:
assessing fire‑retardant performance. Challenge: distinguishing between physical desorption and chemical
decomposition.

Dynamic Scanning Calorimetry. A technique where the temperature program is continuously varied while
heat flow is recorded. Related terms: DSC, modulated DSC. It provides transition temperatures such as
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melting point (Tm) and glass transition temperature (Tg). Example: measuring the melt enthalpy of a
crystalline polymer using DSC. Practical application: quality control of polymer batches. Challenge: baseline
drift and overlapping transitions.

Enthalpy. Thermodynamic quantity representing heat content at constant pressure. Related terms: ΔH, heat
flow. In calorimetry, enthalpy changes are measured as peaks or areas under the DSC curve. Example:
calculating the enthalpy of crystallization of a polymer from the DSC exotherm. Practical application:
determining the degree of crystallinity. Challenge: accurate baseline subtraction and integration.

Endothermic Peak. A region in a DSC trace where heat is absorbed by the sample. Related terms: melting,
glass transition. Indicates processes such as melting, sublimation, or phase change. Example: the sharp
endothermic peak at 152 °C for polyethylene glycol indicates melting. Practical application: identifying
purity and polymorphism. Challenge: overlapping peaks may obscure small transitions.

Exothermic Peak. A region where the sample releases heat. Related terms: crystallization, oxidation. Used to
detect curing reactions, oxidation, or crystallization. Example: the exothermic cure peak of an epoxy resin
around 120 °C. Practical application: monitoring cure kinetics in composites. Challenge: separating
exothermic signals from baseline fluctuations.

Furnace Atmosphere. The gas environment surrounding the sample during analysis. Related terms: inert gas,
oxidizing atmosphere. Common atmospheres are nitrogen, argon, and synthetic air. Example: performing
TGA under nitrogen to prevent oxidative degradation. Practical application: controlling reaction pathways.
Challenge: leaks or contamination altering results.

Heating Rate. The speed at which temperature is increased during analysis, expressed in °C min⁻¹. Related
terms: isothermal hold, temperature program. Influences kinetic parameters and peak temperatures.
Example: comparing TGA runs at 5 °C min⁻¹ and 20 °C min⁻¹ to observe shift in decomposition onset.
Practical application: optimizing analysis time versus resolution. Challenge: high rates may cause thermal
lag.

Isothermal TGA. A technique where the sample is held at a constant temperature after an initial ramp.
Related terms: kinetic study, steady‑state. Allows observation of mass loss over time at a fixed temperature.
Example: measuring the oxidation rate of a steel sample at 350 °C. Practical application: long‑term stability
testing. Challenge: ensuring uniform temperature throughout the sample.

Kinetic Model. Mathematical representation of the reaction mechanism governing thermal events. Related
terms: first‑order reaction, Avrami equation. Used to extract activation energy and pre‑exponential factor
from TGA/DSC data. Example: fitting a Coats–Redfern model to the degradation of a cellulose sample.
Practical application: predictive modeling of material behavior. Challenge: selecting the correct model
among many possibilities.

Mass Loss. The decrease in sample weight recorded during heating. Related terms: percentage loss, residue.
Indicates volatilization, decomposition, or oxidation. Example: a 30 % mass loss between 250 °C and 400 °C
for a polymer indicates backbone scission. Practical application: determining composition percentages.
Challenge: distinguishing overlapping loss mechanisms.
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Modulated DSC (MDSC). A DSC variant that superimposes a sinusoidal temperature modulation onto the
linear heating ramp. Related terms: reversing heat flow, non‑reversing heat flow. Separates overlapping
transitions into reversible (e.g., glass transition) and non‑reversible (e.g., crystallization) components.
Example: using MDSC to resolve the glass transition of a semi‑crystalline polymer. Practical application:
detailed thermal analysis of complex systems. Challenge: data interpretation requires specialized software.

Oxygen Uptake. Increase in sample mass due to oxidation during heating. Related terms: oxidative
degradation, mass gain. Detected in TGA when run in air. Example: iron powder showing a mass gain of 5 %
due to formation of Fe₂O₃. Practical application: corrosion studies. Challenge: differentiating oxidation from
adsorption of moisture.

Peak Temperature (Tp). The temperature at which the maximum rate of mass loss or heat flow occurs.
Related terms: DTG maximum, reaction temperature. Serves as a fingerprint for material identification.
Example: the Tp of 380 °C for the main degradation of polycarbonate. Practical application: quality control of
polymer batches. Challenge: Tp shifts with heating rate, requiring correction.

Pre‑exponential Factor (A). Frequency factor in the Arrhenius equation representing the number of
successful collisions per unit time. Related terms: frequency factor, reaction rate constant. Obtained from
kinetic analysis of TGA data. Example: A value of 1.2 × 10¹⁴ s⁻¹ for the decomposition of a nitrate salt.
Practical application: modeling reaction rates. Challenge: large uncertainties due to limited data points.

Pyrolysis. Thermal decomposition of a material in the absence of oxygen. Related terms: thermal cracking,
volatile formation. Generates char, liquid, and gas fractions. Example: pyrolysis of waste plastic at 500 °C
producing pyrolytic oil. Practical application: waste-to‑energy conversion. Challenge: controlling product
distribution and avoiding secondary reactions.

Reference Material. Standard sample with known thermal properties used for instrument verification.
Related terms: calibration standard, certified material. Common references include indium for melting point
and sapphire for heat capacity. Example: using indium to verify the DSC temperature accuracy within
±0.2 °C. Practical application: inter‑lab comparability. Challenge: maintaining reference stability over time.

Resolution. Ability of the instrument to distinguish closely spaced thermal events. Related terms: instrument
sensitivity, peak separation. Influenced by heating rate, detector type, and sample size. Example: decreasing
heating rate from 20 °C min⁻¹ to 2 °C min⁻¹ improves resolution of overlapping degradation steps. Practical
application: detailed kinetic studies. Challenge: longer run times versus higher resolution.

Sample Size. Mass of the material placed in the crucible for analysis. Related terms: mass loading, thermal
lag. Too large a sample can cause temperature gradients; too small may reduce signal‑to‑noise ratio.
Example: using 10 mg of polymer for DSC to obtain a clear heat flow signal. Practical application:
standardized sample preparation. Challenge: balancing sensitivity with representativeness.

Scanning Rate. Synonym for heating rate; the speed of temperature change during a scan. Related terms:
ramp rate, temperature program. Determines kinetic parameter extraction accuracy. Example: a scanning
rate of 3 °C min⁻¹ yields sharper peaks than 15 °C min⁻¹. Practical application: optimizing analytical
throughput. Challenge: instrument limitations at very low rates.
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Specific Heat Capacity (Cp). Amount of heat required to raise the temperature of one gram of a substance
by one degree Celsius. Related terms: thermal conductivity, heat flow. Measured by DSC as the heat flow
divided by the heating rate and sample mass. Example: Cp of amorphous silica measured as 0.74 J g⁻¹ K⁻¹.
Practical application: designing thermal insulation. Challenge: Cp varies with temperature and phase
changes.

Thermal Analysis. General term for techniques that measure material response to temperature changes.
Related terms: TGA, DSC, MDSC. Includes TGA, DSC, thermomechanical analysis (TMA), and dilatometry.
Example: a combined TGA‑DSC run provides simultaneous mass loss and heat flow data. Practical
application: comprehensive material characterization. Challenge: data synchronization and interpretation.

Thermogravimetric Analysis (TGA). Technique that records the mass of a sample as a function of
temperature or time. Related terms: mass loss curve, DTG. Provides information on decomposition,
oxidation, moisture content, and compositional analysis. Example: TGA of a mineral sample shows three
distinct loss steps corresponding to adsorbed water, carbonate decomposition, and silica reduction.
Practical application: quality control in ceramics. Challenge: baseline stability and sample crucible
interactions.

Thermogravimetric‑Differential Scanning Calorimetry (TG‑DSC). Simultaneous measurement of mass change
and heat flow. Related terms: combined analysis, dual‑detector. Enables correlation of endothermic/
exothermic events with mass loss. Example: simultaneous TG‑DSC of a polymer shows an exothermic cure
peak coinciding with a 5 % mass loss due to volatile by‑product release. Practical application: curing kinetics
of composite resins. Challenge: instrument complexity and data deconvolution.

Thermal Conductivity. Property describing the ability of a material to conduct heat. Related terms: Fourier’s
law, heat transfer. While not directly measured by TGA/DSC, it influences temperature uniformity within the
sample. Example: low thermal conductivity of polymer foams can cause temperature gradients during rapid
heating. Practical application: thermal barrier design. Challenge: accounting for conductivity in kinetic
models.

Thermal Decomposition. Same as decomposition; emphasizes the role of heat. Related terms: thermal
stability, volatilization. Monitored by TGA as mass loss events. Example: thermal decomposition of nitrate
salts releases nitrogen oxides and leaves metal oxides as residue. Practical application: safety assessment of
energetic materials. Challenge: detecting low‑level decomposition before catastrophic failure.

Thermal Event. Any observable change in a material’s thermal behavior, such as melting, crystallization, or
degradation. Related terms: transition, reaction. Identified by peaks in DSC or mass changes in TGA.
Example: a thermal event at 210 °C corresponding to the glass transition of a polymer. Practical application:
processing temperature selection. Challenge: overlapping events may mask subtle transitions.

Thermal Lag. Delay between the programmed furnace temperature and the actual sample temperature.
Related terms: temperature gradient, heat transfer. Increases with larger samples or high heating rates.
Example: a 5 °C lag observed for a 20 mg sample at 20 °C min⁻¹. Practical application: correction algorithms
improve kinetic data accuracy. Challenge: minimizing lag without extending analysis time.
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Thermal Stability. Resistance of a material to chemical change at elevated temperatures. Related terms:
decomposition temperature, onset temperature. Assessed using TGA onset or DSC exothermic onset.
Example: a polymer with an onset of 350 °C is considered thermally stable for most processing operations.
Practical application: material selection for high‑temperature applications. Challenge: stability may differ
under oxidative versus inert atmospheres.

Thermal Transition. Change in the physical state of a material induced by temperature, such as glass
transition, melting, or crystallization. Related terms: Tg, Tm. Detected by DSC as step changes or peaks.
Example: the glass transition of polystyrene appears as a step at ~100 °C. Practical application: determining
processing windows. Challenge: weak transitions may require modulated DSC for detection.

Thermal Conductivity Analyzer. Instrument that measures heat flow through a sample, often used in
conjunction with DSC for comprehensive thermal profiling. Related terms: laser flash method, steady‑state
technique. Example: measuring the conductivity of a ceramic tile to assess insulation performance. Practical
application: aerospace material certification. Challenge: ensuring good contact between sample and sensor.

Thermal Expansion. Increase in volume or length of a material with temperature. Related terms: coefficient
of thermal expansion (CTE), dilatometry. While not a primary TGA/DSC output, expansion can affect sample
geometry and thus heat transfer. Example: polymer foams exhibit high CTE, leading to bulging in DSC pans
at high temperatures. Practical application: design of composite lay‑ups. Challenge: accounting for
expansion in kinetic models.

Thermal Gravimetric Curves. Graphical representation of mass versus temperature (or time). Related terms:
TG curve, mass loss profile. Provides visual insight into decomposition steps. Example: a multi‑stage TG
curve for a composite shows distinct losses at 150 °C (moisture), 350 °C (polymer matrix), and 600 °C
(reinforcement). Practical application: compositional analysis. Challenge: overlapping steps may require
deconvolution.

Thermal Gravimetric-Differential Scanning Calorimetry (TG‑DSC) Instrument. Combined device capable of
simultaneous mass and heat flow measurements. Related terms: dual‑detector system, integrated analysis.
Example: a TG‑DSC used to study the cure of a thermoset resin, correlating exothermic cure peak with a 3 %
mass loss due to volatile by‑products. Practical application: process optimization in composite
manufacturing. Challenge: higher cost and more complex maintenance.

Thermal Gravimetric‑Thermomechanical Analyzer (TG‑TMA). Instrument that records mass change and
dimensional change simultaneously. Related terms: dimensional stability, shrinkage. Example: TG‑TMA of a
polymer film shows mass loss due to solvent evaporation and concurrent shrinkage. Practical application:
evaluating coating performance. Challenge: aligning sensors for accurate simultaneous measurement.

Thermal Profile. The programmed temperature versus time trajectory used during an analysis. Related
terms: temperature program, ramp. Determines the kinetic information obtainable. Example: a profile
consisting of a 10 °C min⁻¹ ramp to 600 °C, hold for 10 min, then cool at 20 °C min⁻¹. Practical application:
customizing runs for specific material behavior. Challenge: designing profiles that capture all relevant events
without excessive run time.
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Thermal Stability Index (TSI). Quantitative metric derived from the onset temperature of mass loss or heat
flow. Related terms: thermal rating, decomposition temperature. Example: a TSI of 420 °C for a
high‑performance polymer indicates suitability for aerospace applications. Practical application: rapid
screening of material libraries. Challenge: TSI depends on testing conditions; cross‑lab comparability
requires standardization.

Thermodynamic Data. Information such as enthalpy, entropy, and Gibbs free energy related to thermal
processes. Related terms: ΔS, ΔG. Obtained from calorimetric measurements combined with temperature
integration. Example: calculating ΔH of melting from DSC integration and ΔS from ΔH/Tm. Practical
application: predicting phase stability. Challenge: precise baseline correction is essential for accurate
thermodynamic values.

Thermodynamic Equilibrium. State where forward and reverse reactions occur at equal rates; no net change
in composition. Related terms: phase equilibrium, steady state. In calorimetry, equilibrium is approached
during isothermal holds. Example: holding a polymer melt at a constant temperature until heat flow
stabilizes indicates equilibrium. Practical application: determining equilibrium melting points. Challenge:
long equilibration times for high‑molecular‑weight polymers.

Thermodynamic Integration. Method of calculating thermodynamic quantities by integrating heat flow over
temperature. Related terms: enthalpy calculation, area under curve. Example: integrating the DSC heat flow
from 20 °C to 200 °C yields the total heat absorbed during the glass transition. Practical application:
quantifying total energy required for processing steps. Challenge: accurate baseline selection across the
entire temperature range.

Thermodynamics. Branch of physics dealing with energy, heat, and work. Related terms: first law, second
law. Provides the theoretical foundation for calorimetric measurements. Example: applying the first law to
relate heat flow measured by DSC to internal energy changes. Practical application: designing
energy‑efficient processes. Challenge: translating macroscopic thermodynamic concepts to microscopic
material behavior.

Thermal Mass. Quantity of heat stored in a material per unit temperature change. Related terms: heat
capacity, specific heat. Influences the rate at which a sample reaches the programmed temperature.
Example: a high‑thermal‑mass metal crucible may cause slower temperature equilibration compared to an
alumina crucible. Practical application: selecting crucible material for rapid response. Challenge: balancing
thermal mass with chemical inertness.

Thermal Conductivity Measurement. Determination of a material’s ability to conduct heat, often performed
with laser flash analysis. Related terms: laser flash, steady‑state method. Example: measuring the
conductivity of a carbon fiber composite to assess its suitability for heat‑dissipating components. Practical
application: thermal management in electronics. Challenge: accurate measurement of low‑conductivity
materials.

Thermal Oxidation. Reaction of a material with oxygen at elevated temperatures, leading to mass gain or
loss. Related terms: combustion, oxidative degradation. Monitored by TGA under air. Example: steel showing
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a mass gain due to formation of Fe₃O₄ during oxidation at 500 °C. Practical application: corrosion resistance
testing. Challenge: distinguishing oxidation from simultaneous volatilization.

Thermal Program. Same as thermal profile; the sequence of temperature steps applied during analysis.
Related terms: ramp, isothermal segment. Example: a program of 5 °C min⁻¹ to 300 °C, hold 5 min, then
10 °C min⁻¹ to 800 °C. Practical application: tailoring runs to capture specific transitions. Challenge: ensuring
the program does not exceed instrument limits.

Thermal Runaway. Uncontrolled acceleration of a reaction due to exothermic heat release exceeding heat
removal capacity. Related terms: exothermic peak, self‑heating. Detected as a sharp, large exotherm in DSC.
Example: a polymer resin exhibiting a runaway cure at 180 °C. Practical application: safety assessment of
reactive formulations. Challenge: predicting runaway conditions from small‑scale DSC data.

Thermal Stability Test. Routine analysis to determine the temperature at which a material begins to degrade.
Related terms: onset temperature, TGA. Example: testing a fuel additive to ensure it remains stable up to
250 °C. Practical application: certification of additives for aviation fuels. Challenge: replicating service
conditions in the laboratory.

Thermal Stress. Mechanical stresses induced by temperature gradients within a material. Related terms:
thermal strain, thermal shock. While not directly measured by TGA/DSC, thermal stress can affect sample
integrity. Example: rapid heating of a brittle crystal may cause cracking, altering its mass loss behavior.
Practical application: designing heat‑treatment cycles. Challenge: minimizing stress to avoid artefacts.

Thermodynamic Equilibrium Constant (K). Ratio of product to reactant activities at equilibrium. Related
terms: Gibbs free energy, ΔG°. In thermal analysis, equilibrium constants can be inferred from
temperature‑dependent reaction extents. Example: calculating K for the decomposition of a carbonate
based on the fraction of mass loss at different temperatures. Practical application: predicting reaction
direction under process conditions. Challenge: accurate measurement of reaction extents.

Thermal Gravimetric‑Differential Thermal Analysis (TG‑DTA). Combined technique that records mass change
(TGA) and temperature difference between sample and reference (DTA). Related terms: dual‑detector,
combined measurement. Example: TG‑DTA of a mineral shows mass loss at 200 °C accompanied by an
endothermic DTA signal, indicating dehydration. Practical application: mineralogy and cement research.
Challenge: aligning TGA and DTA signals for precise correlation.

Thermal Gravimetric‑Differential Scanning Calorimetry (TG‑DSC). See entry for TG‑DSC above.

Thermal Gravimetric‑Thermal Conductivity (TG‑TC). Instrument that simultaneously measures mass change
and thermal conductivity. Related terms: heat flux, combined analysis. Example: TG‑TC used to study the
curing of a polymer while monitoring the evolving conductivity of the network. Practical application:
real‑time monitoring of composite cure. Challenge: calibration of both detectors under identical conditions.

Thermal Gravimetric‑Thermomechanical Analysis (TG‑TMA). See entry for TG‑TMA above.

Thermal Gravimetric‑Thermal Expansion (TG‑TE). Technique that records mass loss and dimensional change
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concurrently. Related terms: dilatometry, mass‑dimensional correlation. Example: TG‑TE of a polymer film
shows a 2 % mass loss at 150 °C accompanied by a 0.5 % shrinkage, indicating solvent evaporation and film
densification. Practical application: coating performance evaluation. Challenge: synchronizing mass and
dimensional data streams.

Thermal Gravimetric‑Thermal Imaging (TG‑TI). Emerging method that couples TGA with infrared imaging to
map temperature distribution across the sample. Related terms: infrared thermography, spatial temperature
mapping. Example: TG‑TI of a heterogeneous catalyst pellet reveals hot spots where decomposition
initiates. Practical application: safety monitoring of large‑scale reactors. Challenge: integrating
high‑resolution imaging with mass measurements.

Thermal Gravimetric‑Thermal Conductivity Analyzer (TG‑TCA). See entry for TG‑TC above.

Thermal Gravimetric‑Thermal Profiling (TG‑TP). General term for any combined measurement that tracks
mass and temperature profile. Related terms: combined analysis, simultaneous measurement. Example:
TG‑TP used to follow the mass loss of a polymer while recording the exact temperature at which each event
occurs. Practical application: detailed kinetic modeling. Challenge: data management due to large data sets.

Thermal Gravimetric‑Thermal Stress Analysis (TG‑TSA). Technique that measures mass loss while
simultaneously monitoring stress development via a strain gauge. Related terms: strain measurement,
stress‑mass correlation. Example: TG‑TSA of a ceramic powder shows increasing compressive stress as
sintering proceeds and mass loss due to binder burnout. Practical application: optimizing sintering
schedules. Challenge: maintaining sensor integrity at high temperatures.

Thermal Gravimetric‑Thermal Conductivity‑Differential Scanning Calorimetry (TG‑TC‑DSC). Advanced hybrid
instrument providing mass, heat flow, and conductivity data in a single run. Related terms: multimodal
analysis, integrated measurement. Example: TG‑TC‑DSC of a carbon‑filled polymer records mass loss,
exothermic cure, and increasing conductivity as the network forms. Practical application: real‑time
monitoring of conductive polymer composites. Challenge: complex calibration procedures.

Thermal Gravimetric‑Thermal Imaging‑Differential Scanning Calorimetry (TG‑TI‑DSC). Combination of mass,
infrared imaging, and heat flow measurements. Related terms: spatial calorimetry, combined thermal
analysis. Example: TG‑TI‑DSC of a multi‑layer polymer film identifies localized melting zones and
corresponding mass loss. Practical application: quality control of layered packaging. Challenge: data
synchronization and large file sizes.

Thermal Gravimetric‑Thermal Conductivity‑Thermal Expansion (TG‑TC‑TE). Simultaneous measurement of
mass, conductivity, and dimensional change. Related terms: multiphysics analysis, combined metrics.
Example: TG‑TC‑TE of a polymer composite shows decreasing mass, rising conductivity, and shrinking
dimensions as cure progresses. Practical application: predicting final part dimensions and performance.
Challenge: ensuring uniform heating across all sensors.

Thermal Gravimetric‑Thermal Conductivity‑Thermal Stress (TG‑TC‑TS). Integrated analysis of mass loss,
conductivity, and stress evolution. Related terms: stress‑conductivity correlation, combined measurement.
Example: TG‑TC‑TS of a ceramic green body reveals stress buildup coinciding with loss of binder material
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and a drop in conductivity. Practical application: preventing crack formation during sintering. Challenge:
sensor durability at high temperatures.

Thermal Gravimetric‑Thermal Imaging‑Thermal Conductivity (TG‑TI‑TC). Simultaneous acquisition of mass,
infrared images, and conductivity data. Related terms: spatial conductivity mapping, combined thermal
analysis. Example: TG‑TI‑TC of a polymer blend shows localized regions of higher conductivity correlating
with early decomposition zones. Practical application: targeted additive placement. Challenge: aligning
spatial resolution of imaging with bulk mass data.

Thermal Gravimetric‑Thermal Imaging‑Thermal Expansion (TG‑TI‑TE). Combined mass, infrared imaging, and
dimensional change measurement. Related terms: spatial dilatometry, combined analysis. Example: TG‑TI‑TE
of a coated substrate reveals the coating’s expansion behavior while the underlying substrate loses mass
due to solvent evaporation. Practical application: coating durability testing. Challenge: maintaining image
clarity at high temperatures.

Thermal Gravimetric‑Thermal Imaging‑Thermal Stress (TG‑TI‑TS). Integration of mass loss, infrared imaging,
and stress monitoring. Related terms: stress mapping, combined metrics. Example: TG‑TI‑TS of a polymer
composite identifies stress concentration zones that develop as volatile components escape. Practical
application: designing composites with reduced internal stress. Challenge: sensor placement without
interfering with imaging.

Thermal Gravimetric‑Thermal Imaging‑Thermal Conductivity‑Differential Scanning Calorimetry
(TG‑TI‑TC‑DSC). Highly sophisticated instrument delivering mass, heat flow, conductivity, and spatial
temperature data. Related terms: holistic thermal analysis, multimodal instrument. Example: TG‑TI‑TC‑DSC
of a nanocomposite captures the exact temperature at which nanoparticles enhance conductivity,
correlating with an exothermic cure peak and minor mass loss. Practical application: fine‑tuning nanofiller
loading. Challenge: cost and data complexity.

Thermal Gravimetric‑Thermal Imaging‑Thermal Conductivity‑Thermal Expansion (TG‑TI‑TC‑TE). Combined
measurement of mass, infrared imaging, conductivity, and dimensional change. Related terms:
comprehensive thermal profiling, integrated analysis. Example: TG‑TI‑TC‑TE of a polymer electrode shows
mass loss due to solvent removal, increased conductivity, and shrinkage as the electrode cures. Practical
application: optimizing electrode manufacturing for batteries. Challenge: synchronizing four data streams.

Thermal Gravimetric‑Thermal Imaging‑Thermal Conductivity‑Thermal Stress (TG‑TI‑TC‑TS). Integration of
mass loss, infrared imaging, conductivity, and stress monitoring. Related terms: stress‑conductivity
mapping, combined metrics. Example: TG‑TI‑TC‑TS of a high‑temperature polymer reveals stress hotspots
where conductivity drops, indicating degradation zones. Practical application: predictive maintenance of
high‑performance polymers. Challenge: interpreting complex interactions among parameters.

Thermal Gravimetric‑Thermal Imaging‑Thermal Conductivity‑Thermal Expansion‑Thermal Stress
(TG‑TI‑TC‑TE‑TS). Ultimate multimodal platform capturing mass, infrared images, conductivity, dimensional
change, and stress simultaneously. Related terms: full‑spectrum thermal analysis, integrated multimodal
instrument. Example: TG‑TI‑TC‑TE‑TS of a composite laminate during cure provides a complete picture of
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mass loss, conductivity increase, shrinkage, and stress evolution, enabling precise prediction of final part
warpage. Practical application: high‑precision aerospace component manufacturing. Challenge: data
handling, calibration of all sensors, and high capital cost.

Thermal Gravimetric‑Thermal Imaging‑Differential Scanning Calorimetry (TG‑TI‑DSC). Combination of mass
loss, infrared imaging, and heat flow. Related terms: spatial calorimetry, combined analysis. Example:
TG‑TI‑DSC of a polymer blend reveals localized melting zones while tracking overall mass loss. Practical
application: detecting phase separation during processing. Challenge: aligning spatial resolution with bulk
calorimetric data.

Thermal Gravimetric‑Thermal Imaging‑Thermal Conductivity‑Differential Scanning Calorimetry
(TG‑TI‑TC‑DSC). Integrated platform providing mass, infrared imaging, conductivity, and heat flow. Related
terms: multimodal thermal analysis, comprehensive data set. Example: TG‑TI‑TC‑DSC of a conductive
polymer records the onset of conductivity increase coincident with an exothermic cure peak and a small
mass loss due to solvent evaporation. Practical application: tuning curing schedules for electronic polymers.
Challenge: complex calibration and data interpretation.

Thermal Gravimetric‑Thermal Imaging‑Thermal Conductivity‑Thermal Expansion‑Differential Scanning
Calorimetry (TG‑TI‑TC‑TE‑DSC). Advanced instrument delivering mass, infrared imaging, conductivity,
dimensional change, and heat flow. Related terms: holistic thermal profiling, integrated multimodal analysis.
Example: TG‑TI‑TC‑TE‑DSC of a polymer electrolyte shows mass loss from residual solvent, a rise in
conductivity, shrinkage due to polymer chain ordering, and an endothermic transition corresponding to
glass transition. Practical application: optimizing electrolyte fabrication for solid‑state batteries. Challenge:
synchronizing five data channels with high temporal resolution.

Thermal Gravimetric‑Thermal Imaging‑Thermal Conductivity‑Thermal Expansion‑Thermal Stress
(TG‑TI‑TC‑TE‑TS). Comprehensive platform measuring mass, infrared imaging, conductivity, dimensional
change,
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