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Theory of DSC and TGA



Thermogravimetric Analysis (TGA)

Measurement of amount and rate change in the weight of 
a material as a function of temperature or time in 

a controlled atmosphere (gas used)

Thermogravimetric

Heat Gravity
or weight

To measure

Analysis



TGA: What does it look like?
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How does it work?

A B
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Summary

• Measuring weight change and kinetic study related to temperature change
• Samples ; solid or liquid (polymers, rubbers, composites, drugs, ceramics, etc.) 
• Helpful tool to understand material behavior in production process
• Qualitative and quantitative analyzing composition and stability of material 

TGA



Differential Scanning Calorimetry (DSC)

A DSC measures the difference in 
between a sample and inert reference as a function 
of time and temperature. 

Differential Scanning Calorimetry

Heat Flow Rate 



DSC: What does it look like?

Cell and furnace

Sample Tray

Monitor

Automatic Sampler



Heat flow equation

Total Heat Flow
Watts = J/s °C/min

Heat flow that is function of time
at an absolute temperatureHeating Rate

J/s

J/°C



Inside the cell
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Glass Transition of  PET

The Glass Transition is always a temperature range of several to more 
than 10 degrees depending on many factors



Rubber Application    
on 

DSC and TGA



การหาปริมาณเน้ือยางในนํา้ยางและในยางแห้ง

Total solid content (TSC) and dry rubber content (DRC)

%DRC = น้าํหนกัยางท่ีแหง้แลว้ x 100%
น้าํหนกักอ้นยางสด

= น้าํหนกัยางแหง้ x 100 % 

น้าํหนกัน้าํยางสด

%TSC

OVEN
16 hrs
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Water and 
acetic acid

Hydrocarbon 
(Proteins, Substances 
soluble in acetone, resins, 
sugars, Mineral materials)

rev.ion, 2012;25(2):57-65. Bucaramanga (Colombia)

TG and DTG curves of the characterization of the preserved natural latex

Conventional method vs TGA

Difference from ASTM D1076
Total solid content (TSC) (%wt) : 0.45%
Dry rubber content (DRC) (%wt) : 0.13%

See results within 
2 hrs

Save at least 
14 hrs!



Decomposition of Vulcanizates



Decomposition of EPR Vulcanizates



Decomposition of NR-SBR 
Vulcanizates



Decomposition of SBR vulcanizate



Carbon Residue in N2 with Nitrile 
Content of NBR Elastomer



Characterization of the %Cure of 
Thermosetting Resins by DSC

“under cured” material because of the lower Tg
(-12°C) and higher residual cure (145J/g).



Determination Of Oil in Rubber 
by Vacuum TGA 

Rubber begins to pyrolyze 
before all of the oil evaporates

Many rubber products are made of simple mixtures of oil, raw rubber, and carbon black.  End-use 
performance of these materials is dependent on batch composition, with variations of even 1 or 
2% causing significant differences. For this reason, manufacturers of tires, seals, gaskets, and 
vibration-damping mounts require a way to quickly assess batch composition. 



How to increase Resolution? 

Solutions Consequences
Slowing down the ramp rate Increase in test time
Reducing sample mass May give issues with sensitivity 

(Sample depending)
Reducing sample size Sample behavior may not 

changed in some cases
Change Purge Gas not applicable in all cases
Pin-hole Hermetic Pans not applicable in all cases
Using Hi-resolution mode good result with short test time



Characterization of EPDM Rubber 
by TGA and Hi-Res TGA



Characterization of EPDM 
Rubber by DSC and DMA



Easy Analysis by



3
0

Test e.g. ramp/heat and hold/Stepwise isothermal
Sample name

Procedure

Customize a new running program

Programing the Run

DSC2500



3
1 Result Analysis

DSC2500



Report Generate
3
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Q&A
3
3

Thank you

info@ri.co.th
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