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Principle of thermogravimetric analysis - TGA 
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Principle of thermogravimetric analysis - TGA 

Conditions

20°C – 600 °C

Rate e.g. 10 K/min 

Single mg sample

Atmosphere:    
Synthetic air or
nitrogen, also change
of the atmosphere
possible
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 Principle of ion beam cross sectioning and sample preparation

 Examples of cross sectioned packaging laminates

 Resume

TGA of LDPE MI 8.5 in air

In synthetic air, weight loss
starts at 225 °C

Residue
5,18 % 
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Weight change -87.64%

Weight change -7.18%

 = 2.6 %

Typical extrusion coating melt temperature



3

5 Guenter Schubert – Thermogravimetric analysis of packaging materials - 17th TAPPI European PLACE Conference 2019 Porto - Session 14 - Paper 1

In synthetic air, weight loss
starts already at 225 °C

Residue
6 % 
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TGA of LDPE MI 15 in air

 = 2.6 %

Weight change -1.81 %

Weight change -15.08 %

Weight change -76.97 %

Typical extrusion coating melt temperature
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 Principle of ion beam cross sectioning and sample preparation

 Examples of cross sectioned packaging laminates

 Resume

TGA of mLLDPE with standard antioxidant package in air

In synthetic air, weight loss
starts at 250 °C

Residue 3,57 % 
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 = 3.0 %

Typical extrusion coating temperature

Weight change -9,88 % 
between 250 and 380°C

Weight change -68.87 %

Weight change -13.54 %

Weight change -4.14 %
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 Principle of ion beam cross sectioning and sample preparation

 Examples of cross sectioned packaging laminates

 Resume

TGA of mLLDPE without antioxidant in air

Weight change
20.46 % between
240°C  and 390°C

In synthetic air, weight loss
starts already at 240 °C

Residue 5,11 % 
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3.0 %

Recommended extrusion coating temperature

Weight change -34.80 %

Weight change -37.25 %

Weight change -2.38 %

7.0 % at 
300°C
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Weight change -97.38 %

Almost no residue

Weight loss
starts at 230°C 

TGA of a homo-PP in air

 = 40.6 %

T
G

 [
w

ei
g

h
t-

%
]

Temperature [°C]

Recommended extrusion coating temperature

 = 3.0 %
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 Principle of ion beam cross sectioning and sample preparation

 Examples of cross sectioned packaging laminates

 Resume

Weight change -55.86 %

Weight loss starts at 235 °C

Residue 5,45 % 

TGA of EMAA (MI 7.5; low content of MAA)
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Weight loss close to standard LDPE –
Processing at same temperature possible

Recommended extrusion coating temperature

 = ~ 3 %

Weight change -38.69 %
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Weight change -23.97 %

Residue 6.67 % 

TGA of EMAA (MI 7.5; medium content of MAA)

T
G

 [
w

ei
g

h
t-

%
]

Temperature [°C]

Weight loss starts at 235 °C

Recommendable extrusion coating temperature

 = ~ 3,7 %

Weight change -53.35 %

Weight change -16.01 %
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 Principle of ion beam cross sectioning and sample preparation

 Examples of cross sectioned packaging laminates

 Resume

Weight change -17.92 %

Residue 6.24 % 
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TGA of EMAA (MI 7.5; high content of MAA)

Weight loss starts at 235 °C

Recommendable extrusion coating temperature

 = ~ 3 %

Weight change -75.84 %
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 Principle of ion beam cross sectioning and sample preparation

 Examples of cross sectioned packaging laminates

 Resume

TGA of LDPE masterbatch containing CaCO3

Weight change
-23.85 %

Weight change -1,12 %
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Residue 75 % (filler
content + polymer residue) 

In synthetic air, weight loss
starts at 260°C
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 Principle of ion beam cross sectioning and sample preparation

 Examples of cross sectioned packaging laminates

 Resume
Weight change

-33.22 %

Weight change
-51.47 %

In synthetic air, weight loss
starts already at 235°C
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TGA of an EMAA (low MAA) containing a filler

Residue ~ 10 % 
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 Principle of ion beam cross sectioning and sample preparation

 Examples of cross sectioned packaging laminates

 Resume
Weight loss starts at 235 °C

Residue 5,45 % 

TGA of EMAA (low content of MAA) in dry air
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Weight loss close to standard LDPE –
Processing at same temperature possible

Recommended extrusion coating temperature

 = ~ 3 %

Weight change -38.69 %

Weight change -55.86 %
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Weight change -94.37 %
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TGA of EMAA (low MAA) in nitrogen atmosphere (also dry)

Under nitrogen - no oxidation possible 
- weight loss starts at 340 °C

At 300°C almost no weight loss

D
if

fe
re

n
ti

al
 w

ei
g

h
t

lo
ss

[%
]

16 Guenter Schubert – Thermogravimetric analysis of packaging materials - 17th TAPPI European PLACE Conference 2019 Porto - Session 14 - Paper 1

Conclusions
 TGA - Hardly known, never used – But a few milligrams can tell you a lot

 Characterises the weight loss during heating of extrudable polymers 
during a heating program

 Information about the onset (temperature) of oxidative degradation and 
subsequent weight loss or weight loss in nitrogen

 Information about the effect of antioxidant on the weight loss

 Indication of a theoretical weight loss in equilibrium at a given melt 
processing temperature 

 Prediction of melt degradation limit (and loss of e.g. sealing properties)

 Overlay of nitrogen as cover gas in extrusion coating reasonable? 

 Content of fillers 
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Thanks
to Otto Plassmann, INEOS  

and Heike Berk, Hydro R&D 
and to you

for your attention Presented by:        

Guenter Schubert                   
- Foil Converting -
Hydro Aluminium Rolled 
Products GmbH, R&D Bonn
guenter.schubert@hydro.com


