
TGA Study for Fibres Desizing

6/13/2024 Document reference 1

Javier Osuna

6 June 2024



Motivation of the Study

• Fibre insulation on Nb3Sn cables contains

sizing, which is important for braiding.

• During the coil reaction, this sizing decomposes

into a grey, conductive residue.

• The coil reaction is in an argon atmosphere

(no oxygen), so the sizing cannot fully burn off.
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Without sizing, fibres undergo

filamentation and breakage.

Nb3Sn cable insulation before and after coil

reaction.



Questions 

1. Can the sizing be removed with a thermal cycle in oxygen?

2. What temperature does the sizing burn?

3. How long does it take to burn it? – Cable conductor oxidation

4. Is it easier to remove sizing after the coil reaction?
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Thermogravimmetric Analysis (TGA) 
• A known mass of sample is heated with a 

fixed ramp rate in a controlled atmosphere
and the loss of mass is measured with high 
precision .

• The presence of sizing is associated with a 
loss in mass.  
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Planned Measurements

Dynamic - Heat to 
700°C 

Allows to determine onset
temperature of sizing burning.

• 636 (starch*)

• 493 (epoxy resin*)

• 933 (silane*)

• QS1318 - Quartzel
(silane*)
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*main component of sizing

Static - Heat to 

temperature and hold.

Allows to determine time taken

for desizing.

• 636 

• QS1318

Repeat on reacted

fibres
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Property Unit S2 Glass Quartzel

Softening

Point
°C 1056 1700

Annealing

Point
°C 816 1220

Strain Point °C 766
1050 (deduced

from datasheet)

Properties of S2 Glass and Quartzel Fibres



Initial Results
(Sizings Comparison) 
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• Samples with different sizings were
heated to 700°C in air, and cooled.

• Important differences in mass loss
between sizings.
• Quartzel fabric appears to have less sizing, which

could explain previously observed differences in 
electrical properties.

• Onset temperature of decomposition
appears to be at 200°C.

• Mass of Quartzel goes up?
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Initial Results
(Reacted vs. As-Received) 
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• The mass loss was significantly less for reacted
fibres than for as-received ones.
• A large mass of sizing may be removed during the 

Nb3Sn reaction cycle in argon.

• The carbon residue appears to begin
combusting at higher temperatures (400 °C).
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Initial Results
(300°C Plateau) 
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• Fibres with 636 sizing were heated to 
300°C and kept for 2 hours in air.

• Significant mass loss after ~30 
minutes, but not all the sizing was
removed.

• Evident from:
1. The colour of the fibres (brown/black)

2. The sample not reaching the expected mass 
loss (~1.5%). 

• There must be a component that burns
at higher temperatures.
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Initial Results
(300°C Plateau) 
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• The same test was performed on fibres 
with 636 sizing which had undergone a 
Nb3Sn reaction cycle in argon.

• There was negligible mass loss for these
samples.

• This suggests that the carbon residue on 
fibres does not burn at 300°C.
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Initial Results
(400°C Plateau) 
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• Heating the fibres to 400°C appears to be more 
effective at desizing the fibres than 300°C.

• A greater mass loss is observed compared to 
300°C, and the fibres generally have a cleaner
appearance.

• In the reacted fibres, the sizing is removed
more gradually.
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Possible Residual Sizing after 400°C Static TGA

6/14/2024 Document reference 11

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0 100 200 300 400 500 600 700 800

S
a

m
p

le
 M

a
ss

 (
%

)

Sample Temperature (°C)

Dynamic TGA analysis of Fibres with 636 Sizing, 

Following 400C Static TGA

(10°C per Minute Ramp Rate) 

636 As Received (400) After TGA

636 Reacted (400) After TGA

• Dynamic TGA was
performed on the samples
which received the 400°C 
Static TGA, to confirm if the
sizing was fully removed.

• There was a small, but 
measurable mass loss for the 
as-received fibres.

• This could be from the brown
patches visible on the fibres 
(shown in red circles). 
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TGA

700°C 
Dynamic 

TGA



Summary

1. There are differences in mass loss between sizings. 
• (636 > 493 > 933 > QS1318) 

1. The sizings all begin losing mass at around 200°C.

2. 636 sizing is only partially removed with a 300°C cycle. 
• There is likely a component with a higher decomposition temperature.

3. A 400°C cycle appears to be more effective at removing sizing.

4. The conductive residue from 636 sizing was also removed at 400 °C, 
however it required approximately 2 hours to burn off.
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Conclusions & Further Work

• The amount of sizing (mass percent) is different for the various fibres.
• This is likely due to the manufacturer’s specifications.

• Desizing should be performed at temperatures greater than 300°C, for 
fibres with 636 sizing. 

• 400°C is a good starting point, because it also works for reacted fibres. 

• Tests to be performed on Quartzel fibres, reacted and not reacted. With
starch sizing.
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Additional Slides
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