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Motivations 

2 

JE 

𝑊𝑖𝑟𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 

What is the densification process? 

Overpressure 

How can we reduce internal porosity? 
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Driving questions 

Why do we need Overpressure processing? 

• Low powder packing density and filament size bubbles 

• Diameter expansion and leakage 

• Densification with Overpressure is the key for high  JE 
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What is the wire densification process? 

• Densification vs. time 

• Densification vs. temperature 

• What happen if seals fail? 
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As-drawn wires are only 65-70% dense 

Cross section As-drawn 85x7 
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Kametani et al., 
Supercond. Sci. 

Technol.  24, 
075009 (2011) 

Filaments from 
wire quenched 

in the melt 

• As-drawn filaments are 65±5 % dense (PIT 
process) 

• 35±5 % gas bubbles after 2212 melts 

• Bubbles block current transport 

Q 

IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), October 2014 (Preview 1). 
ASC 2014 presentation and paper 4MPo1D-07; 2nd Prize in Best Student Paper Contest, Materials.



M. R. Matras – ASC-2014 – Charlotte, NC, USA – Student Contest – August 11, 2014   

• As-drawn wire: 65% dense 

Internal trapped gas generates wire 
expansion and leakage 

• Open ends 1 atm: 
 65% dense 

Short samples 
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As-drawn 

1 atm closed ends 

1 atm open ends 

100 atm closed ends 

• Closed ends 1 atm: 
 <65% dense 

• Closed ends 100 atm:  ~98% dense 

Expansion 

Densification 
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Overpressure is the key for high JE  
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Closed ends  1 atm (coil behavior) 

Closed ends 100 atm  
(coil behavior) 

JE  6x 

Experiment done on short wires (8cm long) 

917 A/mm2 [4.2K, 5T]  
[4.2K, 5T] 

611 A/mm2 [4.2K, 20T]  

147 A/mm2 [4.2K, 5T]  
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Dense filaments is the key for high JE  

[4.2K, 5T] 

7 

0.8 mm diameter wire, double stack architecture 

 1
0

0
%

 d
en

se
 f

ila
m

en
ts

 

IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), October 2014 (Preview 1). 
ASC 2014 presentation and paper 4MPo1D-07; 2nd Prize in Best Student Paper Contest, Materials.



M. R. Matras – ASC-2014 – Charlotte, NC, USA – Student Contest – August 11, 2014   

When does densification occur? 
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• Inhomogeneous filaments,  
• Densification limits JE 

• Homogeneous filaments,  
• Densification only increases JE 

Densification after melt Densification before melt 

powder void void Liquid 
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2212 wires densify at 821°C in 2h 

Heat treatment: 

821C - tmax 

50 atm 
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Densification occurs 
within 2 h  

Average as-drawn density 

2 h 
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2212 wires fully densify at  
about 821°C in 2h 

Powder densification:  

Tmax – 2 h  

50 atm 

10 

• Densification is reached at 
about 821°C for 2h. 

• 50 atm and 100 atm show 
similar results. 

Tmax (°C) 
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Short samples 

As-drawn 

1 atm closed ends 

100 atm closed ends 

4 % decrease in wire diameter at 100 atm 
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~4 % decrease 
in diameter 

Seal failure 
1 atm open ends 
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Wire fully densifies about 1 m  
in from the open end 
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• 2.2 m long sample 

• Fully heat treated 
• 100 atm 
• Both ends open 

• 1 extra meter 
needs to be 
added to coil 
terminals when 
OP processed 

1 m 1 m 
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Conclusion 

• Wire densification with overpressure is the key for 
high JE. 

• High densification is reached before 2212 melts. 

• Densification is complete around 821°C within 2 h. 

• Wire diameter decreases by 4 % at 100 atm. 

• If seal fails, wire is fully dense up to 1 m in from the 
open end. 
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THANK YOU  
FOR YOUR ATTENTION 
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