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Unpredictable grain boundary(GB) connectivity causes poor
and irreproducible intergrain Jc. Our previous studies revealed
that barium and potassium can segregate at the GBs along
with undesirable and unplanned oxide byproducts as well as
the more usual Fe-As GB wetting phase in otherwise well-
made and dense bulks.
Question: What causes formation of  oxide byproducts 
and FeAs formation? Are they affecting superconducting 
properties?
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Ba and/or K deficiency makes reaction 
incomplete.

• No traces of FeAs appeared on Powder X-
ray diffraction (PXRD) patterns.

• No significant difference in phase ID 
detected between regular and high purity 
barium on PXRD analysis

• No crystalline Oxide byproducts
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►Bimodal size distribution with very fine grains observed.
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• Ba purity affects superconducting critical temperature
o Regular Purity Ba has lower Tc (32.6 K)
o High Purity Ba has higher Tc (34.5 K)

► Conclusion

• 2.3 x 105 A/cm2 Self-field Jc obtained from 
high purity Ba sample with 750 °C 1st HT.

• Weak linked grain connectivity has improved

A controllable sample preparation environment and defined purity of the starting material are crucial to 

make high Jc K-doped Ba122. 
• With high performance glovebox, traces of FeAs could be reduced by preventing the loss of K and Ba by 

oxidation.
• Oxide byproducts and Ba (or K) segregation at the GB were significantly reduced.
• Small grain size is good for percolation and may be due to the short 2nd heat treatment 
• We have developed a reproducible synthesis route low in impurities that sets up the possibilities to do 

many more controlled syntheses.
• We believe that these samples have the highest Jc values of any untextured bulk samples and are very 

close to the best textured wires made anywhere.
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To prevent oxidation during synthesis:

 High performance glovebox (O2: ≤0.005 ppm, H2O ≤ 0.06 ppm)

To eliminate pre-existing oxides: High Purity Ba and K used

Varying the 1st heat treatment (1st HT) temperature to find 
optimum reaction condition

Barium ≥99.2% 
(metals basis)

” Regular Purity Ba”

Barium ≥99.9% (metals 
basis), crystalline 

dendritic solid
 “High Purity Ba”

Potassium ≥99.95% 
(metals basis)

 “High Purity K”

Potassium ≥99.5% 
(metals basis)

” Regular Purity Ba”

Regular Ba 750 °C High Purity Ba 750 °C

► PXRD analysis reveals that there are traceable impurities.

► Tc is 4 to 6 K lower than the optimum single crystal value.

►Purity of element affects superconducting  properties 

• Localized trace of  Fe-As deficiency 

observed where the barium oxide 

byproduct located

• Distribution of barium oxide 

byproduct is minimal

• Sample with high purity Ba shows 

oxide byproduct is sitting inside the 

grains

BaReg. + KReg. BaReg. + KHigh BaHigh + KHigh

Jc at 10 T [A/cm2]
600 °C 5.72 x 103 7.7 x 103 1.08 x 104

675 °C n/a 1.30 x 104 1.25 x 104

750 °C n/a 9.4 x 103 1.61 x 104

825 °C n/a n/a 1.15 x 104

High Purity Ba + High Purity K
with High Performance Glovebox

Regular Ba + High Purity K
with High Performance Glovebox
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Before the Improvement 
(Dr. Yesusa Collantes)Regular Ba + 
Regular K with 
Regular 
Glovebox

Regular Ba 
+ High Purity K 

with High 
performance 

Glovebox

High purity Ba
+ High Purity K 

with High 
performance 

Glovebox

►Presence of Ba-O phase was detected by EDS 

1st Milling
Shaker mill 
 planetary 

953 MJ/Kg

1st Heat 
Treatment

HIP: 1400 psi at 
600 °C

(675 °C, 750 °C, 
825 °C)

20  hrs

2nd Milling
Shaker mill 
 planetary
112 MJ/Kg 

2nd Heat 
Treatment

HIP 28000 psi 
at 600 °C

10 hrs

TEM

Tc_onset = 35 K

Regular Ba + Regular K 
with Regular Glovebox

Regular Ba + High Purity K 
with High performance Glovebox

High purity Ba + High Purity K
with High performance Glovebox

Regular Ba + Regular K 
with Regular Glovebox

Regular Ba + High Purity K with 
High performance Glovebox

High purity Ba + High Purity K
with High performance Glovebox

Tc from Single Crystal : 38 K

M. Rotter, M. Tegel, and D. Johrendt, Phys. 
Rev. Lett. 101, 2008, 107006

►Grain to grain connections are still not perfect but do get better. 

Grain size: 24 ± 2 nm (small), 192 ± 60 nm (large) Grain size: 37 ± 9 nm (small),  223 ± 70 nm (large)

• High purity Ba gives larger grain size compared to regular purity Ba
• Shape of large grains are different: Regular Ba – rock shape, High Purity Ba – slab shape

• No trace of O2-pocket at the GB

• No Ba or K segregation at GB 

• No trace of FeAs wetting

• Contrast at the grain boundary 

 Chemical composition 

 Physical density difference
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