
Scanning electron microscope (SEM) image of Bi-2212 wire after 

6 min of attack polish – Sample surface is clean and scratch free
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�Bi2Sr2CaCu2O8+x (Bi-2212) is the only high-temperature superconductor that can be made into a round wire which is necessary for high field magnet applications. 

�Preparation techniques are critical for microstructural analysis of Bi-2212.

�The brittle Bi-2212 filaments are within a soft Ag matrix. The extreme differences in the hardness of these two materials makes creating a well-prepared specimen difficult. 

�Bi-2212 wires in magnets operations experience various stresses during use, e.g. handling, thermal stresses, electro-mechanical loading, etc. Having a well-prepared sample is 

necessary for visual analysis and to observe various phases, voids, and damage inside the material. 

�We developed effective sample preparation techniques to understand the complex Bi-2212 wire microstructure and to efficiently correlate its electrical and mechanical behavior.

Conclusion

Conclusion

�Problem: A gentle method is required to reveal Bi-2212 filaments within the wire in order to 

understand microstructural behavior during mechanical loading.
�Purpose: To create a polished sample surface that allows us to observe Bi-2212 filaments. 

�Method: Bi-2212 wires were cut, mounted, then ground with SiC paper. Then the samples 

were polished with ethanol based 1 micron and 0.05 micron alumina suspensions in a 

vibratory polisher (Buehler Vibromet 2).
� Results:

�Problem: Polishing can damage surface level Bi-2212 filaments exposed to harsh grinding media. 

�Purpose: To etch the central Ag core to reveal Bi-2212 filaments that have not been damaged due 

to polishing.

�Method: Bi-2212 wires were mounted, ground with SiC papers, and polished to the center of the 

wire. Then, the wire was placed in an Ag etching solution containing NH4OH: H2O2: Methanol 

with a 1:1:2 ratio for 45 min. 

� Results:

Internal deep etching allows us to gently

reach Bi-2212 filaments unexposed to harsh

grinding damage. However, this method only

allows for viewing of a few bundles of Bi-

2212 filaments that are located directly

around the central Ag core.

External deep etching allows us to access

the outer bundles of the wire. In tested and

untested wires, a three-step etching process

successfully removes Ag to reveal Bi-2212

filaments in order to conduct damage studies.

Attack polish is an effective method to

quickly produce a smooth, clean sample

surface. This allows us to analyze the surface

level features of Bi-2212 filaments. This

method is suitable for most preparation

needs.

SEM images of a Bi-2212 wire with almost all of the Ag matrix etched away to reveal the undamaged 

internal filaments – Internal etching effectively removes Ag without introducing damage

Attack Polish
�Problem: Vibratory polishing is a time consuming process that can create a dirty sample surface. 

This makes it difficult to analyze the microstructure of Bi-2212. 

�Purpose: To quickly and cleanly create a scratch-free polished sample surface of a Bi-2212 wire. 

�Method: Bi-2212 wires were cut, mounted, then ground with SiC paper. Then the samples were 

polished by hand with a 1 micron ethanol based alumina suspension. Last, the samples were 

polished using a chemical-mechanical approach called an attack polish. The attack polish etches 

Ag while simultaneously polishing the sample surface. The attack polish solution contains 

NH4OH : H2O2 : 0.05 micron alumina suspension (ethanol/water based) in a 1:1:50 ratio.

� Results:

Introduction

Darkfield (left) and brightfield (right) optical images after polishing at 1 micron alumina suspension for 

12 min – Sample surface is full of alumina with a few small 1 micron sized scratches

Darkfield (left) and brightfield (right) optical images of a sample after 800 grit + 24 hrs/0.05 micron

alumina in the vibromet – Sample surface is full of alumina which is a typical result from the vibromet

SEM images after external deep etching: a) Ag is removed revealing intact Bi-2212 filaments, b) 

damages identified as a result of mechanical testing – External etching successfully reveals outer bundles 

of Bi-2212 filaments, showing large damage events that are due to mechanical testing 

Darkfield (left) and brightfield (right) optical images after 6 min of attack polish
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�Light etching is the process of submersing a polished sample in an etching solution for a short 

amount of time. The etching rate of the silver etchant (NH4OH: H2O2: methanol with a 1:1:2 

ratio) was determined by etching samples for 2, 5, 10, 30, 120, and 180 seconds respectively 

then measuring the change in the silver height.
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Internal Deep EtchingExternal Deep Etching

� Problem: Internal etching only allows us to view Bi-2212 bundles in the center of the wire.

� Purpose: External etching allows us to view external filaments without polishing, creating the 

highest opportunity to find damage introduced during mechanical testing.

� Method: The wire is etched with a series of three solutions: 1) 85 ml of H2O and 15 ml of HNO3

for 1 hour, 2) 85 ml of H2O, 15 ml of H2SO4, and 2 grams of CrO3 for 40 minutes, 3) 25 ml of 

NH4OH + 25 ml of H2O2 + 50 ml of methanol for 10-15 min. 

� Results:

Height: 11.962 µm

Internal etch

Used to evaluate inner ring of 

filaments without local polishing

External etch

Used to evaluate outer ring of 

filaments without local polishing
The graph shows height 

change vs etching time. It 

was determined that there is 

a linear relationship 

between etching time and 

the amount of silver 

removed. 

A scanning laser confocal microscope was used to 

generate a height map to quantitatively evaluate 

matrix etching.


