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Motivation

Conclusions

Performance variability of Nb cavities arises from microstructural 
defects such as dislocations and grain boundaries.  There is 
significant interest in the effect of trapped flux associated with 
dislocations [1]. The working hypothesis of this study is that an 
increased heating rate will allow more dislocations to remain 
within the material by the time that the heat treatment 
temperature is reached, thus increasing the recrystallization 
fraction. This work focuses on assessing multiple metrics for 
recrystallization based on EBSD data as well as the effect on the 
geometrically necessary dislocations (GNDs), which will allow the 
identification of production specifications for improving high Q 
niobium SRF cavities.

Sample preparation
Excess high-purity niobium, produced by Tokyo Denkai, was 
saved from the production of end-caps for low beta cavities at 
the Facility for Rare Isotope Beams (FRIB). Sections of the pieces 
were cold rolled to ~30% reduction parallel to the original rolling 
direction and then coupon samples were cut using electrical 
discharge machining (EDM). All samples were then chemically 
polished using a buffered chemical polishing (BCP) solution to 
remove 10-15um of material (including the EDM recast surface), 
and then given a final polish using a vibratory polisher with a 
colloidal silica suspension to ensure the surface was suitable for 
electron backscatter diffraction (EBSD). For the final polish a 
mount was 3D printed using a polymer in order to secure the 
samples. 

Heat Treatments

After the polishing was completed, four samples were selected for 
initial testing. Each sample was scanned using EBSD and then 
encapsulated in an evacuated quartz tube for heat treatment. Final 
EBSD scans were taken at the same location as the initial 
measurement once the heat treatments were completed. 

Acknowledgement
Research supported by DOE/OHEP contract DE-SC0009960.

[1] S. Posen et al., "The Effect of Mechanical Cold Workon the Magnetic Flux Expulsion of Niobium", arXiv1804.07207(2019).

[2] J. Wang et al., “Microstructure Heredity of Inconel 718 Nickel-Based Supperalloy during Preheating and Following Deformation”, Crystals, 10(4), 303, 2020. doi: 10.3390/cryst10040303.

[3] H. H. Bernardi et al. “Microstructural Stability of a Niobium Single Crystal Deformed by Equal Channel Angular Pressing”, Mat. Res., (2017). doi: 10.1590/1980-5373-MR-2017-0288.

[4] Malta, P.O., Alves, D.S., Ferreira, A.O.V. et al. Static Recrystallization Kinetics and Crystallographic Texture of Nb-Stabilized Ferritic Stainless Steel Based on Orientation Imaging Microscopy. Metall Mater Trans A 48, 1288–1309 (2017). doi: 10.1007/s11661-016-3935-3.

[5] H. Mirzadeh, J.M. Cabrera, A. Najafizadeh, P.R. Calvillo, “EBSD study of a hot deformed austenitic stainless steel”, Materials Science and Engineering: A, Volume 538, 2012, Pages 236-245, ISSN 0921-5093, doi: 10.1016/j.msea.2012.01.037.

Images of ideal sample preparation 

Mount used for final polish.

Results and Discussion

Four different heat treatments were chosen for this investigation.
• 3 hour ramp from 25°C - 900°C with a 3 hour hold at 900°C
• 3 hour ramp from 25°C - 1000°C with a 3 hour hold at 1000°C
• Placement in furnace at 810°C, 20 min to 900°C + 3 hour hold
• Placement in furnace at 900°C, 20 min to 1000°C + 3 hour hold 

Each heat treatment was followed by a ramp to cool in 1 hour, and 
samples were retrieved after 10+ hour furnace cooldown.

IPF Maps of all Samples

From the as-received condition to the rolling and the subsequent 
heat treatments it can be seen that the higher temperature heat 
treatments resulted in more grain growth, but the fraction which 
is recrystallized is quantified using several methods.

Sample
Recrystallization 

Fraction (Average)

900°C Slow 69%

900°C Fast 68%

1000°C Slow 82%

1000°C Fast 87%

Using cited metrics for recrystallization based on EBSD analysis 
[2-5] the average recrystallization fraction was determined for 
each sample. While these findings agree with the hypothesis 
for 1000°C, there is little difference at 900°C, which will require 
more investigation.

Sample
Dislocation 

Density below 
10*1012/m2

900°C Slow 68%

900°C Fast 71%

1000°C Slow 84%

1000°C Fast 91%

The density of GNDs is systematically reduced with a faster heating 
rate and, the percent which falls below the classical annealed metal 
dislocation density of 10*1012/m2 also follows the recrystallization 
fraction identified through traditional EBSD methods. 

EBSD Recrystallization Metrics

GND Density 

The three metrics used for EBSD analysis of recrystallization allows for 
a solid foundation to build upon for recrystallization
• GOS has a lower threshold than GAM and KAM for defining a 

similar extent of recrsytallization
• The cited thresholds for GOS, GAM, and KAM provided similar, but 

not identical metrics for fraction recrystallized. 
• The use of GND density as a recrystallization metric may be a more 

fundamentally useful metric as it is closer to known mechanisms 
that trap flux and degrade cavity performance. 

Future work will consider effects of rolling direction, cavity strain 
paths, and time at temperature that could lead to an optimal balance 
between removal of dislocations and a desirable strength (grain size).  


