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Future Research
• Continuing examination of the microstructure evolution and response to heat 

treatment is under way for other crystals in the cross sections illustrated.
• Complimentary research in polycrystals show that 70% recrystallization can 

occur with the same 900oC heat treatment in 30% reduced annealed sheet.
• The role of heating rate in large grain material is unknown with a sample of 1, 

so further investigations of this will continue with other samples. 
• Simulations of this phenomena using crystal plasticity models is planned.

Results and Discussion Continued
Generalized Schmid factors for plane 
strain compression (higher values 
imply easier deformation) of the four 
most favored slip systems (turquoise 
slip vector on shaded plane) for 
exemplary orientations in A1 are 
illustrated; the aqua orientations are 
harder, such that rotations toward the 
yellow or green orientations lead to a 
plastic instability that reduces the local 
stress needed to deform the material.

The yellow rotation band recrystallized preferentially due to a higher density of 
dislocations.  These illustrate how banded heterogeneous microstructures 
develop while in making sheet metal from large grains.  This heterogeneous 
strain leads to gradients in crystal orientations, grain size, and amount of 
retained non-recrystallized (recovered) grains.  In the 80% strained A1 samples, 
strong orientation gradients develop about a third of the way from the surface to 
the center, which may be where a transition in stress state takes place between 
predominantly shear deformation near the surface and the ‘plane strain 
compression’ that is associated with rolling.  Similar plastic instability bands 
may be present in the 90% reduced as-rolled A6 sample above the magenta 
lower band and below the upper cyan band within this originally magenta grain 
(see arrow in pre-deformed crystal image cross section in lower left schematic).  
Such phenomena may account for the variability in sheet metal microstructures 
in common use.  It is noteworthy that it is difficult to attain recrystallization in 
large grain material – it lacks high angle grain boundaries, so their nucleation 
requires unusual local strain conditions, which further increases heterogeneity. 

Methods

Cylindrical cap rolled after noting crystal orientations on each side.  Different 
crystal orientations on each side caused it to curve.  Sections were cut out to 
make five samples with known original crystal orientation for heat treatment.   

As-rolled sample A6 with ~90% reduction 
shows partial EBSD measurement due to 
surface roughness resulting from removing 
~5-10 µm using BCP.  After heat treatment
at 1000oC, the sample was repolished.  It 
was mostly recrystallized, but the lower 
magenta grain showed only recovery 
(orientation gradients resulting from 
geometrically necessary dislocations that 
are not consumed by moving high angle 
boundaries).  On the GROD maps, dark

blue represents the orientation within each grain with the least lattice curvature, so 
totally blue grains are recrystallized.  The rotated cube orientation at the top 
recrystallized, but the lower magenta near-cube orientation did not.  Much less 
recrystallization occurred at 1000oC for sample A1 (below), which had 20-80% 
reduction (the color scales and dimensions noted above apply to the figures below):  

To examine the effect of heating rate, two neighboring samples were heat treated to 
900oC with a slow heating rate (3 hr) and a fast heating rate (using encapsulated 
samples in fused silica tubes); one was put in the furnace before it was turned on, and 
the other when it was at about 810oC).  A small amount of recrystallization in the 
yellow bands occurred in the 80% reduced slow heated sample. Orientation gradients 
up to 60o on GROD maps reflect the lack of a sharp high-angle grain boundary 
(indicated by black lines on IPF maps).

Results and Discussion
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Niobium sheet metal has widely variable microstructures, leading 
to variable properties, and this is may be a source of variability in 
SRF cavity performance.  Recent work has shown that 
metallurgical defects such as dislocations, low angle and high 
angle grain boundaries can trap magnetic flux, which degrades 
cavity efficiency (Q) 1-3.  Recent experience with cavity 
production for the LCLS-II indicated that cavity performance 
could be improved with a higher heat treatment temperature, 900 
or 950oC rather than the standard 800oC 2.  Lower temperature 
heat treatments may favor recovery (reduction in number and 
rearrangement of dislocations to form stable low angle 
boundaries) rather than recrystallization or grain growth, which  
involves high angle grain boundary migration that sweeps out 
dislocations and subgrain boundaries.  

To investigate how microstructural variability might originate 
from the ingots used to make sheet metal, a piece of an ingot was 
cold rolled so that heat treatment of different grain orientations 
can reveal how a polycrystalline microstructure is developed 
from ingots.  An additional working hypothesis is that by 
increasing the heating rate of the cavities during their final heat 
treatment, fewer dislocations will have recovered and stabilized 
as low angle boundaries that can trap flux" , and instead, retained  
dislocations will provide a stronger driving force for 
recrystallization (motion of high angle boundaries that leave a 
more perfect crystal in their wake), resulting in a lower number of 
defects that could lead to flux pinning.

Introduction
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