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Thermal expansion of materials is of fundamental practical relevance and arises from an interplay of several 
material properties. For nanocrystalline materials, accurate measurements of thermal expansion based on high­
precision reference dilatometry allow inferring phenomena taking place at intemal interfaces such as vacancy 
annihilation at grain boundaries. Here we report on measurements obtained for a severely deformed 316L 
austenitic steel, showing an anomaly in difference dilatometry curves which we attribute to the exceptionally 
high density of stacking faults. On the basis of ab intio simulations we report evidence that the peculiar magnetic 
state of the 316L austenitic steel causes stacking faults to expand more than the matrix. So far, the effect has 

only been observed for this particular austenitic steel but we expect that other magnetic materials could exhibit 
an even more pronounced anomaly. 
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I. INTRODUCTION

Thermal expansion is an elementary materials behavior, 
being not only of interest from a fundamental theoretical point 
of view, but also of practical relevance in engineering. For 
instance, differences in the thermal expansion coefficient of 
components or material combinations may lead to residual 
stresses and damage or failure in service. Understanding and 
tailoring thermal expansion is thus of great importance. In 
this context, a prominent example are Invar alloys, i.e., Fe-Ni 
alloys of a specific concentration with a close to zero expan­
sion within a certain temperature range [ 1--4). Apart from 
alloying, thermal expansion can also be affected by lattice 
defects. Lattice defects are associated with an excess volume 
which possibly affects the global thermal expansion when 
annealing out upon thermal excitation. However, given the 
rather small excess volume, sufficient measurement resolution 
or large defect populations are required to reveal an effect. 

High-precision difference dilatometry is a powerful 
method, which enables the determination of the tiniest ab­
solute length changes. This technique allows one to study 
defect annihilation kinetics [5,6) and early stages of pre­
cipitation (e.g., decomposition or clustering) [7,8), and can 
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even reveal the grain boundary (GB) excess volume [9] or 
the vacancy relaxation volume [10). Difference dilatometry 
relies on the excess volume associated with crystal defects, 
compared to the perfect lattice (reference sample ), which may 
be released upon annealing the sample. To determine the 
mentioned quantities or to reveal how this excess volume af­
fects thermal expansion, the length of a pristine, defect-scarce 
reference and its evolution with temperature is compared to 
a sample containing an abundance of lattice defects. When 
defects and annihilation sites are present in sufficiently large 
quantities, the release of their specific excess volume can 
induce a measurable volume or length change, thereby en­
abling their investigation. Nanostructured materials prepared 
by high-pressure torsion (HPT) are ideal materials for such 
studies as HPT introduces high densities of lattice defects into 
bulk materials by applying strains of several thousand percent, 
accompanied by grain refinement down to the 100 nm regime 
or even less [ 1 1 ]. Such bulk nanomaterials have been inten­
sively studied in recent years and instrumental improvements 
of high-precision difference dilatometers have provided the 
necessary spatial resolution and thermal drift stability for the 
length measurements [12]. 

These measurements have revealed for severely deformed 
pure metallic materials a distinct difference of the relative 
length change between a defect-containing and well-annealed 
reference once lattice defects annihilate [5,IO]. Depending on 
the sample orientation, this relative length change can either 
be positive or negative, i.e., enhance or reduce thermal expan-

2475-9953/2021/5(11)/113609(8) 113609-1 ©2021 American Physical Society 
















	Seite 1 
	Seite 2 
	Seite 3 
	Seite 4 
	Seite 5 
	Seite 6 
	Seite 7 
	Seite 8 

