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Microstructural Studies of Steels Using Neutron Diffraction Keynote

Sven C. Vogel
Los Alamos National Laboratory, Los Alamos, NM 87545, U.S.A.

Neutrons readily penetrate a centimeter of iron and in conjunction with cm2-sized beam spots
provide bulk characterization capabilities, probing much larger volumes than electrons or
X-rays and thus complementing these techniques. Consequently, neutrons play an important
role in steel research and this presentation strives to highlight some accomplishments in this
field at LANSCE. Texture analysis using time-of-flight neutron diffraction offers an efficient
way to measure the orientation distribution function. Some fundamental aspects of this method
will be discussed [2,1,3]. An excellent example for the opportunities offered especially by high
temperature in situ texture neutron texture measurements is the validation and calibration of
the Double Kurdjumov-Sachs orientation relationship, allowing to successfully predict texture
memory in phase transformation textures [4]. While most phase diagrams of iron with its main
alloying elements are well established, the crystal structure of the e-phase in the Fe-Al phase
diagrams remained unknown for almost 100 years. Experimental difficulties such as preferred
orientation and an unquenchable phase in conjunction with grain growth at the temperatures
where the phase is stable prevented other probes from solving the structure. It was determined
to be a CusZns-type brass structure using in situ high temperature neutron diffraction at the
HIPPO beam line [5,6]. As an example of ex situ characterization, Taylor impact tests provide a
large range of plastic strains and effective deformation rates within the same sample. Using
microstructural characterization, e.g. texture, phase composition, and micro-strains, a neutron
diffraction scan along the axis of a gas-gun deformed steel sample produced by additive
manufacturing allowed to evaluate the deformation microstructure as a function of distance
from the impact surface. This knowledge allowed then to identify a region where the maximum
weight fraction of &-Fe was observed, which was subsequently characterized by electron
microscopy to study orientation relationships with the matrix, underlining the complementarity
of bulk and surface techniques [7]. As an example of in situ deformation studies, the case of
additively manufactured 304L stainless steel compared with wrought material will be discussed.
Crystallite size, crystallographic texture, dislocation density, and lattice strains were all
characterized to understand the differences in the macroscopic mechanical behavior. The AM
material’s initial dislocation density was about 10 times that of the wrought material, and the
flow strength of both materials obeyed the Taylor equation, indicating that the AM material’s
increased yield strength was primarily due to greater dislocation density [s].
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