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316L SS/B4C DIFFUSION BONDED JOINTS FOR NTP RADIATION SHIELDING:
MICROSTRUCTURAL EVOLUTION UNDER IRRADIATION

Abstract

As humanity works towards missions to Mars and beyond, the limitations of chemical propulsion—its
mission architecture, long travel times, and constrained payloads, have renewed interest in nuclear ther-
mal propulsion (NTP). While NTP offers improved thrust efficiency and mission flexibility, it requires
structurally robust shielding materials capable of withstanding extreme thermal (2,000 ◦C) and radiative
environments (6.1 × 1013 n/cm2 · s thermal) while minimizing mass. Radiation shielding is required to
protect the vehicle’s crew, the various scientific equipment, and experiments housed onboard the craft.

To address these challenges, a multilayer, diffusion-bonded, metal-ceramic shielding system was fabri-
cated from 316L stainless steel (316L ss) and boron carbide, B4C. 316L ss was selected for its weldability
and corrosion resistance; B4C offers exceptional neutron attenuation thanks to its high thermal neutron-
capture cross-section. Diffusion bondingwas conducted at approximately 1100-1200 ◦C in a pure vacuum,
under an applied pressure of 1.25-1.5 MPa, and annealed for 2-3 hours to promote interfacial bonding and
elemental interdiffusion at the mating surface.

This study presents comprehensive pre- and post-irradiation characterization to evaluate microstruc-
tural evolution and mechanical behavior within the bonding region. Pre-irradiation SEM-EDS revealed
a 20 30 micrometers thick interfacial zone enriched in boron and chromium, an indication of substantial
elemental diffusion and reactionary products growth. High resolution characterization is currently under-
way to validate these observations and to better elucidate the boron-chromium-iron ternary phase region
at the interface.

An irradiation campaign supported by the Nuclear Science User Facilities Program at Idaho National
Laboratory utilized Ohio State University’s (OSU) research reactor. These experiments were designed
to approximate the nuclear environment of thermal neutron fluence during a thirty-minute NERVA-class
NTP engine burn. Post-irradiation characterization was performed at the Center for Electron Microscopy
Analysis (CEMAS) at OSU and at the Michigan Center for Materials Characterization at the University of
Michigan. The final results of these experiments and characterization analysis will be utilized to quantify
the defect accumulation at the bonding region and demonstrate its overall impact on the interfacial
integrity of the bond itself.

Ultimately, this work supports the development of integrated, application-customizable, multilayer
shielding systems that enhances the performance, reliability, and safety of NTP systems, while balancing
mass and cost—advancing the feasibility of long-duration crewed spaceflight. These findings will also be
used to inform diffusion mobility coefficients for boron at the 316L ss and B4C interface under thermal
and irradiative conditions which can be extrapolated from for other materials in similar systems.
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