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Microstructural Analysis of Diffusion Bonding of Tungsten Cladding on
Molybdenum Using Spark Plasma Sintering Method

Abstract

In many X-ray tubes used in the medical industry, such as radiology and CT scan equipment, a thick tungsten cladding over molybdenum is
employed to fabricate the sensitive rotating anode components. One method for cladding is surface welding, which, when combined with Spark
Plasma Sintering (SPS) and control of the joint microstructure, can effectively meet the engineering requirements for anode applications. This
method, by applying direct pulsed current, enables high heating rates and atomic diffusion, significantly enhancing the efficiency of the bonding
process. In this study, for the first time, round samples of pure tungsten and molybdenum were successfully welded using SPS. The effects of
parameters such as welding temperature, length-to-diameter ratio (L/D), and post-welding heat treatment on the microstructure and weld diffusion
depth were examined. The results showed that increasing the welding temperature from 1500°C to 1600°C increased the weld diffusion depth from
1.2 to 1.8 micrometers. However, at 1600°C, discontinuities were observed at the joint interface. In contrast, welding at 1550°C with a diffusion
depth of 1.7 micrometers (more than four times higher than conventional bonding methods under similar conditions) yielded the best results.
Additionally, heat treatment at 1450°C in a pure hydrogen atmosphere significantly improved the weld quality and eliminated welding defects. The
results demonstrate that using the SPS technique can produce high-quality tungsten coating on molybdenum with defect-free microstructures,
advancing bonding technologies for high-tech industrial applications.

Keywords: Tungsten to Molybdenum Cladding, Diffusion Bonding, Spark Plasma Sintering, Microstructure.
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