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Abstract

Niobium coating technology has been developed for superconducting radiofrequency (SRF) cavities to reduce material
costs. Cold spray (CS), a film formation method that feeds solid-state particles onto a target to form a thick film in a short
time, is the focus of this study, with the aim of reducing the cost. To verify the feasibility of manufacturing an entire
structure of SRF cavities using CS, an additive lathe method with CS was performed. Niobium particles were supplied
through a CS gun manipulated by a robot arm to consistently orient the blast direction to the normal direction of an
aluminum alloy sacrificial mandrel. Nb-made cavities were successfully fabricated by dissolving the mandrel in

hydrochloric acid.
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Figure 1: Laser microscopic photo of niobium powder
observed with a confocal laser scanning microscope (VK-
8510, Keyence, Japan).
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Table 1: Chemical Compositions of the Niobium Powder Measured by Manufacturer (unit: wt. ppm)

C H N (6] Fe Cr Ni Mn

Na K Mg Ca Si Mo Ta W

<10 <10 57 526 <2 <2 <2 <1

<1 <l 97 <3 <3 <4 73 <5
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Table 2: Conditions of Cold Spray for (a) Plate and (b)
Mandrel

(2) (b)
Working gas Nitrogen
Gas temperature 450 °C
Gas pressure 3 MPa
Nozzle traverse speed 20 mm/s ~ 20 mm/s
Lathe rotation — 250 min™!
Standoff distance 20 mm 30 mm
Number of repetitions 10 9
Substrate material A2024 A2024

Cold spray gun
Position &

attitude control

Scanning path

Stepped shaft

(male screw end)

Washer

Al alloy mandrel

CS film (Nb)

(a)
Immersed in
Nb alone

hydrochloric acid

(35 wt%) I

(b)

Nb/Al structure

Figure 2: Schematic of the CS process for fabricating a
cavity model: (a) additive lathe to form a thick film on the
sacrificial Al alloy mandrel, (b) removing the mandrel to
obtain the Nb alone cavity.
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Figure 3: Progress of the CS additive lathe: (a) before CS,
t=0s, (b) in the middle of the first pass = 18 s, and (c)
after CS, ¢ = 320 s, where ¢ is the elapsed time of the CS
process.
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Figure 4: Cross-section of the Nb/Al mandrel similar to
3.9 Hz SRF cavities; (a) as-CSed Nb/Al mandrel and Nb
film alone dissolved by HCI solution, magnified pictures
of (b) equator part, and (c) iris part.
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Figure 5: Temperature—resistivity diagrams of as-received
and annealed samples.
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