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Study of vacuum arc ion source based on a novel alloy deuteride cathode
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Abstract  [Background] The vacuum arc ion source with metal deuteride electrodes can generate high current
deuterium ion beam, hence can be widely used in neutron generators, high-intensity accelerators and other fields.
[Purpose] This study aims to introduce a novel alloy deuteride electrode (Zr, ,sTi,sCu,,D,). [Methods] The novel
alloy material was made by vacuum levitation melting with Ti, Zr, and Cu. The deuteride electrode (Zr, ,sTi,Cu,4D,)
was made in a high temperature deuteration apparatus. The material properties of the electrode and the discharge of
the vacuum arc ion source were analyzed. In addition, composition of deuterium alloy cathode produced by vacuum
arc discharge was analyzed by the magnetic analysis technology. The stability of the deuterium composition was

compared with the traditional titanium deuteride electrode ion source. [Results] The volume expansion of the novel
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alloy deuteride (MD,, x=1.6~1.7) is about 18%. Macroscopic crack on the surface of the alloy deuteride is found by

naked eyes while some micro cracks can be seen by the scanning electron microscope (SEM). The size of the micro

cracks is less than 100 nm. [Conclusions] The novel alloy deuteride electrode (Zr,,;Ti, Cu,sD,) is a good candidate

for the vacuum arc ion source.
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Fig.2 The surface view of zirconium titanium copper alloy
electrode
(a) Macro view, (b) Mesoscopic surface under light
microscope, (¢, d) The micrograph under scanning electron
microscope
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Fig.3 X-ray diffraction patterns of zirconium titanium copper
alloy and its deuteride
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Fig.4 Typical signals of H', D" and metal ions from magnetic
mass spectrometry analysis platform
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Fig.5 The results of deuterium ion ratio in vacuum arc ion source using deuterium titanium and zirconium titanium copper as
cathode, respectively
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