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a b s t r a c t
Various vanadium alloys are being developed as one of the options of structural materials for advanced
blankets of fusion reactors. Besides the large heats made in Japan and US, a 110 kg V–4Cr–4Ti ingot was
produced in RF recently. Development of advanced vanadium alloys were also carried out, such as the
ultra-ﬁne grain alloys containing Y and that with W and TiC strengthening particles. Investigations were
performed for further widening of temperature and mechanical application windows of the reference
V–4Cr–4Ti alloy by plastic deformation and heat treatments. Neutron irradiation effects combined with
lithium corrosion were studied. In addition, some efforts are oriented to issues related to DEMO blanket
manufacturing technology, such as W coating for ﬁrst wall protection and the welding technologies to
fabricate large vanadium component. This paper highlights the recent activities of these vanadium alloy
researches, discusses the critical issues and summarizes the remaining issues to be addressed.
Ó 2011 Elsevier B.V. All rights reserved.

1. Introduction

fabrication technologies, lithium corrosion, lithium capsule thermal creep, irradiation creep, and helium (He) retention behaviors.

Liquid lithium/vanadium (Li/V) self-cooled blanket concept has
many advantages over solid breeder blanket as simple structure,
high thermal efﬁciency due to operation at high temperature,
low after-heat, and good tritium breeding capability. The leading
structural material is V–4Cr–4Ti alloy at present. Test blanket
module (TBM) has been designed [1–7] and proposed to be tested
in ITER to demonstrate the DEMO tritium breeding blanket
technology. Researches of the vanadium structural material concentrated on the development of large scale material products
[8–10] and the blanket related critical issues, such as the lithium
compatibility, high temperature deformation, neutron irradiation
induced property degradation including helium embrittlement,
methods and technologies to mitigate the magneto-hydrodynamic pressure drop of the ﬂowing lithium in strong magnetic
ﬁeld, R&D on advanced alloys for better performance, and Hydrogen (H) and its isotope behavior in the alloy. Many of the critical
issues have been solved but some still remains to be studied
further.
This paper highlights the recent activities of vanadium alloy
researches and summarizes the remaining issues to be addressed.
Main topics include vanadium alloy development, approaches
to broaden vanadium alloy application window, component
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2. Vanadium alloy development for Li/V blanket
Russia has presented a conceptual design of a Li/V TBM for testing in ITER. According to the early draft design description document in 2001 [1], it possessed a naked vanadium alloy ﬁrst wall
with liquid Li as both coolant and tritium breeder in V–5Cr–5Ti
cooling channels. To increase the tritium breeding rate, Beryllium
(Be) was assumed as neutron multiplier. Tungsten carbide (WC)
was supposed to be used behind the Li layers to shield thermal
neutrons. The concept design was improved in the past years
[2,3], such as the change of the structural material to V–4Cr–4Ti
and the thickening of the ﬁrst wall (FW) from 5 mm to 12 mm
for longer erosion life in DEMO blanket [4]. This Li/V blanket was
evaluated to have a thermal efﬁciency of more than 40%.
Japan has joined the Li/V blanket design activities and has made
large contributions in technical support of the concept. Several
modiﬁcations or simpliﬁcations of the design were made [5]. The
V–4Cr–4Ti ﬁrst wall was coated with W to increase its high heat
ﬂux capability. Be was not supposed for neutron multiplier in the
concept, while B4C cover was used to shield thermal neutrons at
the TBM for the purpose of tailoring the neutron spectrum of ITER
simulating that of DEMO. Elimination of Be multiplier will beneﬁt
the design of lower cost and better safety performance because of
the risk of Be handling and the periodic replacement of short-life
Be during the blanket operation. These changes were studied to
have small impact on the tritium breeding rate [6,7].

