Journal of Nuclear Materials 417 (2011) 81–84

Contents lists available at ScienceDirect

Journal of Nuclear Materials
journal homepage: www.elsevier.com/locate/jnucmat

Materials development for ITER shielding and test blanket in China
J.M. Chen a,⇑, J.H. Wu a, X. Liu a, P.H. Wang a, Z.H. Wang b, Z.N. Li b, X.S. Wang c, P.C. Zhang c, N.M. Zhang a,
H.Y. Fu a, D.H. Liu a
a

Southwestern Institute of Physics, P.O. Box 432, Chengdu 610041, China
Ningxia Orient Non-ferrous Metals Group Co. Ltd., P.O. Box 105, Shizuishan, China
c
China Academy of Engineering Physics, P.O. Box 919-71, Mianyang 621900, China
b

a r t i c l e

i n f o

Article history:
Available online 22 December 2010

a b s t r a c t
China is a member of the ITER program and is developing her own materials for its shielding and test
blanket modules. The materials include vacuum-hot-pressing (VHP) Be, CuCrZr alloy, 316L(N) and China
low activation ferritic/martensitic (CLF-1) steels. Joining technologies including Be/Cu hot isostatic pressing (HIP) and electron beam (EB) weldability of 316L(N) were investigated. Chinese VHP-Be showed good
properties, with BeO content and ductility that satisfy the ITER requirements. Be/Cu mock-ups were fabricated for Be qualiﬁcation tests at simulated ITER vertical displacement event (VDE) and heat ﬂux cycling
conditions. Fine microstructure and good mechanical strength of the CuCrZr alloy were achieved by a preforging treatment, while the weldability of 316L(N) by EB was demonstrated for welding depths varying
from 5 to 80 mm. Fine microstructure, high strength, and good ductility were achieved in CLF-1 steel by
an optimized normalizing, tempering and aging procedure.
Ó 2010 Elsevier B.V. All rights reserved.

1. Introduction
ITER is a Tokamak fusion reactor which will generate 14 MeV
neutrons in its D–T operating phase. Technology of tritium breeding is one of the major subjects that ITER will address. Two main
types of test blanket modules (TBM) [1,2] will be tested for the purpose, the solid ceramic and liquid metal concepts. Both concepts
use reduced activation ferritic/martensitic (RAFM) steel as structural material in China. In addition to TBMs, the main part of the
ITER vacuum vessel inner surface will be mounted with shielding
blanket modules that consist of ﬁrst wall (FW) panel and shield
block (SB). The FW panel is a joining structure of Be armor tiles,
CuCrZr alloy heat sink and stainless steel (SS) back plate, which
protects SB from the severe heat ﬂux from the burning plasma.
SB is a water-cooling stainless steel structure designed to shield
the neutrons, to reduce the neutron loads on the outer-vessel component (such as the magnets) to allowable levels. ITER FW panels
and SBs will be provided by several participant teams [3] including
Europe, Russian Federation, Korea and China. Research and development of the materials and fabrication technologies by these
teams will support the component design and the manufacturing
that will start in 2013.
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ITER requires that only materials qualiﬁed to ITER grade speciﬁcations can be used for component fabrication. The material speciﬁcations for high purity vacuum-hot-pressed (VHP) beryllium,
CuCrZr alloy and 316L(N) stainless steel are based on extensive
activities carried out in earlier stages of the ITER program [4].
The reference Be is the US-made S65C VHP-Be, and other types
of VHP-Be must pass a high heat ﬂux test for qualiﬁcation. The
fabrication technologies for the FW also require qualiﬁcation,
including methods of Be/Cu/SS bonding. To support the fabrication
of the shielding and test blanket components, China has been
developing various materials and fabrication technologies for several years, including the China low activation ferritic/martensitic
steel (CLF-1), the VHP-Be, CuCrZr alloy, Be/Cu/SS bonding by a
hot isostatic pressing (HIP) process and electron beam (EB) welding of 316L(N) steel blocks. This paper reports the recent progress
on these materials and the fabrication technologies.
2. ITER blanket materials and joining technology development
2.1. VHP-Be
High purity Be blocks, CN-G01m grade of >99% Be, were made
by vacuum-hot-pressing (VHP) in China with powder produced
by impact grinding to size 7–14 lm. The VHP was conducted in
vacuum of less than 1  10 3 Pa at 1050–1175 °C in the pressure
range of 10–30 MPa. Test samples were cut from the VHP blocks
for mechanical and physical characterization. Several samples

