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The mass production of CuCrZr alloy - ITER Grade tubes for the ITER divertor outer vertical target (OVT)
prototype and series production is now in progress as well as other material. It is required to manufacture the
CuCrZr tube with the mechanical properties required by the design and with the grain growth suppressed in terms
of prevention of water leakage and durability of electromagnetic load even after the completion of the OVT.
Therefore, the mechanical properties are tested prior to a use for the OVT to confirm the mechanical properties
and the quality during mass production of the CuCrZr tube. This paper reports the tensile properties, which are
one of important mechanical properties required for the CuCrZr tubes used in the prototype and series production
of the OVT. As the results of sampling inspection during the mass production, the CuCrZr tube was capable of
meeting required values of the tensile properties even after the heat treatment simulated the solution annealing
and aging in the PFU manufacturing.
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1. Introduction
The mass production of CuCrZr alloy - ITER Grade

tubes for the ITER divertor outer vertical target (OVT) pro-
totype and series production is now in progress as well as
other material [1]. One CuCrZr tubes are used per one
plasma-facing unit (PFU) as shown in Figs. 1 (a) and (b).
One OVT is comprised of 22 PFUs as seen in Fig. 1 (c).
The total number of CuCrZr tubes used in the 58 OVTs,
including the four spares, is 1800 CuCrZr tubes including
the test specimens as shown in Fig. 1. In the mass produc-
tion of CuCrZr tubes, one of the more important points is
to make sure that the quality is maintained.

In the manufacturing process of the OVT, the CuCrZr
tube is subjected to several heat treatments. For exam-
ple, in the manufacturing process of the PFUs of the OVT,
heat treatment of brazing and solution annealing with gas
quenching and aging are performed. It is necessary to pre-
vent the mechanical properties of the CuCrZr tube from
deteriorating and its crystal grains from growing due to the
heat treatment in the manufacturing process of the OVT. In
other words, it is required to manufacture the CuCrZr tube
with the mechanical properties required by the design and
with the grain growth suppressed in terms of prevention of
water leakage and durability of electromagnetic load even
after the completion of the OVT. Therefore, the mechanical
properties are tested prior to a use for the OVT to confirm
the mechanical properties and the quality during mass pro-
duction of the CuCrZr tube. This paper reports the tensile
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Plasma-Facing Unit (PFU)
~140 W monoblocks / PFU
1 CuCrZr tube / PFU

Outer vertical target (OVT)
22 PFUs
~3200 W monoblocks / 22 PFUs
22 CuCrZr tubes / 22 PFUs

58 OVTs (including 4 spares)
~200,000 W monoblocks*
~1800 CuCrZr tubes*

*including test specimens
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Fig. 1 CuCrZr tube in ITER divertor OVT. (a) enlarged view of
a PFU, (b) the PFU, (c) birds-eye view of the OVT.

properties, which are one of important mechanical prop-
erties required for the CuCrZr tubes used in the prototype
and actual series of the OVT.

2. Procedure
A scope of tensile test for mechanical properties is to

inspect tensile strength, 0.2% yield strength and total elon-
gation at room temperature and 250◦C. As applicable stan-
dards, the test method at room temperature was conducted
in accordance with ASTM E8/8M-16, and the test method
at 250◦C was conducted in accordance with ASTM E21-
09. For the calibration of the equipment, JIS B 7721-2018
and JIS B 7741-2016 were applied for testing at the room
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temperature, and ASTM E4 was used for testing at 250◦C.
The shape of the specimen was kept as a tube, with an
outer diameter of 15 mm, an inner diameter of 12 mm, and
a length of 200 mm. As for equipment, Maekawa Univer-
sal Testing Machine MRA-30-F2 for tensile test at room
temperature and AG-x plus for tensile test at 250◦C.

Figure 2 shows a manufacturing process of CuCrZr
tubes and the timing of testing for confirmation of me-
chanical properties. The tensile properties of CuCrZr tubes
prior to the use of the OVT were tested on specimens af-
ter the heat treatment in a vacuum furnace at 980◦C for 30

Fig. 2 Sampling process during manufacturing of CuCrZr tubes.

(a) Solution annealing with gas quenching 

(b) Aging 

Fig. 3 Temperature profiles of heat treatment (a) solution an-
nealing with gas quenching and (b) aging for tensile test
specimens (Lot No. X0610-7619&7620).

minutes followed by gas quenching at 1◦C/sec and aging at
475◦C for 3 hr as shown in Figs. 3 (a) and 3 (b), consider-
ing a simulation of heat treatment during the manufactur-
ing process of the OVT. The frequency of the tensile test
was defined as a maximum 150 CuCrZr tubes per a lot,
and tensile tests were conducted on three specimens per
lot and per test temperature. So far, 300 of 1800 CuCrZr
tubes required during all the OVTs have been manufac-
tured, and the tensile test were performed for 7 lots, that is,
a total of 42 specimens, including both room temperature
and 250◦C.

3. Results and Discussion
The specimens after the tensile tests at room tempera-

ture and 250◦C are shown in Fig. 4. Fracture position de-
fined as per ASTM E8 as follows:
Fracture position A - a fracture inside the gauge marks
which is located more than 25% of the elongated gauge
length from either gauge mark;
Fracture position B - a fracture inside the gauge marks
which is located less than 25% of the elongated gauge
length from either gauge mark;
Fracture position C - a fracture outside the gauge marks.

In all 42 specimens, fracture position A occurred in 39
specimens as shown in Fig. 4, fracture position B occurred
in 3 specimens, including 2 specimens at 250◦C, and frac-
ture position C occurred in zero. The fracture positions
indicate that all tensile tests were properly performed.

The minimum value of the three tensile test results per
a lot and per temperature is shown as the minimum tensile
properties in Table 1. The required values were met all
the tested 7 lots. It has been confirmed that the quality
of the CuCrZr tube was maintained on a continuous ba-
sis during the mass production. In the mass production,
the CuCrZr tube was capable of meeting required values
of the tensile properties even after the heat treatment sim-

(a) Specimens after tensile test at room temperature

(b) Specimens after tensile test at 250oC

Fig. 4 Specimens of a CuCrZr tube (lot No. X0610-7619, Frac-
ture position A) after the tensile test.
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Table 1 Tensile properties of CuCrZr tube after solution anneal-
ing and aging.

Note: TS, YS and EL indicates a tensile strength, a 0.2% yield 
stress and a total elongation, respectively.

ulated the solution annealing and aging in the PFU manu-
facturing. The process of manufacturing the CuCrZr tube
involves repeated the cold drawing and the heat treatment
as shown in Fig. 2. It is known that the strength of CuCrZr
tube depends on temperature and time duration of solution
heat treatment, its cooling rate and those of aging. The

results of the present tensile test indicate that the above
factor values, which depend on the strength of the CuCrZr
tube, were within the range of the required strength of the
CuCrZr tube after PFU manufacturing even during mass
production.

4. Summary and Conclusions
This paper reports the tensile properties, which are

one of important mechanical properties required for the
CuCrZr tubes used in the prototype and series production
of the OVT.

It has been confirmed that the quality of the CuCrZr
tube was maintained on a continuous basis during the mass
production. As the results of sampling inspection during
the mass production, the CuCrZr tube was capable of meet-
ing required values of the tensile properties even after the
heat treatment simulated the solution annealing and aging
in the PFU manufacturing.
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