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Abstract

A new production target of the secondary particles at J-PARC Hadron Facility is now under development. The new
target is planned to be a rotating-disk type with cooling fins, and one candidate material for the target is tungsten because
of high density, high thermal conductivity and high strength at high temperature. However, complicated shaping such as
cooling fin is very difficult by machining for the tungsten material. One possibility is the metal-additive manufacturing
method, i.e., metal 3D printer. If the 3D printer can be applied for the tungsten, complicated shape (or near net shape)
seems to be realized. However, concrete data of physical property and mechanical strength are insufficient for the target
design. Thus, test specimens made of tungsten were fabricated with the 3D printer, which is laser powder-bed fusion type.

In this paper, evaluations of the test specimens are reported.
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Figure 1: Plan view of the Hadron Experimental Facility at
J-PARC.
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Figure 2: Schematic drawing of the prototype model for the
rotating-disk-type production-target.
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Figure 3: Photograph during metal-additive manufacturing
(3D printing) for the test specimen.
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Figure 4: Photograph of pure-tungsten materials for test
specimen.

Figure 5: Photograph of the test specimens for physical-
property measurements.

Figure 6: Photograph of the Charpy-impact-test specimens
with a dimension of 10-mm wide (for impact direction),
55-mm long and 2.5-mm thick. The V-notch is 2-mm
depth.
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Table 1: Lists of Materials for the Test Specimen

Name for test Material description

specimen
Pure-W (AM) Pure tungsten (>99.9%) made by the
metal-additive manufacturing (3D
printing).
Pure-W (AM) Pure tungsten (>99.9%) made by the
with HIP metal-additive manufacturing (3D

printing). After machining, HIP
(176MPa,1850°C,3h) was processed.

Pure-W (conventional) Pure tungsten (>99.9%) made by the
conventional method (including rolling
or forging process).

We-alloy (conventional) Tungsten alloy (W-97%, Ni-2%, Cu-
1%) made by the conventional method
(sintered material).
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Figure 7: Surface images of Pure-W (AM) for cross-

sectional observation. Left images show optical
photograph, and right images show SEM-like images.
Lamination is left-right direction on the image. As a result,
structure with many voids (cavities) was observed on the
surface.
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Figure 8: Surface images of Pure-W (AM) with HIP. No
improvement, such as reduction of voids, was observed
with the HIP process.
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Table 2: Physical Properties of the Test Specimens

Density Heat capacity ~ hermal
ductivit
/cm? J/g/K con Y
[g/em’]  [J/g/K] (W/m/K]
Pure-W (AM) 17.0 0.139 100
Pure-W (AM) 17.7 0.135 115
with HIP
Pure-W 19.2 0.141 166
(conventional,
forged material)
W-alloy 18.5 0.132 109
(conventional)
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Table 3: Results of the charpy impact test. The error in the
table shows a statistical variation (one standard deviation)
between specimens.

Absorbed energy (= error)

[J/em?]
Pure-W (AM) 0.97 (£0.09)
Pure-W (AM) 0.98 (£0.05)
with HIP
Pure-W (conventional, 1.35(%£0.04)
rolled material)
W-alloy (conventional) 1.90 (£0.13)
1200 e Pure-W(AM)
1000 - = = Pure-W(AM) with HIP
g 800 Pure-W (conventional)
-'E 600 W-alloy (conventional)
S 400
3
£ 200
0
N
-200
2.5 3 35 4 45 5

Displacement (mm)

Figure 9: Comparison of the load-displacement curve in
the Charpy impact test.

Figure 10: Photographs of the specimens before and after

the Charpy impact test.
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Figure 11: Images of the fracture surface around V-notch
of the Charpy-impact-test specimens. These surfaces were
obtained by etching process. It should be noted that the
cavities (defects) in the top two images were enlarged by
etching and thus emphasized.

4. Summary
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