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Abstract

J-PARC conducts a wide range of research using muons generated from graphite targets. Studies involving extremely
rare particle events require efficient muon production, which can be achieved using high-density targets. Tungsten (W),
with its high density (19.25 g/cm?®) and high melting point (3422°C), is a promising candidate material. However, it has
known drawbacks, including recrystallization embrittlement and irradiation-induced embrittlement. To address these
issues, KEK is collaborating with industry to develop a Toughened Fine-Grained Recrystallized Tungsten alloy (TFGR-
W). To optimize the manufacturing process, we evaluated the effect of ball size (5 mm and 10 mm) used in the mechanical
alloying process through X-ray analysis. The results indicated that 5 mm balls are more suitable for achieving higher
alloying efficiency and lower impurity levels. Furthermore, a batch of TFGR-W intended for delivery to CERN was pre-
evaluated using SEM/EDS, which revealed structural anomalies. The TFGR-W was subsequently re-manufactured using
5 mm balls, resulting in a higher-quality TFGR-W product that was successfully delivered to CERN.
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Figure 1: Manufacturing process of TFGR-W.
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Table 1: Semi-quantitative Values of W-3.3TaC Powder
by XRF

B W [w%] Ta [w%)] Mo [w%]

¢5_0Oh 95.37 4.63 0.00
¢ 5 24h 94.68 4.56 0.76
®5 48h 94.62 4.52 0.86
®5 72h 94.65 4.45 0.91
$5 96h 94.59 4.49 0.93
¢ 10 _0h 94.61 5.39 0.00
¢ 10_24h 94.67 4.54 0.78
¢ 10_48h 94.10 439 1.51
¢ 10_72h 93.99 437 1.64
¢ 10_96h 93.99 435 1.66
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Figure 2: Manufacturing process of TFGR-W.
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Figure 3: Changes in (a) lattice constant and (b) crystallite
size depending on MA time and MA ball diameter.
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Figure 4: Images of W-1.2TiC ( ¢ 10 MA). (a) DM image and (b) COMPO image by SEM/EDS of the whole sample. (c)
Magnified COMPO image of abnormal area (x800). (d) Ti Elemental map of abnormal area (x800) by SEM/EDS.

Figure 5: Images of remanufactured W-1.2TiC( ¢ 5 MA). (a) DM image and (b) COMPO image by SEM/EDS of the
whole sample. (c) Magnified COMPO image of sample center (x5000). (d) Ti Element map of sample center (x5000) by

SEM/EDS.
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