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ABSTRACT: Recently, the lifetime extension of nuclear power plants has been considered. Thus, it is necessary to consider facility safety
management and economic management. However, when the bolts in nuclear power plants are replaced and the turbines of nuclear power plant are
disassembled, numerous problems are found in relation to stuck bolts in clamping parts. In order to solve these problems, a hybrid vacuum chamber
was first designed and manufactured. It can perform arc ion plating and sputtering, which were used to deposit Ti/TiN on an A913 B7 bolt. X-ray
diffraction (XRD) and scanning electron microscopy (SEM) analyses were conducted to determine the composition and characteristics of the bolt,
and tests were conducted to determine how long the bolt could endure under various conditions in a nuclear power plant. The SEM and XRD
results clearly showed a continual and even coating layer. When this TiN-coated bolt is used in a nuclear power plant, the lifetime can be extended
compared to a conventional bolt, but it is necessary to determine what additional properties are required.
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Table 1 Ti deposition final conditions

Conditions Ti (Sputtering)

1 % 10° torr
60 V x 35 A (21 kW)
140 mm (width) > 1,280 mm
(height), Ti (99.99%)
1.5 x 10° torr
Ar N
150 SCCM 0 SCCM
150C
15 min / 30 min / 40 min

Degree of beginning vacuum

Plasma power
Target size and source
Degree of working vacuum
Amount of gas

Working temperature
Working time

Table 2 TiN deposition final conditions

Conditions TiN (AIP)
Degree of beginning vacuum 1 x 10° torr
Arc power 70V

76.2 mm (Diameter) < 30 mm

Target Si d
arget Size and source (Thick), Ti(99.99%)

Degree of working vacuum 58 x 10* torr
Ar N
Amount of gas
150 SCCM 750 SCCM
Working temperature 150 C

Working time 15 min / 30 min / 40 min
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Conditions

Ti (1.5x10° torr)

TiN (5.8x10* torr) 15 min

30 min 45 min

Top surface

Cross section

Intensity (arb.)

50

26(deg.)
Fig. 2 Ti/TiN XRD pattern based on final conditions
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Table 3 Mechanical properties of two type of bolt
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. . Result value
Test item Unit ) Test method
Non-coated bolt TiN coated bolt
Tensile strength N/m? 954 966 ASTM A 370-12
Yield strength N/m? 876 881 ASTM A 370-12
Elongation % 21 21 ASTM A 370-12
Hardness (HRC) - 36 HRC 36 HRC ASTM A 370-12

(@) Drawing of Test bolt
Fig. 3 Sample bolts for corrosion rate testing
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(b) Before coating (c) Coating bolts
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(@) Ti-coating bolt
Fig. 4 Ti bolt after corrosion rate testing

(a) TiN/Ag-coating bolt
Fig. 5 TiN/Ag-coating bolt after corrosion rate testing
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(b) Ti/TiN bolt = 15 min

(c) Ti/TiN bolt = 30 min
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(d) Ti/TiN bolt = 45 min
Fig. 7 Neutral salt spray test result of Ti/TiN bolt
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