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PWR components and materials

Primary circuit

Anti-vibration bars:
alloy 600, 405 SS Steam dryers
Vessel: alloy stee 304 SS
" Clad: 308, 309 SSN\S
S

e
+SS to SS: 308 SS
«Steel to SS: 308, 309
CRDM housing:
alloy 600MA, 690TT
Closure studs:
alloy steel
Vessel:
«alloy steel
«clad: 308, 309 SS
Control rod:
=SS clad
*B,C+SS poison
Core structurats: 304 SS

High strength: A 286, X 750

Fuel cladding: Zy-4.
advanced Zr alloys
Fuel: UO,
Primary piping:
304.316 SS

Pump materials: ’

.High strength: A 286, 17-4 PH, X 750,

«Structural: 304, 316 SS

*Impeller housing:

G vessel wal:

cast 88 600TT, 690TT, s

Carbon steel

Secondary circuit

Turbine:
«rotor: low alloy steel
«blades: 17-4 PH, 403 SS

ferritie steel
oisture . +blade attach: low alloy steel
separator lectric *diaphram, Cr steel
reheate power Generator:
B . . .
. *retaining raing: high strength
or high toughness
| Power scopper condoctors
e (ransformer
Condenser tubes:
«Ti or SS tubes
Condenser tubesheet:
*cathodic protection or
titanium clad

Condenser structural:
water side: carbon steel

MSR: 439

Cooling water: river or
sea water, cooling tower

carbon steel

800 steel to SS: 82; 182
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Fig.1 Schematic diagram of PWR components and materials'
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Fig.2 TEM micrographs of non-irradiated (a—b, e—f) and irradiated (c—d, g—h) CG Ti (a—d) and UFG Ti (e—h) at different temperatures:
(a, ¢, e, g) 25 °C; (b, d, f, h) 300 °CP”!
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Fig.3 Cavities in irradiated bimodal structure of large size (a) and small size (b) a,-Ti,Al and cavities in irradiated dual phase structure of

7-TiAl (c) and ,-Ti,Al (d) (pores existing prior to irradiation, as indicated by arrows)™*!
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Fig.4 Average temperature distribution of the TiAl irradiated sample measured by an infrared pyrometer (a) and microstructures of the TiAl
samples after irradiation at 1073 (b) and 1273 K (c)!*!
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Fig.5 Microstructures and SAED patterns of Ti-50.6at% Ni SMAs
sample before (a) and after (b) in-situ electron irradiation at
400 kVF
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Fig.6 Hardness and defect density as a function of the irradiation

temperature of TiAl alloy™*!
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Fig.7 Microstructures of TiAl alloy at different positions in the nanoindentation tests: (a) A-a.,/y lamella, (c) B-y phase, and (e) C-§ phase; curves

of nanohardness with depth in the a,/y lamella (b), y phase (d), and 8 phase (f) before and after ion irradiation™
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Fig.8 Curves of EL (a) and YS (b) of titanium alloys before and after

irradiation at low temperature!®
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Research Status and Prospect of Irradiation Effects of Titanium Alloys for Nuclear
Applications

Hu Shuang'?, Wan Mingpan'?, Zhu Te’, Cao Xingzhong’
(1. College of Materials and Metallurgy, Guizhou University, Guiyang 550025, China)
(2. Guizhou Key Laboratory for Mechanical Behavior and Microstructure of Materials, Guiyang 550025, China)
(3. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Titanium alloys, characterized by their high specific strength, low density, corrosion resistance, oxidation resistance, high-temperature
stability, and low neutron cross-section, are increasingly utilized as critical components in marine and space nuclear power systems. To enhance
the radiation resistance of titanium alloys and advance their widespread use in nuclear engineering, considerable efforts have been made to address
key issues related to the irradiation effects of titanium alloys. This paper reviews the development and irradiation effect studies of titanium and its
alloys in the nuclear domain and provides a comprehensive overview of defect evolution and interaction mechanism of different advanced
titanium alloys under various particle irradiations (such as neutrons and ions). Additionally, it summarizes the impact of service conditions
(temperature, stress, and irradiation) on the mechanical properties of titanium alloys, including hardness, tensile strength, fatigue, and creep.
Finally, based on the research status on titanium alloys for nuclear applications, the paper explores future research directions of irradiation effect
and trends to improve irradiation resistance.
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