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Reactor Component

Materials

O Reactor Vessel
— Shell, Flange, Nozzle

— Low—Alloy Steel(SA 533B1, SA 508—2,-3)

— Cladding — SS Weld (308L, 309L)
— Closure — SA 540 Cr—Ni—Mo steel
— Support — SA 516, SA 533
— Core Support Pad — SB 166, Ni—Cr—Fe Alloy
O Steam Generator
— Shell — Low—Alloy Steel(SA 533, SA 508)
— Tube — Ni—Base Alloy(Alloy 600, 690, 800)
— Support — SA 515, C—Steel, SA508, SA533

O Piping, Valve, Pump, Pressurizer

— Duplex Cast Stainless Steel
(SA351, SA451), SA508—1a, SS

O Turbine
— Rotor, Disc
— Blade

— Ni—=Cr—Mo-V steel, Cr—Mo—V steel
— SS Type 410, 403(12 Cr SS)

O Condenser Tube

—Ti, Super Austenitic SS

O Bolting, Fastener, Pins, Spring

— Low—Alloy Steel, Alloy X—750,
SA 286, SS

F47], S, 7] 5 LR 2 Uidd]719] A (shel) 24
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S g 7M1 o ARA AE ZefsA| Elvk & 1 w)o] 7P A= 7S e sikeo] B3]
dofid 4= Qlrh o] 9] fAdlel= AA Y Al =% A2 249, A5ds) 5 o8 A7) sled AulE
L33} A7) AEGstel 71913 5 7 Dstel| ofgk £4fo] ko)) & 4 gl
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3k AR W A BET Y2 3 B R} A 2ARAF 9 24128} (radiation embrittlement) 2]l = 3]
B, A R 5 A9 BE 7] o3 &Abe] dojui Yi= ¢ 4 lok AW dst A E SE )R A
A=A GRE i E 25, 48, ARATA, TR 2AH] QA 4d) 34 A7 s o8] 23/5%
A7} A goke] Az ALof tigh 7] o]3)|7} njo] = efof gl

lo,

H 2 YAXEEEA BEATOIM O AHE S 7|+ (Aging Degradation Mechanism)

Degradation Mechanisms Materials* Degradation Sites, Components
1. Irradiation Embrittlement All All Reactor Components
(LAS, CS) | (Pressure Vessel, Vessel Support)
2. Irradiation Assisted Stress Corrosion SS, IN Reactor Internals, Spring, Pin, Bolt, Piping,
Cracking(IASCC) Pressure Vessel
3. Thermal Embrittlement CSS Pipe, Valve, Pump, Casing, CRDM
4. Fatigue Pressure Vessel, Pipe, Nozzle, Rotating
(Thermal, Mechanical, Flow Induced All Equipment supports and Piping Attached to
Vibration) Large Components
5. Corrosion Fatigue (Eac, Env. Ass. All Pressure Vessel, Pipe, Thermal Mixing Regions
Cracking) (CS, LAS)
6. General Corrosion All Low and No Flow Components
7. Pitting, Wastage, Denting, Crevice, Al Crevices and Hide out Regions, Stagnant
Microbe Corrosion Regions, Service Water, SG Tube
8. Stress Corrosion Cracking (SCC) LAS, SS, SG Tube, Pipe, RV, Internals, Weld Vicinity in
IN Components, Off Chemistry Conditions

10. Erosion—Corrosion Al Steam Piping, Steam Seperator, Turbine Blade

11. Wear, Fretting All Rotating Equipment

12. Hydrogen Embrittlement LAS, CSS Internals, Vessel Cladding, Components

Supports

13. Creep and Swelling Al Internals (Radiation Assisted)

14. Weld Related Cracking (Lack of Al Similar Metal Welds, Wrought Materials to
Fusion, Hot Ductility, Ferrite Castings, Low Ferrite Filler Joints, Seam Welds
Deposition, Crevice)

All Dissimilar Metal Welds, Vessel Cladding,

15. Dilution Zone Cracking Nozzle to Safe Ends, Valve or Pump to Pipe

(CSto SS)

* CS(Carbon Steel), LAS(Low Alloy Steel), SS(Stainless Steel), IN(Inconel), CSS(Cast Stainless Steel)
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Neutron Structural Materials
System | Spectrum, Fuel Fuel Cladding
Toutlet In-core out-of-core
Primary Circuit:
Ni—based superalloys
Refractory metals| 32Ni—25Cr—20Fe—
o . . and alloys, 12.5W-0.05C
GFR Fast, 850C | MC/SiC Ceramics Ceramics, ODS | Ni—23Cr—18W—0.2C
Vessel:F-M | F—M w/therm barriers
Turbine: Ni—based alloys
or ODS
LFR Fast, 550C High—Si F=M, High—Si Austenitics.
(Pb and MN Ceramics, or Refractory Ceramics, or Refractory
Alloy) Fast, 800C alloys alloys
Ceramics,
refractory metals,
High—Mo Ni— o -
MSR Tg%ronlg" Salt Not Applicable base alloys '(l'gh m%g“_s%e alloys
(e.g.. INOR-8), | €9~
Graphite,
Hastelloy N
Na— F—M ducts
LMR Fast, 520C |U-Pu=Zr| F—M(HT9 or ODS) : Ferritics, Austenitics
316SS grid plate
(Metal)
Na—
LMR | Fast, 550C | MOX 0DS PoMduts oo e Austenitics
316SS grid plate
(MOX)
F—M(12Cr, 9Cr, etc.)
SCWR- | Thermal, UoP (FE—35Ni—25Cr—0.3Ti) Same as F-M
Thermal 650C Incoloy 800, ODS cladding options
Incoloy 690, 625 & 718
MOX F—M(12Cr, 9Cr, etc.)
SCWR-— Fast. 650°C |MN, Metal (FE—35Ni—25Cr—0.3Ti) Same as Sy
Fast Dispersion Incoloy 800, ODS cladding options
P Incoloy 690 & 625
Primary Circuit:
TRISO Ni—based superalloys
UoCin . 32Ni—25Cr—20Fe—
VHTR Thermal, | Graphite ZrC coating and p Céragifgtezsrc 12.5W—0.05C
900—950C |Compacts;| surrounding graphite Vyes,sel' F,—M Ni—23Cr—=18W-0.2C
YA(® ' F—M w/therm barriers
coating Turbine: Ni—based alloys
or ODS
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Abbreviations :

GFR : Gas Cooled Fast Reactor

LFR : Lead—Alloy Cooled Fast Reactor
MSR : Molten Salt Reactor

Na—LMR : Na—Liquid Metal Reactor

F—M : Ferritic—Martensitic stainless steels
(typically 9 to 12 wt.% Cr)

ODS : Oxide dispersion—strengthened steels
(typically ferritic—martensitic)

SCWR : Supercritical Water Cooled Reactor N : (U,PuN
VHTR : Very High Temp. Reactor MC : (U,Pu)C
MOX : (U,Pu)02
At 27t 22 EAEE FE A =} o] 3 Aol tigt A5} B8 st
— A A2 DL FEA AREE AT PPAAAL, AL, 24 8§44
FAANE, 1/ AE/II AR 5E 5 F I, 2 25 Y iRKSAAE s, oA, B2 EA, 3
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. 1]+ DOE/NPI &
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Strateglc Plan for LWR R&DE, NEI+= NEI-03-08
A g gt Ae)7)so] A &4l 7] A7t S5
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FA#4 (PWSCC) HHA+7} v

£ E3), AMES (Aging Materials Evaluation and

Studies), ENIQ, NESC 5 9419] 4 e|o} #add Az ds), A2, ARA 4719 59 7|&dEols
network © 2 & SAFELIFE (Safety of Aging Components in NPP) =& 1393 53] Folr}, w3l vty H8
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