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Ѧᶁ Ḙ Ợꜝӽḿљ ɇA  

Ѧᾑᵃ σ ᶡ□םᶣ–  

ᾑᵃ σThorium Molten Salt Reactor  

         Nuclear Energy System    

ᾑ ֑σTMSR 

     ӓ  ᵗσֿכᴦ ᵹҥַײ ᴩᴥẓᶣ–  

  --- ᶡ□םᶣ–  

ѭἵᴄӇσѦᶁ Ḙ ѕ─ẓⱴ◓Ᵽֿכ Ứ 
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ѬқѰ ἬɎ□םᶣɏ? 

 ̧ ớ⸗תⱴσⱶֶײַ זּ Ⱨᾳ 

 ̧ᶇ Ὀᾔσ⁄Ⱨᾳᶈ ᶴתᵙ▌ז 

 ̧ᶀῑḟԄσԏῶ ềḠԅớ ᴵấ҈ᶊї 

 ̧ᾢ₯֙ᴏσ Ẕԓ ↨ẇ ᶊת 

Å □םᶣᾴ ᵹҥᴥẓᶣӦ Ѳ εҧ═ᴿ εṩӏ־Ѭѭ֙ᴏםצ
҇ẁᴘ ╗ε ẓᴦ⸗ – ᴿֶⱴ ⁴ᶑײַצӽ ᴥẓᶣ 

ᵹҥᶣ 
єҥᶣ ҆ҥᶣ ҥᶣ 

єҥוᶣ 

ᴜᶙ–⸗ 
֒ⱴѬѭ 

 ֜€ⱴ–⸗ 
ḟԄ ӈ 

ӽ ₯ᶣ–⸗ 
ḟԄ Ὕ  

ΊΎ30ẈԒᵫѝ
צ Ԅ Ὕ₉ֳ ׳ᵫѝẓⱴ 

ḟԄײַ ≢  
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˿˿ᶣם□ ᵹҥӽ ᴩᴥẓᶣ 

ײᴦַכᶣῥᾔᾴ◕ₔֿם□ ╗ ῥᾔ 

TMSR◕  

ῥᾔ ₱ 

 ‛  └   

ᴨ  ֟  Ҭ   

֙ᴏᵺ  

ὔֹ‰᷾  

ᴥẓᶣḲᵷ 

ὔֹ‰᷾  

 ᶭוֹ–
ᴥṂṕ 

SiC / SiCᶵᴿῥᾔ 
C/Cᶵᴿῥᾔ 

ј□םὓ ײַ
ṝῶҬᴰ ᾴ 
ᶡᴿ  
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ᶣⱴᴿם□ ᴦṜᴖײַ  

ѦᶁσTMSR αGH3535 ᴿ

εḪ♪ᶁҒצβ 

ᶁσ–גח ῡAREӦ  

304SS, 316SS, Inconel 600  

ᶁARE 

ῶῥᾔσ Inconel 600  

ᶁσMSREαHastelloy  N,  

Haynes Ԇᴺβ 

1950  

1954  

1965  

ᴿ כֿ
Ӯ╣ 

2013  

2025  

Ήҷַײᶣⱴᴿ  

αTMSR ѭֿכᴦβ 

VS. 
ᶡ
ᴿ

 

ᶡ
ᴿ

 

Ỡᾴở▫ַײ
–ⱴῥᾔ 

ỠɖӐ ҂Ϊ 

ỠἍ ם ҷẦ 
ỠἍ ם

ҷẦ 

εṆ‒ε Ỡᾓ 

ỠἍ ם
ҷẦ 
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UNS N10003 ᴿ  

¸ҷẦַײἍ□ם  

¸ởהᶇORNLַײMSREѦẓⱴαΐ 4Ẉβ 

׀אָ¸ ḽ□םᶣᾴ῏ḃַײ Ἤ 

ӹ  Cr Mo  Fe Nb  W Ti Ni  

UNS N10003 ᴿ  7 16  5 -  Max 0.5  -  bal.  

ӏⱴ 
Ἅ  צ

 

ᶀ  

ẵצ 
- 

₆᾿ 

ꜛấ  
- 

▓ 

 צ

╗ε □

ם  

UNS N10003 ᴿ  

Å Ɽ ᶤּזῳҸᶵ ᵀ ‗ ᾳχHastelloy  Nᵀ ε ᶂζ&  GH3535ᵀ

εѧᶂζι ᵬўקᵄ ѭUNS N10003 ᴿ  

7 



ם□ GH3535 ╗ ᶡᴿ  

 ̧έᾁѧ ♠ε10 ζ ᶚ זṪ ὶἩ ιỞӌ

ớ љ ᶂHastelloy  Nᵀ Ẹ 

 ̧ᾢԀ ᵀ ᴪẻזṪἩ ιᶽṑḽῂ  Ἡ 

ᶂ 

Ṱּך њַ
CN103966476A  

ớ ₅╜ἵᵓ 

ᶽᴭỂ  Ṫ ♬ὣᴙז

ֺ
 ד

ѧᶂ 
ᶂ

Haynes 

 
Ể 

141.3mm  <88.9mm  

ᶤּזῂ  ֺ  ҭεṂ᷃ζ‗ ד

ὶ 

TMSRљ ᴿ ῥᾔặכֿ׀ Ṝ 

Å έᾁ □ ᶢᵀ ἥ ғֺוּ Ṫљז ὶṪ ιḫאⱤ ᶤּז

ᶢᵀ ᶂғקιἔ ᶂᶹ Ᾰ 
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ΊΎUNS N10003 ᴿ ѩַײἹỢ 

 ̧ᶽוꞌⱤ ᶤᶤ ԓ ֫‗ҭῸ 20ẉ

ỞѧḒֿ ѭ2Ö1021n/cm 2ιᶈј῭Ὥ

￼ׁώїᵟ→Nᵀ ҈◑ ∂ 

 ̧῾‎ □TMSR ￼ẦᴧṄ῭זῶַ

҈ḫאԎ □♬ ᵀַּז 

Å αӔβORNL report  &  FHR white  paper σ□םᶣᴿ ῶῥᾔַײѦḑ ▓ צ

ᾴẼᵟԍ ῙḟԄΐ ѭײַ ᴜᵻѲ  
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 Annealed 2h at 900c
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 MSRE, CORE-9.4*10
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 MSRE, CORE-1.5*10
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%
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Test temperature (ºC)  

ORNL-TM -1997/  
2359/2647/3063  

־  > 1E20 n/cm 2 
Hastelloy  Nᴿ ᴦ

ⱳ  צ

V ֿכᴦԎῑҷẦἍ ▓ ᾚᶙײַ ╗ᴿ ḽ□םᶣΊΎַײᴦṜổѱ ᶼ 

Å῏ ⱴ╗ẘҜѬ704 oCτἍ ▓ ῑỂὝ α β 
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V ắᾌ їҜ ẵצᴿ ε ῑᾇַײἉֹᴿ ײַ ▓ ♪  

᾿ꜛ 

ODS  

Orowan ῡֹ 

ᴿ ẵצῡⱣ 

᾿ꜛẵצ 

 

ᶀ ẵצ 

 

 צṩ︡ו

 

 צẵגּ҆

 

Å צ◓ắᾌẵצ αODS βσ ֙Ồ

ᶣ▬ᾔפᶲ ῶῥᾔ 
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Hastelloy N alloy ODS steels ODS Ni-based alloys

P
e

rf
e

rm
a

n
c
e

 e
v
a

lu
a

ti
o

n High-temperature strength Radiation resistance Corrosion resistance

Å ODSᴿ ײַ ם□ ṭαї ⱴ҇□םᶣβσ ắᾌ◓צ ᾮ

҇ εODSם□◓צ Ѧ ᶡӋᾮᵘ  ᴦⱳᴥẓם□◓צ

ם□
 

ODS ᶇ□םᶣѦẓⱴᵇψ 
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ắᾌẵצ

ᴿ  

ṝᶡӋ 

ᶡ ᶡ 
ԍḛα ε ε

ᶡ β 

ắᾌּג 

 ◓צ ◓צ ◓צ

 ̧Ẍ↑ẓⱴ҇ᴥẓᶣ 
 ̧ї ם□  

 ̧ᾚԋᶣⱴῥᾔ 
 ̧ ╗ 
 ̧ ם□  

 ̧ᴨֹ҇ẵẘεᶇ
ᴥẓᶣѦ⅍ῑẓⱴ 

 ̧ἆῠở▫εּגḲ
ḃε Ḧ 
 ̧ї ם□  

כֿ̧  ṇεּגḲ ῑ
Ểֿכ  

 ̧ ם□  

 ̧֠ѵ⅍ῑּגԊἒ
εּגḲ ῑỂֿכ  

 ̧ ם□ ḃ 

V □םᶣⱴắᾌẵצᶙᴿ ῶῥᾔᾚ Ἤσ ᶡ + צ / ◓צ◓ αNDS 

/ CDS Ni based alloys β 

ᴿצᶣⱴᾚᶙắᾌẵם□  ấᴦײַ
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ṯᴦṜַײ Ѭở▫ַײ /◓צ ắᾌ◓צ  

◓צ  BN  TiN &  TaN  Si3N 4 NNb * 

ᾭ 

□ ε ╗ Ḧ 

αn, ƕβᴥẓ 
Ỉ ҇
₮  

҇₮
 

҇₮
 

ἍѦḑ ▓ 
Ḙצ Ḧ
҇≥₮  

◓צ  WC&  Mo 2C B4C TiC TaC Cr3C2 SiC* 

ᾭ 

□ ε ╗ Ḧ 

҇ -₮
ᴿ═ײַ  

αn, ƕβᴥẓ ҇₮  
ј ◓צ
 ᴥẓם□

▓ᵘ
□◓צ
ם  

* ῏ҷ Ἤτ&  ⁸ҷ Ἤ 

V ѕ ᵹ ắᾌ ј ᶡӋַײꜛ ᴿ ҧᴢᴿ ֹᶴṩ ῑỂ ײ₉ַ

Ḫ כֿ  

ắᾌ ײַ ᴧ 
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Ɫ  

ᾄ⸗ ḑӋ   

 ֹᶴַײ ‒ 

צắᾌẵ◓צ ᶡᴿ ֹᶴαNi+SiC β 
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