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I Temperature: 650~700 C

1 Coolant (tentative): KCI-MgCl,

I Neutron spectrum: Fast spectrum
(—10-50 dpa (7))

1 Lifetime: > 20 years
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Guo, Progress in Materials Science, 2018.
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S.S. Raiman, Journal of Nuclear Materials, 2018
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2Y.Cr-1Mo and 9Cr-1Mo steels (up to 650 C)

i
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Type 304 and Type 316 stainless steel (up to 800 C)

(]

Alloy 800H (up to 900 C)

i
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Alloy 617 Code Case (up to 950 C)
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I Hastelloy-N
- Cr
. Te
. He

(corrosion resistant)-

‘ (creep resistant)-

(radiation resistant)
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700  57moi% Nadl - 43mol% MgCl2 Sttic| <10 /yr
700 3000 (20 /yr)
700  68mol% NaCl - 12mols MgCl2 - 20mol% UCI3
’ o 6 Mgc o0 ’ <20 Iyr
¢ (30 /yr)
700 , 3,000
> 100MPa
700
700 ASTM
> 220MPa
700 ASTM
>30%
700
700 57/mol% NaCl - 43mol% MgCl2 + 01 wt% Te < Hastelloy N
25,100,225 400 Hastelloy | Te
(Te) N 50%
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. . (DOE)  SunShot
program 700 30
( ) (Concentrated solar power) 15 Jyr . 20
22.5 Jyr
10 Jyr,
20 Jyr
+ ASME BPVC Section I
705 , 705 220MPa
( ) 30% (Hastelloy N Short—Time Tensile Data). ,
700 220MPa, 30%
(ORNL/SPR-2019/1089) Hastelloy N
¢ ) 700
3,000
100MPa
+ 1960 MSRE(Molten Salt Reactor Experiment)
( ) Hastelloy Hastelloy N
N Te Te Hastelloy N 50 %

KAIST 8 Nudlear & High Temperature Materials Lab.

ity




Ni 7|8 g 23 3 HE
O+ = g

E-7IHE 2 W

O 8z flas| @5 o

Ni 7|8 22 DE 7|AH% B8 Bt
Fe 7|8 E= 24 & H% ) AT W4l W2
OJHITE B4 > EEEL -R-El
714 3% W ' - amm
O ) K it e 8y
R et =Y E 74 AlE 4
Ni-base MaCl-MgCl, B3 24l Al
NaCl-MgCl-UCl, B & 24 AE
Superalloy Te BB AIE
SHU St 45 He

Hit BA7|E HE HE S
U S| 24 =7} 289 20 WE UM 6
MaCl-MgCl, 23 24 AlE 2 R4l gEETE s Ne g
Te #HE AIE

KAEHI Itz & HE

KAIST 9 Nuclear & High Tempersture Materials Lab.

IR Ll . R r——n



q KAIST

L : Fe
[

+ ( 1)

- (2

- (3

Alumina-forming Creep & Radiation resistant Stainless steels (ACRS)
Corrosion/Oxidation + Creep/Strength + Radiation resistance

ACES

/,// High T creep resistance
High T Oxidation resistance
Austenitic S5 with B2-Nial & y'-Ni,Al

ARES

High radiation resislance
Corrosionresistance
Austenitic S5 with nano-sized NbC A

)\ Fe-base alloy
for MSR

High T oxidation resistance
Exceptional strength & Good ductility
Duplex S5 with B2-NiAl

KAIST 10 Nudleer & High Temperature Materials Lab.
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2)
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4)

Ni
(UCI;, Te )

Low Cr

- (+) Carrosion Resistance in molten salts
(-} High T creep resistance
—+ Alternative carbide forming elements = Nb,Ta,Ti,..

High Mo & W

{+) Corrosion Resistance in molten salls -
(+) Solid solution Strengthening
(<) High T creep resistance

— Alternalive carbide forming element ' | Ni-base alloy
~ for MSR

. {+) High T Creep Resistance
- = {+) High T Oxidation Resistance
Yy (-} Corrosion resistance in molten salts

— Alumina protective layer by high Al

(+] Good proparties for MSR structural materials 11 Mldﬂr g H&h mg!@

(=) properties to be Impreved lor MSR structural materiats W B e

ritile ent resistance
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(Du et al. 2022)
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Current Status
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§ 8~12Cr
§ 5~6 Al
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g (1kg )
I Batch 23 (8 )
8 Nb
8 Ni/Ti/C

Others

ACRS#21
ACRS#22
ACRS#23
ACRS#24
ACRS#31
ACRS#32
ACRS#33
ACRS#34

KAIST 6




q (1kg ) ’ L L
ACRS#21 e = 2 B : 16%
I Batch 2,3 (8 )
§ Nb ACRS#22 36%
a
a 2Ti ACRS#23 40%
ACRS#24 14%

ZM (wt.%) i

ACRS#31 40%
ACRS#32 40%
ACRS#33 40%
ACRS#34 12%

KAIST .




g Al Fe

§ 23/31: Ni, Ti
600 I Tested at 700°C < ACRS#23: S
'RFA [
|
6_5 \ |
400 N
E, A N .
g S00 600 700 800 900 1000 1100 1200 1300
=
N |
200 = = = _I e s — < ACRS#3!: >
| _
|
20 30 40 50 :
. S00 600 700 800 900 1000 1100 1200 1300
Strain, %
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(w/ SNU)

§

800°C 1h

I KCI-NaCl| 750° C 500h

KAIST

Wt.%

Others

Hastelloy N | 428 | 7.25 | Bal. | 006 | - 16.56 M”’AI(’?I% Si,
ACES #B41 Bal. 18 30 | 0025 | 45 - Si. Nb, Zr
ACRS#31
ACRS#33
ACRS#23
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g Batch 2, 3 (W/ SNU)

|
0.0 =p=—————
N In 25
1 molten J|EEECr
salt - -|- ACRS e | Mn
N vapor #31 S|
: | c
S -0.1- ACRS 800°C E 1]
- #31 |acrs| | 1N g
S ingot | #31 T ACRS| |
k= HR acrsl | #23 g 7
S - 800°C i CR 2 ]
< 024 Nin 1h ar | |800°C .
= molten o 1h o '
< sar ACES T 1 |soo°c .
liquid | 1: T 0]
0.3
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(10.17 330 h )

: 650 °C, 500 h
:10x 15x 1 mm3
: 43 mol%NaCl — 57 mol%MgCl,
: 300 °C, 24 h , 600 °C Mg purification, 48 h
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6-1. -

i/ 1 i

HX + e‘<—>§H2 + X

Hzo(g) + 22X o 02_ —+ ZHX(g) » (1)
2— -
* X F ( )/ CI ( ) [ H;0 + 07" < 20H e — X MoMoCl,
I P ——— ~— W,
OH + e & 1 H, + 0%~ ! "._{C_‘&J'Flﬁl'ﬁtﬂj'f | ~Fetect,
2 I o/ MoCl, TR(uit fuorid 5 by 6L
n n NN, - TF(tritium fluoride) by 6Li + n
M+ -0 ©MOn+ne W MOn+ X~ o MX, +- 0> -
2 z z 2 : F, / Cl
E.q Of U(IV)/U(Ill) > E,, of Fe or Cr 2 2
- U@v) Fe Cr - (IGC)
( NizTe, or CrTe)
& HF/HCI
HF/HCI ﬁ — t
(2) (3) ( )
I |: :,:2:.1 _ NiZ* 3 Fe?* Fe?* . -
) L6 E F _ Cr+ Mid* Aji2* r _ 0
B lAE i
1. é 1.2 - Coacsn _ D
g a1 Fine _1!:-11 _
3. "F Course gy | Coune Ni(l1) Fe(ll/111) Cr(lI/11) :
= F graim gram E]
4. : Ni, Fe, Cr

Mi-5Cr Ni-10Cr Mi-15Cr

[Ref] Guo, Shaogiang, et al. "Corrosion in the molten fluoride and chloride salts and materials development for nuclear applications.” Progress in Materials Science 97 (2018): 448-487.
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: NaCl-KClI
- 750 -

: 500 @

Precision scale

ICP-AES
(JSM-7800F Prime) (OPTIMA 8300)

FE-SEM / EDS

NaCl-KCl
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- Potential-pH T =750 , P = 100000 Pa
Database = FEDEMO, PAQ2

ACRS#13
Ee-lZCr-SONi In NaCl agueous
., e EEEEE}E}YE
ﬁ fﬁ:

-1.04

T L] T L]
20 4.0 £.0 8.0 10.0 120 14.0 16.0
A "
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[ Fe-12Cr-30Ni in NaCl aq

—_—

- Potential-pH

T =750 ,P = 100000 Pa
Database = FEDEMO, PAQ2

ACRS#13

GAS + AQUEOUS + HALITE + NA2FEO2 + NID_S2 + NAOH_S2

GAS + AQUEOUS + HALITE + NAZFEOZ2 + NID_S2 + NIFE204

GAS + AQUEQUS + HALITE + NIFE204 + NID_S2

GAS + AQUEQUS + HALITE + NICR204 + NIFE204 + NIO_S2

GAS + AQUEQUS + FECR204 + HALITE + NICR204 + NIFE204 + NIO_S2
GAS + AQUEOQUS + FECR204 + HALITE + NIFE204 + NID_S2

GAS + AQUEOUS + FECR204 + HALITE + NIO_S2

GAS + AQUEOUS + FCC_A1 + FECR204 + HALITE + NIO_S2

GAS + AQUEOUS + FCC_A1 + FECR204 + HALITE + NIFE204 + NIO_S2
GAS + AQUEOUS + FCC_A1 + HALITE + NIFE204 + NIO_S2

GAS + AQUEOUS + FCC_A1 + HALITE + NIFE204 + FECR204

GAS + AQUEOUS + FCC_A1 + HALITE + NIFE204 + MAGNETITE

GAS + AQUEQUS + FCC_A1 + FECR204 + HALITE + NIFE204 + MAGNETITE
GAS + AQUEOUS + FCC_A1 + FECR204 + HALITE + MAGNETITE

GAS + AQUEOUS + FCC_A1 + FECR204 + HALITE + WUSTITE + MAGNETITE
GAS + AQUEQUS + FCC_A1 + HALITE + WUSTITE + MAGNETITE

GAS + AQUEOUS + FCC_A1 + HALITE + WUSTITE + FECR204

GAS + AQUEOUS + FCC_A1 + HALITE + FECR204

GAS + AQUEOUS + CR203 + FCC_A1 + HALITE + FECR204

GAS + AQUEOUS + CR203 + HALITE + FECR204

GAS + AQUEOUS + CR203 + HALITE + HEMATITE + FECR204

GAS + AQUEOUS + CR203 + HALITE + HEMATITE + NIFE204 + FECR204

ueous

31

GAS + AQUEOQOUS + CR203 + HALITE + NIFE204 + FECR204
GAS + AQUEOUS + CR203 + HALITE + NICR204 + NIFE204 + FECR204
GAS + AQUEOUS + HALITE + NICR204 + NIFE204 + FECR204
GAS + AQUEOUS + HALITE + NICR204 + NIFE204 + CR203
GAS + AQUEQUS + HALITE + NIFE204 + CR203

GAS + AQUEOQOUS + HALITE + HEMATITE + NIFE204 + CR203
GAS + AQUEQOUS + HALITE + HEMATITE + CR203

GAS + AQUEOUS + HALITE + CR203

GAS + AQUEOUS + FCC_A1 + HALITE + CR203

GAS + AQUEOUS + HALITE + FCC_A1

GAS + AQUEOUS + FCC_A1

GAS + AQUEOUS + HALITE

GAS + AQUEOUS + HALITE + HEMATITE

GAS + AQUEQOUS + HALITE + HEMATITE + NIFE204

GAS + AQUEQUS + HALITE + NIFE204 + NICR204

GAS + AQUEOUS + FECR204 + HALITE + NIFE204 + HEMATITE
GAS + AQUEQOUS + FECR204 + HALITE + HEMATITE

GAS + AQUEOUS + FECR204 + HALITE + NIFE204

GAS + AQUEOUS + FCC_A1 + HALITE + WUSTITE



Final words

[Every reactors Joelk periect on papery

If we knew what we were doing it wouldn t be
research.

(Albert Einstein)

Izquotes.com

KAIST Nudear & High Tempersture Materials Lab.
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