Proceeding of the Korean Radioactive Waste Society
Vol. 2(1), June 2004

A2E§HA AFEHA7IANA 229 FHYAF
Corrosion Behavior of Superalloys in Hot Molten Salt

under Oxidation Atmosphere
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Abstract

As a part of assessment of the structural material for the molten salt handling system,
corrosion behavior of Inconel 718, X-750, Haynes 75 and Haynes 263 alloys in the molten salt
of LiCl-Liz0-O; was investigated in the range of temperature; 650C, time; 24 ~ 168h, Li:O;
3wt%, mixed gas; Ar-10%0;. In the molten salt of LiCl-Li2O-Os, the order corrosion rate was
Haynes 263 < Haynes 75 < Inconel X-750 < Inconel 718. Haynes 263 alloy showed the
highest corrosion resistance among the examined alloys. Corrosion products of alloys were as
fellows: Haynes 75; Cr204, NiFe2O4, LiNiO LioNiFezO4, Inconel 718; Cr204, NiFexQs, Haynes
263; Li(Ni,Co)O2, NiCr204, LiTiOz Inconel X-750; Cr:0Os NiFe;0Qs FeNis, (ALNDb,Ti)O.. Haynes
263 showed local corrosion behavior and Haynes 75, Inconel 718 and Inconel X-750 showed
uniform corrosion behavior.,
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LiCI-Li20-0; §8gAAN &89 AFFX FZAEE 4T 1o 22 Inconel 718,
X-750, Haynes 75, 263 ¥ =9 HFAAFTE EH7IXE 650C, F4AIZE 24 ~ 168h, Li0FE;
3wt%, EF7I2EE; Ar-10%0:91 4 Z=As4 o), LiCl-Liz0-0; &89 AlA 244X Hayres
263 < Haynes 75 < Inconel X-750 < Inconel 718 <=M & WEl o™ Haynes 263 §+&°] 7}
4% WREAGE Y AT Haynes 759 H4 AP EL Crz04 NiFe:Os LiNiOs, LioNiFezOq,
Inconel 718¢] EAMAEL Cr,0y ¥ NiFex0s0]% Haynes 2632 Li(Ni,Co)O; NiCr:0s 2
LiTiO2, Inconel X-7502 Cr:0s;, NiFe:Os, FeNis, (ALNb,Ti)O:¢] HAAAHES el
Haynes 2638 3529 A%FL Hole wtE, Haynes 75, Inconel 718 ¥ Inconel X-7502 AW
4 AFE JdebiAH
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gt A7)3stEokd] Qe $&5 T gt 53 HTo NE AEARN, dBAX, Zu) = golu
A 2z FE43A F9 71ERoklA BAY el Ju AH D, waAM oldd ne £49
£ AFaE 7] 2 FRARY B g A7 ALHez AYHY vk 1 F ARAR
dAE F FAEA $£4ENATF % 2D Aol B B A7 dEA £49R
Aol B A7V pada Qo AEFNAdE FAYBEFAHL LiC-LiO0 £5AANA A
g¢atEol ety gz 848E TAHoIW, £¥ anoded A a7t TAHE ASA RS o
7] g o) F FHALAZANAN £59 FF FNARZAY 4 AR £59 Ygo= 7
Eol e2EHlYolE #F39< Inconel 718, Inconel X-750, Haynes 75, 263& XAt £89
LiCI-Liz07 A3 247104 RANY S 954

2. 23493

B AFd AL BAAGAREE 282 Ni-base §59 Inconel 718, Inconel X-750, Haynes
75, 263019, o]Z ¢l 382 AF < Table 191 VeI 2ANY NHRE YRAY AAG @32
& A 1,150CoA 1 AztEet €48 F 9 & F4L 15(W) x 70(H) x 20 mm(T)9
A712 AGE F 950TAHA 1 ArEet A A& Pt FAANEL 22 A2l &
489 LiCI-Li0OE MgO =71l Wi ABE JAHAA Ar-10%0.5 FU3e Y7104
FAAEE FsUT. AR FAAE A dng o)y 200074R] dutstd SHTG olAE
22 GAAZ F AZAA ALY FAFRXEE 660CE AHsden, BAALGE 24 ~
168417, Liz09 & 3% FAFH, E7t29 FEE Ar-10%0:2 FAANFEL P3P &
AANY F AALE ASTM 93] HEA Aoz &3 MHIA EAES AASHAHoH,
E3 A ¥ scaledrt AW BHA dWS FEE A, AxEW G, XA IHEA7] € EPMA
g AHE3e #FE - 243

Table 1. Chemical composition of alloys

Alloy Ni Cr Fe Co C Si Mn P S Al Ti Nb | Mol

Inconel X-750] 71.90 | 1539 | 7.89 ] 036 } 0.03 | 0.10 | 0.10 |<0.005] 0.002 | 054 | 241 | 094 -

Haynes 263 | 51.35 { 200 | 050 | 192 | 005 | 0.13 | 0.10 }<0.005]|0.0001 |} 045 | 239 - 58

Haynes 75 | 7480 | 203 | 328 | <01 ]| 012 | 047 | 029 1<0.005]<0.002] 022 | 041 | <0.05 | <0.05

Inconel 718 | 54.12 | 1788 | 17.22 | 022 | 0.02 | 0.11 01 0007 {0001 | 051 | 099 | 542 | 297

3.2 % 13

31 #A&E 2 FHANE

Fig. 19& 6507C, 72A17F 2 168A17t 5 #4438 ¥ Haynes 75, 263, Inconel X-750 ¥
Inconel 718 #F9 FAWIE veld Aold. Fig. 1A BE ulel o] wrgA|zko] ZF713H)
ot FAFL7 Ftete Aoz JEigg. gEAIZE 722 2 1682412kl 27 A Inconel 718
dFol M4 FA ZAago) A JYeElyoeny Haynes 263 &80 713 @& FA Z4A&2 Kol
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Fig. 1. Weigh loss of alloys corroded at 650TC for 72 and 168 hours.

A4 58 WRAde 39E RAth Fig 20 AUEDANA % @ ¥4AAE X-4 33
24 23E YUt guHes nedd 249 44 FSEA 47E FHAHE
o 279 Ao T PP W ROz YA Utk Fig. 201 AREWAA Wy @ ¥43A

29 X-A 3AEA dxE el Fig. 29 (2%H 72A1%5<¢ #2448 & Haynes 75
9] HAMAHNEL Cr0; R NiFe:0s2 YEoed, 168A12AE Cr:0s ©19ol LiNiO: %
LioNiFe;048) 93271 B2 H AT Ni-Cr-FeA $FAM 713 AT A3 EL CrA A8 Ec2=2
270 AAEE AFEL CrO:E AT + do. £ AsEUdA FHE F50129 &HA
57} F&'>Fe? >N >Crito1 22, 27] 449 Cr:0s% 2 53] Fe € Ni o]20] 92 &ia}o
A% 950 Ni-Fe 29493 458& 443 2oz 4z¥ch 9 7243 A$ Haynes
759 RAMNEE ELZRE NiFe0E olF1 1 J3to] CnOs® ¥AST Je Aoz B
g a2y 168417 A ukgAre] Ao P wat Asiwge crackdE wEt 89 Fol
ol oz ZAE Li'o|2o] AgEES 53 Fise 2149y A3tE/Cr0:Ad9 LiNiO2
2 LiNiFex0s8] Aol Crz0:¢t &4 AEd: Aoz Addd. Fig. 29 (b)E Inconel 718 ¥
o] 72417t ¥ 168AES BAAY § FAHYHEL Cr0s ¥ NiFe0,2 Yersth Fig. 29 (o)
Inconel X-750 &9 T2AEG BA2E & RAMYAYEL Cro0s NiFe:Os, FeNisZ YEMS
ony 168A17FE S RAAHY g BHMHEL Cr0; NiFeOs (ALNDTIO:Z YElitch Fig. 29
(d)E= Haynes 263 &3¢ 722125l 22 WA EL LilNi,Co)Oz 2 NiCr:0.8 #327F &3
Hglon, 168A17F A9 LiTiOz ¥ Li(Ni,Co)0:9] HAAHAEZ A=A

p

rr

32 724 AF

Fig. 391 650C, 168A1FE 2AAY & zk 39 @d SEM ZA-& Uehl it Fig. 34
A BE ule} 7ol Haynes 263 @& H 3¢ FA7 vl$ ¢kn I¥5H AFS Eolx e
o olx SolH AFd RA&LTo Ase I3 gl Haynes 75, Inconel 718 2 Inconel
X-7509] A4 B2AZo] FHAANRY nEA dgHE AUEAFE UeblA Fig. 4€
650C, 72X+ EQH B AAY & Haynes 759 ¥4 Zo] dwEsy] e ¥4F & SEM £
A3 FQ FALL: EAAFRE YA 342 34 F PR FEHY, RHoRTH
HAgE BA2Q Cr B& Fed A& oz o] Folx itk watA Fig. 29 (a)o Yebd F44A4
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Fig. 2. XRD patterns of corrosion products of (a) Haynes 75, (b) Inconel 718, (c) Inconel
X-750 and (d) Haynes 263 corroded at 650C for 72 and 168 hours.

R A 6

Fig. 4. Cross-sectional SEM image and maps of O, Fe, Ni and Cr of Haynes 75 corroded at
650TC for 72 hours.
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B3 A9 dAdn YL YA § vk HERAZY AL 43FY Cr € Fed 1284
Nid &9 2@ #AFHEH, Crd 2% CrO; AR AAgsaAN A2 FAHLS 94
Aol Cro] 28=Ho Uy AstEoE Cr 2R FGo] AU Fed A% 71x F&U 3
A FASERY A5EFE T dFIAESEI wE2u2 Qi AsFde ddFe] nZd
Aoz Yelygo, A, Ni9l Z ¢ A8137te Adoly, 48 3/F4 Add 555 A& EE
ZaN7le 922 284 Jeu'® UR A2 NidEY ¥284o28H Nit Agd&E8
ZrA7le Rz AZEY. wIdA 1L YEAHS F4A 717 A AT o9 NiA
o] H7lHolol & Reoez MY, Fig. 59 650C, 72A1H5<¢ 4 4HE 3 Inconel 7189
W SEM 23] 49 F2 FAHY: ENZAE HeEAT Fig. 5914 BE upe} o] Rz
2 (Cr, Fe € Ni2 o7 A3 EZ Fig. 29 (b)d Yetd FARHER Z Az vk Nb
2 Mot CritslE 3dA FEHo Aol BAHGY, &, Nb € Mot 4stE/FE&AANA
W F&H 7A9 Crole #4ke JAlsly A4 g ZaAde di2 dddd.
Fig. 69l 650C, 163N 75 H 444 3 Inconel X-750 ¥89 #2430 utagx gL @d
SEM %A 3 EDS ¥4 Z3#E JehiAct. Fig. 29 Aol B4 Inconel X-7508] AP E
2 Ni, Fe 2 Cr4 2 (Al, Ti, Nb)A 4322 B =Y, Fig. 69 T 4% EDSEAN 2
o} dX3T YL ¢ = vk Fig. 79E 650T, 168A17HEeH 244 E & Haynes 263 §59
aag A BAZFo dd SEM A7 4AEY ARE JeElURith Fig. 7oA e uleh Zo] Ni,
Co, Cr, Ti 43128 ¥ A3lx gley, ol& Fig. 29 ZA9 A A3z U< ¢ F Ao

O

N

Fig. 5. Cross—sectional SEM image and maps of O, Cr, Ni, Fe, Nb and Mo of Inconel 718
corroded at 650C for 72 hours.
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O | At Ti|C | Fe | Co| Ni | Nb
Base | - 054 241]1539| 789 036|71.90| 094
sl | 1856 557| 969[1070| 173] - |4924| 450
s2 | 058} 062 012 148| 1.89] 043]9483| -
s3 | - 0.29| 057| 563| 362| 029]|8960| -
s4 | 019 027] 026| 478 | 487| 041 |8920| 003
s5 | 052 - 012 060 371 | 044|9462] -
s6 | 048] 023] 024| 360| 456 | 051]9.07| 032
s7 | - 066| 257|1582| 833| 056|71.71| 035
s8 | 004] 096]| 228{1601| 823| 0527074 1.12

Fig. 6. Cross-sectional SEM image and spot chemical analysis results of Inconel X-750
corroded at 650°C for 168 hours.

Fig. 7. Cross-sectional SEM image and maps of O, Ti, Cr, Fe, Co and Ni of Haynes 263
corroded at 650 for 168 hours.

4.4 8

o} 2L ¥ A7 AH g9 2 /IR AEE & F U
1. ¥4 &EF Haynes 263 < Haynes 75 < Inconel X-750 < Inconel 718 X2 Jehgon,
Haynes 263 ¥&°] /b4 48 3443 3¢E 2.

2. Haynes 759 #4 A EL Cry0s NiFeOs LiNiOs LisNiFesOs Inconel 7189 HA A g o
Cr04 ¥ NiFe;0401™ Haynes 263& Li(Ni,Co)O;, NiCr:0s 2 LiTiOz Inconel X-7502 Cr:0s,
NiFezOs, FeNis, (ALND,Ti)0z:9] H4AAHES Yl ot

3. Haynes 2632 S §-%242 A% & Kol wA, Haynes 75, Inconel 718 2 inconel X-7502
AdEA AsS e
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