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Effect of Si Content and RE Addition on Molten Salt Corrosion and
High Temperature Oxidation of the Austenite Alloys
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Abstract  The corrosion behavior of alloys in a molten salt was investigated along with the oxidation characteristics
in the air. The basic composition of alloys in the study was Fe-25Ni-7Cr with Si and RE(rare-earth metal) as
additives. The corrosion rate of the alloys was low in a molten salt of LiCl while the rate was high in the mixed molten
salt of LiCl and Li:0. When Si is added to the base alloy of Fe-25Ni-7Cr, corrosion resistance was improved as the Si
content is increased up to 3%, however, it was observed that the corrosion resistance was getting worse as the Si con-
tent is increased. The base alloy with 2.43% of Si and 0.9% of RE(KSA-65), showed higher corrosion rate compared to
that of KSA-63 alloy with an equivalent amount of only Si. The corrosion resistance of KSA-65 was similar to that of
the base alloy(KSA-60). The oxidation resistance of KSA-65 alloy was greatly increased even at 850C for a long term
€Xposure.
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$7] el FF $9 Cr 55 Fold 715488 wHA
& 4= glx9h, LiCl-Li0 Eg4-Fgolde= Cr 527 ¥
£ More 13 Super 22H7} ~H| Q8| A7} ET} Halde 7]
w2 A Hepgel, o]d d4EL LiCl-Li.0 84549 5
2] Li09 w57}t 26% 2 obF 7] wl-Fell R2ubs-o) 9
& L0 w59 Zae A FAE Axo|xn FAlvA
N A ¥ L0 $EF #3817 W& e ¢
4 Ak mEtA Cr 501 %8 7129 719 R E )
d¥FL LiCl-LiO &89 HFHA F2Ag2e
s, M2E EFEEF 74 AAY 3T Lol
d5Hede & 5 ek

ol2]gr A7 nvigo 2 RAEMNE ZAGE FF FolA Y
Aol wld F& Incoloy 800HQ A4 (Fe-32Ni-
22Cr) & 71F2 2 Cr =& ¥dA)7] Fe-Ni-Cr #59
FAAFH FA 7)1 st wAs At 2 2 Y
449 LiCl-Li0NA Cr F=7} 8% ©]8le] gFlAe
ZEA 77k BA4 s WSE el Cr 27 &
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Z7}oll M2t Fe-Ni-Cr ¥4 41427} Z7)8k o),
Ah2] Aol A EF2-89 LiCI-Li0cliA 9] W44 &
HH §F $9 Cr 5% 8% ol3tE Adsiok 3
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ement effect) o] 7}& f-HskA) A7) FHUc}!'® & 3
ERF49 A7E2 Q8 1) vacancy annihilationel] 23}
Cr0s; #T22] defects?} 7443}, 2) Crel A€Ass
FHAA WA F2 ZEFE9] A= HFE Cr0s
Huto] Y4"E 4 Az, 3) AFE AA-EH (oxide
growth stresses) & Z2A|A B3 A 2t qlAA)e 3
AA71m, 4) AbsbER RAf7Ee] WEA Fof 59 benefi-
cial effect”} lc}. 2t8 REEEZF ot 22 3 EFF4
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Table 1. Chemical composition of alloys
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Alloy Chemical composition (wt.%)

C Fe Ni Cr Si Mn RE
KSA-60 <0.03 Bal 251 7.3 - < 0.05 -
KSA-61 ” ” 255 74 0.94 » -
KSA-62 ” " 25.7 7.1 1.84 " -
KSA-63 ” " 253 7.0 2.90 n -
KSA-64 n " 25.1 7.3 490 ” -
KSA-65 ” ” 25.7 7.1 243 " 0.9
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Fig. 1] 4§93 LiClolA 25417} H-A]A18% KSA-
60, 61, 62, 63, 64 ¥ 65 ¥ FANIE 25
A& el Wit Fig. 1e14] B whe} Zo] Si o] ¥
7} 2~3wt% (KSA-629} 63) ol A& 27} Ad e
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Fig. 1. Weight loss of the alloys corroded in molten salt of LiCl

for 25 hours, as a function of temperature.
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Fig. 2. Weight loss of the alloys corroded in molten salt of LiCl-
Li.0 for 25 hours, as a function of temperature.
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Fig. 3. Weight loss of the alloys corroded in molten salt of LiCl
at 750°C, as a function of time.
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Fig. 4. Weight loss of the alloys corrode in molten salt of LiCl-
Li;0 at 750°C, as a function of time.
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Fig. 39 750°C 4§ LiClsl 4] %4118 KSA-60,
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Fig. 5. X-ray diffraction patterns from the surface of the alloys
corroded in molten salt of LiCl at 750°C for 25 hours, (a) KSA-
60 (b) KSA-62 (c) KSA-65.

Fig. 49 750°C £%889 LiCl-25%Li,04 #-2]A]
Q% KSA-60, 62 2 65 §3e] FA ek Alztzte] &
AZ etk Fig. 44 2E wleh o] EREEY
LiCl-25 %Li 0ol AE $A4 %7} 4§ LiClolx R} =)
w23 © A7He AR net ¥AS RS} EohEA) ¢
£ Ao % vehgh KSA-62 §39 BASEs} 74 =
A Jelhdz KSA-60 2 KSA-65 §59 #A&EE=
u|58}7 hebuteh.

32 £AEY 7x

289 LiClel4 750°C, 25217 #4141 83 KSA-60,
62 2 65 29 XRDZAFHE Fig. 59 vehich. o5 ¥
2o BANPAHEL LMO;, (M Cr, Ni, Fe) 22 H4 5
oich. 2459 SEMEAE Fig. 69 tehich. KSA-60
5} KSA-62 ¥F& 2F AHFde] $AE 77t ¥
RS ol2u} WERA A7t S deblz F B3
o 2429 FAE 2 Aol} gt Ao Jehinh, =3
KSA-65 HFNAE oI5 ¥ 430 s P4e et
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Fig. 6. Scanning electron micrographs of cross section of the
alloys corroded in molten salt of LiCl at 750°C for 25 hours, (a)
KSA-60 (b) KSA-62.

Table 2. EDX microanalysis of chemical compositions of
the alloys corroded in molten salt of LiCl at 750°C for 25
hours (wt%)

KSA-60 KSA-62
Element

Base Scale Base Scale
0 0.94 7.02 0.76 15.63
Si 0.03 0.18 115 0.66
Cr 6.86 2.50 7. 0.97
Ni 20.86 58.60 19.0. 50.44
Fe 71.37 31.87 71.37 32.11

Table 3. EDX microanalysis of chemical compositions of
the alloys corroded in molten salt of LiCl-Li;O at 750°C for
25 hours (wt%)

KSA-62 KSA-65
Element

Base Scale Base Scale
0] 0.78 12.55 0.33 13.20
Si 1.40 1.40 3.25 -
Cr 7.27 13.64 7.19 1455
Ni 20.03 36.49 20.26 4398
Fe 70.52 25.93 68.96 21.45

Wtk olzigr AFAE Fig. 39 FASEI AL ulS:3HA
vehls 71e o 4 otk KSA-60 33 KSA-62 ¥
F2] 283 LiClol A9 $4]52] EDX ¥4 27t =)
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Fig. 7. X-ray diffraction patterns from the surface of the alloys
corroded in molten salt of LiCl-Li,O at 750°C for 25 hours, (a)
KSA-60 (b) KSA-62 (c) KSA-65.
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4 glth. Fig. 8o £§4-84 LiCl-25%Li:014 750C,
252]7F B2 &% KSA-62 2 KSA-65 59 SEMZ
2& Jebdch Awpae] st o £459] A
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Fig. 8. Scanning electron micrographs of cross section of the
alloys corroded in molten salt of LiCl-LiO at 750°C for 25
hours, (a) KSA-62 (b) KSA-65.
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ol Cr, Nig) Ag3-4jo] wAyslr Sie F-Aukg-of o
A gom wajo] 14H Sit R Jge viXA]
3, Ao Fodste Cr 59 W4 4HsHE9) b Ao
o8& ulx) A, Cr, Ni, O, Li(34& LiCrO,, LiNiO,&
TR da) 59 94 Fabol 9FE vAE §F A
ol 9%E A L E A} AR x| HFhujet 7
o] Sit IEFIFEHY 72'01 reactive element effect
(REE) ol )3} AFs}E9) Qb AgA& FAFA717)'8 0 oo
FAEE = S 529 F7to wet 4 sl E g4H
o} ole} 2 Si G F 7] At Aol o £ A
Foll4 Si BE7F & de FF AAo| 7t F)s)
Zet Si FE7} 3% oMo Z Fow Walio] 238 A
35 oS Vebdcin A}

S8del A §F9 WA A= SEFITE 9%
of thgt L xEF d7-of 25H®, NaSO,~45mol%NaCl
£49¢ 0.02g/cm? $E0 2 AHo) RaaA RajAY
g A} gFo] REE 0.4~0.5mol% H7}shd 2A&4 =
23 A9 RE %7} Imol% & 23shd F4)&xr) =
A F7betgeh. £ Q7 eAE 04mol% § ot
EA& g} Folalgdch =8, ARSI /jAde Bao
REE 09% F71stden BAd njxe JEFFE) 9
ol daj e FFY 71 A7) o)

3.3 AT

Si ¥% 0%, 1.84% 2 2.43%Si-RE 3%F (KSA-60,
62 & 65) T2 650, 750 2 850°C oA thr)E Akl
g A%E Fig. 9~119) vehlith. A A4 & 5 Q)
L nje} Zo] KSA-607 KSA-62 §3& A8&wrs A
o} o1} KSA-65 79 AslE s 335) e Zls o
& 9ok, = KSA-65 32 850C7HA] A&} uf S
P A|7Ee] Aol wle) ASE T A Q) Fo18lA] ke n
2 459 AFAA vy 7] F AEe) 28T W4als
He 7b Ao R BerEth. KSA-62 $79) Asi&Er}
KSA-60 #37 vl&g AR Mo} S w5 Hriuc
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Fig. 9. Weight gains of the alloys oxidized at 650C in air, as a
function of time.
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Fig. 10. Weight gains of the alloys oxidized at 750°C in air, as a
function of time.

14

12

-
o

Weight gain (mg/cm?)
(-]

O — = — A
0 5 10 15 20 25
Time (h)

Fig. 11. Weight gains of the alloys oxidized at 850°C in air, as a
function of time.
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1) Fe-25Ni-7Cr-8i ¥3-& 4§ LiClelA= Wi+
Aol WAL TEA ®Ae 772 kineticsE b
o, £34-89 LiCl-25%Li0lde AR o] a3}
o Fal&s st LiClell et "4l w2 A yepdot.

2) Fe-25Ni-7Cr-Si &&%9 Si =7t 3% o3t A
£ Si ¥=9 F7bel wet EZE49 LiCl-25%Li.04
A Ade] SR E AR 3% 5 23std Tao WHAel &
&8 A3tEe Zo2 vEhdt.

3) Fe-25Ni-7Cr 5l 2.43%Si%t 0.9%REE 53
F7ved FF9 WAL Fe-25Ni-7Cr #59 $££<
A A Wakstde] 2A FAks ] 850CAlA 713k
e G WA S 7HAA 2 o R ddkEn
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