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Corrosion behavior of 316L stainless steel and 347 stainless steel in solar salt
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Abstract: The static corrosion behavior of 316L stainless steel and 347 stainless steel at 500 C in Solar Salt
(60%NaNOs; + 40%KNOs) was investigated via static corrosion test. Corrosion kinetic curves of 316L stainless
steel and 347 stainless steel in molten salts at 500 ‘C were obtained through measuring the weight changes of the
specimens at each time intervals. XRD and ICP-MS were employed to characterize the phase and component of
molten nitrate salts; XRD, SEM/EDS were used to characterize the morphology, composition and microstructure of
the corrosion products on the surface and the cross section of corroded specimens. Finally, combining the changes
of molten salt and stainless steels, the corrosion mechanism of 316L stainless steel and 347 stainless steel in Solar
Salt was discussed respectively. Results showed that the corrosion behavior of 347 SS in Solar Salt at 500 'C was
characterized by mass gain. As time goes on, the trend of 316L stainless steel increased first and then decreased,
while the trend of 347 stainless steel was on the increase. SEM/EDS showed that 347 stainless steel was more likely
to be oxidized, while the chromium element in 347 was prone to dissolve, comparing to 316L stainless steel is better
stability in Solar Salt, that is, 316L stainless steel is more corrosion resistant.

Key words: 316L stainless steel; 347 stainless steel; Solar Salt; solar thermal power; corrosion behavior

& B H #i: 2023-03-05
£ & I B: BXARESXBOHARESHES (U22A20213) ; FIFE “BOIA « BIRAHANAA” 0l TG4 thigl I3 E
HERREQIHCT & (2022-2)-Y06)
Supported by: Joint Fund for Regional Innovation and Development (U22A20213); Qinghai Provincial Talents Program for High-Level Innovative
Professionals; Construction of Innovation Platform for Key Laboratory of Salt Lake Resources Chemistry of Qinghai Province (2022-ZJ-Y06)
—1EZ B 2500 (1986), Z, WL, BIHTAGR, EEOIAITANEEME, lijinli@islac.cn.



40 kA% R

2023 4

TS XU H bR, F 3 DS BRI AR
R RGO 4 OB E REYR L B 1 32 207 [,
FHEAKB AL HL (concentrating solar power,
CSP), #INAZIMS A KEW IR BT 2
— 81, T ERF AR I B FIZ 4T, CSP AISiBELR
R TS, ZIREEN], EARS/E CSP H
sl 5 E A, X TR RGOR UL, fEREANT
JR AR I AT H P ) i AR RS ER S L A B
L, 76 CSP H R MK B 1, Bk
BEA T 1) 1 3 0781, SR o i R A B 1 T ek 2 36
FERE RS TR H R, XAMUY
T R R A, E2E RN AT G
B (9100 X BB | 2R AR AT R IR S AR AN
FHNEEMRL, Bk, N T RS R ER R H
YRR EIZAT, HATEMIES S SEMET
AP )

FAE 1985 4, BHIFA G LE T K 3h8 h itk
5L . Slusser &5 NRUSR FWR VLR 5T T 510~
705 “CHER LA S RNk R & S 70 1 TR BN 1 11 R
HREERH R R EAT N, 4R 650 CLATR
I, RN 2 Fh A A P AR XS 855, 650 C LA
B, IEERXT 2 M A SRR SR RS
G BAERPUR RS, BRI G S 1R AR X
7. Goods 5 NPARFFL T —LLI8 5 %) T 304 A8
. 316 B A36 TkENIE 316 CHI 570 CHY
Solar Salt H i g mhszmy, Z5IREH, XL R AT
TERS AN AR RN AN 1R JE3 b 52 M O 50, 304 A1 316
ANBIE 570 CHEFIEME RN 6~15 um/a, A36
WARTE 316 “C N I JE P R B 5 umi/a, X 3 B 2%
TR ISR /N . Fernandez 25 A[B317E 390 °C
550 C 2 FhAENEEE R, 878 1 Solar Salt X} 304
AEFAN. 430 AERANAN T22 &4 BB, & is)
J12FMZR R 304 A 430 ANEEAN R & L1541
In, 10 T22 G4 EE e 5 e R
B, 304 ANHAIAT 430 NFMR AL T Cr05 1)
Ry, BHAE T kAT, 1M T22 &43RZ I
A ERRGE, IEEBIE T34, ERURHIYE,
2013 4F, SV E L= (SNL) DA% 2 Fgh 2

A4 (SS-321 1 SS-347) Al 2 Fh4FFE4 4 (IN625
H1 HA230) 7E 400. 500 #1680 ‘C T Solar Salt 1]
AT AT TIRABEFL, 255K W 7£ 600 "CLA
T, BRIEA 4 SS-321 1 SS-347 i hok R A 1,
MR E TR E] 680 CHY, JE TR WA N, 43
9 460447 pm/a; B A5 A & 1 5 i R A B, 600 C
LR, 625 Al HA230 [fJ& k24378 19.8 il
21.7 um/a, 680 CHf, &4 HA230 1 IN625 [JE
T2 435 688, 594 um/a. Dorcheh &5 A\ 181252 1
600 ‘CIf P91. X20CrMoV11. SS316 il SS347H 4%
4 FANVERANAT IN625 #5344 7F Solar Salt
AT A, KA SEMIEDS 43#r 7B hi=4n, “EH%E
B, IN625 44 4xiif FE e T 4 PR .

1 50 5 4 @ 1 AF TAE A i A7 1E T4 36 1 B
FAIERR A, 5 B0 4 1B Tk ™ EL S T CSP R
()22 Aa g is AT, B SR RS £ 5 4 JE 2 Al R AH
B LE ., EIRATAL, SR TAEERE SR k)
WEFL 70 L & A E, SR g A —
2/, K, ST REERIA ShT & BA R S LS
FriE— DR FE o ARSCIERRAE = Tl ik, PERE
5 —eis B s Rh L (Solar Salt) JfE i 5,
%8 H RT3 EPUE M 3161 NSRRI i
347 ANFEW AW AT R, Wit 7 Solar Salt %f 316L
347 ANEEAN DA a8 bR T S
Solar Salt I AR L, AN HNE G 5 R AAE
FRPEAE (L, HEM T Solar Salt %X 2 R4
JE AL J e b
1 K¥aEts
1.1 =R Shr4d

A SCHT RS RAR KNOs RSN NaNOs 1
oy tat, BT E LR ERFIARA R . A
SCHEEN 3161 Fl 347 AN NE P 0 R, FIFH L
PIEAT I, I CRSFERS A 30 mmX 15 mm X
3mm, HAMNE 1, 2 FARFHRIH BRI
o N T D AGEATITE, BRI
SR, HAERKKHAEE K WEF BT
e, TR

2 1 316L FA 347 EESRIL AR AL wi%
Tab.1 Chemical composition of 316L and 347 stainless steels
Fe Cr Ni Mo Mn Si S N P C Nb
316L 67.20 16.90 9.80 2.50 2.40 0.80 0.20 0.10 0.05 0.03
347 70.00 17.90 8.80 2.00 0.70 0.03 0.05 0.05 0.50
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B 1 J&ih 316L AZE4MATE Solar Salt B9 XRD & E
Fig.1 The XRD patterns of Solar Salt before and after 316L
stainless steels corrosion

2 JE0H 347 REFENAIE Solar Salt B9 XRD %
Fig.2 The XRD patterns of Solar Salt before and after 346L
stainless steels corrosion

22 BRI ERBEFREN T

KH ICP-MS, X}J&E T & Solar Salt H ¥4
BT TR 3 MK 4 fror. K 3 F1E 4
A%, SR 3161 A1 347 AN454NJS, Solar Salt H
FRh &R E TR RS BN BRI, B
PSS A HERE, Cr BT IR E /- BRI N, Ni. Fe
AT Mo (1857 5 B BOU AR LA K AH EG R 1k 3161
AN, 347 ANEFEANIE kS, Solar Salt /' Cr &)
O EUE R, Fe AN FTE 0 BOEAH 2, Mo 1
RS, XK 347 NG Cr TR
B, [FIRF 347 REFEENTE Mo Je & .. N2
Tk 316L ANEFAN, ISRk 347 AVEE4N, Solar Salt #f
DA Cr LR S TR E S HCR s N, IXZF N Cr
FLBEER, s T HAD SR TEE ShH 7 19201, i
347 AFEMN Cr TR i, UHIFE Solar Salt
H, 316 AR P RE S 4




42 kA% e

2023 4

& 3 fBiHAIfE Solar Salt P& BB FRIRE S HT L
Fig.3 The content variation of the metal ions in Solar Salt
before and after 316L stainless steels corrosion

4 JEihETfE Solar Salt h EEBEFRIRE N BTk
Fig.4 The content variation of the metal ions in Solar Salt
before and after stainless steels corrosion
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Fig.5 The mass variation of corrosion for 316L and 347
stainless steels
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Fig.6 The XRD patterns on the surface of 316L stainless
steels before and after corrosion

& 7 347 FEFMB T EAY XRD L E
Fig.7 The XRD patterns on the surface of 347 stainless
steels before and after corrosion
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8 316L A4EINIF MR E R SEM 1EE
Fig.8 Surface morphologies of 316L stainless steel before
and after corrosion

% 2316L FEMBHEEHITRERENE B0 W%
Tab.2 The content of the elements in the corrosion layer of
316L stainless steel

[X % Fe Cr Ni Mo (0] Na
1 66.7 16.8 9.2 2.1
2 67.5 16.3 9.3 1.9
3 62.1 7.6 2.7 0.7 25.2 0.6
4 62.4 4.4 1.0 274 0.7
5 60.1 4.7 26.0 7.1
6 61.6 2.4 317
7 45.8 2.6 36.3 10.0
8 64.3 2.3 29.7 2.8

FHE 8 il L H: ARSI, 316L %M b7
5, @EERMICESPTATA, HRMHICE DA L
¥)%5), 5 XRD MM R —80 1EJE Tk 10 REY,
316L AR F B A T ECIRIE =, ik
20 KIS, AR L O ARG = LA R />
BFORIE A=Y, JE 30 R, P #) R~
—BHK, AADHARE = . &K 2 7]

H1, 3161 ANEEANER I I il P 3 E A K& Fe
JLEM O JLEK, MEB TR, O TREGE
B, XUl HRI AR T E 2 WA . R
10 RIS, JE=Yh & /D& Cr ugk, MhEER
TSR] PRI E RSk 20 KA 30 KEF, R e R
) Cr TR EEWA, Cr TR TR &%
T Solar Salt ###hH, X5 FRIE] Cr o &S
VP SUEAIIELT S i
2.6 347 AEEMIE A T E IR A X Ko

347 ANEEANAE 500 “CHY-T- Solar Salt H &5 0.
10. 20 A1 30 KRR A anE 9 s, B9
bR B X ) EDX 0B 4% B L3 3.

9 347 TEFMIT TR E A SEM E[E
Fig.9 Surface morphologies of 347 stainless steel before and
after corrosion

RIJMTAENEHENTEZRESE P W
Tab.3 The content of the elements in the corrosion layer of
347 stainless steel

[X 4% Fe Cr Ni (e} Na
1 69.9 17.9 8.6
2 70.5 17.7 8.6
3 64.4 1.6 337 0.3
4 63.2 1.8 0.6 339 0.6
5 69.8 18 28.1 04
6 65.5 19 30.2 1.7
7 62.6 5.6 2.0 28.0 18
8 68.3 1.7 294 0.6
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Fig.10 Corrosion mechanism of 316L stainless steels

11 347 FEEMIE TR 22
Fig.11 Corrosion mechanism of 347 stainless steels
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