WS1% 11 BEESRMRBSEIIE Vol.51, No.11
2022 4F 11 H RARE METAL MATERIALS AND ENGINEERING November 2022

LA ZD0IEITIRE GH3625 S E8EMESE
KCI-MgCl, ¥8 Eh TME T AU G 14 g

B, £ HY |mom, AR, Tee T

(1 ZMBET RS At a e En TS HAHERESSEE, BN M 730050)
Q ZMFET K2 MRESES TR, HF 220 730050)
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GH3625 &4 (Inconel 625) KIILAE 650 °CLL T BA M 7 0G4S FEAGREE . Bl FIm o e Re, 14 H
TUAHEER R (60wt.%NaNO;+40wt.%KNO3) &R i 135 2K BH B8 6 PR FL ik IR SRS I i e MR GBATIRE N
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1.1 SEEG#FHY
R 1 GH3625 SE€MLFERT (wt.%)
Table 1 Chemical composition of GH3625 alloy (wt.%)

Ni Cr Mo Fe Nb Ti Al Mn Co Si C P S

Bal. 21.45 8.80 3.33 3.48 0.24 0.10 0.059 0.11 0.12 0.042 0.004  0.00019

A S F UM A D46x4x3000 mm (1) GH3625 &4 5LEM, HARM R 1 fivs. N 10 5A A 22 8 & &1
MLAZTE 600 °C~800 °C T GH3625 A 4 1E KCI-MgCl, AT, B IRTERME A ©46x4x3000 mm 1) GH3625 &4
REEM EYIIC10 mm <10 mm x3 mm FYHOREE i, #13506-73 A 7E 1060 °C.1080 °C. 1100 °CH1 1120 °C iR K 15 min,
oIS 2V, ASEPIRES I ARE LAk IR 2 o, Hk, FARMRES R 200-2000#0) SiC #b4WHtEE, BEEH
0.3 um AR FEIOL, FZEMKMYE, FHLKOE-EBRRE, JEERSR TN TEE&H.

&2 FREIRHRRIRITIE R E BT

Table 2 Heat treatment process of different samples and its abbreviation

el CR
BHEL+1060 °CiE K 15min CR-AT1060
A %.,4+1080 °CiB K 15min CR-AT1080
%L+ 1100 °CiB K 15min CR-AT1100
VEL+1120 °CiB X 15min CR-AT1120

1.2 7T KCI-MgCl, kb &

FAERER 99.9%[1 MgClL 4L 99.9% 1) KC1FE i 73 AITENBEA H1, 78 120 °C R T4 24 h LAEBR/K Sy B
IR R L 62.5:37.5 HilfE =70 KCI-MgClL & &AL Eh, ¥4 1 1) — 76 KCI-MgCl, 1R & S A RN T 78
TRAE
1.3 &8 KCI-MgCl, A /@ 1 SE16

8 S S R R R AT R SRR . RIS T LR T, el BRI G R R &, AR5 R R SE G
JITi%e F 1) e VR A AL 623 BN B SRS H 3 (R R 50 mL, SHIRSERE 99.9%) 1, ML EE 1% A\ & 30 mL,
SR JE B AR NARFEHETE S b b o AT RIGNT, FeAE U By (58 SX-G18123) KR THEIFT 75 i (600 °C.
700 °CFl 800 °C) B, KeAg &AM ERARFE M B E TEN P L D ], AR5 Rl A5 Bl ot 21 B 75 S2 56
FEFF AR PRI - SAETED o CRUR ST 1R — 21, 57 A M 10 A g L o B s B 3145 o e o e 7 i % U 1Y
Bk A /NI e B IR R TH PR G 3, S TN 75 T T e 28 I G /K S A T 168 75 175 e S K R R T
FKEER 0.1 mg MIHLFRF (85 TE124S) FRE. A5 ERFRETE AR B g i S 3 v T I 5
TR (B458 DZF-6090) T84k S AT 18 £h I ik, 88 00 S AL 4 SR Aok X i) s B 8] 4 120 he
1.4 LA 2R SRAE

RHBCAH HKL-EBSD 453k ] FEG-SEM & LA A [FB K& AT RO A R RAE, H#P KA 1.6 um; R
P N 40k V. & HLIRY 100mA (1) D8 Advance %! X SFZEATHHMY (XRD) 730471 & 58 1l 5 P-4 I A 4L AL, CuKa,
B A=1.54185 nm, f79 MIEH] 20°<20<80°, FH#HELN 5°/min; KA ZEISS Sigma 300 25 1) SEM A )
EDS 4387 & & J vl 7= 0 ) TE SRR A A 2E A

2 SKIEERK

2.1 IMLBR T

1 RAAFEPIRZAS N GH3625 & 48 M I BH45 R i AR IE A . 456 1 2 T, CR MRS K&
(KR T AR RN 3 B (03B K 28 SRR, BT R 0 30 90.7%, 1B K ZE B AL N 14.2%, &4 R R ) (D)
N 70.25 um, A ERARCFEERLR ST (dye) 9 43.80 pm. GH3625 &4 5L E M2 1060 °C~1120 °CA#IE 15 min
G, HAOWALR KA T RENEL, G4 T R SRS R LS RS (B 1bye, FIE 2b), FHAEREAE
R IE K2R, R T A 3R SRR O oW L 2R B8 R 2 S0 400N 1) P 435 o b R K R B K 28 S R, (B L ok
JUSF AR K EE G LA R . B IR KR LRI T, SR KZEGE Mt EIIEm (B 20), &4 035 doki R
(d) AR (dy) RIFERCNEIE, BRVNEES (B 2a). [N, A& 2a hal DI RE 25
FAENRERR AR B A R B BB A SR E R o BbAh, AHELEARRE, CR-AT1120 BUAE A SN dfoks R) i
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101 111 W= Deformed
Bl 1 REPRZE T GH3625 &4 B M ROR A

Fig.1 Microstructure of GH3625 alloy tube under differentconditions: (a;-a3) CR, (b;-bs) CR-AT1060, (ci-c3) CR-AT1080, (d;-d3) CR-AT1100, and
(ei-e3) CR-AT1120
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2 ARMRZE T GH3625 & &8 H B SR RT (), T4 & LA (o) Al i 574377 1 ()
Fig.2 Grain size (a), recrystallization ratio (b), and grain boundary distribution (c) of GH3625 alloy tube under different conditions
22 GH3625 A& SR KCI-MeClL, 3£k /g iT A
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B 3 AAEMRE T GH3625 & &8 M 7E Ml KCI-MgCl M #h A sl 2 4. BRI o, T & eilhere
AFRE R KCI-MgCl M Fh S i e rh A R IR s A, FEAH RS Ui R, P & < iR 0 Sz AR RS e ok
5 T Pl IR (R S N TR s TR ZEAR R RS )R, CRARXFESRAITIAE MR E R S, BEE BRI, &4
IR P B S T AR B nh 2 FE SR DR
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B3 ANRPRZE T GH3625 & & M AEA [ FE ) KCI-MgCly 4 3 il 31 11 2
Fig.3 Corrosion weight loss curves of GH3625 alloy tube under different conditions in KCI-MgCl, molten salt at different temperatures: (a)
600 °C, (b) 700 °C, and (c) 800 °C
N T BHERARRALE T GH3625 & & EMIERIE KCI-MgClL /& # ik %, R4 R E RIS
I g R
Am
Y=
S-t
R (D H, Am NESRFRESL (mg): S NEERFVIAER (em®; ¢ AREHEE (h). @it (1) Al
73 BITHEH 600 °C. 700 °CAH 800 °CH KCI-MgCl i #hH & &R ME R, Wikl 4 Fros. BB, B 6 i A
RISE IR, BT & <R A P R B T R B G B Pt ) A o s oin,  (H AN R HAE B S B & A KBRS A
AR MR RS T RS (CR) B, Frnlid CR-AT1120 && R RMAEEEREMK. [N, rdd
< TR PR JE8 e 2 T3 =R 6 0 il 2 PR S AN T 3 n - BB AT 1, GH3625 & &M E R IR KCI-MgCly 1 £ i JE5
HEAMEGHEEA R, THS&SEMRMALRZEIHEX.
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4 AFPIRE T GH3625 A & EA R LK) KCI-MgCly 1 3 H 8 i %
Fig.4 Corrosion rates of GH3625 alloy tube under different conditions in KCI-MgCl, molten salt at different temperatures: (a) 600 °C, (b)
700 °C, and (c) 800 °C

2.2.2 JEUFEMI T

ANFEPIRZ N GH3625 A & B MAEA AR KCI-MgCl, 48 & A ik 120 h J5iAFER 1 XRD EEWE 5 fior. H
BRI %0, 7E 600 °CFFTA & i R TH Tl 1974 1 B R M MgO. Cr,Os F1 NiO; 245 1dti % 7 =1 31 700 °C
i, A SSREEEE MY EEAE Crnos. NiO Ml MgO HIELY, H CR-AT1080. CR-AT1100 #1 CR-AT1120
HERFEFIEH LT NiCryOy; M4 PUIEFE T+ =% 800 °CHY, AT & &R FER T th= #1344 Cr,05. NiO. MgO.
NiCr,04 Fl MgCr,0, FLAMIAHZL K, 23T R LA K B MgO IR E YR T KCI-MgCl, %8 £/ i /1) MeCl, 525,
H O, RAE RN A R, i8I MgCl, X GH3625 & &M B s T KCl, H 5% EE MR, Xt k™
WAL R —8. R, BT NiO b Cr,0; EFa5E, Frbl NiO 85 FE, Hoki e th 5 5k A v, i
SR HARE b=, & 5b A e B NiCrOy A1 MgCryOy; AL, BEEEIR RN, &4k B, By
A A R BB =) A 28 Bl 2 8
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Kl 5 REPIRZE T GH3625 &4 S M E AR FIEE I KCI-MgCl, 44 35 7 Ji i 120 h /5 XRD K%
Fig.5 XRD patterns of GH3625 alloy tube under different conditions after corrosion in KCI-MgCl, molten salt at different temperatures for
120 h: (a) 600 °C, (b) 700 °C, and (c) 800 °C

2.2.3 JEMIEIR AT

B 6 NANEMRZA N GH3625 & & B M EARFRE I KCI-MgCL %55 HH & h 120 h 5 1R &S s 5 .t el
L, MEEERE TR, R A SRR S ARG, 7E 600 °CHJ KCI-MgClL, &3 ik 120 h i,
CR-AT1100 1 CR-AT1120 &< fH TR K28 5 SR 1 K & RAR, 2100 R WS B B v oK A ot 7 1) R o vy

(&l 6d, #le;), H CR-AT1120 & 4R FF R A MRERGER, WIRAE T iR MG, HRB5EM: HRa el

HH TSR s ™ 8, R X LLF I, (BRIEA BB A JE vt (B 6a,~c,). £ 700 °CI) KCI-MgCl, 15 £ H1 Ji§
Tl 120 h B}, CR. CR-AT1060 F1 CR-AT1080 & & iR MM N AT, ML R E YT (B 6a,~cy); CR-AT1100
AR IS AR e, (HHE SR CHERL (6dy), 1 CR-AT1120 & &t FEFIFERNE R T KRB K256
FER, RIMKA T 5, RSB KA S e i, (H R A i B 600°CHY TR B8 BEVR (6ey). 7E
800 °CHJ KCI-MgCL /& H @k 120 h i, FirA &Gl FE R 1 R il =) kA M= E 17, CR-AT1060 F1 CR-AT1080
SRR IR BRI E L (B 6by Al ¢3), 1 CR. CR-AT1100 £l CR-AT1120 & 4t RE 2 i 3L K B 2R AR
BB M=), 454 XRD ERE, HA GG A= ml 684 NiCr,04 fIl MgCr,0," ,  H. CR-AT1120 & 4 ik kE £ 1 &
THUFF G A ELBS a8 5 o e Ak, ZEAH 1R FEE DL R CR & S iaURE 3R T 3 T A FE e K, k& CRAT 1060 CR-AT 1080
FI CR-AT1160 A 4K, CR-AT1120 A& RFEREE AR /e HICTT L, GH3625 & &M HiR K28 A E
oy, oG 4 AR TR PR FE N
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Fig.6 The surface corrosion morphology of GH3625 alloy tube under differentconditions after corrosion in KCI-MgCl, molten salt at different

temperatures for 120 h: (a;.e;) 600 °C, (ar-e;) 700 °C, and (a3-e3) 800 °C
AFEMRE T GH3625 & B M EA R KCI-MgCl 4t E 1l 120 h J5 A9 EDS T 48 70 23 73 1 1 fn 18]

7~10 fizs. BB, £E 600 °C~800 °CH) KCI-MgClL i #h &1k 120 h J&, i & &l FFsMEALE Ni m R L P4
HBOEAE, RADENIO, MABEMZ Cr e REEA N, £ Ni iR, LIRED> BERL, e
700 °CAl1 800 °CHI4#NEME A Mg LR E4E, TE MgO, X5 XRD /44 R —5. K 10 NAFMRE T GH3625
B EMAEA R KCI-MgClL /& # P ik 120 h J& BE MR EAE MR gt B W, fEAR R8s
N, A< R L T AR ot SR BB P i A R IR BE R I s BEE T IR R T, JEOT AR B A
BRI Cr TR B VR TIaEhh, HAENE SRR TR AR, £ T, Zn RSN RREY #: b
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G EABIEAT, ZTRAE G e A RS R I KR RS FLE AR, ORISR, TR R T kil E T
s (Al — 2 A R B AL T AR T R B MR R BE R . kW] L, GH3625 & i A rhil 2R S L
Fofr e S A7 T A ot 2 BB PR PR o B 3R UL E RO, B P IR K2R R LR 81y 47.8% 88 INE) 55.6%.
PR TR Ok ERP B PR BZ L CRRBEA IR KB . RIS G EhRKERLILHIE AN, &
it 5tk R B S v, LR KR R UK, 5 < S ok P et A

o ;
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7 AFERES T GH3625 &4 EHHE 600 °CHJ KC1-MgCly ¥ FH s ish 120 h J5 598 == ik i A e 0 A
Fig.7 Cross section and elemental distribution of corrosion products of GH3625 alloy tube under different conditions after corrosion in KCI-MgCl,

molten salt at 600°C for 120 h: (a) CR, (b) CR-AT1060, (c) CR-AT1080, (d) CR-AT1100, and (¢) CR-AT1120

Mg
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8 RIFMRZS T GH3625 &4 H7E 700 °CH KCI-MgCl #4535 it 120 h J5 8 k=47 (0 1 8% T A0 G 520 AT
Fig.8 Cross section and elemental distribution of corrosion products of GH3625 alloy tube under different conditions after corrosion in KCI-MgCl,

molten salt at 700°C for 120 h: (a) CR, (b) CR-AT1060, (c) CR-AT1080, (d) CR-AT1100, and (¢) CR-AT1120
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Z

2,

9 AFMRA T GH3625 &4 &M 1E 800 °CI) KCI-MgCly 44 & 7 JE it 120 h J5 18 b = 47 (1) R R T A e 2% 49 A B
Fig.9 Cross section and elemental distribution of corrosion products of GH3625 alloy tube under different conditions after corrosion in KCI-MgCl,

molten salt at 800°C for 120 h: (a) CR, (b) CR-AT1060, (c) CR-AT1080, (d) CR-AT1100, and (¢) CR-AT1120
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10 AR T GH3625 & &M AR K KCI-MgCly #4254 /81t 120 h Ji5 F 8 ol 25 8 (a) A1 iR 2 (b) S 1 B
Fig.10 Corrosion weight loss (a) and corrosion depth (b) of GH3625 alloy tube under different conditions after corrosion in KCI-MgCl, molten salt

at different temperatures for 120 h
3 g
3.1 ZFHEFHIER
GH3625 && R FLEMEA 1060 °C~1120 °CIRB K 15 min 738 )5, && R &A R % E IR KA. N TR
fERR KCI-MgCl, % i 28 i 0t GH3625 A& EM IR MMEREMIER, BB A GH3625 & & 28 M ArE
600 °C~800 °CH] KCI-MgCl, /& h i1k 120 h B 2 A EAFAE o AR SC LA iR KC1-MgCly 45 30 5 1ol 14 B #5411
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CR-AT1120 &4RFE B RN %, @it EBSD 4iit CR-AT1120 &4 FELE 600 °C~800 °CH) KCI-MgCl, 1% £ 7 %
Tt 120 h A7 J5 AOZE 5 S LU GRStk )R ~F (L3S d A do) 2846, W 11 fioR. BB RTAL, CR-AT1120 &40k
HOR KRS LB 55.6%, SRR d N 35.03 um, BHRCPEERIRST dor A 21.30 um, 7E
600 °C~800 °CH] KCI-MgCl, ## & F1 /iR 120 h J5 & 4 i H 128 5 S LU BIRS G BRAK, RIRBRIR T 3.9% 1.8%
F16.3%, ViBH GH3625 & &8 M A iR K22 FHAE 600 °C~800 °CH KCI-MgCl, 44 5 fF 1 120 h B A 7
FIRFEE M, X FEEER TR KZE G AR BAMKM R Hae (Gt TB Fae2) i@ HGBA FHAER 1/10,
MRS TB FLIH AL A8 HAGBs FHHIGER 1/2) AMRIEAHER (il HAGBs HIE &> 4% TB fIiT
B>k TB BT A 121, DL AE 600 °C~800 °CHK: IR IR I By HE 58 — A0 (yAl & A/ Mo 28 i T #%
PIETHAER . AR, AP aER RS (B4 d Ml deyy) 7E 600 °CHI 700 °CHY KCI-MgCl, #4 & # 1 {/i 120 h
Ja BN, AE 800 °CHJ KCI-MgCl, 44 5 HH {3 120 h J5 IS P& . R4 Arrhenius 3¢ R (M=M,exp(-Q/RT),
Ho MR FRIERER, My NEE, O NFHERKRWEGHE, R NSMEEED nlH, SAEEEER
HiRERFmEmmigm, HERISBURRAKAEKKR. FR, GH3625 G 47E 600 °C~800 °CLRIE 120 h B HrHi Y v
A& MBS ZE g ST A ETHLE R, T Ho6 KA B & BT B G ETHE R, SRR IR R K
C22 A, AL AR S = S SR RS R BRG] T R AR, AN S BRI R PR R,

GH3625 & & FAAER R EIR K2R It REAE 2R S = X 5t BLALAE 600 °C~800 °CHRE 120 h B T Hi Y
YR & ARFE EIR S R RATFLIE R, 54 47 600 °CHI 700 °C R divki R~f & A KK, TLE 800 °CINF ki R~ 4%
TR/ o

| 3503 36.50 1393

2896

Grain size (um)

2085

0f 0k

0 0
CR-AT1120 CR-AT1120-600  CR-AT1120-700 ~CR-AT1120-800 CR-AT1120  CR-AT1120-600 CR-AT1120-700 CR-AT1120-800

HAGBs — TBs

LAGBs
Bl 11 CR-AT1120 & SARREFEA IR FE 1 KC1-MgCly 4 & 1k 120 h 1l /5 922 & 7 LL 1 A0 okt R~ A2 4L 1
Fig.11 Twin boundary ratio and grain size changes of CR-AT 1120 alloy specimens before and after corrosion in KCI-MgCl2 molten salt at

different temperatures for 120 hours: (a) before corrosion, (b) 600°C, (c) 700°C, (d) 800°C, (e) twin boundary ratio, and (f) grain size changes
TSR GEMNS, MR Cr i, IG5 R MR BURrE, MBS 1 & e R ke .
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Fig.12 High temperature molten salt corrosion mechanism of GH3625 alloy without twins (a; ~ as) and with twins (b; ~ b3)
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Corrosion resistance enhancement of GH3625 alloy tube in high-temperature KCI-MgCl,
molten salt environment via Microstructure tailoring
Gao Yubi "%, Wang Xin '#, Zhen Bing ', Xu Jiayu ' Ding Yutian 125
(1 State Key Laboratory of Advanced and Recycling of Nonferrous Metals, Lanzhou University of Technology, Lanzhou 730050, China)
(2 School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The influence of microstructure with different ratios of twin boundaries on the corrosion behavior of GH3625 alloy pipes in
high-temperature (600 ‘C~800 °C) KCI-MgCl, molten salt was studied using EBSD, XRD, SEM, and EDS methods. The results showed that with
the increase of annealing temperature, the proportion of annealing twin boundaries in the equiaxed grains of GH3625 alloy tube increased, and the
higher the proportion of twin boundaries in the alloy at the same corrosion temperature, the better its high-temperature resistance to KC1-MgCl,
molten salt corrosion. Meanwhile, as the corrosion temperature increases, the high-temperature resistance of the same group of samples to
KCI-MgCl, molten salt corrosion decreases. In addition, under the same grain size conditions, the higher the proportion of annealing twin
boundaries in GH3625 alloy tubes, the better their high-temperature resistance to KCl-MgCl, molten salt corrosion. This is mainly attributed to the
high-density stable annealing twin boundaries themselves have excellent corrosion resistance, and the triple junction containing twin boundaries
breaks the connectivity of the original high angle grain boundary network, suppressing the corrosion of the grain boundaries.

Key words: GH3625 alloy; KCI-MgCl, molten salt; Annealing treatment; Annealing twins; High-temperature molten salt corrosion
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