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Effects of Y, Ta and Cr on thermal corrosion behavior of
Ni-10%Fe-10% Al-10%Cu alloy at 850 C in
cryolite melten atmosphere
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Abstract: The static thermal corrosion behaviors at 850°C in cryolite melten atmosphere by adding 0.8%Y, 5.3%Ta and
13.6%Cr (mass fraction), respectively, in Ni-10%Fe-10%Al-10%Cu cast alloys were investigated by SEM, XRD and
EDX. The results indicate that, the oxides layer is formed on the surface of Ni-10%Fe-10%Al-10%Cu (mass fraction)
alloy. The reductive reaction O,+2e==207" takes place on the interface between melt salt and oxides layers due to the
concentration and diffusion of oxygen. The oxides layers as NiO and Al,Os tend to be loose, porous and easy to be peeled
off because of MeO,” produced by the reaction between O and MeO. In addition, the oxide layers on the surface of
Ni-10%Fe-10%Al-10%Cu alloy can easily be dissolved by fluoride volatized from molten salt after physical and
chemical reactions, then the corrosion products are laminated. Adding 0.8%Y and 5.3%Ta can clear the impurities at
grain boundaries and densify the oxides in the corrosion layer, thus the high temperature corrosion resistance of alloys in
cryolite melten atmosphere is improved. The Ni-10%Fe-10%Al-10%Cu alloy with adding 13.6%Cr has the best corrosion
resistance in cryolite melten atmosphere because the main oxides in corrosion layer are Cr,O; and NiCr,O,4, which can
inhibit the activities of the other oxides and enhance the protective ability of the oxide layers.

Key words: Ni-Fe-Al-Cu alloy; cryolite melten atmosphere; Y; Ta; Cr

BEWEB: EER&SBARICR R HI7 8 I H (2008AA030501)
WimEH: 2011-08-03; fEITHHER: 2011-12-20
BIEEE: Dok, 3%, Wit fif: 0731-88830333; E-mail: Ibh@mail.csu.edu.cn



5522 %5 8

2 M, %% Y. Ta. Cr ot Ni-10%Cu-10%Fe-10%Al1 476 850 “C UK A7 15 U5 AU AT S 16 52 i) 2247

& G LA AS A B8 S bR, FERAR 1,
B R, AR R A S ZR . M PE
WAL R A s s . ARREFE (AR, Tovs 5540 A,
Z BB 1 OGTE . A A TERH AR — 5, BHAR
SR BAMN ZE SR B = i 56 R B RS
W HPERE, 1T HEEE A R E R E R R LI T
. BREE RV ENR A SR ILTARR S A28 .
PUBEHPERELF, BeARRR B B 5 N IR EE R AR
Mo RGP IR A BT R BA ) fa 1 5% . 1994
£, BECK 1 BROOKS!"&H, Fe-Cu-Ni BE:44:1E
FULR 5 AF T 1 st 26 5 7 [RIFE RS (750 AT 800 °C)
AP EAE A Y, 1998 4F, SEKHAR 252
557 Ni-6%Al-10%Cu-11%Fe-3%Zn(JR &> B) R &5 4
FHAR, #5921 7 LA Ni A1 NiAl A AZCr« LA NiO 1 NiZn, O,
SR G I A E R, AR R R R A
MRS . NORA FI DURUZPI LK A7 b 3 20 R A
kXS Ni-Fe-Cu & SAE A TERHI AT EME TS AN
H, 1645 BIA0E R 97%~98% (1 FLARER .

X F Ni-10%Fe-10%Al1-10%Cu( 5 23 %7) & 4 b
WA KL, Cu nTLAR &A1 FHERE, Niv Fe fl Al
fRAE & S R AR mR AU PR SR A R 45 25
JEE kRS R R T b Y
ALK Ni-10%Fe-10%Al1-10%Cu 1540 7, {FZH 4
A, PR A E s SN Ta n] AKS NG 4 rb 3 5
FHECE IR A SR PR A FH R, #5 Al
(3% B2 R E U ALO; TR/ VRN Cr RRTE I
Cr 54b¥, fif Ni-Fe-Al 541 1300 'CHAT RAF 14T
Al FETPERE . IXEURIF TS O B G A kB AR
SHAM BN AL T — e A, H 3 LR o8
B TG FON B G R R T iR K A 9 R R
PERER SR, TR, DL R SR L S o L e
RAERNGT . N, SR AR OA M PEBHARAA K
AR A SRR e b, 454 0f LR EdsE,
Ni-10%Fe- 10%Al-10%Cu(J5t & 73 50) F 4 0 s n
0.8%Y. 5.3%Ta 1 13.6%Cr(iiE %), *HLiFst &
A 850 °C i UK b A4 R AU I AT S B AL
B, R SRR .

1 X8

HE A ENIE LSS4T 4 AR WS
Gr, HAHT R 1 s 6 EH i kI EIHL
I ARk d 20 mm X 8 mm FAFE, H 800% (1) /Kb
AFTEEICH, TR PR IR DL & S A PERE IR 5%

Mty AR FE KRR LA PR Hh R 78 R S o
T, G4 50 CHERTE)S, HRFRREIL T
LR . AR E T3 200 g MM A1 SR 1T 3R
., fE 850 °C, Hifif B4l A NaF-AlF;-10%NaCl-
5%CaF,-3%ALO;(Fi 70 $0), NaF I AIF; ({1 EE/R Ll
1.5 IG5 NREAT UK S A 4 30U i, St e
far il 1 iR

5 6
4 ] 7
|
/Z/8
2
N
l\>§< L
>—___
L

1 SR
Fig. 1  Schematic setting diagram: 1-—Electrolyte; 2—
Container; 3 — Electric furnace; 4 — Thermal cover; 5—
Thermocouple; 6 —Bleeder port; 7— Sample; 8 — Sample
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Table 1 Chemical compositions of alloys

Alloy Mass fraction/%
No.. Al Cu Fe Y Ta Cr Ni
1 97 94 111 - - ~  Bal
2 92 91 108 08 - ~  Bal
3 101 96 113 - 53 -  Bal
4 93 98 111 - - 162 Bal
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Fig. 2 Microstructures of as-cast alloys: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4
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Fig. 3 Mass gain of as-cast alloys after corroded for 6 h in
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cryolite melt atmosphere
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Fig. 4 XRD patterns of as-cast alloys corroded in cryolite melt atmosphere at 850 “C for different times: (a) 1 h; (b) 6 h
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Fig. 5 SEM images of as-cast alloys corroded in cryolite melt atmosphere at 850 °C for 1 h: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d)
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Fig. 6 BSEI micrographs of as-cast alloys corroded in cryolite melt atmosphere at 850 °‘C for 6 h: (a) Alloy 1; (b) Alloy 2; (¢) Alloy

3; (d) Alloy
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Fig. 7 Line scanning micrographs of elements
of as-cast alloys corroded in cryolite melt
atmosphere at 850 ‘C for 6 h: (a) Alloy 2;
(b) Alloy 3; (c) Alloy 4
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