53 &5 5 6
2024 4F 12 A

HES RS
China Nonferrous Metallurgy

Vol. 53 No.6
Dec. 2024

‘ﬁ’é_a- '.

SIscAg s RO, G AT iR, 2. BRI PR B AR AORE S A BRI ST RE LT ] P IR (iR &

,2024,53(6) :59 - 68.

CHEN Kaibin, BAO Shengzhong, TENG Yuan,et al. Research progress on inert anode materials for aluminum electrolysis

[J]. China Nonferrous Metallurgy, 2024 ,53(6) :59 - 68.

i L SR 1 B PR A ek B L i B A I 5 0T

IR, AED R OB, F

S

#, 8 B, BEL, aHE

(1. HE R

RAe SRR, MR K 410013 ; 2. PEBMNE AL BHRBARAF, WE BN 450041)

[f Z] Wehrasse s M KL Ak TR FS R L Rt R F A B AR —REZH A, ik
FRAAT AR S IR T AR A4S B B R e s 2 — ) ISRk B W oh 52 ab4s L AR R R b PR AR AR AT
TI MR BT Rk, A LEEREESWT 28464 NiFe,0, 2 & & 1 £ 15 P 8 A% 2L 2 M
fAAR 4 b R KA BT R R, T EMEEH & T LR B EMKN £ BAEEAF BT T

NiFe, O, A 2 J& 14 75 Wi b [ AR A AL M A 3R A0 77 ik A SR IR, SF WA T NiFe, 0, A4 & 1 % 5 b Ma AR
o) FEME BN RE, AN T SRR ETaRMAF R T TAR A T8 AN RAEX
WHMEM EBAEERERBEBEARZREI LG IR T & L ERMBROITZFMAZIRG

Vh PR A AR 64 W AR P AR ) B B SR T 4T ) Sk AR (AR A
Btk A S o e T 5 ARG KALD LR B EEE AT

IR S BE IR ARBLE

[T ] 4adfig; MbkFadL,

FAn; &R

[PE4265 ] TF812; TF803.2*7 [ SCHkARAEAY ]

DOI:10. 19612/j. enki. ¢n11-5066/tf. 2024. 06. 007

PR PHARE B R A BRSO (2 0 L A A T Ml o AR
il e Jo e e R A S BRL B M AR AT T X
FATE o FE Brsn Al BT U ﬁ%f@tl‘ﬁ*&%ﬂ%
il AR BEAR = 2 A SR B A 1 e Rl
H20.89 t A, BARIETEHBAEET AL O4 1973
LR P BRAR i 724 1V, 308 b g R 2 5 46
243 000 kWhHL ' fH 2 5R  8  2 5 5 4 L e Al

[ Wik B4 2024-07-11

[H—1EE ] BB (1974—) 55 Hl g, BP0 A (FER)
IE RS T AR BIF5E 07 0 W 4 R a s

GRS ] AR (1981—) 5 it B9 TR0, §F5¢ J i h AT
(RT3

(4T H ] JE R B2 & E KRBT E (PR e &
5120221455 %)

A TaM; NiFe,0, 25 M A &kt

CEV AR Rt MEMKLERARSEES
b VAR B A T B AR AR b AT AR

%‘g'fiﬁlﬂ, j?'fj’&’]"iﬁ%,, 4

A [ XEHWT] 1672-6103(2024)06-0059-10

I8 K L 557 37 R VR L D B R S B R, L
AR R TR PR AR LA

AR 1M FEAR AL BT SR S T KR HE R,
B SZER AR 5T 1) Tolk iy FAFse 0 s ) R 1
P B R 0 P e AR BT BT 3 YA I R b Ak 2 451,
CU A SR B o R M B AR H A B A 1 Tl Ak
PRAH I, A XERERLY T E&RA M. 4
EW%EMU&%@WW%%%&K%m%HﬁL

J& HE NiFe, O, 5 4 J& B & 48 14 FH AR B9 D0 £k
D7 LG IR, I X6 A > 45 P BH AR A ) B A 9
N IR T R

1 5 PEFE A B 5T 2
s PERIHR” 2 7E Hall-Heroult T2 % B 2 4)



£ 60 - T E A & S 4

BREIA

EC g BEE N HEAR TR AE, A
20 4 80 AEARHI LA, E N A4 KR A w] W&
BIUR B e 15 S AR AR A A K (R 95 4 RN N T I R v
PEFRRASE T TEBAR AR B E LS R G
& FHMR | 4 ) 1) W 2 B LA K 4 Ja P s BH A 3
=RIGFRE O Hodh, 4R A AL B B A B T
HAAR R T PE R S )R AT I 1S ]
ST 3
1.1 &EHEEMER

& B BA A e M B T HA R B
SREE | RIFIPTHGEM A SR 5 Fin T 55
BB SRR AR Mz —""
ZZEBAMLAE 700 °C LA &SR i 5 po vk e 22, B2
S TE BB ITARE  BUKA S E . K
Ji& G 4 I AW P = 2 e AT A AT S A 1) i ok i % it
9% TAESE e B 1A O R il RE 4 A R HA 2 1
FHRIEEMIRBMA T2, &4 RT3 24E
H17E Cu - Al,Cu = Ni — Fe _Ni — Fe X =& £
J:[ﬁ—ll] 5
1.1.1 Cu-Al &4

Cu-Al &4 e VK S A ISR TIE B & AL 94
B2, I SIER ) AL O, % A= 0 i A A B0 T
T BUMVRR A8 28 52 800, 33X — 4R A — Bl L
L AR GE RS I A PR A A )
R AN ] 2 g B2 A Tk SIS AR i ¥ BB T AT
FoE 20, R E R AL O, R E SR &
AL O, UKL % 1 60 L g 5 AT 3 AEG G — AL BRI 199 )65 1okt
RO B Cu R IIA RJE Cu— AL A 4 BH AR I
Pl L JE R AR A9 Ni Fe ATHE T CuAlO, &
T2 B R RS I R Cu - AL A 4 A SO0
45k LG KF - AILF, fIGHR AL 5T, 75 700 °C 224 FF
LR, T LAAE — 8 R B TH & & IO i sl e, (1
AREMRYE Cu - Al & & AT 2 AN F0E |8 Tl R
KRR 2 oG R AR A a7 A, Talk 4R
FLERAE 700 °C Zi A7 B KF - ATF K 3h ihis i vk 22 | 5
/ﬁ:ﬁé, R ABCR B YELLIE . John Hryn %USJ ¥ H
Cu—Al A4 FH AT KF — ATF, #5578 750 °C .1 000 A |
4 V ZEA7 5 T HLE 24 b, HURBCRAL 70% , BLAR K
FeIR R 2.8% , ULAL, I B S vk fe e Xt
H, AR AR B AR S B8 DR TR AT BB IR K
1.1.2 Cu-Ni-Fe 54

Cu-Ni-Fe &0 8 bt ] IRl . BA

BB AR Cu PLoed SR PR 5 48 U
JERL CuO &AL, R B S N BUE R Cu X
Ni il Fe I, JE BEZR A1 NiFe, 0, B A2,
AR G5 Cu = Ni - Fe 442 31 LAE Y 19 7
fIE#E NiFe,0, %4k )2 W9 TE LA H] Cu [l Sh 9 02
PR 2 PR it JEE b M R A G ) a3 2
FEARAL I oA | PSR AL A B AT B T D 3
P55 Cu—Ni—Fe A4 T HrERE . Liv 2 R A
Y FAL AL 529% Cu—-30% Ni —18% Fe 44 B 1
5 20A HLARR G, A EL IRV 2H 2 0 36 A5 A A BH MR, 4
KEZR S 1.093% FEAIRE 0. 672% , il R
M 1.88 em/a FEMKE 1. 68 em/a, JUCKEN %)%
65% Cu—-20% Ni —15% Fe & 44T T WA fLALBE,
F£700 °C 0.5 A/em’ HUR 2 N RESEHMF 20 h )5,
JRAR 26 B K 99. 6% , PHAR JE 1 Z{L 0.4 em/a, UL
AN A LR B ARGE T A A 4 A FR
FEU AL Ty 9 (NSRBI AR R R
) TR A AR A — 2 A A RO B2 5 S 4 R
(AT o T S AL R A R 8 Tl M R
1.1.3  Ni-Fe 354 M

H1 T Ni\Fe S ALPITE VK b A e A Hh 18 35 ik B
I, Ni —Fe JE4 4 32 UL HH AH X 580 (9 g S8 ok, F
FERY], ANE B L Ni-Fe &4 2R A
feAT ROP T E Fe &4, S MM MBS
FeO/Fe,0,/Fe,0, 5 8ALE X T & Ni 54, R A
AR =28 G A28, AL Z ik A NiFe, O,
TR, AT LA BE4R & Ni —Fe &4 0T pE, FeO FN
Fe,0, 8 L2 A 5 B A B & LR 5 5 #7% , iX
T3 Ni —Fe G 4 P 2 A B g v i o A4 <A
P, R, PE— ] Fe, O, B9TE BURE & A AL 2
(AR E PE DL KR B8] B 25 65 5 B2 2 4R = Ni —Fe &
L b JE P ) T LA AR

Aot M Ni 5 Fe iYL >0 5IA
Co' ™ FIA AIPY FG | AHG + Y7 455 3ok i ot
RIY 1T R LAV 5 A0 )2 A TOW 285 44 R 4, [
TREAL)Z H Fe, 04 19 & 5, 418 3F 303 2R i A1 S5 40 4
T2 BTG, T 5 Ni - Fe 544 BHBR A9 it 65 ol
PEFIBLE AL, Simakov Y &Y Ni -Fe &4
FEAR Y Ni &5 & > 60% , 7EMK5r Tt CR IR LR
e S URNEEN RS A

Ni —Fe B4 4 P JE A5 1S /2 5130
Z& 5 (Moltech ) 28 Bl B9 75 « %47 (de Nora) & 4 FH



2024 4F 12 A4 6 11

WRITXRAE B r A 1 AR B % Fi A AR5 - 61 -

B 'S SEIEHEATIE 4 KA F 25 kA SR IR 4
fiE1% 25 kA KB R R 6.2 V, EFACR KT
90% ,HMFEBAME 5 fir KT 1 4P A (UC Rus-
al) PR H A P A ALALBEAS Ni -Fe 416
PR R, $LF Jre P BH AR R P AR 1) Tl 350 P
Je A HEANHRE
1.2 £REMREMBR

4 (Alcoa ) 7E 1980—1986 4E R G WF5E T LA
NiFe, 0, 3% 4> J& B % 0 E R EBIE, A4 T 17%
Cu—42. 91% NiO —40. 09% Fe, O, )5 ¥ BH B ( fij Bk
5324 -17Cu) H A B 4709 T 6 M B8 A bl
REO L E I, B M/NiFe, O, 75 i iR g 1k vh 22 9 1
ST Tl BN S SR dcA T T A A 1 BH AR R
o}, Horp B % A — A NiFe, 0, + 10NiO, £ J@ 1 M
 Cu Ni Fe HERM —Jto —JuH 4, FEEMPE
(R Ml K RIAFF B AR AR LTS T M/ NiFe, O, 151 FH
W A AR DGR IR A 5% , FBEAE e a4 T 2200k
R Sl Y A S e Ly e P S SN U B R T
1.2.1  Begidiles T2k

M/ NiFe, 0, 4 Ji Vi % 14 BE AR 11 1 4% 35 % F A
KIGEHAR, 48 e R E 5 LA Alcoa B,
AL RARED 1 R,

(Feo mviomRRA |

RIE | ek
[ Nireossnk ) B
T BB —
SRR
7

J
J
]

v

[
[
( s
[
[

v
HE S T et
ik

SIRMREH LRI |

Bl 1 G Jm R P A a5
AR
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Research progress on inert anode materials for aluminum electrolysis
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(1. College of Metallurgy and Environment, Central South University, Changsha 410013, China;
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Abstract: Aluminum electrolysis technology with inert anode is an important technology for the sustainable low-
carbon development of the future aluminum industry and forachieving the strategic goal of carbon neutrality. Inert
anode material is one of the core forachieving inert anode aluminum electrolysistechnology. In recent years, domestic
and foreign scholars have conducted extensive research on inert anode materials for aluminum electrolysis and made
significant progress. The latest research progress of metal alloy, NiFe, O, based cermet anodes, and inert anode
aluminum electrolysis technology were focused on in this article. The optimization methods and research status of
NiFe, O, based cermet materials were discussed from three aspects: sintering and preparation process optimization,
ceramic phase optimization, and metal phase optimization. The conductive and corrosion mechanisms of NiFe, O,
based cermet anodeswere also elucidated. Finally, important conclusions that can be clarified from the current
research were summarized, and it was believed that aluminum electrolysis technology using vertical electrode
structures and metal ceramic inert anodes is the main direction for future industrialization. The main problem that
needs to be solved in research and development is to improve the corrosion resistance of inert anodes while
balancing mechanical properties ( thermal shock resistance) and conductivity. Ceramic phase optimization will
focus onenhancing the corrosion resistance and conductivity of metal ceramics. The optimization goal of metal
phases is to improve the thermal shock resistance of metal ceramics and form a dynamic and dense corrosion-
resistant film layer during the electrolysis process in conjunction with ceramic phases.

Key words: aluminum electrolysis; inert anode; alloy anode; NiFe,O, basedcermet anode ; corrosion resistance ;

conductivity ; mechanical properties; ceramic phase; metal phase



