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Fig. 1 Cross-sectional SEM images of 52Cu-30Ni-18Fe
anode after electrolysis (850 °C, 0.75 Alem’, 24 h):
(a) Without La; (b) With 0.5% La doped
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Fig.3 Comparison of electrical conductivity of different inert anode materials
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Table 1 Some overseas patents on inert anode technology disclosed in last 10 years
Patent No. Applicant 1st inventor Publish date Invention
ELYSIS LIMITED
EP3786314(A1) PARTNERSHIP REED Susan M. 2021-03-03 Anode apparatus
Electrode material and use thereof
ELYSIS LIMITED BARTHELEMY .
EP3161187(B1) PARTNERSHIP Christian 2019-09—11 for the manufacture of an inert
anode
LAM RESEARCH . Electroplating system with inert and
2019164920(A1 HE Zh 2019-08-2
WO2019164920(A1) CORPORATION an 019708729 ive anodes
RIO TINTO ALCAN
BARTHELEMY Electrod terial and th f
RU2691290(C2) INTERNATIONAL Chricti 2019-06-13 fof‘:nr; Zn?jeerz dj;iosse ereo
LIMITED P
EP2179077(B1) GREEN METALS LTD FRAY Derek J. 2019-06—12 Electrode materials
CA2960165(C) ALCOA USA CORP. REED Susan M. 2019-06—11 Anode apparatus
RU2683683(C2) ALCOA USA CORP. REED Susan M. 2019—04-03 Anode device
EP1588443(B1) ALCOA USA CORP. D’ASTOLFO Leroy E. 2019—01-09 Inert anode assembly
AU2015315688(B2) ALCOA USA CORP. REED Susan M. 2019-01-03 Anode apparatus
US2018202059(A1) ALCOA USA CORP. REED Susan M. 2018-07-19 Anode apparatus
BARTHELEMY
US20180073109(A1) RIO TINTO ALCAN Christian 2018-05—15 Cermet electrode material
EP3191625(A4) ALCOA USA CORP. REED Susan M. 2018—04—11 Anode apparatus
EP2688130(B1) ALCOA INC. D’ASTOLFO Leroy E.  2017-07-26 Inert anode assembly
Inert anode electroplating processor
APPLIED MATERIAL
WO02017087253(A1) INC 5 PAUL R. McHugh ~ 2017-05-26 and replenisher with anionic
’ membranes
Inert anode electroplating processor
APPLIED MATERIALS . . L.
US2017137959(A1) INC > PAUL R.McHugh  2017-05-18 and replenisher with anionic
’ membranes
RIO TINTO ALCAN
BARTHELEMY Electrod terial and th f
US2017130351(A1)  INTERNATIONAL o 2017-05-11  corode matenat and use thereo
Christian for manufacture of an inert anode
LIMITED
RIO TINTO ALCAN
BARTHELEMY Electrod terial and th f
EP3161187(AL) INTERNATIONAL Christian 2017-05-03 fore fnr;nlffazirzr?f a?lnine;SZnodi:reo
LIMITED
KOREA ATOMIC Inert anode module for electro
KR101726671(B1) ENERGY RESEARCH KIM Si H. 2017-04-13 innine brocess
INSTITUTE winming p
RIO TINTO ALCAN
BARTHELEMY El terial th f
US20170130351(A1)  INTERNATIONAL - 20170311 Llecrode material ‘and use thereo
Christian for manufacture of an inert anode
LIMITED
APPLIED MATERIAL Inert de electroplati
W02017014944(A1) S WILSON Gregory J. 2017-01—2¢ [nert anode electroplating processor
INC. and replenisher
ALUMINUM Electrolytic cell for producing
US9551078(B2) CORPORATION OF YANG Jianhong 2017-01-24 primary aluminum by using inert
CHINA LIMITED anode
APPLIED MATERIALS Inert de electroplati
US2017016137(A1) * GREGORY J. Wilson 2017-01-19 o/ anode electropiating processor
INC. and replenisher
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(Continued)
Patent No. Applicant 1st Inventor Publish date Invention
RIO TINTO ALCAN
BARTHELEMY Electrod terial and thereof
AU2015278874(A1)  INTERNATIONAL - 2016-12-22  coroce material and use fereo
Christian for manufacture of an inert anode
LIMITED
Methods and apparatus for reducing
fur i .. . .
EP1534879(B1) ALCOA INC. LACAMERA Alfred F. 2016-09—2g SUIlur impurities and improving
current efficiencies of inert anode
aluminium production cells
RIO TINTO ALCAN
BARTHELEMY Electrod terial and it i
FR3022917(B1) INTERNATIONAL Chrictin 2016-06-24 mztfurf(;cfur??) feir:lzrt ZEO d; s use m
LIMITED
RIO TINTO ALCAN
BARTHELEMY Elect terial thereof
WO02015198128(A1)  INTERNATIONAL -~ 2015-12-30 Cleetrode material and use thereo
Christian for manufacture of an inert anode
LIMITED
SHENZHEN SUNXING Process for preparing inert anode
EP2666887(B1) LIGHT ALLOYS CHEN Xue-min 2015—02—18 material or inert cathode coating
MATERIALS CO., LTD. material for aluminium electrolysis
Composition  of  charge for
RU2537622(C1) OO0 "RUSAL ITTS" KOVROV Vadim A.  2015-01-10 manufacture of oxide-metal inert
anode
CA2775096(C) ALCOA INC. D’ASTOLFO Leroy E. 2013—12—24 Inert anode assembly
SHENZHEN SUNXING Process for preparing inert anode
WO02013174067(A1) LIGHT ALLOYS CHEN Xue-min 2013—-11-28 material or inert cathode coating
MATERIALS CO., LTD. material for aluminum electrolysis
SHENZHEN SUNXING Process for preparing inert anode
EP2666887(Al) LIGHT ALLOYS CHEN Xue-min 2013—-11-27 material or inert cathode coating
MATERIALS CO., LTD. material for aluminium electrolysis
Protecti inert de fi
CA2753404(C) ALCOA INC. LACAMERA Alfred  2013-07-09 0 ne @i Ier anoce from
thermal shock
SHENZHEN SUNXING Process for preparing inert anode
US2013115370(A1) LIGHT ALLOYS CHEN Xue-min 2013—05-09 material or inert cathode coating
MATERIALS CO., LTD. material for aluminium electrolysis
ALUMINUM et of indfinite o o
WO02012174839(A1) CORPORATION OF BAO Sheng-zhong  2012-12-27 anode aluminum  electrolvtic tank
CHINA LIMITED Y
and method for manufacturing same
ALUMINUM Electrolytic cell for producing
US2012318667(A1) CORPORATION OF YANG Jianhong 2012—-12-20 primary aluminum by using inert
CHINA LIMITED anode
Electrolysis method of molten salts
RU2457286(C1) 000 “RUSAL ITTS” KOVROV Vadim A.  2012—07-27 with oxygen-containing additives
using inert anode
CA2506219(C) ALCOA INC. D’ASTOLFO Leroy E.  2012-07—-03 Inert anode assembly
Inert anode  for  producing
ALUMINIUM .- aluminium by igneous electrolyse
A254211 TAILHADES Phil 2012-03-13
¢ © PECHINEY S Philippe and method for producing said
anode
Protecti inert fi
CA2458692(C) ALCOA INC. LACAMERA Alfed F. 2011-12-13 Lroiecting aninert anode from

thermal shock
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(Continued)
Patent No. Applicant 1st Inventor Publish date Invention
NORTHWEST Cu-Ni-Fe anode for use in aluminum
CA2524848(C) ALUMINUM BERGSMA Craig S. 2011-07-12 roducine electrolvtic cell
TECHNOLOGIES producing Y
ALUMINUM Alloy suitable for making inert
WO02011072545(A1) CORPORATION OF YANG Jianhong 2011-06—23 anode used in molten electrolytic
CHINA LIMITED bath to produce metals
Electric contact unit of inert anode
RU2418889(C2) OO0 “RUSAL ITTS”  GUSEV Aleksandr O. 2011-05-20 for obtaining aluminium in fused
salt and method for its erection
@ . Inert anode of electrolyser for
RU2408743(C1) 00O “RUSAL ITTS GUSEV Aleksandr O. 2011-01-10 . ..
production of aluminium
Methods and apparatus for reducing
Ifur i iti d i i
CA2495162(C) ALCOA INC. RAY Siba P. 2010-07—27 SWIUT MMPUnties and Amproving

current efficiencies of inert anode
aluminum production cells

Kb TAVARR AR B I B, 5 RIE B K2
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Research progress of inert anode materials and
technology for aluminium electrolysis

ZHOU Ke-chao, HE Yong, LI Zhi-you, SHEN Ting, ZHANG Lei

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The inert anode is the key technology for the future low-carbon development of aluminium electrolysis
industry, which is also an important aspect of the carbon neutrality. In recent years, the significant advances in inert
anode material research and engineering have provided new opportunities for the breakthrough in industrial
applications. Therefore, this paper presents a comprehensive review of the research progress of inert anode
materials in recent years. The following aspects were emphasized, including the formation of the protective film on
the metallic anode surface, composition and structure optimization of cermet anode, the improvement of
performance of anode materials, and so on. The comparison of the conductivity and corrosion resistance of inert
anode materials was discussed, with the aim to provide the prospects of development trend.
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