TRAVAUX 54, Proceedings of the 43" International ICSOBA Conference, Nanning, 26 — 31 October 2025

Study on Oxidation Resistance Technology for Aluminium Electrolysis
Anode Stubs

Dongsheng Li', Huanpeng Lan?, Yanan Zhang®, Shengguang Qin*, Dan Liu®, Qingtao Hu®,
Huiyao Wang’ and Jian Zhou?®

1, 5, 7. Engineers

3. Senior Engineer
Zhengzhou Non-ferrous Metals Research Institute of Chalco (ZRI), Zhengzhou, China
2,4, 6. Senior Engineers
8. Engineer
Chalco Zunyi, Zunyi, China
Corresponding author: 15093294433@163.com
https://doi.org/10.71659/icsoba2025-al030

DOWNLOAD

The anode stubs in aluminium electrolysis operate under high-temperature and corrosive
conditions for extended periods. To improve their oxidation resistance, this study used a molten
infiltration coating method to prepare an anti-oxidation coating on the surface of conventional
stubs. Through metallographic microscopy, scanning electron microscopy (SEM), oxidation tests,
thermal shock tests, and friction-wear tests, the microstructure, high-temperature oxidation
resistance, thermal shock resistance, and abrasive wear performance of the molten infiltration
coating were analysed. The results indicate that the molten infiltration coating and the stub
substrate undergo elemental interdiffusion, forming a strong metallurgical bond. The oxidation
rate of the coating at 850 °C is only 0.52 mg/cm?-h. Industrial tests conducted at a Chinese
aluminium smelter demonstrated that the oxidization rate of the anode stubs with molten
infiltration coating was reduced by 2.14 mm/cycle compared to currently used anode stubs,
significantly extending the service life of stubs. This technology is important for reducing
production costs in the aluminium smelter.

Keywords: Aluminium electrolysis, Anode stubs, Molten infiltration coating, Oxidation
resistance.

1. Introduction

In 2024, China's electrolytic aluminium output reached 43.393 million tonnes (according to
International Aluminium Institute statistics), maintaining its position as the world's largest
producer for 24 consecutive years and producing more aluminium than the rest of the world for
the last 12 years. In the aluminium electrolysis process, anode stubs are subjected to oxidation
due to high-temperature, abrasion from electrode materials, and corrosion by the electrolyte,
leading to the formation of a "narrow neck" phenomenon (as shown in Figure 1), which shortens
their service life. Additionally, iron oxides formed by the oxidation of stubs enter the electrolyte,
increasing iron impurity content and degrading the quality of primary aluminium [1, 4]. Currently,
the protective methods for anode stubs mainly focus on technologies such as anode stub protection
rings, anti-oxidation coating spraying (as shown in Figure 2), and stub wrapping [5, 8]. Among
these, while the protection ring can isolate the stub from the covering material, it fails to address
the issue of air oxidation and corrosion. The anti-oxidation coating spraying technology is
effective in preventing anode stub corrosion. However, the coating is prone to peeling off under
high temperatures and requires reapplication during each anode replacement [4, 6]. This paper
investigates the oxidation resistance technology of anode stub materials. By employing a coating
molten infiltration method, an oxidation-resistant alloy layer is formed on the surface of the stubs.
Under high-temperature conditions, this layer can in situ generate a ceramic protective coating,
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which is uniform, dense, and free from cracking or peeling, thereby providing effective protection
for the anode stubs.

'm - “Narrow neck”

Figure 1. Morphology of oxidized/corroded Figure 2. Application of anti-oxidation
stubs with “narrow neck”. coating.

2. Test

2.1 Test Materials

This test used Q235B, a type of section stub material, as the base material for the anode stubs.
The molten infiltration coating material used was a powder material developed by our institute,

primarily composed of a composite of alloy powder and ceramic powder. Its specific
microstructure is shown in Figure 3.

Figure 3. Morphology images of molten infiltration gent (a) -SI; () SEM-BEC.

2.2 Test Method

After surface derusting, the Q235B material is placed in a prefabricated molten infiltration box,
which is then sealed and heated in a resistance furnace to facilitate high-temperature diffusion of
elements. The molten infiltration box is equipped with a one-way exhaust device to discharge
volatilized gases at high temperatures while preventing air ingress, thereby avoiding oxidation of
the Q235 material.

3. Results and Discussion

3.1 Morphology Analysis
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(3) The oxidation-resistant anode stubs prepared by the coating molten infiltration method have
identical welding and casting processes as conventional stubs. Industrial tests have demonstrated
that the oxidation-resistant stubs show an average wear rate of 0.21 mm/cycle, indicating
significant oxidation resistance.

5.

1.

References

Jinliang Zhang, et al., Corrosion and Anti-corrosion Technology of Anode Stubs in
Aluminium Electrolysis, Light Metals, 2017(9): 32-36 (in Chinese).

Xiangdong Ding, Corrosion and Anti-corrosion Technology of Anode Stubs in Aluminium
Electrolysis, China Metal Bulletin, 2019(9):20-21 (in Chinese).

Yanfang Wang, et al., Development, Design and Industrial Testing of Low-Resistance
High-Performance Anode Stub Material, Nonferrous Metals (Extractive Metallurgy),2021,
(11): 46-53 (in Chinese).

Wei Li, et al., Production Practice of 3N Aluminium in 420 kA Aluminium Reduction Cells,
Light Metals, 2024(5): 25-29 (in Chinese).

Xuan Wang, Shengkai Zhang, Development and Application of Protective Carbon Rings
for Anode Stubs in Aluminium Reduction Cells, Light Metals, 2005(4): 48—50 (in Chinese).
Jianchun Qin, Jian Lu, Experimental Analysis of Fresh Alumina Protective Rings for Anti-
Oxidation of Anode Stubs in Aluminium Electrolysis, China Metal Bulletin, 2019(12):
184—185 (in Chinese).

Yong Shi, et al., Application Research of Anti-Oxidation Coating Materials for Prebaked
Anode Stubs in Aluminium Electrolysis, Light Metals, 2025(4): 15-20 (in Chinese).
Xingiang Lian, et al, Application of Anti-Oxidation Coating Technology for Anode Stubs
in Electrolytic Cells, Shanxi Metallurgy, 2025(3): 159-131 (in Chinese).

Dongsheng Li, et al., Preliminary Study on Aluminizing Technology For Anti-oxidation
Protection of Anode Stubs in Aluminium Electrolysis, Light Metals, 2022(11): 20-23 (in
Chinese).

1804


https://navi.cnki.net/knavi/detail?p=icHzdBtFSmEOpuVELxliUf0XAQLidtRnqEnHLI9S65dpVkbK_aFctAqfnjymg4diPoOtEzNSyjZU-BVoddS9qF8ZV4ueKJYv3hiSN8gL1Mc=&uniplatform=NZKPT
https://navi.cnki.net/knavi/detail?p=icHzdBtFSmEOpuVELxliUf0XAQLidtRnqEnHLI9S65dpVkbK_aFctAqfnjymg4diPoOtEzNSyjZU-BVoddS9qF8ZV4ueKJYv3hiSN8gL1Mc=&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=5hcLxvuG7Q6S2GcBZyNCP7F1NNctVx1nydA0yEMt4Ai_oJ-njqnXFswO4zzd3jn_VcQV05Kip9pizc7uYS-n7B46o3JkYAnge_gk-iLEejmVbFlcEcL6HvLFRXTIdpGU791fp3DnQ0feNrQmzMLhGARKBcwVFwRMV0hN5yNIB7Y_VJD--xrkwg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=5hcLxvuG7Q6S2GcBZyNCP7F1NNctVx1nydA0yEMt4Ai_oJ-njqnXFswO4zzd3jn_VcQV05Kip9pizc7uYS-n7B46o3JkYAnge_gk-iLEejmVbFlcEcL6HvLFRXTIdpGU791fp3DnQ0feNrQmzMLhGARKBcwVFwRMV0hN5yNIB7Y_VJD--xrkwg==&uniplatform=NZKPT&language=CHS

	AL30 - Study on Oxidation Resistance Technology for Aluminium Electrolysis Anode Stubs
	Abstract
	1. Introduction
	2. Test
	3. Results and Discussion
	5. References




