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1. A new strategy for lithium salt sealing of porous anodic aluminum oxide film

A new strategy for lithium salt sealing of porous anodic aluminum oxide film
Yanlong Ma!, Mengting Zou', Jiangrong Yan!, Haisheng Wu?, Liang Wu®
ICollege of Materials Science and Engineering, Chongqing University of

Technology, Chongqing, 400054, China
’Beijing Satellite Manufacturing Factory Co., Ltd, Beijing 100094
SCollege of Materials Science and Engineering, Chongging University, Chongqing
400044, China
myl@cqut.edu.cn
Abstract Anodizing treatment has been widely used to improve corrosion resistance
of aluminum alloys. Apart from the alloy substrate and anodizing process,
post-sealing of the anodized alloy in a specific medium is deemed the key factor
affecting the anti-corrosion performance of the coating system. Previously, we have
developed a new sealing process that involves post-treatment of the anodized
aluminum alloy in a dilute lithium salt solution, at a temperature ranging from room
temperature to 90 ‘C, within 30 min. In this work, we propose a new strategy for the
lithium salt sealing technology by considering the different sealing behavior occurring
at different temperatures. Specifically, an anodized 7075-T6 alloy was first treated in
a lithium salt solution at relatively low temperature for 10~15 min and then in the
same solution but at elevated temperature for 10~15 min. Compared with the sealing
processes carried out at constant temperature, the multi-step sealing processes turn out
to be more effective. This work provides not only a new approach for further
improving the corrosion resistance of aluminum alloys but also new insight on the
mechanism of lithium salt sealing.
Keywords Anodizing; Post-treatment; Lithium salt sealing; Hydroxides; Multi-step
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2. Hexafluoroisopropanol based silk fibroin coatings on magnesium alloy with

enhanced adhesion, corrosion resistance and biocompatibility

Hexafluoroisopropanol based silk fibroin coatings on magnesium alloy with enhanced
adhesion, corrosion resistance and biocompatibility
Kang Yang', Haotong Li!, Xinru Cao!, Liang Wu?
ISchool of Materials Science and Engineering, Anhui University of Technology,
Maanshan 243002, China
’College of Materials Science and Engineering, Chongqing University, Chongqing
400044, China
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Abstract The application of biomacromolecule coatings on biomedical magnesium
alloys has garnered significant interest due to their potential to enhance corrosion
resistance and biocompatibility. While Silk fibroin (SF) coatings based on aqueous
solvents have shown promise for magnesium alloys, a complex pretreatment process
is required due to their susceptibility to corrosion in water. In this study, an SF coating
using hexafluoroisopropanol (HFIP) solvent was developed to streamline processing

and improve adhesion. Additionally, Ethylene glycol diglycidyl ether (EGDE) was
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employed to further stabilize the coating through enhanced chemical crosslinking. It
was confirmed that the compactness and adhesion strength of HFIP-based SF
surpassed those of aqueous-based SF. Electrochemical evaluations and in vitro
degradation tests in simulated body fluid demonstrated that the HFIP-based SF
coating exhibited significantly heightened corrosion resistance. Furthermore,
post-treatment with EGDE led to a substantial enhancement in corrosion resistance
(the corrosion current density, /coor, 0f the SF-HFIP-EGDE samples was measured at
9.93*1071% A cm?, representing a two-order-of-magnitude reduction compared to pure
SF samples). Subsequent work involved multi-ion (Ca, St/P) doping of the
HFIP-based SF coating to further enhance corrosion resistance and osteogenic activity
of the magnesium alloys. The results revealed that the /coor Of the multi-ion-doped SF
coating was reduced by an additional order of magnitude compared to undoped silk
protein coating. Simultaneously, osteogenic activity was significantly enhanced. This
study demonstrates that HFIP-based SF coatings can be effectively applied to medical
magnesium alloys to simultaneously enhance corrosion resistance and osteogenic
activity.

Keywords magnesium alloy; silk fibroin; biomedical application
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3. Evading the Efficiency-Voltage Trade-off in Magnesium-Air Batteries

Evading the Efficiency-Voltage Trade-off in Magnesium-Air Batteries

Hongxing Liang!, Liang Wu?, Wenbo Du!

! Beijing University of Technology, 100 Pingleyuan, Chaoyang District, Beijing
100124, China.
? Chongqing University, No.174, Shapingba Street, Chongqing City, 400044, China.

Presenter s e-mail address: hongxingliang@bjut.edu.cn

Abstract The magnesium-air (Mg-air) battery, known for its exceptional energy
density and cost-effectiveness, holds the potential to revolutionize applications that
conventional rechargeable batteries have yet to conquer [1]. This includes serving as
range extenders for electric vehicles and powering long-range drones. However, the
long-standing barrier of the efficiency-voltage trade-off has hindered its widespread
adoption, impeding further advancements in energy density [2]. we surmounted this
obstacle by pioneering a novel active learning framework specifically tailored to
screen high performance magnesium anodes. The innovative framework integrates the
physically interpretable variables, machine learning, Pareto front exploration,
experimental feedback, and feedback from generated data. Within an extensive
compositional space (~350,000 possibilities), we have pinpointed a novel anode,
Mg-1Ga-1Ca-0.5In, with exceptional energy density (2548+220 W h kg™!). We have
identified that the excellent performance of Mg-1Ga-1Ca-0.5In is attributed to the
concept of "grain boundary activation" and "intra-grain inhibition". This concept
stands apart from the conventional design concept commonly reported in existing
studies, which primarily emphasize the influence of second phases on discharge
behavior, with the impact of solute atoms on discharge behavior overlooked. We

believe that our findings hold immense promise for the future of energy storage.
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Keywords Magnesium anode; Corrosion; Machine learning; Theoretical calculation
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4. Exceptionally high corrosion resistance of Mg enabled by Ca micro-alloying

Exceptionally high corrosion resistance of Mg enabled by Ca micro-alloying
Min Deng!, Lingian Wang!, Daniel Hoche?, Sviatlana V. Lamaka?, Cheng Wang?,
Darya Snihirova?, Yiming Jin?, Yuhui Zhang??, Mikhail L. Zheludkevich?
ISchool of Materials Science and Engineering, Hebei University of Technology,
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SPowder Metallurgy Research Institute, Central South University, 410083 Changsha,
China

Presenter s e-mail address: dengmin@hebut.edu.cn

Abstract Severe corrosion of Mg and Mg alloys is a major issue hindering their wider
applications in transportation industry, medical implants, and aqueous batteries.
Previously, no Mg-based material has been found with a significantly lower corrosion
rate than that of ultra-high-purity Mg, i.e. 0.25 mm y! in concentrated NaCl solution
[1, 2]. In this work for the first time, highly corrosion-resistant Mg is found to be
accomplishable by Ca micro-alloying, bringing “stainless Mg” closer. The designed
Mg-Ca lean alloys possess incredibly low corrosion rates, less than 0.1 mm y! in 3.5

wt% NaCl solution, which are significantly lower than that of ultra-high-purity Mg
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and all Mg alloys reported thus far. The outstanding corrosion resistance is attributed
to inhibition of cathodic water/oxygen reduction kinetics, impurities stabilizing and a
protective surface film induced by Ca micro-alloying. Combined with the
environmental benignity and economic viability, Ca micro-alloying renders huge
feasibility on developing advanced Mg-based materials for diverse applications.
Keywords Mg corrosion; Micro-alloying; Cathodic kinetics; Oxygen reduction;
Impurities stabilizing
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5. Designing of the high corrosion-resistant magnesium alloy

Designing of the high corrosion-resistant magnesium alloy
Duo Wang, Peng Zhou, Yi Zhang, Tao Zhang, Fuhui Wang
Shenyang National Laboratory of Material Science, Northeastern University, 3—11
Wenhua Road, Shenyang 110819, China

Presenter s e-mail address: zhangtao@mail.neu.edu.cn

Abstract A new designing idea was proposed for the high corrosion-resistance
magnesium (HCR Mg) alloy based on dissolution-ionization-diffusion-deposition
(DIDD) model. HCR Mg alloy consists of low-alloying element (LA) and
micro-alloying element (MA), characterized as “Mg-LA-MA” alloying system. The
downwards-magnifying effect of MA-LA-Mg on the nucleation played a key role in
achieving passivation behavior. The designed HCR Mg alloy (Mg-3Nd-1Gd-0.6In)
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showed superior corrosion resistance (near AA2024 alloy) and good mechanical
performance (UTS, 259.30 + 0.27 MPa). Overall, a universal way for designing new
alloy systems with superior corrosion resistance was proposed, promising for future
applications.

Keywords Magnesium alloy; High corrosion resistance; Alloy designing; DIDD
model; TEM
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6. Bridge for the thermodynamics and kinetics of electrochemical corrosion:
Designing a corrosion-resistant HP-13Cr stainless steel by Cu micro-alloying
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China.
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Abstract The dissolution—ionization—diffusion—deposition (DIDD) model was used
for developing a corrosion-resistant stainless steel (SS) by means of micro-alloying
and the guidelines for the process were proposed. The novel HP-13Cr—Cu SS was
designed to resist corrosion in H2S-containing geothermal environment. The results
indicated that HP—13Cr—Cu presented a low corrosion rate and high SSC resistance in
a temperature range of 25-200 °C and an H2S pressure of 0.1-0.5 MPa. The
preferential deposition of CuS promoted the heterogeneous nucleation rate of Cr203,
FeCr203, and FeS, which formed denser corrosion products. As a result, this alloy
exhibited a low corrosion rate and a high sulfide stress cracking (SSC) resistance. The
results were consistent with the theoretical calculation conducted as per the DIDD
model. That novel designing methodology provides a distinct selection principle of
the alloying element and quantifies the relationship between alloying element and
corrosion resistance in a specific environment.

Keywords DIDD model; Micro-alloying; HP—13Cr—Cu SS; Heterogeneous nucleation;
High SSC resistance.
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Abstract Magnesium (Mg) and its alloys, being the lightest metal structural materials,
possess small specific gravity, high specific strength, good thermal conductivity, and
the potential for achieving lightweight products. However, the strong corrosion
sensitivity of magnesium alloys restricts their application. And a porous Mg(OH)2
film will be formed on its surface, which could not provide the protection of Mg
alloy. In this study, a Mg-In alloy with excellent corrosion resistance was prepared,
and its electrochemical dissolution and self-corrosion process were analyzed.

The real-time monitoring of the anodic dissolution of Mg-In alloy in NaCl solution
was conducted using the simultaneous online monitoring system. The characteristics
of the electrochemical dissolution of the materials were discussed through
potentiodynamic polarization tests, surface morphology analysis, and composition
analysis. The results indicate that the passivation film consists of a simple inner layer
and a dense corrosion layer composed of Mg(OH), and In(OH)3;. Within the dense
corrosion layer, In/In(OH); is alternately or sandwiched. The evaluation of the
corrosion resistance of the Mg-In alloy involved weight loss measurements, hydrogen
evolution analysis, and electrochemical tests. The results demonstrate the notable
protective effect of the double-layer film. Furthermore, the critical value of In content
required for the formation of the dense corrosion layer was determined by examining
the self-corrosion behavior of the Mg-In alloy in NaCl solution.

Finally, the rationality and conditions of the coexistence of activation and inhibition
mechanisms are discussed and defined. The results demonstrate that different charge
transfer rates on the alloy surface cause different reaction driving forces, resulting in
two mechanisms: activation and inhibition. In this study, during the self-corrosion
process of Mg-In alloy, atoms can be accumulated on the surface of the alloy through

displacement reaction, thus realizing self-deposition and effectively improving the
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corrosion resistance of the material.

Keywords Magnesium alloy; Corrosion resistance; Dissolution behavior; passivation

films

8. Sputtering, a bottom-up approach for developing protective coatings

Sputtering, a bottom-up approach for developing protective coatings

Albano Cavaleiro!?*

"University of Coimbra, Portugal
’Instituto Pedro Nunes, Portugal

*Corresponding author e-mail: albano.cavaleiro@dem.uc.pt

Abstract Sputtering is a bottom up processing technique based on the sequential
deposition of individual atoms/molecules onto a substrate to produce a thin film or a
coating. By playing with the composition of either the materials sources (targets) or
the gases environment as well as the deposition conditions, different structural and
morphological arrangements can be produced in the thin films. Monolithic, graded
and multilayer cross section morphologies can be easily deposited allowing to achieve
specific properties required for particular applications. Epitaxial, nanocrystalline,
nanocomposite or amorphous structures can be controlled and varied in the same
system of chemical elements.

In this talk, several examples of sputtered films will be presented showing the
potentiality of sputtering for tailoring the morphology and/or the structure of thin
coatings for applications where corrosion resistance and high-temperature oxidation
protection are required. The procedure and processing steps behind the tailoring of a

coating as a function of the required properties will be presented and discussed.
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9. The different secondary phase particle effects on the high-temperature

oxidation of Mg-RE alloys

The different secondary phase particle effects on the high-temperature oxidation of
Mg-RE alloys
Zhao Shen, Xiaoqin Zeng
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2Laboratory of Metal Matrix Composites, School of Materials Science and
Engineering, Shanghai Jiao Tong University, Shanghai 200240, China
shenzhao081@sjtu.edu.cn

Abstract Although RE elements are believed to improve the high-temperature
oxidation resistance of magnesium alloys [1-3], the understanding of their mechanism
is still insufficient, especially the effects of RE-rich precipitate particles. The
oxidation of Mg-Nd and Mg-Y-Al alloys in Ar-20%02 at 500 °C and the different
secondary phase particle effects were studied and compared [4]. The results show that
the areas initially taken up by Mg-Nd precipitates underwent more severe internal
oxidation than the a-Mg matrix in the Mg-Nd alloy. The dissolution of Mgl2Nd
precipitates could increase the localized preferential oxidation of Nd and resulted in
the generation of more internal oxide precipitates with a core-shell structure (Nd203
core wrapped by MgO shell). The enhanced internal oxidation is believed to be
caused by the accelerate inward oxygen diffusion along the interfaces between the
internal oxide precipitate and the metal matrix. However, although the network-like
LPSO phase in the Mg-Y-Al alloy was decomposed into needle-like LPSO phase and
polygonal Mg24Y5 phase, the oxidation resistance of Mg-Y-Al alloy was not
deteriorated. On the contrary, the accelerated in-situ oxidation of the needle-like
LPSO phase facilitated the formation of a thicker and continuous Y203 oxide scale.

Keywords Mg alloy; Precipitates; Rare-earth element; Preferential oxidation;

Advanced characterization.
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Liquid Bismuth Eutectic at 500°C

Evaluating the Dissolution Corrosion Resistance of Hastelloy Exposed to Liquid
Bismuth Eutectic at 500°C
Jiajian Shi'
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Abstract The present study investigated the dissolution and oxidation corrosion
behaviors of Hastelloy subjected to static liquid lead bismuth eutectic (LBE) at
500 °C with oxygen concentration of 1x10-6 mass%. Hastelloy exhibited better
LBE corrosion resistance than the Montel alloy. Both dissolution and oxidation
corrosions were present in the Hastelloy, and the maximum LBE penetration depth
and spinel layer thickness in the corroded sample with exposure time of 4000 h reach
169 £ 126 pm and 27 + 12 um, respectively. Microstructural characterization

revealed that the spinel layer formed between penetrated LBE contributed to the
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slower dissolution rate of Hastelloy. Volumetric change induced by LBE penetration
promotes the formation of stacking faults and dislocations, which could provide more
channels for interdiffusion between penetrated LBE and base metal, leading to the
propagation of dissolution attack.

Keywords Hastelloy; Liquid Lead-bismuth eutectic; Dissolution mechanism; Twin

boundary

11. Investigation of Oxide Nano-porosity in Zirconium Alloys using

Machine-learning and 3D Reconstruction

Investigation of Oxide Nano-porosity in Zirconium Alloys using Machine-learning
and 3D Reconstruction

Hongliang Zhang

LAk

Abstract Understanding the corrosion mechanisms of zirconium (Zr) alloys in
aqueous environments is important, as Zr alloys are the most commonly used
cladding materials in pressurized and boiling water nuclear reactors. In the corrosion
of Zr alloy, the oxide grows at a decreasing rate until reaching critical thickness,
followed by the sudden loss of the protective property and a new cycle of oxide
growth. The oxidation-induced pores in oxide may provide pathways to oxidizing
species. Traditionally, TEM is usually used to determine pore density and size.
However, some of the small-sized pores are invisible in TEM at only one angle.
Manually counting pores will also bring some artifacts. We precisely quantify the
oxide porosity in corroded Zircaloy-4 as function of exposure time and temperatures
using our newly developed Machine-learning-based quantification method. The size,
spatial distribution, morphology and interconnectivity of the pores are obtained and
quantified through the 3D reconstruction. Furthermore, the chemical composition in

different regions of the oxide are studied using APT and correlated to pore distribution
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to further our understanding of alloying elements effects on corrosion.
Keywords Zr alloys; Corrosion; Nano-porosity; Machine-learning; 3D

Reconstruction

12. Study on the influence of magnetic induction heating parameters on the

temperature gradient of thermal-mechanical fatigue

Study on the influence of magnetic induction heating parameters on the temperature
gradient of thermal-mechanical fatigue
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Abstract The control of temperature gradient determines the accuracy of
thermal-mechanical fatigue test results. There are no clear regulations on the types of
magnetic induction coils, the distribution of thermocouples, and the definition of
temperature gradients in the testing methods for thermal-mechanical fatigue both
domestically and internationally. In this study, the individual and hybrid effects of
different types of magnetic induction coils and the distribution of thermocouples on
the temperature gradient of thermal-mechanical fatigue were investigated. Thermal
strain and zero pressure tests are measured under different turns of the induction coil
and spacing between thermocouples. The significant finding of this study is the effect
law of magnetic induction heating parameters on the temperature gradient of
thermomechanical fatigue.

Keywords thermal-mechanical fatigue, temperature gradient
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manufacturing industry

Corrosion thermodynamics diagram of aluminum alloy in the semiconductor
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Xiaohan Wang, Tao Zhang*, Fuhui Wang
IShenyang National Laboratory of Material Science, Northeastern University ,
Shenyang
Presenters e-mail address: Xiaohan Wang (Wxh070707@163.com), Tao Zhang

(zhangtao@mail.neu.edu.cn)

Abstract Aluminum alloys are widely used in the semiconductor manufacturing
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industry (SEMD) due to its excellent structural performance,however, when the wafer
is etched ,parts made of aluminum alloy will be etched too which may release
particles to pollute the etching environment. Different from the traditional corrosion,
corrosion of SEMI is the result of gas and plasma coupling, many studies have
developed the plasma corrosion mechanism of materials, but detailed research on
corrosion in SEMI has not yet been conducted. the characteristic of SEMI
environment can be grouped into following aspects: high temperature (maximum to
150 C) ; aggressive medium are electronic special gases, including O2. CI2. HCI.
HF. HBr. CF4. Ar. NF3 and so on ; the thin gas environment: the partial pressure
of special gas is controlled at 100Torr.[2] Research on the corrosion of aluminum
alloys in SEMI is still relatively scarce. At present, research on improving the
corrosion resistance of aluminum alloys in SEMI is mostly focused on the
development of corrosion resistant coatings,such as Y203 and YOF, but there is still a
lack of research on the aluminum alloy matrix.

In order to study the corrosion resistance of aluminum alloys in different atmospheres,
there is an urgent need for a guideline constructed based on the existing knowledge
framework, which guides the selection of aluminum alloy. This article refers to the
Pourbaix diagram[3] and Ellingham diagram,[4] constructs a partial pressure-free
energy corrosion thermodynamic diagram in SEMI. This diagram first fully
considered the sublimation of corrosion products in vacuum atmosphere, and
calculated the saturated vapor pressure using methods by K-K equation to draw a
solid-gas diagram of corrosion products; Secondly, the thermodynamic data of
different precipitated phases (such as Al2Cu, Al6Fe, AIMg2Si2, etc.) are calculated by
first principles. Finally, based on the possible thermodynamic reactions of each
substance, the free energy calculation results at ambient temperature and pressure
were calculated, and extrapolated to other alternative temperatures and normal
pressure environment. According to the above calculation results, corrosion
thermodynamic diagrams were drawn under different atmospheres, pressures and

temperatures. Finally, the aluminum alloy samples were placed in different gas

16



environments to verify the above diagrams. The experimental results are consistent
with the drawn corrosion thermodynamic diagram , proving that using this diagram to
guide the material selection of aluminum alloys in SEEI is feasible.

Through diagrams and experimental results,the following conclusions can be drawn,
the corrosion of aluminum alloy in SEMI is mainly caused by the corrosion of
aluminum alloy matrix, and the corrosion behavior of the precipitated phase is
relatively weak. Because of the sublimation of the corrosion products that react with
the Al matrix, Fe-containing phases would stay on the surface, fall off and pollute
the chamber.So that the 6xxx or 5xxx aluminum alloys should be most suitable
aluminum alloy in SEMI; The reaction trend of Fe-containing phases is smaller than
that of Mg-Si-Al phases and smaller than that of aluminum matrix; Try to reduce the

quantity of Fe- containing phases as much as possible.
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Keywords Aluminum alloy, Semiconductor manufacturing industry , Corrosion
thermodynamic diagram.
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14. Hexafluoroisopropanol based silk fibroin coatings on magnesium alloy with

enhanced adhesion, corrosion resistance and biocompatibility
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Hexafluoroisopropanol based silk fibroin coatings on magnesium alloy with enhanced
adhesion, corrosion resistance and biocompatibility
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Abstract The application of biomacromolecule coatings on biomedical magnesium
alloys has garnered significant interest due to their potential to enhance corrosion
resistance and biocompatibility. While Silk fibroin (SF) coatings based on aqueous
solvents have shown promise for magnesium alloys, a complex pretreatment process
is required due to their susceptibility to corrosion in water. In this study, an SF coating
using hexafluoroisopropanol (HFIP) solvent was developed to streamline processing
and improve adhesion. Additionally, Ethylene glycol diglycidyl ether (EGDE) was
employed to further stabilize the coating through enhanced chemical crosslinking. It
was confirmed that the compactness and adhesion strength of HFIP-based SF
surpassed those of aqueous-based SF. Electrochemical evaluations and in vitro
degradation tests in simulated body fluid demonstrated that the HFIP-based SF
coating exhibited significantly heightened corrosion resistance. Furthermore,
post-treatment with EGDE led to a substantial enhancement in corrosion resistance
(the corrosion current density, Icoor, of the SF-HFIP-EGDE samples was measured at
9.93*10-10 A cm-2, representing a two-order-of-magnitude reduction compared to
pure SF samples). Subsequent work involved multi-ion (Ca, St/P) doping of the
HFIP-based SF coating to further enhance corrosion resistance and osteogenic activity
of the magnesium alloys. The results revealed that the Icoor of the multi-ion-doped SF
coating was reduced by an additional order of magnitude compared to undoped silk

protein coating. Simultaneously, osteogenic activity was significantly enhanced. This
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study demonstrates that HFIP-based SF coatings can be effectively applied to medical
magnesium alloys to simultaneously enhance corrosion resistance and osteogenic
activity.

Keywords magnesium alloy; silk fibroin; biomedical application
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PEO coatings on magnesium—lithium alloy
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Abstract A new, energy-efficient technique called Low-Energy Plasma Electrolytic
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Oxidation (LePEO) has been developed to address the high energy consumption and
limited corrosion resistance associated with traditional PEO processes. In this study,
the potential of ionic liquids (ILs), particularly 1-butyl-3-methylimidazole
tetrafluoroborate (BmimBF4), as sustainable corrosion inhibitors was explored within
the context of the LePEO process on LA91 magnesium-lithium (Mg-Li) alloy.
Different concentrations of ionic liquids were introduced into a concentrated alkaline
electrolyte to facilitate the formation of LePEO coatings on the Mg-Li alloy's surface.
Among these coatings, the one prepared with 20 ml/L BmimBF4 demonstrated the
highest contact angle and the best long-term corrosion resistance, with low hydrogen
evolution rates. To further investigate the corrosion inhibition effects, various
imidazolium-based ionic liquids with distinct chemical structures were employed
during the PEO of the Mg-Li alloy. This analysis aimed to identify the unique
contributions of each ionic liquid in enhancing corrosion resistance. Molecular
dynamics simulations were also utilized to understand the mechanism of ILs during
the LePEO coating formation process. The results revealed that BmimBF4 actively
participates in the LePEO coating formation, leading to increased coating thickness
and improved corrosion resistance. The LePEO technique, with the assistance of ionic
liquids, shows great promise in reducing energy consumption and enhancing coating
performance.

Keywords Mg-Li alloy; Plasma electrolytic oxidation; Ionic liquid; Corrosion

resistance; Molecular dynamics simulation
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Corrosion behaviors of hot-dip galvanized and Zinc-Aluminum-Magnesium coated
steels
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Abstract In recent years, numerous types of Zinc-based coatings especially
Zinc-Aluminium-Magnesium coating have been developed as alternatives to improve
the corrosion resistance of the material[1,2]. In this paper, two kinds of hot-dip
galvanized (GI) and Zinc-Aluminum-Magnesium (ZM) coated steel plates were
selected for atmospheric corrosion tests in Turpan Xinjiang, Jiangjin Chongqing,
Qingdao Shandong and Wanning Hainan. By analyzing the morphologies,
microstructures and chemical compositions of the corrosion products, the corrosion
behaviors of GI coating and ZM coating in different environment were investigated.
The main microstructure of GI coating is pure zinc phase, while in ZM coating, there
are evenly distributed primary zinc phase, Zn-MgZn2 binary eutectic phase and
Zn-MgZn2-Al ternary eutectic phase. The results of atmospheric corrosion resistance
show that the corrosion rates vary widely in different regions. For both GI coating and
ZM coating, the corrosion rate relationship between these four regions are Wanning >
Qingdao > Jiangjin > Turpan. Compared the corrosion rate of GI and ZM in different
regions. The corrosion rate ratio of GI to ZM is 4.56 in Wanning, 3.76 in Jiangjin,
2.84 in Qingdao, and 2.42 in Turpan. The results show that ZM coating has better
corrosion resistance than GI coating under the same atmospheric environment. While
under different atmospheric conditions, the corrosion rates of GI and ZM alloy
coatings are lower in dry atmosphere, but higher in humid industrial atmosphere and
offshore atmosphere with high chlorine. The corrosion performance of GI and ZM
coating are connected to the formation of protective corrosion products.In a high
chlorine environment, the anodic dissolution of MgZn2 in the coating releases Mg2+
ions[3]. Mg2+ can react with OH- to form magnesium hydroxide (Mg(OH)2), which
buffered the pH at cathodic sites[4]. It hindered the formation of ZnO and inhibiting
the oxygen reduction reaction, and makes the corrosion product Zn(CO3)2(OH)6
more stable.

The salt spray results are consistent with the Atmospheric corrosion result. After 30

cycles of salt spray corrosion, the corrosion resistance of ZM coating is 4 times that of
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GI coating. This paper provides theoretical support for the promotion and application

of ZM materials.
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Abstract To investigate the fretting and corrosion morphology on the rail foot surface,
a novel testing apparatus was developed to simulate the fretting and corrosion
morphology between the rail foot (U75V steel) and the liner(PA66). Electrochemical
and surface morphology studies were conducted on the U75V steel of the rail foot
surface. It was found in this study that the displacement amplitude set for the
experiments predominantly belonged to the partial slip regime. Additionally, the open
circuit potential (OCP) and anodic current both increased with the rise in fretting
frequency and displacement amplitude. Furthermore, it was observed that the liner,
under severe fretting conditions, might inhibit crevice corrosion and reduce surface
damage to some extent. Cracks and collapse were evident on the U75V steel surface
due to the accumulation of plastic deformation during fretting test, as well as the
combined effects of fretting wear, fatigue, and crevice corrosion.
Keywords fretting; crevice corrosion; U75V steel
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Abstract The microstructure evolution, pitting performance and passive film status of
AlxCoCrFeNi high entropy alloys (HEAs) via laser melted deposition (LMD)
processing are investigated. The results revealed that the Al addition dramatically
affects the microstructure of the LMD HEAs by facilitating the precipitation of BCC
structured phases, including (Al, Ni)-rich B2 and Cr-rich A2 phases, in the LMD
HEAs. Corrosion resistance of the LMD HEAs is improved by adding 10~15 mol. %
of Al, which can be ascribed to the modification of passive film chemistry and
thickness by Al addition. However, when the passive film on HEAs broke down,
pitting in HEAs with Al content larger than 5 mol. % was initiated at B2 phase, due to
its lower work function value and depletion in Cr. The current work reveals the Al

addition in certain content can successfully improve the corrosion resistance of LMD
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CoCrFeNi HEAs, and the regulating of the phase evolution should be the principle for

the design of specialized additive manufactured HEAs with high corrosion resistance.
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Abstract Corrosion resistance is a critical consideration in the selection of materials
for various applications. In this study, we employed a data-driven approach using
machine learning techniques and a large dataset of corrosion data to design and test
four different low-alloy steels with varying amounts of tin (Sn) microalloying (0.1
wt.%, 0.2 wt.%, 0.3 wt.% and Sn-free) for improved corrosion resistance in Beijing
outdoor atmosphere. Using experimental methods such as corrosion morphology and
rust layer analysis, X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS)
and potentiodynamic polarization measurements, we verified that the 0.2 wt.% Sn
microalloying steel exhibited the best corrosion resistance. Our findings demonstrate
the potential of data-driven approaches and machine learning techniques, such as the
use of corrosion big data, in the identification and optimization of optimal alloy
compositions of corrosion-resistant materials for outdoor environments.

Keywords Corrosion resistance; Data-driven; Machine learning; Sn microalloying
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Abstract Graphene has triggered unprecedented research excitement for its
exceptional characteristics. The most relevant properties of graphene as corrosion
resistance barrier are its remarkable chemical inertness and impermeability and
toughness, i.e., the requirements of an ideal surface barrier coating for corrosion
resistance, thus, an interest in graphene coating as a disruptive approach to corrosion
mitigation, such as by graphene coating [1-5]. However, the extent of corrosion
resistance due to chemical vapour deposition (CVD) graphene coatings has been
found to vary considerably in different studies. The author’s group demonstrated the
ultra-thin graphene coatings developed on copper and nickel by CVD to improve
corrosion resistance of the metals by two orders of magnitude in aggressive aqueous
chloride environments [3]. In contrast, other reports suggest the graphene coating to
actually enhance corrosion rate of copper, particularly during extended exposures.
Author’s group has investigated the reasons for such contrast in corrosion resistance
due to graphene coating as reported by different researchers, and on the basis of the
findings, they have succeeded in developing multilayer graphene coatings that
conferred durable corrosion resistance to copper and nickel in the aggressive chloride
environment [4,5]. However, developing graphene coating on the most common
engineering alloy, mild steel by CVD is a non-trivial challenge [1]. The presentation
will discuss the challenges, and their successful circumvention that enabled graphene

coatings on mild steel, and presents results demonstrating durable and remarkable
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corrosion resistance of graphene-coated mild steel [1].

Keywords Graphene Coating, Chemical vapor deposition, Corrosion of mild steel
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Abstract A wide variety of alternative inhibitor types to chromates have been studied

for decades as non-toxic candidates for the protection of aerospace aluminium alloys
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(AAs) like AA2024-T3. Such alternative inhibitors should provide high intrinsic
protection against corrosion in coating defects. Preceding the provision of its
protective performance, a complex chain of intricate events ranging from electrolyte
ingress in the coating, inhibitor dissolution, inhibitor transport to the coating defect
and finally inhibitor-metal substrate interaction should take place. The mechanisms
and kinetics of these individual events may also differ and range as a function of
inhibitor type, concentration and distribution as well as coating constitution and
substrate microstructure.

The vast majority of studies of leaching from inhibited primers focus on release
kinetics and use electrochemistry to explore leaching. There are fewer
physico-chemical studies which look in detail at the physical and chemical changes in
the primer as a result of leaching and fewer still which investigate the role of
mechanical degradation resulting from water uptake and inhibitor dissolution on the
generation of transport structures in coatings. Furthermore, upon inhibitor release, the
complex heterogeneous microstructure of aerospace aluminium alloys has hindered a
thorough understanding of the subsequent stages of corrosion protection provided by
different classes of inhibitors, such as surface precipitating and surface conversion
based inhibitors.

Recent advances in unravelling the subsequent stages of in-coating inhibitor mobility
and interaction mechanisms of cerium and lithium based inhibitors with local
microstructural features in aerospace aluminium alloys at the micro- and nanoscopic
scale will be presented. Several mechanistic and kinetic studies through detailed
top-view and cross-sectional electron microscopic investigations along with advanced
spectroscopic and electrochemical evaluations shine further light on the complex
subsequent mechanisms and kinetics needed to enable the further development of
bespoke inhibitor-based active protective coatings.

Keywords Active protective coatings, Corrosion inhibitors, Inhibitor mobility,

Inhibitor-metal interactions
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Abstract Conversion coatings are formed during simple immersion in an aqueous
solution by converting from soluble salt to a slightly soluble or insoluble oxide and/or
hydroxide. The coating precipitates either across the metal surface or at intermetallic
particles that are electrochemically more noble to the surrounding matrix and where
oxygen reduction occurs.] Nowadays, two main types of conversion coatings are
being explored: rare earth coatings or zirconium and titanium coatings. The inhibitory
action of these conversion coatings is based on the retardation of the cathode reaction
(i.e. oxygen evolution) on corroding surfaces and the formation of almost insoluble
metal (hydr)oxide at the surface. Whilst rare earth coatings are still in the research
stage, conversion coatings based on zirconium and titanium are already
commercialised.1 In addition to enhancing corrosion protection, conversion coatings
also can provide increased interfacial adhesion to a subsequent organic coating, as
most industrial applications use multilayer coating systems consisting of a conversion
layer, a main organic layer and a top layer.

In the presentation, mainly zirconium conversion coatings (ZrCCs) will be considered.
The formation mechanism of ZrCCs on wrought aluminium alloys is relatively well
investigated but less so on cast alloys.1-5 First, it will be shown that the composition
of the aluminium alloy has a decisive effect on the degree of protection and that
surface preparation is a crucial step in preparing well-protective coatings.1-5 In
addition to aluminium alloys, the protection of other important materials, such as steel
and galvanised steel, has to be considered. The selected results on ZrCCs deposited on

low-carbon steel and zinc substrates will be presented. The composition, thickness,
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and structure of conversion layers were analysed through the top surface and
cross-section SEM/EDS, XPS and ToF-SIMS techniques. Basic considerations of the
aqueous chemistry of zirconium metal and the general mechanism of coatings
formation will also be discussed.6

The results show that the deposition mechanism and the resulting ZrCC properties
depend strongly on the type of substrate. Besides the substrate itself, the parameters
having the most influence on the resulting corrosion resistance are the concentration
of hexafluorozirconic acid used in the conversion bath, pH and conversion time.
These parameters were optimised to give the highest values of corrosion protection
deduced from electrochemical and non-electrochemical measurements. The
optimisation was performed using a mathematical model of the system created based
on experiments performed according to statistically selected sets of variable
combinations. Producing a ZrCC that would be efficient on different substrates is
challenging. Using statistical tools when designing experiments seems to allow the
determination of critical factors and their effect on a desired output and is thus helpful
for optimising coatings for versatile components.
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Microgrant within the European Union’s Horizon 2020 research and innovation
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Abstract Availability and demand of aluminium based on post-consumer scrap is
increasing. The ability to produce recycled materials from PCS with the same
properties as primary produced materials is a key step for  sustainable
production. Recycling friendly alloys can be manufactured without
mechanical property loss compared to primary based alloys by adjusted composition
windows. The role of impurity elements in the adjusted composition windows of the
recycling friendly alloys is far from clear, since some trace elements affect
electrochemical properties significantly even at the ppm level. Providing a
composition-tolerant surface treatment is the biggest challenge towards a wide-scale
implementation ~ of  recycled  aluminium  based on  PCS. Typical
pretreatments before applying organic coatings are (i) anodising and (i1) the sequence
of alkaline etching — desmutting — conversion coating. Organic coatings on
the final products typically fail by filiform corrosion (FFC). Designing FFC
resistant surfaces based on PCS requires a thorough understanding of FFC
mechanisms and the different pretreatment, which is the topic of this presentation.

For the mechanism of FFC, recent work by in situ Raman
spectroscopy  reveals the full complexity of several co-located cathodic
processes [1]. In particular, images and spectra reveal gas evolution and the presence
of aluminium hydrides in the head of the filaments, pointing to a more prominent role
of hydrogen evolution than previously thought [1]. Electrochemically, the pitting
potential of an uncoated surface often correlates well with FFC resistance of a coated

surface, and dynamic electrochemical impedance spectroscopy is a method which
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enables the resource-efficient extraction of major parameters of the system that can be
used for ranking of materials [2].

Alkaline etching is frequently used to remove surface layers, e.g., from extrusion.
Etching rates overall depend on minor details of the alloy composition [3]. During
etching, not only Al, but also significant fractions of the investigated elements Cu, Fe,
Mg, Mn, Ni, and Zn dissolve. Surface analysis of samples in different stages of the
etching process show (i) an increase in oxide layer thickness with etching time, (ii) an
enrichment of important alloy elements and impurities (Cr, Cu, Fe, Mg, Mn, Si) near
the metal/oxide interface, and (iii) the deposition of Mg, Fe, Si-containing aluminium
hydroxide on the surface. In situ fast electrochemical experiments
show that the aluminum dissolution rate during etching is limited by the transport
of species through the oxide precursor layer, thus is potential-independent.
Characteristic differences in etching rates between different alloy classes, are most
likely related to differences in the anodic dissolution mechanisms [3].

Conversion coating is often the last pretreatment step before organic
coatings are applied. Combining in situ electrochemistry and surface analysis
reveals that for the generation of ZrO2- based conversion coatings with metal ion
additives, co-precipitation of the metal hydroxides of the additives may contribute
significantly to the overall FFC-damping effects of conversion coatings [4].
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Abstract Organic coatings are widely used for corrosion protection of aluminium
substrates, forming a hybrid metal oxide/coating system. The durability of these
hybrid systems under inevitable environmental influences is governed by a complex
interplay among many factors such as barrier properties of the coating and the metal
oxide/coating buried interface. Non-destructive in situ investigations of the buried
interfaces is challenging since the accessibility is limited by a um-thick organic
overlayer. The stability of this hidden interfacial zone has been thoroughly
investigated by model molecules and thin layers. However, scaling up the knowledge
to industrial systems is complex and challenging. Therefore, in this work, an
in-depth characterization of the coated metals is done using an integrated
spectro-electrochemial technique. Odd random phase electrochemical impedance
spectroscopy (ORP-EIS) in combination with attenuated total reflection Fourier
transform infrared spectroscopy (ATR-FTIR) in Kretschmann geometry is employed
to monitor the general electrochemical behaviour of the system, while simultaneously
probing the local interfacial dynamics. The time evolution of the ions ingress front
across the coating was correlated to the structure/composition of the coating and the
delayed arrival of the ions compared to water was confirmed. Moreover, the
electrochemical response of the buried interface was characterized with respect to the

arrival time of ions at the interface. Different supplementary techniques are used to
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verify the proposed insights. A strategy to determine lateral diffusion of water in the
organic coating based on dual ORP EIS measurements will be introduced. FEM
element modelling will discussed to model the water transport in the coatings.
Keywords Transport of water and ions in organic coatings, EIS, FEM modelling
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Abstract The New European Driving Cycle (NEDC) induces remarkable degradation
of proton exchange membrane fuel cells. In this study, the multilayer C/Cr coating

prepared on SS316L includes a surface a-C layer, a C/Cr-C alternating layer, and a
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C/Cr composite layer. The long-term cyclic dynamic potential polarizations based on
NEDC with four different Epeax are investigated on the C/Cr/SS bipolar plates.

The C/Ct/SS achieves superior small ICRs and a low corrosion rate with Epeax up to
1.12 V, demonstrating great potential for commercial applications. The enhanced
corrosion resistance of the C/Cr/SS is mainly attributed to the increased interfaces and
the formation of C-Cr compounds, which optimize the potential distribution across the
coating. However, During the 50 h of dynamic potential cycles based on NEDC, as a
result of Cr dissolution at the heterogeneous interface between the C/Cr-C alternating
layer and C/Cr composite layer, mild local corrosion occurs at 1.16 V and accelerates
at 1.22 V. Both of them experience stages of pitting initiation, cavity, delamination,
and finally collapse. After the dynamic potential cycles, the ICR values are all below
10 mQ cm2. Such a small increase in ICR is attributed to the well reserved surface
a-C layer and the high stability of the multilayer C/Cr coating.

The high corrosion resistance and electrical conductivity, especially the well reserved
coating structure, are promising features for the potential application of multilayer
C/Cr coating with optimized structure and composition on metal bipolar plates to be
used in PEMFCs. The present work offers new insights into NEDC-based potential

polarization induced degradation on C/Cr/SS.
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Figure The cross-sectional structure of multilayer C/Cr coating, the dynamic potential cycles
based on NEDC, and the schematic illustration of the degradation process of the coating.
Keywords New European Driving Cycle; C/Cr coating; corrosion; metal bipolar
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Abstract The refractory multi-principal elements alloys (RMPEAs) are promising
structural materials to help increase power efficiency in high-temperature oxidation
environments, while the intrinsic poor oxidation resistance of the refractory elements
limits their application. The oxidation behavior of a refractory high entropy alloy
WMoTaNbV is investigated at 1300 °C. By using an innovative two-step coating
strategy with Mo-precoat followed by Si-B pack cementation, a multilayer Mo-Si-B
coating with strong oxidation resistance and compatibility as well as a diffusion
barrier is developed. The coating can protect the substrate at 1300°C for more than
750 h of thermal cycles. An RMPEA boride phase develops at the alloy/coating
interface after longtime service and acts as an additional diffusion barrier to maintain
the coating integrity. The oxidation test results demonstrated that this two-step coating

system provides robust oxidation protection at high temperatures and can be widely
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applied in RMPEAs.

Keywords refractory alloy, coating, thermal cycling, oxidation, high temperature
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Abstract Magnesium has became promising orthopedic appliances materials due to
its degradability and biocompatibility. However, its application is restricted by the
inability of obtaining antibacterial and corrosion resistance properties simultaneously.
Nowadays adding antibacterial elements into PEO coated Mg have been researched to

solve such problem. Nevertheless, such methods has also been doubted due to the
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cytotoxicity of antibacterial elements. In this research, a series of composite coatings
with different amounts of Cu compositions were fabricated on pure Mg surface
through plasma electrolytic oxidation (PEO) and hydrothermal deposition. The
analysis results showed that Cu-containing composite coating mainly composed of
PEO coating and particle-deposited layer constitute of CuHPO4 and Cuz(POs4)2. The
Cu-containing deposition layer effectively seal the micropores on the surface of the
PEO coating and improve its corrosion resistance. In addition, the Cu?>" generated by
the degradation also promotes the deposition of Cai9Cux(POs)14 composed layer on
the coatings' surface, which further decreases its degradation rate. When co-cultured
for 24 h, the antibacterial rate of Cu-containing composite coatings reached 99.89% to
E.coli and 97.14% to S.aureus. Cytotoxicity test showed that Cu-containing composite
coating had better biocompatibility than PEO coating after co-cultured for 120 h. It
can be explained by the fact that Cu®" ion releasing rate of Cu-containing composite
coating exhibited gradient changing phenomenon. Therefore, at early stage of
implantation, high content of releasing Cu** ion can kill bacterial to avoid infection.
Then at later implantation stage Cu®" ion releasing rate decreased to an appropriate

value for promoting growth and reproduction of cell.
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Abstract Concrete structures are reinforced with rebar to provide tensile strength and

resistance to loads. However, the construction industry faces a significant challenge
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due to the corrosion of rebar induced by chloride ions, which can compromise the
safety and integrity of concrete structures. To address this challenge, a new coating
system was developed based on the modified graphene oxide. A hydrophobic thin
layer was created using epoxy-silicone functionalized graphene oxide (GO-EP)
through covalent grafting with (3-aminopropyl)triethoxysilane (APTES) bridges.
Characterization by Fourier transform infrared spectroscopy (FTIR), thermal
gravimetric analysis (TGA), X-ray photoelectron spectroscopy (XPS), and Raman
revealed that APTES and epoxy-silicone modified polyacrylate was successfully
grafted on GO.

The GO-EP dispersion in butyl acetate was applied to the concrete surface, resulting
in a significant increase in the water contact angle of GO from 40° to 120°, indicating
improved hydrophobicity of the concrete surface. The GO-EP thin layer demonstrated
excellent waterproofing performance with a capillary water absorption rate of 60.4
g.cm?.h2, compared to GO's 684.8 g.cm™.h2.  Also, the negative zeta potential of
GO-EP (10 eV) can reduce the penetration of chloride ions, which was confirmed by
the Rapid Chloride Permeability Test (RCPT), according to ASTM C 1202. The
results indicated the penetration of 800 Coulomb after 6 h of immersion.
Electrochemical impedance spectroscopy (EIS) and open circuit potential (OCP) were
used to evaluate the effectiveness of the GO-EP thin layer in preventing
chloride-induced corrosion of rebar. Results showed a significant decrease in chloride
and water penetration into the concrete, indicating that the GO-EP thin layer was
effective in reducing the risk of corrosion.

Keywords Concrete; Rebar Corrosion; Thin layer; Graphene.
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Abstract Titanium alloys have received widespread attention because of their high
specific strength, excellent fatigue performance, and especially excellent corrosion
resistance to seawater and marine atmosphere, etc. Commonly, a compact passive film
would be spontaneously formed on the surface of titanium alloy, which could
effectively isolate the titanium matrix from the corrosion medium and provide a good
protection performance for the alloys. Once the passive film is destroyed, it will
immediately recover to enhance the corrosion resistance of titanium alloys. And even
under the condition of anodic polarization, it will display a passive behavior in a wide
potential range. However, this will affect the alloy surface activity, which in turn
affects the adhesion of other coatings on the alloy surface, and pretreatment is
required to increase the adhesion when preparing other coatings. Therefore,
investigating the passive film growth of titanium alloys and their protective behavior
for titanium alloys is of great significance.

In the present work, the growth of passive film on the surface of titanium alloys and
its effect on the surface behavior of titanium alloys in two kinds of environments, air
and simulated seawater, were investigated. Based on the potentiodynamic polarization
curve, characteristic potentials were selected as the polarization potentials for
potentiostatic polarization of TC18 titanium alloy, and the corrosion resistance of the
passive film obtained from different polarization potentials was investigated, and the
schematic diagram of the potential dependence of characteristics of the passive film
was proposed.

Keywords Titanium alloy, Passive film, Surface property, Corrosion resistance
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Power, Shanghai University of Electric Power, Shanghai 200090, China
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Abstract MXene has large aspect ratio and excellent physical barrier performance,
which is expected to be used to improve the anti-corrosion property
of coating in harsh environments. Based on the rich functional groups on the
surface and strong barrier ability, MXene nanosheet can be uniformly dispersed in
other matrix, while improving the anti-corrosion performance of the composite
coating. TisC,Ty/silane composite coating, TizC,Ty/LDH composite coating, and
Ti;C,Tx MXene composite coating were prepared by  dip-coating  method
and  electrodeposition.  Surface = microstructure analysis indicates that the
incorporation of MXene can reduce the structural defects of the coating. The results
of electrochemical tests show that the corrosion current density of MXene composite
coating is significantly reduced compared to the bare sample counterpart. The
TisC,Tx  MXene can significantly improve the corrosion resistance of the
coating. It exhibits excellent anti-corrosion performance in NaCl solution,
acidic, and alkaline environments. Long-term immersion test and surface analysis
demonstrate that MXene can effectively extend the penetration path
of corrosive media and improve the stability of the coating. The corrosion
protection mechanisms for MXene composite coatings were proposed according to
the surface morphology, composition, and electrochemical analysis.

Keywords: MXene, composite coating; corrosion protection; metal;
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Abstract Microbiologically influenced corrosion (MIC) and biofouling are of
frequent co-occurrence on the surface of marine engineering equipment. Therefore, a
green protection programme was proposed in view of such hazard. It included an
integrated functional Cu-bearing antibacterial stainless steel (SS), anodic polarization
treatment and metal-based surface coating which could be used to solve the above
problems and achieve multi-sea area adaptability. Anodic polarization treatment was
used to investigate MIC behavior of 316L-Cu SS against marine Pseudomonas
aeruginosa using electrochemical tests and morphology observation techniques [1].
The results indicated that anodic polarization treatment endowed 316 L-Cu SS with a
decreased corrosion current and increased pitting potential in comparison with
conventional 316L SS and 316L-Cu SS incubated in a biotic medium. The surface

morphology observations combined with XPS analysis found that 316L-Cu SS
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effectively inhibited bacterial reproduction and promoted the formation of a dense
protective extracellular polymeric substance (EPS)-Fe membrane, leading to less
susceptibility to  pitting corrosion than 316L SS. Furthermore, an
environment-friendly antifouling coating using pre-alloyed Cu-bearing SS powder as
raw material was developed by cold spraying [2]. The experimental results showed
that pre-alloyed powder coating effectively inhibits the adhesion of marine fouling
organism Pseudomonas aeruginosa. Due to the even distribution of Cu, it had better
corrosion resistance and lower release rate of Cu ions compared with mixed powder
coating, which made it appear protective of the marine environment. In addition, the
coating has better wear resistance than commercial self-polishing copolymer coatings,
which has the potential to become a new long-life marine antifouling coating.
Keywords Microbiologically influenced corrosion, Extracellular polymeric
substances, Anodic polarization, Stainless steel, Environmental-friendly coating
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Abstract Treatment with acids (acidizing) is widely used to improve (stimulate) the
productivity of oil and gas wells. Due to the extreme corrosiveness of the acidizing
fluids the use of effective corrosion inhibitors is crucial. Since many decades
inhibitors are available that protect satisfactorily carbon steels, ferritic and austenitic
steels as well as Ni-based alloys in sweet wells at temperatures up to 150°C. However,
these inhibitors fail to protect austenitic-ferritic (duplex) steels in sweet systems
above 80° C and fail completely in sour systems, specifically at higher temperatures
[1]. The paper reports on an inhibited acidizing fluid that keep the corrosion rate even
at duplex steel below 6 pm/h at temperatures up to 150°C in the presence of 14 bar
H2S. The results were obtained in an experimental study testing the corrosion
performance of coupons from L80 steel, 22Cr5Ni duplex steel and 28Cr32Ni
austenitic steel at 100 °C and 150°C in three different acidizing fluids pressurized
with up to 16 bar H2S. The best inhibited acidizing fluid yielded corrosion rates at
L80 of 6 um/h at 150°C under 19 bar H2S. Under the same conditions the 28Cr32Ni
austenitic steel lost only 0.01 pum/h. It appeared that the efficiency of the same
inhibitor at the same concentration acts extremely different in hydrochloric based
acids than in strong organic acids.
Keywords carbon steel, duplex steel, super-austenitic steel, acidizing, sour gas wells,
hydrochloric acid, strong organic acid, high hydrogen sulfide pressure, high
temperature
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Abstract Selecting effective corrosion inhibitors from the vast chemical space is not a
trivial task, as it is essentially infinite. Fortunately, machine learning techniques have
shown great potential in generating shortlists of inhibitor candidates prior to deeper
experimental testing. This work showcases the promise of computer-assisted methods
for rapidly and efficiently screen large numbers of organic compounds as potential
corrosion modulators for light Mg and Al alloys. Two data-driven quantitative
structure-property relationship (QSPR) machine learning models were trained and
used for in silico searches. Statistical methods were applied to select the most relevant
features to the target property for support vector regression and kernel ridge
regression models, respectively, to predict the behavior of untested compounds. The
performance of the two supervised learning approaches were compared and the
robustness of the data-driven models were assessed by experimental blind testing.

The active learning approach was implemented in order to improve the quality of
prediction via inclusion of the experimental results of the newly predicted modulators
into extended training data sets. The applicability of the suggested models for both
selection of corrosion inhibitors and electrolyte additives for primary Mg-batteries has

been demonstrated.
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Abstract The electrochemical associated with photoelectrochemical (PEC) behaviors
of Cu electrodeposited with CuxO layer were investigated in this work. The corrosion
of Cu was promoted due to enhanced anodic and cathodic processes under AM
1.51llumination compared with that in the darkness, especially for the anodic process.
The photoinduced corrosion of Cu by Cu;O was detected by Scanning Vibrating
Electro Technique (SVET). The effect of Cu2O on the promotion of Cu corrosion
under illumination can be ascribed to the narrowed depletion layer in Cu2O under
illumination, which facilitates the separation of hole-electron pairs. The resultant
holes give rise to the oxidation of Cu matrix and lead to a promoted corrosion
consequently. Besides, a method for in-situ determining the photoinduced current of a

semiconductor material is proposed.

Keywords photoinduced corrosion, Cu20, copper, SVET, p-type semiconductor
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Abstract Atmospheric corrosion sensors (ACM sensors), based on the principle of
measuring galvanic corrosion between two electrodes with different electrochemical
potentials, have proven to be an efficient way of assessing the corrosiveness of the
environment from which the expected corrosion performance of a metal can be
derived. Nonetheless, the data generated by ACM sensors is complex, and it is
challenging to determine interpretable correlations between the different variables
measured using only analytical corrosion expertise. Recently, studies>* have shown
that machine learning models are able to unravel unexplored patterns between the
environment and the current output, thereby unlocking the potential to develop
predictive atmospheric corrosion models. However, one limiting factor is the large
amount of data from long testing times required to make proper predictions in the
environment where the sensor was placed.

Our research argues that the specific subdomain of machine learning called transfer
learning (TL) can solve this issue. In essence, TL attempts to transfer knowledge from

a previously developed machine learning model (the source) to another similar task

49


mailto:*vincent.vangrunderbeek@vub.be

(the target). As such, it provides a way to improve the modeling performance in
domains where data is scarce. When predicting the sensor's output for a year,
fine-tuning of previously trained source model is required. This source model can be
trained on data derived from a sensor installed in a controlled lab environment or a
different geographical setting. The TL approach proved to be particularly useful
during cases when limited target training data was available, outperforming the

benchmark models'.
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Abstract ISO (International Organization for Standardization) is an independent,
non-governmental international organization. ISO and its members bring together a
network of experts to share knowledge and develop International Standards. ISO/TC
156 Corrosion of metals and alloys is responsible for the standardization in the field
of corrosion of metals and alloys including corrosion test methods, corrosion
prevention methods and corrosion control engineering life cycle. General coordination
of activities in these fields within ISO. Currently, it has published 115 international
standards and 31 standards are under development

37. Unveiling the Phase Transformation at Nano Scale

Unveiling the Phase Transformation at Nano Scale

Huang Yizhong

School of Materials Science and Engineering

Abstract Phase transformation is a common event in the research of materials science.
It involves either crystalline structured or compositional conversion when materials are
subjected to external environments. Understanding the phase changes is of importance
in tailoring the design and synthesis of a specified material that is selective for the
desirable performance. X-rays and electron beams are powerful sources enabling the
determination of the variation of phases.

In this talk, unveiling the transformation of amorphous GeO: into crystalline GeO; in
the presence of water is covered. The dynamic process of the phase transformation is
observed by an in-situ TEM liquid cell which is sealed and permits the water flow
inside TEM during electron beam imaging. We demonstrated that the phase
conversion starts with the hydrolysis of amorphous GeO> followed by the formation
of clusters and the nucleation of crystals. Moreover, the development and evolution of
dense liquid clusters during the process of nucleation are directly observed. All the

results not only indicate the clusters behave as the basic building units for
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crystallization but also suggest that the development of the dense liquid clusters
provides a favorable prenucleation position and becomes a necessary step for
nucleation from solution, which strongly enriches the understanding of crystallization

from solutions.
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Preliminary Exploration of the Integration of Generative Artificial Intelligence with
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LU Xinpeng
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Abstract Generative Artificial Intelligence (GAI), a groundbreaking direction in the
field of technology, has demonstrated exceptional capabilities in data generation and
processing across multiple domains. This study explores the potential of GAI,
particularly large language models (LLMs) based on the GPT-4V architecture, in the
analysis and simulation of corrosion data within the realm of metal material protection.
The application of GAI not only learns from existing corrosion patterns but also
predicts future corrosion trends and effects by simulating the data generation process
of corrosion phenomena.

The developed GAI model in this research has been trained to identify and generate
complex corrosion data that takes into account environmental factors, material
properties, and protective measures. Validated by processing real-world corrosion
datasets, the model has proven effective in understanding intricate corrosion
mechanisms and predicting material lifespan. The incorporation of the GPT-4V
architecture has enabled the GAI model to engage in multimodal learning, further
enhancing its capability to process imagery and sensor data.

Moreover, the study has established a GAI benchmark specifically for corrosion data

processing to assess the model's cognitive and generative abilities across various
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corrosion scenarios. A comprehensive set of tests was conducted on the model,
evaluating its data processing speed, accuracy, predictive power, and its innovative
capacity in generating corrosion protection solutions.

The findings indicate significant efficiency and precision improvements in corrosion
data handling and simulation provided by GAI, offering vital technical support for the
future monitoring and strategizing of metal corrosion protection. This exploratory
study lays the groundwork for the application of GAI in the field of corrosion data
processing and forecasts a broad spectrum of potential applications of GAI
technology in this sector.

Keywords generative Artificial Intelligence, corrosion data processing, GPT-4V,

multimodal learning, data simulation
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Abstract Epoxy coated-rebar as a useful alternative method to improve the durability
of marine infrastructure has been studied for decades. However, the controversial
performance of epoxy coated-rebar exhibited in North American forced to the
prohibition of further application. The first attempt to apply the epoxy coated-rebar in
marine infrastructure in South China can be traced to 1998. In order to evaluate the
long-term service condition of epoxy coated-rebar, both corrosion media penetration
in concrete and corrosion behaviour of rebar were detected in engineering site and
laboratory. The results indicated that the surface image of infrastructure was intact,
without any cracks or corrosion products were observed. The in-situ corrosion

potential test data revealed that most of the epoxy coated-rebars were kept a positive
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potential of above -100 mV vs. CSE, which showed a low corrosion probability of
10%. The positive corrosion potential of -85 mV and low corrosion current density of
0.052 pAcm-2 resulted from laboratory were further confirmed the high durability of
epoxy coated-rebar in marine environment. The contrary detection of epoxy
coated-rebar in marine infrastructure between North American and South China could
be attributed to the different concrete material and construction quality. The detection
result of epoxy coated-rebar in South China could contribute to their further
application in marine infrastructures.

Keywords epoxy coated-rebar, durability, marine environment, corrosion
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Abstract Corrosion degradation of a wide range of coil-coated steel sheets was
studied in the marine and inland climate and in the laboratory to describe critical
factors affecting their long-term performance. A new approach was developed to
assess surface conditions during field exposure of metallic sheets based on surface
time of wetness. For a better understanding of degradation mechanisms in areas of
overlap and deformed areas, several innovative techniques have been developed to
monitor the presence of water locally. A significant prolongation of wetness periods
inside overlaps was confirmed. Together with accumulation of corrosive species, it
explains acceleration of corrosion in overlaps of pre-painted steel sheets. Localised
water uptake measurements were able to assess the extent of damage to the paint

caused by deformation and the tendency to blister formation.
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Abstract Corrosion behavior of the laser powder bed fusion (LPBF)
Al-Mn-Mg-Sc-Zr alloy was investigated based on microstructure characterization
coupled with corrosion measurements. The results demonstrate that localized
corrosion preferentially occurs at the molten pool boundaries of both planes, where
the distribution of abundant micro-cathode Al3(Sc, Zr) precipitates act as the
predominant role. In contrast, the micro-anode Als(Mn, Fe) precipitates are more
likely to be dissolved prior to the matrix nearby, thus showing little impact on the
corrosion behavior of the LPBF alloy. The effect of heat treatments on the
microstructure and corrosion behavior of LPBF Al-Mn-Mg-Sc-Zr alloy also were
systematically investigated. The 300 °C/5 h heat-treatment doesn't alter the typical
bimodal grain distribution of LPBF-fabricated alloy. However, the grains at molten
pool boundaries experience a significant growth after a 500°C/5 h heat treatment,
narrowing the gap of grain size between fine-grain (FG) region and coarse-grain (CQG)
region. It is also found that the heat treatments have an impact on Al3(Sc, Zr) and
Als(Mn, Fe) precipitates. Detailedly, the Alz(Sc, Zr) precipitates undergo a slight
growth in size and obvious increase in quantity after heat treatment whilst the Als(Mn,
Fe) particles go through a rapid increase both in amount and size, especially for the
alloy after being subject to a higher temperature heat treatment. As consequence, the
heat-treated LPBF aluminum alloys exhibit worse corrosion resistance compared with
their original state. The Al3(Sc, Zr) precipitates acting as micro-cathodes at molten
pool boundaries accelerate the preferential corrosion of fine grain regions of 300°C/5

h heat-treated alloy. In contrast, the 500°C/5 h heattreated alloy tends to promote a

55



more uniform corrosion due to the dissolution of the homogeneously distributed
Als(Mn, Fe) anodes on the alloy surface.

Keywords LPBF, AlI-Mn-Mg-Sc-Zr, heat treatment, precipitates, corrosion
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Abstract This work focuses on the distribution characteristics of harmful
micron-scale precipitates and high-density nanoscale precipitates in the new
generation high-strength Al-Zn-Mg-Cu alloy, as well as the electrochemical
mechanism of initial localized corrosion. To this end, transmission -electron
microscopy (TEM) and field-emission scanning electron microscopy/energy
dispersive spectroscopy (FE-SEM/ EDS) were employed to characterize the
morphology, size, composition, and distribution of the precipitates. Scanning Kelvin
probe force microscope (SKPFM) was then used to measure the Volta potential of the
micro- and nano-sized precipitates, and the electrochemical mechanism of localized
corrosion induced by precipitates was quantitatively studied by DFT theoretical
calculations. Finally, the accuracy of the Volta potential measurement and DFT
calculation results was confirmed by in-situ and quasi-in-situ observation of the
corrosion behavior. The results demonstrate that the micron-scale harmful precipitates
are mainly irregular shaped Al;CuzxFe phase with ~ 5 vol%. Main strengthening phase
is rod-like and cube-shaped Mg (Zn, Al, Cu), nano-precipitates, which range in size

from a few tens to several hundred nanometers. Opposite to the traditional view of
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considering Mg-rich phase as micro-anodes, experimental and calculation results both
suggest that Mg (Zn, Al, Cu), precipitates exhibit higher Volta potential than the
matrix due to the doping of Cu atoms. In aggressive conditions, the surrounding
matrix is preferentially corroded while the Mg (Zn, Al, Cu), particles undergo
localized breakdowns by forming nano-pits ascribed to the Mg atoms dissolution.
Compared with Mg (Zn, Al, Cu): phases, a greater potential difference (approximately
600 mV) between Al;CuxFe micro-cathodes and matrix drives the earlier initiation of
galvanic corrosion. In addition, the work functions of different precipitates are
calculated by DFT. The work function values: Al;CuFe > MgsZn4CusAl > Al >
MgZn,, and the theoretical calculation results are highly consistent with the
experimental results. In summary, while the localized corrosion induced by Al;CuzFe
phase initiates earlier and causes more severe corrosion of the surrounding matrix, the
limited presence of Al;CucFe phase has minimal impact on the alloy's corrosion
resistance. However, due to a significant number of Mg (Zn, Al, Cu), phases present
in the alloy, their impact on the corrosion resistance of the new generation
high-strength Al-Zn-Mg-Cu alloy cannot be disregarded.

Keywords Al-Zn-Mg-Cu alloy, precipitated phase, surface potential, local corrosion,
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types of precipitates.
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Abstract China has a vast territory, with significant differences in climate and
environment among different regions. As a means of transportation for long distances,
trains' various components are affected by corrosion from different environments. As
an important part of the train, the bogie plays a crucial role in carrying and driving the
entire vehicle, and has a vital impact on the stability of train operation [1].

Since the Industrial Revolution in the 18th century, people have been using fossil
fuels extensively, and the industrial pollution (mainly SO;) caused has always been a
serious threat to the service process of steel. Numerous studies [2] have shown that
after being dissolved in water for a period of time, some of SO; will react with O2 to
form SO4*. The acidic solution will dissolve the weathering steel matrix to form
FeSOs, and Fe?" will form FeOOH with dissolved oxygen. Then the solute will be
recycled to produce sulfuric acid. Compared to carbon steel, the advantage of
weathering steel is its lower sensitivity to SO» [3]. In addition, Wang et al. [2] found
that a small amount of SOz promotes the formation of a crack-free and protective rust
layer. But at the same time, Leygraf et al. [4] believe that a large amount of SO> can
lead to severe acidification of the surface, which in turn dissolves the steel matrix.
Due to the high heat input received during the welding process at the connection part

of the bogie, the local structure was significantly changed. Therefore, it is of great
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significance to study the corrosion behavior and mechanism of different heat-treated
structures.

At present, most research work on the corrosion resistance of weathering steel focuses
on alloy elements and rust layer protection. However, comparative research on the
corrosion initiation mechanism and rust layer characteristics of different heat-treated
structures in S-containing environments is still relatively lacking. In this work, the
microstructure and crystallographic information of the original and quenched
structures of bogie steel G390NH were characterized by transmission electron
microscopy (TEM), scanning Kelvin probe force microscopy (SKPFM) and electron
backscatter diffraction (EBSD). The initial corrosion morphology was observed by
field emission scanning electron microscopy (FE-SEM). Finally, based on the test
results of electrochemical impedance spectroscopy and polarization curve, the
relevant mechanisms and kinetic differences of initial corrosion between the two
structures were analyzed from an electrochemical perspective.

This work mainly focuses on the initial corrosion behavior and mechanism of two
different microstructures of bogie steel G390NH. After in-depth analysis, the
following conclusions are drawn:

(1) There 1s no obvious difference in the initial corrosion behavior between the F+P
structure and the GB structure at the macro scale, including products and rates, but
there are differences between the microscopic mechanisms.

(2) There is the residual stress near the pearlite in the F+P structure, and micro-region
galvanic effect is generated between the pearlite and the ferrite matrix during the
corrosion process. The residual stress is evenly distributed in the ferrite phase of the
GB structure, but there is no intense micro-region galvanic effect in the structure. The
microdefects in the metal and the micro-region galvanic effect are the main factors
inducing the initiation of corrosion.

(3) When the two structures of G390NH are immersed in NaHSOj3 solution, the dense
corrosion product layers will be formed on the surfaces, which have a blocking effect

on the Oz dissolved in the solution, thereby reducing the cathode reaction rate.
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(4) In the initial stage of immersion, the corrosion of G390NH is mainly affected by

dissolved Oz and H' in the acidic environment. After the formation of the product

layer, the dissolution of the metal becomes affected by H" and SO4* / SO3*. Among

them, the F+P structure is more sensitive to the reduction of SO4> / SO3%".

Fig. 1 Immersion test corrosion microstructure (before rust removal): immersion for 1 h (a) F + P and (b) GB

structure; immersion for 12 h (¢) F + P and (d) F + P structure.
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Fig. 2 XPS test results of surface products of two structures of G390NH immersed in 0.01 M NaHSOs for 12 h: (a)

F+B structure and (b) GB structure.

Keywords bogie steel, initial corrosion, ferrite-pearlite, granular bainite, industrial

polluted environment
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44. Corrosion resistance of 12Cr1MoV and welded Inconel 625 coating on heat

exchange surfaces with increasing steam parameters in waste incinerators

Corrosion resistance of 12CrIMoV and welded Inconel 625 coating on heat exchange
surfaces with increasing steam parameters in waste incinerators
FEE XK
PRI R FBEN S 5) ) T
Abstract 12CrIMoV is a widely used superheater material in waste incinerators in
China. However, it’s susceptible to high temperature corrosion due to the corrosive
media(HCI, SO2, ash, etc.) contained in the furnace. Therefore, Inconel 625 coating
prepared by weld overlay is usually used, which provides good corrosion protection in
the current medium-temperature boilers (i.e., 4.0MPa/400°C, 6.3MPa/450°C). With
the co-incineration of industrial waste and the improvement of steam parameters
becoming a new development trend, the temperature of heat exchange surfaces and

the concentration of corrosive media are increasing. Thus, clarifying the
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protectiveness of Inconel 625 in harsher corrosive environments is important. In this
study, the corrosion test of the 12Cr1MoV and Inconel 625 coating was performed at
elevated temperatures of 500-700°C. The sample was corroded by actual waste
incinerator ash with high concentrations of HCl and SO2. To further reveal the
corrosion mechanism, we also conducted quantitative measurements of the
concentrations of ions with different valence states (Ni2+/Cr3+/Cr6+/Mo4+/Fe3+).
Results showed that in the absence of HCl and SO2, the corrosion weight gain of
12Cr1MoV increased significantly with rising temperature, whereas the weight gain
of the coating was only 31%-78% of this. Cr compounds were the main soluble
corrosion products of the coating, with the mass of Cr ions increasing tenfold and the
percentage of Cr6+ correspondingly rising from 27.9% to 75.5%, indicating a
significant enhancement in the reactions of Cr/Cr203 with alkali metal salts in ash
(such as NaCI/KCl) to form Na2Cr204/K2Cr204. Upon introduction of HCI and SO2,
no soluble Cr products were detected anymore, while soluble Ni compounds were
detected from the coating. This suggests that HCl and SO2 primarily exacerbate the
corrosion by forming unprotected compounds such as NiCI2 and NiSO4. This means
that when using Inconel 625 coating in high-parameter waste incinerators, inhibiting
the formation of nickel compounds is crucial.

Keywords: Inconel 625;Weld; High-temperature corrosion; Soluble product; Waste

incinerate

45. Title Ablation resistance of Ir/HfO2 ultra-high temperature thermal

protection coating

Title Ablation resistance of Ir/HfO2 ultra-high temperature thermal protection coating
ZERIR RAN %
[

Abstract An Ir/HfO2 ultra-high temperature thermal protection coating system was

designed with the idea of functional modularization, using the Ir coating as an oxygen
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barrier layer and the HfO2 layer as an anti-ablation layer. The Re, Ir and HfO2
coatings were successively prepared on the graphite substrate by chemical vapor
deposition, molten salt electrodeposition and plasma spraying. The ablation resistance
of the obtained graphite/Re/Ir/HfO2 samples in short time at ultra-high temperature
and long time at wide temperature range was tested by a high frequency plasma wind
tunnel. The sample after ablation at 2700°C for 300s with a mass ablation rate of less
than 0.12 mg-cm-2-s-1 and a linear ablation rate of about -0.17um-s-1 had no obvious
defects. The sample after ablation at 2200°C~2800°C for 1800s was also free of
obvious defects. Its mass ablation rate was about -0.057 mg-cm-2-s-1 and the linear
ablation rate was about -0.01 pm-s-1, basically no ablation was achieved. The Ir/HfO2
coating showed excellent ultra-high temperature ablation resistance characteristics,
wide temperature range and no ablation during high frequency plasma wind tunnel
tests, and has good application prospects for ultra-high temperature thermal
protection.

Keywords ultra-high  temperature;wind  tunnel ablation;Ir  coating;HfO2

coating;anti-oxidation

46. High temperature corrosion resistance of enamel coating on 316L stainless

steel in the environment of NaCl + water vapor + air

High temperature corrosion resistance of enamel coating on 316L stainless steel in the
environment of NaCl + water vapor + air
Junan Pan, Shujiang Geng, Minghui Chen, Fuhui Wang
Shenyang National Laboratory for Materials Science, Northeastern University,
No.3-11 Wenhua Road, Shenyang, 110819, China
929539613@qgq.com

Abstract 316L austenitic stainless steel has good toughness, plasticity,
high-temperature strength and excellent welding performancel'l, is widely used in

petrochemical industry, marine industry, agricultural production, energy development
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and other fields®!. However, with the gradual increase in demand for its performance,
316L stainless steel itself has been unable to meet some of the service conditions™). In
order to improve its corrosion resistance, it is necessary to prepare protective coating
on the surface of 316L stainless steel. The enamel coating provides excellent
oxidation resistance and salt corrosion resistance in high temperature service.

In this paper, enamel coatings with thickness of 5 pm, 15 um and 30 pm were

prepared on the surface of 316L stainless steel, and the corrosion behavior of the
coated stainless steel in 600 °C~750 °C NaCl + water vapor + air environment was
studied. The results showed that:

(1) The enamel coatings was dried at 250 °C for 15 min and finally heat-treated at

900 °C for 10 min. The coatings prepared under these conditions had uniform
thickness, flat surface and bonded well with the substrate.
(2) After being corroded in 600 °C NaCl + water vapor + air environment for 10 h,

the stainless steel matrix corroded seriously, while the coated stainless steel showed

good corrosion resistance.
(3) After being corroded in 750 °C NaCl + water vapor + air environment for 10 h,

both 15 um and 30 um enamel coatings effectively isolated the intrusion of NaCl and
inhibited the internal diffusion of oxygen, and the mass changes per unit area of the
sample after being corroded for 10 h was not obvious, while the protective effect of 5
um coating was not good.

Keywords 316L stainless steel; enamel coating; NaCl; water vapor
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47. (Fe,Co,Ni)304 Spinel Coating on Solid Oxide Fuel Cell Interconnect Steel

(Fe,Co,Ni1)304 Spinel Coating on Solid Oxide Fuel Cell Interconnect Steel

Shujiang Geng, Maosen ZHao,Fuhui Wang

Northeastern University, No.3-11 Wenhua Road, Shenyang
Presenter's e-mail address: gengsj@smm.neu.edu.cn

Abstract Ferritic stainless steels have been widely employed as solid oxide fuel cell
(SOFC) interconnects owing to their low cost, coefficient of thermal expansion match
with other SOFC components, and good oxidation resistance and acceptable electrical
conductivity of Cr203. However, they are confronted with several problems during
operation in SOFC cathode working condition such as the evaporation of Cr203; which
results in cathode Cr-poisoning and subsequent degradation of cell performance [1-3].
Therefore, it is necessary to develop electrically conductive coating on them in order
to block CrO3 evaporation. So far,spinel coating is a promising coating to improve
the electrical conductivity of the surface oxide scale thermally formed on the steel. In
present paper, FeCoNi alloy layer has been deposited on ferritic stainless steel (SUS
430) by magnetron sputtering method. The coated steels were evaluated in air at
800°C corresponding to SOFC cathode environment. It was found that the coated
steel initially experienced a large mass gain, followed by slight increase with time.
The FeCoNi alloy layer was mainly converted into (Fe,Co,N1)304 spinel layer beneath
which a Cr-rich layer was grown from the steel substrate upon thermal exposure. The
Cr-free outer layer not only suppressed Cr migration outward but also reduced the
surface oxide scale area specific resistance (ASR) of the coated steel.

Keywords Solid oxide fuel cell;steel interconnect; spinel coating

Reference

65



[1] H. Falk-Windisch, J. E. Svensson, J. Froitzheim. Effect of temperature on
chromium vaporization and oxide scale growth on interconnect steels for Solid Oxide
Fuel Cells. Journal of Power Sources.287,25 (2015).

[2] S. P. Jiang, X. Chen. Chromium deposition and poisoning of cathodes of solid
oxide fuel cells — A review. International Journal of Hydrogen Energy.39,505 (2014).
[3] Z. Xu, W. Xu, E. Stephens, B. Koeppel. Mechanical reliability and life prediction
of coated metallic interconnects within solid oxide fuel cells. Renewable

Energy.;113,1472 (2017).

48. Environmentally Assisted Cracking of Stainless Steels — From 3D/4D
Time-lapse Imaging, Bipolar Electrochemistry, to Simulated Marine

Environments

Environmentally Assisted Cracking of Stainless Steels — From 3D/4D Time-lapse
Imaging, Bipolar Electrochemistry, to Simulated Marine Environments.

Dirk Engelburg!

'University of Manchester, United Kingdom
Abstract This presentation will provide novel insight of the relationship between
environmental exposure parameters, the presence of applied and residual stress,
microstructure surface film passivity and localised corrosion behaviour. Typical
examples and innovative ways to advance our mechanistic understanding of localised
corrosion and environmentally assisted cracking (EAC) are introduced, with the aim
to obtain data to extend component lifetime, resilience & endurance. Novel
techniques for measuring corrosion kinetic behaviour, passive film compositions, and
crack nucleation propensities are explored and discussed. A range of novel ideas are
presented, including the application of in-situ confocal microscopy, 2D/3D/4D
corrosion and crack growth kinetic measurements, with associated chemical
fingerprinting of corrosion products, with a focus on petrochemical and nuclear

application.
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49. Results Using a New Methodology to Test the Fatigue of Materials in

Corrosive Media at High Pressures

Results Using a New Methodology to Test the Fatigue of Materials in Corrosive
Media at High Pressures.

Rodrigo Garcia! and Oscar Rosa Mattos!

LNDC/COPPE, Federal University of Rio de Janeiro - UFRJ, Rio de Janeiro, RJ
21945-970, Brazil
omattos@metalmat.ufrj.br
Abstract This article addresses a solution to a real engineering problem: a new
algorithm to control Fatigue Testing Machines (FTMs) working in high pressure
environments. Despite the various FTMs available on the market, customizations are
sometimes necessary to perform special test conditions. This is the case, for example,
of the requirements of the Brazilian pre-salt conditions, which involve pressures
above 200 bars. Two factors are the main particularities of these tests causing
considerable differences between the actual load on the specimen and that measured
by traditional external load cells when a pressurized vessel is used. The first is the
sealing system, causing a frictional force on the shaft, and the other is the high
pressure inside the vessel, expelling the shaft. Therefore, to accurately measure the
actual force on the sample, LNDC designed a system using a set of strain gauges to
measure both the crack length and the applied load (EFS technique). This work
presents an alternative to use such a system to produce a complementary feedback
signal to improve the FTMs control algorithm. In short, a feedback signal from a load
cell is used to produce the sinusoidal shape, while the EFS technique provides
additional feedback for amplitude and bias correction. Experimental results
demonstrate the efficiency of this methodology. In this way, it was possible to perform
a control that meets the requirements of the ASTM E647 standard in high pressure

corrosion fatigue tests. New results are presented and compared with others obtained
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by the classical methodology used in the literature, in particular, the so-called DCPD
method to measure crack propagation will be compared with the results obtained
using this new methodology.

Keywords Corrosion Fatigue, Crack propagation
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50. Atomic-scale analysis of hydrogen embrittlement in high-strength Al alloys

Atomic-scale analysis of hydrogen embrittlement in high-strength Al alloys
Huan Zhao", Poulami Chakraborty, Dirk Ponge, Tilmann Hickel, Binhan Sun,
Chun-Hung Wu, Baptiste Gault, Dierk Raabe
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Abstract Environmentally assisted embrittlement of high-strength Al alloys hinders
their wide applications. The important role of hydrogen (H) associated with the H
“embrittlement” mechanism occurs. However, the challenge of assessing the precise
trapping sites of H makes the mechanisms remain ambiguous. We used atom probe
tomography to investigate H associated with specific microstructural features in a
high-strength 7xxx Al alloy ' We successfully achieved visualization and assessment
of H at second-phases and grain boundaries, with the enrichment of one order of
magnitude higher as opposed to the Al matrix. We used these observations to guide

atomistic abinitio calculations, which show that the co-segregation of alloying
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elements and H favours grain boundary decohesion, and the strong partitioning of H
into the second-phase particles removes solute H from the matrix, hence preventing H
embrittlement. Our insights further advance the mechanistic understanding of
H-assisted embrittlement in Al alloys, emphasizing the role of H traps in minimizing
cracking and guiding new alloy design.

Keywords Hydrogen embrittlement, 7xxx Al alloy, Mechanical properties, Atom
probe tomography, Ab-initio calculations
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51. Correlating oxidation, localized oxidation and stress corrosion cracking of

austenitic alloys and weldments in pressurized water reactor primary coolants

Correlating oxidation, localized oxidation and stress corrosion cracking of austenitic
alloys and weldments in pressurized water reactor primary coolants
Zhanpeng Lu'

I Institute of Materials, School of Materials Science and Engineering, Shanghai
University, Shanghai, 200072, China
2 State Key Laboratory of Advanced Special Steels, Shanghai University, Shanghai,
200444, China
Zhanpeng lu: zplu@t.shu.edu.cn
Abstract The oxidation behavior and localized oxidation penetration at the inner
oxide-alloy matrix were investigated by exposure tests in high temperature water
followed by Optical-SEM surface observation as well as FIB sampling/TEM
cross-section observation and analyses, using the materials for stress corrosion
cracking tests. Stress corrosion cracking (SCC) growth rate tests with various kinds of
base metals and weldments were conducted in high temperature water environments.

The approach for characterizing SCC growth behaviors of highly SCC-resistant alloys
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has been developed by proposing two parameters, average SCC growth rate in terms
of SCC band and maximum SCC growth rates in terms of distribution and size of
locally intergranular cracks r interdendritic cracks. t has been found that local
chemical composition and local deformation at the microscopic level contribute to
both the general stress corrosion band and the locally penetrating cracking along the
grain boundaries or phase boundaries. The results are interpreted by the formulation
of the transient oxidation kinetics at the crack tip under stress/strain and the resultant
crack growth.

Keywords Nuclear power plant, austenitic alloys, high temperature water, oxidation,
localized oxidation, stress corrosion cracking
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52. Corrosion challenges of the supercritical CO:2 transportation pipeline

Corrosion challenges of the supercritical CO; transportation pipeline
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Canada

Presenter s e-mail address: kaiyang.li@ncepu.edu.cn

Abstract The pipeline transportation of supercritical CO> (S-CO») is a crucial part to
achieve Carbon Capture, Utilization, and Storage (CCUS). The captured S-CO;
always contain certain impurities (like H>O, O», H2S, SO, etc.), which cause
corrosion and stress corrosion cracking of the pipeline steels. However, how these
impurities induce degradation and the related mechanisms are still unclear. Therefore,
the following works have been conducted: analyzing the corrosion mechanisms of
different impurities; identifying the synergistic effects of these impurities; purposing
the threshold concentrations of impurities for corrosion control; evaluating stress
corrosion cracking susceptibility of pipelines in various S-CO; environments;
employing in situ electrochemical noise for corrosion detection; setting up long-term
corrosion prediction model. It is intended to understand the pipeline corrosion in
S-COz environments and provide theoretical foundation and technical support for the
related corrosion control.

Keywords Supercritical COz; pipeline steel; impurity; stress corrosion cracking
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53. Corrosion test result on Rotating Cage Autoclave (RCA) and comparison of
some configuration of cage to wall shear stress of corrosion test sample to achieve

the better accuracy

Corrosion test result on Rotating Cage Autoclave (RCA) and comparison of some
configuration of cage to wall shear stress of corrosion test sample to achieve the better
accuracy.

Bambang Widyanto'?, Irma Pratiwi!, Raden Dadan Ramdan!

!Institute of Technology Bandung,
2University of General Achmad Yani - Indonesia
Abstract The existing Rotating Cage Autoclave for corrosion test was used currently

to simulate corrosion phenomenon in the oil and gas transmission pipeline and well
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tubing materials especially in the brine solution and introduced by the mixture of
H2S-CO2 gas environment. Some parameters which were used are gas composition,
gas pressure, temperature and rotation of the cage, and the duration of the test is 30
days. The autoclave was free from leaks due to special construction dedicated for
corrosion test in H2S environment.

In fact, this experiment is an approach that was used to understand the corrosion
resistance of the pipe materials in the field especially in corrosion erosion
mechanisms. In the pipeline or well tubing, the materials were situated in the fixed
condition and oil and gas and other constituent flowing inside the pipe with certain
flow speed, while in rotating cage autoclave, the samples which are fixed in the cage
or cylinder sample holder immersed in brine solution that was injected by premix gas
containing CO2 and H2S and turning with certain rotation speed. The cage rotation
was adjusted according to the value of shear stress that wanted to be attained.

Some disadvantages were observed in the test results. Because the sample holder was
built in two pieces of disks that handle some pieces of test samples, and there are
some millimeters of distance among those samples, it permits the penetration of the
solution behind the samples and stay at the center of the cage and finally attack the
back surface of the samples. Because the movement of the solution at the center of the
cage could not be determined precisely, it disturbs the measure of weight change due
to corrosion that occurs to the back surface of the samples. Ideally all solution
movement at the sample surface must be determined accurately to obtain a good
understanding of corrosion phenomena.

Some ideas were taken to improve the accuracy of corrosion measurements for
example, using a solid sample cage, or with placing the samples at the autoclave wall.
Those ideas could limit the corrosion mechanism only to one surface and protect the
other surface from contamination with the corrosion environment. At the beginning,
some simulations using Computational Fluid Dynamic (CFD) were done, but after
that, it needs confirmation with the experimental results in corrosion loop or rotating

cage autoclave.
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Hong Kong, China
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Abstract Metallic materials are mostly susceptible to hydrogen embrittlement (HE),
which severely deteriorates their mechanical properties and causes catastrophic
failures with poor ductility. In this study, we found that such a long-standing HE
problem can be effectively eliminated in the Fex(CrCoNi)1-x face-centered-cubic (fcc)
high-entropy alloys (HEAs) by triggering the localized segregation of Cr at grain
boundaries (GBs). It was revealed that increasing the Fe concentration from 2.5 to 25
at. % leads to substantially improved HE resistance, i.e., the ductility loss decreases
from 70% to 6%. Meanwhile, the fracture mode transformed from the intergranular to
the transgranular mode. Multiscale microstructural analyses demonstrated that the
Fe2.5Cr32.5C032.5Ni32.5 and Fe25Cr25Co25Ni25 alloys show negligible
differences in the phase structure, grain size, and grain-boundary (GB) character.
However, interestingly, the near atomic-resolution elemental mapping revealed that an
increased Fe concentration promotes the nanoscale Cr segregation at the GBs, which

is primarily motivated by the strong repulsive force between Cr and Fe and the low
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self-binding energy of Cr. Such unusual interfacial segregation of Cr, which has not
been reported before in the Fe25Cr25Co25Ni25 alloy, helps enhance the GBs’
cohesive strength and suppresses the local hydrogen segregation at GBs due to the
deceased GB energy, leading to the outstanding HE resistance. These findings
decipher the origins of the vastly-improved HE resistance in current FeCrCoNi-type
HEAs, and meanwhile, provide new insight into the future development of novel
high-performance structural alloys with extraordinary immunity to hydrogen-induced
damages.

Keywords High-entropy alloys; Hydrogen embrittlement; Grain-boundary
segregation; Mechanical properties
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Abstract The stress corrosion cracking growth rates of uniaxially 20% (reduction in
thickness) cold worked 316L and 316NG stainless steels (SSs) in 320 °C high
temperature water are measured. Cold worked 316L SS exhibited nearly continuous
and uniform intergranular stress corrosion cracking front and band on the fracture
surface. 316NG only exhibited locally intergranular stress corrosion cracking sites.
Stress corrosion cracking growth rate of cold worked 316L SS is significantly higher
than that of the cold worked 316NG SS. The oxides of the two materials are evenly
distributed. The oxide particles on the surface of 316L are small and relatively densely
packed. The size of oxide particles on the surface of 316NG are large and relatively
sparsely distributed. The Vickers hardness values and the local deformation degree of
316L SS in terms of Kernel Average Misorientation are higher than those of 316NG
SS, which tend to results in the differences of stress corrosion cracking growth in high
temperature water.

Keywords Nuclear power plant, Stainless steels, stress corrosion cracking, crack

growth rate, high temperature water
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Abstract The common problem of metal materials is that as the strength of the alloy
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increases, its hydrogen embrittlement (HE) resistance decreases. In this study, we
have proposed to use gradient structure to solve the inverted relationship between
strength and HE resistance. Gradient-structured pure iron was prepared by pre-torison
tests with various pre-torsional angles and their HE behaviors were studied by slow
strain rate tensile tests, microstructural analysis and time-of-flight secondary ion mass
spectrometry. The results show that a change in pre-torsion angles can produce
different gradient microstructures of pure iron, including gradient dislocations and
sub-grains, and high pre-torsion angles correspond to large slopes between hardness
vs. 1/R along radial direction of samples. With an increase in pre-torsion angle from 0°
to 1400°, yield strength of the alloys linearly increases, whereas the HE susceptibility
first decreases and then increases. For the sample pre-torsioned at 400°, yield strength
and HE-resistance are simultaneously improved, demonstrating that the construction
of a suitable gradient microstructure is a potential strategy to maximize strength and
HE-resistance synergy. The susceptibility to HE of pre-torsioned samples is related to
the gradient distribution of grain boundary and dislocation hydrogen traps. At low
pre-torsion angles (0°, 150°, 400°), hydrogen atoms are dispersed by these traps, with
improvement of HE-resistance, whereas high pre-torsion angles (700°, 1000°, 1400°)
correlates with a local high grain boundary and dislocation traps around the periphery,
leading to high HE susceptibility. A strength predication model of gradient-structured
pure iron is proposed. The predictive yield strength is in accordance with
experimental results. With an increase in pre-torsion angle, the increments of
dislocation strengthening and grain boundary strengthening increase. Compared with
other strengthening mechanism, the contribution of dislocation strengthening
dominates.

Keywords hydrogen embrittlement;pure iron;gradient microstructure
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Abstract Ni-Cr-Mo-V/Nb steel is widely used in deep sea structural material for their
interesting combination of excellent good properties such as high strength, good
lower-temperature toughness, good weld property and outstanding corrosion
resistance. Unlike traditional heat treatment, several novel process for
quenching-lamellarizing-tempering (QLT) or Quenching -Partitioning-tempering
(Q-P-T) heat treatments are proposed and applied to improve the strength and
ductility of steel by obtaining multiphases microstructure. The enrichment of austenite
stabilizing elements (C, or Mn) forms the austenite can enhance the ductility and
toughness of steel. Similarly, the same intention could be carried through to the high
Ni content of Ni-Cr-Mo-V/Nb steel by the enrichment of austenite stabilizing
elements (Ni) to form the austenite under suitable heat treatment process. It is
generally considered that the Ni-enrichment of film-like austenite can greatly improve
the low-temperature toughness of the steel. Unfortunately, when used in deep-sea
environment, especially under cathodic protection, high-strength steel is most
susceptible to hydrogen embrittlement (HE) !#. However, the role of reversed
austenite (RA) on the HE in this Ni-Cr-Mo-V multiphase steel has not been fully
understood.

Herein, we present the interesting study on the hydrogen embrittlement behavior of
three kinds of steel with the same composition and different heat treatment process.
Hydrogen diffusivity and activation energy between hydrogen and trapping sites were
measured by hydrogen permeation test and TDS. The microstructure and fracture

morphology were observed by scanning electron microscopy (SEM). Transmission
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electron microscopy (TEM), electron backscattered diffraction (EBSD) analysis and
X-ray diffraction (XRD) were used to analyze the microstructure of steel and RA. On
this basis, the effects of different microstructures and RA content on the hydrogen
embrittlement resistance of NiCrMoV/Nb steel were studied.

The Microstructure and RA significantly affect the hydrogen permeation behavior.
The hydrogen diffusion rate of the three steels decreases in the following order: Defr
(Q)> Defr (QLT)> Detr (QT). The QT steel shows a noble HE resistance for the lowest
hydrogen diffusion and maximum apparent hydrogen concentration. TDS results
confirms that RA has a higher the activation energy as 32.5 kJ/mol in NiCrMoV/Nb
steels, which can act as a stable hydrogen trapping site. However, RA can also
transform to martensite under the combined action of sufficient hydrogen and tensile
force which deteriorates the HE resistance. Thus, QLT steel containing more RA was
found to have more hydrogen embrittlement susceptibility. With the difference of heat
treatment in the following orders: Q, QT and QLT, the main fracture mode changes
from typical intergranular fracture to quasi-cleavage fracture, and dimples were also
observed in the tensile fracture surface of QT specimen. QT specimen exhibits the
best resistance to hydrogen embrittlement with the lowest hydrogen diffusion and

good austenite stability.
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Figure 1 H desorption rate curves obtained from the TDS at different heat rates of
100°C/h. 200°C/h and 300°C/h for QLT with H-charging. (b) plot of In(®/T,?) vs.
1/Ty to calculate Ea for hydrogen desorption

Tablel Peaking temperature of specimens at different heating rates and activation
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energy (Ea).

Accumulated
Temperature of
Specimen Heating rate (°C/h) hydrogen content Ea, kJ/mol
Desorption peak (°C)
(wt. ppm)
100 349.95 0.458
Q 200 373.25 0.526 23
300 393.45 0.506
100 383.55 3.402
QT 200 423.55 3.543 19
300 441.85 3.545

peak1=365.38
100 3.013
peak2=420.95

peak1=385.70 Ea;=25.6
QLT 200 3.039
peak2=456.49 Ea,=32.4

peak1=404.01
300 3.121
peak2=475.90

Corresponding author: Cuiwei Du, Processor,(1972-).Her research directions include
corrosion in soil environment and microbiologically influenced corrosion.
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Abstract Owing to the intricate interfacial structure and the presence of metastable
austenite, multiphase stainless steel is susceptible to hydrogen embrittlement,
mandating the control of hydrogen embrittlement resistance. The addition of Nb
significantly enhances the hydrogen embrittlement resistance of single-phase steels.
Therefore, this investigation aims to examine the impact of Nb alloying on the
hydrogen embrittlement behavior of multiphase stainless steel and expound upon its
underlying mechanisms. The following conclusions were drawn from this study: The
hydrogen embrittlement sensitivity of multiphase stainless steel is reduced by 10%
upon the incorporation of Nb. Nanoscale NbC precipitates within the austenite phase
and at the austenite/martensite phase interfaces, impeding hydrogen diffusion and thus
inhibiting crack initiation. NbC also precipitates within the ferrite phase and
martensite phase, impeding crack propagation. Residual austenite in Nb-containing
steels also possesses higher stacking fault energy, contributing to a reduction in

hydrogen embrittlement sensitivity.
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Abstract Fatigue crack growth rates of 316LN stainless steel were determined in
pressurized water at various loading frequencies with 12 compact tension specimens.
The fatigue crack growth rate was higher for longer load-rising time. The
environmental-enhancement factor on da/dN by primary water increases with
increasing load rising time from 5s to 500s at 320 °C. A higher stress intensity
amplitude tends to result in a lower environmental effect on da/dN.
Keywords 316LN stainless steel; Primary water reactor; Environmentally assisted
fatigue; Crack growth rate; Various loading frequencies.
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Abstract A selection of suitable materials is critical for the safety of any hydrogen
application. Most engineers know that hydrogen embrittlement and other
hydrogen-specific damaging mechanisms of various metallic materials represent
serious threats. The deleterious hydrogen effects and provoked degradation of
mechanical properties of steel are expressed in diverse forms and often in opposite
ways, including both softening and hardening phenomena, depending on three main
factors: material, mechanic, and environmental. The HELP+HEDE model for
synergistic action of hydrogen embrittlement (HE) mechanisms defined that the
previous HELP mechanism activity is not always necessary for the activation and the
observed complete predominance of the HEDE mechanism (“non-HELP mediated
decohesion” process activation) at high local/global hydrogen concentrations in steels

[1-8].

According to the HELP+HEDE model, the degree and nature of decreases in the
material’s resistance to the crack propagation (steady-state linear decrease or the
sudden drop) in steel are strictly related to the local/global hydrogen concentration in
metals. Therefore, the synergistic effects of HE mechanisms are reflected through the
corresponding predominance of HELP (at lower hydrogen concentration) or HEDE
mechanism (at higher hydrogen concentration after reaching the critical local/global
concentration) of hydrogen embrittlement. In our recent attempt to provide further
progress in understanding the synergy of HE mechanisms, we proposed the unified
HELP+HEDE model [9]. Accordingly, the "local HEDE micro-incidents" (grain
boundary decohesion, fissures, and initial IG micro-cracks) as discrete micro-scale
incidents, appear at a high local hydrogen concentration, but at still moderate global

concentration, lower than the critical [9]. In such a case, the HELP mechanism is still
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predominant (HELP+HEDE, HELP>HEDE), macroscopically speaking. According to
the unified HELP+HEDE model, for the full macro HEDE mechanism manifestation
(sharp drop in macro-mechanical properties and crack propagation resistance) and its
dominance (HELP+HEDE, HEDE>>HELP), the necessary prerequisite is “the
macro-volume effects” of HEDE. This means the appearance and accumulation of a
large enough number of local HEDE micro incidents in a small volume. The new
"local HEDE micro-incidents" concept at the local hydrogen concentration above the
critical one, tries to bridge the gap between the various scales (macro, micro-meso,
and nano-atomic) in the understanding of the physics of HE.

This Invited talk provides the summary of new insights and experimental and
modeling confirmations [10,11] about the HELP+HEDE model for the synergistic
action of hydrogen embrittlement in metallic materials.
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Abstract Monel 400 alloy has extremely high reactivity in hydrofluoric acid (HF)
vapor and can rapidly cause stress corrosion cracking (SCC) [1-4]. Stress corrosion
crack initiation is the main part of the stress corrosion life of serviced materials, so
understanding the law of stress corrosion crack initiation and quantitative evaluation
will provide an important reference for stress corrosion life prediction. The stress
corrosion crack initiation rule of Monel 400 alloy in HF vapor environment was
studied using SEM-DIC technology, and effective micromechanical parameters were
extracted to identify crack initiation. The results show that neither the crystallographic
index nor the existing microscopic crack initiation criterion can effectively predict the
stress corrosion crack initiation of Monel 400 alloy in HF vapor [5-13]. In this study,
a new index based on the microscopic strain field is proposed, and the crack initiation
is highly correlated with the microscopic normal strain. For intergranular cracking
(IGC), when the normal strain difference in grain boundary (GB) is greater than 2%,
the crack initiation probability is as high as 95%. For transgranular cracking (TGC),
the probability of crack initiation exceeds 95% when the normal strain in TG is
greater than 4.4%. Furthermore, according to the geometric characteristics of GB and
slip plane, the normal strain of GB and intra crystal are normalized respectively, and a

parameter F is proposed which can accurately predict IGC and TGC initiation with a

87



prediction accuracy of 100%.

Keywords Monel 400 alloy; Stress corrosion cracking; Crack initiation, SEM-DIC;
Transgranular cracking;
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Abstract Stress corrosion cracking (SCC) is one of the major threats to the
operational safety of load-bearing structure or materials in many industrial feilds.
SCC mechanism has been widely emphasized by the industry and is the basis of SCC
diagnosis, assessment and protection. Authors of this work conducted an in-depth
study on the electrochemical mechanism of stress corrosion and its applications for
decades.They found that SCC of steels is an interactive process of fracture and
electrochemical reactions, and its two-dimensional characteristics of cracking and
expansion determine that SCC has non-stationary electrochemical properties. The
fresh metal surface continuously exposed by crack expansion and the non-stationary
electrochemical process caused by dislocation outcrop movement are the two main
non-stationary electrochemical processes in the SCC process, which have a decisive
influence on the SCC and its mechanism. Due to the above two mechanisms, SCC in
aqueous phase media is generally characterized as controlled by a mixture of anodic
dissolution and hydrogen embrittlement mechanisms (AD+HE). Based on the above
understanding, a quantitative theoretical model for SCC sensitivity and life prediction
is proposed, and various SCC monitoring and detection techniques as well as
composition design methods for SCC-resistant steels are established and have been
applied in a large number of engineering applications.
Keywords Stress corrosion cracking, Non stationary electrochemistry, Prediction
model, SCC-resistant steel
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Abstract Under the background of carbon peaking and carbon neutralization, there is
an increasing demand for advanced hydrogen embrittlement (HE) resistant high
strength steels and novel mitigation methods. This report briefly reviews the
discovery and recognition of HE, the three-step processes of HE, and gives a
comprehensive description of HE mitigation strategies. In the aspect of the
permeation of hydrogen into high-strength steel, the influences corrosion product film
and alternating stress on the hydrogen permeation are reported, which verifies the
feasibility of using corrosion film to actively mitigate hydrogen permeation and HE.
Regarding the hydrogen trap design in high strength steel, the recent advances in the
design and fabrication of second phases-induced hydrogen traps, such as inclusions

and precipitates are described in detail. In the section of hydrogen-induced cracking
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control, the progress of using grain boundary engineering and segregation to suppress
hydrogen cracking in recent years are discussed. Finally, based on the above contents,
the future developing directions of HE research are prospected.

Keywords high strength steel; hydrogen embrittlement; hydrogen permeation
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Abstract As a significant cause of disastrous accidents, stress corrosion cracking
(SCC) has delayed for a century since the so-called season cracking attacked metallic
structures. The SCC is akin to a cancer in materials and equipments owing to no
systematic insight into the predictive and protecting mechanisms. In this work, the
SCC under elastic and plastic loads was investigated in type 316L stainless steel
during immersion of a boiling 45 wt.% MgCl, solution. Two- and three-dimensional
microcrack morphologies, characterized using synchrotron-based X-ray computed
tomography and so on, indicate that the SCC cracks advanced along the cleavage
planes (1 0 0) without accompanying surface slipping at the elastic stress levels, and
switched to the intergranular mode at the high plastic stress levels. The first-principles
simulations show that synergistic adsorption of H and CI atoms in the octahedral
interstices minimized the surface energy of the cleavage planes (0 0 1) owing to a 73%
reduction, in comparison to a 28% reduction only under the H-adsorbed condition. On
the basis, the cleavage-dissolution mechanism has been put forward, proposing that
the SCC essentially originates from brittle rupture of corrosive environment particles
assisted low-surface-energy cleavage facets, and anodic dissolution along the crack

fronts, which is unnecessarily dominated by or depends on dislocation emission.
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Wherein, the corrosive environment particles primarily consist of the hydrogen atoms
and the electronegative ions such as the chlorine ions during the SCC of stainless steel
in chloride environment. Quantitatively, the resistance, Rscc, of SCC initiation and
propagation can be redefined as: Rscc = 2ys - We or Rscc = 2ys + yp - We + W), where
W is the environmental work including the Gibbs’ adsorption energy, the elastic strain
energy as well as the diffusion activation energy, while W, is the additional plastic
deformation work related to local dislocation pinning.

Keywords Stress corrosion cracking; Brittle cleavage; Crack growth resistance;

Corrosive environment particle
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Abstract Blending gaseous hydrogen into the existing natural gas pipelines provides
an economical and efficient approach for large-scale hydrogen energy transportation.
Hydrogen atoms can be generated and adsorbed on the steel surface by dissociative
adsorption [1], followed by the absorption, diffusion and accumulation, and finally
may lead to hydrogen embrittlement [2]. The above steps are highly influenced by the
gas components [3]. Thus it is necessary to investigate the effects of gas components

on the hydrogen embrittlement susceptibility of pipeline steel. In-situ high-pressure
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gaseous hydrogen permeation tests and slow strain rate tensile tests of X80 pipeline
steel were conducted in the simulated hydrogen blended natural gas environments
with different H»/CH4/CO contents. The permeability characteristics, mechanical
properties and fracture morphologies were further analyzed. Results show that the
subsurface hydrogen concentration, ductility loss and hydrogen embrittlement
susceptibility increased significantly as hydrogen contents increased from 10% to
15%. Moreover, a positive correlation between subsurface hydrogen concentration
and hydrogen embrittlement index was revealed. The hydrogen embrittlement
susceptibility of X80 steel can be inhibited by the presence of CH4/CO, and the
inhibition mechanisms were discussed. When the CH4 contents increased above 20%,
the inhibition on hydrogen embrittlement of X80 steel was stabilized. By comparison,
the inhibitory effect of CO was more significant.

Keywords Hydrogen embrittlement; Hydrogen permeation; CH4; CO
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Abstract Metal tubes are the key components for heat and mass transfer in precision
instrument and advanced equipment. Superwetting coating plays an essential role in
drag reduction, corrosion resistance, heat transfer enhancement, and so on. However,
it remains a great challenge to prepare such a coating of superwettability inside
capillary tubes, in view of the spatial limitation. This presentation introduces the
fabrication of uniform and superwetting coatings at capillary tubes (inner diameter
0.3—-10 mm). The method of coaxial anodization is discussed. Theoretical equations
are derived to compute the intrinsic contact angles at the tubular system. Their

applications in drag reduction and in-vitro diagnosis are demonstrated and discussed.
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Abstract Recent interest has been shown in using additive manufactured magnesium
alloys in a range of different applications, from biomedical implants to aerospace.
However, corrosion rates of additive manufactured Mg alloys have been reported to
be higher than their as cast counterparts, and it is postulated that this due to increased
kinetics for the supporting cathodic reaction on secondary phases [1,2]. MgO
particulates are the main secondary phase in found additive manufactured alloys that
are absent from cast alloy and it has been shown that attempts to remove these does

impact the kinetics of the cathodic hydrogen evolution reaction [3]. However, the low
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electrical conductivity of MgO (bandgap 7.8 eV) would seem to preclude it from
acting as an effective cathode surface. Nevertheless, density of state calculations
through density function theory using hybrid HSE06 functional revealed overlapping
electronic states at the Mg/MgO interface, which facilitates electron transfers and
participate in redox reactions. Subsequent determination of the hydrogen absorption
energy at the Mg/MgO interface reveal it to be an excellent catalytic site, with HER
being found to be a factor of 23x more efficient at the interface than on metallic Mg.
The results not only support the plausibility of Mg/MgO interface being an effective
cathode to the adjacent anodic Mg matrix during corrosion, but also contribute to the
understanding of the enhanced cathodic activities observed during the anodic
dissolution of magnesium.

Keywords magnesium, additive manufacturing, corrosion
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Abstract Corrosion science and engineering has always played a critical role in the
energy sector due to the challenges associated with long term exposure of materials
and components to harsh environments. Similar issues exist for low carbon
technologies that are required in the global energy transition. For electrochemical
energy conversion and storage devices such as fuel cells, electrolysers and batteries,
the presence of a cell voltage adds a further driving force for degradation. It is critical
that corrosion expertise from established industrial sectors is transferred effectively to
the research communities developing these emerging technologies. In this talk, a case
study will be presented to demonstrate how transfer of knowledge from an established
industry (oil and gas) to an emerging technology (water electrolysis) can lead to major
breakthroughs.

Keywords corrosion, energy transition, oil and gas, water electrolysis
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Abstract The Electrochemical Impedance Spectroscopy (EIS) has been widely
applied to study the corrosion behavior and mechanism of different bare and coated

Mg-based materials. However, the analysis and interpretation of Mg-EIS results are
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controversial. Assignment of the observed time constants to the specific processes is
still debated. Despite wide application of EIS on Mg, diverse equivalent circuits are
used by different researchers to fit similar impedance spectra. The ambiguous
interpretations of the origin of time constants may cause the misleading explanations
for Mg corrosion behavior. Hence, it is essential to reveal the physical interpretations
of Mg impedance spectra for a better understanding of respective corrosion
mechanisms.

In this work, we thoroughly discussed the physical interpretations of time constants in
Mg impedance spectra, which are revealing for the investigating the corrosion
behavior of Mg and its alloys. Conventional [1] and Tribo-EIS measurements [2] were
performed to investigate the evolution of high frequency (HF) and middle frequency
(MF) capacitive loops in impedance spectra of pure Mg under different surface states.
The assignment of the HF time constant is confirmed through investigation of the
oxide/hydroxide films formed at Mg surface in NaCl solution with different initial pH.
Tribo-EIS measurements were performed to identify the origin of the HF and MF time
constants of Mg. The results indicate that the HF time constant originates from the
barrier properties of the MgO-based surface film and the MF time constant stems
from the charge transfer process. Additionally, the non-stationarity of EIS
measurement on several Mg-based materials in number of electrolytes was studied [3].
The results indicate that the impedance spectra of Mg-based materials in aqueous
electrolytes is influenced by the internal non-stationarity of Mg-electrolyte system and
the external non-stationarity induced by EIS measurement. Accordingly, the origin of
inductive behavior of Mg-based materials is discussed.
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Abstract Magnesium is a very active metal. Similarly, the corrosion process of
Mg-alloys in a 3.5% NaCl solution is very fast. Thus, it is very important to determine
its stationary when EIS measurement was used to study the corrosion process of
Mg-alloys in a 3.5% NaCl solution. In this study, the EIS characteristics of the
Mg-alloys with or without coating in a 3.5% NaCl solution were studied based on the
EIS measurement. Then, the equivalent electric circuits were set up on the EIS spectra
in accordance with the physical-chemical features of Mg-alloy electrodes with or
without coating in a 3.5% NaCl solution, and that they were used to fit the EIS spectra.
Finally, the stationary of the corrosion process of Mg-alloy electrodes with or without
coating was discussed on the basis of the function of real and imaginary part of the
impedance as frequencies. The results showed that the non-stationary of Mg-alloy

electrodes with or without coating in a 3.5% NaCl solution resulted from the
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reactivity of the material with the electrolyte, the very low frequency domain of the
EIS response showed a small tail, which is a typical behavior of a system that is not at
steady-state. This was proved by fitting goodness and the departure of the slopes in
plots of Zr or Zim vs. f from *1. Therefore, it should be careful to analyze and
interpret the EIS spectra.

Keywords Mg-alloys, chloride solution, corrosion process, EIS, SEM
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Abstract Fe-Ga alloy, as a new type of magnetostrictive material, has broad

application prospects in fields such as sonar transducers, ocean exploration and

development, and micro displacement drives. This article investigates the corrosion

behavior of Fe-Ga alloy in seawater environment. Using static corrosion full
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immersion experiments, combined with morphology observation, corrosion product
analysis, open circuit potential, dynamic potential polarization curve, and
electrochemical impedance spectroscopy testing. The corrosion morphology,
corrosion products, and corrosion rate of FesiGajo alloy immersed in simulated
seawater environment for different times were compared to analyze the corrosion
behavior of FesiGaio alloy in simulated seawater environment. The experimental
results show that the rust layer on the surface of FegiGaig alloy changes from yellow
to reddish brown, and the corrosion products gradually thicken. By observing the
cross-sectional morphology of FesiGaio alloy through SEM, it was found that the
corrosion products of FegiGaio alloy were distributed in a needle like manner, with
corrosion products ranging from 5 pm gradually thickens to 20 um. At the same time,
the corrosion pits on the substrate surface tend to gradually deepen. EDS, XRD, and
XPS characterization of the surface products of the sample showed that the corrosion
products were mainly composed of y- FEOOH, Ga»0s, Fe;Os. The corrosion rates of
Fes1Gay alloy soaked for 5 days, 10 days, 15 days, and 20 days in static corrosion full
immersion experiments were calculated using the weight loss method to be 0.060
g/(m? - h), 0.070 g/(m? - h), 0.066 g/(m? - h), and 0.080 g/(m? - h), respectively. As the
corrosion time increases, the capacitance arc radius gradually decreases, and the self
corrosion current density value first increases and then decreases. There is a clear
passivation plateau in the potentiodynamic polarization curve. The results indicate
that as the corrosion time prolongs, the corrosion resistance of FegiGaio alloy in
simulated seawater gradually weakens, and the corrosion rate continues to increase. It
mainly exhibits uniform corrosion in simulated seawater, and the oxide film and
corrosion products generated on the surface can have a certain protective effect on the
substrate.

Keywords Fe-Ga alloy, simulate seawater, corrosion behavior, electrochemical testing
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Abstract Expensive setup materials have imposed substantial restrictions on the
commercialization of green hydrogen production from water electrolysis. One crucial
material for the porous transport layers and bipolar plates of the setup is costly pure Ti,
which has superior corrosion resistance at the potentials above oxygen evolution [1-3].
In addition, Ti-based components are coated with noble Au or Pt to decrease contact
resistance and insulated oxidation, further enhancing the setup cost. Stainless steel is
significantly less expensive compared to pure Ti, and it has demonstrated its vital role
in a wide variety of industries. Unfortunately, the current development of stainless
steel has reached a stagnant stage due to the fundamental limitation of the
conventional Cr-based single-passivation mechanism. Owing to the further oxidation
of stable Cr;0O; into soluble Cr(VI) species, tranpassive corrosion often occurs at
~1000 mV, which is below the potential required for water oxidation [4].

Here, we show that, by using a sequential dual-passivation mechanism, substantially
enhanced anti-corrosion properties can be achieved in Mn-contained stainless steel,
with a high breakdown potential of ~1700 mV (saturated calomel electrode, SCE) in a
3.5 wt.% NaCl solution [5]. Specifically, the conventional Cr-based and
counter-intuitive ~ Mn-based passivation is sequentially activated during
potentiodynamic polarization. The Cr-based passive layer prevents corrosion at low
potentials below ~720 mV(SCE), while the Mn-based passive layer resists corrosion
at high potentials up to ~1700 mV(SCE). The present “sequential dual-passivation”
strategy enlarges the passive region of stainless steel to high potentials above water
oxidation, enabling them as potential anodic materials for green hydrogen production

via water electrolysis.
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Abstract The degradation of biodegradable metals typically initiates locally and
evolves variably, which is difficult to be captured by general experimental methods.
The advancement of spatially resolved local in operando techniques enables a
powerful in situ approach to study the degradation mechanism of biodegradable
metals at the metal interface, especially following the evolution of interfacial pH and
Oz concentration, which are substantial factors during the metal biodegradation. The
degradation behavior of biodegradable Mg, Zn, and Fe alloys are systematically
characterized by spatially resolved local techniques that measure local pH, O levels,
and H» concentration at the metal interface. The local pH indicates anodic/cathodic
process and formation of pH-dependent degradation products at metal interface. The
local O2/H> concentrations demonstrate typical cathodic reactions accompanying
metal degradation, including hydrogen evolution reaction (HER) and oxygen
reduction reaction (ORR).

The results reveal interfacial electrochemical processes of biodegradable Mg, Zn, and
Fe alloys. Counterintuitively, ORR, a secondary cathodic process for Mg, contributes
higher to the corrosion of slowly degrading ultra-high-purity Mg (16.5%) than in fast
corroding commercially-pure-Mg (1.3%). The dissolution of Mg typically induces
high local pH (10.4-10.6 in NaCl), which yet gets relatively low and stable (7.5-8.0)
in Ca**-containing Hanks’ balanced salt solution (HBSS, pH=7.4) without synthesis
pH buffers at 37 °C under hydrodynamic conditions. In contrast, Zn and Fe alloys
experience significant O2 consumption and localized acidification because dissolved
metal cations hydrolyze in HBSS at 37 °C. The interfacial pH variation is buffered in
Ca?*-containing HBSS due to Ca-P-containing precipitates. The addition of synthetic
pH buffers stabilizes the interfacial pH for Zn alloys but not for Mg. The
Ca-P-containing products layer protects Mg, Zn, and Fe alloys from water and oxygen

in Ca®"-containing HBSS, slowing ORR as the layer densify. These findings
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emphasize the importance of understanding the interactions at metal-fluid interface
during metal biodegradation.

Keywords local in operando techniques, interfacial pH, local oxygen consumption,
local hydrogen evolution, biodegradable metals
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Abstract Many properties have been used to indicate the corrosion resistance of
metallic materials. However, there is still no single property that can be used to
compare across different alloy system and predict the corrosion resistance of metallic
materials. Here, a universal scientifically based quantitative indicator called chloride
susceptibility index (CSI) is introduced based on a multi-scale modeling framework.
This framework can be applied to study the effect of different factors on corrosion
resistance of alloys, including alloy composition, solution pH, CI” concentration and
temperature. Commonly used Ni-Cr-based alloys and stainless steels will be used as
examples for this study. Firstly, ab initio modeling is used to study the adsorption
energy of O and Cl to alloy surfaces with different solutes. Then, a Langmuir model is
used to study the competitive adsorption of Cl vs. O under different conditions, from
which CSI will be calculated. By connecting atomic scale properties with
environmental conditions, CSI allows the predictable quantitative measurement of one
aspect of the corrosion resistance of metallic materials, namely the sensitivity of the
alloy surface to complexation with chloride versus oxide formation, which is related
to the repassivation property of alloys. Finally, experimental measured repassivation
potential is compared with CSI and a strong linear relationship is found between these

two.
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75. Effect of Heat Flow on the Corrosion Behavior of Carbon Steel H2SO04

Solution Interface

Effect of Heat Flow on the Corrosion Behavior of Carbon Steel H2SO4 Solution
Interface
Zeyu Zhou
Guangzhou University
Abstract Heat exchange processes and heat exchange devices are most widely used in
production and life. Convective heat transfer is a typical heat exchange process. In
order to find out the influence of heat flow on the corrosion behavior of heat transfer
surface, this study combined COMSOL simulation analysis to design and build an
electrochemical testing system, then the corrosion behavior of Q235 carbon steel in
0.5 M sulfuric acid solution under different heat transfer conditions was investigated
by weight loss method and electrochemical method. Based on the transition-state
equation, the enthalpy and entropy changes of transition-state formation in the
corrosion reaction control step were analyzed. The results show that positive heat
flow (flowing from metal to solution) reduces the corrosion rate of the heat transfer
surface, while negative heat flow (flowing from solution to metal) accelerates the
corrosion rate of the heat transfer surface. Under the test condition without heat flow,
the enthalpy change and entropy change of the transition-state formation in the
corrosion reaction control step don’t change significantly. However, when heat flows
through the heat transfer interface, the enthalpy change and entropy change have
changed significantly. The heat flux is linearly related to the entropy and enthalpy
change, and the change rate under the condition of negative heat flow is significantly
higher than that of positive heat flow. These results indicate that heat flow not only
changes the concentration of reactants near the interface, but also affects the rate and
mechanism of the corrosion reaction, and the effect of negative heat flow is greater
than that of positive heat flow. This study provides an experimental basis and

theoretical method for determining the corrosion rate in heat transfer environments.
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Abstract The effects of temperature and HAc on the corrosion behavior of X80 steel
were investigated by electrochemical measurements, including electrochemical
impedance spectroscopy and potentiodynamic polarization curves. Results showed
that the corrosion current density of X80 steel increased with the increased of
temperature. The near-surface pH values of X80 steel revealed that due to the
formation conditions of the corrosion film, differences existed between
electrochemical measurements and weight loss method results. The changes of
cathodic and anodic charge transfer resistance indicating that the mechanism of HAc
that affects the cathodic reaction process was found to be the buffering effect, and
HAc served as the source of H'.

Keywords Pipeline steel; Electrochemical impedance spectroscopy; Near-surface pH;
CO; corrosion
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Abstract B30 copper-nickel alloy has excellent corrosion resistance in seawater
environment, and the oxide film formed on the surface of the alloy has an important
effect on its electrochemical behavior. The electrochemical behavior of the oxide film
on the surface of B30 copper-nickel alloy was investigated by using the AC
impedance spectrum test with Gamry. In seawater environment, the electrochemical
behavior of B30 Cu-Ni alloy is divided into four stages, which are the incomplete

forming stage, the development and stability stage, the unstable stage and the local
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failure stage. A cellular automaton model was established to simulate and verify the
corrosion electrochemical behavior of B30 copper-nickel alloy in seawater
environment. The results show that the oxide film of the alloy has different effects on
the corrosion rate at different stages. With the increase of soaking time, the corrosion
rate increases first and then decreases, and then gradually becomes stable. At the same

time, the cellular automata model also visualizes the surface topography at mesoscale.
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Figure.l B30 copper-nickel alloy surface morphology and mesoscopic cellular automata model

diagram

Keywords B30 copper-nickel alloy; Electrochemical behavior; Alternating current
impedance; Seawater corrosion; cellular automaton
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100043, China

Abstract Hot dip galvanized products are widely used in various aspects of
production and life due to their excellent corrosion resistance. Some studies have
added a fourth trace alloying element to the zinc aluminum magnesium coating to
form a quaternary alloy for better performance. This article prepared four different
compositions of Zn-Al-Mg alloy ingots with trace amounts of Er added by induction

melting, including 1 #: Zn-1.7% Al-1.1% Mg-0.1% Er, 2 #: Zn-1.7% Al-1.1% Mg-0.5%
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Er, 3 #: Zn-7% Al-2% Mg-0.1% Er, and 4 #: Zn-7% Al-2% Mg-0.5% Er. Four
compositions of alloys were melted in a heating furnace with argon gas protection
atmosphere and solidification experiments were carried out under water cooling
conditions to obtain the solidification structure. The solidification structure and
corrosion behavior of Zn-Al-Mg alloy with Er addition were studied through
microstructure characterization and electrochemical testing. The type of precipitation
of Er compounds was predicted through phase diagram calculation. The
microstructure and phase types of the alloy were analyzed using scanning electron
microscopy (SEM), electron probe microanalysis (EPMA), and field emission
scanning electron microscopy (JSM-7001F). With the addition of Er, the solidification
structure of the alloy has been refined to a certain extent. From energy spectrum
analysis, the precipitated compound system Er>Zni7 has a density greater than that of
zinc liquid, which may generate bottom slag in actual hot dip plating processes, which
needs to be comprehensively considered. Finally, electrochemical testing was
conducted on various alloy samples using electrochemical methods. The Tafel
polarization curve test results and AC impedance spectrum test results show that the
corrosion resistance of low aluminum and low magnesium alloys added with Er is still
generally lower than that of magnesium products in medium aluminum. For similar
samples, the addition of Er is beneficial for improving corrosion resistance. Based on
the possible surface quality issues and the generation of zinc slag in actual products,
the effect of Er addition needs further evaluation. At present, there is little research on
the microstructure and properties of quaternary alloys containing Er. Therefore,
studying the influence of Er content on the microstructure and properties of alloys is
of great significance.

Keywords Er containing zinc aluminum magnesium alloy; Solidification structure;

Corrosion resistance; Er2Znl7
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Abstract Nearshore oil hydrocarbon pollution, offshore oil spill, marine oil and gas
development and utilization would all let metal materials that will be used in oil-water
environment exposed to the risk of corrosion damage by synergistic effects of
microorganisms and marine environment. Microbial corrosion in oilfield environment
is up to 50% of corrosion loss, and crude oil mainly affects corrosion damage of metal
materials through affecting microbial activities. Crude oil exposure increases the
abundance of hydrocarbon-degrading microorganisms in seawater and steel rust
layers, and the nitrate reduction and petroleum degradation functions of
microorganisms play a critical role in the microbial deterioration corrosion processes
of metal materials, especially for long-term anaerobic corrosion by sulfate reducing

bacteria. According to the microbial cell extraction and microbial diversity analysis of
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the rust layer, Shewanella sp. was found to exist in the X70 steel rust layer exposed to
marine oil-water environment for a long period, and belongs to the dominant
microorganism closely related to the long-term evolution mechanisms of steel
corrosion products. A strain of Shewanella algae with oil degradation function was
purified using the aerobic mineral salt solid agar plate from the rust layer, which could
catalyze the coupling processes of oxidation acid-producing of oil and X70 steel
pitting corrosion with oil as sole carbon source and iron ion as energy source. The
degradation substrates of S. algae are diverse, and the morphological expression of
flagellum and cilia on the cell membrane surface may form a tight metabolic
relationship between cells and between cells and iron minerals. In water layers
containing oil, the humic acid and oil species and content are related to the biofilm
formation and surface adhesion of S. algae in the deterioration corrosion system. And
the conversion of nitrogen containing compounds in petroleum and the deposition of
C and P elements on surface of X70 steel show the potential of microorganisms to
inhibit metal corrosion. As a facultative anaerobic microorganism, S. algae also
functions in degradation of anaerobic petroleum hydrocarbons, and may play a
significant role in the interface of aerobic and anaerobic rust layers in the long-term
oil-water immersion corrosion of steel materials.

Keywords Shewanella algae; Deterioration corrosion; Oil degradation; Microbial
corrosion; Rust layer mineral
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Abstract Molten Salt Reactor (MSR), one of the candidate reactor of the
“International Generation IV Nuclear Reactors”, adopts molten fluoride salt as the
fuel carrier and heat transfer media [1-3]. The molten fluoride salt circulates in the
reactor core and circuit piping at 600°C ~ 700°C. However, the strong corrosivity of
molten fluoride salt is a challenge to structural materials [4-9], threatening the safe
operation of MSRs. In practice, sparging a gas mixture of H> and HF is used to purify
the molten fluoride salt to reduce its corrosivity [10]. Meanwhile, purifcation
treatment in the metallic containers and the corrosion of metallic materials during the
operation of MSRs both can introduce metallic fluorides [11, 12]. Iron fluorides are
the common corrosion products, and their electrochemical behaviour is crucial to the
properties of molten fluoride salt. We experimentally found that relatively high
concentration of iron ions in LiF-NaF-KF (FLiNaK) salt results in the deposition of
metallic Fe on the alloy surface [13, 14]. Accordingly, the chemical valence state of
iron fluorides was analyzed through high-temperature ultraviolet-visible (UV-vis)
absorption spectroscopy, results suggest that Fe(I) is unstable and gets converted to
more stable Fe (III) through the disproportionation reaction: 3Fe (II) = 2Fe (III) + Fe
in FLiNaK salt [15]. The electrochemical behaviour of iron ions was studied through
CV and SWV. The conversion ratio of Fe (II) to Fe (III) in molten FLiNaK salt was
approximately 81.9% by calculation. Based on above chemical valence state analysis,

the corrosivity of iron fluorides on structural alloy was investigated and elaborated.
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The corrosion of Ni-based alloy in molten FLiNaK salt was aggravated by iron
fluorides due to the redox reaction: Fe (III) + Cr= Fe + Cr (III), resulting in the
formation of the Cr-depletion layer and Fe-rich layer [14, 15].

Keywords Molten salts; Molten salt reactor; Corrosion products; Electrochemical
analysis; High temperature corrosion
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Abstract Some approach or parameters were employed to indicate the state of stable
pitting such as the energy distribution obtained by the wavelet analysis or the Hilbert
spectra, the recurrence quantitative parameters obtained from the recurrence analysis,
and the noise resistance as well in the electrochemical noise analysis. The pitting
current density may be the key parameter for the stable pitting estimation which
determined the dissolution-diffusion sustainable dynamic balance in the pit according
to the theoretical framework proposed by Li, Scully, and Frankel. While the critical
pit stable product defined the accumulative effect under the high pitting current
density. The pitting current growth rate as well as its cumulative time was adopted
to indicate the stable pitting transition according to the electrochemical current
transient analysis in the stainless steel pitting process, which may provide the
quantitative indicator agreed with the theoretical framework.

Keywords Electrochemical noise; Stable pitting; Pitting current growth rate; Stainless
steel
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Abstract In this study, the interactions between a Ga-based liquid metal
(GLM)-GalnSn and some metal materials, including pure metals (Ni and Ti) as well
as alloys (316H stainless steel (SS) and GH3535), at 650 °C were investigated. The
goal was to evaluate their corrosion performance and select a suitable candidate
material for use as a molten salt manometer diaphragm in a thermal energy storage
system. The results indicate that the alloys (316H SS and GH3535) exhibited less
corrosion in the liquid GalnSn, relative to the pure metals (Ni and Ti). For all the
tested materials exposed to the liquid GalnSn, Ga-rich binary intermetallic
compounds (IMCs) were found to form on the surface of the metal materials as a
result of the decomposition of the liquid GalnSn and the reaction with the constituent
elements of the metal materials. The corrosion mechanism for all tested materials
exposed to the liquid GalnSn is also discussed and proposed, which may aid in
selecting the optimal candidate material when liquid GalnSn is used as the pressure
sensing medium.

Keywords Metal materials, liquid GalnSn, Corrosion, Intermetallic compounds,
thermal energy storage system
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Abstract Environmentally responsive self-repairing coating is a kind of coating
with self-repairing function when the surface coating film is damaged. In this
paper, the solvent evaporation method was used to prepare slow-release agent
microcapsules, which were added into the anticorrosion coating based on E-51
epoxy resin and matching curing agent to obtain the self-repairing anticorrosion
coating. The self-repairing anti-corrosion performance of the coating was
characterized and evaluated by optical microscopy, scanning electron microscopy,
thermogravimetric analysis, Fourier infrared spectroscopy, etc. The self-repairing
anti-corrosion performance of the coating was also analyzed by the mechanical
property test, the corrosive solution immersion test as well as the electrochemical
polarization curves and the AC impedance test. The results showed that when the

core-wall mass ratio was 1.2:1, the stirring rate was 800 r/min, and the
temperature was 38 °C was the optimal process conditions for synthesizing

microcapsules. The coating with microcapsules has obvious signs of healing, and
the current density is of a lower order of magnitude, and the impedance modulus
is large indicating better corrosion resistance.

Keywords Environmental response;Self-healing;Microcapsule; Epoxy resin
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Abstract 6061 aluminum alloy is a material commonly used in Marine equipment.
6061 aluminum alloy is a material commonly used in Marine equipment. The
galvanic corrosion behavior of 6061 aluminum alloy in simulated seawater was
studied by electrochemical method and surface analysis technique. The results
show that when aluminum alloy is used in contact with metal, it is usually anode,
and the coupling contact accelerates the pitting process, and the acceleration
tendency of galvanic corrosion becomes more serious with the increase of
potential difference and surface area of contact metal. The galvanic corrosion
behavior of 6061 aluminum alloy in simulated seawater was studied by
electrochemical method and surface analysis technique. The results show that
when aluminum alloy is used in contact with metal, it is usually anode, and the
coupling contact accelerates the pitting process, and the acceleration tendency of
galvanic corrosion becomes more serious with the increase of potential difference
and surface area of contact metal.

Key words galvanic corrosion; Aluminum alloy; EIS
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Abstract Magnesium alloy anode materials for seawater battery were prepared by
adding high content of yttrium element, multiple free forging and hot extrusion. The
microstructure, crystallographic preferred orientation, electrochemical corrosion
performance, environmental discharge performance and microscopic corrosion
morphology in different directions of magnesium alloy anodes were studied. The
results showed that the grain orientation of Mg-10Y and Mg-20Y alloys along the ED
direction mainly consisted of (0 0 0 1) base plane, and the samples in TD direction
and ED direction were mainly composed of (1 0-1 0) and (2-1-1 0) crystal planes,
respectively. The different energy levels of dissimilar crystal planes lead to great
differences in electrochemical stability and corrosion resistance. The electrochemical
dissolution activity of (1 0-1 0) and (2-1-1 0) crystal plane was much larger than that
of (0 0 0 1) base plane. The corrosion dissolution mechanism of magnesium alloys
with high rare earth content was explained by different crystal surface activity models.
Keywords Corrosion, Discharge, Anisotropic, Magnesium alloy, Natural seawater
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ABSTRACT Microbiologically influenced corrosion (MIC) is a relative recent
research area in corrosion field. The most common corrosive microorganism in MIC
is sulfate reducing bacteria (SRB), Desulfovibrio vulgaris. Meanwhile, stress
corrosion cracking (SCC) which induced by both applied stress on the metal and
corrosive circumstance, always cause ruptures in industrial fields such as pipelines or
storage tanks, leading to severe economic losses. The metabolic activities of D.
vulgaris provides corrosion on metal surfaces. Disaster accident in the industry often
occur when pipelines are subjected to both SCC and MIC. To solved this problem,
biocide, such as Tetrakis hydroxymethyl phosphonium sulfate (THPS) was used to
inhibit microbial growth. X80 pipeline steel is a widely used material for oil and gas
pipelines which is susceptible to the both MIC and SCC. Hence, it is important to
investigate the how to mitigate the SCC behavior of X80 steel induced by MIC under
continuous mechanical stress, using X80 U-bend coupon which provide the

continuous stress on the X80 steel. X80 U-bend coupons were immersed in ATCC
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1249 culture medium (250 mL in 450 mL anaerobic bottles) inoculated with D.
vulgaris. Following a 14-day incubation period of D. vulgaris in ATCC 1249 culture
medium at 37 °C with X80 U-bend coupons, the weight losses results were 2.7 mg
cm 2 (0 ppm), 1.4 mg cm 2 (15 ppm), 1.1 mg cm 2 (30 ppm), 0.7 mg cm 2 (45 ppm)
and 0.5 mg cm 2 (60 ppm), respectively. The sessile cell counts were 9.3x107 cells
cm 2 (0 ppm), 3.9x10% cells cm 2 (15 ppm), 1.6x10° cells cm™ (30 ppm), 3.0x10°
cells cm ™2 (45 ppm), 1.0x10° cells cm™2 (60 ppm) , respectively. The planktonic cell
counts were 2.1x10% cells mL ™! (0 ppm), 2.8x10° cells mL~! (15 ppm), 1.2x10° cells
mL™! (30 ppm), 5.0x10* cells mL™! (45 ppm), 2.0x10* cells mL™' (60 ppm) ,
respectively. The SEM images of cracking on the X80 U-bend illustrated that the
cracks on the X80 U-bend that induced by D. vulgaris decreased with increasing
THPS concentration. Open circuit potential (OCP), electrochemical impedance
spectroscopy (EIS), linear polarization resistance (LPR), and potentiodynamic
polarization results corroborated the increasing THPS concentration corresponding
decreasing MIC rate, which mitigate the SCC activity of X80 steel. Meanwhile,
depending on the theoretical calculation, the adsorption mechanism of THPS and X80
U-bend are both physical absorption and chemical absorption.

Key words Microbiologically influenced corrosion, Sulfate reducing bacteria, Stress

corrosion cracking, THPS.
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Abstract Hydrogen energy is a secondary energy source that meets the requirements
of resources, the environment and sustainable development. Hydrogen transport is an
essential part of hydrogen energy utilization, such as hydrogen production, hydrogen
storage, hydrogen transport and hydrogen use, and pipeline transportation is the most
economical and efficient transportation method. The research and development of
hydrogen transport pipeline is a typical example of realizing the national "dual
carbon" strategic goal through scientific and technological innovation. With the urgent
need for safe long-distance and large-scale transport of hydrogen, there is a pressing
need to investigate the compatibility of pure hydrogen and natural gas/hydrogen
mixtures long-distance pipelines. In this paper, we focus on hydrogen-doped pipes
with high steel grade and low hydrogen pressure, and pure hydrogen pipes with
intermediate or low steel grade and high pressure. Partly research works on the safety
evaluation of X80 hydrogen-containing pipelines for simulated coal-to-gas
transmission and on the factors affecting the hydrogen brittle resistance of pure
hydrogen pipelines were introduced, respectively. The results show that, for
high-grade pipes in service, hydrogen compatibility tests should be performed before
hydrogen mixing to prevent various defects from causing hydrogen damage during
hydrogen mixing. Under the high-pressure hydrogen environment, the acicular ferrite
microstructure had better hydrogen embrittlement resistance than the polygonal ferrite
+ bainite microstructure. Metallurgical defects such as large M/A constituent, strip
microstructure, and MnS inclusions could lead to hydrogen damage in medium and
low-grade pipe steel in different hydrogen pressure environments under stress
coupling.

Keywords hydrogen transmission, hydrogen doped, pure hydrogen, hydrogen

compatibility
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Abstract The magnesium-air (Mg-air) battery, known for its exceptional energy
density and cost-effectiveness, holds the potential to revolutionize applications that
conventional rechargeable batteries have yet to conquer [1]. This includes serving as
range extenders for electric vehicles and powering long-range drones. However, the
long-standing barrier of the efficiency-voltage trade-off has hindered its widespread
adoption, impeding further advancements in energy density [2]. we surmounted this
obstacle by pioneering a novel active learning framework specifically tailored to
screen high performance magnesium anodes. The innovative framework integrates the
physically interpretable variables, machine learning, Pareto front exploration,
experimental feedback, and feedback from generated data. Within an extensive
compositional space (~350,000 possibilities), we have pinpointed a novel anode,
Mg-1Ga-1Ca-0.5In, with exceptional energy density (2548+220 W h kg™!). We have
identified that the excellent performance of Mg-1Ga-1Ca-0.5In is attributed to the
concept of "grain boundary activation" and "intra-grain inhibition". This concept
stands apart from the conventional design concept commonly reported in existing
studies, which primarily emphasize the influence of second phases on discharge
behavior, with the impact of solute atoms on discharge behavior overlooked. We
believe that our findings hold immense promise for the future of energy storage.
Keywords Magnesium anode; Corrosion; Machine learning; Theoretical calculation
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Abstract The control of temperature gradient determines the accuracy of
thermal-mechanical fatigue test results. There are no clear regulations on the types of
magnetic induction coils, the distribution of thermocouples, and the definition of
temperature gradients in the testing methods for thermal-mechanical fatigue both
domestically and internationally. In this study, the individual and hybrid effects of
different types of magnetic induction coils and the distribution of thermocouples on
the temperature gradient of thermal-mechanical fatigue were investigated. Thermal
strain and zero pressure tests are measured under different turns of the induction coil
and spacing between thermocouples. The significant finding of this study is the effect
law of magnetic induction heating parameters on the temperature gradient of

thermomechanical fatigue.

Keywords thermal-mechanical fatigue, temperature gradient
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Abstract Hydrogen energy is a secondary energy source that meets the requirements
of resources, the environment and sustainable development. Hydrogen transport is an
essential part of hydrogen energy utilization, such as hydrogen production, hydrogen
storage, hydrogen transport and hydrogen use, and pipeline transportation is the most
economical and efficient transportation method. The research and development of
hydrogen transport pipeline is a typical example of realizing the national "dual
carbon" strategic goal through scientific and technological innovation. With the urgent

need for safe long-distance and large-scale transport of hydrogen, there is a pressing
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need to investigate the compatibility of pure hydrogen and natural gas/hydrogen
mixtures long-distance pipelines. In this paper, we focus on hydrogen-doped pipes
with high steel grade and low hydrogen pressure, and pure hydrogen pipes with
intermediate or low steel grade and high pressure. Partly research works on the safety
evaluation of X80 hydrogen-containing pipelines for simulated coal-to-gas
transmission and on the factors affecting the hydrogen brittle resistance of pure
hydrogen pipelines were introduced, respectively. The results show that, for
high-grade pipes in service, hydrogen compatibility tests should be performed before
hydrogen mixing to prevent various defects from causing hydrogen damage during
hydrogen mixing. Under the high-pressure hydrogen environment, the acicular ferrite
microstructure had better hydrogen embrittlement resistance than the polygonal ferrite
+ bainite microstructure. Metallurgical defects such as large M/A constituent, strip
microstructure, and MnS inclusions could lead to hydrogen damage in medium and
low-grade pipe steel in different hydrogen pressure environments under stress
coupling.

Keywords hydrogen transmission, hydrogen doped, pure hydrogen, hydrogen

compatibility
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I Transportation Design Institution, China Academy of Art, Hangzhou, 310002
2 School of Materials Science & Engineering, Nanyang Technological University,
Singapore, 639798, Singapore yuanzhe(001@e.ntu.edu.sg (Y.Z. Li) &
wchoo004@e.ntu.edu.sg (W.L. Choo)
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Abstract Marine structures are commonly affected by biofouling problems caused by
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marine microorganisms like marine worms and sea squirts. However, the practical
application of traditional Reactive Oxygen Species (ROS) materials for
anti-biofouling purposes is limited due to inadequate underwater lighting.
Additionally, photocatalytic materials often possess hydrophilic and porous properties
that can promote biofilm adhesion. To address these challenges, a modified polyurea
platform with nano-microstructure and low surface energy is developed. This platform
reduces biofilm and bacterial adhesion while simultaneously reducing resistance
between the fluid and the coating surface. The antibacterial and drag reduction
mechanism of nano titanium dioxide in the polyurea system has been systematically
studied through surface characterization, biological analysis, and microchannel fluid
drag reduction experiments. A certain weight percentage of nano titanium dioxide was
able to form a uniformly riblet structure similar to shark skin grooves on the polyurea
surface, which ensures that the surface morphology of the coating facilitates fluid
flow in the same direction, thereby minimizing momentum transfer and outward
jetting of eddies in the boundary layer and enhancing the drag reduction effect in
microchannels. Additionally, nano titanium dioxide can produce ROS, which has a
photocatalytic degradation effect on biofilm proteins, destroying cell membranes and
reducing their adhesion. By adjusting the formula of different components in the
coating system, biofilm adhesion can be sustained below 5x105 CFU/ml, and the
coating surface drag reduction rate can be maintained above 3.0 %. The modified
polyurea platform with nano titanium dioxide can effectively reduce biofilm adhesion
and drag resistance, and the mechanism of photocatalytic degradation of biofilm
proteins by ROS can further improve the anti-biofouling performance. This research
provides a novel approach to preparing functional antibacterial and drag-reducing
composite surfaces and has potential applications in marine structures to reduce
biofouling problems and improve their performance in drag reduction.

Keywords Marine Structures, Antibiofouling, Reactive Oxygen Species,

Nanotitanium Dioxide, Polyurea, Drag Reduction
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Advanced surface analytical methods for corrosion research
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Abstract In this lecture the use of advanced surface analytical methods for corrosion
research will be exemplified for different topics in which fundamental understanding
of mechanisms of corrosion is required to then design new highly corrosion resistant
alloys, new corrosion inhibitors or new surface treatments.
The contents of the lecture will be as follows:
- high resolution techniques for corrosion research
- new alloys containing Cr and Mo for enhanced passivity
- replacement of CrVI in conversion layers on Al alloys

- corrosion inhibition by organic molecules
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A case study on a failed superheater used in a biomass thermal power plant:
Metallurgical investigation.
Thee Chowwanonthapunya
Abstract This case study presents the metallurgical investigation on the failed
superheater tube used in a biomass power plant. To analyze the causes of the
superheater tube failure, visual inspection, microstructural examination, chemical
analysis, and hardness measurement were employed. Results from the investigation
indicate that the main cause of this failure was related to the long-term overheating,

subsequently leading to the occurrence of excessive thermal oxidation and
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graphitization. The excessive thermal degradation accelerated the loss of the wall tube
thickness, thus raising the stress acting on the tube. Graphitization degraded the
microstructure of the tube, reducing the mechanical performance of the tube. The
combination of two negative effects contributed to the premature rupture of the tube.
Materials with higher high temperature degradation, such as SA213 T22 , are
suggested to replace the failed tube. Temperature monitoring and mapping in such

high temperatures is also recommended.
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All-In-One passive, active and self-healing properties control of epoxy coating by
microenvironment regulation for long-term anticorrosion
FEE, N
PEGHAZ (FEF)D
Abstract With excellent mechanical strength and structural stability, metal materials
have played an important role in the development of social modernization. However,
the inevitable corrosion phenomenon in the service process not only causes direct
economic losses, but also seriously endangers public security and restricts the
in-depth development of social economy, which has become a major problem to be
solved urgently.[1] For a long time, coating technology has made irreplaceable
contributions to metal corrosion protection because of its convenient operation and
excellent anticorrosion performance.[2] In essence, the coating relies on the shielding
effect of its own structure for the corrosive medium to realize the corrosion protection
of metal, and its anticorrosion ability gradually weakens with the extension of time.[3]
Stimuli-responsive coatings can self-repair their own anticorrosion function in
response to environmental changes, but they do not exhibit ideal long-term protective
effect due to the lack of ability to regulate corrosive media, while this is vital to

ractical metal protection.[4] Herein, a novel “coating microenvironment regulation”
9
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concept based on well-designed nanofiller is proposed to realize long-term
anticorrosion. The introduced nanofiller is to simultaneously endow coatings with
corrosive media shielding, active oxygen consumption and stimuli-responsive
functions, thus “three birds with one stone”. The target nanofiller exhibits excellent
oxygen depletion performance and is uniformly dispersed in the coating to construct
steric hindrance against corrosive media. This dual effect allows composite coating to
maintain the excellent anticorrosion performance over 60 days under oxygen
environment. In addition, the nanofiller can release inhibitor at corrosion sites in
response to environment change when coating is damaged, so as to restore the
protective ability of coating. Such multifunctional coating exploration overcomes the
protective limitation of current self-healing coatings and sheds light on the design of
intelligent long-term anticorrosion coatings.

Keywords coating; long-term  protection; microenvironment regulation;

stimuli-responsive self-healing.
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Abstract In this decade, fresh demands from law makers and the public are
challenging how we design our traditional corrosion protection systems for metals.
This applies to both active polymeric coatings and hard metallic coatings (such as
galvanising). It is now expected that such protection systems contain no toxins, but
also be “sustainable” and at the end of there life be able to be processed to began
again a new life. Thus, consumer and legislative demands have shifted past the
performance demands from the 60-90’s and even the non-toxicity requirements from
the 90-10’s. To meet these enhanced demands, we need new design and discovery
methods that can allow us to shift away from incremental adjustments to our standard
systems but look to see if totally different systems may provide corrosion projection.
However, when we broaden the potential systems, the design possibility or the
discovery spaces expands dramatically, and we thus need fast experimental, digital, or
a combination of these methods to select the optimum solutions. In this paper, the
development of transformational discussion methods applied to corrosion inhibitors
and aluminium-based coatings to galvanically protect galvanised steel will be
discussed.

The restriction or banning of chromates (such as strontium chromate) as inhibitors in
paints to protect a wide range of metals (structural aluminium, steel, etc) gave rise to a
large range of research searching for inhibitors. One of the most popular alternatives
was small heterocyclic molecules with attached and active ligands for atmospheric
corrosion or (bio-)tensides or bulky . As the exact structure of such molecules is
critical, there are tens of thousands of candidate molecules. Fast experimental or
virtual methods or a combination are required to down select candidates from these
candidates. During the last decades, RMIT and partners have applied various
strategies aimed at “inverse design”. That is understanding the features that promote
inhibitions and then using these features to down select from the candidate materials.
Each strategy relied on developing molecular level descriptors of inhibitors and
databases of the electrochemical performance and connecting these using either QPSR

(quantitative property structure relationships) or various machine learning and
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artificial intelligence methods. Successive methods have refined both the molecular
descriptors and the size and quality of the experimental databases. The latest modest
are very effective in describing the connection between molecular descriptors and
electrochemical data, but the prediction capability of the models still needs
enhancement. Two strategies are being pursued to enhance this predictive capability,
deepening the fundamental knowledge of inhibition and formation of inhibition layers,
and developing refined learning approaches. Advanced molecular modelling that uses
the hybrid quantum mechanics/molecular mechanics (QM/MM) method combined
with non-equilibrium Green’s functions (NEGF) formalism to include the electrode
potential effects and accurately simulate inhibitor/surface interactions at a charged
interface in a solution is providing a refined understanding of both inhibitor bonding
to a surface and inhibitor layer formation. Experimental studies are refining our
understanding of inhibitor layer stability. In the second approach, “evolutionary
algorithms” are combined with robotic experimentation. In this approach, rather than
construct large databases, one begins with a constrained selection of possible
inhibitors that are tested via robotic electrochemistry, and then a refined set of
molecules is derived by “mutating” the original selection based on this testing results
and the mutated selection is then tested and the process continues until an optimum
selection of inhibitors is obtained.

In the third application, the team is looking to replace the galvanic protection of steel
via traditional zinc galvanising with the protection of an aluminium coating derived
from waste. Use of fresh zinc has a high energy cost and is leading to depletion in
the supply of zinc. Intrinsically this should be possible as aluminium is significantly
more electro-negative than zinc and should offer stronger galvanic protection for steel.
However, the formation of a dense oxide on aluminium passivates it and prevents
galvanic protection. Nonetheless, if a coating can be developed that does not passivate,
then the galvanic protection will be maintained. This is the aim of a major European
project, Alcoat, and what is central to this project is combined atomic level and

electrochemical modelling to select the optimum alloy compositions.
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Corrosion behavior of monophasic and multiphasic AIS0Au50 ribbons
in AICI3 + HCI solution
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Ministry of Education, Shandong University, Jinan 250061, China
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Perth, WA6027, Australia
Abstract Monophasic AISOAu50 ribbons (labelled as S2ann) were obtained by melt
spinning and annealing. The corrosion properties of S2ann were investigated
in AICI3 + HCI1 solution with as-spun multiphasic ribbons (labelled as S2sp) for
comparison. S2annis self-passivated and has a wide passivation region, while
S2sp tends to undergo Al2Au-induced selective dissolution under anodic polarization.
Besides, S2ann has a fluctuant open-circuit potential and a passive film with p-type
semiconductor feature, which are not found in S2sp. The passive film of
S2ann is examined to be Au-contained A1203 with a double-layer structure.
Keywords AlAu alloy; Passive film; OCP fluctuation; Space-charge region;
Au-contained A1203.

97.Effect of the impurities in LiF-NaF-KF molten salt on the corrosion behavior

of GH3535 alloy

Effect of the impurities in LiF-NaF-KF molten salt on the corrosion behavior of
GH3535 alloy

e

144



o1 [ R L I B Y PR T
Abstract The present work investigated the effect of the impurities in molten
LiF-NaF-KF (FLiNaK) salt on the corrosion behavior of GH3535 alloy at 7000C in
the time range of 50h to 400h by means of the immersion test combining with the
microstructural analysis. It was found that the impurities in the molten FLiNaK salt
had an obvious influence on the corrosion behavior of GH3535 alloy. In the 1# salt
with the low content of the impurities such as metal ions and HF, GH3535 alloy
exhibited the general corrosion. And the corrosion voids were formed in the
near-surface region of GH3535 alloy. The alloy corrosion is mainly attributed to the
selective dissolution of Cr. In the 2# salt with the high content of the impurities,
GH3535 alloy exhibited the intergranular corrosion. The alloy corrosion is mainly
attributed to the dissolution of the matrix element Ni with the exception of Cr and Mo.
The weight loss and corrosion depth of the alloy in both molten salts increased with

the increasement of the immersion time, while the corrosion type was not changed.
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China), Qingdao 266580, China
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Abstract The effects of temperature and HAc on the corrosion behavior of X80 steel
were investigated by electrochemical measurements, including electrochemical
impedance spectroscopy and potentiodynamic polarization curves. Results showed

that the corrosion current density of X80 steel increased with the increased of
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temperature. The near-surface pH values of X80 steel revealed that due to the
formation conditions of the corrosion film, differences existed between
electrochemical measurements and weight loss method results. The changes of
cathodic and anodic charge transfer resistance indicating that the mechanism of HAc
that affects the cathodic reaction process was found to be the buffering effect, and
HAc served as the source of H'.

Keywords Pipeline steel; Electrochemical impedance spectroscopy; Near-surface
pH; COz corrosion
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Abstract Incineration is the dominant technology for municipal solid waste (MSW)

treatment, with the advantages of rapid volume reduction and potential electricity-heat
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recovery. With the decrease of exhaust gas temperature, dew point corrosion of
materials in the flue gas purification system occurs more and more frequently. The
flue gas here contains a high content of water vapor and various acidic gases (HCI,
SOx, etc.), which upon condensing along with fly ash depositing can lead to corrosion.
This paper investigated the dew point corrosion coupled with ash deposition in a
complex environment in the flue gas purification system of MSW incineration. Using
our innovative self-designed simulation experimental apparatus, the quantitative
effects of ash particles, acidic gas, and temperature on electrolyte composition were
first investigated. Further, the electrochemical corrosion behavior of Q235 and
coatings was clarified by polarization tests and electrochemical impedance
spectroscopy. The results showed that the electrolyte mainly consisted of highly
corrosive salts such as CaCl2, KCl, and NaCl. The Cl- concentration of the electrolyte
was increased as the HCI in the flue gas varied from 0 to 600 ppm, reaching a
maximum of 2.23 mol/L at 600 ppm. However, Cl- and Ca2+ in the electrolyte were
significantly decreased by 33.0% and 47.3%, respectively, as SO2 increased (0-300
ppm). In addition, higher Cl- and Ca2+ contents in the solution also resulted from the
temperature decreasing (110 oC-50 oC), with HCI and SO2 beginning to condense
and more ions dissolution of ash. High Cl- concentration reduced the solution
resistance and charge transfer resistance, which resulted in raised corrosion rate.
Numerous corrosion products were found on the Q235, including FeCl2, Fe203,
FeOOH, etc, while the resin coatings exhibited high impedance and good corrosion
resistance. This study can provide guidance for corrosion control and waste heat
utilization in MSW incinerators.

Keywords MSW incineration; dew point corrosion; ash deposition; coatings
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Abstract Corrosion is a widely studied field of science. In order to understand
mechanisms of action of corrosion inhibitors, the reactions at the interfaces between
the corrosive electrolyte and a steel surface. This work is aimed at confirming the
assumption about the formation of a protective film and the chemical adsorption of
some triazole derivatives on mild steel surface by physicochemical methods.
4,5-diphenyl-4H-1,2,4-triazole-3-thiol (4,5-PhTAT) and
3.,4-diphenyl-5-(prop-2-yn-1-ylthio)-4H-1,2,4-triazole (3,4-PhPTTA) were researched
as corrosion inhibitors in acid solution (1 N, 5 N HCI and 0.1 N H2SO4). The
protonation/deprotonation equilibrium constants were computed using the Marvin
pKa Plugin program, with due consideration given to tautomerization. According to
the results of the calculations carried out, it has been shown that in acidic H2SO4
solutions, inhibitors 4,5-PhTAT and 3,4-PHPTTA exist in different forms:
3,4-PHPTTA molecules are predominantly protonated, while 4,5-PhTAT exists as
neutral molecules. Protection efficiency of 4,5-PhTAT and 3,4-PhPTTA increased
with increasing concentration of HCI solution from 1 N to 5 N [1,2]. More over
inhibition efficiency in H2SO4 is higher for both substances. Polarization curves
method noted that 4,5-PhTAT and 3,4-PhPTTA are mixed type inhibitors in H2SO4
and cathodic type in HCI solutions. There was redistribution in polar and dispersion
components of the free surface energy with adding triazole derivatives in corrosion
media. Redistribution in polar and dispersion components consist with different forms
of molecular existence [3].
Keywords mild steel, acid corrosion, triazole, inhibitor, potentiodynamic polarization,
activation energy, electrochemical impedance spectroscopy, adsorption.
Reference
[1] Plotnikova, M. D., Solovyev, A. D., Shein, A. B., Vasyanin, A. N., & Sofronov, A.

S. (2021). Corrosion inhibition of mild steel by triazole and thiadiazole derivatives in

148



5 M hydrochloric acid medium. International Journal of Corrosion and Scale
Inhibition, 10(3), 1336-1354.

[2] Plotnikova, M. D., Solovyev, A. D., Shein, A. B., Bakiev, A. N., & Sofronov, A. S.
(2021). New inhibitors based on substituted 1, 2, 4-triazoles for mild steel in
hydrochloric acid solutions. International Journal of Corrosion and Scale Inhibition,
10(3), 1230-1244.

[3] Kozbial, A., Li, Z., Conaway, C., McGinley, R., Dhingra, S., Vahdat, V., Zhou,
F., D’Urso, B., Liu, H. & Li, L. (2014). Study on the Surface Energy of Graphene by

Contact Angle Measurements. Langmuir. 30, 598-606.

101.Preparation of CeO2/ZnO resistive thin film and its corrosion behavior in

3.5wt% NaCl solution

Preparation of CeO2/Zn0O resistive thin film and its corrosion behavior in 3.5wt%
NaCl solution
Abstract ZnO thin films were prepared by spin-coating combined with hydrothermal
method, CeO2 thin films were prepared by electrodeposition, ZnO/CeO2 thin films
were prepared by spin-coating, hydrothermal method combined with
electrodeposition, CeO2/ZnO thin films were prepared by electrodeposition combined
with hydrothermal method, and CeO2/ZnO thin films were prepared by scanning
electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared
spectroscopy ( The surface morphology, cross-section morphology, composition,
crystal structure, semiconductor type and oxygen vacancy concentration of different
thin film samples were observed and analysed by scanning electron microscopy
(SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR),
Mott-Schottky curve (M-S), X-ray photoelectron spectroscopy (XPS) and electron
paramagnetic resonance spectroscopy (ESR). The surface adsorption energies, oxygen
vacancy formation energies, heterojunction binding energies and interfacial diffusion

barriers of Cl- and O2 were calculated by density functional theory (DFT). The
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corrosion resistance of the films was investigated by polarisation curves and
electrochemical impedance spectroscopy (EIS), the variation rule of the corrosion
resistance of ZnO/CeO2 and Ce02/ZnO films with the immersion time was
investigated by immersion experiments, and the resistive properties of ZnO/CeO2 and
Ce02/Zn0 films were investigated by resistive change experiments. The results show
that the prepared CeO2/ZnO films belong to the n-n heterojunction type
semiconductor with a uniform surface, and the films have excellent corrosion
resistance. In the immersion process, ZnO/CeO2 film corrosion resistance is poor, no
obvious change rule; CeO2/Zn0O film corrosion resistance first enhanced, and then
weakened with the increase of immersion time. Resistance experiment process,
Zn0/CeO02 film presents very weak resistance performance, and high resistance state
corrosion protection efficiency is only 70%; CeO2/ZnO film presents stable and
excellent resistance performance, low resistance state protection efficiency can still
reach 96%, this is due to the formation of CeO2/Zn0O heterojunction interface of the
higher electronic potential barrier impedes the corrosive medium to the substrate of
the diffusion. The oxygen vacancy concentration in the CeO2/ZnO film can be
adjusted through the rheostatic cycling experiment to achieve cyclic switching
between high and low resistance states (HRS and LRS), which can greatly extend the
service life of the film.

Keywords Resistance switching; corrosion resistance; heterojunction; oxygen

vacancy; DFT
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Abstract Graphene coatings developed by chemical vapor deposition (CVD) that
possess extraordinary/unique characteristics as barrier against aggressive environment
can improve the corrosion resistance of Ni and Cu by up to two rders of magnitude.
However, because of some compelling technical reasons, it has thus far been a
nontrivial challenge to develop graphen coatings on the most commonly used
engineering alloy, mild steel (MS). To circumvent the challenge simply by first
electroplating MS with a Ni layer is attempted, and then developing CVD graphene
over the Ni layer. However, this approach proved too simplistic and does not work.
This necessitated an innovative surface modification of MS (based on basic
metallurgical principles) that enabled successful CVD of graphene coating on MS.
The graphene coating thus developed is demonstrated to improve the corrosion
resistance of mild steel by two orders of magnitude in an aggressive chloride solution,
through electrochemical testing. This improvement was not only sustained for the
entire test duration of >1000 h; but there is a clear trend for the resistance to be
possibly everlasting. The optimized surface modification that enabled development of
CVD graphene coating on mild steel is generic in nature, and it should enable
graphene coating on other alloy systems, which would otherwise not be

possible.Enabled Through Metallurgical Tailoring
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Abstract In recent years, steel-based materials have been widely used in offshore
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proposed projects, and the durability of steel structures has become increasingly
prominent. So far, the research results on the fatigue properties of Q690 high strength
steel in the marine splash zone are still relatively small. Therefore, the indoor
accelerated corrosion test and high cycle fatigue test were carried out, the S-N curves
of different corrosion specimens were fitted, the effect of corrosion damage on the
fatigue life of Q690 high strength steel was discussed, and the fatigue crack growth
law was revealed by scanning electron microscope. The results show that with the
increase of the degree of corrosion damage, the steel surface loses its metallic luster
and gradually forms reddish brown lamellar corrosion. After 100 days of corrosion,
the corrosion rate and corrosion depth rate of the test piece are 7.21% and 1.342mm/a
respectively. Under cyclic load, the fatigue limit value of Q690 high strength steel
specimen corroded for 100 days decreased by 38.89%, and corrosion damage
accelerated the degradation rate of fatigue performance. In addition, when the stress
level increases, the number of fatigue bands decreases and the cumulative damage
increases. The research results are of great significance for the application of domestic
high strength steel in marine environment.

Keywords Q690 high strength  steel;marine  splash  zone;accelerated

corrosion;electron microscope scanning;fatigue performance;fatigue damage
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Abstract Metal structures and polymers are prone to degradation and corrosion,
which can compromise their mechanical properties and lead to material failure.
Protective coatings have been widely employed to mitigate the effects of corrosion
and degradation triggered by reactions in the presence of moisture and oxygen.
However, conventional coating techniques have limitations when it comes to
maintaining and recoating large underwater structures such as ships and pipelines.
Therefore, there is a pressing need to explore alternative coating solutions that do not
require manual maintenance. Self-healing polyurea coatings are a promising
alternative that has gained significant attention due to their superior properties.

Organic coatings that incorporate microencapsulated drying oil as the healing agent
have been extensively studied for their self-healing ability in air (atmospheric oxygen),
but the study on their self-healing ability in water (dissolved oxygen) remains limited.
This paper investigates the efficacy of microcapsules and the self-healing ability of
polyurea coatings in marine structures. Our findings reveal that the fabrication method
employed did not result in optimal microcapsule distribution, as evidenced by the
SEM image of clustered microcapsules, despite FTIR analysis indicating successful
encapsulation of the healing agent. Moreover, the ratio and type of components
utilized in polyurea fabrication were not optimal, which negatively impacted the
flexibility of the resulting polyurea (MDI with p-Phenylenediamine) (PUA-p-PDA)
coating. Nonetheless, our experiments showed that polyurea coatings formulated
using different components Polyurea (MDI with

polytetramethyleneoxide-di-p-aminobenzoate) (PUA-P1000) exhibited a high
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elasticity of 267.7 N and demonstrated promising self-healing ability when cut in half.
The challenges and limitations encountered during this research can provide useful
insights for future studies on fabrication methods and experimental design.

Keywords Self-Healing, Polyurea Coating, Corrosion Protection, Microcapsules,

Mechanical Properties
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Surface Morphology, Microstructure and Emissivity of Rhenium Electrodeposited
from Molten Salts
A
[R5

Abstract The effects of the electrodeposition (ED) processing parameters in molten
salts on the surface morphology, microstructure, and emissivity of Re coatings were
investigated in this study. The results indicated that the emissivity of the ED Re
coating was related to the micromorphology, oxygen content and preferred orientation
of the Re coating, among which, the coating micromorphology has the most impact.
The emissivity of the Re coatings increases with decreasing average radius or
increasing surface density of the coating characteristic microstructures. With
increasing cathodic overpotential, corresponding to a high CsCl content or a high
current density or a low molten salt temperature, the Re coating tended to change
from lateral growth mode to outward growth mode, with preferred growth plane of the
coating changing from (200) to (110), and meanwhile the surface morphology of the
Re coating changing from stout branch-like to spiked starfish-like, resulting in an
increase in emissivity. The optimal deposition processing parameters for the
high-emissivity black Re coatings were as follows: temperature ranging from 720°C

to 780°C, cathode current density of 50 mA/cm2 to 90 mA/cm2, and the CsClI content
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higher than 60wt.%. The obtained black Re coatings had an emissivity higher than 0.7,
with a preferred growth crystal plane of (110), and a typical spiky starfish shaped
micromorphology.

Keywords rhenium coating; molten salt electrodeposition; surface morphology;

microstructure; emissivity
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Bridge for the thermodynamics and kinetics of electrochemical corrosion: designing
of the high corrosion-resistant copper-nickel alloy
Zinuo Wang, Peng Zhou, Tao Zhang*, Fuhui Wang
Shenyang National Laboratory of Material Science, Northeastern University ,
Shenyang
Abstract Copper-nickel alloy has become an important marine engineering material
due to its excellent erosion resistance and resistance to CI- corrosion, and is widely
used in seawater pipeline systems. However, there are still serious corrosion issues
such as perforation and leakage during use. So adding some micro-alloying elements
to the copper-nickel alloy foundation, in other words, using alloying methods to
develop new alloys, can better meet industrial needs.However, the current alloying
design is still based on the trial-and-error method, and there is an urgent need for a
guideline constructed based on the existing knowledge framework, which exposes the
influence mechanism of alloying elements and guides the design of alloys. In this
paper, we propose a design concept for highly corrosion-resistant copper-nickel alloys
based on the “Dissolution-lonization-Diffusion-Deposition (DIDD)” model
previously proposed by Tao Zhang et al [1]. The DIDD model establishes a bridge
between the thermodynamics and kinetics of electrochemical corrosion and
quantitatively describes the corrosion process at the metal/solution (M/S) interface.

Factors influencing the cation concentration, pH and deposition process at the M/S
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interface are also presented. According to the model, the influence of micro/low alloy
elements on the corrosion behavior can be obtained. The main element Cu in the
copper-nickel alloy has a high electrode potential and good thermal stability, which
leads to a slow dissolution rate and a long time for redeposition into dense corrosion
products. And the seawater corrosion resistance of Cu-Ni alloy is due to the formation
of a layer of highly adhesive, dense, and protective film, mainly composed of Cu20.
The designed high corrosion resistant copper nickel alloy system is “Cu-30Ni-MA”,

where MA is a micro-alloying element. From the perspective of electrochemical
dissolution, the condition that MA needs to meet is El?,[ smnt < Egu Jcut> forming an

asynchronous dissolution relationship with the matrix elements Cu and Ni, thereby
promoting the enrichment of Cu element in a layer before dissolving into cation ions,
resulting in the formation of higher concentrations of Cu ions at the metal/solution
interface, laying the foundation for deposition. From a deposition perspective, select
elements with deposition lines lower than Cu20O to act as heterogeneous nucleation
agents. The downward amplification effect of MA priority nucleation plays a crucial
role in achieving accelerated passivation behavior. Alloy elements not only have a
stepwise amplification effect on the nucleation rate, but appropriate composition can
maximize this effect. So, select a few more alloy elements and see if it is feasible to
significantly increase the nucleation rate of Cu20 through stepwise amplification
effect. Three alloying elements, Fe, Mn and Cr, were selected, and comparative
calculations were carried out on the selected binary, ternary, quaternary and quintuple
alloys using DIDD to determine whether it was feasible to utilize the step-by-step
scaling-up effect to substantially increase the nucleation rate of Cu20. Experimental
verification was then carried out using static immersion, corrosion weight loss, and
electrochemical testing. The results show that the properties of the designed alloys are
more consistent with the calculation results, proving that it is effective and feasible to

utilize the DIDD model mechanism to guide the alloy design.
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ARFIE: 14 AMg T aeMRE LS, B A REIELS AL AL E, TR
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FESLT JE&§ o3 2R Ef gLt ] JE5 o L VAL ML
5 (mg/cm2) (V) (A - cm2) (V)
FEmA 30. 24 -0.75 1.123X10-6 -0.73
B 5. 59 -0. 96 2.618X10-8 -0. 66
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B 1 AT IR Z AL JE A B A A EE (1000 £5)
XHEE MMEEM, AMg A4 Eib: WA BAH
115.Er BN SR 828 B A R A B v it se 2

Er (R8I0 B AR5 0% J2 20 2 UR 5 e v R 11 52 i)
XN 4%, fR R, Hokst

P 5 IR A ] AR, AL 100043
B PRBEREr= S LI R RIS Tk Pl R T AR = AR R A & AN T — LB
TR B BRIRZ NI T 28 DUAR R 4 0 3R DUE RY JT & 4 DASRAS TE4F
RIPERE . RSO R 25 1 YRR AR B4 AR Er WM Zn-Al-Mg &
G B sE S, W o BN 1# ¢ Zn-1.7%Al-1.1%Mg-0.1%Er . 2#
Zn-1.7%Al-1.1%Mg-0.5%Er « 3# : Zn-7%Al-2%Mg-0.1%Er . 4# : Zn-7%Al
-2%Mg-0.5%Er PUFH Lo 6 4x, FEAE A SRR B T BEAT SR T
J& T KA SAE T ROBEE RIS, 75 B0REE AL I R0 4 SR AE AN Ak 2R,
WHFE T U Er 1 Zn-Al-Mg & & I5EE A ZUR ATy . @ A v B F 1
Er MALEWIHIAT HI Y. R B 2Bt (SEMD RIH-FERE (EPMA)
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PAR I R 4 g (JSM-7001F) Z3 4 7 &< I R SRR A . BEE Er
N, & & mMEEHSE —Erdth, AR ANTRE, FrmtEamR
Er2Znl7, FHRERTHEW, FIRAELRGFRERE T ZPERRE, FHEaEE.

w5, B HRAETTEN &G SR IHT T RSN Fo Tafel B4k 220
A AN A i P B IS SR T A S VRN Er JE ARSI ER & & I Tk 1247
e I T B T B o X T IRISRAE AT & Er B IE R T ik e B 42 7T

S5 SR R R HA I 2R T o ) A A BRI AR A, Er (RS AR A i —
BV HAET, W8 Er FIIUICE & RA VR RERIRF TR, Rk, BT Er &
R A AR BE Vs e B A

REEW & Er BG4 BHEAL WM Er2Zal7
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