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A acdo climdtica e o desenvolvimento sustentdvel s3o insepardveis exigindo uma clara
consciencializagdo e um assumir de compromissos. Pela importancia que os estudos de
corros3o e de durabilidade dos materiais tém nos diferentes setores industriais para uma
economia sustentavel, ndo poderiamos deixar de organizar mais uma edicao das Jornadas de
Corrosdo e Protecdo de Materiais. Pretende-se que as 82 Jornadas sejam o férum de divulgacdo
e discussdo dos resultados mais recentes de Investigacdo cientifica, Desenvolvimento e
Inovagdo (I&D+i) através das sessdes temdaticas, mas também o espaco de promogdo e difusdo
de casos reais de corrosao e protecao de materiais.

Pretende-se igualmente estimular a apresentacdo de comunicagbes técnicas orientadas para
uma vertente empresarial, possibilitando 3as empresas patrocinadoras apresentar os trabalhos
de I&D+i com referéncias comerciais aos seus produtos e mercados.

Como vem sendo habitual e estas 8% Jornadas ndo sdo excecdo, havera a atribuicdo do “prémio
de Jovem Investigador” em Corros3o e Protecdo de Materiais de modo a estimular a
apresentacdo de trabalhos de investigacdo e inovacdo tecnoldgica por jovens cientistas (idade
inferior ou igual a 35 anos).

Haverad também lugar para o 4° Concurso de Fotografia Técnica, pelo que estdo todos
convidados a participar neste concurso!

Obrigada pela Vossa presenca.

Pela Comissdo Organizadora

Teresa Cunha Diamantino
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Ceyhun Oskay is a native of Istanbul, Turkey, where he received his B.Sc.
degree in Materials and Metallurgical Engineering at the Technical University
of Istanbulin 2009. Thereafter he graduated from the RWTH Aachen University
in Aachen, Germany with the M.Sc. degree in Metallurgical Engineering in
2012.

Pursuing an academic career, he joined the High Temperature Materials
research group of DECHEMA-Forschungsinstitut (DFI) in Frankfurt, Germany in
2013. He conducted research on the degradation of mechanical properties of
aluminized Ni-based superalloys under the supervision of the group leader,
Assoc. Prof. Dr. Mathias Galetz. During his Ph.D. studies, he also had the chance to conduct a research
stay in National Institute for Materials Science (NIMS) for three months in Tsukuba, Japan, where he
had worked on Pt- and Pt/Ir-modified NiAl coatings under the supervision of Dr. Hideyuki Murakami.
He thereafter received his Ph.D. degree (magna cum laude) from the RWTH Aachen University in 2019
with his thesis entitled as “Investigation of the microstructural and mechanical property changes of NiAl
coated Ni-based superalloys during high temperature exposure” under the supervision of Prof. Dr.
Michael Schitze.

Afterwards he has worked on EU-funded and state-funded research projects in the research fields of
concentrated solar power, corrosion in salt melts and diffusion coatings for thermal energy storage
applications as a post-Doc for another two years at DFI. In 2021 he moved to Karlsruhe Institute of
Technology (KIT) as a postgraduate research fellow and conducted research on the topic of corrosion
of alloys in liquid metals for liquid metal cooled IV-Generation nuclear power plants for almost a year.
He returned in 03/2022 to DFI as a postgraduate research fellow and became the leader of the research
team “High Temperature Corrosion” at DFI.

Currently, he is working on several state- and EU-funded research projects in the fields of mechanical
properties of additively manufactured alloys, fireside corrosion of alloys during combustion of P-
containing secondary fuels and oxidation, carburization, and mechanical behavior of alloys under
supercritical CO2 for the heat exchangers of new generation CSP plants with particle receivers. During
his academic career, has frequently participated as a speaker in many international conferences such
as ICMCTF, Gordon Research Seminar, Eurocorr, EFC Workshop, Turbine Forum and ISHOC.
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U Carlos Nogueira é investigador no Laboratdrio Nacional de Energia e Geologia
. (LNEG). E licenciado em Engenharia Quimica e doutorado em Engenharia de
‘q Materiais pelo IST- Universidade de Lisboa.
o desenvolvimento e 3 otimizacdo de processos, desde a escala laboratorial até
testes-piloto, principalmente em operagdes hidrometalirgicas e atualmente
focados em metais estratégicos/criticos utilizados nas tecnologias da energia.

| —

E atualmente coordenador da Unidade de Materiais para a Energia do LNEG.

] l Investigador hd cerca de 30 anos, o seu dominio cientifico tem sido
-}y principalmente a Carateriza¢do de Materiais, a3 Metalurgia Quimica & Extrativa
_ e a Reciclagem de Materiais. Destacam-se como principais interesses cientificos

Mais recentemente desenvolveu novos interesses cientificos em algumas tecnologias de
armazenamento de energia, nomeadamente no armazenamento térmico e nas baterias. Na drea do
armazenamento térmico, destacam-se os topicos de carateriza¢do e avalia¢do da estabilidade térmica
de sais fundidos, enquanto nas baterias tem desenvolvido atividade na carateriza¢do de materiais de
elétrodo, nomeadamente nas baterias de iGes de Li, e nas operagdes fisico-quimicas do seu tratamento
em fim-de-vida.

Participou em projetos de investiga¢do nacionais e internacionais, nas areas acima referidas, € autor de
mais de 60 artigos e comunicagdes cientificas, e tem participado em conferéncias e outros eventos
similares. Colaborou também com algumas universidades, lecionando aulas e disciplinas em periodos
intermitentes, inclusive na qualidade de Professor Convidado.
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CORROSION BEHAVIOUR OF Fe- AND Ni-BASED ALLOYS IN SOLAR SALT AND
CORROSION MITIGATION STRATEGIES VIA PROTECTIVE COATINGS

Ceyhun Oskay'@; T. M. Meissner'®; B. Grégoire2®; B. O. Burek'®; C. Schlereth!®; A. Bonk3®;
M. Bik*®; A. Solimani'@; M.C. Galetz?

I DECHEMA-Forschungsinstitut, Frankfurt (Main), Germany, ceyhun.oskay@dechema.de
2 Birmingham Centre for Energy Storage (BCES), University of Birmingham, Birmingham, United
Kingdorm
?German Aerospace Center (DLR), Stuttgart, Germany
*AGH University of Science and Technology, Krakow, Poland
*Corresponding author

https.//doi.org/10.34637/3/h1-ab40
ABSTRACT

This study investigated the corrosion behaviour of commercial and model Fe- and Ni-based alloys in
solar salt at 600°C. The thermal decomposition of nitrate salts led to an increasing concentration of
oxidizing agents in the salt melt and thus to a higher corrosion rate. For Fe-based alloys, the oxide scales
contained a Na- and Fe-rich outer layer, followed by an inner Cr-rich layer and nitridation as well as Cr-
depletion was observed at the scale/metal interface. Furthermore, higher extent of chloride impurities
in solar salt, led to a significantly higher corrosion rate for ferritic-martensitic alloys. For Ni-based alloys,
the formation of a duplex scale consisting of a NiO outer and Ni-Cr spinel layer showed protective
character during isothermal exposure; however even for Ni-based alloys, Cr was detected in the salt
melt, which showed evidence for its dissolution in the melt as toxic hexavalent Cr. Diffusion aluminide
and electroless Ni-P coatings deposited on cost-efficient ferritic-martensitic alloys led to formation of
protective oxide scales and hindered the Cr-dissolution into the salt melt.

Keywords: Concentrated solar power, Molten nitrate corrosion, Cr-dissolution, Protective coatings

1. INTRODUCTION

The utilization of thermal energy storage (TES) systems in solar power plants has increased the
competitiveness of the concentrated solar power (CSP) technology among other renewable energy
generation methods. Molten nitrate salts, particularly the mixture of 60 wt.% NaNO3 and 40 wt.% KNO3
(also known as “solar salt”), are used as a state-of-the-art heat transfer fluid (HTF) in solar power tower
systems. While offering beneficial thermal and physical properties such as high heat capacity, low
viscosity, and low melting point [1], their application as HTF leads to significantly high corrosion rates
for components. This limits the material selection to austenitic alloys as structural materials in CSP
plants [2], whereas the insufficient corrosion resistance hinders the use of cost-effective ferritic-
martensitic (FM) steels [3]. In this study, the prevailing corrosion mechanisms for commercial and model
Fe- and Ni-based alloys immersed in molten nitrate salts are investigated. Furthermore, based on the
findings for the alloys, corrosion mitigation strategies via protective coatings are developed, and their
applicability for the CSP technology are evaluated.
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2. DESCRIPTION

Coupon samples (20x10x2 mm?3) of FM steels P91 and X20CrMoV12-1 (hereafter named as X20),
austenitic steel Alloy 800H, commercial Ni-based alloys Haynes-230 (hereafter named as Alloy 230),
Alloy 6178, Alloy 602 CA and two model Ni-based alloys with varying Fe, Cr and Al-contents
(NiCr25AL13Fe9 and NiCr30Al2.8Fe0.6), were machined using wire-cutting. The samples were glass-bead
blasted and degreased in ultrasonic ethanol bath. Two different coatings were applied on FM steels.
Diffusion aluminide coatings were deposited on P91 by pack cementation at 1000°C, while electroless
deposition was used to manufacture Ni-P coatings on X20 steel. Solar salt mixture was prepared by
mixing technical grade NaNOs; and KNOs (60-40 wt.%, Salt A). In order to investigate the influence of
chloride impurities on the corrosion behaviour of alloys in solar salt, two different salt mixtures were
also prepared by increasing the chloride impurity extent to 500 ppm (Salt B) and 1000 ppm (Salt C).
Isothermal static immersion tests in the aforementioned three different solar salt mixtures with varying
chloride content were conducted inside alumina crucibles, placed in a quartz-tube furnace under
flowing (4L/h) synthetic air at 600°C up to 3 maximum duration of 1000 h. Salt C samples with the
highest impurity content were analyzed after 1000 h immersion of different alloys by an inductively
coupled plasma mass spectrometer (ICP-MS) to quantify the Cr-leaching from the alloys into the salt
melt. After the fully immersed salt exposure, coated and uncoated alloy samples were rinsed in warm
distilled water to remove the salt remnants followed by the determination of the specific net mass
change using a precision weighing balance. Thereafter, cross-sections were prepared using
conventional metallographic methods. X-ray diffraction (XRD), Raman-spectroscopy, scanning electron
microscopy (SEM) and electron-probe microanalysis (EPMA) were utilized to characterize the corrosion
products as well as the compositional and microstructural changes in the sub-surface of alloys as well
as coatings.

3. RESULTS AND DISCUSSION

Figure 1 shows the specific net mass change kinetics of X20, Alloy 800H and Alloy 230 during
isothermal immersion in molten solar salt with varying chloride content at 600°C. The onset of
breakaway corrosion for X20 alloy is significantly shortened during exposure in impure salts, which can
be explained by the formation of volatile chlorides in the alloy’s sub-surface zone and their oxidation at
the surface with the chlorination-oxidation process also known as “active oxidation”. On the other hand,
the scaling behavior of austenitic alloys is less sensitive to the impurity content of the solar salt. A linear
mass loss is observed for Haynes-230, which is attributed to scale dissolution by fluxing mechanisms
outweighing the mass gain by oxidation.
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Figure 1 — Specific net mass change kinetics of (a) X20, (b) Alloy 800H and (c) Alloy 230 in solar salt with
varying impurity content.

Figure 2 shows the Cr-concentration in different Salt C samples after the exposure of alloys and the
calculated specific Cr-loss from the alloys. Cr is dissolved from all tested alloys due to the formation of
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mono- and di-chromates by either basic fluxing mechanisms and/or the reaction of Cr with nitrate
anions. Considering the large salt reservoir of modern CSP plants exceeding several thousand tons, the
formation of toxic chromates in the salt can lead to the necessity of laborious salt regeneration, unless
the chromate formation is mitigated.

Alloy 230

4 Alloy 800H

X20

0 50 100 150 200 250 300 350 750 800 850 00 02 04 06 08 10 1.2
Cr-Concentration in Salt [mg/L] Specific Cr-Loss [mg/cm?]

Figure 2 — Cr-concentration in Salt C samples after the immersion of alloys at 600°C for 1000 h shown
together with the Cr-concentration in the blank Salt C; (b) specific Cr-loss calculated for different alloys.

Figure 3 illustrates the cross-sectional BSE images and EPMA elemental distribution maps of X20, Alloy
800H and Alloy 230 after 1000 h of immersion in Salt C at 600°C. An almost 75 pm thick and non-
protective scale consisting of alternating bands of NaFeO. and Fe,0s; was formed on X20 (phases
confirmed by XRD, not shown here). Underneath the oxide scale, a 25 pm thick nitridation zone was
observed, in which Cr was bound within nitride precipitates. Unlike X20, Alloy 800H was able to form a
much denser and thinner oxide scale consisting of a3 NaFeO, and hematite outer layer and a Cr-rich
spinel inner layer. Underneath the scale, Fe and Cr depletion was observed. The state-of-the-art Alloy
230 forms an almost 10 pm thick scale consisting of an outer NiO and an inner Ni-Cr spinel layer
followed by an altered sub-scale zone showing internal oxidation and nitridation as well as Cr-depletion,
which is the consequence of the Cr-leaching into the salt melt (see Figure 2.3).

Figure 4 depicts the cross-sectional BSE-micrographs and EPMA elemental distribution maps of the
model Ni-based alloys with varying Fe-, Cr- and Al-content. NiCr25Al3Fe9 formed a very thin and
protective Al-rich oxide scale, which effectively reduced the Cr-depletion in the sub-surface of the alloy.
On the other hand, despite its higher Cr-content NiCr30Al2.8Fe0.6 showed higher Cr-depletion
underneath the oxide scale, which contained a Na-rich outer layer followed by a Ni-rich oxide layer and
an internal oxidation and nitridation zone. The significant differences between the corrosion behaviours
of both model alloys despite their relatively similar chemical composition by means of Cr and Al, can be
explained by the differences in the Al-activity at the surface. The Al-activity in NiCr25Al13Fe9 was
roughly three times higher than that of NiCr30Al2.8Fe0.6. This can be attributed to the higher Fe-
content of the first model alloy compared to the latter one, which results in an increase in the Al-activity
thereby leading to the formation of a protective Al-rich oxide scale and effectively hindering the Cr-
dissolution to the salt melt.
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Figure 3 — Cross-sectional BSE images and EPMA elemental distribution maps of (3) X20, (b) Alloy 800H
and (c) Alloy 230 after 1000 h immersion in Salt C at 600°C. Please note the varying magnification in
respective images.

Based on the obtained results showing a high corrosion resistance for Ni-based alloys in molten solar
salt compared to Fe-based alloys and an even further increase in their corrosion resistance with a
sufficiently high Al-activity, two coating mitigation strategies were developed for cost-efficient FM steels
to enable their applicability in CSP plants as structural materials and to hinder Cr-dissolution into the
salt melt: (1) increasing the Ni-content by the electroless deposition of Ni-P coatings; (2) increasing the
Al-content by pack cementation.

Ni-Foil

e --_----""‘r Ty e
o

NiCr25AI3Fe9
(a)

00011820

Ni-Foil

NiCr30AI2.8Fe0.6

00011817

Figure 4 — Cross-sectional BSE images and elemental distribution maps of model Ni-based alloys, (3)
NiCr25AL3Fe9 and (b) NiCr30Al2.8Fe0.6 after 1000 h immersion in Salt C at 600°C.
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The aluminide coating consisted of an Al-rich outer layer formed by FeAl, and Fe,Als phases followed
by a thicker B2-FeAl layer and a ferritic Al-Diffusion zone (see Figure 5.3). After the immersion in Salt A
for 1000 h at 600°C, the coating microstructure barely changed (see Figure 5.b). The only oxide phase
was the o-AlLO; (characterized by Raman-spectroscopy) and EPMA line scans showed a slight Na
enrichment at the surface of the oxide (not shown). Considering the severe Cr-leaching from uncoated
P91 into the salt melt (see Figure 2.3), the corrosion resistance of FM steels can be significantly improved
and the leaching of Cr from the alloy can be hindered by aluminide coatings. Ni-P coatings on X20 steel
formed a thin oxide scale consisting of NiO and Ni-Fe spinel (see Figure 5.c) Underneath the oxide scale,
NisP phase was formed during exposure and acted as a diffusion barrier against Cr outward diffusion.
This can be observed by the rare presence of Cr in the coating. Compared to the state-of-the-art Alloy
230 (see Figure 3.c), Ni-P coatings on FM steels formed similar oxide scales and effectively hinder the
Cr-dissolution from the alloy to the melt.

Figure 5 — Cross-sectional BSE images and elemental distribution maps of (3) as-deposited aluminide
coating on P91, (b) aluminized P91 and (c) Ni-P coated X20 after 1000 h of immersion in Salt A at 600°C.

4. CONCLUSIONS

The prevailing corrosion mechanisms in molten nitrate salts are the thermal decomposition reactions
of nitrate anions resulting in an increase in the concentration oxidizing species in the salt melt and the
dissolution of Cr from the alloy into the salt melt. An increase in the chloride content of the solar salt
results in significantly higher corrosion rates for FM steels, whereas the austenitic alloys are less
sensitive to the impurity levels investigated in this study. While a Ni-rich oxide scale showed protective
character for Ni-based alloys, thicker oxide scales formed on Fe-based alloys. The corrosion resistance
of Ni-based alloys was increased significantly through the increase of Al-activity in the alloy. The
corrosion resistance of FM steels can be significantly improved by either the application of aluminide or
Ni-P coatings, which both form protective oxide scales and effectively hinder the dissolution of Cr from
the alloy.
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RESUMO

A corrosdo de materiais tem reconhecidamente custos muito relevantes na inddstria e na sociedade, e
deve por isso ser encarada como um tdpico prioritario no projeto, na constru¢do e na operagao de
qualquer equipamento, sistema, instalagdo ou estrutura. Nas tecnologias da energia, e particularmente
nas energias renovaveis, tanto na geragao como no armazenamento, tal é particularmente relevante,
ndo sb por serem mais recentes, como também por operarem por vezes em condicOes extremas. Assim,
o desenvolvimento das tecnologias da energia deve considerar, para além do nivel de desempenho,
rendimento e custos, uma avalia¢do criteriosa da degradacdo por corrosdo, da durabilidade e das
medidas de protecdo anticorrosiva dos materiais constituintes. De outra forma, a viabilidade técnica e
economica podera estar em causa, com as graves consequéncias dai resultantes. Nesta comunicagdo
descrevem-se algumas tecnologias da energia e abordam-se alguns fenédmenos de degradacdo das
mesmas, de forma resumida. Pretende-se assim alertar para a preméncia deste assunto no ambito da
transicdo energética.

Palavras-chave: Corrosdo, Tecnologias da energia, Convers3o e armazenamento de energia

1. INTRODUCAO

Os fendmenos de corrosdo e sua mitigacdo através da prevencdo ou de medidas protetivas constituem
fatores decisivos para reduzir os custos dos processos e tecnologias e permitir @ sua durabilidade e
sustentabilidade. Globalmente, os custos devidos a corrosdo estimam-se acima de 3% do produto
interno bruto, valores demonstrados em varios estudos publicados. Na indUstria da energia, como em
qualquer indUstria, este fenédmeno é de extrema importancia, principalmente nas energias renovaveis,
onde de aplicam tecnologias mais recentes, algumas ainda nos primeiros anos de implementagdo.
Tanto nas tecnologias de conversdo de energia como 3 solar (fotovoltaica e solar térmica), a edlica,
como nas tecnologias de armazenamento (hidrogénio, baterias, entre outras), é fundamental avaliar
com precisdo e monitorar o comportamento dos materiais, selecionar os mais adequados e proceder as
medidas de prote¢do necessdrias. Pode assim evitar-se ou minimizar os custos derivados da degradacao
dos materiais e da faléncia dos componentes e instalagdes.

2. DESCRICAO

Duas das mais importantes tecnologias de conversdo de energia elétrica sdo a edlica e a solar
fotovoltaica (PV). Nas turbinas edlicas, a forte agdo mecanica pode originar fendmenos de corrosdo por
fadiga, para além dos problemas usuais de corrosdo atmosférica. Na edlica offshore, em grande

17


mailto:carlos.nogueira@lneg.pt
https://doi.org/10.34637/b277-zh31
https://orcid.org/0000-0003-2949-5046

8"S JORNADAS CORROSAO E PROTEGAO DE MATERIAIS
2ANOV 2022

crescimento, a salinidade dos ambientes marinhos é o principal problema. Embora o Anowhow das
plataformas petroliferas e de gas offshore seja uma preciosa ajuda, as plataformas edlicas tém
especificidades e constituem novos desafios. Para a protecao dos materiais, utilizam-se normalmente
revestimentos e protecdo catddica. As zonas de interface ar/dgua s3o normalmente as mais criticas,
mas fenémenos de degradacdo nos monopilares (plataformas fixas) ou nos cabos (plataformas
flutuantes) podem ocorrer, devido 3 entrada de dgua em fendas ou em zonas de liga¢do. No caso da PV
[1], merece particular realce a corrosdo com origem atmosférica (humidade, poluicdo, sais dispersos no
ar) dos componentes metdlicos dos painéis e dos componentes eletrénicos. Também se podem
observar fenémenos de degradacdo em componentes poliméricos como alguns invélucros e as
peliculas de EVA, bem como nas células solares de silicio (delaminagdo). Nas tecnologias solares
térmicas os fendmenos de corrosdo s3o também importantes, tanto nas baixas como nas altas
temperaturas [2]. Nas instalagdes de concentra¢do solar térmica para producdo de eletricidade, a
utilizacao de fluidos de transferéncia de calor e armazenamento de energia contendo sais fundidos
(vulgarmente mistura de nitratos, mas também cloretos ou carbonatos) constitui um meio
quimicamente agressivo para os materiais de constru¢do, sendo necessario selecionar ligas de ago
muito resistentes a corrosdo, por isso mais dispendiosas [3]. Acrescem ainda fendmenos de corrosdo de
outros componentes como os associados as superficies refletoras (de vidro e aluminio).

Ao nivel do armazenamento de energia, duas tecnologias merecem destaque: as baterias e o
hidrogénio. As baterias de ides-Li, o principal sistema eletroquimico em utilizagdo tanto nos veiculos
elétricos como no armazenamento estacionario, podem sofrer diversos fenémenos de degradacdo
quimica nos seus componentes internos, como a degradacgdo do eletrélito (contendo fluor) e interacdo
deste com os pds dos elétrodos, a destruicdo da interface sélido/eletrélito, a reducdo/deposicao de Li
metalico com formacdo de dentrites e a formacdo de gases devido a sobrecarga ou outros fendémenos.
Quanto a degradacdo mecanica, destaca-se a perda de aderéncia dos elétrodos as folhas de suporte e a
formacdo de fendas com perda de condutividade. Evitar estes fendmenos é dificil, mas podem ser
mitigados por uma utilizacdo correta da bateria (durante a carga e a descarga), por introducdo de
sistemas de monitorizagdo avancados e ainda pela aplicacdo de materiais auto-reparaveis e atuadores
embutidos [4]. As tecnologias do hidrogénio como a electrélise, a fotocatdlise e as células de
combustivel, também requerem uma sele¢do criteriosa de materiais, adaptdveis aos meios (3cidos,
alcalinos), mas também, e principalmente, para evitar ou minimizar o fendmeno de fragilizacdo por
hidrogénio (degradacdo devido ao aparecimento de fissuras por incorporacdo de hidrogénio nas
estruturas dos acos) [5]. Os mesmos requisitos se aplicam ao armazenamento em depdsitos e as
condutas de transporte do hidrogénio, que operam a elevadas pressdes, obrigando a utiliza¢do de acos
de elevado desempenho, de forma a ndo comprometer a sequranga das instalagoes.

3. CONCLUSOES

O conhecimento dos fendmenos da corrosdo nas tecnologias da energia é um tema que ainda requere
um esforco de investigacdo profundo. Muitas das instalagbes de conversdo e armazenamento de
energia, de origem renovavel, envolvem esfor¢os mecanicos, contacto com substancias quimicas e
exposicdo ambiental que originam corros3o e outras formas de degradacdo, por vezes severa. E
necessario conhecer profundamente esses fendmenos, fazer a selecao adequada de materiais e aplicar
as medidas de mitiga¢do apropriadas de forma a assequrar a viabilidade técnica e econédmica dos
processos e assim contribuir decisivamente para uma transicdo energética efetiva e sustentavel. O
LNEG tem prosseguido esforcos no dominio da corrosdo em tecnologias da energia, dando assim o seu
contributo em 1&D para este designio.
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RESUMO

A galvanizagdo por imers3o a quente e a pintura s3o excelentes tratamentos de prote¢do anticorrosiva
para estruturas metalicas ferrosas. A sua complementaridade poder3a resultar num efeito sinergistico
ideal para exposi¢cao em atmosferas de elevada categoria de corrosividade, como C5 e CX. Com estes
sistemas duplex, a protecdo anticorrosiva bem como a3 sua durabilidade aumentam, os custos de
manutencdo diminuem e versatilidade no aspeto visual final é maior.

Palavras-chave: Sistemas duplex, Galvanizacdo por imersdo a quente, Pintura, Efeito sinergético e
complementaridade

1. INTRODUCAO

A série de normas EN 1090 é a referéncia para o fornecimento de estruturas metalicas, em aco e
aluminio e cobre todas as fases do processo, desde a escolha dos materiais, passando pela sua concecdo,
fabrico e até a sua instalagdo. A marcagdo CE para o ago estrutural sequndo a norma EN 1090-1 tornou-
se obrigatdria em julho de 2014. Uma vez que os componentes estruturais em aco sdo criticos para a
seguranca, 3 marcacao CE sé é permitida se os componentes estruturais tiverem sido fabricados num
processo certificado [1], [2].

A norma EN 1090-2 estabelece que os produtos em aco estrutural devem ter uma protecdo
anticorrosiva, proporcionada por um sistema de pintura ou por revestimento metalico (por metalizacdo
ou galvanizacdo por imersdo a quente), conformes as normas aplicaveis [1], [2].

Em termos de pintura liquida, 3 norma ISO 12944-5:2018 exemplifica trinta e seis esquemas de pintura
aprovados para aco e vinte para a¢o galvanizado, sempre nas categorias de corrosividade ambiental C2
a C5. Existem quatro esquemas de pintura para ago metalizado nas categorias de corrosividade C4 e C5
e seis esquemas de pintura recomendados para servico de imersdo Im1 a Im3, potencialmente
agressivos, mas tém por base substratos de aco, quando o aco galvanizado poderia revelar-se mais
adequado [3].

Na pintura a po, por outro lado, as normas e diretivas existente ndo indicam quaisquer esquemas de
pintura apropriados para servico de imersao [4].

Para a categoria de corrosividade CX, nenhum sistema é definido nas normas e directivas, dada a
elevada corrosividade do meio e a possivel variabilidade da sua natureza [3], [4].

Quando existem elevados requisitos de protecdo anticorrosiva, com vista a instalacdo das estruturas
ambientes de corrosividade mais agressivos, 0 recurso 3 sistemas duplex € 3 solucdo ideal. Estes
sistemas combinam o revestimento de zinco obtido por galvaniza¢gdo com um revestimento organico
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aplicado através de pintura. Os dois tipos de revestimento complementar-se-3o, pelo que,
consequentemente, o sistema duplex apresenta importantes vantagens em relagdo 3 prote¢do de ago
apenas por galvanizacdo ou apenas por pintura:

. Maior periodo de prote¢do, derivado do efeito sinergético: 3 durabilidade estimada para o
sistema duplex pode ser até 2,5 vezes a soma das durabilidades de cada revestimento;

. Maior resisténcia quimica;

. Reduc¢do dos custos com manutencdo;

. Maior seguranc¢a, nos casos de impossibilidade de inspe¢do/manutencdo ou falta de
acessibilidade;

o Maior protecdo anticorrosiva;

. Maior versatilidade nos acabamentos.

As 3reas mais complexas para os revestimentos pintados sdo as cavidades, frestas e depressdes, bem
como os cantos e arestas. Em componentes de a¢o bem projetados, o revestimento de zinco protege
integralmente estas zonas, pelo que eventuais defeitos ou limitacdes existentes a nivel de pintura
podem ser compensados pela resisténcia do zinco [5].

E reconhecido pela indUstria que, para se obter um revestimento duplex conforme e com grande
durabilidade, serd essencial conseguir uma étima preparagdo de superficie sobre o revestimento de
zinco, com vista a favorecer a aderéncia da tinta.

Dependendo do tipo de revestimento a aplicar - pintura liquida ou pintura a p6 — e da idade ou condig¢ao
do revestimento de zinco, podem ser usados processos diferentes para a preparagdo da superficie.

2. DESCRICAO

A Eurogalva, especialista em tratamentos de superficie, tem um vasto conhecimento na aplicacao de
pintura sobre revestimentos de zinco e, como tal, tem sequido uma abordagem diferenciadora
realizando nas obras duplex maioritariamente um processo de despolimento manual e minucioso do
galvanizado. Através deste procedimento, com recurso a ferramentas especificas, & possivel obter um
eximio controlo do perfil de rugosidade, preservando sempre a espessura do revestimento de zinco.

Os excessos de zinco residuais e outras imperfeicOes resultantes e inerentes da galvaniza¢do devem ser
removidos para garantir um aspeto visual adequado apds a pintura.

Por forma a garantir a total revestibilidade das superficies através da galvaniza¢do e assegurar 3
maxima protec¢do anticorrosiva através dos sistemas duplex, bem como o resultado visual da pintura,
existem aspetos de construcao que devem ser tidos em conta [5]:

. Usar aco ndo-reativo ou com reatividade moderads;

. Usar aco em bom estado e sem defeitos superficiais;

. Preparar corretamente as soldaduras;

. Prever pontos de suspens3o;

. Prever aberturas para drenagem do pré-tratamento quimico;
. Prever desobstrucdo de furacées de menor didmetro;

. Evitar intersticios e sobreposicoes.
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Fig. 1 — Sistemas Duplex: a complementaridade da galvanizac¢do e da pintura ao servigo da prote¢do dos
materiais e contra a corrosdo.

3. CONCLUSOES

Para o sistema duplex, ndo obstante, a pouca informagdo presente nas normas e diretivas que o regem
e que se destinam a estabelecer os seus principios normativos, existe ja bastante informacao publicada
desde a década de 80 [6]. Contudo, as Empresas Aplicadores das Tintas ficam normalmente
dependentes das recomendacges dos Fornecedores das mesmas que, naturalmente (por via dos seus
Laboratérios ou recorrendo a Laboratérios Independentes especializados) j& conhecem o
comportamento dos seus esquemas de pintura mais adequados para o sistema duplex. Contudo, todos
concordam que neste caso especifico, 3 preparacdo das superficies é sempre um fator crucial para o
sucesso da prote¢do anticorrosiva, quer na interface ago/zinco, quer na interface galvaniza¢do/pintura.
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RESUMO

Aliga de aluminio 2024-T3 é uma das ligas mais utilizadas na indUstria aerondutica devido as suas boas
propriedades mecanicas. No entanto, devido a presenca de particulas intermetalicas de cobre na sua
matriz, esta liga é muito suscetivel a corrosdo. O presente trabalho teve como principal objetivo avaliar
a capacidade de inibicdo da corros3do, de camadas de convers3do eletroquimica obtidas com banhos de
anodiza¢do e posteriormente seladas. Os banhos continham aditivos organicos de origem natural.
Foram estudados os aditivos organicos sorbitol (SSA) e xilitol (XSA), e feita uma comparagdo com os
filmes obtidos no banho de anodiza¢do em que foi utilizado o 4cido tartarico (TSA). A resisténcia a
corrosdo das amostras tratadas foi monitorizada por ensaios de espectroscopia de impedancia
eletroquimica. Recorreu-se 3 técnica de voltametria ciclica para obter informag3o sobre o mecanismo
de inibicdo de cada um dos aditivos envolvidos neste estudo. Para determinar as possiveis interacdes
quimicas entre os aditivos com capacidade inibidora utilizados e o substrato, recorreu-se a técnica de
Espectroscopia no Infravermelho por Transformada de Fourier (FTIR). A morfologia das amostras
tratadas com estes compostos foi avaliada por microscopia eletrénica de varrimento acoplada com
Espectroscopia de Energia Dispersiva de Raios-X.

Palavras-chave: Aerondutica, Aluminio, Inibidores de corrosdo, Revestimentos
1.  INTRODUCAO

Presentemente existe um interesse acrescido na tentativa de procurar alternativas sustentaveis para
varios processos industriais, ndo sendo a convers3o de superficies excecdo. Para a realizagdo do
presente trabalho foram selecionados e testados dois alditdis, o xilitol (XSA) e o sorbitol (SSA). O sorbitol
e o xilitol sao dois polialcoois [1], ricos em grupos OH. A presenca destes grupos funcionais nos inibidores
organicos é importante, na medida em que é através deles que sdo estabelecidas as interacbes com o
substrato. Outra condicdo que levou a escolha destes produtos foi o facto dos mesmos poderem ser
obtidos a partir da biomassa florestal através de uma metodologia inovadora, que permite reduzir
custos, maximizar a produtividade e minimizar os residuos gerados e o consumo de energia, sendo por
isso uma alternativa sustentdvel [2]. Atualmente, de forma a minimizar os custos e a preservar o
ambiente [3,4], a utilizac3o de inibidores de corrosdo ambientalmente sustentadveis e ndo tdxicos em
ligas de aluminio é de grande importancia. Pelo que foi exposto, o xilitol e o sorbitol enquadram-se neste
perfil 0 que faz com que se tornem potenciais candidatos a uma possivel utiliza¢do industrial.
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2.  DESCRICAO

O estudo foi realizado em amostras da liga de aluminio 2024-T3 que foram anodizadas 3 temperatura
de 35°C £ 2 °C em banhos de 4cido sulfdrico (0,46 M) contendo os aditivos organicos sorbitol, xilitol ou
acido tartdrico. Estas amostras foram posteriormente seladas em dgua destilada a uma temperatura
>96 °C. A resisténcia & corrosdo das camadas de convers3o obtidas foi monitorizada por ensaios de
espectroscopia de impedancia eletroquimica, realizados com as amostras imersas ao longo de varios
dias numa solu¢do naturalmente arejada de NaCl 0,5 M 3 temperatura ambiente. As medidas foram
realizadas aplicando uma perturbagdo sinusoidal de 8,5 mV ao potencial de circuito aberto, numa
gama de frequéncias que variam entre 10'a 10° Hz, registando-se 12 pontos por década. Os resultados
obtidos evidenciaram que a camada barreira obtida com os banhos contendo os novos aditivos
organicos, apresenta melhores propriedades de resisténcia a corrosao.

Ensaios de voltametria ciclica (-0,8 3 0,8 V vs. SCE) efetuados nos trés meios eletroliticos, revelaram uma
diminuicdo significativa do processo anddico mais relevante em condi¢des de varrimento continuado
de potencial, para os inibidores SSA e XSA, ndo sendo expressiva para o TSA, indiciando um maior poder
inibidor por parte do SSA e do XSA.
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Fig. 1 - Voltamogramas ciclicos do elétrodo AA2024-T3 registados a 50 mV/s em solugdes de H.SO, 0,46 M
naturalmente arejadas contendo 5 g/L de A) TSA, B) SSA, C) XSA.

Na tentativa de identificar uma possivel interacdo entre os novos inibidores organicos e a liga de
aluminio 2024-T3 recorreu-se a técnica de FTIR. Os espetros foram obtidos entre os 4000 cm™ e 400
cm™ com uma resolugdo de 4 cm™ e 128 varrimentos por amostra. A andlise realizada aos espectros
sugere que 3 interagdo entre os inibidores e a superficie do metal ocorre possivelmente através de um
grupo OH terminal, resultando na formagdo dos complexos como os que se encontram representados
nas Figuras 2 e 3.

A andlise morfoldgica obtida por SEM-EDS permitiu concluir que as camadas anodizadas e as camadas
anodizadas e seladas apresentam uma morfologia diferente observando-se no caso das amostras
seladas o0 aparecimento de cristais em forma de pétala.
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Fig. 2 - Proposta de uma possivel interagdo entre o xilitol e os ides metalicos de aluminio e de cobre.
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Fig.3 - Proposta de uma possivel interagdo entre o sorbitol e os ides metalicos de aluminio e de cobre.
3. CONCLUSOES

Dos resultados obtidos foi possivel concluir que os filmes de conversdo produzidos nos banhos de
anodizacdo na presenca destes novos aditivos naturais, xilitol e sorbitol, surgem como uma alternativa
promissora para 3 prevengdo da corrosao uma vez que apresentam boa capacidade de inibicdo da
corrosdo. Uma das vantagens da utilizagdo destes produtos estd relacionada com o facto de estes serem
considerados produtos com valor acrescentado, uma vez que, sendo extraidos da biomassa, contribuem
para um aumento da economia circular. O facto de as condi¢bes da convers3do de superficies em ligas
de aluminio serem as mesmas dos processos de conversdo eletroquimica realizados presentemente em
contexto industrial, é de certa forma bastante vantajoso, uma vez que diminui o tempo necessario para
uma implementacgdo, qualificacdo e certificacdo, quer das instalacdes, quer dos colaboradores que
desempenham fungdes na area dos processos especiais em aeronautica.
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RESUMO

Com o objetivo de racionalizar o desenvolvimento de compdsitos de metal duro com maior resisténcia
3 corrosao, realizou-se um estudo sistematico da influéncia de varios parémetros que determinam o seu
desempenho. Neste trabalho apresentam-se resultados da influéncia de parametros relacionados com
a constituicdo do material (tipo de ligante e tamanho de grdo de carboneto de tungsténio - WC) e de
parametros do ambiente de servico (pH e temperatura). O estudo socorreu-se principalmente de
métodos electroquimicos e de analise da superficie.

Palavras-chave: Metal duro, WC-Co, Corrosdo, Métodos electroquimicos
1.  INTRODUCAO

Os compositos de metal duro (ou carbonetos cementados) sdo formados por uma fase ceramica com
elevada dureza, tipicamente WC, numa matriz ligante metdlica, que tem com o objectivo aumentar a
tenacidade do compésito.

O ligante mais utilizado é o cobalto (Co) pois apresenta excelente molhabilidade e praticamente
nenhuma solubilidade nos graos de WC, permitindo assim a obtencdo de materiais densos e ducteis,
ideais para aplicacdes onde se pretende elevada resisténcia a abrasdo [1]. Apesar da combinacdo feliz
entre o Co e 0 WC, existe hoje em dia uma preméncia na substituicdo do primeiro, seja por razdes de
salde publica - o pd de Co usado na produgdo do WC-Co tem sido associado a problemas de salde
devido a sua toxicidade - seja por questdes éticas relacionadas com a sua produg¢do — a extracdo do
minério é feita em paises onde as leis e condi¢bes de trabalho s3o escassas, baseando-se na exploragado
de trabalho infantil, e ainda porque esta matéria-prima é cada vez mais utilizada na produg¢do de
baterias, resultando assim num aumento continuo do seu preco.

Um problema adicional é a baixa resisténcia a corrosdo do WC-Co em meios aquosos, principalmente
aqueles contendo ido cloreto ou baixo pH, de que s3o exemplos alguma indUstria quimica, e as
exploracdes petrolifera e mineira.

Por estes motivos, a substituicdo parcial ou total do Co por outros ligantes metdlicos que possibilitem a
obtengdo de metal duro com propriedades fisicas e mecanicas semelhantes as do sistema WC-Co tem
sido alvo de varios estudos de investigacdo. No entanto, a maioria dos estudos foca-se nos mecanismos
de sinterizagdo e na influéncia dos ligantes e das particulas duras na microestrutura e nas propriedades
mecanicas, sendo a resisténcia a corrosdo omitida ou relegada para aspecto secundario de analise [2].

Este trabalho pretende analisar sistematicamente varios parametros importantes na constituicdo do
metal duro e no ambiente de servico a fim de se obter linhas orientadoras do comportamento que
permitam estabelecer um roteiro para a produ¢do mais racional de metal duro com maior resisténcia a
corrosao.
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2.  DESCRICAO

A titulo ilustrativo do trabalho que estd a ser desenvolvido apresenta-se aqui resultados comparativos
do comportamento electroquimico de um metal duro WC-Co considerado como referéncia (Ref) e de
variacbes em relacdo a essa referéncia, resumidas na Tabela 1. A amostra Ref. corresponde a3 um
compdsito WC-Co de grau industrial com tamanho médio de grdo WC de 1.2 pm e fracgdo volimica de
Co de 18%. As medicdes electroquimicas foram realizadas em solugdo aquosa de NaCl 0.5 M a 23 °C. A
amostra Lig. pretende mostrar a influéncia do ligante, substituindo-se o ligante Co por uma liga NiCrMo
(Ni-8Cr-6Mo) tendo-se mantido inalterados os restantes parametros. Mostram-se resultados do
composito WC-NiCrMo, mas o trabalho envolve uma variedade de ligas e de elementos de liga onde o
NiCrMo é apenas um dos ligantes em estudo. Outros pardmetros importantes s3o o tipo de particula
dura, seu tamanho e proporcdo entre fase dura e ligante. Para ilustrar o efeito destes parametros
apresenta-se o0 caso de um compdsito semelhante a Ref, mas com tamanho de grdo maior.
Apresentam-se ainda resultados do compdsito WC-Co 3 temperatura de 90 °C (amostra Temp.) e em
ambiente cido (amostra pH). A inclusdo de parametros ambientais neste tipo de estudo é importante
porque a resisténcia a corrosdo devera ser muito diferente e também para comprovar que os resultados
obtidos num ambiente poderdo ndo ser adequados para antecipar o comportamento num outro
ambiente.

Tabela 1 - Amostras de metal duro e varidveis testadas.

Amostra  Ligante  Gmes (um) T (°0) Electrolito
Ref. Co
1.2
Lig. NiCrMo 23
0.5 M NacCl
Temp. Co 90
—_— 1.2
23

Na Fig. 1 apresentam-se os resultados dos ensaios electroquimicos (espectroscopia de impedancia
electroquimica - EIE - e curvas de polarizacdo com varrimento anddico) efectuados com as amostras da
Tabela 1. As experiéncias foram realizadas apdés 1 hora de imersdo tendo-se garantido que o potencial
em circuito aberto (PCA) se apresentava estavel. O varrimento anddico foi realizado com uma
velocidade de 1 mV/s e 3 EIE medida com uma perturbacdo de 10 mV rms em torno do PCA.

De uma forma resumida e comparando com a resposta da amostra Ref., verifica-se que a substituicdo
do Co por NiCrMo traduz-se numa melhoria significativa na resisténcia a corrosdo do composito final. O
maédulo de impedancia aumenta mais do que uma ordem de grandeza (de ~3 kQ cm? para ~50 kQ cm?)
e 3 densidade de corrente de corrosdo (/) cai cerca de 15 vezes (de ~75 para ~5 pA cm?). De notar
que nas figuras 1a) e 1b) considerou-se a drea total de eléctrodo, enquanto na figura 1c) as /.- estdo
normalizadas para a area metdlica da amostra uma vez que apenas o ligante se corrdi [3].

O aumento do tamanho médio de grdo de WC, para o dobro, indicia um efeito benéfico na resisténcia a
corrosdo do WC-Co, ja que se verifica um ligeiro aumento no médulo de impedancia e uma diminuicdo
do /. para cerca de metade. Deve, no entanto, ser referido que a influéncia do tamanho de grdo na
resisténcia a corrosdo dos metais duros é ainda controversa, havendo opinides contraditdrias sobre o
seu efeito.

28



8"S JORNADAS CORROSAO E PROTEGAO DE MATERIAIS
2ANOV 2022

Por fim, os resultados mostram que o WC-Co em ambiente 3cido (como o que pode ser encontrado em
alguma inddstria quimica ou, em menor grau, na exploragdo mineira) e a temperatura mais elevada
(como a que pode ser atingida em pontos de friccdo em ambientes imersos) apresenta uma menor
resisténcia a corrosdo e os componentes com ele fabricados degradar-se-30 mais rapidamente nestes
ambientes.
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Fig. 1 - a) Espectros de impedancia (Diagramas de Bode), b) curvas de polarizagdo e c) par@metros
electroquimicos dos sistemas em estudo (/.- normalizada para a fracgdo de area de ligante).

3. CONCLUSOES

Este trabalho mostra a influéncia de parametros como o tipo de ligante, tamanho de grao, e ambiente
(pH e temperatura) na resisténcia a corrosdo do metal duro, concluindo-se pela necessidade do seu
estudo sistematico a fim obter linhas orientadoras que permitam desenvolver novos compésitos de
forma racional, evitando uma abordagem na base da tentativa e erro.
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ABSTRACT

Naphthenic acid corrosion of steel was studied in a stagnant, biphasic oil/aqueous phase system, by
means of electrochemical measurements and surface analysis. Corrosion was restricted to the region
of the aqueous phase, as crater-shaped pits that eventually coalesced, generating a nearly uniform
attack in the vicinity of the oil phase. In-situ electrochemical impedance spectroscopy (EIS) reveals the
processes occurring at the aqueous phase, which nevertheless increase with the fraction of oil phase
and with degree of acidity of the oil.

Keywords: EIS, LEIS, SECM, Naphthenic acid, Corrosion
1. INTRODUCTION

Early corrosion failure of steel structures dealing with crude oil/seawater mixtures is commonly induced
by naphthenic acids (HNap), which are naturally presentin many crude oils and constitute an important
class of corrosion-inducing contaminants [1]. In the present work this phenomenon was studied using
EIS. Because of the high impedance of the oil phase and of the risk of contamination, EIS is commonly
excluded from the reported studies. In our work we use a setup using 3 homemade cell, in which the
sample is exposed vertically from the outside, compressed against an o-ring. The aqueous solution was
poured first and then the oil was added dropwise, to prevent contamination of the bottom part of the
steel plate, while leaving the metal exposed to both phases. The samples were inspected at the end of
the tests, by electron microscopy and infra-red analysis (FTIR).

2. DESCRIPTION

The results give a good correlation of the charge transfer resistance and the fraction of oil in the system
- Fig. 1. Further, addition of 1% and 5% of HNap caused a decrease of the size of the impedance arc,
while the SEM inspection shows that the attack is mostly located at the aqueous phase. The conclusions
are supported by the FTIR analysis and suggest that the impedance measured is due to the
electrochemical activity at aqueous interface only, resulting from the oil phase ochmic resistance.

30


mailto:alda.simoes@tecnico.ulisboa.pt
https://doi.org/10.34637/4cw4-w798
https://orcid.org/0000-0002-7652-4930
https://orcid.org/0000-0003-0081-8323
https://orcid.org/0000-0002-4006-2615
https://orcid.org/0000-0003-0986-9880
https://orcid.org/0000-0001-7611-300X

8"S JORNADAS CORROSAO E PROTEGAO DE MATERIAIS

2ANOV 2022
W 1.0 Hz
m 0.1 Hz T Ve
o 1500 - — R
E 5 o—o—o—y 7. 005
G 1000 O A A N0 X
- NC,’ T - .
;_ Y D\: 0 95":\ \Q \\v
) 1'00“% R Y {
500 - i E} . A
7
0 I 1 I 1 T E 1 T
0 500 1000 1500 2000 2500 3000 3500
Z-R,/ Q.cm?

Fig. 1 — EIS of steel in the biphasic medium, for various area fractions exposed to the solution, Xag. Ohmic
resistance subtracted from the spectra.

3. CONCLUSIONS

The corrosion rate in a biphasic medium using crude oil and sodium sulphate solution is correlated with
both the content of acid and the oil/water volume ratio. The attack starts in the aqueous phase, in close
vicinity of the oil, in the form of pits that grow into a nearly uniform attack. A setup was developed for
laboratory electrochemical testing, which allows measurements in the aqueous phase, with the indirect
effect of the oil and without the effect of oxygen.
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RESUMO

A M.T. Branddo, constituida em 1984, atua no setor tecnoldgico tendo como principais clientes as
inddstrias petroliferas, alimentares e quimicas, entre outras empresas industriais e tecnolégicas, bem
como instituicdes de ensino e investigacao cientifica, institutos e organismos publicos. Com uma linha
completa de produtos e solu¢des dedicadas a caraterizacdo de materiais, a3 MT Branddo tem como
miss3o responder as necessidades dos nossos clientes de forma a impulsionar os seus negdcios, através
da inovacdo e da melhoria continua.

Esta apresentac¢do pretende assim dar a conhecer os equipamentos que a3 MT Brandao comercializa que
permitem ndo sé o estudo do processo de corrosdo como o estudo de revestimentos protetivos e sua
caracterizag¢do, em particular através de técnicas de Tribocorrosdo e Espectroscopia de Raman.

Palavras-chave: Tribocorrosdo, Espectroscopia de Raman, Revestimentos

1. INTRODUCAO

A previsdo antecipada das propriedades de um material no que respeita 3o seu desgaste é de grande
importancia, particularmente em meio industrial. Esta previsdo torna-se particularmente determinante
em materiais ou componentes sujeitos a friccdo prolongada e constante. Testes de tribocorrosdo, nos
quais um peso — na forma de pino ou esfera — é colocado em contato com o material simulando desgaste
permitem ter analise detalhada da robustez do revestimento. Nesta apresentacdo serdo abordados
ensaios de tribocorrosdo em duas amostras distintas, com especial enfoque na instrumentagdo utilizada
e, em particular, na célula de tribocorrosdo apresentada na Fig. 1.

A espectroscopia de Raman tem-se destacado na Gltima década como técnica analitica ndo invasiva 3
escala micrométrica. A crescente miniaturizacdo da instrumentacdo envolvida, resultando em
equipamentos portateis para analise identificativa /n-situ, aliada a auséncia de protocolos extensivos de
preparacdo de amostra levou a que cada vez mais esta técnica seja utilizada, quer em materiais
organicos quer em materiais inorganicos, uma vez que podem ser identificados os produtos resultantes
da corrosdo do material. Nesta apresentacdo serd exposto o caso do desgaste e corrosdo de um fio de
cobre, utilizando espectroscopia de Raman com Microscopia Eletrénica de Varrimento (SEM).
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Fig. 1 - Setup de uma célula de tribocorrosao.

33



8"S JORNADAS CORROSAO E PROTEGAO DE MATERIAIS
2ANOV 2022

A DIRECT COMPARATIVE STUDY OF THE CORROSION BEHAVIOUR OF Si-FREE AND Si-
RICH SLURRY ALUMINIDE COATINGS IN MOLTEN CARBONATE MELTS

P. Audigié '@, S. Rodriguez '@; A. Aglero '@; F. Pedrosa 2@, T. Paiva 2@, T. C. Diamantino 2

! nstituto Nacional de Técnica Aeroespacial (INTA), Area de Materiales Metdlicos, Carretera de Ajalvir
Km 4, Torrejon de Ardoz, 28850 (Madrid), Spain, audigiep@inta.es

?Laboratorio Nacional de Energia e Geologia, I.P,, Laboratdrio de Materiais e Revestimentos, Estrada
do Pago do Lurmiar 22, 1649-038 Lisboa, Portugal

*Corresponding author

https.//doiorg/10.34637/xhqg0-gz71

ABSTRACT

This study is focused on the evaluation of the hot corrosion behaviour of two low-cost slurry aluminide
coatings with and without Si addition deposited on ferritic-martensitic steels, comparing them with
uncoated steel, after 1000 h of exposure to Li, K, Na molten carbonates at 650°C, under static and
dynamic conditions with a high linear velocity (1.3 m/s). Both coatings evidenced a high performance
increase in comparison with uncoated substrates after exposure in both conditions. Both coatings
behaved in a similar way according to the gravimetric results. However, after dynamic exposure, the Si-
free aluminide maintained its morphology and composition after 1000 h with o-LiAlO as the only
corrosion product while the Si-rich coating showed a higher attack extent in the outer part and
developed a large quantity of voids at the coating/substrate interface, leading to substrate corrosion.

Keywords: Concentrated solar power plants, Thermal energy storage, High-temperature corrosion, Coatings,
Molten carbonates

1. INTRODUCTION

In recent years there has been a concern to improve the storage of thermal energy in the Concentrated
Solar Power (CSP) plants and a great interest in employing molten salts. Currently, the most commonly
used storage medium is composed by molten nitrates, particularly the eutectic mixture of 60% of
NaNOs; and 40% of KNOs; (named as "Solar Salt") limited to 580°C because of its chemical
decomposition. However to increase the efficiency of the plant, salts operating at higher temperatures
are needed such as the carbonate mixtures based on Li, Na and K. The use of these new salt mixtures,
together with the higher operating temperature, requires new studies to understand the behavior of the
alloys with which it is in contact, as well as the study of coatings to avoid or mitigate corrosion
phenomena that occur at high temperature. Aluminum coatings applied with slurry have already been
studied in molten salts under static and dynamic conditions demonstrating a better performance than
uncoated material [1, 2]. The discrepancies observed in the corrosion behaviour of aluminium slurry
coatings after 1000 hours motivate this new study. The effect of silicon, considered beneficial by other
researchers [3] after exposure to molten nitrates was also investigated in this work.
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2. DESCRIPTION

This work focuses on the study of the high temperature corrosion resistance of two coatings based on
aluminides with and without addition of silicon deposited on ferritic-martensitic steels with a 9 wt.% Cr
content. More precisely, the two coatings produced at INTA were slurry aluminide coatings with and
without addition of silicon (hereinafter SiAl and Al coatings respectively) and were deposited onto T91
by spraying a Cr*-free and water-based proprietary slurry formulation. After applying the same heat
treatment at high temperature under inert atmosphere for both coatings, Fe-Al intermetallics formed
and a high aluminium subsurface content (49 wt.%) was measured for both coatings (Fig. 1). A thinner
coating was produced in the case of the Si-rich aluminide coating.

a. 5 30 pm b. 30 pm

Fig. 1 — Microstructure of the as-tested coatings a. Slurry aluminide (Al) deposited onto T91 and b. Si-rich
aluminide (SiAl) deposited onto T91.

The samples were then immersed in the ternary mixture of molten carbonates with 32% Li,COs, 33%
Na.COs and 35% K,COs at 650°C for 1000 hours under static and dynamic conditions. The static tests
were conducted at INTA where samples were positioned in alumina crucibles with 30 g of salt mixture
in 3 muffle furnace at constant temperature of 650°C. The dynamic tests were carried out at LNEG at
the same temperature with 28 kg of salt and a linear velocity of 1.3 m/s. In both conditions, samples
were removed to be characterized by gravimetry, scanning electron microscopy (SEM) and X-ray
diffraction (XRD) after 250, 500 and 1000 h.

Gravimetric analysis (Fig. 2) showed that the uncoated T91 showed a very high weight gain reaching
30 mg/cm? after 1000 hours of exposure under dynamic conditions, while the coated showed very
insignificant weight variations. After 1000 h, the uncoated T91 formed a dense and multilayered oxide
of more than 150 pm thick, which explains the high weight gain of this material. According to the XRD
analysis, oxides were rich in Li, Fe, Cr and O. Besides, the coated T91 showed no signs of attack during
the test (Fig. 2). Under static conditions, a small layer of corrosion products was observed on the surface
of the SiAl coating. According to XRD pattern, this scale may correspond to o-LiAlO, which appears as a
protective oxide. The o-LiAlO; oxide was also detected by XRD on top of the Al coating. Under dynamic
conditions, some changes in the morphology of both coatings were observed, exhibiting an increase in
the FeAl phase to the detriment of Fe,Als due to substrate-coating interdiffusion. As in static conditions,
a-LiAlO> was detected on the surface as the main corrosion product.

35



-~ -~ R . -
8" JORNADAS CORROSAO E PROTEGAO DE MATERIAIS fp,,’lfmam
2ANOV 2022 4!4;53

Dynamic Conditions

w
w

Wrer @T91+al [T +SiAl

5 B ¥
Static

-
=)

am/s (mgfem?)

------- : 30 pm 30pm

250 500 1000
Time (h) &
05 = i
- g R L RS s e TS
'E E‘ a s
2
2 o
=
- =
E — e
30 ym 30 pm
-0.5 250 500 1000 v ey iy e
Time (h) a. Si-free aluminide b. Si-rich aluminide

Fig. 2 — Gravimetric results after exposure under dynamic conditions and comparison of the
microstructure after 1000 h of exposure in molten carbonates at 650°C under static and dynamic
conditions of a. Si-free aluminide and b. Si-rich aluminide coatings.

3. CONCLUSIONS

Both Si-free and Si-rich slurry aluminide coatings evidenced a high performance increase in comparison
with uncoated substrates after exposure in molten carbonates at 650°C under both static and dynamic
conditions. The two coatings behaved in a similar way according to the gravimetric results. However,
after dynamic exposure, the Si-free aluminide maintained its morphology and composition after 1000
h with o-LiAlO; as the only corrosion product while the Si-rich coating showed a higher attack extentin
the outer part and developed a large quantity of voids at the coating/substrate interface, allowing
substrate corrosion.
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RESUMO

As tintas espectralmente seletivas surgem como alternativa aos revestimentos seletivos obtidos por
métodos de deposi¢do a vacuo para sistemas de energia solar térmica. Um dos beneficios da sua
utilizacdo é a possibilidade de recurso a técnicas de aplicagdo e manutengdo mais simples,
disponibilidade comercial 3 mais baixo custo e elevada durabilidade/prote¢do anticorrosiva. Existem
apenas algumas tintas comerciais capazes de produzir revestimentos com elevado desempenho 6tico
e simultaneamente elevada estabilidade térmica. E urgente o desenvolvimento de solucbes que evitem
a diminui¢cdo da absortancia solar e 0 aumento da emissividade térmica destes revestimentos e que
simultaneamente ndo comprometam o desempenho anticorrosivo. Este trabalho apresenta o
desenvolvimento de uma tinta seletiva cujas caracteristicas se enquadram neste tipo de revestimento
seletivo, a serem aplicadas em sistemas de energia solar térmica para baixas-médias temperaturas,
visando a melhoria do desempenho destes sistemas no que respeita tanto as propriedades éticas dos
revestimentos, como 3 durabilidade de materiais e tempo de vida da tinta, considerando matérias-
primas comercialmente acessiveis e técnicas de aplicagdo mais simples.

Palavras-chave: Tinta seletiva, TSSS, Energia solar, Protecdo anticorrosiva
1.  INTRODUCAO

Desde os primeiros desenvolvimentos para obtencdo de revestimentos seletivos solares a utilizagdo de
tintas foi uma alternativa a outros revestimentos seletivos mais complexos e dispendiosos, como os
obtidos por métodos de eletrodeposi¢do e deposicao fisica ou quimica. Um tipo de tinta desenvolvida
para este fim é a tinta espectralmente seletiva sensivel 3 espessura (TSSS), na qual o revestimento por
pintura forma uma camada absorsora exterior e a superficie metdlica na qual o revestimento é aplicado
constitui uma superficie refletora na regido do infravermelho. O conceito utilizado é o de multicamada
absorsor-refletor e distingue-se pelo efeito que a espessura do revestimento provoca no desempenho
da superficie [1], [2]. Neste tipo de tintas, a relagdo entre uma elevada absortancia solar (o) e uma baixa
emissividade térmica (&) é alcancada pela produgdo de tintas com alto teor de particulas de pigmento
na menor quantidade possivel de ligante polimérico [3]. A baixa quantidade de ligante compromete a
resisténcia mecanica, a resisténcia a corrosdo e consequentemente a3 durabilidade da superficie uma
vez que estas propriedades sdo conferidas em grande medida pela resina ligante [1]. A quimica da
resina, as propriedades do pigmento e a sua compatibilidade com a matriz, 3 dimensdo da particula e
concentracdo volumétrica de pigmento, a3 estabilidade da dispersao e a distribuicdo de pigmentos, o
teor de solventes e sua evaporagdo no processo de secagem sdo parametros que influenciam a
qualidade destas tintas e que afetam diretamente as propriedades 6ticas dos revestimentos e as
propriedades reoldgicas da tinta. A incorporacdo de compostos oligoméricos de silsesquioxano
poliédricos (POSS) em ligantes de resina polimérica resulta na modificagdo dos polimeros, com
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melhorias em termos de morfologia, propriedades reoldgicas e viscoelasticas e com influéncia direta no
desempenho anticorrosivo e seletivo espectral dos revestimentos subsequentes [3], [4].

2.  DESCRICAO

No presente estudo foi utilizada a liga de aluminio 1050 H24. As superficies foram sujeitas a preparagao
prévia por desengorduramento/desoxida¢do com produtos comerciais Gardacid P4307 e Gardoclean
450B de marca Chemetall e submetidas a passivacdo a base de zirconio com Gardobondx 4707, da
Chemetall, a temperatura ambiente.

Visando a aplicacdo pretendida, foi preparada a formulacdo de uma tinta TSSS com a utilizagdo de uma
resina polimérica de metilfenilpolisiloxano. Foram incorporados pigmentos de 6xidos de metais de
transicdo com estrutura em espinela de CuFeMnO. numa relagdo de aprox. 20% PVC com um aditivo
de molhagem/dispersante para tintas de base solvente. Para otimizacao desta tinta foi incorporado
como alternativa um agente dispersante modificador de superficie, para aumentar o grau de dispersdo
do pigmento fino na resina polimérica, aumentar a concentracao volumétrica de pigmento, e garantir
uma melhor morfologia e uniformidade da pelicula de tinta, e consequentemente melhorar as
propriedades 6ticas. Foi selecionado um composto oligémerico poliédrico de silsesquioxano (POSS) do
tipo isooctil trisilanol e estudadas as formulac6es com proporgdes de teor de pigmento de 10%, 20% ou
30% de PVC. A figura 1 demonstra o aumento da absortancia solar (o) com o aumento do PVC nas
formulagdes com POSS. Os resultados do desempenho ético sdo apresentados na tabela 1. Foi
assegurada a aplicacdo de peliculas de espessura himida ndo superiores 3 25 pm.

Tabela 1 - Propriedades 6ticas para superficies absorsoras com revestimento por pintura.

Superficie absorsora o £ Massa de tinta ,Figura de
(g/m2) mérito (FM) [5]
Formulacao inicial 0,891 £ 0,010 0,209 £ 0,020 1,801 £ 0,1652 0,789
Formulacdo POSS 10%PVC 0,770 £ 0,010 0,209 £ 0,025 1,42 £ 0,0010 0,655
Formulagdo POSS 20%PVC 0,923 £ 0,006 0,189 £ 0,027 1,79 £ 0,0014 0,839
Formulagdo POSS 30%PVC 0,935+ 0,004 0,257 £0,019 2,24 +£0,0014 0,821

30% PVC/POSS 25um
20% PVC/POSS 25um o E

e 20% PVC/D1 25pum

® Formulacdo com POSS

® Formulagdo inicial

Absortincia Solar

10% PVC/POSS 25um ®

Espessura de Revestimento (g/m?)

Fig. 1 — Absortancia solar (o) dos revestimentos obtido para 25 pm de pelicula hiimida com agente
dispersante POSS em 10%, 20% and 30% PVC

3. CONCLUSOES

A partir dos resultados obtidos para os vdrios ensaios realizados foi possivel verificar que os
revestimentos obtidos tém excelente seletividade, com elevada absortdncia solar (o) e baixa
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emissividade térmica (). A relacdo entre estas 2 propriedades 6ticas traduzida pela figura de mérito
(FM) [5], permite considerar que a tinta TSSS com o novo agente dispersor (POSS) e com PVC entre 20-
30%, apresenta as caracteristicas necessdrias a obtencdo de revestimento seletivo mais eficaz.
Verificou-se ser possivel um aumento no teor de pigmento na tinta, aumentar o seu tempo de vida,
melhorar as propriedades &ticas dos revestimentos e melhorar as caracteristicas morfolégicas do
revestimento aplicado. Na qualificagdo destas superficies como absorsoras, sequndo a ISO 22975-3 [6],
foi verificado o desempenho destes revestimentos quanto as suas propriedades anticorrosivas e
confirmada a excelente aderéncia do revestimento ao substrato. Os revestimentos obtidos
apresentaram elevada resisténcia térmica e resisténcia a atmosferas com elevada humidade contendo
ou ndo SO; (Fig.2), o que conduziu a uma elevada prote¢do da superficie e consequentemente uma
maior durabilidade das superficies absorsoras.

Fig. 2 — Aspeto das superficies absorsoras (com 20 e 30% de PVC)
ap6s 600h de ensaio de estabilidade térmica a 246°C (3) e
apoés 540h de exposicdo a atmosferas himidas contendo SO- (b).
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ABSTRACT

Potassium nitrate and sodium nitrate in mixing proportion of KNO3—NaNO; 40-60 wt% (also called solar
salt) has been successfully used for over a decade as a heat storage medium for concentrated solar
power plants. At temperatures of 550 °C, reached in state-of-the-art solar tower systems, corrosion of
metallic components in contact with solar salt can become an issue and has caused leaks and plant
shut-downs in recently built tower projects. While the corrosion rates of several materials have been
determined for different temperatures in static molten salt immersion experiments, there is a lack of
corrosion data for dynamic in-service conditions. Fluid dynamics and scale-up are two factors that can
influence the corrosion phenomena. In this work, corrosion studies were carried out on austenitic
stainless steel (SS) (AISI 316L) and ferritic steel (AISI 430) under dynamic conditions, with long-term
immersion in solar salt, on a pilot scale. It was found that AISI 316L steel forming more adherent oxides,
presented a significantly lower corrosion rate than the AISI 430 steel, due to the formation of a
protective FeCr,04 layer, making it less susceptible to corrosion. The measured corrosion rates are
presented and compared to static corrosion tests.

Keywords: High-temperature corrosion, Solar salt, Dynamic corrosion tests, Thermal energy storage
1. INTRODUCTION

Renewable energy implementation represents a key point to reverse global warming and climate
change. In last years, there has been an investment in Concentrated Solar Power (CSP) with Energy
Storage (TES). Solar Salt is the most energy storage fluid optimized with a melting point of 223 °C and
thermally stable up to about 550 °C.

One of the most relevant problems in the use of fluids as a thermal energy storage is their compatibility
with construction materials (pipes, valves and tanks). This fact, combined with high temperatures (300-
550 °C) make the materials more susceptible to corrosion. Static immersion experiments are suited to
screen and compare different candidate materials for molten salt applications [1-2], but corrosion rates
derived from these experiments might differ significantly from the rates experienced in a real operating
environment of a solar plant [3]. For this reason, it is essential to carry out corrosion studies, in different
types of metallic materials and in different conditions.

2. DESCRIPTION

Corrosion tests were performed, under dynamic conditions, with an austenitic SS (AISI 316L) and a
ferritic (AISI 430) steel, immersed in 26 kg of solar salt mixture, in a vertical tubular furnace for 3000 h
at 550 °C, with a linear stirring speed of 1.3 m/s.

Four replicas were removed for each test time. Three replicates were chemically descaled, using the
C1.1 method of ISO 17245, to remove corrosion products and evaluate mass loss. In the fourth replica,
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corrosion products by X-ray Powder Diffraction (XRD) and Scanning Electron Microscopy (SEM)/EDS
on the surface and cross-section were characterized.

Gravimetric analysis showed that the mass gain (Fig. 1a), originated by the formation of oxides, is higher
in ferritic steel and this difference is greater, when steel is immersed for longer times. In the mass loss
(Fig. 1.b) the curve of the two steel types has the same progression along the time, but with higher

corrosion rates in the AISI 430 steel (2.7 mg/cm? in the AISI 316L and 5 mg/cm? in the AISI 430 at 3000
h).
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Fig. 1 — Evolution of mass gain (3) and mass loss (b) of AISI 316L and AISI 430 samples over the immersion
time in Solar Salt, at 550 °C under dynamic conditions.

Morphological analysis (Fig. 2) shows that the oxide thickness increases with time and the oxide layer

on the AISI 430 steel is thicker than on the AISI 316L steel, which is in agreement with the gravimetric
analysis.
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Fig. 2 — SEM cross-section images and
430

oxide thickness formed on AISI 316L and
AlS| 430 after different immersion times
in Solar Salt, at 550 °C under dynamic
conditions.

As for chemical composition, both steel types formed Fe and Cr oxides, while at the same time,
there is 3 migration of Cr to the steel surface, which in the case of AISI 316L steel creates a protective
layer of FeCr.0,, identified by XRD, that prevents and minimizes the progression of the corrosion. In
AISI 430 steel, despite the presence of Cr, no compounds containing Cr were identified (by XRD),
possibly because it is in small quantity in the outer layer. While being almost absent in the outer
layer of the oxide scale, Cr-concentration is present in the inner layer.
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In the AISI 430 steel only hematite was identified, except at 3000 h where some magnetite was detected.
In the AISI 316L steel, besides the previously mentioned oxides, it was found FeCr,0,, MgO and
MgFe,0,, which were detected at the lowest times, being Mg one of the salt impurities.

3. CONCLUSIONS

The long-term corrosion effect of solar salt on AISI 316L and AISI 430 steel types was studied under
dynamic conditions (speed 1.3 m/s) at 550 °C, to simulate the working conditions in a CSP
installation. The corrosion rate determined by the gravimetric method showed that the corrosion of
AISI 316L steel is lower than the AISI 430 steel, in part due to the protective layer formation of
FeCr,0.. The oxides formed in AISI 430 steel are less adherent, which allows the progression of the
salt to the substrate, making it more susceptible to corrosion. Corrosion rates are higher under
dynamic conditions than under static conditions over short test periods. However, for long periods
the corrosion rate is of the same order of magnitude.
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RESUMO

O presente trabalho tem como objetivo estudar a corros3o de um ago inoxidavel em contacto com um
fluido de transferéncia de calor alternativo, para que possa ser utilizado como material estrutural no
sistema de armazenamento de energia térmica numa central de energia solar de concentracdo (CSP).
A atividade experimental envolveu a imersdo do ago AlSI 316L, em condicOes estaticas, numa mistura
de sal ternario com Li>C0O5-Na,C05-K,C05 (32,1; 33,4; 34,5 % m/m) durante 3000 h a 650 °C. A perda de
massa 3o longo do tempo de exposicdo é elevada com um aumento linear a partir das 120 horas de
exposicdo. Através das técnicas SEM/EDS e DRX foi possivel verificar a existéncia de varias camadas de
6xidos com diferentes composicées quimicas, o que aliado ao aumento das suas espessuras 3o longo
do tempo, permitiu compreender os mecanismos de corrosao envolvidos. As amostras de sal retiradas
30 longo do tempo foram caracterizadas por DSC e comparadas com a mistura pura de modo avaliar a
sua estabilidade.

Palavras-chave: Corrosdo; AlSI 316L, Energia solar térmica de concentrac¢do, Sais fundidos, Sal LiNaK

1. INTRODUCAO

Os desafios da transicdo energética e a tendéncia crescente da eletrificagdo da economia implicam uma
clara aposta no aumento da penetracdo de energias renovaveis. Neste contexto, 0 armazenamento de
energia desempenha um papel fundamental, providenciando despachabilidade ao sistema. A
tecnologia de conversdo de energia por concentracdo solar térmica (CSP), com producdo de
eletricidade, € uma das tecnologias emergentes com possibilidade de aplicagdo e crescimento em
paises com recurso solar apropriado, tal como Portugal. Apesar de ser atualmente mais dispendiosa do
que outras tecnologias de convers3do, permite implementar um sistema de armazenamento de energia
térmica, a pregos relativamente competitivos [1].

Atecnologia solar térmica de concentracdo (CSP) utiliza fluidos de transferéncia de calor (sais fundidos)
para armazenar energia térmica para que esta possa ser utilizada nos periodos do dia sem sol ou nos
periodos noturnos. Com o crescente desenvolvimento e implementacdo desta tecnologia, torna-se
crucial estudar os efeitos da corrosdo a altas temperaturas nos materiais estruturais provocados pelos
diferentes sais fundidos. Deste modo, contribui-se para a redu¢do do impacto que a corrosdo tem nestas
centrais, levando assim a diminui¢do dos custos empregues na construgdo e na sua manutencdo [2], [3].
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O objetivo deste trabalho reside na avaliacdo da corros3o de um aco austenitico em contacto com uma
mistura terndria de sais de litio, sujeito a altas temperaturas durante um longo periodo de tempo.

2. DESCRICAO

Os ensaios de corrosdo do aco austenitico AISI 316L foram realizados em cadinhos de aluming, numa
mufla a 650 °C, com duragdo maxima de 3000 h, em contacto direto com a mistura ternaria de sais
fundidos com 32,1 % Li,COs, 33,4 % Na.CO; e 34,5 % K,COs, em condicOes estaticas e atmosfera de ar.
Foram recolhidas quatro réplicas para cada tempo de exposi¢do, 120 h, 240 h, 480 h, 1000 h, 1440 h,
2000 h e 3000 h, trés réplicas foram usadas para gravimetria utilizando o método de decapagem
descrito na norma ISO 17245:2015 [4] e a outra réplica para a caracterizagdo, em superficie e se¢do
transversal, por microscopia eletrdnica de varrimento com espetroscopia de raios-X por dispersao em
energia (SEM/EDS) e por difracdo de raios-X (DRX).

As amostras de sal retiradas dos diferentes tempos de exposi¢cdo foram caracterizadas através de
calorimetria diferencial de varrimento (DSC) a 5 °C/min, em atmosfera de azoto. A fim de avaliar a
estabilidade do sal ternario comparou-se as diferentes curvas com a da mistura pura.

Na figura 1 estdo apresentados os resultados da perda de massa obtidos durante as 3000 h de exposi¢ao
do aco austenitico aos sais fundidos. Verifica-se que este agco apresenta uma perda de massa
elevada, com um crescimento linear ao longo do todo o ensaio (entre as 120 h e as 3000 h).
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50,00
40,00
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20,00 .
10,00 ..
0,00
0 500 1000 1500 2000 2500 3000 3500
Tempo (horas)
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Fig. 1 - Perda de massa do aco AlSI 316L durante 3000 h em contacto com o sal ternario com carbonatos.

A figura 2 apresenta uma micrografia obtida por SEM, em secdo transversal, dos 6xidos formados na
superficie da amostra, apds 3000 h de exposi¢do e respetiva composi¢cdo quimica elementar. Verificou-
se a existéncia de varias camadas de 0xidos, sendo estas bastante definidas e com composi¢des distintas
entre si. A camada de 6xido mais externa é rica em Fe e O e as restantes camadas ricas em O, Fe, Cr e
Ni. Também foi possivel constatar que as espessuras das diferentes camadas vdo aumentado ao longo
do tempo.
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Fig. 2 - Micrografia obtida por SEM de se¢do transversal da amostra apés 3000 h de exposicdo e respetivo
gréfico com a composi¢do quimica elementar obtido por EDS.

3. CONCLUSOES

Tendo em conta os resultados obtidos e descritos na bibliografia [5], [6], verificou-se que 0 aco AISI 316L
apresenta uma elevada velocidade de corrosao, ndo sendo adequado para ser utilizado como material
estrutural em centrais de CSP quando o sal de carbonato LiNaK é utilizado como HTF, a uma
temperatura de 650 °C.

AGRADECIMENTOS

Este trabalho foi desenvolvido no 3mbito do Projeto INIESC - Infraestrutura Nacional de Investiga¢do para Energia
Solar de Concentra¢do (Ref. LISBOA-01-0145-FEDER-022113) financiado pelos Fundos Nacionais através da
FCT/MCTES (PIDDAC) e cofinanciado pelo Fundo Europeu de Desenvolvimento Regional do Programa
Operacional Regional de Lisboa.

REFERENCIAS

[1] A. G. Ferndndez, J. Gomez-Vidal, E. Or6, A. Kruizenga, A. Solé, e L. F. Cabeza, Mainstreaming
commercial CSP systems: A technology review. Renewable Energy (2019) 140:152-176.
https://doi.org/10.1016/j.renene.2019.03.049

[2] N.International, Corrosion Costs and Preventive Strategies In the United States.
[3] S.C.Bhatia, Advanced renewable energy systems. New Delhi: Woodhead, 2014.

[4] 1SO 17245:2015. Corrosion of metals and alloys — Test method for high temperature corrosion
testing of metallic materials by immersing in molten salt or other liquids under static conditions.

[5] J.Luoetal,Corrosion behavior of SS316L in ternary Li2CO3-Na2C03-K2CO3 eutectic mixture salt
for concentrated solar power plants. Solar Energy Materials and Solar Cells 217 (2020) 110679,
https://doi.org/10.1016/j.s0lmat.2020.110679

[6] A.Gomes, M. Navas, N. Uranga, T. Paiva, I. Figueira, e T. C. Diamantino. High-temperature corrosion
performance of austenitic stainless steels type AISI 316L and AISI 321H, in molten Solar Salt. Solar
Energy 177 (2019) 408-419, https://doi.org/10.1016/j.solener.2018.11.019

45


https://doi.org/10.1016/j.renene.2019.03.049
https://doi.org/10.1016/j.solmat.2020.110679
https://doi.org/10.1016/j.solener.2018.11.019

8"S JORNADAS CORROSAO E PROTEGAO DE MATERIAIS
2ANOV 2022

CHANGING THE LANDSCAPE OF THERMAL INSULATING COATINGS
Neil Wilds ¥"©®; Joao Azevedo ?

I Sherwin-Williams Protective & Marine Coatings, Bolton UK, neil wilds@sherwin.com
2 Sherwin-Williams Portugal, Setubal, Portugal
*Corresponding author

https.//dol.org/10.34637/68g4-0y19
SUMMARY

This paper details the development, application and performance verification testing of a next
generation thermal insulating coating system based upon an Ultra High Build material with better
application and insulative properties than current Thermal Insulating Coatings (TIC). The novel
technology, based upon a carefully selected combination of insulation particles and unique waterborne
acrylic resin system, widens the range of situations where TICs can advantageously replace
conventional thermal insulation for personal protection (PPE) and solar radiant heat control purposes,
reducing the risk of Corrosion Under Insulation (CUI) and installation time and cost.

Keywords: Thermal insulating coatings, Corrosion under insulation, PPE, Solar radiant heat control
1. INTRODUCTION

Thermal insulation of piping, valves, tanks, or vessels is typically achieved by an INTEGRAL SYSTEM
comprising of corrosion mitigation coating, thermal insulation media, and external cladding. The
downside of these conventional insulation systems is that they leave an air gap to the primed surface
and, when damage to the jacketing occurs, substandard primer coatings that cannot resist cyclic boiling
electrolyte conditions will not avoid corrosion under insulation (CUI) to occur. CUI can become a real
issue for the plant as it can often go unseen for years. This has been seen to result in some cases of
catastrophic failure resulting in millions of euros of damage and in some cases and, more importantly,
loss of life.

Thermalinsulating coatings (TIC's) have also been used, with a narrower scope, for personal protection
against burns, solar radiant heat gain protection and limited energy or process preservation as an
alternative to conventional insulation such as mineral wool or calcium silicate. First generation TICs,
however, are limited in several ways. A novel technology, discussed in this paper, remove these
limitations to a3 measurable extent.

2. DESCRIPTION

In 2021, when the insulation system on a tank roof in the USA was being removed, the asset owner
allowed samples to be taken from various parts of the roof. The insulative media samples were tested
for weight loss after heating at 200°C. The results demonstrated a surprising degree of weight loss
between 33% to 72%, corresponding to the degree of moisture content in the media. At this level of
moisture intake, the thermal efficiency of the insulation system on the tank roof would have been very
poor, and CUI would had occurred if not for a suitable primer being in place. These results gave further
justification for the urgency of research focused on TICs improvement, to remove some obstacles to the
use of this option and make it a true alternative to conventional insulation.

TIC's are based upon a closed cell structure and hence will not retain water. This assures that the original
insulative properties are kept during design lives and reduces the risk of CUI. This insulative barrier can
be inspected visually without removal of the insulation system and without the use of very expensive
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electronic techniques. The current technology also has system application limitations. A thickness of
500 microns dry thickness per coat requires multiple coats to be applied to achieve the required film
thickness to give thermal efficiency. The next generation material can easily obtain the performance
requirements in a single coat, reducing the time to install the insulation system.

The objective of the development described in this paper was to develop a novel TIC material allowing
a3 drastic improvement on both limitations: achieve higher dry film thickness per coat, and a lower
thermal conductivity. In conjunction, these features bring TIC further in the scope of use normally
reserved to conventional cladded conventional insulation.

Achieving a low thermal conductivity requires a holistic approach to coating formulation. Details are
given about the relative merits of aerogel particles, hollow particles, and utilization of entrained air or
foaming agents. The next generation formula is based on a modified water based acrylic latex matrix
holding a combination of low thermal conductive materials, capturing relative merits, and addressing
its downsides. ASTM C177 is the standard test for measuring the thermal conductivity of a material by
means of a guarded-hot-plate apparatus and this was used to measure thermal conductivity.
Simultaneously, the formulation was optimized to achieve application of up to 3 mm dry film thickness
per coat and a touch dry time of 2 hours.

Finally, the last and key element of the development (allocated 50% of the total development time),
was the search for the ideal application set up. This is critical for the thermal performance and the
application efficiency, that will not be achieved unless the specific application set up is in place: mixing
time, equipment type, nozzles, spray pressure and more all play a role, and its prescription is part of the
solution.

The project achieved a TIC system able to be applied in fast drying single coats up to 3.75 mm,
comprised of a basecoat and a sealer coat, with thermal conductivity less than 0.08 W/m.K.

3. CONCLUSION

The result of the described development was a novel TIC system with @ much wider scope of use
compared with currently used TICs. Thanks to the combination of a lower thermal conductivity and
higher dry film thickness application per coat, the new TIC system can be installed faster and
economically for PPE and solar radiance control purposes, not only to replace current TICs, but also in
situations currently addressed by conventional insulation only. The novel TIC system can withstand
service temperatures from -60°C up to +177°C, with peak temperatures up to +200°C.
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SUMMARY

Modern, sustainable construction requires building materials and products used to be fit for long term
durability and in-service resilience. Intumescent coatings for fire protection of steel have been in use for
over 30 years, providing excellent protection against the effects of fire. However, the weather resistance
of some types of intumescent coating can be limited. This paper considers long term durability of a
novel technology in this field and will show that correct specification of products can provide fire
protection to buildings and structures for the entire design life, and possibly beyond.

Keywords: Sustainability, Durability, Intumescent coatings, Fire protection

1. INTRODUCTION

In the past century, steel has been utilised globally as a structural framing material for many types of
assets and facilities. A combination of desirable physical properties, material cost, and ease of use has
led to it being called the building material of the last century [1].

Additional to the desirable properties of the steel as a building product, it is also recognised steel is
readily recyclable and reusable, and in the 21st century this is an increasingly essential aspect of
sustainable design. It works very well in the demands of a circular economy, where value needs to be
maintained in @ material when it reaches the end of its design life [2]. However, along with the list of
desirable features, steel is susceptible to the effects of fire. To provide protection against fire, several
different methods of passive fire protection for steel are in existence, ranging from mineral sprays, to
fire resistant boards, to intumescent coatings.

Intumescent coatings are spray applied materials that can provide fire protection to structural steel.
They can provide several benefits over alternative passive fire protection methods:

1. Speed of installation

2. Aesthetics, allowing steel to be an architectural design feature

3. Allow steel to be fire protected off-site, leading to fast-track construction methods
4

Enable modern steel construction through use of long span beams that incorporate web
openings (often referred to as cell beams).

There are several families of intumescent coating, which have different degrees of weather resistance
and durability. Not all these coating types are created equal, though. There is a typical hierarchy of
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durability for intumescent coatings, ranging from single component water-based coatings to multi-
component, weather, and damage resistant products.

Traditional water-based coatings are suitable for use in mild environmental conditions such as within
the envelope of an office building, but likely not suitable for harsh internal or external exposures. Two-
pack materials on the other hand (including novel pMMA chemistries), are designed to provide
significant weather and damage resistance.

The highly differentiated coating in question is based on pMMA (methyl methacrylate) chemistry, well
known for rapid curing and return to service. By using this chemistry in this coating, several highly
desirable features and benefits have been incorporated into the product line:

a) Rapid drying and overcoating time, in as little as one hour
b) Handle and transportation time in as little as two hours
c) Significant enhancements to weather and damage resistance compared with traditional single
component coatings.
The combination of the above features enhance the suitability of off-site (in-shop) application of the
passive fire protection system, thus enabling the benefits of off-site paint: cost effectiveness, higher
quality of application and removing the painting from the critical path of the on-site works.

2. DESCRIPTION

When we consider the terms of the design working indicative life span of a building, Eurocode EN 1990
states [3]: “The design working life is the assumed period for which a structure is to be used for its
intended purpose with anticipated maintenance but without major repair being necessary”. From this
same document, an indicative design working life of 50 years is quoted.

Intumescent coatings for fire protection of steel can be tested under the requirements of the European
standard EN 16623 [4]. This document identifies that properly maintained intumescent coating systems
are intended for 10-25 years specifications.

So how does a coating supplier, and the end owner of the asset, reconcile the disparity between design
working life of a building (50 years), and the assumed working life of the intumescent coating (10-25
years)? And how can it be demonstrated that coated steel can potentially be reused and repurposed,
rather than recycled?

This paper will evaluate testing of intumescent coating materials in line with recognised protective
coating pre-qualification standards such as I1SO 12944-6 [5], in combination with established fire testing
protocols. From this testing, extrapolating 1ISO 12944 pre-qualification methods for longer design lives,
it is intended to demonstrate how state of the art coating systems can meet the demanding
requirements for protection materials for life of building designs and specifications.

3. RESULTS

The purpose of this work is to evaluate the performance of the novel pMMA intumescent coating to
multiple, cumulative exposures to the weathering requirements for C3 Very High, both in terms of
corrosion protection to the underlying steel, as well as providing the specified degree of fire protection
that is required by the steel.

Testing of various intumescent systems composed with the novel pMMA intumescent coating has
shown that following concurrent ISO 12944-1 C3 VH exposures the following was observed:
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1. Corrosion protection provided to the steel by the fire protection system comfortably meets the
corrosion creep requirements of this standard.

2. Fire protection to the steel has not been negatively impacted, with the coating system meeting
the required degree of fire protection in standardised testing to EN16623.

4. CONCLUSION

Based on third-party laboratory test results centred around exposure to cumulative ISO 12944-6
weathering test protocol for C3 VH scenario, this paper expects to demonstrate the capacity of a novel
intumescent coating capacity to meet Eurocode EN 1990 design working life target.
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ABSTRACT

In the last decade, the necessity to improve corrosion protection has dramatically affected the industry.
Layered double hydroxides emerge as a possibility to overcome this problem due to their ability as a
carrier of corrosion protection species. In this work, cerium cations, which possess corrosion protection
ability, were incorporated in the LDH structure via partial substitution of aluminium cations. The
changes occurring to LDH when exposed for an extended period to UV-radiation and its degradation
with release of Ce** from the hydroxide layers has been studied and is presented in this work.

Keywords: Layered double hydroxides (LDH), Corrosion protection, UV-degradation.

1. INTRODUCTION

Layered double hydroxides (LDH) represent a numerous family of natural 2-D materials. Due to the
unique combinations of functionalites, LDH find application in different areas ranging from
optoelectronics, catalysis, to corrosion protection. LDH, of general formula [M"M"(OH)J*(A%)wyzH:0,
are composed of alternating positively charged mixed metal M'-M" hydroxide layers, and
interlayers occupied by anions (A¥) and water molecules [1]. The functionalities of LDH can be extended
by employing specific cations.

The mechanism of protection by LDH is still not clear. The basic principle consists in the release of
anions from the LDH interlayers, followed by the adsorption of organic molecules on the surface of the
metallic substrate with a consequent decrease in the corrosion rate [2]. Although the use of anions is the
most common method, corrosion protection can also be achieved using cations. Ce** is well known for
its corrosion protection capabilities [3, 4]. Traditionally, it is trapped inside bentonite nano-capsules and
is often used with LDH to achieve a synergetic effect and higher corrosion protection efficiency. The
efficient inhibition of Ce** occurs because the reaction between the cerium cations and hydroxide ions
leads to the formation of insoluble hydroxide on the cathodic areas.

In this work, the changes occurring to LDH when exposed for an extended period to UV-radiation (30
days) and its degradation with release of Ce?* from the hydroxide layers has been studied. This strategy
allows promoting extended corrosion protection of the metal surface after the end of the anion-
exchange process. The study was performed using MgsAl,«Cex LDH intercalated with NO5, where x was
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7.5 mol%. The UV radiation promotes partial degradation of the hydroxide layer and release of Ce?*
leading to a two-step corrosion protection system (Fig. 1). UV-visible spectroscopy was used to quantify
the amount of Ce** released.
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Fig. 1 — Continued corrosion protection of aluminium alloy through LDH UV-degradation [5].

2.

The continuous corrosion protection of aluminium alloy 2024 with LDH degradation was assessed using
electrochemical impedance spectroscopy (EIS) over a one-week period. Optical microscopy and energy-
dispersive X-ray spectroscopy (EDX) were used for surface characterization (Fig. 2).

DESCRIPTION

Impedance spectra were recorded to evaluate the inhibitor efficiency of Ce** released from the LDH
layers, after a previous exposure of the LDH to UV irradiation. Measurements were carried out in AA
2024 using different aqueous solutions.

200 -
a) //
180 - o
160 - /
., 1404 *~
5 120 —u— 50 mM NaCl
€ 1004 —e—5mM Ce(NO,),
= 80l —a—Mg,Al - NO, LDH
= —v— Mg,(Al,Ce) - NO, LDH
60 -
40 4|
o
- .
0' v T T T T T v T T
0 24 48 72 9% 120 144 168
Time (h)
3. CONCLUSIONS
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mM NaCl + Mgs(Al,Ce)-NOs LDH [5].

The amount of Ce** released after the UV-radiation correspond to 38.4 % of the total amount of Ce3+
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present in the LDH hydroxide layer structures. Corrosion protection was extended by a 2-step
protection system, namely, the Ce®* release through the partial degradation of the LDH
nanocontainer and the retaining of corrosion agent Cl trapped in the LDH galleries from anion
exchange.
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ABSTRACT

The work describes the investigation of LDH-based nanoadditives for early-stage corrosion detection of
steel, and subsequent development of 3 multi-layer functional protection coating. A systematic study
on the level of degradation and the detected colorimetric signal was performed using electrochemical
characterisation. The protection properties and detection functionality were also studied in conditions
relevant to exploitation of metallic structures.

Keywords: Corrosion, Coating, Nanoadditives, Detection, LDH nanomaterials
1. INTRODUCTION

The detection of corrosion at an early stage can contribute for reduction of maintenance costs and
extend the service life of metallic structures. In this context, the development of protective coatings with
“smart” functionality recently attracted considerable attention of researchers [1]. The published works
available so far mainly describe the use of pH indicators and dyes [1,2] as ‘sensing’ species. In our work
we showed that the intercalation of hexacyanoferrate, able to react with Fe** cations forming a blue
precipitate, renders additional properties with respect to the free hexacyanoferrate [3]. The present
work, developed in the frame of two international projects [4,5], aims at the study of LDH intercalated
with hexacyanoferrate in organic-based coatings for detection of corrosion in carbon steel via
colorimetric response of released Fe?*.

2. DESCRIPTION
Investigation of active nanomaterials

LDH intercalated with hexacyanoferrate ions were investigated as ‘sensing’ nanomaterials for detection
of early-stage corrosion on steel. The anions were intercalated in Mg-Al and Zn-Al LDHs via simple ion-
exchange procedure. Structural characterization via X-ray diffraction (XRD) confirmed replacement of
the precursor nitrate anions by hexacyanoferrate. Fourier-transform infrared spectroscopy (FTIR)
supported XRD data, additionally revealing presence of two forms of hexacyanoferrate anion (both are
able to react with Fe cations giving a blue precipitate). The morphology of the nanomaterials was
studied by scanning (SEM) and transmission (TEM) electron microscopies. The particles showed plate-
like shape with average diameter around 500 nm for Zn-Al LDHs and 150 nm for Mg-Al LDHs (Fig.13).
The loading content of the active ions (17.6 wt% in Zn-Al and 17.2 wt% in Mg-Al LDH), estimated by
UV-Vis spectroscopy and supported by gravimetric analysis, agreed with theoretical calculations from
chemical composition taking in account FTIR data. The release of the active agent from the nanocarriers
was studied in various aqueous media. The LDHs provided controlled release of the active ions under
relevant corrosion conditions. The detection functionality of the nanomaterials was confirmed in model
solutions in the presence of Fe?* cations and verified by drop tests on carbon steel plates following the
visual changes as a function of time. Hexacyanoferrate-loaded Mg-Al LDH induced appearance of blue
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coloration on steel surface with the progress of corrosion process, while Zn-AL LDH showed more fade
grey-violet colour, which can be explained by competitive reaction of the active anion with the Zn?* from
the LDH, forming Zns[Fe(CN)e].. Potentiodynamic polarization tests and electrochemical impedance
spectroscopy (EIS) were used to investigate the effect of the developed nanomaterials and free
hexacyanoferrate ions on the corrosion reaction. Intercalation of the ’sensing’ ion in the LDHs
minimized the negative effect of hexacyanoferrate on steel stability in comparison to the salt directly
dispersed in solution (Fig. 1b). After anodic polarization of steel plates, with the presence of Mg-
Al/[Fe(CN)e]* LDH an intense blue colour was observed, while with Zn-Al LDH, a brown precipitate
associated with Zns[Fe(CN)s]. disguise the corrosion detection. Overall, results showed
hexacyanoferrate-intercalated Mg-Al LDH as a perspective material to be used for steel corrosion
detection. Details on the synthesis and characterization of the nanoadditives and their environmental
behaviour could be found in our recently published papers [3,6].

Development of ‘sensing’ layer

The above selected nanomaterial was incorporated into polymeric coating. Commercially available
water-soluble acrylic urethane emulsion, characterized by environmental friendliness and high
performance of the resulting coatings, was chosen for preparation of formulations, which were
investigated considering different parameters to obtain well-dispersed, stable solution. Rheological
studies of the developed formulation did not show any significant influence of the nanoadditive on
viscosity and viscoelastic behaviour in the range of studied concentrations (0-10 wt%). Cured coating,
applied on carbon steel plates, had thickness around 15 pm and showed excellent adhesion to the
substrate. Structural characterisation via FTIR confirmed presence of the hexacyanoferrate ions. The
morphology was observed by optical microscopy and SEM, showing homogeneous smooth surface of
the coatings. The hardness was evaluated by Vickers method and showed positive effect of the
nanoadditive to the coating mechanical properties. Corrosion detection functionality of the ‘sensing’
layer was investigated by visual observation of steel plates immersed in 0.6 M NaCl. A systematic study
on the level of degradation and the detected colorimetric signal was performed using EIS, monitoring
the evolution of corrosion of the coated plates without and with ‘sensing’ nanoadditive (10 wt%). It was
found that the additive decreased barrier properties of the polyurethane coating. Nevertheless, the
early-stage corrosion functionality was successfully confirmed: a blue colorimetric signal was detected
on the plates coated with the ‘sensing’ layer, after 17 h of immersion, correlated with EIS results showing
a3 decrease in the impedance magnitude, while steel degradation was still not visible for a naked eye.
Hexacyanoferrate saltincorporated directly to the coating didn’t show corrosion detection functionality.

Characterization of multi-layer protection system

To improve barrier properties of the coating for field tests, a system with an additional protective layer
was developed. After testing of several commercial coatings, a transparent epoxy varnish was selected
as the most promising system with a high barrier property and a good adhesion to the developed
‘sensing’ layer. Corrosion protection performance and the detection functionally of the developed multi-
layer coating (dry thickness ~ 70 um) was investigated using EIS (Fig. 1d, ¢). The colorimetric signal was
detected after 1 week of immersion, although the initiation of corrosion was not yet detected
electrochemically (coatings maintained a capacitive behaviour with high impedance values), the
observation by optical microscopy confirmed the presence of the micro spots of corrosion invisible to
the naked eye. Finally, the functionality of the developed coating was validated by salt spray test (ISO
9227) and in field tests in the harbour of Malta.
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Fig. 1 — SEM observation of the nanoadditive (3); Potentiodynamic polarization of uncoated steel
immersed in solutions with and without nanoadditives (b); Monitoring of corrasion (EIS) of steel with
reference multi-layer coating (c) and with developed smart multi-layer coating (d)

3. CONCLUSIONS

LDHs intercalated with hexacyanoferrate ions were investigated as ‘sensing’ nanomaterials for
colorimetric detection of early-stage corrosion of steel. A ‘sensing’ coating was developed by
incorporation of the selected nanoadditive in commercial polymeric coating. Study on the level of
degradation of coated steel and the detected colorimetric signal confirmed the detection functionally.
The decrease in the barrier properties induced by the additive was overcome by elaboration of multi-
layer system with an additional protective layer. The protection properties and detection functionality
were confirmed in tests relevant to exploitation conditions.
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ABSTRACT

Microbiologically influenced corrosion (MIC) is the corrosion of material caused or enhanced by
microorganisms. It occurs directly or indirectly through their metabolic activities and can be accelerated
10 to 100 times, depending on the material. A wide range of materials can be affected by MIC, including
metal, plastic, and concrete, impacting the entire infrastructure of society, including water and
wastewater management systems, marine industrial facilities, and (on)offshore systems. One challenge
of MIC common to all these sectors is the colonization of surfaces, where the presence of water is one
of the basic requirements for biofilm to form. This phenomenon is a major global challenge caused by
the growing world population and related industrial activities combined with climate change, and
increasingly becoming a problem for our society [1] and [2]. The global cost of MIC is unambiguous and
should almost certainly be underestimated. According to survey data, MIC is responsible for up to 20%
of all corrosion found in aqueous systems, costing billions of dollars in rehabilitation costs alone [1]. In
Europe, several research groups/ other industrial stakeholders are already dealing with MIC.
Unfortunately, the discussions are fragmented, and the exchange of information is limited. A true
transdisciplinary approach is hardly ever experienced, although this would be logical for this
material/biology related challenge. Therefore, Europe needs to combine the efforts of experts in
different fields and develop prevention measures according to the european rules, in close cooperation
with industry, plant operators and owners of critical infrastructure to effectively contribute to this MIC
challenge. In this context, our european MIC-network aims to provide the necessary interaction and
communication, knowledge sharing, training of personnel and of researchers of different disciplines.
Only in this Europe can get a leading role in this process, bringing ideas together on an equal level with
other nations, and thereby considering the important values and attitudes for Europe (e.g.,
environmental protection) and resulting in a3 greater protection for people, property, and the
environment. The working group structure of this Euro-MIC Cost Action, as well as specific objectives,
ongoing activities, and expected impacts, will be presented.

Keywords: Biofilm, Corrosion, Control, Monitoring, Diagnosis

57


mailto:ersilva@fc.ul.pt
https://doi.org/10.34637/jg13-rp26
https://orcid.org/0000-0001-6679-4374
https://orcid.org/0000-0001-8294-8855
https://orcid.org/0000-0002-9214-6183

8"S JORNADAS CORROSAO E PROTEGAO DE MATERIAIS
2ANOV 2022

1. INTRODUCTION

Since the 1930s when MIC was first recognized, and until the 1980s, almost no progress in MIC research
was evident, most likely due to competing research priorities or limited microbiological capabilities [2].
Subsequently in the past two decades, scientific and technical publications on MIC became more
frequent and the focus changed over time. Researchers first tried to determine the cause, then
understand the mechanisms and since the year 2000, studies have focused on diagnosis, monitoring
and mitigation of MIC [1] and [2]. This type of corrosion found in all societal infrastructures (Fig.1), is
associated to drastic consequences. A representative example is a MIC failure, attributed to
methanogenic archaea (www.cpuc.ca.gov/aliso/), that caused the release of more than 100,000 tons of
methane that leaked, in October 2015, from a natural gas storage field in Aliso Canyon (USA), exerting
a dramatic impact on the climate and causing a total cost to the utility of more than $1 billion. However,
only direct costs are included here, as production losses and consequences to the environment are
difficult to quantify. Prudence would dictate that behaviours to avoid both MIC damage and
consequences must have a high priority in modern societies, becoming crucial to deal with it in a
proactive rather than reactive manner. Prevention of MIC requires expertise in multiple disciplines and
industrial activities to determine root causes and develop ecological remediation and mitigation
measures, ranging from materials science, process chemistry, microbiology, biochemistry, corrosion
engineering, and integrity management [1] and [2], becoming a significant challenge. Moreover, the
multidisciplinary knowledge and information among experts are fragmented, amplified by the weak
bridge between research and industrial stakeholders, and lacking discussions and knowledge transfer,
thus limiting MIC prevention measures better adjusted to the industry needs, and the accomplishment
of the European values of protecting the environment, people, and property.

* Energy infrastructurels L * Transportation infrastructure
(offshore/onshore) * Bridge Installation

* Pipeline f * Harbour Installation

* Processing facilities ' * Maritime Transports

* Wind turbines * Bilges
Energy harvesting facilities + Ballast tanks and fuel tanks
(wave/tide/geothermal) * Piping systems of ships

Water and wastewater Fuel distribution

treatment * Transportation and storage
= Water distribution system of petroleum

* Drinking water and s Gas and renewable energy

sewage plants £ carriers

District heating plants and = Storage tanks
distribution * Network facilities

Fig. 1 - Critical infrastructures affected by Microbiologically Influenced Corrosion (MIC).

2. DESCRIPTION

The management of MIC is an integral part of the larger corrosion management framework for assets
and facilities. At its core, corrosion management essentially consists of three primary activities:
assessing corrosion threats, identifying preventive and mitigative barriers, and monitoring the
effectiveness of those barriers (Diagnosis, Monitoring and Mitigation). The Euro-MIC network is joining
efforts in a transdisciplinary, multi-sectoral network, promoting discussions, knowledge transfer,
collaborations, and training, intending to make Europe a leader in this MIC challenge. This network is
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founded on five pillars with which the challenge of MIC can be substantially influenced: 1) definition of
a common language for a productive exchange across different disciplines, 2) construction of a research
roadmap for a meaningful and economic perspective, 3) training of scientists or personal staff, 4)
definition of standardisation protocols for diagnosis, monitoring and mitigation in the context of MIC,
and 5) ensuring sustainability to protect the environment and future generations. The pillars of training
and common language are the cornerstones of the three subsequent pillars, forming the basis for
achieving the overall goal. The main tasks allied to these pillars, are organised in five working groups
(WGs), Fig. 2. Two WGs will cover eight cross-cutting capacity building and research coordination
objectives. Three WGs will serve as research coordination objectives focusing on the three MIC strategic
areas "Diagnosis, Monitoring and Mitigation". The eighteen specific capacity building and research
coordination objectives, the goals, and tasks of the WGs, are described in detail in the Euro-MIC MoU [2].

This COST Action will advance the MIC state-of-the-art in several crucial aspects: 1) for the first time, a
common terminology of MIC will be developed across disciplines and sectors, 2) a common approach
to failure analysis using standardized test procedures will be developed and agreed upon, enabling
industry to assess MIC cases, 3) a European based training program will be established and, 4) several
research proposals will be initiated in the context of the European Green Deal and Sustainability
Agenda. In the long-term, this Euro-MIC will contribute to the establishment of standard protocols, the
improvement of environmental simulations, as well as the holistic approach to the assessment of MIC-
related failure. In all pillars of the COST Action “Diagnosis, Monitoring and Mitigation”, the joined efforts
will lead to new technological solutions benefiting all stakeholders. It will also train the next generation
of researchers with an interdisciplinary approach and focus, able to initiate and continue productive and
collaborative knowledge transfer cycles between different sectors and disciplines in Europe and
beyond. This Cost Action will also contribute to transforming Europe and the whole world into a greener,
more sustainable, and circular economy, in line with the EU Green Deal objectives and the UN

Sustainable Development Goals.
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Fig. 2 — Vision, Working Groups, and measures of Euro-MIC.
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ABSTRACT

Hydrogenated amorphous carbon (a-C:H) top layer was deposited onto 316L medical grade stainless
steel by reactive magnetron sputtering with two types of interlayers, based on Cr and Ti. The goal was
to evaluate the effect of the adhesion-promoting layers on the overall coating/substrate system. After
the immersion test in acidic artificial saliva, no surface signs of corrosion were detected. However, the
Cr-based interlayer enhanced the metallic ions release, whereas the Ti-based one seems to improve the
corrosion resistance. Electrochemical Impedance Spectroscopy was also used to evaluate galvanic
corrosion evolution at the adhesion interfaces.

Keywords: DLC coatings, Metal release, Impedance spectroscopy, Orthodontics

1. INTRODUCTION

Biometallic alloys thrive in fixed orthodontics for their unmatched balance of mechanical properties,
corrosion resistance and biocompatibility. Ti-based alloys, and several stainless steel (SS) grades are
widely used for manufacturing brackets, archwires, tubes and bands that will remain inside the oral
cavity for approximately 2 years. However, oral cavity is an ultimate corrosion-promoting environment
bioalloys: oscillations on pH, temperature and chemical composition are enhanced by multiple factors,
including diet and hygiene, oral biofilm activity and even the time of the day. The /7 vivo degradation
of metals and alloys is therefore inevitable, disrupting any oxide passive layer and releasing metallic
ions into the oral cavity [1]. Among those ions, some are toxic and can elicit hypersensitive reactions
(allergies). Ni stands out as the International Agency for Research on Cancer (IARC) classifies Ni (II) and
all Ni compounds as carcinogenic or potentially carcinogenic to humans [2].

Looking for a safe solution to improve human health, a surface engineering approach was chosen for
this study: the outstanding diamond-like carbon (DLC). A promising group of materials is the
hydrogenated amorphous carbon (3-C:H) coatings, with suitable mechanical and tribological properties,
and other desirable characteristics for orthodontic applications, including bioinertness and electrical
insulating character by hydrogen presence. The coatings quality and durability are governed by both
H content and sp?/sp? C-C bond ratio, which are further tunable by doping, in addition to their known
strong adhesion to substrates. However, adhesion to metallic substrates is the DLC's "Achilles Heel'.
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While such issue has been overcome by using metallic-based adhesion layers [3], previous works
suggested that such interlayers may influence the overall oral corrosion resistance of the coated
orthodontic alloys [4, 5].

Thus, the present study aims to evaluate the /7 vitro corrosion resistance of the DLC/M/ SS316L system
by tailoring two different adhesion layers: M = Cr- and Ti-based materials.

2. DESCRIPTION

Following author’s previous research work [4, 5], 3-C:H coatings were deposited on polished SS 316L
(AISI) substrates by reactive magnetron sputtering in CH4 atmosphere. Preceding the external a-C:H
layer, the substrates were sputter-etched by Ar* bombardment for 30 minutes, followed by the
deposition of an adhesion-promoting layer. Two systems were prepared: DLC/CrC-Cr/SS and DLC/TiC-
Ti/SS, termed DLC1 and DLC2, respectively (Table 1).

Table 1 - Main characteristics of the as-deposited DLC-based coatings.

System Thickness Contact angle Roughness (Sa) Hardness
Interlayer [nm] 3-C:H [nm] [°] [nm] [GPa]
DLC1 342 743 75%1 ~4 1942
DLC2 357 764 70+1 ~6 23%2

Corrosion tests were conducted using a Fusayama-Meyer artificial saliva with pH=2.3 for 30 days
(according to I1SO 10271). The released metallic ions (Fe, Cr, Ni, Ti) were quantified by Inductively-
Coupled Plasma - Optical Emission Spectroscopy (ICP-OES). Different metal release behaviors were
observed, as seen in Fig. 1 for iron. Cr-based interlayers (DLC1) seem to decrease the overall corrosion
resistance of the DLC/SS system in comparison to Ti-based adhesion layers (DLC2). The SEM/EDS
analysis contradicts the ICP results and evidences a clear stability of the top a-C:H layer (Fig. 1), similar
to that observed for DLC2.

Both systems were further characterized by Atomic Force Microscopy, Static Contact Angle, Raman and
FTIR Spectroscopy, and Scratch Testing. Furthermore, Electrochemical Impedance Spectroscopy was
performed to evaluate galvanic corrosion evolution at the adhesion interfaces along the time: results in
the form of Nyquist and Bode plots will be used to analyze the evolution and to conclude of the
existence or not of corrosion phenomena in the interfaces.
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Fig. 1 - SEM micrograph of DLC1 surface before and after immersion, coupled with the iron release rates
from SS316L, DLC1 and DLC2.

3. CONCLUSIONS

Hydrogenated amorphous carbon-based coatings were successfully deposited onto SS316L samples
by reactive magnetron sputtering. Two adhesion interlayers were selected: Cr- and Ti-based (DLC1 and
DLC2 system, respectively). After a3 30-day immersion in acidic artificial saliva, no segregation, metallic
inclusion, delamination, or detachments were detected on the a-C:H top film, regardless their interlayer
configuration. However, metallic ions release rates from both systems showed significant differences,
depending on the interlayer chemical composition, when compared with the uncoated SS316L samples.
While the Cr-based interlayer enhances metal release, the Ti-based seems to improve the overall
corrosion resistance. Such findings illustrate the crucial importance of coating/substrate systems when
DLC-based coatings are to be considered for Orthodontics.
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ABSTRACT

Selective absorber coatings for solar thermal collectors and reflector coatings for Concentrating Solar
Power (CSP) plants are the key components of these technologies and their durability is one of their
most important characteristics. They should be low cost and withstand 20-30 years under different
kinds of environments without significant loss of optical performance.

Commercially, there are different physical vapour deposition (PVD) coatings for aluminium absorbers
and reflectors. Results obtained with two commercial PVD solar absorber coatings (SA) and two solar
reflector coatings (SR), under different accelerated aging tests (AAT), are presented and correlated with
outdoor exposure. An Outdoor Exposure Testing (OET) site with maritime and industrial influence was
used for an exposure campaign of the absorbers and reflectors for two years.

Alternative artificial aging tests are proposed for absorbers and reflectors that better reproduce the
corrosion mechanism obtained in natural conditions with maritime and industrial influence. The
characterization of the coatings and degradation mechanisms of different aluminium absorbers and
reflectors were evaluated optically, morphologically and chemically.

The results obtained in an atmosphere with high corrosivity as in marine and/or industrial areas are a
reliable way to verify the corrosion resistance of new materials in a short time and are a valuable tool
to validate the different methodologies of accelerated aging tests.

Keywords: Atmospheric corrosion, Durability, Solar reflectors, Solar absorbers, Accelerated aging test

1. INTRODUCTION

The lifetime of the new materials is most relevant to ensure that the solar energy technologies are
economically viable. Solar coatings have to withstand stress conditions like high temperatures, high
humidity, ultraviolet irradiance or wind and snow loads depending on the geographic position and
atmospheric corrosivity [1], [2].The degradation mechanisms in different environments need to be
previously evaluated. For qualification of new materials and products with respect to corrosion
resistance therefore accelerated corrosion tests generally need to be adopted during product design
work. The higher the degree of acceleration of a corrosion test the more favourable the accelerated
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corrosion test will be in keeping the required testing time short. On the other hand, the greater the
acceleration of the corrosion process needs to be during the test, more difficult is to simulate properly
the natural occurring corrosion processes. This is pointing to the main problem in designing meaningful
accelerated corrosion tests for product qualification. Large efforts have been made to develop
accelerated corrosion tests for the purpose of product qualification and corrosion resistant levels.

To study the durability of selective solar absorber coatings and solar reflectors, two alternatives were
considered. One is to study their durability on an outdoor exposure test site and, the other is to develop
accelerated aging test procedures in which the stress levels of one or more degradation factors are kept
higher relative to in-use conditions. The study of the durability of different selective solar absorber
coatings in natural exposure was already performed and published by the authors [3], [4] and is an
important knowledge for the optimization of accelerated aging tests to be applied for qualification in
terms of durability of the different solar absorber [5] and reflector coatings.

2. DESCRIPTION

Absorber and reflector coatings were evaluated in different accelerated aging tests with different
contaminants and in outdoor exposure for 2 years. Table 1 shows the images of two selective absorbers
and two reflectors with PVD coatings after the exposure on an outdoor exposure test site for 2 years
and after the exposure in an alternative accelerated aging test (AAT) with the best correlation with
natural exposure. For both materials, the AAT includes a cyclic variation of corrosion promoting gases
(NO; and S0Oy), high humidity, salt spraying and drying. For reflectors, itincludes additional exposure to
UV radiation.

Table 1 - Photographic records of solar absorbers (SA) and solar reflectors (SR) after exposure in alternative
accelerated aging tests (AAT) and in outdoor test site (OET) in Sines.

SA_1 SA_2 SR_A SR_D
AAT
§ 'I |
OET 2

All the coatings were characterized before and after each accelerated aging test in terms of optical
properties, solar absorption and emittance for absorbers, hemispherical and specular reflectance for
reflectors, and morphological and chemical changes by SEM/EDS. Based on the degradation
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mechanisms of the absorbers and reflectors gathered from outdoor exposure tests and accelerated
aging tests, new methodologies are proposed and validated for absorbers and reflectors.

3. CONCLUSIONS

Cyclic variation of corrosion promoting gases, high humidity, salt spraying and drying seems to be an
alternative aging test that reflects the different environments to which the solar thermal collectors are
exposed. For reflectors, a good correlation is also obtained with the same cyclic conditions but with the
inclusion of exposure to UV radiation. It is also shown the importance of reference outdoor sites with
well-defined atmospheric corrosivity in the pre-normative research work for solar systems to support
the validation of the accelerated test that allows giving guarantees of materials durability.
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ABSTRACT

The identification of structural alterations of silver alloy objects of cultural interest is essential to assess
their state of conservation and define maintenance programmes. Alterations induced by previous repair
and cleaning actions strongly affect the conservation condition, influencing the type and extension of
conservation procedures. The detailed analysis of ancient repairs is a subject to be investigated.

In this work, we show the potentialities of scanning electron microscopy in the characterisation of
structural repairs and their influence on the conservation state of silver objects. The study of distinct
silver objects dated to the 16th and 18th centuries allowed us to show, among others, the non-
intentional dealloying of copper due to the use of acid solutions in surface cleanings and cracks resulting
from incorrect handling. The data collected by microscopic examination contributed to the definition of
preservation and maintenance methodologies applied to those silver objects.

Keywords: Silver alloy, Cultural heritage, SEM, Intergranular corrosion, Dealloying

1. INTRODUCTION

Objects made of silver alloys are frequent in museums and private collections. The definition of
conservation methodologies for these objects is essential to assure their preservation and minimize the
costs involved in their maintenance.

The alteration of silver objects by atmospheric corrosion is a research topic widely addressed in the
literature, including the corrosion mechanisms and intervention methodologies (e.g., cleaning methods,
protective coatings, etc.) [1-3]. Less attention has been paid to the influence of past restorations
procedures on the objects current state of conservation and future conservation actions of these objects.

The conservation of silver objects usually has two main objectives: to render the characteristic luster of
silver, recovering the original perception of the object, and to ensure the structural stability of the
objects, a condition that may include the repair of structural alterations such as cracks and fractures.

The need to recover the characteristic shine of silver compels to successive cleaning actions that have
consequences for the objects surface. Depending on the methods chosen (e.g. mechanical, chemical, or
electrochemical) and the number of times they are applied, there may be removal and loss of material
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that over the years could be representative [4]. This subject has been addressed by several researchers
who study the least invasive interventions for the objects [5,6].

Another issue, more rarely addressed, is the structural alterations such as cracks and fractures. These
alterations recurrently appear in objects that had a utilitarian (e.qg. salvers, ewers, etc.) or religious (e.g.
monstrances, chalices, etc.) function. The continuous use and handling, often associated to
manufacturing defects (which involve important mechanical deformations during cold work) [7] may
lead to the development of cracks and fractures. To overcome these alterations, the objects were
submitted to different repairs over the years during the time of use, before integrating museum or
private collections. These historical repairs are important to the history of the object and to understand
its state of conservation. Moreover, the identification of alterations and repairs carried out over time is
of utmostimportance since they can strongly influence and constrain the processes of intervention and
maintenance of the objects.

2. DESCRIPTION

Naked eye examination is the most widely used method by conservators for identifying structural
alterations (e.g cracks and fissures). However, to characterise some of them, other examination
techniques should be used to obtain information on different scales and depths. Scanning electron
microscopy (SEM) is one of these techniques, with many advantages such as non-invasive (depending
in object dimensions), high resolution, extensive depth-of-field, and wide range of magnification. An
additional advantage is that elemental microanalysis can also be performed with an energy dispersive
spectrometer (EDS) coupled to the SEM equipment.

The present work illustrates how SEM can contribute to the detailed conservation assessment using two
examples of silver alloy objects with cultural interest. It is shown how SEM enabled the identification of
the alteration of the metallic surface resulting from the use of acids for cleaning an object. The action
led to the dissolution of the copper present in the alloy, leaving the metallic surface porous (non-
intentional dealloying of copper). Another example demonstrates, in a cracked area, the development
of intergranular corrosion contributing to structural fragility of the object, reason that led to a repair
with solder.

3. CONCLUSIONS

The influence of previous repairs on the preservation of ancient silver objects is still an issue that requi-
res research. In this work, we approached the advantages of SEM to characterise the main structural
alterations that occur in these objects.

Based on the studied objects, we could reveal the fragility of the metallic structure due to cleaning
actions involving acid solutions, and the cause for the use of solder for crack repairs. The
structural alterations identified in the studied silver objects made it possible to define the
extension of the conservation process and handling requirements.
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ABSTRACT

Due to its characteristics, aluminum and its alloys have been widely used in the manufacture of high-
speed rolling stock. The series 4000 (Alfa Pendular service), manufactured by Fiat Ferroviaria (current
Alstom), have aluminum alloy case structure, highlighting the 6082 alloy due to its good formability,
with applications at structure level [1]. In operation since 1999, they are subjected to reactive
maintenance and planned maintenance. Regarding maintenance related to the corrosion protection of
structures, itis of particularimportance to develop an appropriate specification and ensure that all tasks,
with particular emphasis on those associated with surface preparation and corrosion protection by
painting, are performed in accordance with improved practices to ensure longer service life. In addition
to the conditions inherent to the service, the vandalism to which the material is subjected, foreign bodies
that cause mechanical damages, various atmospheric conditions with environments of different
categories of corrosivity, as well as accumulation of water/condensates or cleaning products/graffiti
removers, are factors that contribute to the degradation of the material.

Keywords: Rolling stock, Aluminum, Anticorrosive protection, Degradation, Corrosion

1. INTRODUCTION

The elaboration of a specification appropriate to the state of the structures to be maintained is a
prerequisite for maintenance work and determinant of its result. It should consequently be based on a
specialized assessment of the overall state of the existing paint scheme and of the substrate, to foresee
the application of corrosion protection schemes and auxiliary products (e.g., bitumen) appropriate to
the conditions where the material will operate and compatible with each other and with the preexisting
scheme, as well as to specify good working practices to be fulfilled throughout the maintenance process.

The present work is part of a study requested by EMEF — Empresa de Manuten¢do de Equipamento
Ferrovidrio, S.A. to LNEG for diagnosis and analysis of the paint corrosion protection of Alfa Pendular
trains, which highlights a fraction of the study performed on one driving cabin door of a unitintervened
during the major review.
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2. DESCRIPTION

In the technical visits carried out to observe the corrosion protection problems outside the trains after
the first maintenance, phenomena of interstitial and filiform corrosion were identified, as well as blisters
near the doors and windows (having been observed defects in seals that did not seem to guarantee
required watertightness), ventilation grilles and lower carriage areas (corrosion from the edges) and
cracking of the coatings in the zone of the rivets of the doors.

To evaluate the extent of degradation of the surfaces to be protected, observations by scanning electron
microscopy (SEM) and elementary analyses by energy dispersion spectroscopy (EDS) were made in
samples removed from one of the doors of a driving cabin. An illustrative fraction of the evaluation made
on the central part of the front plate of the door, in an area with rivet holes ("disabled”) filled in with
bitumen is presented (Figure 1).

Fig. 1 — Samples taken for analysis from the front plate of the driver's cabin door (zone with rivet holes
filled in with bitumen).

The analyses were carried out on 3 FEG-SEM, model Philips XL-30. Samples were mounted in cross
section with cold resin and coated before observation with a gold film (vacuum evaporator JEOL JLC
100).

Figure 2 shows the results of the SEM/EDS analyses made in the right side zone of a filled hole. The
analyses allowed to see: i) throughout the sample corrosion zones of the alloy Al 6082, visible
punctually on the outer face of the plate and more clearly on the inner face as well as on the side zones
of the "disabled" rivet hole; ii) the bitumen layer, formed by more than one hand and with a significant
presence of pores, visible in greater quantity in the thicker area, corresponding to the filled zone of the
riveting hole; iii) in the same zone, corrosion products were observed at the metallic substrate /bitumen
interface.

It was evident from the analyses carried out that: i) unsealed pores make bitumen more permeable to
the penetration of corrosive agents and favor the accumulation/stagnation of water which enhances
the progression of interstitial corrosion, therefore being necessary to carry out surface preparation [2]
[3] with elimination of the corrosion products before application of the painting system, otherwise the
phenomenon of corrosion will be enhanced; ii) the evaluation of the state of degradation on both sides
of the plate, as well as carry out adequate maintenance procedures also on both sides of the plate,
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should be good practices in order to ensure structural integrity; iii) in the tests performed to evaluate
the corrosion protection of the paint systems, all the products to be used, in particular bitumen, should
be included.

Outside
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Fig. 2 - Micrograph (BSE/backscattered electrons) and EDS spectra of the sample in cross section,
showing corrosion of Al alloy.

3. CONCLUSIONS

The study performed showed the importance of carrying out a prior assessment of the extent of
corrosion of the substrate and of the degradation of the coatings as the basis for establishing technical
procedures so that preventive and maintenance measures are taken in time.

During the maintenance process, it was also proved the importance of a detailed specification covering
all the tasks to be performed and of the correct specification of the painting products in relation to the
different specificities of rolling stock, as well as the importance of assessing the extent of the existing
corrosion and of its types and of monitoring all procedures associated with surface preparation and with
the painting process for an adequate corrosion protection of rolling stock.
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ABSTRACT

The corrosion behaviour of a maraging steel 18Ni300 manufactured by Laser Powder Bed Fusion (L-
PBF) was compared to that of a conventional tool steel. Electrochemical test conditions were chosen to
approximate the corrosive environments encountered during injection moulding of polyvinyl chloride
(PVQ) parts. The corrosion behaviour of the steel produced by both routes was evaluated before and
after an ageing treatment at 510 °C for six hours. Cuboid specimens were fabricated and a polished area
of 100 mm? was immersed in a 0.IM HCl solution for 7 days. Open circuit potential (OCP)
and polarization curves were used to monitor the material exposed to the corrosive environment.
The obtained results indicate that the conventionally produced aged steel is less susceptible to
corrosion and that the steel manufactured by L-PBF (not aged condition) showed better resistance to
pitting.

Keywords: Additive manufacturing, Powder bed fusion, Corrosion of moulds, PVC
1. INTRODUCTION

L-PBF is @ mature additive manufacturing (AM) technology that can complement conventional mould
making [1]. This technology has enabled mould redesign through topological optimization,
thereby increasing mould efficiency [2]. There are still some concerns regarding the corrosion
behaviour of materials manufactured by L-PBF [3]. Steel moulds to produce PVC parts require
good corrosion resistance due to the formation of corrosive HCl by-products [4]. Special tool steels,
such as 1.2316 (X38CrMo16), should be used. However, this martensitic steel with a high carbon
content of ~0.36% is prone to cracking and to deformation during L-PBF [5]. Low-carbon maraging
steel 18Ni300, has been successfully manufactured by L-PBF and used instead of 1.2316 [6]. However,
its corrosion resistance has not been well studied or compared with the conventionally manufactured
material. To address this mould maker’s concern, this work performs a preliminary evaluation of the
corrosion behaviour of a3 18Ni300 manufactured by L-PBF and casting. Electrochemical tests were
performed under acidic conditions to predict the corrosion potential of the steel produced by both
routes.
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2. DESCRIPTION

Materialsand sample preparation

The starting material for L-PBF of cuboid samples was a nearly spherical gas-atomized powder of
18Ni300 (Renishaw Ltd., UK) with Dso=35 pm and Dg=48 pm. An AM 500Q SLM series 3D printer
machine (Renishaw Ltd., UK) equipped with four ytterbium fibre lasers of 500 W was used. A set of
previously validated parameters was selected [7,8]. Fig. 1a shows the L-PBF of the cubes and Fig. 1b
shows a cube after manufacturing. The second series of cubes was machined from a conventionally
cast 18Ni300 plate. A heat treatment at 510 °C for 6 hours was performed on some of the cubes and
their surface was polished with sandpaper and 1 pm diamond paste to obtain a mirror-like surface.

18Ni300 cube

7 N 5 mm

Fig. 1 - a. L-PBF of the cubes; b. 18Ni300 cube after manufacturing with the surface polished.
Methods and analysis

Electrochemical tests were performed using an Autolab PGStat302N (Eco Chemie) potentiostat at
room temperature. A saturated calomel electrode (SCE, 0.241 V vs. NHE) served as a reference and a
large area platinum coil served as a counter electrode. The electrolytic medium was an aqueous 0.1M
HCl solution prepared with MILLI-Q water (18.2 MQ.cm at 25 °C) and naturally aerated. Polarization
curves were recorded after 7 days of immersion (Fig. 2a) in equilibrium conditions of the Eqce. All
polarization curves were recorded at a rate of 10 mV/min. Fig. 2b shows the obtained polarization
curves of the 18Ni300.

= Casting (not aged) —L-PBF {nat aged)
— Casting (aged 510°C/5h) — L-PBF (aged 510°C/6h)

045 0.4 035 03 £0.25 02 015 0.1

Fig. 2- a. Immersed cuboid specimens for electrochemical tests; b. polarization curves of the 18Ni300
manufactured by SLM and casting obtained after 7 days of immersion in @ 0.1M HCl solution.

Aged 18Ni300 obtained by both routes has less negative E.. values compared to the unaged condition,
suggesting less susceptibility to corrosion when immersed in HCl solution probably due to the
formation of nano intermetallic with Ni, Mo and Ti during the ageing treatment [8]. 18Ni300
manufactured with L-PBF (unaged) exhibited the higher AE value (~ 0.201 V), AE= |Ecor - Epit], indicating
better resistance to pitting corrosion. Aged L-PBF is more susceptible to pitting corrosion than the aged
cast steel.
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Fig. 2- a. Immersed cuboid specimens for electrochemical tests; b. polarization curves of the 18Ni300
manufactured by SLM and casting obtained after 7 days of immersion in a 0.1M HCl solution.

18Ni300 sample Ecorr (V vs. SCE) Epit (V vs. SCE) AE (V)
L-PBF (not aged) -0.411 -0.210 0.201
Casting (not aged) -0.387 -0.203 0.178
L-PBF (aged 510°C/6h) -0.361 -0.252 0.109
Casting (aged 510°C/6h) -0.383 -0.185 0.198

4. CONCLUSIONS

From these preliminary experiments, the following conclusions can be summarized:

. Aged 18Ni300 produced by both routes is less susceptible to corrosion than not-aged steel
when immersed in HCl solution which is very important for mould applications since this steel is used
in the aged condition;

o The 18Ni300 manufactured by L-PBF with ageing is more susceptible to pitting corrosion than
the aged cast steel.
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ABSTRACT

The study is focussed on the joint effect of corrosion and mechanical cyclic stresses observed on
mooring chains of Floating Production Storage and Offloading (FPSO) units. The tests were performed
using grade R4 steel in artificial sea water, under stress-controlled and fully reversed loading. The
corrosion-fatigue degradation was monitored using open circuit potential measurements
simultaneously with the cyclic mechanical load. The open circuit potential response varies during the
corrosion-fatigue test, depending on the stage of degradation of the material. This technique has proven
to be capable of identifying important phenomena, such as crack initiation and crack propagation, on
the material under corrosion-fatigue loading condition.

Keywords: Corrosion-fatigue, Corrosion potential, Grade R4 steel

1. INTRODUCTION

Many offshore structures undergo corrosion-fatigue (CF) during the in-service period, which leads to
significant costs and constitute a technological challenge. While the synergetic nature of CF makes its
assessment very complex, electrochemical properties were used in previous studies to assess the
damage evolution in CF experiments [1]. Recent studies [2] have shown that the corrosion potential
evolution during corrosion-fatigue tests can provide information on the damage mechanism. The
electrochemical measurements under spontaneous state are influenced by mechanical stress and
strain presences [3], however, their relationship is not straightforward. The present study focuses on the
monitoring of in-situ CF testing and assessment the detrimental phenomena of grade R4 steel. The
degradation evolution was monitored using corrosion potential measurements during the application
of the cyclic mechanical loading. For the purpose, an electrochemical cell in which the specimen was
submitted to cyclic stress and compression was constructed — Fig. 1. The cyclic load was applied with a
ratio R= S, min/Ssmax = -1, with S;=applied stress, with a frequency of 1.0 Hz. For the results presented,
the stress went from +500 MPa to -500MPa. The open circuit potential was monitored for a time interval
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with a frequency much higher than that of the applied load vs. the Ag/AgCl (sat) reference electrode.
For a certain number of cycles, A, and considering the number of cycles to corrosion fatigue failure, NV
the evolution of the potential transients was observed and interpreted.

O-Ring
Electrode " Electrode
Access Access
Solution
Inlet/Outlet O-Ring

%/////h. Grip

€))

Fig.1 - Electrochemical cell schematic (a) and image of the experimental set-up (b).
Note: in the results presented, only the specimen (working electrode) and a reference electrode were used.

2. DESCRIPTION

The open circuit potential (OCP) acquired signal reveals small cyclic fluctuations around a mean value
- Fig. 2, with same frequency of the mechanical loading (1.0 Hz) and three distinctive responses were
identified. At the first stage, the OCP signal showed a pure sinusoidal waveform, with ~0.5 mV of
amplitude, which is assigned to a purely elastic deformation of a damage-free material. At the second
stage, the signal has a smaller amplitude while a visible distortion suggests the presence of
heterogeneities on the specimen, such as pits or cracks.

NINg= 0.00, N= 0 NINg= 0.45, N= 25000 NINy= 0,90, N= 50000 NINg= 0.99, N= 55000
-571 -100 713 116
= = = =
E o E E E
8 3 3 3
SBLY———— 702 L—— — T NS H———7—+— J18 H———— S —
o 1 2 3 4 5 0 1 2 3 4 5 0o 1 2 3 4 5 0 1 2 3 4 5
Time Interval, t's Time Interval, t/s Time Interval, /s Time Interval, v's
Stage | Stage I Stage IlI-A Stage IlI-B

Fig. 2 — Typical corrosion potential response shapes during CF tests (Sa = 500 MP3, R = -1).

At this point, corrosion products were visibly accumulated on the surface of the specimen. In the final
stage, beyond ~90% of CF life, the OCP response resembles a sawtooth shape, with higher amplitude,
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which is likely associated with the crack propagation under the tensile cycle. A rapid growth of the
amplitude was also observed at the final cycles.

3. CONCLUSIONS

The corrosion-deformation damage was monitored by the periodic fluctuations of the OCP, which is
strongly correlated with the stage of degradation. A sinusoidal-type potential fluctuation in the initial
stage, followed by a distorted waveform in the second stage and sawtooth wave form on the third stage,
were identified. The first and second stages are likely related to the crack initiation regime whereas the
third stage is associated with the crack propagation regime.
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RESUMO

Os ides de terras raras est3o entre os inibidores de corrosdo de nova geragao mais promissores. No
entanto, foram encontradas condi¢Ges onde a corrosdo € acelerada na presenca destes ides [1]. O caso
mais relevante devido a sua importancia é o aumento da corrosdo do zinco no par galvanico zinco-ferro.
Esse aumento estd associado 3 uma reacgao catddica adicional inesperada que é observada nas curvas
de polarizacdo obtidas experimentalmente. Esta nova redu¢do corresponde a corrente catddica
adicional que aumenta a oxidagdo do anodo do par galvanico. Nesta comunicac¢do analisa-se o impacto
pratico desta acelera¢do no par Zn-Fe e no a¢o galvanizado e procura-se identificar a natureza da nova
reaccdo catddica.

Palavras-chave: Inibidores de corrosdo, Corrosdo galvanica, Terras raras, Cério.
1.  INTRODUCAO

|6es de terras raras tém sido propostos para o controlo da corros3do de ligas de aluminio, magnésio, ferro
(ago-carbono e acos inoxidaveis), zinco e aco galvanizado [2]. Estes ides tém sido testados como
inibidores solUveis em solugbes aquosas, na formagdo de camadas de conversdo, no passo de
colmatagem da anodizag¢do do aluminio e como pigmentos anticorrosivos em revestimentos organicos
(por vezes incorporados em nano- ou micro-reservatérios para libertagdo controlada) [2]. O mecanismo
de inibicdo é atribuido a reac¢do desses ides com os ibes OH gerados nas regides catddicas, de onde
resulta a precipitacdo de uma camada de 6xido/hidréxido que cobre a drea catddica e bloqueia a sua
actividade.

2. DESCRICAO

Em alguns estudos a corros3o foi acelerada, e ndo atenuada, na presenca de ides Ce** [1,3]. Um exemplo
é 0 caso do par galvanico zinco-ferro. Na Fig. 1 a) apresenta-se a corrente galvanica no par zinco-ferro
imerso em NaCl 0,05 M NaCl e na mesma solucdo contendo nitrato de cério numa concentracdo de 0,01
M. Verifica-se que a corrente galvanica é muito superior na presenca de Ce**. Essa corrente significa
maior reduc¢do no catodo (ferro) e concomitante maior oxidagdo do zinco. Voltamogramas obtidos com
eléctrodo de platina nesses meios mostram que na presenca de Ce3* existe uma reducdo adicional que
é responsavel pela corrente extra descrita atrds — Fig. 1 b). O mesmo foi observado em eléctrodos de
ferro puro, com outras terras raras (Ce, L3, Y, Pr) e sais de terras raras com outros anides (NOs, SO.%, Cl
, CHsCOOH). A natureza da redug¢do suplementar ainda ndo estd cabalmente identificada. Algumas
hipéteses como i) reducdo doido nitrato, ii) reducdo de Ce(lll), iii) reducdo do Ce(lV) ap6s oxidacdo prévia
do Ce(lll), eiv) reducdo de H*(aqg) quimicamente gerado pela hidrélise de Ce(lll), foram descartadas num
estudo anterior [1]. A hipdtese entdo proposta foi a de que esta reducdo adicional corresponde a
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evolucdo de hidrogénio devido a redug¢do de moléculas de agua da esfera de hidratacdo de aqua-
complexos de Ce** (e outros RE**) [1,4].

a) b)
1072+
103 ?
N e 0, + 2H,0 + 4" > 40H
]
g 10
_if 10°4
2H,0 +2¢" —H, + 20H AN
10 Ko
100+ 1074 —— NaCl 50 mM
| NaCl 0,05 M —+— NaCl 50 mM + Ce(NO5), 10 mM
0L ; ; . ; . ; 1084 . ; ; ; : ; ; ;
0 2 4 6 8 10 12 12 -10 -08 -06 -04 -02 00 02 04
Tempo / horas Evs ECS/V

Fig. 1 — 3) Corrente galvanica medida entre um eléctrodo de zinco e outro de ferro (ambos com 0,785 cm?
de drea; densidade de corrente definida relativamente 3 drea de um dos eléctrodos) imersos em NaCl 0,05
M com e sem iGes Ce**; b) voltamogramas das redugGes a superficie da platina imersa em NaCl 0,05 M
com e sem ides Ce3*, evidenciando a redug¢do do O dissolvido em dqua, a redugdo da dgua com evolugdo
de H; e uma onda voltamétrica de natureza desconhecida.

A aceleragao da corros3o na presenca de ides de terras raras raramente é detectada e parece acontecer
em circunstancias muito especificas que ainda precisam ser esclarecidas. Sabe-se que a aceleracdo tem
lugar em alguns pares galvanicos cujo potencial é mais negativo do que -0,7 Vecs (ECS = eléctrodo de
calomelanos saturado). O caso mais importante parece ser o ago galvanizado, que é amplamente
utilizado em todo o mundo. Enquanto a camada de zinco permanece intacta, os ides de terras raras
proporcionam boa inibicdo da sua corrosdo. No entanto, quando a base ferrosa fica exposta (zonas de
corte, defeitos), ocorre a reac¢do de redugdo adicional a qual aumenta o consumo de zinco e pode
reduzir significativamente a vida Util do material. Este trabalho avalia o impacto desta reac¢do de
reducdo na durabilidade do aco galvanizado.

3. CONCLUSOES

A corrosdo do aco galvanizado intacto é menor na presenca de ides Ce*. Se existirem defeitos que
expdem o substrato, a oxidacdo da camada de zinco é acelerada nas primeiras horas de exposi¢do. A
aceleracdo cessa a longo prazo. A proteccao catddica oferecida pela camada de zinco foi mantida em
todos os casos.
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RESUMO

Em sentido lato pode-se afirmar que a madeira sofre biocorrosdo, o que constitui um fator limitante
para a sua aplicagdo no exterior, caso ndo haja uma protecdo adequada. A termo-modifcacdo € um dos
métodos utilizados para aumentar a durabilidade da madeira. Uma das vantagens deste processo é que
ndo requer qualquer tipo de adicdo de quimicos. A temperatura utilizada no processo induz a alteracées
quimicas dos constituintes da matriz celular que promovem o aumento da durabilidade aos agentes
bidticos e abidticos, mas também provoca alteracdes nas propriedades mecanicas, nomeadamente a
diminuicdo do médulo de elasticidade (MOE) e de rotura (MOR).

O presente trabalho teve como objetivo a avaliagdo da durabilidade da madeira termo-modificada de 3
espécies: o pinheiro-bravo (Pinus pinaster), a principal espécie utilizada pela indUstria portuguesa de
madeira sélida, a acacia (Acacia melanoxylon) e o freixo (Fraxinus excelsior). Amostras destas madeiras
termo-modificadas foram depois, expostas durante 2 anos em duas estacbes de ensaio representativas
de dois ambientes diferentes, no Lumiar (ambiente urbano) e em Sines (ambiente maritimo/industrial).

A avaliacdo da resisténcia da madeira 3 exposi¢do atmosfeérica, incluiu a recolha de amostras ao longo
de 24 meses de exposicdo e a andlise das superficies das amostras por espetroscopia de infravermelho
com transformada de Fourier (FTIR) com acessério de refletdncia total atenuada (ATR) e por
microscopia eletrénica de varrimento (SEM) com um espectrémetro de raios X de energia dispersiva
(EDS) associado.

Os resultados preliminares indicam um comportamento semelhante para todas as madeiras expostas
em ambas as esta¢des. Verificou-se, contudo, que embora se tivesse observado o aparecimento de
fendas e de indmeras particulas na superficie de todas as madeiras, houve uma maior incidéncia nas
expostas em Sines (zona com maiores variagdes de humidade e temperatura), nomeadamente nas
amostras de 9 meses, onde se observaram na superficie cristais de NaCl, devido 3 proximidade desta
estacdo da orla maritima. Os espetros de FTIR-ATR indicam ter ocorrido diminuicdo do teor em
hemiceluloses e de lenhina na superficie das amostras principalmente nas amostras recolhidas apds os
24 meses de exposicao, tanto em Sines como no Lumiar.

Palavras-chave: Madeira termo-modificada, Exposi¢do atmosférica, Degradacdo superficial, Durabilidade
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1.  INTRODUCAO

A principal espécie utilizada pela indUstria portuguesa de madeira sélida é o pinheiro-bravo, no entanto,
o freixo e a acacia, podem também ser valorizados como matéria-prima. O freixo é uma espécie que j3
se encontra em comercializagdo, nomeadamente pela empresa Santos & Santos (empresa parceira
neste estudo), e sendo uma madeira pouco durdvel quando exposta no exterior, 3 termo-modificacdo
pode permitir melhorar o seu comportamento. A valorizagdo da madeira de acacia por ser uma espécie
invasora permitird um melhor ordenamento florestal, reduzindo o risco de incéndios. Permitirg,
também, ter outras espécies alternativas ao pinheiro-bravo, que tem vindo a ser fustigado pelos
incéndios nos passados anos [1].

A madeira é um material biodegradavel e isto é um fator limitante para a sua aplicagdo na construgdo.
A rapida alteracdo da aparéncia da madeira por agentes abidticos (como a radia¢do solar ou poluicdo
atmosférica) ou bidticos (por exemplo, coloniza¢do inicial por fungos), coloca o material em
desvantagem face a outros que se sabe serem mais resistentes as condi¢des ambientais [2]. Além disso,
quando a madeira é exposta a uma elevada humidade, pode ser degradada por fungos de podriddo ou
infestada por insetos. O tratamento térmico é um processo de modificagdo da madeira baseado na
transformagcdo quimica dos constituintes da madeira por transferéncia de calor. Melhora
principalmente a resisténcia da madeira a deterioracdo e fornece estabilidade dimensional alterando as
caracteristicas de absor¢do da humidade; no entanto conduz ao enfraquecimento das propriedades
mecanicas [2]. Embora estes fendmenos tenham vindo a ser estudados, s3o escassos os estudos que
ddo énfase ao efeito dos fatores abidticos sobre a madeira, principalmente em ambientes mais severos,
como 3 exposi¢cdo maritima, industrial e urbana.

Assim, o objetivo deste trabalho é avaliar a durabilidade da madeira do freixo, da acdcia e do pinheiro-
bravo para aplicagdes no exterior e em ambientes mais severos, tendo por referéncia o conhecimento
existente sobre 3 madeira termo-modificada de pinheiro-bravo.

2. DESCRICAO

A madeira de acacia foi fornecida pela empresa Parques de Sintra — Monte da Lug, Sintra. A madeira de
pinheiro-bravo e de freixo foram fornecidas pela empresa Santos & Santos Madeiras, Febres,
responsdvel pelo processo de termo-modificacdo de todas as madeiras, tendo sido usada uma
temperatura média de 210°C.

Foram expostas madeiras sem tratamento e termo-modificadas em duas estacbes de ensaio
atmosféricas. No Lumiar (@ambiente urbano) (corrosividade C2 para o aco) e em Sines (ambiente
maritimo e industrial) (corrosividade C5 para o ago) [3]. De forma a avaliar a resisténcia a exposi¢do
atmosférica foram retiradas amostras aos tempos de 9, 12 e 24 meses. Foi realizada a sua
caracterizagdo quimica através de FTIR-ATR. As amostras foram também observadas por SEM/EDS. Os
espetros de FTIR-ATR indicam ter ocorrido diminui¢do do teor em hemiceluloses e de lenhina na
superficie das amostras recolhidas apds 24 meses de exposi¢do, tanto em Sines como no Lumiar. Nas
imagens de SEM/EDS observaram-se varias fendas e inimeras particulas na superficie de todas as
madeiras, embora com maior incidéncia nas expostas em Sines (zona com maiores variagdes de
humidade e temperatura), nomeadamente nas amostras de 9 meses onde se observaram na superficie
cristais de NaCl, devido 3 proximidade desta estacdo da orla maritima (Figuras 1 e 2). Nas amostras
expostas no Lumiar, foram detetadas essencialmente particulas com Si.
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Fig. 1 - Amostras de acacia termo-modificada expostas durante 9 meses no Lumiar (3) e em Sines (b)
onde sdo visiveis cristais de NaCl (c).

Em ambos os ambientes todas as madeiras apresentaram um comportamento muito semelhante,
nomeadamente a degradacdo da lenhina e da hemicelulose, o que j3 tinha sido reportado por outros
autores [2]. Aparentemente, 3 acacia modificada apresentou um melhor comportamento em relagdo ao
aparecimento de fendas. Os resultados obtidos para o pinheiro-bravo, a espécie de referéncia neste
estudo, foram os expectaveis face aos encontrados noutros estudos [2].

3. CONCLUSOES

Em todas as amostras foi detetada degradacdo de lenhina e de hemiceluloses independentemente do
local de exposicdo. Foi possivel verificar que houve uma maior incidéncia de fendas na superficie das
amostras que estiveram expostas em Sines, num ambiente maritimo-industrial devido a presenca de
cristais de NaCl, sendo estas mais evidentes nas madeiras termo-modificadas. Embora, o estudo ainda
decorra, pode-se concluir que a acacia modificada revelou um comportamento ligeiramente superior,
em relagdo aparecimento de fendas, indicativo de uma maior estabilidade dimensional, mesmo em
ambientes mais agressivos. Os resultados preliminares deste trabalho ndo permitem ainda concluir se
a termo-modificagdo permite um aumento significativo do tempo de vida destas madeiras quando
aplicadas no exterior em ambientes severos.

REFERENCIAS
[1] Centro Pinus, “A Fileira do Pinho em 2018 Indicadores da Fileira do Pinho,” 2019.
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https://doi.org/10.3390/f12101400.

[3] Exposure site Catalogue. Catalogue of atmospheric corrosion field exposure sites in Europe.
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RESUMO

A normaliza¢do assume um papel central do ciclo de gestdo do conhecimento em diversas areas de
atuacdo técnico-cientificas com valor acrescentado para a indUstria nacional e para a sua afirmacgdo e
projecdo internacional, nomeadamente na 3rea da corrosdo metdlica dos seus processos,
procedimentos e técnicas associadas.

Com o presente trabalho pretende-se apresentar o mapeamento da Comissdo Técnica (CT) 43 -
Corrosdo Metalica e as suas praticas de producdo e transferéncia de conhecimento para o tecido
empresarial e para entidades do sistema cientifico e tecnoldgico nacionais e internacionais.

Torna-se essencial aumentar a visibilidade do trabalho efetuado pelas CTs nacionais, quer na
transposicdo de conhecimento normativo europeu e internacional, quer na produ¢do desse mesmo
conhecimento normativo. As CTs nacionais permitem aumentar o reconhecimento nacional, europeu e
internacional do conhecimento técnico nacional, assim como aumentar a participacdo das partes
interessadas nacionais na génese e aplicacdo as praticas industrias e de I&D nacionais de preceitos,
conceitos, técnicas e praticas inovadoras, contribuindo para competitividade da inddstria nacional e
para a sua afirmacdo antecipando tendéncias e criando sinergias de valor acrescentado para diversas
partes interessadas (investigadores, universidades, empresas, associacdes empresariais, centros de
interface, pais e sociedade em geral).

Palavras-chave: Normaliza¢do, Corrosdo metélica, Transferéncia de conhecimento, Centros de interface tecnolégica

1.  INTRODUCAO

A normaliza¢do nacional, nomeadamente a CT 43 - Corrosdo metalica, assume um papel central na
gestdo e producao do conhecimento no ambito da corrosdo metalica, permitindo aos peritos técnicos
nacionais participarem e influenciarem a producdo e revisdo de conhecimento normativo ao nivel
Europeu e Internacional [1]. Assim como potenciar a sua transferéncia para a pratica industrial e para o
ecossistema de |&D em diversos formatos [2], [3].

2. A CT 43 - CORROSAQ METALICA NO PANORAMA DA NORMALIZACAO

A estrutura de normalizagdo nacional esta integrada num grupo mais vasto onde encontramos também
a normaliza¢do Europeia (CEN) e a3 normaliza¢do internacional (ISO). O Organismo de Normaliza¢do
Nacional (ONN) é o IPQ - Instituto Portugués da Qualidade que reconhece e delega competéncias de
gest3o nos Organismos de Normalizacdo Setorial (ONS) [4], como é o caso do CATIM na tematica da
corrosao metalica.

Os temas normativos da corrosdo metélica sdo tratados no ambito da CT 43 — Corrosdo Metalica [5], [6]:
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e Normalizacdo de nog¢des bdsicas no dominio da corrosdo e da prote¢do contra a corrosdo,
nomeadamente, terminologia, revestimentos inorganicos, ensaios de corrosdo, avaliagdo das
probabilidades de corrosdo nos diferentes sistemas;

e Normalizagcdo no dominio dos requisitos de desempenho da protecdo contra a corros3o por
revestimentos, excluindo os revestimentos organicos;

e Coordenacdo e informacdo sobre 3 corrosdo e a prote¢do contra a corrosdo relativa aos trabalhos
efetuados.

A CT 43 tem representadas organizacdes da inddstria e comércio (30.77%), PME (23.08%),
universidades e centros de interface tecnoldgica (23.08%), administracdo (15.38%) e organizagdes de
aplicacdo de normas (7.69%) [5], [6]. Esta distribuicdo relativa a tipologia das organizagdes permite que
as partes interessadas se facam representar e que interesses diversos sejam acautelados, discutidos e
integrados nos documentos produzidos e nas posices nacionais emitidas. O facto de um dos principios
da normalizagdo ser o consenso aumenta a confianca nos resultados produzidos e na sua aplicabilidade
3 indUstria e a outras partes interessadas.

Esta comissdo técnica tem mapeadas e participa de forma ativa nos trabalhos de trés comités Europeus
CEN (CEN/TC 219 - Cathodic protection; CEN/TC 240 - Thermal spraying and thermally sprayed
coatings; CEN/TC 262 - Metallic and other inorganic coatings, including for corrosion protection and
corrosion testing of metals and alloy) e de dois comités internacionais ISO (ISO/TC 107 - Metallic and
other inorganic coatings; 1SO/TC156 - Corrosion of metals and alloys).

A CT 43 e o CATIM, enquanto ONS que coordena a 3rea, tém enraizadas praticas de transferéncia do
conhecimento normativo para o tecido empresarial, entidades de I&D, associagdes de empresas,
consumidores e outras partes interessadas, nomeadamente com as sequintes atividades:

1. Transposicdo para a lingua portuguesa de documentos normativos de referéncia e com impacto
na industria e no pais — e.g. ensaios, qualidade das matérias-primas, processos;

2. Promocga3o de projetos de inovagao e desenvolvimento na area da corrosao em cooperagao com
diversas partes interessadas nacionais e internacionais;

Transposicdo das normas para servi¢os de valor acrescentado para a indUstria e para o pais;

4. Investigagdo com base em normas e documentos normativos na 3rea da corrosdo — investigagado
e publicacdo de resultados e conclusdes;

5. Inclusdo de resultados da pratica e da investigacdo nos documentos normativos nacionais,
europeus e internacionais;

6. Potenciacdo de parcerias entre as partes envolvidas no processo normativos nacional, europeu
e internacional.

A diferenciacdo pelo conhecimento e pelo acrescentar de valor torna-se um fator diferenciador das
praticas de normalizagdo nacionais que apenas se reconhecem quando as praticas de transferéncia
para as partes interessadas estdo sistematizadas e englobadas nas praticas de atividades das comissdes
técnicas e respetivos ONS.

3. CONCLUSOES

O trabalho desenvolvido pela CT 43 — Corrosdo metdlica, e pelo ONS CATIM permitiu ndo sé a
transposicao para a lingua portuguesa de documentos de base e de suporte 3 indUstria como o trabalho
e desenvolvimento de novos documentos normativos (novos ou revistos) com as tendéncias, problemas
e desafios que enfrentamos na indUstria nacional na drea da corrosdo metalica.
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A participacdo em grupos de decisdo como sejam a CT 43, e 0s seus grupos europeus ou internacionais,
permite ao pais e aos peritos técnicos uma afirmacdo impar da competéncia nacional e da indUstria
nacionais, alavancando processos e procedimentos alicer¢ados na tematica da corrosdo metalica.
Permite também o avan¢o do conhecimento técnico cientifico na 4rea e a sua transposicdo para a
pratica, muitas vezes antecipando tendéncias, a par com o acesso a redes de peritos de cariz mundial
na area da corrosdo metalica. Este trabalho vem chamar atencdo para o papel da normalizagdo
enquanto catalisador da producdo de conhecimento e da promocgdo de praticas de transferéncia para
as partes interessadas.
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RESUMO

A Comissdo Técnica de Normaliza¢gdo N°3 (CT3) tem um papel importante na defesa dos interesses
nacionais do setor das tintas e produtos de pintura, ao contribuir para o desenvolvimento de
documentos normativos que permitem a valida¢cdo de determinados tipos de tintas e esquemas de
pintura, tornando os produtos nacionais mais competitivos face a concorréncia exercida pelos produtos
importados. E constituida por peritos de empresas e de Laboratérios de Estado, sendo responsavel
anualmente pela traducdo de varios documentos, assim como pela votacdo de cerca de 180
documentos internacionais do European Committee for Standardization (CEN) e da /nternational
Organization for Standardization (1S0O).

Palavras-chave: APT, IPQ, Normalizacdo, Protecdo anticorrosiva, Tintas

1.  INTRODUCAO

Como Organismo de Normalizacdo Sectorial (ONS), reconhecido pelo Instituto Portugués da Qualidade
(IPQ), a Associacdo Portuguesa de Tintas (APT) tem vindo a desenvolver, juntamente com a sua
Comiss3o Técnica de Normalizagdo (CT3) - Tintas e Vernizes, documentos normativos aplicados ao
setor, assim como participado no processo de votacdes ISO e do CEN.

Estes documentos definem os métodos de ensaio de caracteriza¢do das tintas, da sua aptiddo ao uso,
do seu desempenho, da defini¢cdo dos critérios que permitem a selecdo de produtos, da sua utilizacao,
do controlo e das caracteristicas finais.

A CT 3 é constituida por trés Subcomissoes:
0 Subcomissdo 1 - “Métodos de Ensaio e Especificagoes Gerais”
o Subcomissdo 2 - “Protecdo Anticorrosiva por Pintura: Métodos de Ensaio e Especificagbes”
0 Subcomissdo 3 - "Produtos de Construgdo Civil”

Para além do Programa de Normalizacdo (PN), faz parte da atividade da CT3 acompanhar e votar
anualmente cerca de 180 documentos que sdo enviados através do CEN/TC 139, CEN/TC 298, ISO/TC
35 /1SO/TC 256, através do |PQ.

2. DESCRICAO

A CT3 no ano de 2021 votou 176 documentos do CEN e da ISO e realizou duas reunides que
resultaram na publicacdo dos documentos descritos na Tabela 1. Estes processos consistem no envio,
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por parte do CEN e ISO, de documentos normativos que sdo analisados pelos membros da CT3, votando
assim as suas metodologias e aplicabilidades.

Em 2021 destacamos a revisdo e traducdo da NP EN ISO 4618 (7intas e Vernizes - Termos e definigées)
um importante documento auxiliar para todos os documentos trabalhados na CT3.

Tabela 1 - Documentos publicados em 2021 pela CT3 -Tintas e Vernizes.

Norma nacional Titulo

Preparacdo de substratos de aco antes da

NP EN IS0 8502 (partes 2-3-4) aplicacdo de tintas e produtos similares

NP EN ISO 4618 Tintas e Vernizes - Termos e definigbes

A CT3 contém também na sua constituicdo 3 peritos que participam ativamente nas reunides
internacionais, essencialmente na discussdo dos documentos da ISO/TC 35/SC14 “Protective paint
systems for steel structures”.

E amplamente conhecido que a corrosdo tem um impacto bastante significativo na economia de um
pais, bem como na sociedade e no meio ambiente. Os seus custos sdo estimados entre 3,1% e 3,5 % do
PIB anual de um pais. Ou seja, é crucial desenvolver metodologias que reduzem estes elevados
impactos. As 9 normas que constituem a NP EN I1SO 12944 (7intas e Vernizes - Prote¢do anticorrosiva
de estruturas de ago por esquemas de pintura), foram traduzidas para portugués e publicadas jd em
2022, e estdo diretamente ligadas a3 protecdo anticorrosiva de estruturas de aco, sendo de extrema
importancia para o nosso pais, nomeadamente para a redu¢do dos custos da corrosao nas estruturas
de aco, uma vez que permite as empresas decidirem qual o melhor esquema de pintura aplicado a cada
ambiente especifico, da recomendacdes ao nivel do desenho das estruturas, do desenvolvimento de
especificacdes de obras novas e de manutencdo, da execucdo e supervisdo dos trabalhos de pintura,
quais as preparacoes de superficies e de como validar os esquemas de pintura em laboratdrio de acordo
com as gamas de durabilidade pretendidas. Este é um dos varios exemplos da relevancia do trabalho
desenvolvido pela CT3 para o pais em geral e em concreto para o setor das tintas anticorrosivas.

Em 2022 est3o previstos serem publicados 8 documentos normativos e votados 180 documentos
internacionais.

3. CONCLUSOES

O processo normativo tem uma importancia muito acentuada na indUstria das tintas e produtos de
pintura, nomeadamente na prote¢do anticorrosiva de estruturas de aco, conferindo maior qualidade
30s produtos, permitindo assim uma maior competitividade das empresas do setor. Um dos exemplos
3 destacar sdo as 9 normas da NP ISO 12944: 2022. Anualmente a3 CT3 é responsavel pela
traducdo de varios documentos normativos e participa ativamente, com os seus peritos, em reunides
nacionais e internacionais.
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