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HOW DOES
CORROSION
HAPPEN?

New research
examines process
on atomic level

by Binghamton University, State University of New York
Binghamton (NY), United States

Binghamton University collaboration with
University of Pittsburgh, Brookhaven
National Laboratory offers a new view
of everyday chemical reaction

hen water vapor meets metal, the resulting
corrosion can lead to mechanical problems that
harm a machine’s performance. Through a process
called passivation, it also can form a thin inert layer
that acts as a barrier against further deterioration. Either way, the
exact chemical reaction is not well understood on an atomic level,
but that is changing thanks to a technique called environmental
transmission electron microscopy (TEM), which allows researchers
to directly view molecules interacting on the tiniest possible scale.
Professor Guangwen Zhou — a faculty member at Binghamton
University’'s Thomas J. Watson College of Engineering and Applied

Science (Binghamton, NY, United States) — has been probing

the secrets of atomic reactions since joining the Department of
Mechanical Engineering in 2007.
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Along with collaborators from the University of Pittsburgh and

the Brookhaven National Laboratory, he has studied the structural
and functional properties of metals' and the process of making
“green” steel. Their latest research, “Atomistic mechanisms of
water vapor induced surface passivation,” was published in
November 2023 in the journal Science Advances. Co-authors
included Binghamton PhD students Xiaobo Chen, Dongxiang
Wu, Chaoran Li, Shuonan Ye and Shyam Bharatkumar Patel, MS
‘21; Na Cai, PhD "12; Zhao Liu, PhD '20; Weitao Shan, MS "16, and
Guofeng Wang from the University of Pittsburgh; and Sooyeon
Hwang, Dmitri N. Zakharov and Jorge Anibal Boscoboinik from the
Brookhaven National Laboratory.

" https://www.binghamton.edu/news/story/3766/new-materials-research-sees-transformations-at-an-atomic-level

2 https://www.science.org/doi/10.1126/sciadv.adh5565

The cost of repairing corrosion worldwide
is estimated at $2.5 trillion a year, which

is more than 3% of the global GDP, so
developing befter ways to manage
oxidation would be an economic boon.
Additionadlly, understanding how a water
molecule’s hydrogen and oxygen atoms
break apart to interact with metals

could lead to clean-energy solufions.

o
e

’ : o v

R Ll A L ~‘...; e

& AL P & ”

ol el e Yy on “""".
E .

g,

In the paper, Zhou and his team introduced water vapour to clean
aluminium samples and observed the surface reactions.

“This phenomenon is well-known because it happens in our daily
lives,” he said. “But how do water molecules react with aluminium
to form this passivation layer? If you look at the [research]
literature, there's not much work about how this happens at

an atomic scale. If we want to use it for good, we must know,
because then we will have some way to control it.” They discovered
something that had never been observed before: In addition to the
aluminium hydroxide layer that formed on the surface, a second
amorphous layer developed underneath it, which indicates there
is a transport mechanism that diffuses oxygen into the substrate.
“Most corrosion studies focus on the growth of the passivation
layer and how it slows down the corrosion process,” Zhou said.

“To look at it from an atomic scale, we feel we can bridge the
knowledge gap.” The cost of repairing corrosion worldwide is
estimated at $2.5 trillion a year, which is more than 3% of the
global GDP — so developing better ways to manage oxidation
would be an economic boon. Additionally, understanding how

a water molecule’s hydrogen and oxygen atoms break apart to
interact with metals could lead to clean-energy solutions, which

is why the U.S. Department of Energy funded this research and
Zhou's similar projects in the past.

“If you break water into oxygen and hydrogen, when you recombine
it, it's just water again,” he said. “It doesn’t have the contamination
of fossil fuels, and it doesn’t produce carbon dioxide.”

Because of the clean-energy implications, the DOE regularly has
renewed Zhou's grant funding over the past 15 years.

“| greatly appreciate the long-term support for this research,”

Zhou said. “It's a very important issue for energy devices or energy
systems, because you have a lot of metallic alloys that are used as
structural material.”

The passivating oxide film formed in water vapor consists of an inner amorphous
aluminium oxide layer and an outer crystalline aluminium hydroxide layer.
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Guangwen Zhou is a professor of mechanical engineering
at the Watson College of Engineering and Applied Science.
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