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Techniquesfor Chemical and
Electr ochemical Passivation of Chromium
Stedls

Introduction

Chrom um all oys, stainless steels, are reqgularly
selected for application in corrosive environnents.
These steels are selected for such application because
they are able to resist chemcal attack wthout the
expense of additional coatings.

Resistance to attack is derived from the unique
structure of the alloy's surface.

The alloy's surface is described as having a passive
film In sinple terns the passive filmis made up of
the alloy elenent Chromium in conjunction with Oxygen
and Water.

Al though this film fornms rapidly it is sensitive to
cont am nat es such as nmet al residues from the
fabrication process. Such residues nmay initiate
aggressive attack on the article in question, and
render it wunserviceable in a short period of tinme
(days or even hours).

VWhile nuch is witten about the corrosion resistances
of the Chromium alloys there is little conprehensive
literature about t he passi ve film and its
mani pul ati on. The purpose of this text is to assist
the reader to conprehend the nature of passivation and
the range of ways in which it can be achieved.

The Passive Film

In thickness the passive filmis only a few angstrons.
The passive film nmay be best described as the outer
skin of the parent netal

At its sinplest, the passive film consists solely of
Chrom um Oxygen and Water. The film may be descri bed
in chemcal terns as a Chrom um oxy hydrate.
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The passive film over lays the base netal, which my
contain various ratios of Iron, Nickel, Chromum etc.

VWhere the Chromum alloy incorporates Ml ybdenum and
[or Tungsten, then these two elenents are al so present
in the passive film structure. Suffice to say they
enhance corrosion resistance through the process of
steric hindrance.

Because the passive filmis a netallic oxy hydrate it
requi res exposure to oxygen and water through either
direct interaction wth atnosphere or as dissolved in
the media contained by the article. The passive film
is dynamc, that is, it interacts wth oxygen and
water to devel op an equilibrium

The passive filmis cathodic in nature. The base neta
i s anodic.

Maxi mum corrosion resistance only occurs when the
passive film develops as a continuous, unbroken film
across the entire structure. Any breaks in the
passive, cathodic, film neans that the anodic base
metal is in contact with the corrosive environnent. As
such an electrochemcal pathway opens which wll
result in corrosion of the base netal.

Wile many terns are used to describe corrosion of
Chrom um st eel s, t he basi c mechani sm of
el ectrochem cal (galvanic) corrosion is common to all.

The corrosion is also assisted by the relative ratio
of cathodic area to anodi c point.

Constructing a Passive Film

Passivation is the term used to describe the renova

of inmpurities fromthe surface of Chrom um steel after
the steel has been worked or forned to produce an item
of the required form

Passivation my be achieved by El ectropolishing,
Chem cal Passivation, or a hybrid technique known as
Sel ective Abstraction.
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3.1.

3.2.

Each of the |isted passivation techniques nmay be done
in a variety of ways and it is not the intention to
cover the details of these at this tinme. Rather, a
general description of each process foll ows.

Electropolishing

This process utilizes a reducing acid environnent in
conjunction with substantial DC power. The article to
be polished is suspended in the nmedium via neans of a
conductive support, which is connected, to the +ve
term nal, anode, of the power supply.

A simlarly supported cathode is placed in the bath at
a suitable location with respect to the article to be
pol i shed.

The article is polished by the progressive renoval of
metal fromthe article' s surface.

The el ectropolishing process renoves lron and N ckel
from the netal surface to a depth of sone 20-30
angstrons (depending on exposure tinme). The result is
a dense film of Chrom um oxyhydroxi de across the netal
surface, and so the surface may be defined as passive.

At conmpletion of polishing the article is renoved from
t he bath and rinsed.

El ectropol i shing provides the nost dense and durable
passive film that It IS possible to achieve.
El ectropol i shing should be the consuner's choice of
preference for maximzing a stainless product’s
durability.

Chemical Passivation

Chem cal passivation is used to renove residues from
the alloy surface. There are a nunber of approaches
that may be taken. In each case the objective is to
renmove surface residues that may affect the passive
filmstructure by chem cal treatnent.
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3.2.1.

3.2.2.

3.2.3.

Pickling

Pickling is a chemcally aggressive process where
the article is imersed in a solution of
Hydrofluoric Acid (HF) and Nitric Acid (HNO3) for
a period of tinme. This process is very difficult
to control and, as a side effect, "brightens" the
article through having mcro-etched the itenis
surface. Sonme texts also describe the circulation
of such solutions within closed systens. It is
the author's opinion that such practices are
exceedi ngly dangerous, care needs to be taken to
ensure all conponents of such a circulation path
will wthstand exposure to the conbi ned acids.

It is the lack of process control wth pickling
conbined with the O H & S risks that nmake it a
poor choice for passivation.

Chelant Passivation

Chel ant (sonetines referred to as citric acid)
passivation may be used for article imersion or
for reticulation within a circuit. This process
can be readily controlled through nonitoring the
chem cal processes occurring.

Chel ant passivation utilizes the well-known
effects of chelants, in the conpleting of neta
residues in conjunction with a reducing acid

envi ronment . The process chemstry can be
mani pul ated to target a particular contam nate or
wi dened to target all |ikely residues.

The process is used in conjunction with surface
tension nodifiers and flocking agents. The
process consists of a series of steps and may use
two or three solutions in conjunction wth
rinsings.

Chel ant passivation is a chemcally fornmulated
way to renove contam nant residues.

Selective Abstraction

This technique is an extrenely effective process.
It wutilizes specifically fornulated abstraction
chem stry in conjunction with electrolysis. To
sone degree it replicates el ectropolishing,
however, it is a process that renoves only the
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readily sol uble passive film contam nants such as
Iron, Nickel, A um nium(grinding residue),etc.

This process may take place in a bath, or the
process may be wused to spot treat selective
structures.

The treated surface is identical in profile to
the original surface except for any pitting that
may have devel oped under surface contam nants.

The process is rapid and may be done either cold
or hot, 60°C,

Where the solution is being reticulated through a
cell to treat a renote portion of a structure the
sol ution doubles as a cool ant.

4. Conclusion

All  Chromum Steels need to be passivated prior to
going into service. The choice of passivation process
is very nmuch determned by application. Wile the
consuner has a nunber of choices the table below
categorizes the conparative durability of a surface
derived from each process.

Process Durability of Surface?!
El ect ropol i shed 10
Sel ective Abstraction 7
Pi ckl i ng 5
Chel ant Passi vation 4

! Thisisin an indicative value only, score out of 10.
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