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Material Matters

When Stainless Pumps
Don’t Appear To Be
Stainless
Stephen J. Morrow
Global Manager of Materials Technology
ITT Industrial Pump Group

Question:
Why are my stainless steel pumps rusting?
I thought they were supposed to be
“stainless?”

The Problem

New cast CF8M (Type 316) austenitic stainless
pump casings appear to be rusting from only
atmospheric exposure.  Without the normal
“stainless” aesthetic appeal, the customer
rejected the rust-stained pumps.

For a new service installation, dirty looking
rusting pump casings were not expected.  
The plant engineer took one look and rejected
them as defective. “Those can’t be stainless-
steel pumps; they’re rusting!”

What’s going on?

After some confusion and several discussions,
the cause was determined. The pumps were in
fact stainless steel that met the requirements
and specifications called out on the purchase
order.  The casting supplier cleaned the casings
through a combination of abrasive blasting and
other mechanical means.  Residual iron contam-
inants in the abrasives became embedded in
the stainless casing surfaces, and were subject

to oxidation to hydrated ferric oxide, which
showed up as “rust-stains.”  Exposure to atmos-
pheric moisture caused “rusting” or a “rust bloom.” 

The primary cause of rusting was the inability
of the casing to form its continuous protective
passivated surface. The cleaning methods used
introduced iron-contaminated surfaces.  

The Remedy

Clean the surfaces of scale, free-iron and other
contamination to permit passivation to occur;
or apply a suitable protective barrier coating
(paint) over properly cleaned surfaces.  Iron
oxide scale or free-iron contamination must be
removed by chemical pickling or suitable
mechanical means so a “clean” surface is
provided to develop the passive film on which
stainless steel relies for its protection.

When a completely iron free surface is desired,
acid cleaning by pickling and passivation of
ground or abrasive-blasted surfaces is
recommended, and should be specified on the
purchase order.  ASTM standard A380-96,
“Cleaning and Descaling Stainless Steel Parts,
Equipment, and Systems,” provides guidelines
for proper cleaning of stainless steel.

Lessons Learned

Stainless and other high-alloy steels cannot be
processed as though they are carbon or low-
alloy steels.  Nor does “stainless” mean immune
to rusting or corrosion from contamination.
Contaminated surfaces are undesirable for
developing a uniform passivated oxide film,
which will never properly form unless the
contamination is removed.

continued on page 10

While minor contamination generally isn’t a
serious problem on rough non-machined
casting surfaces, there are occasions when
surface contamination can seriously affect
corrosion resistance and cause rust staining.
As shown in the photograph, significant
amounts of free-iron can be transferred to
otherwise stainless surfaces, which with time,
result in rust staining. 

When the surface of stainless steels have
become contaminated with iron, corrosion of
the free-iron on the surface may establish
corrosion cells resulting in localized pitting.  
To retain its stainless qualities, stainless steels
must be kept clean and free of surface
contamination. 

Further Discussions 

Stainless steels are selected for many services
for their corrosion resistance and aesthetic
“stainless” appeal.  It’s desirable to have clean
uniformly passivated surfaces.  For many
services it’s mandatory to prevent product or
process contamination, and maintain sanitary
conditions.  Unfortunately, in some instances
end users are disappointed to find stainless
pumps that are “rusting.”  Frequently, a
legitimate concern arises as to whether the
pumps are stainless, or whether the alloy is in
its most corrosion resistant condition.

Stainless steels do corrode.  In fact, it’s the
formation of a tightly adherent and uniform
chromium-rich oxide film (passive corrosion
layer) that provides these alloys with their
stainless properties and corrosion resistance.
Damaging or preventing this “passive” surface
film from forming can lead to corrosion and
staining. 

Certain production conditions or handling may
make stainless alloys susceptible to localized
corrosion, and produce surfaces that appear to
be “rusting.”  Metallurgical changes and
mechanical imperfections such as scratches,
tooling and grinding marks, heat tint and heat
treat scale, or other general surface contamin-
ation, can create problems.  During various
processing operations particles of iron or tool
steel can become embedded or smeared into
the surfaces.  Properly passivated components
do not exhibit rust staining, which is generally
attributed to the presence of free-iron particles
at the surface.  If allowed to remain, these
particles can corrode and produce rust spots 
or stains.

Stainless steel pump casing showing evidence of rusting due to surface contamination.
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Iron contamination is almost always confined
to the surface.  However, if reasonable care is
taken during production, simple inexpensive
cleaning should be all that is required to
restore passivity.  Ideally cleaning and
fabrication should be confined to areas where
only one grade of material is being worked, to
prevent cross contamination of materials.
Cleaning tools should be segregated and
dedicated for use on only one type material.
Handling equipment such as chains, hooks,
and lift-truck forks should also be protected
with wood or other non-metallic buffers to
reduce contact with iron surfaces.

Descaling and Cleaning

In many instances, surface rust is not harmful
(application dependent), but is aesthetically
unappealing, and can lead one to belief that
the steel is not truly a “stainless” alloy.  The
level of cleanliness required depends upon the
service requirements.  In some cases, no more
than degreasing or sand blasting is required;
while for others, such as pharmaceutical, food-
handling, or other specialty services much
higher levels of cleanliness may be specified. 

Careful planning is required to achieve
optimum surface conditioning and corrosion
resistance.  Surfaces that are to be contam-
inant free depend upon a combination of
production planning, design, and post
cleaning practices.  Measures to protect
cleaned surfaces should be taken as soon 
as cleaning is completed, and should be
maintained during all subsequent handling,
shipping, storage, and installation.  If careful
control of production processes and measures
to prevent contamination are exercised, very
little special cleaning is needed.

Stainless steel may be cleaned by mechanical
methods (i.e., abrasive blasting, grinding, or
brushing); chemical methods (i.e., immersion
in acid solutions or pastes); or both.  If a
totally iron and scale free surface is required,
most abrasive blasting should be followed by
acid cleaning.  Pickling or passivation should
be specified on the purchase order, utilizing
the guidelines in ASTM A380, if required.

Abrasive blasting methods that apply to
castings include shot and sand blasting.
Because of the likelihood of embedding iron
into the surface, the use of carbon steel shot
or iron grit is not recommended.  While sand

blasting is economical and effective for rapidly
removing surface scale, it should generally be
followed by a final pickling treatment to
ensure complete removal of isolated
contaminants. 

The cleanliness of abrasives used is also
critical to preventing contamination.  Though
surfaces may appear clean visually, residual
films that prevent passivation might exist.
Only clean, unused stainless shot or iron free
sand should be used for abrasive blasting.
While the use of stainless shot reduces the
danger of iron contamination, it cannot
eliminate the possibility of residual oxide scale
contamination.  If the blast media contains
iron or becomes contaminated from prior use,
minute contaminants can become embedded
in the “cleaned” surface.

While, subsequent blasting may remove 
some of this contamination, it may also drive
contaminants deeper due to impingement
and surface peening.  The only way to
remove these contaminants and guarantee a
thoroughly clean, rust-free surface, is to
follow blasting with an acid pickling and
passivation treatment.

Pickling and Passivation

Cleaning, pickling, and passivation of stainless
steels are widely misunderstood.  Pickling
removes foreign contaminants, and permits
the surface to equilibrate; allowing for the
formation of a uniform passivated surface
layer which provides corrosion resistance.
Acid descaling or cleaning, also known as
“pickling,” is used to remove surface scale,
free-iron and other corrosion products.

Pickling effects passivation simultaneously.
Stainless steels are self-passivating, due to
their high chromium content.   A pickled
surface passivates spontaneously when
exposed to air, water, or other oxidizing
environment.  For austenitic stainless steels
such as CF8M castings, pickling in an aqueous
solution containing 6-25 % nitric acid and
1/2-8 % hydrofluoric acid is usually
recommended.  Sometimes an 8-11 % sulfuric
acid solution is first used to remove tight
adhering scale.  Thorough scrubbing and
rinsing to ensure removal of contaminating
residues should follow immersion. The
surfaces will self-passivate during the rinsing
operation. (See ASTM A380-96 Table A1.1
Treatment Codes A and B or Table A2.1 Part I,
Treatment Code D).

While nitric acid removes free-iron particles, it
can not remove residual oxide scale. The nitric-
hydrofluoric mixture, unlike nitric acid alone,
provides a reducing component, which
removes iron oxide scale and other metal
oxides by chemical reduction.  This mixture is
not passivating, and corrosion rates are high
during exposure, which should be limited to
only a few minutes.  A uniform passive oxide
film forms over the freshly cleaned surfaces
once removed from the pickling environment. 

Passivation is often confused with pickling.
Passivation treatments are not designed to
remove heat tint, embedded iron, heat treat
scale, or other contaminants embedded in the
surface, since nitric acid does not readily
remove the surface containing these contam-
inants.  Elimination of these contaminants
requires removal of the protective oxide layer
from the metal by pickling the surface with a
reducing component as previously stated.

Exposure to air is the primary passivation
treatment for stainless steels.  This produces a
tenacious and durable chromium rich film that
forms rapidly on the alloy surface, providing
the characteristic “stainless” qualities.  The
primary function of a “passivation” treatment is
to clean lightly contaminated surfaces to ensure
the spontaneous formation of the chemically
inactive “passive” film.  Though stainless steel
is naturally passivated by exposure to air or
other oxidizers, additional surface treatments
often are specified to ensure uniform passivity,
and optimum corrosion resistance.

Contact with air, water or other oxidizers (e.g.,
Nitric acid) in the environment are usually
sufficient to ensure good formation of the
“passive” layer.  Passivation treatments
following pickling or mechanical cleaning
generally are not needed provided thorough
cleaning has been performed and maintained,
and there is adequate exposure to air or other
oxygen-containing environment.  While
passivation does not improve the corrosion
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Stainless steel pump casing showing evidence of
rusting due to surface contamination.
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The math is simple…A 2% impact on power
consumption on a 20 horsepower pump
translates into $154 per year in operating
costs.  A 9% impact is worth $692 per year.
These costs affect the bottom line and can be
quite significant in a typical process plant with
hundreds, if not thousands, of pumps. 

Equipment Alignment

Steps
1. Installation quality – Good alignment is

predicated upon a quality installation.  
This means proper foundations, base-plate
installations and piping. Before mounting
alignment equipment, check for the
following:

•Foundation soundness – Overall
condition of the foundation should be
monitored and considered as equipment is
aligned.  Foundations can change over
time, and this can affect the equipment
alignment.  Compare the quality of the
foundation to the alignment records to
determine if any problems correlate.

•Baseplate installation – There are a
couple of checks that should be performed
that may directly impact the alignment:
Baseplate-foundation separation, corrosion
on the mounting pads, and broken welds
or cracked castings.

•Pipe Strain - The ideal condition should
be where the piping can be maneuvered
into place by hand and axial separation is
no more than the gasket thickness ±
1/32". Additionally, the piping should be
inspected for proper support during
operation.

2. Soft Foot checks - Soft-foot is a condition
where the pump or motor feet do not
contact the baseplate properly.  To check for

resistance normally provided by the alloy, the
enhanced passive film is somewhat thicker and
more tenacious than that formed naturally.

To prevent staining of stainless steel and restore
the corrosion resistance, finished parts are often
given a passivation treatment, which consists of
immersing in a solution of nitric acid.  For
removal of soluble salts, corrosion products,
free iron and other metallic contamination
resulting from handling or atmospheric
contamination, an aqueous solution containing
20 to 50 vol% nitric acid is recommended for
CF8M castings. (See ASTM A 380 Table A2.1 
Part II and Part III).

Final Comments

Regardless of treatments used, whether acid
pickling, or mechanical cleaning, castings can
eventually show signs of rusting if stored
outside, due to the settling of ferrous particles
or other wind blown contaminants in the
environment.  For this reason it is important to
provide protection and store stainless steel
equipment in a dry, iron free environment.  
An understanding of service conditions and
surface cleaning requirements is essential to
provide corrosion resistant “stainless” castings.

While it may appear confusing to determine
which treatments ought to be specified for
specific applications, the ASTM A380 document
provides an excellent reference which should be
reviewed thoroughly by those specifying, as
well as those supplying stainless steel
equipment. ■
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Service Solutions

The Importance 
of Proper Pump Alignment
Nicolas Ganzon, Manager – Field Services,
PRO Services - Goulds Pumps, ITT Industries

Why Align?

Why should a company embark upon a
campaign of quality alignment?  One word:
Money.  In the best case scenario, poor
alignment will slowly and continuously suck
money from your bottom line.  In a worst case
scenario, a catastrophic failure will cut your
operations day short and cost more in repair
and lost production. 

Reliable Operation

The most common manifestations of poor
equipment alignment are increased vibrations,
reduced equipment reliability, or outright
failure.  Any of these reasons are good enough
to justify proper alignment since, what is the
use of having equipment if it is broken? If
these reasons were not enough, the following
list should help:

■ Increased vibrations
■ Shaft failure
■ Bearing failures
■ Mechanical seal leaks
■ Noise

Poor alignment can seek its revenge anytime,
and usually when the most inopportune time.

Operating Cost

The reasons for alignment are most often
centered on equipment reliability, and for good
reason.  Poor reliability is closely associated
with equipment downtime; the bain of a
process industry. But while equipment
reliability is the poster child for proper
alignment, there is still a darker side: power
consumption.  Depending upon the severity 
of misalignment, increases in power costs
between 2% and 9% may be seen.  In some
cases, it has been reported the power
consumption may increase as much as 17% .  continued on page 12




