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Hot Dip Galvanizing
- An Introduction
The hot dip galvanizing process is
relatively simple compared to most
other corrosion protection systems and
it is this simplicity that makes it an
economically efficient and technically
effective corrosion protection system
for both small items and structural
steel applications. The galvanizing
process utilizes zinc, one of the most
widely used metals, to provide a
protective coating to steel. Most hot dip
galvanizing that is specified in Australia
is performed to AS/NZS 4680 Hot-Dip
Galvanized (Zinc) Coatings on Fabricated
Ferrous Articles. The process to be
discussed here is after-fabrication batch
hot dip galvanizing. There are other
forms of galvanizing or closely related
processes: in-line, or continuous,
galvanizing, spun products (for
fasteners and other small items) and
electroplating. These will be discussed
in later issues.
Galvanized steel uses zinc for corrosion
protection. Coatings utilizing zinc make
up the largest use of the world’s zinc
production. This includes galvanizing
and other applications, such as
electroplating, zinc thermal spray,
and paints. Zinc is an ideal corrosion
protection material for steel because
it corrodes at a much slower rate than
steel when exposed in most conditions.
This can vary from a corrosion rate of
approximately one twentieth that of
steel in inland or benign environments
to up to one eightieth in coastal and
marine situations.
The Galvanizing Process
Galvanizing is conducted in varied ways
depending on the type of plant, but
in general most plants follow similar
procedures. It should be noted, that
galvanizing relies on the iron content of
steel for the process to occur. Thus, it is
not possible to “galvanize” other metals,
for example, copper or aluminium.
The preparation process for steel prior
to galvanizing involves the removal of
scale, rust, oil paint and other surface
contaminants. This is usually achieved
through cleaning in a caustic solution
followed by immersion in an acid
bath. The steel is then rinsed in water
prior to its immersion in a warm flux
tank, usually made up of a 30% zinc
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Figure 4: Galvanizing alloy hardness (AGA)

ammonium chloride solution. The
flux solution removes the oxide film
that forms on the surface of the steel
after the acid clean and also prevents
further oxidation prior to the actual
galvanizing process.
The galvanizing bath is made up of
molten zinc in a steel kettle and some
trace alloys such as aluminium. Other
alloys can be added to achieve slight
modifications to the coating and
the process, for example, nickel, but
these are usually used in very small
amounts. Zinc has a melting point
of approximately 420°C so the kettle
temperature is normally maintained
in the range of 445°C to 465°C. If
the temperature is too low, then the
reaction may not occur satisfactorily
and if it too high, then energy usage,
kettle wear and ash production is
increased. On immersion in the
galvanizing bath, the surface of the
work is completely covered and the
molten zinc reacts with the steel to
form a series of zinc-iron alloy layers.
The coating continues to form until
the steel has reached the temperature
of the molten zinc and the reaction
is complete. The time required for
the complete reaction is influenced
by a number of factors including the
temperature of the molten zinc, the
size and weight of the article, and the
type of steel being galvanized. The
article is then withdrawn from the
bath and an outer layer of molten zinc
is carried with it. Much of this runs
off the article and into the zinc bath,
however, some if it solidifies to form
the predominately pure outer zinc
coating familiar to most users.
The item is then usually cooled and
passivated in a sodium dichromate
bath. Thepassivation process assists
in protecting the galvanized steel
during its initial storage, transportation
and installation. Depending on the
client’s requirements and at the
galvanizer’s discretion as to possible
issues with distortion, the item may be
air cooled instead.
Further information can be found at
the Galvanizers Association of Australia
website and in the references at the end
of this article.

Hot Dip Galvanizing: Corrosion
Protection Mechanisms
In addition to the extra mechanical
protection afforded by the zinciron alloy layers, galvanized steel is
protected from corrosion via a number
of different mechanisms.

Figure 2: Micrograph of galvanizing on
edge of steel (GA UK)
Figure 1: Galvanized steel being withdrawn
from a zinc bath (Industrial Galvanizers)
Key Physical Properties of
Galvanized Steel
The metallurgical alloying process of
galvanizing provides galvanized steel
with a number of unique properties.
All surfaces of the work are completely
covered, both externally and
internally. This means that corners,
edges, holes, welding seams and any
recesses are completely covered and
protected. This generally produces
a uniform coating of zinc and zinciron alloy layers over the complete
article, no matter how complex the
configuration, and specifically in
areas that are potentially “corrosion
hot spots” for other coating systems.
Hollow steel sections are particularly
suited to galvanizing since they
are protected both externally and
internally without the need for
additional specialized requirements.
Also, because the zinc and zinc-iron
alloy layer thickness is determined
primarily by steel thickness, a
standard minimum coating thickness
is automatically applied to all areas
regardless of orientation, access and
applicator technique.
Corners and narrow edges will
produce a slightly thicker galvanized
coating, thus providing greater
protection on the areas most likely
to suffer from impact damage and
subsequent corrosion. This contrasts
with other coating systems, such as
paint, which thin out in these critical
areas and require careful design and
application modifications to improve
their thickness and performance on
such surfaces.
The substrate of a galvanized section has
more iron while the most outer layer
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or surface of the galvanized coating
is 100% zinc. The intermediate layers
have varying ratios of zinc and iron
progressing from ~25% Fe/ 75% zinc to
6% Fe/ 94% zinc, and finally pure zinc.
This is known as the “free zinc” coating.
It is not strictly part of the galvanized
coating, but provides extra protection
and the “silvery” appearance associated
with most galvanzing. Coatings are
measured in either the thickness of the
coating micro-metres (μm), or by the
weight per unit area, g/m2.
The lower alloy layers are up to
50% harder than the base steel. This
provides galvanized steel with much
greater resistance to abrasion and
mechanical damage, thus protecting
the base steel from exposure to the
atmosphere. The advantage of this is
not only seen in service, but also during
transportation, handling and erection.

Galvanizing provides barrier
protection in two ways. The galvanized
layer of zinc-iron alloys provides a
protective physical envelope around
the steel, shielding it from the
environment. Secondly, the galvanized
layer also develops a protective patina
on its surface upon exposure to the
environment. This is made up of zinc
oxides, hydroxides, carbonates and
basic zinc salts depending on the
nature of the environment.
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Figure 5: The stages of development of
galvanized steel’s protective patina (AGA)
progress past the soluble stage and
the galvanized steel continues to
corrode. Galvanizing is usually not
recommended for such applications
unless there is additional protection,
for example, a suitable paint.

The patina forms in a staged manner
upon the exposure of the galvanized
steel to the environment. It is the
carbonate form that provides the
greatest protection to the steel, but
its development follows the others
so they are all important in the
protection process. The patina can
take anywhere from a few months
to a few years to develop, hence the
initial passivation of the galvanized
steel with sodium dichromate. The
initial stages are soluble, so to a certain
extent galvanizing relies on favourable
wetting/drying cycles to fully develop
the protective patina. This is why
galvanizing is generally unsuitable
in areas that are constantly moist or
subject to excessive spray, particularly
if it is corrosive. It should be noted
that the oxide and hydroxide coating
are soluble and will dissipate under
weathering and cleaning. The true
protective layer, the zinc carbonate
coating, is insoluble and more resistant
to damage and removal. This layer is
what gives galvanized steel its ultimate
dull grey or “weathered” appearance.
The speed of the final transformation
will vary based on the corrosivity of
the environment.

In the event of severe mechanical
damage, galvanizing also provides
cathodic protection to the base steel.
The galvanizing performs in a similar
way to other sacrificial protection
systems, except in this case the
sacrificial anode is distributed over the
article to be protected and electrical
continuity is assured.

As mentioned above, environments
that are constantly moist inhibit
the development of the protective
patina since they don’t allow it to

It should be noted that much of
the testing that is later attributed to
galvanized steel is actually the testing
of pure zinc. In many environments,

Durability of Hot Dip
Galvanized Coatings
There is a variety of data available from
different sources on the durability of
galvanized steel. Since the process has
been utilised virtually unchanged since
1837, a large amount of empirical data
has been recorded from case studies in
a large number of operating situations,
locations and corrosive environments.
This history of use also assists
maintenance engineers in planning for
infrastructure life, maintenance and
remediation. Engineers can choose
to use empirical data from selected
sources such as Porter (1991), Slunder &
Boyd (1983), Porter (1994) and Zhang
(1996) or refer to standards that address
corrosion rates for various metals and
corrosion protection systems such as
ISO 9223 and AS/NZS 2312.

February 2012 www.corrosion.com.au p.13

ARTICLE

the performance of the zinc-iron alloys
is actually superior to pure zinc, so
these figures need to be used with
the realization that they will often
be conservative. A discussion of the
corrosion and durability performance
of galvanized steel in different
environments will follow in later
articles in this series.
One of the advantages of galvanizing
is its ability to perform over a wide
range of temperatures. It can operate at
temperatures as high as 200°C and as
low as -60°C.
Galvanized steel has a further useful
property under Australian conditions
since in that it is also immune to
ultraviolet radiation. Many other
corrosion protection coatings will
degrade on exposure to solar
radiation and it can be one of the
key limiting factors to the performance
of such coatings.
Zinc is an amphoteric metal, which
means it has a durability performance
limit under both acidic and alkaline
conditions. The accepted rule of thumb
in the industry is that the pH of the
environment should be in the region of
6 – 12 pH. For specialized applications
that may fall outside this range, it is
recommended that the designer consult
with the galvanizer.

Figure 6: Galvanizing in sub-zero conditions
in Victoria (Parks Victoria)
The durability of hot dip galvanizing
often raises the contentious question
of warranties. The galvanizing industry
does not have a consistent view
on warranties and these need to be
discussed on a case by case basis. Some
companies offer them while others
don’t. Most of the reluctance towards
warranties is due to the fact that
galvanizers usually do not have much
input, if any, into the application
of their products. Many items are
galvanized and then it is only in
hindsight that a warranty is requested.
Galvanizers find this difficult to
deal with since the durability of the
steelwork is based on many different
factors. Environment, design,
thickness and many other variables
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Table 1: Corrosion Rate of Galvanizing on Vertical Surfaces in Various Environments
ISO 9223
Corrosion
Category

AS/NZS 2312
Corrosivity
Description

Typical
Environment

Average Zinc
Corrosion Rate
µM/year

C1

Very Low

Few alpine
areas, dry interiors

<0.1

C2

Low

Arid/rural/
urban, Interiors
– occasional
condensation

0.1 – 0.7

C3

Medium

Coastal High
humidity interiors

0.7 – 2

C4

High

Sea-shore (calm)
Swimming Pools

2–4

C5

Very High

Sea-shore (surf)/
offshore

4–8

(which are incidentally the same as
for many other corrosion protection
technologies) can affect the predicted
durability of a galvanized article.
However, if galvanizers are involved
at the design stage, then it is possible
that a valid warranty can be agreed on
where it is required.
Phillip Layton of Industrial
Galvanizers says that, “There is
independent information available
that will accurately predict the life
expectancy of the coating in various
environments and in these instances
some galvanizers will offer coating
warranties on large projects.”
He also mentions that the designer can
access a large amount of information
that is available from some galvanizers.
“Large galvanizers would be able to
provide technical information and
design input to customers, either in
person, via email or over the phone. It
is common for galvanizers to receive
requests for information on projects
with the drawings being sent for
comment, design input and pricing.”
He points out that the Galvanizers
Association of Australia (GAA)
represents the Australian industry
and they also have a wide variety of
information on the subject.
“The GAA also has a lot of information
concerning potential problems and
information regarding the correct
specification of galvanizing. This can
be accessed via their website or by
contacting them directly.”
Generally, if warranties and quality
documentation are required for a
specific project, then it is advised that
the designer consult the galvanizers

as early as possible in the specification
and design process.
Conclusion
Galvanizing is a proven technology
with a long history of use, both in
Australia and around the world. It is
virtually impossible to avoid galvanized
steel in most situations in the built
environment – electricity infrastructure,
road furniture and items such as
boat trailers are almost exclusively
galvanized. Australia is well serviced in
most areas with galvanizing plants and
this makes it a common solution to
many corrosion problems.
This has been a brief introduction
to galvanizing and further articles
discussing more specific issues such
as appropriate design and durability
are planned.
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