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Hydrogen embrittlement, strain-age embrittlement, liquid-metal embrittlement, galvanizing

embrittlement . . . sheesh!

| think I’'m coming down with a case of brain embrittlement

trying to determine what form of embrittlement has caused my steel tubesto crack. HEL P!

Try not to get too cracked up over

embrittlement!  Rest assured: you are not

alone.  The AGA frequently receives

questions regarding embrittlement and, often
times, the inquirer has mistakenly classified the
embrittlement, which then leads them astray in
determining the cause of their cracking. Luckily, I have
the answers you need to distinguish between the many
types of embrittlement and determine the source of your
cracking.

The most common misidentification of embrittlement is
the over-used (and abused) term, “hydrogen
embrittlement.” The result of steel absorbing
hydrogen and retaining it ultimately causes cracking when
the steel is put under load. Since this is one of the most
widely known types of embrittlement, people
will often use this term loosely and, thus, assume all
cracking of HDG articles is the result of it. The truth is
that there are certain properties and conditions that
must exist for hydrogen embrittlement to occur. The
property that has the determining effect on whether
or not hydrogen embrittlement can occur is the tensile
strength of the steel. Steels that have tensile strengths
above 150,000 ksi (1100 MPa) are susceptible to
hydrogen embrittlement. The reason being is that higher
tensile strength steels consist of a fine grained
structure; the higher the strength of steel, the smaller
the grain structure. In steels that have tensile strengths
above 150 ksi (1100 MPa), the grain structure is so
small that some of the absorbed hydrogen (e.g., from
pickling) will remain trapped in between the grains of
the steel. Steels with lower tensile strengths have
larger grain structures that allow the hydrogen to be
expelled when heated to galvanizing temperatures.
Without steel above 150 ksi (1100 MPa), hydrogen
embrittlement is highly improbable. These strengths of
steel are typically used for fasteners, anchor rods, or other
materials that are going to be subjected to extreme tensile
loads. The tensile strength of most steel that is galvanized
6 is often far lower than these types of parts.

Now on to the not-so-well-known embrittlements.
Strain-age embrittlement refers to cracking caused by
previously-induced
stresses into the steel and
is often the culprit in
most embrittlement cases
of HDG steel. Steel that
has been cold-worked
during fabrication devel-
ops certain areas of
high stress. If these
stresses are not relieved
by heat treating prior
to galvanizing, they can be partially relieved in
the galvanizing kettle, which can often cause cracking
if the stresses are relatively high. This can be
eliminated by two separate methods. First, the steel
can be heat treated at 1100°F for one hour per inch
of steel section thickness prior to galvanizing,
completely relieving the stresses caused by cold
working and virtually eliminating the likelihood of
cracking after galvanizing.  The second method
would be to not perform cold working, but to “hot work”
the part. By forming fabrications under heat, stresses do
not develop in particular areas such as bend corners,
punched holes, or other areas that are susceptible to
developing high stress. With respect to your
particular problem, this is the likely cause of the
cracking. The tensile strength of tubes is far below that
required for hydrogen embrittlement, as well as the
forming operation required to fabricate the tube most
likely involved the bending of a flat plate into
a tube shape. This operation was probably performed
while the steel was cold, and areas of high stress
developed at the corners and initiated the cracking
of the tube.

Moving right along, next up: liquid-metal embrittlement.
This type of embrittlement is the result of molten liquid
in contact with solid metal. The liquid metal, under
certain conditions (mainly temperature), can penetrate the



solid metal and initiate cracking. It is well known that
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and cures your case of brain embrittlement. If it ~ Paul Harwell, AIA
should ever flare up again, read this twice and
call me in the morning.

APR PLASTIC FABRICATING, INC.
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APR has been one of the leading tank and liner manufacturers for the Galvanizing Industry for over ten years.

¢ Free-standing tanks
APR has built some of the largest freestanding surface preparation galvanizing
tanks in the country. For years, APR has been changing designs and processes to
meet the rigorous demands of the galvanizing industry.

e Rigid Drop-in Liners
APR offers cost-effective and long-term solutions. Our Rigid Liners can also be
warranted up to ten years. When an emergency situation arises, APR can be the first
at your door. Just give us call.

¢ Secondary Containment Systems can be manufactured either self-supporting or Pit Lined. High-impact Co-Polymer
Polypropylene is used in virtually every application. Our expert field crew can install any size or shape of containment.
No job is too big.
Be sure to contact us for a quote. Let us show you what we can do.

Member of: APR Plastic Fabricating, Inc.

Visit our 2312 Cass Street
AMERICAN GALVANIZERS ASSOCIATION : Fort Wayne, Indiana 46808
AMERICAN WELDING SOCIETY website at (260) 482-8523
AMERICAN ELECTROPLATERS AND www.aprtanks.com Fax: (260) 483-5616
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