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Hydrogen in Metals

Background

If vou are a user of metals that are strong but not very
tough, or mayioe you have had some parts break and are
contemplating changing to a stronger alloy, then you need
to know that hydrogen in the metal can bite you. If wou
take to heart the information in this Nuts and Bolts series
then just maybe you won't be bitten.

Where does the Hydrogen Problem Start?

Like any metal, hydrogen atoms dissolved in liguid or
solid metal give up their valence electrons most of
the time.

That leaves cnly the nucleus of the hydrogen atom, and
that's very, very, smalll However, like arry metal, for a frac-
tion of the time they reacquire their valence electrons,
making them more cr less the same size as ordinary metal
atoms. It is while they are very small that they are able to
Zip around inside the metal.

While inside the metal the traveling hydrogen atoms
find lots of different ways to spend their time.
If there is a crystal defect that offers a little more space,
then the hydregen atoms will spend more time there
than in the ordinary spaces. If there is an area with tensile
residual stress they will spend more time there than in
metal that is unstressed. They are probably rather reluc-
tant to hang around anyplace that is under serious resid-
ual compressive stress, as in a carourized or nitrided

lavyer.

Once hydrogen (H') atoms start to hang out in a
particular area they become more likely meet like
minded atoms and to join up to become hydrogen
molecules (Hg). That's trouble because the He mole-
cules are more or less the same size as a regular metal
atom. When they form they expand the crystal lattice,
creating a tiny tensile stress field. This tensile stress is like
sugar for flies, drawing more H' atoms together where
they form more Ha. The tensile stress field grows, caus-
es micra cracking, the mechanical properties start to suf-
fer, in particular fracture toughness and high cycle
fatigue strength.
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Biaxial tension is worse than uniaxial, and triaxial
tension is worst of all...

Herein lies the problem for strong metals vs ordinary
metals. In the more ductile metals the crystals can
deform to accommodate the insertion of a cluster of
Hgz molecules.

The microscopic tensile stress field is relieved so more
hydrogen atoms aren't drawn in and microcracking is
avoided, In the stronger and less ductile metals the
opposites are rue: more hydrogen atoms are drawn in
and microcracking gets stared

Metallurgical research is showing us that the wandering
H! atoms may also enter into reactions, to form, for
example, metal hydrides. When the metal that is joining
the hydrogen is an impurity, then wherever the impurity
atoms tend to hang out is where we expect to find the
metal hydricle molecules.

Now the metal hydride may or may not be a larger
melecule than the constituents from which it
formed. If it's larger, then it can nupture the crystal lattice
the same way as the coupling up of the H! atoms that
was described above. Apparently some of the well
knowwn bad actors among impurity atoms do their it by
entering into this tvpe of hydnde reaction,

When an impurity atom tends to hang cut in the grain
boundaries it may e reasonably benign until along
come some hydrogen atoms when it forms hydrides
Grain boundary embrittlement may be the result, giving
us deadly intergranular cleavage fractures.

Room Temperature Sources of Hydrogen

Chemical reactions that release hydrogen at the sur-
face are the problem.

Chemical reactions release their tydrogens as atoms: H'.
If the atom joins a friend and wanders off into the air as
an Hy molecule, that's no problem. Cr it may grab an
oxygen and then another fydrogen to make a water maol-
ecule, and also wander off into space.

The problem, as before, is the extremely small size of the
newly released H'. To this tiny creature, a plece of metal
locks Just like empty space! So the probability of the H
entering the metal is nearly as high as the protability of







