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New Hampshire Materials Laboratory has one goal—to help you solve your technical problems at a reasonable
cost. Tests help, but are not always enough. Our team of dedicated and experienced professionals has both

the skills and the backup facilities to serve in the following:

* Heat Treat problems and Verification
* Reverse Engineering

* Weld & Life Testing

* SEM & EDS

* Failure Analysis

* Material Certification & Compliance
* New Product Testing

* Mechanical Properties

* Tensile and Compression Testing

Martensite in Austenitic
Stainless Steel Welds

Background

Martensite is a crystal structure that forms in steels
during rapid cooling. Cooling rates are dependent on
particular chemistry of the steel. Certain conditions
can be met that will cause martensite formation in
austenitic stainless steels.

Long. needle-like clusters of crystals in the metal
characterize martensite. The martensite crystals have
a highly stressed body centered tetragonal structure.
In austenitic stainless steels and the austenite phase
of a magnetic (austenitic/ferritic) stainless, when
martensite is present in a weld, don't expect it to pass
the bend test. The weld will not have the toughness
and ductility that we normally expect from a stainless
steel, and in some circumstances there may be unan-
ticipated corrosion.

This issue of Muts and Bolts describes the metallurgi-
cal tools we use to predict whether a weld is at risk for
martensite.

If additional information relative to the metallurgical
details is needed, please call or contact us by e-mail,
Lab@NHML.com.

Fillet Composition

With only one exception, adding alloying elements to
steel allows martensite to form at a slower cooling
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FIGURE 1:
One martensite crystal formation in 410 stainless steel

rate. That exception is cobalt, which works the other
way. With cobalt, martensite will form at a faster
cooling rate.

We recognize that the actual composition of the weld
fillet will vary along a line running across or bisecting
the weld fillet. On the centerline, we expect the fillet
composition to be closer to the wire composition.
Approaching each base metal, the composition
shifts from the filler metal composition more towards
each base metal. In welding metallurgy, we mark on
the phase diagram the chemistry of one base metal
and the chemistry of the filler wire. We find that the
actual fillet compositions lie on the line drawn on the
phase diagram. When the base metals are different,







