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TUBE MATERIAL
JMS Southeast, Inc., recommends stainless steel tubing as the encapsulation for RTD’s in most industrial
applications.
If a corrosive environment exists, 316 low carbon stainless steel is recommended due to its resistance to corrosiveness. A
more detailed explanation of this phenomenon follows.

Please contact JMS for questions concerning environmental condition questions or exotic material needs for probe
encapsulation.

CORROSION IN 316 STAINLESS STEEL VERSUS
316 LOW CARBON STAINLESS STEEL
Barbara Feldhacker Hudson
JMS Southeast, Inc.
Statesville, NC

BACKGROUND:
When 316 stainless steel is welded it is exposed to temperatures in the range of 1000°F to 1600°F and carbon readily diffuses toward the grain boundaries in this temperature range. This excess carbon in these areas adjacent to the
grain boundaries combines with the chromium in the steel to form chromium carbides. This action depletes the effective
chromium content near and at the grain boundaries, leaving this area of the metal susceptible to corrosive attack. When
welding occurs and this phenomenon occurs, the chromium from within these grains cannot replenish this shortage
rapidly enough to overcome this susceptibility. This is called “sensitization.”
Stainless steel loses its resistance to corrosion when the chromium content drops below 10.5-11%. Intergranular
corrosion occurs when the chromium content along the grain boundaries drops below this amount. The less chromium
present the more rapid the attack that could ensue.
Corrosion also occurs more readily in austenitic stainless steels that contain more than .03% carbon due to the fact
that complex chromium carbides precipitate along grain boundaries when the chromium ties up with this carbon. After
the metal is cooled from the 1000°F-1600°F temperature range, any areas that experienced that temperature and are
depleted of chromium are very susceptible to corrosion. In the manufacture of resistance temperature detectors, approximately the last 3 inches of the probe and the weld area experience these temperatures. Therefore, they are prime candidates for corrosion.

CORROSION PREVENTION:
There are a number of ways to combat the susceptibility of corrosion in 316 stainless steel. We have investigated
a number of options. Water quenching of the entire susceptible area would avoid this corrosive property due to the fact
that this cooling would dissolve the chromium carbides and the chromium content would be again uniform throughout the
metal. Water quenching cools the metals rapidly enough to prevent the combination of chromium with carbon. We, at
JMS, felt this option was not as feasible due to the problem of quenching every probe in manufacturing. This could not
be done to an RTD assembly due to the fact that it would cause thermal shock to the probe and a sudden strain to the
RTD bulb. RTD’s are susceptible to strain and thermal shock and this could be detrimental to the sensor.
A second method of avoiding the corrosion phenomenon in 316 stainless steel is to add carbide forming elements
to the stainless steels. If the carbon in the metal is tied up with other elements, it can not tie up with chromium and the
free chromium present could not form chromium carbides and migrate to the grain boundaries. Some elements added
to stainless steels for this purpose are titanium, columbium and tantalum. These elements have greater affinity for carbon than chromium so they stabilize the steel against chromium depletion. An example of this is Monel. This is a
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SECTION 3

For high temperature RTD’s above 500°F, we recommend I600 encapsulation due to the absence of iron in I600.
Platinum RTD bulbs sometimes experience “poisoning” at high temperatures due to iron migration. The iron attacks the
grain boundaries of the platinum and the alpha of the bulb is erroneously lowered, thus yielding lower temperature readings than actual.

