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Non-destructive classification
of surface hardened stainless

Steels

by Ulli Oberste-Lehn, Geoffrey Bruno

Low temperature surface hardening of stainless steels has been well known in the industry for over two decades. His-
torically, non-magnetic austenitic stainless steels were treated and non-destructive classifications for surface hardening
were not possible in the past. With photothermal radiometry, a new and promising technique for non-destructive testing
was successfully applied for the first time to low temperature surface-hardened stainless steels.

pecialty stainless steel processes (S°P) are offered
exclusively by Bodycote. S°P features low tempera-
ture surface hardening technologies like Kolsterising
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and S’P A, D and M. Kolsterising! is a low temperature car-
burizing process which increases the surface hardness of
austenitic stainless steels significantly without, compared
to classic diffusion processes, adversely affecting the cor-
rosion resistance. Due to the nature of the process there
are nearly no geometrical constraints. Even the smallest
parts and most complex geometries are treatable (Fig. 1).
The surface hardness can reach up to 1400 HV 0.05 lead-
ing to increased wear resistance, preventing galling (cold
welding) and increasing the fatigue resistance in stainless
steel components. In addition to austenitic stainless steels,
martensitic grades and nickel base alloys are treatable thus
opening up a broad field of applications in the food and
beverage, automotive and oil & gas industries among
others. For over twenty years, Kolsterising is a reliable and
reproducible solution. The treatment results are verified for
every batch by internal quality control samples which are
tested for surface hardness and diffusion depth according
to standardized quality procedures. Both uniformity from
batch-to-batch and throughout the treatable volume are
reported. If requested, the treatment results can be deter-
mined directly on the customer’s part using destructive
testing. The Bodycote S*P plants are certified to 1SO 9001
standards.

NON-DESTRUCTIVE CLASSIFICATION

Another unique advantage of Kolsterising is that the
appearance of treated parts is not altered. Parts exhibit

! Kolsterising is a Trademark of Bodycote
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the same metallic surface in both the treated and untreat-
ed conditions, as shown in (Fig. 2). It is not possible to
determine whether or not a part was correctly hardened
by using visual inspection. In the past only destructive
methods like Vickers surface hardness measurement were
options to determine the treatment result on all parts from
a treated batch. Yet this destructive method, 100 % control
of a complete treatment batch, is not practical because
it is extremely time consuming. Additionally, with these
methods the surface morphology is changed in the area
of measurement, which is unwanted for many applications.
Non-destructive testing by means of eddy current cannot
be applied successfully to Kolsterising. Acoustic methods
are highly geometry dependent and are not generally
implementable. In a scientific evaluation, Bodycote and
Enovasense determined that photothermal radiome-
try is a reasonable way to check the treatment status of
customer parts non-destructively, independent of part
geometry and base material and for a complete batch if
necessary.

EVALUATION OF RESULTS

For evaluation, DIN 7 cylindrical pins (@ 5 x 30) made from
AISI 316L (1.4404) were treated with Bodycote's proprie-
tary process Kolsterising K22. The treated parts show a
uniform and precipitation free diffusion zone (Carbon
S-Phase) with a diffusion depth of 30 pm and a mean
surface hardness of 1090 HV 0.05 (Fig. 3). This is more
than five times higher than the untreated condition with
amean surface hardness of 200 HV 0.05. Bodycote provid-
ed Enovasense with a batch of 20 pins; ten identified as
treated (Kolsterising K22) and ten identified as untreated
for device calibration. A batch of 50 mixed parts (treated
and untreated in an undisclosed ratio) was provided for
validation. After calibrating the Enovasense device using
the 20 pins with known treatment status, Enovasense
was able to provide a treatment probability value for the
remaining 50 mixed (treated and untreated) parts. The
analysis classified the mixed batch between treated and
untreated categories with a very high accuracy (Fig. 4).
After separating them by means of photothermal radiom-
etry, Bodycote cross-checked the results using destructive
testing and determined 100 % accuracy on the results
obtained by Enovasense. 24 parts were untreated and 26
parts were treated.

INNOVATIVE NON-DESTRUCTIVE
MEASUREMENT DEVICES PROVIDED

BY ENOVASENSE

Enovasense is a start-up business offering innovative
non-destructive testing devices for several coating and dif-
fusion treatment solutions. The coating thickness and / or
treatment probability can be measured. The technology
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Fig. 3: Cross section of untreated pin (left) and pin after Kolsterising

(right); Base material: AISI316L (1.4404)
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Fig. 4: Determination of treatment probabilities with photother-

mal radiometry

is based on laser photothermal radiometry and therefore
it is contactless, non-destructive and is reporting results
in real-time. As shown in Fig. 5, a laser beam is used to
slightly heat the surface of the part to measure (1); the
heat propagates into the diffusion zone or coating and
propagates back to the surface while reaching its end.
This thermal flux is then detected by an infrared detector
in the measuring head (2). After signal treatment and pro-
cessing (3), the thickness and / or treatment probability is
displayed (4) to the operator or the factory system. Using
the same principle, the Enovasense device is able to sort
treated and untreated parts. Bodycote asked Enovasense
to classify parts treated with its Kolsterising technology this
way. The Enovasense device is composed of a command
box (Fig. 6) linked to a very small, compact and light weight
(< 200 g) measuring head that can be easily integrated into
a production line or attached to a robot.

The device can be used as an in-line tool for coating
and diffusion treatment processes. The measurement can
be done at high-speed, nondestructively and without
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Fig. 5: Basic steps of operation of the Enovasense device

taking the parts out of the production or packing cycle,
no contact required. With photothermal radiometry it is
possible for the first time to perform a rapid and non-de-
structive 100 % check on kolsterised parts concerning
correct processing. Additionally not only thermo-chem-
ical treatments like Kolsterising can be checked with the
device. Customers can for example also control coating
processes and react very quickly in case a non-conformity,
if a quality issue occurs, or prevent an over consumption of
coating material. In this joint evaluation, the results indicate
that non-destructive testing on low temperature surface
hardenend stainless steels is possible with photothermal
radiometry.

Fig. 6: Enovasense command box
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