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Introduction of the nitriding factor, Ky as the driving force for gas nitriding,
provides for precise, continuous control. The traditional measurement of %
dissociation now provides a convenient parameter for checking the accuracy
of the calculated Ky and in some cases, as the primary control parameter.
KTBRBI I, Ky

VEB RIS AR UE T — AR, FRAIIB) ), ARG 2EH 7
ECHIIN AR AERLAE SR A T — A7 S 2 ok i Fh B30 0 A KW R RS 1
» JF BAER LG O N e R MO — MR T S B A AR

INTRODUCTION
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The metallurgical processes of carburizing and nitriding have followed similar patterns as the
technology advanced, and in a process of continuous evolution both procedures have progressed
through similar developmental stages.
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Carburizing, early on, was conducted by packing the work piecesin athick layer of carbon
powder and raising them to temperatures conducive to diffusion of carbon into the work.
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While the process was effective, it was excessively slow, and difficult to control, so it progressed
into a process utilizing a carbonaceous gas atmosphere.
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The only effective way of controlling this process was to establish arelationship between the
enriching gas flow, and measurement of the carbon potential, using either periodic shim stock or
dew point measurements.
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This technique persisted until the early seventies when the zirconia carbon sensor was first
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This device provided continuous measurement of the carbon potential, rather than the
discontinuous measurements from shim stock or dew point.
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The measurement has been subsequently refined, by adjusting the sensor calibration using 3-gas
(CO, CO, and CH,) IR nalyzersto calculate the true carbon potential.
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The technique is currently applied to carbon control using continuous non-dispersive infrared
analyzers, which measure continuously rather than periodically.
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Nitriding has followed a similar path. The process provides several advantages for the alloys
treated, such as high surface hardness, wear resistance, antigalling, good fatigue life, corrosion
resistance and improved sag resistance at temperatures up to the nitriding temperatures.
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Since the early beginnings of gas nitriding, the % dissociated ammonia (PD) was considered the
appropriate control parameter.
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This parameter is easily (but discontinuously) measured using the ammonia dissociation burette,
which is calibrated directly in PD. In the 1990's, however, anew control parameter, the nitriding
potential, was introduced. This parameter is defined by the equation.
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Kn = pNHa/pH,*?

It is now the preferred control parameter for many industry material specifications.
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THE TECHNOL OG
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When ammoniaisintroduced into afurnace, it dissociates according to the following reaction;
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2NH3 => N, = 3H,

Although this reaction will ultimately go to completion, it isbasically very slow. It has been
determined that, if the furnace atmosphere is changed four times every hour, the amount that the
ammoniais dissociated is 25% +- 10 %.
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An approximate relationship between ammonia flow rate and % dissociation is shown in Fig. 1.
The general shape of the curve will vary with the particular nitriding furnace, and will also likely
be affected by the size and surface area of the load.
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Fig. 1 also illustrates the basic relationship of ammonia concentration in the furnace atmosphere
to the % dissociation, i.e. PD = 100 - %NHs.
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Nitriding has historically been conducted as either a single-stage or a double stage process using
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anhydrous ammonia. Temperatures in the single stage process range from about 925°F to 975°F,
and dissociation from 15% to 30%. The first stage is normally conducted for a period of 4 to 10
hours.
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The process creates an intense layer at the work surface, which is known as the white nitride
layer.

fELAERI L T — iz, &g Ao s .

Thislayer isrich in dissolved nitrogen and nitrides.
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When the two-stage process, known also as the Floe process (U.S. Patent 2,437,249) is used, it
has the advantage of widening and modifying the intensity of the white layer.
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The second stage may proceed at the same temperature as the first stage, or may be raised to
from 1025°F to 1050°F.
5 AN BOAT BE S AR B BOM R IR S N AREE N, B SRl A 5 31 1025°F )
1050°F,

SS¢ Super Systems, Inc. Page#3 of 4
7205 Edington Drive
Cincinnati, OH 45249 WWW.Supersystems.com Printed in U.SA.



GASNITRIDING A4601 —Issue 1
By ThomasH. Lotze September 9, 2003

Application Bulletin

The second stage PD isincreased to 65% to 80% which allows the further diffusion of white
layer components toward the core.
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This PD may be achieved by reducing ammoniathe flow rate, or (preferably) by adding a diluent
such as nitrogen, dissociated ammonia or hydrogen, in order to ensure adequate positive flow.
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The nitriding processis carried out by the catalytic generation of nascent (monatomic) nitrogen
at the surface of ferrous aloys.
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The nascent nitrogen diffusesinto the surface and exists as either dissolved nitrogen or asiron
nitrides such asthey’ phase (FesN) or the € phase (Fe1-2N). There are several aloying elements
in alloy steels that contribute to the favorable characteristics provided by nitriding.
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Notable are aluminum, chromium, molybdenum, tungsten and vanadium, all of which form
nitrides that are stable at nitriding temperatures.
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In addition to microscopic cross section evaluation of work samples, effective processes are
often evaluated by plotting hardness profiles with depth. Because these profiles are significantly
effected by the core hardness, the work must be pre-tempered at the lowest possible temperature,
usually 30°F to 50°F above the nitriding temperature.
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PROCESSING
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Metallurgists have developed proprietary recipes for alarge variety of products, tailored to suit
their requirements for these products. An extensive list of these recipesis provided in the ASM
Handbook, VVol. 4, Heat Treating, March 2001. Single stage processes vary in time from 8 hrsto
48 hrs. Two stage processes vary in time between 42 and 127 hours, with the second stage time
being between 2 and 5 times the first stage time.
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An aerospace industry standard was published in 1999, SAE Aerospace Material Standard
AMS2759/10, which stipulates control with the Ky nitriding potential as the control parameter.
This standard specifies three classes of processes resulting in Class 0- No white layer, Class 1-
0.0005" maximum white layer and Class 2- 0.001” maximum white layer. Nitriding potentials
for all classes range from 4 to 15 for the first stage and from 0.2 to 0.8 for the second stage of
Class 0, from 0.4 to 2.6 for the second stage of Class 1 and 1.2 to 5.5 for the second stage of
Class 2. Treatment times are not stipul ated.
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This specification provides a brief description of essential controls for nitriding processes:
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1) Pressure controlsto assure that a positive retort pressure be maintained
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2) Nitriding atmosphere to control composition of the feed gasses and the nitriding potential Ky.
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3) Atmosphere flow rate controls to maintain the nitriding potential and

Qe bR ES G TS SR

4) Shutdown and alarm controls for safety shutdown in the event of system malfunctions.
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Super Systems nitriding systems meet this specification and exceed it in providing cascade
temperature controls and sufficient memory for 300 twelve-step programs.
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SUMMARY

i

Nitriding control by % dissociation will continue to be a significant portion of the nitriding
market place. The introduction of the nitriding potential, Ky presents aviable aternative, but
there isinsufficient data on effectiveness of the two parameters to make ajudgment about which
is preferable. Super Systems addresses this paradox by providing both parameters as a feature of
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al systems. Aswith carbon control, where %C is calculated from the measurement of oxygen,
the nitriding control parameters (PD and Ky) are precisely calculated by an SSi proprietary
analytical technique.
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The importance of superior temperature control has been demonstrated, and is related to the fact
that a change of 1°F causes a change of about 1 % PD. This is addressed by the provision of
advanced cascade temperature controlsin SSi nitriding systems.
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