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Abstract

The article describes the results of istigations of controlled gas nitriding
processes of alloyed structural stgeldes 40HM and 38HMJ, used for machine
components exposed to corrosion, wear and contact fatigue in service.

Examples are given of the process gesinabling the formation of nitrided
cases on alloyed steels with an iron nitride compound layer at the surface,
designated for fatigue applicationsdeas substrate for duplex processes.

Introduction

The article is dedicated to problems connected with the formation of
nitrided cases on structural alloysteel grades 40HM (4140 per AISI) and
38HMJ (Nitralloy 135N with the presence of a dace iron nitride layer of
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varying phase composition or without tiéyer, designated for application for

precision components of machines, emuént and vehicles subjected to

corrosion, wear and fatigue in service. The aim of this project was to develop

nitriding processes enabgjrihe formation of three types of nitrided cases:

— with an iron nitride layer with a dominaist phase and a microstructure
composed ot + (€ + Y precip), POrous in its external zone, which facilitates

its impregnation with a rust inhibitor,

— with a compact layer of iron nitrideend with a lesser proportion of the
phase and a composition ©ft Y yecip, With an external porous zone limited

to a minimum € 2.5um),

— without an iron nitride compound layer.

All nitrided cases, taking into accouthieir expected exposure to corrosion,
tribological or contact fatigue hazardfould be characterized by high hardness
as well as appropriate thickness of the iron nitride layer and its particular zones
for corrosion resistance (first two cases)bgran appropriately deep effective
case depth, to counteract contact fatighérdttype of case). Cases containing
the compound nitride layer should also be characterized by a limited thickness
of the latter, on account of the narrow dimensional tolerances of the components
for which they are designated. Thglyould, moreover, meet the requirements
regarding corrosion resistance.

It should be emphasized that literature concerning anti-corrosion nitriding of
alloyed steels contains substantially less publications than in the case of carbon
steels. This is especially true of pubtioas dealing with the formation on alloyed
steels of thin, corrosion-resistant iron iiér compound layers [1-5]. Similarly, the
problem of formation of nitrided casedthout compound layers on alloyed steels,
despite a definite interest them for fatigue applications, is limited to only very
few mentions, these being mainly concentrated on Nitralloys [6-8].

1. Materials used

For the investigations, two alloyedeels were used, the 40HM and 38HMJ
grades, widely used for nitriding. These steels were quenched and tempered prior to
nitriding. The heat treatment parametansl hardnesses are given in Table 1.

Table 1. Parameters of heat treatment

Heat treatment Hardness

Steel grade parameters HV10 HRC
Q. 860C/ oil

T.490C 395 40

40 HM T.570C 329 33

T. 600C 327 33
Q. 920C/ oil

38HMJ T.490C 473 47

T.570C 390 40
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For the investigations, coupons, sizg@4 x 4 mm, ground to Ra = 0.2
were used.

2. Nitriding equipment

Nitriding of the coupons was carried datan industrial pit-type furnace,
model Nx609, manufactured byithex, with a retort of@ 600 x 900 mm
dimensions and computer process cdnftithis furnace is equipped with an
ammonia dissociator, as well as a systfast cooling of the load after the
process, as well as with a neutralizdrthe effluent atmosphere. Computer
process control enables precise cdntwb the composition, flow rate and
nitriding potential of the atmosphere, as well as of the temperature and time of
the cycle. It also enables monitoringdafull recording of all process parameters
during each of its stages, very usefultire analysis and design of nitriding
cycles.

3. Nitriding processes

Nitriding processes were carried outemnperatures within the range of 470
— 580C and times of 4 — 28 h in atmospheres composed of ammonia or a
mixture of ammonia and dissociatetnraonia. Process parameters varied,
depending on the type of cases and layers produced.

Nitriding with the formation of layersith a porous iron nitride zone were
carried out at the higher end thfe temperature range (570 — %8pDfor 4 h, in
atmospheres composed of ammonia with the cycle ending on a nitriding
potential Np = 1.97 — 2.76, which facilitated the rapid formation of nitride
compound layers.

For the formation of nitrided casestliva compact iron nitride layer, lower
nitriding temperatures were implemented (560 andGBQimes used were 4 —
12 h and the atmospheres were compa$eanmonia and dissociated ammonia,
with a lower nitriding potential of 1.38 — 2.56.

For the formation of cases free ofetliron nitride layers, the nitriding
temperatures were even lower (530 — °€JQ while times were longest,
reaching 28 h, and atmospheres compa$eanmonia and dissociated ammonia
had very low nitriding potentials (0.230.38). The implementation of low, non-
conventionally used temperatures (¥Z0facilitated the retention of a high core
hardnessX 40HRC), advantageous from the pooitview of contact fatigue
strength.

In the first two instances (i.e. casgsh iron nitride compound layers at the
surface), atmospheres with a fixed nitnigl potential throughout the cycle or its
stage were used. In the third instaifeiérided cases without a compound layer
at the surface), the nitriding potentighs gradually lowered until it reached a
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very low-end value. During the running of the process, control of the
atmosphere was implemented throughoetdiicle, including the heat-up stage.
Changes in the nitriding potential duritige heating up and at temperature were
selected, based on the Lehrer diagram in such a way that they were as close as
possible to the boundary values of the potential betweea,tfieand € phases

on that diagram [9, 10]. They were akmlected, depending on the needs, below
and above the boundary values. Such potential variations were verified
experimentally, choosing the most adwg#ous running of the process from the
point of view of strengthening the rided case and the kinetics of its growth.

4. Post-nitriding investigations

Following the nitriding processesjnvestigations encompassed the
following:

— surface hardness (Himaximum hardness (&) and core hardness (),
— hardness traverses across the nitrided case,

— microstructure of nitrided cases,

— phase composition of the iron nitride compound layers,

— compound layer thickness (CLT) and of its porous zone (PZT),

— effective hardened case depths (E&Lxe ECDyoo, ECDsoq).

Hardness measurements were conducted on a semi-automatic hardness
tester manufactured by Zwick.

Investigations of microstructure of nitrided cases were carried out on cross-
sections of the coupons, with the aidaof optical microscope manufactured by
Zeiss. The optical microscope was also used for the measurement of compound
layer thickness, with its particular zon&ke phase composition of iron nitrides was
determined with the aid of an X-ray diffractometer, employing €€akdiation.
Effective case depths were determibaded on hardness distribution curves.

5. Examples of nitriding processes

The chosen examples were three processes which enabled the formation on
40HM and 38HMJ grades of three typef nitrided cases with the most
advantageous structural and usableuiest (case depth and hardness) from the
point of view of expected applications.

Nitrided cases without &hexternal iron nitride compound layer, designated
for applications exposed to contact fatigue stresses were produced on both
grades of steel in a processraad out at a temperature of £4Z0(Nx616). On
the other hand, nitrided cases w#hcompact iron nitride compound layer
(Nx610), or a porous layer (Nx613), gignated for anti-corrosion and
tribological applications were produced in processes carried out at’G60
(compact layers) and 570 (porous layers). Nitriding times of the successive
processes were 28, 12 and 4 h.
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Fig. 1. Variations of the atmosphere niinigl potential value with time for: controlled gas
nitriding, enabling the formation, on 40HM and 38HMJ steel grades of nitrided cases of
the following composition: A — without a compound layer (proc. Nx616), B — with
a compact compound layer (proc. Nx610), C — with a porous compound layer (proc.
Nx613)

In each of the three processes, a sigaift role was played by the nitriding
atmosphere, the potential of which was designed appropriately to microstructure
of the layer, required of that proce¥ariations of the nitriding potential during
each of the processes are shown in Eig.he most complex course of variation
of the nitriding potential was that ithe process coded Nx616, facilitating the
formation of nitrided cases without tle&ternal iron nitride compound layer. In
this process, the nitridinpotential was gradually lowered from the initial value
above 10, through intermediate values of 3.5, 1.2 and 0.7 down to the end value
of 0.34, slightly lower than the boundary potential betweencttendy phases
on the Lehrer diagram, whicat a temperature of 4is equal to 0.37.

In the case of the second process, conducive to the obtaining of a nitrided case
with a compact iron nitride compound laygrocess Nx610), the values of the
nitriding potential were varied in twoegts from the initial value of 1.8, through the
intermediate value of 1.1 to a final value of 1.32, higher thabdbadary potential
between thg' ande phases on the Lehrer diagram, the value of which is 1.13.
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In the case of the third process (Nx61BE purpose of which was to obtain
a nitrided case with a porous surface layfaron nitrides, the nitriding potential
during the entire process, with the exceptof the initial short lowering of its
value from 10 to 1.5, remained at a fixed value of 2. This potential was clearly

higher than the boundary potential betweenyttaad € phases, which according
to the Lehrer diagram, is 1 at the temperature ofG70

The consequence of processes carried out in such a manner was the
obtaining of cases with the desiredicrostructure, as proven by x-ray
diffraction studies, the results of whicheagshown in Fig. 2 for the example of
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Fig. 2. Results of investigations of phase composition of nitrided cases on 40HM grade steel:

A — without a compound layer, B — with a porous compound lagygthase = 67%),
C — with a compact compound layerphase = 35%)

the 40HM grade. In subsequently run processes, a nitrided case was obtained
with a microstructure of the solid solution of ,f¢) without an iron nitride
compound layer (A), with a compagbn nitride compound layer (C) and a
phase composition &f + y and a smaller proportion of tleephase (35%), as
well as with a porous compound layer (B) with a phase cdatigposf € + (€ +Y)
and a greater amount of tlsephase (67%). This phase composition was also
confirmed by metallographic investigations (Fig. 3) which comprised, besides
hardness and effective case depth, also the thickness of the compound layers and its
zones (Fig. 3 ¢, d).

As it can be seen from results of measoents of nitride layer thicknesses,
put together in Fig. 3 ¢, d, for the process Nx616, no iron nitride compound
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layer was formed on either 40HM or 38H steels. On the other hand, in the
remaining processes (Nx613 and Nx61Mitaided case was obtained with a
porous compound layer and a thickness of the order of 16.5 andudB.5
(Nx613), as well as one with a sigedintly thinner compact compound layer of
10 and 12.5um with no porous zone on the 38HMJ grade andpam2thick

porous zone for the 40HM grade (Nx610).
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Fig. 3. Comparison of surface maximum hardness values and core hardnesstgt.ore),
compound layer thickness (CLT) and porous zone thickness (PZT), as well as effective
case depths ECR) and ECR,sq for steel grade 40HM and ECD i EGRs, for steel
grade 38HMJ. Nitrided cases:
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— without a compound layer (proc. Nx616)
— with a compact compound layer (proc. Nx610)
— with a porous compound layer (proc. Nx613)
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A comparison of hardnesses of the nitrided cases obtained as a result of the
three processes discussed (Fig. 3 adirates that the highest surface hardness
and maximum hardness values (exceeding 700 HV0.5 for the 40HM grade and
exceeding 1100 HVO0.5 for the 38HMJ grade) were exhibited by nitrided cases
without compound layers obtained in f@cess Nx616 at the low temperature
(470C). In the remaining two processéNx610 and Nx613), carried out at
temperatures of 560 and 5@) which yielded compact and porous compound
layers, surface and maximum hardness values were lower.

It should be emphasized that satisfactory effective case depths were
obtained on both grades of steel (Fig. 3)eespecially in the case of the low
temperature process (Nx616), designatedttiese applications, which were to
be exposed to contact fatigue.

Conclusions

1. Process parameters assumed here, in particular those of the nitriding
atmosphere, as well as variation o thitriding potential with time, allowed
the obtaining of nitrided cases hitut the iron nitride compound layer at
the surface, as well as with either a compact or a porous compound layer
with a controlled phase composition.

2. Nitrided cases, in particular theswithout the compound layer at the
surface, were characterized by a higdrdness, which is of significance
when considering the expected application with fatigue hazard.

3. The obtained thicknesses of iron nitride compound layers and of their
porous zones were conformable with thicknesses required of iron nitride
compound layers to be used in corrasion applications (minimum &f the
compact zone).

4. A significant result of the investigatis was the demonstration that it is
possible to effectively nitride alloyed steels such as 40HM and 38HMJ at a
low temperature (47C), making it possible to obtain high core hardnesses
(=240HRC), advantageous when applied to contact fatigue stresses.
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Regulowane azotowanie gazoweadt 40HM, 38HMJ z wytwarzaniem
warstw azotowanych z i bez powierzchniowej warstwy azotkowelaza

Stowa kluczowe

Regulowane azotowanie gazgweotencjat azotowy, azotkielaza, atmosfera
azotowania, warstwa dyfuzyjna.

Streszczenie

W artykule oméwiono wyniki badaproceséw regulowanego azotowania
gazowego konstrukcyjnych statopowych gatunkéw 40HM i 38HMJ zywa-
nych na cgsci maszyn, natane w eksploatacji na kor@zjzwycie przez tarcie
i zmeczenie stykowe. Do azot@mia stosowano piec wgdiny z automatycznym
sterowaniem komputeroun procesem, wypogany w dysocjator amoniaku
i system przyspieszonego chtodzemiaadu. Procesy azotowania prowadzono
w zakresie temperatur: 470-580i czaséw 4-28 h, w atmosferach z Miadz
z NH; — NHs,qy5. 2 regulowaniem ich sktadu i potencjatu azotowego w okresie
nagrzewania i w temperaturggocesu. Podano przyktady rozwé procesu
umazliwiajace wytwarzanie warstw azotowarh na stalach stopowych, z war-
stwa azotkdwzelaza przy powierzchni, przeznaczone do zer&orozyjnych
i bez warstwy azotkéwelaza, przeznaczone do naefazmeczeniowych i pro-
cesOw podwdjnych typu duplex.



