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Abstract
The paper describes the microstructure ąnd properties of the diffusive CrN+Crr}{i, lgyę7

produced on the Inconel 740 superalloy by pulse plasmą ion nitriding at afrequency of 10 kHz. The
microstructure ąnd the morpholog,l of the nitrided layer were exąmined by scanning electron
microscop, ąnd microhąrdness measured by the Vickers method. It is shown that the applied layer
improves properties ofthe Inconel 740 nickel alloy.
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1. Introduction
Inconel alloy 740 has good mechanical properties

(tensile strength at a temperature of about 750oC
-below 100MPa) and high corrosion resistance (below
2mm during 200000h), parameters which are not
available with other nickel alloys such as: Inconel 6l7,
Inconel 690, etc.I,2) These properties make it a good
choice for the manufacture of tubing and piping
intended for advanced ultra-supercritical pulverized
coal-fired steam boilers, which are heated to a
temperature of 700'C under a pressure of 375 bar.3,a)

This alloy has also been investigated in terms of its
application to manufacturing of the exhaust valves in
automotive diesel engines'), Howeveą it has been
suggested in ref.6) that attemperatures between 593"C
and 849oC, Ni3Ti eta phase platelets form, which may
adversely affect the stability of the microstrucfure and
decrease the strength of the alloy. This drawback can
be obviated by subjecting the alloys to a surface
treatment. It has been found that the diffrrsion-type
chromium nitride layer produced on the alloy surface
improves its hardness, frictional wear resistance,
fatigue strength, and corrosion resistance. The aim of
this study was to examine in achieving the similar
improvement with pulse plasma nitriding.

2. Experimental Procedure
The test material was the Inconel 740 nickel alloy.

It was subjected to 10 kHz pulse plasma ion nitriding
conducted in a nitrogen-hydrogen atmosphere at
560'C for 8h. The surface layers obtained were
investigated in an SU-70 electron scanning
microscope. The phase composition was examined
with a Bruker D8 X-ray diffractometer using the
CuĘ radiation. Microhardness measurements were
performed by the Vickers method in a ZWICK

(Materialpriifung 3212002) hardness-meter at a load
of 50g.

The fatigue tests were conducted in an MTS 858
machine, model No. 359, SA{ 1075319 with the +/-

25kN axial force range and the +/- 200Nm torque
range The machine was equipped with a TestStar II
digital controller operated by the MTS TestStar v.
4.0D + TestWare-SX and 790.20 v. 4.0D and 790.20
software. The load was controlled by the force
magnitude with the mean value maintained at zero and
the constant stress amplitude specified for a given
sample. The loading cycle was symmetric and
oscillating at a frequency of 20 |Hz]. In all the
samples the fatigue strength was examined at a stress
amplitude of 500 [MPa].

3. Results and Discussion
Figure 1 shows a cross-section of the layer

produced by pulse plasma ion nitriding conducted
with a frequency of 10 kHz, at temperature of 560"C
for 8h. The thickness of nitrided layer can be
estimated at ca. 8pm (Fig. 1a). The layer is
continuous, adheres well to the substrate with no voids
at the interface. The images of the layer surface shown
in Fig. lb reveal high roughness and agglomerates of
well adherent crystallites. This is confirmed by ńe
surface roughness measurements which yielded Ę
exceeding 900 nm (Table 1). The X-ray phase
analysis (Fig. 2) indicates that the layer contains tł,o
phases: CrN and CrzNi:. These phases contribute to
the microhardness increase from 390 to 950 HVg05

The Wóhler curves obtained for Inconel 74O in
as-received form and after nitriding are shonn in
Fig.3. It can be seen that, after the pulse plasma ln
nitriding at a frequency of 10kHą fr€ fuigIE
parameters of the Inconel 740 allo1, arc e\"iderr!



improved. Wthin the entire range of the cycle
amplitudes, the failure of the samples with the
CrN+Cr2Ni3 layer occurs after a higher number of the
loading cycles.

Changes in the deformation parameter O at the
500 MPa load amplitude (Fig. a) were used for
veriffing the fatigue life of the Inconel 740 nickel
alloy in as-received form and after the nitriding. It can
be seen that after nitriding the number of cycles to
failure markedly increases which means that the
fatigue resistance has been significantly improved.

Fig. 1 Cross-section, (a), and surface, (b), morphoĘy
of the CrN+Cr2Ni3 layer produced on Inconel 740 nickil
alloy.

FĘ. 2 X-ray diffiaction pattern of the layer formed on an
Inconel 740.

(a; -, -'.*-*,*
,.!J-

l^.'\
m 90000 900000 9000000

C)ple Number to Failure, Nf
FĘ" 3 W6hl€r curves for Inconel 740 nickel alloy: (a)
c"mi!€d" O) wiń a CrN+CrzNi3 layer.

7 j A,ęffiH Ł+ĘawmffiFł Yo|.22 March 2013

0,005

o
0 500000 1000000 1500000 2000000 250ooo0 3000000

,,,, . Numqe1_of C}ac!€s

Fig. 4 Changes of thę deformation parameter versus
number of cycles to failure in the Inconel 740 nickel
alloy: (a) as-received, (b) with a CrN+Cr2Ni3 layer and
stress amplitude of 500 MPa.

4. Conclusions
(1) An S-pm thick layer composed of CrN+ Qlr]r{i.

can be produced on the Inconel 740 nickel
superalloy by plasma ion nitriding conducted with
a frequency of 10kHz and at a temperafure of
560"C in a nitrogen - hydrogen atmosphere for 8h.

(2) The layer is characterized by high hardness of
ca.950HVo.o5 compared to ca. 390HV965 in the
substrate material, and increased fatigue resistance
compared to that of the as-received Inconel 740
nickel alloy.

Acknowledgment
The authors gratefully acknowledge the financial

support of the Structural Funds within the framework
of the Operational Programme - Innovative Economy
(IE OP), financed from the European Regional
Development Fund - Project entitled ''Modem
material technologies in aerospace industry'', Nr
POIG.O 1 .0 1.02-00-0 1 5/08-0 1.

References
l)S.Zhao, X.Xie, GD.Smith, "The oxidation bęhavior of the

new nickel-based superalloy Inconel 740 with and without
Na2SOa deposit", Surfacę & Coatings Technology 185, l78-
183 (2004).

Z)S.Zhao, X,Xie, GD.Smith, S.J.Patel, .'Research and
Improvement on structure stability and corrosion resistance
of nickęl-base superalloy INCONEL a|loy 740'', Materials
and Design 27, 112U1l27 (2006).

3 )N.D.Evans, P.J.Maziasz, R.W. Swindeman, and GD.Smith,
"Microstructure and Phase Stability in INCONEL Alloy 740
During Creep", Scripta Materialią 51, 503-507 (2004).

4)S. Zhao, X. Xię, GD. Smith, S.J. Patel, "Microstructural
stability and męchanical properties of a new nickel-based
super" Materials Science EngineeringA 355,96 (2003).

5) http ://www. specialmetals. com,/documęnts llnconelo/aO a[oy%o
20740.pdt

6)J.P.Shingledecker and GM.Pharr, "The Rolę of Eta Phase
Formation on the Creep Strength and Ductility of INCONEL
Alloy 740 at 1023 K (750"C)", Metallurgical and Materials
Transactions. 43 A, 1902-1910 (2012).

(b)

(a)

0,04

g 0,035

5 0.03
E

§ o,ozsą
c 0,02o

§ o,ors
ob 0,01ó

:

Table l The sample roughness before and after nitridine.
parameters

Incon"' 740 225.15 0.2git
Notice
profile mean square deviation;
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