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Thermo-reactive diffusion chromizing followed by pulsed plasma nitriding were carried out
on AISI 52100 and 8620 bearing steels. The chromized samples were pulse-plasma nitrided
for 5 h at 500 °C in various N2–H2 gas mixtures. The coated steels were characterized using
scanning electron microscopy, X-ray diffraction and microhardness testing. The
unlubricated wear behaviors of only chromized and duplex treated steels were
investigated in ball-on-disc system tests at room temperature. X-ray diffraction patterns
of the duplex treated samples containing H2 indicated the formation of dominant CrN and
Cr2N nitrides as well as the formation of Cr3C2 and Cr7C3 carbides. Gas mixtures in the
plasma nitriding, whichwas performed after chromizing, have a significant influence on the
wear rate of the duplex treated steels. The wear and friction tests showed that the lowest
friction coefficient andwear rates were observed for the samples duplex treated in a 50%N2+
50%H2 plasma. Conversely, the lowest wear resistance was observed on the samples duplex
treated in a gas mixture of 75%N2+25%H2, probably due to formation of a hard and brittle
layer.

© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

The requirements to increase the service life of machine
components have prompted the development of various
surface treatment techniques and their combination. Duplex
diffusion treatments make it possible to change the chemical
and phase composition of the layers easily and effectively, to
reduce the number of such defects as porosity, and to increase
the strength of their adhesion with the substrate [1]. In many
tribological applications, hard coatings of metal nitrides are
now commonly used. Promising coatings for tribological use
as an alternative to TiN are the chromium-base nitrides, CrN,
Cr2N. Chromium nitride (CrN) has become recently very
popular as a coating material for tools and similar products
due to their excellent mechanical properties [2]. Chromium
nitride coatings have been successfully made using various
.
k).

er Inc. All rights reserved
types of physical vapor deposition (PVD) processes, such as
cathodic arc deposition [3], reactive ion plating [4], magnetron
sputtering [5] and duplex treatments of chromizing, electro-
plating and plasma nitriding [6,7].

Thermo-reactive deposition/diffusion (TRD) and plasma
nitriding (PN) processes are diffusion-based surface treat-
ments that are widely used in industrial applications. In the
TRD process, the diffusing carbon or nitrogen atoms in steel
react with the alloying powders at high temperature to form a
dense andmetallurgically bonded carbide or nitride coating at
the steel surface. In the TRD chromizing process, a chromized
layer consisting of various chromium carbides such as Cr23C6,

Cr7C3 and Cr3C2 [8–10] are formed. The plasma nitriding
process involves diffusional addition of nitrogen into the
surface of materials. As a result, a compound layer and
diffusion layer are formed on the surface [11,12].
.

mailto:taktak@aku.edu.tr
http://dx.doi.org/10.1016/j.matchar.2008.04.010


Table 1 – Chemical composition of test steels

Steel Chemical composition, % by weight

C Cr Ni Si Mn Mo S P

AISI 52100 0.95 1.45 0.107 0.194 0.318 0.014 0.0076 0.0143
AISI 8620 0.2 0.62 0.52 0.3 0.83 0.15 0.041 0.039
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The combination of TRD chromizing and plasma nitriding
has been evaluated by a number of investigators. In previous
studies, Cr7C3 and Cr23C6-dominated layers obtained by TRD
chromizing were plasma nitrided in gas mixtures of 25%N2+
75%H2 and 50%N2+50%H2 at different conditions. It was
observed that multi layers consisting of chromium nitrides
and carbides exhibited better wear resistance than chromium
carbides alone [7,13–15]. The available literature does not
report on the effect of plasma gas mixtures on TRD chromized
steels, and is strictly devoted to the structure of chromium
nitride layers produced by fixed gas mixtures. In the present
study, to improve the service life of steels for tribological
applications, the duplex treatment of pack chromizing and
pulsed plasma nitriding in various gas mixtures was per-
formed. The structural characteristics, mechanical properties
and unlubricated wear properties were investigated.
2. Experimental

AISI 52100 and 8620 bearing steels were used as the substrate
material for duplex treatment. The bulk compositions of these
steels are provided in Table 1. The bearing steels were
sectioned as cylindrical coupons that were 25 mm in diameter
and 6mm in thickness and abraded and polished downwith 1
μm Al2O3 powder. TRD carbide coatings were prepared by a
pack method at 1000 °C for 5 h. [The details of the TRD
chromizing were explained in a previous paper [15]]. Having
completed the TRD heat treatment, test materials were
removed from the box and quenched in air. The TRD
chromium carbide-coated steels were washed in distilled
water, ultrasonically cleaned in acetone and rinsed in alcohol.
The nitriding was carried out in a dc-pulsed plasma nitriding
system with power supply frequency of 5 kHz and duty cycle
of 75%. The specimens were placed into the plasma nitriding
chamber and the chamber was evacuated to 8.2×10−4 mbar.
Prior to plasma nitriding, the chromized steels were subjected
to cleaning by hydrogen sputtering for 30 min and the
specimens were then plasma nitrided at 500 °C under a
constant pressure of 10 mbar for 5 h at various gas mixtures of
nitrogen-hydrogen atmospheres (100%N2, 25%N2+75%H2, 50%
N2+50%H2 and 75%N2+25%H2). The glow discharge was
operated with a potential difference of 475–660 V to obtain
the prescribed nitriding temperature. The plasma nitriding
temperature was measured using a chromel–alumel thermo-
couple, placedat thebottomof thenitrided sample. Twoplasma
nitriding experiments were performed for each sample.

Cross-sections of duplex treated steels were prepared
metallographically to observe morphological details using a
BX60Olympusmicroscope andaLeo 1430VP scanningelectron
microscope. X-ray diffractograms were obtained using a
copper tube source in the conventional Bragg–Brentano (θ–2θ)
technique having symmetric geometry with monochroma-
tized radiation (Cu Kα, λ=0.15418 nm). The thickness of the
layers formed on the steels was measured by an optical
micrometer attached to the optical microscope. The hardness
of the layers was measured on the cross-sections using a
Micro-Knoop indenter (Shimadzu HMV-2) with 25 g loads.

Wear tests of the duplex treated bearing steels were
performed using a ball-on-disc test device. In the present
study, the bottom movable flat surface was the treated steel
and the upper fixed surface was theWC–Co ball with diameter
of 8mm. The ball was fixed and the disk samplewas rotated at
the speed of 300 rpm (0.3 m/s). The applied loads on the ball
were 5 and 20 N and the sliding time was 60 min for each test.
Wear tests were carried out in the unlubricated condition at
room temperature in air. The friction force was detected by a
load cell through a friction force measurement arm. The
friction coefficient was continuously recorded during the
tests. Surface profiles of the wear tracks on the discs were
measured by a surface profilometer. Wear volume of the disc
specimenwas determined from the cross-sectional area of the
wear track, obtained perpendicularly to the sliding direction.
Two wear experiments were conducted for each sample and
three measurements were performed using the surface
profilometer. Each wear track and the average value is
reported. Worn surfaces of the duplex treated samples were
characterized by optical microscopy and scanning electron
microscopy and the results were compared with those ob-
tained for nitrided-only specimens.
3. Results and Discussion

3.1. Characterization of Coatings

Fig. 1 shows the cross-section micrographs of the samples
which were chromized and the ones also additionally treated
by plasma nitriding (PN) in varying gas mixture atmo-
spheres. Table 2 indicates the layer thicknesses of only
chromized and duplex treated (TRD+PN) steels in various
plasma gas mixtures. Layers obtained by TRD and duplex
treatment had a relatively flat morphology. Cracks and
fractures occurred at the outermost layers of the samples
duplex treated in a 75%N2+25%H2 plasma as seen in Fig. 1e
and f. This might be caused by rubbing with emery paper
during the metallographic procedure due to its brittle
characteristic.

As seen in Table 2, the chromized layer on the TRD AISI
52100 bearing steel, having approximately 1 wt.% C, was
thicker than that on AISI 8620. It was reported that the
thickness of the chromized layer increases with carbon
content of steels [16]. Plasma nitriding of the chromized steels
increased the total compound layer with the increase in
nitrogen content of gas mixtures. However, layer thicknesses
of duplex treated steels in a 100% N2 plasma was nearly the
same as those of the TRD-treated steels. Fig. 2 shows XRD
results for duplex treated 52100 and 8620 steels as a function
of the various gas mixtures used. TRD chromized steels were
composed of major Cr3C2 and minor Cr7C3 phases. X-ray
diffraction patterns of the duplex treated samples indicated



Fig. 1 –SEM Image of cross sectionmicrostructure of TRD chromized; a) 52100, b) 8620, duplex treated at 50%N2+50%H2 plasma;
c) 52100, d) 8620 and duplex treated at 75%N2+25%H2 plasma; e) 52100, f) 8620 steels.
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the formation of dominant CrN and Cr2N nitrides as well as
the formation of Cr3C2 and Cr7C3 carbides. No significant
difference was observed for X-ray diffraction patterns of 8620
and 52100 steels. In case of both steels duplex treated in 50%
N2+50%H2 and 75%N2+25%H2 plasmas, the peak intensity of
chromium nitride increased compared with the samples



Table 2 – Layer thickness of TRD chromized and duplex
treated (TRD+PN) AISI 52100 and 8620 steels

Treatment
type

Plasma
nitriding gas
compositions

Layer thickness, (µm)

AISI 52100 AISI 8620

TRD – 14.3±1.66 10.5±1.27
TRD+PN 25%N2–75%H2 15.4±0.78 11.6±1.2
TRD+PN 50%N2–50%H2 17.4±1.5 12.8±1.05
TRD+PN 75%N2–25%H2 19.2±1.6 14.6±1.35
TRD+PN 100%N2 14.8±0.68 10.5±0.75
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duplex treated in a 25%N2+75%H2 plasma. However, no peaks
that belong to chromium nitride phases were observed in the
X-ray diffraction patterns of samples that were duplex treated
in a 100%N2 plasma.

TRD chromized samples showed a single layer (Fig. 1a and b)
whereas two distinct layers were found for the duplex
treated steels (Fig. 1c, d, e and f). The formation of the
outermost layer by plasma nitriding may be explained by the
fact that the nitrogen atoms both substitute the carbon atoms
in the chromized layer and overlay on the chromized layer.
Only at the start of the sputtering treatment can decomposi-
tion of the carbides take place. Immediately thereafter a
nitride layer is formed and further layer growth is controlled
by nitrogen diffusion. In a 100% N2 plasma, no increase was
observed in the layer thicknesses on the TRD+PN samples.
Chromium nitride surface coatings were not present on
these steels. This can be attributed to formation of strongly
reducting species by hydrogen gas [17]. The presence of
hydrogen in the gas mixture used for plasma nitriding has
several effects. The first is the removal of absorbed oxygen on
the surfaces. The second is the control of the nitrogen che-
Fig. 2 –XRD patterns of AISI 52100 and 8620 steels only TRD
mical potential that controls the growth of different nitride
phases. The third effect is the enhancement of nitrogen atom
concentration in the plasma [18,19]. In addition, it is proposed
that the NH radicals as well as the H radicals play an
important role in nitriding. The presence of numerous H
radicals may more effectively convert the NH radical to an
active nitrogen atom on the nitride surface. In the case of
nitriding in pure N2 gas, no NH radical exists in the plasma
[20].

Surface morphologies of AISI 52100 steel, chromized and
duplex treated in gas mixtures of 50%N2+50%H2 and 75%N2+
25%H2, are shown in Fig. 3a–c. The coaxial grain surface
structure was observed for the specimen chromized in Fig. 3a
and grain boundaries were revealed on the surface. On the
other hand, plasma nitriding influenced the microstructure
of the samples, producing much smaller grain sizes in the
case of a 50%N2+50%H2 gas mixture. When the % N2 increased
to 75%, coarse grains appeared in the microstructure as seen
in Fig. 3c.

Results of the surface microhardness and roughness
measurements are given in Table 3 for the TRD chromized
and duplex treated steels at various plasma gas mixtures. In
the chromized layer on AISI 52100, relatively higher micro-
hardness values were obtained compared to chromized AISI
8620 steel. This could be attributed to the high concentration
of carbon in the 52100 steel [16]. The microhardness values in
the duplex treated layers were higher than those of chromized
layers, due probably to the CrxN phase. It was noted that the
microhardness values of duplex treated (TRD+PN) steels in
this study were almost equal to the reported data for CrN
layers produced by physical vapor deposition, which is
approximately 1600–2000 HV [21]. In N2+H2 gas mixtures, the
microhardness of the duplex treated steels increased with an
increase in nitrogen content. However, duplex treated steels,
chromized and duplex treated at various gas mixtures.



Fig. 3 –Surface morphologies of AISI 52100 steel a) only TRD
chromized b) duplex treated at 50%N2+50%H2 plasma and
c) duplex treated at 75%N2+25%H2 plasma.
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which were nitrided at 100% N2 plasma, showed lower
hardness compared to steels duplex treated at gas mixtures
containing H2. This might be due to the absence of chromium
nitride phases in the surface layer; this result is in agreement
with the X-ray diffraction results. As seen in Table 3, the
surface roughness of steels is affected by surface treatment
steps. A polished surface roughness of 0.03 µm Ra increased to
about 0.4 µm after the chromizing process, and then increased
with increasing nitrogen content in the plasma nitriding
process.
3.2. Wear and Friction

Steady state friction coefficient values for loads of 5 and 20 N
are illustrated for the steels chromized (TRD) and duplex
treated (TRD+PN) at various gas compositions in Fig. 4. Steady
state friction values were calculated by summing and aver-
aging the friction coefficient values. The error bars indicate the
variation of the friction coefficient after steady state was
reached. Friction results indicated that, for both steels, the
lowest steady state friction coefficient was observed for the
samples duplex treated in a gas mixture of 50%N2+50%H2

followed by the samples duplex treated in the gas mixture of
25%N2+75%H2. This might be attributed to the lower friction
coefficient of chromium nitride [22]. However, contrary to
expectations, the samples treated in a 75%N2+25%H2 plasma
exhibited a similar friction coefficient to that seen for the
samples TRD chromized and treated in a 100% N2 plasma.

Fig. 5 shows wear rate values of AISI 52100 and 8620 steels
TRD chromized and duplex treated (TRD+PN) in various gas
compositions for loads of 5 and 20 N. The wear rates of samples
worn with a 5 N load are only slightly higher than those with a
loadof 20N. This is because the rate of increase in the amountof
wear volume is less than the increase of applied load. Duplex
treated samples in the gas mixture of 50%N2+50%H2 give the
bestwear resistancevalues followedby steels treated by plasma
nitriding in 25%N2+75%H2. It was noted that there was only a
small difference between the wear rates of steels only chro-
mizedandduplex treatedsteels ina 100%N2plasma.Thismight
bedue to theabsence of chromiumnitridephase formation.The
wear rate values of the samples duplex treated in the 50%N2+
50%H2 plasma were about 30% and 36% lower, respectively,
compared to only TRD chromized ones and samples duplex
treated in a 75%N2+25%H2 gas mixture. Although the surface
hardnesses of both steels duplex treated in a gasmixture of 75%
N2+25%H2 were higher than those of steels duplex treated in a
50%N2+50%H2 plasma, themost intensive wear occurred in the
samples duplex treated in a gas mixture of 75%N2+25%H2. As
seen in the cross-section of Fig. 2e and f, the outermost layer of
the samplesduplex treated ina 75%N2+25%H2plasmawashard
and brittle and had poor adhesion.

Fig. 6 shows the wear tracks of the 52100 samples
chromized and duplex treated in gas mixtures of 50%N2+
50%H2 and 75%N2+25%H2 using a 5 N load. An overview of the
worn surface of the WC–Co ball is shown in the upper right
corner of the scanning electron micrograph. As seen in Fig. 6a,
the sliding tracks of the sample TRD chromized were wider
and had a relatively rougher morphology with evidence of
cracking and flaking compared with that of the steel duplex
treated in a gas mixture of 50%N2+50%H2. The contact surface
of the ball rubbed against the TRD sample showed wear debris
collected besides the wear-tracked surface. Higher magnifica-
tion revealed that the chromium carbide layer initially cracked
and then broke into pieces (Fig. 6b). The wear track of the
sample duplex treated in a 50%N2+50%H2 gas mixture (Fig. 6c)
was relatively shallow and smooth. In addition, there was no
transfer of material to the ball and the ball wear scar was very
smooth. Higher magnification of this wear track (Fig. 6d)
showed a smooth conforming surface and new initiation of
micro-cracking. However, the sliding track of the sample
duplex treated in a 25%N2+75%H2 gas mixture had a larger



Table 3 –Microhardness and surface roughness of TRD chromized and duplex treated (TRD+PN) AISI 52100 and 8620 steels

Treatment
type

Plasma
nitriding (PN)

gas
compositions

Microhardness, HK0.025 Surface roughness, Ra (μm)

AISI 52100 AISI 8620 AISI 52100 AISI 8620

TRD – 1823 1769 0.42±0.04 0.415±0.06
TRD+PN 25%N2–75%H2 1867 1835 0.610±0.09 0.604±0.11
TRD+PN 50%N2–50%H2 2135 1976 0.634±0.1 0.612±0.08
TRD+PN 75%N2–25%H2 2438 2287 0.703±0.08 0.688±0.07
TRD+PN 100%N2 1854 1795 0.708±0.23 0.727±0.2
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surface cracking area due to the combined effects of the brittle
compound layer and high stress. The stress developed
beneath the contacting asperities resulted in little plastic
deformation; the removal of plate particles gradually initiated
Fig. 4 –Steady state friction coefficient values for AISI 52100 and 8
gas mixtures under loads of 5 and 20 N.

Fig. 5 –Wear rate values of AISI 52100 and 8620 steels only TRD ch
of 5 and 20 N.
and then proceeded in the direction of sliding [23]. The contact
surface of the ball became very rough and large because of the
effects of the abrasive delaminated abrasive coming from the
disc. Delaminated area and large flake debris can be seen in
620 steels only TRD chromized and duplex treated at various

romized and duplex treated at various gasmixtures for loads



Fig. 6 –SEMmicrographs of the wear tracks of 52100 samples and the optical worn ball overview at the upper right corner of the
micrographs for 5 N load; a) wear track of only TRD chromized, b) worn surface under high magnification of (a), c) wear track of
duplex treated at 50%N2+50%H2 plasma, d) worn surface under highmagnification of (c), e) wear track of duplex treated at 75%
N2+25%H2 plasma, f) worn surface under high magnification of (e).
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higher magnification of this wear track (Fig. 6d). Initial wear of
these samples seems to occur by a fatigue mechanism and
thereafter continues by abrasion.
4. Conclusions

Plasma nitriding of the chromized steels showed that the total
compound layer increased with an increase in N2 content of
gas mixtures containing H2. Chromium nitride phases as well
as phases of chromium carbides were found on the duplex
treated steels. However, in the case of 100% N2 plasma, no
increase was observed in the layer thicknesses of the duplex
treated samples; chromiumnitride phaseswere not present in
these steels.

Gas mixtures in the plasma nitriding, which was per-
formed after the samples were TRD-chromized, have a
significant influence on the tribological properties of the
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duplex treated steels. The lowest friction coefficient was
observed for the samples duplex treated in a 50%N2+50%H2

plasma. The samples chromized and duplex treated in either a
75%N2+25%H2 mixture or a 100% N2 plasma exhibited higher
friction coefficients.

The samples duplex treated with 50%N2+50%H2 plasma
exhibited the best wear resistance, whereas the lowest wear
resistance was found for the samples duplex treated in a
75%N2+25%H2 plasma, probably due to formation of a hard
and brittle layer. For all surface treated steels, delami-
nation is the principal wear mechanism. During sliding
wear testing, the duplex treated steels prepared in a 50%N2+
50%H2 plasma showed less tendency towards subsurface
crack initiation than steel prepared in a 75%N2+25%H2

plasma.
Acknowledgement

This research was carried out under project number 104M213
in the framework of the Career Research programme of The
Scientific and Technical Research Council of Turkey (TUBITAK).
R E F E R E N C E S

[1] Holmberg K, Matthews A, Dowson D, editors. Coatings
Tribology. Amsterdam: Elsevier Tribology Series; 1990.

[2] Berg G, Friedrich C, Broszeit E, Berger C. Development of
chromium nitride coatings substituting titanium nitride. Surf
Coat Technol 1996;86/87:184–91.

[3] Wang DY, Weng KW. Deposition of CrN coatings by
current-modulating cathodic arc evaporation. Surf Coat
Technol 2001;137:31–7.

[4] Lee DB, Lee YC, Kwon SC. High temperature oxidation of a CrN
coating deposited on a steel substrate by ion plating. Surf Coat
Technol 2001;141:227–31.

[5] Olaya JJ, Rodil SE, Muhl S, Sanchez E. Comparative study of
chromium nitride coatings deposited by unbalanced and
balanced magnetron sputtering. Thin Solid Films
2005;474:119–26.

[6] Kim D, KimM, NamKS, Chang D, Kwon SC. Duplex coating for
improvement of corrosion resistance in chromium Deposit.
Surf Coat Technol 2003;169/170:650–4.
[7] Wei CY, Chen FS. Characterization on multi-layer fabricated
by TRD and plasma nitriding. Mater Chem Phys
2005;90:178–84.

[8] Arai T. Heat treating. Metal Park, OH: American Society for
Metals; 1991. p. 448.

[9] Arai T. Development of Carbide and nitride coatings by
thermo-reactive deposition and diffusion. Proc of 3th Int Surf
Modif Technol. Neuchatel; 1989. p. 587.

[10] Arai T. Heat treating carbide coating process by use of molten
borax bath. J Heat Treat 1979;1/2:15–21.

[11] Inal OT, Robino CV. Structural characterization of some
ion-nitrided steels. Thin Solid Films 1982;95:195–207.

[12] Sun Y, Bell T. Plasma surface engineering of low alloy steel.
Mater Sci Eng A 1991;140:419–34.

[13] Baggio-Scheid VH, Vasconcelos G, Oliveira MAS, Ferreira BC.
Duplex surface treatment of chromium pack diffusion and
plasma nitriding of mild steel. Surf Coat Technol 2003;163/
164:313–7.

[14] Chang DY, Lee SY, Kang SG. Effect of plasma nitriding on the
surface properties of the chromium diffusion coating layer in
iron-base alloys. Surf Coat Technol 1999;116/119:391–7.

[15] Taktak S, Ulker S, Gunes I. High temperature wear and friction
properties of duplex surface treated bearing steels. Surf Coat
Technol 2008;202:3367–77.

[16] Lee JW, Duh JG. Evaluation of microstructures and
mechanical properties of chromized steels with different
carbon contents. Surf Coat Technol 2005;177/178:525–31.

[17] Figueroa CA, Alvarez F. On the hydrogen etching mechanism
in plasma nitriding of metals. Appl Surf Sci 2006;253:1806–9.

[18] Sokolowska A, Rudnicki J, Beer P, Maldzinsky L, Tacikowski J,
Baszkiewicz J. Nitrogen transport mechanisms in low
temperature ion nitriding. Surf Coat Technol 2001;142/
144:1040–5.

[19] Figueroa CA, Weber S, Czerwiec T, Alvarez F. Oxygen,
hydrogen, and deuterium effects on plasma nitriding ofmetal
alloys. Scr Mater 2006;54:1335–8.

[20] Tamaki M, Tomii Y, Yamamoto N. The role of hydrogen in
plasma nitriding: hydrogen behavior in the titanium nitride
layer. Plasmas Ions 2000;3:33–9.

[21] Hurkmans T, Lewis DB, Brooks JS, Münz WD. Chromium
nitride coatings grown by unbalanced magnetron (UBM) and
combined arc/unbalanced magnetron (ABS™) deposition
techniques. Surf Coat Technol 1996;86/87:192–9.

[22] Bull SJ, Richerby DS. Compositional, microstructural and
morphological effects on the mechanical and tribological
properties of chromium nitrogen films. Surf Coat Technol
1990;43/44:732–44.

[23] Suh NP. The delamination theory of wear. Wear
1973;25:111–24.



Materials Characterization

An International Journal on Materials Structure and Behavior

Materials Characterization features original articles and state-of-the-art 

reviews on theoretical and practical aspects of the structure and 

behaviour of materials.

The Journal focuses on all characterization...

View full aims and scope

Editor-in-Chief: I. Baker

View full editorial board

Guide for Authors

Submit Your Paper

Track Your Paper

Order Journal

View Articles

Stay up-to-date

Register your interests 

and receive email alerts

tailored to your needs

Click here to sign up

Follow us 

Share Share 

Mendeley joins Elsevier

Mendeley, the Popular 

Reference Manager and 

Academic Social Network, 

joins Elsevier

Announcements

Ways to Use Journal Articles Published by

Elsevier: A Practical Guide

Helping you get 

published: Watch our 

informative webcasts

Guidelines

VİEW ALL

Energy momentum spectroscopy

31 March 2013

Platform technologies for next generation 

regenerative therapeutics

27 March 2013

Materials Today cover competition

1 March 2013

Imaging Heterogeneous Catalysts in the 

Working State

26 February 2013

Podcasts and Webinars

VİEW ALL

Publish your article 

Open Access in 

Materials

Characterization

New adaptive material inspired by tears

8 April 2013

There’s still time to contribute to our next 

Virtual Conference

5 April 2013

Dancing silicon atoms in graphene

5 April 2013

Quantum tricks drive magnetic switching into 

the fast lane

5 April 2013

Materials Science News

VİEW ALL

The application of focused ion beam 

microscopy in the material sciences

Munroe, P.R. 

Effects of heat input on microstructure and

tensile properties of laser welded magnesium 

alloy AZ31

Quan, Y.J. | Chen, Z.H. | ...

Mechanical property evaluation of natural fiber

coir composite

Harish, S. | Michael, D.P. | ...

Most Cited Articles

VİEW ALL

Impact Factor: 

1.572

5-Year Impact Factor: 

1.783

Imprint: ELSEVIER

ISSN: 1044-5803

Page 1 of 2Materials Characterization - Journal - Elsevier

09.04.2013http://www.journals.elsevier.com/materials-characterization/



8th STERMAT on Stereology and Image 

Analysis in Materials Science

Volume 60, Issue 10 (2009)

11th Euroseminar on Microscopy Applied to

Building Materials (EMABM)

Volume 60, Issue 7 (2009)

9th ECSIA and 7th STERMAT: Stereology and

Image Analysis in Materials Science

Volume 56, Number 4-5 (2006)

Special Issues

VİEW ALL

Wear resistance and microstructural 

properties of Ni–Al/h-BN/WC–Co coatings 

deposited using plasma spraying

W.T. Hsiao | C.Y. Su | ...

Microstructural and textural evolution of AZ61

magnesium alloy sheet during bidirectional 

cyclic bending

Qinghuan Huo | Xuyue Yang | ...

Impact of homogenization on microchemistry 

and recrystallization of the Al–Fe–Mn alloy AA 

8006

Olaf Engler | Galyna Laptyeva | ...

Recent Articles

VİEW ALL

Page 2 of 2Materials Characterization - Journal - Elsevier

09.04.2013http://www.journals.elsevier.com/materials-characterization/



Materials Characterization Editorial Board 
Editor-in-Chief 

 

I. Baker 

Dartmouth College, Hanover, NH, USA 

Associate Editors 

D.P. Field 

Washington State University, Pullman, WA, USA 

H.N. Han 

Seoul National University (SNU), Gwanag-Gu, Seoul, South Korea 

P.R. Munroe 

University of New South Wales, Sydney, Australia 

A. Simar 

Université Catholique de Louvain, Louvain-la-Neuve, Belgium 

M. Song 

Central South University, Hunan, China 

G.R. Lumpkin 

ANSTO, Sydney, NSW, Australia 

Editorial Advisory Board 

B.P. Bewlay 

GE Global Research, New York, NY, USA 

 

H.K.D.H. Bhadeshia 

University of Cambridge, Cambridge, England, UK 

K.K. Chawla 

University of Alabama at Birmingham, Birmingham, AL, USA 



N. Chawla 

Arizona State University, Tempe, AZ, USA 

W.J. Clegg 

University of Cambridge, Cambridge, England, UK 

U. Gibson 

Norwegian University of Science & Technology (NTNU), Trondheim, Norway 

C.R.M. Grovenor 

University of Oxford, Oxford, UK 

B.J. Inkson 

University of Sheffield, Sheffield, England, UK 

D.G. Ivey 

I. Kaus 

SINTEF, Trondheim, Norway 

D.J. Larson 

Imago Scientific Instruments, Madison, WI, USA 

D. Lashmore 

Nanocomp Technologies, Inc., Concord, NH, USA 

I. LeMay 

Metallurgical Consulting Services Ltd., Saskatoon, SK, Canada 

W. Lineton 

Federal Mogul Corporation, Ann Arbor, MI, USA 

D. Medlin 

South Dakota School of Mines and Technology, Rapid City, SD, USA 

J.R. Michael 

Sandia National Laboratories, Albuquerque, NM, USA 

M.K. Miller 

Oak Ridge National Laboratory, Oak Ridge, TN, USA 

I. Nettleship 



University of Pittsburgh, Pittsburgh, PA, USA 

D.O. Northwood 

University of Windsor, Windsor, ON, Canada 

V. Petrova 

University of Illinois at Urbana-Champaign, Urbana, IL, USA 

G.M. Pharr 

University of Tennessee, Knoxville, TN, USA 

B. Ralph 

Ty Carrog, Cardiff, UK 

V. Randle 

Swansea University, Swansea, UK 

I.M. Reaney 

University of Sheffield, Sheffield, England, UK 

A. Richter 

Technische Hochschule Wildau, Wildau, Germany 

S.P. Ringer 

University of Sydney, Sydney, NSW, Australia 

A.D. Rollett 

Carnegie Mellon University, Pittsburgh, PA, USA 

J.E. Spowart 

Air Force Research Laboratory, Wright-Patterson AFB, OH, USA 

M.E. Stevenson 

Engineering Systems Inc., Norcross, GA, USA 

D.W. Van Citters 

Dartmouth College, Hanover, NH, USA 

J. Wadsworth 

Battelle Memorial Institute, Columbus, OH, USA 

T.J. White 



Nanyang Technological University, Singapore, Singapore 

Q. Zeng 

Carpenter Technology Corporation, Reading, USA 

 



Site

Client

proxystylesheet

Output

Search Site Search

allAreas

JOURNAL SEARCH

Search Terms: 1044-5803 

Total journals found: 1

The following title(s) matched your request:

Journals 1-1 (of 1)

MATERIALS CHARACTERIZATION

Monthly ISSN: 1044-5803

ELSEVIER SCIENCE INC, 360 PARK AVE SOUTH, NEW YORK, USA, NY, 10010-1710

Coverage

Science Citation Index

Science Citation Index Expanded

Current Contents - Engineering, Computing & Technology

Journals 1-1 (of 1)

Search Terms:

Search type: Title Word

Database: Master Journal List

© 2013 Thomson Reuters

Page 1 of 2Journal Search - IP & Science - Thomson Reuters

10.04.2013http://ip-science.thomsonreuters.com/cgi-bin/jrnlst/jlresults.cgi?PC=MASTER&ISSN...


	Effect of N2+H2 gas mixtures in plasma nitriding on tribological properties of duplex surface t.....
	Introduction
	Experimental
	Results and Discussion
	Characterization of Coatings
	Wear and Friction

	Conclusions
	Acknowledgement
	References




