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In the present study, AISI 8620, 52100 and 440C steels were plasma paste boronized (PPB) by using 100%
borax paste. PPB process was carried out in a dc plasma system at temperature of 700 and 800 °C for 3
and 5 h in a gas mixture of 70%H,-30%Ar under a constant pressure of 4 mbar. The properties of boride
layer were evaluated by optical microscopy, X-ray diffraction and Vickers micro-hardness tester. X-ray

diffraction analysis of boride layers on the surface of the steels revealed FeB and Fe,B phases for
52100 and 8620 steels and FeB, Fe,;B, CrB and Cr,B borides for 440C steel. PPB process showed that since
the plasma activated the chemical reaction more, a thicker boride layer was formed than conventional
boronizing methods at similar temperatures. It was possible to establish boride layer with the same
thickness at lower temperatures in plasma environment by using borax paste.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Boronizing is a thermo-chemical diffusion process in which
boron is diffused into the steel at high temperatures. Surfaces of
boronized irons and steels have high hardness, excellent wear
resistance, good corrosion resistance and strong chemical stability.
Boronizing process can be applied in solid, liquid and gaseous envi-
ronment [1-7]. The above three boronizing methods have certain
disadvantages. In gaseous boronizing, boron sources such as BCls,
TMB (trimethyl borate), TEB (triethyl boron) and BF; along with
H, and Ar gases are used [8-10]. Traditional gaseous boronizing
agents are very sensitive to even the slightest traces of moisture,
very poisonous, more costly and subject to explosion. In the case
of liquid boronizing, the sample is dipped into a melted salt bath
which consists of borax, boric acid and ferro silica and held at that
temperature for the required amount of time. But formation a
firmly adhered salt layer on the workpieces constitutes its advan-
tages and this can be quite costly to remove after boronizing has
been completed. Pack boronizing is generally performed with pat-
ent protected agents that consist of approximately 5%B4C, 5%KBF,
and 90%SiC (commercial Ekabor®). In this method the powder mix-
ture is filled into a leak proof box in which the sample is placed.
The box is heated up to the required temperature. It is kept at this
temperature as necessary and then cooled [11]. Although pack bor-
onizing is used commonly for commercial purposes among these
methods, higher treatment temperatures and longer periods of
time constitutes its drawbacks [12,13].
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Studies have been carried out in order to reduce the boroniz-
ing temperature and time for the last 40 years. The studies have
demonstrated that ion implantation boronizing [14,15], and plas-
ma enhanced boronizing processes [13,16-19] are effective for
the reduction of the boronizing temperature and time. Lately,
studies carried out on plasma boronizing (PB) have been increas-
ing gradually [19-23]. PB process has a superior advantage when
compared to conventional boronizing processes. For example,
thanks to the high energy generated in PB process it is possible
to operate at lower temperatures and distortion (deterioration
of shape) can be minimized. In addition to this, in PB process it
is possible to reduce FeB amount or establish a single layer
Fe,B layer by changing gas mixture ratios [11,19,20]. However,
the gases (B,Hg, BCl3) used in plasma boronizing, which are
expensive, poisonous and explosive characteristics, is a disadvan-
tage. Moreover, in plasma boronizing process carried out in BCl;
environment, the boride layer having pores poses a tremendous
problem [8,21,22].

The disadvantages in PB process can be eliminated through PPB
surface process. The paste used having environmentally friendly
boron raw materials and gases generally being hydrogen, argon
and nitrogen which have inert characteristics make this process
advantageous. Yoon et al. [9] have boronized AISI 304 steel by plas-
ma paste which consists of borax (Na;B407) and amorphous boron,
at different temperatures in Ar/H, gases and have examined the
diffusion kinetics and morphology of the layer. They reported that
using plasma paste process caused lower activation energy for the
formation of the boride layer than that for the conventional boron-
izing processes.

The characterization of boronized steels by using various boron-
izing processes has been evaluated by a number of investigator


http://dx.doi.org/10.1016/j.matdes.2010.11.031
mailto:igunes@aku.edu.tr
http://dx.doi.org/10.1016/j.matdes.2010.11.031
http://www.sciencedirect.com/science/journal/02613069
http://www.elsevier.com/locate/matdes

I. Gunes et al./ Materials and Design 32 (2011) 2380-2386

[5-8,12-16,23]. However, there is little literature about character-
ization of paste boronized steels in plasma environment. The main
objective of this study was to characterize plasma paste boronized

Table 1
Chemical compositions of AISI 52100, 440C and AISI 8620 steels (wt.%).

Steels C Cr Ni Si Mn Mo S P

AISI 52100 095 145 0.107 0.194 0.318 0.014 0.0076 0.0143
AISI 8620 0.2 04 04 0.15 0.7 0.15 0.04 0.03
AlsI 440C 091 16,5 0318 042 0417 046 0.001 0.024
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AISI 8620, 52100 and 440C steels, which are popular bearing steels
with various alloy elements content, by using 100% borax paste.
For this reason each sample was studied by optical microscopy, mi-
cro-hardness, surface roughness and X-ray diffraction analysis.

2. Experimental

The chemical composition of AISI 8620, 52100 and 440C steels
with the dimensions of @20 x 6 mm used in this study are shown
in Table 1. PPB process was performed in a dc plasma system
shown in Fig. 1. It consists of a stainless steel container in which
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Fig. 1. Schematic illustration of plasma paste boronizing device.

Fig. 2. The cross section micrographs of the plasma paste boronized AISI 8620 and 52100 steels at temperature of 700 °C (a) AISI 8620 for 3 h, (b) AISI 8620 for 5 h, (c) AISI

52100 for 3 h, (d) AISI 52100 for 5 h.
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Fig. 3. The cross section micrographs of the plasma paste boronized AISI 8620, 52100 and 440C steels at temperatures of 800 °C (a) AISI 8620 for 3 h, (b) AISI 8620 for 5 h, (c)

AISI 52100 for 3 h, (d) AISI 52100 for 5 h, (e) AISI 440C for 3 h, (f) AISI 440C for 5 h.

an insulated central electrode is situated, which holds samples. The
anode at earth potential surrounds this. The cathode has a nest on
which the sample is located. The prepared samples were placed in
the vacuum container and container pressure was set to
2.5 x 102 mbar of vacuum. The samples were plasma paste bor-
onized at 700 and 800°C for 3 and 5h in a gas mixture of
70%H,-30%Ar under a constant pressure of 4 mbar at 5 kHz pulse
frequency and duty rate of 80%. Temperature of the samples was
measured using a chromel-alumel thermocouple, placed at the
bottom of the treated samples.

Table 2
The boride layer thicknesses formed on plasma paste and pack boronized steels at
various temperatures and times.

Boronizing procedure Steels Boride layer thickness, pm
700 °C 800 °C
3h 5h 3h 5h
Plazma paste boronizing AISI 8620 27 30 36 44
AISI 52100 22 29 38 46
AISI 440C - - 8 18
Pack boronizing AISI 8620 - - 23 35
AISI 52100 - - 20 40
AISI 440C - - 6 12

Cross-sections of PPB steels were prepared metallographically
to observe morphological details using BX60 Olympus microscope.
The X-ray diffractograms were obtained using a copper tube source
in the conventional Bragg-Brentano (6-20) technique having sym-
metric geometry with monochromatized radiation (Cu Ko,
/.=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 Micro-Vickers indenter (Shimadzu HMV-2)
with 50 g loads. After the process the surface roughness values
were obtained by a Perthometer M2 roughness device.

3. Results and discussions
3.1. Surface characterization

The cross section optical micrographs of the PBB AISI 8620,
52100 and 440C steels at temperatures of 700 and 800 °C for 3
and 5 h are shown in Figs. 2 and 3. While the boride layers were
observed on the surfaces of 8620 and 52100 steels at 700 °C, no
layer formed on 440C at the same temperature. At 800 °C a boride
layer formed on all three steels, but the boride layer thickness
formed on the martensitic stainless steel (440C) having high Cr
content was much more less when compared to other steels. This



I. Gunes et al./ Materials and Design 32 (2011) 2380-2386

2383

>
Do7o0ecsh
10001 | g 7o0ecsh 2
A 800°C3h 1
800 °C5h
800 | ™
@
£
2
2
[
E

1. FeB
2- FeaB

20 30 40 50

60 70 80 90
2 Theta

Fig. 4. The X-ray diffraction (XRD) patterns of plasma paste boronized AISI 8620 steel at various temperatures and times.
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Fig. 5. The X-ray diffraction (XRD) patterns of plasma paste boronized AISI 52100 steel at various temperatures and times.

could be attributed to that chromium borides formed in the grain
boundary prevented the diffusion of boron [24-26]. When the
layer morphologies were examined, it was possible to see a domi-
nant saw tooth formation on the 8620 steel. By the increase of the
alloy element and carbon amount in the 52100 and 440C steels, the
saw tooth morphology deteriorates and the layer thickness de-
creases [13,27].

Table 2 shows the boride layer thicknesses formed on PPB
steels. In addition, the boride layer thicknesses of pack boronized
steels are given in Table 2 for comparison. As seen in the Table 2,
any measurable thickness of the boride layer was not observed
on all three pack boronized steels at temperature of 700 °C. How-
ever, except AISI 440C stainless steel, plasma paste boronized AISI
8620 and 52100 had the measurable boride layers at 700 °C. The
thickness of boride layer increased with the increase in the tem-
perature and time. Additionally, it was seen that the boride layer
thickness on the 8620 steel was greater when compared to other
steels. At temperature of 800 °C, the boride layers formed on both

plasma paste and pack boronized three steels. It was seen that bor-
ide layer thickness values of PPB steels were higher when com-
pared with pack boronized steels. This suggested that boronizing
process at lower temperatures and times (700 and 800 °C) can be
performed by PPB that provides the energy and time saving. Yoon
et al. [9] reported that using the plasma paste boronizing method
for stainless steel, a thick boride layer with a flat structure could
be obtained in a shorter time and at a lower temperature than that
obtained using conventional thermal diffusion boronizing [28,29].

The X-ray diffraction (XRD) patterns of paste boronized three
steels by plasma at various temperatures and times are given in
Figs. 4-6. As seen in Figs. 4 and 5, for plasma paste boronized AISI
8620 and 52100 steels, FeB and Fe,B phases, where FeB was
located near the surface and Fe,B in the vicinity of steel matrix,
were found. For plasma paste boronized AISI 440C steel (Fig. 6),
CrB and Cr,B borides were observed as well as the formation of
FeB and Fe,B borides. The strongest peak from the CrB was
detected, suggesting that a large amount of CrB formed in the
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Fig. 6. The X-ray diffraction (XRD) patterns of plasma paste boronized AISI 440C steel at various temperatures and times.
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boride layer. In the case of boriding of chromium steel, Cr atoms
diffusing from the base alloy within the boride coating could react
with active boron to give CrB which, in turn, enter the FeB lattice,
substituting for iron [30]. Furthermore, it is reported that the FeB
and Fe,B phases dissolve considerable amounts of chromium and
the solubility limit of chromium in Fe,B is much lower than FeB
[31]. While no boride layer was seen on steel boronized at 700 °C
in optic microscope examinations, the XRD results showed the for-
mation of boride phases even if they were low. While «-Fe was
seen on surface of the 440C boronized at 700 °C for 3 h, it was
not seen on the steel boronized for 5 h.

During plasma paste boronizing, borax reacts with active
hydrogen (H") in glow discharge and the reaction occurs as
follows;

Na,B,0; + 12H" — Na,0 + 6H,0 + 4B (1)
xB +yH" + e~ — BxHy (Boron hydride) (2)
BxHy — xB +y/2H, 3)
B*' + 2Fe — Fe;B (4)
Fe,B + B"' — 2FeB (5)

Atomic boron was produced through the decomposition of the bor-
on hydride (BxHy) from the paste, and this atomic boron became
the active boron, B*! within the molten borax or in the glow dis-
charge. Finally, this active boron, B*!, diffused and reacted with Fe
to form the boride layer.

The micro-hardness variation from the surface into the matrix
on the cross-sections of the steels plasma paste boronized at 700
and 800 °C is shown in Fig. 7a and b. Since the boride layer could
not be observed, micro-hardness measurements were not possible
for the 440C steel boronized at 700 °C. While a maximum surface
hardness of 1827 HV was obtained for the 52100 steel plasma
paste boronized at 700 °C for 3 h, a hardness value of 1897 HV
was obtained at 700 °C for 5 h. For the case of 8620 steel, the sur-
face hardness values were 1730 and 1824 HV at same temperature
for 3 and 5 h, respectively. The hardness of boride layers on plasma
paste boronized steels at 800 °C was higher than that at 700 °C. It
was also noticed that the longer boronizing time results in higher
surface hardness values due to the formation of a harder FeB phase
[32,33]. The highest hardness value at 800 °C was found for 440C
(1946 HV for 3 h, 1978 HV for 5 h). Surface hardness values ob-
tained at 800 °C in this study are close to values in previous studies
carried out at 900 °C using pack boronizing for 52100, 440C and
8620 steels [23,34].

The results of micro-hardness measurement pointed out that
boride layer enhanced the surface hardness of metal surfaces.
The high hardness of boride layer on 440C steel could be associated
to the CrB phase. Badini et al. [35] have reported that chromium in-
creased the hardness of the boride layer. In thermo-chemical bor-
onizing treatments, high hardness is attained directly through
formation of borides during boronizing and does not require
quenching.

4. Conclusions

In this study, plasma paste boronizing process which consists of
100% borax was successfully performed on AISI 8620, 52100 and
440C steels. The following conclusions can be drawn from the
results.

e At 700 °C plasma temperature, while the boride layers were
observed on the surface 8620 and 52100 steels no boride layer
formed on 440C. The boride layer thickness for the 440C was
much more less when compared to other steels at 800 °C.
Since the plasma activates the chemical reaction more, a thicker
boride layer is formed than conventional boronizing methods at
similar temperatures. It is possible to establish boride layer
with the same thickness at lower temperatures in plasma
environment.

e The boride layer on 52100 and 8620 steels consists of FeB and
Fe,B phases. CrB and Cr,B borides have been found on 440C
steel as well as FeB and Fe,B borides.

e While the highest hardness value (1968 HV os5) was determined
for the boride layer on 440C steel plasma paste boronized at
800 °C, the lowest hardness value (1730 HVqg5) was found for
the boride layer on 8620 steel plasma paste boronized at 700 °C.

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).

References

[1] Yu LG, Khor KA, Sundararajan G. Boriding of mild steel using the spark plasma
sintering (SPS) technique. Surf Coat Technol 2002;157(2-3):226-30.

[2] Kalpakjian S. Manufacturing engineering and technology. 3rd ed. Addison-
Wesley Publishing Company Inc.; 1995.

[3] Atik E, Yunker U, Meric C. The effects of conventional heat treatment and
boronizing on abrasive wear and corrosion of SAE 1010, SAE 1040, D2 and 304
steels. Tribol Int 2003;36(3):155-61.

[4] Jain V, Sundararajan G. Influence of the pack thickness of the boronizing
mixture on the boriding of steel. Surf Coat Technol 2002;149(1):21-6.

[5] Genel K, Ozbek I, Bindal C. Kinetics of boriding of AISI W1 steel. Mater Sci Eng:
A 2003;347(1-2):311-4.

[6] Pelleg ], Judelewicz M. Diffusion in the B-a-Fe system and compound
formation between electron gun deposited boron thin films and steel
substrate. Thin Solid Films 1992;215(1):35-41.

[7] Genel K, Ozbek I, Kurt A, Bindal C. Boriding response of AISI W1 steel and use of
artificial neural network for prediction of borided layer properties. Surf Coat
Technol 2002;160(1):38-43.

[8] Hunger HJ, Lobig G. Generation of boride layers on steel and nickel alloys by
plasma activation of boron trifluoride. Thin Solid Films 1997;310:244-50.

[9] Yoon JH, Jee YK, Lee SY. Plasma paste boronizing treatment of the stainless
steel AISI 304. Surf Coat Technol 1999;112:71-5.

[10] Pertek A, Kulka M. Characterization of complex (B+C) diffusion layers formed
on chromium and nickel-based low carbon steel. Appl Surf Sci 2002;202(3-
4):252-60.

[11] Kiiper A, Qiao X, Stock Hr, Mayr P. A novel approach to gas boronizing. Surf
Coat Technol 2000;130:87-94.

[12] Ozbek I, Konduk BA, Bindal C, Ugistk AH. Characterization of borided AISI 316L
stainless steel implant. Vacuum 2002;65:521-5.

[13] Bartsch K, Leonhardt A. Formation of iron boride layers on steel by d.c.-plasma
boriding and deposition processes. Surf Coat Technol 1999;116-119:386-90.

[14] Davis JA, Wilbur PJ, Williamson DL, Wei R, Vajo JJ. lon implantation boriding of
iron and AISI M2 steel using a high-current density, low energy, broad-beam
ion source. Surf Coat Technol 1998;103-104:52-7.

[15] Yan PX, Wei ZQ, Wen XL, Wu ZG, Xu JW, Liu WM, et al. Post boronizing ion
implantation of C45 steel. Appl Surf Sci 2002;195:74-9.

[16] Blawert C, Mordike BL, Weisheit A. Treatment of various surface treated layers
by plasma immersion ion implantation. Surf Coat Technol 1997;93(2-
3):297-304.

[17] Yokota K, Yamada T, Sasagawa T, Nakamura K, Miyashita F. An effect of
preheat-treatment on the formation of titanium-oxide films by sintering a
titanium/silicon-oxide structure in an oxygen atmosphere. Thin Solid Films
1999;343-344:138-41.

[18] Rie K-T. Recent advances in plasma diffusion processes. Surf Coat Technol
1999;112(1-3):56-62.

[19] Rodriguez Cabeo E, Laudien G, Biemer S, Rie K-T, Hoppe S. Plasma-assisted
boriding of industrial components in a pulsed D.C. glow discharge. Surf Coat
Technol 1999;229:116-9.

[20] Maragoudakis NE, Stergioudis G, Omar H, Pavlidou E, Tsipas DN. Boro-nitriding
of steel US 37-1. Mater Lett 2002;57:949-52.

[21] Nam KS, Lee KH, Lee SR, Kwon SC. A study on plasma-assisted boriding of
steels. Surf Coat Technol 1998;98:886-90.



2386 I. Gunes et al./ Materials and Design 32 (2011) 2380-2386

[22] Filep E, Farkas S. Kinetics of plasma-assisted boriding. Surf Coat Technol
2005;199:1-6.

[23] Tabur M, izciler M, Gul F, Karacan 1. Abrasive wear behavior of boronized AISI
8620 steel. Wear 2009;266:1106-12.

[24] Sinha AK. Boriding. ASM handbook. ] Heat Treat 1991;4:437-47.

[25] Bindal C. Boronizing of commercial carbon and low alloy steels and effects to
the some material properties. Doctorate Thesis. Istanbul Technical University,
Institute of Science and Technology, 1991.

[26] Hunger HJ, True G. Boronizing to produce wear resistant surface layers. Heat
Treat Met 1994;21(2):31-9.

[27] Cabeo ER, Laudien G, Biemer S, Rie KT, Hoppe S. Plasma-assisted boriding of
industrial components in a pulsed d.c. glow discharge. Surf Coat Technol
1999;116-119:229-33.

[28] Genel K, Ozbek I, Bindal C. Kinetics of boriding of AISI W1 steel. Mater Sci Eng:
A 2003;347:311-4.

[29] Uslu I, Comert H, Ipek M, Ozdemir O, Bindal C. Evaluation of borides formed on
AISI P20 steel. Mater Des 2007;28:55-61.

[30] Carbucicchio M, Palombarini G, Sambogna G. Composition and structure of
boride layers grown on low-manganese ternary iron alloys. ] Mater Sci
1984;19(12):4035-9.

[31] Carbucicchio M, Grazzi C, Palombarini G, Rateo M, Sambogna G. On the phase
transformations in Cr-FeB and Fe-CrB systems at high temperature. Hyperfine
Interact 2002;139-140(1-4):393-8.

[32] SenS, Sen U, Bindal C. The growth kinetics of borides formed on boronized AISI
4140 steel. Vacuum 2005;77:195-202.

[33] Sen S, Ozbek I, Sen U, Bindal C. Mechanical behavior of borides
formed on borided cold work tool steel. Surf Coat Technol 2001;135:
173-7.

[34] Taktak S. Tribological behaviour of borided bearing steels at elevated
temperatures. Surf Coat Technol 2006;201:2230-9.

[35] Badini C, Gianoglio C, Pradelli G. The effect of carbon, chromium and
nickel on the hardness of borided layers. Surf Coat Technol 1987;30(2):
157-70.



Materials & Design - Journal - Elsevier

Page 1 of 2

Materials & Design

Today's products and their constituent components and structures have to
meet increasingly stringent requirements during operation. The economic
and human costs of failure during service impose a great...

View full aims and scope

Editor-in-Chief: K.L. Edwards
View full editorial board

Impact Factor:
2.200

5-Year Impact Factor:
2.193

Imprint: ELSEVIER

ISSN: 0261-3069

Announcements

Mendeley joins Elsevier

Mendeley, the Popular
Reference Manager and
Academic Social Network,
joins Elsevier

Stay up-to-date
Register your interests

and receive email alerts
tailored to your needs

Click here to sign up

Follow us

Share

Materials Science News

Light transport in random nanowire mats
9 April 2013

Solar PV industry is likely now a net energy
producer
9 April 2013

New adaptive material inspired by tears
8 April 2013

There’s still time to contribute to our next
Virtual Conference
5 April 2013

VIEW ALL

Podcasts and Webinars

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

http://www _journals.elsevier.com/materials-and-design/

Guide for Authors

Submit Your Paper

Track Your Paper

Order Journal

View Articles

Publish your article
I la @ ot .
Opeﬁﬁ;;:}’,};‘@_ﬁ Open Access in
h’“" Materials & Design

Policies and Guidelines

[ ASTM ASTM linking now
database linking available
now. ovailohle

Article of the Fulure

Ways to Use Journal Articles Published by
Elsevier: A Practical Guide

Helping you get published: Watch our
informative webcasts

VIEW ALL

Most Cited Articles 7

nfluences of tool pin profile and tool shoulder
diameter on the formation of friction stir
processing zone in AA6061 aluminium alloy
Elangovan, K. | Balasubramanian, V.

FEM prediction of welding residual stress and
distortion in carbon steel considering phase
transformation effects

Deng, D.

A critical review of experimental results and
constitutive descriptions for metals and alloys
in hot working

Lin, Y.C. | Chen, X.-M.

VIEW ALL

10.04.2013



Materials & Design - Journal - Elsevier Page 2 of 2

VIEW ALL Recent Articles

Fatigue crack growth rate behaviour of

friction-stir aluminium alloy AA2024-T3 welds
Special [ssues F under transient thermal tensioning

M.N. liman | Kusmono | ...

New Rubber Materials Test Methods and

Processes The influence of multiscale fillers

Volume 35 (2012) reinforcement into impact resistance and
energy absorption properties of polyamide 6
Sustainable Materials Design and and polypropylene nanocomposite structures
Applications Francesco Silva | James Njuguna | ...
Volume 36 (2012)
Springback prediction in sheet metal forming
of high strength steels

Advanced Component Manufacture from Light
B. Chongthairungruang | V. Uthaisangsuk | ...

Materials
Volume 31, Supplement 1 (2010)
VIEW ALL

VIEW ALL

http://www _journals.elsevier.com/materials-and-design/ 10.04.2013



Materials & Design Editorial Board

Materials & Design
Guide for Authors
Submit Your Paper
Track Your Paper
Order Journal
View Articles
Open Access Options
Materials Science News
Policies and Guidelines
Podcasts and Webinars
Most Cited Articles
Special Issues

Recent 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

Materials & Design Editorial Board

Editor-in-Chief

K.L. Edwards

School of Engineering and Applied Science, Aston University, Aston Triangle,
Birmingham, B4 7ET, UK

Advisor to UK Government and Higher Education in Advanced Materials Technologies
and Innovation

International Editorial Board

H.M. Akil

Universiti Sains Malaysia, Penang, Malaysia

E. Axinte

"Gh. Asachi" Technical University of lasy, lasy, Romania

Y. Chen

University of Manchester, Manchester, UK

J.P. Davim

Universidade de Aveiro, Aveiro, Portugal

F. Findik
Sakarya University, Sakarya, Turkey

R. Fu

Nanjing University of Aeroautics and Astronautics, Nanjing, China

S. Hampshire

University of Limerick, Limerick, Ireland

C. Hepburn
University of Ulster, Newton Abbey, UK

W.M. Huang

Nanyang Technological University, Singapore City, Singapore

M. Lehocky

Tomas Bata University in Zlin, Zlin, Czech Republic

Y.-C. Lin
Central South University, Changsha, China

B.B. Rath

http://www _journals.elsevier.com/materials-and-design/editorial-board/

Page 1 of 2

10.04.2013



Materials & Design Editorial Board Page 2 of 2

U.S. Naval Research Laboratory, Washington, DC, USA

X.J. Ren
Liverpool John Moores University (LJMU), Liverpool, England, UK

Y. Ribakov

Ariel University, Israel

P. Sahoo

Jadavpur University, Kolkata, India

T. Sinmazcelik

Kocaeli University, 1zmit, Turkey

M.-J. Tsai

National Taiwan University, Taipei, Taiwan, ROC

G.S. Upadhyaya

Materials Consultant, Varanansi, India

A.J. Vazquez-Vaamonde

Centro Nacional de Investigaciones Metalurgicas (CENIM), Madrid, Spain

T. Volkov-Husovic
University of Belgrade, Belgrade, Serbia

X. Wu

Monash University, Clayton, Australia

M. Yousefpour

Semnan University, Semnan Province, Iran

http://www.journals.elsevier.com/materials-and-design/editorial-board/ 10.04.2013



Journal Search - IP & Science - Thomson Reuters

Site
Client
proxystylesheet

Output

Q

Search Site Search

allAreas

JOURNAL SEARCH

Search Terms: 0261-3069

Total journals found: 1

The following title(s) matched your request:

Page 1 of 2

Journals 1-1 (of 1)

FORMAT FOR PRINT

MATERIALS & DESIGN
Monthly ISSN: 0261-3069

B> < 4

ELSEVIER SCILTD, THE BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD, ENGLAND,

OXON, OX5 1GB

Coverage
Science Citation Index Expanded

Current Contents - Engineering, Computing & Technology

Journals 1-1 (of 1)

FORMAT FOR PRINT

Search Terms:
Search type: Title Word =]

Database: Master Journal List

B> < 4

© 2013 Thomson Reuters

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

10.04.2013



	Plasma paste boronizing of AISI 8620, 52100 and 440C steels
	Introduction
	Experimental
	Results and discussions
	Surface characterization

	Conclusions
	Acknowledgement
	References




