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Overview

Special Issue on Duplex and Multiplex Coatings

Dynamic development of surface engineering in the last few years has been driven by increasing demands 
from the industry regarding service life and reliability of tooling, as well as components that sometimes 
work in adverse conditions. Meeting these demands is possible through a design of the microstructure of 
the surface layer of structural materials by way of application of appropriate methods of surface engineering 
that are aimed at the formation of new types of coatings, including duplex and multiplex types. 

Th e expectations of the industry with respect to new types of coatings are focused on their better 
strength and tribological properties (e.g., higher heat resistance, greater mechanical strength, and 
enhanced resistance to frictional wear at elevated temperatures). Th ey are also focused on demand for 
strictly defi ned functionality in the given application by way of combining, for example, good tribological 
and mechanical properties with good corrosion resistance or heat resistance. 

Th e papers in this special issue are dedicated to duplex and multiplex coatings formed on the surface 
of structural materials in order to enhance their service life.

A pioneer of the duplex and multiplex technologies in surface engineering was Professor Tom Bell 
(1941–2008), a world-renowned specialist in the fi eld of heat treatment and surface treatment technology, 
co-founder of the International Federation for Heat Treatment and Surface Engineering, as well as founder 
of the journal, International Heat Treatment and Surface Engineering, promoting the processes of transfer 
of innovative technologies to the industry. Tom Bell was the fi rst to recognize the possibilities of surface 
engineering, applicable to the extension of service life and reliability of tooling and machine components. 
He brought about an order into both terminology and knowledge in this fi eld and drew attention to the 
eff ect of process synergy that stems from mutual infl uence of the particular surface engineering methods 
utilized in the same technological process. 

Currently, the far-reaching direction of investigations in surface engineering is the combination of 
thermo-chemical treatment with electrolytical treatment or PVD in order to obtain surface layers of the 
duplex or multiplex type; the service properties of which, attained thanks to the synergy eff ect of both (or 
more) processes, are unachievable when single processes are used. 

Th is special issue contains eleven papers dealing with duplex and multiplex type layers through 
processes of nitriding, nitrocarburizing, boriding, chromizing, and diff usion titanizing, combined with 
other technologies, for example, electrolytical treatment or PVD. Duplex type layers developed for 
biomedical applications merit special attention. 

Producing this special issue required signifi cant eff orts from authors, reviewers, editors, and the entire 
publication team. Th ese eff orts are gratefully acknowledged. Th e guest editors of this issue would especially 
like to thank Dr. Richard Neu and Dr. George Totten for their guidance and support in compiling this issue. 

Ewa Kasprzycka
Warsaw University of Technology

Warsaw, Poland 

Rafael D. Mercado-Solis 
Universidad Autónoma de Nuevo León 

 Nuevo León, México



Information for Authors

For details regarding paper submission go to http://mc04.manuscriptcentral.com.

The subject matter must not be of a speculative nature and the contents must not include 

materials of an advertising nature. The paper must not be seriously defective as to literary 

form and structure, continuity of thought, and clarity of expression. The substance of the 

paper should not have been published previously in the open literature.

Authors preparing papers for submittal should observe the conventions of style explained 

in the ASTM Style Manual. Since the journal does not request page charges, the author 

is expected to conform to these standard conventions for style. SI units are to be used 

throughout; if data were not measured in SI units, a note should appear to that effect and 

the original units should be included in parentheses after the SI units.

IN APPRECIATION

The high quality of the papers that appear in this publication is a tribute not only to the 

obvious efforts of the authors represented but to the unheralded, though essential, efforts 

of their reviewers. It is to the reviewers dedication to upholding the high standards of their 

profession that this note pays tribute. On behalf of ASTM International and the authors as 

well, we acknowledge with appreciation their important contribution to the success of this 

journal.

Executive Committee
Ralph M. Paroli, Chairman

D. Thomas Marsh, Vice Chairman

Dale F. Bohn, Vice Chairman

Taco van der Maten, Chairman of the 

Finance and Audit Committee

Ronald J. Ebelhar, Past Chairman

Thomas A. Schwartz, Past Chairman

James A. Thomas, President

Directors
Ferdinando Aspesi

Dale F. Bohn

Lawrence Carbary

Cesar Constantino

Ronald J. Ebelhar

James Galipeau

Franceen Gonzales

Andrew G. Kireta, Jr.

Claudia Kropas-Hughes

John Logar

Christina Lomasney

D. Thomas Marsh

Nabil bin Ameen Molla

Bertrand B. Morel

Deryck Omar

Ralph M. Paroli

Steve D. Sandstrum

Jun Sasaki

Thomas A. Schwartz

James Simnick

Brent Stucker

James Tann

Vicky Taylor

James A. Thomas

Taco van der Maten

Committee on Publications
Zdenek Hejzlar, Chairman

Dee Magnoni, Vice Chairman

Ralph M. Paroli, ex offi cio

Ronald B. Adamson

Nikhil Gupta

Susan Jones

William J. Likos, Ph.D.

Michael R. Mitchell

Richard W. Neu

Sudarsan Rachuri

Leslie J. Struble

George E. Totten

W. Jason Weiss

Copyright © 2016 by ASTM International, 100 Barr Harbor Drive, PO Box C700, 

West Conshohocken, PA 19428-2959, USA.



423 Production and Characterization of Boride Coatings on 

Flame-Sprayed Martensitic Stainless Steel—F. E. Mariani, 

G. S. Takeya, A. N. Lombardi, G. E. Totten, and L. C. Casteletti

432 Properties of CrC+(Ni-W) Duplex Layers Produced in 

Vacuum Chromizing Process Combined With Galvanic 

Treatment—E. Kasprzycka and B. Bogdanski

446 Structure and Properties of Duplex Layers Composed 

of Chromium and Titanium Carbides—E. Kasprzycka, 

J. Tacikowski, and B. Bogdanski

461 Duplex Titanium Oxide Layers for Biomedical Applications—

J. J. Jasinski, L. Kurpaska, M. Lubas, J. Jasinski, and M. Sitarz

472 Micro-Abrasive Wear Testing of Surface Engineered Surgical 

Grade CoCrMo Alloy for Biotribological Applications—

J. A. Ortega-Saenz, M. A. L. Hernandez-Rodriguez, 

and R. Michalczewski

485 Production of Aluminide Layers on Copper and Copper 

Alloy—G. C. Rêgo,, G. S. Takeya, A. N. Lombardi, G. E. Totten, 

and L. C. Casteletti

M
aterials Perform

ance and C
haracterization: Volum

e 5 Issue 4

www.astm.org

Published by ASTM International  |  100 Barr Harbor Drive  |  PO Box C700  |  W. Conshohocken, PA 19428-2959

Contents:
Special Issue on Duplex and Multiplex 
Coatings

Guest Editors: Ewa Kasprzycka 
and Rafael D. Mercado-Solis

iii Overview

373 DLC Duplex Coating on High-Speed Tool-Steel Substrates 

Using Plasma Nitrocarburizing After Radical Nitriding—

Y. Kikuchi, R. Hanai, T. Shiroya, and Y. Sakamoto

386 Effect of Surface Deposited Layer on Active Screen Plasma 

Nitriding—A. Nishimoto, T. Tanaka, and T. Matsukawa

396 Characterization of Coatings Obtained by Boriding Niobizing 

Treatment of an AISI H13 Steel—Gustavo Satoru Takeya, 

Fábio Edson Mariani, Amadeu N. Lombardi, George E. Totten, 

and Luiz Carlos Casteletti

406 Characterization of Layers Produced by Boriding and 

Boriding-PVD on AISI D2 Tool Steel—R. G. Pereira, 

F. E. Mariani, A. N. Lombardi, G. E. Totten, and L. C. Casteletti

414 Wear Behavior of a Borided Nickel-Based Self-Fluxing 

Thermal Spray Coating—F. E. Mariani, G. C. Rêgo, 

A. N. Lombardi, G. E. Totten, and L. C. Casteletti

Materials
 Performance

 & Characterization

CODEN: MPCACD

(Contents continued on back cover)




