
Bimodal microstructure and fatigue

properties of nanocrystalline and ultrafine

grained nickel

Dissertation

Zur Erlangung des Grades des

Doktors der Ingenieurwissenschaften (Dr.-Ing.)

der Naturwissenschaftlich-Technischen Fakultät III

Chemie, Pharmazie, Bio- und Werkstoffwissenschaften

der Universität des Saarlandes

Von

M.Sc. Tao Qian

Saarbrücken, 2013



Eingereicht am: 07.02.2013

Tag des Kolloquiums: 24.07.2013

Dekan: Prof. Dr. Volkhard Helms

Berichterstatter: Prof. Dr. H. Vehoff

Prof. Dr. R. Busch

Vorsitzender: Prof. Dr. C. Boller

Akad. Mitarbeiter: Dr. C. Gachot



 
Saarbrücker Reihe 

 
Materialwissenschaft und Werkstofftechnik 

 
 

Band 39 
 
Bimodal microstructure and fatigue properties 
of nanocrystalline and ultrafine grained nickel 

 
 

Tao Qian 
 
 
 
 

Herausgeber: 
 

Prof. Dr. rer. nat. Horst Vehoff  
 
 
 

Prof. Dr. Eduard Arzt 
Prof. Dr.-Ing. Dirk Bähre 

Prof. Dr.-Ing. Christian Boller 
Prof. Dr. rer. nat. Ralf Busch 
Prof. Dr. rer. nat. Rolf Clasen 
Prof. Dr.-Ing. Stefan Diebels 

Prof. Dr.-Ing. Frank Mücklich 
Prof. Dr. rer. nat. Martin Müser 
Prof. Dr. rer. nat. Wulff Possart 
Prof. Dr.-Ing. Markus Stommel 

 
 

Shaker Verlag 
 

Aachen 2014 



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet at
http://dnb.d-nb.de.

Zugl.: Saarbrücken, Univ., Diss., 2013

Copyright  Shaker  Verlag  2014
All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
of the publishers.

Printed in Germany.

ISBN 978-3-8440-2656-6
ISSN 1860-8493

Shaker  Verlag  GmbH  •  P.O. BOX 101818  •  D-52018  Aachen
Phone:  0049/2407/9596-0   •   Telefax:  0049/2407/9596-9
Internet: www.shaker.de   •   e-mail: info@shaker.de



To my wife Ying and my son Haoting

i





Acknowledgments

Looking back on my time in the Institute of Materials Science and Methods in Saarland

University, I would like to express my sincere thanks to all of those who have supported

me and have thereby contributed to the accomplishments in this thesis. It is my distinct

pleasure to acknowledge here my coworkers, friends and family, without whom I would

not have chance to finish this work.

In the first place I would like to express my gratitude to Prof. Dr. rer. nat. Horst

Vehoff for providing me the opportunity and the guidance of my Ph.D study. He has

an exceptional insight in the material science and his helpful discussions and scientific

comments inspired me to continue my research.

Equally important, I am sincerely grateful to Dr. Michael Marx for his supervision

and support to my work and research. He was always very patient to take discussions

with me and to propose many meaningful suggestions. From a beginner to a person

who acquires good skills on the electron microscope I learned much from him. Besides,

he spent lots of time to read this thesis and gave his critical comments.

I gratefully acknowledge Prof. Dr. rer. nat. Ralf Busch for being part of the Reading

Committee and his comments about this thesis.

I am grateful to the financial support from the German Research foundation (DFG)

with the researching project MA 3322/3-1.

I would like to thank Philipp Kerger, my assistant, for preparing my specimens,

conducting the heat treatment experiments and processing the experimental data, Chen

Chen for preparing my specimens, and Halima Bayad for supporting in the in-situ

annealing.
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