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Statement of the problem:

This program was initiated to evaduate the processng of materids usng the procedure of Equa-Channd
Angular Pressng (ECAP) where a bulk solid is subjected to severe plastic deformation. It is now well
edablished that ECAP can produce polycryddline bulk materids with ultrafine grain Szes, typicdly in the
submicrometer or even the nanometer range.  The main emphads of the program was devoted to investigating
the potential for using ECAP to process and strengthen metal matrix composites.

Two different composites were used in this program: an duminum 2009 dloy reinforced with 25% SC
paticulates and an duminum 6061 dloy reinforced with 10% dumina particulates. In addition, we were able
to leverage our activities on ECAP in order to establish collaborations with other mgor teams throughout the
United States and around the world. These collaborations provided much new insght into the ECAP process
and gave the personnd working on the ARO program an excedlent opportunity to become acquainted with new
experimenta techniques and procedures.

Summary of the achievements.

This has been a remarkably successful program for two reasons. Fird, we were able to obtain excdlent results
on the duminum metd matrix compostes and we showed the potentid for achieving remarkably high strength
and good mechanica properties.  Second, our collaborations led to joint publications on ECAP with groups a
the Cdifornia Inditute of Technology, Los Alamos Naiond Laboratory, Arizona State Univerdty, Air Force
Materids Laboratory, Naval Postgraduste School, Univerdty of Cdifornia a Irving QED Extruson
Devdopments, Inc., McGill Universty and Rockwel Internationa. We dso deveoped extensve
collaborations with oversess groups in Jgpan, Russa, Span and Hungary. All of these collaborations are
reflected in the numerous publications arising from this ARO program which are listed in the next section.

As pat of our activities on the ARO program, we co-organized the Symposum on Ultrefine-Grained Materids
Il which was held in Sesttle, Washington, in February 2002 as part of the TMS Annual Mesting. We are now
organizing a follow-up symposum ettitle Ultrafine-Grained Materids 11l which will be hed in Charlotte, North
Cardling, in March 2004 as pat of the TMS Annud Meeting. This symposum is dready bresking records with
more than 120 abstracts received from around the world and, to date, more than 90 papers which will be printed
in a specid TMS book available a the meeting. On the internationa scene, | co-organized a symposium on
Processing by Severe Plagic Deformation as part of the THERMEC-2003 Conference in Madrid, Spain, in June
2003, and | co-organized a Symposum on Bulk Nanomaterids which was hdd in Warsaw, Poland, in
September 2003, as part of the Fal Meeting of the European Materials Research Society. On a persond leve,
recent successes that are due, a least in part, to the support received from ARO over the years include my
eection as a Fdlow of the Royd Academy of Engineering (FREng) in 2002 and my receipt of the degree of
Doctor Honoris Causa from the Russian Academy of Sciences in 2003 for my research on the physics of metds.
| am dso currently lisged by ISl (Indtitute for Scientific Information, Philadephia, PA) as #3 worldwide for the
number of citations received to papers published in the fiedd of Materids Science in the Syear period of 1997-
2001.



All of our results have been published in the scientific literature and a complete liging is given in the following
section. A total of 49 papers have lkeen published to date in peer-reviewed journds including 4 papers in Acta
Materidia, 12 papers in Maerids Science and Engineering A, 3 papers in Meadlurgicd and Materids
Transactions A, 1 paper in Journal of Materids Research and 5 papers in Scripta Materidia.  There have aso
been 13 papers published in conference proceedings and an additiona 6 papers have been submitted or accepted
for publication. All of these papers acknowledge the support of ARO and they contain a detailed description of
the research performed as part of this program.
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