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and Opportunities
Dr. Judith A. Todd

Welcome to the Spring 2006 edition of the CISP 
newsletter.  Following the recommendations of the 
CISP Advisory Board, we are pleased to announce a 

year full of new collaborations and opportunities.  
As we move forward, the CISP leadership team will comprise Judy 

Todd, Acting Director; Ivi Smid, Associate Director for refractory and hard 
materials, nanocomposites, and new materials initiatives; and Donald 
F. Heaney, Associate Director.  Chantal Binet will serve as the Materials 
Research Engineer. Tracy Potter will serve as Director of Operations for the 
CISP laboratories, and Kristina Cowan will serve as Manager of Materials 
Testing and Services. Engineering Science and Mechanics (ESM) sta�, 
Diane Bierly and Kelly Owens, are assisting with CISP administration.  John 
Johnson has been appointed Adjunct Professor of Engineering Science 
and Mechanics, and, together with Sharon Elder, Research Assistant, will 
lead our collaboration and student exchange program with a visit to 
Tsinghua University in June.  Sharon is coordinating summer visits for �ve 
Penn State students as part of Rand German�s NSF program to exchange 
students with Dr. Jose Torralba�s group at University Carlos III in Madrid, 
Spain. 

New research programs are being initiated on refractory nanocom-
posites, powder injection molded and sintered MEMS devices, controlled 
density refractory metals, tungsten heavy alloys, and lubricants for press 
and sinter applications.  2006 is o� to a great start.

CISP is now adding Faculty Associates with expertise in areas 
recommended by the CISP Industry Council.  Barbara Shaw brings 
expertise in aluminum and magnesium alloys and their corrosion 
behavior; Joe Rose and Bernie Tittmann are world-acclaimed experts in 
nondestructive evaluation; Steve Fonash, Je� Catchmark, Melik Demirel, 
and Jian Xu bring expertise in nanoparticulates and nanotechnology; 
Dinesh Agrawal is a leading authority in microwave technologies; Al 
Segall brings expertise in tribology and hard coatings; John Hellman is 
internationally recognized for his ceramics research; Mark Horn, Mike 
Lanagan, and Tony Huang bring new sensor technologies; and Kevin 
Koudela and Cli� Lissenden add new expertise in composite materials.  

We are strengthening our ties with the Applied Research Laboratory 
(ARL) in the areas of gears, composites, � �continued on back cover  
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Upcoming Events
April 25-26, 2006
Industry Member Meeting
University Park, PA

May 2-3, 2006
MPIF PM Sintering Seminar
Cleveland, OH

June 18�21, 2006
PowderMet 2006
San Diego, CA

October 16-19, 2006
ASM-TMS-ACerS MS&T �06
Cincinnati, OH



Pre-competitive project progress for the quarter Presentations and Papers

Selected Papers, 
Publications and 

Conference Presentations 

John L. Johnson; Donald F. Heaney

�Processing of Biocompatible Materials via Metal 
and Ceramic Injection Molding�

Medical Device Materials II , pp. 325-330. 2005

Donald F. Heaney

�Fabrication Techniques for the Production of 
Porous Structures�

Medical Device Materials III , ASM Medical Device 
Conference. 2005.

John L. Johnson and Donald F. Heaney

�Metal Injection Molding of Co-28Cr-6Mo�
Medical Device Materials III , ASM Medical Device 
Conference, 2005.

Donald F. Heaney and Timothy Eden

�Residually Stressed Multiple Layer Tungsten 
Heavy Alloys by Metal Injection Molding�

Proceedings of the 2005 International Conference on 
Powder Metallurgy and Particulate Materials, Metal 
Powder Industries Federation, Princeton, NJ, 2005, pp. 
8.61-8.71.

Randall M. German, Donald F. Heaney, and J. L. Johnson

�Bi-Material Components Using Powder Injection 
Molding: Densi�cation, Shape Complexity, and 
Performance Attributes�

Proceedings of the 2005 International Conference on 
Powder Metallurgy and Particulate Materials, Metal 
Powder Industries Federation, Princeton, NJ, 2005, pp. 
4.41-4.52.

 
Brad A. Gething, Donald F. Heaney, Donald A. Koss,  
and T. J. Mueller

�The E�ect of Nickel on the Behavior of 
Molybdenum P/M Steels�

Material Science and Engineering A, 390, 2005, pp. 
19-26.

Deborah Blaine, John D. Gurosik, Seong Jin Park, Donald 
F. Heaney, Randall M. German

�Master Sintering Curve Concepts as Applied to 
the Sintering of Molybdenum�

Metallurgical and Materials Transactions A, vol. 37A, 
March 2006, pp. 1-6.

C. D. Greene and Donald F. Heaney

�The PVT E�ect on the Final Sintered Dimensions 
of Powder Injection Molded Components�

Materials & Design, In Press, Corrected Proof, Available 
online 26 August 2005.

Chantal Binet, Donald F. Heaney, R. Spina, and L. Tricarico

�Experimental and Numerical Analysis of Metal 
Injection Molded Products�

Journal of Materials Processing Technology, vol. 164-
165, 2005, pp. 1160-1166. 

Multiple Axis in situ Monitoring (M.A.I.S.M.)� 
Laser Dilatometry of Polymer Burnout

Debinding kinetics are currently being evaluated using a 45000 BTU gas 
�red burner. Last quarter the M.A.I.S.M project progressed to using this gas 
�red burner, �the Rocket Launcher� to monitor the mass of the part during 
the thermal cycle. This allows several capabilities that were limited on the 
M.A.I.S.M. laser dilatometer. With the burner rig, video imaging and trials can 
be done in a more aggressive process atmosphere, while the M.A.I.S.M. was 
restricted to a neutral atmosphere, and we now have the ability to collect 
data on weight and weight changes. Early e�orts focused on stabilizing the 
equipment to create a better reading for the scale with the goal of being able 
to measure the addition of mass through oxidation or atmospheric moisture 
during the thermal cycle. 

Current experiments involve the observation and video capture of binder 
�burn-out� at various temperatures with maximum temperature di�erential 
(cold part inserted into a hot furnace) and using standard ramp-style furnace 
pro�les as well as the interaction between thermal gradients from surface-
to-center and the formation of liquid decomposition products on the part 
surface.  Debinding e�cacy is evaluated via changes in mass, as well as TGA 
of �debound� parts.

Future experiments will focus on the development of the most e�cient 
binder burn-out process via optimization of thermal treatment based on heat 
and mass transfer theory.  Additionally, the e�ect of powder type on binder 
removal will be evaluated. 

Press and Sinter Realities of Nanoscale Powders

The press and sintering behavior of two commercially available �ne 
molybdenum powders having BET particle diameters 1.2 and 0.8 µm were 
compared. As expected, the 0.8 µm powder exhibited a slightly poorer 
compressibility than the 1.2 µm powder; however, it exhibited a much higher 
sinterability. Under hydrogen sintering, the 1.2 µm powder was sintered to 
a maximum 95.7% of the theoretical density when sintered at 1400°C for 4 
hours; the 0.8 µm powder was sintered to 99% of theoretical density and 
at the same time and temperature. Figure 1 (next page) compares the sinter 
density of the two powders at di�erent times and temperatures. Further 

Members voted to award several precompetitive 
projects for the upcoming year 

Press and Sinter Processing Realities with Nanoscale Powders  
(nano-P/M)�Randall M. German
Technical and Economical Comparison of Micro Powder Injection 
Molding�Seong Jin Park and Randall M. German
Microstructural Evolution in Liquid Phase Sintering� 
Jianfeng Guo and Randall M. German
Binder Removal in Nitrogen/Hydrogen Atmospheric Mixtures�  
Chantal Binet
Detailed Linkages from Powder Characteristics to Properties in Press-
sinter Processing of Parts�Randall M. German, MSU
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