NSF I/UCRC COATINGS RESEARCH CENTER ANNUAL REPORT 10/31/2001 to 10/31/2002 –prepared 4/10/2003

Participants

Eastern Michigan University and The University of Southern Mississippi have established the Industry/University Cooperative Research Center in Coatings and this enterprise annually generates over  $435,000 through the membership activities. There were 10 company members and the Letters of Membership Fee Certification from each university provide specifics concerning the membership. The Center’s two-fold mission is to be a leading academic organization that develops relevant scientific knowledge for understanding and expanding the technology of paints and coatings for the benefit of its members and to enlarge the pool of scientists and technologists capable of working effectively with coatings.

The overall objective of the Center is to provide scientific knowledge that will help its member companies with future challenges. Center programs are designed to complement the members’ in-house research and development. Current scientific and technological objectives are grouped within the Center’s core competencies:

(
To demonstrate new concepts in polymer synthesis and cross-linking

(
To learn principles of the physical phenomena that are critical to coatings technologies

(
To develop new and improve existing characterization methods for coatings

The research program is currently focused on the following areas:

(
Cross-linking and Film Formation

(
Adhesion

(
Corrosion

(
Design and Modeling

(
Surfaces/Interfaces

· Environmentally Acceptable Coatings Technology

While the research program can be modified based on input received from the Industrial Advisory Board, environmental compliance is an overarching objective of research in all coatings-related areas.  Numerous specific projects in these focus areas are conducted, and additional projects will be added as capabilities grow.  New projects can be tailored to the specific needs of new members. Members of the faculty and research staff of the I/U CRC institutions enjoy international reputations in their disciplines, both as researchers and educators; they hold many prestigious awards and are active members in national and international organizations in their disciplines.

Current Senior Personnel of The University of Southern Mississippi

Dr. Marek W. Urban, Center Co-Director and Professor of Polymer Science
Dr. Sarah E. Morgan, Assistant Professor of Polymer Science and Associate Center Director
Dr. Roger D. Hester; Professor of Polymer Science

Dr. Robert B. Moore III; Associate Professor of Polymer Science

Dr. Charles E. Hoyle; Professor of Polymer Science

Dr. Robson F. Storey; Professor of Polymer Science

Dr. Charles L. McCormick; Professor of Polymer Science






Dr. Anselm C. Griffin; Professor of Polymer Science

Dr. Lon J. Mathias; Professor of Polymer Science

Dr. Shelby F. Thames; Professor of Polymer Science
 

Dr. C. Allan Guymon; Assistant Professor of Polymer Science




Dr. Robert Y. Lochhead; Professor of Polymer Science

Dr. Douglas Wicks; Department Chair and Professor of Polymer Science

In November 2002, Dr. Sarah Morgan jointed the faculty and will serve as an associate director for the Center at USM. The focus of her research is film processing and tribology. She became very active faculty member of the Center.

Current Senior Eastern Michigan University Personnel

Dr. Theodore Provder; Center Co-Director as of Jan.1, 2002; Director of the Coatings Research Institute
Dr. Frank Jones; Professor of Polymers and Coatings and Center  Co-Director until Dec.31, 2001.
Dr. Jamil Baghdachi; Professor of Polymers and Coatings and Graduate Program Coordinator

Dr. J. David Nordstrom; Professor of Polymers and Coatings and Undergraduate Program Coordinator

Dr. John Texter; Professor of Polymers and Coatings

Dr. Vijay Mannari; Assistant Professor of Polymers and Coatings

Dr. Weidian Shen; Professor of Physics and Director , Surface Science Laboratory, Dept. of Physics and Astronomy

Dr. Sai Kumar; Adjunct Professor, Polymers and Coatings and Director, Polymer Physics Laboratory

Dr. Nitis Sarkar; Adjunct Professor, Polymers and Coatings

Mr. Paul Ziemer; Adjunct Professor, Polymers and Coatings

In August 2002, Dr. John Texter and Dr. Vijay Mannari joined the faculty of the Polymer and Coatings department at EMU and will be active participants of the Center. The focus of  Dr. Texter’s  research is particle research and nanomaterials research. The focus of Dr. Mannari’s research is utilizing renewable resources in coatings and radiation cure technology.

USM and EMU provide all necessary facilities and equipment for coatings science and both programs plan to expand. Researchers at both institutions have ready access to extensive information resources including large library collections and computer networks. 

Major equipment available to Center researchers includes

(     High field, multi-nuclear NMR
(
Step-scan microscopic FT-IR/FT-Raman


(
Photoacoustic, ATR, and other surface FT-IR 
(
Thermogravimetric analyzer/DSC

(
Modulated differential scanning calorimeter 
(
Dynamic mechanical analyzer (DMA)

(
Electron microscopy and electron disp. X-ray 
(
High-performance liquid chromatograph )

(
Gas chromatograph/mass spectrograph (GC-MS)
(
Size exclusion chromatograph (GPC)

(
Prep and analytical gas chromatographs 
(
Scanning probe microscope

(
Wide- and small-angle X-ray diffractometers
(
Transmission electron microscope

(
Scanning electron microscope
(
Optical microscopes

(
Coatings application facilities
(
Complete powder coatings laboratory

(
Microhardness tester
(
Contact angle measurements

(
Reflectance spectroscopy (for color measurement)
(
Light scattering and osmometry

(
Corrosion testing equipment
(
Coating testing equipment



(
Nano indenter/scratcher
(
Microspectrophotometer

(
High-resolution (250-500 nm) imaging microscopy
(
Accelerated weathering equipment


(
Bohlin and Physica rheometers
(
IR imaging

(
Flourescence imaging microscopy
(
Medium-pressure UV curing equipment


(
Laser light scattering spectrometer 
(
Electrodeposition equipment

(     Particle-size and zeta potential analyzers

(     Instron tensile tester

· Dielectric spectrometer

Eastern Michigan University (People Who Worked on Projects

During the Reporting Period))

Dr. Frank Jones - PI

Dr. Weidian Shen - PI

Dr. Jamil Baghdachi –PI

Dr. David Nordstrom-PI

Mr. Bin Jiang
- Research Associate

Mr. Shoubing Liu – Research Associate

Mr. Jian Sun - Research Associate

Ms. Wenjing Mao-Graduate Student

University of Southern Mississippi  (People Who Worked on Projects During the Reporting Period) 
Dr. Marek Urban - PI

Dr. Allan Guyman - PI

Dr. Charles Hoyle – PI

Dr. Sarh Morgan –PI

Dr. Ping Zhang – Research Associate

Dr. H. Park – Research Associate

Mr. David Lastage – Research Assistant

Mr. Reid Dreher – Research Assistant

Mr. Daniel Otts – Research Assistant

Mr. Charles Edwards – Research Assistant 

Mrs. Annette Stewart – Research Assistant

Mr. Ted Roper – Research Assistant

Mr. Lee Eleutrius – Research Assistant

Dr. James Barry – Research Associate
Other Collaborators:

A)
Mr. Jim Hayes

Dr. Frank Jones


Dr. Marek Urban



Golden Artists Color, Inc.
Eastern Michigan University
University of Southern Mississippi


188 Bell Road

430 W. Forest Ave.

Dept. of Polymer Science


New Berlin, NY 13411
Ypsilanti, MI 48197

Box 10003










Hattiesburg, Ms 39406-0003


NSF sponsored project to develop-well documented polymer binders that can be formulated into artist paints with better durability than those currently used. The project focuses on artist paints made from acrylic latex polymers, the largest market segment.

Graduate Assistants: 
Wenjing Mao, EMU
Charles Williams, USM







Denise Rodrigez, USM

B) Coatings Research Institute; Dr. Weidian Shen, Professor of Physics and Director of Surface Science Laboratory at EMU involving the science of tribology. 
C) Dental School at the University of Michigan; Dr. Weidian Shen, Professor of Physics and Director of Surface Science Laboratory at EMU used the Nano-indenter and SPM to characterize the mechanical properties of tooth filling material.

D) In  cooperaion with Fudan University in China, Dr. Weidan Shen characterized the                       mechanical and tribological properties of polymeric coatings with nano-particles 

added in  cooperaion with Fudan University in China.

E) Office of Naval Research; Dr. Marek W. Urban, Professor of Polymer Science and Director of the Center helped identify new degradation products.

F) Southern Diversified Products; Dr. Marek W. Urban, Professor of Polymer Science and Director of the Center to study heterogeneous emulsion films.

Advisory Board: Industrial and Government Members:






                            Dr. Wie Pan 

Dr. Graham Battersby



Masco Corporation

Flint Ink Corporation



Research and Development

4600 Arrowhead Dr.



7500 Holland Road

Ann Arbor, MI 48105

Taylor, MI 48180

Mr. Neil Brockman



Dr. Steve Postle

Dr. Greg Courval 



Mr. Richard Czarnecki

Alcan International



Sun Chemical InK

P.O. Box 8400




631 Central Ave

Kingston, Ontario K7L 5L9                                Carlstadt,  NJ 07072


Canada











Mr. Nobuhiko Tsuda








Daikin Industries





Dr. Jim Evans




1-1 Nishi-Hitosuya, Settsu-City

Mississippi Polymer Institute


Osaka, 566-8585 Japan




The University of Southern Mississippi






Box 10003




Dr. Patricia Jacobs

Hattiesburg, MS  39406-0003


Dr. Doug Wicks








Bayer Corporation

Dr. Ron Wojicik



            100 Bayer Road

J.M. Huber Corporation



Pittsburgh, PA 15205-7851

One Huber Road

Macon, GA 31298



Mr. Mike Kosusko








Mr. Carlos Nunez

Dr. John Gerlock




Environmental Protection Agency 

Ford Motor Company



86 T.W.Alexander Drive

Research Laboratory



Research Triangle Park, MD-61

P.O. Box 2053




Research triangle, NC  27711

Dearborn, MI 48121-2053

Activities and Findings

The following research projects approved by the IAB members were conducted as part of the Coatings Center research during the reporting period: 

Microscale and Nanoscale SPM Study of Mar resistance
PI: Shen/Jones (EMU)
Nano-indenter/Nano-scratch Tester; A New Tool for

Studying coatings





PI: Shen/Nordstrom/Jones (EMU)

Mar Resistance of Hard Coatings on Ductile Plastics
PI: Shen(EMU)
Wear Resistance of Coatings for on Brass Coupons

PI: Shen (EMU)

Adhesion of Ink to Plastic Packaging



PI: Shen (EMU)

New Environmental Coatings Technology


PI: Nordstrom/Baghdachi (EMU)
Relationships at Surfaces and Interfaces of Urethanes; 
PI: Urban (USM)
Pigment Dispersion stabilization and UV Curable Inks
PI: Guymon (USM)
Powder Nanocomposite Coatings 



PI: Urban (USM)

Latex Emulsions





PI: Urban (USM)

TIE Project-USM-U of Colorado



PI: Hoyle(USM);PI: Bowman(U.Co) 

Aluminum-Coating Interactions



PI: Urban (USM)
Among these projects there are a number of exciting developments among which nano-indentor and IR imaging technologies are quite appreciated by the members.  During 2001/02 Thiol-Ene Photocuring project conducted by Hoyle of the University of Southern Mississippi was introduced. This investigation of thiol-ene photopolymerization is designed to provide a comprehensive scientific framework for use of this technology in the materials and coatings fields.  The proposed study will be conducted simultaneously at the University of Colorado and the University of Southern Mississippi through a TIE project.  

Nano-indenter

During the time period of the report a major effort was expended to develop experimental procedures and quantitative analysis methodologies as well as data interpretation  methodologies for a range of materials including hard metals, polymeric materials, plastic packaging and coatings systems. The instrumentation technology was applied to a variety of systems; hard metal substrates, soft coatings systems on hard substrates, hard coating systems on hard substrates, coatings on ductile plastic packaging .

Resins for model automotive clearcoats systems were synthesized and tested for mar and scratch resistance. Latexes were synthesized and studied with a blunt probe. High sensitivity at low force levels is achievable on soft films.. 

A project involving wear resistance of multi-layer coatings on brass coupons was initiated. Scanning probe microscopy (SPM) techniques were utilized to visually assess wear and damage on 3-D parts and switch panels. RMS roughness values were calculated to assess the wear characteristics. Nanoindenter scratch studies along with SPM studies of a range of coatings on brass coupons will be carried out to assess relative wear resistance and damage.

The evaluation of adhesion and cohesion of ink deposited on plastic surfaces was carried out. In addition the Nano-indenter and SPM were used to characterize the mechanical properties of tooth filling material in cooperation the University of Michigan.

IR Imaging  

During the reporting period a new imaging technology was developed and consists of combination of internal reflection (IR) and infrared imaging (IRI) approaches that can reach a surface spatial resolution at 1000 nm levels in middle infrared range. As a result, vibrational spectra from these size areas can be recorded at high-signal-to-noise levels. A spatial calibration of this method was performed by correlating IRIRI data with SEM micrographs and optical images of geometrically well-defined polymeric photoresists as well as Nylon fibers imbedded into a polyester matrix. The IRIRI approach has a potential of obtaining even better surface spatial resolution of vibrational spectra when internal reflection elements with greater refractive index ratios in middle IR range become available. This project which is conducted in conjunction with other Center projects has a great future and may represent one of the major breakthroughs in analytical capabilities of the Center. Recent developments include further understanding of polyurethane film formation as well as colloidal dispersions. 

Publications and Products

Journal Publications

D. Otts and M.W. Urban, “Heterogeneous Film Formation in Waterborne Polyurethanes,” Stimuli-Response Mechanisms,” Macromolecules, to be submitted. 

W.R. Dreher, P.Zhang, and M.W. Urban, “ Response-Driven Mobility of Surfactants in Colloildal Dispersions,” Macromolecules, to be submitted. 

R.J.Barry and M.W. Urban, “Electrochemical Impedance Spectroscopy and IR Imaging of Organic Coatings,” in preparation. 

D.J. Lestage and M.W. Urban, “Resposne-Driven Colloidal Particles,’ in preparation. 

D.J. Lestage, R.J.Barry and M.W. Urban, “Particle Size Effect on SDOSS Mobility in p-MMA/p-nBA Colloidal Dispersions,” in preparation. 

W.R. Dreher, P. Zhang, M.W.Urban, C.-L. Zhao, and R.S. Porzio, Coalescence of Styrene/2-Ethylhexyl Acrylate/Methacrylic Acid (Sty/EHA/MAA) Colloidal Films and Response-Driven Mobility of Sodium Dodecyl Sulfate (SDS); Part 22; A Spectroscopic Study; Macromolecules, 2003, Febr. issue.

M.W. Urban, Molecular Level Challenges in Environmentally Complaint Coatings,” Int. J. Coat. Sci., 2002, 1, 22-39.

D. Otts, P.Zhang, and M.W. Urban, “Internal Reflection Infrared Imaging (IRIRI); High Fidelity Chemcial Imaging at 1000 nm Levels,” Langmuir, 2002, 18(17), 6473.

A. Yacoub and M.W.Urban, “Release of Phospholipids from Colloidal Particles to Surfaces,” Biomacromolecules, 2003, 4, 52-56.

K.E. Beritenkamp and M.W.Urban, “Controlled Crystallization of Lyotropic Liquid Crystals from Colloidal Particles,” to be submitted.

B.Kiland and M.W.Urban, “Epoxy-Modified Phonol Novolac (EPN) Powder Coatings; Step Scan Photoacoustic Studies,” to be submitted.

Q. Han and M.W.Urban, “Kinetics and Reaction Mechanisms of Catalyzed and Non-Catalyzed OH-Terminated Acrylic/NCO of HDI Polyurethanes; VI,” J. Appl. Polym. Sci., 2003, in press.

K. Katti and M.W. Urban, “Conductivity Model and Photoacoustic FT-IR Surface Depth Profiling for Heterogeneous Polymers,” Polymer, 2003, in press.

B.R. Kiland, M.W. Urban, R.A. Ryntz, “Surface Depth Profiling of Polymer Compounds Using Step-Scan Photoacoustic Spectroscopy (S2-PAS),” Polymer, 2001, 42, 337-344.

Y.Zhao and M.W. Urban, “The Effect of Hydrophobic Tails on Orientation of SDS and SDOSS Surfactants Near the Film-Air Interface of Sty/n-BA Copolymer Latex Films, Langmuir, 2001, 17(22); 6961-6967.

"Investigation of Microindentation Property and Microscratch Behavior for Elastic-Plastic Materials by Rheological Factor," Zhiqiang Liu, Jian Sun, and Weidian Shen, submitted to Tribology International.


"Determination of Adhesion Energy of CNx Thin Film on Silicon from Micro-Scratch Testing", Zhiqiang Liu, Jian Sun, and Weidian Shen, submitted to STLE Tribology Transaction.

“Analytical Solution to Rough Contacts with Elastic Layered Solids”, Zhiqiang Liu, Jian Sun, and Weidian Shen, submitted to STLE Tribology Transaction. 
“Effect of Nano-silica on the Properties of Polyester Based Polyurethane”, Shuxue Zhou, Limin Wu, Jian Sun, and Weidian Shen, Journal of Applied Polymer Science, 88, 189(2003).

"The Change of the Properties of Acrylated Polyurethane via Addition of Nano-silica", Shuxue Zhou, Limin Wu, Jian Sun, and Weidian Shen, Progress in Organic Coatings, 45(1), 33(2002).

“Study of Plowing and Friction at the Surface of Plastic Deformed Metals”, Zhiqiang Liu, Jian Sun, and Weidian Shen, Tribology International, 35, 511(2002).

“Study of Mechanical and Tribological Properties of Materials, Coatings, and Layered Composites in Micro- and Nano- Scale with Scanning Probe Microscope and Nano Indenter”, Bin Jiang, Jian Sun, Huijuan Ye, and Weidian Shen, Proceedings of Shanghai International Nanotechnology Cooperation Symposium (SINCS), pp358-371, 2002.

“Analysis of Taber test in characterization of automotive side windows”, Jian Sun, Harold Mukamal, Zhiqiang Liu, and Weidian Shen, STLE Tribology Letters, 13(1), 55(2002).

“Friction of lubricated layered surfaces”, Zhiqiang Liu, Jian Sun, and Weidian Shen, STLE Tribology Transactions, 45(2), 153(2002).


“The Contribution of a Soft Thin (metallic) Film to a Friction Pair in the Running-in Process”, Zhiqiang Liu, Anne Neville, R. L. Reuben, and Weidian Shen, STLE Tribology Letters, 11(3-4), 161(2001).

“Study of Tribological Properties of Coating/Substrate System in Micrometer and

Nanometer Scales with a Scanning Probe Microscope”, Weidian Shen, Bin Jiang, Steven M. Gasworth, and Harold Mukamal, Tribology International, 34(2), 135(2001).

“Artist Paints – An Overview and Preliminary Studies of Durability,” Jones, F.N.; Mao, W.; Ziemer, P.D.; Xiao, F., Prog. Org. Coatings, 2003, submitted for publication.

“Novel high-solids pigmented coatings prepared from a newly-synthesized isophthalate-based oligoester, a melamine resin, and various fillers,” Diakoumakos, C. D.; Jones, F.N.  J. Appl. Polym. Sci., 2002, accepted for publication.

“A new class of high-solids low-gloss mar resistant pigmented coatings prepared from an isophthalate-based oligoester, a melamine resin, and various talcs,” Diakoumakos, C. D.; Jones, F.N.  Surface Coat. Technol., 2002, 150(1), 37-49. 
“High-solids mar resistant clearcoats prepared from an isophthalate-based oligoester and a melamine resin.  Study and characterization of mar resistance with scanning probe microscopy method,”  Diakoumakos, C. D.; Jones, F.N.; Ye, H.; Shen, W., J. Appl. Polym. Sci., 2001, 83(6), 1317-1333.

“Studies on the chemical, physical, and mechanical properties of high-solids clearcoats prepared from hydroxyl-terminated isophthalate-based oligomesters and a melamine resin,” Diakoumakos, C. D.; Jones, F.N.  Surface Coat. Technol., 2001, 140, 183-194.

REVIEWS, SYMPOSIUM ARTICLES, EDUCATIONAL ARTICLES, AND BOOK CHAPTERS

“Alkyd Resins,” chapter in Ullmann’s Encyclopedia of Industrial Chemistry, 6th Edition; CD-ROM/Online Edition, 2002.

A series of chapter excerpts from “Organic Coatings: Science and Technology,” Wicks, Jr., Z.W.; Jones, F.N.; Pappas, S.P., 2nd Ed. Wiley-Interscience, New York; 1999 published as “Educational Series” articles in The Journal of Coatings Technology:

· “Pigment Dispersion: I,” J. Coat. Technol. 2001, 73(921), 145-149.

· “Pigment Dispersion: II,” J. Coat. Technol. 2001, 73(922), 25-28. 

· “Pigment Dispersion: III,” J. Coat. Technol. 2001, 73(923), 77-83.    

BOOK CO-AUTHORED

“Transfer of Coatings Technologies for Pollution Prevention to the Department of Defense,” National Academy Press, Washington, DC, 2002.  With eight co-authors.  

RESEARCH PAPERS PRESENTED; INCLUDES CITATION WHEN PAPERS WERE

      PUBLISHED

 “Characterization of Polymeric Coatings with Nano-Indenter and Scanning Probe Microscope,” Shen, W.; Jiang, B.; Liu, Z.; Jones, F.N., Presented by Shen at the 34th Annual Central Regional Meeting of the American Chemical Society, June 26-29, 2002.

Other Specific Products

None

Contributions to

Within Discipline

The projects involving the nano-indenter and SPM techniques have contributed to our understanding of coatings properties of complex multiplayer coatings systems at the microscale and nanoscale level and the relation to end use macroscopic properties. The information obtained has also enabled the modeling of the behavior of the coating systems at the microscale and nanoscale level.

The IR imaging elucidated the origin of the film formation of emulsions and allowed us to further understand the relationship between particle morphologies and films properties. 

Other Disciplines

The Nano-indenter studies are highly interdisciplinary involving physics, chemistry, math modeling and coatings science. The science and methodology developed already has impacted evaluation of dental crown materials, and has potential for impacting the field of metallurgy in better understanding the surface hardness and lubricity properties of metals and metal alloys.

The impact on biological studies as well as semiconductor industries has been very fruitful. Detection of impurities and mobility of individual components as a function of reaction conditions were also determined.

Human Resource Development

The projects reported here have been useful for training and educating graduate students and providing specialized skills to postdoctoral students. As a result of these activities numerous students and postdoctoral associates joined the workforce.  About 20% of students participating in the training supported by the Center were women and minorities. 

Resources for Research and Education

The Nano-indenter III is a unique instrument and shared by the Coatings Research Institute at EMU and the Physics department and housed in the Physics department. The graduate students exposed to this instrument have a unique opportunity to develop specialized skills.

IR imaging accessory that is part of the Center is also used in the current curriculum.

The instrumentation utilized and developed as a result of the Center activities allowed both universities to provide additional space, thus expanding laboratory space and facilities in general.

Beyond Science and Engineering

The results from the projects in the coatings research center not only have value in building the knowledge base in coatings science and technology for our member companies, but in many instances member companies are able to utilize the knowledge to enhance their commercial technology in the form of improved products and/or new products. 

Special Requirements

No change in objectives and scope.







