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Where Do I Begin? – A Roller
Coaster Year
by Ron Kohser
Reflecting back on my first year as
department chair, I find a year like none other
-- a year of extreme highs and extreme lows
that clearly exceed the boundaries of most
recent years. As you scan this newsletter, you
will encounter a number of those extremes,
and I’ll attempt to summarize just a few.
Let’s begin with the campus as a whole:
A decline in enrollment – At a time
when other engineering schools were
maintaining stable enrollments, UMR’s fell
for about five consecutive years. Coupled
with a companion decline in the economy and
the level of state support, and we were rapidly
approaching a crisis. The good news – an
enrollment turnaround. With the hiring of a
new dean of Enrollment Management and the
implement of some revised admissions
procedures, last fall’s student body was
stabilized and this fall’s shows an increase in
freshmen, transfers and graduate students.
Freshmen numbers have gone from 696 to
715 to about 810 from fall, 2000 to fall, 2002.
Transfers have risen from 195 to 231 to 260,
and grad students from 348 to 395 to 450.
The number of freshmen declaring a
preference for Mines and Metallurgy
disciplines has also increased.
Research productivity hits an alltime high. With the appointment of Wayne
Huebner (former chair of ceramic engineering
and former director of the Materials Research
Center) as interim Vice-Provost for Research,
and an increased drive for research
productivity, research activity has risen

significantly on the campus. Accompanying
this campus trend is an all-time high for the
metallurgical engineering department. Our
2000-2001 productivity was about $1.4
million, and the 2001-2002 research effort
within metallurgical engineering was in
excess of $2 million!
Performance of young faculty.
What can I say? Matt O’Keefe and Rajiv
Mishra were brought to Rolla 3 to 4 years ago
as part of the campus’ “Mission
Enhancement” efforts -- Rajiv as part of the
manufacturing emphasis and Matt as part of
the materials focus. As we prepared dossiers
to support Matt’s candidacy for tenure and
Rajiv’s request for tenure and promotion, it
has become abundantly clear just how much
these individuals have exceeded our greatest
expectations. Not only have they become
leaders in research productivity (both in the
department and on the campus), but they are
also excellent teachers in the classroom. We
are blessed with young, enthusiastic faculty
whose credentials would open doors at any
school in the country.
Von Richards becomes the Wolf
Professor. We were fortunate to woo an
established foundry expert from a quality
program at Tri-State University in Indiana to
fill the void created by Don Askeland’s
retirement.
Von brings an established
research program in ferrous metal casting (as
well as areas such as investment casting) that
compliments and expands our historicallystrong program in metal casting. On a typical
day, our foundry facility now bustles with a
full load of instructional activity along with a
variety of research projects.

Accreditation preparation.
All
engineering programs at UMR are up for
renewal of our ABET (Accreditation Board
for
Engineering
and
Technology)
accreditation. A visiting team will be on
campus September 29-October 1.
In
preparation for this visit, the department
prepared a self-study document addressing a
number of areas. Some of the data was quite
interesting. Students who received their B.S.
in metallurgical engineering between 1996
and 2002 found permanent employment at 65
different companies. The big leader was
Caterpillar Tractor Co., hiring 16 UMR mets.
National Steel (Granite City) was second with
eight. AK Steel, Commonwealth Aluminum,
Nucor Steel and Olin each hired four. Alcoa,
Boeing, General Motors and U.S. Steel all
hired three.
Twenty-four of our graduates
went directly to graduate school. Eleven
stayed at UMR in Met. or Engineering
Management.
Thirteen took their UMR
background to schools that include: Colorado
School of Mines, Georgia Tech, MIT, Ohio
State, Penn State, UC-Berkeley, University of
Wisconsin-Madison, Univ. of Minnesota,
Univ. of Tennessee, and the University of
Alabama-Tuscaloosa.
Companies that
provided coop experiences during the past six
years included: AK Steel, Alcoa, Ameristeel,
Arco-Alaska, Bodine Aluminum, Carondelet
Foundry,
Caterpillar
Tractor,
Citgo,
Commonwealth Aluminum, Ford Motor Co.,
General Motors, Lone Star Steel, National
Steel, Nucor Steel, U.S. Steel, and Wells
Manufacturing.
Faculty
recognitions.
Mark
Schlesinger was selected as a Fulbright
Scholar and is spending the current semester
as a visitor at the Kungliga Tekniska
Hogskolan (Royal Institute of Technology) in
Stockholm, Sweden. [Ask him about the
Swedish blonde who wanted to share his
scenic patio!] Von Richards was the recipient
of the 2002 Howard Taylor award from the
American Foundry Society. This award is

given in recognition of the paper having the
greatest long-term technical impact on the
metal casting industry, and was given in
recognition of his 1999 paper on “Age
Strengthening of Gray Cast Iron” authored
jointly with Wayne Nicola.
Significant
cuts
in
state
appropriations.
A recent issue of the
Chronicle of Higher Education contained the
following statements in their annual
summary: “The 2001-2002 academic year
was like a bad horror movie for higher
education in Missouri. There seemed to be no
escaping the ax”. The capital appropriation
for construction and renovations was
immediately withheld.
As the state’s
economic situation became more dismal,
there was a series of snatch-backs of
appropriated funds, ultimately leaving the
university with about 19% less state support
than we had when the year began. The net
decrease to the campus is an amount just shy
of $1000 per enrolled student!
Each wave of withholding was
accompanied by its companion reallocations,
and the near-term future looks bleak. The
2002-2003 appropriations are about 10%
below those initially approved for 2001-2002,
and there is continued talk of further
withholdings again this year! An 8% increase
in educational fees was imposed, placing
additional pressure on students and parents
(See companion article on Departmental
Scholarships).
All salaries on campus have been
frozen and a zero raise is the rule across
campus. All vacant positions revert to the
provost for withholding or redistribution. At
present, it would appear that we have lost the
position of our former department chair, John
Watson.
Additional shakeouts include
depletions, “taxes”, or reductions in nearly all
discretionary accounts on the campus. The
reward system by which faculty and
department would receive “perks” for
research productivity, etc. is largely non-

existent, as all non-essential funds have been
gobbled up!
Lead abatement cleanup of McNutt
and Fulton Halls. As if the budget woes
were not enough, lead particulates were found
in both McNutt Hall and Fulton Hall,
prompting an OSHA/EPA clean up. A full
lead abatement cleanup was conducted last
December and January that included
vacuuming and wet-wiping all exposed
surfaces, overhead pipes, backs of ceiling
tiles, etc. in both buildings. The full cost of
the cleanup was between $350,000 and
$400,000. The University has adopted a
policy with regard to OSHA/EPA fines and
expenditures that the unit responsible for the
expense provides the funds. Because a
portion of the expense was a long-term
problem (Some of the Fulton Hall lead may
have come from when the building was the
Bureau of Mines facility way back when!), a
cost sharing is being implemented. The
School of Mines and Metallurgy and its
various departments is expected to cover half
of the expense. The bill to metallurgical
engineering will be on the order of $40,000.
Compare this to our annual non-salary
operating allocation of about $30,000 and you
can see a problem! As a result, we’ve
become lead paranoid – no handling of leaded
steels, free-machining brasses, or floating of
lead in mineral processing lab!
Departmental
Consolidations.
While I am on a roll with negatives and
downers – this past summer we received a
dictum from Parker Hall, asking the School of
Mines and Metallurgy to conduct a self-study
to identify ways to reduce operating costs and
improve efficiency and productivity. An
initial subset of this dictum was a request to
consolidate our current six departments
(ceramic
engineering,
geological
and
petroleum
engineering,
geology
&
geophysics, metallurgical engineering, mining
engineering, and nuclear engineering) into
four or less. One merger that was consistently

on the table was the merger of metallurgical
and ceramic engineering.
There was considerable opposition, as
you might expect, and we failed to see the net
benefit. Each of our units is administered by
a department chair whose administrative
duties are only a fraction of a full-time
position. Each Mines and Met. department
chair teaches classes and conducts research.
Half of the current secretarial staff within the
School is funded through research efforts, i.e.
these people are not on state dollars and could
not be used to generate state dollar cost
savings. Alumni boards and key industries
were contacted, and through a variety of
pressures and responses, that particular
directive was withdrawn. We have completed
our self-study and submitted it prior to the
September 1 due date – (what a summer!!).
During the study, we quickly realized
that when it came to our undergraduate B.S.
degree programs, each of our departments
was a highly defensive turf-protector. Neither
met. nor ceramics had any interest in moving
toward a material science curriculum or any
form of joint department. If we shifted the
focus to graduate education and research,
however, there was a definite attractiveness to
cooperation. Our final proposal calls for the
formation of a “Division of Materials” on the
campus to coordinate and expand the efforts
of metallurgical engineering, ceramic
engineering, the Materials Research Center,
and the materials efforts of various
individuals throughout the campus with
interests in polymers, composites, and various
processing and application areas relevant to
materials.
Our Uniqueness and National
Stature. As we conducted the self-study, our
data collection yielded some interesting
results. There are only three universities that
still have a department named Metallurgical
Engineering (UMR, South Dakota, and Univ.
of Utah). There are eleven schools with
departments
that
have
metallurgical

engineering in their name (the three above,
seven departments of metallurgical and
materials engineering, and one department of
chemical and metallurgical engineering).
Among these 11 institutions, we are the
second largest in undergraduate enrollment.
Among 56 institutions who offer a B.S.
degree in metallurgical engineering or some
form of materials, UMR is the eighth largest
if we count just our met. degrees and second
largest if we combine our figures with those
of ceramic engineering. As a result of this
study, we have determined that UMR will
report data in a combined form (Met. Engr.
plus Ceramic Engr) for all off-campus
surveys, including U.S. News and others. By
combining
enrollments
and
research
productivity, UMR will hopefully be more
recognized for its stature in the field.
National Prominence for Materials
at UMR. I recently attended a campus
meeting consisting of representatives from a
variety of schools, departments and research
institutes on the campus. Our leadership
wants to identify one or two areas where
UMR can achieve national prominence and
then preferentially direct personnel, resources,
equipment
funds,
etc.
to
facilitate
achievement. The initial meeting was to
investigate the potential for “engineering
materials” to be our campus’ claim to fame.
At a time when we are continuing to be hit
with budgetary restrictions, and are operating
in a survival mode, it is encouraging to hear
that our areas are still recognized for their
contributions to the campus, and the national
stature that they have already assumed. I
would hope that future communications will
enable me to share more about this
opportunity and the benefits that are
associated with it.

Departmental Scholarships
Metallurgical engineering has always
prided itself in the large number of
departmental scholarships it provides to its
students.
For many years, we have
maintained a standard that any student with a
3.0 or higher grade point average would
receive a departmental scholarship.
In
addition, departmental scholarships were
awarded to a number of incoming freshmen
on the basis of a declaration of a metallurgical
engineering
preference,
and
these
scholarships formed a significant aspect of
our student recruiting program. In recent
years, the UMR Department of Metallurgical
Engineering was awarding approximately
$70,000 per year in departmental scholarships
to undergraduate students.
With each successive wave of reduced
and withheld allocations, the campus was
faced with the need to look deeper into the
budget. A decision was made not to look to
layoffs or reductions in personnel, except
through natural attrition. Easily identified
funds were quickly exhausted. The spotlight
came to financial aid. Compared to other
campuses within the state, UMR used a
higher portion of state-supplied general
operating
(GO)
funds
for
student
scholarships, effectively discounting our
tuition for needy and deserving students. A
decision was made to offset some of these GO
funds through the use of departmental
scholarships. When a student was awarded a
departmental scholarship, the financial aid
office first checked to see if they were also
receiving any form of GO-supported
scholarship. If so, that award was reduced by
all or a portion of the departmental award,
thereby freeing the GO monies to be
reallocated elsewhere in the budget. The
student still received the full amount of
campus-allocated
financial
aid,
and
metallurgical engineering monies were

directed to met. students, but the met.
scholarship brought little or no increase to the
bottom line.
Departments were “assessed” amounts
based on their ability to pay.
Hence,
metallurgical engineering, with its solid
scholarship base, received a substantial hit -$20,000 for the 2001-2002 academic year.
There was some hope that this would be a
one-time assessment, and we all wanted to
maintain the integrity of the scholarship
program that the department had worked so
hard to build. Therefore, we negotiated an
alternative in which the department provided
$20,000 in additional funds to cover the
“assessment” and asked that all normal
scholarships be awarded as additions to the
base financial aid. This effectively depleted
much of the department’s discretionary funds.
Unfortunately, the program was
continued for the current 2002-2003 school
year, and the “assessed” amounts were
increased to 60% of departmental awards.
Since some of our students do not receive
GO-funded scholarships, those who do are
finding their departmental awards being
“taxed” at rates between 75 and 100% to
generate the desired offset. Our $20,000 per
year assessment has risen to $40,000 for the
current year, and the discretionary funds are
not available to cover the amount. While met.
scholarships still go to met. students, the net
benefit of a departmental scholarship has been
severely compromised.
While the long-term goal of the
campus is to replace GO-scholarships with
alumni and industry-endowed awards, this is
not likely to occur in the near future. We
would hope that the present policy is only
temporary, but I’m not sure that we can see
the light at the end of the tunnel.

One of our alums has already
established a scholarship/loan fund for
students in financial hardship. This fund is
shared between mining and metallurgy and
our share is about $10,000 of awardable funds
each year. At present, it is seeing increased
use with the rise in fees and the offsetting of
departmental scholarships.

1952 Alums Return to Campus
This past June, we had quite a
contingent of 1952 alums return to campus for
their 50th reunion, and there was a good
representation from our metallurgical
engineering grads. Pictured outside McNutt
hall are Frank Almeter, Paul Barnard, Paul
Hausner, Joe Henry, David Meskan, Norbert
Neumann, Vernon Potter, Clarance Tarr, and
Jack Zenik. It was great to visit with these
“young” people and learn about their careers
and accomplishments. In turn, it was a
pleasure to show them metallurgical
engineering as it now exists at UMR. Along
the way, we all had a bit of fun and certainly
enjoyed each other’s company.

Departmental Points of Pride
Each
UMR
department
was
challenged to identify “points of pride” that
provide quality to our program and make the

department unique. The “Points of Pride” for
metallurgical engineering include:
1. A broad, traditional degree program,
unique in the Midwest and one of few
in the U.S.
2. Outstanding career opportunities in
numerous diverse industries. Starting
salaries average nearly $50,000. Over
90% of graduates have employment
by commencement.
3. Departmental
scholarships
are
provided to all freshmen in the top
25% of their high school class.
4. Co-op and summer job opportunities
are readily available. 93% of all
graduating seniors have summer
employment experience and 22% have
co-oped.
5. The curriculum provides a large
amount of hands-on laboratory
instruction. There are six required
labs and nine elective laboratories.
6. The small size enables an excellent
educational environment with typical
senior classes of about 15 students.
All classes and laboratories are taught
by full-time faculty.
7. The program is housed in a wellequipped modern facility. Students
have access to excellent equipment.
8. The program has active student
chapters of three professional societies
(ASM/TMS, AFS, and ISS).

Duane Symes, Gary Yerby, Russ Harrell, and
Scott Avis.

New Departmental Awards
The department started the spring
2002 semester with an all-department dinner
at the Rolla Lions Club facility. Two new
annual awards were introduced. The first was
“Student of the Year”, with the recipient
determined by a vote of the Met. Faculty.
This award began with a tie between Lucie
Johannes and Peter Jorg. Both completed
their degrees in May and are continuing their
metallurgical education in graduate school.
Lucie is attending MIT and Jorg has remained
at UMR. The first ever “Faculty of the Year”

You Never Know Where!
When our chancellor was in Tianjin,
China he encountered several UMR alums,
who just happened to be metallurgical
engineering grads – Duane Symes and Gary
Yerby. These individuals also linked with our
UMR Solar Car Team when they visited the
People’s Republic this past fall. The attached
picture shows four of our alums – all
Caterpillar Tractor employees posing atop the
Great Wall. Those pictured include (L to R)

recipient was Dave VanAken.
The
accompanying photo shows Lucie, Jorg and
Dave proudly displaying the award plaques,
which now reside on the corridor wall outside
the department office.

Research for the Steel Industry is
Alive and Well at UMR
Several research projects are in-progress at
UMR aimed at helping the US steel industry
improve in areas of productivity, quality, and
competitiveness. Integrated steel companies,
scrap-based steel makers and steel foundries
are all participating in the research.
Drs. Kent Peaslee and David Van Aken, both
Metallurgical Engineering professors, have
teamed with Dr. Jeff Smith from Ceramic
Engineering and 11 integrated steel
companies to study a problem that has
plagued steelmakers since the beginning of
continuous casting. During the continuous
casting of aluminum-killed steel, alumina
accretions form on the inside of the refractory
nozzles as the steel flows from the tundish to
the mold. This decreases the casting speed
which eventually leads to either changing the
nozzle or termination of the strand. Four
years ago, Kent Peaslee and Jeff Smith began
research funded by the US Department of
Energy (DOE) and the American Iron and
Steel Institute (AISI) to understand the
interaction of aluminum killed steel and the
composition of nozzles.
Based on the
findings of this original research, AISI and
DOE have funded a new project to construct
nozzles that will resist clogging. Dr. David
Van Aken has been added to the team to use
plasma spray for the production of refractory
nozzles that could not be considered with
traditional refractory production.
An exciting new project funded by DOE is
scheduled to start in 2003. Drs. Kent Peaslee,
Von Richards, and David Robertson from the
Metallurgical Engineering Department, Dr.
Jeff Smith from Ceramic Engineering, and
Dr. Brian Thomas from University of Illinois
have teamed with seven scrap-based steel
companies to design a process to continuously

melt, refine, alloy and cast steel. This process
has the potential of revolutionizing the way
that steel is made in the 21st century. The
process should be less capital and energy
intensive to build and maintain, significantly
more productive, safer, environmentally
friendly and cost effective to operate, and will
produce higher quality steel faster than
traditional batch processes.
Drs. Kent Peaslee, Von Richards, and Jeff
Smith are also involved in several research
projects with steel foundries throughout the
US. These projects are funded by DOE and
participating companies in the Steel Founders
Society of America.
Projects include
refractory improvements for electric arc and
induction furnaces, prevention of burn-in, and
modeling of clean steel foundry practices.

Materials Characterization on
Campus
The Metallurgical Engineering Department
continues to lead characterization efforts on
the UMR campus. In October 2001, Scott
Miller, assistant professor of Metallurgical
Engineering was named director of the newly
formed Advanced Materials Characterization
Laboratory (AMCL).
The AMCL will
coordinate and expand the campus efforts in
scanning
and
transmission
electron
microscopy, scanning tunneling and atomic
force microscopy, Auger and x-ray
photoelectron spectroscopy, x-ray diffraction,
and thermal analysis (DTA/TGA and DSC).

Activities during the past summer saw the
upgrading of the Hitachi S-570 SEM housed
in McNutt Hall to a LaB6 electron gun, which
will increase the brightness of images and
allow higher resolution imaging (see
accompanying photo). Also, an additional
LaB6 SEM, the JEOL 845, was acquired via a
generous donation from the Boeing
Corporation in St. Louis.

Thin Film Metals Research for Use
in Microelectronic Applications
There are a number of current projects in the
research groups of Dr. Matt O’Keefe and Dr.
Tom O’Keefe looking at the deposition and
characterization of thin metal films and
coatings for use in microelectronic
applications. Although the EE’s think they
control the electronics and high tech world,
more often than not it is developments and
discoveries in metals and materials that
enables faster, smaller, and more powerful
devices. One of the recent “advances” in the
semiconductor industry is the switch from
aluminum
interconnects
to
copper
interconnects on integrated circuit (ICs).
Copper is now being used on the most
advanced ICs because it has a lower
resistivity than Al, making items like Pentium
chips lower power and faster running than
would be possible with Al. The industry has
been slow to switch over to Cu because it
cannot be deposited and patterned like Al.
Aluminum has been sputter deposited and
then patterned on silicon wafers using a
chlorine-based plasma etch process to make
sub-micron width lines for decades. However,
copper cannot be etched using a plasma and
other methods for fabricating interconnects
had to be developed. The current practice is to
deposit a seed layer of copper using sputter or
chemical vapor deposition onto a thin
diffusion barrier film (yes, the same kind of
diffusion process you studied in school) made

of material such as TiN or TiSiN. The copper
seed layer is then electroplated with
additional copper to the desired thickness.
Finally, the entire wafer is flipped over and
given a chemical/mechanical polish to remove
excess copper and to flatten the surface. The
polishing operation is similar to the processes
used in the undergrad Met labs, although
scratches are not allowed and no one in the
semiconductor industry uses bakelite to
mount the wafers.
One of the areas of research being
investigated is depositing the copper seed
layers onto the barrier film using an
electrochemical process rather than sputtering
or chemical vapor deposition. This approach
would be compatible with the subsequent
copper electroplating and have much lower
production costs. The method being
developed in the department employs organic
solvents, typically used in the solvent
extraction industry, that have been loaded
with metal ions from an aqueous phase. After
the organic solvent has been loaded with
metal ions it is possible to reduce the metal
ions to metal particles on the surface of the
barrier films via an electrochemical reaction.
Shown in the Figure 1a are cross-sectional
transmission electron microscope (XTEM)
images of a TiSiN barrier film with Pd seed
particles deposited from an organic solution.
The palladium particles are ~10 nm in
diameter, putting the department at the
forefront of the much talked about
“nanotechnology” revolution. We can’t make
them any bigger, but no one needs to know
that. Presented in Figure 1b is a XTEM of a
similar sample after electroless copper
plating. Copper plates on the sample if the Pd
seed particles are on the surface but it is
difficult to plate without the seed metal
present. International SEMATECH, a
consortium of semiconductor manufacturers
located in Austin, TX, has shown interest in
the process and is supplying wafers for

evaluation and testing. There are a number of
other microelectronic applications that the
process can be used for which are also being
pursued.

secretary, Ruth Thompson. These two, along
with some secretarial assistance from down

The TEM samples were prepared using some
new equipment in that was purchased, in part,
by a donation from Caterpillar. We appreciate
the financial support and look forward to
using the equipment for many years to come.

the hall, had other plans in mind. Upon
arriving back at the office the following
morning, the door was opened to quite an
array of Saran wrap, silly string, and crepe
paper, along with an assortment of signs and
notes declaring that “I didn’t do it!”, “They
made me do it!” and others. Who would
believe that the anchor of the department
office, Joyce Erkiletian, could commit such
an atrocity – and enjoy it as much as she did?
As the photo reveals, a good time was had by
all!

Figure 1. Cross-sectional TEM micrographs
of (a) a Pd seeded TiSiN substrate; (b)
electroless deposited copper on a Pd seeded
TiSiN substrate.

Von L. Richards, Wolf Professor of
Cast Metals
Research Areas
Cast Iron

The age strengthening project has been very
productive in the Gray cast iron area. It has
not only led to yield improvements by
allowing foundries to adjust the carbon
The week following the close of school this
equivalent upwards and still achieve tensile
TiSiN
past May, the Met. faculty held an all-day
strength and Tensile/Brinell Ratio. It has led
TiSiN
retreat at a restaurant facility in St. James,
Cu
to an understanding of machinability
culminating in a dinner where we were joined
Cu
improvements with time and demonstrated
by the secretaries and faculty wives. This TiSiN
through the application of Avrami kinetics
SiO
2 happened to coincide quite closely with
event
TiSiN
th
the 55 birthday of the new department chair, SiOwhy 5-10 days, depending on soluble nitrogen
2
who went off feeling confident that all was in SiOcontent among other things, seems to be a
2
magic
number for holding castings for
the capable hands of our administrative
optimal
machinability. This has led to seed
assistant, Joyce Erkiletian, and department

Don’t Leave the Office on Your
Birthday

money for research in aging in ductile iron
and a proposal for accelerating the aging
process. The work has also resulted in the
addition of a Leco inert gas fusion nitrogen
analyzer to the instrumentation complement
of the Metallurgical Engineering Department
and five publications. It has also led to
international recognition with an invited paper
at the International Symposium on the
Science and Processing of Cast Iron in
Barcelona Spain and national recognition with
the awarding of the Howard Taylor Award of
American Foundry Society retrospectively in
2002 for the initial 1999 paper.
Mold Materials
This is another area of research emphasis with
a DOE project, a DOD project, and an NSF
Collaboration with Mechanical Engineering.
We are working in two areas. The burnon/burn-in sand problem is an age-old one in
the steel foundry industry. We are working to
develop an understanding of the problem by
collaboration with steel foundries and in-plant
designed experiments. This involves steel
foundries from all over the U.S. although
three of the participating foundries are in
Missouri. Another mold materials area is the
investment casting area. We are working on a
Department of Energy program on investment
casting shell cracking that looks at the effects
of structure and thermal expansion of pattern
wax and the development of new bench
testing to represent the cracking resistance of
mold shells. Another investment casting area
has been the interaction with Dr. Ming Leu of
the Mechanical Engineering Department on
mold materials suitable for using ice patterns
from rapid prototyping as patterns for small
investment castings such as used for dental
and biomedical applications. We have made
some progress in developing interface
materials that prevent interaction of alcohol
based silica gel mold materials with the
pattern.

Aluminum
Exploratory research work is being performed
with Dr. Rajiv Mishra on using friction stir
processing as a surface modification
technique to improve the fatigue behavior of
cast aluminum alloys.

Covering New Topics with New
Coatings
by David Van Aken
Thermal spray research is continuing to grow
at UMR and expand into new areas of
materials processing. We are very excited
about the new AISI-DOE project on studying
nozzle clogging associated with continuous
casting of steel. This research will push the
limits of coating technology and we will be
dealing with materials that have never been
processed by thermal spray. This project has
also afforded us the opportunity to purchase a
new 100kW plasma spray system and that’s
very exciting.
The solution to submerged entry nozzle
clogging is pretty simple. Just find a material
that will resist the formation and build-up of
aluminum oxide; and from the previous
studies at UMR, a number of candidate
materials have been identified. However, the
real challenge is trying to incorporate those
materials into the current practices of
steelmaking. The concept of applying these
new materials as a thermal spray coating is
appealing to the steelmakers since, the coating
will be backed-up by a standard refractory
nozzle.
Thermal spray research started at UMR just as
the U.S. Bureau of Mines closed the Rolla
facilities. At that time, UMR obtained the
Bureau’s 40 kW plasma spray unit and
installed the system in Fulton Hall. The
plasma spraying process consists of

Secondary electron image of the surface of a
plasma sprayed coating.
introducing a powder carried by a gas into a
high temperature flow of ionized gas that has
been created by an electric arc discharge. The
powder particles are subsequently melted or
partially melted and propelled towards a
substrate by a carrier gas, often the same as
the arc gas. Upon impact the molten particles
form lamellae or splats that adhere to the
substrate by mechanical bonding to surface
imperfections (see Figure above).
The
primary element that sets plasma spraying
apart from other proven coating processes is
the ability for a wide range of materials to be
deposited onto a very broad range of
substrates. Nearly any material that can be
produced in powder form can be deposited by
plasma spraying.
We have sprayed
everything from thermoplastic polymers to
ceramics used for thermal barrier coatings.
The process is very flexible. For the past 3
years, Professors Jeffrey Smith (Ceramic
Engineering) and David Van Aken have been
working with Boeing Commercial Aircraft to
develop coatings for ceramic tools used in the
superplastic forming of titanium alloys.

Friction Stir Processing Research
Last year UMR procured a Friction Stir
Welding (FSW) and Processing machine
through funding from the National Science

Foundation. Rajiv Mishra, David Van Aken,
Joseph Newkirk and Matthew O’Keefe from
the Metallurgical Engineering Department
have formed a core group with faculty from
other UMR departments to pursue
establishment of the Center for Friction Stir
Processing (C-FSP). The primary objective of
the center will be to enhance the science and
technology of friction stir processes.
Currently, a number of friction stir welding
and processing research projects are being
conducted at UMR which are sponsored by
NSF, DARPA/Rockwell Scientific and
Boeing. The primary thrust of FSP research at
UMR is to develop FSP as a generic
microstructural modification tool. This
concept is particularly attractive for property
enhancement at selective locations. For more
information on FSW/P research at UMR,
please contact: Rajiv Mishra, 573 341 6361,
rsmishra@umr.edu.

Advanced Aluminum Alloys
Research
Rajiv Mishra and his research group members
are investigating deformation behavior of a
number of advanced aluminum alloys. The
overall research efforts include: (a)
fundamental investigation of deformation
mechanisms in nanophase aluminum alloys
sponsored by AFOSR, (b) investigation of
threshold stress in dispersion strengthened
aluminum alloys sponsored by NSF, and (c)
high temperature deformation behavior of
advanced aluminum alloys derived via
amorphous aluminum alloy route sponsored
by DAPRA/Boeing. These efforts are directed
towards development of high strength
aluminum alloys with improved elevated
temperature properties. For more information
on advanced aluminum alloys research at
UMR, please contact: Rajiv Mishra, 573 341
6361, rsmishra@umr.edu.

Patent News
Dr. Newkirk was recently awarded a patent
for a new alloy developed to be cast into
pump bodies that can resist hot sulfuric acid
in the 60 to 80% concentration ranges. US
Patent #6,342,181, 1/2902 “Corrosion
Resistant Nickel-Based Alloy” was awarded
to Dr. Newkirk and his co-inventor, Dr.
Sanhong Zhang (PhD, UMR 2000). Five
years of work resulted in an alloy that was
castable, machinable, weldable, and able to
withstand boiling sulfuric acid. The material
is sand cast into the near net shapes, and then
subjected to a heat treatment to homogenize
as well as soften the alloy. The final
fabrication
step
is
machining
to
specifications.
Welding procedures and
welding rods were developed to repair the
cast parts. The alloy is currently licensed to a
St. Louis firm that specializes in industrial
pumps for the chemical processing industry.
One proposed use is for recycling spent
sulfuric acid.
Currently the available
materials for the 60 to 80% composition range
are extremely brittle and very difficult to
fabricate. The new alloy has high strength
and sufficient ductility to make it tough.

2001-2002 Phonathon
Last year, Metallurgical Engineering alumni
gave $29,876 to the department through the
2001-2002
phonathon,
approximately
matching the previous year total of $29,530.
While only 13% of the department’s 1684
alumni contributed, the average gift of $132
was the highest in department history. More
important, the actual receipts exceeded the
pledged amount of $24,332 by over $5500.

2002-2003 Phonathon
This year, faculty and students will be calling
from October 23 through October 29th, and as
you will read throughout this newsletter, our
need is greater than ever! We would like to
replenish some of our discretionary funds –
much of which goes to make student life a
little bit better. In addition to the traditional
semester picnics, we also held an alldepartment pizza party one Thursday evening
last fall involving faculty, faculty families,
students, spouses, guests and families. All
students are required to take the
“Fundamentals of Engineering” exam as a
requirement for graduation. This first step to
professional registration used to carry a
registration feee of $50 and the department
traditionally paid half. The fee has been
raised to $80, and the faculty have recently
approved a policy of full reimbursement upon
presentation of a “pass” letter. Many of our
students saw a net reduction in financial aid
as a result of the scholarship policy described
elsewhere in this newsletter. One of our
fellow Mines and Met. Departments has
responded by establishing departmental book
allowances that can be used toward textbook
purchases at the University Bookstore. We
want to survive the financial crisis, but we
also want to continue to treat our students
well as we go. Alumni donations may be one
of the few resources available for this
purpose. Let’s let the current students know
the alumni are behind them. Those of you
who benefited from department scholarships –
and you are many – take a moment to repay a
bit of that amount and help the students of
today.
When you get your call, take a few minutes to
visit with the caller. Let them know what
opportunities your degree created and what
you are currently doing. Then, please respond
with a generous gift to help us through hard
times.

Thanks to all our recent Donors!
The faculty, staff and students would like to thank the following for donations made to the
Metallurgy Department over the past couple of years. The list was obtained from UMR’s Annual
Giving Office and if you gave to the department but do not appear on the list please let us know
so that we can update the records and include you in future newsletters.
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