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ADVANCED MATERIALS CHARACTERIZATION AT THE HIGH TEMPERATURE
MATERIALS LABORATORY

Arvid E. Pasto, Director

The Facility

The High Temperature Materials
Laboratory (HTML) is a national user
facility designed to support the
development of advanced materials.
It is sponsored by the U.S.
Department of Energy (DOE) Office
of Transportation Technologies in the
Office of Energy Efficiency and
Renewable Energy.

HTML provides researchers from
U.S. industries, universities, and
governmental agencies with hands-
on access to a skilled staff and to a
number of sophisticated, often one-

of-a-kind devices for materials The High Temperature Materials Laboratory has been
characterization. Located at Oak supporting the development of advanced materials
Ridge National Laboratory (ORNL), since the mid-1980s.

the 64,500-ft* building houses six

“user centers,” which are clusters of specialized equipment designed for specific types of
properties measurements. The HTML also has a neutron beamline facility at the High Flux
Isotope Reactor (HFIR) at ORNL and a synchrotron beamline at the National Synchrotron Light
Source (NSLS) at Brookhaven National Laboratory.

HTML was conceived and built in the mid-1980s in response to the oil embargoes of the 1970s.
The concept was to build a facility that would allow direct work with American industry,
academia, and government laboratories in providing advanced high-temperature materials such
as structural ceramics for energy-efficient engines. HTML's scope of work has since expanded
to include other, non-high-temperature materials of interest to transportation and other
industries.

The User Centers
Materials Analysis User Center (MAUC)

MAUC researchers employ electron microscopy and surface chemical analysis to determine
structure, surface chemistry, and microstructure to the atomic level. Advanced microscopy
capabilities allow rapid, direct elemental analysis of grain boundaries in metals and ceramics.
Auger spectroscopy is available for analyzing material surfaces.

Friction, Wear, and Machinability User Center (FWMUC)

FWMUC employs instrumented machine tools to investigate machining processes as applied to
hard materials such as ceramics and special alloys. Special emphasis is given to grinding
processes. These dynamometer-equipped machines provide unique capabilities for studying



grinding and machining parameters and their roles in controlling the topography and mechanical
and wear properties of the resulting surfaces.

Inspection capabilities include a high-frequency scanning acoustic microscope, a multisensor
coordinate measuring machine, instruments for measuring surface texture and topography, and
instruments for determining the dimensional form of axially symmetric objects (e.g., circularity,
cylindricity, and concentricity). In addition, FWMUC contains numerous specialized instruments
for measuring friction and wear, including fretting, rolling, and sliding.

Mechanical Characterization and Analysis User Center (MCAUC)

MCAUC researchers study fracture toughness, tensile strength, flexure strength, and tensile
creep of advanced materials at temperatures to 1500°C in air or controlled atmospheres. Special
instrumentation is available for studying fiber-matrix interactions in both metal and ceramic
matrix composites.

Diffraction User Center (DUC)

DUC has both room-temperature and furnace-equipped X-ray and neutron diffractometers. The
X-ray furnace is used to study material properties at temperatures up to 2700°C in vacuum and
up to 1500°C in air. DUC users have access to the NSLS at Brookhaven National Laboratory.

Residual Stress User Center (RSUC)

RSUC has two principal areas of expertise: X-ray diffraction and neutron diffraction. Its

X-ray facility includes X-ray diffractometers to measure residual stress and texture in and near
the surface of ceramics and alloys. Two systems provide highly flexible sample-tilt systems and
either a divergent or a parallel beam.

Users can also access the NSLS, located at Brookhaven National Laboratory, through RSUC.
HTML maintains a beamline at Brookhaven with structure and residual stress analysis capability.

The neutron residual stress facility, located at the HFIR, includes a special neutron spectrometer
for rapid data collection, plus computer capabilities for data analysis. The spectrometer
instrumentation allows researchers to quickly measure and map the stress fields inside relatively
large solid objects.

Thermography and Thermophysical Properties User Center (TTPUC)

TTPUC researchers study thermal stability, expansion, and thermal conductivity of materials to
1400°C. A laser flash instrument measures thermal diffusivity to temperatures of 1900°C. The
center also possesses a high-speed, high-sensitivity infrared camera for capturing thermal
events digitally, allowing on-line or postoperation measurement of temperatures during rapid
transient events.

The Programs

Within HTML are programs that function to help outside researchers use state-of-the-art
characterization instrumentation to solve materials problems. In the HTML User Program, either
nonproprietary or proprietary research can be performed. The former is provided free of charge if
the user publishes the information produced; the latter requires payment.

Nonproprietary research projects typically last from a few days to 2 weeks at HTML. The major
proviso is that the results must be submitted for publication within 6 months after completion of
the research.



For proprietary research, the user and HTML staff estimate the amount of HTML staff time
required to complete the work. The user agrees to pay for this time at an hourly rate specified by
DOE before research begins. These projects typically are more extensive than nonproprietary
projects, and the user owns the research data.

Work is performed for other branches of DOE via direct funding or through cooperative research
and development agreements (CRADAS), which typically consist of a cost-sharing arrangement
between HTML and the outside organization but can also include 100% funds-in work. HTML
can also characterize materials for another organization on a noncompetitive, full-cost-recovery
basis under a Work for Others agreement.

Most, but not all, projects involve materials primarily related to the transportation industry.
Ceramics, metal- and ceramic-matrix composites, lightweight materials such as aluminum and
magnesium alloys, steels, and electronic materials have all been characterized at HTML.






HTML DIRECTOR’S REPORT

The HTML User Program continued to work with
industrial, academic, and governmental users this
year, accepting a record number (110) of new
projects and developing 33 new user
agreements. Table 1 presents the breakdown of
these statistics.

Figure 1 depicts the continued growth in user
agreements and user projects. The total number
of HTML proposals has now exceeded 1450.
Also, the number of new agreements bodes well
for the future. At the end of this report is a list of
proposals to the HTML and a list of agreements
between HTML and universities and industries,

Dr. Arvid Pasto is the director of the HTML. broken down by state.
He holds a Ph.D. in ceramics from the New
York State College of Ceramics at Alfred

University.
Table 1. Statistics of HTML operations for FY 2001-FY 2005
(showing user proposals and user agreements)
Fy New proposals Cumulative proposals
Total Industrial Academic Other Total Industrial Academic Other
2001 92 33 48 11 1084 452 593 39
2002 97 35 56 6 1181 487 649 45
2003 72 27 44 1 1253 514 693 46
2004 87 28 54 5 1340 542 747 51
2005 110 56 52 2 1450 598 799 53
New agreements Cumulative agreements
Total Industrial Academic Other Total Industrial Academic Other
2001 48 32 15 1 579 353 205 21
2002 63 5 56 2 642 358 261 23
2003 50 44 4 2 692 401 265 25
2004 53 47 5 1 745 449 270 26
2005 33 27 6 0 778 476 276 26

Program highlights this year included several outstanding user projects (some of which are
highlighted in later sections), the annual meeting of the HTML Programs Guidance and
Evaluation Panel, and continued progress in equipment and facilities development. For instance,
this year beneficial operation of the aberration-corrected electron microscope (ACEM) was
initiated.

Also, the upgraded neutron residual stress beamline (NRSF2) on the HFIR was made
operational on user projects, including one featuring Caterpillar. The beamline possesses a
much-improved full width at half maximum (FWHM) peak performance (about one-third narrower
than previously) and a factor-of-ten improvement in peak intensity. The beamline now has much



improved capability because of improvements made to the reactor itself, the beamline, and the
diffraction instruments.

Funding was received this year for HTML'’s participation in construction and operation of the
VULCAN beamline at the Spallation Neutron Source (SNS). The SNS, an extremely high flux
pulsed neutron source, is in the final stages of construction at ORNL, and the VULCAN
beamline is to be the “materials” diffractometer. Our funding will provide for development of an
off-line specimen alignment system, which will allow users to have their experiment all set up at
an off-line location, so that when their project time begins, they can put the specimen on the
beam and begin taking data instantly. This will save much precious beamline time. Our funding
also will purchase extra detectors, further increasing VULCAN's coverage and speed. The
funding will also provide for staff time for VULCAN operations.

Several other improvements in capability, facilities, and equipment have occurred, and some
new staff have been added. Please see the following sections for details.
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Fig. 1. Plot showing HTML User Program growth through user
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1. MATERIALS ANALYSIS USER CENTER (MAUC)

User Center Members
Larry Allard, Leader
Carolyn Wells, Secretary

Doug Blom David Joy

Dorothy Coffey Harry Meyer
Bernhard Frost Karren More
Jane Howe Larry Walker

The Materials Analysis User Center (MAUC) provides world-class facilities and a staff of
technical experts for characterizing the structure and chemistry of advanced materials. We
emphasize using these tools to relate microstructure to materials performance. The MAUC
comprises a suite of laboratories that contain the latest-generation electron microscopes and
surface analysis instruments, all of which are available to visiting researchers. Research
specialties include characterization of nanophase materials such as catalysts, fullerenes
(carbon nanotubes), and nanoparticulates; structural ceramics; precipitation phenomena in alloy
systems; electron holography (e.g., for determining nanoparticle shapes); and characterization
of multilayer surface films.

MAUC Instruments

e Hitachi S-4700 field-emission gun (FEG) scanning electron microscope (SEM) with energy-
dispersive spectrometer (EDS)

Hitachi S-3400 environmental SEM with EDS

Hitachi HF-2000 FEG analytical electron microscope (AEM)

Hitachi HD-2000 FEG scanning transmission electron microscope (STEM)

JEOL 8200 electron microprobe with five wavelength-dispersive X-ray spectrometers

PHI 680 scanning auger nanoprobe (SAN)

Hitachi FB-2000 focused ion beam (FIB) micromill with microsampling capability

JEOL 2200FS-AC aberration-corrected STEM/TEM (ACEM)

Leica UCT ultramicrotome with cryosectioning capability

MAUC News

ACEM Results Win Physical Sciences Poster Contest at Annual Microscopy Society
Meeting in Honolulu

A poster showing imaging of catalyst clusters taken using HTML's ACEM (manufactured by
JEOL Ltd., Akishima, Japan) was awarded First Prize in the Physical Sciences division of the
Microscopy Society of America’s annual poster contest (Fig. 1-1). The poster was the only one
selected on every judge’s ballot, from among the more than 200 competitors. The poster,
entitled “Alumina-supported Metal Clusters Revealed by Aberration-Corrected Electron
Microscopy,” described research with Prof. Bruce Gates and graduate student V. Bhirud at the
University of California—Davis. The research was funded by an Office of FreedomCAR and
Vehicle Technologies (OFCVT) subcontract on the “Catalysis by Design” project and was
conducted with ORNL postdoctoral scholar Melanie Moses; her ORNL associates, Chaitanya
Narula, Douglas Blom, and Larry Allard; and JEOL engineers T. Aoki and S. Mishina. The
poster showed clear imaging of three-atom clusters of rhenium carbonyl as well as single atoms



Fig. 1-1. First-prize poster in Microscopy Society of America Physical
Sciences Division poster contest, 2005.

and dimers, consistent with the results of spectroscopic characterization of the samples at the
University of California—Davis. The new JEOL 2200FS ACEM provided the high-resolution
dark-field images to allow the clusters to be unambiguously analyzed (Fig. 1-2). This illustrates
the value of our new instrument for producing high-quality research results that are of great
interest in the scientific community.

(b)

Alumina
edge

© O

Fig. 1-2. (a) Dark-field image of tri-rhenium clusters on alumina. Three-atom cluster shown
circled. Single atom shown in square. Apparent 2-atom cluster (arrowed) shows intensity
profile inset. Brighter atom has double the intensity of dimmer atom, suggesting the
drawing in (b). The three-atom cluster is edge-on to beam.



Selected Highlights

Imaging of Oxygen Atomic Columns in Perovskite Materials
HTML: Dr. Douglas Blom and Dr. Larry Allard

JEOL USA: Mr. Satoshi Mishina

The ability of the ACEM (Fig. 1-3) to image very light elements such as oxygen in crystalline
structures was demonstrated in a study of strontium titanate, a material with the perovskite
structure, which is shown in the drawing in Fig. 1-3. The dark-field image shows the structure of
the cubic material looking down a cube edge, so that in the annular dark-field image the heavier
Sr atoms are brightest, the medium Ti atoms are dimmer, and the light O atoms are dimmest,
but still clearly visible. An intensity profile over a row of Ti and O atoms shows the oxygen
column intensity clearly resolved from the titanium column intensity. It requires sub-Angstrém
resolution to achieve this demonstrated imaging capability. It is of importance to be able to
record images such as this in studies of technologically strategic materials like thermoelectrics,
photovoltaics, and oxide-supported catalysts.
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Fig. 1-3. ACEM as seen from the control room. The dark-field image is of SrTiO3, looking
down a cube edge (<100> orientation). The drawing indicates individual columns of oxygen
(O, orange) between columns of strontium (Sr, blue) and titanium (Ti, green) The intensity
profile graph shows clear resolution of oxygen columns in the Ti-O row.

Structure and Morphology of a Uniform-Sized Nanoscale Bimetallic Catalyst

University Collaborators: Dongxia Liu and Hong Xie

HTML: Dr. Jane Howe

Dr. Jane Y. Howe has been working with Dongxia Liu and Hong Xie, two Ph.D. students from

Prof. Chris Williams’s group at the Department of Chemical Engineering, University of South
Carolina—Columbia on the structure and morphology of uniform-sized nanoscale bimetallic



catalysts. The project is a CNMS/HTML joint proposal. The bimetallic catalysts prepared via the
dendrimer-templating method, have been carried out on a Hitachi HF-2000 field emission TEM.
There are several advantages in the dendrimer-templating method. It gives better control on the
size and composition. It is capable of producing bimetallic nanoparticles that provides tailored
catalyst properties, activity, and selectivity. The dendrimer morphology prevents the nano-sized
particles from agglomeration and provides means to immobilize catalyst on the support. The
micrograph in Fig. 1-4 shows Pt-Cu bimetallic catalyst particles supported on silica. As indicated
in the histogram, the particle size mean is 4.1 nm with reasonably uniform size. EDS was used
to determine the chemical composition of the particles. A simulation of 1:1 Pt/Cu atomic ratio
composition matched the experimental data (see Fig. 1-5).
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Fig. 1-4. (left) Pt-Cu bimetallic catalyst particles on SiO,. Typical particles have a 1:1 ratio of
Pt to Cu. (right) The size range is sharply peaked at about 4 nm.
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Fig. 1-5. EDS spectra (overlapped) of the Pt-Cu catalyst,
computed at a 1:1 atomic ratio. There is a good agreement
between the experimental and computed intensities for Pt and
Cu at this ratio.
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Scanning Auger Microscopy of Alkylated Crystalline Silicon(111) Surfaces
University Collaborator: Prof. Nathan Lewis
HTML: Dr. Harry Meyer

Silicon materials used in solar energy conversion devices must be prepared to a high degree of
purity in order to prevent recombination of the photoexcited electron-hole pair. This materials-
processing requirement makes silicon-based solar energy devices prohibitively expensive for
most commercial applications, thus limiting the use of this important renewable energy source.
One deleterious process that must be prevented on solar energy cells is silicon oxidation in
ambient environments. This has traditionally been done by covering the silicon surface in a
thick, thermally grown insulating layer, also adding to the material processing and cost. A
significant impact on the cost of this important technology may be realized simply by replacing
the silicon insulating layer with simple organic functional groups that are easy to prepare using
wet-chemical techniques.

Surface passivation chemistry was the focus of the study performed at the HTML. Prof. Nathan
Lewis and his group at the California Institute of Technology have developed a wet-chemical
alkylation technique that results in an atomically flat surface covered with bound alkyl groups
that almost completely prevents formation of silicon oxides as the surface is exposed to
oxidizing environments over long time periods. The HTML project attempted to chemically map
the oxidation of alkylated Si surfaces to determine whether it was proceeding uniformly or in
discrete areas. Because auger spectroscopy is able to distinguish silicon from silicon dioxide,
Dr. Harry Meyer was able to construct a surface map of the growth of silicon dioxide as a
function of surface morphology. Figure 1-6 shows a set of images obtained on a C,Hs-
terminated Si(111) surface exposed to air for 8 days. The upper left panel shows a silicon map
of a ~1 mm? area of the surface; the upper right panel is an oxygen map of the same area. The
lower left panel is a composite image of the overlaid maps of the Si (red) and O (blue) regions.
The final panel is the normal SEM image. The results suggest that on the passivated surface,
the detectible oxide is not growing in a uniform manner, but rather in small patches, leaving
large portions of the alkylated surface free of any oxide.

Fig. 1-6. Scanning auger elemental maps for Si and O (upper
left and right, respectively), an overlay of both (lower left),
and a secondary electron (SEM) image (lower right).
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2. FRICTION, WEAR, AND MACHINABILITY USER CENTER (FWMUC)

User Center Members
Peter Blau, Leader
Christine Goudy, Secretary

Jun Qu
Randy Parten
Ronald Chand
Brian Jolly

MITUC Renamed FWMUC

During FY 2005, the Machining, Inspection, and Tribology User Center (MITUC) was renamed
the Friction, Wear, and Machinability User Center (FWMUC) to better reflect its evolving scope
and focus. The mission of FWMUC is to enable the selection and use of advanced materials
and surface treatments by characterizing their frictional behavior, their durability under wear-
causing conditions, and the nature of their response to machining processes, especially
grinding. Precision measurement of surface features, subsurface damage, and micromechanical
characteristics supports these research areas, which address a host of applications in
transportation, energy, and industrial technologies.

The friction and wear characteristics of a material depend on its properties and the context of its
use. It is therefore critical to select testing conditions that appropriately mimic those of the
intended application. Similarly, when advanced materials are machined, they must be evaluated
in the context of the machine tool characteristics; the processing conditions; and the suitability
of tooling materials, coolants, and grinding media. The user center’'s new name clarifies the
mission of the user center and reflects a broad scope of its activities, which spans from
investigating a material’s response to machining processes to characterizing the surface
damage that signals the end of its wear life.

Highlights from selected FWMUC
activities follow. They resulted in a
series o_f presentations and_ B
publications on diverse subjects, SMART-Hg18I
ranging from the development of
new abrasion testing standards for
coated surfaces to the precision
turning of ceramics.

FWMUC Instruments

New Machine Tool Will Support
Grinding Research

A new Chevalier CNC surface
grinder was obtained with HTML
capital equipment funds and was Fig. 2-1. A new Chevalier programmable surface grinder
installed in the FWMUC (Fig. 2-1). was purchased in FY 2005.

The new grinder will replace two
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aging Harig grinders that have been worn out from years of use on ceramics and other difficult-
to-machine advanced materials. Plans are to instrument the new machine similarly to the K.O.
Lee creep-feed grinder so it can be used for grindability research. In addition, the new grinder
will support specialized test specimen preparation needs of other user centers. FWMUC
machining research technicians received thorough training on the new machine.

Machining

Grindability testing system to characterize newly-developed ceramics
ProLIGHT 3000™ tabletop computerized numerical control (CNC) turning center
Benchman® VMC4000 tabletop CNC vertical machining center

Cincinnati Sabre multi-axis grinder

Instrumented K. O. Lee creep-feed grinder

Instrumented Weldon cylindrical grinder

Precitech high-precision, single-point turning system

Chevalier programmable surface grinder

Measurements of Form, Roughness, and Subsurface Damage

EMD Legend coordinate measuring machine

Mahr formtester

Nikon optical comparator

Rodenstock Model 600 laser surface profile-measuring system (non-contact)
Taylor Hobson Talysurf 120 stylus surface-profile-measuring system (contact)
Kreemer Scientific Instruments SAM2000 scanning acoustic microscope
Nanoscience E-AFM atomic force microscope

Friction, Lubrication, and Wear Testing

Plint Model TE-77 reciprocating sliding wear tester (ASTM G 133, G 181)
Plint Model TE-53 multimode friction and wear tester

Instrumented scratch tester for hardness (ASTM G 171) and adhesion testing
High-temperature, pin-on-disk, friction and wear test system (to 1000 deg C)
Knoop and Vickers microindentation hardness testing machine

Loop abrasion testing machine (ASTM G 174)

Elevated temperature, oscillating scuffing test system

Pin-on-disk friction and wear testing stations (ASTM G 99)

Repetitive impact testing system

Sub-scale brake materials tester instrumented for friction and temperature
Teledyne Taber portable scratch testing apparatus

Hysitron Triboindenter™ for nanoscale micromechanical properties and abrasion

New Method for Abrasion Testing
HTML: Jun Qu, John Truhan, and Peter Blau

FWMUC staff members Jun Qu, John Truhan (University of Tennessee, Knoxville), and Peter
Blau have developed a new method for abrasive wear testing by modifying the continuous-loop
abrasion testing machine to hold cylindrical test specimens. The machine was originally
designed to conduct American Society for Testing and Materials (ASTM) loop abrasion tests
under standard G-174, which requires a flat, rectangular test specimen to be pressed against a
moving abrasive belt running over a pulley wheel. However, many practical wear parts are
cylindrically shaped. An example is the fuel injector plunger in a diesel engine. In order to
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provide FWMUC users with additional capabilities to evaluate the abrasion resistance of
cylindrical components, a new low-load specimen holder for short cylinders was designed, and
the wear calculations were modified accordingly. Validation tests were conducted on several
alloys, ceramics, and cermets in order to confirm the usefulness of the new geometry. Results
comparing flat with cylindrical abrasion geometries confirmed the usefulness of the new method.
A description of the test, which is now available to HTML users, was published on line by
ASTM'’s Journal of Testing and Evaluation.

Selected Highlights
Two University Projects Investigate Single-Point Diamond Turning of Ceramics

University Collaborators: John Patten and Biswarup Bhattaacharya, University of Western
Michigan; Ravishankar Mariayyah, the University of North Carolina, Charlotte

HTML: Jason Braden (former staff member)

Two universities submitted successful user proposals to conduct research on precision diamond
turning of ceramics. University of Western Michigan Prof. John Patten and Ph.D. student,
Biswarup Bhattacharya, visited the HTML in October to conduct single-point diamond turning
tests of SiC. Precision, single-point turning of SiC is an important technology for applications
such as optical systems in satellites. Nominally brittle materials, such as semiconductors and
ceramics, can often be deformed plastically if the scale of the deformation is small enough to
avoid brittle fracture. Typically, the size scale for the ductile-to-brittle transition occurs in the
range associated with nanotechnology applications. In the ductile regime, even these ceramic
materials behave much like metals, to the extent that metal-like cutting “chips” are formed.
Previous work by John Patten on single crystals of SiC indicated that changes in the crystalline
structure can result in the material as a result of the shallow depths of cut used in ductile
grinding.

The current work used the recently upgraded Precitech turning center to study the response of
SiC to depths of cut on the order of a few tens of nanometers. Instrumented turning tests were
coupled with the examination of cutting chips and turned surfaces by optical and scanning
acoustic microscopy. The results provided a better understanding of the changes in material
structure and properties that occur during precision turning of SiC ceramics.

In a related project, Ravishankar
Mariayyah, a Ph.D. student at the
University of North Carolina, Charlotte,
worked with Jason Braden of the FWMUC
to study the process of single-point
diamond turning of silicon nitride with
nanometer-scale depths of cut. With such
shallow precision-cutting depths, made
possible with the FWMUC Precitech 2000
DTM, ceramics that usually machine in a
brittle manner can be induced to form chips
in a ductile mode, thereby improving the
surface quality and reducing the incidence
of subsurface fractures. The test specimens i)
were thin discs of silicon nitride (Fig. 2-2). A Fig. 2-2. Single-point turning of a silicon nitride
video macro-camera system was used to disc on the Precitech 2000 DTM.

observe chip formation at different cutting
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speeds and depths of cut in the nanometer range. The diamond cutting tool edge was also
photographed to estimate its wear rate and to better understand the mechanisms of attritious
and microfracture-induced tool wear.

Novel Coating Improves the Frictional Performance of Cast Amorphous Alloy
Industrial Collaborator: Tom Steffner
HTML: Jun Qu and Peter Blau

Amorphous metallic alloys have been of interest to the scientific and engineering materials
community because they are said to offer certain advantages in strength and corrosion
resistance over that of traditional metallic alloys. Applications such as dental root canal files
have been proposed because the use of cast amorphous alloys has the potential to
substantially reduce file cost. However, the higher than desirable friction coefficients of these
materials against tooth enamel during drilling has been a problem for amorphous metal alloys
because it generates too much heat.

A new class of friction-reducing treatments has been under development for several years at
Better Than New LLC, in Chattanooga, Tennessee. This deposition process has a variety of
potential applications, not only for dental tooling, but also for surgical instruments, industrial
machinery, and engine components. Past research on these coatings under the HTML User
Program has characterized the structure and composition of the treatment and has shown its
ability to reduce frictional heating. The current user project was designed to better understand
whether the coating could reduce the friction of amorphous alloys against simulated dental
enamel.

FWMUC staf