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R&D 100 award recipients Paul Jablonski and David Alman
at the black tie ceremony on November 11 in Orlando.

NETL Researchers Receive 2010
R&D 100 Awards

Paul Jablonski and David Alman accepted an award

for their Cerium Oxide Coating for Oxidation Rate
Reduction in Stainless Steels and Nickel Superalloys,

a surface treatment that extends the lifetime of metal
components exposed to oxidizing environments. Selected
by an independent panel of judges and the editors of
R&D Magazine, the annual awards are presented to the
100 most technologically significant products to enter the
marketplace in the past year.

Higher efficiency in energy production can save resources,
such as coal and petroleum, while protecting the
environment. But higher efficiency also generally means
more severe operating conditions. To avoid the premature
failure of components associated with such extreme
conditions, Jablonski and Alman developed a cerium
oxide—based coating that can be applied asa slurry to a
metal part by brushing, spraying, or dipping. Because this
is simpler and less costly than alternative approaches, the
novel surface treatment could help extend the Nation’s
natural resources at a substantial savings.

NETLs Terry Jordan also was honored along with other
research partners for the osgBullet, an open-source
software toolkit that streamlines the engineering and
design process in applications such as advanced power
generation.
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Image courtesy of NASA

The Deepwater Horizon oil spill as seen by NASA's Terra satellite on May 24, 2010. The spill resulted from a sea-floor oil

gusher that resulted from a drilling rig explosion on April 20, 2010.

NETL Employees Receive USGS
Director’s Award for Exemplary
Service to the Nation

Marcia McNutt, US Geological Survey’s Director and Chair
of the National Incident Command Flow Rate Technical
Group (FRTG), recently recognized three NETL employees,
Grant Bromhal, George Guthrie, and Frank Shaffer, with the
USGS Director’s Award for Exemplary Service to the Nation
in recognition of their contributions during the Deepwater
Horizon oil spill response.

George Guthrie was DOE’s Nodal Team Lead, Grant Brombhal
was NETL's Nodal Team Lead, and Frank Shaffer was NETL’s
Plume Analysis Team Lead. NETL's expertise was called

on to answer important questions about the amount of

oil leaking from the Macando Well, under difficult time
constraints during a period of intense public scrutiny.

The FRTG's estimate of the oil leak rate was used by
the Unified Command to set the level of response

in the Gulf of Mexico. In a letter to NETL employees,
Director McNutt stated that their “answers and insights
helped guide important decisions and made a very
real and positive difference during the response to
this unprecedented oil spill event.’ Director McNutt
specifically recognized their ability to “work together
as true teams, irrespective of organizational affiliations,
setting aside personal and professional lives to tackle
these challenges”

Contact: George Guthrie, 412-386-6571
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Development of CO,-selective
Mixed Matrix Membranes

Metal organic frameworks (MOFs) are a good example of

a crystalline material that has the potential for excellent
membrane performance and not been used due to difficulties
in fabrication. MOFs are special materials that are made by
using organic compounds called linkers to connect metal
atomsin a lattice. The result is a crystal that has perfectly
regular pores and extremely high surface area. By changing
the linkers and metal atoms, the size of the pores can be
controlled to allow smaller gas molecules to pass through
while preventing larger ones from passing through, a process
called molecular sieving. Since nitrogen (N,) is slightly larger
than carbon dioxide (CO,), molecular sieving can be used to
remove CO, from power plant exhaust.

Although many scientists and engineers have studied MOFs
for gas separation in recent years, almost all those studies have
considered them as sorbents, materials that can absorb CO,
and then release it when temperature or pressure changes.
Only a few researchers have attempted to create MOF-based
membranes. Most of these efforts have focused on mixed
matrix membranes (MMMs), which combine the MOFs with a
robust membrane polymer. Attempts to invent MOF MMMs
have usually failed due to poor compatibility between the
MOF and polymer. The MOF crystal surface must be chosen

raph of MOF crystals suitable for inclusion in mixed matrix membranes.

carefully in order to easily associate with the polymer
chains so that voids don't form between the crystal and
the polymer. These voids allow gases to bypass the MOF
crystals and prevent the membrane from efficiently
separating the gases. To prevent these voids from forming,
NETL researchers are developing new polymers and MOFs
that are designed to “lock” together. The combination

of the two new materials should allow the fabrication of
membranes with excellent CO, capture properties.

In order to optimize the fabrication of MOF MMM,
researchers must examine a huge number of sample
materials. Not only can the membranes be made from
a nearly infinite number of different MOF/polymer
combinations, but they can also use different crystal sizes
and loadings. To achieve this in a timely fashion, NETL
has invented a device that is capable of simultaneously
testing the performance of 24 membrane samples.
Upon completion of this device, membrane tests that
would have formerly taken two years to perform will be
completed in a month.

Here is a link to more membrane research at NETL.


http://www.netl.doe.gov/newsroom/labnotes/2010/12-2010.html#1

Pictured in this image is the far field green laser scattering emitted
from one of the sensing waveguides. The concentric circles
represent a combination of hundreds of propagating transverse
waveguide optical modes.

Exciting New Raman Gas Sensor
System

Scientists here are constructing extremely fast and
accurate Raman gas sensors for hydrocarbon gases and
other mixtures of scientific interest. The new sensor
system builds on recently published theoretical work to
achieve complete multi-species gas characterization in
less than a second with better than 0.1% concentration
accuracy for most common gasses.

The team is working with a number of industrial
partners to commercialize this new technology, which
is the result of a collaboration between NETL and

the University of Pittsburgh’s Electrical Engineering
Department.

A theoretical paper, “Multimode metal-lined capillaries
for Raman collection and sensing,” by Michael P. Buric,
Kevin P. Chen, Joel Falk, and Steven D. Woodruff, on the
properties of optical modes that propagate in large-bore
metal-lined capillary waveguides, has been published
on-line and will be printed in the December 2010 issue
of the Journal of the Optical Society of America B.

Contact: Michael Buric, 304-285-2052
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Third Carbon Sequestration
Atlas Released

There could be as much as 5,700 years of carbon dioxide
(CO,) storage potential available in geologic formations

in the United States and portions of Canada, according to
the latest edition of the U.S. Department of Energy’s (DOE)
2010 Carbon Sequestration Atlas of the United States and
Canada (Atlas Ili).

The primary purpose of Atlas lll is to update U.S./

Canadian CO, storage potential and provide updated
information on the activities of DOE's seven Regional
Carbon Sequestration Partnerships (RCSPs), comprised

of more than 400 organizations, 43 states, and four
Canadian provinces. Atlas Il also outlines DOE'’s Carbon
Sequestration Program and international carbon capture
and storage (CCS) collaborations, as well as worldwide CCS
projects, and CCS regulatory issues.

In addition, it presents updated information on the
location of CO, stationary source emissions, as well

as the locations and geologic storage potential of
various formations and it provides details about the
commercialization opportunities for CCS technologies
from each RCSP.The CO, geologic storage resource
calculation methodology of Atlas Il was refined to better

reflect uncertainties in geologic formation properties.

There are two editions of the Atlas available. An interactive
version located at the NATCARB site and a print version
available for viewing and downloading at the NETL
website.
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Instrument Developed to Determine

Local Mass Flux

The concentration and velocity of solids within the riser of
a circulating fluidized bed (CFB) are important operating
characteristics that greatly influence overall performance.
The experimental determination of these two quantities,
which when combined represent the solids flux and

the prediction of solids flux from computer codes is
computationally intensive.

A relatively non-intrusive method to measure the solids
flux of particles has been invented by NETL researchers
and tested in the Cold Flow Circulating Fluidized Bed
facility at NETL. The new instrument employs piezoelectric
transducers, which respond to the impact of particles in
the flow stream. From this information, the mass flux is
determined. This method has been found to be superior
to the traditional method of physically sampling the flow
stream.

A patent for this instrument is being applied for and

an article on this measurement technique has been
published in Powder Technology (Oct. 2010). Data from
this instrument will also be used for the Challenge
Problem, which challenges computational fluid dynamics
modelers to predict this and other CFB behavior with their
respective computer codes.

Contact: James Spenik, 304-285-4294

Inventors, from left to right, are Yee Soong, Sheila Hedges, and
Bob Dilmore.

Novel CO, Separation Concept
Patented

Recently, a U.S. patent was issued to NETL researchers
for a novel process to separate CO, from flue gas.

The process couples kinetic rate enhancements of
amine-based scrubbing with phase separation of CO,
and chemical regeneration of the amine solution.
The CO, is absorbed into an amine-bearing solution
containing dissolved sodium or potassium carbonate.
The dissolved CO, reacts with the carbonate to form
the corresponding bicarbonate, which precipitates
from solution in a semi-crystalline form. The separated
bicarbonate solid is then heated to release CO, and
regenerate the carbonate reagent, thus avoiding the
energy penalty associated with heating of the bulk
amine solution.

In an alternative configuration of this novel
process, the CO,-loaded amine solutions are used
to promote rapid carbonation of solid streams

with significant carbonation potential (e.g., waste
cement, CaO-bearing fly ash, and other industrial
by-product streams). Through this carbonation, CO,
is sequestered as a stable mineral carbonate and
the CO, capture capacity of the amine solution is
chemically regenerated. (U.S. patent 7,842,126)

Contact: Bob Dilmore, 412-386-5763
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Unmanned Helicopter System
Monitors

NETL has two Guided Systems Technologies
Mongoose unmanned helicopters (32 Ibs maximum
takeoff weight). These will serve as platforms for
testing various hydrocarbon detection and ozone
sensors and for collecting air samples using a
programmable sorbent tube sampling system
developed to NETL specifications by Apogee
Scientific, Inc. The SiCX-12 Mongoose has a useful
load of 12 Ibs, and is capable of fully autonomous
flight (including takeoffs and landings) with an

endurance of 90 minutes at airspeeds up to 50 knots.

The mission planning software can design regularly
spaced grids of hover waypoints in both 2D and

3D that can be executed in flight. It also generates

a real-time display of all flight parameters and
aircraft location on a moving map display. A gimbal-
mounted camera provides the option of video

logging of missions and real-time steer-to commands

to pilot the aircraft manually, if desired. Telemetry
logging can be enabled to save all pertinent data for
post-flight analysis.

NETL was granted a FAA Certificate of Waiver or
Authorization (COA) to conduct flight operations for
air quality sampling and monitoring in connection

netlognews

—_—

with the EPAct Program. Obtaining a COA requires
an exhaustive safety review. NETL plans to test

the system at the Rocky Mountain Qilfield Testing
Center near Casper, WY, which will provide an ideal
location for measuring ambient and controlled
hydrocarbon emissions and collecting samples in
proximity to an operating oilfield. RMOTC's sparsely
populated setting and low-use airspace, along with
the NETL-developed, FAA-approved procedures,
will reduce any likelihood of potential conflicts with
manned aircraft or persons on the ground.

Contact: Garret Veloski, 412-386-5809

NETL Research Included Among
Top-20

An NETL paper co-authored with Lawrence
Berkeley National Laboratory researchers on the
groundbreaking use of computerized tomography
to monitor the formation and dissociation of
methane hydrate in sediment is among the “top-
20 most cited articles” published in the Journal of
Petroleum Science and Engineering for the years
2007-2010. The research provides extensive
pressure, temperature, and density data obtained
with the use of a large X-ray transparent pressure
vessel, and shows significant water migration in
addition to possible shifting of mineral grains in
response to hydrate formation and dissociation.
The paper is found at page 108 in a special issue of
the publication (Vol. 56, Nos. 1-3) edited by NETL
scientist, Dr. Charles Taylor. The special Elsevier
volume is dedicated to the field of gas hydrates
and clathrates, and includes 21 refereed papers
authored in government research laboratories,
academia, and industry that represent the best
presentations offered at a related symposium
during the 229th National Meeting of the American
Chemical Society.

Contact: Charles E. Taylor, 412-386-6058
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Ultra-Deep Drilling Simulator Checks
Out Positive

The extreme drilling laboratory (XDL) team at NETL is
conducting tests of its unique ultra-deep drilling simulator
(UDS). The UDS is designed to operate at pressures up to
30 ksi to simulate ultra-deep drilling conditions. The XDL
team is progressing successfully through system checkout,
with a leak test at 30 ksi, a hydro test of the vessel at 45 ksi,
and checkout of all hydraulic systems components. These
successes will enable the team to proceed with control
system validation and system shakedown testing, which
should be completed by January 2011. The simulator

will enable the XDL team to study the fundamentals of
rock-cutter-fluid interactions at extreme conditions, which
should improve the efficiency and safety of drilling, while
minimizing the environmental impact of deep exploration.

Contact: Jimmy Thornton, 304-285-4427

Corrosion of Pipeline Alloys
in Supercritical CO, Fluids
Investigated

NETL, in collaboration with its Regional University
Alliance partner, the Pennsylvania State University,
successfully demonstrated the use of time-efficient
electrochemical techniques to investigate the
corrosion behavior of steels in supercritical CO..
Initial results using electrochemical impedance
spectroscopy (EIS) for pipeline steels in water-
saturated supercritical CO, (p=152 bar; T=50 °C) show
that impedance kinetics decreases with increasing
time. This indicates that a passivation film formed.

The EIS results also are sensitive enough to reveal
subtle changes in initial surface conditions prior to EIS
measurements. Longer exposure of a sample in the
corrosive medium resulted in enhanced passivation
film formation, which affected EIS parameters that
are indicative of corrosion process kinetics. Since
kinetic parameters are one of the key parameters
used in assessing corrosion performance of service
alloys, their precise determination by EIS is extremely
important. These results were recently presented at
the 218th Electrochemical Society Meeting in Las
Vegas, NV.

Next, the team will investigate the effects of (1)

the chemical composition of supercritical CO, as a
function of water, O,, and SO, impurity concentration,
and (2) the steel microstructure on pitting corrosion
resistance using linear sweep voltammetry (LSV) and
cyclic voltammetry (CV).

The ultimate objective of the research is to identify
impurity levels in CO, that can be safely transported
in low-cost steel pipelines from a power plant to a
sequestration site.

Contact: Margaret Ziomek-Moroz, 541-967-5943
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New Hydrocarbon Density Data
Expanded for Unconventional
Resource Extraction

A team composed of researchers from the

NETL Regional University Alliance and Virginia
Commonwealth University recently expanded

the density database for various light-end
hydrocarbons consistent with unconventional
petroleum resources. A unique apparatus designed
to characterize thermodynamic and transport
properties at temperatures up to 260 °C (500 °F)

and pressures up to 280 MPa (40 kpsi) was used to
characterize the density of n-pentane, n-octane, 2,

2, 4-trimethylpentane, n-decane, and toluene. This
study, summarized in an article recently published in
the Journal of Supercritical Fluids, provided a unique
dataset that verified available literature data at lower
temperatures and pressures, while expanding the
temperature-pressure-density database available.
Additionally, several equation-of-state (EOS) models,
including the Peng-Robinson, Soave-Redlich-Kwong,
statistical associating fluid theory, and the perturbed
chain statistical associating fluid theory, were
evaluated to understand their ability to accurately
predict temperature-pressure-density relationships at
the extreme temperatures and pressures of interest in
this study. The perturbed chain statistical associating
fluid theory EOS model provided the most accurate
depiction of the model compounds of interest in this
study.

Contact: Bryan D. Morreale, 412-386-5929
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NETL Researchers Develop a High
Temperature, Surface Acoustic
Wave Oxygen Sensor

As part of the NETL's Regional University Alliance with
Carnegie Mellon University, researchers have designed,
built, and tested a prototype high-temperature surface
acoustic wave (SAW) sensor for detecting oxygen
concentration in high temperature combustion
processes, such as oxy-fired boilers.

High temperature langasite SAW oxygen sensors using
ZnO as the oxygen-sensing layer were fabricated and
tested in a wired configuration up to 650 °C. ZnO
layers deposited by spin coating and RF sputtering
were compared in the testing. The langasite SAW
sensor with a spin-coated ZnO sensing film exhibited
increased attenuation beginning at 100 °C with no
detectable reflections above 250 °C. In contrast, the
SAW device with a sputtered ZnO sensing film had
detectable reflections up to 650 °C. Phase changes
correlated with the oxygen partial pressure were
observed between 500 and 650 °C. These phase
changes were caused by the intended sensing
mechanism, namely, oxygen-induced changes in the
ZnO conductivity.

Operation at higher temperatures is prevented at
present by contact failure at the connection of the
lead wires to the device, a problem which must be
overcome before field testing. A doctoral student,
Peng Zheng, presented these results at the 2010 IEEE
International Ultrasonics Symposium in San Diego; the
paper was a finalist for Best Student Paper Award.

Contact: Ben Chorpening, 304-285-4673
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NETL Develops a Novel Method to
Couple Capture and Reuse of Carbon
Dioxide

NETL researchers recently confirmed that a modified
chemical looping process is capable of converting CO,

into useful products using nanostructured catalysts. In this
novel modification to CLC, the carrier is oxidized with CO,
instead of air, resulting in the catalytic activation of CO,
followed by its reduction to carbon monoxide or elemental
carbon, which opens a potential pathway to CO, utilization
as an alternative to long-term storage. An article on this
approach, “Catalytic CO, Reduction via Chemical Looping

Dry Reforming,’ was recently accepted for publication

in the journal Chemical Engineering Research and Design.
The paper provides a thermodynamic analysis of the
process, discusses the synthesis, characterization, and
evaluation of novel nanostructured catalysts. Results
confirm the feasibility of the proposed concept.

Contact: Todd Gardner, 304-285-4226
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