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New theory for basic water structure and potential fuel and energy
applications

Kenneth L. Jones, kenneth.jones@netl.doe.gov, Office of Research &
Development, US Department of Energy, National Energy Technology
Laboratory, 626 Cochrans Mill Road, P.O. Box 10940, Pittsburgh, PA 15236-
0940, Fax: 412-386-5870

A thermotropic liquid crystal consisting of a chain of 6 water molecules—a
mixture of both the para nuclear spin isotopomer (para-water) and the ortho
nuclear spin isotopomer (ortho-water)—is proposed as the “basic building block
for water structure” (BBBWS). This structure, which is based on an a theoretical
temperature-domain nuclear spin-flip spectrum for water, is the theoretical
precursor to all other polymorphs of water (e.g., gas hydrate cages, hexagonal
ice, snow flakes, and open and cyclical clusters containing 2 to 5 H20 molecules
each). The nuclear spin-flip spectrum was derived from an equation relating the
excess Gibbs free energy for the conversion of a mole of para-water to a mole of
ortho-water to apparatus dehydration isotherm data obtained with a dew point
hygrometer. The nuclear spin-flip transitions of the BBBWS are coupled to
phonons, and low-frequency (terahertz) librations are coupled to the nuclear
spin-flip transitions. This presentation will focus on three main subjects—(1) non-
covalent, structure-determining, inter- and intra-molecular bonding in the
BBBWS, (2) the theoretical nuclear spin-flip spectrum for water, including
validation data, and (3) potential fuel and energy applications of the basic water
structure theory. The potential applications to be discussed include “Kanzius
effect combustion,” which involves the use of RF radiation catalysis in the
presence of an electrolyte such as NaCl to dissociate H20 molecules into an
intimate mixture of H2 and O2 molecules which can be ignited and burned with a
steady flame; the use of water to influence the capture of CO2 in power
generation plants; and the prediction of the temperature dependence of the
physical properties of gas hydrates (e.g., methane hydrates and CO2 hydrates).

FUEL 2

C-Cycle: Carbon dioxide capture, activation and product release

Peter Styring, p.styring@sheffield.ac.uk, Ortrud Aschenbrenner, and Somsak
Supasitmongkol, Department of Chemical & Process Engineering, The University
of Sheffield, Mappin Street, Sheffield S1 3JD, United Kingdom, Fax: +44-114-
222-7501

Energy from waste plants generate heat and electrical energy from domestic
waste, thereby reducing reliance on landfill and fossil fuels. However, they still



produce CO, which adds to greenhouse emissions.
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™

We report the results from our preliminary studies on carbon capture, using
functionalized liquids as the host matrix; CO, activation through the use of novel
catalysts; and release of the products from the matrix using pressure and
temperature swing techniques. In particular, we demonstrate a practical method
for the determination of vapor pressures on a micro scale using ionic liquids as
the host.

Capture studies will show how the physical and chemical nature of the host
matrix can affect the selectivity of CO, uptake and re-use over repeated capture-
release cycles. We will also show how catalysts can be incorporated into the
host, which activate the CO, towards reaction with additional species to yield
commercially important organic feed stocks and fuels.

FUEL 3
Enhancement of surfactant on the dibenzothiophene biodesulfurization

Han Chen, m0O5chenhan@zju.edu.cn and Wei Li, w_li@zju.edu.cn, Institute of
Environmental Engineering, Zhejiang University, No. 38 Zheda Road, Hangzhou,
310027, China

Biodesulfurization (BDS) with dibenzothiophene (DBT) or DBTs as the sulfur
model compounds has been studied recently. It was indicated that the overall
biotransformation rate depends not only on biokinetic factors, but also on
physicochemical constrains that control the bioavailability, when an oil-bacteria-
water emulsion is formed. Surfactants, as amphiphilic compounds, have
desirable properties including solubility enhancement, surface tension reduction.
Thus, surfactants such as soya lecithin (SL), Tween 80 and B-cyclodextrin (3-CD)
were used in biodesulfurization by Mycobacterium sp. ZD-19 to enhance the
mass transfer of DBT in this study. Additionally, the effect of surfactants on the
cell growth was also investigated. The results indicate that these three kinds of
surfactants would not inhibit the cell growth. Among SL, Tween 80 and 3-CD, the
2-hydroxybiphenyl (2-HBP) formation with SL present was 58% more than
contrast control (without addition of surfactant).



FUEL 4

A novel used lubricating oils refining technology using cold-stage
separation (CSS) system

Teh Fu Yen’, tfyen@usc.edu, CY. Yang®, and William TC. Fan? wfan@usc.edu.
(1) Sonny Astani Department of Civil and Environmental Engineering, University
of Southern California, 3620 S. Vermont Avenue, KAP 224A, Los Angeles, CA

90089-2531, (2) University of Southern California, Los Angeles, CA 90089-2531

A Cold-Stage Separation System (patent pending) was invented and developed
to simultaneously separate impurities (toxic materials) and recondition valuable
compounds from used automobile lubricant oil at a comparable low cost, as well
as without deriving of undesirable by-products. A polar and non-polar duo-
solvents combination was used for mixing and followed by a separation stage to
remove impurities. The additives and hydrocarbon compounds then would be
separated from the processed oil by the difference in boiling points. Solvents
could be recycled from condenser for reuse.

The advantages of this system are eco-friendly (reusable solvents and
hazardous waste reduction), cost-effective (low temperature and pressure), time
saving (short process time) and energy conservation (recycle the non-renewable
energy source) compared to other current recycling and reprocessing options for
used lube oil. A treatment method based on a chemical-aided ultrasonic
irradiation reaction is also proposed as the pretreatment step to remove toxin for
better overall performances.

FUEL 5

Application of computational chemistry to combustion processes:
Generation of reliable thermokinetic data for the aromatics oxidation
mechanisms

Florent Louis, florent.louis@univ-lille1.fr, Sebastien Canneaux,
sebastien.canneaux@univ-lille1.fr, Marc Ribaucour, Abderrahman EI Bakali, and
Jean-Francgois Pauwels, PhysicoChimie des Processus de Combustion et de
I'Atmosphere (PC2A), Universite des Sciences et Technologies de Lille, UMR
CNRS 8522, FR CNRS 2416, Bat. C11, 569655 Villeneuve d'Ascq, France

Since a few years our lab carried out studies concerning the development of
thermokinetic sophisticated models of oxidation and auto-ignition in the low and
intermediate temperature range (600-900 K) at high pressures (5-20 bar) for
standard car gasoline components. These models are developed and validated
using experimental data obtained from the lab's Rapid Compression Machine



(RCM). The purpose of these models is to predict the formation of unburnt
pollutants exhausts.

Thus, the aim of this work is to determine thermokinetic data for molecules and
reactions which are considered to be critical using computational chemistry. The
studied molecules are o-xylene, toluene, cyclohexane, cyclohexene and hexene
isomers. The oxidation schemes for these hydrocarbons are determined from the
oxidation reaction products with the RCM: the species and the reactions for
which we need data were identified. We present here the results obtained in the
case of the toluene and o-xylene oxidation.

FUEL 6
Exploring the chemical reactivity of asphaltenes

Mohammad Nahid Siddiqui, mnahid@kfupm.edu.sa, Department of Chemistry,
King Fahd University of Petroleum & Minerals, Dhahran 31261, Saudi Arabia,
Fax: +9663-860-4277

Most of the hydrocarbon derivatives from petroleum are used to produce energy
by combustion, but very few percent are converted to industrially useful
compounds by controlled reactions with oxygen or chlorine. The hydrocarbons
have high C/H ratio and are inert to attack by most of the chemical reagents and
reacts with oxygen and halogens only under the special conditions of radical
initiated reactions. One of the major constituents of the heavy residual oils and
asphalts is the asphaltenes. Asphaltenes are composed of condensed aromatic
structures units bearing alicyclic sites substituted and connected to aliphatic
chains with or without heteroatoms. The objective of this study was to investigate
the reacting behavior of asphaltenes to understand the structural, chemical and
molecular nature of asphaltenes. Relatively little is known about the effect of
chlorination on asphaltene chemistry and structure. In an effort to increase this
understanding, the reaction of asphaltenes with sulfuryl chloride (SO2CI2) alone
and in presence of an initiator, 2.2'-azobis-(-methylpropionitrile), commonly
named as AIBN (azoisobutylnitrile), was carried out. Asphaltenes contain
predominantly C and H atoms in the form of aromatic and aliphatic structures.
Both can be reactive and that the aromatic structures may affect the reaction
pathway. All reactions began with the formation of free radical from SO2CI2
followed by the abstraction of H atom which provided reactive radical
intermediates. The IR spectra clearly show the addition of Cl groups in aliphatic
as well as in aromatic structure of asphaltenes. The compositional data
generated by this work will enhance the understanding of asphaltene structure.

FUEL 7



Nanocomposite oxygen carriers for chemical looping combustion of sulfur-
contaminated coal gas

Rahul D Solunke, rds35@pitt.edu and Goetz Veser, gveser@pitt.edu,
1.University of Pittsburgh, Chemical Engineering Department, 2.US DOE-
National Energy Technology Laboratory, Pittsburgh, Pittsburgh, PA 15261

Chemical looping combustion (CLC) is an emerging technology for clean energy-
production. In CLC, an oxygen carrier is periodically oxidized with air and then
reduced in contact with a fuel. CLC is thus a flame-less oxy-fuel combustion
without an air separation unit, producing sequestration-ready CO2-streams
without significant energy penalty. However, a major hurdle towards technical
implementation of CLC is the development of robust oxygen carrier materials.

We present a detailed study on Ni-, Cu- and Fe-based nanocomposites, with
particular emphasis on their performance in combustion of sulfur-contaminated
coal gas. In sulfur-free streams the carriers show stable and fast reduction and
re-oxidation kinetics. Sulfur contamination results not only in sulfidation of the
metal carrier component, but also in partial sulfidation of the support matrix,
marginally altering the redox kinetics without, however, affecting carrier stability.
Interestingly, the support sulfidation leads to a significant increase in the oxygen
carrying capacity of the carriers.

FUEL 8
Rapid analysis of bound glycerides in biodiesel using fluorescence

Eva M. Deemer, eva.deemer@gmail.com and Wen-Yee Lee, Department of
Chemistry, University of Texas at El Paso, 500 West University Ave, El Paso, TX
79968, Fax: 915-747-5748

Biodiesel can be significantly contaminated with glycerol, mono-, di- and
triglycerides due to incomplete transesterification and insufficient purification. The
presence of these minor components can lead to serious engine problems and
hazardous emissions. Limits for the permissible levels of glycerol, mono-, di- and
triglycerides have therefore been outlined by American Testing and Standard
Materials (ATSM) D6584. This method employs Gas Chromatography (GC)
however, it has been considered complicated, expensive, as well as erroneous.
The purpose of this research was to investigate a quantitative method that could
be accurate, reliable, easy and cost effective.

Biodiesel samples analyzed by GC for free and bound glycerol are hydrolyzed to
completion and tested for glycerol content using UV/Vis analysis. Values are
used to indirectly compare TLC bound glyceride analysis to GC bound glyceride



analysis. Reliability of results, sample preparation, short analysis time and simple
instrumentation make the methods ideal for biodiesel quality control.

FUEL 9

Systematic exploration of hydrogen atom transfers in alkyl, alkenyl, and
functionalized radicals, as predicted by composite ab initio methods

Carrigan J. Hayes, carrigan.hayes@pnist.gov, Computational Chemistry Group,
National Institute of Standards and Technology, 100 Bureau Drive Mailstop 8320,
Gaithersburg, MD 20899-8320, and Donald R. Burgess Jr., dburgess@nist.gov,
Division of Chemical and Biochemical Reference Data, National Institute of
Standards and Technology, Gaithersburg, MD 20899

Kinetic modeling programs will play increasingly important predictive roles in fuel
chemistry as the energetic landscape shifts over the next few decades. These
programs largely depend on automatic mechanism generation approaches,
which themselves rely on Evans-Polyani relationships to extrapolate kinetic
behavior from thermodynamic properties, efficiently generating kinetic data for a
large number of elementary reaction steps. Isomerizations (H-atom transfers)
dictate much of low-temperature combustion; generated mechanisms must
accurately model this temperature range, which has implications for alternative
fuels and engine design. High-level composite ab initio methods (G3MP2B3)
were used to model isomerizations in many reactive species, including alkyl,
alkenyl, cycloalkyl, and oxoallyic (derived from aldehydes and ketones) radicals.
While enthalpies of activation scaled with enthalpies of reaction in alkyl radicals,
the correlation was not seen for alkenyl and oxoallylic radicals. The implications
of non-Evans-Polyani behavior for the increasingly functionalized radicals derived
from alternative fuels will be discussed.

FUEL 10
Waxphaltene Determinator for rapid separation of waxes and asphaltenes

John F. Schabron’, jfschabr@uwyo.edu, Lamia Goual?, Thomas F. Turner', and
Brian F. Towler?. (1) Western Research Institute, 365 North 9th Street, Laramie,
WY 82072, (2) Department of Chemical and Petroleum Engineering, University of
Wyoming

A new separation called the Waxphaltene Determinator is a solubility-based
method that allows the detection of waxes and asphaltenes from mg quantities of
sample in minutes. Waxes and asphaltenes are initially precipitated together on a
ground polytetrafluoroethylene (PTFE)-packed column using a methyl ethyl
ketone (MEK) mobile phase at -20 °C. Following elution of the MEK soluble



material, branched and n-paraffin wax components with carbon numbers less
than C20 are re-dissolved in heptane at -20 °C and they are eluted as a single
peak. The column is then rapidly heated to 60 °C, and n-paraffins with carbon
number greater then C20 and slightly branched paraffins are melted, dissolved
and selectively eluted with n-heptane. Asphaltenes and very polar asphaltenes
are subsequently eluted at ~30 °C using toluene and methylene chloride,
respectively. Results with the new separation method were compared with
differential scanning calorimetry results for wax determination, and the data
correlated well. Gravimetric asphaltene precipitation data were compared with
asphaltene peak area percentages from the new separation and a near linear
correlation was observed.

FUEL 11

Using mass spectrometry to improve on the SARA analysis for a series of
Canadian heavy oils

Andrew M. Herring’, aherring@mines.edu, Merrick H Johnston?,
mjohnsto@mines.edu, Mike Batzlez, mbatzle@mines.edu, Matthew Liberatore3,
liberato@che.udel.edu, and Steven F. Dec?, sdec@mines.edu. (1) Department of
Chemical Engineering, Colorado School of Mines, Golden, CO 80401, Fax: 303-
273-3730, (2) Center for Rock Abuse, Colorado School of Mines, Golden, CO
80401, (3) Chemical Engineering, Colorado School of Mines, Golden, CO 80401,
(4) Department of Chemistry and Geochemistry, Colorado School of Mines,
Golden, CO 80401

SARA fractionation is an operational definition that can vary greatly in results
depending on procedure. This study looks at three alternative methods to cross
correlate SARA results and to further assess viscosity relationships. Cross
Polarization Magic Angle Spinning ">C Nuclear Magnetic Resonance (CP/MAS
3C NMR) is used to assess aromaticity and the average aromatic clustering
number, in hopes that the percent aromatics from the NMR experiments correlate
to the SARA and that the average carbon clustering number relates to the
viscosity. Gas-Chromatography Mass Spectrometry (GCMS) and Molecular
Beam Mass Spectrometry (MBMS) was carried out on the six Canadian samples.
A principal component analysis fitted with a partial least square regression line
was done for the respective inputs to predict 20°C 10 Hz viscosity. Both methods
predicted viscosity well with R-squared values around 0.9. The faster MBMS
procedure is advantageous for correlating chemistry to viscosity and delivers
adequate results describing the SARA fractions.

FUEL 12

Analysis of Maya crude oil



Alan A. Herod, a.herod@ic.ac.uk, Trevor J. Morgan, Patricia Alvarez,
p.alvarez@imperial.ac.uk, Anthe George, a.george1@imperial.ac.uk, Marcos
Millan, marcos.millan@imperial.ac.uk, and Rafael Kandiyoti,
r.kandiyoti@ic.ac.uk, Department of Chemical Engineering, Imperial College,
Prince Consort Road, London SW7 2BY, United Kingdom

Maya crude oil was separated into maltenes (heptane solubles) and asphaltenes
(toluene solubles) and the asphaltene fraction was further separated into NMP-
soluble and —insoluble fractions. These fractions were examined by SEC in
NMP/chloroform eluent and by UV-fluorescence spectroscopy. LD-MS was used
to estimate ion mass ranges after fractionation using TLC before exposure to the
laser, to separate small and large ions. This allows the application of variable
laser power to the small and large molecules separately; this method avoids
exposure of small molecules to high laser power, since ionized cluster ions may
form from small molecules and mask the large ions, in the absence of separation.
The LD-MS results indicated that the most intense peak of the maltene fraction
was below m/z 1000, but the peak masses for the asphaltene fractions increased
up to m/z 2000, with high mass limits of around m/z 10,000, in reasonable
agreement with SEC results.

FUEL 13

Nonpolar speciation of Athabasca bitumen by atmospheric pressure
photoionization FT-ICR mass spectrometry

Amy M McKenna1, mckenna@magnet.fsu.edu, Jeremiah M. Purcell2,
Jpurcell@magnet.fsu.edu, Parviz Rahimi®, Parviz.Rahimi@nrcan.gc.ca, Ryan P.
Rodgers’, rodgers@magnet.fsu.edu, and Alan G. Marshall’,
marshall@magnet.fsu.edu. (1) lon Cyclotron Resonance Program, National High
Magnetic Field Laboratory, 1800 East Paul Dirac Drive, Tallahassee, FL 32310,
Fax: 850-644-1366, (2) National High Magnetic Field Laboratory, lon Cyclotron
Resonance Program, Tallahassee, FL 32310, (3) National Centre for Upgrading
Technology, Devon, AB AB T9G 1A8, Canada, (4) lon Cyclotron Resonance

Prog, NHMFL, Tallahassee, FL 32310-4005

The high resolution and mass accuracy of FT-ICR mass spectrometry allows the
detailed characterization of compositionally complex petroleum samples at the
level of elemental formula assignment. Examination of the heteroatom class, type
(DBE), and carbon number allows for core structural determination. Here, we
continue previous work to characterize middle distillate of Athabasca bitumen
and have shown the global continuum. Petroporphyrins are detected directly for
the first time, without prior extraction.

FUEL 14



Syncrude characterization

Alan A. Herod, a.herod@ic.ac.uk, Patricia Alvarez, p.alvarez@imperial.ac.uk,
Cesar Berrueco, c.berrueco@imperial.ac.uk, Silvia Venditti,
s.vendittiO6@imperial.ac.uk, Anthe George, a.george1@imperial.ac.uk, Marcos
Millan, marcos.millan@imperial.ac.uk, and Rafael Kandiyoti,
r.kandiyoti@ic.ac.uk, Department of Chemical Engineering, Imperial College,
Prince Consort Road, London SW7 2BY, United Kingdom

An atmospheric residue from Athabasca bitumen sweet blend has been
characterized using size exclusion chromatography, UV-fluorescence
spectroscopy and mass spectrometry (GC-MS, heated probe-MS and laser
desorption MS) to indicate the extent of the mass range of the material. The
Athabasca bitumen is a more difficult sample than the Maya crude and should
provide a more stringent test of the methods applied to the Maya. Fractionation
of the sample was by solvent solubility into heptane solubles (maltenes) and
toluene solubles (asphaltenes). The maltenes were separated into acetone-
soluble and —insoluble fractions; the asphaltenes were separated into NMP-
soluble and —insoluble fractions. TLC was used to separate these fractions
before LD-MS. LD-MS and SEC gave mass range estimates increasing from
maltene acetone-solubles through NMP-insolubles of asphaltenes up to at least
m/z 10,000. The fractions containing the largest molecules had little or no
fluorescence; fractionation proved essential to detect the largest molecules.

FUEL 15

Development of a drop-in unifuel/single battlefield fuel of high thermal
stability

Joshua S Heyne', jsh293@psu.edu, André L. Boehman?,
boehman@ems.psu.edu, and Steven Kirby”. (1) Department of Mechanical
Engineering, The Pennsylvania State University, 420 Academic Activities, The
EMS Energy Institute, University Park, PA 16802, (2) The EMS Energy Institute,
The Pennsylvania State University, University Park, PA 16802

The future of military transportation fuels has been an area of increasing interest.
One of the proposed solutions is a fuel that can be used in both diesel and gas
turbine engines as a single battlefield fuel or unifuel. The fuel needs to satisfy all
of the current JP-8 specifications with two additional design constraints of higher
thermal stability and an increased cetane number. Previous work has established
a fuel with considerable thermal stability (JP-900 X1390). Using this fuel as a
base compound, various solutions are considered and evaluated using an
Ignition Quality Tester (IQT™) instrument. The focus of the study is two fold; the
addition of trace quantities of cetane improvers such as Ethyl Hexyl Nitrate
(EHN) and secondly increasing the concentration of fuels with desirable derived



cetane numbers (DCNs). The fuels used to dope JP-900 X1390 were B100, S-8,
and Sasol Diesel. Additionally, NORPAR 13 and decalin are proposed as a first
approximation unifuel surrogate. It was concluded that a mixture of decalin and
long chain single branched iso-paraffins meet many of the design challenges
presented in designing a unifuel. Finally, a general production scheme is
proposed for the manufacture of this fuel.

FUEL 16

Structure-activity relationship in low temperature oxidation of cyclic
hydrocarbons

Yi Yang, yuy106@psu.edu, The Energy Institute, The Pennsylvania State
University, University Park, PA 16802, and André L. Boehman,
boehman@ems.psu.edu, The Energy Institute, Penn State University, University
Park, PA 16802

Low temperature oxidation (LTO) of four cyclic hydrocarbons is studied in a
motored engine with controlled extent of oxidation. Conformational analysis is
applied to the LTO chemistry to obtain a qualitative structure-activity relationship
between the steric structures of these compounds and their LTO reactivity. The
observed LTO reactivity is explained by the molecular steric structure and
resultant hydrogen accessibility to the key chain branching step, (1,5) H-shift of
fuel peroxy radical. LTO reactivity follows the same trend as the total number of
hydrogens in a molecule that is available to (1,5) H-shift, and the degeneracy of
(1,5) H-shift, i.e., the number of hydrogens available to (1,5) H-shift of a given
peroxy group. MCH has the methyl group to preoccupy an equatorial position
and forces the later formed axial peroxy group to stay at an axial position thus
favors (1,5) H-abstraction.

FUEL 17

Proposed reactivity mechanism for trans- and cis-decalin and implications
for the development of JP-900

Joshua S Heyne, jsh293@psu.edu, Department of Mechanical Engineering, The
Pennsylvania State University, 420 Academic Activities, The EMS Energy
Institute, University Park, PA 16802, and André L. Boehman,
boehman@ems.psu.edu, The EMS Energy Institute, The Pennsylvania State
University, University Park, PA 16802

The future of transportation fuels requires development of alternative and
unconventional resources in order to meet future demands. One of these
alternatives is coal derivatives for the use in both turbine and diesel engines,



including fuels that can be used in both types of engines, i.e., a single battlefield
fuel, or unifuel. The hydrogenation of refined chemical oil (RCO) and light
chemical oil (LCO) produces decalin as the major product. Decalin has been
shown to have desired thermal stability and much work has been done to
characterize it as the major constituent of the coal-based jet fuel, JP-900. In the
design of unifuels with decalin as the major constituent the autoignition character
of the isomers of decalin was found to be the most important consideration. The
derived cetane number (DCN) of cis-decalin was found to be 40 whereas the
DCN of trans-decalin was 32.

FUEL 18

Affordable cellulosic ethanol by 2012: NREL's thermochemical platform
R&D

William J Frederick, jim_frederick@nrel.gov, Thermochemical Platform, NREL,
1617 Cole Blvd, Golden, CO 80403

NREL's Thermochemical Platform strategic goal is to develop technologies for
converting feedstocks into cost-competitive commodity liquid fuels, such as
ethanol and advanced biofuels. The overall performance goal of the
Thermochemical platform is to reduce the estimated mature technology
processing cost for converting cellulosic feedstocks to ethanol via mixed alcohol
synthesis to $1.33 per gallon by 2012, based on integrated pilot-scale data and a
feedstock cost of $46/dry ton.

The challenges being addressed at NREL and its partner institutions fall into
three broad categories:

« gasification of wood, biorefinery residue streams and low sugar content
biomass

* syngas cleanup and conditioning

 development of fuel synthesis catalysts

This paper reviews the research and process development underway at NREL in
each of these areas critical to meeting the 2012 goal of a fuel-grade ethanol
production capability at a MSRP of $1.33 per gallon.

FUEL 19

Biomass characterization and organosolv pretreatment of Buddleja davidii



Bassem B. Hallac’, bhallac3@mail.gatech.edu, Poulomi Sannigrahi’, Yungiao
Pu?, Yunqiao.pu@ipst.edu, Michael Ray®, Richard Murphy®, rmurphy@ic.ac.uk,
and Arthur J. Ragauskas’, art.ragauskas@chemistry.gatech.edu. (1) School of
Chemistry and Biochemistry, Georgia Institute of Technology, 500 10th Street,
NW, Atlanta, GA 30332, (2) Institute of Paper Science and Technology, Atlanta,
GA 30318, (3) Department of Biological Sciences, Imperial College of Science,
Technology & Medicine, London SW7 2AZ

Buddleja davidii, as a potential bioresource for biofuels, has several attractive
agro-energy features. This research project constitutes the first detailed
characterization of this novel biomass feedstock. Results from the biomass
characterization of B. davidii, which includes the determination of lignin,
hemicellulose, and cellulose contents, as well as, detailed elucidation of the
chemical structures of both lignin and cellulose by NMR will be presented. Solid-
state CP/MAS ">C NMR has been used to study the structure of cellulose and
structural characterization of lignin has been performed using quantitative '°C
NMR and *'P NMR spectroscopy. Furthermore, Buddleja davidii was pretreated
using the organosolv pretreatment technology and optimum pretreatment
condition has been found. The mass balance at the optimum condition and the
glucose recovery by enzymatic hydrolysis were determined. This talk
summarizes the bioethanol production capabilities of B. davidii guided by its
fundamental chemical biomass constituents.

FUEL 20
Chemical kinetic mechanism additivity

Hongzhi R. Zhang, westshanghai@yahoo.com, Eric G. Eddings, and Adel F.
Sarofim, Department of Chemical Engineering, University of Utah, Salt Lake City,
UT 84112

The Utah Surrogate Mechanisms was used to study the combustion emission of
a California gasoline fuel. Those published results are further examined in this
study for chemical reaction mechanism additivity between different chemical
classes. The 23-component surrogate used in the original study is divided into
subsets, and these subsets of chemicals are modeled using the same
mechanism under the same premixed flame experimental conditions as in the
original gasoline study. The weighted sum of each species concentration is
calculated according to the mole percentage distribution of each subset in the
gasoline fuel. Different subset partitions are investigated. The simplest partition
includes three subsets of olefins, aromatics and
benzene/toluene/cyclohexane/MTBE. Each subset includes paraffinic fuel
components to provide a similar radical pool that was obtained with a full
surrogate. Two other partitions of 7 and 13 subsets are also studied. The
weighted sums of each species using different partitions match very well the



predicted concentration of that species if a full surrogate was used. Therefore,
chemical mechanism additivity is found to be applicable between different
chemical classes.

FUEL 21
Development of detailed kinetic models for Fischer-Tropsch fuels

Charles K. Westbrook', westbrook1@lInl.gov, William J. Pitz’, pitz1@linl.gov,
Hans-Heinrich Carstensenz, hcarsten@mines.edu, and Anthony M. Deanz,
amdean@mines.edu. (1) Physical and Life Sciences Directorate, Lawrence
Livermore National Laboratory, Livermore, CA 94551, (2) Chemical Engineering
Dept, Colorado School of Mines, 1613 lllinois St., Golden, CO 80401

Fischer-Tropsch (FT) fuels, which can be synthesized from a syngas stream
generated by the gasification of biomass, have both the chemical and physical
properties that are somewhat different from the petroleum-based hydrocarbons
they might replace. For example, FT fuels contain very little, if any, aromatics and
have high concentrations of iso-alkanes with one or two methyl branches to meet
the pour-point specifications. Since the different composition might alter the
performance of diesel engines and gas turbines, it is important to develop a
mechanistic understanding of the combustion chemistry of these iso-alkanes.
Models are already available for smaller branched alkanes such as isooctane,
but additional efforts are required to properly capture the kinetics of the larger
branched alkanes. The current study presents results of two aspects of this
effort. In the first part, predictions of a new reaction mechanism containing
additional reactions for 2,2,4,4,6,8,8-heptamethylnonane (HMN), a large iso-
alkane, are discussed. The extension, which addressed both the high and low
temperature chemistry of HMN, was done using the same reaction rate rules as
for the iso-octane mechanism. The second part describes the development of
new rate estimation rules for H abstraction and isomerization reactions based on
high-level electronic structure calculations. Since the data set contains primary,
secondary and tertiary C-H bonds, we can use the results directly to predict
differences in the initial radical pool between n-alkanes and iso-alkanes. Future
work will include rate rule calculations for b-scissions and alkyl + O2 reactions.

FUEL 22

Development of low temperature glycerol and ethylene glycol fuel cells
capable of high energy density and complete oxidation

Robert L. Arechederra and Shelley D. Minteer, minteers@slu.edu, Department
of Chemistry, Saint Louis University, 3501 Laclede Avenue, St. Louis, MO 63103,
Fax: 3149772521



Glycerol being the major byproduct of biodiesel production has very few large
scale industrial uses that can compare with its production rate making it very
inexpensive and abundant. In addition, its high energy density (6260 Whr/L) and
low volatility make it a very attractive fuel for biofuel cells. Ethylene glycol shares
some chemical and physical similarities to glycerol such as high energy density
(5260 Whr/L) and low volatility and also has the potential of being an attractive
fuel especially for biofuel cells that are exposed to extreme low temperature
conditions. Traditional low temperature fuel cells have difficulty oxidizing fuels
that contain more than one carbon allowing only simple and low energy density
fuels such as hydrogen and methanol to be used. By harnessing the catalytic
power of enzymes that can achieve direct electron transfer to a carbon electrode,
a three enzyme cascade was developed to completely oxidize two complex fuels,
glycerol and ethylene glycol, at the anode of a biofuel cell.

FUEL 23
Ethylene pyrolysis and the subsequent molecular weight growth reactions

Inyong Kang, ikang@mines.edu, Chemical Engineering Department, Colorado
School of Mines, 1613 lllinois St, Golden, CO 80401, Ahmed Al Shoaibi,
aalshoaibi@pi.ac.ae, Chemical Engineering Department, Petroleum Institute,
United Arab Emirates, Abu Dhabi, United Arab Emirates, and Anthony M. Dean,
amdean@mines.edu, Chemical Engineering Dept, Colorado School of Mines,
Golden, CO 80401

This study focuses on the pyrolysis and molecular weight growth reactions of
ethylene under conditions relevant to reformer or SOFC operation (1=1~5s,
T=550~900°C, P~0.8 atm). Ethylene was chosen since it is often the dominant
olefin formed during hydrocarbon pyrolysis, and it is also known to lead to
deposit formation. Ethylene conversions were observed to vary substantially over
the range of conditions used. The major light products observed were H2, CH4,
C2H2, C3H6, C4H6, and heavier species. The most abundant aromatic species
observed were benzene and styrene. Although it appears that current kinetic
model can properly account for the initial conversion of ethylene to butadiene, the
prediction of other product distributions is not satisfactory. The overprediction of
1,3 butadiene is likely due to the fact that reactions of butadiene to form higher
molecular weight products are too slow in the model.

FUEL 24
Low temperature partial oxidation of ethane and propane

Lam K. Huynh', lhuynh@mines.edu, Ahmed Al Shoaibi?, aalshoaibi@pi.ac.ae,
Hans Heinrich Cartensen®, HCartensen@mines.edu, and Anthony M. Dean’®,



amdean@mines.edu. (1) Chemical Engineering Department, Colorado School of
Mines, 1613 lllinois St, Golden, CO 80401, (2) Chemical Engineering
Department, Petroleum Institute, United Arab Emirates, Abu Dhabi, United Arab
Emirates, (3) Chemical Engineering Dept, Colorado School of Mines, Golden,
CO 80401

This work describes gas-phase flow-reactor experiments and modeling results for
ethane and propane pyrolysis and partial oxidation. The experiments were
carried out at an ambient pressure of 0.8 atm and a residence time of ~5s and
550-8000C. Addition of small amounts of oxygen decreased the onset of
conversion by ~75K. This shift is well-predicted for ethane, while for propane the
shift was over-predicted. Flux and sensitivity analyses point out that these results
are very sensitive to the reaction of alkyl radicals with molecular oxygen. This
improved prediction of ethane+02 system is likely due to the use of the well-
characterized ethyl+O2 sub-mechanism. On the other hand, the kinetic
information of the analogous propyl+O2 system used in the mechanism was less
certain. Therefore, the potential energy surface (PES) for propyl+0O2 system was
re-calculated using a higher level of electronic structure theory, namely CBS-
QB3. New reaction pathways/species were found and included. In addition to the
more accurate and complete PES, thermodynamic properties of species were
improved. These improvements have led to substantial changes in the high-
pressure rate constants. After accounting for the pressure effects, we anticipate
improved predictions for propane.

FUEL 25

Ozonolysis of biodiesels in the presence of various low molecular weight
alcohols

Zhixiong Cha’, zc3@utah.edu, Hongzhi R. Zhang?, westshanghai@yahoo.com,

Eric G. Eddings? and Adel F. Sarofim®. (1) Department of Civil & Environmental

Engineering, University of Utah, 104 CME, 122 S. Central Campus Dr, Salt Lake

City, UT 84112, (2) Department of Chemical Engineering, University of Utah, Salt
Lake City, UT 84112

Ozonolysis of methanol-transesterified vegetable oils was conducted in the
presence of various low molecular weight alcohols at room temperature. GC/MS
analysis of the ozone treated biodiesel showed that the double bonds in olive
biodiesel molecules were being cleaved by ozone via direct electrophilic addition
during reaction. Among all terminal carboxylic acid esters, the monocarboxylic
acid esters and bicarboxylic acid esters with the carbon number from C6 to C9
were mostly generated from direct decomposition of a-alkoxyalkyl
hydroperoxides during ozonolysis, but some of the esters were formed from
reactions of oxidized aldehydes, another major products of ozone eletrophilic
addition reaction, with low molecular weight alcohols. When other low molecular



weight alcohols such as ethanol instead of methanol were in the reaction phase,
the reverse transesterification of methyl carboxylic acid esters by other alcohols
was identified by GC/MS analysis. The fuel properties of biodiesels treated by
ozone in other alcohols should be better than in methanol since the molecular
structures of fuels are more complicate.

FUEL 26

Biodegradation effects on the molecular and isotopic compositions of
petroleum columns: A case study from the Alberta tar sands

Norka I. Marcano, nimarcan@ucalgary.ca, Geoscience Department, Petroleum
Reservoir Group, Alberta Ingenuity Center for In Situ Energy, University of
Calgary, 2500 University Drive Northwest, Calgary, AB T2N1N4, Canada, Fax:
001-403-2840074, Steve Larter, slarter@ucalgary.ca, Petroleum Reservoir
Group,Geoscience Department/ AICISE, University of Calgary, Calgary, AB
T2N1N4, Canada, and Bernhard Mayer, bmayer@ucalgary.ca, Department of
Geoscience, Applied Geochemistry Group, University of Calgary, Calgary, AB
T2N 1N4, Canada

Petroleum columns with progressively biodegraded bitumens from the Alberta tar
sands were studied to assess the effects of biodegradation on the molecular and
isotopic compositions of the oils. Molecular composition shows levels of
biodegradation from 5 to 7 in the Peter and Moldowan scale, increasing from top
to bottom of the oil column. No n-alkanes or isoprenoid alkanes were present in
any of the bitumens. Polycyclic aromatic compounds and biomarkers such as
steranes and hopanes were severely altered at the highest level of
biodegradation. Aromatic steroids, tricyclic terpanes and pregnanes remain
intact. Biodegradation does not cause observable variations in the carbon,
nitrogen or sulphur isotopic compositions of bulk bitumen and no bulk carbon
isotope changes were observed in fractions of different polarities. In general, the
sulphur and nitrogen contents of the bitumens increase with increasing
biodegradation levels. Isotope composition analyses of sulphur, nitrogen and
hydrogen in fractions of different polarities are being conducted

FUEL 27
Calculations on model compounds for heavy petroleum constituents

PR. Seidl’, pseidl@eq.ufrj.br, K. Z. Leal’, S. M. C. de Menezes®, L. C. Navarro
Quintero’, linaconsZ@yahoo.com.ar, J. F. Dias* Eric Brasil Lindgren5, and
Alexandre M Carauta®. (1) Departamento de Processos Organicos, Escola de
Quimica da UFRJ, Avenida Horacio Macedo, 2030 - Bloco E - Sala 204, Cidade
Universitaria - llha do Fundéao, Rio de Janeiro, Brazil, Fax: 55 21 25627567, (2)



Departamento de Fisico-Quimica, Instituto de Quimica da UFF, Niteréi - Rio de
Janeiro, Brazil, (3) Petroleo Brasileiro SA, Rio de Janeiro, Brazil, (4) Faculdade
de Tecnologia - Campo de Resende, Universidade do Estado do Rio de Janeiro,
Resende - Rio de Janeiro, Brazil, (6) Departamento de Fisico-Quimica, Instituto
de Quimica, Universidade Federal Fluminense, Niterdi, Brazil, (6) Departamento
de Quimica Geral e Inorgénica, Universidade Federal Fluminense, Niteroi

Although petroleum contains over a million different molecules, most of this
diversity is found in its heavier fractions. They usually contain constituents
capable of self organization making the separation and identification of individual
molecules an almost hopeless task.

In order to circunvent these difficulties, petroleum and its derivatives may be
separated in solubility classes and the heptane - insoluble constituents may be
further fractionated.

FUEL 28

Catalytic cracking of residual oil with iron—-based catalyst in a steam
atmosphere

Eri Fumoto, e-fumoto@aist.go.jp, Akimitsu Matsumura, a-
matsumura@aist.go.jp, Shinya Sato, s-sato@aist.go.jp, and Toshimasa
Takanohashi, toshi-takanohashi@aist.go.jp, Energy Technology Research
Institute, National Institute of Advanced Industrial Science and Technology, 16-1,
Onogawa, Tsukuba 305-8569, Japan, Fax: +81-29-861-8437

Catalytic cracking of atmospheric-residual oil with zirconia-alumina-iron oxide
catalyst at 450-500°C in a steam atmosphere was examined to recover lighter
fuels as much as possible. Heavy oil fractions were decomposed by attack of the
active oxygen and hydrogen species generated from steam over the catalyst,
and lighter fuels, such as gasoline, kerosene and gas oil, were generated without
any coke at W/F (ratio of catalyst to feedstock) of 1.6-2.7 h. The amounts of
lighter fuels increased with increase in temperature and W/F because the large
amounts of active species generated from steam were reacted with heavy oil
fractions. The largest amounts of lighter fuels (about 40 mol%-C) were obtained
with W/IF of 2.7 h at 475°C, and W/F of 1.6-2.7 h at 500°C.

FUEL 29

Compatibility and stability characteristics when blending different diluents
and bitumen crudes



Parviz Rahimi, Parviz.Rahimi@nrcan.gc.ca, National Centre for Upgrading
Technology, 1 Oil Patch Drive, Suite A202, Devon, AB AB T9G 1A8, Canada,
Fax: 780-987-56349, Zhiming Fan, zfan@nrcan.gc.ca, National Center for
Upgrading Technology, Devon, AB T9G 1A8, Canada, Simon Cooper, National
Centre for Upgrading Technology (NCUT), 1 Oil patch Drive, Suite A202, Devon,
AB T9G 1A8, Canada, Fax: 780-987-5349, Teclemariam Alem,
talem@nrcan.gc.ca, National Centre for Upgrading Technology (NCUT), Devon,
AB T9G 1A8, Canada, and Irwin A. Wiehe, irv@solublesolutions.com, Soluble
Solutions, Gladstone, NJ 07934

The Canadian oil sands will become a key source of future crude supply. The
bitumen must be diluted with a lighter hydrocarbon stream to meet the
specifications required for shipping in pipelines. Compatibility and stability
characteristics when blending diluents and crudes are important issues in the
pipeline transportation. Four typical bitumen crudes and three diluents, i.e.
natural gas condensate (NGC), oil sands derived liquid and n-alkanes, were
chosen to investigate their compatibility and stability characteristics. For each
crude and diluent, their physical and chemical properties were analyzed.
Following oil compatibility model developed by Irwin Wiehe, the insolubility
number and solubility blending number of different crudes, diluents and their
blends were studied. As well, the asphaltene stability of crudes in different
diluents was further investigated using an optical method (ASTM D-7061). The
calculated separability number was used as a parameter to measure the stability.
The results of compatibility indicate that oil sands derived liquids are better
solvent for Athabasca bitumen than NGC. However for cracked Athabasca
bitumen, even at low ratio, both oil sands derived liquids and NGC resulted in
incompatibility. The asphaltene stability studies suggest that NGC is a better
solvent for cracked Athabasca bitumen, and oil sands derived solvent is a better
solvent for Athabasca bitumen.

FUEL 30
Desulfurization process of heavy fuel oil

Ngo Yeung Chan’, ngochan@usc.edu, William T. C. Fan', wfan@usc.edu, and
Teh Fu Yen?, tfyen@usc.edu. (1) University of Southern California, Los Angeles,
CA 90089-2531, (2) Sonny Astani Department of Civil and Environmental
Engineering, University of Southern California, Los Angeles, CA 90089-2531

Intermediate fuel oil and residual fuel oil are heavy fraction usually having high
viscosity as well as high sulfur contents (>1.5%). Since conventional
hydrodesulfurization (HDS) process requires high temperature, pressure and
high capital cost, common practice for combustion needs blending with low sulfur
fuel oil and severe scrubbing. At present the sulfur limit allowed for residual fuel
oil is from 1.5% to 4.5%.



Recently we have developed a new oxidative desulfurization method by using
solid metal superoxide with an appropriate pair of ionic liquids. Intermediate fuel
oil, as well as residual oils (Bunker Oil No. 6), the average desulfurization
efficiency is 65% within 3 hours at 70°C, in ambient pressure with stirring.
Through the work we found that asphaltene in the heavy oil inhibited the
oxidation process. We have developed some unique methods to combat this fact.
The overall approach increases the desulfurization efficiency.

FUEL 31

Exhaust emission and combustion behavior of Fischer-Tropsch fuel in a
compression ignition engine

Kuen Yehliu, kuy112@psu.edu, The Energy Institute, The Pennsylvania State
University, 420 Academic Activities Building, University Park, PA 16802, Octavio
Armas, Octavio.Armas@ucim.es, Escuela Técnica Superior de Ingenieros
Industriales, University of Castilla-La Mancha, Ciudad Real s/n. 13071, Spain,
and André L. Boehman, boehman@ems.psu.edu, The Energy Institute, Penn
State University, University Park, PA 16802

In this study, Fischer-Tropsch (FT) fuel with a high cetane number (>78) was
investigated along with the ultra low sulfur diesel fuel (BP15). Physical, chemical,
and compositional properties of FT fuel and BP15 were investigated and
tabulated. With FT and BP15 fuelling, a common rail direct injection diesel engine
was operated at 2400 rpm with low (64 Nm) and high (110 Nm) load. The engine
performance, gaseous and particulate matter emissions, combustion behaviors,
and particle size distributions were compared and discussed. With fixed start of
combustion, FT fuelling showed similar NOx emissions, but lower HC, CO and
particulate matter emissions as BP15. FT fuelling also showed lower particle
concentration and a smaller mean particle diameter.

FUEL 32

Regional and local scale GIS surface and groundwater models of the oil
shale basins

Paul Gregory Quinn, pquinn2001@gmail.com, Ambet, 11937 E Yale Ave,
Aurora, CO 80014, Fax: 303-369-7571

Regional and Local Scale GIS Surface and Groundwater

Models of the Oil shale Basins



Hydrologic and Geochemical Baseline data was transferred between the BLM
and USGS in 1985 by me for Hydrogeologic Modeling studies being conducted
on the Oil Shale basins in Colorado, Wyoming, and Utah. This data which was
lost in the last 20+ years since the Oil Shale boom in the 1980's, is presented
here in a GIS presentation in coordination with current GIS models of the basins
as they exist today.

The use of this data is discussed with current events.

This is a long presentation. Therefore some of the slides will be discussed in
greater detail according to the amount of Oil Shale development activity present
or amount of analyzed data in that area.

FUEL 33
Synthesis and characterization of heteropolyacid immobilized membranes

Sonny Sachdeva, ssachdev@mines.edu, Department of Chemical Engineering,
Colorado School of Mines, 1500 lllinios Street, Golden, CO 80401, and Andrew
M. Herring, aherring@mines.edu, Department of Chemical Engineering,
Colorado School of Mines, Golden, CO 80401

Lacuanary heteropolyacids ([a H8SiW11039].14H20) (HSiW) have been
immobilized in a perfluorosulfonic acid (PFSA) polymer with pendant side chain —
O(CF2)4S0O3H on silica a support using sol-gel method. To obtain strong
covalent bonds between HSiIW and silica, HSiW has been used as the acid to
hydrolyze tetraethyl orthosilicate. Infrared spectroscopy revealed a strong
interaction between the silica source and the HSiW. The surface morphology of
the membrane, studied using the Scanning electron microscopy and Atomic force
microscopy, showed that the uniformly dispersed inorganic HSiW patrticles
immobilized in the membrane have size range of 50-100 nm. The X-ray
diffraction data revealed that the heteropolyacids exhibited an amorphous
character in the ionomer matrix evident from the broadening of the HPA peaks.
Proton conductivity of the HSiW loaded as well as the control membrane has
been obtained at 100, 80 and 30% relative humidity in the temperature range of
50-120 0C. The conductivity of the HSiW immobilized membranes increased with
the increase in temperature and humidity and was observed to be higher than the
control PFSA ionomer membrane. A significant increase in the proton
conductivity, nearly 1.75 times that of the control membrane is obtained at 30%
RH for the 5% and 10% loading membranes. A practical proton conductivity of
0.2 S/cm was observed at 120 0C and 80% relative humidity.

FUEL 34



Novel polyoxometalate containing membranes for PEM fuel cells

Mason K. Harrup’, mason.harrup@inl.gov, Frederick F. Stewart’,
frederick.stewart@inl.gov, Thomas A. Luther', thomas.luther@inl.gov, and
Tammy Trowbridge?, Tammy. Trowbridge@inl.gov. (1) Department of Chemical
Sciences, Idaho National Laboratory, P. O. Box 1625, Idaho Falls, ID 83415-
2208, Fax: 208-526-8541, (2) Material Science and Engineering, Idaho National
Lab, Idaho Falls, ID 83415

Current proton exchange membrane (PEM) technologies are inadequate to
address the projected needs for fuel cell performance above 80 °C. In order to
address the challenge of operating a fuel cell at elevated temperatures, different
proton carriers are needed. In this work, several polyoxometalates (POM) were
chosen to serve as the proton carriers in three different polymer hosts suitable to
serve as PEM fuel cell membranes. These membranes were loaded with POM
that possessed a suite of differing counterions. The effect of the nature of the
counter cations associated with the POM had on the organization of the carriers
within the host polymer matrix was determined using scanning electron
microscopy. The results of these studies will be presented.

FUEL 35

Triazole bearing sol-gel membranes as water free proton exchange
membranes for hydrogen fuel cells

Sergio Granados-Focil, sgranadosfocil@clarku.edu, Justin R. Conway’,
Michael Thorn?, michaelt@physics.umass.edu, Craig Versek?,
cversek@physics.umass.edu, and Mark T. Tuominens,
tuominen@physics.umass.edu. (1) Gustaf Carlson School of Chemistry and
Biochemistry, Clark University, 950 Main Street, Worcester, MA 01610, (2)
Physics Department, University of Massachusetts, Amherst, Amherst, MA 01003,
(3) Department of Physics, University of Massachusetts, Amherst, MA 01003

Water free, proton conducting, free-standing membranes have been synthesized
by incorporating triazole containing tetracyclosiloxanes into a PEG-TEOS based
sol-gel matrix. The absence of any unbound PEG or cyclic siloxane was
confirmed by 1TH-NMR and the chemical structure of the membranes was
corroborated by FTIR spectroscopy. TGA analysis indicated that the membranes
are stable up to 250 °C and DSC analysis showed complete suppression of PEG
crystallization after incorporation of the triazole containing cyclosiloxanes. The
crosslinked membranes showed proton conductivities higher or comparable to
those observed for the liquid, polysiloxane analog, notwithstanding the lower
charge carrier density of the sol-gel membranes and the pronounced
improvement in mechanical strength compared to the linear polysiloxanes. These
results suggest that incorporation of small proton conducting molecules into an



inert sol-gel matrix may reduce the coupling between mechanical strength and
ion transport ability, providing a new pathway for mechanically robust, water free,
proton conductive membranes.

FUEL 36

Theoretical predictions for novel membranes for high temperature H2
purification: Amorphous films and dense sulfides

Chen Ling, chen.ling@chbe.gatech.edu and Shigiang Hao,
shigiang.hao@chbe.gatech.edu, Georgia Institute of Technology, Atlanta, GA
30332

Metal membranes are in many regards an ideal means of purifying hydrogen
from mixed gas streams. One important theme in experimental studies of metal
membranes has been to reduce membrane thicknesses in order to increase
hydrogen permeation rates. A second, equally important, theme has been the
search for materials that yield high hydrogen permeabilities under practical
operating conditions. Historically, most work of this kind has focused on
crystalline metal alloys. In this presentation, we examine two novel classes of
materials, amorphous metals and dense metal sulfide, to assess whether they
have promise as membranes for hydrogen purification. For both materials,
performing experimental studies would require large resources to be invested
simply to fabricate pinhole free films, a necessary prerequisite for examining a
material's performance as a membrane. To avoid this requirement, we have used
quantitative first-principles calculations to make predictions about defect-free
materials.

FUEL 37

Properties of palladium-ruthenium membranes produced by electroless
codeposition

Sabina K. Gade, sgade@mines.edu, Matthew K. Keeling,
matthew.keeling@gmail.com, Alexander P. Davidson, aldavids@mines.edu, and
J. Douglas Way, dway@mines.edu, Chemical Engineering Department,
Colorado School of Mines, 1500 lllinois Street, Golden, CO 80401-1887, Fax:
303-273-3730

Cold-worked membranes made of palladium and ruthenium have been shown in
the literature to have several advantages over pure palladium in hydrogen
separation applications, in particular enhanced tensile strength and resistance to
hydrogen embrittlement at low temperatures. In order to minimize cost and
maximize hydrogen permeability, however, the films must be made thinner than



is typically possible in cold-working. An EDTA-free electroless codeposition bath
was developed that can apply films of 0-10 wt% Ru onto any appropriately
activated surface, producing highly-selective composite membranes as thin as
1.4 microns. Films consist of two phases at room temperature, an HCP
ruthenium-like phase and an FCC palladium-like phase. Deposited composition
is slightly Pd-enhanced over the bath composition. Pure-gas permeation testing
shows H2 permeabilities similar to those of pure Pd. Nanoindentation hardness
testing showed that a 5 wt% Ru alloy was 80% harder than a pure Pd membrane
fabricated by the same technique.

FUEL 38

Using first-principles calculations to screen ternary alloys as membranes
for high temperature hydrogen purification

David S. Sholl”, david.sholl@chbe.gatech.edu, Lymarie Semidey-Flecha?,
lymarie.semidey@chbe.gatech.edu, Chen Ling?, chen.ling@chbe.gatech.edu,
and Taku Watanabe®. (1) School of Chemical and Biomolecular Engineering,
Georgia Institute of Technology, Atlanta, GA 30332, (2) Georgia Institute of
Technology, Atlanta, GA 30332

Using metal alloys offers a useful means of developing dense metal membranes
for purification of hydrogen at high temperatures. Systematic screening of
multicomponent alloys experimentally, however, is a resource intensive activity.
To accelerate experimental efforts to identify alloys with superior performance as
membranes, we have used quantitative first-principles calculations to make
predictions about both the bulk and surface properties of binary and ternary Pd-
based alloys. In this presentation, we will discuss our recent efforts to examine
the bulk properties of Pd-based ternary alloys and the surface chemistry of CO
on PdAu alloys.

FUEL 39

Performance improvement for palladium alloy membranes for hydrogen
production

@yvind Hatlevik, hatlevik@gmail.com, Chemical Engineering, Colorado School
of Mines, 1500 lllinois St, Golden, CO 80401, and J. Douglas Way,
dway@mines.edu, Chemical Engineering Department, Colorado School of
Mines, Golden, CO 80401-1887

Composite membranes, consisting of a thin Pd-Au alloy film supported on a
robust, commercially ready porous substrate, have been investigated as a means
of improving resistance to hydride phase formation and increasing performance



in purification of hydrogen from water-gas-shift (WGS) reaction mixtures. The
hydride phase of Pd and Pd alloys have different lattice constant than the metal,
and this difference leads to cracking of the membrane. In pure Palladium the
hydride phase is formed when Hydrogen is introduced at temperatures below
300°C. Using a Pd-Au alloy the temperature at which the hydride phase is
formed is greatly suppressed to ~100°C depending on composition. Also, for use
in hydrogen production from WGS reaction mixtures, alloying palladium with gold
reduces the reduction in hydrogen flux caused by CO and H2S. Performance of
the alloy membranes is discussed with respect to gold content in the membrane.

FUEL 40
Ab initio studies of palladium-niobium alloys for hydrogen separation

S. Aboud, shelaa@Stanford.EDU, E. Ozdogan, eozdogan@stanford.edu, and J.
Wilcox, jen.wilcox@stanford.edu, Department of Energy Resources Engineering,
Stanford University, 367 Panama Street, Green Earth Sciences 065, Stanford,
CA 94305-2220

Palladium-based membranes have been studied extensively for their application
in H2 production due to their high permeability and catalytic activity to H2, their
impermeability to other gases, and their stability at relatively high temperatures.
However, a significant technical barrier impeding hydrogen separation membrane
development is the susceptibility to Pd membrane deactivation via sulfur
poisoning. Although desulfurization technologies can decrease the level of H2S
present in an effluent stream down to the ppm range, these resulting trace
concentrations still cannot be tolerated by Pd-based membrane materials.
Alloying materials can allow one to tune a surface so that it exhibits the desired
electronic properties necessary for a given catalytic process to take place. In this
work alloys of PdNb are investigated to understand the mechanisms involved in
surface site stabilities, reactivity, and subsurface hydrogen diffusion. Niobium is
an optimal material to use because it has the highest hydrogen permeability of
any other material and under specific conditions can be an order higher than
pure Pd and has shown to be resistant to sulfur poisoning. Unfortunately, Nb is
notorious for undergoing hydrogen embrittlement and can be a major structural
issue that will also be examined through alloying. Density functional theory (DFT)
is employed using the software package Vienna ab initio Simulation Package to
calculated binding energies of hydrogen and sulfur in alloys of Pd and Nb.
Surface and bulk properties of materials composed of transition metals can be
understood through a complete density of states analysis and the reactivity can
often be predicted using the “d-band center shift” model of Hammer and
Ndrskov. The local density of states (LDOS) of the s- p- and d-orbital states of
the individual atoms is calculated to provide an understanding of the binding
mechanisms associated with hydrogen and sulfur.



FUEL 41
Energy and hydrates: An overview inside the flowline and in nature

E. Dendy Sloan, esloan@mines.edu, Chemical Engineering, Colorado School of
Mines, Golden, CO 80401, Fax: 303-273-3730

This paper specified hydrate structures, as an introduction to the other papers of
this symposium. In addition, two main applications of flow assurance and energy
production are discussed in a preliminary way.

FUEL 42
Japan's national gas hydrate program

Masanori Kurihara, kurihara@joe.co.jp, Petroleum Engineering & Consulting
Department, Japan Oil Engineering Co., Ltd, Kachidoki Sun-Square, 1-7-3,
Kachidoki, Chuo-ku, Tokyo 104-0054, Japan, Fax: +81-3-5548-1673

The MH21 Research Consortium in Japan was organized to accomplish the 18-
year National Methane Hydrate Exploitation Program for the exploration and
exploitation of methane hydrate (MH) in the Eastern Nankai Trough of offshore
Japan. In this program, the 2D and 3D seismic surveys as well as drilling of 32
exploration wells were conducted during 2001-2004.

The group for the resources assessment of this Consortium has been analyzing
the data acquired through these surveys and drilling, and estimated the methane
in place in MH resources in the Eastern Nankai Trough at about 40.3 tcf by
Monte-Carlo simulation. In response to the above analyses, the group for the
production method & modeling predicted MH dissociation/production
performances through numerical simulation, followed by simple economic
analyses, which exhibited the promise that some MH reservoirs in the Eastern
Nankai Trough could be economically developed if the well spacing and MH
dissociation/production methods were appropriately designed.

FUEL 43
India's national gas hydrate program

VK. Sibal, Director General of Hydrocarbons, India, Noida 201 301, India



This keynote address will provide an overview of the state of the art of the Indian
national gas hydrate program. The results of the recent successful expeditions
will be highlighted during this presentation.

FUEL 44
China’s national hydrate program

Shuanshi Fan, ssfan@scut.edu.cn, School of Chemical Engineering, South
China University of Technology, Key Lab of Enhanced Heat Transfer & Energy
Conversation, MOE, China, Guangzhou 510640, China

The People's Republic of China is exploring alternative sources of energy to
sustain them into the future. Gas hydrates, which are interpreted to exist in the
Chinese offshore of the South and East China Seas, offer such a potential
unexplored and unexploited energy source. A brief overview is given on the gas
hydrate-related research activities carried out by Chinese researchers in the past
two decades. The projects (863 Program, 973 Program, National Program) on
fundamental studies and on exploration of natural gas hydrate resources in the
South China Sea, which have been supported by Natural Science Foundation of
China (NSFC), Ministry of Science & Technology (MOST), Chinese Academy of
Sciences (CAS), etc, were introduced. There are nearly 40 groups engaged in
gas hydrate research among China, most of which such as China University
Petroleum (CUP), Guangzhou Center for Gas Hydrate Research (CASHYD),
CAS, China Geological Survey were briefly introduced. Also, the future
development and research have been mentioned.

FUEL 45
Overview of energy-related studies of gas hydrates in Canada

Scott R. Dallimore, Geological Survey of Canada, P.O. Box 5000, Sidney, BC
V8L 5S1, Canada

Canada has been involved in assessing the energy potential of gas hydrates
since the 1970's when the Geological Survey of Canada (GSC) assisted industry
in appraising problems encountered during exploratory drilling in the Arctic. This
work led to the first regional studies of permafrost gas hydrates in the 1980s and
preliminary resource estimates in the 1990s. On Canada's Pacific coast GSC
researchers first discovered the widespread characteristic gas hydrate bottom-
simulating reflector in multichannel seismic surveys in 1985. Since then there has
been extensive multi-disciplinary surveys/studies by GSC, Canadian universities,
and international scientists on Canada's west and east coasts. Two ODP/IOPD



expeditions have been dedicated to sampling and measuring gas hydrates off
Vancouver Island.

Over the past decade Canada has played a leading role internationally in hydrate
production technology, improving geophysical detection techniques, and
undertaking laboratory investigations of geologic controls. In 1998, the GSC, in
partnership with the Japan National Oil Corporation, recovered the world's first
Arctic gas hydrate-bearing core samples from the Mallik site, Mackenzie Delta.
This program defined a highly concentrated, reservoir-scale occurrence of gas
hydrates within a potentially producible porous sand matrix. In 2002, a five-nation
international research consortium (Canada, Japan, USA, Germany, India)
conducted large- and small-scale production experiments at Mallik to evaluate
the efficiency of pressure reduction vs. heat stimulation for initiating in situ
dissociation of gas. These experiments, along with state-of-the-art well logging
and extensive post-field laboratory studies, provided critical scientific and
technical data supporting the design and engineering of a subsequent Canada-
Japan extended production testing program conducted during the winters of
2007/2008. In March 2008, 6 days of continuous methane production were
achieved by depressurization of a concentrated gas hydrate interval. The Mallik
test results have been widely acknowledged as “Proof of Concept” for the
production of methane from hydrates by the depressurization method.
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In 1982, scientists onboard the Research Vessel Glomar Challenger retrieved a
meter-long sample of massive gas hydrate off the coast of Guatemala. This
sample became the impetus for the first United States national research and
development program dedicated to gas hydrates. By the mid 1990s, it was widely
accepted that gas hydrates represented a vast storehouse of gas. Recognizing
the importance of gas hydrate research and the need for coordinated effort,
Congress and the President of the United States enacted Public Law 106-193,
the Methane Hydrate Research and Development Act of 2000. Many of the
current gas hydrate projects in the United States are focused on improved
characterization of hydrates in the natural environment in order to develop the
technology to allow production of gas from hydrates. A primary goal of the United
States methane hydrate program is to investigate hydrate occurrence in the field.
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Applications of pair distribution function analysis to study energy-related
materials
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The development of strategies enabling the economic implementation of
alternative energy resources represents an important step toward our long term
energy security. However, due to the often complex nature of unconventional
fossil fuel resources or materials enabling new energy technologies, it is often
challenging to structurally characterize these systems. Recently, the pair
distribution function (PDF) method has emerged as a powerful tool to probe local
structural information independent of long-range order. Our recent X-ray PDF
studies of energy-related materials will be presented, including in-situ high
pressure PDF studies of an oil shale - a highly complex organic-inorganic
composite - for which it was possible to quantitatively evaluate the
compressibility, even in the absence of a structural model.
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In situ NMR and pair distribution function studies of local structure in
silicon anodes for lithium ion batteries

Baris Key, bkey@ic.sunysb.edu, Rangeet Bhattacharya, and Clare P. Grey,
cgrey@notes.cc.sunysb.edu, Department of Chemistry, Stony Brook University,
Stony Brook, NY 11794-3400, Fax: 631-632-5731

Here, we demonstrate the use of various local structure probes, such as in-situ
and ex-situ Solid State NMR and ex-situ X-ray PDF and analysis, to understand
the structural changes that occur on lithiating bulk and nanoparticulate silicon
anodes, when used in lithium ion batteries. Crystalline silicon undergoes a
crystalline to amorphous phase transformation in the beginning of the first
discharge when it is cycled versus Li metal. A long plateau at 0.09V vs. Liis
seen, which is associated with the formation of a lithiated amorphous phase, (a)-
LixSi. Larger particles then crystallize to form the metastable intermetallic Li15Si4
phase at the end of the plateau. We have investigated the changes in local
structure that occur during the lithiation of Si by ex-situ MAS-NMR. The
resonances seen in the discharged electrode spectra were assigned to specific
local environments on the basis of the spectra of model intermetallic compounds



in Li-Si system, synthesized as part of this study. The data obtained was
compared with the in-situ static SSNMR data of an actual working LIB, which
allowed the local structures present in the amorphous phases to be determined
and the changes in local structure to be followed. In addition, the in situ NMR
method revealed a second process at low voltages, which was not visible by
using ex-situ methods. Ex-situ PDF analysis of model intermetallic compounds
and Si electrodes stopped at various charged/discharged stages showed
changes in Li-Li, Si-Si and Li-Si distances, and could be used to follow the
transformation from crystalline to amorphous phases.
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Catalyst structure determination using operando XAFS
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Spectroscopy of catalyst systems under actual operating conditions, or operando
spectroscopy, has become instrumental in helping to determine the structures
and mechanisms of catalytic systems. Operando spectroscopy is differentiated
from in situ spectroscopy in that operando spectroscopy occurs under the actual
catalyst operating conditions. In addition, a measure of the catalyst activity is also
critical during operando spectroscopy. Operando spectroscopy has revealed that
some catalytic systems operate under much different conditions than previously
believed based on ex situ analysis. We present some of our recent work using
operando XAFS of catalytic systems varying from hydrogen release of hydrogen
storage materials to benzene hydrogenation. We present a basic introduction into
XAFS and its use as an operando technique and show how this technique can be
used to differentiate between catalyst containing highly dispersed nanoparticles
and organometallic clusters.
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Examining the correlation between molecular modeling and X-ray
scattering structures of Green River oil shale kerogen
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The huge potential for hydrocarbon recovery from oil shale is frequently over
shadowed by the difficulties faced in extraction of the bitumen and kerogen from
the inorganic shale material in a cost effective and environmentally acceptable
manor. While much effort has been expended in developing production
technology, details of the kerogen structure are still being explored in order to
gain insight into the kerogen/mineral matrix and find more efficient ways to
extract the available hydrocarbons.

Two-dimensional models have been proposed that have served as valuable
guides to structural detail but one must remember that the resource actually
exists in three dimensions. Hence, we have undertaken a molecular modeling
effort at the University of Utah that is guided by the SAXS and PDF data obtained
on a beam line at the Argonne National Laboratory APS. Comparison of
experimental structural data with 3-D modeling (starting with the Siskin structure)
provides new insights to the location of various functional groups when the 2-D
starting structure is allowed to. The details of the structure are then followed by
the energy minimization process that will be discussed.
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In situ characterization of heterogeneous catalysts using time-resolved X-
ray diffraction

Jonathan C. Hanson, Xinqian Wang, Wen Wen, Laura Barrio, Gong Zhou,
Michael Estrella, and Jose A. Rodriguez, Department of Chemistry, Brookhaven
National Laboratory, PO Box 5000, Upton, NY 11973

Time-resolved X-ray diffraction (TR-XRD) has emerged as a powerful technique
for studying the behavior of heterogeneous catalysts in-situ during reaction
conditions. (1) In this talk we will review a series of recent TR-XRD studies on
water gas shift reaction (WGS) over copper (2) and gold (3) supported on cerium



oxide and Cu and Ni supported on MoO2(4,5). We will also present new WGS
studies on CeFe204 spinel and ceria supported on copper.

Acknowledgement: Department of Energy Basic Energy Sciences (DE-AC02-
98CH10086)
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Oftentimes measuring relevant properties for catalysts must be done in situ. The
obvious properties are catalytic activity and selectivity. However, improving
catalyst production or discovery may depend on a better understanding of the
fundamental structure of the materials under real operating conditions. X-ray
absorption fine-structure (XAFS) spectroscopy can be used to probe the atomic
and electronic structure of the active electrocatalyst in an operating fuel cell.
Specially adapted fuel cell hardware can be used effectively to measure XAFS in
situ for transition metal K edges. We present a study of cobalt-containing, non-
platinum electrocatalysts that demonstrates the existence of several chemical
species under different conditions during the operation of a fuel cell.
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Grazing incidence small-angle X-ray scattering studies of nanometal
catalysts
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In the study of catalytic reactions, grazing incidence SAXS (GISAXS)
experiments on flat catalytic support substrates with size-selected metal clusters
can provide both ex-situ and in-situ information on cluster size, shape, and inter-
particle distance (APS beamline 12-ID). GISAXS can also give depth profile
information, and the aspect ratio (height/diameter) of a cluster can be calculated
from the GISAXS data to obtain the interfacial energy. ASAXS refers to the
extension of standard SAXS experiments in which the energy of the probing X-
rays is tuned near the absorption edge of an element in the sample which
separates the scattering of clusters from that of the support. GISAXS has been
used to study the thermal stability and reactivity of Pt and Ag nanoclusters
deposited on a variety of surfaces. One example is the partial oxidation of olefins
to alkyl oxides where it has been found that the size and shape of catalytic size-
selected nanoparticles is important.

FUEL 54
Catalysts important in the refining of Fischer-Tropsch syncrude to fuels

Arno De Klerk, arno.deklerk@sasol.com, Fischer-Tropsch Refinery Catalysis,
Sasol Technology R&D, P.O. Box 1, Sasolburg 1947, South Africa, Fax: +27-11-
522-3517

The properties of Fischer-Tropsch syncrude that influence fuels refining the most
are the high olefin and oxygenate content, as well as the high proportion of linear
hydrocarbons. Four catalyst types were identified as key catalysts for the refining
of Fischer-Tropsch syncrude to on-specification transportation fuels, namely:
alumina, solid phosphoric acid (SPA), non-acidic Pt/L-zeolite and mildly acidic
P1/SiO2-Al203. Hydrotreating catalysts are also important in Fischer-Tropsch
refining, but there is not a single type of catalyst that can be highlighted as being
uniquely suited for the hydrotreating of Fischer-Tropsch syncrude. Some
generally desirable catalyst attributes for Fischer-Tropsch refining are: non-
sulphided (e.g. noble metal), mild acidity and water tolerance.
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Overview of Fischer-Tropsch aqueous product refining strategies
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The production of hydrocarbons from synthesis gas by the Fischer-Tropsch (FT)
process is accompanied by the production of water and oxygenates. During the
stepwise condensation of the Fischer-Tropsch product, the polar, short chain
oxygenates preferentially dissolve in the reaction water to form an aqueous
solution. Since the organic products in the aqueous stream constitute up to 10%
of the total FT product, there is an economic incentive to refine these
compounds. The dissolved oxygenates can either be recovered as chemicals or
converted into transportation fuels. This paper provides an overview of the
refining strategies that have been considered for the processing of Fischer-
Tropsch aqueous products. Refining strategies that will be discussed include: (a)
extraction and purification into pure components to be sold as chemicals and
solvents, (b) partial hydrogenation of the carbonyls to alcohols, (c) partial
hydrogenation followed by dehydration, and (d) conversion of the oxygenates by
acid catalysts.
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Blending performance of hydroprocessed coal pyrolysis products in low-
temperature Fischer-Tropsch diesel
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Hydroprocessed coal pyrolysis products formed during fixed bed dry bottom coal
gasification has been used as blending components in Fischer-Tropsch fuel
since the 1980's at Sasol's Synfuels high-temperature Fischer-Tropsch (HTFT)
refinery in Secunda, South Africa. The integration of hydroprocessed coal tar
(creosote) diesel with low-temperature Fischer-Tropsch (LTFT) distillate in coal-
to-liquid (CTL) applications is of industrial importance since it provides a way to
produce a final LTFT CTL diesel blend conforming to current fuel density
specifications. LTFT distillate, obtained through sulphided base-metal or noble-
metal promoted silica-alumina catalysts, has a high cetane number, almost zero
sulphur and aromatic content, and a low diesel density. These fuel properties
lend LTFT distillate to be used as a blending component to upgrade low quality
diesel, for example, creosote diesel, to increase diesel production volumes while
meeting stringent exhaust emission regulations. The highly aromatic creosote
diesel improves the materials compatibility of the LTFT CTL diesel blends.
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Sulfur compounds contained in petroleum fuels pose an environmental threat.
Sulfur content of jet fuel prevents its use for reformer/fuel cell power supplies. We
find that ultrasound promotes catalytic oxidative desulfurization (ODS) of jet fuel
using activated carbon/formic acid as the catalyst and hydrogen peroxide as the
oxidant. When coupled with an effective polishing step, overall sulfur removal
performance was about 90%. Reactive chromatography reveals that residual
sulfur content is equally divided between un-reacted benzothiophenes and un-
extracted sulfides/disulfides and/or benzothiophenes. We find that a wood-based
activated carbon catalyst is more effective than a peat-based carbon, and that an
ammonium persulfate acid treatment does not boost activity significantly.
Dibenzothiophene compounds are more readily oxidized than benzothiophene
compounds, and we observe >99% oxidation efficiency of several model DBT
compounds using MW 99-R-06 as the catalyst. For the model benzothiophene
compounds tested (BT, 2-MBT, and 5-MBT) methyl substitution does not affect
reactivity strongly.
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Catalytic conversion of syngas to oxygenates: Challenges for selectivity
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The conversion of syngas to liquid fuels is of increasing interest since these fuels
can be used to supplement conventional petroleum-based fuels. Syngas can be
readily produced by thermochemical routes from coal, biomass, and natural gas.
In addition to Fischer Tropsch synthesis of hydrocarbons, the catalytic
conversion of syngas to oxygenates offers an alternative to biochemical routes to
produce ethanol and other higher alcohols. These oxygenates find a number of
end uses, such as fuel additives, hydrogen carriers, and chemical intermediates.

Current catalysts typically show high selectivities to C1 products (mainly
methane, the most thermodynamically favored product) and relatively low overall
CO conversions. Using novel catalyst preparation processes such as liquid
phase displacement of nanoparticles and electrodeposition (as well as
conventional methods), the C1 selectivity can be limited and the yield of higher
oxygenates optimized. Experimental results suggest that the optimum catalyst is
one that balances CO insertion and CO dissociation, together with
hydrogenation, and that the mechanism is primarily chain growth.

FUEL 60

In situ FT-IR studies of CO and CO2 hydrogenation over titania supported
Rh and Rh-Li catalysts
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The conversion of coal-derived synthesis gas into ethanol provides a unique
opportunity to develop an affordable and readily reformable hydrogen carrier that
can be distributed and stored using the nation's existing infrastructure. One of the
challenges is that the catalysts investigated to date suffer from poor overall yields
even in cases where the selectivity is reasonably high. A key technical issue in
the ethanol production reaction is to keep a high selectivity to ethanol without
formation of methane.1,2 Rh-based catalysts are the most widely studied catalyst
for hydrogenation of CO to oxygenate compounds and promoters can be used to
increase conversion and to inhibit the methanation pathway.1 However, little is
known on the reasons as to why the promoters affect the activity and CO bond



cleavage. Therefore it is our goal to investigate the effect of promoters on the
reaction pathways. More specifically, we examined the effects of Li on the
properties of Rh/TiO2 for CO and CO2 hydrogenation by using in-situ infrared
spectroscopy in a transient reactor at ambient pressure and elevated
temperatures. The goal is to identify the mechanistic factors that govern the
reaction pathway, such as CO adsorption states, CO bond breaking, and the
selectivity to methane vs alcohol. The in-situ surface spectroscopy experiments
revealed that the presence of the Li promoter does not seem to alter the
electronic structure of Rh, but rather it may introduce structural changes that
could alter the Rh dispersion and/or bonding with CO.
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Effect of CO2 on CO hydrogenation to ethanol over Rh-Mn-Li/TiO2 vs. Rh-
Mn-Li-Fe/TiO2
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We have synthesized multipromoted Rh/TiO, to explore how different promoters
modify the effects of CO, on CO hydrogenation. On Rh-Mn-Li/TiO2, the addition
of the CO; to the feed during CO hydrogenation reaction increases methanation
and reduces oxygenate formation, consistent with the observation that CO; is
more easily hydrogenated to methane than CO at the same reaction conditions.
Despite increased methanation as a result of the addition of CO,, to the feed, Rh-
Mn-Li-Fe/TiO, catalysts produced ethanol at a higher selectivity during the
hydrogenation of a CO/CO; mixture than for the hydrogenation of only CO. The
Fe promoter is believed to increased reverse WGS reaction upon CO, addition,
resulting in increased CO and decreased hydrogen species on the surface,
leading to higher CO insertion activity than when Fe is not a promoter. The result
is a higher increase in ethanol selectivity than in methanation activity, causing the
EtOH/CH, to increase.
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Methane hydrates and global climate change: A status report
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State-of-the-art studies of gas hydrate-climate connections focus on the impact of
past and future climate events on gas hydrates, ocean-atmosphere coupling in



predictive models, identifying methane derived from degassing hydrates, and the
critical differences in climate susceptibility between permafrost and marine
deposits. Over geologic time, climate change has altered the global distribution
and inventory of gas hydrates, and the geologic record contains numerous
examples of spatio-temporal associations among climate change events, large-
scale submarine slope failures, and gas hydrate occurrences. At the same time,
terrestrial and marine data often produce contradictory conclusions about the role
of gas hydrates during major warming events. Increasingly, researchers are also
questioning whether contemporary climate change processes are causing
degassing of some hydrates deposits. Field studies suggest that this process
may be underway at high latitudes, a result at odds with models predicting long-
term gas hydrate stability under realistic climate change scenarios for the near
future.
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Gas hydrate occurrence in marine sediments and volcanic ash of the
Andaman Arc: Results from the Indian NGHP Expedition 01, Site 17
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Infrared (IR) imaging and co-located lithology of cores from the Indian NGHP-01
Site-17 in the Andaman Arc indicate preferential occurrence of gas hydrate in
ash layers. IR and pore water chloride data show that an average of ~2.5% of
pore space is occupied by gas hydrate at this site. Assuming that the hydrate
occurrence zone (between ~265 and 600 meters below seafloor) is consistent



over a broad area defined by a regional BSR, the overall gas hydrate abundance
is 5.4X106 m3/km2. The IR-pore water chloride correlation has large uncertainty
that may be reduced by thermal and chemical modeling of gas hydrate
dissociation during core recovery. However, the association of gas hydrates and
volcanic ash layers observed at NGHP-01 Site-17 provides further evidence for
the role of lithology in gas hydrate distribution. This is key for estimating global
gas hydrate abundance and understanding the mechanisms that lead to its
formation and destabilization.
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To test the in-situ heating concept and characterize other production schemes, a
72 liter reactor vessel has been built. 4.45% of hydrate was formed in a sand
matrix saturated with de-ionized water at 2.20C and about 600 psi using 99.97%
pure methane gas. During the depressurization experiments, a cooling effect,
caused by the endothermic dissociation of hydrates was quantified. The
observed system temperature decrease was between 4.0 to 0.8 OC. In addition,
a transition regime was identified that was manifested as an increased gas
production from 9.5 L/min to 13 L/min within a temperature range of -1.6 to 0.0
oC temperature and pressure range of 330 to 310 psig. Results of multiple
heating rates for in-situ dissociation tests also agree, within an order of
magnitude, to published model simulations and indicate a low heat flux is
preferred to yield the highest efficiency which is consistent with our FEMLAB™
simulations.
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The project SUGAR (Submarine Deposits of Gas Hydrates — Exploration,
Production and Transportation) aims to produce gas from methane hydrates and
to sequester carbon dioxide from power plants and other industrial sources as
CO; hydrates in sediments. This large-scale project is funded by two federal
German ministries and the German industry for an initial period of three years. In
the framework of this project new technologies starting from gas hydrate
exploration techniques over drilling technologies and innovative gas production
methods to CO; storage in gas hydrates and gas transportation technologies will
be developed and tested. Beside the performance of experiments numerical
simulation studies will generate data regarding the methane production and CO
sequestration in the natural environment. Reservoir modelling with respect to gas
hydrate formation and development of migration pathways complete the project.
This contribution will give detailed information about the planned project parts
with focus on the production methods.
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Hydrate formation from single-phase aqueous solutions of CO; in the
presence of bentonite particles

Robert P. Warzinski, warzinsk@netl.doe.gov, National Energy Technology
Laboratory, U.S. Department of Energy, P. O. Box 10940, Pittsburgh, PA 15236-
0940, Fax: 412-386-4806, and Wu Zhang, Department of Chemical Engineering,
West Virginia University, Morgantown, WV 26506-6102

Experiments are being performed at the National Energy Technology Laboratory
to investigate the effect of bentonite on hydrate formation from dissolved gases.
Experiments are described in which freely suspended bentonite particles were
found to promote the formation of CO, hydrate, with the degree of subcooling
being reduced by 0.5 to 0.9 K compared to pure water. The effect was slightly
larger at lower pressures. The goal of this effort is to provide a better
understanding of how to predict hydrate stability and reformation in systems
where a gaseous hydrate former is dissolved in the aqueous phase. The
information may be useful for improving simulation codes that attempt to model
hydrate production and the fate of hydrate under climate change scenarios.

FUEL 67

Thermal conductivity and thermal diffusivity of methane hydrate using a
single-sided approach

Eilis Rosenbaum’, eilis.rosenbaum@netl.doe.gov, David W. Shaw?,
dws@geneva.edu, Ronald J. Lynn®, and Robert P. Warzinski,
warzinsk@netl.doe.gov. (1) National Energy Technology Laboratory, U.S.



Department of Energy, P.O. Box 10940, Pittsburgh, PA 15236-0940, (2)
Department of Engineering, Geneva College, Beaver Falls, PA 15010, (3)
National Energy Technology Laboratory, Parsons, South Park, PA 15129

The National Energy Technology Laboratory has developed a single-sided
approach, modified from the Transient Plane Source technique, where the
thermal conductivity and thermal diffusivity can be determined from one
measurement with the sensor serving as both the heat source and sensing
device. The method is suitable for measuring the thermal properties of samples
that may be accessible from only one side. We foresee this being easily adapted
for field and in-situ measurements. This approach has proven effective at
determining the thermal conductivity of low conductivity materials such as
laboratory formed methane hydrate. The application of the approach for obtaining
thermal diffusivity values of the methane hydrate gave values that were lower
than expected as predicted by finite difference modeling and in comparison to
recently published values. Here we present a brief synopsis of the proposed
approach that should provide accurate values of the thermal properties of
methane hydrate.

FUEL 68
Interaction of CO, with coals via SAXS

J. M. Calo’, JMCalo@brown.edu, E. J. Bain', Euan.Bain@abdn.ac.uk, R. E.
Winans?, rewinans@anl.gov, S. Seifert’, and A. H. Clemens®,
t.clemens@crl.co.nz. (1) Division of Engineering, Brown University, Box D,
Providence, RI 02912, (2) X-ray Science Division, Advanced Photon Source,
Argonne National Laboratory, Argonne, IL 60439-4831, (3) X-ray Science
Division, Argonne National Laboratory, Argonne, IL 60439-4831, (4) CRL Energy
Limited, Wellington, New Zealand

Interest in CO, storage in coal seams and the prospect of concomitant enhanced
coalbed methane (ECBM) recovery has prompted investigations of the
interactions of high pressure CO, with coals. Here we work we report on time-
resolved SAXS studies of swelling/de-swelling of selected Argonne Premium
(APCS) and New Zealand coal samples exposed to high pressure CO; at
ambient temperature. The results are interpreted in terms of a two-phase model
of gas-filled voids/pores and a solid coal matrix. It is shown that coal swelling/de-
swelling due to dissolution/evaporation of CO, produces, respectively, a
decrease/increase in scattering intensity, reflective of the
disappearance/appearance of the smallest scatterers (i.e., voids/pores),
accompanied by a shift of the normalized void/pore distribution to larger
scatterers. The swelling/de-swelling process is also hysteretic. The pore-size
range where these changes are evident is dependent on the coal type.
Consideration of the time behavior of the Porod invariant of the scattering curves



suggests that the solid matrix de-swells primarily via Class Il diffusion, at least for
the Upper Freeport coal sample (APCS-1). Results are also compared for
different coal samples.

FUEL 69
S-XANES analysis of sulfur forms in coals and kerogens

Trudy B. Bolin, bolitru@aps.anl.gov, Advanced Photon Source, Argonne
National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439, Fax: 630-
252-0339

Sulfur X-ray Near Edge Absorption Spectroscopy (S-XANES) is routinely used by
to collect information about chemical and thermal sulfur transformations in
materials such as coal and kerogens. This technique, used in conjunction with
other techniques such as XPS and 13C NMR can be used to gain valuable
information about sulfur transformations without altering the samples in the
process. [1] S-XANES has been performed over the last few years at the
Advanced Photon Source beamline 9-BM, which is optimized for low energies
XAFS (below 4 keV) and is unique to the APS facility. An overview of beamline
design in the context of sulfur characterization is provided along with analysis
methods using spectra from model compounds and selected sulfur data for
kerogens and coals taken from the literature.

FUEL 70
Detailed heteroatom speciation in petroleum by high resolution FT-ICR MS

Ryan P. Rodgers’, rodgers@magnet.fsu.edu, Priyanka Juyal’,
juyal@magnet.fsu.edu, Amy M. McKenna', mckenna@magnet.fsu.edu, and Alan
G. Marshall’, marshall@magnet.fsu.edu. (1) lon Cyclotron Resonance Program,
Florida State University, National High Magnetic Field Laboratory, 1800 East
Paul Dirac Drive, Tallahassee, FL 32310-4005, Fax: 850-644-1366, (2)
Department of Chemistry and Biochemistry, Florida State University,
Tallahassee, FL 32310

Detailed characterization of crude oil and its associated fractions is hampered by
the wide range of chemical functionalities represented in heteroatoms
(specifically N, O, S, and metals (typically Ni and V)). Simple variations in
ionization efficiency between the chemical types of heteroatoms can mask or
enhance their detection in mass spectrometry. The high resolution and mass
accuracy afforded by Fourier Transform lon Cyclotron Resonance (FT-ICR) mass
spectrometry make it uniquely suited for the analysis of complex mixtures. With
typical mass accuracies in the 100-300 part per billion range, the technique



allows for the unequivocal assignment of molecular formula for species between
50-600 Dalton based on accurate mass measurement alone. The strengths of
FT-ICR MS along with advances in ionization techniques have led to rapid
growth in petroleum applications of high resolution mass spectrometry. Here, we
describe the latest advances in ionization techniques and chemical derivatization
methods coupled with FT-ICR MS to enable the detailed analysis of petroleum
samples. Recent advances allow for wider speciation of heteroatom classes
without tedious preparatory steps.

FUEL 71
Mass spectral characterization of a VGO

Michael T. Cheng, mtch@chevron.com, James D. Hudson, and Cresente
Dimagmaliw, Chevron Energy and Technology Company, 100 Chevron Way,
Richmond, CA 94802, Fax: 510-242-1792

Petroleum is probably the most complex natural product. Unlike the traditional
field of natural products chemistry where only one or at most a few compounds of
interest are characterized; to effectively utilize petroleum, it is necessary to
understand the entire mixture. This complexity is contributed by the two
dimensions, kinds of compounds and the homologous series. Traditional mass
spectral methods in petroleum analyses tend to group the homologs. We
propose a new perspective of characterizing petroleum from both of dimensions.
The crude oil was subjected to distillation to generate a VGO, the VGO sample
was separated by polarity into three fractions, saturates, aromatics, and polars.
Each of these fractions was analyzed by both EI (electron ionization) GCMS and
by field ionization mass spectrometry (FIMS). FIMS provides molecular weight
information, from which one can infer structures, but detailed structural
information is provided by EIl GCMS.

FUEL 72

An improved method for determination of kinetic parameters from constant
heating rate TGA oil shale pyrolysis data

James L. Hillier, jihillier@gmail.com, Jeffrey S. Fletcher, jsfletchO7@gmail.com,
Carl Isackson, carl.isackson@gmail.com, James Orgill, jamesorgill@yahoo.com,
and Thomas H. Fletcher, Chemical Engineering Department, Brigham Young
University, 350 CB, Provo, UT 84058, Fax: 801-422-0151

Data regression for isothermal or non-isothermal TGA data traditionally involves
linear forms of the rate equation because of the subsequent ease of determining
kinetic parameters. Linearization methods involve several approximations and



practical shortcomings that often make it hard to precisely determine Arrhenius
rate coefficients. These difficulties stem from sources of error like extrapolating to
the intercept to determine the natural log of a normalized value. Subjectivity is
also introduced when the final activation energies depend on which data points
should be included in the analysis. This paper describes a method to use TGA
data from multiple heating rates to determine an activation energy and pre-
exponential factor. The method fits both the mass versus time curves as well as
the derivative form of the data using an advanced optimization program OptdesX.
The method was applied to determine the kinetic coefficients for the pyrolysis of
kerogen from pulverized oil shale.
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Fluorous metal organic frameworks

Chi Yang, yangchi@unt.edu and Mohammad A. Omary, omary@unt.edu,
Department of Chemistry, University of North Texas, 1508 Mulberry St., Denton,
TX 76203

We have recently discovered new advanced porous material, Fluorous metal-
organic frameworks (FMOFs), which show enhanced thermal, light and air
stability, superacidity, low surface energy and surface tension, in addition to the
excellent optical and electrical properties. This talk will overview some fascinating
functional properties of FMOFs:

(1) Isolation and crystallographic characterization of several FMOFs.

(2) Gas adsorption and hysteresis, including N2, O2, H2, CO, CO2 and CH4.
(3) Liquid uptake.

(4) Huge, anisotropic and reversible negative thermal expansion (NTE) and
positive thermal expansion (PTE) behaviour.

(5) Breathable function and breathing mimics.
(6) Various polymorphs of Ag-3,5-bis(trifluoromethyl)-1,2,4-triazolate system.
(7) semiconductor properties.

(8) Other promising applications.

FUEL 74



Electrochemical hydrogenation and hydrogen evolution on carbon
nanotubes

Zhiyong Zhang, zyzhang@stanford.edu, Stanford Nanofabrication Facility,
Stanford University, Keck Science Building Rm255, Stanford, CA 94305, Paul
Zimmerman, zimmerman@stanford.edu, Chemical Engineering, Stanford
University, Stanford, CA 94305-5025, and Charles B. Musgrave,
chasm@stanford.edu, Department of Chemical Engineering, Stanford University,
Stanford, CA 94305-5025

Recent experimental work demonstrated that CNT can store more than 6 wt% of
hydrogen through almost 100% hydrogenation of CNT by formation of C-H
bonds. One of the major obstacles for storing hydrogen on CNT through
chemisorption is the high energy barriers associated with the adsorption and
desorption of H. In this work we focus on theoretically exploring the electro-
chemical pathway of hydrogenation and dehydrogenation of CNT in the hydrogen
storage and release processes in energy applications. Results on the
hydrogenation of CNT and hydrogen evolution on CNT under various applied
potentials will be presented.
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A novel method to prepare activated carbon monolith with high mechanical
strength

Xin-long Yan, yx/19832002@ 163.com, Xin-Mei Liu, Ke Qiao, You-he Wang, and
Zi-feng Yan, School of Chemistry & Chemical Engineering, China University of
Petroleum, No. 66, Changjiang West Road, Qingdao 266555, China

In the present work, activated carbon monolith (ACM) has been prepared using
powdered activated carbon, tar and KOH. Powdered activated carbon was
prepared from petroleum coke by chemical activation with KOH. After that,
different portions of this carbon were impregnated with an aqueous solution of
KOH. A mixture was produced to form homogeneous dough by blending the
impregnated material and coal tar. Then, the dough was extruded into column
monoliths. The green monoliths were heated under N2 flow and subsequently
washed with distilled water.

The results showed that the use of coal tar as a binder produced decrease in
both surface area and pore volume of ACM dramatically. With the impregnation
of KOH, the surface area and pore volume of ACM slightly increased, whereas
the mechanical strength increased considerably. However, the increase of
KOH/Powdered activated carbon mass ratio resulted in higher surface area and
lower mechanical strength.



FUEL 76
Facile enrichment of tocopherols by automated flash chromatography

Jack E. Silver, jsilver@teledyne.com, Nancy Fowler, Paul Bellinghausen, and
Candice Scanlon, Teledyne Isco, 4700 Superior Street, Lincoln, NE 68504, Fax:
402-465-3091

Tocopherols are fat soluble vitamins with antioxidant activity found in most
vegetable oils. Analysis of tocopherols presents a challenge due to their relatively
low concentration and chromatographic similarity to the oil matrix.

A single-step method using an automated flash chromatography system is
described to remove the tocopherols from the oil matrix that allows easy analysis
by HPLC other analytical methods.

FUEL 77
Novel catalysts for transesterification of vegetable oils

Veronica A. Curtis-Palmer, V-CurtisPalmer@neiu.edu and Mark W. Majewski,
DoctorWhom7@aol.com, chemistry, Northeastern lllinois University, 5500 N. St.
Louis, Chicago, IL 60625

Several different ammonium salts as Bronsted acid catalysts for
transesterification of vegetable oils into biodiesel fuel have been investigated.
The effect of variations in the anion coordinated to the salt will be presented
along with the correlation between pKa of the ammonium salt and catalytic
activity. Open atmosphere reactions and microwave reactions are considered
and compared for efficiency.

FUEL 78
Polypyrrole and platinum nanocomposite for fuel cell applications

Xinyu Zhang, xzz0004@auburn.edu, Polymer and Fiber Engineering, Auburn
University, 115 Textile Building, Auburn, AL 36830, Frank N. Crespilho,
fcrespilho@yahoo.com, Universidade Federal do ABC (UFABC), Santo André-
SP, Brazil, Valtencir Zucolotto, zuco@ifsc.usp.br, Universidade de Sao Paulo,
Sao Carlos - SP 13560-970, Brazil, Sanjeev K. Manohar,
sanjeev_manohar@uml.edu, Department of Chemical Engineering, University of
Massachusetts Lowell, Lowell, MA 01854, Luiz Henrique C. Mattoso,
mattoso@cnpdia.embrapa.br, Instrumentagdo Agropecuaria, Embrapa, Sdo



Carlos-SP 13560-970, Brazil, and Kleber Bergamaski, Instituto de Quimica de
Sé&o Carlos, University of Sdo Paulo, Séo Carlos, Brazil

Polypyrrole (PPy) nanotubes were synthesized by using sacrificial template
vanadium pentoxide nanofibers as the templates, yielding nanotubes with the
outer diameter 50-70 nm and inner diameter 4-8 nm. Platinum (Pt) nanoparticles
were then deposited on the polypyrrole nanotubes by chemical reduction, using
formic acid as the reducing agent. The Pt nanoparticles are in the range of 4-20
nm.

The PPy-Pt nanocomposites can be applied as electrode materials to reduce
oxygen for fuel cell applications. Even in the presence of methanol, the
nanocomposite can reduce oxygen without methanol oxidation crossover, which
is highly desired in methanol fuel cell applications.

FUEL 79

lonic liquids as “green” replacements for hydrazines in bipropellant rocket
application

Michael Scott Rosander’, michael.rosander.ctr@edwards.af.mil, Stefan
Schneider’, stefan.schneider.ctr@edwards.af.mil, and Tommy W. Hawkins?. (1)
Propulsion, Air Force Research Laboratory, 10 E Saturn Blvd, Edwards, CA
93524, (2) AFRL/PRSP, Air Force Research Laboratory, Edwards Air Force
Base, CA 93524

Environmental and health concerns are becoming more and more pressing in the
propellant world. Nevertheless, hydrazine and its methylated derivatives are still
the state-of-the-art fuels for bipropellant applications. Most of the problems
handling hydrazine and its derivatives are related to their volatility, as they are
carcinogenic vapor toxins. For these reasons, it is exceedingly attractive to
replace hydrazine with ionic liquids (ILs) which have become paragons of
environmental friendliness, green chemistry and low vapor toxicity. Ignition of
propellants often constitutes a major hurdle in propellant development.
Therefore, discovering an IL which shows hypergolic ignition with common
oxidizers represents a major achievement. Hypergolic bipropellants are defined
as fuel and oxidizer combinations that, upon contact, chemically react and
release enough heat to spontaneously ignite, eliminating the need for an
additional ignition source. This also makes them highly reliable for spacecraft and
satellites which need to fire their rocket engines hundreds, or even thousands, of
times during their lifetime. Most known energetic ILs consist of a heterocyclic
cation and an oxygen-carrying anion, and in bipropellant application, the cation
would thus largely constitute the fuel. Consequently the positively charged fuel
portion is rendered more resistant towards oxidation and this particular charge
separation should lead to greater stability along with the other well known



advantages of ILs (low vapor toxicity, consequent of low vapor pressure, etc.).
However, this could also be a drawback for propulsion because of the greater
expected resistance towards oxidation and resulting difficulty in achieving rapid
(< 5ms) hypergolic ignition. Although oxidizer anions contribute to the overall
performance (i.e., density and oxygen balance) they do not necessarily help with
hypergolic ignition (as an extensively oxidized anion would not be expected to
participate in oxidative pre-ignition reactions). A task specific design approach
leading to ILs possessing hypergolic properties with commonly used oxidizers
described.

FUEL 80

Oxidation characteristics of biodiesel and its blends from vegatable oils
under accelerated oxidation conditions

Jae-Kon Kim’, Jkkim@kipeq.or.kr, Won Joong Lee?, ska2514@snut.ac.kr,
Jungju Seo®, jiseo@kbsi.re.kr, Eui Soon Yim', esyim@kipeq.or.kr, Seong-Cheol
Shin’, sechshin@kipeq.or.kr, Kun Yong Chung?, kychung@snut.ac.kr, DongKil
Kim', dgkim@kipeq.or.kr, and Byung Hee Han®, bhhan@cnu.ac.kr. (1) Research
Center, Korea Institute of Petroleum Quality, 653-1 Yangcheong-ri, Ochang-eup,
Cheongwon-gun, Chungcheonbuk-do 363-883, South Korea, Fax: +82-43-240-
7949, (2) Department of Chemical Engineering, Seoul National University of
Technology, Seoul 139-743, South Korea, (3) Seoul Center, Korea Basic
Science Institute, Seoul 136-713, South Korea, (4) Department of Chemisry,
Chungnam National University, Daejeon 305-764, South Korea

Biodiesel has been gaining worldwide popularity as an alternative fuel and is
typically obtained by transesterification of vegetables oils, animal fats. Biodiesel
and its blends with petroleum-based diesel fuel can be used in diesel engines
without any significant modification of the engines. The problem of biodiesel is to
undergo the oxidative degradation over time, mainly influenced by temperature
and oxygen. When it is used by fuel, oxidized products of biodiesel from
degradation may cause some problems in engine and injection. Therefore,
biodiesel blends (0.5, 1, 3, 5, 10, 20 vol. %) and biodiesels (100 vol. %) were
evaluated to recognize oxidation characteristics rapidly at 100 °C under
accelerated oxidation conditions. From the analysis of biodiesels and its blends
after accelerated oxidation, it was considered that density, kinematic viscosity,
and acid number should proportionally increase because those showed
increased values as oxidation time. Oxidation products after accelerated
oxidation were identified by TH-NMR, FT-IR, GC, and FT-orbitrap APCI-MS to
propose oxidation mechanism. In addition, it was synthesized by Diels-Alder
reaction to compare with oxidation products to produce by accelerated oxidation.
Especially, a comprehensive analytical method atomic pressure chemical
ionization tandem mass spectrometry (APCI-MS/MS) with positive ionization
mode has been developed. Structural elucidation of various oxidation products



by accelerated oxidation was carried by CID, HCD and exact mass analysis
using FT-Orbitrap Mass Spectrometer. The composition of oxidized biodiesel
was changed to decrease unsaturated bond.

FUEL 81

Synthesis and characterization of functionalized mesoporous carbon acid
catalyst for biodiesel production

Basil Mugaga Naah’, mugagabasil@yahoo.com, Ngee Sing Chong’,
nchong@mtsu.edu, Beng Guat Ooi’, and Chengdu Liang?, liangen@ornl.gov. (1)
Department of Chemistry, Middle Tennessee State University, 1301 East Main
Street, Murfreesboro, TN 37132-0001, (2) Chemical Sciences Division and
Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak
Ridge, TN 37831

The current method of biodiesel production using homogenous acid or base
catalysts have drawbacks due to the low biodiesel yields for feedstocks with high
levels of free fatty acids or moisture, the loss of catalyst, and the need for large
volumes of wash water to remove the residual catalyst. Mesoporous carbon acid
catalysts for biodiesel production was synthesized by reacting pluronic,
phloroglucinol and formaldehyde under controlled conditions followed by thermal
treatment at 840 °C and further reaction with fuming sulfuric acid to yield the
functionalized the mesoporous carbon. The mesoporous carbon catalysts were
characterized using XRD, SEM, TGA, and BET analysis of surface area. Results
suggest the presence of mesopores and sulfonic acid groups. The catalytic
activity was monitored using the transesterification reaction to yield fatty acid
ethyl esters and glycerol-based esters. The emissions of the biofuels were
evaluated by GC-MS analysis of the exhaust gases from a generator engine.

FUEL 82

Synthesis of biodiesel components from pure fatty acid and analysis of
their fuel characters

Young-Kwan Lim, yklim92001@kipeq.or.kr, Jong-Ryeol Kim, Eui Soon Yim, and
DongKil Kim, Research Center, Korea Institute of Petroleum Quality, 653-1,
Yangcheong-ri, Ochang-eup, Cheongwon-gun, chungcheongbuk-do 363-883,
South Korea, Fax: 82-43-240-7949

The biodiesel produced by the transesterification of vegetable oils and animal
fats is expected to be useful as one of the eco-friendly biomass-based
alternatives to petrodiesel. Our research group was studied about analysis of
tirglyceride in vegetable oil and FAMEs in biodiesel using high performance liquid



chromatography and gas chromatography in recently. In this study, we
synthesized pure biodiesel components from pure fatty acid like myristic acid,
palmitic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, arachidic acid,
and behenic acid under base catalyst system. These synthesized biodiesel
components were analyzed the fuel character such as cetane number, kinematic
viscosity, CFPP, cloud point, lubricity, and so on. These physical propertied of
biodiesel components have relativity with total fuel character of biodiesel fuel
from raw material as mixed tiglycerides.

FUEL 83

Study on the effects of activator on the stability of sulfonated cobalt
phthalocyanine in alkaline solution

Xigiang Si, sixigiang@ 163.com, College of Chemistry and Chemical
Engineering, China University of Petroleum, changjiang west road NO.66,
Qingdao 266555, China, Daohong Xia, Xiadh@hdpu.edu.cn, The College of
Chemistry and Chemical Engineering, The University of Petroleum(East China),
Dongying 257061, China, and Yuzhi Xiang, College of Chemistry & Chemical
Engineering, University of Petroleum, Dongying 257061, China, College of
Chemistry & Chemical Engineering, University of Petroleum, Dongying 257061,
China, Dongying, China

In view of coagulation of sulfonated cobalt phthalocyanine in alkaline solution,
The effect of adding CCBA or TEAH into the solution of 10% NaOH-
100ppmCoPcS was detected. It was revealed that, the addition of TEAH has little
effect on the stability of catalyst-alkaline solution. The stability of catalyst-alkaline
solution can be improved greatly by adding CTAB. The removal efficiency of
octanethiol of four kind of catalyst-alkaline solution was detected, the results
revealed that the removal efficiency of octanethiol of adding 0.25%CTAB into
catalyst-alkaline solution was much higher than that of catalyst-alkaline solution,
when the time was 6min, the removal efficiency were 97.14% and 75.13%
respectively.

FUEL 84
Catalytic role of nanostructured carbon on NaAlH4 hydrogen sorption

Ashley C Stowe’, stoweac@y12.doe.gov, Polly Berseth?, Andrew Harter’,
Ragaiy Zidan? Andreas Blomquist’, C. Moyses Araujo®, Rajeev Ahuja®, and Puru
Jena®. (1) Applied Technologies, B&W Y-12 National Security Complex, PO Box
2009 MS 8097, Oak Ridge, TN 37831, (2) Savannah River National Laboratory,
(3) Uppsala University, (4) Virginia Commonwealth University



A systematic study of the catalytic role of carbon nanostructures on hydrogen
release and absorption of NaAlH4 has been conducted with a Sievert's type
apparatus. These experimental results were compared with synergistic first-
principles ab initio molecular dynamics simulations in order to elucidate the origin
of catalytic behavior within the NaAIH4 molecule. NaAlH, interaction with an
electronegative substrate such as carbon nanotubes inhibits charge transfer from
the Na" cation to the alanate unit thereby weakening the Al-H bond. The result is
catalytic dehydrogenation at suppressed temperatures as well as reversible
absorption of 1.5 — 4.3 wt % H, to reform the NaAlH, material. Carbon fullerence
(Ce0) showed the best catalytic behavior for renydrogenation.

FUEL 85

Development of a REMPI/SPI-TOFMS for the detection of tar formation in
biomass gasification

David J. Robichaud’, david_robichaud@nrel.gov, Adam M. Scheer?,
ascheer1@gmail.com, Mark R. Nimlos’, mark_nimlos@nrel.gov, and G. B.
Ellison®, barney@jila.colorado.edu. (1) National Renewable Energy Laboratory,
1617 Cole Blivd, Golden, CO 80401, Fax: 303-384-6363, (2) Department of
Chemistry and Biochemistry, University of Colorado at Boulder, Boulder, CO
80309, (3) Dept. of Chemistry, Univ. of Colorado, Boulder, CO 80309-0215

Perhaps the most difficult challenges facing the extraction of energy from
biomass result from its chemical makeup, about 38-50% cellulose, 23-32%
hemicellulose, and 15-25% lignin. The bulk of these biopolymers are
carbohydrates (up to 80%) and much of the thermochemistry associated with
these materials remains poorly characterized. Initially, pyrolysis decomposes and
volatilizes the polysaccharides. In gasification, these products undergo further
cracking, which leads to the formation of recalcitrant tars (aromatic compounds).
We have developed and REMPI/SPI TOFMS system to monitor simultaneously
aromatic compounds (REMPI) and their suspected precursors (SPI) to aid in
understanding the mechanisms by which these recalcitrant tars are formed. This
poster will describe the instrument in depth and present initial findings using an
entrained flow reactor.

FUEL 86
Enzymatic bioreactor for butanol production

Sabina Besic and Shelley D. Minteer, minteers@slu.edu, Department of
Chemistry, Saint Louis University, 3501 Laclede Ave., St. Louis, MO 63103



One of the major problems with microbial butanol fermentations is toxicity of
solvents to the microbes. Researchers are working on improving the gas-
stripping procedure, liquid-liquid extraction, and pervaporation as well as
genetically modifying the bacteria into a butanol-tolerant microbes. To eliminate
all problems we are proposing an enzymatic bioreactor by which the pyruvate will
be enzymatically converted to butanol. Source of pyruvate will come from
lignocelluloses from various biomass that will be enzymatically treated to
efficiently liberate sugars and convert them into a non-toxic/stable pyruvate
intermediate. The proposed bioreactor (butanol dehydrogenaes, butyryl-CoA
dehydrogenase, 3-hydroxybutyryl-CoA dehydrogenase) will consists of
enzymes/cascade immobilized within the micellar structures of a modified
micellar polymer, such as: Nafion®, chitosan, and/or alginate. Our current work
focuses on optimal growth factors for Clostridium acetobutylicum ATCC® 824TM
to obtain most favorable enzyme isolation and purification procedure yielding
highest catalytic activity possible for all three-enzymes. Representative data
shows that we were able to detect NAD- and NADP-dependent butanol
dehydrogenase activity within the crude extract of the cells with specific activity of
2.44 and 3.53 nanomol/min/mg respectively.

FUEL 87

Factors affecting lignin measurements in dilute acid pretreated herbaceous
feedstock

Rui Katahira’, rui_katahira@nrel.gov, David W. Templeton?,
david_templeton@nrel.gov, Daniel J. Schell’, and Mark F Davis’,
mark_davis@nrel.gov. (1) National Bioenergy Center, National Renewable
Energy Laboratory, 1617 Cole Blvd, Golden, CO 80401, Fax: 303-384-7752, (2)
Biotechnology Center for Fuels and Chemicals, National Renewable Energy
Laboratory, Golden, CO 80401-3393

Determining the lignin content in herbaceous materials before and after dilute
sulfuric acid pretreatment is an important element to optimize pretreatment
conditions for bioethanol production. Previous research at NREL has found the
lignin content determined by the Klason method in pretreated corn stover
appears to contain more lignin than could be accounted from the measured lignin
content in the untreated material. We investigated the factors affecting lignin
measurement in dilute acid pretreated feedstock using combinations of nitrogen
analysis, 13C cross polarization/magic-angle spinning (CP/MAS) solid-state
nuclear magnetic resonance (NMR) spectroscopy, removal of lignin using acid
chlorite bleaching, and 13C-labeled sugars. It was found that remaining protein in
acid insoluble residue is 0.5-1.0 wt% of original corn stover and only minimal
contamination due to carbohydrate was observed. However, degradation
products were present in acid insoluble residue suggesting that low molecular



weight compounds can be condensed on to the biomass substrate after
pretreatment.

FUEL 88

Immobilization of the first five glycolysis enzymes for biofuel cell
applications

Corey E. Menius and Shelley D. Minteer, minteers@slu.edu, Department of
Chemistry, Saint Louis University, 3501 Laclede Avenue, St. Louis, MO 63103

The aim of this research is to mimic the glycolysis pathway at an anode surface.
To immobilize the enzymes on an electrode, the enzymes need to be suspended
in a polymer that adheres to the electrode surface. Hydrophobically modified
chitosan was studied because chitosan is inexpensive, non-toxic, biodegradable,
and biocompatible, unlike other frequently used polymers. Each of the first five
enzymes (excluding triose phosphate isomerase) was assayed to see whether
modified chitosan membrane is capable of maintaining enzyme activity. A
previous study demonstrated the capability of chitosan to effectively immobilize
hexokinase. More recently, phosphoglucose isomerase (PGl),
phosphofructokinase(PFK), aldolase, and glyceraldehyde-3-phosphate
dehydrogenase have been tested. The activity of PFK was testing using
chemiluminescent assay. PGlI, aldolase, and glyceraldehyde-3-phosphate
dehydrogenase activity was tested using UV/Vis spectrophotometry. PGI and
PFK maintained activity in the polymer, whereas aldolase activity was minimal.
The activity of glyceraldehyde-3-phosphate dehydrogenase was significantly
decreased.
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Methanol biofuel cell based on NAD-dependent enzymes immobilized at
electrodes by hydrophobically modified Nafion

Paul K Addo and Shelley D. Minteer, minteers@slu.edu, Department of
Chemistry, Saint Louis University, 3501 Laclede Ave., St. Louis, MO 63103

In this study, we employed micellar polymeric encapsulation techniques in
developing a methanol/air biofuel cell through the combined immobilization of
NAD+-dependent alcohol dehydrogenase, aldehyde dehydrogenase and formate
dehydrogenase within a tetrabutylammonium bromide (TBAB) modified Nafion to
oxidize methanol to carbon dioxide with poly(methylene green) acting as the
mediator electrocatalyst electropolymerized on the surface of the carbon paper
electrode. The methanol biofuel cell resulted in a maximum power density of



98.8+7.65i1Wcm-2 and an open circuit potential of 0.82+0.01V, which is a 4.26
fold increase in power density and a 5.6 fold increase in current density.
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Optimization of PQQ-dependent alcohol dehydrogenase activity in
Gluconobacter sp. 33 for use in biofuel cells

Zana Zulic and Shelley D. Minteer, minteers@slu.edu, Department of Chemistry,
Saint Louis University, 3501 Laclede Ave., St. Louis, MO 63103

Biofuel cells convert energy obtained from biochemical reactions into electrical
energy by the use of biological catalysts. The enzyme's ability to catalyze various
reactions enables the biofuel cell to use a wider range of substrates as fuels,
such as alcohols, sugars, and fats, to produces electrical energy instead of
sources that are limited, such as oil. It is an advantage to use PQQ-ADH over
NAD-ADH in order to extend the lifetime of the ethanol biofuel cell and allow for
direct electron transfer. In order to increase the activity of PQQ-dependent ADH,
ethanol was introduced to the growth media for Gluconobacter sp.33. Also, the
pH of the media was altered to 6.0 and 6.5 in order to see the effects of the pH of
growth media on the enzyme activity. Addition of ethanol to cultivation media and
optimization of the pH may be the beginning of improvement of PQQ-ADH
activity which in turn will allow the fabrication of higher power output ethanol
biofuel cells.
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Performance of PEG membranes in scale-up of pervaporation for gasoline
desulphurization

Ligang Lin, phdlinligang@yahoo.com.cn, Key Lab of Hollow Fibre Membrane
Materials & Membrane Process, Tianjin Polytechnic University, Chenglin Road
63, Tianjin 300160, China, Fax: +86-22-24519341

Environmental concerns have resulted in legislation which places limits on the
sulfur content of gasoline. Considering the disadvantages of traditional
hydrotreating technology, it is necessary to develop more efficient and
economical sulfur removal way. Gasoline desulphurization by membrane process
is newly emerged technology, which has provided an efficient new approach for
the sulfur removal and gained increasing attention of membrane and
petrochemical field. In this study, scale-up experiments of pervaporation (PV) for
gasoline desulphurization have been conducted. The aim of this study was to
investigate the process and performance including the influence of operating
parameters, desulphurization performance, octane number, and design



considerations. It has been demonstrated that the sulfur content of FCC gasoline
was reduced from 750jlg/g to 70}lg/g, when the retentate rate was above 70%
(Fig.1).
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Fig. 1. The changes of retentate rate and sulfur content of retentate with running
time

Octane number has attracted more attention for gasoline desulphurization
technology. Whether or not there is octane number loss for desulphurization
process with PEG membranes is a necessary investigation from economic
considerations. According to above GC hydrocarbon group analysis, the octane
numbers of retentate stream were a little higher than those of feed. However, the
octane numbers for feed, retentate stream and permeate products changed little
as a whole (Table 1).

Table 1 Octane numbers for feed gasoline, retentate and permeate samples

Feed gasoline Retentate sample Permeate sample
RON MON RON MON RON  MON
90.8 779 920 78.9 90.3 77.5
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Poly(arylene ether)s carrying pendant (3-sulfonated)phenyl sulfonyl groups

Mohamed Abdellatif, abdellatif.2@wright.edu, Dawn R. Douglass,
douglass. 13@wright.edu, and Eric Fossum, eric.fossum@wright.edu,
Department of Chemistry, Wright State University, 229 Oelman Hall, 3640
Colonel Glenn Hwy, Dayton, OH 45435

A series of new sulfonated poly (arylene ether)s containing one sulfonic acid
group, located on a pendant phenyl sulfonyl moiety, at every repeat unit was
synthesized using 3, 5-difluorophenyl sulfone, 1, and a variety of bisphenols. A



conventional nucleophilic aromatic substitution (NAS) process was utilized for the
homopolymerization/ copolymerization. Polymerization reactions of 1 in NMP at
180 °C provided the corresponding linear sulfonated poly (arylene ether)s, s-
PAEs, with number average molecular weight, M,,, ranging from 10,300 to 15,700
Daltons. All of the polymers were characterized by 'H and *C NMR
spectroscopy, thermogravimetric analysis (TGA), and differential scanning
calorimetry (DSC). All of the samples possessed excellent thermal stability. The
polymer samples also formed tough peelable films when DMSO solutions were
slowly evaporated on a glass slide.
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Producing energy efficient concrete using lllinois coal fly ash

Mei-In Chou, chou@isgs.illinois.edu and Sheng-Fu Chou,
Jjchou@isgs.illinois.edu, lllinois State Geological Survey Division and Department
of Natural Resources and Environmental Sciences, University of lllinois, Urbana-
Champaign, 615 E. Peabody Dr, Champaign, IL 61820, Fax: (217)-333-8566

Autoclaved aerated concrete (AAC) is a lightweight, energy-efficient, fire-
retardant construction material which is used widely in Europe. Conventional
AAC is produced with ground sand as the major ingredient. However, with
adequate blending, AAC can be made with fly ash, a coal combustion waste
material, as a substitute for ground sand. This study conducted bench-scale tests
making AAC with Class F fly ash from four different sources in lllinois. AAC
blocks were successfully produced to contain fly ash between 60 to 66 percent
by weight. The evaluation tests indicated that their engineering properties,
including density and compressive strength met ASTM C1386 specifications for
AAC wall construction units. Producing AAC using fly ash could add value to this
coal combustion waste product and reduce the disposal burden to the power
generation companies burning lllinois coals.
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Pyrolysis of lignin model compounds using a hyperthermal nozzle:
Decomposition pathways of the aryl ethers

Calvin Mukarakate’, calvin_mukarakate@nrel.gov, Adam M. Scheer?,
ascheer1@gmail.com, David J. Robichaud®, david_robichaud@nrel.gov, Barney
Ellison®, barney@jila.colorado.edu, Mark R. Nimlos®, mark_nimlos@nrel.gov,
and Mark F. Davis’, mark_davis@nrel.gov. (1) National Bioenergy Center,
National Renewable Energy Laboratory, 1617 Cole Bivd., Golden, CO 80401-
3393, Fax: 303-384-6103, (2) Department of Chemistry and Biochemistry,
University of Colorado at Boulder, Boulder, CO 80309, (3) National Renewable
Energy Laboratory, Golden, CO 80401, (4) Dept. of Chemistry & Biochemistry,
University of Colorado, Boulder, CO 803090-0215

We have studied the pyrolysis of anisole, guaiacol and syringol, possessing the
characteristic aryl ethers linkages ubiquitous in lignin, a major constituent of
biomass. The thermochemical conversion of biomass into liquid fuel is
complicated by the production of tars during gasification process. The key in
improving the efficiency of biomass thermochemical conversion techniques lies in
the fundamental understanding of reaction mechanisms. In this study we are
investigating the effect of substituents on the decomposition pathway of anisole,
and also the reaction pathways leading to aromatic formations. We have used
single-photon ionization time-of-flight mass spectrometry to identify the
intermediates in these reaction mechanisms. These provide valuable insight into
the primary reaction pathways followed during biomass thermal decomposition.
Products from these reactions are aromatic molecules and radicals. We
calculated the relative energy differences between reactant, transition states, and
products using the CBS method.
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Surface modification for efficiency improvement of inline solar cell
manufacture

Johan Hoogboom’, Johan.Hoogboom@covidien.com, Jan Oosterholt’, Sabrina
Ritmeijer’, Luuk Groenewoud', Arno Stassen? Martien Koppes?, Kees Tool’, and
Jan Bultman?. (1) Mallinckrodt Baker BV, Teugseweg 20, Deventer 7418AM,
Netherlands, (2) Solar Energy, ECN, Petten 1755LE, Netherlands

Inline processing, one of the fastest-growing production processes for crystalline
silicon solar cells, uses continuously operated belt furnaces to achieve higher
overall throughput compared with traditional batch processing. A second, major
advantage of inline processing - improved manufacturing yields through reduced
breakage of today's thinner, increasingly delicate wafers - is accomplished by
eliminating several handling steps unique to batch processing techniques. This
paper describes the influence of ECN-Clean, developed by Mallinckrodt Baker



and ECN, whose application increases the efficiency of solar cells produced
using inline processing by approximately 0.3 percent absolute, compared with
standard inline processing. This increase is achieved by using a wet chemical
surface modifier after emitter formation. Additionally, we present experimental
data on establishing a stable process on an industrial scale, prior to optimization
of the line for cell efficiency.
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Tar quantification from a fluidized bed biomass gasification: Gas
chromatographic and gravimetric methods

Hong Cui, hongcui@hawaii.edu and Scott Q. Turn, sturn@hawaii.edu, Hawaii
Natural Energy Institute, University of Hawaii at Manoa, 1680 East-West Rd,
Honolulu, HI 96822, Fax: 808-956-2344

In this paper, tar produced from a bench scale (1kg fuel/h) fluidized bed biomass
gasifier was collected and analyzed by gas chromatographic and gravimetric
methods. Both methods were performed to evaluate tar speciation and yields.
Gas chromatographic method identified 13 compounds in raw product gas,
principally "lighter tar" species at an average concentration of 15.5 g m-3 dry gas.
Gravimetric methods found "heavier tar" components present at 5.3 g m-3 of dry
gas. Tar fractions identified by the two methods were not mutually exclusive, but
can be used to supplement one another. Tars conversions were accomplished
using nickel catalysts.
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A comparative study of ZnO-Cu0O-Al203 /Si02-Al203 composite and hybrid
catalysts for direct synthesis of dimethyl ether from syngas

Sajo P. Naik, spnaik@gmail.com, Department of Metallurgical Engineering,
University of Utah, 135 S 1460 East, Salt Lake City, UT 84112-0114, Fax: 801-
581-4937, Haijun Wan, Metallurgical Engineering, The University of Utah, Salt
Lake City, UT 84113, Sumit Bali, sumit.bali@utah.edu, Department of Chemistry,
University of Utah, Salt Lake City, UT 84112, Jan Miller, Department of
Metallurgy and Materials Science, University of Utah, Salt Lake City, UT, and
Wilodzimierz W. Zmierczak, Department of Chemical & Fuels Engineering,
University of Utah, Salt Lake City, UT 84112

Dimethyl ether (DME) has garnered considerable worldwide attention as a clean
and environmentally benign fuel and a feedstock for production of petrochemicals
and various other hydrocarbon fuels. In this work, two different strategies for the
preparation of active dimethyl ether catalysts are evaluated using CuO-ZnO-



Al203 and SiO2-Al203 as methanol synthesis and methanol dehydration
catalysts components, respectively. Composite catalysts are prepared by mixing
of the two freshly precipitated catalyst precursors and by co-precipitation
methods whereas hybrid catalysts are prepared by mechanical mixing of the two
calcined catalyst components by grinding. Composite catalysts are partially
deactivated during the catalyst preparation or calcination stages and therefore
exhibit much lower activity as compared to the hybrid catalysts towards syngas
conversions.
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Adsorbate Cu interactions and catalyst morphologies under reactive water
gas shift environment: A first principle study

Nilay G Inoglu, ninoglu@andrew.cmu.edu and John R Kitchin,
Jkitchin@andrew.cmu.edu, Department of Chemical Engineering, Carnegie
Mellon University, 5000 Forbes Avenue, Doherty Hall A204, Pittsburgh, PA
16213, Fax: 412-268 -7139

The water gas shift reactions (WGS) are widely used in several industrial
processes and are catalyzed by Cu catalysts. WGS is used to produce high
purity hydrogen and the reverse reaction (RWGS) is essential for upgrading CO,
to CO. In many fossil fuel derived CO, feedstocks, there are sulfur (S) impurities
which can adsorb on the Cu surfaces and block the active sites of the catalyst for
the desired reaction and can result in catalyst deactivation. However, there is
hydrogen pressure which can destabilize the adsorbed S by forming H,S that
may desorb from the catalyst surface. The extent of destabilization depends on
the chemical potentials of the species which are determined by reaction
conditions. Moreover, occupancy of the active sites could also caused by the
presence of other possible adsorbates such as CO and O. To determine the
interactions between possible adsorbates with Cu catalyst, the adsorption
properties of these different adsorbates on low Miller index facets of Cu surfaces
were studied considering the thermodynamic equilibrium of facets with the
reactive environment. The aim of this work is to combine atomistic
thermodynamics with a computational approach (DFT) to understand the
structure and stability of different adsorbate poisoned Cu catalysts that are in
equilibrium with their environment and to investigate the effect of hydrogen gas in
destabilizing the possible adsorbates. The adsorbate phase diagrams on each
surface were constructed as a function of corresponding chemical potentials
which showed S poisoning occurs even at ppm levels of H,S in the environment.
We found out that the presence of hydrogen pressure can be utilized to
regenerate poisoned slabs at high temperatures. The shapes of a Cu
nanoparticle under to various experimental conditions were determined using the
Wulff construction which points out significant change in catalyst morphologies
under reactive environment conditions.
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Catalytic strategies for upgrading of fuels from conventional and renewable
resources

Steven P. Crossley, stevencrossley@ou.edu, Surapas Sithisa, Phuong Do, and
Daniel E. Resasco, resasco@ou.edu, School of Chemical, Biological and
Materials Engineering, University of Oklahoma, 100 E. Boyd St., SEC T-335,
Norman, OK 73019

The combination of Quantitative Structure Property Relationships (QSPR) with
model compound studies provides great potential for optimizing catalytic
strategies for fuel upgrading. Through this approach, QSPR models are utilized
to predict fuel properties of interest for model compounds as well as any potential
reaction products. Combined with QSPR, catalytic studies are performed of
model compounds, while attempting to maximize selectivity to products with the
maximum predicted fuel properties of interest. Through this approach, QSPR
provides the direction to which types of bonds should be broken or formed to
maximize fuel properties, while model compound studies relate the properties of
the catalyst and reaction conditions to form specific products. The end result is a
guided approach to catalyst design which maximizes knowledge gained, with a
constant link to practical application through fuel property prediction. As the
process progresses, practical advancements are gained in leaps and bounds
towards the desired result as the resulting strategy will have a firm footing on the
fundamental relationships between the molecules and the catalyst. In this
contribution, examples will be given for the development of important fuel
properties, their prediction with QSPR, and further optimization through model
compound studies. Transitioning of these strategies to oxygenated hydrocarbons
more representative of renewable fuel sources will then be discussed.
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Characterizing and designing bimetallic catalysts for selective reductions
of oxygenates

J. Will Medlin’, will. medlin@colorado.edu, Matthew P Hyman?,
hymanm@seas.upenn.edu, Melanie T. Schaal’, mrtimmon@engr.sc.edu, John
R. Monnier®, monnier@engr.sc.edu, Christopher T. Williams®, and Shuguo Ma®,
mas@engr.scu.edu. (1) Department of Chemical and Biological Engineering,
University of Colorado, ECCH 111 UCB 424, Boulder, CO 80309, (2) Department
of Chemical and Biomolecular Engineering, University of Pennsylvania,
Philadelphia, PA 19104, (3) Department of Chemical Engineering, University of
South Carolina, Columbia, SC 29208



Design of catalysts for selective reduction of carbohydrates is an important
objective for development of biorefining processes. Bimetallic catalysts of tailored
composition offer promise, for example, in reactions where it is desired to
selectively hydrogenate a C=C function in the presence of an oxygenate function.
The reactivity, electronic structure, and chemical properties of bimetallic catalysts
prepared by electroless deposition (ED) have been studied using a combination
of reaction studies, surface spectroscopies, and density functional theory (DFT)
calculations. Comparisons between experiment and theory were used to identify
the most active catalyst structures and to elucidate the mechanism for the higher
activity and selectivity of ED-prepared Ag-P1t/SiO2 catalysts (compared to
P1/SiO2 catalysts) for C=C hydrogenation of 1-epoxy-3-butene to 1-epoxybutane.
The suggested mechanism is consistent with electronic (ligand) and bifunctional
effects leading to enhanced catalytic performance.
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Key catalysis of metal cation-exchanged ZSM-5 zeolites for conversion of
methane in the presence of ethene

Toshihide Baba, thaba@chemenv.titech.ac.jp, Department of Environmental
Chemistry and Engineering, Tokyo Institute of Technology, 4259 Nagatsuta,
Midori-ku, Yokohama 226-8502, Japan, Fax: 81-45-924-5441, and Koji Inazu,
kinazu@numazu-ct.ac.jp, Department of Chemistry and Biochemistry, Numazu
National College of Technology, Numazu 410-8501, Japan

We have found that Ag*-exchanged zeolites are catalytically active for methane
conversion in the presence of alkenes (ethene or propene) under non-oxidative
conditions at temperatures (~650 K) much lower than those required for oxidative
methane coupling. If highly polarized methoxy groups (205- CH35+) are formed in
addition to the metal-hydride species [M=H]™"* as in the case of Ag’-exchanged
zeolites, the conversion of methane will also proceed over zeolites exchanged
with metals other than silver in the presence of C,H,.

In this study, the development of a new activation method for methane
conversion over metal cation-exchanged zeolites is foucused. Furthermore, the
reaction mechanisms for methane activation and the formation of various
hydrocarbons, i.e. propene, benzene, and toluene, are also proposed.
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Mechanistic insights into dimethyl ether homologation to branched
hydrocarbons on acidic zeolites



John H. Ahn, Dante A. Simonetti, dasimonetti@berkeley.edu, Burcin Temel,
and Enrique Iglesia, iglesia@cchem.berkeley.edu, Department of Chemical
Engineering, U of CA, 201 Gilman Hall, Berkeley, CA 94720

We report here the selective conversion of dimethyl ether (DME) to 2,2,3-
trimethylbutane (triptane), an alkane with high octane number, and isobutane on
acidic zeolites at modest temperatures (400-500 K) and pressures (60-250 kPa).
Homologation preferentially forms C4 and C7 alkanes (40% and 30% C-
selectivity, respectively). Isobutane accounts for 90% of C4 hydrocarbons and
triptane for 80% of C7 products. Alkene-DME isotopic and kinetic data were used
to measure methylation, hydrogen transfer, and isomerization rates and to probe
chain growth with unprecedented detail. This triptane and isobutane specificity,
previously unreported on solid acids, reflects a positional preference for
methylation among growing chains, leading to backbone structures that cannot
readily undergo scission or methyl shift. Co-homologation of DME with alkenes or
alkanes also occurs with selective formation of isobutane and triptane and at
higher rates than for DME reactants. Alkane co-homologation requires
adamantane as a hydride transfer co-catalyst and allows the upgrading of low-
value alkanes, which provide the H-atoms required in homologation of oxygen-
rich feedstocks without concurrent carbon rejection as unsaturated byproducts.
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Solid phosphoric acid: Have the sands of time run out for this steadfast
catalyst?

Nicolaas M. Prinsloo, nico.prinsloo@sasol.com, Fischer-Tropsch Refinery
Catalysis, Sasol Technology Research and Development, P.O. Box 1, Sasolburg
1947, South Africa, Fax: +27115224388, and Arno De Klerk,
arno.deklerk@sasol.com, Fischer-Tropsch Refinery Catalysis, Sasol Technology
R&D, Sasolburg 1947, South Africa

Solid phosphoric acid (SPA) is one of the key catalyst types employed for the
conversion of Fischer-Tropsch syncrude to transportation fuels. Advances in the
chemistry, catalysis and application of SPA for olefin oligomerization, aromatic
alkylation and olefin hydration is reviewed. SPA catalysts have a small
environmental footprint and provide significant refining flexibility. It can be used to
produce high-octane olefinic motor-gasoline, alkylate quality paraffinic motor-
gasoline, jet fuel and it can also be employed to reduce refinery benzene. In most
instances reference is made to the commercial performance of SPA, including
the specific behaviour of SPA with respect to Fischer-Tropsch olefins and
oxygenates.
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Transition-metal-based catalytic systems for the dehydrogenation and
metathesis of alkanes: Solution-phase and solid-supported iridium-based
pincer catalysts

Alan S. Goldman’, alan.goldman@rutgers.edu, Maurice Brookhart’,
brookhar@email.unc.edu, Zheng Huang? huangzh@email.unc.edu, Karsten
Krogh-Jespersen’, krogh@rutchem.rutgers.edu, Sabuj Kundu’',
sabuj@rci.rutgers.edu, and Susannah L. Scott®, sscott@engineering.ucsb.edu.
(1) Department of Chemistry and Chemical Biology, Rutgers - The State
University of New Jersey, 610 Taylor Road, Piscataway, NJ 08854, Fax: 732-
445-5312, (2) Department of Chemistry, University of North Carolina at Chapel
Hill, Chapel Hill, NC 27599-3290, (3) Department of Chemical Engineering,
University of California, Santa Barbara, CA 63106

Tandem catalyst systems, comprising pincer-ligated iridium-based catalysts for
alkane dehydrogenation and catalysts for olefin metathesis, have been found to
effect the overall catalytic disproportionation/metathesis of n-alkanes to give
exclusively n-alkane products. Under some conditions (but not generally)
selectivity is obtained for C(2n-2) alkane plus ethane from 2 mol C(n) alkane.
Mechanistic and computational investigations have addressed issues of rates
and selectivity. Systems comprising soluble and heterogeneous catalysts will be
discussed. Significant progress has been made toward the development of
systems with supported pincer complexes; in some cases the supported systems
afford longer lifetimes and rates comparable to or even greater than their solution
phase analogues.
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State-of-the-art perspectives of natural gas hydrates in industrial flow
assurance

Jefferson L. Creek, Chevron Energy Technology Company, 1600 Smith Street,
Houston, TX 77002

An overview of the industrial relevance and consequences of hydrates in flow
assurance (maintaining flow in wells, networks, and pipelines) will be presented.
Blockage of wells, networks and flow lines with Hydrates is a crucial area of
study for flow assurance. This takes place in the evaluation of the risk involved
and design of processes to produce oil and gas reservoirs. This problem has
been credited as an order of magnitude more important than any other in posing
a threat to resource production.

Current perspectives of advanced hydrate technologies that could be applied to
manage hydrate formation in flowlines are discussed, including the use of kinetic
hydrate inhibitors, and production without chemicals. Advancement of these



hydrate technologies requires fundamental understanding of water-hydrocarbon
interfacial phenomena, multiphase flow of resources with fluids containing
hydrates, and the development flow simulation tools that reflect the various
methods by which hydrates can block flow.
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Interpretation and modeling of chord length distribution from FBRM results
during gas hydrate formation and agglomeration from water-in-oil emulsion

Jean-Michel Herri’, herri@demse.fr, Hung LeBa’, hle@emse.fr, Ana Cameirao’,
cameirao@emse.fr, Myriam Darbouret’, Myriam. DARBOURE T@ifp.fr, Jean-
Louis Peytavy®, Jean-Louis.PEYTAVY@total.com, and Philippe Glénat®,
philippe.glenat@total.com. (1) SPIN, ENS des Mines de Saint-Etienne, 158 cours
Fauriel, Saint-Etienne 42000, France, (2) Fluid Mechanics, IFP — Lyon, Lyon 69
360, France, (3) TOTAL - CSTJF, Pau 64018, France

Gas hydrates formation during the production of crude oil from water in oll
emulsion is of particular interest. Once hydrates form in the pipeline, individual
gas hydrate particles agglomerate together and form a plug preventing fluid flow.
Therefore, an understanding of the particle size during the crystallization process
is necessary. This work presents hydrate formation and agglomeration in flow
loop using a Focused Beam Reflectance Measurement (FBRM) probe for in situ
particle size analysis. The FBRM provides a quantitative Chord Length
Distribution (CLD) during the crystallization process of water-in-oil emulsions into
gas hydrate slurries. In order to better interpret the CLD measurements, a
modelling work has been made. The agglomerates are considered as fractal
objects composed from a polydisperse spherical population of particle. A
simulation of the CLD of random aggregates characterized by various fractal
parameters is performed in order to interpreter the CLD of the aggregates.
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Managing gas hydrates at high water cuts with antiagglomerant

Shuqgiang Gao, Shawn.Gao@CHAMP-TECH.com, Champion Technologies,
3130 FM 521, Fresno, Texas, TX 77545

Gas hydrate blockages pose an outstanding flow assurance challenge for
hydrocarbon production with high watercuts because hydrate inhibition with
thermodynamic inhibitors like methanol often becomes economically unfeasible.
Some production wells can be pre-maturely terminated due to risks of hydrate
blockages because subcooling in deepwater production is generally too high for
kinetic hydrate inhibitors (KHI's) to be effective and it is commonly believed that



anti-agglomerant hydrate inhibitors (AAHI's) are not designed to work for
watercuts higher than 50%. To demonstrate the feasibility and principles for
managing gas hydrate risks at high watercuts with AAHI's, systematic hydrate
laboratory testing at various watercuts was conducted on a Rocking Cell
apparatus. Results showed that the ability of AAHI to prevent hydrate blockages
at high watercuts strongly depend on the brine salinity. Even though a small
increase in the salinity does not shift the hydrate phase diagram by much, it can
cause a step change in the performance of AAHI at high watercut. It was also
revealed that when a thermodynamic hydrate inhibitor like methanol is
mandatory, a small dosage of AAHI in combination with methanol can
significantly reduce the amount of methanol required.
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Studies of mass transfer resistances to hydrate formation

Simon R. Davies, sdavies@mines.edu, Carolyn A. Koh, ckoh@mines.edu,
Amadeu K. Sum, asum@mines.edu, and E. Dendy Sloan Jr.,
esloan@mines.edu, Chemical Engineering, Colorado School of Mines, 1500
lllinois Street, Golden, CO 80401

Hydrate films typically form at gas-water interfaces where the concentrations of
guest and host molecules are the highest. Once formed, the films provide a
significant mass transfer barrier to further hydrate formation. However, there is
some controversy about whether it is the transport of the guest or the host
molecule that controls further hydrate growth.

In this article, methane hydrate films were formed at a gas-water interface and
the gas phase was replaced by a partially deuterated methane molecule (CD3H).
The concentration profile of this tracer molecule across the hydrate films was
studied over time using confocal Raman spectroscopy. The films were found to
contain gas-filled pores which provided pathways for gas migration. These pores
annealed over time, increasing the mass transfer resistance. The concentration
of CD3H in the hydrate phase was much lower than in the gas phase, suggesting
a slow rate of hydrate formation within the film.
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Enhanced rate of gas hydrate formation in a silica sand matrix compared to
a stirred vessel

Praveen Linga’, plinga@chml.ubc.ca, Cef Haligva', John A Ripmeester?,
John.ripmeester@nrc.ca, and Peter Englezos’. (1) Department of Chemical and
Biological Engineering, University of British Columbia, 2360 East Mall,



Vancouver, BC V6T1Z3, Canada, (2) Steacie Institute for Molecular Sciences,
National Research Council Canada, Ottawa, ON K1A OR6, Canada

Hydrate formation experiments were conducted for two single gas and three gas
mixtures. These systems are relevant to technologies under development for
natural gas hydrate storage and transportation and for CO2 capture and
sequestration. CH4/water, CH4 (90.5%)/C3H8 (9.5%)/water and CH4
(91%)/C2H6 (9%)/water are the hydrocarbon systems. CO2/water and CO2
(38.1%)/H2 (59.4%)/C3H8 (2.5%)/water are the systems studied for CO2 capture
and sequestration. Two types of experiments were conducted for the above
systems. One was conducted by dispersing water in silica sand, while the other
in a stirred tank vessel. Both types of experiments were conducted at a constant
temperature and in a closed system having the same experimental pressure at
the start of the experiment. The presence of silica sand was found to enhance
the kinetics of hydrate formation significantly and there by resulting in a higher
percent of water conversion to hydrates in lesser time for all the systems studied.
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Progress on the gas hydrate process for CO2/N2 and CO2/H2 separation
using a large scale apparatus

Praveen Linga’, plinga@chml.ubc.ca, Rajnish Kumar', rkumar@chml.ubc.ca,
John A Ripmeester?, john.ripmeester@nrc.ca, and Peter Englezos’. (1)
Department of Chemical and Biological Engineering, University of British
Columbia, 2360 East Mall, Vancouver, BC V6T1Z3, Canada, (2) Steacie Institute
for Molecular Sciences, National Research Council Canada, Ottawa, ON K1A
OR6, Canada

One of the new approaches under consideration for the capture of CO2 from
treated flue gas from a conventional power plant and fuel gas from an integrated
gasification combined cycle power plant is through gas hydrate crystallization. In
this work we report the progress towards the demonstration of the hydrate-based
process for post and pre-combustion capture of capture of CO2 in a new large
scale apparatus. Gas hydrates were formed with CO2/N2 gas mixture containing
16.9 mol % CO2 and rest N2 in the presence of 1.0 mol% tetrahydrofuran. The
gas uptake was significantly higher in the new apparatus on a water free basis
which was achieved due to better gas/water contact. Moreover, the CO2
recovery was found to be 0.63 compared to 0.46 indicating a better separation of
CO2 from the feed gas. Our results successfully demonstrated that it is possible
to scale up the hydrate based separation process for CO2 capture.
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Uncertainty analysis of gas hydrate gas handling applications

John P. Osegovic, josegovic@mdswater.com, Brian Blake-Collins, Michael D.
Max, mmax@mdswater.com, and lan Slattery, 1601 3rd St. South, Marine
Desalination Systems, L.L.C, 1601 3rd St. South, St. Petersburg, FL 33701, Fax:
727-821-4430

This presentation will develop the relationship between technical knowledge and
uncertainty and application for gas handling technologies. Hydrate gas
processing can be described by three major stages: formation, separation, and
dissociation. The most generic processing operation are separation, storage, and
transport. These are distinguished from each other by nuances that arise from
addressing the risks associated with each stage and the product requirement.
While research has strongly focused on formation processes, the other steps are
equally important in innovating a hydrate gas processing operation.
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Application of Raoult's Law to model contaminant mixtures of polycyclic
aromatic hydrocarbons

Jillian L. Goldfarb, JillianLGoldfarb@gmail.com and Eric M. Suuberg,
eric_suuberg@brown.edu, Division of Engineering, Brown University, 182 Hope
Street, Providence, Rl 02912, Fax: 401-863-9120

The by-products of incomplete combustion and other fuels processing abound
with complex mixtures of polycyclic aromatic hydrocarbons (PAH). The fate and
transport of PAH mixtures in the environment are largely governed by their vapor
pressures, yet these fundamental data are often unavailable. We employ the
Knudsen effusion technique to measure the vapor pressures of several multi-
component PAH mixtures of constituents often found in the soils of former
manufactured gas plants (MGPs). We compare experimental vapor pressure
results to Raoult's law to establish the applicability of this idealized approximation
of vapor pressure behavior to high molecular weight mixtures. Finally, we present
vapor pressure measurements on contaminated soil from a former MGP. The
results show that Raoult's law is a reasonable approximation to model the vapor
pressures of the high molecular weight fractions in PAH-contaminated soil.
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Characterization of aircraft gas turbine engine particle emissions

Michael T Timko’, timko@aerodyne.com, Zhenhong Yu?, Hsi-Wu Wong’,
hwwong@aerodyne.com, Richard C. Miake-Lye1, Timothy Onasch®, John T.



Jayne® Manjula R. Canagaratna®, mrcana@aerodyne.com, Scott C. Herndon®,
herndon@aerodyne.com, and Ezra C Wood®. (1) Center for Aero-
Thermodynamics, Aerodyne Research, Inc, 45 Manning Road, Billerica, MA
01821, Fax: 978-663-4918, (2) Center for AeroThermodynamics, Aerodyne
Research, Inc, Billerica, MA 01821, (3) Center for Aerosol and Cloud Chemistry,
Aerodyne Research, Inc, Billerica, MA 02181-3976, (4) Center for Environmental
and Atmospheric Chemistry, Aerodyne Research Inc, Billerica, MA 01821

Aircraft emissions are a small but growing contribution to the overall emissions
problem. Recent advances in measuring the quantity, size, and composition of
aircraft particle emissions should improve predictions of potential human health
and environmental impacts. Soot is the major contributor to particle mass
emissions, and different engine technologies exhibit distinct relationships
between EIm-soot and power. The total number of particles emitted (EIn-total) is
controlled by fuel sulfur content, and sulfuric acid appears to be the primary
driver for new particle formation. Sulfate and organic material are the primary
components of volatile particle mass. Nucleation/growth mode particles formed at
idle may be dominated by organic material. Layers of volatile material coated on
soot particles at take-off conditions may contain roughly equal parts organic and
sulfate material. Organic particle material has two primary contributions: products
of incomplete combustion and lubrication oil.
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Control of flue gas mercury emissions: Effects of acid gases on sorbent
reactivity

Ed Olson, eolson@undeerc.org, Energy & Environmental Research Center,
University of North Dakota, P.O. Box 9018, Grand Forks, ND 58202, Fax: 701-
777-5181

Flue gas—mercury interactions on the carbon surface are extremely important in
determining the effectiveness of injected carbons for mercury control in coal
combustion. The role of acid gases promoting the reactivity of activated carbon
for mercury capture is elucidated in this paper. Parametric tests were conducted
with thin beds of carbon sorbent at several concentrations of HCI, SO,, and NO..
Low concentrations of HCI (0—5 ppm) in flue gas typically result in an induction
period, where capture of mercury is initially lower but then increases after about
30 minutes of exposure. High concentrations of NO, are able to overcome the
induction when the HCl is 5 ppm, but not when it is 0—1 ppm. The results are
consistent with a model where HCI and NO; react with a basic carbon surface to
generate a cationic center which is an active catalytic site for mercury oxidation.
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Detailed microphysical modeling of particle emissions from aircraft gas
turbine engines

Hsi-Wu Wong’, hwwong@aerodyne.com, Michael T Timko',
timko@aerodyne.com, Richard C. Miake-Lye', and lan A. Waitz?, iaw@mit.edu.
(1) Center for Aero-Thermodynamics, Aerodyne Research, Inc, 45 Manning
Road, Billerica, MA 01821, (2) Department of Aeronautics and Astronaultics,
Massachusettes Institude of Technology

Particulate matter (PM) emissions from aircraft engines have received increased
attention due to their impacts on climate, health, and regional air quality.
However, understanding of PM formation from aircraft emissions at ground level
is still limited. In this talk, a detailed, one-dimensional model consisting of plume
chemistry, wake dilution and aerosol microphysics is presented to study PM
formation from aircraft engines. Parametric studies were performed to study
different sampling setups in recent field measurement campaigns. Our results
show that two competing particle formation mechanisms are present: formation
of new particles via nucleation and coating onto existing particles via
condensation. Our results also suggest that nucleation is mainly controlled by
ambient properties (temperature and relative humidity), whereas condensation is
dependent on engine power. A comparison of our modeling results with
experimental data suggests that the important physics are being captured, and
the model may be used to interpret experimental results and help guide future
directions of field measurements.
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Fate of arsenic and selenium in air pollution control devices in coal-fires
power plants

Constance Senior, senior@reaction-eng.com, Reaction Engineering
International, 77 West 200 South, Suite 210, Salt Lake City, UT 84101

The behavior of arsenic and selenium in coal-fired power plants is reviewed in
this paper with the intent of showing the pathways by which these elements leave
the coal-fired boiler and the coal and operational factors that affect the
partitioning of these elements among the output streams.
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Potential of animal waste as a reburn fuel on emissions control:
Performance



Hyukjin Oh’, hyukjinoh@hotmail.com, Kalyan Annamalai’,
kAnnamalai@mengr.tamu.edu, and John M. Sweeten®, j-sweeten@tamu.edu. (1)
Mechanical Engineering, Texas A&M University, 3123 TAMU, College Station,
TX 77843, (2) Texas AgriLife Research & Extension Center and Biological &
Agricultural Engineering, Texas A&M University, West Amarillo, TX 79106

A reburn process is used in boilers to reduce NOx. Instead of firing natural gas
(NG) as a rebun fuel, cattle biomass (CB) has been proposed as a renewable,
supplementary fuel for reburning with coal. Reburning CB with coals has the
potential to reduce NOx and Hg emissions in coal-fired boilers as well as to
reduce fuel costs, lower coal consumption, decrease nonrenewable CO2
emissions, and dispose of burdensome agricultural waste from large
concentrated animal feeding operations (CAFOs). The goal of this study is to
determine conditions for the best NOx reduction using blends of CB and coal as
reburn fuels. The effects of reburn fuel type and equivalence ratio (ER) were
investigated. The effects of high ash in CB on the performance were also
investigated. NOx reductions increased with an increase of the ER in the reburn
zone and resulted in 96% and 93% NOXx reductions when reburning with dairy
biomass (DB) and feedlot biomass (FB), respectively. The results presented CB
(both DB and FB) can be used a very effective reburn fuel for the NOx emission
control in coal-fired power plants. The burnt fraction (BF) increased with the
increase of the proportion of CB in reburn fuels. The results of ash fusion
temperatures (AFTs) indicated that the ash deposited during CB combustion was
more difficult to remove than the ash deposited during coal combustion.
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Soot deposit properties in practical flames

Ignacio Preciado’, ignacio.preciado@utah.edu, Eric G. Eddings’,
eddings@che.utah.edu, Adel F. Sarofim’, Ralph B. Dinwiddie?, Wallace D.
Porter?, and Michael J. Lance®. (1) Department of Chemical Engineering,
University of Utah, 50 South Campus Drive, Salt Lake City, UT 84112, (2) High
Temperature Materials Laboratory, Oak Ridge National Laboratory, Oak Ridge,
TN 37831

A laboratory-scale device (water-cooled deposition probe) was designed for
studying soot deposition in a laminar ethylene-air premixed flame. This
experimental tool facilitates the evaluation of the deposition rates and deposit
characteristics such as deposit thickness, bulk density, PAH content, deposit
morphology and thermal properties, under both water-cooled and uncooled
conditions.

Additionally, a non-intrusive Laser Flash Technique was used to estimate
experimental thermal conductivity values for soot deposits as a function of



deposition temperature (water-cooled and uncooled experiments), location within
the flame and chemical characteristics of the deposits.

Important differences between water-cooled and uncooled surfaces were
observed. Thermophoresis dominated the soot deposition process and enhanced
higher deposition rates for the water-cooled experiments. Cooler surface
temperatures resulted in the inclusion of increased amounts of condensable
hydrocarbons in the soot deposit. The greater presence of condensable material
promoted decreased deposit thicknesses, larger deposit densities, different
deposit morphologies, and higher thermal conductivities.
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Ultilization of solid amine sorbents for the capture of carbon dioxide

McMahan L. Gray', gray@netl.doe.gov, Kenneth J. Champagne?, Daniel J.
Fauth®, fauth@netl.doe.gov, Sheila W. Hedges®, James S. Hoffman®,
James.Hoffman@pnetl.doe.gov, Deborah Hreha5, and Henry W. Pennline3,
fauth@netl.doe.gov. (1) Separations and Fuels Processing Division, U.S.
Department of Energy, US Department of Energy / NETL, P. O. 10940, MS 58-
222, Pittsburgh, PA 15235, Fax: 412 386-5920, (2) National Energy Technology
Laboratory, U.S. Department of Energy, Pittsburgh, PA 15236-0940, (3) U.S.
Department of Energy, National Energy Technology Laboratory (NETL),
Pittsburgh, PA 15236-0940, (4) U.S. Department of Energy, National Energy
Technology Laboratory, Pittsburgh, PA 156236, (5) Parson Project Services Inc,
Library, PA 15129

ABSTRACT

Solid amine sorbents were prepared by using a mixture of linear and branched
primary, secondary, and tertiary amines. These amines were immobilized within
polystyrene (PS), silicon oxide (SO), or polymethylmethacrylate (PMMA) based
substrates at various weight ratios. Testing was conducted in various reactor
systems where the reactive water required for the capture of carbon dioxide
(CO2) was tracked during the adsorption/desorption cycles by mass
spectrometer gas analysis. The water management for these sorbents was
quantified and used to determine the technical feasibility of the operating
conditions for the capture of carbon dioxide from simulated flue gas streams. In
addition, the heats of reaction and performance capture capacities of these
sorbents were also determined by differential scanning calorimetric (DSC) and
thermal gravimetric analyses (TGA) in dry and humid CO2 gas streams. The
regenerable solid amine sorbents investigated in this study exhibit acceptable
CO2 capture capacities of 2.5 — 3.5 mole CO2/kg sorbent by TGA analysis and
within a laboratory-scale reactor. These sorbents were stable over the
adsorption/desorption temperature range of 25-100 oC for 10 cyclic tests.



According to the DSC analysis, the reaction energy generated by these sorbents
was in the range of 400-600 Btu/lb CO2, which will require a reactor with
exceptional heat management capabilities. These thermo-chemical and
performance data will be systematically correlated and used for the technical
evaluation of sorbent-based, CO2 post-combustion capture systems. A system
analysis will also be conducted to identify key parameters that can significantly
impact the sorbent reactor design for post-combustion carbon dioxide capture.
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Understanding heterogeneous mercury chemistry

Jennifer Wilcox, jen.wilcox@stanford.edu, Shela Aboud, Erdem Sasmaz, and
Bihter Padak, Department of Energy Resources Engineering, Stanford
University, 367 Panama Street, Green Earth Sciences 065, Stanford, CA 94305

Density Functional Theory calculations have been performed to predict the
binding mechanism of mercury flue gas pollutants such as Hg0, HgClI, and HgCI2
on both organic and inorganic materials. The inorganic materials considered are
periodic surfaces of pure Pd (001) and Au (001) and their binary alloys. Inorganic
methods for Hg capture are advantageous since they allow for its removal at
elevated temperatures, which is applicable for both PCC and IGCC processes.
Throughout these sorbent investigations, it has been found that the Pd surface is
more reactive than the Au surface to the pollutants of coal combustion flue gas.
Calculations for HgO binding on PdAu (111) have shown that small additions of
Au to Pd increases the binding energy by improving the surface reactivity of the
alloy. Organic-based materials have also been considered using both cluster and
periodic surface calculations. These organic-based simulations can be applied
for increased understanding of heterogeneous Hg activity on simulated soot
particles or simulated activated carbon. The elucidation of heterogeneous Hg
chemistry will allow for increased understanding of its life cycle throughout the
combustion process, by providing a detailed mechanism of its oxidation to its
capture. Oxidized mercury is captured by wet scrubbers, while gaseous
elemental mercury passes through the scrubbers readily. Particulate matter such
as fly ash, unburned carbon and activated carbon can be used to capture
elemental and oxidized mercury through adsorption processes. Activated carbon
is currently used by many power plants facilities effectively. Understanding the
mechanism by which mercury adsorbs on activated carbon is crucial to the
design and fabrication of effective capture technologies for mercury.
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Development of a diesel emissions control system based on a lean NOx
trap catalyst and a catalyzed particulate filter



Neal W. Currier’, neal. w.currier@cummins.com, Aleksey Yezerets®, Bradlee J.
Stroia®, bradlee.j.stroia@cummins.com, Hai-Ying Chen®, and Howard S. Hess".
(1) Catalyst Technology, R&D, Cummins Inc, 1900 McKinley Ave., MC50183,
Columbus, IN 47201, (2) Cummins Inc, Columbus, IN 47202, (3) Light Duty
Diesel, Cummins Inc, Columbus, IN 47201, (4) Catalytic Systems Division,

Johnson Matthey, Wayne, PA 19087

An engine/aftertreatment system for Dodge Ram pickup truck, introduced by
Cummins in 2007, achieves the world's lowest 2010 Environmental Protection
Agency (EPA) NOx standard a full three years ahead of the requirements.
Reduction of NOx emissions in this system has been accomplished using NOx
adsorber and ceramic particulate filter technology.

NOx adsorber catalysts had been identified by the EPA during the 2007/2010
rulemaking process as the key candidate for meeting the NOx emissions
reduction challenge. However, its practical implementation required substantial
breakthroughs in the understanding of its operation and durability. The
complexity originated from the inherently non-steady-state, cyclic operation of the
NOx adsorber catalyst. Such operation requires a multifunctional catalyst with a
variety of redox and acid-base properties, capable of overall optimal operation
across all the above processes.

Also, NOx adsorber catalysts are readily poisoned by sulfur from the engine's
fuel and lubricant. Its durability is strongly affected by the periodic high-
temperature exposure required remove sulfur from the catalyst surface.

Finally, catalyzed particulate filters, also implemented in this system, represent a
mature technology, their application downstream of a NOx adsorber catalyst
imposed substantial additional scientific challenges. These challenges required
development of substantial new knowledge related to the mechanism and kinetic
of oxidation of turbostratic carbon in diesel particulate matter.

In response to these challenges, Cummins and Johnson Matthey have
conducted major research work, both internally and in collaboration with National
Labs and Universities. In this presentation we will share a number of examples
from these focused collaborative efforts, with an emphasis on their impact on the
research that led to the design and development of the aforementioned catalyst
system.
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Formation and thermal decomposition of nitrites and nitrates on
BaO/Pt(111) model catalysts



Kumudu Mudiyanselage’, Janos Szanyi’, and Cheol-Woo Y#. (1) Interfacial
Chemistry & Engineering, Pacific Northwest National Laboratory, 3335 Q
Avenue, P.O. 999, MSIN K8-87, Richland, WA 99354, Fax: 509-371-6242, (2)
Department of Chemistry and Institute of Basic Science, Sungshin Women’s
University, Seoul, South Korea

BaO/Pt(111) model systems have been prepared to understand the role of the
interactions between BaO and Pt on the elementary processes in NOx storage
reduction (NSR) catalysis. Adsorption and reactions of NO; on BaO films
deposited on Pt(111) have been studied using temperature programmed
desorption (TPD), reflection absorption infrared spectroscopy (RAIRS) and X-ray
photoelectron spectroscopy (XPS). NO, reacts with a thick BaO film (> 20 MLE)
to form nitrite-nitrate ion pairs at 300 K, while only nitrates form at 600 K.
Adsorption of NO; on a thin BaO film (~ 2-3 MLE) leads to the formation of
nitrites with a small amount of nitrates under UHV conditions at 300 K. However,
at elevated NO; pressures (> 1x107 Torr) thin BaO films are converted into
amorphous Ba(NOs), at 300 K. These amorphous Ba(NOs); films transform into
crystalline Ba(NO3), particles at 500 K even at sub monolayer BaO coverages.
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Impact of biofuel blending on diesel soot oxidation characteristics:
Implications for aftertreatment catalysts

Andrea Strzelec’, strzelecan@ornl.gov, C. Stuart Daw’, dawcs@ornl.gov, Todd
J. Toops?, toopsti@ornl.gov, David E. Foster’, and Chris Rutland”,
rutland@engr.wisc.edu. (1) Fuels Engines & Emissions Research, Oak Ridge
National Laboratory, 2360 Cherahala Blvd, Knoxville, TN 37932, Fax: 865-946-
1248, (2) National Transportation Research Center, Oak Ridge National
Laboratory, Knoxville, TN 37932, (3) Engine Research Center, University of
Wisconsin-Madison, Madison, WI, (4) Engine Research Center, University of
Wisconsin, Madison, WI 53706

Control strategies for diesel particulate filters (DPFs) remain one of the most
important aspects of aftertreatment research and understanding the soot
oxidation mechanism is key to controlling regeneration. Currently, most DPF
models contain simple, first order heterogeneous reactions oxidation models with
empirically fit parameters. This work improves the understanding of fundamental
oxidation kinetics necessary to advance the capabilities of predictive modeling,
by leading to better control over regeneration of the device.

This study investigated the effects of blending soybean-derived biodiesel fuel on
diesel particulate emissions under conventional combustion from a 1.7L direct
injection, common rail diesel engine. Five biofuel blend levels were investigated
and compared to conventional certification diesel for the nanostructure, surface



chemistry and major constituents of the soluble organic fraction (SOF) of diesel
particulate matter (PM), and the relationship between these properties and the
particulate oxidation kinetics.
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Emissions control technology for the 21st century

Paul T. Fanson, Materials Research Department, Toyota Motor Engineering &
Manufacturing North America, Inc, 1555 Woodridge Ave, Ann Arbor, Ml 48105

Of all of the advances in environmental technology in the past 40 years, few have
made as great an impact on society as the 3-way catalytic converter. Intense
global research and development activities have resulted in catalysts which can
reduce emissions of carbon monoxide, hydrocarbons, and nitrogen oxides by
over 90% and which can maintain activity well beyond 100,000 miles of use.
Despite this amazing achievement, global environmental regulations and the
increasing cost of precious metals continue to drive emissions control scientists
and engineers to create more efficient and more durable materials. This
presentation summarizes some recent research activities aimed toward the
creation of the next generation of emissions control catalyst. These research
efforts are focused on several areas including advanced support materials,
fundamental investigations of the catalytic properties of small metal clusters, and
advanced analysis and characterization techniques.
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First-principles modeling of coverage-dependent rates of catalytic
oxidations

William F. Schneider’, wschneider@nd.edu, Rachel B. Getman’,
rgetman@nd.edu, Abhijit Phatak’, aphatak@nd.edu, Andrew D. Smeltz?,
adsmeltz@ecn.purdue.edu, W. Nicholas Delgass®, delgass@ecn.purdue.edu,
and Fabio H. Ribeiro?, fabio@purdue.edu. (1) Department of Chemical and
Biomolecular Engineering, University of Notre Dame, 182 Fitzpatrick Hall, Notre
Dame, IN 46556, Fax: 574-631-8366, (2) School of Chemical Engineering,
Purdue University, West Lafayette, IN 47907-2100

Catalytic reactions of O, are ubiquitous in heterogeneous catalysis, and the
control of catalytic oxidations has gained even greater prominence in the drive to
develop a sustainable energy enterprise. The late transition metals are common
oxidation catalysts, and the intrinsic activities of these materials are often
observed to depend sensitively on the coverage of surface species, in particular
chemisorbed O. The catalytic oxidation of NO to NO, over Pt is a prime example



of a catalytic oxidation that can only be described by accounting for the effect of
O coverage on the rates of surface reactions. In this work, we use density
functional theory (DFT) simulations to characterize the structures, energies, and
rates of the key reaction steps in catalytic NO oxidation over Pt(111) as a
function of adsorbate coverage. We develop a microkinetic model that properly
accounts for observation, and using simple correlations, show how the model can
be extended to other metals and to CO oxidation at high oxygen coverage
conditions.
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Catalyst by design: Combining the power of theory, experiments, and
nanostructural characterization for catalyst development

Melanie Moses DeBusk, mosesmj@ornl.gov, Physical Chemistry of Materials,
Materials Science & Technololgy Division, Oak Ridge National Laboratory, PO
Box 2008, Oak Ridge, TN 37831-6115, and Chaitanya K. Narula,
narulack@ornl.gov, Physical Chemistry of Materials, Materials Science &
Technology Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831-
6115

We have recently started efforts to develop a “catalyst by design” protocol that
iteratively employs theoretical modeling and experimental results to
systematically design a catalyst. In this approach, a variety of catalysts are first
examined by theory and the most promising candidates are then synthesized
experimentally, characterized, and tested.

In our presentation, we report on our “catalyst by design” efforts employing
supported platinum clusters. We will describe the nanostructure of Pt clusters
and its interactions with CO and NO and compare it with theoretical studies. We
will also summarize nanostructural changes in Pt clusters under CO and NO
oxidation conditions. Our experiments on model catalysts validate theoretical
studies and suggest that “catalyst by design” protocol can be highly effective in
catalyst design provided it can be validated for a complex catalyst system such
as emission treatment catalyst.
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Interaction of combustion gases with CaO (100) surface: Adsorption
kinetics and dynamics

Evgueni B. Kadossov, Department of Chemistry, North Dakota State University,
Fargo, ND 58108-6050, Mark R. Hoffmann, mhoffmann@chem.und.edu,
Department of Chemistry, University of North Dakota, Grand Forks, ND 58202-



9024, and Uwe Burghaus, uwe.burghaus@ndsu.edu, Department of Chemistry
and Molecular Biology, North Dakota State University, Fargo, ND 58102

Catalytic activity of CaO (100) surface towards CO, CO,, and NO was studied by
means of temperature programmed desorption, molecular beam scattering and
quantum ab initio calculations. NO adsorption leads to formation of dimers, which
subsequently dissociate into N, and N,O in TPD. Interaction of CO with CaO
(100) surface is relatively weak (Eq = 24 - 45 kd/mol), while CO, forms a number
of structures on CaO (100) with higher binding energies (Eq = 30 - 83 kJ/mol).
However, initial adsorption probability, Sy, of CO is greater than Sy of COs,.
MPW3LYP DFT calculations reveal that CO bonds to Ca sites and CO, adsorbs
only on oxygen surface atoms resulting in formation of carbonates. Both
computational and molecular beam scattering results are consistent with the
simple mass matching model. CO adsorption obeys direct Langmuirian
adsorption dynamics, and CO; interaction with CaO (100) surface is precursor-
mediated.
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New developments in the science of clathrate hydrates

John A Ripmeester’, john.ripmeester@nrc.ca, Chris | Ratcliffe’, Konstantin
Udachin’, Igor Moudrakovski', Hailong Lu’, Saman Alavi?, Sergey Mitlin’, Robin
Susilo®, and Peter Englezos®. (1) Steacie Institute for Molecular Sciences,
National Research Council Canada, 100 Sussex Drive, Ottawa, ON K1A OR6,
Canada, Fax: 613-998-7833, (2) Department of Chemistry, University of Ottawa,
Ottawa, Canada, (3) Department of Chemical and Biological Engineering,
University of British Columbia, Vancouver, Canada

We may expect that understanding gas hydrates at the molecular level will help
our efforts to learn about natural gas hydrates and to control hydrate processes
at all stages. For instance, recognizing that nucleation is almost always
heterogeneous under conditions where hydrates are encountered, allows one to
focus on inhibiting hydrate nucleation, growth, or both, once one understands the
action of the inhibitor. Also, the fact that in many hydrate-forming venues - both
laboratory based and natural, nucleation is a localized so that many nucleation
events can take place means that the hydrate product may also be quite non-
uniform. Often it is assumed that hydrate properties do not depend a lot on the
nature of the guest, yet, suitably sized molecules can act either as hydrate
guests or inhibitors, suggesting that there may well be a continuum of properties.
Here, we present both modeling and experimental results that link macroscopic
and guest molecular properties.
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Nucleation and growth of clathrate hydrates studied with a coarse-grained
water model.

Liam Jacobson, liam.jacobson@utah.edu and Valeria Molinero,
valeria.molinero@utah.edu, Department of Chemistry, University of Utah, 315
South 1400 East, Rm 2020, Salt Lake City, UT 84112

There is a need for a kinetic and mechanistic model able to evaluate conditions
under which clathrate nucleation and growth can be promoted or inhibited.
Understanding of the mechanism of nucleation by atomistic simulations is
hampered by the cost of producing the long simulation runs needed to see the
rare nucleation events. We use a coarse-grained water model to study clathrate
formation. The model is successful in producing the nucleation and growth of
clathrates from supercooled water and methane-like molecules, as well as the
growth of the guest-free clathrate hydrates of both structure | (sl) and structure |l
(sll). We find that gas hydrate nucleation occurs through ordering of water
around guest molecules. Individual cages do not appear to be stable in the
solution; they are subcritical nuclei. Our results suggest that several cages —
sustained by the favorable positioning of guest molecules- are needed to reach
the critical nucleus size.
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Molecular dynamics simulation of hydrate lattice distortion

Meimei Zhang’, Brian J. Anderson? Brian.Anderson@mail.wvu.edu, Robert P.
Warzinski®, warzinsk@netl.doe.gov, and Gerald D. Holder",
holder@engrng.pitt.edu. (1) Department of Chemical and Petroleum Engineering,
University of Pittsburgh, 240 Benedum Engineering Hall, Pittsburgh, PA 15261,
(2) Dept. of Chemical Engineering, West Virginia University, Morgantown, WV
26506, (3) National Energy Technology Laboratory, U.S. Department of Energy,
Pittsburgh, PA 15236-0940

Accurate prediction of the temperatures and pressures where hydrates are stable
is important for the development of production strategies using advanced
reservoir simulation codes. At present, these codes use algebraic relationships
based on existing phase behavior data to determine when hydrates decompose
or form. The current state of thermodynamic model development to predict phase
behavior clearly demonstrates the need to incorporate a lattice distortion effect.
Ideally a thorough description of lattice distortion of hydrates would require an
extensive experimental effort; however, the use of molecular dynamics simulation
(MDS) is an attractive approach for a systematic study of lattice distortion due to
these effects. MDS results are presented on the effects of temperature, pressure,
and guest size on lattice distortion. All of these effects were found to be



significant. An important fundamental finding is that appropriately-sized guests
can cause a lattice to expand or contract, an observation not previously reported.
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Phase equilibrium and cage occupancy calculations of CO; hydrates using
an ab initio intermolecular potential

Srinath Velaga, svelaga@mix.wvu.edu and Brian J. Anderson,
Brian.Anderson@mail.wvu.edu, Dept. of Chemical Engineering, West Virginia
University, Morgantown, WV 26506

Gas hydrate reservoirs are receiving increased attention as potential locations for
CO; sequestration, with CO, replacing the methane that is recovered as an
energy source. In this scenario it is very important to correctly characterize the
cage occupancies of CO; to correctly assess the sequestration potential as well
as the methane recoverability. A potential energy surface (PES) between H,O
and CO;, was computed at the MP2/aug-cc-pVTZ level and corrected for BSSE
by using half of the counterpoise correction. Intermolecular potentials were
obtained by fitting Exponential-6 and Lennard-Jones 6-12 models to the ab initio
PES, correcting for many-body interactions. The pure CO; hydrate equilibrium
pressure was predicted with an average absolute deviation of less than 2% from
the experimental data. Predictions of the small cage occupancy ranged from 22-
38% and the hydration number for the CO, hydrate was calculated to be above
7.0, whereas the large cage is fully occupied.
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Investigation of methane hydrate growth using molecular dynamics
simulation

Matt Walsh, mrwalsh@mines.edu, David Wu, dwu@mines.edu, Amadeu K.
Sum, asum@mines.edu, Carolyn A. Koh, ckoh@mines.edu, and E. Dendy Sloan,
esloan@mines.edu, Chemical Engineering Department, Colorado School of
Mines, 1500 lllinois Street, Golden, CO 80401

Molecular dynamics simulation is used to investigate steady-state methane
hydrate growth in a system larger than 50 sl hydrate unit cells for durations
greater than 100ns without employing artificial mass or heat transport
constraints. Molecular dynamics simulations are initiated from partially ordered
configurations, and as solid hydrate grows it replaces areas of the simulation box
previously occupied by a methane and water vapor/liquid system. At the interface
of growth, partially formed cages are observed to persist for up to 10
nanoseconds while halo-like hydrogen-bonded networks of water molecules



eventually form the remainder of the cages. The estimated growth rates for these
simulations are between 1.3 cm/s and 3.4 cm/s.
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Gas hydrate formation and dissociation using high pressure DSC

Pierre Le Parlouér, leparlouer@thermalconsulting.com, Setaram, 7 Rue de
I'Oratoire, Caluire 69300, France, Fax: 33437401076

Calorimetry is a more and more used analytical technique to determine
compositions, dissociation enthalpies and heat capacities of gas hydrates. As
high pressure is needed for such investigations, an innovative methodology
(patent of the French Institute of Petroleum) has been developed to produce a
High Pressure MicroDSC to be adapted to the determination of thermodynamic
properties and kinetics of gas hydrate formation and dissociation.

The High Pressure MicroDSC has a vessel of 0,7 cm3 and operates up to 1000
bars (14 500 psi) in a temperature range from —45°C up to 120°C.

The high pressure DSC technique is especially adapted for the investigation of
gas hydrates in various fields;

- flow assuranceapplications

- formation and dissociation of gas hydrates (especially methane for gas hydrate
transportation)

- characterization of natural gas hydrates

- plugging of natural gas pipelines

- plugging of annulars (offshore extraction)

- formation of hydrogen hydrates (hydrogen storage)

- formation of CO2 hydrates (CO2 sequestration)
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Activity enhancement of MgO-doped Ag/Al203 catalyst for selective
catalytic reduction of NOx with methane in the presence of SO2 and H20



Hua Pan’, Qingfa Su’, suqingfa2003@yahoo.com.cn, Jianwen Wei', and Yiting
Liu?. (1) College of Environmental and Resource Sciences, Zhejiang University,
Hangzhou 310028, China, (2) Environmental Science Research & Design
Institute of Zhejiang Province, Hangzhou, China

The performance of selective catalytic reduction of NOx by methane (CH4-SCR)
was investigated over MgO-doped Ag/AI203 in the presence of SO2 and H20.
MgO addition significantly decreases the active temperature window of NOx
conversion. Compared with Ag/AI203 catalyst, Ag/MgAI204 catalyst exhibits the
higher SO2 and H20 tolerance for CH4-SCR at low temperature range of
30011°400°C. For Ag/MgAI204, only five percent decrease of NOx conversion
happened in the presence of 100ppmS0O2 and 15%H20. The slight decrease in
catalytic activity over Ag/MgAI204 exposure to SO2 is attributed to the partially
deactivation of alumina sites poisoned by SO2. The competitive adsorption
between NOx and SO2 in alumina sites is inhibited effectively by MgO addition.
The apparent activation energy of CH4-SCR reaction over Ag/MgAI204 is equal
to 94.6kJ/mol.
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Dual-stage approach for aftertreatment of lean burn natural gas engine
exhaust

Burcu Mirkelamoglu, mirkelamoglu.1@osu.edu, Meimei Liu, liu.772@osu.edu,
and Umit S. Ozkan, ozkan.1@osu.edu, Department of Chemical and
Biomolecular Engineering, The Ohio State University, 140W 19th Avenue,
Columbus, OH 43210, Fax: 614-292-3769

A highly active two-stage catalytic system is investigated for the reduction of NO
with methane from lean-burning engine exhaust. The first stage is the catalytic
oxidation of NO over 10%Co/ZrO,, aimed at helping NO reduction to proceed
with greater selectivity by converting NO to NO,, which is a more easily reduced
species than NO. The second stage is catalytic reduction of NO, with
hydrocarbons over 0.3%Pd/SZ. Gas chromatography and chemiluminescent NOx
analysis were employed to test the catalysts under simulated lean exhaust
conditions. The dual-catalyst system is capable of achieving N yields of above
90% in a broad temperature window of 450-550=C. The results also show that
the dual-catalyst system is very active for the elimination of CO, CsHg, C2Hs and
CHys. Along with catalytic activity testing under simulated lean exhaust conditions,
presented results include temperature-programmed desorption, XPS and
DRIFTS. Effect of water vapor on catalytic activity is also investigated.
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Evaluation of a new approach for NOx removal from the flue gas in lab-
scale

Shi-Han Zhang, skyzhang@zju.edu.cn, Yun Liu, yun_erO7@ 126.com, Ling-Lin
Cai, cailinglin@yahoo.com.cn, and Wei Li, w_li@zju.edu.cn, Institute of
Environmental Engineering, Zhejiang University, Hangzhou, 310027, China

A chemical absorption-biological reduction integrated approach is developed to
achieve the NOy removal from the flue gas. In this integrated process, NO (the
primary component of NOy) is chelated by Fe(l)EDTA and subsequently reduced
to N2 by microorganism. Fe(lI)EDTA formed via oxidation of Fe(I[)EDTA by
oxygen in the flue gas is simultaneously and biologically reduced back to
Fe(INEDTA. During the steady state operation, the integrated approach for the
NO removal can be achieved to 90%, in comparison with 29% by the water-
based biofilter. Moreover, full breakthrough of NO was observed in the scrubbing
process after 5 h of operation at the same condition. Two dedicated bacterial
strains (a Fe(ll)EDTA-NO reducing bacterium and Fe(lI[)EDTA reducing one)
were isolated and characterized. The competition between Fe(lll)EDTA and
Fe(I)EDTA-NO reduction was also investigated with the mixed cultures.

FUEL 137
Low emissions with microemulsion fuels

Lada Bemert’, lada.bemert@uni-koeln.de, Sandra Engelskirchen’, Christof
Simon?, and Reinhard Strey’. (1) Institute for Physical Chemistry, University of
Cologne, Luxemburger Str. 116, Cologne 50939, Germany, (2) Department
Mechanical Engineering, University of Applied Sciences, Trier, Trier 54208,
Germany

The advantageous effects of water-diesel-emulsions on the combustion have
been repeatedly studied over the past thirty years. However, the thermodynamic
instability of emulsions has remained an unsolved problem. In a new approach
we developed water-fuel-microemulsions, which are thermodynamically stable.
We paid special attention to high efficiency and temperature invariance.
Furthermore, using biogenic additives, as well as microemulsifying of biogenic
fuels such as Biodiesel and BtL (Biomass to Liquid) contributes to environmental
sustainability. In a number of combustion investigations on the engine test
benches we were able to confirm a reduction of 70% to 80% of soot exhaust
concomitant with a substantial NOx reduction during engine operation. Thus, the
diesel dilemma or soot-NOx-trade-off is overcome.
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NOx control technologies in a semi-industrial pilot: Experimental study and
computational fluid dynamics (CFD) modeling

Duy Quang Dao, duy-quang.dao@ed.univ-lille1.fr, Laurent Gasnot, and Jean
Francois Pauwels, PC2A UMR CNRS 8522, Cité Scientifique - USTL, Bat C11,
Villeneuve d'Ascq F59655, France

An experimental and modeling study of NOx removal technologies by using
methane and ammonia as reducing agent has been performed on a semi-
industrial pilot with a well known features flue gas. A parametric study has been
realized to analyze the main parameters effect on the efficiency of the NOx
reduction technologies. By using methane as reducing agent, a high NO removal
efficiency up to 90% was observed with the optimal working parameters. With
ammonia, 86% of maximum NO reduction was obtained at [NH3]/[NO] = 5.0 and
burnt gas temperature of 920°C. The hybrid technique that uses the
CH4/NH3/N2 mixtures for NO reduction showed a highly effective approach. A
doubled NO removal performance was achieved at 900°C with the injection of
small amounts of CH4. Subsequently, a Computational Fluid Dynamics
simulation with Fluent code was performed to describe the gas flow in reactor,
and the turbulence effects on reducing agents homogeneity.
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Plasma-assisted C3H8-SCR over Co-In/H-beta catalyst for NOx abatement

QingFa Su, suqingfa2003@yahoo.com.cn, College of Environmental and
Resource Science, Zhejiang University, Hangzhou 310028, China, Fax: 86-571-
88273693, Hua Pan, College of Environmental and Resource Sciences, Zhejiang
University, Hangzhou 310028, China, and Jie Chen, Zhejiang university

A notably enhanced activity in NOx reduction by a two-stage system composed
of a non-thermal plasma (NTP) followed by the selective catalytic reduction by
C3H8 (C3H8-SCR) over Co-In/H-beta catalyst was observed at a relativity low
temperature range from 548 K to 598 K. The optimum active temperature of Co-
In/H-beta in complex system was shifted from 648 K to 598 K as compared with
C3H8-SCR. In contrast to treatment by the NTP alone, the two-stage system
converts mostly NO to nitrogen, without NO2, nitrogen-contains or organic
components formed. In the lean oxygen condition, NOx removal is limited; during
the excess oxygen, considerable NO and C3H8 was oxidized to NO2 and
nitrogen-contains in NTP stage, then transformed to N2 over Co-In/H-beta
catalyst.
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Ultrahigh capacity coprecipitated manganese oxide sorbents for oxidative
mercury capture

Colin E. Snape’, colin.snape@nottingham.ac.uk, Janos Lakatos?, Cheng-gong
Sun’, and Ron Perry’. (1) Department of Chemical & Environmental Engineering,
University of Nottingham, University Park, Nottingham NG7 2RD, United
Kingdom, Fax: 44-115-9514115, (2) Research Institute of Applied Chemistry,
Miskolc University, Miskolc, Hungary

Novel manganese oxide-based sorbents prepared by co-precipitation with a
support have been prepared for mercury (Hg) removal from gas streams. Under
the laboratory test conditions used, exceedingly high breakthrough capacities of
up to ca, 15 % w/w Hg have been achieved using zirconia as the support
compared to approximately 2.0% for neat precipitated manganese oxides and ca.
0.1% w/w for an activated carbon (AC) which has widely been used in direct
injection trials for flue gases from pulverised fuel (PF) combustion. According to
the expected mechanism, Hg(0) is oxidised to Hg(ll), the captured form. Variable
temperature measurements and temperature programmed desorption have
indicated that the capacity remains high until above ca. 1500°C, confirming that
strong chemical, as opposed to physical, adsorption occurs. Further, SO2 does
not impair the performance of the sorbents until temperatures above 1500C.

FUEL 141
Aromatic production from biomass by catalytic fast pyrolysis

Torren Carlson’, huber@ecs.umass.edu, Jungho Jae', jae@ecs.umass.edu,
Geoff Tompsett’, tompsett@ecs.umass.edu, and George W Hu ber?,
huber@ecs.umass.edu. (1) university of Massachusetts-Amherst, 159
Goessmann Lab, 686 North Pleasant St., Amherst, MA 01003-930, (2) Chemical
Engineering Department, University of Massachusetts - Amherst, 686 N.
Pleasant St, 112 Goessmann Laboratory, Amherst, MA 01003, Fax: 413-545-
1647

Aromatics can be produced from cellulosic biomass by catalytic fast pyrolysis.
This process first involves pyrolysis of the solid biomass to smaller oxygenates.
These smaller oxygenates then enter into the zeolite pores and undergo a series
of decarbonylation, decarboxylation and oligomerazation reactions to produce
aromatics, CO, CO2 and water. The reaction is shape selective and both the
shape of the zeolite and the active site are critical in this reaction. We have
tested a range of catalysts and reaction conditions to optimize aromatic
production. Experiments have been performed in batch reactors, fixed bed
reactors and a fluidized bed reactor. Isotopic studies have helped us identify the
reaction mechanism and the key reaction intermediates. This appears to be a



very promising process to economically produce petrochemicals from renwable
biomass resources.
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Catalytic cellulose conversion in ionic liquids

Guosheng Li’, guosheng.li@pnl.gov, James A. Franz?, James.franz@pnl.gov,
Donald M. Camaioni®, donald. camaioni@pnl. gov, David L King®,
david.king@pnl.gov, and John L. Fulton®. (1) Institute Interfacial of Catalysis,
Pacific Northwest National Laboratory, 908 Battelle Blvd, K2-12, PSL/517,
Richland, WA 99352, (2) Fundamental & Computational Sciences Directorate,
Pacific Northwest National Laboratory, Richland, WA 99352, (3) Chemical and
Materials Sciences Division, Pacific Northwest National Laboratory, Richland,
WA 99352, (4) Institute for Interfacial Catalysis, Pacific Northwest National
Laboratory, Richland, WA 99352

Among various biomass feed sources, cellulosic sources are favored because of
their abundance in nature and the fact that they do not fall in the food chain for
animals or humans. One promising platform chemical derived from cellulosic
biomass is 5-hydroxymethylfurfural (HMF) that is suitable for polymer synthesis
or liquid biofuels. For the first time, we present a unique “single-step” catalytic
process that depolymerizes cellulose rapidly under mild conditions and converts
to HMF. The catalytic transition metal chlorides were dissolved in imidazolium
based ionic liquid (1-ethyl-3-methylimidazolium chloride) at temperatures of 80-
120°C to perform cellulose depolymerization and the subsequent production of
HMF with high selectivity. In parallel with bio-enzymatic method, our discovery
shows a promising route for transforming abundant renewable biomass cellulosic
resources into a liquid fuel suitable for the transportation sector, and help to
diminish our reliance on petroleum.
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Designing reforming catalysts for conditioning biomass derived syngas for
liquid fuel synthesis

Kimberly Magrini’, kim_magrini@nrel.gov, Whitney Jablonski',

Whitney Jablonski@nrel.gov, Yves Parent’, Matthew Yung', and Joel Pankow'.
(1) National Bioenergy Center, National Renewable Energy Laboratory, 1617
Cole Blvd., MS 3322, Golden, CO 80401, Fax: 303-384-6363, (2) Chemical
Engineering Consulting Services, Golden 80403

The efficient thermochemical conversion of biomass to produce liquid fuels using
indirect gasification requires the use of a catalytic steam reforming process to



remove and reform tars to produce clean syngas which additionally maximizes
the use of the biomass carbon and hydrogen content. The catalysts used in the
steam reforming reactor can comprise a significant portion of the overall process
cost to produce biofuels. In order to reduce the catalyst cost and improve the
overall fuel synthesis economics, highly active and stable catalysts are required.
To achieve this goal, we are using rational catalyst design to understand, design,
and synthesize robust, tailor-made catalysts capable of handling biomass-
derived impurities such as tars, polyaromatic hydrocarbons (PAHs), H2S, and
other trace contaminants such as HCI and various alkali species. Results of this
work will be discussed.

FUEL 144

Kinetics of a coupling catalytic reaction for producing biodiesel using high
acid value oils

Feng Shubo, fengsb@263.net, College of Chemical and Pharmaceutical
Engineering, Hebei University of Science & Technology, No.70, Yuhua east road,
Shijiazhuang 050018, China, Fax: 86-0311-88632242, and Zheng Erli, College of
Chemical and Pharmaceutical Engineering, Hebei University of Science &
Technology, Shijiazhuang 050018, China

Kinetics of an esterification-hydrolysis coupling reaction for producing fatty acid
methyl esters (biodiesel) using high acid value waste restaurant oils were studied
in laboratory and pilot plant reactor systems, sulfuric acid and surfactant being
used as catalysts. The one-step process for producing biodiesel was carried out
in micellar catalysis using a surfactant. The mode of adding methanol was mainly
investigated. The experimental results indicat that stepwise addition of methanol
shortens reaction time to 4.5 hours in the conversion of 96%. Based on
experimental data, kinetics of the esterification-hydrolysis coupling reaction was
set up.The kinetic parameter E and A for hydrolysis reaction are 80 kJ/mol and
3.7x10"°, for esterification reaction are 50 kJ/mol and 1.4x10'°, respectively. The
results calculated from the kinetic equations are in accordance with the
experimental results. An optimal reaction condition was given for high biodiesel
yield and a reaction mechanisum was proposed. The performance of biodiesel
from waste restaurant oils is determined using standard methods.
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High density hydrocarbon fuels from renewable feedstocks

Benjamin G. Harvey, benjamin.g.harvey.ctr@navy.mil, Michael E. Wright,
Michael. Wright@ATK.com, and Roxanne L. Quintana, Research Department,



Chemistry Division, NAVAIR-NAWCWD, 1900 N. Knox Rd Stop 6303, China
Lake, CA 93555

High density, fully saturated mixtures of multicyclic hydrocarbon dimers derived
from beta-pinene have been synthesized by dimerization with the heterogeneous
catalysts montmorillonite K10 (MMT-K10), Nafion, and Amberlyst-15. MMT-K10
and Nafion proved to be efficient dimerization catalysts, while Amberlyst-15 was
sluggish and produced only isomers. By controlling the reaction temperature,
yields of up to 83% dimer have been achieved with no detectable trimer. As
determined by GC/MS and NMR spectroscopy, the primary reaction pathway is
through isomerization of beta-pinene to camphene followed by dimerization to a
complex mixture. Other important products include the strained cyclic molecule
tricyclene and the dehydrogenated isomer p-cymene, both of which limit the
overall yield of dimer. Hydrogenation over PtO, at ambient temperature yielded a
fully saturated product with a density of 0.932 g/mL. This value approaches that
of JP-10 (0.94 g/mL) suggesting that these new mixtures may have uses as
tactical fuels.
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Catalytic gasification of automotive shredder residues with hydrogen
generation

Kuen-Song Lin, kslin@saturn.yzu.edu.tw and Abhijit Krishna Adhikari,
abhijit_bgd@yahoo.com, Department of Chemical Engineering and Materials
Science/Fuel Cell Center, Yuan Ze University, 135, Yuan-Tong Rd., Chung-Li
City, Tao-Yuan County 320, Taiwan, Fax: 886-3-4559373

Catalytic gasification of automotive shredder residues (ASR) for the generation of
high-purity of hydrogen and then integrated to a fuel processor is economically
and environmentally attractive. Thus, the objective of the present work is to
investigate a ASR catalytic gasification for generating hydrogen using 15 wt.%
NiO/AI203 catalysts. In a lab-scale fixed-bed downdraft experimental approach,
catalytic gasification of ASR has accompanied by a substantial production of
syngas at 760-900 K. Most of the Ni(ll) reduced to Ni(0) is confirmed by the
XANES spectra. The EXAFS data also show that the central Ni atoms have a Ni-
O and a Ni-Ni with bond distances of 2.03 + 0.05 A and 2.46 + 0.05 A,
respectively. In addition to over 87% of syngas generation, approximately 3.42
x105 kcal h-1 of thermal energy is recovered and cold gas efficiency is 76-85%
when the gasifier was operated at O/C atomic ratios between 1.1 and 1.3.
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Considerations for catalyst properties required for S-l thermochemical
cycle applications

Helen H. Farrell’, Helen.Farrell@inl.gov, Lucia M. Petkovic?,
Lucia.Petkovic@inl.gov, and Daniel M. Ginosar’, daniel.ginosar@inl.gov. (1)
Materials Science and Engineering, Idaho National Laboratory, MS 2211, Idaho
Falls, ID 83415-1625, Fax: 208-526-5327, (2) Interfacial Chemistry, Idaho
National Laboratory, Idaho Falls, ID 83415-2208

One promising route for hydrogen production involves the splitting of water by
thermochemical sulfur-based cycles that employs the catalytic decomposition of
sulfuric acid into SO2 and O2. We have arrived at the following criteria for
catalyst selection: Potential catalysts will probably need d or f electrons. Though
having d electrons, supported noble metals catalysts will not work because of
sintering effects. Materials must be stable under the extreme oxidizing conditions
of a H2S0O4 environment at 850 °C. Therefore, they should probably be oxides.
In addition, they should be transition metal, or rare earth, oxides that do not
sinter, sublime or disproportionate (e.g., with melting points above about 2300
°C). Because of the harsh, oxidizing environment, constituent metals should be in
the highest oxidation state. Oxides should not form undesirable compounds such
as very stable sulfates. Finally, oxides should be reasonably economical, and
should not present major environmental issues.

FUEL 148

Theoretical study of ammonia-borane dehydrogenation pathways:
Homogeneous catalysis and aminoborane oligomerization

Paul Zimmerman’, zimmerman@stanford.edu, Ankan Paul’, Zhiyong Zhang?,
zyzhang@stanford.edu, and Charles B. Musgrave®, chasm@stanford.edu. (1)
Chemical Engineering, Stanford University, 380 Roth Way Department of
Chemical Engineering, Department of Chemical Engineering, Stanford, CA
94305-5025, (2) Stanford Nanofabrication Facility, Stanford University, Stanford,
CA 94305, (3) Department of Chemical Engineering, Stanford University,
Stanford, CA 94305-5025

The chemistry of ammonia-borane dehydrogenation is theoretically studied from
the perspectives of homogeneous catalysis and thermolysis. A variety of
interesting mechanisms and intermediates that are difficult to observe
experimentally are elucidated, including the nature of the active catalyst in the Ni
NHC system and the importance of NH2BHZ2 in understanding aminoborane
oligomer formation. The role of free carbenes in the Ni NHC system is also
hypothesized.
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Neutron- and Raman-scattering measurements of hydrogen dynamics in
clathrates hydrates

Lorenzo UIivi’, lorenzo.ulivi@isc.cnr.it, Milva Ce/li’, milva.celli@isc.cnr.it,
Alessandra Giannasi', alessandra.giannasi@fi.isc.cnr.it, Marco Zoppi',
marco.zoppi@isc.cnr.it, and A. J. Ramirez-Cuesta?®, A.J.Ramirez-
Cuesta@rl.ac.uk]. (1) Istituto dei Sistemi Complessi, ISC, Consiglio Nazionale
delle Ricerche, CNR, Via Madonna del Piano 10, Sesto Fiorentino 50019, Italy,
Fax: +39-055-5226683, (2) ISIS Facility, Rutherford Appleton Laboratory, Oxon
OX11 0QX, United Kingdom

Hydrogen clathrate hydrates have raised strong interest recently as possible
materials for hydrogen storage. In these compounds, H, molecules are hosted in
“cages” formed in the hydrogen-bonded HO lattice. They represent a
paradigmatic example to study the quantum dynamics of confined hydrogen
molecules. In this talk the results of recent inelastic neutron scattering and
Raman spectroscopy measurements will be presented and discussed. The
measurements have been performed on heavy water clathrates containing
molecular hydrogen or HD, with completely deuterated tetra-hydrofuran (THF). In
the high-resolution neutron spectrum the H, (or HD) molecule excitations give
rise to very strong bands, which are assigned unambiguously to rotational
transitions of the H, molecule, to center-of-mass translational transitions (rattling)
and to combinations of these. The Raman spectra reveal details of the interaction
of the H, molecule with the cage, and of the different number of molecule in the
cages.
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Quantum dynamics of small clusters of hydrogen molecules inside
nanocages of clathrate hydrates

Minzhong Xu, mx200@nyu.edu, Francesco Sebastianelli, and Zlatko Bacic,
Zlatko.bacic@nyu.edu, Department of Chemistry, New York University, 100
Washington Square East, New York, NY 10003

Clathrate hydrates with hydrogen molecules as guests have emerged recently as
potential hydrogen storage materials. The dynamics of molecular hydrogen
inside the clathrate nanocages is highly quantum mechanical. We will present the
results of rigorous quantum five-dimensional calculations of the translation-
rotation levels of one H,, D,, and HD molecule inside the small cage of the sll
clathrate hydrate, on two intermolecular potential energy surfaces. Direct
comparison will be made with the recent inelastic neutron scattering and Raman



spectroscopy experiments. We will also discuss diffusion Monte Carlo (DMC)
calculations of the size evolution of the energetics and the vibrationally averaged
spatial distributions of small clusters with up to five H, and D, molecules in the
large cage of the sll clathrate hydrate. The DMC results regarding the maximum
occupancy of four Hy and D, and their geometry within the cage are in excellent
agreement with experiment.
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Thermodynamic stability of hydrogen clathrate hydrates

Hideki Tanaka, htanakaa@cc.okayama-u.ac.jp, Department of Chemistry,
Okayama University, Faculty of Science, 3-1-1 Tsushima-naka, Okayama 700-
8530, Japan

The cage occupancy of hydrogen clathrate hydrate has been examined by
grandcanonical Monte Carlo simulations for wide ranges of temperature and
pressure. The simulations are carried out with a fixed number of water molecules
and a fixed chemical potential of the guest species so that hydrogen molecules
can be created or annihilated in the clathrate. It is found that the smaller cage in
structure Il is practically incapable of accommodating more than a single guest
molecule even at pressures as high as 500 MPa. The larger cage is found to
encapsulate at most 4 hydrogen molecules but its occupancy is dependent
significantly on the pressure of hydrogen. We also examine the cage
occupancies of some mixed hydrates containing both hydrogen and polar
molecules, the latter of which serve to reduce the pressure to be applied.
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Gas hydrates and semiclathrate hydrates for H, and CH,4 storage: Kinetics,
capacity and stability

Andrew I. Cooper, aicooper@liv.ac.uk, Weixing Wang, Ben Carter, Christopher
Bray, John Bacsa, Alexander Steiner, Fabing Su, Dave J. Adams, Cate Cropper,
Gillian Overend, Jonathan V. M. Weaver, James T. A. Jones, Jonathan A. Iggo,
and Yaroslav Z. Khimyak, Department of Chemistry, University of Liverpool,
Crown Street, Liverpool L69 7ZD, United Kingdom, Fax: 0044 151 7942304

Gas hydrates (or clathrates) have potential advantages as materials for hydrogen
or methane storage with respect to other gas storage technologies. For example,
hydrates can trap gases such as hydrogen close to ambient temperature, quite
unlike porous materials where cryogenic temperatures are required. We show
that substantial quantities of methane (around 45 v/v) can be stored reversibly in
certain semi-clathrate hydrate structures at atmospheric pressure and ambient



temperature, again in contrast to physisorption approaches. Several challenges
exist: for example, the quantity of hydrogen stored in gas hydrates is well below
the Department of Energy (DoE) target of 6 wt. %. By contrast, pure methane
hydrate in "dry water" form stores 175 v/v gas: that is, very close to the
corresponding DoE target. This presentation will discuss approaches to storing
gases (H2 and CH4) in hydrated form, in particular strategies for accelerating
hydrate formation kinetics, minimizing storage pressure (ideally to 1 atm), and
maximising gas storage capacity.
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Studies of clathrate hybrid compounds

Tim Strobel, tstrobel@ciw.edu, Yongkwan Kim, yykim@mines.edu, Gary
Andrews, migzed@gmail.com, Jack R. Ferrell lll, jferrell@Mines.EDU, Carolyn A.
Koh, ckoh@mines.edu, Andrew M. Herring, aherring@mines.edu, and E. Dendy
Sloan Jr., esloan@mines.edu, Chemical Engineering Department, Colorado
School of Mines, 1500 lllinois Street, Golden, CO 80401

Hydrogen storage from two independent sources of the same material represents
a novel approach to the hydrogen storage problem, yielding storage capacities
greater than either of the individual constituents. Here we report a novel
hydrogen storage scheme in which recoverable hydrogen is stored molecularly
within clathrate cavities as well as chemically in the clathrate host material. X-ray
diffraction and Raman spectroscopic measurements confirm the formation of &-
hydroquinone (&-HQ) clathrate with molecular hydrogen. Subsequent to clathrate
decomposition, the host HQ was used to directly power a PEM fuel cell. With one
H2 molecule per cavity, 0.61 wt% hydrogen may be stored in the 4-HQ clathrate
cavities. When this amount is combined with complete dehydrogenation of the
host hydroxyl hydrogens, the maximum hydrogen storage capacity increases
nearly 300% to 2.43 wt%. Adaptation of this storage scheme to other higher
energy content host molecules may provide a route towards feasible high energy
content storage materials.
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Hydrogen storage in clathrate materials



Prasad R. Prasad, spinnell@mines.edu, Amadeu K. Sum, asum@mines.edu, E.
Dendy Sloan, esloan@mines.edu, and Carolyn A. Koh, ckoh@mines.edu,
Chemical Engineering Department, Colorado School of Mines, 1500 lllinois,
Golden, CO 80401

Significant challenges remain for suitable hydrogen storage materials capable of
storing sufficient quantities of hydrogen for practical purposes. Clathrate hydrates
are one class of materials partially suitable for the storage of hydrogen; however,
the maximum storage capacity in clathrate hydrates is presently insufficient to
meet the critical storage limits. The pressure and temperature conditions for
hydrogen storage have reached manageable limits in sll hydrates. Type-VI
hydrates present another potential storage material, and are reported to undergo
a structural transformation to sll when pressurized with methane gas, which is
the first constraint for storage applications using such materials. In this study, we
report our experimental results on the tert-butylamine hydrate system.
Preliminary studies indicate that the structural transformation to sll occurs even
when pressurized at 258 K. Our results on XRD and Raman spectroscopy will be
discussed to provide insight into the gas storage and structural changes in this
material.
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In situ elevated temperature electron microscopy of catalysts with single-
atom resolution using a novel MEMS-based heater technology

Lawrence F Allard, allardLFjr@ornl.gov, Materials Science and Technology
Division, UT-Battelle LLC, Oak Ridge National Laboratory, 1 Bethel Valley Road,
Oak Ridge, TN 37831-6064, Fax: 865-576-4913

With the advent of aberration-corrected electron microscopes that provide sub-
Angstrém image resolution, it is of great interest to study the behavior of catalytic
materials at elevated temperatures while maintaining the resolution capabilities of
the microscope. In collaboration with Protochips Inc., our laboratory is developing
a new paradigm for in-situ heating stage technologies. A MEMS-based heater
chip having a ceramic membrane 0.5mm square both supports the catalyst
sample, and heats the sample by current passed through the membrane. The
small mass, rapid heating (~106 °C/s), and symmetry of the device provide highly
stable operation that permits imaging mononuclear catalytic species. Example
applications (e.g. Au/Fe203 and Ir/MgO) will be presented.
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Bimetallic PdZn catalysts for the steam reforming of methanol

Abhaya K. Datye’, datye@unm.edu, Travis Conant’, Ayman Karim?, Patrick D.
Burton’, pburton@unm.edu, Hien N. Pham’, hipham@unm.edu, Eric Petersen?,
Vanessa Lebarbier?, Barr Halevi’, Yong Wang®, yongwang@pnl.gov, and
Lawrence F. Allard®, allardifr@ornl.gov. (1) Department of Chemical and Nuclear
Engineering, University of New Mexico, MSC 01 1120, Albuquerque, NM 87131,
Fax: 505-277-1024, (2) Chemical & Nuclear Engineering, University of New
Mexico, Albuquerque, NM 87131, (3) Institute for Interfacial Catalysis, Pacific
Northwest National Laboratory, Richland, WA 99354, (4) High Temperature
Materials Laboratory, Oak Ridge National Laboratory, Oak Ridge, TN 37831

ZnO-supported palladium-based catalysts have been shown in recent years to be
both active and selective towards the steam reforming of methanol, although they
are still considered to be less active than traditional copper-based catalysts. In
this work, we prepared Pd/ZnO/Al,O3 catalysts which were exposed to in-situ
oxidation reduction cycles, and were characterized by XRD, TEM, EDS, and
FTIR in order to elucidate their bulk and surface characteristics. We show that
our Pd-based catalysts are not only more active than Cu-based catalysts after
the initial 48 hour deactivation period, but they can be easily regenerated by
oxidation in air at 420°C followed by re-exposure to reaction conditions at 250°C.
Reduction at high temperatures (>420°C) led to Zn loss from the alloy
nanoparticle surface resulting in lowered catalyst activity. However, the catalysts
exhibited self-healing properties as activity was regained with time on stream
under reaction conditions alone. These findings illustrate that the nanoparticle
surface is dynamic and changes drastically depending on the environment
leading to highly stable catalysts, and that elevated reduction temperatures are
not necessary to achieve high CO, selectivity as commonly believed for PdZn
alloy catalysts.
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Atomic scale imaging of platinum based catalysts for polymer electrolyte
membrane fuel cell cathodes

Karren More, morekl1@ornl.gov, LF. Allard, allardlfir@ornl.gov, and Shawn
Reeves, 18x@ornl.gov, Microscopy Group, Oak Ridge National Laboratory, 1
Bethel Valley Rd., Oak Ridge, TN 37831-6064

Aberration-corrected scanning transmission electron microscopy (STEM) is being
used to characterize the sub—A-scale atomic structure of Pt-based
electrocatalysts, which are used in the cathodes of polymer electrolyte
membrane (PEM) fuel cells. Structural characteristics of the catalysts
nanoparticles that are of particular interest include the surface structure (as
related to composition, atomic ordering, and particle faceting), surface area (as
related to particle size, dispersion, and overall particle morphology), and
relationship of individual particles with the carbon support material (i.e., bonding).
The contributions of each of these catalyst structural parameters will ultimately
determine the activity (for the oxygen reduction reaction) and long-term stability
of a particular catalyst in the cathode. In addition to initial characterization of as-
prepared catalysts, in-situ, high—resolution microscopy techniques are being
used to evaluate the stability of potential cathode catalysts under relevant PEM
fuel cell exposures and to identify the mechanisms of catalyst degradation.
These studies utilize specially designed holders for the aberration—corrected
STEM to expose fuel cell catalysts to temperature, water-vapor, and potential
cycling and track changes to individual catalyst particles. The behavior of several
catalyst compositions during in-situ microscopy exposures will be discussed.
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Patterns of reactivity for alcohols on cerium oxide thin films

David R. Mullins, mullinsdr@ornl.gov, Wesley O. Gordon, gordonwo@ornl.gov,
Sanjaya D. Senanayake, and Steven H. Overbury, overburysh@ornl.gov,
Chemical Sciences Division, Oak Ridge National Laboratory, PO Box 2008, Oak
Ridge, TN 37831, Fax: 865-576-5235

Ceria catalysts are commonly used in many fuel related processes such as the
Water-gas-shift reaction, alcohol reforming, and fuel cell applications. Alcohol
adsorption and reaction, in particular the branching between aldehyde and
alkene formation in longer chain alcohols, has been identified as a method for
understanding acid/base and redox properties of metal oxide catalysts. We have
studied the adsorption of ethanol and propanol on well-ordered CeO,(111) thin
films in order to understand the reactivity associated with specific adsorption
sites, the influence of O-vacancies and the importance of oxide reducibility. 2-
propanol produces propylene almost exclusively whereas primary alcohols
(ethanol and 1-propanol) produce significant amounts of aldehydes. O-vacancies



promote alkene formation. 2-propanol acts as an oxidant on reduced ceria but
has little effect oxidized ceria. The primary alcohols act as reductants. Exposure
of ceria to all of the alcohols at elevated temperatures leads to total
decomposition to CO and H; and ceria reduction.
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XANES Studies of sulfur poisoning in Rh, Ni catalysts for steam reforming
of liquid hydrocarbons

Yongsheng Chen’, yzc2@psu.edu, Chao Xie?, cxx101@psu.edu, Yan Li,
yal121@psu.edu, and Chunshan Song?, csong@psu.edu. (1) EMS Energy
Institute and Department of Energy and Mineral Engineering, The Pennsylvania
State University, 155 Hosler Building, University Park, PA 16802, (2) Clean Fuels
and Catalysis Program, EMS Energy Institute and Department of Energy and
Mineral Engineering, The Pennsylvania State University, University Park, PA
16802

Three catalysts, CeO, modified Al,O3 supported monometallic 10%Ni, 2%Rh,
and bimetallic 2%Rh10%Ni catalysts were tested for steam reforming reaction of
Norpar13 (ExxonMobil) at 800 °C with the presence of 350 ppm organic sulfur. X-
ray absorption near edge spectroscopy (XANES) was successfully applied to the
sulfur poisoned catalysts, and identified a few sulfur species including sulfides,
adsorbed sulfur poison, sulfonate and sulfate. The significance of the current
findings is two-fold: 1) the existence of the other sulfur species besides sulfides
manifests that the long-believed sulfur poisoning mechanism, the formation of
metal sulfides, needs to be reconsidered; 2) the presence of sulfate and other
sulfur species indicates complicated involvements of sulfur in the hydrocarbon
chemistry. Thus, the current results suggest that the deactivation effects of other
sulfur species besides sulfides and the influence of sulfur on the other
deactivation processes such as carbon deposition should be included in the
sulfur poisoning mechanism.

FUEL 160

Essential role of surface hydroxyls for the stabilization and catalytic
activity of TiO2-supported gold nanoparticles

Gabriel M. Veith, veithgm@ornl.gov, Andrew R. Lupini, and Nancy J. Dudney,
Condensed Matter Sciences Division, Oak Ridge National Laboratory, Oak Ridge
National Laboratory, Building 3025M, E215, PO Box 2008, Oak Ridge, TN
37831-6030, Fax: 865-574-4143



We report the investigation of titania supported gold catalysts prepared by
magnetron sputtering. Catalysts grown on natural fumed titania were structurally
unstable resulting in the rapid coarsening of 2.3 nm gold clusters into large ~20
nm gold clusters in a few days at room temperature under normal atmospheric
conditions. However, treating the titania support powder to a mock-deposition-
precipitation process, at pH 4 or pH 10, followed by the subsequent deposition of
gold onto this treated powder produced a remarkable enhancement in gold
particle stability and a 20-40 fold enhancement of catalytic activity respectively.
This enhancement can not be attributed to the formation of oxygen vacancies on
the TiO2 surface. Instead, it appears to be associated with the formation of
strongly bound hydroxyl species on the TiO2 surface. The formation of surface
hydroxyls during the deposition-precipitation method is coincidental and
contributes significantly to the properties of Au/TiO2 catalysts.
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Structure of Au-nanoparticles on oxide supports: X-ray scattering and PDF
study

Wojciech Dmowski’, wdmowski@utk.edu, Andrew Chuang’, Takeshi Egami’,
Hongfeng Yin?, Sheng Dai®, dais@ornl.gov, and Steven H. Overbury’,
overburysh@ornl.gov. (1) Materials Science and Eng, University of Tennessee,
1512 Middle Drive, 216 Dougherty Engr. Bldg, Knoxville, TN 37966, (2) Chemical
Science Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, (3)
Chemical Sciences Division, Oak Ridge National Lab, Oak Ridge, TN TN 37831,
(4) Chemical Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN
37831

The catalytically active sites are on or near tiny catalyst particles that are difficult
to structurally characterize, and the catalyst-coated or dispersed surface is
usually very heterogeneous and thus structurally ill-defined. Standard diffraction
techniques are of limited use because catalytic nano-sized particles are highly
dispersed and/or structurally disordered. In this study we used the atomic pair
distribution function (PDF) analysis to characterize nanocrystalline gold particles
on the oxide substrate. We have examined atomic structure of the gold
nanoparticles deposited on several oxide supports. These included 4% wt. Au on
TiO2/Si02, TiO2/AI203 and SiO2. Using resonant x-ray scattering at the Au L
absorption edge we resolved PDF peak that may represent special bonding
between gold nanparticles and the substrate. We also performed high energy x-
ray scattering to study, in situ, evolution of the structure with temperature. These
studies revealed substantial particle coarsening above 400 °C.
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CO2 reduction and formation of organic molecules on pyrite surface and
pyrite surface supported cubane clusters

Zhiyong Zhang', zyzhang@stanford.edu, Richard L. Jaffe?,
rjaffe@mail.arc.nasa.gov, Michael R Philpott’, philpott@imr.edu, and John
Lawson?, john.w.lawson@nasa.gov. (1) Stanford Nanofabrication Facility,
Stanford University, Keck Science Building Rm255, Stanford, CA 94305, (2)
Nanotechnology Branch, NASA Ames Research Center, Moffett Field, CA 94035,
(3) Center for Computational Materials Science, Tohoku University, Sendai 980-
8577, Japan

Pyrite formation is postulated to be coupled to the catalytic formation of small
inorganic molecules that eventually lead to the emergence of large organic
molecules necessary for the formation of life. It is recently demonstrated that a
large range of small inorganic molecules can be formed in the presence of
FeS/NiS species. To understand the mechanisms of CO2 reduction we carried
out extensive calculations of the CO2 reduction on pyrite surfaces, clusters of
FeS species, and cubane like structures that form on the pyrite surfaces. Our
calculations show that the reduction of CO2 to carbonyl boned to metal centers is
energetically favorable. We also compare the formation and reactivity of pyrite
surface supported cubane structures with the cubane structures that naturally
occur in CO2 reduction enzymes. Our exploration of Fe-S cubane structures can
potentially lead to efficient CO2 reduction catalysts that mimic or exceed the
activity of biological counterparts.
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Coal contributions to the overhead liquids obtained from co-coking in a
laboratory scale delayed coker

Omer Gul’, omergul@psu.edu, Caroline E. Burgess Clifford’, ceb7@psu.edu,
Leslie R. Rudnick®, Irudnick@psu.edu, and Harold Schobert’,
schobert@ems.psu.edu. (1) The EMS Energy Institute, The Pennsylvania State
University, C205 Coal Utilization Laboratory, University Park, PA 16802, (2)
Ultrachem Inc, New Castle, DE 19720, (3) The EMS Energy Institute and
Department of Energy and Mineral Engineering, The Pennsylvania State
University, University Park, PA 16802

ABSTRACT

Coking and co-coking of decant oil and decant oil/coal blends were studied using
a large laboratory-scale delayed coker. Four different coals were used in this
study: Powelton/Eagle, Canterberry, Pittsburgh, and Marfork. Two petroleum-
based decant oils were used for delayed coking and co-coking purposes. In the
co-coking experiments, the coal was reacted at 20 and 30% by weight in the



blend. Coker pressure was adjusted to two different values for evaluation. Co-
coking of decant oil/coal blends produced higher amounts of coke than coking of
decant oil alone. Product distribution ranges for co-coking were found to be 22-
39% coke, 50-71% liquid, and 1-16% gas. Increasing the amount of coal in the
blend and coker back-pressure resulted in a higher percentage of coke formation
(which resulted in coke of lower quality), while the total liquid product yield
decreased. The objective of this study was to determine molecular contributions
from coal to the overhead liquid. The isolated overhead liquid products were
subsequently vacuum-distilled into typical refinery boiling range materials
(gasoline, jet fuel, diesel and fuel oil). Vacuum distillates were further
characterized using GC/MS to investigate the effect of particular coals on the
liquid produced from co-coking. GC/MS analyses demonstrated that vacuum
fractions of co-coking overhead liquid had higher quantity aromatic components
than those of coking. On the other hand, vacuum distillation results showed that
co-coking of coal with a decant oil at a higher coal percentage (30 wt% versus 20
wt%) in the blend increased the lighter boiling range materials (i.e., gasoline, jet
fuel, diesel) in the overhead liquid. In addition, it was found that higher coker
back-pressure (50 psig versus 25 psig) also increased the lighter boiling range
materials in the overhead liquid.
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Understanding carbon dioxide adsorption on coal

Shela Aboud, Yangyang Liu, Jennifer Wilcox, jen.wilcox@stanford.edu, and
Anthony R. Kovscek, kovscek@pangea.stanford.edu, Department of Energy
Resources Engineering, Stanford University, 367 Panama Street, Green Earth
Sciences 065, Stanford, CA 94305

An attractive option for sequestration of CO2 is injection into unmineable coal
seams and organic-rich shales. Combined, these sources represent more than
10% of technically recoverable natural gas in the U.S. Methane strongly adsorbs
to coal surfaces but is displaced when CO2 is injected. Gas shales may similarly
desorb methane with the adsorption of CO2, making them another potential
option for CO2 sequestration while enhancing methane recovery. A major
obstacle in CO2 sequestration by coal and gas shale is insufficient understanding
of the molecular-scale processes involving CO2 sorption on organic matter at
pressures and temperatures of interest. Within this work, experimental
approaches coupled to computational modeling on relevant organic samples are
investigated to determine surface properties and structure, sorption, and
transport mechanisms within these systems, with the ultimate goal of identifying
optimal locations for methane recovery and simultaneously, long-term CO2
sequestration.
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Directly capturing aromatic structural features in coal via “Fringe3-D”
generating 3-D molecular models directly from HRTEM lattice fringe images

Victor Fernandez-Alos’, vzf101@psu.edu, Justin K. Watson?,
Jjkw104@psu.edu, and Jonathan P. Mathews’, jom10@psu.edu. (1) Energy &
Mineral Engineering, The Pennsylvania State University, 128A Hosler building,
University Park, PA 16802, (2) The Applied Research Laboratory, The
Pennsilvania State University, University Park, PA 16802

Advances in image processing allow the extraction and analysis of digital lattice
fringe images from high-resolution transmission electron microscopy (HRTEM)
micrographs. They have previously been used to determine coals aromatic
structural distribution for fringe length, interlayer spacing, structural alignment,
and the number of layers per stack. The HRTEM lattice fringe images of coals
were used, for the first time, to directly generate a 3D coal molecular “slice”
representation of the aromatic moieties utilizing “Finge3D” in-house software.
The lattice fringes are characterized by length, shape or curvature, and
orientation. These are effectively captured and re-generated to produce 3D coal
molecular “slice” consisting of the aromatic structural contribution in 3D space
with very limited depth. The approach presented here will be useful in reducing
the effort required to generate coal and other carbon-rich, molecular models (e.g.
coals/chars, soot, carbon black, activated carbon, etc), at scale, with more
realistic structural feature distribution.
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Survival of aliphatic biomarkers in high rank coals

Colin E. Snape’, colin.snape@nottingham.ac.uk, Robert S Lockhart’, Will
Meredith’, and Gordon D. Love®. (1) Department of Chemical & Environmental
Engineering, University of Nottingham, University Park, Nottingham NG7 2RD,
United Kingdom, Fax: 44-115-9514115, (2) Department of Earth Sciences,
University of California, Riverside, CA CA 92521

At relatively low maturities, kerogen-bound aliphatic biomarkers released via
hydropyrolysis invariably display retarded thermal maturities compared to their
“free” counterparts due to the protection afforded by the macromolecular
structure. This study investigates the release hopanes and steranes at high
maturities from a rank series of UK bituminous coals to follow their alteration at
the stage where concentrastions of surviving aliphatci carbon is extremely low.
Remarkably, the bound biomarkers survive in anthracite with a relatively small
degree of alteration compared to their lower rank counterparts. In most cases,



ring isomerisation within the kerogen-bound phase is still more retarded. For a
corresponding series of artificially matured coals via hydrous pyrolysis, both
“free” and “bound” phase side chain maturation are significantly retarded.
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Direct liquefaction of selected Chinese and American coals

Shaoqing Wang, suw20@psu.edu, College of Earth and Mineral Sciences; The
Energy Institute, China University of Mining and Technology (Beijing); The
Pennsylvania State University, State college, PA 16802, Gareth D. Mitchell,
n8h@psu.edu, The Energy Institute, Penn State University, University Park, PA
16802, Yuegang Tang, tyg@vip.163.com, College of Resources and Safety
Engineering, China University of Mining and Technology (Beijing), Beijing 10083,
China, and Harold Schobert, schobert@ems.psu.edu, The EMS Energy Institute
and Department of Energy and Mineral Engineering, The Pennsylvania State
University, 204 Research East Bldg, University Park, PA 16802

Three coal samples rich in barkinite, and two others, rich in semi-fusinite, from
China and America, respectively, were selected for liquefaction in tubing bomb
microreactors. The samples were pulverized to —100 mesh and dispersed in
tetralin; hydrogen pressure was 1000 psig (cold). Composition was determined
by maceral analysis. Two of the barkinite-rich samples were found to be
extremely high in volatile matter, hydrogen content, and H/C atomic ratio. The
high conversion and the yield of oil and gas were related to the high barkinite
content, H/C atomic ratio and pyrite content. The opposite effect was observed
from the high semi-fusinite samples. Liquefaction of the third barkinite-rich coal
under a variety of conditions indicated that the values of yield of oil and gas and
conversion were related to the heating procedure. The yield of preasphaltenes
and asphaltenes seemed not to be extremely effected by the amount of catalyst
added or by changes in heating procedures.
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Relationship between relaxation of hydrogen bond by solvent polarity and
the extraction yield of hypercoal

Koji Koyano, koji-koyano@aist.go.jp, Energy Technology Research Institute,
National Institute of Advanced Industrial Science and Technology, 16-1
Onogawa, Tsukuba, Ibaraki 305-8569, Japan, Fax: +81-29-861-8432, and
Toshimasa Takanohashi, toshi-takanohashi@aist.go.jp, Instutute for Energy
Technology, National Institute of Advanced Industrial Science and Technology,
Tsukuba, Japan



Ashless coal (HyperCoal; HPC) was produced by thermal extraction at 360 oC
using a mixed solvent of 1-methylnaphthalene (1-MN) and indole (IN). The
extraction yield increased with increasing the concentration of IN. The rate of
increase in the extraction yields varied with the coal rank, depending on the
content of oxygen. Under 13% of oxygen in raw coals, the rate increased with
oxygen. This trend may be related to the weight composition of different oxygen
functional groups.
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Does water pressure retard coalification?

Snape Colin E’, colin.snape@nottingham.ac.uk, Clement Uguna’, Will
Meredith’, Andrew D. Carr?, lain C. Scotchman®, and Robert C. Davis®. (1)
Department of Chemical & Environmental Engineering, University of Nottingham,
Faculty of Engineering, University Park, Nottingham NG7 2RD, United Kingdom,
Fax: 44-115-9514115, (2) Advanced Geochemical Systems Ltd, Leicestershire
LE12 5TD, United Kingdom, (3) Statoil (UK) Ltd, London SW1 4ST, United
Kingdom, (4) Woodside Energy (USA) Inc, Houston TX77056

This study investigates the effect of water phase and liquid water pressure on
coalification and associated hydrocarbon generation. Using a vessel and a
pressure of up to 500 bar, a U.K. bituminous coal (Lomngannet) and a Tertiary
coal (Svalbard, Norway) were pyrolysed under nonhydrous, hydrous at steam
pressure (<160 bar), and high water pressure (500 bar) conditions at 3500C for
24 hours. The vitrinite reflectance and Rock Eval pyrolysis results, and products
yield clearly indicate that maturation and hydrocarbon generation were both
retarded by water pressure. Bitumen and liquid hydrocarbon generation were
enhanced under hydrous conditions when compared to nonhydrous conditions,
while at high water pressure the yield of bitumen was reduced but liquid
hydrocarbon generation was not significantly affected. Gas generation was also
significantly reduced at 500 bar water pressure compared with experiments
performed under nonhydrous and normal hydrous conditions.
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Effect of oxide catalysts and oxygen-conducting supports on partial
oxidation of liquid hydrocarbons

Mark W. Smith’, mark.smith@re.netl.doe.gov, David A. Berry?,
David.Berry@netl.doe.gov, Dushyant Shekhawat’,
Dushyant.Shekhawat@netl.doe.gov, Daniel Haynes®, dhayne5@/su.edu, and
James J. Spivey®, jispivey@Isu.edu. (1) National Energy Technology Laboratory,
REM Engineering Services, 3566 Collins Ferry Road, Morgantown, WV 26505,



(2) Separations & Fuels Processing Division, National Energy Technology
Laboratory/U.S. Department of Energy, Morgantown, WV 26505, (3) National
Energy Technology Laboratory, U.S. Department of Energy, Morgantown, WV
26507-0880, (4) Dept. of Chemical Engineering, Louisiana State University,
Baton Rouge, LA 70803

Reforming liquid hydrocarbons into H2 and CO rich gas streams for solid oxide
fuel cells requires a catalyst system with thermal stability and resistance to
deactivation in the presence of contaminants. Many of the liquid fuels considered
appropriate for this application contain sulfur and aromatic compounds that can
poison and deactivate metal-based catalysts, specifically through carbon
formation. A series of supported Ni and Ni-substituted oxides were compared for
activity and carbon resistance for the partial oxidation (POX) of n-tetradecane
(TD) in the presence of added dibenzothiophene and 1-methyl naphthalene. Bulk
Ni-substituted barium hexaaluminate (BNHA) catalysts were compared to
systems with BNHA layered over an oxygen-conducting support (OCS) or a
higher surface area alumina support. The supported materials demonstrated
marked improvement in performance over the pure metal and bulk BNHA
catalysts. Temperature programmed oxidation of the catalyst beds after the runs
revealed a significant reduction in carbon formation when the OCS was used.
The stability provided by substituting Ni into hexaaluminate layers limits the
clustering of active Ni sites, which has been suggested to limit deactivation
caused by a concerted sulfur poisoning reaction. Additionally, when BNHA is
supported on an OCS, the oxidation of deposited coke precursors is promoted by
the transfer of gas phase oxygen to the active sites, reducing carbon formation in
the bed. The catalysts were also characterized by BET, ICP, XRD, and H2 Pulse-
chemisorption dispersion analysis
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Catalysis of electrochemical and partial oxidation of CH,4

Steven S. C. Chuang, chuang@uakron.edu, Rahul Singh, rs37@uakron.edu,
and Felipe Guzman, fg3@uakron.edu, Department of Chemical Engineering,
University of Akron, Akron, OH 44325-3906, Fax: 330-972-5856

The direct electrochemical oxidation of hydrocarbons in the SOFC (solid oxide
fuel cell) could offer significant advantages: (i) elimination of a complicated
reformer unit, (ii) the production of a nearly pure CO2 exhaust stream for the
direct CO2 sequestration and (iii) low investment and maintenance cost due to
the simplicity of the process. The extreme operational temperature of a SOFC at
700-1000 °C provides a thermodynamically favorable pathway to deposit carbon
on the most commonly used Ni anode from CH4 according to the following
reaction (CH4 = C + 2H2), thus deteriorating the cell performance, stability and
durability. Development of an effective catalyst for the CH4 SOFC requires a



fundamental understanding of the mechanism of the electrochemical oxidation of
CH4 on the anode catalyst surface. This presentation will report results of an
experimental study of the electrochemical oxidation of CH4 on a Cu-Ni-cermet
anode, focusing on (i) the microstructure and performance characteristics
(current-voltage performance) of Ni and Cu-Ni anode before and after a long
term exposure of CH4, (ii) mechanistic study of direct CH4 partial oxidation
reaction on Ni and Cu-Ni anode catalyst. The examination of the microstructure
by SEM and EDAX of the Cu-Ni anode after exposure to CH4 suggested that
addition of Cu to Ni-cermet induced a significant carbon tolerance to the SOFC.
The results of XRD and Impedance spectroscopy results for H2 and CH4 fuel will
be discussed.
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Feasibility of using sulfur as a growth promoter for CNx PEM and DMFC
ORR catalysts

Elizabeth J. Biddinger, Biddinger.12@osu.edu, Douglas S. Knapke, Dieter von
Deak, von-deak.1@osu.edu, and Umit S. Ozkan, ozkan@chbmeng.ohio-
state.edu, Department of Chemical and Biomolecular Engineering, The Ohio
State University, 140 W 19th Avenue, Columbus, OH 43210, Fax: 614-292-3769

PEM and direct methanol fuel cells (DMFCs) have great promise as clean and
efficient mobile energy conversion devices. Before the widespread
commercialization of these fuel cells can be realized, significant material cost
reductions must occur. The greatest material costs in PEM and DMFCs are
associated with the platinum cathode catalysts. Nitrogen containing carbon
nanostructured (CNx) catalysts have been studied as a replacement to the
platinum cathode catalysts in both PEM and DMFCs. These CNx materials are
produced by acetonitrile pyrolyis at high temperatures over nanofiber growth
catalysts. To increase the yield of the CNx grown, sulfur, in the form of
thiophene, has been investigated as a fiber growth promoter. The impact of the
use of sulfur on the resulting CNx catalyst has been examined using both
catalyst characterization and electrochemical techniques.
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Effect of pretreatment on Pt-Co cathode catalysts for the oxygen reduction
reaction

Elise B. Fox, elise.fox@srnl.doe.gov, Materials Science & Technology,
Savannah River National Laboratory, 999-2W, Aiken, SC 29808, and Hector
Colon-Mercado, hector.colon-mercado@srnl.doe.gov, Energy Security,
Savannah River National Laboratory, Aiken, SC 29808



The use of highly dispersed platinum crystallites on high surface area carbon
increases the active surface area and electrocatalytic activity of the
electrocatalysts, thereby reducing the Pt loadings in the cell. About four times the
loading of the anode is currently used at the cathode to help account for the low
activity of the Pt electrocatalyst for the oxygen reduction reaction (ORR).
Although improvement in catalytic activity by alloying Pt with transition metals
has lead to lower loadings in the cathode, loadings are still one order of
magnitude higher than the DOE target for 2015. In order to reduce the precious
metal loading without sacrificing activity and stability, a new method for the
preparation of bimetallic catalysts is proposed.
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Binary and tertiary platinum based alloys as anode surface catalysts for
direct methanol fuel cells

Nicholas Dimakis, dimakis@utpa.edu, University of Texas-Pan American,
Edinburg, TX 78541, and Eugene S. Smotkin, e.smotkin@neu.edu, Department
of Chemistry, Northeastern University, Boston, MA 02115

Platinum fcc alloys are the core of prevalent direct methanol fuel cell (DMFC)
anode catalyst. During methanol oxidation CO is strongly adsorbed on the
catalyst surface reducing of the number of Pt sites required for the oxidative
adsorption of methanol. Adsorbed CO poisons the Pt surface, thus pure Pt is
considered to be a poor catalyst for efficient DMFC operation. Binary alloys of Pt
with oxophilic metals (Ru,0Os) have been investigated in the past to serve as
DMFC anode catalysts of improved electrocatalytic activity with respect to pure
Pt. Periodic Density Functional Theory (DFT) calculations on carbon monoxide
(CO) adsorbed atop over PtRu, PtOs binary alloys and PtRuOs tertiary alloy
surfaces are used to elucidate the weakening of the C-O and C-Pt bonds upon
alloying Pt with Os and Ru atoms as manifested by C-O, C-Pt stretching
frequency (vco, vert) reductions and CO,q4s adsorption energy reduction. Mulliken
population analysis, density-of states spectra and electron density contour maps
analysis of the CO orbitals (from 40 to 217*) and their apparent interactions with
the metal lattice bands are used to examine the validity of a modified o-repulsion
T-attraction scheme. Analysis of the apparent electron density transfers from the
metal towards the CO and vice versa and the spatial distribution of the CO-Pt
hybridized molecular orbitals reveals that the C-O bond weakening is
predominantly due to m-bonding reduction accompanied by o-bonding
enhancement whereas C-Pt weakening is attributed to spatial redistribution of the
CO electron density and its accumulation towards the oxygen atom region thus
reducing the C-Pt m-bond. Concomitantly systematic increase of electrostatic
repulsion as of o CO orbitals and sp-Pt both increase their electron densities
upon alloying Pt with Ru, Os atoms further weaken the C-Pt bond.
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Pt/Carbon electrocatalysts functionalized with phenylsulfonic acid and
perfluorooctylphenyl groups

Tina T. Salguero’, TTSalguero@hrl.com, Ping Liu’, Sky Van Atta’, Chaoyin
Zhou', Maryam Behroozi', Amanda Phelps’, Chunxin Ji?, chunxin. ji@gm.com,
Yuxiu Liu?, and Roland Koestner?. (1) HRL Laboratories, LLC, 3011 Malibu
Canyon Rd, Malibu, CA 90265, (2) Fuel Cell Activities, General Motors, Honeoye
Falls, NY 14472

Pt/carbon electrocatalysts that have been functionalized via diazonium-based
chemistry with phenylsulfonic acid and perfluorooctylphenyl groups show a
variety of interesting properties, and these electrocatalysts can help us
understand the impact of catalyst support surface properties on electrode
performance and durability. For example, we have found that the presence of
phenylsulfonic acid groups on the surface of Pt/VVulcan improves the electrode
proton conductivity, but the electrode will then tend to flood even at low ionomer
content (I/C = 0.4). The presence of hydrophobic perfluorooctylphenyl groups on
the surface of Pt/Vulcan results in behavior similar to unmodified Pt/graphitized-
Vulcan. Preliminary results indicate that at least some of these effects are due to
changes in ink properties that influence the microstructure of the catalyst layer in
the MEA.
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Mechanism of the thermal decomposition of furan

AnGayle Vasiliou, angayle.vasiliou@colorado.edu, Department of Chemistry
and Biochemistry, University of Colorado at Boulder, University of Colorado,
Boulder, CO 80309, Mark Nimlos, mark_nimlos@nrel.gov, National Bioenergy
Center, National Renewable Energy Laboratory, Golden, CO 80401, and G.
Barney Ellison, barney@jila.colorado.edu, Dept. Chemistry & Biochemistry and
JILA, University of Colorado, Boulder, CO 80309-0215

Furan (C4H40) is one of many important products in biomass pyrolysis. To
understand the thermal cracking of furan, we have studied its thermal
decomposition by entraining a few Torr in 1-2 atmospheres in a high
temperature supersonic nozzle. Furan samples are heated to temperatures of
1000 — 1400 K for 30-50 psec. The decomposition products are identified by
photoionization mass spectroscopy and infrared spectroscopy.

When we decompose furan in a hyperthermal nozzle the reaction products are
identified by features in the PIMS at m/z 40 and 42. In separate experiments,



infrared signatures of HCCCH3;, CO, HCCH, and CH,CO have been detected
when the reaction products are trapped in a cryogenic matrix. As the nozzle
temperature is raised to 1400 K, the PIMS spectrum shows peaks at m/z 39 (the
propargyl radical, HCCCH,) and m/z 41 (ketenyl radical, HCCO, or allyl radical,
CH,CHCH,).
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Thermal decomposition of anisole and the methoxyphenols

Adam M. Scheer’, ascheer1@gmail.com, David J. Robichaud?,
david_robichaud@nrel.gov, Barney Ellison®, barney@yjila.colorado.edu, and Mark
R. Nimlos®, mark_nimlos@nrel.gov. (1) Department of Chemistry and
Biochemistry, University of Colorado at Boulder, Boulder, CO 80309, (2) National
Renewable Energy Laboratory, Golden, CO 80401, (3) Dept. of Chemistry &
Biochemistry, University of Colorado, Boulder, CO 803090-0215

A major component of biomass is lignin, a complex molecule found in plant cell
walls. Lignin contains cross-linked aromatic rings with methoxy and hydroxy
groups. When lignin is pyrolyzed, anisole (methoxybenzene), the
methoxyphenols and their derivatives are liberated and undergo further
decomposition. With the use of a hyperthermal pulsled nozzle and photo-
ionization mass spectrometer, we have studied the thermal decomposition of
anisole, methyl-deuterated anisole, fully deuterated anisole and 2, 3 and 4-
methoxyphenol. Our results show consistent, predictable fragmentation patterns.
In anisole, the first fragmentation step is the loss of methyl radical from the
methoxy group to form phenoxy radical. Phenoxy radical then loses a CO to form
cyclopentadienyl radical. Analogous fragmentation is observed in the
methoxyphenols in the presence of a hydroxy group. In our anisole pyrolysis
experiments we observe a bimolecular reaction resulting in the formation of
methylcyclopentadiene and detect fulvene or benzene from its subsequent
decay.
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Thermal degradation pathways of levoglucosan as an intermediate in
cellulose pyrolysis

Mi-Kyung Bahng, mi-kyung_bahng@nrel.gov, National Bioenergy Center,
National Renewable Energy Laboratory, 1617 Cole Blvd., Golden, CO 89401,
Hans-Heinrich Carstensen, hcarsten@mines.edu, Chemical Engineering Dept,
Colorado School of Mines, Golden, CO 80401, AnGayle Vasiliou,
angayle.vasiliou@colorado.edu, Department of Chemistry and Biochemistry,
University of Colorado at Boulder, Boulder, CO 80309, G. Barney Ellison,



barney@jila.colorado.edu, Dept. Chemistry & Biochemistry and JILA, University
of Colorado, Boulder, CO 80309-0215, and Mark R. Nimlos,
mark_nimlos@nrel.gov, National Renewable Energy Laboratory, Golden, CO
80401

Levoglucosan (1,6-anhydro-a-D-glucopyranose) is an important intermediates in
cellulosic biomass pyrolysis since it is the major anhydromonosaccharide formed
during cellulose pyrolysis. We have studied thermal decomposition pathways of
levoglucosan using photoionization time-of-flight mass spectrometry (PI-TOF-
MS) equipped with hyperthermal nozzle. The pyrolysis oven temperature was
varied in range of 190-1300 °C. As a complimentary study, pyrolysis-gas
chromatography/mass spectrometry (Py-GC/MS) analysis was used to identify
pyrolysis products at 300-700 °C. Comprehensive thermal decomposition
reaction mechanisms were proposed based on the pyrolysis products of
levoglucosan identified. High-level energy calculations using the CBS methods
were employed to verify proposed reaction mechanisms in the levoglucosan

pyrolysis.
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Pyrolysis reactions of lignin-rich corn stover residue in a laminar entrained
flow reactor

Mark W. Jarvis, mark_jarvis@colorado.edu, Department of Mechanical
Engineering, University of Colorado-Boulder, Boulder, CO 80309, and Mark R.
Nimlos, mark_nimlos@nrel.gov, National Renewable Energy Laboratory, Golden,
CO 80401

Thermochemical conversion of biomass yields a complex slate of light gases,
condensable vapors and refractory aromatic tars. However, the detailed
reactions and the kinetic parameters that govern their formation are not well
known. To address this problem we have designed a laminar entrained flow
reactor (LEFR) to pyrolyze solid biomass samples from (300-950 °C) with
detection by molecular beam mass spectrometry (MBMS). The variation in
spectra over the temperature range was analyzed using multivariate curve
resolution with optimization by alternating least squares (MCR-ALS). Spectral
data from the flow reactor obtained at small increments of temperature over a
wide range allows for finer resolution of the changing product slate, and hence
the details of the underlying reaction mechanism.

FUEL 180

Formation of liquid products from solid fuel in filtration combustion



Eugene A. Salgansky, sea@icp.ac.ru, Vladimir M. Kislov, Sergey V. Glazov,
Marina V. Salganskaya, and Georgy B. Manelis, Group of filtration combustion,
Institute of Problems of Chemical Physics RAS, Semenov ave 1, 142432
Chernogolovka, Russia

The objectives of this investigation were: 1) to measure the yield and composition
of liquid gasification products for different fuels in the regime of filtration
combustion; 2) to preliminary assess the prospects of different fuels and
processing regimes to recover liquid components with simultaneous power
generation; 3) to develop an efficient yet simple enough system to recover liquid
products formed in the course of gasification.

The experiments were carried out in a 46-mm inner diameter laboratory reactor
made of fused quartz. In order to reduce the heat loss, the side walls of the
reactor were screened with aluminum foil. During the experiments, the
temperature profiles were registered and gaseous products were sampled. Air
gasification of various solid fuels was investigated.

Cellulose, wood, peat, brown coal, and rubber were gasified in the regime of
filtration combustion. Humidity of the fuels was within 10%. Air was used as an
oxidizer. Aerosol of liquid products was separated from gas stream by enhancing
turbulence of gas. To estimate the quality of liquid products separation, the gas
stream was passed through two consequent water-cooled condenses.

The recovery of liquid products was about 90%. Humidity of those products was
25-30%.

The element analysis of the liquid products showed that carbon and hydrogen
content in them not less and in certain cases was significantly higher than those
in the raw fuel. In processing of the fuels with high ash, the content of the mineral
fraction in the tar formed was much lower.
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Global mechanisms of tar formation during biomass gasification

Mark Nimlos, mark_nimlos@nrel.gov, Whitney Jablonski,

Whitney _Jablonski@nrel.gov, Katherine Gaston, Daniel Carpenter,
daniel_carpenter@nrel.gov, and Calvin Feik, Calvin_Feik@nrel.gov, National
Bioenergy Center, National Renewable Energy Laboratory, 1617 Cole Bivd., M/S
3322, Golden, CO 80401, Fax: 303-384-6363

Biomass gasification is a promising method for converting raw biomass into
syngas, which can then be conditioned into various types of transportation fuels.
One benefit of gasification is that it is thought to be insensitive to feedstock. In



order to take advantage of this feedstock flexibility, it is necessary to understand
the effects of feed material upon process efficiency. In particular, it is important to
understand the formation of unwanted products such as tars. These unwanted
products need to be removed from the syngas, and existing clean up
technologies add significant cost to the process. An understanding of byproduct
formation as a function of feedstock composition will help facilitate the
development of cost effective syngas cleanup methods. In order to investigate tar
formation, different materials were gasified in a pilot gasification facility. A
Molecular Beam Mass Spectrometer (MBMS) was used to measure the hot gas
composition and comprehensive correlations of the products were analyzed
using Interactive Self-modeling Multivariate Analysis (ISMA). This helped to
identify the global chemistry of the system and trends of tar formation and
composition are identified.
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Rate estimation rules for H abstraction reactions from alcohols by H atoms
and CH3 radicals

Hans-Heinrich Carstensen, hcarsten@mines.edu and Anthony M. Dean,
amdean@mines.edu, Chemical Engineering Dept, Colorado School of Mines,
1613 lllinois St., Golden, CO 80401

The thermal conversion of biomass to syngas, bio oil or other high-value
products is severely hampered by the lack of a fundamental understanding of the
elementary reaction steps that take place. Given that two of the three major
components of biomass (cellulose and hemicellulose) contain several OH groups
per polymer unit, we suspect that H abstraction reactions from the OH group or
from adjacent C-H bonds play a significant role. Therefore we used electronic
structure calculations at the CBS-QB3 level combined with transition state theory
to calculate H abstraction rate constants for a set of alcohols. We considered H
atoms and CH3 radicals as abstracting reactants, because the concentrations of
both species are probably higher than those of other reactive radicals. The
obtained individual rate constants for a given reaction class are then generalized
to rate estimation rules. These rate rules can then be applied to larger molecules
for which high-level calculations are not possible.
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Rate constants for the elimination of water from alcohols and biomass
model compounds



Hans-Heinrich Carstensen, hcarsten@mines.edu and Anthony M. Dean,
amdean@mines.edu, Chemical Engineering Dept, Colorado School of Mines,
1613 lllinois St., Golden, CO 80401

Various cellulose decomposition schemes consider dehydration of cellulose or its
primary pyrolysis products as an important reaction step in the process. One
possible dehydration reaction is the direct water elimination in the gas phase. To
test the feasibility of this reaction class, we performed electronic structure
calculations at the CBS-QB3 level combined with transition state theory to
calculate high-pressure rate constants of this reaction class. The results for a set
of nine alcohols showed that the rate constants follow similar patterns that allow
us to generalize them in terms of rate estimation rules. We also used the reaction
set to investigate the performance of two lower-level methods, B3LYP/6-31G(d)
and CBS-4M levels, because the CBS-QB3 method cannot be used for more
realistic biomass model compounds such as cellobiose. Although the B3LYP rate
constants appear to agree well with the CBS-QB3 results, further investigations
provide evidence that this is a fortuitous coincidence and that the B3LYP results
are in fact not reliable. The CBS-4M results are in general more precise than
B3LYP but the barriers differ by 2-3 kcal/mol from the CBS-QB3 data. Finally we
expanded the investigations to OH containing multifunctional molecules such as
hydroxy! aldehydes, cyclic hemiacetals and others. Comparison to simple
alcohols shows that some adjacent functional groups clearly increase the H20
elimination rate constant. Overall, however, the calculated rate constants are too
small to have a significant impact on the pyrolysis chemistry of biomass, except
perhaps at the highest temperatures (i.e., T> 1000K).
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Self-assembly synthesis and functionalization of mesoporous carbon
materials for catalysis and energy applications

Sheng Dai, dais@ornl.gov, Chemical Sciences Division, Oak Ridge National
Laboratory, Oak Ridge, TN 37831-6201

Porous carbon materials are ubiquitous in catalysis, separation, and energy
storage/conversion. Well-defined nanoporous carbon materials are essential for
a number of the aforementioned applications. Ordered mesoporous carbon
materials have previously been replicated using colloidal crystals and
presynthesized mesoporous silicas as scaffolds. Recently, we have reported
alternative methods for the synthesis of highly ordered mesoporous carbons via
self-assembly. The mesostructures of these carbon materials are highly stable
and can be further tailored via graphitization and surface functionalization for
catalysis applications. This presentation will be focused on our recent
development in (a) new self-assembly approaches to the preparation of highly
ordered mesoporous carbon materials for controlling pore structures and



morphologies and (b) surface modification techniques to control the interfacial
chemistry of nanoporous carbon materials for catalysis applications.

Acknowledgement: This work was performed at the Oak Ridge National
Laboratory and supported by Office of Basic Energy Sciences, U.S. Department
of Energy, under contract No. DE-AC05-000R22725 with UT-Battelle, LLC.
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Influence of devolatilization residence time on the reactivity of modified
drop-tube furnace coal chars

Katherine Le Manquais’, enxkl1@nottingham.ac.uk, Colin E. Snape’,
colin.snape@nottingham.ac.uk, Jim Barker?, jim.barker@innospecinc.com, and
lan McRobbie?, ian.mcrobbie@innospecinc.com. (1) Department of Chemical &
Environmental Engineering, University of Nottingham, University Park,
Nottingham NG7 2RD, United Kingdom, (2) Innospec Limited, Cheshire CH65
4EY, United Kingdom

For pulverized fuel combustion unburnt carbon is now causing considerable
issues, presenting the opportunity to develop an effective coal combustion
catalyst and thereby obviate the need for post-treatment of pulverized fuel ash.
Therefore, coal chars containing possible catalyst candidates were generated on
the medium scale using a drop-tube furnace (DTF) and on the small scale using
a thermogravimetric analyzer (TGA). It was subsequently concluded that chars
produced on the TGA are more reactive than those from the DTF. Residence
time was also confirmed as being an important factor during devolatilization.
Furthermore, whilst all of the compounds investigated increased the rate of coal
combustion on the small scale, one exemplary catalyst became deactivated
during DTF devolatilization, indicating that TGA studies might form an unsuitable
platform for comparing coal combustion catalysts. Nevertheless other catalysts
seem to maintain consistent behavior on the TGA and DTF and, for these
specimens, mixing of the coal and catalyst prior to devolatilization appears
favorable.
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Hydrogen spillover: Its "diffusion" from catalysis to hydrogen storage
community

Cristian I. Contescu, contescuci@ornl.gov, Vinay V. Bhat, and Nidia C. Gallego,
Materials Science and Technology Division, Oak Ridge National Laboratory, One
Bethel Valley Road, P. O. Box 2008, MS 6087, Oak Ridge, TN 37831



Dissociative adsorption of hydrogen on catalyst sites followed by surface
diffusion (spillover) to a carbon support was first reported for Pt-carbon catalysts
(Robell, 1964) and was soon accepted as a valid step of numerous catalytic
reactions. However, the concept of metal-assisted hydrogen storage (Schwarz,
1988) based on spillover entered much later the hydrogen community (Lueking
and Yang, 2002) and is gaining recognition slowly as an alternate approach for
enhancing hydrogen storage capacity of microporous materials for fuel-cell
powered vehicles. This talk will analyze the significance and limits of the spillover
mechanism for adsorptive storage of hydrogen, with examples of enhanced
hydrogen uptake on Pd-containing activated carbon fibers. Evidence of the
atomic nature of spilt-over hydrogen will be presented based on experimental
results from inelastic neutron spectroscopy studies. Research sponsored by the
Division of Materials Sciences and Engineering, U.S. Department of Energy
under contract with UT-Battelle, LLC.
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Activity and structural characterization of activated carbon-supported
catalysts for diethyl carbonate synthesis

Daniel N. Briggs, dnb23@berkeley.edu, Department of Chemical Engineering,
University of California, Berkeley, 384 Tan Hall, Berkeley, CA 94720, Fax: 510-
642-4778, and Alexis T. Bell, bell@cchem.berkeley.edu, Department of Chemical
Engineering, University of California, Berkeley, CA 94720-1462

The synthesis of diethyl carbonate (DEC) by gas-phase oxidative carbonylation
of ethanol can be achieved using a CuCl,-PdCl,/activated carbon catalyst
(CPAC). However, DEC activity decreases with time on stream. In addition, the
nature of Cu and Pd species before and during catalysis is unclear. CPAC
activity towards DEC was explored by variation of metal loadings, He
pretreatment, and addition of alkali promoters. Several techniques — x-ray
diffraction, x-ray absorption spectroscopy (Cu, Pd, Cl), and scanning electron
microscopy with energy dispersive spectroscopy (SEM-EDS) — were used to
complement activity measurements and provide insights into the structure of
CPAC catalysts (i) as prepared; (ii) after pretreatment in He; (iii) under reaction
conditions. Cupric chloride was partially reduced to Cu(l) species in the fresh
catalyst, and full reduction to Cu(l) took place upon exposure to He or reaction
gases. Cl loss was observed. [CuCl,]” and PdCl, were proposed as the active
species.
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Advances in wire mesh reactor and diagnostics



Cai Zeng, Coal Polygeneration Tech Laboratory, GE Global Research-Shanghai,
1800 Cailun Road, Zhangjiang high-tech Park, Pudong, Shanghai 201203, China

In an effort to further understand the coal gasification behavior in entrained-flow
gasifiers, a high pressure and high temperature wire mesh reactor with new
features was recently built. An advanced LabVIEW-based temperature
measurement and control system was adapted. Gaseous species from wire
mesh reactor were quantified using a high sensitivity gas chromatography. The
material balance of coal pyrolysis in wire mesh reactor was demonstrated for the
first time by improving the volatiles quantification techniques.
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CFD modeling of gas phase tar chemistry in a fluidized-bed biomass
gasifier

Perrine Pepiot, perrine_pepiot@nrel.gov and Mark R. Nimlos,
mark_nimlos@nrel.gov, National Renewable Energy Laboratory, 1617 Cole
Boulevard, Golden, CO 80401

A limitation of biomass gasification in a fluidized-bed reactor is the high level of
tars in the product gas, causing fouling and hazardous waste. A possible
approach would be to directly optimize the gasifier design and operating
conditions to the biomass properties for minimal tar production. However, it
requires a better understanding of the detailed chemical and physical processes
occurring simultaneously in the reactor. CFD offers a unique opportunity to
incorporate fundamental results, for example from detailed chemical modeling,
into a larger scale framework, allowing to gain some global insight on tar
reduction methods. In this work, a detailed chemical mechanism is assembled,
that accounts for biomass devolatilization, decomposition of primary products,
and formation of aromatic rings and PAH. The chemical model is then integrated
into CFD simulations of turbulent fluidized-bed reactors to study the effect of
mixing processes and inhomogeneity on the amount and composition of tar at
the exit of the gasifier.
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Development of fundamentals-based gasification kinetic model
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Shanghai, Shanghai 201203, China, (4) Chemical Engineering Department,
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GE Global Research is conducting an international R&D program on gasification
kinetics. The goal of the program is to develop and validate predictive models
describing the chemical processes in the gasification and post-gasification zones
of practical gasification systems. This paper describes ongoing activities in this
program that aim at development and validation of a fundamentals-based
gasification kinetic model.

Separate sub-models are used to describe each of these process steps. The
overall gasification process is re-constructed by integration of the sub-models
into an integrated model. Each sub-model development generally follows the
following scheme:

1. Assessment of state-of-the-art and downselection of the best available sub-
model;

2. |dentification of knowledge and data gaps;
3. Sub-model improvement and coding;

4. Sub-model validation and adjustment based on available bench- and pilot-
scale experimental data;

5. Submodel reduction and integration;
6. Validation of the integrated model.

The validated submodels are integrated in a detailed gasification kinetic model
that will be used as a kinetic tool for optimizing the processes in gasification
systems. The detailed kinetic model will be then reduced using special
mechanism reduction procedures and will become a basis for a new
computational fluid dynamics (CFD) model. The resulting CFD tool will also be
used for improving current and future gasification system designs.
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Kinetics of catalytic steam gasification of HyperCoal

Atul Sharma, atul-sharma@aist.go.jp, Ikuo Saito, and Toshimasa Takanohashi,
Advanced Fuel Group, Energy Technology Research Institute, National Institute

of Advanced Industrial Science and Technology, 16-1, Onogawa, Tsukuba,
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HyperCoal is a clean coal with ash content <600 ppm. Pasir [PAS] (C= 68 %)
coal was subjected to solvent extraction method to prepare Pasir HyperCoal
[PasHPC]. Kinetics of K,CO3 catalyzed steam gasification of Pasir HyperCoal
was investigated at 600, 650 and 700 °C. Catalyst was loaded by physical mixing
approach as HyperCoals do not mix with water. Effect of catalyst loading on
gasification rate was studied at 6, 10, 20, 40, and 50 % catalyst loadings.
Gasification rates were strongly influenced by the temperature and catalyst
loading. Catalytic steam gasification of HyperCoal was chemical reaction
controlled in the 600~700 °C temperature range with an activation energy around
125 kJ/kmol.
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Prediction of Chinese coal ash fusion temperatures in an H2 atmosphere

Wenjia Song, wj.song@mail.ecust.edu.cn and Zibing Zhu, Deparment of
Chemical Engineering, East China University of Science and Technology,
Meilong road 130#, Shanghai 200237, China

The ash fusion temperatures of twenty-one typical Chinese coal ash samples
and sixty synthetic ash samples were measured in a H2 atmosphere. The
computer software package FactSage was used to calculate the liquidus
temperature and predict phase equilibria of synthetic ash samples. Empirical
liquidus models were derived to relate the AFTs of sixty synthetic ash samples
with their liquidus temperature calculated by FactSage. The liquidus model were
used to predict the AFTs of twenty-one Chinese coal ash samples in a H2
atmosphere and then the ash behavior in a H2 atmospheres was analyzed. The
results show that in a H2 atmosphere, there was an apparent linear correlation
and good agreement between the AFTs of synthetic ash samples and the
liquidus temperatures calculated by FactSage. These liquidus models predict the
AFTs of coal ash samples with a good level of accuracy. Some of the iron oxides
in coal ash samples fused under a H2 atmosphere were reduced to metallic iron.
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Prediction of thermal decomposition of biomass using reaction MD

John W. Daily, john.daily@colorado.edu, Department of Mechanical
Engineering, University of Colorado-Boulder, Center for Combustion and
Environmental Research, Boulder, CO 80309, Adri CT. van Duin,
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Pennsylvania State University, University Park, PA 16802, and W. A. Goddard IlI,
Materials and Process Simulations Center, California Institute of Technology,
Pasadena, CA 91125



Reactive molecular dynamics was used to explore the thermal decomposition of
several biomass model compounds. We used ReaxFF methodology developed
by the Goddard group at Cal Tech [van Duin et al. 2001; Strachan et al., 2005;
Chenoweth et al., 2008]. It is a general bond-order-dependent potential in which
van der Waals and Coulomb forces are included from the beginning. The
parameters are obtained from QM calculations and the most recent version is
parameterized for CHNO systems, as is necessary to explore biomass reactions.
Calculations have been carried out for compounds representative of cellulose
(glyceraldehyde, B-D-glucopyanose, B-cellobiose, cellulose 1), hemi-cellulose (B-
D-xylofuranose, D-mannopyanose), and lignin (methoxybenzene,
ethoxybenzene, phenethyl phenyl ether.) In all cases the predicted primary
products are those observed experimentally or suspected from bond strength
and or transition state analysis.
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Pressurized spent pulping liquor gasification kinetics

Kristiina lisa, kristiina_iisa@nrel.gov, Georgia Institute of Technology, Atlanta,
GA 30332, and W. J. Frederick Jr., jim_frederick@nrel.gov, National Renewable
Energy Laboratory, Golden, CO 80401

Spent liquors are biomass residues from the kraft pulping process. They contain
dissolved lignin and hemicellulose together with inorganic pulping chemicals. The
high alkali metal content in the liquors (~ 20%) and the molecular dispersion of
the alkali metal with the carbon matrix make the gasification rate an order of
magnitude faster than for most biomass fuels. The aim of this research was to
obtain pressurized black liquor gasification rate data at conditions relevant for
pressurized entrained flow gasifier: temperatures of 900-1000°C, high heating
rates, and char that has been produced simultaneously with gasification.

The kinetics was evaluated in a pressurized entrained flow reactor. The
isothermal conditions and constant reactant gas concentrations allow for
extraction of kinetic constants. Pyrolysis and gasification experiments were made
in the pressure range of 5-20 bar, temperature of 900°C, and varying gas
concentrations (CO, H20, H,, CO).

The char carbon yield after devolatilization (initial pyrolysis) was independent of
pressure. For the liquor studied here, approximately 60% of liquor carbon was
present as fixed (organic carbon) after devolatilization, 20% had formed
carbonate, and 20% had volatilized. The fixed carbon gasification rate depended
on the partial pressures of CO,, H,O, CO, and H,. At 5 bar, 80-92% of the fixed
carbon that remained after devolatilization became gasified between 1 and 4
seconds. At 20 bar, 0-33% of the fixed carbon became gasified in the same time
interval. With high CO and H; contents, there was very little gasification at 20 bar.



Of previously published black liquor gasification rate models, a best fit to the rate
data was obtained by H,O gasification model which included a forward rate by
H>0O only and inhibiting effects of CO and H,. An improved fit was obtained with a
generalized Langmuir-Hinshelwood type model, which also included an inhibiting
effect by CO..
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The importance of char structure in determining high temperature, high
pressure gasification rates

Elizabeth M Hodge', Elizabeth.Hodge@csiro.au, Daniel G Roberts’,

Daniel. Roberts@csiro.au, David J Harris’, David.Harris@csiro.au, and John F
Stubington?, John.Stubington@unsw.edu.au. (1) Energy Technology, CSIRO,
Queensland Centre for Advanced Technologies, 1 Technology Ct, Pullenvale,
Australia, (2) School of Chemical Sciences and Engineering, University of New
South Wales, Sydney NSW, Australia

High temperature rate measurements were made for reaction with CO2 of chars
produced from two Australian coals using a high pressure entrained flow reactor.
Low temperature (intrinsic) rate measurements were made on the same chars
using an atmospheric pressure fixed bed reactor and a high pressure
thermogravimetric apparatus.

The measurements clearly show the impact of pore diffusion limitations on high
temperature gasification rates and reflect the impact of the different morphologies
of the char samples. Gas adsorption and optical image analysis methods were
used to differentiate the relevant structural features of the char particles to enable
the effects of pore diffusion and chemical reaction processes to be deconvoluted.
By characterising and considering the sample as a mixture of significantly
different physical structures (thin-walled cenospheres, spongy porous particles,
solid porous particles) the intrinsic reactivity data could be successfully
reconciled with the high temperature gasification rate measurements.
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The role of a Langmuir-Hinshelwood formulation in understanding high
pressure char gasification kinetics

Daniel G Roberts, Daniel.Roberts@csiro.au and David J Harris,
David.Harris@csiro.au, Energy Technology, CSIRO, Queensland Centre for
Advanced Technologies, 1 Technology Ct, Pullenvale, Australia



This paper summarises results and analyses of recent investigations into the
kinetics of coal char gasification reactions at high pressures in mixtures of
reactant and product gases. The data are used to demonstrate the applicability of
the Langmuir-Hinshelwood formulation, and also to highlight some important
aspects of the formulation that may complicate its use more generally for high
pressure gasification reaction systems.

Reaction rate data are presented for reaction of two Australian coal chars with
CO2 and steam at pressures up to 2MPa. The work has highlighted two
important phenomena: the competitive inhibition between CO2 and H20 for
active surface on a reacting char particle; and the impact of CO partial pressure
on the reaction rate.

By accounting for the impact of CO2 adsorption on the surface site concentration
available to H20, the LH kinetic scheme is able to describe well the overall
kinetics in mixtures of H20 and CO2.



