
 
 

 

 

 

NECZA 2013 PROGRAM 

www.necza.org  
 

The 17th Meeting of the  

North-East Corridor Zeolite Association 

 

 

Friday, December 13, 2013 

 

 

Carolyn Hoff Lynch Seminar Room,  

Department of Chemistry 

University of Pennsylvania 
 

 
  



 
2 

 

 

16th Annual NECZA Meeting - Organizing Committee 

President Istvan Halasz PQ Corporation 

Secretary   Ned Corcoran ExxonMobil Corporation 

Program Chair:  Joseph Fedeyko Johnson Matthey 

Past Program Chair Michael A. Smith Villanova University 

Poster Session Chair:  Mark Snyder Lehigh University 

Arrangements Chair:  Anton Petushkov Zeolyst International 

Treasurer:   Haiming Liu Arkema 

Webmaster:  Kirk Schmitt ExxonMobil Corporation 

 
The organizing committee is grateful for the following 

contributions that help make this meeting possible 
 

Our Sponsors 
 

        
 
 

 

Lunch Venue and the 
Lynch Seminar Room 

 
Program Publication 



 
  3 

 

Program 
 

8:30 – 9:00 Registration – Poster Setup  

9:00 – 9:10 Welcome 

9:10 – 10:10 John L Casci (Johnson Matthey) 

 New Zeolites – Discovery and Application 

10:10 – 10:50 Helge Toufar (Clariant) 

 New Structures for New Challenges – Recent 
Developments in the Industrial Application of Zeolites 

10:50 – 11:20 Break – Poster Session 

11:20 – 12:20 Stacey Zones (Chevron)  

 Exploring Zeolite Local Structure as Contributing Key 
Anchor and Solvation Influences in Catalysis; a growing 
trend in catalyst research 

12:20 – 1:40 Lunch  

1:40 – 2:20 Bjorn Moden  (Zeolyst International) 

 Recent Advances and Challenges of Zeolite Catalysts 
for SCR Applications in Diesel Vehicles 

2:20 – 2:50 Selected Student Presentations 

   2:50 – 3:40 Business Meeting 

Break – Poster Session 

3:40 – 4:20 Yuriy Román (MIT)  

 Tandem reactions using microporous solid Lewis acids 
for the conversion of biomass-derived oxygenates 

4:20 – 5:00 Feng Jiao (University of Delaware) 
 Nanoporous Materials for Energy Storage and 

Conversion 
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New Zeolites:  Discovery and Application 
 

John L. Casci 
 

Johnson Matthey Technical Centre, Chilton 
 

The IZA web-site illustrates the diversity of zeolite topologies and the range of compositions that exist for 
these materials.  What is less publicised is that < 10% of the known topologies have been commercialised. 

 
In this contribution I aim to describe using work from our own laboratories efforts directed to the 
synthesis and application of molecular sieve zeotypes.  The paper will describe the transition from “black 
art” synthesis through systematic studies to the use of predictive modelling.  The application of zeotypes 
will concentrate, primarily, on catalytic applications and focus on the optimisation of the zeolite, through 
the synthesis step, and the impact on catalyst activity. 
 
Speaker Biography 

 
John joined ICI in 1980 from the University of Edinburgh and has spent his career in industrial R&D 
specialising in heterogeneous catalysts and sorbents. Within ICI he worked in the Corporate Lab (later 
New Science Group) then Petrochemicals and Plastics Division before joining Katalco in 1992.  He 
remained with that business through the formation of Synetix where he led the Manufacturing Science 
and Technology Team. In 1994, he was appointed to the position of Research Associate in ICI. John 
moved to JM on the acquisition of the Synetix business and is currently the Technology Manager of the 
Johnson Matthey Technology Centre at Chilton.   

 
John is a named inventor on over 25 patent families and has over 50 papers/oral presentations covering 
novel zeolites, zeolite based catalysts and sorbents, base-metal catalysts and catalyst characterisation and 
manufacture.   

 
A former chairman of the British Zeolite Association, John has held various positions with academics 
institutions including visiting professor at the University of Cardiff and academic standards committee for 
the University of Teesside.  John has held positions with DSAC   (Defence Scientific Advisory Council) 
and the Royal Society of Chemistry’s Applied Catalysis Group and is a member of the Programme 
Committee for ASPECT (Advanced Sustainable Process Employing Catalytic Technology) in The 
Netherlands. 
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New Structures for New Challenges – Recent Developments in the Industrial 
Application of Zeolites 

    
Helge Toufar 

 
Clariant, R&D Center, Louisville 

 
For three decades, the number publications and patents in zeolite science have increased year by year. The 
definition of zeolite has become ever broader by inclusion of new compositional patterns, the number of 
known zeolite structures grew steadily and has now reached more than 180 structures officially approved 
by the structure commission of the IZA. The commercial impact of this stunning development, however, 
seemed rather limited. While the ZSM-5 as the first representative of synthetic medium pore size zeolites, 
found numerous applications as octane boosting FCC additive, benzene alkylation and others, further 
developments of the 80s and 90s, as e.g. isomorphous substituted zeolites, alumophosphates and 
isomorphous substituted alumophosphates, and later structured mesoporous materials appeared as vogues 
that were dealt with extensively by the academic community and then left alone to follow a new trend 
without finding an accountable industrial application. Reviews on zeolite application often stressed the 
fact, that out of the more than hundred known structure types only 5 to 8 are actually used in the industry 
in significant amounts.  
 
This situation has changed significantly in the recent years by the coincidence of two developments. On 
the demand side, the challenges of the third millennium ask urgently for novel ways of processing our 
fading resources deeper, more efficiently and environmentally neutral at least. On the supply side, the 
cumbersome process of exploring the properties of a material, identifying potential applications, develop 
and engineer technical processes around these has right now reached the final stage for many materials 
discovered twenty years ago. Consequently, we currently experience a step change in the number of 
actually industrially applied zeolite structures and compositional systems. This is exemplified by 
presenting a selection of recently introduced catalytic and adsorptive processes, including historic and 
commercial background information. 
 
Speaker Biography 
 
Helge Toufar graduated in Industrial Chemistry at the Technical University of Merseburg, Germany and 
obtained a Ph.D. for work about isomophous substituted zeolites in 1992. He worked in academic 
positions at the Fritz-Haber-Institute of the Max-Planck Gesellschaft in Berlin, Germany, the Martin-
Luther University in Halle, Germany, and the Center for Surface Science and Catalysis of the Catholic 
University of Louvain, Belgium.  

He joined Tricat Industries as Head Research and Development in 1997 and overlooked design, 
construction and startup of the new zeolite manufacturing plant in Bitterfeld, Germany which was 
completed in 2000. After acquisition of Tricat Zeolites by Sud-Chemie in 2006 he coordinated the 
implementation of new products and processes in the Bitterfeld facility. In 2009 he move to Louisville, 
Kentucky and took responsibility for the Technical Department of Sud-Chemie Inc. in Louisville, 
overlooking Research & Development activities as well as analytical services for the catalyst business in 
the Americas.  

During the integration of the Süd-Chemie into the Clariant business following the acquisition of 2011 the 
Louisville R&D activities where reorganized as the R&D Center Louisville of the BU Catalyst at Clariant 
which he is heading since begin of 2012.    
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Exploring zeolite local structure as contributing key anchor and solvation 
influences in catalysis; a growing trend in catalyst research 

 
Stacey I. Zones 

 
Chevron 

 
In this presentation I will give a discussion on synthesis factors which control the types of zeolites likely 
to crystallize. Then we will examine how some localized features can be emphasized in the design of 
zeolite catalysts. Once having recognized a successful zeolite catalyst material there may be a need to 
recycle back to consider some of the synthesis issues to further control properties and provide a greater 
feasibility toward scale-up. I will explore some recent work from Michael Deem which addresses some of 
these issues through the creation of a library of possible fragments to then create , through molecular 
modeling , potential guest/host interactions which can lead to new syntheses. 

 
Speaker Biography 

 
Stacey I. Zones received a Ph.D in chemistry from the University of California in 1978. After a brief stint 
with a start up, he joined Chevron in 1980 and began a career in zeolite materials. The initial focus was on 
creating new zeolite structures with the use of organic guest molecules. Later he worked on zeolite 
manufacture and catalyst development issues as well as continuing in the search for new materials. He is 
an author on close to 150 zeolite science publications and on about the same number of US patents in the 
zeolite area. Currently he has a research professor position at UC Berkeley , Dept of Biological and 
Chemical Engineering,  where he collaborates with programs on zeolite science and catalysis ,and through 
Chevron, also has collaborative projects with several other university research programs. 
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Recent Advances and Challenges of Zeolite Catalysts for SCR Applications in 
Diesel Vehicles 

 
Bjorn Moden 

 
Zeolyst International 

 
Increasing environmental concerns and stringent regulations have spurred the development and 
implementation of advanced emission control technologies that incorporate specialty zeolites as catalysts 
and/or adsorbents.  For on-road heavy-duty diesel engines, the Japan 09 and US 2010 legislations for 
nitrogen oxides (NOx) and particulate matter have been in effect for a few years, and Euro VI legislation 
is currently being implemented.  New legislations for off-road diesel engines (Tier 4 final) are also 
currently being implemented in the US.  Urea selective catalytic reduction (urea-SCR) is one of the 
leading technologies for meeting these stringent NOx regulations. 
   
Microporous materials containing either Fe or Cu cations have been commercialized for urea-SCR.  One 
of the most interesting trends in recent years has been the development of small-pore Cu materials.  These 
materials exhibit high hydrothermal stability and high resistance to hydrocarbon poisoning in addition to 
being highly active and selective for urea-SCR.  The commercial breakthrough has also sparked great 
academic interest in these materials.  This study summarizes the recent development in this field and 
gives a couple examples regarding the understanding of how these SCR catalysts operate.   
 
Speaker Biography 

 
Bjorn Moden is a Senior Research Engineer at Zeolyst International at the PQ Corporation R&D center in 
Conshohocken, PA.  He received his Ph. D. in Chemical Engineering from University of California, 
Berkeley under the direction of Enrique Iglesia in 2006 and his undergraduate degree in Chemical 
Engineering from the Royal Institute of Technology (KTH), Stockholm in 2000.  Bjorn has been active in 
various roles in the Catalysis Club of Philadelphia from 2007 to present (secretary, sponsorship director, 
chair-elect, chair, past chair).   
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Tandem reactions using microporous solid Lewis acids for the conversion of 
biomass-derived oxygenates 

 
Yuriy Román 

 
Department of Chemical Engineering, Massachusetts Institute of Technology 

 
In our efforts to shift away from traditional petroleum-based raw materials to supply fuels and chemicals, 
biomass has emerged as an attractive renewable carbon-containing feedstock.   Its complex chemical 
diversity has created daunting challenges that require the implementation of robust, active, and selective 
catalysts to effectively transform it into useful products.  Zeolites are versatile microporous solid acids 
used ubiquitously in various large-scale industrial processes, including catalytic cracking and 
isomerization.  The uniformity of their pore structures makes them ideal to control product distribution by 
way of shape, transition-state, or product selectivity. In high silica zeolites, tetrahedral framework metals 
capable accepting pairs of electrons by expanding their coordination shell behave as Lewis acids.  
Importantly, unlike traditional Lewis acids, these active centers maintain activity in the presence of water 
because they are substituted in a defect-free (i.e., hydrophobic) pore.  In this talk, new developments in 
the synthesis and use of zeolites for the conversion of biomass-derived oxygenates will be presented, 
emphasizing the role of framework-incorporated Lewis acid centers for reactions with biomass-derived 
oxygenates. Specifically, two examples of tandem reactions that combine hydrogen transfer chemistry 
and ring-opening/etherification will be presented in the context for the production of  GVL or furan-
derived ethers. 

 
Speaker Biography 

 
Professor Yuriy Román is from Mexico City, Mexico. He earned his B.S.E. in Chemical Engineering 
from the University of Pennsylvania in 2002. After working in industry for a year, Prof. Román moved to 
Madison, WI to pursue graduate studies.  He received his Ph.D. in Chemical and Biological Engineering 
from the University of Wisconsin-Madison in 2008, working under the supervision of Professor James A. 
Dumesic.  His thesis work involved the catalytic conversion of carbohydrates obtained from 
lignocellulosic biomass into chemical intermediates used for the production of biofuels and biomaterials. 
He then moved to the California Institute of Technology to do postdoctoral research in the synthesis and 
characterization of microporous and mesoporous materials in the group of Professor Mark E. Davis. 
There, he investigated the synthesis and implementation of  microporous Lewis and Brønsted solid acids 
for the isomerization of carbohydrates and production of acetic acid from methanol 
 
Prof. Román’s research lies at the interface of heterogeneous catalysis and materials design.  His group 
applies a wide range of synthetic, spectroscopic, and reaction engineering tools to study the chemical 
transformation of molecules on catalytic surfaces.  A strong emphasis is placed on the application of 
catalytic materials to tackle relevant problems associated with sustainable energy, biofuels, and renewable 
chemicals.   Current efforts are geared toward designing water-tolerant solid Lewis acids, investigating 
cooperative effects of catalytic pairs, and engineering earth-abundant materials to replace catalysts based 
on noble metals. 
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Nanoporous Materials for Energy Storage and Conversion 
 

Feng Jiao 
 

Department of Chemical Engineering, University of Delaware  
 

Solar fuel production is an important technological challenge, considering that the energy of sunlight that 
strikes the earth’s surface in an hour is sufficient to meet our energy demands for a year. Irrespective of 
the approach that is pursued, oxygen evolution from water is the critical reaction, because water is the 
only cheap, clean and abundant source that is capable of completing the redox cycle for producing either 
hydrogen (from H2O) or carbonaceous fuels (from CO2) on a terawatt scale. Thus, an effective catalyst for 
oxygen evolution via water oxidation is the key to accomplish the challenge of efficient solar energy 
harvesting. Recent progress indicates that cobalt and manganese spinels could be highly efficient water 
oxidation catalysts. Although the origin of high activity is still unclear, it has been hypothesized that the 
metal sitting in the octahedral sites dominates the overall performance of spinel catalyst because of its 
cubane structure. Here, we will show our recent studies in mesoporous binary spinel systems, which 
suggest the metal sitting at the tetragonal site has huge impact on the water oxidation activity of spinel 
catalysts. A wide range of AB2O4 mixed oxide spinels with highly ordered mesoporous structures have 
been synthesized for the first time and their structures have been carefully characterized. The 
photocatalytic oxygen evolution activities of as-prepared samples were investigated using 
Ru(bpy)32+/Na2S2O8 method. The preliminary results indicate the element at tetragonal sites has 
significant impact on the overall photocatalytic activities. 
 
Another topic will be discussed in the presentation is the development of selective and robust CO2 
reduction electrocatalyst. Due to rising energy demand and evidence of the environmental effects of CO2 
emissions, much research has focused on producing and storing energy from renewable sources. An 
efficient and selective process for the conversion of CO2 to CO or other reduced products could allow for 
the widespread production of liquid fuels. Coupled with renewable energy sources, these processes could 
help solve the large scale storage issue of renewable energies while creating a carbon neutral energy 
source easily integrated into the current energy infrastructure. In this talk, we will present a nanoporous 
Ag electrocatalyst, which is able to electrochemically reduce CO2 to CO with a ~92% selectivity at a rate 
(i.e. current) of over 3000 times higher than its polycrystalline counterpart under a moderate overpotential 
of less than 0.50 V. Such an exceptionally high activity is a result of a large electrochemical surface area 
(ca. 150 times larger) and intrinsically high activities (ca. 20 times higher) compared to polycrystalline 
Ag. 

 
Speaker Biography 
 
Feng Jiao obtained his BS in chemistry at Fudan University (2001) and his PhD degree in Chemistry at 
University of St Andrews (Scotland, 2008), before moving to Lawrence Berkeley National Laboratory as 
a postdoc scholar. He spent two years in Berkeley developing solar fuel technology and joined in the 
University of Delaware as an assistant professor in 2010. He has already published more than 30 journal 
papers in leading scientific journals, such as Nature Communications, J. Am. Chem. Soc., and Angew. 
Chem. Int. Ed. His research activities include synthesis of nanoporous materials and their potential 
applications in energy storage and conversion. 



Poster abstracts follow.



Calorimetric Investigation of CO and CH3F in zeolites and oxides for 
Characterization of Lewis Acid sites properties  

 
Junjie Cao, Raymond Gorte*  

Chemical and Biomolecular Engineering, University of Pennsylvania, 3451 Walnut Street, Philadelphia, PA  

 

         A Tian-Calvet type calorimeter is applied to the simultaneous determination of adsorption isotherms and 

heats of adsorption. The combined measurements at a single reference temperature provide complete 

thermodynamic information on the equilibrium behavior. Microcalorimetric measurements were performed at 195 K 

for N2, O2, CO and room temperature for CH3F on zeolite siliceous Li-MFI, TS-1 and Sn-BEA and other Lewis acid 

in order to characterize the interaction of these molecules with the Lewis acid sites. 
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Rapid Synthesis of Sn-Beta for the Isomerization of Cellulosic Sugars  
  

Chun-Chih Chang, Wei Fan* 
 

Chemical Engineering, University of Massachusetts Amherst, Amherst, MA 01003 (USA), Catalysis Center for 

Energy Innovation, U.S. Department of Energy  

  
 Due to its particular Lewis acidic properties, Sn-Beta has been used to catalyze various reactions including 

the isomerization reactions of triose sugars (dihydroxyacetone and glyceraldehyde), pentose sugars (xylose and 

xylulose) and hexose sugars (glucose and fructose) with activities that are comparable to biological processes.[1-3] 

In particular, it has been revealed that Sn-Beta is a water tolerant Lewis acid catalyst, and can catalyze the 

isomerization reactions in aqueous phase at low pH.  Although Sn-Beta has shown promising catalytic properties, its 

industrial applications and related researches in academia have been hindered by the difficulties in synthesizing this 

material, particularly the use of hydrofluoric acid and long crystallization time. In general, active Sn-Beta is 

synthesized using fluoride anion as a mineralizing agent under near-neutral conditions with a crystallization time of 

around 40 days. 

 In this study, we report that the morphology and dispersion status of zeolite seeds in the synthesis gel can 

substantially affect the crystal growth kinetics of Sn-Beta.[4] By uniformly distributing well-crystalline zeolite beta 

seeds in the synthesis gel, high-quality Sn-Beta can be synthesized in only 3 hours with a nearly complete 

conversion (> 90 %) of the provided silica source. The use of hydrofluoric acid was also avoided in the synthesis 

approach. The Sn-Beta catalyst synthesized by this approach is highly active for the isomerization of triose (C3), 

pentose (C5) and hexose (C6) sugars. The significantly reduced crystallization time and without using HF in the 

synthesis present an important progress for the manufacture of Sn-Beta as an active Lewis catalyst for various 

reactions.  

 

Figure 1. Rapid synthesis of Sn-Beta. By increasing reaction temperature and controlling over seeds, the 

crystallization time is reduced from 40 days to 3 hours. 

References 

1. Moliner, M., Roman-Leshkov, Y., and Davis, M. E. Proc. Natl. Acad. Sci. U. S. A. 107 (2010), 6164.  

2. Lew, C. M., Rajabbeigi, N., and Tsapatsis, M. Microporous Mesoporous Mater. 153 (2012), 55. 

3. Choudhary, V., Pinar, A. B., Sandler, S. I. Vlachos, D. G., and Lobo, R. F. ACS Catal. 1 (2011), 1724. 

4. Chang, C.-C., Wang, Z., Dornath, P., Cho, H.J., and Fan, W. RSC Advances, 2 (2012), 10475. 
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Tailoring Morphology, Porosity, and Activity of Meso-/Microporous 
Zeolite Nanosheet Assemblies by Dual Template Synthesis 

  
Laleh Emdadi, Yiqing Wu, Dongxia Liu* 

Chemical and Biomolecular Engineering, University of Maryland, College Park, 20742 
 
 Zeolite templates, either small organic molecules or large organic assemblies, have been used to aid the 

growth of zeolite structures. A breakthrough in the template synthesis of zeolites was the application of gemini-type, 

diquaternary ammonium surfactant ([C22H45-N
+
(CH3)2-C6H12-N

+
(CH3)2-C6H13Br2, C22-6-6) in the synthesis process, 

which created two dimensional MFI lamellar structure (Ryoo et al., Nature 2009). The template removal by 

calcination, however, led to collapse of the ordered lamellar structure. A pillaring process has been employed to 

create inorganic pillars between the layers of MFI lamellae, which preserves the layered structure upon removal of 

the organic templates by calcination. Our research aims to simplify the pillared lamellar MFI synthesis process by 

creating a one-step, simple, and tunable dual template synthesis strategy to design the pillared lamellar zeolite 

structure. Tetrapropylammonium hydroxide (TPAOH) and C22-6-6 were used as dual templates to modulate the 

zeolite morphology and porosity to fine tune the catalytic properties of the as-synthesized lamellar zeolite structures. 

 
References 
[1]   K. Na; M. Choi; R. Ryoo, J. Mater. Chem., 19 (2009) 6713.  

[2]   W. Park; D. Yu; K. Na; K. E. Jelfs; B. Slater; Y. Sakamoto; R. Ryoo, Chem. Mater. 23 (2011) 5131. 

[3]   K. Kim; R. Ryoo; H. D. Jang; M. Choi, J. Catal., 288 (2012) 115. 

[4]   C. Martinez; A. Corma, Coordin. Chem. Rev., 255 (2011) 1558. 

[5]   J. Perez-Ramirez; S. Abello; A. Bonilla, J. C. Groen, Adv. Funct. Mater., 19 (2009) 164. 

[6]   K. Na; M. Choi; W. Park; Y. Sakamoto; O. Terasaki; R. Ryoo, J. Am. Chem. Soc., 132 (2010) 4169. 

 

 

  



Adsorption-Enhanced Compressed Air Energy Storage  

 
Timothy F. Havel* 

Energy Compression Inc., c/o Greentown Labs, 28 Dane St., Somerville, MA 02143 
  

Safe, clean and affordable energy storage for the electric grid is widely seen as the “holy grail” of the 

electric power industry. No battery today adequately fulfills all these requirements, and hence considerable effort 

has been devoted to developing simpler thermal and mechanical alternatives. Prominent among these is compressed 

air energy storage (CAES). Existing CAES plants store their air in subterranean geological formations such as 

caverns, aquifers or salt domes. This is far less expensive than using steel pressure vessels, but forces the plants to 

be located near suitable formations. Unfortunately, these are seldom to be found near where they are needed. 

 Energy Compression seeks to overcome this drawback by adsorbing the air in zeolites, which we call 

adsorption-enhanced CAES (AE-CAES). Common synthetic zeolites such as 5A and 13X are widely used to sep-

arate O2 & N2 from air by pressure-swing adsorption, and provide an immediate starting point for our work. Unlike 

air separation, a temperature swing proves far more effective with AE-CAES. Performance estimates obtained from 

the published pure gas isotherms for 13X and 5A together with the IAS or, with similar results, extended Sipps 

models for mixed gas adsorption imply that a temperature swing going from –40 to +100°C at 10 bar increases the 

air storage density over a pressure swing in a tank without zeolite by nearly ten-fold. Significant additional energy is 

stored through the PV work done during isobaric adsorption, leading to an energy density of ca. 30 MJ/M
3
. 

 The main challenge in making AE-CAES economically viable is how to heat and cool the zeolite without 

large parasitic loads and hence low efficiency. There are two approaches to this challenge, which result in AE-CAES 

systems that we term thermally closed and open. A thermally closed system (left) includes a second thermal reser-

voir besides the zeolite, which gets cold when the zeolite gets hot & vice versa. Such a process is reversible in 

principle, and can be implemented simply by using the zeolite tank as one regenerative heat exchanger together with 

a second one filled with gravel. Of course thermal losses are inevitable in any real process, but the heat losses at 

least can be compensated for with low-grade waste or solar heat. Thermochemical refrigeration can also be used to 

compensate for lost cold, again by such nearly free sources of heat. In this context, it is worth noting that Critoph & 

Thorpe
1
 have proposed a similar double-regenerator configuration to improve the COP of adsorption refrigeration.  

 In contrast, a thermally open system (right) provides thermal and mechanical energy storage in one process. 

Suppose the system is charged at night when cold can be produced and air compressed using less electricity, and the 

electricity itself tends to be less expensive. During the day, the cold stored in the zeolite can then be used for 

refrigeration while the electricity produced from the stored mechanical energy is used for other purposes or sold 

back to the electric utility. The heat stored in the zeolite in the discharged state can also be used for space heating 

while the system is being charged at night. The use of the zeolite-filled tank as a regenerator remains advantageous 

in thermally open systems, because it allows most of the stored cold and/or heat to be delivered at a constant temp-

erature. For example, thermally open systems could enable diurnal load shifting at cold storage warehouses, which 

typically operate at –30°C. They could also be used at factories where a substantial portion of the electric load was 

drawn by air compressors for pneumatics, and cold was needed for freeze drying or other industrial processes. In the 

latter case, the stored compressed air could be used directly without the need to convert back to electricity. 

A thermally closed system, on the other hand, can be used for many of the same purposes as batteries or 

backup generators. It has the advantage of being extraordinarily safe, since cold zeolite cannot under any conceiv-

able circumstances release adsorbed air with explosive force. It is also clean, carbon neutral and, because the zeolite 

should last decades under the intended conditions without degradation, very low in cost on a life cycle basis. Of 

course AE-CAES is not a perfect substitute for batteries or generators, since it will have a relatively large footprint 

and can only be ramped up or down over a span of minutes. Fortunately, many grid-connected energy storage appli-

cations do not need the extremely rapid response times of batteries, and the footprint issue can be resolved by 

building the system largely underground using standard building and water infrastructure construction techniques. 
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Assembly of 3D Ordered Binary Silica Nanoparticle Superlattices and Multi-modal 
Porous Carbons 

 
Shih-Chieh Kung, Mark A Snyder* 

Department of Chemical Engineering, Lehigh University, 111 Research Drive, Bethlehem, PA 18015 

 

Multi-modal colloidal crystal assembly employing nanoparticle building blocks of varied size, composition, 

and function offers a route to diverse ordered mesoporous materials.  Such a bottom-up assembly strategy would 

provide possible handles for directly tuning material porosity, pore topology, pore coordination, 3D composition, 

and ordered and distributed function, that could be exploited for applications ranging from size and shape-selective 

catalysis to molecular sensing of bulky molecules.  Experimentally, binary colloidal crystals have previously been 

realized at two disparate size scales through assembly of 1) micron- and submicron-scale (100nm-1m) polymeric 

particles
1,2

 and 2) binary nanoparticle superlattices (BNSL) assembled from metal and/or metal oxide nanoparticles 

(nanometer scale).
3,4

  The structural diversity realized specifically in the context of BNSLs raises exciting prospects 

for facile synthesis of tunable but inexpensive silica-based porous inorganic materials and replica structures (e.g., 

carbons) if the ability to synthesize and assemble size-tunable silica nanoparticles in a similar fashion can be 

realized.  

This poster will discuss proof-of-concept development of a simple strategy to rationally design and 

synthesize 3D ordered binary silica nanoparticle superlattices (BSNS) through assembly of size-tunable lysine-silica 

nanoparticles
5,6

 with particle sizes ranging from 10 to 50 nm. Evaporative co-assembly of bimodal mixtures of silica 

nanoparticles with systematically controlled particle size ratios and solution particle stoichiometry results in BSNSs 

isostructural with NaCl, AlB2, and NaZn13.  This suggests the partial validity of hard-sphere space-filling principles 

and entropic predictions
7,8

 for assembly within the silica system, and provides the theoretical basis for increasing 

structural diversity.  2D-SAXS analysis confirms the long-range ordering and high yield of the BSNS structures. The 

robustness of the assembly mechanism to changing particle size under constant size ratio and large/small particle 

stoichiometry underscores the versatility of this approach to realizing porous materials of tunable pore size and 

topology.  We will describe the role of basic amino acids, resulting from particle synthesis, and the tuning of 

competing time scales for assembly/crystallization and solvent evaporation in improving the yield of 3D ordered 

structures.  In addition, we will show how BSNSs can be used as a hard sacrificial template for realizing 3D-

interconnected bimodal mesoporous carbons with attractive textural properties.  Finally, methods for expanding the 

compositional and textural diversity of the ordered porous materials and carbon replica structures by tuning particle 

function and composition will be discussed. 
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Adsorption of Monosaccharide Dehydration Reagents in Zeolites 
  

Marta León, Ruichang Xiong, T. Dallas Swift, Vladimiros Nikolakis, Stanley I. Sandler, 
Dionisios G. Vlachos* 

Catalysis Center for Energy Innovation, University of Delaware, 221 Academy Street, Newark, DE, 19716 
  
 Biomass carbohydrates are the most abundant renewable resources available and have the potential to 

replace petroleum as a source of both energy and chemicals, leading to more environmentally friendly processes and 

reducing the dependence on crude oil. A promising reaction in this field is the acid-catalyzed dehydration of 

monosaccharides, such as fructose and glucose, towards 5-hydroxymethylfurfural (HMF), an important intermediate 

for the production of valuable chemicals.
1
 When zeolites are used as catalysts, the preferential adsorption of 

reactants, products or byproducts could markedly affect the yield to the desired product. In this regard, studying the 

adsorption of the compounds present in the reaction media in the zeolite catalyst becomes crucial to understand the 

reactivity of the system and it is necessary to calculate the intrinsic reaction rate constants from kinetic data. Zeolites 

can also be used as adsorbents for the selective removal of the HMF from the reaction media. In this respect 

understanding the effect of the framework type, composition, and presence of co-solvent (e.g. dimethylsulfoxide 

(DMSO)) on HMF adsorption are important for the design of an adsorptive separation process. 

 Adsorption loadings from solution are usually estimated from changes of the solute concentration assuming 

that the solution volume is not affected by adsorption. This quantity is called excess adsorption loading and 

sometimes it is quite different from the actual loading. We formulated and used a method for the estimation of the 

actual adsorption loading from the experimentally measured excess adsorption. 

 The adsorption isotherms of fructose, glucose, HMF, levulinic and formic acid from aqueous solutions in 

the protonated form of zeolite beta with SiO2/Al2O3 ratio of 18 (zeolite proposed as catalyst by Kruger et al.
2
) were 

measured experimentally and fitted to different adsorption models. The limiting heats of adsorption at zero coverage 

were calculated from isotherms measured at 0, 25 and 40 °C. Adsorption experiments from multi-solute solutions 

were also carried out and the data were found to be in good agreement with predictions made using Ideal Adsorbed 

Solution Theory (IAST) and the single solute isotherm experimental data.  

 Adsorption of HMF was studied in more detail in BEA and MFI zeolites with different Si/Al ratios. In 

addition, adsorption of HMF/DMSO/water ternary mixtures was approached both experimentally and 

computationally (using Grand Canonical Monte Carlo - Expanded Ensemble (GCMC-EE)) in silicalite-1 and 

dealuminated zeolite Y. 

 Overall, our findings could shed light on the acid catalyzed dehydration of monossacharides and the HMF 

separation, and serve as a hint to the rational design of microporous adsorbents for liquid-phase separations in 

biomass processing. 
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 Nitrogen oxides (NOx) are some of the most toxic and abundant air pollutants produced by combustion 

processes in automotive internal combustion engines, power plants, and other industrial processes.
1
 The selective 

catalytic reduction by ammonia (NH3 SCR) of NOx using metal-exchanged zeolite catalysts is an efficient means of 

converting these contaminants into environmentally benign products (N2 and H2O), and it is an important 

technology implemented now for emission control of diesel engines.
2
 The NO/NO2 feed ratio to the SCR catalyst 

has an important effect on the overall conversion of NOx, and conditions that lead to “fast” SCR have been reported 

for reaction mixtures with an equimolar NO/NO2 ratio as opposed to those with only NO or NO2.
3
 Typical NOx 

emissions from combustion processes contain much more NO than NO2, and the inclusion of an NO oxidation step 

prior to the SCR process is useful for increasing SCR rates of reaction.
4
   

In this work, we show that NO oxidation is catalyzed by chabazite zeolites in the proton (H
+
), sodium (Na

+
) 

and siliceous forms, by microporous carbons and by the metal-organic framework (MOF) material Basolite A100® 

at temperatures between 298 K and 423 K. We have investigated the kinetics of the reaction using reactor studies 

and conclude that the role of these materials is to stabilize a transition state of composition [N2O4]
‡
 within the 

micropores through Van der Waals forces and electrostatic interactions. Analysis of kinetic parameters using 

Transition State Theory is consistent with a gas-phase-like reaction mechanism within the materials' micropores. 

2.5 3.0 3.5
10

-8

10
-7

10
-6

10
-5

10
-4

 

1000/T (K
-1
)

N
O

 O
x

id
a

ti
o

n
 R

a
te

 (
m

o
l 

s
-1
 L

-1
)

Pure-silica CHA

H-SSZ-13

Homogeneous Phase

Na-SSZ-13

 

 

 
 

References 

[1] K. Skalska, J.S. Miller, S. Ledakowicz, Sci. Total Environ. 408 (2010) 3967. 

[2] S. Brandenberger, Catl. Rev. 50 (2008) 492. 

[3] I. Malpartida, O. Marie, P. Bazin, M. Daturi, X. Jeandel, Appl. Catal. B 113-114 (2012) 52. 

[4] M.F. Irfan, J.H. Goo, S.D. Kim, Appl. Catal. B 78 (2008) 267.     
 

  



A Study of Hydrocarbon Trapping for Automotive Three-Way Catalysts 
 

Jing Luo,1,2 R. W. McCabe,1 M. J. Dearth,1 R. J. Gorte2 
1 
Ford Research and Advanced Engineering, Dearborn, MI 48121 

2
Chemical & Biomolecular Engineering, University of Pennsylvania, Philadelphia, PA 19104 

 

Catalyzed hydrocarbon trap systems (HCTs) offer a potential technological solution for capturing and 

converting emissions of hydrocarbon that break through the three-way catalytic converters (TWCs) during cold-start 

and warm-up of gasoline and flex-fuel vehicles. A chromatographic reactor was designed and built to study the 

adsorption of alkanes in zeolites for the HCTs designation. The experimental apparatus used a zeolite bed in place of 

the column in an ordinary gas chromatograph and could be accurately modeled to determine the adsorption 

equilibrium constants for simple alkanes in MFI zeolites. The adsorption of iso-pentane was studied in BEA zeolites 

with varying Si/Al2 ratios, before and after ex situ zeolite aging simulating engine exhaust, and in the presence of 

water vapor.  

  



Molecular Understanding for the CO2 Adsorption Sites in Cation-Exchanged ZK-5 
Zeolites 

 
Trong D. Pham,1 Matthew R. Hudson,2 Rachel A. Pollock,2 Craig M. Brown,2,*  

Raul F. Lobo1,* 
1
Department of Chemical and Biomolecular Engineering, University of Delaware, Newark, Delaware 19716, USA 
2
Center for Neutron Research, National Institute of Standards and Technology, Gaithersburg, Maryland 20899, 

USA 

  

Nanoporous materials such as zeolites and metal organic frameworks (MOFs) are currently studied 

predominantly in CO2 capture and separation because of their high internal surface area and micropore volume. We 

have investigated the site-specific adsorption properties of carbon dioxide in zeolites and MOFs using X-ray and 

neutron diffraction. Our refinement of X-ray diffraction patterns on bare adsorbent ZK-5 showed that Na
+
 locates in 

three different sites in D6R and 8MR, Li
+
 prefers to locate at the center of the D6R, Mg

2+
 resides in the hexagonal 

prism, and larger cation K
+
 is in the middle of 8-membered rings.  The average of T-O bond length is 1.635 Å and 

O-T-O bond angle is 109
o
 consistent with tetrahedral symmetry. Fourier map was used to locate the positions of CO2 

molecules in zeolite ZK-5. At a loading amount of nearly 1CO2/8MR, 3 different CO2 sites are found on Na-ZK-5, 4 

CO2 adsorption sites are found in Mg-ZK-5 and Li-ZK-5, and only one site of CO2 was found in the low loading 

amount of CO2 on K-ZK-5. Our study of CO2 interactions with Li, Na, K, and Mg-ZK-5 provides a better 

understanding of the strength of CO2 interactions with extra-framework cations in ZK-5. 

 
 

Figure. CO2 adsorption sites in Mg-ZK-5 zeolite 
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Nanoporous Silver as a Highly Selective and Efficient Electrocatalyst for Carbon 
Dioxide Reduction 
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Due to rising energy demand and evidence of the environmental effects of CO2 emissions, much research 

has focused on producing and storing energy from renewable sources. An efficient and selective process for the 

conversion of CO2 to CO or other reduced products could allow for the widespread production of liquid fuels using 

well-known processes such as Fischer-Tropsch. Coupled with renewable energy sources, these processes could help 

solve the large scale storage issue of renewable energies while creating a carbon neutral energy source easily 

integrated into the current energy infrastructure.
1
 To date, researchers have identified several potential catalysts such 

as Cu, Ag, Au, and Zn that are able to reduce CO2 electrochemically in aqueous electrolytes.  

Precious metal catalysts such as Au and Ag are able to reduce CO2 selectively to CO and are of interest, 

while Cu and Zn yield a mixture of formate, hydrogen, CO, alcohols, and other hydrocarbons.
2
 Silver (Ag) is an 

interesting CO2  reduction catalyst due to the fact that it is able to convert CO2 almost exclusively to CO at a fraction 

of the cost of gold, albeit requiring a larger overpotential.
2
 Reducing the overpotential needed to drive the reduction 

of CO2 on silver will help improve the economic prospects of such technologies. 
 

Here, we report that a nanoporous Ag electrocatalyst is able to electrochemically reduce CO2 to CO with 

~92% selectivity at a rate (i.e. current) of over 3000 times higher than its polycrystalline counterpart under a 

moderate overpotential of less than 0.50 V. Such an exceptionally high activity is a result of a large electrochemical 

surface area (ca. 150 times larger) and intrinsically high activities (ca. 20 times higher) compared to polycrystalline 

Ag. The improved intrinsic activity is due to the greater stabilization of the CO2
-
 intermediate on the surface of 

nanoporous Ag compared to polycrystalline Ag, which has been shown through electrochemical analysis. The 

improved stabilization of this key intermediate and intrinsic activity may be the result of higher CO2 reduction 

activity on stepped surfaces, which has been observed in single crystal studies.
3
 The presence of this curved surface 

is much higher in nanoporous silver than on the flat surface most commonly found in polycrystalline silver and may 

be the source of the at least 20 times increase in per site activity.
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Supported Mo/ZSM-5 catalysts are able to convert methane to aromatics, but despite intensive studies 

many fundamental issues still remain unresolved: nature of supported Mo species on ZSM-5 (monomer, dimer or 

cluster), anchoring site(s) of Mo species (Al-Al, Al-Si or Si-Si), and active Mo phase during CH4 activation (MoOx, 

MoOxCy, MoCy or Mo2C).  

This study is aims to resolve the fundamental issues for CH4 dehydroaromatization (DHA) by supported 

Mo/ZSM-5 catalysts with the application of in situ and operando spectroscopy (Raman, IR, UV-vis, 

XANES/EXAFS) and DFT calculations for a systematic series of catalysts (Si/Al from 1/15-1/140 and 1-5% MoO3). 

In situ UV-vis DRS revealed that the initial supported MoOx are exclusively present as isolated surface sites on the 

ZSM-5 support.  Combined in situ Raman spectroscopy and DFT calculations, however revealed the presence of 

four distinct surface MoOx structures on the Mo/ZSM-5 support: 1) isolated dioxo (O=)2MoO2 species over two 

Brønsted acid sites at low Mo loading and high Al content; 2) isolated dioxo (O=)2MoO2 species over one Brønsted 

acid site and an adjacent Si-OH group at increasing Mo loading; 3) isolated dioxo (O=)2MoO2 species over two Si-

OH groups at low Al content; 4) isolated mono-oxo O=MoO4 surface site over extra framework Al-OH groups at 

high Al content. In situ FT-IR showed that MoOx prefers to anchor at Brønsted acid sites at low Mo loading, and at 

Si-OH and external Al-OH groups at higher Mo loading and low Al content. The addition of MoOx species to ZSM-

5 also indices dealumination and forms extra-framework Al. Kinetic studies and DFT calculations demonstrate that 

the surface MoOx sites anchored at Al sites are the catalytic active site because of their much lower activation energy 

for activating methane. During CH4 DHA, Operando Raman and EXAFS/XANES spectroscopy indicate that the 

surface MoOx sites become reduced to MoOxCy when aromatics are formed during the CH4 DHA reaction. The 

MoOxCy sites activate CH4 to C2 hydrocarbons and the ZSM-5 Brønsted acid sites oligomerize the C2 fragments to 

aromatics. Isotopic labeled CD4-TPSR experiments over 2wt% Mo/ZSM-5 catalyst have shown a significant 

isotopic kinetic effect for the activation and aromatization of methane. This result suggested the activation of C-H 

bond is the rate determining step. These new studies demonstrate how systematic studies with modern approaches to 

catalysis research are able to resolve the fundamental issues of complex catalytic systems. 

 

 

  



“One-pot” Templated Engineering of Three-Dimensionally Ordered Ultra-Thin 

Mesoporous and Hierarchically Porous Films 

 

Zheng Tian, Mark A. Snyder* 

Department of Chemical Engineering, Lehigh University, 111 Research Drive, Iacocca Hall, Bethlehem, PA 18015 

 

Ultra-thin ordered mesoporous inorganic films on the order of tens of nanometers in thickness bearing 

ordered pore topology hold exciting technological implications spanning, among others, membrane separations, 

devices for integrated reaction-separations, and chemical sensing.  Yet control over film thickness and quality (i.e., 

minimizing defects like cracks and grain boundaries) has been a persistent challenge in the fabrication of inorganic 

films supported on porous and non-porous substrates.  This poster will introduce two hierarchical synthesis 

strategies in which near-monolayer to multilayer colloidal crystal films, composed of size-tunable silica 

nanoparticles (ca. 5-50 nm in size), template replica films through interstice infiltration by a wide range of carbon 

sources (e.g., furfural, phenol resin, vinyl alcohol, sucrose).  In a first proof-of-concept, pre-assembled colloidal 

crystal films are employed as a robust framework for liquid and/or vapor-phase infiltration, polymerization and 

pyrolysis of various carbon sources without pore contraction and/or collapse upon template sacrifice. 

Inspired by the simplicity of ‘one-pot’ soft-templating strategies, an alternative approach employs careful 

control over silica particles in sols containing monomeric and oligomeric carbon precursors such that co-assembly of 

colloidal template particles and replica material into ordered thin films can be achieved in a single “one-pot” 

step.  Carbonization, etching of the sacrificial silica template, and, in some cases, activation of the carbon results in 

ordered mesoporous-microporous carbon films of tunable thickness and pore size. 

The ‘one-pot’, hard-templating process involves concentration-dependent adsorption of molecular carbon 

precursors onto the surface of the template silica nanoparticles prior to their assembly.  The sub-monolayer carbon 

precursor adsorption is manifested in modulated template particle assembly, pore wall thickness tunability, and even 

tailored graphene content, and thus electronic properties, of the final mesoporous carbon films. The high surface 

area, apparently tunable graphene content (i.e. >50%), and facile and low-cost ‘one-pot’ synthesis of these ordered 

mesoporous carbon films on conductive substrates (i.e. FTO-glass) show promising applications as electrodes in 

both supercapacitor and dye-sensitized solar cell (DSSC) applications. 
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Zeolites combine unique properties, such as high surface area, thermal stability, defined microporosity and 

intrinsic acidity, which make crystalline aluminosilicates indispensable materials for adsorption, separation and 

catalysis. The observed intracrystalline diffusion limitations together with the restricted accessibility of the strong 

acid sites, both attributed to the rather confined pore space with diameters less than 1 nm
1
, however, may impose 

limits to achievable rates of catalytic conversions over zeolites. In an effort to overcome this drawback, new 

materials with hierarchical pore architectures have attracted considerable interest.
2
 Introduction of mesoporosity into 

conventional zeolites results in an improved accessibility and in shorter transport pathways for reactants and 

products.
3,4

  

Using the sorption characteristics of cyclic hydrocarbons, the present study addresses the influence of the 

methods typically applied to generate mesoporosity (i.e., carbon-templating or desilication/ dealumination of as-

synthesized crystals) on specific material properties of the resulting zeolite, such as the accessibility of acid sites and 

their interactions with the probe molecules. It also questions whether the induced mesoporosity accelerates the 

adsorption rates of molecules at the Brønsted acid sites, located primarily in the intersections of the channels. More 

specifically, we report that the introduction of mesoporosity in zeolite particles has only a marginal impact on the 

interactions of aromatic and aliphatic cyclic molecules in the micropore fraction of the hierarchical material. 

Therefore, we conclude that the micropores are hardly modified by the procedures introducing the mesopores. In all 

cases, the molecules interact with the Brønsted acid sites in a random sequence, indicating that the type and strength 

of interaction does not vary as a function of the chemical treatment. Thus, we conclude that local changes at the 

Brønsted acid sites are not induced by the procedures explored here. It should be noted though that the fraction of 

Brønsted acid sites located at or near the pore entrance increases, as the effective particle size decreases by the 

modifications.
5
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 Sorbent materials are candidates for many commercial and industrial applications, including hydrogen and 

natural gas fuel storage, CO2 gas separation, catalysis, environmental remediation, and gas purification. However, 

reproducible sorption properties are difficult to attain. There is a national need to develop universally accepted 

standards and testing procedures that are precise and accurate for adsorbent testing and characterization. Consistent 

characterization results of sorbent material properties are complicated by slight variations in sample preparation and 

handling due to changes in material properties after even brief exposures to ambient atmospheres and elevated 

temperatures. Compounded by inconsistent measurement protocols, these challenges have led to a general distrust of 

published material sorption properties. To address these technological challenges, the National Institute of Standards 

and Technology (NIST) with support from the U.S. Department of Energy’s Advanced Research Projects Agency–

Energy (ARPA-E) will construct a state-of-the-art Facility for Adsorbent Characterization and Testing (FACT). 

FACT will serve the sorbent materials research community by providing impartial testing and characterization of 

material sorption properties; establishing reference materials and testing procedures; and disseminating sorbent 

material property data and measurement “best-practices”. In this poster, we present an overview of FACT’s planned 

measurement capabilities and current status to engage and inform the sorbent materials research community of our 

programmatic plans. 
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Rapid Pressure Swing Adsorption Based Design of Portable Medical Oxygen 
Concentrator using LiLSX Zeolite   
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 A portable miniature medical oxygen concentrator is designed based on a single-bed rapid pressure swing 

adsorption (RPSA) concept integrated with product storage tank by employing LiLSX zeolite for air separation. 

Commercially available Oxysiv MDX zeolite obtained from UOP was used for selective adsorption of N2 from Air. 

A 4-step skarstrom type RPSA process was employed for continuous production of 90±%O2 from compressed feed 

Air. The process performance was evaluated using two different pressurization options (a) feed pressurization with 

compressed feed air co-currently, or (b) counter-current product pressurization with oxygen. The process cycle time 

was varied between 3-9 s and the performance was compared in terms of Bed Size Factor (BSF) and Oxygen 

Recovery (R) for both the pressurization options. Product pressurization (option b) exhibited superior performance 

over feed pressurization (option a) as shown in Figure 1
1
. BSF was lowered to 100 lbs/ TPD O2 and corresponding 

Oxygen Recovery was 29.3% using product pressurization RPSA cycle. Thus, the size and weight of commercial 

portable oxygen concentrators can potentially be reduced by a factor of ~2 to 3 while offering similar or ~ 10% 

higher O2 Recovery using the novel design of RPSA process studied in this research work.  
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Figure 1: Plots of BSF and O2 recovery vs total cycle time at PA=4 bar, PD  ~ 1 bar, dp= 200 -600 µm, 

measured using the scaled-up single column unit 
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             Three hierarchical meso-/microporous zeolites (pillared MWW, pillared MFI, and Self-pillared MFI) were 

synthesized and their Brønsted acid site location was quantified using dimethyl ether (DME) and 2,6-di-terbutyl 

pyridine (DTBP) titration reactions. Acid sites only accessible to DME molecules are designated as internal acid 

sites, while acid sites accessible to both DME and DTBP molecules are named as external acid sites. The catalytic 

behavior of the external and internal acid sites was studied using ethanol dehydration and alkylation of benzyl 

alcohol with aromatic solvents as probe reactions. The rate and apparent activation energy of the catalytic ethanol 

reaction in zeolites possessing dual micro- and mesoporosity was comparable to conventional microporous 

analogues, implying that the catalytic behavior of Brønsted acid sites in meso-/microporous zeolites is preferentially 

dominated by the microporous environment. The apparent rate of the catalytic conversion of benzyl alcohol in 

meso/micro-porous zeolites was higher than that of the microporous zeolite materials, revealing the important role 

of the mesoporosity of hierarchical zeolites in space-demanding catalytic reactions. 
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New pure gas and binary gas mixture adsorption isotherms of nitrogen and oxygen were measured on a 

pelletized sample of LiLSX zeolite in the pressure range of 0 – 6 atmospheres at 273.1, 303.1 and 338.1K by 

employing an isothermal column dynamic method. Measurements included low pressure isotherm data in order to 

establish the Henry’s law regions. The data show that the zeolite exhibits significant energetic heterogeneity for 

adsorption of these gases. The isosteric heats of adsorption for pure nitrogen and oxygen as a function of loading 

were calculated from the experimental isotherms using the thermodynamic relationship. The isosteric heat data show 

that the zeolite is energetically heterogeneous for adsorption of these gases. Moreover, the degree of heterogeneity 

for adsorption of N2 and O2 are substantially different. The pure and binary gas adsorption isotherm data were 

subjected to integral and differential thermodynamic consistency tests to ensure the correctness of the data. 
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Mesoporous silica templates such as SBA-15 or KIT-6 have been used very effectively to make nanocast 

battery electrode materials that show significant performance improvements bulk, non-porous morphologies. Some 

good examples are the use of CMK-3 in the Li-S battery and the preparation of beta-MnO2 electrodes from KIT-

6.[1,2] While metal oxides and carbon inverse structures have seen extensive investigations, relatively few reports 

about mesoporous transition metal sulfides, via any preparation method, are available in the literature. This is 

unfortunate because many metal sulfides exhibit very different material properties compared to metal oxides. 

In this investigation we report the characterization and electrochemistry of a mesoporous iron sulfide 

material. Low angle powder x-ray diffraction, gas adsorption and transmission electron microscopy are used to 

characterize the mesoporous material. Wide angle powder x-ray diffraction is used to confirm the phase 

transformation from Fe2O3 to FeS2. Finally, galvanostatic charge and discharge studies are performed to analyze the 

electrochemical performance of the iron sulfide product. Our hope is that this new synthesis strategy is the first of 

many mesoporous metal sulfide battery electrodes.  
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 Sn-Beta is an active catalyst for the isomerization of glucose into fructose. In order to understand the nature 

of the Lewis-Acid sites in this material, we have carried out TPD-TGA and FTIR studies on a series of simple 

organic molecules with carbonyl, nitrile, and hydroxyl groups. Results for acetone, acetaldehyde, and acetonitrile 

show that these molecules form complexes with the Sn sites. 
 


