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Introduction and Objectives 

Membranes used in gas separations offer tremendously lower energy and capital costs when compared to technologies currently in use.  A major challenge for using membranes in large-scale gas separations is developing materials that offer high purity and high flux of the desired gas.  Our goal is to utilize metallic nanoparticles (NPs) to improve the transport properties of polymeric membranes.  The main thrusts of the research are production and characterization of metallic NPs, simulation of kinetic and catalytic processes, and optimization of nanocomposite membrane transport properties.  This project also provides a vessel for educational outreach through collaboration with Texas School for the Deaf (TSD) and Austin Children’s Museum (ACM).

Nanoparticle Production and Characterization

We use the Laser Ablation of Microparticle Aerosol (LAMA) process to produce nanoparticles (NPs).  In the LAMA process, uniformly sized microparticles are aerosolized in a gas stream.  This aerosol stream is then passed through the path of a high-energy eximer laser, which breaks the micron-sized particles into many nano-sized particles for later collection.  The LAMA process allows for larger scale production of NPs without the use of capping agents on the particle surface [2]. 
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Increased NP production focuses more attention on economical selection of microparticle feedstock.  Silicon dioxide NPs are of interest due to their catalytic nature.  Initially these particles were produced from purchased silicon dioxide microparticles, but their cost is prohibitive for high volume NP production.  Another route to silicon dioxide microparticles is the hydrolysis of tetraethyl ortho-silicate (TEOS) to form silicon dioxide and ethanol.  SEM analysis was performed on the microparticles formed by hydrolysis and TEM analysis on the NPs made by the subsequent ablation of the microparticles.  The TEM images show that the LAMA process can produce uniform SiO2 particles 

Figure 1: SEM of SiO2 microparticles
<10nm from hydrolyzed TEOS.


produced in our laboratory for use as feedstock for







the LAMAA process..

Figure 2: TEM of SiO2 NPs on carbon grid produced 
Figure 3: HRTEM micrographs of a CdSe/ZnS core/shell nanoparticle using our feedstock and the.  

The spherical darker core of CdSe covering lighter shell LAMA process.




ZnS shell can be observed.
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In an effort to utilize the properties of two different materials, we developed a process for making a core-shell NP.  These NPs consist of two different semiconductors, using ZnS and CdSe for the core and shell, respectively.  Producing ZnS NPs first, then feeding the CdSe microparticles into the ablation chamber along with the ZnS NPs yielded 20 nm NPs with ZnS core and CdSe shell [3].  We determined that the core-shell order could be reversed.  This technique was also applied using silver or gold and oxides to produce nano-islands of gold on a NP of SiO2.
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Optimization of Transport Properties

In order to be commercially viable, gas separation membranes must be made from materials that have high flux and high purity of the desired product.  When included in a polymeric membrane, the physical properties of the polymers limit separation performance.  There exists a trade-off of increased gas flux and decreased gas selectivity and vice versa.  The separation limitations of neat polymers are overcome by including other materials in the polymer matrix to “facilitate” transport of a desired species.  Previous research has shown that the pi bond in olefins, such as ethylene and propylene, form a complex with a positively charged silver ion, whereas the analogous paraffins such as ethane and propane, form no
Figure. 4: Ethylene-ethane separation properties in
 such complex with the silver.  Including ionized 
conventional polymers and in XLPEO doped 
silver in a membrane dramatically increases the 
with 0.05 vol. % LAMA Ag NPs at 35°C. The 
solubility for olefins compared to that of paraffins. 
AgNPs were nominally 8 nm dia.. 
The increase in olefin solubility leads to increased 

olefin/paraffin selectivity without sacrificing permeability.  Our group found that including very small amounts of (~0.1wt%) elemental silver NPs into the polymer matrix, achieved this same performance increase.  The high surface-to volume ratio of the NPs makes a large area of silver available for complexing with minimal weight loading.  Our membranes with silver NPs do not show the performance decline over time that is usually exhibited by membranes with silver ions. 
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Modeling

To bridge the gap between theory and experiment, we are modeling the facilitated transport of olefins and paraffins using a kinetic Monte Carlo (kMC) model.  The model uses a two dimensional lattice in which gas molecules may diffuse via site-to-site hopping with a kinetic rate derived from their experimental diffusion constant in a PEG membrane.  Lattice sites that contain a nanoparticle have a slower hopping rate with an Arrhenius
Figure 5:  SERS data of neat PEGDA and PEGDA flocs
form based on density functional theory
showing spectral changes due to binding to silver surfaces.
 (DFT)-calculated binding energy.  The
The DFT-calculated normal modes of PEGDA are shown as 

model demonstrates the relative 

lines overlaying the spectra.
 importance of binding energies, pressure, 

and othertunable variables in achieving optimal olefin selectivity.  In conjunction with the kMC model, we are using DFT to calculate the interaction of PEGDA with silver surfaces.  The calculated vibrational spectra of PEGDA with nanoparticle flocs can be compared to surface enhanced Raman spectra (see Figure) to determine the binding geometry on the surface.
Outreach

In addition to the work being done in the lab, a significant portion of this project provides educational activities in the community.  Our group established a relationship with the Texas School for the Deaf (TSD) by hosting a field trip to UT as well as recruiting a deaf high school student as an intern in our summer research program. Most recently, we have also initiated a monthly afterschool science club for TSD high school students, and discussions have begun with the prinicipal of the TSD elementary school to offer monthly science activities for third, fourth, and fifth graders.  Other educational opportunities for the group are available through the Austin Children’s Museum (ACM).  Through ACM’s Science Sundays program, we have offered activity clusters in energy, chemical changes, and polymers during the museum’s no-admission period on Sunday afternoons.  In all, the endeavors with both the Texas School for the Deaf and the Austin Children’s Museum provide both a way for the next generation to explore science and a means by which our faculty and graduate students can make contributions to the broader community.
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