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Research Proposal:
With increasing environmental awareness and rising energy costs, traditional gas separation methods such as absorption (for CO2/CH4 and CO2/N2 separations) and cryogenic distillation (for N2/O2 separations) are becoming less attractive, while demand is increasing for solvent-free, energy-efficient membrane separation processes.  Unfortunately, membrane processes are entirely dependent on the availability of high-performance (sufficiently high permeability and high selectivity) membrane materials that are not currently available. Recent research in nanocomposite films has shown promising gains in this area: the addition of impermeable nanoparticles to an ultra-high free volume polymer can actually increase permeability relative to the pure polymer while maintaining or increasing its selectivity. This runs counter to predictions based on the Maxwell model, long proven for micron-size particles, of permeability decreases upon the addition of impermeable particles. The improvements have been shown to be the result of free volume increases in the polymer, but the mechanism behind this free volume increase, while typically attributed to the formation of interfacial voids, is not understood. Additionally, it is unknown how this permeation enhancement depends on particle size, polymer chain rigidity, and other interfacial effects. 
This research aims to address this deficiency via theory and experiments and use the findings to improve gas separation membranes by tailoring free volume, and therefore gas separation properties, of inorganic/polymer composites. To achieve this, we are carrying out a systematic investigation of the following three factors: (1) primary particle and aggregate size, (2) polymer chain rigidity, and (3) interfacial effects using a four-pronged approach:
1. Composite membrane formation. We use a variety of materials and techniques to prepare composite films including a range of particle sizes from nanoscale to microscale to examine the transition between Maxwell-type behavior and permeability enhancement; a range of polymer chain rigidity including rubbery, conventional glassy, and ultra-high free volume glassy polymers; and a range of particle surface treatments to examine interfacial effects. 
2. Gas permeation tests. We run permeation tests on all pure polymer and composite films to determine the permeability and selectivity of various gases.
3. Characterization. We characterize all films using positron annihilation lifetime spectroscopy (PALS) and density measurements to examine free volume size and distribution and transmission and scanning electron microscopy (TEM and SEM) to examine particle dispersion. 
4. Molecular Modeling. We model the molecular-level configuration, interfacial effects, and theoretical free volume of pure polymers and polymer/inorganic nanocomposites to illuminate the changes in molecular-level architecture that give rise to changes in free volume. While the literature abounds with molecular modeling (MM) results for pure polymers, nanocomposites are an almost entirely unexamined area for MM.
The results of this work will provide both a physical understanding of the mechanism of permeability enhancement using impermeable nanoparticles and the ability to predict separation performance of composite membranes based on polymer characteristics and particle size and distribution.  This means that gas separation membranes can be “tuned” to give the best performance at the lowest cost and/or best mechanical properties. Although various studies have been done on composite films, no systematic work has been carried out to look at these effects. Additionally, molecular dynamics simulations have been carried out for pure polymers and zeolite composites, but never for these types of composite films.
Significance of the Project for Environmental Quality:
Chemical separations account for nearly 75% of industrial sector energy consumption (which is in turn a large portion of the total US energy consumption). As mentioned above, membrane separations have the potential to drastically decrease energy consumption, thus reducing carbon dioxide emissions from power plants for a range of chemical separations. Additionally, a well-tuned CO2/N2 separation membrane would allow for removal of CO2 from power plant emissions without using absorption processes, making CO2 capture more economical.
Educational Value for Researcher
Researchers on the team get experience in experimental work, including composite membrane formation and gas permeation testing and using Dynamic Light Scattering (DLS) and Scanning Electron Microscopy (SEM), as well as molecular modeling based in first principles using Materials Studio and GROMACS. The researcher funded by this grant will work on this project as part of a team of 3 HMC students. Research students on this team also interact closely with students on my other research project and with Professor Liz Orwin’s research team, with whom they share laboratory space. In addition to speaking with me informally several times a day, we have a formal weekly meeting that includes a journal club where the students present on a journal article closely related to our research. I see my role as a guide and facilitator of the work, and I like the students to take ownership of the project, and even change the direction of the project if they find compelling evidence to do so. In the summer Professor Orwin and I also hold a weekly Techniques Journal Club meeting with all of our research teams where each week 2-3 students present on the theory and practical use of a research technique such as Scanning Electron Microscopy (SEM) used by many team members. 
Feasibility:
This is an ongoing research project, and all researchers working on the team this summer will have been in the lab learning from outgoing research students during the Spring of 2016. The lab is equipped with all required materials and equipment and I am experienced in advising this project. As mentioned above, I work closely with the students to ensure that the project progresses.
Budget: 
Student salary: Current HMC rate ($5000 + fringe benefits)
Faculty salary: $1000
Supplies: $1500
I have requested the extra $1500 for supplies on top of the student and faculty salary because the experiments carried out as part of this project require many highly expensive chemicals, including $500/1 L bottle solvents that we use in copious amounts, expensive fluorosurfactants, etc. 
No external funds are available for this project (this is a continuation of my NSF CAREER grant work; the original grant ended in 2014).

