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Impact of  Microporosity on The Performance of  
Cooperative Catalytic Materials

Abstract:

Porous silica materials are stable and robust with tunable pore architecture
that are widely used as catalyst supports. Many such materials have dual
porosity in the form of micropores (< 2 nm) and mesopores (2 – 50 nm),
which enables a high surface area and a wide range of catalyst surface
densities (catalyst moles nm-2 silica) to be achieved. The impact of
support pore architecture on the catalytic activity is not clearly
understood. The current work examines the effect of tuning pore
architecture of SBA-15 through elimination of microporosity on catalytic
activity for aminosilica materials in the Knoevenagel condensation. In this
work, tuning microporosity is observed to affect the synthesis-structure-
reactivity relationship. The current work provides experimental insight on
the broad impact of support pore architecture on catalyst performance.

Keywords: Heterogeneous catalysis, reaction engineering, silica support,
micropore, mesopore
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DNA-caged Polymer Nanocomposites for Erasable 
Fluorescent Imaging
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Biomedical & Biotechnology

Presenter: Elizabeth Jergens

Advisor(s): Dr. Jessica Winter

Email: jergens.8@osu.edu

Year of  graduation: 2021

Abstract:

Current techniques used in pathological labeling are limited by the use of
colorimetric dyes that permanently stain a tissue sample. These methods
are also limited in the number of colors used. In order to capture the full
nature of a patient sample, serial sections are often used. This allows for
staining of multiple targets but due to the heterogeneity of tissue,
important information can still be lost. Here, we propose a system for
erasable labeling using DNA nanotechnology. Fluorescent dye is
encapsulated in polymer micelles which are then covered with DNA tiles.
The DNA tiles are designed with a targeting strands that bind to single-
stranded DNA conjugated to antibodies. Once the samples are labeled
and imaged, the DNA cages can be gently removed with the addition of
single-stranded DNA. Current results verify cage formation and
intracellular labeling of β-actin on fixed cells.

Keywords: Nanobiotechnology, DNA nanotechnology, fluorescent
imaging
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Scalable Synthesis of  Selective Hydrodeoxygenation 
Core-Shell Pd@TiO2 Nanocatalysts

Abstract:

Catalytic materials can potentially reduce our dependence on petroleum
provided that new designs enable the selective conversion of biomass to
value-added products. With growing interest in renewable energy, the key
challenge is to produce these materials in a scalable manner. Recently,
inverted systems consisting of palladium nanoparticles encapsulated in a
porous titania shell (Pd@TiO2) have shown high selectivity for
hydrodeoxygenation (HDO). These catalysts are synthesized in low-
throughput batch processes that are difficult to scale because of poor
mixing at large scales. These problems can be circumvented by using
microreactors that provide a small mixing time and high throughput. We
have developed a simple, inexpensive continuous jet-mixing reactor that
has been successfully tested for silver nanoparticle synthesis. In this work,
the jet-mixing reactor is adapted to synthesize Pd@TiO2 nanocatalysts in
a continuous manner. The material is also tested as a catalyst for the
selective HDO of furfuryl alcohol.

Keywords: Process development, catalysis, nanomaterials, scale-up
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Water Adsorption Simulations With Flat Histogram 

Methods

Abstract:

Water adsorption in porous materials such as metal-organic frameworks
(MOFs) provides opportunities to advance a variety of environment-
related technologies such as water harvesting from air. A key step to the
deployment of such technologies is the selection of optimal adsorbent
materials because material performance directly impacts their feasibility
and efficiency. Identifying the best material for a particular application is
challenging as there are tens of thousands of possible candidates, due to
which, computational studies can play an important role. The state-of-the-
art method to predict adsorption behavior of porous materials—the
grand canonical Monte Carlo simulation—can be slow due to its
inefficient sampling of the accessible states of the system. To remedy this
problem, we have used a method from a class of techniques known as flat
histogram methods which can sample the accessible states of the system
much more efficiently. We show that this method is promising for large-
scale computational screening of porous materials for water adsorption
and can offer unprecedented insights into water adsorption behavior.

Keywords: water adsorption, Monte Carlo simulation, flat histogram
methods, environmental technologies.
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Syngas Production coupled with CO2 Utilization 
through Chemical Looping Assisted Methane 
Reforming using Ca-Fe based Oxygen Carriers 

Abstract:

The use of thermodynamically superior Ca2Fe2O5-based redox materials
as the oxygen carriers for simultaneous syngas production and CO2

utilization through thermochemical CO2 splitting using a two-reactor
chemical looping system has been explored. Experiments were performed
using a thermogravimetric analyzer to compare the performance of
different Ca2Fe2O5-based oxygen carriers. Reduction and regeneration
capability of the oxygen carriers along with their recyclability was tested
using the thermogravimetric analyzer. Characterization of the fresh,
reduced and regenerated solids was performed using X-ray diffraction,
scanning electron microscopy and energy-dispersive X-ray spectroscopy
to analyze the change occurring in them during the reaction. Atomistic
thermodynamics combined density functional theory calculations were
also performed to explore the mechanism for Ca2Fe2O5 reactivity
enhancement. The results generated through this study will provide a
better understanding of the underlying solid-state chemistry which is
essential to the design and development of robust oxygen carriers that
exhibit high reactivity and selectivity.

Keywords: Chemical looping, syngas, CO2 utilization, Density functional
theory
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Polymers and Membrane Technology

Abstract:

It has been known that the addition of molecular amines (i.e., mobile
carriers) in facilitated transport membranes (FTMs) would enhance both
the CO2 permeance and CO2/N2 selectivity for more efficient carbon
capture. To better understand this improved performance, the amine–CO2

reaction chemistry, diffusivities of carriers and gases, and N2 solubility
were studied by employing computational techniques at the molecular
level. Water uptake values of FTMs were also experimentally measured.
Per our results, the introduction of mobile carriers substantially enhanced
the diffusivities of reaction products compared to FTMs without mobile
carriers. The choice of mobile carriers was also demonstrated to influence
the separation performance. These observations agree well with
experimentally measured membrane performances. The outcomes of this
work offered insight into the role of mobile carriers in FTMs. The
computational scheme proposed can be utilized to evaluate mobile carrier
candidates from the vast structures of molecular amines in future studies.

Keywords: Facilitated transport membrane, molecular simulations

Computational Evaluation of  Carriers in 
Facilitated Transport Membranes for Post-
Combustion Carbon Capture
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Near 100% CO Selectivity in Nanoscaled Iron-
Based Oxygen Carriers for Chemical Looping 
Methane Partial Oxidation

Abstract:

Chemical looping partially oxidation of methane is one the most
promising techniques to generate syngas. Developing high performance
oxygen carriers are the key to this process. In this research, Fe2O3

nanoparticles embedded in mesoporous support SBA-15 (Fe2O3@SBA-
15) was synthesized and applied to chemical looping partial oxidation
process. For comparison, bulk Fe2O3 was also synthesized and
characterized. Techniques including XRD, BET, TEM, SEM, and TGA
were used to characterize the material before and after reaction. Results
showed that Fe2O3@SBA-15 have enhanced stability and reactivity, with a
conversion rate 70% higher than bulk Fe2O3. This can be attributed to
tube structure of the support SBA-15, which provides large space and
surface area for Fe2O3 nanoparticles and prevent their agglomeration
during reaction. Selectivity was also test in TGA. Results showed that very
low concentration of CO2 was observed during reaction, indicating high
syngas selectivity >99%. This designed material has the potential to
generate pure syngas at relatively low temperature. This study provides
guidance on the design of novel oxygen carriers for chemical looping
partial oxidation.

Keywords: nanoparticles, clean energy, mesoporous material
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Homogeneous Nucleation of  Carbon Dioxide at 30–
90 K: Transition from Barrier-controlled to Barrierless 
Nucleation

Abstract:

Characterizing the nucleation of carbon dioxide (CO2) from the gas phase
is crucial to understanding processes such as carbon capture. We combine
results from experiments in supersonic expansions at OSU and ETH to
explore the homogeneous nucleation of CO2 for temperatures ranging
from ~30 to ~90 K and pressures spanning over four orders of
magnitude. In the OSU experiments, nucleation occurs within the
diverging portion of the nozzle and is characterized using pressure trace
measurements and small angle X-ray scattering. In the ETH experiments,
nucleation occurs in uniform post-nozzle flow and is characterized using
mass spectrometry. Despite differences in instrumentation and
experimental conditions, there is excellent agreement between the onset
data. Furthermore, the combined data suggests that, in our range, the
nucleation process changes from one in which particle formation is
controlled by a barrier to one in which the barrier vanishes and is
controlled by dimer formation.

Keywords: nucleation, carbon dioxide, carbon capture
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A.1 Integrating Microfluidic Models with 
Hemoglobin-Based Oxygen Carriers for 
Investigating Oxygen-Mediated Endothelial 
Function
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Biomedical & Biotechnology

Presenter: Savannah Moses 

Advisor(s): Dr. Andre Palmer & Dr. Jonathan 

Song

Email: moses.124@osu.edu

Year of  graduation: 2022

Abstract:

Inadequate oxygen delivery to tissue, or hypoxia, is caused by extensive
abnormalities in the structure and function of the vascular
network. Hypoxia also has a significant role in vascular diseases such as
stroke, pregnancy disorders, and cancer. Despite its prevalence, there is
no established method for alleviating hypoxia and its deleterious effects to
vascular function. Hemoglobin-based oxygen carriers (HBOCs) are a
promising class of red blood cell substitute which have been well
characterized for transfusion medicine applications, yet little has been
done to study their effects on vascular function at the cellular level. In this
work, we synthesized polymerized human hemoglobin (PolyhHb) to
investigate the effects of oxygen transport in engineered microvessels in
vitro. PolyhHb’s optimized molecular size is capable of transporting
oxygen while minimizing side-effects such as vasoconstriction,
hypertension and oxidative tissue injury. We hypothesize that alleviating
hypoxia with PolyhHb restores normal blood vessel structure and
function.

Keywords: HBOC, RBC substitute, hypoxia, microfluidics
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A.2 Haptoglobin Binding, Oxygen Release, and 
Autoxidation of  Tense and Relaxed State 
Glutaraldehyde Polymerized Bovine Hemoglobin
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Presenter: Xiangming Gu
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Email: gu.606@osu.edu

Year of  graduation: 2022

Abstract:

Hemoglobin (Hb)-based oxygen (O2) carriers (HBOCs) have long been
studied as O2 therapeutics for use as red blood cell substitutes. Among the
myriad of methods used to produce HBOCs, glutaraldehyde-based
protein cross-linking has been considered the most cost-effective way to
produce commercial HBOCs. Previously, our lab developed high
molecular weight (MW) tense (T) quaternary state glutaraldehyde
polymerized bovine hemoglobins (PolybHbs) that exhibited reduced
vasoactivity in several small animal models. It was observed that the renal
toxicity of HBOCs originates from cell-free Hb, which is prone to
oxidation into methemoglobin (HbFe3+) that cannot bind/release oxygen
and prone to heme release which is cytotoxic. In this work, we synthesized
PolybHb in the T- and relaxed (R) quaternary state with ultrahigh MW (>
500 kDa) at varying cross-link densities and investigated the effect of
PolybHb MW on haptoglobin binding, oxygen release, and autoxidation
kinetics, which are related to clearance and oxidative stress.

Keywords: HBOCs, blood substitutes, transfusion medicine, haptoglobin
binding
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A.3 Large-scale Microgel Arrays for In Situ Cell 
Screening and Controlled Fluid Exchange
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Email: rima.3@osu.edu
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Abstract:

Arranging cells into microarrays can demystify the complex cellular
interactions present in cancer. Here, we present a facile technique for the
encapsulation and organization of breast cancer cells into calcium-alginate
microgel arrays incorporated into standard 24-well cell culture plates. A
flow-focusing droplet-based microfluidic device was employed to generate
monodisperse cell-laden microgels that could be tuned for size and cell
concentration. Organizing the cell-laden microgels into reusable
polydimethylsiloxane microwells via size exclusion at an efficiency of 95
% enabled a controlled analysis of the microgel contents at a single-cell
resolution. The 24-well cell culture plates were converted to simple
microreactors with an inlet and an outlet to perform a fluid exchange. To
test the efficacy, a fluorescent polycation was introduced and removed
from the microgel array to perform a controlled coating. Nine conditions
of the polycation were tested simultaneously, indicating the promise of
this technique for anti-cancer screening.

Keywords: Cell patterning, microfluidics, polymers, high-throughput
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B.1 Mesoporous support Mediated Nanoparticle 
Enabling Accelerated Kinetics in Cyclic Methane 
Conversion to Syngas at Low Temperatures

Abstract:

To meet the globally growing energy demands, it is essential to develop
schemes with higher fuel conversion efficiency at temperatures < 1000oC
while suppressing emissions of CO2. Iron oxide nanoparticles supported
by mesoporous silica SBA-16 (Fe2O3@SBA-16) is conceived and
developed in this study for chemical looping partial oxidation, yielding the
syngas selectivity above 95% with operating temperatures as low as
around 400°C achieved, a temperature 600°C lower than conventional
operating temperature. Methane conversion rate for Fe2O3@SBA-16 is
52% and 660% higher than those for established nanoparticle oxygen
carriers and bulk oxygen carriers, respectively. Dynamic Monte Carlo
simulations are conducted that demonstrate the distinct effects of
nanoparticle loading and particle size distribution on 3-D interconnected
Fe2O3@SBA-16, affirming its accelerated reaction kinetics. This finding
has significant implications in mesoporous materials and broadens
research domains in other cyclic redox energy systems.

Keywords: nanoparticles, molecular dynamics, kinetics study
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B.2 Design of  Aminosilica Materials for Enhancing 
Acid-base Cooperative Interactions for The Aldol 
Reaction and Condensation

Abstract:

Cooperative interactions have the potential to enhance the catalytic
performance for aminosilica materials. The key challenge is identifying
how to design the cooperative interactions. Previous work has
demonstrated that cooperative interactions between amines and silanols
can be designed on materials such as SBA-15. Our recent work has
demonstrated that the conventional method to produce SBA-15 does
benefit from cooperative interactions amine-silanol interactions, but the
typical synthesis methods for these materials result in only 30% of the
sites being active. In this work, we will describe how the fraction of
catalytic sites can be increased to over 70% through reducing the
micropore volume of SBA-15 and limiting amine-silanol interactions
during grafting. The resultant materials have catalytic activities that are
more than double the activities of conventional materials. Through these
investigations, we will establish a better understanding of the cooperative
interactions occurring in aminosilica catalytic materials.

Keywords: SBA-15, amine-silanol, acid-base interaction
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B.3 Density Functional Theory Studies to enhance 
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Abstract:

Photoelectrochemical CO2 reduction (PECR) has the potential to produce
chemicals and fuels using renewable solar energy within a closed carbon
cycle. However, there has been less progress in achieving stable
photocathode catalysts with high selectivity for CO2 reduction. Cu2O
shows promising photocathode performance due to its small band gap
2.17 (eV) and low conduction band edge position. A major challenge for
large-scale use of Cu2O is instability. Photo-induced holes are created
during PECR. They degrade Cu2O cathode and reduce its performance.
We propose that metal protective layers can improve stability because of
the low Schottky barrier which is an energy barrier in between metal and
semiconductor junction. We use density functional theory (DFT) to clarify
the dynamics of electron and hole transfer processes in with and without
a thin metal protective layer under Cu2O cathode.

Keywords: Cu2O, Photocathode, DFT, Schottky diode
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B.4 Jet-mixing Microreactor for Nanomaterial 
Synthesis and Scale-up Considerations

Abstract:

The nanomaterial market is expected to double in two years, requiring
technologies that can produce large quantities while maintaining lab-scale
quality. The properties of nanomaterials are highly dependent on the
mixing dynamics of their synthesis process. Macromixing in conventional
batch syntheses increases the overall mixing time, leading to variability
within batches and a wide particle size distribution. These problems can
be circumvented by using microreactors that provide a small mixing time
because of their associated micromixing. This work proposes a
continuous, scalable jet-mixing reactor that is used for the synthesis of
several metal and metal-oxide nanomaterials. Initially, silver nanoparticles
are synthesized at ambient conditions as proof-of-concept. Next, the
process is developed to incorporate inert conditions to synthesize pure-
phase copper nanoparticles that oxidize readily under ambient conditions.
Lastly, the reactor is used for the inert synthesis of catalytic
multicomponent core@shell Pd@TiO2 nanomaterials. Fundamental
mixing studies are underway to facilitate scale-up.

Keywords: Nanomaterials, process development, mixing dynamics,
catalysis
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B.5 Role of  ethanol in aqueous phase 
hydrogenolysis and hydrogenation reactions using 
swellable organically modified silica
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Abstract:

Physical and biological methods of groundwater remediation have proven
to be inefficient for hazardous organic pollutants like chlorinated
hydrocarbons and aromatics. However, complete removal of these
compounds is necessary due to their acute toxicity. The current study aims
to explore chemical reduction of these compounds by hydrogenolysis and
hydrogenation in aqueous phase. Trichloroethylene and toluene have been
considered as representative molecules for respective classes of
contaminants. Swellable organically-modified silica (SOMS) has been used
in this study due to its affinity for organics and swellability in presence of
organics. Ethanol was used as a swelling agent in both reactions. However,
the effect of ethanol was found to be drastically different in both cases
due to the difference in polarity of the organic molecules and reaction
products. Batch reactions were performed using a high pressure Parr
reactor to obtain activity data. In-situ characterization with X-ray
absorption and infrared spectroscopy helped in understanding the role of
ethanol.

Keywords: Swellable catalysts, hydrodechlorination, hydrogenation
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B.6 Impact of  Microporosity on The Performance of  
Cooperative Catalytic Materials

Abstract:

Porous silica materials are stable and robust with tunable pore architecture
that are widely used as catalyst supports. Many such materials have dual
porosity in the form of micropores (< 2 nm) and mesopores (2 – 50 nm),
which enables a high surface area and a wide range of catalyst surface
densities (catalyst moles nm-2 silica) to be achieved. The impact of
support pore architecture on the catalytic activity is not clearly
understood. The current work examines the effect of tuning pore
architecture of SBA-15 through elimination of microporosity on catalytic
activity for aminosilica materials in the Knoevenagel condensation. In this
work, tuning microporosity is observed to affect the synthesis-structure-
reactivity relationship. The current work provides experimental insight on
the broad impact of support pore architecture on catalyst performance.

Keywords: Heterogeneous catalysis, reaction engineering, silica support,
micropore, mesopore
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Abstract:

The Coal-Direct Chemical Looping (CDCL) process converts coal into a
high purity CO2 product and heat/electricity using an oxygen carrier with
no air separation unit required. In this study, a moving bed bench unit
design which decouples the reducer into distinct char gasification and
volatile reaction zones was applied to investigate the transformation of
sulfur species in and out of three major phases including the gaseous
product, the fine particulates of the ash and the large particles of oxygen
carrier material. The sulfur concentration profile at different bed heights
across the CDCL reducer was also studied in both gaseous and solid
phase. In addition, thermogravimetric analysis was conducted to further
investigate the reaction mechanism between the sulfur species from coal
and the oxygen carrier. The commercial plant design was revised with its
economic evaluation updated, suggesting the COE for the CDCL plant is
27.1% below the COE for the PC plant with CO2 capture.

Keywords: Coal, Chemical Looping, Sulfur Emission
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Abstract:

With recent advances in the sensor development and image construction
techniques for the electrical capacitance volume tomography (ECVT) for
3-D multiphase flow imaging, it is now possible to use the ECVT to
obtain the reconstructed 3-D image of multiphase flow phenomena in
real time. In this study, three-dimensional ECVT sensors were applied to
imaging the flow structures of gas-solids slugging fluidized beds. The
detailed 3-D images were obtained and analyzed to reconstruct the real
time 3-D gas solids volume fraction profile of the bed. The entire
evolving process of the slugging fluidization from its formation to
breakage was analyzed. The solids volume fraction profiles of the
slugging bed were plotted under different gas velocity conditions. Particles
with different sizes were used in the experiments to investigate the
different hydrodynamic characteristics of round-nosed and square-nosed
slugging beds.

.

Keywords: Gas solid fluidization, Slugging regime, ECVT
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Abstract:

Chemical looping reforming is a technology to produce syngas, an
intermediate to produce value added chemicals. In the current work,
CuO-modified Ca2Fe2O5-based oxygen carriers is used for syngas
production through chemical looping, where the system performance is
subjected to thermodynamic scrutiny. An assessment on the change in
syngas production capability and other process parameters because of
reduced endothermicity of the process through CuO incorporation is
performed.

Keywords: Chemical Looping, Process Engineering, Calcium Ferrite

20



2020 Graduate Research Symposium | Chemical and Biomolecular Engineering Department

Presenter: Junjie Pan

Advisor(s): Dr. L. James Lee

Email: pan.687@osu.edu

Year of  graduation: 2021

Polymers and Membrane Technology

Abstract:

Thermal management is one of the most critical problems of
miniaturized electronic devices with increasing power density. Here we
report two types of highly oriented graphitic fillers (thick graphitic flake
and graphite-coated alumina) produced by direct atmospheric pressure
chemical vapor deposition (APCVD) for highly efficient non-curing
thermal interfacial materials (TIMs). The polydispersity of thick graphitic
flake or graphite-coated alumina in silicone oil leads to high loading and
compact packing of solid particles, significantly enhancing the thermal
conductivity of the thermal paste. The lab made thermal pastes showed
decent flowability and stabilized thermal conductivity at elevated
temperatures. They had much better performance over the commercial
graphite-based thermal paste in a heat dissipation experiment.

Keywords: Chemical vapor deposition, Highly oriented graphite, Thermal
interface materials
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Abstract:

Polymeric membranes are widely used for diverse gas separation
applications (e.g., natural gas sweetening, hydrogen purification, and post-
combustion carbon capture) for its high energy efficiency, operational
simplicity, and modularity. Due to the acidic nature of CO2, various basic
compounds (e.g., amines) have been incorporated into polymeric
membranes as CO2-reactive carriers to facilitate CO2 transport, thus
enhancing the separation performance of the membranes. In this work,
the polyformamidine (PFA) containing amidine functional groups (pKa ~
12) was synthesized via the polycondensation of ethylenediamine and
triethyl orthoformate, and blended with polyvinyl alcohol (PVA, 1100 kDa
MW) to make a CO2-selective membrane, which has demonstrated a CO2

permeance of 2424 GPU with a CO2/N2 selectivity of 92 at 77°C.

Keywords: Membrane; Carbon capture; Polymers
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Abstract:

Amine-containing mixed-matrix membranes incorporated with amino-
functionalized multi-walled carbon nanotubes (AF-MWNTs) were
synthesized for CO2/H2 separation based on the facilitated transport
mechanism. AF-MWNTs were chosen primarily as the mechanical
reinforcing filler to enhance the membrane stability. At 107 °C and 0.2-
MPa feed pressure, the membrane incorporated with 10 wt.% AF-MWNTs
showed a CO2 permeability of 3196 Barrers and a CO2/H2 selectivity of
205. At the higher feed pressure of 1.5-MPa, owing to carrier saturation
phenomenon, the same membrane exhibited reduced transport
performance with a CO2 permeability of 776 Barrers and a CO2/H2

selectivity of 31. Furthermore, the incorporation of 10 wt.% AF-MWNTs
led to a significant improvement on membrane stability. The transport
performance and selective layer thickness of this membrane maintained for
100 h, which suggested that the incorporation of AF-MWNTs improved
the resistance to membrane compaction upon a high feed pressure.
Therefore, this work is considered as one of the crucial steps to enable the
application of facilitated transport membranes to high-pressure gas
processing such as syngas purification.

Keywords: Carbon dioxide separation; Mixed-matrix membrane; Amino-
functionalized multi-walled carbon nanotube
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Abstract:

Block copolymers (BCP) are attractive solid electrolyte materials for
batteries, due to the combination of two distinct polymer types that
simultaneously provides ion conduction and mechanical robustness.
However, salt-doped BCP electrolytes typically have a low cation
transference number, which represents the fractional contribution of
cations to the total conductivity. Recent studies revealed that single-ion
BCPs might increase cation; in such systems, the fact that anions are
tethered to polymer backbones leads to a high transference number. We
employ coarse-grained molecular dynamics (MD) simulations to probe the
mechanisms of cation transport in single-ion BCPs. We compare ion
diffusion and conduction in single-ion and salt-doped systems. We find
that the salt-doped system has faster ion mobility and total conductivity
but lower cation conductivity than the single-ion system at low ion
concentration. The advantage of single-ion conductors is diminished in
systems with stronger ion-monomer solvation interactions. This work can
help to show under which conditions single-ion conductors may be
preferable to salt-doped systems.

Keywords: Single-ion conductor, Molecular dynamics simulation
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Abstract:

Membrane separation technology requires highly CO2-selective and
permeable membranes for cost-effective post-combustion carbon capture
from flue gas. Amine-containing facilitated transport membranes can
realize an increased permeability due to the reversible reaction between
CO2 and amino groups. Here, we developed an improved method to
synthesize poly-N-methyl-N-vinylamine (PVAm-CH3) using the stepwise
reductive amination. A highly polar fluorinated alcohol as the solvent to
enhance the equilibrium shift to the imine formation for a higher
methylation degree. The PVAm-CH3 membrane blended with 2-(1-
piperazinyl)ethylamine sarcosinate (PZEA-Sar) exhibited a significantly
enhanced performance of 1071 GPU in CO2 permeance and 183 in
CO2/N2 selectivity at 57oC. Density functional theory calculations also
demonstrated that PVAm-CH3 showed a stronger preference, relative to
PVAm, toward the more efficient bicarbonate formation pathway. Thus,
the steric hindrance effect of PVAm-CH3 enhanced the solubility of CO2

in the polymer matrix and resulted in the higher CO2 permeance.

Keywords: Facilitated transport membrane; Carbon capture
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Abstract:

Neat polymer-grafted nanoparticles (PGNs) are promising materials
consisting of only nanoparticles (NPs) with polymer chains grafted to their
surface. The dispersion of NPs can therefore be relatively well controlled,
and these materials provide a route to desirable mechanical, optical, and
electronic properties. Mechanical properties can depend sensitively on graft
density through changes to polymer brush conformation, interpenetration,
and amount of entanglements. We study hexagonally packed monolayers of
PGNs deposited on smooth surfaces using coarse-grained MD simulations,
at various graft densities. Variations in the film’s nanoscale structure and
alignment of grafted chains is examined to understand their connections
with entanglements and mechanical properties. We find local alignment of
chains orthogonal to the NP surface, which subsides with distance from
the NP’s surface. The amount of interpenetration of grafted chains on
neighboring PGNs increases with decreasing graft density, and this is
related to the amount of entanglements per chain.

Keywords: Polymer Grafted Nanoparticles; Nanocomposites;
Nanomaterials
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E.1 Freezing Behavior of  Aqueous-Alcohol 
Nanodroplets

Abstract:

We generate aqueous-alcohol aerosols in a supersonic nozzle with overall
mole fractions of the short-chain alcohols n-propanol and n-pentanol up
to 0.08 and examine how the freezing process changes relative to that of
pure water. Condensation and freezing are characterized by two
complementary techniques, pressure trace measurements and Fourier
transform infrared spectroscopy. When an alcohol is present condensation
occurs earlier in the expansion, largely due to the decrease in interfacial
free energy of the binary critical clusters relative to the pure water critical
clusters. FTIR results suggest that when 12 nm particles freeze, the
tetrahedral structure of the ice core is well preserved for overall alcohol
mole fractions up to 0.031 for n-propanol and 0.047 for n-pentanol. For
n-propanol, ice nucleation is systematically delayed, and the rate is
gradually reduced as the alcohol mol fraction increases. In contrast, the
freezing kinetics are not altered for n-pentanol until mole fractions reach
~0.04. For nanodroplets with comparable bulk concentrations, n-pentanol
perturbs the ice freezing process more than n-propanol, consistent with
pentanol's longer alkyl chain length.

Keywords: freezing, water, alcohols
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E.2 Investigating homogeneous nucleation of  
propane and n-butane in supersonic nozzle 
expansions

Abstract:

Supersonic separators have been proposed as a more environmentally
friendly separation method than membrane, absorption, and adsorption in
the separation processes of natural gas. From a technical perspective,
understanding the non-equilibrium vapor-liquid phase transitions of n-
alkanes is essential to the development of these devices. Homogeneous
nucleation rates have been measured in supersonic nozzles for n-alkanes
down to n-pentane. Thus, n-butane and propane are the next logical
candidates to improve our understanding of vapor-liquid phase transitions
of short-chain alkanes from both the experimental and theoretical points
of view. All experiments use argon as the carrier gas. Pressure Trace
Measurements (PTMs) are used to estimate the temperature, pressure,
mass fraction of condensate, flow velocity, and area ratio of flow. The
conditions corresponding to the onset of condensation and the
characteristic times required by the phase transition are presented and
discussed for n-butane and propane.

Keywords: Phase transition, Supersonic nozzle, Condensation, Aerosols

Presenter: Jiaqi Luo

Advisor(s): Dr. Barbara Wyslouzil

Email: luo.998@osu.edu

Year of  graduation: 2023

Nanomaterials & Aerosol Technology

2020 Graduate Research Symposium | Chemical and Biomolecular Engineering Department

28



2020 Graduate Research Symposium 

GRS Organizing Committee

Dishari Basu

Anagha Hunoor

Anuj Joshi

Archit Datar

Ashwin Kane

Elizabeth Jergens

Faiz Khan

Kalyani Jangam

Naitik Choksi

Rushikesh Joshi

Sai Vivek Prabala

Shraavya Rao

Sonu Kumar

Vyom Thakker

Faculty & Staff Acknowledgments

Dr. Umit Ozkan

Dr. Nicholas Brunelli

Dr. Jessica Winter

Angela Bennett

Scott Osborne

Sean Gallagher

Susan Tesfai

Wenda Williamson


