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UT Student Poster Presentation at February Meeting

University of Tennessee Chemical and Biomolecular Engineering PhD candidate, Bo Zhang, will
present a poster on his research, titled: A study of diblock copolymer/charged particle nanoporous
membranes: morphology, design, and transport property modeling, at the February meeting of the
Knoxville-Oak Ridge Section of AIChE. You are invited to either come at 5:30 p.m. or stay after
the regular meeting to talk with Bo about his work.

Abstract - Nanoporous materials offer new opportunities for technological development
in a wide range of applications, including oil processing, separation and concentration of
amino acids, waste water treatment, and many others. These materials were studied
theoretically at two different length scales in our research: the macroscopic level

(>100 nm) and microscopic level (< 10 nm).

In the first part, we used self-consistent field theory along with density functional theory (SCFT/DFT) to
examine the energy and morphologies of diblock copolymer systems with either a neutral or charged tethered
nanoparticle, which was attached either between the two blocks or at the end of one of the blocks. In particular,
we examined the conditions under which periodic, hexagonal arrays of cylinders could be generated wherein
the tethered particles would primarily be located within the interface between the two block domains of the
copolymer system. Different particle sizes and particle-block interactions were tested in order to understand the
particle effect on the phase diagrams, especially the critical points, stable morphologies, and system energies.

The transport properties of charged particles (especially the conductivity) through a nanoporous membrane
were also investigated following the SCFT/DFT simulation study, using continuum percolation theory, which
was inspired by Archie’s law. Theoretical predictions of this model were compared against experimental data of
conductivity for four different membranes: DuPont’s Nafion 117 (EW = 1100), Membrane C (EW = 900) of
Chlorine Engineers Corp., Japan, Dow’'s XUS 13204.10 (EW = 800), and 3M membrane developed by 3M
Corp. (EW = 1000) for different water contents and temperatures. The theoretical predictions of the model
matched the experimental data with reasonable quantitative accuracy in most cases.

Bio - Bo Zhang is currently a Ph.D.



mailto:bzhang13@vols.utk.edu
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Recap of DBorenson’s Presentation at the January Meetin

Dr. Soren Sorenson, Professor in the
Department of Physics and Astronomy
at the University of Tennessee, gave a
very interesting talk on “What is
everything made of? The quest for

the ultimate building blocks of the
physical universe ,” at the January
meeting of the Knoxville Oak Ridge
Section of AIChE. The meeting was
held at the Sunsphere and was a joint
meeting with the local section of ASM
International, who organized the
meeting. There were about 100
people in attendance; including, 39
from AIChE members, spouses, and
students.

Dr. Sorenson discussed the quest to
identify the fundamental building
blocks that make up all of the visible
matter in the universe. The first
recorded attempt to identify the
fundamental building blocks of all of
the materials on earth was by the

ancient Greeks, in the 5" century BCE.

Democritus and Leucippus proposed
that matter was composed of
indivisible particles called atomos,
meaning indivisible, from which the
modern word "atom" is derived.
Empedokles proposed that four
different elements, namely water, air,
fire and earth could be combined in
different ways to produce the various
forms of matter.

Although some of the elements
(atoms) were know in ancient times,
most were identified in the 18" and
19" centuries. In 1869 Dmitri

Mendeleev arranged the 63 elements
known at that time into the first
modern periodic table, and correctly
predicted several unknown elements,
based on empty blocks in his table.
Although the elements were the
building blocks of all of the materials
on earth, there were so many of them
that they were not very satisfactory as
fundamental building blocks.

In the 20™ century, atoms were found
to be composed of even smaller
entities: electrons, neutrons, and
protons. This was a remarkably
simple system. By taking different
combinations of just three subatomic
particles, all of the elements seen in
nature can be accounted for. It also
explained the physics underlying the
structure of the periodic table. For a
while, it seemed that the fundamental
building blocks of the universe had
been found. However, starting in the
1930s, when physicists started to
study cosmic rays, a veritable zoo of
new subatomic particles, including
antimatter particles, began to emerge.
The large number of subatomic
particles called into question whether
they were the fundamental building
blocks of matter.

In 1964, theorists Murray Gell-Mann
and George Zweig independently
suggested that all of the observed

mesons and baryons (heavy particles)

could be constructed from just three
fundamental building blocks. They
regarded these “quarks” as

mathematical constructs that were
useful for explaining the observed
data, but not necessarily as
fundamental particles corresponding
to physical reality. By the early 1970s,
detailed analyses of the distribution of
the scattered electrons from the
Stanford Linear Accelerator revealed
three scattering centers within protons
and neutrons, the first experimental
evidence that quarks were in fact real.
Physicists Jerome Friedman, Henry
Kendall, and Richard Taylor received
the Nobel Prize for this discovery in
1990. As new types of quarks and
antiquarks and also leptons
(electrons, positrons, etc.,) were
discovered, the large number again
called into question whether they were
truly the fundamental building blocks.
Dr. Sorenson mentioned String
Theory, which is one attempt to
explain the variety of quarks and
leptons that have been found, but no
experimental evidence exists to
support any of the proposed building
blocks of quarks and leptons.

(Article courtesy of Paul Taylor)

2015 Southern Appalachian Science and Engineering Fair

The 2015 Southern Appalachian
Science and Engineering Fair
(SASEF) will be held March 30 — April
2 at Thompson Boling Arena. Paul
Taylor and Mark Swientoniewski have
signed up to serve as
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Date Time |[Topic Speaker Location
Feb 19 6:00 PM |Pu-238 Supply Project — Joint with ANS Bob Wham, ORNL Rothchild’s, Knoxville TN
Mar 12 6:00 PM |Proton Therapy Niek Schreuder Rothchild’s, Knoxville TN
ModernTech, 1626
Apr 16 6:00 PM |3D Modeling and Engineering Jack Kissell, ModernTech Downtown West, Knoxville
UT Department of Chemical & Biomolecular
Apr 2 Engineering Awards Dinner Calhoun’s on the River
May 14 6:00 PM |TBD TBD McClung Museum
Chair: Kyle Mack (423)747-7947 kylematthewmack@gmail.com
Chair -Elect: Mark Swientoniewski 574-1150 swientoniem1@y12.doe.gov
Secretary: David DePaoli 574-6817 depaolidw@ornl.gov
Treasurer: Paul Taylor 574-1965 taylorpa@ornl.gov
Directors: Bonnie LaPierre 241-6521 lapierrebl@y12.doe.gov
Term 2015-2016 Stuart Daw 946-1341 dawcs@ornl.gov
Term 2015-2016 Bamin Khomami 974-2421 bkhomami@utk.edu
Term 2014-2015 Michael Aident 441-5354 michael.aident@idi-tn.com
Term 2014-2015 Sharon Robinson 574-6779 robinsonsm@ornl.gov
Membership: Paul Taylor 574-1965 taylorpa@ornl.gov
Newsletter: Paula George 576-0603 georgepm@ornl.gov
Editor/Webmaster: Ben Lewis 574-4091 lewisbejr@oml.gov
E-mail: aiche-chat@chem.engr.utk.edu
Website
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