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Monteith served as
dean of engineering
from 1978 to 1989 and
then as chancellor from
1989 until his retirement
in 1998. McKinney left
his position as dean of
the School of Design

in 1988 to serve as a

special assistant to
the chancellor leading
development of

Centennial.
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A NEW KIND OF CAMPUS

1991 was an important year for Centennial Campus.

North Carolina Gov. James B. Hunt Jr. established
Centennial on Dec. 19, 1984, by allocating 355 acres from
the Dorothea Dix Hospital property. The new campus
was named in honor of NC State’s centennial in 1987.

By 1991, more land had been added to the campus and
a master plan developed. That year, Research Building
I, the first building on campus, was completed and the
College of Textiles opened its new home there. ABB
became Centennial’s first corporate tenant that same
year.

In this photo taken that year, from left, Dr. Jerry L.
Whitten, Claude E. McKinney, Dr. Ralph K. Cavin Il and
Chancellor Dr. Larry K. Monteith look over a model of
early buildings on the campus.

Cavin was head of

the Department of
Electrical and Computer
Engineering and served
as dean of engineering
from 1994 to 1996.
Whitten is a former dean
of the College of Physical
and Mathematical
Sciences and now a
professor emeritus

in the Department of
Chemistry.

Today, the thousand-

acre campus is home to
76 industry, government and nonprofit partners and 75
university centers, institutes and departments.

The College will continue its move to Centennial with the
opening of Fitts-Woolard Hall, the newest engineering
building on the campus, in summer 2020. Fitts-Woolard
Hall will be the new home of the Department of Civil,
Construction, and Environmental Engineering; the
Edward P. Fitts Department of Industrial and Systems
Engineering; and the dean’s administration. With

its opening, eight of the College’s nine academic
departments will call Centennial home.

Fitts-Woolard Hall represents a new paradigm for NC

State, using a public-private partnership to fund the

construction of an academic building.

Learn more about what's happening on Centennial
Campus in our Q&A on page 2 and about how you can
support construction of Fitts-Woolard Hall on page 32.
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IN OUR LABS

Explore the spaces where our engineering faculty members work. In this issue,
visit the subsonic and supersonic wind tunnels in the Department of Mechanical

and Aerospace Engineering.

BETTER BY DESIGN

Senior design continues to be an important part of engineering undergraduate

education and provides benefits both to students and sponsoring companies.

CHARGING UP

Research within the College is breaking down barriers to wider adoption of

electric vehicles.

A FACILITY LIKE NO OTHER

NC State’s on-campus nuclear reactor was the first of its kind and it continues to

be one of the most innovative and most used teaching reactors in the world.

AFTER THE STORM

Engineering faculty members and students conducted research after Hurricane

Florence hit North Carolina to help ensure a stronger response to the next storm.
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QUESTIONS FOR DENNIS KEKAS

Dennis Kekas is NC State's associate vice chancellor of

Alumna
blasts off
for the ISS

: ’ Engineering
5 graduate Christina
Hammock Koch
What makes Centennial unique among research campuses in the United States? e launched from

On Centennial Campus, leaders in industry and government work side by side with university researchers . the Baikonur
and students to solve some of society's biggest challenges. Centennial is a true live-work-play-learn
community, offering a mix of corporate and university buildings, housing and dining, and outdoor

partnerships and economic development, where he oversees
industry and government partnerships, including those on
Centennial Campus. As the College continues its move to

Centennial, we asked him about what makes it a great campus.

Welcome to the spring 2019 issue of NC State Engineering Cosmodrome

) |

magazine. While our engineering departments still provide the in southern
Kazakhstan on March 14, bound for the
International Space Station.

amenities, such as a championship golf course, walking and biking trails, a hotel and conference
center, and a public lake.

'a, g underlying framework of our College, increasingly, the practice

L=

of engineering and engineering education is driven as much or
more by cross-cutting societal challenges and the solutions they Koch, who holds bachelor’s degrees
What are some recent successes for the campus that you'd like to highlight?
Last spring, NC State was named the first university IBM Quantum Computing Hub in North
America, joining a global network of top Fortune 500 companies, national research labs and
leading universities to advance quantum computing. NC State, in partnership with IBM,

established a membership-based hub, enabling access to IBM's commercial quantum

need, as it is by traditional engineering disciplines. This reality has in physics and electrical engineering

made interdisciplinary work a focus of engineering education and and a master’s degree in electrical

LOUIS A. MARTIN-VEGA research at NC State. engineering, is expected to spend six

In this issue we highlight examples of interdisciplinary months in orbit. It will be the culmination

endeavors which have contributed to our increased prominence among Colleges of Engineering of nearly six years of training since she

computing devices, including the most advanced and scalable universal systems available. nationwide. This includes faculty in our UNC/NC State Joint Biomedical Engineering Department was selected as one of NASA's eight

What impact will eventually having the entire College of Engineering located on

Quantum computing has the potential to solve problems currently intractable with

classical computing. Another example came last year when leading apparel company VF
Corporation announced a long-term, strategic partnership with NC State and opened an

innovation center on Centennial to collaborate with our researchers and students.

Centennial Campus have?

While NC State is one of the top producers of engineers and computer scientists in the
U.S., demand has never been higher, and that is only expected to continue. By unifying
the College on Centennial, NC State will continue to produce a future-ready workforce
and create jobs by developing new technologies, launching new companies and bringing

cutting-edge products to market.

What types of companies have a presence on Centennial Campus?

Centennial is home to more than 70 companies, government agencies and nonprofits,

ranging from early-stage startups to large enterprises listed on Forbes’ Global 1000.

For example, global technology company LexisNexis started with 150 employees on
campus in 2014 and has more than 700 today. Much of their growth is a result of hiring
our graduates. Also, Eastman Chemical Company has invested more than $16 million in
its partnership with NC State, with a significant ROI. Their partnership is heavily focused
on sponsored research — they've worked with NC State on 86 research projects in 11

departments across the University.

What are the next steps in the campus’ growth?

who are working with colleagues and graduate students in biomolecular science and veterinary
medicine to develop a new system that could save the lives of heart attack victims.

You'll also learn about research targeted on fighting antibiotic-resistant pathogens that are
causing a significant threat to public health. This research team includes a faculty member with
joint appointments in the Departments of Materials Science and Engineering and Chemical and
Biomolecular Engineering working with faculty in biological sciences and chemistry.

At the College level you can also see it in research centers we lead that are addressing large
areas of societal need, such as the NSF ASSIST Engineering Research Center creating wearable
personal health monitoring devices, and our two Department of Energy centers focused on nuclear
nonproliferation and creating the next generation of light water nuclear reactors.

At the University level the Chancellor’s Faculty Excellence Program has brought more than 75
new faculty members to NC State to work across academic disciplines in clusters that focus on
important research areas. Engineering faculty members are leading clusters in carbon electronics;
global water, sanitation and hygiene; and sustainable energy systems policy.

This interdisciplinary and collaborative spirit is what also makes Fitts-Woolard Hall so special.
Our newest engineering building on Centennial Campus will bring together the Department of Civil,
Construction, and Environmental Engineering and the Fitts Department of Industrial and Systems
Engineering. This will allow their faculty and students to more easily collaborate with each other
and other engineering departments, the College of Textiles and the 76 industry, government and
nonprofit partners located on Centennial Campus. In this issue you will learn more about what a
remarkable building this will be as well as our request that you continue to support our fundraising
efforts to complete this transformative facility without placing a financial burden on your College of
Engineering.

We trust that our efforts make you prouder every day to be an alumni or friend of NC State's

astronauts in the Class of 2013.

As a child, Koch dreamed of becoming
an astronaut. At NC State, she received
encouragement from faculty mentors in
both physics and electrical engineering
and did summer undergraduate research
in an astrophysics lab.

“As | grew up in Jacksonville, North
Carolina, there weren’t necessarily a lot
of engineers that | saw on a daily basis,”
she said in an interview before the
launch. “Somehow, though, | got it into
my head that | wanted to be an engineer.
So | hope | can be an example to people
who might not have someone to look at
as a mentor that it doesn’t matter where
you come from or what examples there
might be around you, you can achieve
whatever you're passionate about.” =

“...it doesn't matter where you
come from or what examples

Fitts-Woolard Hall, which broke ground last year, will provide critical infrastructure for the
College, and help attract more businesses and industries to North Carolina. Starting construction
this year, the Plant Sciences Initiative Building brings together the state’s agriculture community

College of Engineering. Thank you for your support and we encourage you to stay in contact with us.

there might be around you, you
can achieve whatever you're
passionate about.”

Sincerely,

et

Louis A. Martin-Vega, Ph.D.

Dean

and biotech industry to support our farmers in feeding a growing global population. By
. . . S . CHRISTINA HAMMOCK KOCH
developing new methods to increase yields, enhance sustainability and extend growing
seasons, it will have a significant impact on global food production. The next mixed-use

development will be multi-phase, with lab, office, retail, residential and innovation space. =
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PACK POINTS

&) NC STATE
DAY OF GIVING

03.27.19

INAUGURAL DAY OF GIVING A SUCCESS FOR THE COLLEGE

PACK POINTS

FUNDING WILL HELP UNDERREPRESENTED STUDENTS
PURSUE STEM DEGREES

4

ON MARCH 27, NC State University
hosted its inaugural Day of Giving —

a 24-hour fundraising campaign to
maximize support for the University

— and the College of Engineering’s
alumni, students and friends rose to the
challenge and did the extraordinary.

The College raised $1,972,851 from
1,564 gifts, and it received more gifts
than any other college or program and
raised the second-most dollars overall.

These gifts support innovative
research, scholarships, study abroad
and other educational programs for
student engineers and the College's
state-of-the-art facilities.

“| want to thank each and every
one of you who helped us with our
first annual Day of Giving,” Dean
Louis Martin-Vega said. "This was a
wonderful day for all of us.”

Within the College, the nine
academic departments competed
to win a share of $15,000 from
Martin-Vega based on the number

| www.engr.ncsu.edu

of gifts received. The Department of
Mechanical and Aerospace Engineering
(MAE) took home the top prize with 428
gifts, followed by the Edward P. Fitts
Department of Industrial and Systems
Engineering (ISE) with 289 gifts and the
Department of Civil, Construction, and
Environmental Engineering (CCEE) with
172 gifts.

Additionally, the NC State
Engineering Foundation Board of
Directors awarded $11,000 in prize
money after Day of Giving based
on a percentage of participation by
department alumni.

Throughout the day, the College
competed in the Red Division
Leaderboard against five other colleges
and programs. NC State's engineering
community kept the momentum going
by using the #GivingPack hashtag on
social media and helping the College
win several giving challenges, including
both of the Most Gifts Challenges,

a competition to see which college

received the most gifts at a designated
hour. The College also won the First
Gift Challenge when an ISE student
was the first to make her gift at 12 a.m.,
as well as the Out-of-State Challenge,
receiving the most gifts from outside
North Carolina.

The College’s faculty and staff took
part in the spirit of the day, celebrating
and encouraging gifts of all sizes. MAE,
ISE and CCEE all hosted well-attended
Day of Giving events that evening to
continue the fun.

The highest single gift of the day
was a $1 million gift, and the farthest
gift came from Singapore. Of the 1,564
gifts, almost two-thirds — 994 gifts —
were from College alumni.

In a video posted after the event,
Chancellor Randy Woodson thanked
those who made gifts, saying he was
proud of what donors helped NC State
accomplish. The University in total raised
more than $13.5 million from more than
10,000 gifts on Day of Giving. =

NC STATE IS THE RECIPIENT of
funding from the National Science
Foundation (NSF) to support the Louis
Stokes Alliance for Minority Participation
(LSAMP) Bridge to the Doctorate (BD)
Fellowship program.

Funding from this award helps
support graduate students from
domestic underrepresented minority
backgrounds who are pursuing graduate
studies in science, technology,
engineering and mathematics (STEM)
programs at the University.

NC State is one of seven University
of North Carolina System schools that
are part of the North Carolina LSAMP
program, joining Fayetteville State
University, North Carolina A&T State
University, North Carolina Central
University, UNC Chapel Hill, UNC
Charlotte, UNC Pembroke and Winston-
Salem State University.

“This bridging program allows
students who are interested in STEM
to not only work toward a doctoral
degree, but also to receive the tools to
be successful not only academically, but
also in their profession and beyond,”

said Dr. Joel Ducoste, director of

college graduate student recruitment
and advancement and professor in the
Department of Civil, Construction, and
Environmental Engineering. “As the
name implies, it bridges undergrads
to Ph.D. and helps with the career
development process and answering

“This is a wonderful
opportunity for NC State to
do its part in broadening
participation and making
the College more inclusive
to all people.”

DR. JOEL DUCOSTE

students’ unknown questions on what
they should be engaged with while on
the road to being a scholar and expert in
their chosen field.”

Starting in fall 2019, the LSAMP BD
Fellowship will support 12 students
with a stipend of $32,000 annually for
the first two years; tuition, fees and

student health insurance waiver for the
first two years; continued funding at unit
level for up to three additional years for
qualified Ph.D. candidates; personalized
mentoring; up to $4,000 in travel
funding for professional conferences;
links to research and professional
opportunities; enriched academic
services and support; a summer
orientation program; and academic and
research enhancement.

Ducoste, who has been leading
recruiting efforts for the program since
fall 2018, feels the recruitment process
has gone well and is looking forward to
working with the incoming students.

“This is a wonderful opportunity for
NC State to do its part in broadening
participation and making the College
more inclusive to all people,” he said.
“Programs like this are the first step
in creating an environment in which
everyone feels welcome and helps
contribute to the greater good. The
power and ideas coming from this aids
in shaping the future innovators of the
world and transforming the impossible
to more of what's possible.” =
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WASHINGTON
DC INTERNSHIP
PROGRAM
INTRODUCES
STUDENTS TO
POLITICS

6

MANY ENGINEERING STUDENTS
never consider a future career in politics
or public policy, even though their
expertise can often be critical. A new
seven-week Washington D.C. internship
program piloted by Dean Louis Martin-
Vega and John English, engineering
dean at the University of Arkansas, aims
to change that.

During the internship, students gain
valuable experience while helping with
research on policy proposals related
to engineering and working on typical
congressional intern tasks, such as
giving Capitol tours or organizing mail.
Their engineering knowledge gives them
a unique perspective on issues facing
the country, while they also get to learn
about how the policymaking process
works.

Last year, NC State sent four students
to D.C. for the first summer of the
internship program. Students receive
a $3,000 stipend, free room and board
and transportation to D.C. and back at
the end of the program.

In 2018, Tyler Conrad, a junior
industrial engineering major, and
Claire DeCroix, a sophomore chemical
engineering major, interned in
North Carolina Rep. David Rouzer's
office. Abby Kinlaw, a sophomore
environmental engineering major, and
Jansen Quarandillo, a sophomore
construction engineering major, interned
with the House Transportation and

| www.engr.ncsu.edu

Infrastructure Committee chaired by
Pennsylvania Rep. Bill Shuster.

All four students shared that they were
excited to live in D.C. for a summer and
to get a chance to see how Congress
operates.

Conrad said he felt well prepared to
assist with policy and campaign research,
thanks to the research he does in his NC
State classes.

“It's important for engineers to
be engaged in politics because new
innovative technology brings with it
new challenges,” he said. “There will
need to be certain laws surrounding that
technology in order for it to be effectively
introduced to the public.”

Kinlaw also drew parallels between the
research she did during her internship and
the problem-solving mindset she uses in
her engineering classes.

ABBY KINLAW
TR

"I think it's very key for engineers
to be more directly engaged in politics
if we want to increase awareness and
understanding of — and action on —
the complex and increasingly difficult
problems facing us in the future,” Kinlaw
said.

The internship program also helped
the students build up their networks
and improve their communication
skills. Students were able to attend
congressional hearings and meetings
and, outside their working hours,
they went to lectures and toured D.C.
landmarks.

"It showed a different side of
engineering,” DeCroix said. “We get kind
of wrapped up in our technical world and
classes, and it was really nice to be in a
different kind of atmosphere and to share
our knowledge.” =

“At this point, the Al
correctly identifies the
forams about 80 percent of
the time, which is better
than most trained humans.

DR. EDGAR LOBATON

H

RESEARCHERS HAVE DEVELOPED
an artificial intelligence (Al) program
that can automatically provide species-
level identification of microscopic
marine organisms. The next step is to
incorporate the Al into a robotic system
that will help advance our understanding
of the world'’s oceans, both now and in
our prehistoric past.

Specifically, the Al program has proven
capable of identifying six species of
foraminifera, or forams — organisms that

have been prevalent in Earth’s oceans for
more than 100 million years.
Forams are protists, neither plant
nor animal. When they die, they leave
behind their tiny shells, most less than
a millimeter wide. These shells give
scientists insights into the characteristics
of the oceans as they were when
the forams were alive. For example,
different types of foram species thrive in
different kinds of ocean environments,
and chemical measurements can tell
scientists about everything from the
ocean'’s chemistry to its temperature
when the shell was being formed.
However, evaluating those foram
shells and fossils is both tedious
and time consuming. That's why an
interdisciplinary team of researchers,
with expertise ranging from robotics
to paleoceanography, is working to
automate the process.

PACK POINTS

ARTIFICIAL
INTELLIGENCE
CAN IDENTIFY
MICROSCOPIC
MARINE
ORGANISMS

"“At this point, the Al correctly identifies
the forams about 80 percent of the
time, which is better than most trained
humans,” said Dr. Edgar Lobaton, an
associate professor of electrical and
computer engineering and co-author of a
paper on the work.

“But this is only the proof of concept.
We expect the system to improve over
time, because machine learning means
the program will get more accurate and
more consistent with every iteration. We
also plan to expand the Al's purview, so
that it can identify at least 35 species of
forams, rather than the current six.”

The current system works by placing
a foram under a microscope capable of
taking photographs. An LED ring shines
light onto the foram from 16 directions
— one at a time — while taking an
image of the foram with each change in
light. These 16 images are combined to
provide as much geometric information
as possible about the foram's shape. The
Al then uses this information to identify
the foram’s species.

Dr. Ritayan Mitra, a former postdoctoral
researcher at NC State, is lead author of
the paper. Co-authors include Qian Ge
and Boxuan Zhong, Ph.D. students at NC
State, and Bhargav Kanakiya, a former
master's student at NC State. =
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STUDENTS LEARN ABOUT GRAND CHALLENGES IN E102

FIRST-YEAR ENGINEERING
STUDENTS are getting a better idea
of what kind of impact they can make
with their degrees — and a more
thorough understanding of the College
of Engineering’s degree programs —
through a newly required course, E102:
Engineering in the 21st Century.

E102 not only builds on what
students learned in E101, Introduction
to Engineering, but also introduces the
14 Grand Challenges for Engineering
and goes into more depth on the
College’s 18 degree programs and 12
departments. In 2008, the National
Academy of Engineering announced
the Grand Challenges, which focus on
the problems that need to be solved to
perpetuate life into the next century.
These Grand Challenges include
advancing personalized learning,
developing better medicines, improving
urban infrastructure and providing
access to clean water.

Dr. David Parish, assistant dean of

| www.engr.ncsu.edu

academic affairs, created the course,
which has been offered for four years.
The curriculum was updated in summer
2017 to make the spring-only course
mandatory starting in 2018, and as an
interdisciplinary course, 25 percent of
the spots are available to students not
majoring in engineering.

"The course takes the big picture
of engineering and brings it down to
smaller perspectives. In E101, they all
do the same design process. But in this
class, they learn what each department
and type of engineering does, and how
it fits in with the Grand Challenges,”
Parish said.

The students start off the course by
watching a series of videos overviewing
the Grand Challenges. Then, each week,
students watch videos of NC State
faculty members explaining a Grand
Challenge and how it relates to their
department. In the next session, they
meet to discuss and ask questions.

Haley Beard and Andrew Healy, both

first-year students interested in civil
engineering, took a spring 2019 E102
section taught by Parish. Both said they
were interested in learning about the
Grand Challenges and how they can
personally have an impact on them.
Beard also said she was glad to be
getting a more detailed understanding of
the different degree programs.

“l haven't (joined a department) yet,
so it's always nice to hear about the
other departments just in case | change
my mind,"” she said.

In the first class of the semester,
Parish explained to the students that
the class will help them be certain of
their selected degree path, as it's more
difficult to change it when they start
taking specific courses related to their
degree.

Parish said that because of the
class, some students end up changing
their majors, while others are more
enthusiastic about what they've chosen
to pursue. =

BIOSENSOR
ALLOWS REAL-
TIME OXYGEN
MONITORING FOR
“ORGANS ON A
CHIP”

A NEW BIOSENSOR allows
researchers to track oxygen levels in

real time in “organ-on-a-chip” systems,
making it possible to ensure that

such systems more closely mimic the
functions of real organs. This is essential
if organs on a chip are to achieve their
potential in applications such as drug and
toxicity testing.

The organ-on-a-chip concept has
garnered significant attention from
researchers for about a decade. The
idea is to create small-scale, biological
structures that mimic a specific organ
function, such as transferring oxygen
from the air into the bloodstream in
the same way that a lung does. The
goal is to use these organs on a chip
to expedite high-throughput testing
to assess toxicity or to evaluate the
effectiveness of new drugs.

But while organ-on-a-chip research
has made significant advances in recent
years, one obstacle to the use of these
structures is the lack of tools designed
to actually retrieve data from the system.

“For the most part, the only existing
ways of collecting data on what's
happening in an organ on a chip are to
conduct a bioassay, histology, or use
some other technique that involves
destroying the tissue,” said Dr. Michael
Daniele, corresponding author of a paper
on the new biosensor and an assistant
professor in the Department of Electrical
and Computer Engineering (ECE) and in

.

the UNC / NC State Joint Department of
Biomedical Engineering (BME).

“What we really need are tools that
provide a means to collect data in real
time without affecting the system'’s
operation,” Daniele said. “That would
enable us to collect and analyze data
continuously and offer richer insights
into what's going on. Our new biosensor
does exactly that, at least for oxygen
levels.”

Oxygen levels vary widely across the
body. For example, in a healthy adult,
lung tissue has an oxygen concentration
of about 15 percent, while the inner
lining of the intestine is around zero
percent. Oxygen directly affects tissue

PACK POINTS
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function — so if you want to know how
an organ is going to behave normally,
you need to maintain “normal” oxygen
levels in your organ on a chip when
conducting experiments.

“What this means in practical terms is
that we need a way to monitor oxygen
levels not only in the organ on a chip’s
immediate environment, but in the organ
on a chip’s tissue itself,” Daniele said.

First author on the paper is Kristina
Rivera, a Ph.D. student in BME. The
paper was co-authored by Ashlyn
Young and Patrick Erb, Ph.D. students
in BME; Vladimir Pozdin, a postdoctoral
researcher in ECE; and Scott Magness,
an associate professor in BME. =
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tPA is released
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dissolve fibrin

Y-27632 is released
from FSNs to inhibit
fibrosis

NEW SYSTEM ALLOWS RAPID
RESPONSE TO HEART ATTACKS

RESEARCHERS IN THE UNC / NC
STATE Joint Department of Biomedical
Engineering (BME) have developed a
drug-delivery system that allows rapid

“Our approach would

allow health-care providers
to begin treating heart
attacks before a patient
reaches a surgical suite,
hopefully improving patient
outcomes.”

DR. ASHLEY BROWN

| www.engr.ncsu.edu

response to heart attacks without
surgical intervention. In laboratory and
animal testing, the system proved to
be effective at dissolving clots, limiting
long-term scarring to heart tissue and
preserving more of the heart’s normal
function.

"Our approach would allow health-
care providers to begin treating heart
attacks before a patient reaches a
surgical suite, hopefully improving patient
outcomes,” said Dr. Ashley Brown,
corresponding author of a paper on the
work and an assistant professor in BME.
“And because we are able to target the
blockage, we are able to use powerful
drugs that may pose threats to other

parts of the body; the targeting reduces
the risk of unintended harms.”

Heart attacks occur when a thrombus
— or clot — blocks a blood vessel in
the heart. In order to treat heart attacks,
doctors often perform surgery to
introduce a catheter to the blood vessel,
allowing them to physically break up or
remove the thrombus. But not all patients
have quick access to surgical care.

More damage can occur even after
the blockage has been removed. That's
because the return of fresh blood
to tissues that had been blocked off
can cause damage of its own, called
reperfusion injury.

To address these problems,
researchers have developed a solution
that relies on porous nanogel spheres,
about 250 nanometers in diameter,
which target a thrombus and deliver a
cocktail of two drugs: tPA and Y-27632.

A thrombus can be made of various
substances, such as platelets or arterial
plagues, but they all contain a substance
called fibrin. So, to target blockages,
each nanogel is coated with proteins that
bind specifically to fibrin. In other words,
when the nanogels reach a thrombus,
they stick.

The tPA and Y-27632 are layered inside
the nanosphere, with the tPA forming
a shell that surrounds the Y-27632. As
a result, the tPA leaks out first at the
thrombus site, allowing it to do its job
— which is to break down fibrin and
dissolve the clot.

As the tPA is released, the Y-27632
escapes the nanogel. While the tPA
targets the clot itself, the Y-27632
aims to limit the damage caused by
reperfusion injury.

Co-lead authors are Emily Mihalko, a
Ph.D. student in BME, and Ke Huang, a
Ph.D. student in the College of Veterinary
Medicine. The paper was co-authored by
Dr. Ke Cheng, a professor of biomolecular
sciences at NC State and a professor in
BME, and by Dr. Erin Sproul, a former
postdoctoral researcher in BME. =

PACK POINTS

APPROACH PAVES WAY FOR NEW GENERATION OF
ANTIMICROBIAL MATERIALS

RESEARCHERS IN THE COLLEGE
have successfully incorporated
“photosensitizers” into a range of
polymers, giving those materials the
ability to render bacteria and viruses
inactive using only ambient oxygen
and visible-wavelength light. The new
approach opens the door to a range of
new products aimed at reducing the

transmission of drug-resistant pathogens.

“The transmission of antibiotic-
resistant pathogens, including so-called
‘'superbugs,’ poses a significant threat
to public health, with millions of medical
cases occurring each year in the United
States alone,” said Dr. Reza Ghiladi,
associate professor of chemistry at
NC State and co-corresponding author
of a paper on the research. “Many of
these infections are caused by surface-
transmitted pathogens.

"Our goal with this work was
to develop materials that are self-
sterilizing, nontoxic and resilient enough
for practical use. And we've been
successful.”

“A lot of work has been done to
develop photosensitizer molecules that

*
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use the energy from visible light to
convert oxygen in the air into biocidal
‘singlet’ oxygen, which effectively
punches holes in viruses and bacteria,”
said Dr. Richard Spontak, Distinguished
Professor in the Department of Chemical
and Biomolecular Engineering (CBE) and
co-corresponding author of the paper.
“There is no resistance to this mode of
action.

“"However, the bulk of previous
work in this area has been done using
substrates — such as cellulose — that
are not practical for daily use in places
like hospitals. Our work here moves well
beyond that.”

The new approach involves
incorporating photosensitizers
into hydrophobic, semi-crystalline
elastomers, which are waterproof
and mechanically resilient — while
also allowing oxygen to access the
photosensitizers. What's more, the
distribution of photosensitizers in the
material means that it will retain its
antimicrobial properties even if the
surface of the material is scratched or
worn away.

“This is the tip of the
iceberg.”

DR. RICHARD SPONTAK

“This paper focuses on one class
of polymers, but it is a fundamental
proof of concept that demonstrates
the ability to put these photosensitizers
into a range of robust ‘soft’ materials
without sacrificing functionality,” said
Spontak, who is also a professor in
the Department of Materials Science
and Engineering. “This is the tip of the
iceberg.”

In lab testing, the researchers found
that a photosensitizer-embedded
polymer inactivated at least 99.89
percent of five bacterial strains — and
99.95 percent of two viruses — when
exposed to light for 60 minutes.

First author of the paper is Bharadwaja
Peddinti, a Ph.D. student in CBE. The
paper was co-authored by Dr. Frank
Scholle, associate professor of biological
sciences at NC State. =
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PACK POINTS

RESEARCH LOOKS
TO BACTERIA TO
HELP PREVENT
COAL ASH SPILLS

12

SPILLS OF COAL ASH from
containment ponds have caused
environmental damage to several
waterways across the Southeast.

Now, engineers from NC State have
developed a technique that uses bacteria
to produce “biocement” in the ponds,
making the coal ash easier to store and
limiting the risk of spills.

Coal ash is produced by coal-fired
power plants and is often stored in
ponds. If the walls of these ponds
fail, they can spill coal ash into nearby
surface waters — as happened in the
wake of Hurricane Florence in 2018,
in Virginia's Dan River in 2014 and in
Tennessee in 2008. These spills can

| www.engr.ncsu.edu

have significant consequences, because
coal ash contains contaminants such as
mercury and arsenic.

“QOur goal with this work was to see
whether we could use bacteria to create
a biocement matrix in coal ash ponds,
making the coal ash stiffer and easier
to contain,” said Dr. Brina Montoya, an
assistant professor in the Department of
Civil, Construction, and Environmental
Engineering (CCEE), and co-author of
two papers on the work.

Specifically, the researchers wanted to
make use of bacterial species that feed
on urea and, in the presence of calcium,
produce a stiff substance that binds
to surrounding solids. The resulting
byproduct is called biocement.

“The idea is to introduce these
bacteria — which are normally found in
soil — into coal ash ponds, along with
urea and calcium,” Montoya said. “The
resulting biocement wouldn't make the
coal ash completely solid, but it would
be a lot more viscous than the existing
coal ash slurry.”

In laboratory experiments, the

researchers found that the process
works with coal ash — the bacteria
create biocement using coal ash, and the
coal ash slurry becomes stiffer. In other
words, the coal ash mixture is much less
runny.

“This will certainly make it easier to
contain, and less likely to contribute to
pond failures that discharge coal ash into
surface waters,” Montoya said.

But the researchers are hoping that
the bacterial biocement will also have a
second benefit.

Because most coal ash ponds are
simply unlined holes in the ground,
contaminants in the coal ash can leach
into groundwater, raising environmental
and public health concerns. The
researchers are hoping that the
biocement can also trap potentially toxic
metals in the coal ash, though that work
is ongoing.

Both papers were co-authored by
Dr. Shahin Safavizadeh, a former Ph.D.
student in CCEE, and Dr. Mohammed A.
Gabr, a Distinguished Professor in the
department. =

PACK POINTS

NEW METHOD TURNS CARBON FIBERS AND NANOTUBES

INTO DIAMOND FIBERS

(a)r Before PLA

NEW RESEARCH from the
Department of Materials Science and
Engineering (MSE) has demonstrated

a technique that converts carbon fibers
and nanotubes into diamond fibers at
ambient temperature and pressure in air
using a pulsed laser method.

The conversion method involves
melting the carbon using nanosecond
laser pulses and then quenching, or
rapidly cooling, the material.

These diamond fibers could find uses
in nanoscale devices with functions
ranging from gquantum computing,
sensing and communication to diamond
brushes and field-emission displays.
The method can also be used to create
diamond-seeded carbon fibers that
can be used to grow larger diamond

structures using hot-filament chemical
vapor deposition and plasma-enhanced
chemical vapor deposition techniques.
These larger diamond structures could
find uses as tool coatings for oil and gas
exploration as well as deep-sea drilling,
and for diamond jewelry.

Previous methods used to convert
non-diamond carbon to diamond
have involved using extreme heat and
pressure at great expense with a limited
yield. Melting the carbon with laser
pulses and then undercooling it with a
substrate made of sapphire, glass or a
plastic polymer are the two keys to the
discovery, said Dr. Jagdish Narayan,
John C. Fan Distinguished Chair
Professor in MSE and corresponding
author of a paper describing the work.

| (b) After PLA I

“"Without
undercooling,
you cannot
convert carbon
into diamond
this way,”
said Narayan,

a member of
the National
Academy of
Engineering.

When heated, carbon normally goes
from a solid state to a gas. Using a
substrate restricts heat flow from the
laser pulse enough that the carbon does
not change phases.

The laser, similar to those used for
Lasik eye surgery, is used for only 100
nanoseconds and heats the carbon to
a temperature of 4,000 Kelvin, about
3,727 degrees Celsius.

NC State has filed for a patent
licensing the tec