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Full Bloom

Hello,

Like the dandelions at our Coleraine facilities, NRRI is in full bloom. Our emerging collaborations with
national labs, especially the Dept. of Energy's National Renewable Energy Lab, has our staff firing on all
cylinders. And that's on top of our busy workaday research world!

It's NRRI's integrated, strategic initiatives that are propelling project activity. Our secret sauce is the
interdisciplinary, collaborative approach that's driving solutions to complex challenges. From monitoring
the tiniest freshwater creatures to building strategic alliances to combat climate warming emissions --
NRRI is, as ever, focused on the future.

Please consider sharing this newsletter with friends and colleagues.
June Breneman

\}M—L/ Editor, Marketing & Communications Manager

nrriinfo@d.umn.edu
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Where rubber hits the...taconite

Larry Zanko monitors the dynamic friction tester on a stretch of Munger Shaw Road near Duluth.

June Breneman
Jun 6, 2024

NRRI tests waste rock as a safe and readily available high friction
road aggregate.

A lot of planning, testing and innovation goes into something you might not even think about much — the
road under your tires. Except, of course, when the surface is slick with rain or snow. Then, it's all you can
think about while driving.

Roads that need high friction to grip tires — interchange ramps, bridges, steep grades — are often
surface-treated with calcined bauxite, a very hard, manufactured aggregate. China is a primary producer
of calcined bauxite for road surfacing. Raw bauxite is a soft material with a high alumina content, but it's
made super hard by calcining (kiln-firing) at 3,000 degrees F and then shipped to the U.S. It works great
(think sandpaper grit), but is obviously an expensive and energy-intensive product with a high carbon
footprint.

So NRRI is testing a readily available Minnesota material against bauxite on a stretch of road near Duluth.
The aggregate is already mined and sitting in waste piles on the Iron Range — taconite tailings. And after
three years of testing, the taconite is holding its own as a high friction aggregate, but winning
hand-over-fist in cost and energy efficiency.

Photo left: UMD Engineering student Manik Chakraborty uses the
British Pendulum friction tester on a stretch of Munger Shaw
Road near Duluth.

“We did this side-by-side comparison, with untreated pavement,
calcined bauxite-treated and four mixtures with taconite on about
a mile-long stretch of road,” said Larry Zanko, recently retired
NRRI geologist and now consultant on the project. “And that
harsh winter of 2022-23 really tested it. We know that snowplows
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create the most wear on roads, and that winter there were about 100 snowplowing events.”

Meeting the Standards

Standardized ASTM friction testing equipment is used by Zanko and project lead Mihai Marasteanu,
professor at the UMN Twin Cities Department of Civil, Environmental, and Geo-Engineering .

Twice a year, the researchers visually inspect the road surface. Then, the tools come out. A British
Pendulum friction tester swings across the wetted road surface and measures how much the pavement
surface slows the pendulum down, recording a friction number.

Another tool is reminiscent of an old record player — and about the same size. The Dynamic Friction
Tester has a rapidly rotating disk that spins up to 40 miles per hour and is then dropped on wetted
pavement. It measures how long it takes for the road surface to stop the spin.

A third test is a Minnesota Department of Transportation “skid trailer” fitted with full-scale tires. The trailer
is pulled by a pickup truck and brought up to full speed -- 40 mph -- before the brakes are slammed on to
measure skid resistance. Again, with water applied ahead of the tires to simulate a slick roadway.

“This is how all pavement testing is done, using ASTM standard methods,” explained Zanko. “So we’re
putting our taconite road aggregate up against a standard surfacing material.”

What they’ve found is that the taconite tailings are performing very nearly as well as the calcined bauxite.

Life Cycle Analysis

NRRI Materials Scientist Matt Aro conducted a cradle-to-gate life cycle assessment to compare the
taconite aggregate against bauxite for ecosystem and resource impacts.

Given that the taconite is already mined and crushed for the taconite pellet-making process, there’s
already considerable energy savings. Optimal Aggregate LLC, which supplies the taconite, has built a
business around gathering up the waste rock, drying it, screening it for size and bagging it. And, of
course, it's not shipped internationally.

According to the report, the comparative analysis showed that the taconite tailings-based friction
aggregate had between 55 percent (Ecosystems) and 31 percent (Resources) fewer impacts than the
calcined bauxite-based High Friction Surface Treatments across all impact categories. And when
aggregate production alone is considered, the assessment showed that calcined bauxite’s impacts were
orders of magnitude greater than taconite across all impact categories.

Zanko’s research has also confirmed that the taconite friction aggregate is chemically inert, so its
environmental impact is negligible.
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Keep ‘er movin’

Marasteanu and Zanko were given a one year extension to add yet another testing apparatus to the road
surface. A company called WDM that specializes in road testing equipment will bring their SCRIM —
Sideway-force Coefficient Routine Investigation Machine — to Minnesota later this summer.

“Besides friction measurement, it also continuously measures and records roughness and surface texture
at various speeds from 15 to 55 miles per hour,” added Zanko.

The goal is to ultimately confirm the performance of taconite friction aggregate as a comparably good

alternative to calcined bauxite for high and enhanced friction pavement surfacing applications that’s
domestically sourced, already mined and crushed, and lower carbon footprint.

A ‘CURE’ for the old school science lab

Eric Singsaas discusses research with students Vivi Tabor and Yasim Sandoval at their class poster presentation on April 30 at
UMD.

June Breneman
Jun 6, 2024

Biochar catalyzes first year chemistry learning experience at
UMD.

Ask a student what they want to learn, and you'll often get a shrug. How can they know what they, as yet,
don’t know?

But trigger their curiosity, let that lead them, and you have students engaging in real world research. NRRI
is helping UMD first year students unravel the mysteries of biochar by letting them lead with curiosity.

“The old teaching model for science lab results was fairly prescribed,” explained Eric Singsaas, leader of
NRRI’'s Materials and Bioeconomy Research Group. “Students are basically following a recipe with a

known outcome. They’re not allowed to see the bigger picture.”
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This course is part of a new program in UMD’s Swenson College of Science & Engineering (SCSE), and
a collaborative effort with NRRI.

“Thanks to support from the Swenson Family Foundation, we’ve established the Swenson Active &
Innovative Learning (SAIL) program,” said SCSE Dean Wendy Reed. “It's aimed at giving all of our
students, but in particular every first year student, a chance to do meaningful research in their courses.”

Photo left: Jacob Wainmann

UMD Chemistry Assistant Professor Jake Wainman initiated a Course-based
Undergraduate Research Experience (CURE) as part of the SAIL program, he went in
search of something new for the students to explore. And biochar, while not a new
substance, is undergoing experimentation in completely new ways.

“It's much more interesting when even the teachers don’t know what the outcome will be,”
Singsaas added.

NRRI developed the biochars — kiln-charred biomass — from a variety of feedstocks and at a variety of
temperatures. They also purchased some biochars off the open market. Each biochar is imparted with
different properties. Then Singsaas explained to the first-year college students that NRRI is interested in
understanding more about biochar’s ability to filter contaminants.

Professor Wainman and Singsaas developed tools of inquiry and set some guardrails, then let the
students develop their own questions. What contaminants do they want to experiment with and which
biochars?

Biochar 101

Like most folks, the students didn’t know much, if anything, about biochar. Now they can have informed
conversations with scientists — which they did at poster presentations showcasing their work in April.

For Vivi Tabor, a self-described “sciency kid,” it was an expansion on her high school experience. “I took
physics, chemistry, biology and we did some lab stuff in Advanced Placement biology,” she said.

For group mate Yasmin Sandoval, it was a launch into chemistry. “I didn’t have a strong science
background, and didn’t feel very confident even though | applied as a chemistry major,” she admitted.
“Now with these two semesters, | feel a lot more confident
because of this class.”

Photo right: Bri Bebee listens as fellow team member
Jonathan Kelpe explains their project at a poster
presentation on April 30.

Their team is testing different biochars for filtration of heavy
metals — chromium, copper and nickel. They're now familiar !
with titrations, spectrophotometers and data analysis... and
dealing with tight deadlines.
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“It was overwhelming at first,” Tabor admitted, “a huge learning curve. But now | really want to learn more
about how to use Excel spreadsheets.”

Brianne Bebee did a bit of reading up on biochar before starting lab work with her team. “It was so
interesting in how it can grab onto cations and hold them back,” she said.

They decided to focus their experiments on the adsorption of bismuth and magnesium in two different
biochars. And their first runs weren’t successful.

“So it's given me more realistic expectations of working in a lab,” said Bebee. “This project has definitely
broadened my horizons.”

Early Start

So while inquiry-based learning started developing in the 1960s, Wainman’s students are doing research
relevant outside of the classroom. Most professors introduce this opportunity much later in the college
career, but these UMD students are in their first year, even first semester.

And Wainman thinks the engagement level at such an early stage of their education is striking.

“There’s a lot of excitement in the room when they realize they get to take the reins and determine their
destiny,” he said. “We’ve noticed an increase in students’ excitement for spending time in the lab, and a
real sense of ownership over their projects.”

With the success of this pilot implementation of the CURE program, plans are to scale up to involve even
more students in the next academic year. This year’s class of about 50 will grow to some 300 students
following the CURE lab model.

Singsaas and Wainman also submitted a paper to the Journal of Chemical Education, slated for
publication later this year.

“We hope this will lead other institutions to adopt a similar approach to their chemistry laboratory
courses,” Wainman added.

And whether or not biochar becomes part of these students’ futures is yet to be seen. “But they all

understood the principles of what they were supposed to be learning,” Singsaas added. “It wasn’t about
getting the ‘right’ answer, but understanding the overall principles.”
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Meet the Researcher - Neda Amanat

June Breneman
Jun 6, 2024

Post-doc explores treatment techniques for PFAS in food waste to
remove roadblocks to energy production.

By now, everyone’s heard of the acronymic suite of chemicals, PFAS. Long-term exposure to these per-
and polyfluoroalkyl substances, often called “forever chemicals,” can lead to a variety of human health
impacts. In April, news headlines stated that 23 Minnesota drinking water systems were found to exceed
the limits set by the Environmental Protection Agency.

But in addition to water systems, PFAS are also lurking in food sources. PFAS in packaging materials can
also find their way into our food supply.

The health implications are bad enough, but that also means food waste can continue to spread the PFAS
problem. And it's a growing problem because food waste is increasing. The amount of food wasted each
year is projected to rise by a third by 2030, according to Boston Consulting Group.

But the opportunity in that waste — aside from the nutrients not getting into human bellies — is turning it
into an energy source via anaerobic digestion. Among conventional food waste treatments, anaerobic
digestion yields the highest primary energy production while maintaining net-negative emissions of
greenhouse gasses. Additionally, the residual digested solids are rich in nutrients, representing a potential
source of sustainable fertilizer.

However, PFAS present in food waste do not degrade during anaerobic digestion. This represents a
potential roadblock, as application of PFAS-contaminated fertilizers to soils could spread the chemicals to
the environment.

One potential solution is to follow anaerobic digestion with a thermal treatment process, such as

hydrothermal liquefaction or pyrolysis. Previous studies have shown these technologies may be effective
for degrading PFAS.
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And this is the research driving the passion of postdoctoral associate Neda Amanat. She came to NRRI to
develop an innovative approach to reuse resources and remediate PFAS in food waste using thermal
treatment.

"My goal is to understand the effectiveness of a novel food waste treatment train approach,” said Amanat.
“We’re including anaerobic digestion followed by thermal treatment to generate renewable biogas as well
as nutrient-rich soil amendments that have been remediated for PFAS.”

She believes that the substantial concerns surrounding PFAS contamination make this project important
globally.

Global Student

Amanat began her college career in chemical engineering at Shiraz University in Iran, then moved to Italy
to continue her studies. She began her postdoctoral research at Sapienza University in Rome before
coming to Minnesota and NRRI in January 2023.

She’s intrigued by the challenge of navigating research that is poorly represented in existing literature.
“But that's also what makes the work interesting and rewarding,” said Amanat. “I enjoy contributing to a
deeper understanding of overlooked or emerging topics and shedding light on areas that warrant further
exploration.”

Her research is funded by the University of Minnesota MnDRIVE program — Minnesota's Discovery,

Research, and InnoVation Economy — through the Research and Innovation Office. The project wraps up
this year.

Collaborations

Expertise within NRRI and the University’s research enterprise have greatly informed Amanat’s research.
NRRI’s Eric Singsaas and Brian Barry in the Materials and Bioeconomy group are providing technical
input regarding the thermal treatment technologies. And, NRRI Mechanical Engineer, Kory Jenkins,
provides essential expertise in technical and safety manufacturing techniques.

On the Twin Cities campus, a collaboration with the College of Food, Agricultural and Natural Resource
Sciences is providing expertise from the Department of Bioproducts and Biosystems Engineering.

“Professor Bo Hu provides technical assistance regarding the reutilization of food waste through
anaerobic digestion,” said Amanat.

Off Hours

When she’s not socializing with friends, or enjoying nature on hikes, Amanat loves to travel.

“I love to learn about new cultures and meet new people,” she said. “Right now I’'m planning a trip to
California.”
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One Last Thing

L. Johnson receives SFS Career Award

The Society for Freshwater Science announced in April that it will present
its 2024 Career Award for Environmental Stewardship to NRRI aquatic
and landscape ecologist and Senior Research Fellow, Dr. Lucinda B.
Johnson.

Photo left: Dr. Lucinda Johnson
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NRRI Organization Overview

NRRI was created by the MN Legislature in 1983 to deliver applied research informing environmental
stewardship and economic development of the state’s natural resources. It is a nationally unique model
for integrated research focused on three strategic initiatives: Ecosystem Resilience, Future Forest
Industries, and Iron and Minerals of the Future.

As part of the University of Minnesota system research enterprise, NRRI employs over 140 scientists,
engineers, technicians, staff and students in two industrial research facilities. Through collaborative
partnerships, we deliver the innovative tools and solutions needed to utilize and sustain Minnesota’s
valuable natural resources.

Find out more: NRRI website « Facebook * X « Instagram ¢ YouTube * LinkedIn

NRRI Facilities Overview

NRRI has extensive laboratory capabilities to discover and deliver at the bench-to-pilot scales, reducing
risk inherent in commercializing innovations.

NRRI Duluth has 19 labs that address the needs of land, wildlife, water and minerals research, as well as
several technology development labs and the LP Innovation Center, developed in partnership with LP
Building Solutions.

NRRI Coleraine, a former U.S. Steel R&D facility, is a 27-acre industrial-scale site that was acquired in
1986. The minerals processing and metallurgy labs provide bench to pilot-scale research to broaden the
state’s portfolio of ore resources while impacting process efficiencies and improved production of taconite.
The engineered biocarbon product development lab tests processes for converting a variety of biomass
into fuel and carbon materials up to commercial demonstration scale.

NRRI Fens is a 425-acre property near Zim, Minnesota, was acquired in 1986 to restore its function as a
valuable peatland and fens bog after being drained in the 1950s for farmland. Decades of effort have
restored the peatland - nature’s most effective carbon sequestration solution - and the restoration credits
were sold to state agencies. Ongoing research on the site will continue to inform successful peatland
restorations across the nation.

NRRI Mission

Deliver integrated research solutions that value our resources, environment and economy for a
sustainable and resilient future.

NRRI Vision

Discover the economy of the future.
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