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Upcoming Events g

September 13, 2023: Local Section Meeting: “Vinyl Chloride, Can-
cer and Technology: How Science Saved a Business” Highlights in this issue:
Dr. William F. Carroll, former ACS President; JSNN Auditorium, Greens- Page

boro September meeting 2-3
Social: 6:00, Meeting: 7 pm info

October 7, 2023: Stream Cleanup (details to follow) Local Section News 4-8

October 13, 2023: Local Section Meeting: “Minerals in meteorites: CNC-ACS Committee 9
the elemental encyclopedia of early solar system history “ Mr. An-

thony Love, Department of Geological and Environmental Sciences, Ap-
palachian State University GTCC Cline Observatory, Jamestown cam-
pus (details to follow)

October 15-21, 2023 : National Chemistry Week Theme: The Healing
Power of Chemistry (details to follow)

CNC-ACS Officers

Mr. Kent Kabler Chair kent.kabler@syngenta.com ACS
Open Chair Elect v Chemistry for Life®

Dr. Brian Kinsella Treasurer brian.kinsella@syngenta.com

CNC-ACS Website: https://cnc-acs.org/
Newsletter Editor: Bill Eberle bill.eberle@syngenta.com
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September Section Meeting

Dr. William F. Carroll, Jr. holds a B.A. in chemistry and physics
from DePauw University (1973), an MS from Tulane University in
Organic Chemistry (1975) and a PhD in Organic Chemistry from
Indiana University, Bloomington (1978). He retired from Occi-
dental Chemical Corporation in 2015 after 37 years and now
heads his own company, Carroll Applied Science, LLC.

His career has involved management of technology, commercial
development, political advocacy and environmental issues man-
agement. He has been a member of numerous panels for the
United Nations Environment Programme, including those writing
and implementing the Stockholm Convention on Persistent Organ-
ic Pollutants, a treaty ratified by over 170 countries. He currently is Chief Technical Officer for a
United Natlons Industrial Development Organization project in China under the Minamata Conven-
tion, whose aim is elimination of the industrial use of mercury.

Bill has been an Adjunct Professor of Chemistry at Indiana for almost 25 years, with activities rang-
ing from teaching courses to department career counselor, his current assignment.

He served as President (2005) and later as Chair of the Board of Directors (2012-14) of the Ameri-
can Chemical Society (ACS). As such, he is one of three living members to hold both offices. He is
a Fellow of ACS as well as the American Association for the Advancement of Science and the Roy-
al Society of Chemistry. In 2009 he was chair of the Council of Scientific Society Presidents.

Bill has received Distinguished Alumni Awards from both Indiana and DePauw, and numerous ACS
division and local section awards. He has received an honorary Doctor of Science from DePauw
and is the 2023 recipient of the ACS Charles Lathrop Parsons award.

He is active in the ACS Committee on Committees, the ACS Insurance Trust Board of Trustees, the
ACS Careers area, and is a Certified Retirement Coach. He holds two patents, has published five
books and has nearly one hundred publications in the fields of organic electrochemistry, polymer
chemistry, combustion chemistry, incineration, plastics recycling, sustainability and...popular music
history and analytics.



Vinyl Chloride, Cancer and Technology:
How Science Saved a Business

William F. Carroll, Jr. Ph.D.
ACS President, 2005; Board Chair 2012-14

On February 3, 2023 a train derailed in the little town of East Palestine, Ohio. Some of the cars
contained liquid chemicals which spilled and ignited. However, the main concern centered around
five cars of vinyl chloride which had not breached but were in the wreckage and fire zone. Even-
tually, the decision was made to vent the cars and burn off the vinyl chloride, a huge fire.

Vinyl chloride is used to make Poly(vinyl chloride) or “vinyl, ” one of the four main commodity poly-
mers manufactured in the US. Billions of pounds are made in the US every year; however, there
was a time in the 1970s when many doubted that the industry would exist at all in 1980, let alone
2023. It was in those days that the raw material, vinyl chloride, was found to cause cancer in la-
boratory animals, then in humans--specifically, four workers in polymerization operations.

This presentation reviews the East Palestine situation, the history of vinyl chloride toxicology, the
events of 1974 and 1975 when cancer cases in workers were confirmed and how this situation
became one of the landmark events in the history of industrial hygiene. Most important is what
was done by chemists and engineers in the US and abroad to modify technology and reinvent the
product and the industry along the way. Over 100 billion pounds a year of material is now pro-
duced safely using a known human carcinogen.

As a bonus, we’ll talk about the way vinyl chloride is made in China—and only in China—by a pro-
cess eliminated in most of the rest of the world 50 years ago. It depends on mercury as a catalyst
and must be phased out in the next few years under a new international treaty: The Minamata
Convention. The history of the so-called “carbide process” is a fascinating study in industrial evo-
lution.

Joint School of Nanoscience and Nanoengineering

Street address of the JSNN is 2907 E. Gate City Blvd, Greensboro, NC 27401

The front of the building, which faces a parking lot, has plenty of free parking space available



Cliff Bell passed away on June 15, 2023. Cliff was the Chair of the local section in 2013 and an
active member of the section. CIiff was hred in 1990 as a Laboratory Manager in the Department
of Chemistry at Winston Salem State University. He was instrumental in recruiting students to at-
tend WSSU and helped initiate the Department of Chemistry Alumni Advisory Board. As a member
of the advisory board, he worked to create the Herrell-Bell Scholarship. Mr. Bell retired from WSSU
in 2014.

CLIFTON EARL BELL JR.

SUNRISE: JULY 24, 1952 - SUNSET: JUNE 15, 2023

OBITUARY

Clifton Earl Bell Jr. was born to the late Clifton Sr. and Clara Kearns Bell on July
24, 1952, at St. Joseph's Hospital in Southern Pines, NC. He departed this life on

June 15, 2023, in Greensboro, NC.

His parents and sister, Jacqueline Bell Verbal preceded him in death.

After graduating from Pinecrest High School in 1971, Clifton joined the US Navy.
Following his Honorable Discharge, he continued his education to earn a BS and
MS Degree in Biology and Chemistry at North Carolina A&T State University.

For 29 years, Cliff taught Chemistry at Winston-Salem State University. Two of
the highlights of his time there were assisting with establishing a Math/Science
scholarship, with the first recipient being the daughter of a childhood friend, who
is now a veterinarian. He also established an endowment of the Harrell/Bell



Endowment at WSSU. Believing in the importance of education for young people,
he sought ways to help students succeed. In many ways, their successes were his
as well. He was an Alpha Phi Alpha Fraternity, Incorporated member and enjoyed
the brotherhood tremendously. He grew up hunting and fishing, which remained his
source of relaxation throughout his life. Just let him get a space on the boat to cast
his line, and he was a happy kid.

Clifton also had a strong belief in Christ that was nurtured at First Missionary
Baptist Church in Southern Pines, until he became an adult and went on to other
places. He served thirty years under the leadership of his older brother, Reverend
Joseph F. Kearns, at Marston First Baptist, then at Greater St. John Missionary
Baptist Church in Asheboro, NC, where he taught Sunday School, sang with the
choir, and worked with the youth. He was a member of the General Baptist State
Convention Laymen's League. And, for more years than we can count, he was
a proud member of the American Legion Department of North Carolina, through
which he served as the Revitalization Commander of Rufus McLaughlin Post 177,
Southern Pines, NC, and District 16 Commander, Department of North Carolina.
He has received several recognitions from local, State, and National Departments
for his excellence in service, always diligently working to meet goals. His heart
was in working on behalf of Veterans, assuring that they could access all available
services. His latest venture was joining forces with a local organization, Teamwork,
which serves the needs of the homeless. This partnership was to better provide
housing and other services by working together to maximize resources to serve all.
Clifton lived his adult life serving others, often through physical challenges that
never kept him from meeting an obligation. His last call to service was June 9"
when, from a wheelchair, he completed his assignment with the NC American
Legion Convention. The only thing to say is, “sun has set, shadows have come,
time has fled; scouts must go to their beds, always true to the promise they made.”

Clifton leaves, with awesome memories of great times together, his brothers,
Pinkney E. Kearns (Shirley) of Marston, NC, Reverend Joseph F. Kearns (Shirley)
of Fayetteville, NC, and Timothy Bell, also of Fayetteville; his sisters, Tessie Taylor of
Southern Pines, NC, and Dana Love (Jeffrey), of Riverview, FL.; his uncle, Halbert
Kearns (Jeanette) of Southern Pines; his aunt, Lillian Kearns of the Eastwood,
Community in West End, NC; a god-brother, Tyler Reece Jr. (Carlean); his god-
sisters, Shemise Adkins, Maria Lee, Sheila, Pam, and Pat Farmer, cousins, too
many to name; a real village of the family and friends nationwide who will really
miss our “Babs.”



ENVIRONMENT

Asphalt that’s

safer for

humans and the
environment

Asphalt surfaces emit harmful
gases throughout their life.
Researchers want to change that

PAYAL DHAR, SPECIAL TO CAEN

sphalt is used for millions of

kilometers of roads globally,

as well as sidewalks, roofs,

parking lots, and other outdoor
areas, It's used for waterproofing and
soundproofing, and in construction and
manufacturing, On top of tha, it's cheap,
€asy to repair, and 100% recyclable.

But if you've ever smelled fresh asphalt
on a newly laid road and imagined your
life being shortened by a couple of days,
that may not be too far from the truth.
Recent explorations into the volatile
emissions from asphalt are beginning
to show that roads release chemicals
that can be harmful nor just to the
environment, but also to human health
directly.

Asphalt is not a single substance. It is
a mixture of many chemicals, and there
are thousands of different asphalt mixes
designed for different budgets, levels
of traffic, environments, climates, and
existing surface structures, As a fossil
fuel product whese manufacture re-
quires temperatures of up to 350 °C, the
material has & not-insignificant carbon
footprint. According to the trade group
National Asphalt Pavement Association,
between 2009 and 2019, US greenhouse

A recent article in C&E News with some local connections . . .

gus emissions

from the manu- sample of her lab’s
facture of asphalt biochar-enhanced
mix hovered at asphalt.

around 20 million

metric tons of carbon dioxide equivalent
annually—which in 2019 would have
amounted to about 0.3% of the US total
of such emissions. (For comparison, the
US Environmental Protection Agency
estimated that commercial air trans-
portation contributed about 2.1% of US
emissions in the same year.) This esti-
mate does not account for other stages
of asphalt’s lifecycle such as transpore,
installation, and disposal.

Asphalt’s impact on humen health is a
relatively new field of study. Recent re-
search suggests that asphalt surfaces can
emit particulate air pollution and other
volatile compounds that are hazardous
to humans, Because asphalt consists of
a complex combination of tens of thou-
sands of chemicals, correlations between
exposure and health effects are difficult
O measure.

Strategies to minimize the negative
impacts of roads and other asphalt sur-
faces have traditionally focused only on
the environmental aspect. But having

Elham Fini holds a

defined links to human health, some
researchers now belicve that making

the next generation of asphalt will be a
balancing act between mitigating carbon
footprint, enhancing durability, and lim-
iting adverse health outcomes for people
paving and living near the roads, They
are exploring asphalt additives such as
non-fossil-derived components and de-
vising mixes that better withstand what
traffic and nature throw at them—all to
keep volatile pollutants from entering the
air we breathe,

Traditionally, asphalt binder is made
from sticky, viscous asphaltenes—
bottom-of-the-barrel residues left when
gasoline, diesel, jet fuel, and other
compounds are removed from crude oil
during the refining process—and lighter
maltenes, While we usually refer to pav-
ing material as “asphalt,” only about 5%
of the jet-black mixture dumped on roads
is true asphalr, It binds the other g5%,
which is made up of gravel and other
aggregates.

After this chemical blend is Jaid on
roads, it is barraged by heat, sun, and
other weather conditions, as well ag the
weight of traffic, until it breaks down
into smaller, lighter molecules. The heat

"l can use something that has a lower carbon
footprint, but it could degrade and release toxic
compounds to the air that we breathe.”

—Elham Finl, engineer. Arizona State University
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can coax these molecules to vaporize and
fleat off, producing that pungent smell
we all kmow, :

The emissions comprise potential-

Iy hazardous volarlle organic com-
pounds (VOCs) such as oxygen- or
sulfur-carrying aromaries, Including ben-
zofuran, bengole acid, dibenzothiophene,
hexanethiol, and polycyelic aromatic
hydrocarbons (PAHz). Some VOCs can
irritare the eves, nose, and throat, dam-
age nerves and other organs, and possibly
ciuse cancer, according to the American
Lung Association. PAHS have also been
linked to bloed and liver problems.

“There are emissions from asphalt
products over & range of temperatures,”
even “pretty modest™ ones, says Albert
Presto, a chemical engineer at Carnegie
Mellon University, His team, along with
Drew Genrmer's group at Yale University,
evaluated agphalt emissions as an unac-
eounted-for solifee of pollutien in urkan
air quality caleulations {Sei Adw. 2020,
DOL 161126 scindv.abbo78s).

The researchers heated fresh asphalt
to different temperatures, exposed it o
simulated sunlight, and found that the
material was emitting a mélange of PAHS,
alkanes, and arematic compounds. They
W 3 3000 jump in VOO emissions when
they expased the asphalt to moderate
solar radiation and a 70% increase in
these emissions for every 20 °C that they
cranked up the ambient temperature.

Oeccuparional exposure 18 the most
obvious threat as VOCs waft out of newly
laid pavement and crews are regularly
subjected to high-concentration emis-
sions, But “more broadly, across a whole
city, you have lots of [asphalt] surfaces
emitting at a low level for a long time,”
Presto says. “That's ultimately contrib-
uting to secondary aercsols”—organic
chemicals that undergo further oxldation
onee they're airbome and agglomerate
into particulate matter.

Even if thers surfaces” contributions
to the total aerosol load is small, they
should be monitored because they con-
tinue for a long time and can potentially
affect a lot of people. Measuring human
exposute to asphalt is only half the
problem. Researchers and regulators
also don't know all the potential health
impacts of the material's myriad com-
ponents, individually or in combination,
says Arizona State University's Tudith
Flein-Scetharaman, who studies compu-
tational protein biochemistry,

As things stand, determining unhealthy

to many of the compounds
found in asphalt depends on a list of
reference compounds and their sccepted

24 CAEM | CEN.ACS.ORG | JULY 10, 2083

“Even though

| notice a lot

of resistance
and delays, as
long as you
continue sharing
knowledge, |
have hope that
we can push our
industry...ina
more sustainable
direction.”

—Shenghua Wu, civil enginesr,
University of South Alabama

expasure limits. But those limits were
caleulated according vo what could

be practically detected using spectro-
graphic and chromategraphic analysis
and surface-sampling methods ar the
time, which In some cases was in the
early 19gcs, These approaches don't
provide encugh information to draw
concluslons about kow these chemicals
might react in combinarion, according to
Klein-Seetharaman.

“Ir's an oversimplification,” she says,
because analysis has shown that asphalt
emissions comprise several thousand
compounds, including some whose health
nuteomes haven't even been measured.

Klein-Seetharaman would also like
studies to eccount for the long-term
aecumularion of these chemicals in the
human bedy. She notes the possibility
of secendary systemic effects, in which
VIOCs can initially enter a person's sys-
tefit via inhalzation, for example, and be
transported through the bloodstream to
other argans. Some of these pollutants
can linger, hidden inside lipid droplets,
and emerge inte the blocdstream when
the lipids are metabolized years kater,
causing long-term effects.

T get a betrer sense of the web of
intersetions, Klein-Seetharaman and
her colleagues reviewed literature

documenting the effects of known com-
pounds in asphalt and their cellular bio-
markers. They mapped interconnections
between these pollutants, the various
genes affected by those pollutants, and
the potential health effects, including
cardiovascular disease, liver damage,
asthma, chronic obstruetive pulmonary
disease, and skin conditions.

Many researchers believe that most
asphalt emissions occur during the read
constructicn phase, but Elham Fini, one
aof Klein-Seetharaman’s collaborators at
Arizona State, peints out that she smells
asphalt fumes in the desert summer year
after year, This indicares that paved sur-
faces are continuing to degrade.

Fini’s lab is working toward & sclution
by making an asphalt binder that emits
fewer harmful chemicals, In duing o, her
team also wants to keep asphalt's earbon
foorprint in check. The researchers ane
investigating biomass-derived additives
as a low-carbon option. These are inher-
ently cathon sinks and can grab VOCs
before they float off into the air.

One of these materials is iron-rich
biochar, which comes from the thermo-
chemileal comversion of waste biomass
like algac and manure. Biochar is a carbo-
nacecus material that has been used for
20, capture and environmental cleanup
becanse its hiphly porous structure can
trap gas and heavy-meral molecules. Fini
and her colleagues found that introdue-
ing an iron-rich version of biochar to as-
phalt resulted in & 76% reduction in VOC
emissions, versus 56% with regular bio-
char, In computer simulations, the team
saw that functicnal groups containing
iron-nitrogen bonds could efficiently ad-
sorb and catalytically degrade VOCs [ACE
Sustafnable Chem. Eng. 2023, DOI: 100021
acssuschemeng.2cobanz).

The team iz working on using a mate-
rlal derived from liquefied algae biomass
and adding it 1o asphalt to snatch organic
compounds that are precursors to VOCs
and secondary aerosol pollutants before
they become zirborne. The researchers
have dubbed the biomass production
process AlrDuo beeause they do it in two
steps: they employ carbon capture tech-
nology to harvest O, from air and then
fued that CO, to the algae or some other
biological material. When mixed into
asphalr, the resulting binder selective-
ly adsorbs and retains various reactive
pollutants and thelr precursors. In other
words, the asphalt cleans up after itself
(ACS Sustainable Chem. Eng. 2021, DOL
10.10z1/acssuschemeng 1easizy).

AirDuo can be tailored to remove vola-
tiles not just from asphale but from other



sources, such as refineries or car exhanst.
“Wherever you get to sequester carbon
and prevent it from going back to the air,
ir's good," Fini says. Her team is working
on scaling up the technology.

Lab experiments show that, apart from
controlling air quality, Finis additives
increase the durahility of roads. This is
yer another force to balance when design-
ing new asphalt mixes: if roads are more
resilient, their breakdown can be slowed,
and they don't have to get repaved as
often. That leads vo lower asphalt con-
sumption and the potential reduction of
VOO and PAH releases.

Andrew Barron, a chemical engineer
at Swansea University, is applying nano-
technology to this fundamental issue. As
it weathers, asphalt breaks down chemd-
cally, but it also breaks down physically.
That fragmentation leads to more ex-
posed surfaces, which causes additional
degradation into VOCs, Water exacer-
bates this process as it flows into cracks
and further breaks up the asphal,

A study from Barron's lab reported that
adding engineered clay or siliea nanopar-
ticles to asphalt binders helps alleviate
degradation and extends a road's lifetime,
The nanoparticles coat the asphalt, cre-
ating a composite material that acts as a

shield against oxidation, heat, and water,
The heat resistivity prevents the decom-
position of chemical bonds in the asphalt,
Barron says, thus reducing cracking and
the consequent emissions normally com-
ing off rods. Under high-tem perature,
-pressure, and -ultraviolet-light condi-
tions, asphalt mixtures with o.2-0.3% of
the nanoparticles by weight kept 1.5-2
timees ag much viscosity, 2 proxy for aging,
a3 nonmal asphalt. (Nanetechnol Rew. 2022,
DOI: 10,0515/ nirev-2023-0062).

Barron is optimistlc about commercial-
izing the technology. The materialz his
team needs to make its nanoparticles are
already being manufactured at large scale,
he says. And because the nanoparticles
can be mixed into asphalt on-site, the ad-
ditive wouldn't require any changes in the
rowd-laying process.

Shenghua Wuo, a civil engineer at the
Unlversity of South Alabama, potes that
what works great in the lab may not be
practical on the ground. “We can have a
design idea, buz the people who are going
o make that happen have to feel com-
fortable about making the change.”

Richard Willis, vice president of engi-
teering, research, and technology at the
Marional Asphalt Pavement Asscciation,
admits that the industry is not

necessarily the quickese to adapt to new
technologles, mostly because of issues
related to economies of scale—it takes a
long time to swap cut every kilometer of
asphalt.

Wi says that collaboration between
labs, companies, and government agencies
is keey. Achieving carbon-neutral goals
will require & lot of work, he says. “Fven
though I notice a lot of resistance and
delays, as long as you continue sharing
knowledge, I have hope that we can push
our industry . . in a more sustainable
direction.”

Fini says thar sustainability is about
more than carbon emissions, though, and
factoring in health is essentlal: I can use
something that has a lower carbon foot-
print, but it could degrade and release tox-
ic compounds vo the air that we breathe.”
Breathing in CO,, from asphalt might
give you a headache, but breathing In the
same amount of benzothiophene could be
much, much worse, she adds,

Payal Dhar iz a
freslance writer based

central
SCIence inBangalore, Indla, A
versian of this story first

appeared in ACS Centrol Soience: cenm.an/
healthyroads.

Elections coming at the November Meeting

The local section will vote for Executive Level positions at the November
local section meeting. There are also non elected sub-committee posi-
tions that are still open. If you are willing to volunteer for any of the posi-
tions, please contact Kent Kabler (kent.kabler@syngenta.com).

Please give thought to giving back to your profession.



CNC-ACS Executive Committee

Chair Kent Kabler Kent.kabler@syngenta.com 336-632-6014

Chair Elect Open

Treasurer Brian Kinsella brian.kinsella@syngenta.com 336-632-2195

Councilor (°22) Robert Yokley yokleyrobert@gmail.com 336-558-8212

Alternate Councilor Ed Robinson Edwardrobin- 336-337-3361

('21) son.robinsoner@gmail.com

Director Bill Eberle bill.eberle@syngenta.com 336-632-7569

Director TJ Mayer timayer@carringers.com 336-708-0643
CNC-ACS Committees

Awards Robert Yokley yokleyrobert@gmail.com 336-558-8212

Education Etta Gravely gravely@ncat.edu 285-2231

Chemistry Olympiad Steve Kennedy | skenned1@highpoint.edu 412-304-3844

Science Center Advisor Jerry Walsh ilwalsh@uncg.edu 336-334-5672

UNCG HS Lab Day Jerry Walsh ilwalsh@uncg.edu 336-334-5672

Earth Day TJ Mayer timayer@carringers.com 336-708-0643

Government Relations Ed Robinson Edwardrobin- 337-3361

son.robinsoner@gmail.com
Hospitality OPEN
Long Range Planning OPEN

National Chemistry Week

Steve Kennedy

Newsletter Editor

Bill Eberle

bill.eberle@syngenta.com

336-632-7569

Poster Vendor Night

Bill Eberle

bill.eberle@syngenta.com

336-632-7569

Sarah Sihvonen

sksihvonen@gmail.com

336-632-2369

OPEN
Professional Relations OPEN
Public Relations/Publicity | OPEN
Science Advisor — OPEN

Science Advisor — Richard
Burr

Liliana Garcia

llilianagarcia@live.com

Student Members OPEN

Senior Chemists Paul Weller wellerp007 @hotmail.com

Web Page Beth Williard eliza-
beth.williard@syngenta.com

Women Chemist OPEN
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