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At the Department of Chemical and Biochemical Engineering, professors Nina Shapley and
Shishir Chundawat are working to develop
environmentally sustainable production processes that could have global implications. 444
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“...This project is moving
into a new area for
both of us. We’re learning
a lot of new things that
we hadn’t explored.”
~ NINA SHAPLEY

Powder dyes

From the clothes we
wear to the transportation fuels that power
our vehicles, promising
research in biofuels
and fabric dyes are
among the next wave
of innovation at
Rutgers engineering.
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Fashioning Safe Choices in Fabric Dyes

J

ane Palmer, a Los Angeles textile designer, has
a passion for using natural and environmentally friendly dyes to color fabrics. During the last
six years, she’s gained a loyal following among
high-end boutique clothing and housewares designers.
Her sights, however, are set much higher—to move
mass-market fabric dyeing away from its polluting and
energy consuming ways. One of Palmer’s first steps in
the quest has been to work with a Rutgers engineering
professor with no background or experience with dye
chemistry.
Nina Shapley, an associate professor of chemical
and biochemical engineering, had just started working
with colleagues on a project to protect molecules sensitive to ultraviolet light damage. Their test molecule was
beta carotene, a natural bright-orange substance used in
food dyes.
“Jane saw one of our papers and she contacted us,”
Shapley said. “She was looking for potential new technologies to take her natural dye work to the next level.”
Palmer values the colors that natural dyes bring to
her fabrics—sometimes vibrant, other times subtle. But
natural dyes have drawbacks that make them unsuitable
for mass-market fabrics: they are expensive and they

]

“We need to fit into the
factory because it’s already set
up, and not require owners
to purchase new equipement
for our process.”
~ J A N E PA L M E R

Preparing blue dye in Palmer’s studio

fade in sunlight or when washed. The major clothing
labels have looked at natural dyes but have yet to embrace them.
Change is on the horizon, however. Clothing manufacturers use billions of gallons of boiling water to dye
their fabric, and it’s hard to remove dye residue from
wastewater. A New York Times story in 2013 illustrated
the harm of clothing manufacture in regulation-lax
Bangladesh where a river glowed purple.
“It’s a health risk to the aquatic system, the environment, the general population,” Palmer said.
Just as the major labels have chosen, or have been
forced, to address products made with sweatshop labor,
they now need to drive environmentally sensitive and
sustainable dyeing techniques. Palmer has discussed
the issue with Patagonia, North Face, Nike, and others.
Shapley and Palmer secured a $225,000 National
Science Foundation (NSF) grant at the beginning of
2016 to move natural-dye technology toward commercial viability.
“It’s more like applied research,” Shapley said. “Other projects I’ve worked on are very fundamental. So it’s
exciting to see something with a shorter time line.”
The two are experimenting with room-temperature methods to cut the energy required to heat dye
baths and are looking into low- or no-water methods
PHOTOGRAPH: LEFT, ERIK DIXON

to apply dye. Rather than boiling fabric in dye, they’re
investigating whether finishing equipment that now
applies softeners or coatings could also be used in the
dyeing process.
“We need to fit into the factory because it’s already
set up, and not require owners to purchase new equipment for our process,” Palmer said.
They have started by looking at the color black,
which is used in 30 to 40 percent of all textiles sold for
apparel and home furnishings. They are trying a plantbased agricultural byproduct to form the color.
The investigators find that their different backgrounds—Palmer with a master’s degree in fine arts
and Shapley with a doctorate in chemical engineering—are complementary.
“I love working with Nina because she’s really creative,” Palmer said. “She’s very open to ideas. We come
from different approaches, but we’re open-minded
about our ideas. So, it’s fun.”
“Jane already knew so much about dye chemistry
and did so much literature-searching herself,” Shapley
said. “So it’s easy for us to talk about these things. We’re
both on the same wavelength. But this project is moving into a new area for both of us. We’re learning a lot of
new things that we hadn’t explored.”
Their grant is from the NSF’s Small Business InnoWINTER 2017 . RU
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Grass and wood
carbohydrates are
locked into plant structures as long-chain
cross-linked polymers.

vation Research / Small Business Technology Transfer
program, which seeks to transform scientific discovery into societal and economic benefit. The women are
currently in the program’s first phase, a one-year proofof-concept grant. If successful, they will apply for a
second-phase development grant to directly commercialize their concepts.

Alternative Fuel Sources Driving CBE Research

M

aking fuel from plants has long been a
goal of scientists and engineers hoping
to limit wild swings in fuel prices and
availability and to prepare for a time
when finite supplies of petroleum dry up.
But the promise of obtaining abundant and sustainable supplies of liquid fuel from biomass, by and
large agricultural crops, is a challenge that still vexes
scientists and engineers after decades of research.
Rutgers School of Engineering assistant professor
Shishir Chundawat, who joined the chemical and biochemical engineering faculty in 2015, is one of the
experts taking up the challenge.
“One of the big drivers for the work I do—and it’s
my personal philosophy also—is that it’s important to
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be sustainable,” he said. “Having sustainable ways to
produce energy would allow society to deal with many
of the issues we face.”
Before joining Rutgers, Chundawat pursued graduate and postdoctoral studies at two leading land-grant
universities and the prestigious Great Lakes Bioenergy
Research Center, which was funded by the U. S. Department of Energy.
Plant biomass is, theoretically, self-sustaining, he
said. “It can essentially grow with just the availability
of carbon dioxide, water, and sunlight.”
Yet, achieving this sustainability is not straightforward, a realization that came early in his undergraduate
research on the chemical conversion of edible oils and
later in his graduate research on the biological conversion of inedible plant biomass into fuels and chemicals.
Ethanol, a popular additive that stretches gasoline
supplies and cuts pollution, is made from corn grain,
but its production requires a lot of energy—mainly for
the fertilizer used to grow the corn. It also demands
high-quality land that could be used for food crops.
“So I started looking at inedible biomass and
how one could convert that to value-added products,”
Chundawat said.
Grasses and woody plants such as switchgrass and
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“One of the big drivers for the
work I do—and it’s my personal
philosophy also—is that it’s
important to be sustainable.”

poplar grow abundantly on land unsuitable for food
crops and with little upfront energy demand input. They
store a lot of energy as carbohydrates, but, unlike those
found in cereal grains and seeds, the carbohydrates are
not easy to “press out” and process into simple sugars,
which are the building blocks for fuels and chemicals.
Grass and wood carbohydrates are locked into plant
structures such as plant cell walls as long-chain crosslinked polymers.
Of the nearly 16 billion gallons of ethanol produced
annually in the United States, nearly all comes from
corn grain. Only a few hundred million gallons come
from inedible cellulosic biomass. The Department of
Energy is targeting sufficient cellulosic biofuel production by 2030 to replace nearly 30 percent of the country’s
current petroleum consumption.
“The growth in cellulosic biofuels seems to be slow
and steady,” he said, “but there are both logistical and
scientific issues that have to be sorted out.”
Chundawat and other scientists are attacking the
problem biologically by searching for enzymes that
break down this tightly bound biomass into simple
sugars. By examining the synthesis and breakdown of
sugar polymers at the cellular level, they are looking for
enzymes suitable for large-scale industrial processes.
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Chundawat says he’s in good company at Rutgers,
citing colleagues in his department such as Fuat Celik
and George Tsilomelekis who are researching chemical catalysis to upgrade plant biomass to useful products, and Haoran Zhang who is engineering microbes
to make fuels and chemicals. He also sees opportunities
for collaboration in other Rutgers schools and centers.
But beyond merely looking for enzymes that
can do the job, Chundawat is looking to engineer and
characterize new enzymes that are more effective.
He is currently a principal investigator on two related
NSF awards to understand and engineer enzymes to
reduce non-productive enzyme binding biomass
during biofuel production. He recently also won the
2016 Ralph E. Powe Junior Faculty Enhancement
Award from the Oak Ridge Associated Universities to
develop low-cost pretreatments and biological processes for converting waste cellulosic biomass into
fermentable sugars.
“The problem is that enzymes get stuck on biomass,” he said. “We are essentially trying to understand
how to overcome that barrier.” He believes using protein
engineering to make novel enzyme mutants and
characterizing their activity with new single-molecule
analytical tools will shed light on the problem. SOE
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