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University of Georgia Research Advances Sustainable Denim Dyeing. By Kathlyn Swantko

Efforting Eco-Indigo

enim gets its iconic blue color
from “natural indigo” or “true indigo,” that has
been extracted from the powder of the dried,
fermented leaves of the Indigofera plant, which
when heated, has the unique ability to partially
infuse into the cotton denim fibers and pro-
vides the blue faded look of a favorite pair of
jeans. While natural indigo has high coloring
power, conventional dyeing methods are not
environmentally responsible. Now, however,
research at the University of Georgia (UGA) is
finding a way to make an eco-friendly natural
indigo (NI) alternative using significantly less
water, energy and chemicals.

UGAS eco-friendly denim dyeing method
consists of a nanocellulose gel-based dyeing/
coating technology for cotton and cotton-rich
textiles that utilize a high surface and a fibril-
lary mechanism to adhere the nano fibrillated
cellulose (NFC) materials to the fabric. “Our
environmentally-friendly denim dyeing ap-
proach does not use any harmful reducing
agents and alkali, which are essential in con-
ventional dyeing,” explains Smriti Rai, UGA’s
principal investigator for the research team.
“Our method also saves water up to a factor
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of 25. It is our primary goal
to use ‘natural indigo, which
we would like to source from
the U.S. as well as globally, based
on demand”

The technology is layered onto the fabric,
compared to today’s rope dyeing and slasher
dyeing processes, which are used to dye the
yarns before constructing the fabric. An ad-
vantage of UGAs NFC technology is that the
construction does not matter. The dye can
be applied at any stage of textile production.
The indigo dye particles are coated onto the
cotton fabric by a nanocellulose gel, followed
by post-treatment with chitosan (a physical
crosslinking agent), which forms a film over the
coated cotton. This improves the adhesion of
the nanocellulose gel and the indigo particles
onto the fabric. The process can create lighter
or darker shades of blue in a one-step process,
as opposed to the traditional method where
several dips in vats are required, followed by
oxidation, to develop the darker shades.

“By performing pilot programs, we have
simulated the conventionally-used rope and
slasher methods for dyeing denim,” notes Rai.
“This provides a good comparison of energy
and time between UGA’s NFC-NI (nano
fibrillated cellulose for natural indigo) dyeing

and the conventional methods.”
UGA also looked at how the technology
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NFC-NI dyed fabrics
of various shades

affected the comfort properties
of cotton denim. All methods
and instruments used to test the
colorfastness and comfort proper-
ties of UGAS NFC-NI dyed fabrics were
in accordance with standard test methods from
AATCC and ASTM, for textiles and apparel.
Rai continued, “We measured various com-
fort-related physical and mechanical properties
(i.e. weight gain, thickness of the coating,
bending length, and air-permeability); there
was no significant change observed in the
comfort properties. The weight gain accounted
for 1-3 percent with a 3-8 micrometer coating
thickness. Bending stiffness is a quantitative
measurement of the fabric hand, which showed
a minimal increase (approximately 8 percent).
The air permeability, a measure of thermal
comfort, did not change with NFC-NI coated
fabrics. We foresee no skin irritation as we have
completely eliminated alkalis and salts to rule
out traces on the surface of denim fabrics””
The team is having discussions with sev-
eral major brands and manufacturers about
sponsoring the pilot projects, and eventually
licensing the technology. m
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