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Elastane fibers, renowned for their balanced strength, elasticity, and comfort, are a prevalent component
in blended fabrics. However, their strong adhesion within core-spun yarns and resistance to chemical dis-
solution pose significant challenges for separation and recycling. The lack of a universal single-solvent
strategy across blend types limits the scalability of selective dissolution recycling. Here, we propose an
alternative approach using a dissolvable chitosan (CS) finishing layer applied to elastane fibers, which can
be selectively removed at end-of-life to enable separation from sheath fibers. We implemented a continu-
ous dip-coating process and demonstrated its feasibility at pilot scale using a roll-to-roll setup. By tuning
solution viscosity, we achieved uniform, conformal coatings on neat elastane. A 4 wt% CS solution in 0.5
N HCl yielded a 5-10 pm-thick coating that forms strong non-covalent interactions with the elastane
core without compromising the elastic modulus or energy dissipation under cyclic strain. The CS layer
can be redissolved under mild acidic conditions, preserving the chemical integrity of the recovered elas-
tane. This proof-of-concept highlights CS dip-coating as a promising finishing strategy for scalable elas-
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Introduction

Clothing is an important means of self-expression with
nuanced social, cultural, and even political implications.
Rapid trend cycles and population growth drive the demand
for new styles, which led textile manufacturers to produce
124 million tons of garments in 2024. Future garment pro-
duction is projected to reach 160 million tons by 2030." This
growth generates substantial waste, with roughly 18 million
tons of material discarded by the garment industry alone in
2020.>* Synthetic fibers comprise 57% of this waste," making
them a major contributor. Due to the difficulty in separating
synthetic fibers in scalable recycling streams, over 70% of
clothing fibers end up in landfills or incinerated, with less
than 1% recycled into new garments.>®
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tane recovery from diverse fiber blends via selective dissolution.

Elastane, also known as spandex or LYCRA® fiber, is ubi-
quitous in the textile industry. Elastane fibers contain at least
85% polyurethane-polyurea, a linear block copolymer with
alternating rigid and flexible segments.”® The flexible seg-
ments allow elastane to be reversibly stretched by up to 600%,>"°
and the rigid segments participate in hydrogen bonding, pro-
viding strength to the fiber.” The balance between elasticity
and tenacity (fiber tensile strength) of elastane yarns can be
modulated simply by changing the denier (mass in grams
per 9000 meters of fiber)."" As a result, stretch fabrics con-
taining even small amounts of elastane (~1-5%) are com-
fortable without sacrificing tear strength,'*™® underscoring
its popularity in sportswear and casual wear. For most appli-
cations, elastane is blended with other materials through
core spinning, in which roving of polyamide, polyester, or
nylon is twisted around the elastane core fiber."*'®> This core-
spun structure, along with elastane’s strong adhesion to
sheath fibers'® and resistance to most organic solvents, com-
plicates the separation of these blended synthetic yarns and
the recovery of individual materials at the end of their life
cycle.”” Standard mechanical recycling is ineffective for core-
spun elastane, as it clogs machinery and hinders the recycling
of sheath fibers."®>°

Neat elastane is incompatible with most other standard re-
cycling methods."®'**! Depolymerization, which breaks covalent
bonds to recover monomers, is the most promising method for
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synthetic ~ polymers similar to elastane, including
polyurethanes.>*>* While depolymerization can produce virgin-

quality elastane,'®**?* it often results in downcycled products

like small molecule lubricants that are not reinserted into the
textile supply chain.***” Depolymerization is also energy and
time-intensive due to complex reaction pathways and challen-
ging recovery of the reaction products.’*>° Current limitations
in recycling infrastructure mean that elastane-containing
apparel must be discarded regardless of blend composition.
Selective dissolution has shown promise for other blended tex-
tiles, like nylon-cotton, but elastane’s limited solubility poses
challenges.'”*'**> Due to elastane’s inherent chemical resistance,
selective dissolution of elastane-containing blends typically
targets the sheath fibers instead.'®*® This process depends
heavily on effective upstream composition sorting and often
involves toxic solvent systems.'®**% In rare cases where elastane
is the target, such as in blends with polyamide,*"***® complex
solvent mixtures are required, which are incompatible with
many other sheath materials. Moreover, most current efforts in
selective dissolution focus on fiber removal rather than elastane
recovery.'®31323%3537 ywhen recovery from solution is attempted,
it often involves multistep solvent evaporation and thermal
extrusion, processes that contribute 15% and 38% of the carbon
footprint of recycling, respectively.'® A blend-agnostic selective
dissolution method that enables recovery of intact elastane
fibers would significantly improve the scalability and sustain-
ability of recycling strategies.

Here, we demonstrate that a dissolvable, biopolymeric
interfacial coating can be applied to elastane fibers and sub-
sequently dissolved to enable facile and universal separation
of elastane fibers from blended textiles. The coating, based on
naturally abundant chitosan (CS), is applied in a continuous
roll-to-roll (R2R) dip-coating process, with its thickness being
controlled by the concentration of biopolymer and viscosity of
the bath. Through this process, a 5-10 pm CS coating can be
conformally applied to 10-ply elastane fibers. We examine the
effects of coating parameters on the morphology and thermo-
mechanical properties of the CS-coated elastane fibers. Lastly,
we demonstrate that coating dissolution in aqueous acidic
conditions results in the recovery of elastane fibers.

Experimental
Materials

Chitosan (CS) was purchased from Millipore Sigma (low mole-
cular weight-50 000-190 000 Da, 75-85% deacetylated, product
number 448869) and used without further purification. To
confirm purity and degree of deacetylation, "H NMR spectra were
collected at room temperature using a Bruker Avance III HD
500 MHz spectrometer equipped with a BBO 5 mm Prodigy
probe using CF3COOD (5 11.50) as the solvent (Fig. S1 of the
ESIt). The solubility parameter of CS was determined experi-
mentally (Fig. S2t). Aqueous hydrochloric acid (0.5 N) was
obtained from LabChem. Commercial-grade bare elastane fibers
(105 denier) were used to evaluate the coating strategy on indust-
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rially relevant materials. These fibers, generously provided by
The LYCRA Company, were used as received without further
modification.

Methods

Preparation of the CS bath solution. CS baths of 2-7 weight
percent (wt%) concentration were prepared as follows: the rele-
vant mass of CS powder was first added to a 25 mL cup and
10 mL 0.5 N HCIl was pipetted into the dry powder. The
samples were then mixed in a planetary speed mixer (FlackTek
DAC 330-100 PRO SpeedMixer) for two minutes at 2500 revolu-
tions per minute (rpm) in ambient conditions. This mixing
step was repeated after at least 10 minutes and again after one
day to allow for the CS to swell and form a homogeneous solu-
tion. The total volume of the bath used for R2R operation was
fixed at 20 mL to ensure consistent residence time of the fiber
across all bath concentrations.

Roll-to-roll process. The R2R apparatus was designed and con-
structed in-house using custom-machined components. Elastane
fibers were first spooled onto a stainless-steel sewing machine
bobbin (the “spooling bobbin”) using a benchtop bobbin
winder. To operate the R2R apparatus, the virgin fiber was
attached to the shaft of a NEMA 17 stepper motor, guided
through the three-pulley system and manually wound a few
times onto an empty identical bobbin (the “collecting bobbin”),
also coupled to a NEMA 17 stepper motor. The two stepper
motors were mounted 22 cm apart on a breadboard. The pulley
mount, positioned to a vertical linear rail, was then lowered into
the CS bath, and its height was fixed by tightening a set screw.
Each stepper motor was controlled by an L298 stepper driver
interfaced with an Arduino Uno. Rotational speed of the motors
was maintained at 5 rpm, corresponding to a fiber linear speed
average around 0.017 cm s~ ' depending on bath viscosity and
friction within the pulleys. A DC fan, powered separately, was
pointed at the coated section of the fiber to induce drying.

Characterization

Coating thickness and morphology. Scanning electron
microscopy (SEM-Hitachi SU8030) was used to observe cross-sec-
tions of coated and uncoated fibers. Prior to imaging, fibers were
fractured using liquid nitrogen and coated with 18 nm of con-
ductive osmium. Polarized optical microscopy (POM) was used to
qualitatively probe coating uniformity (Nikon Eclipse LV100N-Pol
Microscope, transmission mode, crossed polarization, quarter
wave plate to differentiate elastane and CS coating).

Fourier-transform infrared spectroscopy (FTIR). FTIR was
conducted on the CS powder and 10 cm of uncoated, coated,
and HCl-immersed elastane fibers in the range of
400-4000 cm™" (Bruker Alpha II Compact FTIR Spectrometer,
Diamond ATR attachment). Water compensation and baseline
correction were applied during data analysis. Peak integration
was performed in Bruker OPUS, and results were normalized
by calculating ratio of the peak of interest to a reference peak.

Thermal stability. Thermogravimetric analysis (TGA-Netzsch
TG 209 F3 Taurus) was used to evaluate the amount of CS
coated on elastane fibers. CS powder and the uncoated,

© 2025 The Author(s). Published by the Royal Society of Chemistry
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coated, and HCl-immersed elastane fibers were ramped from
75 to 650 °C at a rate of 20 °C min~" and under a N, purge rate
of 20 mL min~". The residual mass at 645 °C was used to
assess the amount of CS deposited on elastane fibers.

Rheometry of bath solutions. Steady-shear flow curves were
measured using a TA instruments HR-30 equipped with a
25 mm titanium plate and a Peltier plate to maintain the
temperature at 25 °C. A solvent trap was used to prevent evap-
oration. The shear rate ranged from 0.1 to 200 s™* with a 10 s
equilibration time and a 10 s averaging time. These same con-
ditions were performed on water to obtain the torque limit of
the experimental setup. Data was excluded below the point at
which the stress falls below the torque limit.

Mechanical testing. Uniaxial stress/strain
mechanical hysteresis data were collected for the uncoated
and coated elastane fibers (Test Resources 510 E1 All Electric
Dynamic Testing Machine). Samples were prepared at least
24 hours before testing. A gauge length of 12.5 mm and exten-
sion speed of 508 mm min~' was used. The deformation
profile of the mechanical testing consisted of five cycles of
stretching the fiber to 300% strain, followed by the release of
tension to allow for complete recovery of the fiber. On the fifth
cycle, the fiber was held at 300% strain for 30 seconds to evalu-
ate the decay in stress. The strain was then applied at the same
extension speed for a sixth cycle, in which the fiber was
stretched until failure (Fig. S37).

Surface morphology. Atomic force microscopy (AFM) images
of 10 x 10 um?® scan size were acquired using a Tosca™ 400
atomic force microscope (Anton Paar, Austria) in tapping
mode. Silicon cantilevers (AP-ARROW-NCR from NanoWorld
AG, Neuchatel, Switzerland) with a nominal force constant of
42 Nm™" and tip radius of <10 nm were used. All measure-
ments were conducted at room temperature. Of the untreated
fibers and the fibers coated with 3, 5 and 7 wt%, at least two
images per fiber were scanned on three different fibers, and
representative images were selected. Image processing was per-
formed with Gwyddion v2.58 software. Background subtraction
was applied with a polynomial degree of two for all presented
AFM images to improve the visualization of the surface and
remove the fibers’ natural curvature.

Redissolution of interfacial layer. To redissolve the CS layer,
the coated fibers were placed directly into the HCl bath and
stirred at 300 rpm for one hour. Samples were then dried in
ambient conditions for 24 hours before further characterization.

Water resistance of interfacial layer. To test the durability of
the CS coating in water, the coated fibers were submerged into
a water bath and gently stirred for 30 seconds. Samples were
then dried in ambient conditions for 24 hours before further
characterization.

curves and

Results and discussion
Coating design and roll-to-roll implementation

First, we used Hansen solubility parameters (HSP) to select a
relevant dissolvable interfacial coating polymer to enable facile

© 2025 The Author(s). Published by the Royal Society of Chemistry
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and universal separation of elastane fibers from blended tex-
tiles (Fig. 1). To achieve this, the coating must satisfy the fol-
lowing criteria (Fig. 1a): (1) it must feature chemical compat-
ibility with the elastane core and sheath fibers to enable
sufficient adhesion; (2) it must be soluble in mild conditions
that do not dissolve either elastane or the blended materials;
and (3) it must be environmentally friendly and naturally
abundant.*® We followed Hansen’s definition of the dispersive
(6a), polar (8,), and hydrogen (8,) solubility parameter
components such that the total solubility parameter is
defined as:*®

Sr = (8> +6,° + 6n°)° (1)

We then represented the interaction between CS, elas-
tane, and relevant sheath fiber materials graphically
(Fig. 1b), where &, = (64> + 8,°)"* and &y, were used as the
axes. This 2D representation has been demonstrated as an
effective way to visualize polymer-polymer interactions.*®
Compounds that feature strong interaction with a given
polymer fall within a circular region centered on the solute
coordinates (8, 6,) called the solubility circle. To satisfy cri-
terion (1), the interfacial coating polymer solubility circle
must overlap with that of both elastane and common syn-
thetic sheath fibers, including polyamide 6,6 and polyester
(i.e. polyethylene terephthalate). Among natural and abun-
dant biopolymers, CS’s solubility circle offers significant
overlap with that of synthetic fibers of interest. CS contains
hydroxyl and amino functional groups that enable strong
hydrogen bonding with rigid urethane segments on the elas-
tane backbone.>>***3 1t is also soluble in dilute acidic solu-
tions for a reasonable range of molecular weights, degrees
of deacetylation, and concentrations, satisfying criterion
(2).*>* Last, from a sustainability standpoint, CS is an
attractive option due to its biodegradability and nontoxicity,
satisfying criterion (3).*>***" This polysaccharide has also
demonstrated flame retardancy, a useful property in the
garment industry.*>*’

This preliminary analysis, in which CS was found to satisfy
all three criteria based on HSP analysis and sustainability
targets, guided our selection of CS dissolved in dilute
aqueous HCI*®*° as the bath solution for continuous dip-
coating of elastane fibers.>’ To automate this process and
underscore its scalability, we designed and built a benchtop
roll-to-roll (R2R) apparatus (Fig. 1c). This setup was designed
using a three-pulley system to guide a virgin elastane fiber
into the CS bath solution, and then fan-dry the coating before
winding the coated fiber onto a clean bobbin. By setting a
constant winding speed and bath residence time, and adjust-
ing for uniform fiber tension, we successfully coated elastane
fibers in a bath containing 4-7 wt% CS, as observed in SEM
cross-sections (Fig. 1d). The 5-10 um CS interface layer con-
formally wraps and compresses the plies, suggesting a strong
chemical interaction with elastane, as predicted by HSP
analysis.

RSC Appl. Polym., 2025, 3, 1193-1203 | 1195
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(a) Illustration of the elastane fiber with the dip-coated chitosan (CS) layer as interface between the elastane and the sheath fibers to improve

recycling via interface layer redissolution. (b) Hansen solubility plot of relevant textile polymer fibers and CS. (c) Roll-to-roll (R2R) pulley system
applied in this work. The elastane fiber is guided into the CS bath, and then a fan is used to induce drying of the coated fiber. (d) Several SEM images
illustrating the elastane fiber, which is a bundle of 10 single filaments (plies), successfully coated with CS.

Influence of bath concentration on CS content and interaction

With the continuous R2R process established, we investigated
the impact of CS concentration and bath rheology on coating
thickness (Fig. 2).>">> CS-HClI solutions exhibit distinct rheolo-
gical regimes depending on polymer concentration (also
denoted as "bath conc.”), each characterized by varying
degrees of shear thinning (Fig. 2a). In the first regime (bath
conc. < 0.75 wt%), the solutions are Newtonian. As concen-
tration increases, the solution transitions from the dilute to
semi-dilute regime. This transition corresponds to a logarith-
mic increase in zero-shear viscosity 7, (Fig. 2b) and stronger
shear-thinning. We found that only baths with CS concen-
trations in the semi-dilute regime (3-7 wt%, our processing
window) resulted in the formation of a CS coating on elastane.

The formation of a CS coating was further confirmed by
TGA (Fig. 2c and d). The presence of the CS coating is qualitat-
ively supported by the characteristic shape of the mass loss
curves (Fig. 2c). Increasing the CS bath concentration leads to
a decrease in the onset decomposition temperature.
Additionally, the residual mass at 645 °C provides further evi-
dence of increased coating thickness with higher bath concen-
trations (Fig. 2d). Pure CS had a residual mass of around 40%,
while neat elastane had a residual mass below 3% (Fig. 2c). As
CS bath concentration increases from 3 to 6 wt%, the average
residual mass of the coated fibers triples, denoting a corres-
ponding increase in coating thickness (Fig. 2d). Bath concen-
trations below 3 wt% resulted in no significant residual mass
increase compared to neat elastane, likely due to their low

1196 | RSC Appl. Polym., 2025, 3,1193-1203

capillary number and the resulting absence of CS coating.”?
We also observed a plateau in residual mass for CS bath con-
centrations above 6 wt%, attributed to the formation of a non-
uniform beaded coating due to significant non-Newtonian
flow effects or air entrainment.®>* These residual mass
results also demonstrate that CS coating can enhance flame
retardancy of elastane fibers, a useful property for perform-
ance textiles.

FTIR spectroscopy was used to provide further evidence of
successful CS coating and probe chemical interaction between
CS and elastane (Fig. 2e, f and Fig. S4}). In the virgin elastane
spectrum, there is a sharp peak at 1102 cm™" followed by a
lower-intensity shoulder (between 900 and 1030 cm™') corres-
ponding to the C-O (ether) bond.”® In pure CS, a strong, broad
absorption peak between 800 and 1220 cm™" is present and
characteristic of C-O-C in the CS saccharide repeat unit.>® We
noted an increase in absorption intensity within this charac-
teristic CS region as the bath concentration increased, particu-
larly along the lower wavenumber edge of the investigated
range (below 1000 cm™) (Fig. 2e). Integrating the relevant
broad aggregate peak (between 900 cm™' and 1170 cm™") and
normalizing by a vibrational signature only present in the elas-
tane signal (from 1685 to 1760 cm ™', comprising the amide I
and ester vibrational modes) further confirms the increase in
CS coating thickness with bath concentration in the range of 3
to 5 wt% (Fig. 2f and Fig. S47). Fibers coated with 6 and 7 wt%
CS solutions showed a lower characteristic CS signal, likely due
to coating non-uniformity. Fibers with a thin CS coating
(4-5 wt% bath concentration) featured an amplified intensity

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 (a) Flow curves for 25 concentrations between 0 and 7 wt% CS in aqueous 0.5 N HCL. (b) Associated zero-shear viscosity which highlights

the dilute regime, semi-dilute regime, and processing window for the bath concentrations. (c) TGA curves for CS, virgin elastane fiber, and coated
elastane fibers (2—-7 wt% bath concentrations). (d) Average residual mass of fibers in TGA experiment at 645 °C. (e) Overlayed FTIR spectra for 3 wt%,
4 wt%, 5 wt%, 7 wt% coated fibers, virgin elastane, and CS in two regions of interest: 1300-1135 cm™, and 1170-900 cm™™. These regions encom-
pass the CH, (CS) bend at 1258 cm™ (i), the C—O—-C (CS) stretch at 1150 cm™ (i), and the broad absorption peak for C—O—-C (CS) below 1000 cm™
(iii). (f) Ratio of the calculated area of the C—O-C peak in the 1170-900 cm™ region to the reference peak in the 1685 to 1760 cm™ region for

3 wt%, 4 wt%, 5 wt%, 6 wt%, and 7 wt% coated fibers.

for vibrational modes characteristic of the pyranose ring of CS
(CH, bending at 1258 cm™" and asymmetric stretching of the
C-O-C bridge at 1150 cm™") (Fig. 2e).>”>® This suggests signifi-
cant molecular interaction between CS and elastane, in turn
affecting the vibrational degrees of freedom of the saccharide
units and their amplitude.’” Fibers coated in high-viscosity 6
and 7 wt% solutions do not show the same vibrational mode
modulation due to coating heterogeneities and potential
decrease of CS-elastane intermolecular interaction at large
coating thicknesses.

Mechanical properties of the coated fibers

We then evaluated the effect of the dip-coating process and CS
coating on elastane’s copolymer structure and mechanical per-
formance. Preservation of crystallinity after dip-coating treat-
ment was confirmed by WAXS, comparing the spectra for
virgin elastane, 4 wt%, and 7 wt% coated fibers (Fig. S51). This
suggests that exposure to HCI did not affect the elastane copo-
lymer morphology and crystalline domains. Using a standar-
dized cyclic tensile testing procedure, we assessed the impact
of CS coating thickness on reversible stretchability under uni-
axial periodic strain (Fig. 3 and Fig. S37).

Elastane fibers show a large hysteresis under cyclic load,
both in the presence and absence of CS coating.”>*® The CS

© 2025 The Author(s). Published by the Royal Society of Chemistry

coating appears to significantly affect the shape of the first
load cycle, with sudden stress drops at large CS bath concen-
trations (Fig. 3a). Evaluating the elastic modulus for the initial
slope of the first tensile load resulted in average values which
are between 5 and 15 MPa, with a slight decrease with the
addition of a CS coating (Fig. 3b). However, these values were
calculated by neglecting variations of cross-sectional area and
CS coating thickness between fibers. These variations are
likely the source of the slight differences observed in elastic
modulus.

Hysteresis is an indication of the energy dissipated in the
fiber during one loading-unloading cycle. In elastane fibers,
the dissipated energy of the first cycle is about three times
larger than in subsequent cycles (Fig. 3c). Comparing the
energy dissipated across the CS bath concentration range, the
values are very similar for the 3-4 wt% coated fibers, which
exhibited slightly higher values in every cycle, while the
5-6 wt% coated fibers have lower or unchanged values com-
pared to the uncoated fibers. Only the 7 wt% coated fibers
showed stronger deviations, with higher dissipation values
than the uncoated fibers in cycles 1-4. Moreover, in cycle 1,
several instant drops in stress are observed at higher strain
values in 7 wt% coated fibers (Fig. 3a). Macroscopic obser-
vations of individual ply failure at stress drops suggest that

RSC Appl. Polym., 2025, 3,1193-1203 | 1197
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Fig. 3 (a) Stress—strain diagrams from cyclic tensile testing of the CS-
coated elastane fibers at different CS concentrations (0 wt%, 3 wt%,
4 wt%, 5 wt%, 6 wt%, and 7 wt%) performed for 5 hysteresis cycles. (b)
Results of the elastic modulus determined from the first cycle for the
different CS concentrations. (c) Dissipated energy obtained for each
cycle for the different CS concentrations by calculating area under the
hysteresis curves.

immersion in a high-viscosity 7 wt% bath solution results in
decreased ply interaction and fiber weakening during the
coating process.

Although CS and elastane have good chemical compatibility
for adhesion, there seems to be a mechanical mismatch
between the two materials. CS exhibits wide-ranging mechani-
cal properties (e.g., tensile strength values range from a few
MPa to 100 MPa), which are tunable to a certain degree by pro-
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cessing and additives.®’ In direct comparison to elastane,
which exhibits typical values of 1 MPa for tensile strength and
up to 10 MPa for elastic modulus, CS is significantly stiffer and
more brittle.°* In most cases, CS-based films and fibers have
an elongation at break below 50%, whereas elastane reaches
stretchability values of up to 600% due to its thermoplastic
elastomeric nature.’>®® Therefore, it is surprising that coating
elastane with CS does not lead to a significant increase in
elastic modulus or decrease in dissipated energy. Observed
coating lift-off, fracture, and ply separation under mechanical
stress suggest that the strong mechanical property mismatch
dominated the observed tensile properties, resulting in
decreased macroscale adhesion despite strong intermolecular
hydrogen bonding.

However, a quantified description of the mechanical behav-
ior of neat and coated elastane is complicated by variations in
the fibers’ structural arrangement. The elastane fibers featured
ten individual plies solely interacting through weak physical or
electrostatic interactions. Therefore, stretching the whole elas-
tane fiber assembly can induce reorientation and shifting of
the plies into different packing geometries. We observed this
rearrangement through optical microscopy of microtome-sec-
tioned longitudinal slices taken at multiple positions along
several centimeters of a continuous elastane fiber (Fig. S67).
This geometric reorganization of the plies likely occurs during
the R2R dip-coating process of fibers under tension, particu-
larly in high viscosity solutions (e.g., 6-7 wt% bath conc.).
Overall, mechanical property characterization indicates that
the dip-coating process has minimal effect on elastane’s
stretchability. However, high bath viscosity can significantly
influence the stretched state and cross-sectional area of coated
elastane fibers, affecting failure modes. The impact of dip-
coating on ply configuration was further evaluated through
direct morphological analysis of CS-coated fibers (Fig. 4). Low
magnification POM observation of the CS-coated fibers
revealed that the 4 wt% coated fibers have an intact thin CS
coating, while the 5-7 wt% coated fibers showed varied
coating thickness, along with CS fracture and delamination
along the fiber length (Fig. 4a). For a bath concentration of
7 wt%, regions where the coating is still intact showed signifi-
cant compression of the elastane core in comparison to
uncoated sections. Heterogeneities in the CS coating along the
fiber direction are also accompanied by changes in coating
surface morphology, as measured by AFM (Fig. 4b). Whereas
the uncoated fiber exhibited the anisotropic linear pattern
typical of the surface of spun synthetic fibers, the surface mor-
phology evolves with increasing coating thickness. At 3 wt%
and 5 wt%, the surface appeared homogeneously and confor-
mally coated, as evidenced by the presence of the linear
pattern from the underlying elastane fiber. However, fibers fin-
ished in 7 wt% solutions exhibit lateral cracks of several pm in
length within the CS coating. In summary, elastane fibers fin-
ished using bath concentrations of 4-5 wt% featured the most
uniform CS coating with no significant impact on the stretch-
ability, failure mechanism, and ply morphology compared to
neat elastane.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 (a) POM images of 4 wt%, 6 wt%, and 7 wt% bath concentrations
demonstrating adherence of the CS coating to the fiber. (b)
Representative 10 x 10 um? AFM topography images (z-scale: 400 nm)
for 0 wt%, 3 wt%, 5 wt%, and 7 wt% bath concentrations.

Selective dissolution of CS coating

We tested the chemical resistance of the 4 and 5 wt% coated
fibers by selective dissolution of CS in aqueous 0.5 N HCI
(Fig. 5). Elastane fibers were successfully recovered from the
HCI bath without visible damage or ply separation. FTIR ana-
lysis confirmed that the coating dissolution did not induce sig-
nificant changes in the chemical structure of the elastane
(Fig. 5a). Additionally, partial dissolution of the coating was
evident from a reduction in the C-O-C stretching signal,
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Fig. 5 (a) Representative FTIR spectra of virgin elastane, 4 wt% coated

fiber, and 4 wt% fiber immersed in aqueous HCL. The region of interest
is highlighted. (b) Residual mass from TGA curves, calculated for virgin
elastane and 4-5 wt% coated fibers before and after immersion in HCL
Small circular data points represent individual trials.

characteristic of the CS layer, following immersion. These
FTIR spectra exhibited no notable differences in the region of
interest between the 4 wt% and 5 wt% CS coatings (Fig. S77).
Interestingly, TGA conducted on fibers treated with HCI for CS
removal only showed a decrease in residual mass after coating
dissolution for the 5 wt% coated fibers, while the 4 wt%
coated fibers showed no change (Fig. 5b). Combined with the
FTIR analysis in Fig. 2e and f, we expect that the chemical
interaction between the CS coating and elastane fiber is stron-
ger for thinner coatings (i.e., bath solutions of lower concen-
tration) due to enhanced adhesion via hydrogen bonding inter-
actions. After immersion in HCl, most of the 4 wt% coating
stays intact, while the outer layer of the 5 wt% coating is
expected to be redissolved. Furthermore, both the 4 wt% and
5 wt% coated fibers exhibited higher residual mass than the
neat fibers, likely due to CS residue firmly adhering to the elas-
tane surface. Thus, once a certain coating thickness is reached
with the 4 wt% bath, additional CS appears to adhere less
effectively. Overall, we showed that selective coating dis-
solution can enable the recovery of elastane fibers with
minimal residual CS adhered to the surface. The balance
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between coating thickness and adhesion can be tailored to
enhance recyclability via selective dissolution or to improve
chemical resistance for further textile processing, such as
dyeing.

Conclusions

We have designed and demonstrated the conformal coating of
elastane fibers with CS, an abundant natural polymer that can
be selectively dissolved to facilitate neat elastane recovery. We
implemented the method in a pilot-scale roll-to-roll dip-
coating apparatus and studied the impact of bath concen-
tration and viscosity on coating morphology. CS bath concen-
trations of 4-5 wt% resulted in a uniform coating with the best
adhesion to the elastane core. We demonstrated that the CS
coating did not impair elastane’s stretchability and that it
enhanced the thermal stability of the resulting fibers. Lastly,
we demonstrated how adjusting the thickness and spatially
resolved intermolecular interactions can tailor the chemical re-
sistance of the CS finishing layer. This enables selective
coating dissolution under acidic conditions, allowing elastane
fibers to be recovered without detectable mechanical or chemi-
cal degradation.

Further improvement in adhesion could be achieved by
decreasing the mechanical mismatch between CS and elastane
or enhancing hydrophobicity. Indeed, preliminary testing of
the water resistance of the 4-5 wt% coatings and subsequent
analysis by FTIR (Fig. S7f) suggests that immersion in de-
ionized water for as little as 30 seconds may result in some
coating loss (Fig. S8t). This redissolution behavior at neutral
pH could pose challenges for textile durability during regular
washing. This issue could be addressed by incorporating more
hydrophobic biopolymers into the coating or by refining pro-
cessing conditions during the finishing steps. For example,
the current coating strategy does not include an acid neutraliz-
ation step, which may improve the water resistance of the CS
layer. Surface pretreatments commonly applied to cotton and
polyesters (e.g., silanization and UV/ozone plasma) could also
be adapted to elastane.®*®*> Additionally, tuning fiber velocity
to increase the capillary number during coating may enhance
adhesion.”?

Beyond addressing these practical considerations, this work
serves as a proof-of-concept for scalable elastane finishing
with improved recovery upon selective dissolution. It also
offers critical insights into the balance of CS-elastane mole-
cular interactions and mechanical property mismatches
leading to uniform coating formation and property enhance-
ment. The design principles and fundamental knowledge gen-
erated here can be leveraged to explore other relevant biopoly-
mers, such as cellulose ethers and acetates, as dissolvable
interface layers for textile recycling. This advancement broad-
ens the applicability of the demonstrated fiber finishing and
selective coating dissolution methods, paving the way for inno-
vative recycling solutions for a wide range of blended fibers
and textiles.
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