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Abstract: Molecular Dynamics (MD) simulation was used to investigate polymer-
solvent interactions, predicting that cotton (cellulose) exhibits stronger interactions
with Dimethyl Sulfoxide (DMSO) at 423 K(150°C) and 4.5 mg/mL compared to
polyester (PET). These predictions were validated experimentally using an L9
orthogonal array to optimize temperature, polymer concentration and dissolution
time for effective dissolution while preserving structural integrity. Optimal
conditions (150°C, 4.5 mg/mL, and 8 h) yielded ~80% cotton dispersion
efficiency versus <20% for PET with the most significant condition of temperature
(P<0.05). Applying these conditions to of polycotton blends achieved selective
cotton dispersion with similar high efficiency. Structural characterization of water-
regenerated cotton via anti-solvent precipitation confirmed that crystallinity,
functional groups, and morphology remained comparable to pure cotton,
indicating an intact cellulose backbone. To evaluate the quality of regenerated
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cotton, the dispersed cellulose was regenerated using water through an anti-solvent
precipitation method. The structural characterisation indicated that the regenerated
cotton maintained comparable crystallinity, functional groups, and morphological
with pure cotton, indicating an intact cellulose backbone. Overall, DMSO serve as
an effective single solvent for selective cotton dispersion and polycotton
separation, demonstrating MD simulation as viable tool for optimizing polymer-
solvent systems.

Keywords: Molecular Dynamic Simulation, Cotton, Dissolution, Recycled Textile,
Dimethyl Sulfoxide

Introduction

Molecular Dynamics (MD) simulation are frequently applied to
validate experimental data rather than predict outcomes, particularly
polymer-solvent interactions.! This underutilizes MD, which is designed to
investigate atomic-level interactions before laboratory testing.? Furthermore,
MD prediction for polymer-solvent dissolution are often restricted to
temperature and concentration effects. Yan et al. showed that cellulose
requires a lower activation energy (14.81 kcal/mol) for dissolution than
polyester (21.46 kcal/mol) across varying temperature, concentration and
dissolution time.> Wu et al., further noted that these parameters drive
dissolution by directly disrupting intra- and intermolecular hydrogen bonds
to cleave polymer chains.* Thus, integrating computational and
experimental methods is essential to optimize system performance reliably.

The Taguchi L9 orthogonal array method is a reliable optimization
technique that provide statistical evaluation to identify individual parameter
effects and improve experimental consistency approach for optimization.>®
Consequently, it is ideal for dissolution studies to determine how factors
like temperature, polymer concentration, and dissolution time influence
polymer—solvent interactions while minimizing experimental error.’

However, dissolving blended fibers like cotton-polyester remains a key
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bottleneck in textile recycling. While dissolution-based recycling offers
high efficiency, its application is constrained by significant environmental
and safety drawbacks.® In particular, most solvents capable of dissolving
cotton and polyester pose notable hazardous.’

Previous studies have mostly focussed on dissolution using dimethyl
sulfoxide (DMSO) as co-solvent, where the solvent mixture typically
contains a higher DMSO proportion. For instance, Ren et al. (2021) used
ionic liquid (IL) and DMSO mixtures at 1:2 mole rations, achieving the
highest average cellulose dissolution efficiency up to 15 wt%.° This
suggests that DMSO enhances the disruption of intermolecular hydrogen
bonding within the cellulose structure and improves the dissolution process,
indicating that DMSO plays dominant role in facilitating the dissolution.
However, IL-DMSO solvent system raises concerns regarding recyclability
and sustainability, as ILs are often associated with high cost and complex
recovery. Furthermore, pure DMSO is highly polar and non-toxic, with the
ability to form hydrogen bonds or dipole-dipole interactions.!! Its potential
as a neat solvent is further supported by its thermal stability up to 189 —
190 °C, though it decomposes at higher temperatures to release sulphur
compounds.*?

Furthermoe, polymer—solvent interactions depend primarily on
concentration and temperature, which govern solvation free energy, chain
mobility, and phase stability.'® Solvent characteristics, particularly polarity,
dictate assembly. DMSO was chosen for this study because of its in high
polarity, low toxicity, and amphiphilic character. Containing polar
(sulfoxide) and nonpolar (methyl) functional groups, DMSO offers a
promising replacement for hazardous solvents.}*> To date, limited research

exists on molecular interaction mechanisms governing cotton and polyester
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dissolution in pure DMSO.!® This study evaluates pure DMSO as a primary
solvent for dissolving textiles waste.

Most studies focus on the dissolution process while overlooking the
structural verification of regenerated cellulose, leaving textile circularity
incompletely addressed. Among recovery techniques, anti-solvent
precipitation is ideal for regeneration cellulose from solvent mixtures. Using
water as an anti-solvent drives the transition from cellulose I(parallel
chains) to cellulose ll(antiparallel chains).t”*® While cellulose 1 offer
superior mechanical strength, cellulose Il provides greater chemical
reactivity and thermodynamic stability, facilitating key industrial
applications such as mercerization and recycling.!®?®® Excess water
competes with DMSO for hydrogen bonding, driving rapid solid
precipitation and increasing regeneration yield.?»?> Together, these
mechanism dictate the structural quality and mechanical performance for
regenerated fibers.

Few studies have comprehensively validated MD simulation
predictions through experimental optimization of cotton and polyester
dissolution in pure DMSO. In this study, MD simulations are first employed
to predict the molecular interactions of cotton and polyester with pure
DMSO. Dissolution is subsequently optimized using L9 orthogonal array to
identify the optimal operating conditions. The regenerated fibres are then
characterized for their structural, thermal and morphological properties to
evaluate quality preservation of fiber quality. This integrated approach
establishes a closed-loop textile recycling strategy that combines solvent
sustainability with fiber-quality preservation for practical solution in

circular textile economy.
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Results and Discussion

Prediction by MD Simulation

Dissolution parameters (concentration, time and temperature) were
evaluated to assess their impact on solvent-polymer interaction, solvent
penetration, chain mobility and structural evaluation. Concentration effect
was modelled using binding energy, interaction energy, and MSD (Figure
1). At 4.5mg/mL, both cellulose and PET systems showed a pronounced
MSD fluctuations, reflecting significant atomic displacement from polymer-
solvent engagement (Figure 1 (a) and (b).2® This suggests that elevated
concentrations restrict segmental mobility and chain entanglement. This
behavior underscores PET’s low compatibility with polar aprotic solvents
like DMSO, owing to its semi-rigid aromatic backbone and sparse polar
interaction sites.?* In contrast, the cellulose/DMSO system displayed double
the MSD of PET/DMSO. The difference arises because cellulose hydroxyl
groups readily interact with polar DMSO molecule to accelerate solvent
penetration and disrupt intermolecular hydrogen bonds. In contrast, the
DMSO preferentially interacts with the PET’s ester and carbonyl groups
leading to molecular interaction behaviour distinct from the cellulose.

As shown in Figure 1 (c), the PET/DMSO system exhibited more
negative interaction energy than cellulose/DMSO system, indicating a
stronger polymer-solvent affinity. However, favourable interaction energy
alone is insufficient for complete dissolution, which also requires DMSO to
penetrate the polymer matrix and overcome cohesive PET-PET interactions.
PET’s rigid aromatic backbone restricts chain mobility and solvent
penetration, ultimately limiting dissolution despite the favourable PET-
DMSO interaction.
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Figure 1. MSD graph of (a) PET-DMSO (b) Cellulose-DMSO, (c) Binding Energy,
(d) Interaction Energy, (e) Temperature Curve, (f) Energy Curve of Equilibration

System throughout the 1000 ps Trajectory.

In contrast, Figure 1(d) shows a less negative interaction energy for

the cellulose/DMSO system, which does not necessarily indicate reduced

dissolution potential. Instead, cellulose’s hydroxyl-rich structure forms

specific hydrogen bonds with DMSO that disrupt inter-and intramolecular

networks, promoting chain separation and solvent penetration. Interaction

energy must therefore be interpreted alongside structural and dynamic

system properties rather than as a direct proxy for dissolution performance.

MD simulations predicted peak solvation at 4.5 mg/mL and 423K which

also represent the optimal simulated conditions. This aligns with findings by

Cheng et al., who reported that overly strong polymer-solvent interaction

energies can impede solvent diffusion, thereby decreasing solvent mobility

and availability.? The findings are summarized in Table 1.
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Table 1. Summary of molecular interaction studies.

MD parameter  Cellulose (cotton) PET Interpretation
Binding energy  Approximately 500 to Increase PET exhibits a much
350 kcal/mol (relatively  substantially from  stronger concentration-
small variation with 1400 to 5800 dependent energetic
concentration) kcal/mol as association with
concentration DMSO
increases
Interaction Decrease slightly from Increase markedly DMSO-PET
energy 500 to 300 kcal/mol from 1300 to interaction is
5800 kcal/mol considerably more
sensitive to DMSO
concertation
MSD MSD decreases with MSD decreases Higher concentration

Concentration
effect

Simulation

stability

Temperature

Overall
molecular
response

increasing concentration

Relatively weak change
in energetic interaction

Reaches equilibrium
rapidly with minimal
energy fluctuation

Stable solvation and
enhanced chain mobility
from 300K to 423 K

Relatively stable
interaction with DMSO
across concentration

with increasing
concentration

Strong change in
energetic
interaction

Maintains
structural and
energetic
equilibrium
throughout
simulation
Limited solvent
diffusion and
restricted mobility
from 300K to
423K

Strong
concentration-
dependent
interaction with
DMSO

is associated with
reduced molecular
mobiliy/greater
molecular association
Concentration has
more pronounced
effect on PET than
cellulose

Potential, kinetic and
total energies remain
relatively stable across
both polymer system

Temperature elevation
selectively promotes
solvent penetration
and chain mobility in
cellulose over PET
Demonstrates
distinctly different
molecular responses of
cellulose and PET
toward DMSO

Dissolution Process Validation

The dissolution behaviour of cellulose and PET evaluated via L9
orthogonal design (50 — 150 °C, 4.5 — 7.5 mg/mL, 4-8 h) is shown in Figure

2. Cellulose achieved a peak dissolution ~80% under condition E7 (150 °C,

4.5 mg/mL, 8 h) whereas lower temperatures yielded only 24 — 33 %
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(50 °C) and 35-41 % (100°C). Increasing the concentration beyond
4.5 mg/mL 150 °C, reduced cellulose dissolution to 66 % (E8) and 64 % (E9).

PET showed consistently poor dissolution across all conditions, peaking at
just 13 % at E7. These results underscore the strong temperature
dependence of dissolution, as thermal energy enhances chain mobility and
solvent penetration. However, higher polymer concentration hinders
dissolution, necessitating balanced process parameters. Cellulose dissolved
effectively because its abundant hydroxyl (-OH) groups form strong
interactions with DMSQ’s polar sulfoxide group, accelerating swelling and
chain disentanglement.?®2” Conversely, PET’s rigid, hydrophobic aromatic
backbone restricts solvent penetration and chain separation, consistent with
observation by Ren et al. (2021). It further facilitates solvent-polymer
interactions, chain disentanglement, and swelling.?82%% These experimental
trends align directly with MD predictions (420K), confirming distinct

solvent interaction and mobility profiles for cellulose verses PET in DMSO.
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Figure 2. The result of varying conditions on (a) cotton, (b) polyester dissolution
in DMSO.

The statistical significance of temperature, concentration, and dissolution
time was evaluated using ANOVA (Table 2) and S/N main effects plots

(Figure 3). For cellulose, temperature was the sole statistically significant
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factor (F= 148.17, P < 0.05), while concentration (F= 53.03, P > 0.05) and
time (F= 1.86, P= 0.349) has negligible effects. Temperature was likewise
the only significant variable for PET (F= 22.42, P<0.005), with
concentration (F= 12.45, P > 0.05) and time (F= 5.84, P= 0.146) remaining

non-significant at the 95% confidence level. S/N ratio main effects plots

confirm temperature as dominant parameter, displaying the largest mean
variation across evaluated levels.

Table 2. Analysis of Variance (ANOVA) for SN ratios for cotton and
polyester.

Cotton Polyester

SSk  MSk F Reporting SSk  MSk F Reporting
value value

Temperature (°C) 1.373 0.687 148.17 P<0.05 46.50 23.25 22.42 P<0.05
Concentration (mg/mL) 0.492 0.246 53.03 P>0.05 25.83 12.92 12.45 P >0.05
Dissolution Time (n) 0.017 0.009 1.86 P=0.349 12.10 6.05 5.84 P =0.146
Residual Error 0.009 0.005 2.074 1.04

Total (SST) 1.892 86.51

These findings align with experimental results (Figure 2), where elevating
temperature from 50 to 150 °C dramatically increased cellulose dissolution.
PET followed a similar temperature-dependent response but achieved much

lower overall dissolution.
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This confirms that DMSO effectively disrupts cellulose’s hydrogen-bonded
network to promote chain mobility and solvent penetration, whereas PET’s
lower compatibility limits chain motion and solvent penetration 3?3

Characterization

FTIR. Cellulose structure in regenerated samples was evaluated
using FTIR peak at 3300 — 3400 cm™* (O-H stretch) and 875 cm
(B-glycosidic linkages) to determine preservation of cotton (Figure 4) While
anti-solvent precipitation often induces a transition to cellulose II, the
intensity profiles of the O-H and B-glycosidic peaks in the regenerated
samples match those of pure cotton, confirming that the native cellulose |

was successfully preserved. 3*
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Figure 4. FTIR spectra of Pure Cotton, Pure PET, DMSO, Re-Cotton and Re-Mix.

The slight peak broadening observed in the O-H region reflects
modified intermolecular hydrogen bonding and solvent-induced swelling
rather than a complete crystal phase transition. For the
Re-Mix sample, an additional peak at 1725 — 1710 cm? (C=0 ester
carbonyl) indicates trace of PET contamination, which slightly reduces

chemical purity without compromising the cellulose backbone.® Preserving
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the cellulose | structure is particularly beneficial, as it retains the higher
mechanical strength and structural quality of native fibers required for high-
value textile recycling.

TGA-DTG. Figure 5 presents TGA (a) and DTG (b) curves for
Re-Cotton and Re-Mix, showing primary cellulose backbone degradation
between 280 — 380 °C.%® From the DTG curves, pure cotton exhibits a
maximum decomposition temperature (Tmax) 0f 365 °C, while Re-Cotton
shift to 374 °C.3" This 9 °C increases indicate enhanced thermal stability
attributed to altered molecular packing and structural reorganization post-
regeneration.3®

Conversely, Re-Mix shows a reduced Tmax 0f 357 °C, pointing to
increased structural heterogeneity and amorphous regions introduced during
cotton/PET separation. These thermal trends correlate directly with

structural characteristics identified via XRD and FTIR.
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Figure 5. (a) TGA and (b) DTG thermal transitions curve of Pure Cotton, Pure PET,
regenerated cotton from cotton-only samples (Re-Cotton), and regenerated cotton
recovered from cotton/PET mixtures (Re-Mix).

SEM. Figure 6 shows images comparing untreated cotton (a-c) with

regenerated cotton (Re-cotton) (d-f), and regenerated cotton from the blend
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(Re-mix) (g-i). Both Re-Cotton (f) and Re-Mix (i) retain the characteristic
smooth, flattened, ribbon-like morphology of native cotton fibers.%
However, minor surface roughness is apparent in the regenerated samples,
likely resulting from non-uniform coagulation and structural rearrangement
during water precipitation. While maintaining macroscopic fiber shape
confirms structural retention, SEM alone cannot verify full molecular
dissolution vs partial dissolution with residual undissolved polymers. Thus,
SEM findings were corroborated by XRD analysis, which confirmed
preserved Cellulose | crystalline structure. Overall, DMSO processing and
water anti-solvent precipitation alter surface structure while keeping

primary cellulose features intact.*%4

Pure Cotton Re-Cotton Re-Mix

Figure 6. SEM micrographs of (a—c) pure cotton, (d-f) regenerated cotton (Re-Cotton), and
(g-i) regenerated mixed fiber (Re-Mix) at magnifications 500x, and 1000x.

XRD and RDF. Figure 7(a) presents the XRD pattern of regenerated

cotton recovered from DMSO/cellulose system. Diffraction peaks at 15.0°,
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16.7°, 22.9°, and 34.9° confirm that native crystalline structure of native
Cellulose I-like crystalline are retained post-regeneration. Relative to
untreated cotton, a 3 — 4 % decrease in peak intensity and slight peak
broadening point to a minor reduction in overall crystallinity.
Compelementing XRD, the simulated radial distribution function (RDF) in
Figure 7(b) tracks molecular-level intermolecular organization. Notably,
RDF peaks reflect molecular pair-distance distribution rather than
crystallographic lattice spacing. Together, XRD confirms preserved long-
range Cellulose I domains, while RDF demonstrates retained short range
intermolecular ordering. Thus, DMSO processing modifies crystalline order

without disrupting the underlying Cellulose | framework, aligning with
observation with Wei et al., Elf et al. and Zhang et al #3444
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Figure 7. (a) XRD graph of Regenerated Cotton from cellulose/DMSO solution via water
and (b) RDF graph of Interaction Cotton in DMSO by MD simulation.
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Methodology

Materials

The interaction between polymer and solvent will be predicted using
Materials Studio software (2023), developed by BIOVIA Dassault Systéemes
that designated with 64 cores and 128 GB memory. Recycled cotton and
PET fabrics will be obtained from the local market and decolourised using a
6% sodium hypochlorite (NaOCI, Chemiz) solution. The dissolution process
will be carried out using DMSO (99.9%, Chemiz), and the fibres will be
regenerated using distilled water. All chemicals were used without
purification and purchased from BT Science Sdn Bhd (Selangor, Malaysia).

Molecular Dynamics (MD) Simulation

MD simulations were conducted in BIOVIA Materials Studio (2023)
utilizing 64 CPU cores and 128 GB Ram. The setup workflow is depicted in
Figure 8. Structural models of PET (ethylene terephthalate), cellulose (14 -
D-glucopyranose), and DMSO were retrived from the Cambridge Structural
Database (CSD) (Figure 8(a)). Individual PET and cellulose chains were
constructed from their repeating units (Figure 8(b)) where blue dashed line
highlight hydrogen bonds. Each chain was packed into a 23 A3 using the
Amorphous Cell module (Figure 8c) and geometry optimized using Forcite
with the Smart Minimizer algorithm. The optimized chains were then
combined with DMSO molecules in a 27 A® simulation box at room
temperature with 3.0 A van der Waals cutoff distance size (Figure 8d).*
Subsequent energy minimization via Forcite yielded stable low-energy

structures (Figure 8(e)).
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14BD glucose DMSO ethylene
(cellulose) terephthalate

(b)

Cellulose Chain

BRI

PET chain

(c) (d) (e)

Figure 8. The example of procedural setup for geometry optimization step at 4.5mg/mL
before procced to MD simulation. (a) The monomers of cotton, polyester and DMSO were
imported from CSD, (b) The cellulose and PET chain segment (blue dashed line represents
the hydrogen bond network), (c) A single chain of 30 repeating unit cotton and respective
DMSO molecules were built in a separate cell (d) both molecules were combined into a cell

with a tolerance distance of 3.0A (*) from the original cell size and () The system’s energy
were optimized before proceed to MD simulation. All grey atom is the carbon, white atom
is the hydrogen, red atom signifies the oxygen, and yellow atom is the sulfur.
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As detailed in Table 3, a marked drop in total energy (Etota)
confirms that the constructed system achieved thermodynamic stability
ready for equilibrium.

Table 3. The Total energy (Evotal) before and after energy optimization steps
for each system at different concentration.

System Concentration Etota Before Etota After
(mg/mL) (kcal/mol) (kcal/mol)
45 2.59 x10! 7,167
PET/DMSO 6.0 3.10 x10* 8,834
7.5 3.63 x10! 9,104
45 9.86 x10'! -1172
Cellulose/DMSO 6.0 13.35 x101 -1033
7.5 23.95 x10% -857

Building on preliminary temperature studies, this work evaluated
concentration effects (4.5, 6.0, 7.5 mg/mL) on polymer-solvent behaviour at
optimized temperature of 423K.*” Concentration was regulated by adjusting

the chain length from eat initial value 50 repeating units via Equation 1.48

Cdesired

Nzdjustea = Nimwiat X o~ (1)
Post optimization, simulated densities for pure cellulose (1.330 g/cm?®) and
PET (1.140 g/cm®) closely matched experimental literature values.®”*® The
simulated cellulose density is lower than native crystalline cellulose If
(1.60 g/cm?®), capturing the disrupted, amorphous nature and reduced
fibrillar packing of recycled cotton.*® This low-density amorphous model
accurately reflects the increased free volume and solvent accessibility
inherent to dissolution.

These physical properties establish baseline references for
concentration-dependent  polymer-DMSO systems. Close agreement

between simulated and experimental data confirms the validity of the
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optimization method and force field parameters.® Key parameters for all
polymer—DMSO systems are summarized in Table 4.

Table 4. The basic parameters of polymer and the combined
polymer/DMSO system.

Concentration

System (mg/mL) Npet/celiuose Nomso  Density (g/cm®) Cell Size (A%)

N/A 50 0 1.330 23
DPI\%/O 45 30 121 1.340 27

6.0 40 121 1.619 27

7.5 50 121 1.722 27

N/A 50 0 1.140 23
Cg,'\:g’gw 45 30 104 1.072 27

6.0 40 104 1.370 27

7.5 50 104 1.465 27

Following energy minimization, pre-equilibration was conducted under the
the NPT ensemble to stabilize system density and temperature followed by
1 ns of production sampling in the NVT ensemble.®® Temperature and
pressure were controlled using the Andersen and Berendsen barostat,
respectively. All atomic interactions were evaluated using COMPASS force

field via equation 2.2

Etoral = Ep + Eg + E(p + E)( + Ecross + Eale + Evaw (2)
where Etotal is the total energy, Ew is bond stretching energy, and Es is angle

bending energy. Fo is dihedral torsion energy, Fy is out-of-plane energy,
Ecross is cross term interaction energy. Non bonded electrostatic interaction

energy Lele, and van der Waals Lvaw forces were computed using atom-
based summation with a 12.5 A cutoff. Thermodynamic and transport
metrics-including interaction energy, binding energy, and mean squared
displacement (MSD) and diffusion coefficient (D) was extracted using
Forcite module. Non-bonded interaction energy and binding energy were

defined according to Equations 3 and 4%:
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Einteraction = ETotal — (EPolymer + ESolvent) (3)

Eginding = —Emteraction (4)
As noted by Zhang et al., binding energy quantifies the energetic barrier to
dislodging polymer chains during dissolution. Higher binding energies
reflects stronger surface retention and slower dissolution kinetics, providing
atomic-level insights into surface stability.®® Furthermore, glass transition
temperature Tg is strongly governed by polymer chain mobility, MSD
tracks molecular diffusivity over time, with the slope pf the MSD curve
characterizing distinct diffusion regimes.>>>3 As noted by Wanying Li et al.,
MSD seves as standard metric for evaluating polymer chain dynamics and is
defined by Equation 5.%*

MSD = {|5;(t) = (0)]*) (5)

where 1i(t) is the coordinates of atom at time t, : (0J is initial position of
atoms in the system, and the angle bracket is the statistical average value of
the time of the system under study MSD quantifies the average distance
travelled by molecules or atoms over time, reflecting molecular mobility
within a material. The diffusivity of molecules can be calculated using
diffusion coefficient, D where the Eistein’s relation for Brownian motion
will be applied in equation (6):

_ e ((ri(©-ri(0) 20
D (") ®

Higher MSD values reflect increased polymer chain mobility, which
promotes dissolution. Additionally, the radial distribution function (RDF),
g(r), was calculated between Opmso and Hpolymer atoms to evaluate local
structure and hydrogen-bonding behaviour. A sharp peak within 1.5 A - 2.0
A confirms strong hydrogen bonding between DMSO and polymer chains.

Higher peak intensity and broader coordination shells indicate superior
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solvent penetration, chain swelling, and enhanced dissolution within the
polymer matrix. These computational predictions were experimentally
validated using L9 Taguchi method.

Taguchi Design Method

Guided by MD simulation predictions, three experimental
parameters (temperature, polymer concentration, and dissolution time) were
evaluated using a L9 Taguchi orthogonal array (Table 5). Each factor
assigned three operational levels based on preliminary testing: temperature
(50 °C (Low), 100 °C (Mid), and 150 °C (High)), concentration (4.5 mg/mL
(Low), 6.0 mg/mL (Mid), and 7.5 mg/mL (High)) and dissolution time (4 h
(Low), 6 h (Mid), and 8 h (High)). This fractional factorial design allowed
systematic assessment of individual parameter main effects on dissolution
efficiency across 9 experimental runs.

Table 5. L9 Taguchi design showing different combinations of temperature,
concentration, and reaction time used to study the dissolution of
cotton and polyester in DMSO.

EN);p Tem?%;a ture Co?r%i]r/\:;i't)lon Dissolution Time (h)
El 50 45 4
E2 50 6.0 6
E3 50 7.5 8
E4 100 45 6
E5 100 6.0 8
E6 100 7.5 4
E7 150 45 8
ES8 150 6.0 4
E9 150 7.5 6

Dissolution Process
Recycled textiles were decolorized in 0.6 M NaOCI using an
ultrasonic bath (50 °C, 60 min), rinsed in distilled water for 5 min, and dried

in a convection oven at 100 °C for 2 h. Dried fabrics were then pulverised
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using a laboratory-scale grinder to achieve a fine powder with a particle size
(~0.2 mm) (Figure 9).

(b)

e

Figure 9. (a) Cotton before (b) Cotton after (c) Polyester before (d) Polyester after
decolorization process with NaOCI.

The dissolution workflow is depicted in Figure 10.

- b
FJ‘" »

Undissolved
catton

Initial cofton Final cotton _ Filtration of .
dissolution dissolution dissolved cotton Cotton in
DMSO solution

Figure 10. Dissolution process step using DMSO to separate dispersed cotton from filtrate.

Textile samples (Table 4) were first soaked in DMSO for 24 h at specified
temperatures to promote solvent penetration, followed by continuous
agitation at 500 rpm to facilitate dissolution. The mixture was filtered to
separate undissolved cotton, and the cellulose-containing filtrate was treated
with distilled as anti-solvent to induce precipitation. The regenerated
cellulose precipitate was washed thoroughly with distilled water and oven-
dried at 150°C for 2 h to yield a pure, solvent-free regenerated polymer

which can be calculated using Equation 7.
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Initial Weight {(mg)—Final Weight (mg)

o
Initiz]l Weight (mg) x 100% (7)

D(%) =
Dissolution effectiveness was validated using Signal-to-Noise (S/N)
ratio analysis under the "larger-the-better” criterion to maximize dissolution
yield while minimizing process variability. Higher S/N ratio highlight
optimal process conditions such as elevated temperatures and ideal
concentrations that enhance dissolution performance while minimizing
sensitivity to experimental noise factors.?® Furthermore, a fixed-effects one-
way analysis of variance (ANOVA) was performed to determine the
statistical significance (F-values and P-values) of each parameter on overall
dissolution efficiency.
Regeneration process
The regeneration step using water as anti-solvent is shown in Figure
11. The Following dissolution, the cotton/DMSO solution was cooled to
25 °C, and distilled water was added slowly to reach a 10:1 anti-solvent-to-
solution volume ratio, following Leskinen et al.®® The mixture was allowed
to stand for 72 h to achieve complete precipitation. The regenerated fiber
was washed three times with distilled water to remove residual DMSO and

subsequently dried at 80°C overnight.

Figure 11. (&) The cotton/DMSO solution was cooled down to 25°C, (b) Add distilled
water to achieve a 10:1 water-to-solution volume ratio, (c) Left the mixture for 72 hours
until the cotton fiber fully precipitated and (d) Regenerated cotton fiber was slow dried at

80°C for overnight.
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Characterization

The characterization study of structure changes in regenerated cotton
was performed using Fourier-transform infrared spectrometer (FTIR,)
spectroscopy, X-ray diffraction (XRD), thermogravimetric analysis (TGA)
and scanning electron microscopy (SEM). FTIR spectra were obtained using
a FTIR (Bruker VERTEX 70, German), averaging 32 scans over the
400 - 4000 cm range. The crystalline structure of the regenerated cotton
was examined using an XRD (SmartLab, Rigaku, Japan) operated at 40 kV
and 30 mA. Diffraction patterns were collected over a 20 range of 10° — 80°
with a step size of 0.02°. The calculation of the interplanar spacing was
using Bragg’s law with Cu-Ka radiation (A = 1.5406 A). Thermal behaviour
was analyzed by TGA (8000, Perkin Elmer, USA) under a nitrogen
atmosphere (10 mL/min) to prevent oxidative degradation. Samples were
heated from 25 °C to 350 °C at a constant rate of 10 °C/min. Morphological
features of regenerated cotton were examined using SEM (JEOL JSM-
IT200, Japan). Samples were mounted on aluminium stubs with conductive
carbon tape and sputter-coated with approximately 5 nm of gold to enhance
conductivity and resolution. Imaging was performed at an accelerating
voltage of 10 kV with magnifications of 500x and 1000x.

Conclusions

This study established that cellulose exhibits significantly stronger
thermodynamic interaction with DMSO than PET at interaction at 423 K
with 4.5 mg/mL, highlighting the feasibility of selective polycotton
separation. Experimental validation via L9 Taguchi orthogonal array
confirmed optimal dissolution conditions at 150 °C, 4.5mg/mL and 8 h,

achieving high dissolution efficiency for cotton while leaving PET largely
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intact. Testing was capped at 150 °C due to solvent degradation and
retention consideration. Anti-solvent precipitation using water yielded
regenerated cotton fibers that preserved their native crystallinity, functional
group, and surface morphology. These results demonstrate that pure DMSO
effectively separate polycotton blends without co-solvent while preserving
the primary cellulose backbone. Overall, this work provides fundamental
insights into polymer-DMSO interactions and offers a robust technical
framework for developing scalable, solvent-based textile recycling

processes.
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