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1. Introduction

The current textile industry operates in a linear way. Clothes are made from large amounts of resources (98 Mt per year)
such as oil for the production of synthetic fibers, fertilizers to grow cotton and chemicals to produce dyes and textile
auxiliary products. Clothing is also massively underutilised with garments discarded after just seven to ten wears, or even
shorter with fast-fashion trends, after which the materials are mostly sent to landfill or to incineration. Despite the
relatively high collection rates in some countries, only 13% of the material used for clothing ends up being recycled in
lower-value applications (open-loop recycling), while even less than 1% results in a similar quality application (closed-
loop recycling). These recycling techniques are either based on mechanical processes or else fibers are chemically broken
down. In many of these processes the fiber-recycling processes are scarcely able to separate blends (e.g., cotton/polyester
with elastane for wearing comfort). Next to that, the textiles contain dyes and contaminants, leaving a poor color quality
of shoddy (Morlet et al., 2017, Payne, 2015). Especially elastane is problematic because this jeopardizes the properties of
the main component of the blend upon recycling (e.g., melt processing), leading to an inferior quality of the recycled
product. One option is to remove elastane by selective dissolution. The removal of elastane is commonly performed with
classical solvents that are often toxic or corrosive (Ramphal et al., 2019). Consequently, a selective solubilization
procedure based on greener solvents is required to remove the elastane while leaving the main component of the textile
blend intact.

Therefore, new greener solvents should be found for this purpose. Theoretical tools, are frequently applied for
predicting the solubility or binding affinity of drugs and additives. Common tools are phase-solubility studies,
quantitative-structure property relationships (Das et al., 2020), Hansen solubility parameter calculations via group
contribution method (Van Krevelen and Te Nijenhuis, 2009, Hansen, 2007), Flory-Huggins interaction parameter (y12)
(Hansen, 2007), conductor-like screening model for real solvents (COSMO-RS) (Klamt, 1995), COSMO segment activity
coefficient model (COSMO-SAC) (Bell et al., 2020), etc. In molecular modeling, solvation energies could be obtained
via static calculations using an implicit solvation model or a more computationally expensive explicit solvation model by
means of molecular dynamics in combination with the Free Energy Perturbation (FEP) method. These models can provide
insights into the solubilization process of textile polymers and predict which (bio)based solvents are most effective.
Furthermore, this screening allows a more defined approach for experimental work.

In this work, the solubility of elastane was screened toward their solubility with a large database of solvents by
means of Hansen Solubility Parameters and COSMO-RS. The complementary results from these theoretical tools were
validated with experimental work. In order to quantify the amount of dissolved textile polymer, a novel thermogravimetric
analysis method (TGA-FTIR) was developed to map the solvation ability of various solvents toward elastane.
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Figure 1. Schematic representation of the selective dissolution procedure.

2. Material and Methods
2.1. Theoretical Tools



One of the most widely used approach to calculate the solubility of drugs, solvents, polymers, oils and surfactants is the
Hansen solubility parameters (HSP) (Hansen, 2004). Briefly, the properties of a compound is described by three types of
interactions and thus, three partial solubility parameters: dispersion (d4), polar (dp) and hydrogen bonding (61). The
solubility parameter distance R. in the Hansen space gives a qualitative view for the miscibility between solute and
solvent. The smaller Ra, the higher the affinity or miscibility between the polymer and solvent (Hansen, 2007).

Ry = \J4(8ga — 8a5)* + (Bpa — 8p5)% + (Bpa — Ons)? 4)
where i and ;s (MPa'?) are the i component of the polymer and solvent, respectively.
The second screening method is called Conductor-like Screening Model for Realistic Solvent (COSMO-RS). This hybrid
solvation model, introduced by Klamt (1995), combines Density Functional Theory (DFT) with Conductor-like Screening
Model (COSMO) calculations and is mostly applied for solubility prediction of drugs and polymers (Benazzouz et al.,
2014, Walker et al., 2020). The molecular interactions between polymer and solvent are obtained by the statistical
averaging of local pair wise interactions of surface segments (i.e., charge densities).

2.2. Experimental Section

Elastane filaments were supplied by Utexbel and panties with a polyamide/elastane composition of 88/12 were used as a
case study. Dimethylacetamide (DMAC), dimethylformamide (DMF), n-methylpyrrolidone (NMP), cyrene (CYR) and
tetrahydrofurfuryl alcohol (THFA) (Merck) were the main solvents of interest. A material to liquid ratio of 1:100 was
used for the dissolution process and was performed at 100 °C for four hours. Centrifugation was carried out to separate
the undissolved elastane from the solution (4000 rpm and 2 hours).

In order to determine the maximal solubilities, a NETZSCH TG 209 F3 Tarsus thermogravimetric analyzer coupled to
Nicolet™ iS20 FTIR Spectrometer was applied to perform the analyses. The FTIR allows the detection of the evolved
gases derived from the sample decomposed within the TGA. A temperature profile from 35 °C till 750 °C in a N»
atmosphere was applied. Calibration curves of elastane (0.1-10 mg), based on the degradation products, and solvents were
created for quantification purposes.

3. Results and Discussion: Elastane Dissolution

The complementary screening results from HSP and COSMO-RS indicated that aprotic polar solvents are most suitable
for solubilizing elastane. The gravimetric approach is a frequently applied method for determining solubilities in various
research areas. However, this method comes with large error margins as solvent absorption occurs within the undissolved
part of the polymer. Furthermore, additives can also be leached out from the polymer during the dissolution process. As
such, one is never certain about the actual amount of polymer dissolved or the amount of solvent entrapped within the
fiber. Therefore, the TGA-FTIR technique allows the quantification of the dissolved polymer content by a single
measurement. It was observed that the green solvent THFA performed better than CYR and was able to show a
competitive elastane solubility to NMP. This dissolution method has been applied to panties as a case study. Figures 1A
and 1B illustrate the panty samples before and after treatment with THFA, respectively. Figures 1C-D are SEM images
of panties which highlight the elastane removal after the dissolution process.
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Figure 1. Top: Panty samples (polyamide/elastane: 88/12) before (A) and after (B) treatment with tetrahydrofurfuryl
alcohol. Below: SEM images of panties before (C) and after (D) elastane dissolution. The elastane fibers are indicated by

arrows.

4. Conclusions
In this work, a combined theoretical and experimental study has been performed on the dissolution of elastane. The
screening with theoretical tools allows a more defined approach on the type of solvents allow the dissolution of elastane.
The results from HSP and COSMO-RS indicate that aprotic polar solvents are most preferred to solubilize elastane.
Therefore, cyrene and tetrahydrofurfuryl alcohol were selected as biobased solvents to investigate their performance
against classical solvents. Since the gravimetric method does not allow an accurate measure of solubility due to solvent



absorption by the polymer or additive leaching, a TGA-FTIR method has been developed to determine the maximal
solubilities of elastane in the selected solvents. This method has been successfully applied on panties as a case study. To
the best of the author's knowledge, no work to date has reported TGA-FTIR as quantification method of textile polymers.
Further investigations on various textile polymer-solvent combinations are required to ensure the selectivity of this
method.
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