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Abstract 

We report an analytical approach to study dye desorption and transfer processes in aqueous 

environment. The study was conducted simulating standard laundry washes using two different donor 

textiles, a polyester textile dyed with Disperse Blue 79 and a cotton textile dyed with Reactive Red 

239, and two acceptor textiles, undyed cotton and polyester, respectively. Dye bleeding/solubilization 

from a donor textile to the solution was investigated through UV–visible absorbance analysis, while 

the dye absorption onto acceptor textile was quantified by UV–visible reflectance analysis. Dye 

desorption and transfer processes were investigated in water and surfactant solutions at different 

concentrations. A desorption and transfer model for the two classes of dyes was hypothesized by 

performing kinetic experiments. The results show that both processes depend on the presence of 

surfactants for the disperse dye. Conversely, the presence of surfactants has little effect on the 

reactive dye. Finally, the presence of an acceptor polyester significantly increases the bleeding of the 

disperse dye, while the presence of an acceptor textiles less influences the total release of the reactive 

dye. 

1. Introduction 

Dyes are organic substances that absorb specific wavelengths of the visible light, resulting in many 

different colours to the perception of human eyes. As a result, dyes have a broad range of applications 

in the textile, painting, paper, cosmetic, glass, automotive and food industries. To be employed, dyes 

need to possess affinities to the substrates over which they must be absorbed (i.e., textiles, papers, 

etc.). Thus, many organic dyes have been synthesized by varying the functional groups in their 

structures, in order to modulate their compatibilities with the interacting substrates, resulting in 

several classes of dyes including azo, indigo, sulphur, anthraquinone, nitro, nitroso, etc., compounds. 

An alternative classification of dyes is based on type of application-to-substrates methods on an 

industrial scale. In details, dyes can be grouped as dispersed, reactive, direct, basic, acid, vat, etc.1. 

Among all dyes employed in the textile industry, disperse and reactive dyes deserve a special mention 

due to their large utilization2-4. On the one hand, disperse dyes generally contain azo, nitro, 

anthraquinone groups, and are almost water-insoluble dyes. Disperse dyes are mainly used on 

hydrophobic fibers such as nylon, polyester and acetate 5. Substantially, disperse dyes are water-

insoluble non-ionic dyes. On the other hand, reactive dyes contain one or more functional groups 

capable of forming covalent bonds with compatible fiber groups (e.g., the hydroxyl group of cellulose). 



They have become very popular due to their high moisture-resistance, brilliance, and range of hues as 

well as to their capability of strongly binding to the fibers, enhancing their stability through time and 

washing cycles 6-8. Reactive dyes are normally soluble and their solubility is usually ensured by binding 

at least one sulfonic acid group to the molecule.  

Due to the extensive use of reactive and dispersive dyes in the textile industry, insights into their 

behavior in washing cycles is of high importance for the lavatory business. 

In this experimental work, two commonly used disperse and reactive dyes3, 9 were selected aiming at 

investigating their different nature in laundry-mimic desorption and transfer processes. Specifically, 

disperse Blue 79 (abbreviated as DB79) and Reactive Red 239 (abbreviated as RR239) were selected. 

As shown in Fig. 1, both DB79 and RR239 are classified as azo dyes. 

  
   

Fig 1. Chemical structures of DB79 (left) and RR239 (right) 

In order to study the dye desorption and the dye transfer processes, two types of washing cycles were 

designed, simulating some typical daily situations in household chores. In details, the desorption 

process, i.e., the bleeding of a dye from a textile, occurs in a washing-cycle in which the consumer 

sorts the laundry by colours (e.g., a load of only blue clothes or a load of only red clothes) and was 

simulated by a system which included only the donor textile in a laundry solution. The quantification 

of dye desorption was thus evaluated recording UV-Vis absorbance spectra. Instead, colour transfer 

process, i.e., the bleeding of a dye from a textile and sequential migration and adsorption into another 

textile, takes place in washing cycles of non-color-separated laundry (e.g., a blue/white-clothes mixed 

load or a red/white-clothes mixed load) and was simulated with a system containing both acceptor 

and donor textiles in a laundry solution. The dye transfer between the donor and the acceptor textile 

was determined by colorimetric analyses of the transfer textile, i.e., the white textile10. Furthermore, 

the colour transfer simulation process represented a model to evaluate the competition between dye 

solubilisation and its adsorption onto acceptor textile.  

The present research paper is organised as follows. Firstly, the analytical methodology to study dye 

desorption and dye transfer processes is presented. Then, the experimental section is discussed. 

Specifically, it was studied how mere (pure) water as well as the use of different types of surfactants 

in different concentrations influenced the desorption and transfer processes. Finally, a transfer model 

for reactive and disperse dyes was hypothesized performing kinetic experiments. 

 

2. Materials & Methods 

2.1 Materials and Textiles 

CaCl2·2H2O, MgCl2·6H2O, Ethanolamine were purchased from Sigma–Aldrich. All reagents were used 

without any further purification. Deionised water was obtained from a milli-Q tool. Technical 

swatches:   

2.2 Testing 

Dye desorption and transfer analysis were carried out as schematically shown in Figure 2. 

https://www.sigmaaldrich.com/IT/it/substance/ethanolamine6108141435?context=product


 

Fig. 2 Schematic representation of the set-up of the experiments 

 

In details, desorption (D) and transfer (T) tests were performed by washing dyed textile and by 

sequentially analyzing the washing solution (desorption) or by washing a white and a dyed textiles and 

by analyzing the washing solution and the white textile (where the adsorption of dye occurred) 

(transfer). 

The characteristics of water, the types of surfactants as well as their concentrations, the temperature, 

and the washing time were chosen with the purpose of simulating the real conditions of home-laundry 

washing cycles. In details, 15 gpg water (grain per gallon stands for a degree of general hardness) was 

selected as representative hardness of the water used in washing cycles and was obtained adding the 

correct amounts of CaCl2·2H2O and MgCl2·6H2O to Milli-Q water. The pH of water was set to 8.0 ± 0.1 

with Ethanolamine and all the studied solution of surfactants were prepared using the so-obtained 

water. Finally, the washing cycles were performed at 40°C for 60 min. 

2.2.1 Set-up for dye desorption (D) from textiles 

Donor textiles were cut into pieces of 150±1 mg (weighted with an analytical balance). Glass vials were 

filled with 2 ml of the selected solution of surfactant and subsequently inserted into a thermo-shaker 

(EchothermTM  Orbital Shaker) at 40°C. The vials were left into the thermo-shaker for 15 minutes to 

reach the desired temperature. Textiles pieces were folded and then inserted into the vials (pushed 

down with a disposable glass stick, to assure that all the textiles were covered by the solution). Vials 

were kept shaking (medium speed - orbital speed 5) at 40°C for 1h. Finally, the vials were removed 

from the thermo-shaker and the textiles were removed from the solution. The solutions were left in 

the dark for the time required to reach room temperature and collected as dye desorption solutions 

(DSol). 

2.2.2 Set-up for dye transfer (T) from textiles 

Acceptor textiles (cotton or polyester) and donor textiles were cut into pieces of 150±1 mg (weighted 

with an analytical balance). Glass vials were filled with 2 ml of the selected solution of surfactant and 

subsequently inserted into a thermo-shaker (EchothermTM  Orbital Shaker) at 40°C. The vials were left 

into the thermo-shaker for 15 minutes in order to reach the desired temperature. Textiles pieces were 

folded and then inserted into the vials (pushed down with a disposable glass stick, to assure that all 



the textiles were covered by the solution). Vials were kept shaking (medium speed - orbital speed 5) 

at 40°C for 1h. Finally, the vials were removed from the thermo-shaker and the donor textiles were 

removed from the solution. The acceptor textile was then removed, rinsed with 15gpg water, dried 

overnight and collected as transfer textile (TTex). The solutions were left in the dark for the time 

required to reach room temperature and collected as transfer solutions (TSol). 

2.3 Measurement of dye in solution: UV-Vis spectroscopy 

The absorbance spectra of the dyed solutions (DSol, TSol) were recorded with an Agilent Cary 3500 

UV-Vis spectrophotometer (900-300 nm, averaging time 0.06 s, data interval 0.5 nm) using pure Milli-

Q water as reference. Prior to the analysis, 950 μL of each dyed solution was mixed with 50 μL of a 

water solution of Triton-X 100 (20% v/v). Triton-X100, a common nonionic surfactant, was used to 

contrast the scattering of the micelles formed by some surfactant solutions that overlapped with the 

dye absorption spectra (making impossible the measure of the absorption values of the principal dye 

peak). Indeed, Triton-X 100 had the ability to form very small mix micelles with the used surfactants, 

disassembling the large micelles and minimize the scattering to values that were below the detection 

limit of the spectrophotometer. Also, the addition of Triton-X 100 led, in most of the cases, to a 

normalization of the shape of the absorption spectra and of the wavelength value of the principal peak 

(as shown in figure supporting information). The normalization was very useful for the quantification 

of the dyes as the shape of the absorption spectra and the wavelength value of the principal 

absorption peak could change depending on the surfactant-dye interactions.  

The values of the wavelengths of the principal peaks for the different dyes are reported in Table 1. 

Dye Wavelength (nm) 

Disperse Blue 79 609.0 

Reactive Red 239 548.5 
Table 1: principal peaks of the dyes in the UV-Vis absorbance spectrum 

Theoretically, desorption calibration curves prepared with the pure dyes (i.e., powders) should have 

been used to quantify the dyes in the solutions. However, the spectra of the dyed solutions obtained 

from the desorption of textiles didn’t match with the ones obtained from the pure dye powders. For 

example, when the powder of Disperse Blue 79 was solubilized into water, the solution presented a 

different spectrum in comparison with the one of the solutions obtained from the textile where DB79 

was adsorbed (as shown in figure supporting information…).  Therefore, it was not possible to obtain 

standard calibration curves from the pure dyes powders solutions.  

To bypass this problem, a strong extraction of each dye from the corresponding donor textile was 

carried out as follow: 150 mg of textiles were put into 2 ml of MIX1 (HLAS/AE3S/L726, 1:1:1, tot 350 

ppm; 15gpg, pH8) for 15 minutes at 92°C under stirring. The adsorption spectra of the resulting 

solutions were therefore recorded, fixing the value of the principal peaks as referential maximum 

desorption value (100% desorption). The adsorption values of the experimental solutions where 

therefore reported in relation (%) to the so-obtained curves.   

2.4 Measurement of dye absorbed onto acceptor textiles: UV reflectance 

A spectrophotometric method was used to measure the adsorption of the dye onto the acceptor 

textiles (TTex). Colorimetric reflectance spectra were recorded with a Perkin Elmer reflectance 

spectrophotometer (800-390 nm). Pristine white cotton or pristine white polyester were used as 

reference. Each textile was measured six times at different locations on the same cut piece and an 

averaged value over the six measurements was obtained. The values of the principal reflectance peaks 

for the different dyes are reported in Table 2. 



Dye Wavelength (nm) 

Disperse Blue 79 624 

Reactive Red 239 554 
Table 2: principal peaks of the dyes in reflectance spectra 

In order to build the calibration curve for the transfer experiments, it was necessary to simulate also 

adsorption experiments. The curve was obtained using the same methodology explained in Paragraph 

2.3. In details, a strong extraction of each dye from the corresponding textiles was carried out. This 

solution was then used as master solution and diluted in 15gpg water at different concentrations. 

These solutions were used to carried out adsorption test (Fig. 3). Acceptor textiles (cotton or 

polyester) were cut into pieces of 150±1 mg (weighted with an analytical balance). Glass vials were 

filled with 2 ml of the above mentioned solutions and subsequently inserted into a thermo-shaker 

(EchothermTM  Orbital Shaker) at 40°C. The vials were left into the thermo-shaker for 15 minutes in 

order to reach the desired temperature. Acceptor textiles pieces were folded and then inserted into 

the vials (pushed down with a disposable glass stick, to assure that all the textiles were covered by the 

solution). Vials were kept shaking (medium speed - orbital speed 5) at 40°C for 1h. Finally, the vials 

were removed from the thermo-shaker and the textiles were removed from the solution. The acceptor 

textiles were then rinsed with 15gpg water, dried overnight and collected as adsorption textile (ATex). 

The solutions were left in the dark for the time required to reach room temperature and collected as 

adsorption solutions (ASol).  

 

Fig 3 Schematic representation of the set-up of the adsorption experiments 

The solutions were thus measured through UV spectroscopy after (ASol) and before (DSol) the 

adsorption experiments. Parallelly, the reflectance spectra of the acceptor textiles were measured. 

The calibration curve resulted from the difference between the DSol and ASol which was equal to the 

dye transfer on the textile. A schematic representation is reported in Fig. (supporting information). 

 

3. Results and Discussion 

3.1 Desorption process 

3.1.1 Desorption of dyes in pure water 

Firstly, it was studied the desorption of dyes in pure water. The desorption experiments were carried 

out performing a 1h washing cycle in pure water (15gpg pH8) using polyester textile dyed with 

Disperse Blue 79 or cotton textile dyed with Reactive Red 239. Fig.4 shows the results obtained for 

the UV-Vis spectra of the resulting solutions.  
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Fig 4: desorption in pure water 

Results are reported as function of % MIX1 92°C. (rifare la misura di riferimento con la nuova MIX1) It 

was possible to observe that the lipophilic dye (DB79) slightly desorbed in pure water (~8% desorbed 

respect to reference). Instead, the hydrophilic reactive dyes RR239 (~45%) strongly desorbed. This 

behavior was simply ascribed to the different hydrophilic nature of the dyes: RR239 is highly water-

soluble while DB79 is insoluble in water. 

 

3.1.2 Influence of the surfactants on the desorption 

Sequentially, the influence of the presence of different surfactants was investigated. Specifically, three 

surfactants typically found in laundry formulations, HLAS (Tensaryl SBLA) – Dodecylbenzenesulfonic 

Acid AE3S: AE3S (Tensagex) - Sodium Laureth Sulfate, were employed. A fixed concentration of 350 

ppm in water 15gpg pH8 was selected. The experiments were performed for 1h at 40°C using polyester 

textile dyed with Disperse Blue 79 or cotton textile dyed with Reactive Red 239. After the tests, UV-

Vis absorbance spectra of the solutions were recorded reporting the data as function of the %MIX1 

92°C (Fig. 5).  

(rifare la misura di riferimento con la nuova MIX1, rifare un non ionico) 
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Fig 5: desorption in presence of surfactants for (a) DB79, (b) RR239 

Respect to the use of pure water, considering dye DB79, the addition of surfactants increased the 

release of the dye (Fig. 5a). An effect that was remarkably evident when using non-ionic surfactant 

L726. This phenomenon was imputable to the ability of non-ionic surfactant of accommodating the 



dyes not only in the inner hydrocarbon part of the micelle but also in the headgroup shell11, resulting 

in a shifted equilibrium (dyes are subtracted from the water) and consequently higher desorption. 

Reactive dye RR239, which is water-soluble dye, presented a significant desorption in w15gpg. After 

the addition of the surfactant a very little increase in the desorption was observed, evidencing a small 

role of the surfactants, as presented in Fig 5b.  

 

3.1.3 Influence of the concentration of surfactants on the desorption 

A mixture of HLAS (Tensaryl SBLA) – Dodecylbenzenesulfonic Acid AE3S: AE3S (Tensagex) - Sodium 

Laureth Sulfate, non ionic surfactant were used to carried out the tests. The surfactant concentrations 

ranged from 0 ppm (w15gpg pH8 alone) to 350 ppm (1:1:1) in water 15gpg pH8. The experiments were 

performed for 1h at 40°C using polyester textile dyed with Disperse Blue 79 or cotton textile dyed with 

Reactive Red 239. After the tests, Uv-Vis absorbance spectra of the solutions were recorded and the 

results are shownin Fig. Results are reported as function of %MIX1 92°C. 

(rifare la misura di riferimento con la nuova MIX1, da rifare in MIX1) 
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Fig 6: desorption at different concentrations of surfactants 

From Fig. 6 it is possible to observe that for both dyes the desorption is surfactant concentration 

dependent. Moreover, the influence of the surfactant concentration was higher for DB79 (blue line) 

than for the reactive dye RR239 (RR239). As described before, water 15gpg alone can desorb a large 

% of reactive dye and surfactants showed a little influence in the desorption. Forse si può calcolare 

l’equazione? (in ogni caso bisogna rifare la misura) 

 

3.2 Transfer process 

3.2.1 Influence of the surfactants on the transfer 

Transfer experiments were carried out for 1h in water 15gpg pH8, L726, AE3S, HLAS and MIX1. A fixed 

concentration of 350 ppm in water 15gpg pH8 was selected. After the tests, the solutions were 



analysed with UV-Vis measurements and the adsorption onto acceptor textiles were quantified using 

colorimetric analyses. The experiments were carried out using DB79 textile and white polyester or 

using RR239 textile and white cotton. All the results are reported as function of % MIX1 92°C. The total 

dye leaving the donor textile in transfer experiment (green line) is also shown in Fig. 7 and is 

considered as the sum of the dye released in solution (blue line) plus the dye adsorbed on the white 

textile (purple line). 
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Fig 7: transfer experiment for DB79 

(mancano le misure in RR239, rifare la misura di riferimento con la nuova MIX1, da rifare in MIX1, 

rifare con il non ionico) 

As described for the desorption process, DB79 presented a small transfer in w15gpg. Adding 

surfactants, an important increasing in the desorption of the dye was observed. A more significant 

effect was obtained using non-ionic surfactant, L726. 

It is interesting to note how the desorbed color from the donor fabric is distributed between the 

solution and the acceptor fabric. Indeed, looking at the experiments carried out with surfactant or 

surfactants mixture, the desorbed dye was almost equally distributed between the white polyester 

and the solution. Thus, there was an equilibrium between the solution and the fabrics, as shown in 

Fig. 8a. When the transfer was performed in w15gpg, the equilibrium was completed shifted to the 

acceptor textile, as the % of total dye transfer is almost equal to the % of dye onto the acceptor fabric. 

As explained several times, as DB79 is a lipophilic dye, when it is released into water is immediately 

adsorbed onto the hydrophobic acceptor textile, as represented in Fig. 8b 

  

Fig 8: (a) transfer of DB79 in w15gpgp, (b) in presence of surfactant 



3.2.2 Kinetic model 

Kinetic experiments were carried out using MIX1 at 350 ppm in water 15gpg pH8 for RR239 and DB79 

dyes. Uv-Vis absorbance spectra of the solutions (DSol and TSol) and reflectance spectra of the textiles 

(TTex) were recorded at 5, 10, 20, 40, 60 minutes and the results are shown in Fig 8. Results are 

reported as function of % MIX1 92°C. 

Fig. 9a plots the DB79 dye released from the donor textile to the solution as a function of % MIX1 92°C 

during the 60 minutes of washing, in desorption (red line) and transfer (black line) conditions. The 

adsorption of the dye onto the acceptor textile is shown in Fig. 9b (line blue).  Looking at the 

desorption process it is possible to observe that after 5 minutes ~ 80% of total desorption occurred 

and that the kinetic was completed after 60 minutes, reaching a plateau at 20 minutes.  

The transfer of the dye into solutions was already started after 5 minutes. At 5 minutes the value of 

dye transfer into solution was very close to the one obtained in the desorption test. From 10 min, the 

desorption was significantly higher than the transfer into solution, suggesting that the equilibrium of 

the transfer was shifted to the white polyester. 

The transfer on white acceptor was already started at 5 minutes and significantly increased at 40 

minutes. At 1 hour the transfer kinetic was not completed and the equilibrium was totally shifted to 

the acceptor textile.  

The total dye leaving the donor textile in transfer experiment is shown in Fig. 9b and is considered as 

the sum of the dye present in solution plus the dye adsorbed on the white textile. As plotted in Fig. 

9b, the release of dye into the transfer process is higher compared to desorption system. Results 

suggest that the presence of the white acceptor strongly increased the desorption of DB79 (~20%). 

This fact is more evident carrying out the kinetics up to 180 minutes.  
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Fig 9: kinetic experiments for DB79 

 

Fig. 10a plots the RR239 dye released from the donor textile to the solution as a function of % MIX1 

92°C during the 60 minutes of washing, in desorption (red line) and transfer (black line) conditions. 

The adsorption of the dye onto the acceptor textile is shown in Fig. 10a (line blue).  

Looking at the desorption process it is possible to observe that after 5 minutes ~65% of total 

desorption occurred and that the desorption kinetic is not finished after 60 minutes. 



Instead, in the transfer process, the equilibrium between dyed cotton and free RR239 dye was shifted 

to the solution and to the donor cotton up to 40 minutes. After 40 minutes an equilibrium was reached 

as a plateau of transfer in the solution was achieved. At 5 minutes similar values of the desorption 

experiments were observed, as the adsorption of the dye on the acceptor textile has not yet started. 

At 10 minutes, an increase in the transfer was observed at the same time as dye began to be adsorbed 

on the acceptor cotton. Starting from the 20 minutes of reaction, the values of desorption and transfer 

into solutions were almost the same. As mentioned before, the transfer on white acceptor started 

after 5 minutes and reached a plateau after 40 minutes. 

The total dye leaving the donor textile in transfer experiment is shown in Fig. 10b and is considered 

as the sum of the dye present in solution plus the dye adsorbed on the white textile. As plotted in Fig. 

10b, the release of dye into the transfer process is higher compared to desorption system. As the 

acceptor textile removed the dissolved dye from the solution, the equilibrium shifted to higher values 

of released dye. The presence of an acceptor textile slightly increased (~5%) the release of the dye 

from the donor textile. 
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Fig 10: kinetic experiments for RR239 

 

Making a comparison between the two classes of dyes, disperse dye showed a faster desorption and 

transfer onto solutions in the first 5 minutes of reaction than the reactive dye (~ 80% vs ~ 65% of total 

release dye). DB79 reached a plateau in the desorption after 60 minutes, while RR239 didn’t reach a 

plateau. Moreover, RR239 completed the kinetic of transfer onto the acceptor textile at 40 minutes, 

while the kinetic for DB79 was not finished after 1 hour.  

Looking at transfer experiment for DB79, the desorbed dye is predominantly presented in the solution 

up to ~ 5 minutes of the washing process. At later times, the adsorption of the dye onto the 

hydrophobic textile is energetically favoured. Up to 40 minutes the released dye is equally distributed 

between the surfactant solution (~50%) and the white polyester (~50%). At 1 hour ~85% of the total 

dye release is on the acceptor textile. For RR239, the released dye is predominantly presented in the 

solution.  

Finally, the presence of the white acceptor influenced much more the desorption of DB79.  

Taking into account all these considerations, a transfer model for reactive and disperse dye was 

hypothesized in Fig 11a and 11b.  



 

 
 

Fig 11 Transfer model for (a) DB79 and (b) RR239 

For disperse dye DB79, up to 40 minutes the equilibrium between dyed cotton and DB79 in solution 

was shifted to the solution (Fig 11a). While there was an equilibrium between the solution and the 

acceptor cotton, as the released dye is equally distributed between the surfactant solution (~50%) and 

the white polyester (~50%). After 40 minutes the equilibrium was completely shifted to the acceptor 

textile, as the transfer onto the polyester rapidly increased. (qui ho un dubbio: non so se la soluzione 

e la pezzetta donatrice sono in equilibrio o no?) 

For reactive dye RR239, up to 40 minutes the equilibrium was shifted to the solution and to the 

acceptor cotton (Fig 11b), as the transfer in solution and onto donor textile continuously increased. 

After 40 minutes an equilibrium between the solution and the acceptor cotton was reached as a 

plateau of transfer onto the acceptor textile was achieved and the kinetic was finished.  

 

Conclusion 

 

An analytic method to study the process of dye desorption and dye transfer between a donor and an 

acceptor textile, was reported. Two different class of dye were investigated: disperse and reactive 

dye. Per le conclusioni volevo aspettare un attimo di avere tutti gli altri dati e avere l’ok sulla struttura 

del paper. 
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