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Dyeing of soybean protein/flax 
blended yarns with reactive dyes 
and subsequent dye‑fixation
Jie Liu1*, Wenqi Jiang1 & Chun Lv2

The dyeing process of soybean protein/flax blended yarns with reactive dyes (containing 
monofunctional or bifunctional groups) and the method of improving the color fastness of dyed yarns 
treated with an ecofriendly formaldehyde-free fixing agent were studied. Influence factors such as 
sodium carbonate concentration, salt concentration, fixation time and temperature were analyzed, 
the optimum processes to soybean protein/flax blended yarns dyed with the two reactive dyes were 
determined: the soybean protein/flax blended yarns were dyed with Reactive Yellow K-R at a bath to 
material ratio of 20:1, dye concentration 2% owf., sodium chloride 40 g/L, sodium carbonate 10 g/L, 
fixed at 85 °C for 30 min; and dyed with Reactive Yellow B-4RFN at a bath to material ratio of 20:1, dye 
concentration 2% owf., sodium chloride 50 g/L, sodium carbonate 15 g/L, fixed at 70 °C for 50 min. The 
application processes of formaldehyde-free fixing agent DM-2158 were also determined. Performance 
test results indicated that both K-type and B-type reactive dyes had good colorfastness to washing 
and rubbing, and B-type reactive dyes showed a higher fixing effect than K-type reactive dyes. The 
application of a formaldehyde-free fixing agent to dyed products improved the colorfastness to 
washing and rubbing, especially for blended yarns dyed with K-type reactive dyes.

With the progress of society, consumers not only pursue beauty and practicality but also pay increasing attention 
to comfort and health. At present, the trend of the world textile industry is based on the ecological concept of 
developing new technology, new fibers and new products and paying attention to each production step. This is 
of great significance to the technological progress of the textile industry, the improvement of printing and dyeing 
product quality and environmental protection. In the past twenty years, great changes have taken place in the 
world textile industry. A number of nontraditional natural fibers, such as soybean protein fibers, and traditional 
natural fibers, such as flax fibers, are now attracting interest. Soybean protein fibers were mainly composited with 
other materials, for example, a highly heat-resistant and biodegradable textile size for textile waste repair has 
been made by modifying soybean protein with glycol1. Soybean protein crosslinked with cotton fabric (SPCCF) 
prepared by the reaction of carboxylic cotton fabric and soybean protein has been treated for medical protective 
textiles immobilized with drugs2. Flax fibers can also be blended with other fibers or modified, such as using 
chitosan and zinc oxide to modify flax, and cellulose-based multifunctional flax fabric was obtained3. NFBF-PLA 
(Natural Fiber Braided Fabric-Polylactic Acid) is polylactic acid (PLA) composited with braided flax fiber to 
enhance the mechanical properties of the composite material4. Linen/artificial glass woven fabrics were treated 
with methylene diphenyl diisocyanate (MDI) mixed resin to develop green composites5. To take advantage of 
the good performances of the two fibers, soybean/flax blended yarns and fabrics were produced. Flax fibers are 
composed of cellulose, they are of high strength, moisture absorption, fast and antibacterial but have stiff handle 
and poor elasticity6,7. Soybean protein fibers are comprised of 23–55% proteins, the rest being polyvinyl alcohol, 
they are of good performances, such as soft, glossy, warm and so on. They are very suitable for the production of 
functional underwear and summer clothing. The blended products can not only compensate for the limitations 
of flax fiber but also overcome the limitations of soybean protein fiber, making themselves suitable to obtain 
high-quality products. They can be spun into high count yarns, knitted into single- and double-side rib jacquard 
knitting fabrics, and made into garments after processing. The woven fabrics can be mainly made into casual 
suits and bedding, which has broad development prospects8–10. The blended yarns developed by Jinya Group 
were more than 20 tex, which had not been mass-produced in China or reported in other countries. At present, 
the product color is single, and the dyeing problem of blended yarns has not been fundamentally solved. The 
molecular composition and structure of flax fibers and soybean protein fibers are different, so the adsorption 
performance to dyestuff is different, and the sensitivity to temperature and pH value is also different. To produce 
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colorful blended yarns and fabrics, the dyeing process must be studied. A series of studies have reported the 
treatment of flax by plasma at low temperature, grafting modification, using supercritical CO2 technology, treat-
ing flax fiber with liquid ammonia, NMMO or degrading chitosan to improve dyeing rate and other aspects11–13. 
To improve the dyeing performance of flax fibers, auxiliaries such as non-silicone oxygen bleaching stabilizer 
and activators have been used for pretreatment14–16. Based on the characteristics of soybean protein fibers and 
flax fibers, two types of reactive dyes containing monofunctional and bifunctional groups were selected [Reac-
tive Yellow K-R and Reactive Yellow B-4RFN]17,18. Although reactive dyes can bond to fibers, some of them still 
undergo hydrolysis. Therefore, color-fixing treatment is needed after dyeing, but the hydrophilicity of the dyed 
products will also decrease after traditional fixing treatment19–21. Traditional fixing agents have been limited 
because they contain formaldehyde, which is not conducive to environmental protection and human health, so 
the selection of appropriate eco-friendly formaldehyde-free color-fixing agents is very important22,23. There were 
some new formaldehydeless fixing agents, such as cationic color fixer WLSPR, formaldehydeless fixing agent 
6050, active formaldehydeless color fixer FR-2, formaldehydeless hydrophilic color fixer DM-2521, DM-2518, 
formaldehydeless color fixer Z and so on24–26. Based on the characteristics of the blended yarns and the selected 
reactive dyes, the formaldehyde-free fixing agent DM-2518 was selected in this study.

The purpose of this study was to optimize the dyeing process of soybean protein/flax blended yarns with 
reactive yellow K-R and reactive yellow B-4RFN by analyzing and comparing the dyeing properties of the two 
different types of reactive dyes, and to further improve the color fastness of dyed yarns by fixing the dyed yarn 
with the ecofriendly formaldehyde-free color fixing agent DM-2518. At the same time, the dyed samples were 
analyzed by infrared spectroscopy.

Materials and methods
Materials.  Soybean protein/flax blended yarns (70:30) used for reactive dyeing were kindly provided by 
Qiqihar Jinya Group (China).

Chemicals.  All chemicals used in this study were laboratory reagent grade. Reactive Yellow K-R and Reac-
tive Yellow B-4RFN were purchased from Tianjin Tiancheng Chemical Co. Ltd. (China). Sodium hydroxide, 
sodium chloride, sodium carbonate, hydrogen peroxide (30% w/w), sodium silicate, and urea were purchased 
from Tianjin Kaitong Chemical Reagent Co. Ltd. (China). The formaldehyde-free fixing agent DM-2518 was 
kindly provided by Dymatic Chemicals, Inc. (China).

Bleaching of yarns.  The soybean protein/flax blended yarns were bleached in a 250-mL Erlenmeyer flask 
in a water bath and at 90 °C for 60 min with a bath to material ratio of 20:1. The samples of soybean protein/
flax blended yarn (5 g) were immersed in a 100 ml bleaching bath that contained 25 g/L H2O2, 5 g/L Na2CO3, 
5 g/L urea, and 3 g/L Na2SiO3. After bleaching, the yarn samples were removed from the bleaching bath and then 
rinsed in hot and cold water. Finally, the bleached yarns were dried to be ready for dyeing.

Dyeing of yarns.  The bleached yarns were dyed using two types of reactive dyes, reactive yellow K-R (with 
monofunctional groups) and reactive yellow B-4RFN (with bifunctional groups). Dyeing was carried out using 
different technique parameters at a bath to material ratio from 10:1 to 50:1 [10:1, 20:1, 30:1, 40:1, 50:1]. The dye 
concentration was 2% owf. The initial temperature of dyeing was 40 °C. Half the amount of sodium chloride 
(NaCl) was added after dyeing 5 min, the remaining salt was added in another 15 min. Fixing temperature main-
tained was from 60 to 90 °C [60, 70, 75, 80, 85, 90 °C], fixing time was adjusted to be from 20 to 60 min [20, 30, 
40, 50, 60 min], alkali (Na2CO3) concentration was from 5 to 25 g/L [5, 10, 15, 20, 25 g/L], salt concentration was 
from 10 to 60 g/L [10, 20, 30, 40, 50, 60 g/L]. Alkali was added in batches. After dyeing, the yarns were soaped in 
2 g/L soap powder and 2 g/L Na2CO3, and the liquor to material ratio was 30:1.

Exhaustion and fixation.  The absorbance (A) of dyeing and soaping solutions was tested using a UV–Vis 
spectrophotometer (Wuxi Keda Instrument Factory, 754PC, China). The exhaustion (E) and fixation (F) of reac-
tive dyes on yarns were calculated using Eqs. (1) and (2), respectively.

where A and B are the absorbance at λmax of the standard dye in the dye bath and of the residual dye after dye-
ing, respectively.

where C and D are the absorbance at λmax of the standard dye in the soap bath and of the residual dye after boil-
ing, respectively.

Colorfastness tests.  The yarn colorfastness to washing was measured according to the Chinese standard 
method (GB/T 3921–2008) with a Washable Fastness Tester (Wenzhou Darong Textile Standard Instrument 
Factory, YGH-DM, China). Yarn colorfastness to rubbing (dry and wet) was measured according to the Chinese 
standard method (GB/T 3920-2008) with an Abrasion Fastness Tester (Shanghai Jinghua Technology Instru-
ment Co., Ltd, V571R, China). The breaking strength of the blended yarns was measured according to the Chi-
nese standard method (GB/T 3916-2008) with a single yarn strength tester (Laizhou Electronic Instrument Co., 
Ltd, YG061, China).

(1)E = 100%− B/(A× 2)× 100%

(2)F = E− D/(C× 2)× 100%
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Results and discussion
Factors affecting the dyeing performance of soybean protein/flax blended yarns.  Fixation 
temperature.  Fixation temperature has great influence on dyeing properties of the soybean protein/flax blend-
ed yarns. A higher temperature can swell the flax fibers and the soybean protein fibers, and promote adsorption, 
diffusion and penetration of the dyes. The bleached blended yarns were dyed at a bath to material ratio 20:1 with 
Reactive Yellow K-R (NaCl 40 g/L, Na2CO3 10 g/L, fixed 30 min) and Reactive Yellow B-4RFN (NaCl 50 g/L, 
Na2CO3 15 g/L, fixed 40 min). Exhaustion and fixation levels at different temperatures (60–90 °C) are shown in 
Fig. 1.

Figure 1 shows that Reactive Yellow B-4RFN achieved the maximum exhaustion and fixation levels at 70 °C, 
while Reactive Yellow K-R achieved it at 85 °C. At the beginning of fixation, with the increase of temperature, 
the extents of exhaustion and fixation of the soybean protein/flax blended yarns increased. But after reaching the 
maximum value, the exhaustion and fixation levels decreased gradually. The reason was that the soybean protein 
fibers in the blended yarns were not resistant to high temperatures, and under alkaline conditions, reactive dyes 
not only formed covalent bond with the fibers, but also occurred reverse hydrolysis when the temperature raised 
to a certain level. At the higher temperatures, the dyes bonded on the fibers hydrolyzed more quickly than their 
extent of fixation. So the fixation temperature should be at about 70 °C for Reactive Yellow B-4RFN and 85 °C 
for Reactive Yellow K-R.

Salt concentration.  In reactive dyeing, the function of neutral salt was to promote dyeing as an accelerant. 
Sodium chloride was the most common neutral salt, and the concentration of salt was related to the concentra-
tion of the dyes and liquor ratio and so on. The bleached blended yarns were dyed at a bath to material ratio 
20:1 with Reactive Yellow K-R (Na2CO3 10 g/L, fixed at 85 °C for 30 min) and Reactive Yellow B-4RFN (Na2CO3 
15 g/L, fixed at 75 °C for 40 min). Exhaustion and fixation levels at different salt concentrations (10–60 g/L) are 
shown in Fig. 2.

Figure 2 shows that for Reactive Yellow K-R, with the increase of the salt concentration, the exhaustion and 
fixation levels gradually increased, but after the amount of sodium chloride reached 40 g/L, the exhaustion and 
fixation levels decreased significantly. As for Reactive Yellow B-4RFN, the best salt concentration was 50 g/L 
sodium chloride. Meanwhile, at the maximum fixation level, the salt concentration for Reactive Yellow B-4RFN 
was higher than that of Reactive Yellow K-R, the reason was that bifunctional reactive dyes consumed more 
accelerating agent. However, an overdose of sodium chloride would cause uneven dyeing due to dye aggrega-
tion. So the sodium chloride concentration was about 40 g/L for Reactive Yellow K-R and 50 g/L for Reactive 
Yellow B-4RFN.

Alkali concentration.  Under the alkaline condition of a certain pH value, the hydroxyl groups in the flax cel-
lulose would form hydroxyl anions, and the amino groups in the soybean protein would form imino groups. The 
reactive dyes can react with the fibers and fix on the two fibers. The dyeing effect was related to the alkali con-
centrations and pH values of the dye bath. The strong alkali can lead to incomplete reaction with the fibre due to 
its hydrolysis, the bonding combination of the reactive dyes and fibers will not form firm, and to result resulting 
in a lighter color as well as uneven dyeing. Excessive alkali may cause the hydrolysis of the dyes, reduce the color 
yield, and decrease the fixation level. So sodium carbonate was selected in this study. The bleached blended yarns 
were dyed at a bath to material ratio 20:1 with Reactive Yellow K-R (NaCl 40 g/L, fixed at 85 °C for 30 min) and 
Reactive Yellow B-4RFN (NaCl 50 g/L, fixed at 75 °C for 40 min). Exhaustion and fixation levels at different alkali 
concentrations (5–25 g/L) are shown in Fig. 3.

Figure 1.   Relation between fixation temperature and E & F.
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Figure 3 shows that for Reactive Yellow K-R and Reactive Yellow B-4RFN, with the increase of the concen-
tration of alkali, the exhaustion and fixation levels gradually increased, after reaching the maximum value, the 
exhaustion and fixation levels decreased when the concentration of alkali was further increased. The trend of 
the change in exhaustion and fixation levels was similar, but the optimal amount of alkali was different, sodium 
carbonate was required 10 g/L and 15 g/L for the two dyes, respectively. So the sodium carbonate concentration 
was 10 g/L for reactive yellow K-R and 15 g/L for reactive yellow B-4RFN.

The manner of adding alkali must be paid due attention. If the whole total quantity of sodium carbonate is 
added at one time, it will cause uneven dyeing, which implies that the flax fibers and the soybean protein/flax 
fibers would not achieve the same color. Pre-sharpen dyeing solved the uneven dyeing problem, in which case 
1/3 quantity of sodium carbonate was added in the heating stage, and the rest 2/3 of sodium carbonate was added 
at the fixation temperature27. Reactive Yellow B-4RFN required 0.5–1 times more alkali than that required for 
Reactive Yellow K-R.

Fixation time.  The bleached blended yarns were dyed at a bath to material ratio 20:1 with Reactive Yellow K-R 
(NaCl 40 g/L, Na2CO3 10 g/L, fixed at 85 °C) and Reactive Yellow B-4RFN (NaCl 50 g/L, Na2CO3 15 g/L, fixed at 
75 °C). Exhaustion and fixation levels at different fixation times (10–60 min) are shown in Fig. 4.

As can be seen from Fig. 4, with the extension of the fixation time, both the exhaustion and fixation levels 
increased in different extents. It took 50 min for Reactive Yellow B-4RFN (30 min for Reactive Yellow K-R) to 

Figure 2.   Relation between salt concentration and E & F.

Figure 3.   Relation between alkali concentration and E & F.
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achieve the maximum exhaustion and fixation levels. During the dyeing, along with their reaction with the fib-
ers, the hydrolysis reaction of the dyes also occurred, and produced the hydrolysed dyes with lower affinity to 
the fibers, which decreased their reactivity i.e. formation of covalent bonds between the dyes and fibers. So the 
fixation time was 50 min for Reactive Yellow B-4RFN and 30 min for Reactive Yellow K-R.

Bath to material ratio.  After changing the bath to material ratio, the bleached blended yarns were dyed with 
Reactive Yellow K-R (salt 40 g/L, alkali 10 g/L, fixed at 85 °C for 30 min) and Reactive Yellow B-4RFN (salt 
50 g/L, alkali 15 g/L, fixed at 75 °C for 50 min). Exhaustion and fixation levels at different bath to material ratios 
are shown in Figs. 5 and 6.

Figures 5 and 6 show that the bath to material ratio significantly influenced the level of fixation of dyes, and 
the fixation level obviously increased with decreasing bath to material ratio. However, the bath to material ratio 
cannot be reduced indefinitely since a bath to material ratio lower than 10:1 in laboratory conditions signifi-
cantly caused unevenness of dyeing, necessitating increased number of washing cycles. In the experiment, the 
dyed and soaped yarns under a bath to material ratio of 10:1 were washed with 30 ml water at least 5 times, and 
the pH value of the yarn surface was neutral. When the bath ratio was more than 30:1, the pH value of the yarn 
surface could reach neutral only after washing 2–3 times. However, a high bath to material ratio greater than 
30:1 obviously decreased the fixation level and increased the consumption of other auxiliaries, which further 
increased the production cost. In factory production, the bath to material ratio could be reduced to 10:1 even 

Figure 4.   Relation between fixation time and E & F.

Figure 5.   Relation between bath to material ratio and E & F (reactive yellow K-R).
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lower according to the equipment conditions, but it must be pad or roll dyeing. However, due to the limitation 
of laboratory conditions, the bath to material ratio could be controlled to 20:1.

Application of formaldehyde‑free dye‑fixing agent.  To improve the color fastness of the dyed soy-
bean protein/flax blended yarns, formaldehyde-free dye-fixing agent DM-2518 was selected to process the dyed 
yarns. DM-2518 is a water-soluble cationic polymer, the cations in its molecule can generate electrostatic bond-
ing with the dye anion, the dyes with negative charge and the dye-fixing agents with positive charge can form 
insoluble color precipitation on fibers, so as to reduce the water solubility of the dye, and improve the wet treat-
ment fastness.

Factors affecting the colorfastness of soybean protein/flax blended yarns.  Concentration of 
dye‑fixing agent.  The dyed soybean protein/flax blended yarns were treated with formaldehyde-free dye-fixing 
agent DM-2518, and the fastness to washing, rubbing and breaking strength of the dyed blended yarns were 
tested. The test results are shown in Table 1.

It can be seen from Table 1 that for Reactive Yellow K-R, the optimum concentration of dye-fixing agent 
was 2.0% owf., which was the best of all colorfastness values and the optimum breaking strength retention. For 
Reactive Yellow B-4RFN, although the concentration of dye-fixing agent was 2.0% owf., it showed the best fast-
ness to washing and rubbing, but the breaking strength of the blended yarns decreased greatly, therefore, the 
concentration of the dye-fixing agent DM-2518 was chosen as 1.5% owf..

Curing temperature.  As the soybean protein fibers were not resistant to high temperature above 120 °C, the 
blended yarns were seriously damaged, especially for the soybean protein components in the blended yarns. 
Therefore, it was necessary to determine the appropriate curing temperature of the dye-fixing agent DM-2158 
for the blended yarns. As shown in Table 2, cured at 115 °C, the color fastness to washing and to rubbing were 
better, the breaking strength of the blended yarn also decreased to a limited extent, hence the curing temperature 
was selected as 115 °C.

Figure 6.   Relation between bath to material ratio and E & F (reactive yellow B-4RFN).

Table 1.   Effect of dye-fixing agent concentration on colorfastness and breaking strength. Bath to material ratio 
10:1, impregnating temperature 45 °C, time 20 min; curing 115 °C × 1 min.

DM-2518 concentration
(% owf.)

Fastness to 
washing (grade)

Fastness to dry 
rubbing (grade)

Fastness to wet 
rubbing (grade)

Breaking strength 
(cN)

K-R B-4RFN K-R B-4RFN K-R B-4RFN K-R B-4RFN

1.0 3–4 3 4 3–4 3 3–4 321 ± 9 338 ± 9

1.5 4 3–4 4–5 4 3–4 4 321 ± 8 326 ± 8

2.0 4–5 4–5 5 4–5 4 4–5 319 ± 8 301 ± 7

2.5 4–5 4 5 4–5 4–5 4 307 ± 7 285 ± 6

3.0 3 3 4–5 4–5 4–5 4 289 ± 6 261 ± 5
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Curing time.  The curing time was changed on the basis of the specific optimum curing temperature and the 
dye-fixing agent concentration. After the treatment, the performance indices of the blended yarns were tested. 
As shown in Table 3, when cured for 1.5 min for samples dyed with Reactive Yellow K-R and cured for 1 min for 
samples dyed with Reactive Yellow B-4RFN, the colorfastness to washing and rubbing was much better. Extend-
ing the curing time decreased the breaking strength of the yarns and the colorfastness. Therefore, the optimum 
curing times were 1.5 min and 1 min, respectively.

Dyeing enhancement.  The soybean protein/flax blended yarns were dyed under the above mentioned 
optimized process conditions and the dye was applied 2, 4, and 6% owf., respectively. Then, the exhaustion and 
fixation levels were tested, the results are shown in Table 4.

Table 4 shows that for Reactive Yellow K-R, the dye increased from 2 to 4% owf., the fixation level increased 
from 39.12 to 50.42%, indicating that it had showed good enhancement in this range of dye concentration, and 
the dyeing depth could be improved by increasing the dye concentration. However, when the dye increased 
from 4 to 6% owf., the fixation level decreased from 52.42 to 32.07%, indicating that it was not suitable for deep 
shades, but more suitable for medium to light shades. K type reactive dye working solution is stable, in addition 
to react with fibers, but also combined with the fixing agent, so it showed better color fastness. For Reactive 
Yellow B-4RFN, the fixation level showed a downward trend as the dye concentration increased. The effect was 
related to the chemical constitution and structure of the dyes. Colour index numbers and chemical constitution 
and molecular weight: Reactive Yellow K-R (C.I. Reactive Yellow 3, C27H19ClN7Na3O10S3, molecular weight 
802.090). Reactive Yellow B-4RFN (C.I. Reactive Yellow 145, C28H20ClN9Na4O16S5, molecular weight 1026.225). 
The chemical structure of these two dyes is shown in Fig. 7. Reactive Yellow B-4RFN is a dye with bifunctional 
groups, the ethylene sulfone group of B type reactive dye has a large space blocking effect on monochlorotriazine, 
so ethylene sulfone is the main reaction group when Reactive Yellow B-4RFN reacted with fiber macromolecules. 
However, vinyl sulfone sulfate must firstly generate vinyl sulfone group in alkaline condition, then combine 
with dye-fixing agent through double bond addition reaction, so its fixation effect was not very obvious. The 
dye that goes up adsorbed first prevents the dye that is adsorbed later from binding to with the fiber. So it was 
more suitable for dyeing light shades.

Comparison of the dyeing performance.  The soybean protein/flax blended yarns were dyed with Reac-
tive Yellow K-R and Reactive Yellow B-4RFN under the optimum conditions, treated with formaldehyde-free 
color-fixing agent DM-2518, and then tested for colorfastness and breaking strength. A photo of the dyed (dyed 
and fixed) samples is shown in Fig. 8. The performance test results are shown in Table 5.

Table 2.   Effect of curing temperature on colorfastness and breaking strength. Bath to material ratio 10:1, 
impregnating 45 °C × 20 min; DM-2518 1.5% owf.; curing 1 min.

Curing temperature (°C)

Fastness to 
washing (grade)

Fastness to dry 
rubbing (grade)

Fastness to wet 
rubbing (grade)

Breaking strength 
(cN)

K-R B-4RFN K-R B-4RFN K-R B-4RFN K-R B-4RFN

110 4 3–4 3–4 3–4 3 3 319 ± 7 324 ± 8

115 4–5 4–5 4 4 4 4 318 ± 7 319 ± 7

120 4 4–5 2–3 3 2 2 305 ± 5 273 ± 4

Table 3.   Effect of curing time on colorfastness and breaking strength. Bath to material ratio 10:1, 
impregnating 45 °C × 20 min; curing 115 °C; DM-2518 1.5% owf.

Curing time (min)

Fastness to 
washing (grade)

Fastness to dry 
rubbing (grade)

Fastness to wet 
rubbing (grade)

Breaking strength 
(cN)

K-R B-4RFN K-R B-4RFN K-R B-4RFN K-R B-4RFN

1 4–5 4–5 4 4 3–4 4 317 ± 7 322 ± 7

1.5 5 4 4 3–4 4 3–4 316 ± 6 307 ± 5

2 3–4 3 3 3 3–4 3 302 ± 4 280 ± 4

Table 4.   Effect of dye concentration on dyeing with the two reactive dyes.

Dye concentration (% owf.)

Reactive yellow K-R Reactive yellow B-4RFN

E (%) F (%) E (%) F (%)

2 82.85 ± 0.78 39.12 ± 0.53 86.64 ± 0.81 46.04 ± 0.63

4 74.49 ± 0.63 50.42 ± 0.62 78.21 ± 0.73 41.62 ± 0.54

6 65.27 ± 0.52 32.07 ± 0.54 57.03 ± 0.64 25.03 ± 0.47
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Table 5 and Fig. 8 show that the exhaustion and final fixation levels of Reactive Yellow B-4RFN were signifi-
cantly greater than those of Reactive Yellow K-R, as was the color fastness to washing and rubbing. This was 
mainly related to the fact that the bifunctional groups in Reactive Yellow B-4RFN can better form bonds with the 
fibers. It also indicated that both K-type and B-type reactive dyes had good colorfastness and levelness, especially 
for light to moderate shades, but B-type reactive dyes were better than K-type reactive dyes. The colorfastness of 
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Figure 7.   Chemical structure of the dyes.

Figure 8.   Photo of samples. (a) The blended yarns dyed with reactive yellow K-R; (b) the blended yarns dyed 
with reactive yellow B-4RFN; (c) the blended yarns dyed with reactive yellow K-R and fixed with DM-2158; (d) 
the blended yarns dyed with reactive yellow B-4RFN and fixed with DM-2158.
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the dyed yarns can meet general requirements. Table 5 also shows that the color fastness to washing and rubbing 
improved obviously after treatment with the formaldehyde-free dye-fixing agent DM-2518, and the strength of 
the blended yarns was affected only slightly. This dye-fixing agent was especially suitable for K-type reactive dyes. 
The reason was that ethylsulfone sulfate in the molecule of B-type reactive dyes had a large spatial blocking stearic 
hindrance on monotriazine, and its reaction with fiber macromolecule was mainly through vinyl sulfone sulfate. 
The vinyl sulfone sulfate must form ethylsulfone group under alkaline condition through active double bond 
addition reaction to react with the fixing agent and hence its fixation effect was not obvious in B-Type reactive 
dye. K-type reactive dyes were stable, and in addition to reacting with the fiber when curing, they also combine 
with the fixing agent resulting in improved color fastness.

Infrared spectra analysis.  To explore the combination of reactive dyes and blended fibers, the infrared 
spectra of soybean protein/flax blended yarn dyed with two reactive dyes were analysed and compared with the 
infrared spectra of the original yarn before dyeing. A Spectrum One Fourier Transform Infrared Spectrometer 
by PerkinElmer (USA) was used. The infrared spectrum of the samples is shown in Fig. 9.

In Fig. 9a, the peak observed at 3412.27 cm−1 was due to the –OH stretching vibration absorption peak and 
bending vibration absorption peak in the flax fiber. At 1019.8 cm−1 was due to the -NH2 vibration absorption peak 
in soybean protein fiber. In Fig. 9b, after dyeing with K-type reactive dye, the absorption peak at 3420.79 cm−1 
was the covalent bending vibration absorption peak of cellulose -OH and homotriazine, and the absorption 
peak at 1020.28 cm−1 was the covalent bending vibration peak of amino groups in soybean protein and primary 
hydroxyl groups in PVA and homotriazine. In Fig. 9c, the two maximum absorption peaks were the cellulose 
hydroxyl group binding to the homotriazine and ethylene sulfone groups and the primary hydroxyl group in 
the amino PVA of soybean protein binding to the homotriazine and ethylene sulfone groups. After dyeing, the 
two absorption peaks of the product were subtracted from the two absorption peaks of the original yarn. The 
absorption peak of the product changed greatly after dyeing with K-type dye, while the absorption peak of the 
product with B-type dye changed little. The fiber had a strong binding effect with the K-type dye, which changed 
the structure of the fiber. The main reason was the influence of high temperature. In Fig. 9d,e, compared with the 
infrared spectra of the unfixed samples, the two dye fixed samples showed that there was no significant change 
in the two maximum absorption peaks, indicating that the action of the fixing agent and the dye was moderate 
and did not affect the structure of the fibers.

Conclusions
The optimum dyeing processes of soybean protein/flax blended yarns with the two types of reactive dyes were 
defined. For Reactive Yellow K-R, the optimum dye concentration was 2% owf., sodium chloride 40 g/L, sodium 
carbonate 10 g/L, fixation temperature 85 °C and time 30 min; For Reactive Yellow B-4RFN, the optimum dye 
concentration was 2% owf., sodium chloride 50 g/L, sodium carbonate 15 g/L, fixation temperature 70 °C for 
and time 50 min; in both the cases bath to material ratio was 20:1.

The application processes of formaldehyde-free color-fixing agent DM-2158 were also determined, namely, 
for blended yarns dyed with Reactive Yellow K-R: DM-2158 concentration 2% owf., bath to material ratio 10: 1, 
impregnated at impregnation temperature 45 °C for 20 min, cured at 115 °C for 1.5 min; for blended yarns dyed 
with Reactive Yellow B-4RFN: DM-2158 concentration 1.5% owf., bath to material ratio 10: 1, impregnation 
temperature 45 °C for 20 min and cured at 115 °C for 1 min.

The reproducibility of dyeing was good, and the colorfastness of the dyed samples could meet the general 
requirements, and B-type reactive dyes containing bifunctional groups showed a higher fixation level than that 
of K-type reactive dyes containing monofunctional group. The application of formaldehyde-free fixing agent to 
dyed products helped to improve colorfastness to washing and rubbing, especially for blended yarns dyed with 
K-type reactive dyes.

Table 5.   Dyeing performance of dyed (dyed and fixed) samples.

Samples (dye 2% owf.) E (%) F (%) Breaking strength (cN) Fastness to washing (Grade)

Fastness 
to rubbing 
(grade)

Dry Wet

Reactive yellow K-R (dyed) 82.85 ± 0.78 39.12 ± 0.48 326 ± 7 3 3 2–3

Reactive yellow B-4RFN (dyed) 84.64 ± 0.83 45.04 ± 0.52 342 ± 8 3–4 3–4 3

Reactive yellow K-R (dyed and 
fixed) – – 317 ± 6 5 4–5 4

Reactive yellow B-4RFN (dyed 
and fixed) – – 320 ± 6 4–5 4–5 4
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Figure 9.   Infrared spectrum. (a) The undyed blended yarns; (b) the blended yarns dyed with reactive yellow 
K-R; (c) the blended yarns dyed with reactive yellow B-4RFN; (d) the blended yarns dyed with reactive yellow 
K-R and fixed with DM-2158; (e) the blended yarns dyed with reactive yellow B-4RFN and fixed with DM-2158.

https://doi.org/10.1002/MAME.202000751
https://doi.org/10.1177/0021998319831748


11

Vol.:(0123456789)

Scientific Reports |         (2022) 12:1506  | https://doi.org/10.1038/s41598-022-05581-5

www.nature.com/scientificreports/

	 3.	 Mukul, G., Javed, S. & Ankit, S. An eco-friendly route to develop cellulose-based multifunctional finished linen fabric using ZnO 
NPs and CS network. J. Ind. Eng. Chem. 97(2), 383–389. https://​doi.​org/​10.​1016/J.​JIEC.​2021.​02.​023 (2021).

	 4.	 Kanakannavar, S. & Pitchaimani, J. Fabrication and mechanical properties of braided flax fabric polylactic acid biocomposites. J. 
Text. I(4), 1–13. https://​doi.​org/​10.​1080/​00405​000.​2021.​19079​58 (2021).

	 5.	 Hasan, K. M. & Faridul, G. Thermomechanical behavior of methylene diphenyl diisocyanate-bonded flax/glass woven fabric 
reinforced laminated composites. ACS Omega 6(9), 6124–6133. https://​doi.​org/​10.​1021/​ACSOM​EGA.​0C047​98 (2021).

	 6.	 Bilen, U. The effect of linen and linen blends on the comfort properties of bedding fabrics. J. Nat. Fibers. 18(3), 1–12. https://​doi.​
org/​10.​1080/​15440​478.​2019.​16249​97 (2021).

	 7.	 Marcela, F. et al. Development and characterization of weft-knitted fabrics of naturally, occurring polymer fibers for sustainable 
and functional textiles. Polymers 13(4), 665. https://​doi.​org/​10.​3390/​POLYM​13040​665 (2021).

	 8.	 Filiz, Y. F., Ozan, A. O. & Arzu, Y. Soybean protein fibers Part 1: Structure, production and environmental effects of soybean protein 
fibers. Uludağ University J. Faculty Eng. 19(2). https://​doi.​org/​10.​17482/​uujfe.​91482 (2014).

	 9.	 Zhao, H. & Lu, Y. An efficient method to functionalize soybean protein fiber for fuse wire application. J. Mater. Sci. Mater. El. 
26(11), 1–9. https://​doi.​org/​10.​1007/​s10854-​015-​3536-8 (2015).

	10.	 Fakin, D. & Alenka, O. Color of flax fibers in regard to different pretreatment and dyeing processes. Color. Technol. 124(4), 216–222. 
https://​doi.​org/​10.​1111/j.​1478-​4408.​2008.​00144.x (2008).

	11.	 Fakin, D. Sorption properties of flax fibers depending on pretreatment processes and their environmental impact. Text. Res. J. 
76(6), 448–454. https://​doi.​org/​10.​1177/​00405​17506​062767 (2006).

	12.	 Wong, K. K. Wicking properties of linen treated with low temperature plasma. Text. Res. J. 71(1), 49–56. https://​doi.​org/​10.​1177/​
00405​17501​07100​108 (2001).

	13.	 Wong, K. K., Tao, X. M., Yuen, C. W. M. & Yeung, K. W. Effect of plasma and subsequent enzymatic treatments on linen fabrics. 
Color. Technol. 116(7–8), 208–214. https://​doi.​org/​10.​1111/j.​1478-​4408.​2000.​tb000​40.x (2000).

	14.	 Liu, J., Jiang, W., Sun, L. & Lv, C. Bleaching flax roving with poly(acrylic acid) magnesium salt as oxygen bleaching stabilizer for 
hydrogen peroxide. Cellulose 28, 11701–11712. https://​doi.​org/​10.​1007/​s10570-​021-​04262-2 (2021).

	15.	 Križman, P., Kovač, F. & Tavčer, P. F. Bleaching of cotton fabric with peracetic acid in the presence of different activators. Color. 
Technol. 121(6), 304–309. https://​doi.​org/​10.​1111/j.​1478-​4408.​2005.​tb003​73.x (2005).

	16.	 Liu, J. & Lv, C. Synthesizing environmentally friendly non-silicone oxygen bleaching stabilizer for linen yarn using oligomeric 
acrylic acid. Sci. Rep. 11, 10355. https://​doi.​org/​10.​1038/​s41598-​021-​89888-9 (2021).

	17.	 Adeel, S. et al. Eco-friendly isolation of colorant from arjun bark for dyeing of bio-mordanted cotton fabric short title: Dyeing of 
bio-mordanted cotton with arjun bark colorant. J. Nat. Fibers. 2, 1–12. https://​doi.​org/​10.​1080/​15440​478.​2020.​18706​18 (2021).

	18.	 Nikolaeva, N. V. et al. Analysis of the properties of active dyes. IOP Conf. Ser. Earth Environ. Sci. 677(5), 1–7. https://​doi.​org/​10.​
1088/​1755-​1315/​677/5/​052046 (2021).

	19.	 Irfan, M., Xie, K. & Hou, A. Effect of reactive dye structures and substituents on cellulose fabric dyeing. Fiber. Polym. 21(9), 
2018–2023. https://​doi.​org/​10.​1007/​s12221-​020-​9472-0 (2020).

	20.	 Rehman, F. et al. Eco-friendly dyeing of cellulosic fabric using Direct Red 28 and Direct Blue 15 dyes. Global Nest J. 22(2), 173–178. 
https://​doi.​org/​10.​30955/​gnj.​003176 (2020).

	21.	 Ghaffar, A. et al. Effects of microwave radiation on cotton dyeing with reactive blue 21 dye. Pol. J. Environ. Stud. 28(3), 1687–1691. 
https://​doi.​org/​10.​15244/​pjoes/​84774 (2018).

	22.	 Hossen, M. & Imran. Study on color strength of different reactive dyes. J. Text. Sci. Eng. 07(02). https://​doi.​org/​10.​4172/​2165-​8064.​
10002​93 (2017).

	23.	 Luo, Y., Pei, L. & Wang, J. Sustainable indigo dyeing and improvement of rubbing fastness of dyed cotton fiber using different fix-
ing agents for obtaining eco-friendly cowboy products. J. Clean. Prod. 251(1), 1–9. https://​doi.​org/​10.​1016/j.​jclep​ro.​2019.​119728 
(2020).

	24.	 Liu, Y. & Zhao, X. Preparation of a cationic environmentally friendly fixing agent. Fibers Text. East. Eur. 25(6), 96–102. https://​
doi.​org/​10.​5604/​01.​3001.​0010.​5378 (2017).

	25.	 Duan, X. F., Xu, Z. C. & Feng, H. H. Preparation of formaldehydeless fixing agent 6050. Dye. Finish. Technol. J. 39(2), 38–42. https://​
doi.​org/​10.​3969/j.​issn.​1005-​9350.​2017.​02.​011 (2017).

	26.	 Lv, X., Deng, D., Liu, F., Wu, S. & Liu, J. Application of aldehyde-free hydrophilic color fixing agent DM-2521. Knitting Ind. 6, 
42–45. https://​doi.​org/​10.​3969/j.​issn.​1000-​4033.​2018.​06.​012 (2018).

	27.	 Ling, C. Soybean protein fiber dyeing with B type reactive dyestuffs. Dye. Finish. 31(7), 26–28. https://​doi.​org/​10.​3321/j.​issn:​1000-​
4017.​2005.​07.​009 (2005).

Acknowledgements
This work was financially supported by the Basic Scientific Research Funds for provincial universities in Hei-
longjiang Province (145109503).

Author contributions
J.L. wrote the main manuscript text, J.L. and W.J. conducted the experiments, J.L. analysed the results, C.L. 
prepared figures. All authors reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1016/J.JIEC.2021.02.023
https://doi.org/10.1080/00405000.2021.1907958
https://doi.org/10.1021/ACSOMEGA.0C04798
https://doi.org/10.1080/15440478.2019.1624997
https://doi.org/10.1080/15440478.2019.1624997
https://doi.org/10.3390/POLYM13040665
https://doi.org/10.17482/uujfe.91482
https://doi.org/10.1007/s10854-015-3536-8
https://doi.org/10.1111/j.1478-4408.2008.00144.x
https://doi.org/10.1177/0040517506062767
https://doi.org/10.1177/004051750107100108
https://doi.org/10.1177/004051750107100108
https://doi.org/10.1111/j.1478-4408.2000.tb00040.x
https://doi.org/10.1007/s10570-021-04262-2
https://doi.org/10.1111/j.1478-4408.2005.tb00373.x
https://doi.org/10.1038/s41598-021-89888-9
https://doi.org/10.1080/15440478.2020.1870618
https://doi.org/10.1088/1755-1315/677/5/052046
https://doi.org/10.1088/1755-1315/677/5/052046
https://doi.org/10.1007/s12221-020-9472-0
https://doi.org/10.30955/gnj.003176
https://doi.org/10.15244/pjoes/84774
https://doi.org/10.4172/2165-8064.1000293
https://doi.org/10.4172/2165-8064.1000293
https://doi.org/10.1016/j.jclepro.2019.119728
https://doi.org/10.5604/01.3001.0010.5378
https://doi.org/10.5604/01.3001.0010.5378
https://doi.org/10.3969/j.issn.1005-9350.2017.02.011
https://doi.org/10.3969/j.issn.1005-9350.2017.02.011
https://doi.org/10.3969/j.issn.1000-4033.2018.06.012
https://doi.org/10.3321/j.issn:1000-4017.2005.07.009
https://doi.org/10.3321/j.issn:1000-4017.2005.07.009
www.nature.com/reprints


12

Vol:.(1234567890)

Scientific Reports |         (2022) 12:1506  | https://doi.org/10.1038/s41598-022-05581-5

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

http://creativecommons.org/licenses/by/4.0/

	Dyeing of soybean proteinflax blended yarns with reactive dyes and subsequent dye-fixation
	Materials and methods
	Materials. 
	Chemicals. 
	Bleaching of yarns. 
	Dyeing of yarns. 
	Exhaustion and fixation. 
	Colorfastness tests. 

	Results and discussion
	Factors affecting the dyeing performance of soybean proteinflax blended yarns. 
	Fixation temperature. 
	Salt concentration. 
	Alkali concentration. 
	Fixation time. 
	Bath to material ratio. 

	Application of formaldehyde-free dye-fixing agent. 
	Factors affecting the colorfastness of soybean proteinflax blended yarns. 
	Concentration of dye-fixing agent. 
	Curing temperature. 
	Curing time. 

	Dyeing enhancement. 
	Comparison of the dyeing performance. 
	Infrared spectra analysis. 

	Conclusions
	References
	Acknowledgements


