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Dyeing Behavior of Blended Yarns Based on Stable Isotope Technology
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Abstract: To reveal the differences in dyeing behavior of multi-component fibers in blended yarns, the dyeing mechanism
of viscose fiber and viscose/polyester blended yarn (70/30, a mass ratio of viscose fiber to polyester fiber) in the reactive dye
X-3B system was systematically investigated, using stable isotope technology combined with conventional characterization
methods. Results showed that as the dye concentration increased, the JD (hydrogen stable isotope value) in the
viscose/polyester blended yarn exhibited a depletion phenomenon, while pure viscose fiber showed a slight enrichment,
indicating significant differences in the dyeing behavior of the two fibers during the dyeing process. The variation range of

6"0 (oxygen stable isotope value) was 1 %o, indicating that reactive dyes have a certain impact on oxygen isotopes,
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independent of dye concentration. Temperature had a significant impact on the dyeing effect. As the temperature increased,
6'80 rebounded, and more dye remained on the fiber surface, reducing deep binding. Low temperatures favored the stability
of hydrogen bonds, enhancing the dye's adsorption capacity, while high temperatures increased fiber swelling, causing more
dye to remain on the fiber surface and reducing deep binding, leading to a depletion trend in JD (decreasing from —60.4%o to
—63.9%o0). Increasing the alkali concentration led to a depletion trend in JD, enhanced the binding ability of hydrogen bonds,
and tightened the bond between dye and fiber, while the change in 6'*0 was more complex, influenced by various factors,
and showed no obvious pattern. In all dyeing processes, 6"*C (carbon stable isotope value) was hardly affected because
carbon acts as the basic skeleton of the fiber. Therefore, reactive dyes significantly altered the hydrogen and oxygen stable
isotope ratios of the fiber during the dyeing process, and were jointly regulated by dye concentration, temperature, and alkali
concentration.
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Fig. 1 Effect of temperatures on viscose yarn
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Table 1 Yarn evenness testing results at different dyeing temperatures

T/°C  CV/% U/% Thinspots(=30%) Thin spots(—40%) Thin spots(—=50%)  Thick spots(+35%)  Thick spots(+50%)  Thick spots(+70%)

25 1250 9.85 0 0 0 2 1 1
40 12,19 9.62 7 1 0 0 0 0
50 1525 12.08 11 4 0 2 0 0
60 11.44 9.55 1 0 0 0 0 0
70 15.03 12.29 3 1 0 1 0 0
80  15.02 11.30 0 0 0 3 1 0
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Fig. 2 Light stable isotope ratios in viscose yarn at different dyeing temperatures
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Fig. 3 Effect of alkali mass concentrations on viscose yarn
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Table 2 Yarn evenness testing results with different alkali mass concentrations

p(I(\I;iS?;)/ CV/% U/ Thin spots(—30%) Thin spots(—40%) Thin spots(—50%) Thick spots(+35%) Thick spots(+50%) Thick spots(+70%)
10 1235 9.17 1 0 0 1 0 0
15 13.52 9.75 0 0 0 2 0 0
20 12.50  9.85 0 0 0 2 1 1
25 13.93 11.34 1 0 0 0 0 0
30 13.29 10.45 1 0 0 0 0 0
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Fig. 4 Light stable isotope ratios in viscose yarn at different alkali concentrations
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Table 3 Testing results of yarn evenness with different dye amounts

Thin spots Thin spots Thin spots Thick spots Thick spots Thick spots

Yarn m(Dye)/m(Yarn) CV/% Ul%
(=30%) (—40%) (=50%) (+35%) (+50%) (+70%)
0 13.55 10.53 6 1 0 0 0 0
0.5% 11.44 9.55 1 0 0 0 0 0
Viscose 1% 14.39 10.47 10 4 0 1 0 0
2% 13.92 11.09 5 0 0 1 0 0
3% 13.41 10.41 6 1 1 0 0 0
0 12.22 8.48 3 2 0 0 0 0
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