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This research modified the degummed silk yarn with g-cyclodextrin (f-CD) using
Succinic acid (SUA). Then, the modified silk yarn was dyed with three different acid
dyes through usual (with acid) and unusual (without acid) methods. The surface
modification and inclusion complex were characterized by well-known analyses such
as Fourier transform infrared (FTIR), attenuated total reflectance-FTIR (ATR-FTIR),
Scanning electron microscope (SEM), X-ray diffraction (XRD), and UV-visible.
Results show that the presence of the B-CD has markedly enhanced the dye
adsorption, and also, the acid has an effective role in the dye adsorption mechanism.
The improvement of dye adsorption can be related to chemical (H-bonding and ionic)
and physical (inclusion complex and encapsulation into tridimensional polymeric
network) interactions. In addition, the f-CD had no negative effect on the color
fastness (wash, light, and rubber) of the modified silk samples, so the color fastness of
most samples remained unchanged or did not show a noticeable decrease.
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Figure 1: Schematic of the cyclodextrins structure [14].
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Figure 2: Chemical structure and calculated dimensions of the used acid dyes.
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Figure 5: ATR-FTIR and FTIR spectra: a) the silk samples, b) -CD.
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Figure 6: SEM images of a) the B-CD, b) Untreated silk, and c, d) Silk grafted with the B-CD.
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Figure 8: FTIR spectra and peak assignments of (26) a) The modified silk samples dyed with acid dyes, b) Magnified spectra of the dyed silk samples
over the range of 800-1800 cm* and c) the used dyes.
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Table 1: The intensity of frequency variations between: a) the modified silk and b) the acid dyes, with the inclusion complex.

Wavenumber (cm™)

Functional group (Ad)Changes
AB26 3271.20 2.04+
v [OH]st. 3269.16 AR52 3267.13 2.03-
AY36 3267.13 2.03-
AB26 2955.1 26.5-
v [CH,] 2981.6 AR52 2953.06 28.5-
AY36 2967.2 20.4-
AB26 1160.42 4.08+
v [C-C] 1156.34 AR52 1160.42 4.08+
AY36 1162.46 6.12+
AY36 1038.06 4.08+
vV [OH]ben. 1033.98 AB26 1033.98 0
AR52 1036.02 2.04+
b
Wavenumber(cm™)
Functional group (A8) Changes
Acid dyes Inclusion complex
AB26 1625.5 & 1529.63 1627.44 & 1509.16 1.99 +& 20.63-
V [C=C]in aromatic ring. AR52 1596.93 & 1478.64 1621.33 & 1509.16 24.4 +& 30.52+
AY36 1595.9 & 1511.23 1625.41 & 1511.12 30.51 +& 0.11-
AB26 2926.7 3012.2 85.5+
V [=C-H]in aromatic ring. AR52 2975.64 3028.52 52.9+
AY36 3032.75 3028.2 4.55-
AY36 1594.9 1625.41 30.5+
v [N=N].
AB26 1625.49 1627.44 1.95+
v [N=C]. AR52 1080.99 1062.53 18.46-
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Figure 9: UV-visible spectra of the acid dyes in Amax.
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Figure 10: Wastewaters and the silk samples dyed with Acid Yellow 36.
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Figure 11: Possible the adsorption mechanism of Acid Yellow 36 on silk modified with -CD nanostructure.
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Figure 12: Wastewaters and the silk samples dyed with Acid Red 52.
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Figure 13: Possible the adsorption mechanism of Acid Red 52 on silk modified with B-CD nanostructure.
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Figure 14: Wastewaters and the silk samples dyed with Acid Blue 26.
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Figure 15: Possible the adsorption mechanism of Acid Blue 26 on silk modified with -CD nanostructure.
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Table 2: The color fastness properties of the silk samples.
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