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Mechanism of Acid Dyes Adsorption on Silk Yarn Modified with B-

Cyclodextrin Nanostructure
Samera Salimpour Abkenar”, Reza Mohammad Ali Malek, Negar Daei Chini

Abstract

In this research, the degummed silk yarn was modified with B-cyclodextrin (-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 B-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.

Keywords: B-Cyclodextrin nanostructure, Silk, Inclusion complex, Acid dyes.
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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 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.

a
Functional group ) om (Wavenumber (Ad) Changes
Modified silk Inclusion complex
AB26 3271.20 2.04+
su JOHV [ 3269.16 AR52 3267.13 2 03-
AY36 3267.13 2.03-
AB26 2955.1 26.5-
JCHav [ 2981.6 AR52 2953.06 28.5-
AY36 2967.2 20.4—
AB26 1160.42 4.08+
Jccv [ 1156.34 ARS52 1160.42 4.08+
AY36 1162.46 6.12+
AY36 1038.06 4,08+
bend. JOHV [ 1033.98 AB26 1033.98 0
AR52 1036.02 2.04+
b
Functional group o (Wavenumber (Ad)Changes
Acid dyes Inclusion complex
AB26 16255 & 1529.63 | 1627.44 & 1509.16 1.99 +& 20.63-
naromatering ]C=CV [ ARS2 1596.93 & 1478.64 | 1621.33 & 1509.16 24.4 +& 30,52+
AY36 15959 & 1511.23 | 162541 & 1511.12 30.51 +& 0.11-
AB26 2926.7 30122 85.5+
i aromatiring [=C-HV [ AR52 2975.64 3028.52 529+
AV36 3032.75 3028.2 455
AY36 1594.9 1625.41 305+
IN=Nv [ AB26 1625.49 1627.44 195+
IN=Cv [ 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 B-CD nanostructure.
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Figure 12: Wastewaters and the silk samples dyed with Acid Red 52.

Ot S 950l JLSlugil b oads Mol goi pl &5 59, 22 708 Sl SIS, iz Jlem] 5l ol
09,5 90 olyep 4y 1y Sleand oo b 50,8 saunl 135, G Gl waslay a5 jshailes il VYW S sillas Wilgs o
Lo pH a5 gloj ol 3l (058 5 olond sbosd 4 555 ol 6155, ailan (-SO3Na") lgdlgw paow
9 pio gl —CO0™ (slaog )5 (rule ((Sod L) (Sgr oYLl Gk 5l 508 (6555, sl JsSse i sl oo gamml (55,5,
| )_»Mli,c‘ ‘)'ii) :N+(C2H5)2

silk grafted with
Poly SUA-BCD

SOzNa

oy yienS 3 6SG Ll Hlislugil b ooy Mol pis pl (59, 2 30,8 (ol 51555, i Jlaim! 050086 - VY S
Figure 13: Possible the adsorption mechanism of Acid Red 52 on silk modified with 3-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 3-CD nanostructure.
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Table 2: The color fastness properties of the silk samples.

. . Wash fastness Rubber fastness
Samples Acid dyes Light fastness Staining | Color change Dry Wet
Yellow 36 6 3-4 3 5 3
Untreated silk 5 2-3 4 5 3-4
5 4-5 5 5 4
Modified and dyed silk fmcnoW 36 56 34 4 > 34
(with acid) > 2-3 4 > 4
5 4-5 5 5 4
Modified and dyed silk jpmmcaci:36 > 4 3 > 34
(without acid) 3 3-4 > > 45
34 45 5 5 45
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