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Abstract

Many types of dyes are toxic, carcinogenic, non-biodegradable due to their complex
aromatic structures and their water solubility and accordingly, they should be removed
from wastewaters. In the present research, hexagonal mesoporous silicate HMS was
synthesized by sol-gel method and after modification by natural polymer chitosan (Ch-
HMS), it was applied for the removal of direct yellow 86 from aqueous media. The
characterization of synthesized HMS and chitosan modified HMS were analyzed by
some basic analyses such.as SEM, FTIR, XRD and BET. The effects of pH, adsorbent
dosage and.contact time on the removal of direct yellow 86 were investigated. The
results revealed that the maximum adsorption of dye was about 92% which was
obtained by 0.075 g of Ch-HMS composite at the pH of 2 and for 60 min contact time.
The equilibrium data of experiments were studied by Langmuir, Freundlich, Elovich
and Temkin isotherm models using linear regression. The Langmuir model with the
maximum adsorption capacity of 71.43 mg/g was the predominant model. Kinetic study
was also performed using pseudo first and pseudo second order kinetic models where
the second order model had the best agreement with the experimental data. The
experimental data showed that surface modification of HMS by chitosan and formation
of Ch-HMS nanocomposite enhanced the adsorption capacity of HMS and changed it
into a useful and powerful adsorbent for the removal of pollutants from aqueous
solutions.

Keywords: Hexagonal Mesoporous Silicate (HMS), Chitosan, Adsorption, Isotherm,
Direct Yellow 86.
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Fig. 1. Scan of direct yellow 86 in different wavelengths
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Table 1. BET parameters for HMS and Ch-HMS

Sample Specific surface area The pore diameter Using the BJH Total
(m*/g) calculated from the pore volume (cm’/g)
using the BJH (nm)
HMS 885 3.29 1.19
Ch-HMS 184.11 2.42 0.1183
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Table.2. The parameters of Langmuir, Ereundlich, Temkin and Elovich isotherms

Isotherm Non linear equation Linear form Parameter R
Ce/qe=1/k; qut (1/qm) Ce

; Ce/qe vs. C, qun=71.43 mg/g

Langmuir 1 K=0.7 L/mg 0.999
1/qge= 1/k qnCe + 1/qp,
Langmuir 2 1/ge vs.1/Ce ‘%2‘::616@6{2% g 0.994
Qe = 4uK1Ce/(1 + K,Co) T e
qe= qm — qe/ 1(L Ce

; qevs. q/Ce Jun=65.95 mg/g

Langmuir 3 K=1.07 L/mg 0.967
qe/ Ce: qm/ kl_ qe/ kl

g qo/Cevs. ge 4un=66.47 mg/g

Langmuir 4 K=0.96 L/mg 0.967
e K(C" _ n=4.16

Freundlich In qinl“ KVf: L/l ncln Ce K=29.84 0.911

e ¥s: M T (mg/g).(L/mg)'"

. Qe vs. In C, B=9.84 J/mole
Temkin q.=BIn (AC,) A=27.16 L/g 0.953

i — qe/qm qQu=13.53 mg/g
Elovich qe/qm= KgCe Ln (q¢/Ce) Vs. Qe K= 23.60 0.934
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Table 3. Comparison of maximum adsorption capacity of different chitosan based adsorbents for the dye removal from
aqueous solution

Dye Adsorbent Maximum Ref.
adsorption
capacity (mg/g)
. SBA-15/Chitosan(5%) 40.3
Acid red 18 (AR18) SBA-15/ Chitosan (10%) 96.6 Gao et al. 2014
Methylene blue (MB)  chitosan/heulandite/Fe;O, composites 45.1 Cho etal. 2015
. . . . Darvishi Cheshme
Acid Red 88 (AR88)  bio-silica/chitosan nanocomposite 25.84 Soltgani, et al., 2013
Reactive Black 5 80.28
Acid Red 51 Chitosan hydrogel/SiO, 70.4 Copello et al., 2011
Basic Violet 3 69.36
methylene blue Cross-linked chitosan/sepiolite composite 40.98 Marrakchi et al. 2016
Reactive Red 152 Chitosan/coffee residue composite beads 4.274 Nitayaphat 2017
Direct Yellow 86 Chitosan modified HMS (Ch-HMS) 71.43 This Study

AP it 3,55 S0 ciliso el Gz lale s 55 45 50 48 5 G s 48 (St (badaasle Dl as e =¥ Jyar

Table 4. Comparison of pseudo first and second kinetic models for the adsorption of DY 86 onto Ch-HMS
nanocomposite

Initial First order model Second order model

conc. R’ Qeca. (mg/g) ky(1/min) ki(g/mg.min) (e.ca(mg/g) R

(mg/L)
20 0.07 31.18 0.933 0.983 29.41 0.0009
40 0.05 47.94 0.967 0.988 71.43 0.0003
60 0.067 70.80 0.945 0.986 71.43 0.0004
80 0.081 106.80 0.932 0.978 83.33 0.0003
100 0.035 26 1 0.987 52.63 0.0012
120 0.046 36 0.966 0.991 58.82 0.001
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