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Abstract

Toxic waste water and infected water are considerable sources of environmental
contaminations. Dyes as the source of toxicity of waste water are used in various industries like
dyestuff, textile, paper, plastics and pharmaceutical. Recently, reactive dyes have become more
commonly used because of their advantages such as better dyeing processing conditions and
bright colors. So, removal of dyes from effluents is very important. Among the materials used
as the common adsorbents, chitosan and polyacrylamide are relatively cheap and the promising
materials that can be used as adsorbents. In the present study, TiO, nanoparticles dispersed in
chitosan grafted polyacrylamide matrix were synthesized by in situ method and used for the
removal of Sirius yellow K-CF dye from aqueous solution. The synthesized nano-composite
was characterized by FE-SEM, TEM, XRD and FT-IR. The effect of pH, adsorbent dosage,
time and temperature were investigated. The results showed that the highest dye removal
efficiency happended in the acidic pH of 2 with 0.05 g of TiO,-PAA-Ch adsorbent. The
equilibrium data were well compatible with the Langmuir isotherm (qm=1000 mg/g, 96.81% of
dye removal). The Dubinin-Radushkevich isotherm and thermodynamic studies proved that the
adsorption process is physical, endothermic and spontaneous. Kinetic study verifies that pseudo
second order kinetic model is the predominant model. In this study, TiO, nanoparticles
dispersed in polymer matrix were synthesized and employed for the removal of Sirius yellow K-
CF from aqueous media. Electrostatic attraction between positive charges of adsorbent surface
(NH;") and molecules of anionic dye together with formation of hydrogen bond (Dye-NH;"),
cause the adsorption of dye on PAA-Ch. On the other hand, Ti™ in PAA-Ch structure can
interact with the anionic molecules through the electrostatic adsorptlon The results of this study
show that the new synthesized TiO,-PAA-Ch composite with high amount of NH, functional
groups and Ti™ is ‘an efficient adsorbent for environmental applications to remove many
contaminants, dyes and organic pollutants.
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Fig. 7. The effect of adsorbent dosage on the percentage
of dye removal (initial dye concentration: 40 mg/L, pH
of 2, contact time of 90 min)
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Table 1. Thermodynamic parameters for the adsorption of Sirius yellow K-CF on TiO,-PAA-Ch

Initial AG’(kJ/mol)
concentration AH’(kJ/mol) AS°(J/mol. K) 25°C 30°C 35°C 40°C
(ppm)
40 41.07 152.27 -4.26 -5.00 -5.89 -6.53
60 38.82 157.37 -3.48 -4.22 -5.18 -6.08
80 38.32 166.25 -2.26 -3.05 -3.99 -4.77
100 38.30 128.08 -0.06 -0.46 -1.04 -1.88
120 30.16 98.87 -0.05 -0.29 -0.25 -0.81

oS glosen 3y b e saalia ¥ Jgax 53 S5 sboles
GV ST Gl w0 olis S5l | end S iy
s 55 i sl sas pdy (slaey S g esladl Gt C3lr (s,
Al w55 il a5 o Ren 5 LB D 0w
NS oS o ¢ S AR VYN sl i b Sl
S sl s ¥/TF o i s b sloors (s it
el Cgllas Gl saas ol
b il sbosly s Slee alin 5 () 5 shtee
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Table 2. Different isotherm parameters for the adsorption of of sirius yellow K-CF on TiO,-PAA-Ch

Isotherm Linear equation Parameters R
Ce 1 1 qm=142.86
Langmuirl —=——+—.C 0.999
¢ G Kip  dm k=0.593
1 1 1 1 —
Langmuir2 —= —t— An=138.89 0.985
de Kki-Qm Ce dm k=0.59
. qe qm=143.48
Langmuir3 -7 0.887
& e =m =7, k=0.553
. Je Im Je qm=148.32
L 4 === .
angmuir . kK K=2.04 0.887
. 1 k=53.74
Freundlich logqe = logk¢ + <H) log C, ;:3 46 0.845
Temkin e =B In(A C.) g:; ; ggi 0.877
Dubinin- _ ) qm=45.51
Radushkevich Ln g g ke E=8.45 0932
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Fig. 9. Adsorption isotherms of sirius yellow K-CF on TiO,-PAA-Ch composite at 25 °C
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Table 3. The comparison of different chitosan and polyachrylamide based adsorbents with the synthesized composite
for the removal of dyes and heavy metals from aqueous solution

YA

Maximum
Dye/heavy metal Adsorbent adsorption Reference
(mg/g) capacity

SBA-15/Chitosan(5%) 40.3

Acid red 18 (AR18) (Gaoetal., 2014)
SBA-15/ Chitosan (10%) 96.6

Methylene blue (MB) Chitosan/Heulandite/Fe;O, composites 45.1 (Cho et al., 2015)

Acid Red 88 (ARS88) Bio-silica/Chitosan nanocomposite 25.84 (Darvishi et al., 2013)
Chitosan-graft-pol lamid ti

Mercury flosan-gratl-po’yactyatiide magnete 270.27 (Li, 2015)
Composite microspheres
Chitosan-grafted pol lamide loaded b

Sirius yellow K-CF Hosah-graied poryactylamide foade Y 142.86 Present Study

TiO; nanoparticles(Ch-PAA-TiO,)

Sglite glalale 13503 0550 355 Jao 5 095 45 0 4ed sl e (St ladas sl el =¥ s
Table 4. Kinetics parameters of pseudo-first order, pseudo-second order and intraparticle kinetic models

Initial Pseudo first order Pseudo second order Intra particle diffusion
concentration
Kad qe.cal 2 Kh(*104 ) qe.cal qe.exp 2 Kp C 2
(ppm) (1/min) (mg/g) (¢g/mg.min) (mg/g) (mg/g) mg/g.min’®  (mg/g)
20 0.0579 43.68 0.985 12.3 42.91 35.091 0.997 2.961 8.73 0941
40 0.058 89.61 0.973 5.667 84.746 68 0.995 5.945 14.85 0.950
60 0.0432  98.74  0.987 3.648 119.048 96.364 0.980 8.398 19.30  0.958
80 0.0455 125.59 0.970 2.75 147.059 114.182 0.992 10.414 19.38 0.970
100 0.0359 51.16  0.980 9.596 108.696  98.727  0.999 5.524 48.51 0.930
120 0.0283 47.44 0.990 8.932 113.636 104.182 0.998 5.592 51.93  0.980
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