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Abstract

Hydrogels were prepared based on methacrylic acid (MAA) and N-Vinylpyrrolidone (NVP) to the NVP percent molar
composition of 10, 47.5 and 85. These new hydrogels were then used to adsorb and remove the cationic dye trisacrylamide blue
(TB) at temperature 25°C, were studied using two kinetics models of sorption intra-particle diffusion and the pseudo-second order
model, result of the kinetic are in a good correlation with the intra-particle. Sorption isotherm results showed that the isotherm was
correlated reasonably by the Freundlich isotherm.

(pH=6.8; Co=20mg/l), Mhygrogen=30mMg, poly[(MAA-c0-10%NVP)-cross-BAA]:photo A-T=25°C et photo D-T=37°C, poly[(MAA-
€0-47.5%NVP)-cross-BAA]:photo B-T=25°C et photo E-T=37°C poly[(MAA-c0-85%NVP)-cross-BAA]: photo C-T=25°C et

photo F-T=37°C
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1. Introduction

Nine million tonnes of dyes are produced annually,
and there are more than one hundred thousand kinds of dyes
[1] and the contaminant to be recognized in wastewater [2].
The present amount of dyes in water (less than 1 ppm for
dyes) is visible and unwanted [3]. Different pollution
problems arise as a result of increasing industries. In
particular, water cycles throughout the industrial world are
contaminated with organic dyes emitted from liquid
wastewater from textile, leather, paper, printing, dyestuff,
plastic and pharmaceutical industries [4, 5]. Methyl orange
(MO) has been widely used in textile, printing, paper, food
and pharmaceutical industries and research laboratories.
DIBetal., 2018

Methyl blue (MB) is one of the most commonly dying
materials for wood, silk and cotton. The removal of dyes
from water is very important because of its toxicity [6, 7]. It
is difficult to dispose of this wastewater, the high content of
organic pollutants, complex composition and high biological
toxicity, by traditional methods. Over a decade, it has been
shown that adsorption is now an effective and economical
way to remove dyes from sewage from many ways to
remove dyes including coagulation and occultation [8],
membrane separation [9], oxidation or coronation [10],
electro-coagulation [11] and adsorption [12]. Polymerization
novel adsorbent can selectively adsorb toxic organic
compounds from aqueous solution, also this adsorbent are

not easy to be separated from water [13, 14]. Hydrogel is
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one of the important methods for removal of dyes. Hydrogel
are superior to other adsorbents due to their characteristic
properties like adsorption, regeneration and environmental
friendly behavior [15]. Functional groups such as carboxylic
acid and sulfonic acid can absorb ionic dyes and heavy
metals [16, 17].

2. Material and Methods
2.1. Materials

Methacrylic acid,
bisarcylmide (Sigma—Aldrich)

vinylpyrrolidone and

2.2. Methods

Adsorption experiments: Aqueous solutions of dyes
were prepared by individually dissolving blue trisacrylamide
in distilled water with different concentrations of blue
trisacrylamide (150-1200 ppm) were prepared by serial
dilution of solution with distilled water. Blue trisacrylamide
concentrations were determined using an absorbance (at 440
and 700nm, respectively) of the solutions after getting the
UV spectrum of solution. In the adsorption procedure, 0.01
g of the individual synthesized adsorbent was added to 10
ml of dye solution from initial concentration under stirring
at 25°C, at predetermined time intervals, a supernatant
solution was obtained. The residual dye concentration in the
supernatant solution was determined using WFZ UV-2000
at wavelength 440 and 700 nm, respectively. The amount of
dye adsorbed per unit mass of the adsorbent was evaluated
by using the mass balance equation (1):

(Co —CpV
—
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Where q: (mg/g) is the amount adsorbed per gram of
adsorbent, Co and C; are the initial and concentrations at
time of dye in the solution (mg/L), respectively, m is mass
of the absorbent (g) and V (L) is the initial volume of the
dye solution.

2.3. Evaluation of adsorption kinetics

Pseudo-Second-Order Model: Kinetic model is
pseudo-second-order model, K is equilibrium rate constant
of pseudo-second-order adsorption (g/g min) which is
expressed by [18].

t t 1

i K,q?2

= E‘F (2)

Intra-Particle Diffusion: The kinetic model to investigate
intra-particle is a step limiting the rate is given by (Weber
and Morris) [19]

qc = k;t® ... (3)
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Where, Ky is the intra-particle diffusion rate constant and
was calculated for different initial concentrations of dye by
plotting g vs. t°°,

2.4. Adsorption isotherm analysis

Langmuir equation can be linearized as shown in
Equation (4) [20].

o L i le .
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Where Ce is the concentration of trisacrylamide (milligram
per liter) at equilibrium, ge is the amount of adsorbed dye
per unit mass of adsorbent (milligram per gram), gm the
maximum monolayer capacity (milligram per gram) and K.
is Langmuir adsorption constant indicating the adsorption
energy (liter per milligram).

The Freundlich isotherm is model the multilayer
adsorption and for the adsorption on heterogeneous surfaces.
The Freundlich model is formulated in Eq [20].

1
logq. = log Ky + Hlog Ce ...(5)

Where ke is the sorption capacity (milligram per gram) and
n is an empirical parameter which is an indicator of
adsorption intensity.

3. Results and Discussions

Sorption kinetics of dyes by poly [(MAA-co-
NVP)-cross-BAA]: Sorption capacity of blue trisacrylamide
by poly [(MAA-co-NVP)-cross-BAA] hydrogels were
obtained with NVP percent molar composition of 10, 47.5
and 85 in the pH 6.6 in distilled water, at temperature 25°C
sorption kinetics (intra-particle diffusion and pseudo-
second-order) of the hydrogels shown in Fig.1 and tablel.
We observe, in this case, correlation coefficients vary from
0.970 to 0.986, we can confirm that the sorption of
trisacrylamide blue follows the intra particle diffusion.

150ppm
®  400ppm
800ppm  poly[(MAA-co-10% NVP)-cross-BAA]
v 1000ppm
1200ppm T=25°C
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Figure 1: Intra particle diffusion for different initial
concentration of dye plot of hydrogels on blue
trisacrylamide

t/q(min.g/mg)

time(min)

Figure 2: Pseudo-first-order model for different initial
concentration of dye

Table 2: Rate constants, sorption capacity calculated gca and
experimental g

Table 1: Intra particle diffusion rate constants at 25°C

° 2
Hydrogels NVP Co T Kad R? Hydrogels NVP | Comal | T g mg}finin-l qmg/g? rr?g/lg i
”1%’0" 505 T 097 150 0.00583 | 91.050 | 129.87 | 0.918
200 1545 T 0980 400 0.00194 | 316550 | 714.28 | 0.872
10 500 0 T o8 10 800 0.00197 | 721.021 | 1639.34 | 0.874
1000 50 T 098 1000 52328 | 902221 | 0390 | 0.872
500 2506 T 0577 1200 0.00226 | 920.960 | 1923.07 | 0.910
150 35— 085 Poly[(MAA- 150 000191 | 86.820 | 195.70 | 0.871
Poly[(MAA- 00 e T 097 i 400 , 0.00194 | 302.150 | 680.27 | 0.876
co-NVP)- 25 : : co-NVP) 475 800 5 0.00188 | 692.120 | 1562.50 | 0.876
crossBAA] | 1T° 180%00 ggig gg;?l cross-BAA] 1000 0.00193 | 882.200 | 2000 | 0.862
500 2100 T 0577 1200 0.00218 | 898.624 | 1886.79 | 0.903
150 750575 150 000193 | 81.820 | 184.84 | 0.882
00 s 400 0.00194 | 296.280 | 666.66 | 0.872
o5 e 55T o5 85 800 0.00197 | 681550 | 1538.46 | 0.89
1000 i T 076 1000 000192 | 876.020 | 2000 | 0.882
500 i o5 1200 0.00221 | 886.289 | 1886.79 | 0.902

We are studied pseudo-order 2 of trisacrylamide blue by
poly [(MAA-co-NVP)-cross-BAA hydrogels shown in Fig.2
and table2. we are find that the correlation coefficients are
around [0.870-0.918], also experimental sorption capacity
are different to those theoretical sorption capacity. sorption
of trisacrylamide blue (TB), probably does not follow the
pseudo second order kinetic model.

150ppm
400ppm

800ppm  poly{(MAA-c0-10% NVP)-cross-BAA]
v 1000ppm

1200ppm T=25°C
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Sorption Isotherm: We studied the Langmuir isotherm of
hydrogels at temperature 25°C, the results obtained are
illustrated by the figure 3 and table 3. We notice that the
correlation coefficients vary from 0.56 to 0.71. We also find
negative values of maximum sorption capacities and
Langmuir constant these results lead us to conclude that the
sorption of trisacrylamide probably does not follow the
Langmuir isotherm.

= poly[(MAA-co-10% NVP)-cross-BAA]
®  poly[(MAA-Co-47,5% NVP)-cross-BAA] T=25°C
poly[(MAA-co-85% NVP)-cross-BAA]
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Figure3: Linearized plot for Langmuir isotherm evaluation
for adsorption of TB on Poly[(MAA-co-NVP)-cross-BAA]
at temperature 25°C
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Table 3: Adsorption isotherm parameters at temperature

25°C
Hydrogels NVP% T(°C) | Ki(L/g) gm(mg/g) R?
10 -6.600 -0.170 0.560
Poly[(MAA- 475 25 7.280 -0.140 0.610
co-NVP)-cross-
BAA]
85 -0.0015 -500 0.710

We are studied the Freundlich isotherm of hydrogels at
temperature 25°C the results obtained are presented by the
figure 4 and table 4. We observe, in this case, the correlation
coefficients vary from 0.980 to 0.982. Freundlich constants
and values of heterogeneity factors are inversely
proportional to NVP.

= poly[(MAA-C0-10% NVP)-cross-BAA]
©  poly|(MAA-0-47,5% NVP)-cross-BAA] T=25°C
poly[(MAA-co-85% NVP)-cross-BAA]

Figure 4: Linearized plot for Freundlich isotherm evaluation
for adsorption of TB on Poly[(MAA-co-NVP)-cross-BAA]
at temperature 25°C

Table 4: Adsorption isotherm parameters at temperature

25°C
Hydrogel NVP % T°C Kr n R?
mol
Poly[(MAA-co- 10 1221 487 0.980
NVP)-cross- 475 25 10.25 3.45 0.981
BAA] 85 08.20 3.14 0.982

4. Conclusion

We studied sorption kinetics such as pseudo second
order sorption and intra-particular diffusion, also the
sorption isotherms by Langmuir and Freundlich model of
dye trisacrylamide blue. The variations of quantities of
molecules adsorbed as a function of time by hydrogels are in
very good agreement with the kinetic model intra-particle
diffusion. Sorption isotherms were analyzed using Langmuir
and Freundlich models. Experimental results confirm that
the sorption isotherms were correlated by the Freundlich
isotherm.

References

[1] P. Jiang, D. Ren, D. He, W. Fu, J. Wang, M. Gu.

DIB et al., 2018

(2014). An easily sedimentable and effective TiO;
photocatalyst for removal of dyes in water.
Separation and Purification Technology. 122: 128-
132.

[2] V.V. Panic, S.J. Velickovic. (2014). Removal of
model cationic dye by adsorption onto poly
(methacrylic acid)/zeolite hydrogel composites:
kinetics, equilibrium study and image analysis.
Separation and Purification Technology. 122: 384-
394.

[3] S. Chen, J. Zhang, C. Zhang, Q. Yue, Y. Li, C. Li.
(2010). Equilibrium and kinetic studies of methyl
orange and methyl violet adsorption on activated
carbon derived from Phragmites australis.
Desalination. 252(1-3): 149-156.

[4] L. Ai, L. Li. (2013). Efficient removal of organic
dyes from aqueous solution with ecofriendly
biomass-derived carbon montmorillonite nano-
composites by one-step hydrothermal process.
Chemical Engineering Journal. 223: 688-695.

[5] B. Kayranli. (2011). Adsorption of textile dyes
onto iron based waterworks sludge from aqueous
solution; isotherm, kinetic and thermodynamic
study. Chemical Engineering Journal. 173(3): 782-
791.

[6] A. Mittal, A. Malviya, D. Kaur, J. Mittal, L. Kurup.
(2007). Studies on the adsorption Kkinetics and
isotherms for the removal and recovery of Methyl
Orange from wastewaters using waste materials.
Journal of hazardous materials. 148(1-2): 229-240.

[7] Y. Shao, X. Wang, Y. Kang, Y. Shu, Q. Sun, L. Li.
(2014). Application of Mn/MCM-41 as an
adsorbent to remove methyl blue from aqueous
solution. Journal of colloid and interface science.
429: 25-33.

[8] A. Szyguta, E. Guibal, M.A. Palacin, M. Ruiz,
A.M. Sastre. (2009). Removal of an anionic dye
(Acid Blue 92) by coagulation—flocculation using
chitosan. Journal of environmental management.
90(10): 2979-2986.

[9] G. Ciardelli, L. Corsi, M. Marcucci. (2001).
Membrane separation for wastewater reuse in the
textile industry. Resources, conservation and
recycling. 31(2): 189-197.

[10]M. Muthukumar, N. Selvakumar. (2004). Studies
on the effect of inorganic salts on decolouration of
acid dye effluents by ozonation. Dyes and
Pigments. 62(3): 221-228.

[11]A. Alinsafi, M. Khemis, M.-N. Pons, J. Leclerc, A.
Yaacoubi, A. Benhammou, A. Nejmeddine. (2005).
Electro-coagulation of reactive textile dyes and
textile wastewater. Chemical engineering and
processing: Process intensification. 44(4): 461-470.

[12]M.U. Dural, L. Cavas, S.K. Papageorgiou, F.K.
Katsaros. (2011). Methylene blue adsorption on

46



1JCBS, 14(2018):43-47

activated carbon prepared from Posidonia oceanica
(L.) dead leaves: Kinetics and equilibrium studies.
Chemical Engineering Journal. 168(1): 77-85.

[13]R. Camarillo, A. Pérez, P. Cafizares, A. de Lucas.
(2012). Removal of heavy metal ions by polymer
enhanced ultrafiltration: batch process modeling
and thermodynamics of complexation reactions.
Desalination. 286: 193-199.

[14]N. Uzal, A. Jaworska, A. Miskiewicz, G.
Zakrzewska-Trznadel, C. Cojocaru. (2011).
Optimization of Co?" ions removal from water
solutions via polymer enhanced ultrafiltration with
application of PVA and sulfonated PVA as
complexing agents. Journal of colloid and interface
science. 362(2): 615-624.

[15]S.R. Shirsath, A.P. Patil, R. Patil, J.B. Naik, P.R.
Gogate, S.H. Sonawane. (2013). Removal of
Brilliant  Green  from  wastewater  using
conventional and ultrasonically prepared poly
(acrylic acid) hydrogel loaded with kaolin clay: a
comparative study. Ultrasonics Sonochemistry.
20(3): 914-923.

[16]J.-Z. Yi, Y.-Q. Ma, L.-M. Zhang. (2008). Synthesis
and decoloring properties of sodium humate/poly
(N-isopropylacrylamide) hydrogels. Bioresource
technology. 99(13): 5362-5367.

DIB et al., 2018

[17]Y. Gad. (2008). Preparation and characterization of
poly (2-acrylamido-2-methylpropane-sulfonic
acid)/Chitosan hydrogel using gamma irradiation
and its application in wastewater treatment.
Radiation Physics and Chemistry. 77(9): 1101-
1107.

[18]A. Badruddoza, G.S.S. Hazel, K. Hidajat, M.
Uddin. (2010). Synthesis of carboxymethyl-B-
cyclodextrin conjugated magnetic nano-adsorbent
for removal of methylene blue. Colloids and
surfaces A: Physicochemical and engineering
aspects. 367(1-3): 85-95.

[19]E. Hosinzadeh, M.R. Samarghandi, M. Amin, G.
Roshanaei, Z. Hashemi. (2012). Study of volatile
organic materials concentrations (BTEX) and
electromagnetic fields in printing and copying
centers in Hamadan. Jundishapur Journal of Health
Sciences. 4(3).

[20]H. Yadaei, M.H. Beyki, F. Shemirani, S. Nouroozi.
(2018). Ferrofluid mediated chitosan mesoporous
carbon nanohybrid for green
adsorption/preconcentration of toxic Cd (II):
Modeling, kinetic and isotherm study. Reactive and
Functional Polymers. 122: 85-97.

47



