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ABSTRACT

This paper deals with the study of the swelling @ahd sorption properties of new hydrogel networlfs o
poly (methacrylic acid (MAA)-cross-dodécyle acrglatammonium bromide (ADAB). The swelling
properties of these hydrogels were achieved inilldidt water at 25°C and expressed by the swelling
ratios by weight, in order to evaluate their poiaht applications, particularly in the field of
environment. Thus we have tried to take of thesellisyy properties by studying the sorption of an
industrial dye, in this case, the red dye of bewmhaciPrior to the study of the sorption, study o th
swelling properties has shown a dependence of tiellisg rate on the proportion of ADAB included in
the hydrogel. The determination of the values oé tbapacities of sorption to the aquilibrium of
hydrogels enable dus to trace the Freundlich andhdrauir isotherm and to show that these values are
in a good correlation with the Lagmuir isotherm gtion

Keywords: Cationic dye,Hydrogel network, Red dye bemackieelling properties, sorption.

INTRODUCTION

Technical Processing of wastewater by dyes by nasprbents has been studied, including activededon,
thus, activated carbon in granular or powder foras wharacterized and used as adsorbent for theeffireatment.
Composed of carbon atoms arranged in graphite tflictsire, the activated carbon is characterizedablyigh
porosity which enables it to develop a large areeontact with the external environment. It waswhadhat the
adsorption of organic molecules by activated carisogoverned by weak Van der Walls interactionsveenn
electrons of grapheme structure of the carbon ocerfaand electron clouds of solutes [2].
Among the polymeric materials, [3] hydrogels werweistigated by environmental scientists, becauséhaif
characteristic properties, such as adsorption-egtion, economic and environmental feasibilitye3é hydrogels
are often porous structures and networks and atewdiffusion of solutes through these pores. Iditawh, some
hydrogels have ionic functional groups which enahlem to absorb the dye ion trap as in the casaathylene
blue (MB). [4] has developed hydrogel of semi-iperetrating polymer chains consisting of poly (&crgcid-
acrylamide-methacrylate) and amylose which hasqde be an effective adsorbent for dyes such gsté&lrViolet
(CV). The adsorption capacity of the hydrogel hasrbfound to be very dependent on the length ofitie of
acrylic acid n-alkyl chains (AA) of the amylose ¢emt and pH of the solution. In this case, it whasven that the
swelling, electrostatic interactions and hydroplkdbtieractions contribute to the sorption process.
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MATERIALS AND METHODS

2.1 morphology of hydrogels
The detection of the morphology of these hydrogeds performed using the environmental scanningosgopy
method.

2.2Swelling properties
The swelling ratios by weight of hydrogels[5-6]distilled water was determined according to equeti)

Whs
Whd

SR = (1)

W;s : Weight of the hydrogel in the swollen state istitled water,
Whq: Weightof the hydrogel in the dry state

2.3 Study of sorption
Swelling properties of these hydrogels were exptbto study the sorption of an industrial dye, abmthe red dye
of bemacide.

For the sorption study, poly (methacrylic acidssroN-dimethyl dodecyl acrylate ammonium bromideABYAB)
hydrogel was immersed in 10 mL of 16—60 mg/L solutof red dye of bemacide. The test temperature was
25°C.During the sorption process,the samples wadert, over time, from the solution of red dye oflaeide in
order to follow the change in its concentrationiluiit reaches its equilibrium value by using a U\kille
spectrophotometeifox 495 nm).

The amount of the red dye of bemacide absorbedhdydrogel, at time t, which is correspondinghe sorption
capacity g(mg/g dried hydrogel) was determined accordinthéfollowing equation;

— (Go-C)V
% mo(2)

Where, V is the solution volume (mL), m is the wsigf dried hydrogel (g), £and G is the dye concentration at
the initial and indicated time (mg/mL), respectivel

RESULTS AND DISCUSSION
3.1- Swelling properties

we studied the variation of the swelling ratiosvisgight of hydrogels of poly (MAA-cross-ADAB) acating time
in distilled water at 25°C. The results are illastd in Fig.1
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Fig.1: Variation of the swelling ratios by weight &cording time of hydrogels of poly (MAA-cross-ADAB)in distilled water at 25°C

We thus observe that the values of swelling ratipsveight in the equilibrium of hydrogels of pdylAA-cross-
ADAB) in distilled water at 25°C are proportional the rate of ADAB incorporated in each hydrogdiisTresult
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could be explained by the incorporation of more anate of the ADAB which, in this case, probably tdutes to
the increase of the swelling through electrostatid hydrophobic interactions.

3.2- Morphology of the hydrogels

Photos provided by scanning electron microscopmadtl us to observe the morphology of the hydrogelhave
prepared. This microscopy analysis aims to highligh link between the morphology of these hydregeld their
swelling properties.

Photosprovided by scanning electron microscopyshosvn in Fig2

Fig.2:Photos supplied by the scanning electronic mioscopy of hydrogels of poly (MAA-cross-ADAB)

According to the analysis by the scanning electrocroscopy (SEM) we can see that the surface besanmre
porous and filamentous gradually as the rate of BDiéscorporated into the network increases. Thesalts are in
agreement with those achieved by the swelling ptagsestudy.

3.3-Study of sorption
Sorption of the red dye of bemacide by hydroggbal (MAA-cross-ADAB) to 20% of ADAB is illustrateih the
fig.3.

Figure3: Pictures of the solution of the red dye obemacideand the its sorption by the hydrogels:(A)poly (MAA-cross-ADAB) hydrogel
before sorption; (B): before sorption; (T =25 ° CpH = 6.8, [ADAB] = 20 mol% and G =26 mg / L)

3.3.1- Sorption capacities of the red dye of bematg of hydrogels of poly (MAA-cross-ADAB)
Values of the sorption capacity of the red dye efmhcide of hydrogels of poly (MAA-cross-ADAB) were
calculated for different concentrations of the dgeording to equatio(®).

The figurel shows the variations of the sorption capacitiethefred dye of bemacide of hydrogels of poly (MAA-
cross-ADAB) according time,at different molar sitef ADAB (1,10 and 20%), from an initial concetima of 26
mg / L of ADAB .
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Fig.4: Variationsof the sorption Capacity of the re&l dye of bemacide of hydrogels of poly (MAA-cross-BAB) according to time at
different rates of ADAB

From examination of the curves we can make theviotig observations:
-the time of arrival to the equilibrium of sorptioof the red dye of bemacide by hydrogels of poly

(MAA-cross-ADAB) is practically the same one. thergion capacity of the red dye of bemacide is
inversely proportional to the rate of ADAB incorpted into hydrogels of poly (MAA-cross-ADAB).

-introduction of more and more of amounts of ADABtle hydrogels of poly(MAA-cross-ADAB) creates pably
electrostatic interactions due to quaternary amuomrsites wich prenvent the sorption of the catiahye.
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Fig.5: Variations of the sorption capacity of the ge, according to time, of hydrogels for solutionsantaining the dye at different initial
concentrations:
(Mhyaroger =80 Mg, T=25°C, pH =6.8)
- (A) poly (MAA-1% cross-ADAB)
- (B) poly (MAA-cross -10% ADAB)
- (C) poly (MAA-cross -20% ADAB)

We observe that the sorption capacity valuesldhalhydrogels increases with the initial concatitns of the dye
until equilibrium of saturation

Time arrival of the equilibrium of saturation istrdependant on the initial concentration of the.dy

Starting from the concentration of 26mg/ L of tye, the sorption capacity increases and reachreaxamum
value that remains substantially constant regasdddéshe initial concentration of the dye.Theseultssmean that
there is probably a concentration the shold vafueedye for which the sorption capacity is nmaai.

4.1.2 Study of sorption isotherm models
With the aim of knowing in which model of sorpti@otherm obeys the sorption of the dye, we wererésted in
the study of two models of sorption isotherm: Langnmodel [7-8] and Freundlich model [9-10].

In addition, there are other complex isotherm medieht take into account specific conditions sugltlzanges in
ionic strength, electrostatic forces[11] or intei@ts between functional groups of adsorbat.

The values of the sorption capacities of the reel afy bemacide of the hydrogels at equilibriummei allowed us
to plot the curves related to the sorption isotise

4.1.2.1Model Langmuir
Langmuir model is given by the following equations:

qOXkLXCe Ce Ce
=L @)= = +=@
14k Xce de KkLXqo qo

e

geis the sorption capacity at the equilibriugds the concentrationat the equilibriurg; maximum sorption capacity
(mg / g), k: Langmuir adsorption isotherm (L.Mp

The results are illustrated I5yg.6
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Fig.6: Langmuir sorption isotherms of the dye bythehydrogels of poly (MAA-cross-ADAB) at 25°C

According to the Langmuir model we observe thatplodted curves are linear. Using extrapolation #relslopes
of the curves,we determined the parameter valudsofmodel which are mentioned in tablel

Tablel: Parameter values of Langmuir sorption isdterms of the red dye of bemacide by thieydrogels of poly (MAA-cross-ADAB)

Hydrogels ADAB ke o R?
(% mol) (Lmgh) (mglg)
1 1.44 0.7 0.987
Poly (MAA-cross-ADAB) 10 1.08 0.36 0.999
20 0.55 0.25 0.999

We observe that the capacity and the constansathérmal sorption and desorption are inverselpgutional to
the rate of ADAB.

The essential characteristic of the Langmuir isothis the separation factor [12] RL given by equa{b).
1
R, = (5)

- 1+kpXco

K. is Langmuir adsorption isotherm(L.Mgand G is the initial concentration of the dye (mg/ L).

The sorption process of the Langmuir isotherm carinberpreted with reference to the values pfréported in
Table.

Table2: Values of separation factor [13] in the Lagmuir isotherm

ydrogels ADAB ke Co RL
(% mol) (L.mg") (mg/L)
16 0.05
26 0.03
1 1.24 36 0.02
Poly (MAA-cross-ADAB) 40 0.02
50 0.02
60 0.02
16 0.05
26 0.03
Poly (MAA-cross-ADAB) 10 1.08 36 0.03
40 0.02
50 0.02
60 0.02
16 0.10
26 0.07
Poly (MAA-cross-ADAB) 20 0.55 36 0.05
40 0.04
50 0.04
60 0.03
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Thus we have calculated the separation factor galech are reported in table3

Table3: Values of the separation factor relating tdhe dye sorption by the hydrogels of poly(MAA-cros-ADAB)

RL value type isotherm

R>1 Unfavorable

R =1 Linear
0<R. <1 Favorable

R =0 Irreversible

We observe that the separation factor values asersgply proportional to the initial concentraticofsthe dye and
proportional to the rate of ADAB included in thednggel network.

We note that the sorption of the dye obeys théesoh of Langmuir since the separation factor vahresbetween 0
andl.

To verify the spontaneity of sorption process, wéedmined the values of the changes in free end@gorption
hydrogels of poly (MAA-cross-ADAB).

Thus the variation of the free enthalfyQ@) of sorption [14] at 25°C was calculated starfirmgn the equation 6.
AG= -RT Ink (6)

Where T is the Kelvin temperature, R is the gastaont

The calculated values oAG) are reported in table4.

Table4:values of free enthalpyAG of sorption of the dye by hydrogels of poly (MAAcross-ADAB)

Hydrogels ADAB AG
(%omol)  (KJ.mol%)

1 -05.25
Poly (MAA-cross-ADAB) 10 -01.88
20 14.60

Negative values of changes in the free energy gftem of the dye by hydrogels poly (MAA-cross-ADAB
indicating the nature of spontaneous sorption whimhfirms the affinity of the sorbent for the dy@e note thahG
has a negative value only in the case of hydrogetaining 1% and 10% of ADAB ans this one increasits the
rate of ADAB. PositiveAG values observed in the case of poly (MAA-crossAE) (20% in ADAB) show
probably that the desorption process seems todse important that of the sorption with the inceea$the ADAB
rate.These results are in good agreement with thiosened in the determination of the sorption céipavalues.

4.1.2.2 Freundlich model
The sorption isotherm of Freundlich, is given bg fbllowing equations:

Lng, = ni X Lncg + Lnkg(7)
F
Lng, = n X Lnc, + Lnkg(8)

Where n or 1/p and k (L / g) respectively represent the type of intéicac or factor of heterogeneity and
Freundlich constant.

This model does not take into account the sitesbeuraf sorption at the aquilibrium in the solidef i admits that
the sorption may proceed through the formation oltiple layers.

Tracing of the sorption isotherms curves of the dyethe hydrogels of po(MAA-cross-ADAB), accorditg the
Freundlich model after linearization of the latigites the results reported in figure 7.
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Fig.7: Sorption isotherms of the dye by hydrogelsfgoly (MAA-cross-ADAB) according to the Freundlich model at T = 25°C

Starting from the isotherm curves,we determinedvilees of the Freundlich isotherm parameters varelyiven
in table5.

Table5:sorption parameter values of the dye by thaydrogels poly(MAA-cross-ADAB) in the Freundlich madel

Hydrogels ADAB Ke n e R?
(mole%) (L.gh
1 0.27 0.230 4.34 0.89
poly 10 0.20 0.045 2222 0.88
(MAA-cross-ADAB) 20 0.30 0.040 25.00 0.90

The values of the interaction parameters of Fréahdi are inversely proportional to the ADB rat€le low values
of n observed in the case of the hydrogels of fl{A-cross-ADAB) with 10% and 20% of ADAB probabbtate
that the process of sorption is controlled by [i&hder waals interactions and / or hydrophobicautéon.

Values of the correlation factor R are lower those which were calculated for the isotherm of lnanig, which
shows that sorption does not obeys the isotherRrafndlich.

CONCLUSION

The swelling ratios by weight,at the equilibriunfi,hydrogels are proportional to the rate of ADABig result can
be probably explained by contribution of electrstand hydrophobic interactions of the ADAB.

The sorption capacityvalues of red dye of bemadigehydrogels of poly (MAA-cross-ADAB) are invergel
proportional to the rate of ADAB. The presence @A8 in the hydrogels of poly (MAA-cross-ADAB) crest
probably electrostatic interactions due to quatgrammonium sites wich prevent the sorption of¢agonic dye
We observe that the sorption capacity values dhallhydrogels increases with the initial concditres of the dye
until equilibrium of saturation. Time of arrival tehe equilibrium of saturation is not dependanttbae initial
concentration of the dye. Starting from the conaitn of 26mg/ L of the dye, the sorption capadityreases and
reaches a maximum value that remains substantiafigtant regardless of the initial concentratiothefdye.

These results mean that there is probably a thig¢slzue of the dye initial concentration for withe sorption
capacity is maximal.

The analysis of aquilibrium using the Langmuir dréundlich isotjems shows that they are in a gamdetation
with the Langmuir sorption isotherm.

To highlight the spontaneous nature of the dyetamrpwe proceeded to determine variations in tee £nergy of
sorption. free energy negative value calculatedttier hydrogel of poly(MAA-cross-ADAB) with 1% of ABB
indicates spontaneous sorption of the dye. Thetipesialues ofAG observed in the case of hydrogel (with 10%
and 20% of ADAB) probably mean that the procesdaxforption is more important than that of sorptieith the
increase of the ADAB rate.
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