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Abstract—This study deals with the application of polyacrylamide (PAM) and polyacrylic acid (PAA) hydrogels in the
removal of anionic dyes such as reactive orange-20 (RO-20) and direct red-31(DR-31) from aqueous solutions. The
adsorption efficiency of as-prepared hydrogels was compared with each other and the suitable hydrogel for adsorption
of RO-20 and DR-31 dyes was identified. Adsorption experiments were performed as function of pH, PAM or PAA
dosage, contact time and initial dyes concentration. Langmuir and Freundlich isotherm models were used to describe
the equilibrium adsorption data. The results displayed that the adsorption data fitted with Langmuir model more than
Freundlich model for DR-31 and fitted well with Freundlich model for RO-20. The kinetic studies showed that the
experimental data fitted well with the pseudo-second order kinetic model. This study showed that PAM could be used
as effective adsorbent for removal of anionic dyes in comparison with PAA.
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INTRODUCTION

Dye contamination in wastewater due to the industrial activi-
ties such as petroleum, textile, paper and plastic has become a seri-
ous environmental problem. The discharge of dyes in the environ-
ment damages to natural ecosystems, because most of dyes are
toxic, allergenic, potentially carcinogenic and mutagenic [1,2]. There-
fore, it is necessary to eliminate toxic dyes from industrial effluents
before their discharge into the environment. Numerous methods
such as electrochemical treatment, adsorption, coagulation, chemi-
cal oxidation and membrane processes have been applied to elimi-
nate dyes from wastewaters [3,4]. Among these methods, adsorp-
tion has been established to be an effective technique for removal
of dyes from wastewaters because of its low costs, simple design,
no secondary pollution and high efficiency [5,6]. Many different
adsorbents ,such as activated carbon, flay ash, clay, polymeric materi-
als, carbon nanotubes, zeolite, have been widely used for dye re-
moval from aqueous solution [7-11]. Among the adsorbents, poly-
meric materials especially polymeric hydrogels have attracted much
attention in the wastewaters treatment because of their unique prop-
erties [12-14].

Hydrogels are crosslinked hydrophilic polymers with three-dimen-
sional structure which can absorb large amounts of water or other
aqueous solutions without dissolving because of their crosslink
network [15]. These hydrophilic polymers possess functional groups
such as NH,, COOH, OH etc., which can be used for selective ad-
sorption of various dyes from wastewater. Acrylic acid and acryl-
amide monomers have been recognized as most common materi-
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als for manufacturing of polymeric hydrogels [16,17]. Polyacryla-
mide (PAM) is a soluble polymer in water, has amide (-CONH,)
groups which act as active sites for removal of dyes from aqueous
solution, also it has good stability and good mechanical strength
[18,19]. Polyacrylic acid (PAA) is a hydrophilic and inexpensive
polymer, has good resilience and high respond to external stimuli
such as pH [20]. Therefore, many attempts have been made to
manufacture the hydrogels based on the polyacrylamide and poly-
acrylic acid hydrogels [21-23].

There are some recent reports on removal of dyes by hydrogels,
for example Bhattacharyya et al. synthesized poly(acrylamide-co-
hydroxyethylmethacrylate) hydrogels and used these hydrogels for
removal of rhodamine B and crystal violet dyes from wastewater
[24]. poly(acrylic acid-acrylamide) hydrogels were used in crystal
violet and basic magenta removal [23]. Poly(methacrylate-acrylic
acid-vinyl acetate) [25] and polyacrylamide/cellulose nanocrystal
nanocomposite hydrogels [26] were prepared and used for methy-
lene blue removal. Hydrogels based on polyethylene glycol and poly-
acrylic acid were used for adsorption of congo red and crystal violet
dye from aqueous solution [27] etc. To the best of our knowledge,
polymeric hydrogels based on PAM and PAA have not been used
for removal of DR-31 and RO-20 dye so far.

We prepared PAA and PAM hydrogels, then used the resultant
hydrogels for removal of reactive orange-20 and direct red-31 dye
from water. The objectives of this work were to identify the suit-
able hydrogel for adsorption of DR-31 and RO-20 dye and to com-
pare the adsorption efficiency of as-prepared hydrogels. We studied
the effects of four variables such as adsorbent dosage, pH value of
prepared solution, adsorption time and dye concentration on the
adsorption of dyes. Adsorption kinetics and isotherm models for
DR-31 and RO-20 removal onto as-prepared hydrogels were also
investigated.
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EXPERIMENTAL

1. Materials

Acrylamide (AM) monomer, potassium persulfate (KPS) as ini-
tiator, Acrylic acid (AA) monomer, N,N-methylene-bis-acrylamide
(MBA) as crosslinker, hydrochloric acid solution (HCI, 36-38%),
N,N,N’N"tetramethylethylenediamine (TEMED) and sodium hy-
droxide (NaOH) were obtained from Merck Chemical Co. Reac-
tive orange-20 (RO-20) (solubility, >100 g/L at 25°C) and direct
red-31 (DR-31) dye (solubility; 45 g/L at 80 °C) were supplied by
Win-Chem, which their molecular structures are shown in Fig. 1.
2. Synthesis of Polyacrylamide and Polyacrylic Acid Hydrogels

Free radical cross-linking polymerization was performed for
synthesis of hydrogels based on PAM and PAA in aqueous solu-
tion. To prepare the PAM hydrogel, AM monomer (1g) and
MBA crosslinker (0.06 g) were dissolved in distilled water (15 mL)
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and stirred vigorously. The solution was purged with nitrogen gas,
and then KPS initiator (0.1 g) was added into the solution, after
dissolving of initiator, 50 pl of TEMED was added to the system.
After a short time, the PAM hydrogel was formed and the reac-
tion was continued for another 2 h at room temperature to com-
plete the polymerization.

To prepare the PAA hydrogel, 2 ml of AA monomer was dis-
solved in distilled water (31 mL) and stirred, then 0.06 g of MBA
crosslinker was added and the mixture solution was transferred to
the flask equipped with a reflux condenser. Then, the crosslinker
was dissolved completely, KPS initiator (0.1 g) and TEMED (50 )
were added to the solution. When the temperature was raised to
58 °C, the hydrogel was formed and the polymerization reaction
was continued for another 2h at 58 °C under nitrogen flow. The
obtained hydrogels were washed with distilled water and dried at
room temperature.
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Fig. 1. Molecular structure and optimized three-dimensional structural formulae of RO-20 and DR-31 dyes. The dimensions of the dyes

were calculated using Hyper Chem version 8.0.10.
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Fig. 2. FT-IR spectra of PAM (a) and PAA (b) hydrogels.

3. Characterization

Fourier-transform infrared (FTIR) spectra of hydrogels were
analyzed using an FTIR-8101M Shimadzu spectrometer with KBr
pellet in the region of 400-4,000cm™" to investigate the chemical
structures of synthesized samples. The thermogravimetric analysis
(TGA) of PAM, PAA and poly(AA-co-AM) hydrogels was deter-
mined by STA-1500 analyzer at the scanning rate of 10 °C/min in
air atmosphere. Scanning electron microscopy (SEM) was used to
observe the morphologies of hydrogels and dye-loaded hydrogels
and carried out by AIS 2100 scanning electron microscope. The
concentrations of RO-20 and DR-31 dyes were measured using a
Sentry 20 UV-Visible spectrophotometer at Amax=346 nm (RO-
20) and Amax=523 nm (DR-31).
4. Adsorption Experiments

Adsorption experiments of DR-31 and RO-20 were performed
at 25°C, in a shaker with a speed of 150 rpm, in batch conditions.
To investigate the effect of pH on dyes adsorption and to determine
the optimal pH, 0.1 g of hydrogels were mixed with 50 mL of dyes
solution (50 mg L") separately and the pH of the DR-31 and RO-
20 solutions was adjusted from 1.0 to 8.0. The effect of hydrogels
dosages on adsorption of dyes was studied by mixing of 50 mL of
50 mg/L solutions of dyes with different amounts of hydrogels (0.05-
0.6 g). The effect of RO-20 and DR-31 concentrations was studied
by contacting 50 mL of dyes solutions with various concentrations
from 25 to 150 mg L. The amount of RO-20 and DR-31 adsorbed
on the hydrogels (q) was evaluated according to the following equa-
tion (Eq. (1)):

q=(C-C)V/m 1)

The percentage of dyes removal (R) was determined according to

Eq. (2):
R=(C,—C,)/Cyx100% o)

where C, is the initial and C, is the equilibrium concentrations of
RO-20 and DR-31 dyes in the solution (mg L"), q (mg g ") is the
amount of adsorbed dyes per gram of hydrogels, m is the mass of
the used hydrogels (g) and V (L) is the volume of the RO-20 or
DR-31 solution.

RESULTS AND DISCUSSION

1. Characterization of Synthesized Hydrogels

The structural characteristics of synthesized hydrogels were
studied by FTIR. Fig. 2 shows the FTIR spectra of PAM, PAA and
poly (AA-co-AM) hydrogels. According to the spectrum of PAM,
the peaks at 1,454 cm™ and 1,658 cm ™" are related to the C-N stretch-
ing and C=O stretching of amide, respectively. The absorption peaks
around 1,614 cm™" and 3,412 cm™ correspond to N-H bending and
N-H stretching of acrylamide. PAA exhibited peaks at 1,716, 1,049
and 1,165 cm™, corresponding to the C=0, C-O and -CO-O- stretch-
ing of acrylic acid; also the peak observed at 3,429 cm™" is assigned
to O-H stretching. In the FTIR spectra of all hydrogels, the peaks
in the range of 2,860-2,900 cm™" are attributed to the C-H stretch-
ing of polymers.

The thermal stability of the synthesized hydrogels was examined
by TGA. The results of TGA for hydrogels are represented in Fig.
3. The thermal degradation of PAM hydrogel occurred in three
weight loss regions: the first weight loss between 50 and 208 °C was
attributed to the loss of physically adsorbed and interlayer water,
and it was about 10 wt%; the decomposition of functional groups

Korean J. Chem. Eng.(Vol. 34, No. 4)
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Fig. 3. Thermogravimetric curves of PAM and PAA hydrogels.

occurred in the region of 220-360 °C with the weight loss of 21 wt%;
the major weight loss (60 wt%), which was observed between 362
and 618 °C, can be due to the degradation of PAM chains’ back-
bone. The weight loss pattern of PAA was similar to the PAM and
the PAA decomposed in three stages. The first stage with 5wt%
weight loss was in the range of 70-160 °C. The second stage was
between 175 and 263 °C (25 wt% weight loss), and the degradation
of PAA chains backbone occurred in the temperature region of
270-560 °C with weight loss of about 61 wt%. The results indicated
that the thermal stability of PAM hydrogel was higher than the ther-

Amirkaba University

mal stability of PAA hydrogel.

The morphologies of synthesized hydrogels and dye-loaded hy-
drogels were examined by SEM. Figs. 4 and 5 display the SEM
micrographs of hydrogels before and after adsorption of dye. As
can be seen, the PAM hydrogel has almost a smooth surface with
a regular and homogeneous morphology, which may be attributed
to the crosslinking polymer network (Fig. 4(a), (b)), while PAA
hydrogel has a rather irregular morphology with little cavities (Fig.
5(a), (b)). It was found that the surface of hydrogels became wrin-
kled and coarser after adsorption of dye. Thus, difference between
the morphologies of hydrogels and dye-loaded hydrogels confirms
the adsorption of dyes onto hydrogels.

Textural properties of the PAM and PAA hydrogels were char-
acterized by Brunauer-Emmett-Teller (BET) method. The BET
analysis was carried out by N, physisorption using a porosimeter
(BEL Japan, Inc.). Fig. 6(a), (b) shows the N, adsorption-desorp-
tion isotherms and the corresponding pore size distribution of
hydrogels obtained by Barrett-Joyner-Halendar (BJH) method. As
seen in Fig. 6(a), both of hydrogels show similar behavior to those
of type IV, which indicates the presence of mesopores in hydro-
gels but in PAA, the size distribution continued into the macrop-
ore domain. Table 1 presents the specific surface area, pore volume
and pore size of hydrogels. PAM hydrogel had higher surface area
compared to the PAA hydrogel, but the pore size and pore vol-
ume of PAM hydrogel were smaller than those of PAA hydrogel.
Although PAM had smaller pore size and pore volume, its adsorp-
tion capacity was larger than that of PAA hydrogel. Thus, it could
be inferred that the interactions between functional groups of ad-
sorbent and dyes molecules occurred on the surface of hydrogels,

Fig. 4. SEM images of PAM hydrogel (a), (b) PAM hydrogel after dye adsorption (c), (d).

April, 2017



Removal of anionic dyes from aqueous solutions using polyacrylamide and polyacrylic acid hydrogels

(a)

08+

0.5+

o
o
1

Adsorbed volume (nmsu‘g)
o
w
L

o
"
1

014-"

00 . - . :

PAM Hydrogel

Relative pressure PIP

08 0.8
0

1181

0.08

(b)

0.07 -
0.06 +
0.05

a 0.04 -

dv ldr,

0.03 -

0.02 4

0.01 4

0.00

rﬂ.fnm

Fig. 6. The N, adsorption-desorption isotherms (a) and the pore size distributions (b) of PAM and PAA hydrogels.

Table 1. The structure parameters of PAM and PAA hydrogels

— LT
PAM 1.31 0.00058 12.24
PAA 0.639 0.00211 71.9
“Determined by BET method
"Determined by BJH method

and the active sites inside of the pore were not well accessible to
the dyes molecules.
2. Effect of Operational Parameter on Dye Removal
2-1. Effect of pH on Adsorption of RO-20 and DR-31 Dyes

The effect of pH on the adsorption capacity of RO-20 or DR-31
dyes onto PAM and PAA hydrogels was evaluated and illustrated
in Fig. 7. As shown, the amount of adsorbed dyes onto the hydro-
gels decreased with the increasing of pH value. The maximum
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Fig. 7. Effect of pH on the adsorption of RO-20 and DR-31 onto Fig. 8. Effect of adsorbent dosage on the removal of RO-20 and
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adsorption of RO-20 onto PAM hydrogel and PAA hydrogel oc-
curred at pH 3 and pH 2, respectively;, and the maximum adsorp-
tion of DR-31 onto PAM hydrogel and PAA hydrogel occurred at
pH 3 and pH 1.5, respectively. In an acidic pH solution, the func-
tional groups of hydrogels are protonated and the surface of hy-
drogels becomes positively charged. Thus, electrostatic interaction
develops between the adsorbents and the negatively charged RO-
20 or DR-31 dye, leading to the increase in the adsorption capac-
ity of dyes. On the contrary; at high pH, the adsorption capacity of
dyes decreases, because the numbers of negatively charged sites of
adsorbents increases, resulting in the electrostatic repulsion between
dyes and adsorbents. Thus, the adsorption experiments were con-
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ducted at acidic pH in further studies.
2-2. Effect of Adsorbent Dosage

To investigate the effect of adsorbent dosage on RO-20 and DR-
31 dyes adsorption, different dosages of hydrogels ranging between
0.05 and 0.6 g were used. As can be seen from Fig. 8, the amount
of adsorbed RO-20 or DR-31 dye decreases with the increase in the
adsorbents dosage. The decrease in adsorption capacity might be
ascribed to the increase in the ratio of active sites of hydrogels to the
dye molecules, which resulted in the unsaturation of active sites [28].
2-3. Effect of Dye Concentration and Adsorption Isotherms

The variations of RO-20 and DR-31 adsorption onto the PAM
and PAA hydrogels with feed concentration of dyes solution are

Table 2. Isotherm parameters for the adsorption of DR-31 and RO-20 onto PAM and PAA hydrogels

Langmuir Freundlich
Samples 2 =(Un) 1 1/ 2
G, (mg/g) K; (L/mg) R K (mg "™ L"™)/g 1/n R
PAM-DR-31 155.279 0.060 0.997 13.335 0.599 0.961
PAM-RO-20 216919 0.011 0.968 9.867 0.785 0.995
PAA-DR-31 143.884 0.031 0.953 6.915 0.671 0.924
PAA-RO-20 50.582 0.0115 0.898 1.621 0.612 0.996
90 (a) - R . (b) —=&— PAM-DR-31(50 ppm)
e T —e— PAM-DR-31(75 ppm)
804 L —&— PAM-DR-31(100 pprm)
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704 -4~ PAM-RO-20(100 ppm)
__ 60 — 24
3 b4
E 50 =
N N i 5 44
40
—&— PAM-DR-31(50 ppm) .
30 4 —e— PAM-DR-31(75 ppm) 0+ 4
—&— PAM-DR-31(100 ppm)
20 - -0 - PAM-RO-20(50 ppm) ©
-0 - PAM-RO-20(75 ppm) 14 '--‘:I
~-£A=+ PAM-RO-20(100 pprm) -
10 T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140
Time (min) Time (min)
a5 (c) —=— PAM-DR-31(50 ppm)
—8— PAM-DR-31(75 ppm)
—A— PAM-DR-31(100 ppm)
3.0 - -0 - PAM-RO-20{50 ppm) -
-+0r -+ PAM-RO-20{75 ppm) -
55 ] -4+ PAM-RO-20{100 ppr) =
. 204
=
E
E 154
1.0
0.5
0.0
0 20 40 6 8 100 120 140 160
Time (min)

Fig. 10. Effect of contact time on the removal of DR-31 and RO-20 by PAM (a), pseudo-first-order model (b) pseudo-second-order model (c).
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shown in Fig. 9(a). As seen, the amount of adsorbed dyes onto
adsorbents increases with an increase in initial RO-20 and DR-31
dye concentration. This may be due to the increase in the driving
force of the initial dyes concentration, which overcomes the mass
transfer resistance. To understand the mechanism of the adsorp-
tion, two commonly isotherm models, Langmuir and Freundlich,
were applied to determine the isotherm parameters [29,30]. The
Freundlich isotherm model assumes multilayer adsorption onto
heterogeneous surface of hydrogels absorbents, which is repre-
sented by the following equation:

q=K:C" ®

Conversely, the Langmuir isotherm is applied to monolayer adsorp-
tion onto homogeneous surface, with finite number of active sites.
This model is expressed by the following equation:

_ quLCe

=17 K,C, @)

where q, (mg/g) is the equilibrium adsorption capacity, n is the
heterogeneity factor, K (L/mg) is the Freundlich constant, C, (mg/
L) is the equilibrium dye concentration, g,, (mg/g) is the maximum
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capacity of the adsorbent and K;, (L/mg) is the Langmuir constant.
Table 2 presents the adsorption isotherm parameters obtained from
Langmuir and Freundlich models. The Langmuir and Freundlich
isotherm parameters could be obtained by plotting C,/q, versus C,
and Log q, versus Log C,, respectively, and determined from the
slope and the intercept of plots. According to the results, the ad-
sorption capacities of dyes onto PAM hydrogel are higher than those
of PAA hydrogel. This may be related to the presence of amide
groups of the PAM hydrogel, which has strong interaction with
functional groups of RO-20 and DR-31 molecules. Between the
two polymers, the pKa value of PAM is higher than that of PAA
[31,32], so under acidic conditions, the amide groups of PAM can
be easily protonated compared to the carboxylic groups of PAA,
resulting in the increase of positive charges on the surface of PAM.
Thus, a strong electrostatic interaction happens between func-
tional groups of PAM and the sulfonate groups of the anionic dye
molecules. Also, PAM has higher specific surface area compared
to PAA, so it can adsorb more dye molecules. Fig. 9(b), (c) shows
the linear fitting of Langmuir and Freundlich isotherm models; as
seen the Langmuir model fit better than Freundlich model for
DR-31 dyes, suggesting that a monolayer adsorption of DR-31 dye
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Fig. 11. Effect of contact time on the removal of DR-31 and RO-20 by PAA (a), pseudo-first-order model (b) pseudo-second-order model (c).
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Table 3. Parameters of pseudo-first-order and pseudo-second-order kinetic models for adsorption of dyes onto PAM hydrogel

Concentration Qe Pseudo-first-order model Pseudo-second-order model
(mg/L) (mg/g) Qe.cal (Mg/Q) k, (1/min) R? Qe.ca (Mg/g) k, (107 (g/mg min™") R’
D R-31
R-3 43.06 34.156 0.035 0.983 47.058 15.85 0.9981
C=50 mg/L
D R-31
R3 64.9 20.456 0.036 0.949 66.49 43.26 0.9999
C=75mg/L
D R-31
1.2 4 .044 .991 A . .
C=100 mg/L 81.28 73.405 0.0 0.99 88.96 8.99 0.9983
-2
RO-20 48.056 15.197 0.0313 0.989 49.14 55.27 0.9998
C=50 mg/L
RO-20 70.035 19.1727 0.0314 0.963 71.377 44.61 0.9998
C=75mg/L
RO-20
C=100 mg/L 924 26.81 0.026 0.992 94.34 27.88 0.9996

Table 4. Parameters of pseudo-first-order and pseudo-second-order kinetic models for adsorption of dyes onto PAA hydrogel

Concentration Qoerp Pseudo-first-order model Pseudo-second-order model
(mg/L) (mg/g) Qe ca (ME/g) k; (1/min) R? Qe cat (/) k, (107 (g/mg min™") R?
DR31 37.383 24.49 0.0530 0.9783 39.32 39.51 0.9994
C=50mg/L
DR31 51.742 22.59 0.0474 0.9467 53.47 43.73 0.9997
C=75mg/L
DR-31
R-3 63.092 52.05 0.0532 0.9136 70.72 10.35 0.9898
C=100 mg/L
-2
RO-20 12.884 2.502 0.0140 0.9115 13.10 186.8 0.9975
C=50mg/L
-2
RO-20 14.628 1.098 0.0083 0.5499 14.67 413.0 0.9992
C=75mg/L
-2
RO-20 19.861 3.31 0.0092 0.8948 19.72 138.7 0.9966
C=100 mg/L

onto PAM and PAA hydrogels and the adsorption data fitted well
with Freundlich model for RO-20, indicating that a multilayer ad-
sorption of RO-20 dye onto hydrogels.
2-4. Effect of Contact Time and Adsorption Kinetics Study

To determine the effect of contact time on the dye adsorption,
0.05 g of adsorbents was mixed with 50, 75 and 100 mg/L of dye
solutions at room temperature. Figs. 10(a) and 11(a) show the plots
of the q, value of dyes for adsorption onto PAM and PAA versus
the contact time at different initial dye concentrations. As seen, the
adsorption capacity of RO-20 and DR-31 dyes increased rapidly
with an increase of the contact time, then the rate of adsorption
became slow and adsorption reached equilibrium. In the begin-
ning, all active sites on the surface of adsorbents were vacant and
then saturation occurred. The kinetics of RO-20 and DR-31 onto
PAM and PAA were analyzed using pseudo-first order (Eq. (5)),
pseudo-second order models (Eq. (6)) [33].
) ®)

—Kit.

q;=q.(1-e

qugt

- 1+K,q,t ©)

q:

where k; (1/min) and k, (g/mg min) are the rate constants of ad-
sorption for the pseudo-first order and pseudo-second order mod-
els, q, and q, are the adsorption capacity of RO-20 or DR-31 at equi-
librium and at time t (min). The linear fitting plots of pseudo-first
and pseudo-second order models of PAM and PAA are given in
Fig. 10(b), (c) and Fig. 11(b), (c), respectively. The kinetic parame-
ters obtained from pseudo-first and pseudo-second order models
are summarized in Tables 3 and 4. The results showed that the R*
values for the pseudo-second order kinetic model of dyes were rel-
atively higher than those from the pseudo-first order kinetic model.
Also, the calculated g, of dyes from the pseudo-second order model
were in agreement with the experimental g, of dyes. Therefore, the
adsorptions of RO-20 and DR-31 onto PAM and PAA hydrogels
are controlled by the chemisorption of dyes molecules.

A comparison of synthesized adsorbents in the present study
with other materials for DR-31 removal is given in Table 5. To the
best of our knowledge, there has been no report on the removal of
RO-20 dye by other adsorbents so far. As can be seen, the PAM
and PAA hydrogels are promising adsorbents for DR-31 and RO-
20 dye adsorption from wastewater.
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Table 5. Comparison of maximum adsorption capacity of DR-31

onto various adsorbents

Dye Adsorbents q. (mg/g) Refs.

DR-31 Activated carbon 111 [34]
Rice husk 129.87 [35]
Modified alginate 39.23 [36]
PAM hydrogels 155.279 This work
PAA hydrogel 143.884 This work

CONCLUSIONS

PAM and PAA hydrogels were prepared and their properties
for removal of anionic dyes (RO-20 and DR-31 dyes) from aque-
ous solutions were investigated. Also, the adsorption efficiency of
hydrogels was studied comparatively, and it was found that the
PAM hydrogel had high adsorption capacity in comparison with
PAA hydrogel. TGA analysis indicated that the thermal stability of
PAM hydrogel was higher than the thermal stability of PAA hy-
drogel. The difference in the morphologies of hydrogels before and
after dyes adsorption was confirmed by SEM analysis. Adsorption
experiments were performed as function of pH, PAM or PAA dos-
age, contact time and initial dyes concentration. The optimum condi-
tions for removal of DR-31 by PAM and PAA hydrogels were pH
3 and pH 1.5, exposure time of 90 and 60 minutes, respectively,
initial dye concentration of 150 mg L' and hydrogel loading of
0.05g. The optimum conditions for removal of RO-20 by PAM
and PAA hydrogels were pH 3 and pH 2, exposure time of 95 and
65 minutes, respectively, initial dye concentration of 150mg L'
and hydrogel loading of 0.05g. The adsorption capacity of dyes
increased at low pH because of the strong electrostatic interaction
between the positively charged adsorbents and the negatively charged
RO-20 or DR-31 dyes. The adsorption of RO-20 and DR-31 dyes
onto hydrogels agreed well to the Freundlich and Langmuir adsorp-
tion models, respectively. The kinetic study demonstrated that the
adsorption process followed the pseudo-second-order kinetic model.
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