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ABSTRACT: A cationic monomer [2-(methacryloyloxy)ethyl]trimethylammonium chloride was polymerized using N,N'-methylenebisa-
crylamide as the crosslinker to obtain a cationic superabsorbent polymer (SAP). This SAP was characterized by Fourier transform-
infrared spectroscopy, and the equilibrium swelling capacity was determined by swelling in water. The SAP was subjected to cyclic
swelling/deswelling in water and NaCl solution. The conductivity of the swelling medium was monitored during the swelling/deswel-
ling and was related to the swelling/deswelling characteristics of the SAP. The adsorption of five anionic dyes of different classes on
the SAP was carried out and was found to follow the first-order kinetics. The Langmuir adsorption isotherms were found to fit the
equilibrium adsorption data. The dye adsorption capacity of the SAP synthesized in this study was higher than that obtained for

other hydrogels reported in the literature. © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000-000, 2012
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INTRODUCTION

The three-dimensional networks of polymers that are able to
absorb and retain more than 100 times of liquid of their own
weight are called superabsorbent polymers (SAPs).! The SAPs
contain ionic groups in the three-dimensional networks, which
results in the superabsorbent characteristics, and allows them to
adsorb oppositely charged materials from the swelling medium.
The presence of ionic groups results in a very high osmotic
pressure difference between the network and surrounding me-
dium.” The osmotic pressure is balanced by the inflow of large
amount of water resulting in the high degree of swelling of the
SAPs. The superabsorbent nature of these SAPs makes them an
obvious material of choice for personal hygiene products, such
as diapers and sanitary napkins.” They are also used as contact
lenses,* controlled drug release devices,™® tissue engineering
scaffolds,® and wound-healing dressing” in the field of biomedi-
cal engineering.

Although most of the commercially used SAPs are anionic based
on acrylic acid monomer,® cationic SAPs may be useful in the
field of water purification for the removal of anionic impurities.
Cationic hydrogels of poly(N,N-diethylamino ethyl methacry-
late) (PDEAEMA) crosslinked with ethylene glycol dimethacry-
late,” epichlorohydrin crosslinked hydroxyl propyl cellulose
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hydrogel,'® and poly(vinyl alcohol) and carboxymethyl cellulose
copolymer hydrogels synthesized by electron beam irradiation"’
have been used for the adsorption of anionic dyes. The copoly-
mer of acrylamide and [2-(methacryloyloxy)ethyl]trimethylam-
monium chloride (METAC) was used for the removal of tolui-
dine blue."”” METAC has been grafted onto sawdust and used
for the removal of anionic dyes."> A cationic magnetic hydrogel
based on (3-acrylamidopropyl)trimethylammonium chloride has
been used for the removal of natural organic matter."* Cationic
hydrogels have also been used for the removal of Cr(VI) from
ground water and soil."> Selective adsorption of Hg(II) has also
been carried out by METAC based water-insoluble resin.'®

Compared to the significant literature available on the synthesis
of anionic superabsorbents, there are relatively few studies on
cationic superabsorbents. In this study, a cationic SAP of
METAC was synthesized by solution polymerization using N,N’-
methylenebisacrylamide (MBA) as crosslinker. The superabsorb-
ent was subjected to cyclic swelling/deswelling in deionized (DI)
water and NaCl solution. The SAP was found to follow first-
order kinetics during the swelling/deswelling cycles. The equilib-
rium swelling capacities, limiting swelling capacities, and the
rate constant of swelling/deswelling were determined. To
the best of our knowledge, this is the first study where the
conductivity of the medium was monitored during the
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Figure 1. (a) [2(methacryloyloxy)ethyl]trimethyl ammonium chloride; (b)
N, N -methylenebisacrylamide.

swelling/deswelling cycles and related to the swelling/deswelling
characteristics of the cationic SAP. The SAP was also used to
adsorb five anionic dyes belonging to different classes. The
adsorption of the dyes followed first-order kinetics and the
equilibrium data was fitted satisfactorily with Langmuir adsorp-
tion isotherm. The SAP synthesized in this study exhibited
higher adsorption capacities compared to other materials
reported in the literature.

EXPERIMENTAL

Materials
Monomer METAC was purchased from Sigma-Aldrich
(St. Louis, MO). Initiator ammonium persulfate (APS) and
crosslinking agent MBA were procured from S.D. Fine-Chem
(Mumbai, India). Accelerator N,N,N’,N'-tetramethylethylenedi-
amine (TEMED) was obtained from Fluka. Dyes, congo red
(CR), and orange G (OG) were purchased from S.D. Fine-
Chem (Mumbai, India). Alizarin cyanine green (ACG), fluores-
cein sodium (FL), and indigo carmine (IC) were procured from
Rolex Industries Limited, Mumbai. Milli-Q deionized (DI)
water was used for all the experiments.

Synthesis of the Cationic SAP
Poly[2-(methacryloyloxy)ethyl]trimethylammonium  chloride)
(PMETAC) SAP crosslinked with MBA was synthesized by solu-
tion polymerization in aqueous medium using a redox initiator
system APS/TEMED. Figure 1 shows the chemical structures of
the monomer and crosslinker. 5.66 mL of METAC (80 wt % so-
lution in water) was taken in 25 mL beaker and 3.41 mL MBA
solution (5 wt % solution) was added to it under continuous
stirring. 0.0275 g of APS (initiator) was added to the monomer-
crosslinker mixture and allowed to dissolve completely. 2.8 mL
of TEMED accelerator (5 wt % solution) was added to it. This
reaction mixture was allowed to polymerize at room tempera-
ture for 24 h. The obtained polymer was swollen in excess DI
water and water was changed four times to remove the residual
monomer and water soluble polymer. The swollen polymer was
dried in a hot air oven at 80°C until constant weight of dry
polymer was obtained.
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Fourier Transform-Infrared Spectroscopy

Fourier transform-infrared (FTIR) spectroscopy study was car-
ried out on a Perkin Elmer FT-IR Spectrum RX-I spectrometer.
The dry polymer was ground into fine powder and was mixed
with KBr to form thin disks (10 mm diameter). The FT-IR
spectrum of the polymer was recorded in transmission mode in

the range of 400-4400 cm ™' at a resolution of 4 cm ™.

Determination of Equilibrium Capacity of the SAP

0.10 (%0.0050) g of the dry SAP was taken in a basket made of
nylon mesh and immersed in 500 mL of DI water. The baskets
were taken out at different times and the excess water was
allowed to drain. The baskets were weighed and then returned
to the beakers. The swelling capacity (S), g of water/g of SAP,
was determined by following equation:

o W — Wy
= W,

S

where W; and W; are the weights of the dry and swollen SAP,
respectively. The SAP achieved its equilibrium swelling capacity
(Seq) when no more water was absorbed.

Reversible Swelling/Deswelling Characteristics

Swelling Cycle 1. For the first swelling cycle, 0.10 (£0.0050) g
of the SAPs were taken in nylon baskets and immersed in 500
mL of DI water. The baskets were taken out at various times
and wiped with tissue papers to remove the excess water. The
baskets were weighed to determine swelling capacity before
being returned to the beakers. This was done until the SAPs
achieved their equilibrium swelling capacity S., and did not
absorb water anymore.

Deswelling Cycle 1. The SAPs swollen to equilibrium in the
first swelling cycle were transferred to 400 mL of 0.1 M NaCl
solution. The samples were periodically removed and weighed
until they achieved the limiting swelling capacity, Sji,-

Swelling Cycle 2 and Deswelling Cycle 2. After the completion
of the first deswelling cycle, the SAPs were transferred to DI
water for swelling to equilibrium and subsequently to 0.1 M
NaCl for deswelling to the limiting swelling capacity.

Swelling Cycle 3 and Deswelling Cycle 3. At the end of the
second deswelling cycle, the SAP was subjected to third swelling
and deswelling cycles, as described previously.

Adsorption of Dyes

The adsorption of five anionic dyes of different classes, namely
ACG, CR, FL, IC, and OG, on the cationic SAP was investigated
in batch experiments. Table I shows the class, chemical formula,
color index number, A, molecular weight, and molecular
sizes of the dyes. To carry out the adsorption experiments 0.10
(£0.0050) g of dry polymer was added to 400 mL of dye solu-
tion. The beakers containing polymer and dye solutions were
covered with aluminum foil and stored in dark. At various
times, about 0.5 mL of dye solution was taken out and analyzed
to determine the dye concentration. The sample analysis was
done on a Shimadzu UV-1700 PharmaSpec UV-Vis spectrome-
ter and the spectra were recorded using UVProbe 2.31 software.
The samples were analyzed in absorbance mode in the
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Table I. Characteristics of Dyes
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C. L *max MW
Dye Class Chemical formula No. (hm)  (g/mol) Molecular size (A3)
Fluorescein sodium (FL) Xanthene, Fluorene, CsgH1oNas0s 45350 490 376.28 8.71 x 9.20 x 5.39
Fluorone

Orange G (0OG) Monoazo CisH10NoNas0,S, 16230 480 45238 13.08 x 7.53 x 4.98
Indigo carmine (IC) Indigo C16HgN2Nas0gS» 73015 610 466.36 15.66 x 5.52 x 4.08
Alizarin cyanine green (ACG)  Anthraquinonic CogHooNoNas0gS> 61570 640 62259 12.06 x 12.82 x 4.42
Congo red (CR) Diazo CazHooNgNaz0gS2 22120 495 696.67 26.56 x 7.19 x 4.37

wavelength range of 400-800 nm. Predetermined calibration
curves were used to convert the absorbance values at the wave-
length corresponding to the maximum absorption (/An.y) to the
concentration of dye. The adsorption of dyes over the polymer
was quantified using following relations,

G —-C)V
q= % = amount of dye adsorbed per unit mass
of the SAP at time t (mg/g)
G- C)V .
qe = (G W ) = amount of dye adsorbed per unit mass

of the SAP at equilibrium (mg/g)

RE(%) = (CO Ci C) x 100 = removal efficiency
0

G -C
T C

PC = partition coefficient

where C), C, and C, are the initial dye concentration, dye con-
centration at time #, and the equilibrium dye concentration
(mg/L), respectively. V'is the volume of dye solution (L) and W
is the weight of the dry SAP (g). The efficacy of an adsorbent
for the removal of dissolved materials from the solution is indi-
cated by the amount of dye adsorbed per unit mass of the SAP
(q), removal efficiency (RE), and partition coefficient (PC).

RESULTS AND DISCUSSION

Fourier Transform-Infrared Spectroscopy

Figure 2 shows the FTIR spectrum of PMETAC. The character-
istic peak at 1727.2 cm™ ' is attributed to the stretching vibra-
tions of the carbonyl group. The peak at 1482 and 955 cm ™'
are assigned to the bending and stretching vibrations of quater-
nary ammonium group, respectively. Thus, the formation of
PMETAC was confirmed.

Equilibrium Swelling Capacity of the SAP

The crosslinked PMETAC contains positively charged quater-
nary ammonium groups (fixed charges) and negatively charged
chloride ions (mobile ions) in its repeat units. The electrostatic
repulsion force between the fixed charges expands the polymer
network and imparts the superabsorbent nature to the poly-
mer."” The concentration difference of the mobile ions, inside
the polymer network and outside in swelling medium, causes
an osmotic pressure difference. Large amount of water flows
into the polymer network to balance the osmotic pressure and
gives the charged crosslinked network its superabsorbent charac-
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teristics. The polymer swells until the swelling force is overcome
by the elastic repulsive force. The swelling capacity at this stage
is known as the equilibrium swelling capacity of the SAP. Fig-
ure 3 shows the variation in the swelling capacity of the poly-
mer with time. The swelling of the SAP followed first-order
kinetics. Similar first-order swelling kinetics has been exhibited
by hydrogels of acrylamide with anionic monomers,'® carboxy-
methyl  cellulose-g-poly(acrylamide-co-2-acrylamido-2-methyl-
propan sulfonic acid),'” and anionic and cationic starch-based
superabsorbents.” It is evident from the Figure 3 that the PME-
TAC superabsorbent exhibited an equilibrium swelling capacity
(Seq) of 141.8 g of water/g of SAP. The equilibrium swelling
capacity of the cationic SAP in this study was almost equal to
the ethylene glycol dimethacrylate crosslinked [N-vinyl pyrroli-
done/2-(methacryloyloxyethyl)trimethylammonium  chloride]
based hydrogels (78-155 g/g, depending on the composition
and the crosslinker concentration),?' and much higher than that
of the radiation synthesized MALETMC-based copolymeric
hydrogels (10 g/g).”

Swelling/Deswelling Kinetics of the SAP

The swelling/deswelling cycles 1, 2, and 3 of the SAP are shown
in Figure 4(a-c), respectively. The SAP in this study followed
first-order swelling/deswelling kinetics during the three swelling/
deswelling cycles. Similar swelling/deswelling behavior was
observed for poly(acrylic acid-co-acrylamide-co-sodium acrylate)

o
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Figure 2. FTIR spectrum of PMALETMAC.
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Figure 3. Variation in the swelling capacity of the SAP with time.

SAPs.'” We directly use the equations describing swelling/desw-
elling kinetics, derived in the previous work.'” Swelling cycle
1 is described by,

S = Seq[1 — exp(—kst)] (1)
and swelling cycle 2 and 3 are described by

S = Seq — (Seq — So) exp(—kit) (2)

The deswelling cycles 1, 2, and 3 are given by
S = Siim + (So — Siim) exp(—kat) 3)
where k,, and k,; are the swelling and deswelling rate constants,

respectively. Sy, Seq, and Sy, are the initial, equilibrium,
and limiting swelling capacities of the SAPs, respectively.

Swelling cycle 3

| B Swelling cycle 1
1801 O Deswelling cycle 1
1 ® Swelling cycle 2
150 O Deswelling cycle 2
A
A

>
2
:.;.;' 120 - Deswelling cycle 3
g- ]
o 904
1 |
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72]
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Figure 4. Variation in the swelling capacity of the SAP during three cycles.
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The eqgs. (1)—(3) satisfactorily describe the swelling and deswel-
ling kinetics of the SAPs over multiple cycles.

In Figures 4(a—c), the experimental data has been fitted by the
first-order eqs. (1)—(3) and the kinetic parameters are given in
Table II. The experimental data was fitted using the nonlinear
curve fit option of origin software and R* was more than 0.998
for all the fittings. It can be observed from Table II that the
equilibrium swelling capacities achieved by the SAPs in swelling
cycle 2 and 3 are almost equal, but are lower than that in the
swelling cycle 1. During the deswelling cyclel, NaCl diffuses
into the swollen SAP. This NaCl is released into the swelling
medium during the swelling cycle 2 and 3. Therefore, the swel-
ling medium effectively turns into NaCl solution. Thus, the os-
motic pressure difference between the SAP and the medium is
decreased and the SAP swells to a lower extent. This diffusion
of NaCl was verified by monitoring the conductivity of the
swelling/deswelling medium by a conductivity meter (Eutech
11+, Eutech Instruments). The amount of the NaCl released in
the swelling medium during swelling cycles 2 and 3 was found
to be almost the same, as confirmed by the conductivity meas-
urements. Hence, the SAPs achieve almost the same equilibrium
swelling capacity during the swelling cycle 2 and 3 (Table II).
Similar swelling/deswelling behavior has been observed for
poly(acrylic acid-co-acrylamide-co-sodium acrylate) SAPs."” The
limiting swelling capacities of the SAPs are almost equal in all
the deswelling cycles (Table II).

Adsorption of Dyes

When the cationic SAP is added to an anionic dye solution, the
swelling of the SAP and the adsorption of the dye occur simul-
taneously. The adsorption of the dye onto the SAP occurs due
to the electrostatic attraction between the cationic groups of the
SAP and the anionic groups of the dye. The SAP adsorbs dye
and becomes colored and the dye solution turns clearer due to
the removal of the dye. The amount of the dye adsorbed by the
SAP increases at a faster rate in the beginning and levels off af-
ter a certain period of time. The SAP adsorbs the maximum
possible amount of the dye and the further decoloration of the
dye solution does not take place. The adsorption of five anionic
dyes ACG, CR, FL, IC, and OG on the cationic superabsorbent

Table II. Various Parameters for Swelling/Deswelling Cycles

Equilibrium

swelling

capacity Swelling rate

(g/g) constant (h™?) R2
Swelling cycle 1 141.8 4.69 1.000
Swelling cycle 2 110.0 4.41 0.998
Swelling cycle 3 102.9 473 0.999

Limiting Deswelling rate  R®

swelling constant (h™1)

capacity

(g/g)
Deswelling cycle 1 37.8 4.92 0.999
Deswelling cycle 2 37.4 3.52 0.999
Deswelling cycle 3 40.2 6.23 0.999
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Figure 5. Variation in the (a) amount and (b) concentration of FL
adsorbed on PMALETMAC for different initial concentrations of FL.
PMETAC was carried out. Various initial concentrations of the
dyes were also used.
First-Order Model for the Adsorption of Dyes. A first-order

model was found to fit the experimental data satisfactorily.

d
=kl —a) @

Where g and g.q are the amounts of the dye adsorbed per unit
weight of the SAP (mg/g) at any time ¢ and at equilibrium,
respectively. k, denotes the rate constant for the adsorption

(h™Y). At time t = 0, C = C,, q = 0, thus we get,

q= qeq[l — exp(—k,t)] (5)

Table III. Kinetic Parameters for the Adsorption of FL

Co (mg/L) Geq (Mg/g) kg (h™1) RE (%) PC
250 774 0.07 82.3 4.6
500 1063 0.06 56.1 1.3
1000 1320 0.09 34.7 0.5
2000 1350 0.22 17.2 0.2
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The experimentally obtained amount of the dye adsorbed with
time for all the dyes was fitted using eq. (5).

The Effect to Initial Dye Concentration. The same amount of
the SAP was brought into contact with dye solutions of differ-
ent initial concentrations, to investigate the effect of the initial
concentration of the dye (C,) on the adsorption. Figure 5(a)
shows the increase in amount of the FL adsorbed per unit
weight of SAP (g), and Figure 5(b) shows the reduction in the
dye concentration (C) with adsorption time for various initial
dye concentrations. The adsorption of FL followed first-order
kinetics given by eq. (5) and the rate parameters obtained are
listed in Table III. At equilibrium, the amount of the dye
adsorbed per unit weight of the SAP (g.,) increased with an
increase in the initial dye concentration and became almost
constant beyond an initial dye concentration of 1000 mg/L (Fig-
ure 5(a), Table III). When the initial dye concentration is low,
the concentration of the cationic groups in the SAP is more
than the concentration of the anionic dye molecules, and there-
fore, the SAP adsorbs almost all the dye from the aqueous solu-
tion. Beyond a certain initial dye concentration, the concentra-
tion of the dye molecules exceeds the concentration of the
cationic groups in the SAP. Therefore, the dye cannot be

1250{(a)

1000
;: 750+ m 50 mg/L
£ e 250 mg/L
; 500 A 500 mg/L
* 1000 mg/L
250 4 — Model fit
O—T T T T T T T T T
0 12 24 36 48 60 72 84 96
Time (h)
1000 » (b)
*
*
7509 x,
i
T
D 5004 —m— 50 mg/L
£ Y —®—250 mg/L
o s —A—500 mg/L
A —%— 1000 mg/L
250 e, B
% TA-A 4 y G —Y
-
._.\.HO—‘_ﬁ.
U_h- —pmm o w  ———O———f———
0 12 24 36 48 60 72 84 96
Time (h)

Figure 6. Variation in the (a) amount and (b) concentration of IC
adsorbed on PMALETMAC for different initial concentrations of IC.
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Table IV. Kinetic Parameters for the Adsorption of IC

Co (mg/L) Geq (Malg) ko (1) RE (%) PC
50 171 013 87.8 7.2
250 866 0.06 86.7 6.5
500 1269 0.10 63.8 1.8
1000 1259 0.22 34.5 0.5

completely adsorbed and the SAP becomes saturated after
adsorbing a certain amount of the dye.

The adsorption of ACG, CR, IC, and OG also followed the
first-order kinetics. Similar first-order adsorption kinetics has
been observed for the adsorption of cationic dyes on acrylic
acid/acrylamide based SAPs.® The plots of amount of dye
adsorbed and dye concentration with time for the adsorption of
IC on the SAP are shown in Figure 6(a) and (b), respectively.
As can be noticed from the Figure 6(a) and Table IV, the
amount of dye adsorbed by the SAP increased with the initial
dye concentration and became constant beyond 500 mg/L. Radi-
ation-induced cationic PDEAEMA hydrogel crosslinked by eth-
ylene glycol dimethacrylate’ has been used for the removal of
IC. The maximum amount of IC adsorbed by the hydrogel was
found to be 96.7 mg/g. Thus, the amount of IC adsorbed by
PMETAC (1341 mg/g) in this study is much higher than that
by the PDEAEMA. The maximum amount of the CR adsorbed
by PMETAC was 1043 mg/g, which was much higher than that
adsorbed by chitosan hydrogel beads impregnated with cetyl tri-
methyl ammonium bromide* (385.9 mg/g).Graft polymerized
METAC onto saw dust has been used for the removal of OG."
The PMETAC also adsorbed higher amount of OG (1490 mg/
g), as compared to that adsorbed by the modified saw dust"
(430 mg/g). Thus, the cationic SAP used in this study is able to
adsorb much larger amounts of dyes when compared to the
other adsorbents reported in literature.

The RE and the PCs of FL and IC are listed in Tables III and
IV, respectively. The RE of the SAP, described as the percentage
of the dye adsorbed by the SAP, decreases with increasing initial
dye concentration. The PC, the ratio of the dye in the SAP to
that in the dye solution, also decreases with increasing initial
dye concentration. The RE and PC denote the efficacy of the
adsorbate in removing adsorbent. The decreasing RE and PC
with increasing initial dye concentration suggest that fraction of
the dye adsorbed by the SAP decreases with increasing C,. Simi-
lar results were obtained for the other anionic dyes used in this
study.

Adsorption Isotherm. Various adsorption isotherms were tried
and the experimental data was found to fit satisfactorily with
the Langmuir adsorption isotherm. The Langmuir adsorption
isotherm®® assumes the monolayer adsorption of the adsorbent
onto the adsorbate and is given by

kalceq
g = ———— 6
Ta=771 kiCeq (©)

The linear form of the Langmuir adsorption isotherm is
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Ce. Ce 1
Sg Ly 1 )
Aeq dm %nkl

where Cq is the equilibrium adsorbate concentration (mg/L),
(eq is the amount of the adsorbate adsorbed at equilibrium per
unit weight of the adsorbent (mg/g), gq,, is the maximum
amount of the adsorbate adsorbed per unit weight of the
adsorbent (mg/g) and k; is the Langmuir adsorption constant
(L/mg).

The variation in the amount of dye adsorbed at equilibrium
(Geq) with the equilibrium dye concentration for FL and IC are
plotted in Figure 7(a) and (b), respectively. The inset figures
show the linear plots of C.q/geq Versus C.q. Similar plots were
obtained for ACG, CR, and OG. The parameters obtained from
the linear form of the Langmuir adsorption isotherm [eq. (6)]
are listed in Table V.

Comparison of Adsorption of Various Dyes. Figure 8 shows
the variation in the concentrations of ACG, CR, IC, FL, and
OG (Cy = 1000 mg/L) with adsorption time. The cationic SAP

1500
I . .o
1250 - /
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1000 - /
1.00-
750 - " % 0.75
o 1 & 0.50]
500 o
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250 4 0.00 , v . ;
! 0 400 800 1200 1600
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Figure 7. The amount of dye adsorbed at equilibrium versus the equilib-
rium dye concentration for (a) Fl, (b) IC. The inset figures show the
Langmuir adsorption isotherms.
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Table V. Parameters Obtained from Langmuir Adsorption Isotherms
Dye MW (g/mol) ki dm (mglg) gm (mmol/g) R®
FL 376.28 0.023 1394 3.71 0.998
0G 452.38 0.128 1490 3.29 0.998
IC 466.36 0.041 1341 2.88 0.997
ACG 622.59 0.043 1011 1.63 0.999
CR 696.67 0.091 1043 1.50 0.999

is able to adsorb all the anionic dyes belonging to different
classes. The adsorption of the dyes onto the superabsorbent
occurs due to the electrostatic attraction between the anionic
groups of the dye and the cationic quaternary ammonium
group of the SAP. Thus, the type of the anionic groups, the
number of anionic groups, and their placement in dye molecule
will have a significant effect on the adsorption of the dyes than
the class of the dye. Although the dyes belong to different
classes, ACG, CR, IC, and OG contain two SOj groups per dye
molecule and FL contains one COO™ and O group per dye
molecule. Thus, all the dyes are divalent, that is, they contain a
—2 charge.

The adsorption of various anionic dyes can be compared based
on the parameters obtained from the Langmuir adsorption iso-
therms. Table V lists the maximum amount of the dye adsorbed
per unit weight of the SAP, g,, (in mg/g and mmol/g) for all
the dyes, obtained from the Langmuir adsorption isotherms.
The maximum amount of the dye adsorbed by the SAP (g,,, in
mmol/g) follows the following order: FL > OG > IC > ACG >
CR. Thus, the g, (in mmol/g) decreases with increasing MW of
the dye (Table V). Further, the time taken to reach g., also
increased with increasing MW and was found to be 24, 30, 36,
72, and 96 h for FL, OG, IC, ACG, and CR, respectively. As the
MW (and the size, Table I) of the dye molecule increases, it
becomes more difficult for larger dye molecule to access the
inner cationic sites of the superabsorbent. Thus, not all the sites

1000 —m—ACG
‘-\ —e—CR
—A—|C
900 iy —w—FL
L e ——0G
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Figure 8. Variation in the concentration of anionic dyes during the
adsorption on PMALETMAC.
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are accessible and the maximum amount of the dye that can be
adsorbed decreases.

CONCLUSIONS

A cationic superabsorbent poly([2-(metharyloxy)ethyl]trimethyl
ammonium chloride) (PMETAC) crosslinked with MBA was
synthesized by solution polymerization and characterized by
FTIR. The SAP was found to have an equilibrium swelling
capacity of 141.8 g of water/g of the SAP. The SAP exhibited
the reversible swelling/deswelling behavior when the medium
was changed between DI water and NaCl solution. The equilib-
rium swelling capacity achieved by the SAP in the swelling cycle
2 and 3 was found to be lower than that in swelling cycle 1 due
to the diffusion of NaCl into the SAP during the deswelling
cycles. This NaCl was released in the swelling medium during
swelling cycle 2 and 3. The adsorption of anionic dyes of differ-
ent classes followed first-order kinetics, and the equilibrium was
satisfactorily described by Langmuir adsorption isotherms. The
maximum amount of the dyes adsorbed by the SAP (in mmol/g)
decreased with increasing MW of the dye.
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