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Abstract In the present study, a more potential and economical method is described
to reutilize a waste adsorbent as the waste Cu2+-loaded poly(AAc/AM/SH) SAHs
were not undergone any regeneration process and directly applied to adsorb phos-
phate ion from another waste solution. The SAHs poly(AAc-AM-SH) was anionic in
nature, thus show higher affinity toward Cu2+ ions, but it hardly adsorb anions due to
its characteristics of negative charge existing on the polymeric surface. The
adsorption of Cu2+ makes it positively charged moiety and so it is being capable of
anions/anionic dye adsorption. The various factors affecting the phosphate adsorp-
tion including pH, contact time, initial concentration of the phosphate were sys-
tematically investigated. The maximum phosphate adsorption was obtained
87.62 mg/g. The adsorption data fitted the Langmuir adsorption isotherm. The
desorption studies showed that the regeneration of the poly(AAc/AM/SH)–Cu SAHs
adsorbent can be easily achieved. The results confirmed that poly (AAc/AM/SH)
superabsorbent hydrogels loaded with Cu2+ ion can be applied as effective solid
adsorbent for the removal of phosphate ions from waste water and aqueous effluents.

Introduction

Over the recent years, the rapid development of modern industries has increased the
threat of water pollution to the environment. The chief water pollutant consist
non-biodegradable matter, dyes, metal ions, hydrocarbons, anions etc. that has been
rapidly increased in water. Therefore, different efficient treatment methods (such as
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chemical precipitation, cross flow filtration, chelating ion exchange, crystallization,
reverse osmosis, electrochemical treatment, neutralization, and adsorption) have
been developed. However, among these methods, the adsorption process is found to
be a highly efficient, regenerable, economical, and promising method.
Superabsorbent hydrogels (SAHs) are a special class of adsorbents which are
lightly crosslinked three dimensional macromolecular polymeric networks with the
ability to absorb huge amounts of water and the absorbed water is hard to remove
even under pressure.

Development of SAHs adsorbents is based on the interaction of adsorbate with
the active chelating functional groups such as sulfonic acid, amine group, car-
boxylic acid, amine hydroxyl etc. and the selectivity, effectiveness, and reusability
of these SAHs can be determined by these functional groups. These active func-
tional groups adsorb, trap and bind the adsorbate molecules, and so make these
SAHs as more effective adsorbent (Karadag et al. 1995). With the development and
optimization of these adsorbents, production of waste products also occurs in
industrial sectors. These products mainly include the already used adsorbents,
which were applied for the adsorption process. These waste adsorbents can be
(i) recycled for again adsorption process by regenerating them in acidic/basic
elution medium for next cycle (Kara et al. 2004), (ii) disposed or cremated. For any
adsorption process as the adsorption proceeded reaches to equilibrium, the original
polymeric backbone structure of adsorbent SAHs changed and they can function as
a new type of the adsorbent.

In the past few decades, phosphate has been recognized as a substantial
non-point-source pollutant because of over application of animal-based and man-
ures synthetic fertilizers (Arai and Sparks 2001) the electronic industry, pigment
formulation, water treatment, detergents, as well as mineral processing. The exis-
tence of trace concentration of phosphate ion in the wastewater from municipalities
and industries is responsible for eutrophication problems that lead to growth of the
aquatic plants, and depletion of dissolved oxygen in coastal areas, lakes, and other
water bodies. Therefore, industrial and municipal wastewater having phosphate
must be treated before discharging.

Acrylic acid is cheap, highly hydrophilic and acts as a good chelating agent.
Polyacrylamide has high hydrophilicity, excellent resilience, and its pendant amide
group acts as efficient chelating group for the ionic and polar species. Humic acid, a
principal component of humic substances, is found in many places in nature. It
consists of large number of functional hydrophilic groups (including carboxylates
and phenolic hydroxyls, NH2 groups and oxygen and nitrogen as bridge units)
(Wang and Wang 2009). It is accepted that the removal capacity of an adsorbent is
highly influenced by the adsorption conditions (such as pH, temperature and ionic
strength). In our previous report, we synthesized a biodegradable multifunctional
SAHs based on acrylic acid and acrylamide monomers modified with sodium
humate and used this as an adsorbent for removal of Cu2+ (Singh and Singhal
2012). After the adsorption of Cu2+, it became positively charged moiety and being
capable of phosphate ion removal. Thus, this Cu2+-loaded gel without any prior
treatment serves as a new kind of adsorbent, i.e., metal loaded adsorbents.

258 T. Singh and R. Singhal



The present report deals with an economical and potential method to treat a
waste adsorbent. So, the novelty of the present work is to identify applicability of
waste adsorbent poly(AAc/AM/SH)–Cu hydrogels for the adsorption of phosphate
ions so that to provide a new potential way to use an already used adsorbent without
any regeneration or purification process. The experiments were performed as a
function of different pH, contact time and various initial concentrations of phos-
phate ion to determine the optimum conditions for the adsorption of phosphate ion
from aqueous solution. Langmuir and Freundlich adsorption isotherm models were
applied to the experimental isotherms and isotherms constants to validate the
usefulness of this waste hydrogel in the field of wastewater treatment.

Materials and Method

Materials

Acrylic acid ((AAc), analytical grade), acrylamide ((AM), analytical grade),
ammonium per sulfate ((APS), analytical grade), sodium hydroxide ((NaOH),
analytical grade), N, N-methylene bisacrylamide ((NMBA), analytical grade),
copper sulfate ((CuSO4), analytical grade), potassium dihydrogen phosphate
(KH2PO4), hydrochloric acid (HCl) were purchased from CDH New Delhi, India.
Methanol (analytical grade) was purchased from Qualikems, New Delhi.
Acrylamide was recrystallized from methanol before use. Sodium humate ((SH),
analytical grade), (supplied from Aldrich) was used as received. Double distilled
water was used throughout the experiments.

Synthesis of Poly(AAc/AM/SH) Superabsorbent Hydrogels

AAc (7 g) and AM (7 g) were dissolved in 30 ml distilled water and after neu-
tralizing the reaction mixture with NaOH solution, the solution was poured in a
250-ml three-neck round bottom flask which is equipped with a stirring rod, a
nitrogen inlet and a reflux condenser. After that (0.20 wt% of total monomer),
NMBA was added to the monomer solution, subsequently dispersed SH (0.35 g)
into mixed solution. Then, reaction mixture was stirred under nitrogen atmosphere
for 30 min to remove the dissolved oxygen, and after that the mixed reaction
solution was heated in a thermostat oil bath for 1 h at 60 °C; then, the initiator, APS
(0.40 wt% of total monomer), was introduced into the flask. The reaction solution
was again stirred under nitrogen atmosphere for 2 h at 60 °C for homogeneity. The
resulting reaction solution was poured into Petri-dishes and kept in a hot air oven at
60 °C for 2 h to complete polymerization and subsequent cross-linking process.
After the polymerization (completion of reaction) in 2 h, the firm, SAHs, was
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carefully removed from the Petri-dish surface and cut into small pieces (0.1–0.5 cm
in thickness).

Separation of unreacted monomers was done by washing with methanol, fol-
lowed by swelling in distilled water for 4 h and then dried in an oven at 60 °C up to
the constant weight. The dried hydrogels were stored in desiccators.

To prepare the Cu2+-loaded SAHs poly(AAc/AM/SH), 50 mg of dry SAHs was
introduced in 100 ml of Cu2+ ions salt solution (initial ion concentration 1 g/L) at
pH 5.0 and was left in the solution for 24 h. The SAH samples were withdrawn at
different time intervals (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 24 h) and analyzed for
Cu2+ content left in solution. The adsorption capacity of the hydrogel for Cu2+ was
evaluated through the following equation:

qe ¼ Co � Ce

m
� V ð1Þ

where qe is the amount of Cu2+ adsorbed at equilibrium, Co is the initial concen-
tration of Cu2+, Ce is the equilibrium concentration of Cu2+ ions, V is the volume of
the Cu2+ ions solution, and m is the mass of SAHs sample.

Desorption Study of Cu2+ from Poly(AAc/AM/SH)–Cu SAHs

To evaluate the stability of Cu2+ into poly(AAc/AM/SH)-Cu SAHs at adsorption
process, 50 mg of poly(AAc/AM/SH)–Cu SAHs was added to twelve conical flasks
with 100 mL of deionized water. The pH of solution of each conical flask was
adjusted to 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0 and 12.0, respec-
tively. The final Cu2+ concentration in the aqueous phase was determined by above
given procedure. The desorption percentage was calculated by the amount of Cu2+

ions adsorbed on the SAHs surface and final Cu2+ concentration in the desorption
medium. Desorption percentage was calculated using the following expression:

Desorption percentage ¼ Amount of Cu2þ ion desorbed to the elutionmedium
Amount of Cu2þ ion adsorbed on the superabsorbent hydrogel

� 100

ð2Þ

Adsorption Analysis of Phosphate Ions

For the determination of phosphate adsorption experiments, 50 mg of the adsorbent
poly(AAc/AM/SH)–Cu hydrogel was loaded into a conical flask with 100 ml of
phosphate solution in various initial concentrations. Following the adsorption, the
samples were withdrawn at different time intervals (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
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12 and 24 h) and analyzed for phosphate content left in solution. The capacity of
phosphate adsorption was also calculated using Eq. (1). To evaluate the influence of
pH on phosphate ion adsorption, experiments were performed at different initial pH,
ranging between 1.0 and 12.0. Initial phosphate ion concentration of 180 mg/L and
50 mg of adsorbent was used. The solutions were shaken for 24 h at 30 ± 0.5 °C.
The capacity of phosphate adsorption was also calculated using Eq. (1).

Desorption and Regeneration

In order to explore the potential of reusability of adsorbent and recovery of
phosphate ions, consecutive adsorption–desorption cycles were repeated five times
using the adsorbent prepared following the described procedure in adsorption
experiments. Desorption of phosphate ions from the SAHs poly(AAc/AM/SH)–Cu
(having 87.62 mg/g) was carried out in batch mode using 50 mg adsorbent in 25 ml
of 0.1 M NaOH solution (elution medium) for 48 h. The SAHs was taken out and
then washed several times with distilled water followed by methanol and then dried
at 60 °C for 24 h. The regenerated SAHs were used for another adsorption.
Desorption ratio was calculated by applying the Eq. (2).

Results and Discussion

Effect of PH on the Desorption Behavior of Cu2+ from Poly
(AAc/AM/SH)–Cu SAHs

The release behavior of Cu2+ from poly(AAc/AM/SH)-Cu SAHs was investigated
at various pHs solutions under the identical conditions as the adsorption process for
phosphate ion-containing water. Figure 1 shows the percent released of Cu2+ from
poly(AAc/AM/SH)-Cu SAHs at various pH range.

It can be observed that at lower pH (pH < 3.5) the desorption of Cu2+ occurs
extensively (>98%), due to competitive adsorption of protons for adsorption sites
by substituting the Cu2+ from the Cu loaded hydrogel surfaces. On further
increasing the pH (pH > 4.2), desorption of Cu2+ decreased sharply and the sample
shows very little desorption (because of the chemical bonding formed due to
chelation of the –NH2, –COOH, and –OH groups with the Cu2+).
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Effect of Contact Time on Phosphate Adsorption

Figure 2 shows the influence of contact time on the phosphate uptake. As clear
from Fig. 2, the adsorption of phosphate ion increases rapidly with increase of
contact time initially and then reaches at a constant value beyond which no
phosphate ion was further adsorbed from the solutions

This phenomenon can be explained by the fact that, initially adsorption binding
sites were void and phosphate ions may easily interact with these sites. The
phosphate ion uptake almost remained constant after 12 h, and with prolonged
time, the removal capacity hardly increased, so 12 h could be considered as the
equilibrium contact time. The results suggest that the phosphate ion adsorption was

Fig. 1 Effect of pH on
percent released of Cu2+ from
poly(AAc/AM/SH)–Cu
superabsorbent hydrogel,
temperature 30 ± 0.5 °C

Fig. 2 Effect of contact time
on the adsorption of
phosphate ions onto poly
(AAc/AM/SH)-Cu
superabsorbent hydrogel
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fast at the initial part of the contact time, and thereafter it goes slower at near the
equilibrium point.

Effect of PH and Ionic Strength of Solution on Adsorption
of Phosphate

The pH of aqueous solution is one of the most important factors influencing the
adsorption amount of cations and anions (Huang et al. 2008). In this study, influence
of pHs on removal amount of phosphate ion was examined at various pHs levels
namely between 2.00 and 12. At lower pHs (<2.15), the predominant species in
solution is the neutral H3PO4, between pHs range of 2.15–7.20, the main species in
solution is H2PO4

−, and at pHs values between 7.2 and 12.33 the predominant
species is HPO4

2− (Lee and Davis 2001). Figure 3 shows the variation in removal
capacity of phosphate ion on the poly(AAc/AM/SH) SAHs and poly(AAc/AM/SH)–
Cu SAHs from aqueous solution with respect to pH (Mahadavinia et al. 2004).

It was observed from the Fig. 3 that poly(AAc/AM/SH)–Cu hydrogel shows
higher adsorption capacity than the poly(AAc/AM/SH) hydrogel, which shows
negligible adsorption in all measured pH ranges. The phosphate ion uptake

Fig. 3 Effect of pH on the
adsorption of phosphate ions
onto poly(AAc/AM/SH) and
poly(AAc/AM/SH)-Cu SAHs
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increases sharply with an increase in initial pH (1–4) and then increased slowly
until reaching a maximum 87.62 mg/g at pHs 6.1. After that on further increasing
the pH, it goes down (Wang and Lin 2008). It was practically independent on pH
values in the range of 5.0–6.1. When pH value was lower than 3.8 and higher than
6.1, a remarkable decrement in adsorption was observed.

What About Effect of Ionic Strength

Effect of Initial Concentration of Phosphate on Adsorption
Capacity of the Poly(AAc/AM/SH)–Cu SAHs

Initial ion concentration is an important parameter so the effect of initial concen-
tration on adsorption capacity was investigated. Figure 4 shows the adsorption
capacity of the poly(AAc/AM/SH)–Cu SAHs for the phosphate ions as a function
of various initial ion solution concentrations ranging from 100 to 200 mg/L (Perrin
et al. 1974).

It can be observed from the Fig. 4 that adsorption amount of phosphate
increased (from 72.66 to 87.62 mg/g) with increase in initial concentration of
phosphate ions solution if the amount of adsorbent was constant. After reaching a
maximum (87.62 mg/g) at 180 mg/L, it remained nearly constant. It can also be
observed that in the initial stage the adsorption is rapid and increases gradually with
progress of adsorption or with the increasing concentration of phosphate amount of
removed phosphate ions increased but its adsorption percentage decreased.

Fig. 4 Variation in the
adsorption capacity as a
function of initial phosphate
concentration using
superabsorbent hydrogel poly
(AAc/AM/SH)–Cu
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Adsorption Isotherms

The most widely used isotherm for modeling of the adsorption data is the Langmuir
adsorption isotherm. The Langmuir adsorption isotherm equation may be described
as (Langmuir 1918).

Ce

qe
¼ 1

Keqmax
þ Ce

qmax
ð3Þ

The Freundlich model is an empirical equation and applied to describe hetero-
geneous surface system by a heterogeneity factor of 1/n. The Freundlich model in
linear form may be expressed as follows (Jaroniec 1983);

logðqeÞ ¼ 1=n logðCeÞþ logKf ð4Þ

where Ke (sorption equilibrium constant (L/mg)) and qmax (maximum amount of
adsorption (mg/g), Ce is the equilibrium concentration of the metal ion in the
solution (mg/L), qe is the amount adsorbed at equilibrium mg/g. Kf (L/g) and 1/n
(dimensionless) are the Freundlich constants related to the adsorption capacity and
the degree of heterogeneity, respectively (Matti et al. 2007). The Langmuir and
Freundlich constants and regression coefficients were calculated from the linear
plots of Ce/qe versus Ce and log(qe) versus log(Ce) respectively (Ho 1999). The
qmax values of the superabsorbent hydrogels obtained by Langmuir equation were
quite consistent with the experimental one (Table 1).

Desorption/Regeneration of Adsorbent

A good solid adsorbent in addition to its high adsorption capacity should also
exhibit a good regeneration capacity for potential application. The poly
(AAc/AM/SH)–Cu SAHs that were applied for the adsorption of phosphate ions
were placed in 0.1 M NaOH solution for 48 h and the amount of phosphate

Table 1 Estimated adsorption isotherm parameters for the adsorption of phosphate ions on poly
(AAc/AM/SH)–Cu SAHs in aqueous solutions

Temperature
(K)

Langmuir model Freundlich model

qe
(mg/g)

qmax

(mg/g)
Ke � 103

(L/mg)
R2 Kf

(mg/g)
n R2

303.15 87.62 94.33 1.245 0.99 44.66 6.80 0.98

318.15 79.70 85.47 1.180 0.99 46.77 8.88 0.94

323.15 70.23 74.62 1.116 0.98 41.11 9.06 0.96
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desorbed to the elution medium was measured. Figure 5 displays the desorption
ratio of poly(AAc/AM/SH)–Cu hydrogels (having 87.62 mg/g phosphate) as a
function of time.

The desorption process reached equilibrium at about 29 h, and the desorption
ratio was approximately 90%. Table 2 shows the experimental results for the
adsorption capacity and times for reuse for the sample.

The adsorption capacities did not show any significant decrease after the fourth
reuse cycle. After five cycles of adsorption–desorption operations, adsorption
capacity of phosphate ions were around 83.14 mg/g. Therefore, it can be concluded
that poly(AAc/AM/SH)–Cu hydrogel showed stable phosphate ions removal
capacities after repeated regeneration and thus qualified for multiple practical
application.

Conclusion

In the present study, it is attempted to provide a cost-efficient and effective method
to reuse a waste adsorbent poly(AAc/AM/SH)–Cu SAHs for the phosphate ion
adsorption from aqueous solution. The concentration of Cu2+ ions released from

Fig. 5 Plot of desorption
ratio for phosphate ion from
poly(AAc/AM/SH)-Cu
hydrogels as a function of
time

Table 2 Adsorption amount
of phosphate ions after
repeated adsorption–
desorption cycle

Cycle No. Adsorption capacity (mg/g) Desorption (%)

1 87.62 94.28

2 86.45 94.10

3 85.37 93.57

4 85.01 92.91

5 83.14 92.33
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poly(AAc/AM/SH)–Cu SAHs decreased gradually on increasing the pH and almost
stopped at pH higher than 4.5. Thus, the poly(AAc/AM/SH) SAHs after the
adsorption of Cu2+ ions could be used directly for the removal of phosphate ion at
pH > 4.5. Adsorption capacity was found to be maximum (87.62 mg/g) at pH 6.1.
The adsorption isotherm agrees well with the Langmuir model as confirmed by
linear fit of the plots to Langmuir equation. The results of five time consecutive
adsorption–desorption cycle indicate that the poly(AAc/AM/SH)–Cu SAHs have
high adsorption and desorption efficiency for the phosphate ions. The results
confirmed that poly (AAc/AM/SH)–Cu SAHs can be used as effective solid
adsorbent for the removal of phosphate ions from waste water and aqueous efflu-
ents, which seems the most efficient method to treat an already used adsorbent.
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