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Summary: A novel superabsorbent composite (SAC) based on bentonite, acrylamide and acrylic acid 

was synthesized. The effects of bentonite quantity, initiator content on the grafting degree and on the 

water absorbency for the samples were studied. Synthesis mechanism, morphology and thermal 

properties of the SAC were characterized. FTIR results confirmed the presence of acrylamide/ acrylic 

acid onto bentonite backbone while TGA showed that introduction of 70 % bentonite to polymer 

increases thermal stability. The SAC was also tested in the removal of heavy metal in aqueous solution 

where kinetics analyses were performed using Langmuir adsorption isotherm. The optimum 

adsorption capability of heavy metal ions onto bentonite-based SAC from solution was 92, 48 and 91 % 

for Pb++, Ni++, and Cu++ respectively. The unique characteristics of these SAC such as its slow-release 

and water-retention capability, nontoxicity in soil, environmentally friendly and high capacity for the 

removal of heavy metals might be very valuable in agriculture and environmental studies.  
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Introduction 

 

Superabsorbent polymers (SAPs) are 

hydrophilic polymeric of three-dimensional structures 
with water absorption capacities of up to several 

hundred times their weight and the ability to hold 

water at high pressure. When these SAPs are left in dry 

air, the absorbed water is gradually released and 

achieve the moisture level of surrounding 

environment. These super absorbing polymers have a 

wide range of possible uses such as food packaging, 

towels and sanitary products as well as clothes and 

baby diapers. Their water retention properties in sandy 

soil have made them an ideal friction reduction for 

sewage transport in pipes and a plant growth regulator 

[1, 2] in the agricultural and horticultural industries.   
 

At present, superabsorbent materials are 

made from petroleum-based therefore a large amount 

of fossil fuels is needed for their manufacture which 

also produce a significant environmental pollution [3]. 

The initial SAP was developed from acrylic acid (AA). 

The poor gel strength and high cost of these polymers 

are their major drawbacks. A number of studies on the 

composition of inorganic minerals like clay have been 

reported in order to improve their absorption rate, gel 

strength and capacity of these composites [4-6]. 
Certain inorganic elements such as Copper, Nickel and 

lead have to be added to these into composites to 

increase their mechanical and thermal stability, 

swelling ability, gel strength, and lower the cost of 
composites for certain applications [7-11], An 

increased cost-effectiveness and better efficiency have 

been achieved by graft-copolymerization of mica with 

montmorillonite and partly neutralizing AA with a 

water absorption capacity of 1100 times [12, 13]. Due 

to their cost-effectiveness and superior water 

absorption, SAPs gain much attention [14]. These 

SAPs have been synthesized and characterized in 

different investigations and have shown an improved 

water absorption capacity in distilled water [15, 16]. 

For water absorption in salty environments, 

superabsorbent may be highly useful for a variety of 
applications.  

 

According to published results, clay has 

shown the increased thermal stability, water 

absorbency and gel strength apart from other usual 

properties [17]. The development of superabsorbent 

composites from clays like montmorillonite [18], 

attapulgite [19] and bentonite [20] has also been 

reported. Clays, such as bentonite, are made up of 

successive sheets of silicate and are widely used in the 

construction industry [21]. Many polymer-clay 
nanocomposites, such as EVA/clay nanocomposite 

[22], have been developed by intercalation. The 
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nanocomposites have received considerable attention 

because of their low cost, diverse application in 

horticulture and agriculture [23, 24].   SAPs hydrogels 

have also been developed to study the binding 

behaviour of several metal ions under varied pH and 
time conditions [17]. 

 

Heavy metals are highly toxic to biotic life 

due to their enzyme-inhibiting and harmful metabolic 

character. The use of heavy metals in our life have 

increased significantly over the past several decades 

and have resulted in ever growing metal contamination 

in the environment. According to World Health 

Organization copper, chromium, lead, nickel, zinc and 

mercury are the metals of most immediate concern 

owing to their toxic nature. Reverse osmosis and 

chemical precipitation methods are very common for 
removal of these toxic metals from their aqueous 

solutions. As complete removal of metals is not 

possible by these methods therefore the use of co-

polymeric and polymeric materials for toxin removal 

is preferred which are also cost-effective and safe 

nature [25-28].  

 

The poly (acrylic acid-co-acrylamide)-

bentonite superabsorbent composites (SAC) was 

synthesized. The preliminary swelling properties of 

SAPs in aqueous solution were studied. This 
composite was characterized using Fourier Transform 

Infrared Spectroscopy (FTIR), Scanning Electron 

Microscopy (SEM) and Thermogravimetric Analysis 

(TGA). Other objective of the work was to use SAC 

for the removal of selected heavy metals [Pb (II), Ni 

(II), Cd (II) and Cu (II)] from aqueous solutions.  

 

Experimental 

 

Materials 

 

The acrylamide was acquired from Daejung 
Chemicals & Metals Co. Ltd, Korea. Acrylic acid with 

99 % purity made by Sigma-Aldrich was used for 

present studies. The ultrapure grade N,N- 

methylenebis-acrylamide, potassium persulphate and 

sodium sulphide are from Amresco and Applichem, 

the Czech Republic. The sodium bentonite clay used 

in present studies are being mined at Sheen Ghar 

Karak, Pakistan. This clay was completely dried in an 

oven at 110oC. The dry clay was pulverized and sieved 

using a 100-mesh sieve before its analysis. 

 
The process of making Superabsorbent Polymer 

Composites 

 

A graft copolymerization reaction as reported 

in [11, 25] was used. The right amount of clay taken 

in a flask was mixed with distilled water and stirred till 

the formation of a homogeneous solution. The solution 

of acrylic acid was partially neutralized with NaOH, 

then with N, N – methylene-bisacrylamide and added 

to above. Acrylamide (AM) monomer, a solution of 
Potassium persulfate (KPS) and sodium sulfite were 

slowly added to the flask.  

The shaking of the solution in the flask was 

carried out for 15 minutes to ensure that the graft 

copolymerization process has been fully completed. A 

steady nitrogen atmosphere was kept during the whole 

process to get rid of the dissolved oxygen in the 

solution. 

 

FTIR Analysis 

 

The grafting ratio was determined using 
FTIR spectrophotometer (Thermo Nicolet Avatar 320 

spectrophotometer, USA). The Attenuated Total 

Reflectance (ATR) method was used for this purpose. 

 

XRD analysis 

 

The X-ray diffraction (XRD) spectra for 

given samples were obtained using X-ray 

diffractometer (SIEMENS D5000 with Cu anode) 

which worked at 40 kV and 30 mA. Samples were 

carefully mounted on the turn table of X-ray 
diffractometer and a scanning rate of 0.01 mm per 

second was used to cover the angles from 2o to 90o. 

 

SEM Analysis 

 

The SEM analysis was carried out on 

scanning electron microscope (Model JSM-5910 

JEOL Japan) available in Centralized Resource 

Laboratory (CRL), University of Balochistan, Quetta. 
 

TGA 
 

The thermal stability of composite samples 

was studied by taking its TGA. Dry nitrogen at 80 mL 

per minute flow rate was used. The temperature was 

scanned over the range 30-9500C at a scanning rate of 

10oC per minute.  
 

Measurement of water absorbency 
 

The mass of sample in dry form was 

determined using an electronic balance. The ability of 
SAC sample to soak up water at room temperature was 

measured in distilled water. The 500 mL of water was 

added to composite in powder form and left for 24 

hours to ensure its uniform swelling [29]. A 100-mesh 

screen was used to remove excess water i.e., water not 

used to swallow the powder. The samples in swollen 
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form were weighed. The water absorbency  QH2O  was 

measured using the following equation. 
 

QH2O = (m2 − m1) m1⁄    (1) 
 

where  m1 and  m2  are the mass of swollen and dry 

samples respectively. 

 

 

Adsorption Analysis 

 

A study was carried out on four heavy metal 

ions that came from single-metal aqueous solutions. 

The stock solutions of 100 ppm each of Pb, Ni, Cd, 

and Cu ions were made in water and kept in separate 
conical flasks. 20 mL of each absorbate solution was 

taken in separate flasks and 0.25g of SAC sample was 

added to it. The flask was placed in a rotating shaker 

at 150 rpm at temperature of 25oC (room temperature) 

for about 60 minutes. The samples with different 

amount of metal ions in the aqueous phases at different 

pH and reaction times were used. Samples are then 

filtered through Whatman Filter Paper 125 mm and 

these were analyzed using Atomic Adsorption 

Spectrometry. The adsorption capacity was calculated 

using the following formula. 

 

q =
(Co−C) V

m
       (2) 

 

where ‘q’ is the amount of metal in mg/g in the given 

solution of the sample that is adsorbed at equilibrium, 

  ′Co′  is the initial or starting amount of metal ‘C’ is 

the amount of metal at a given time, ‘V’ the volume of 

the metal solution that was used (mL) and ‘m’ is the 

mass of metal. 

 

Results and Discussion 

 

Acrylic acid and acrylamide were grafted 

onto Na-Bentonite using KPS as an initiator, sodium 

sulfite as accelerator and MBA as crosslinker under 

inert atmosphere. The effect of concentration of clay, 

crosslinker, initiator quantities and monomer ratios on 

the swelling capacity of SAC were investigated. 

 

Decomposition of Initiator 
 

Heating of persulfate initiator produces 

sulfate anion radical, which creates an active site on 

Na Bentonite by abstracting hydrogen. In the presence 

of these active centres, AA and AM undergo radical 

polymerization resulting in grafted copolymer. MBA 

facilitates these copolymers to get crosslinked together 

resulting in a superabsorbent polymer composite. 

 

FTIR analysis 

 

The FTIR spectrum of polymer (acrylamide-
co-acrylic acid) is shown in Fig 2(a). The absorption 

maxima (i.e., the transmission minima) are observed 

at 3296 cm-1, 2936 cm-1, 1445.0 cm-1, and 1114.2 cm-

1. These peaks are all ascribed to the stretching of the 

acrylamide and acrylate units. There is a correlation 

between AA and AM, as seen by these peaks. 

 

The absorption peaks in FTIR spectrum of 

Na-Bentonite [Fig 2(b)] are observed at 3735.3 cm-1, 

3304.7 cm-1, 1655 cm-1, 1548.0 cm-1 and 1404. cm-1 

and these are attributed to the stretching of OH, CO, 
C-C, and CH. Bands , 999, and 666. cm-1 for layered 

silicates, respectively [30]. 

 

Fig 2(c) shows the FT-IR spectrum of AA/AM 

grafted onto Na-Bentonite. Due to the existence of 

CONH2 stretching vibration of acrylamide, a new 

absorption band at 1658.8 cm-1 has appeared. It is thought 

that the peaks observed at 1555 cm-1 and 1408.6 cm-1 are 

linked to –CO2 and C-N bends respectively. Additional 

peaks in the Si-O stretching of layered silicates may be 

seen at 981 cm-1. 

 

 
 

Fig. 1: Scheme of the reaction. 
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Fig. 2: (a) 

 

 
 

Fig. 2: (b) 
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2(c) 

 

Fig. 2: (c) poly AM/co-AA (a); sodium bentonite clay (b); and sodium bentonite/poly (AM-co-AA) composite 

material with exceptional absorption capacity (c). 

 
XRD Analysis 

 

Co-K radiation, operating at 40 kV and 30 mA, 

was used to obtain the X-ray diffraction spectrum. All 

samples used were in fine powder form. XRD spectrum 

of Bentonite composite and its clay are displayed in Figs 

3(a) and 3(b). The diffraction spectrum of bentonite [Fig 

3(a)] shows six distinctive peaks at 2.572°, 3.206°, 

3.361°, 3.728°, 4.298o and 7.161° in bentonite. However, 

peaks at 2.612°, 3.229°, 3.369°, 3.880°, 5.151o, 4.298o, 

5.151o and 7.278o are observed in XRD spectrum of Na 

bentonite clay sample. It is suggested that there may be 

interlayer penetration in acrylamide and acrylic acid 

solution which causes an increase in interatomic spacing 

i.e., ‘d’. Polymerization between silicate layers might 

expand the distance between the monomers.
 

 
 

(3a) 
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 (3b) 

 

Fig. 3: a and b are XRD spectra of Na bentonite clay. 

 

TGA analysis 

 
TGA spectra of five samples of the clay graft 

AM/ co-AA (SACs) incorporating with different 

amount of clay contents were obtained and results are 

shown in Fig. 4. It is clear that thermal stability 

increases as the concentration of clay is increased in 

the samples. However, there are three stages of 

thermal decomposition having well defined range of 

temperature. In the first stage the temperature range is 

70-140 oC and rate of weight loss is relatively low. 

This is attributed release of moisture contents of the 
SAPs. In second stage the temperature range is 290–

490 oC sharp decrease in weight is observed owing to 

thermal decomposition of Amide group in AM/AA 

[31]. In the third stage a gradual weight loss of SAPs 

is observed in the temperature range 680-750 oC and it 

is attributed to the decomposition of the backbone of 

SAPs. 

 

 
 

Fig. 4: TGA spectra of SAPC using different amount of clay. 
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Adsorption of heavy metal by SAPs and SAC 

 

Adsorption rate 

 

The dependence of heavy metal ions 
adsorption rates using single ion solution on SAPs as 

function of contact time is shown in Fig 5 which was 

calculated using Eq.2. Initially the increase in 

adsorption rate is high (indicated by large value of 

slope) then it slows down (indicated by medium slope) 

and finally achieves an equilibrium i.e., almost 

negligible slope in 90–180 minutes for Pb (II), Ni (II), 

Cd (II), and Cu (II) [27, 32-35]. This means that 92 

and 91 percent of Pb (II) and Cu (II) were removed. 

Apart from contact time, the absorbent rate is 

dependent 0n other parameters such as size, porosity 

and surface area of the absorbent. It also depends on 
number of metal ions present in it. In the same way, 

other ions in the area could also affect the results by 

competing with ions of interest for active adsorption 

sites. 

 

Adsorption of heavy metals on SAPs is 

shown in Fig 6. It shows that the adsorption was at its 

peak at pH 4 for Ni (II), pH 2 for Pb (II), and pH 6 for 

Cu. This means that the adsorption of heavy metals on 

SAPs is best when the pH is high (II). This could be 

because at a low pH, there are more H+ ions in the 
solution that compete with Cu (II) ions. This makes the 

ion exchange reaction between Cu (II) ions and the 

cations in the composite very hard to do. A similar 

behaviour has also been observed in attapulgite clay 

[27]. 

 
 

Fig. 5: Effect of time on adsorption capacity of 

different metals. 

 

 
 

Fig. 6: Effect of pH of different metals on adsorption 

capacity. 

 

Adsorption Kinetics 
 

Different kinetic models are employed to 

investigate the adsorption process. The rate constant 

can be calculated by the following equation developed 

by Langmuir [36].  

 

ℓog(qe − qt) =  ℓog qe − (k1t 2.303⁄ )  (3) 

 

where  qe  and  qt , expressed in (mg/g), are the 

quantities of metal absorbed at equilibrium and time t 

(minutes) respectively. The  k1 is a first order rate 

constant and expressed in terms of  min−1 . The 

second order equation may be stated in terms of 

adsorption equilibrium capacity and is given below. 

 

  t qt⁄ = (1 k2qe
2⁄ ) + (t qe⁄ )    (4) 

 

The second-order equation's rate constant is 

k2 (g/mg.min). Linear plots of log (qe-qt) against t and 

t/qt versus t were used to assess the models' fit, as 

illustrated in Fig. 7 and 8. A small correlation constant 

precluded a complete satisfaction of the first-order rate 
statement in this case. To our knowledge, the qe values 

estimated from these linear plots do not match with the 

values reported earlier [36]. A second-order model, as 

shown in Table 1, is the best match for the data. The 

second-order model's correlation coefficient is larger 

than 0.996, and the measured values of qe are in close 

agreement with the estimated values. Based on these 

findings, Mishra et al. [28] found that metal removal 

by low-cost adsorbents is the best match of 

experimental data in the second order model. 
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Fig. 7: Pseudo first order kinetics plot for adsorption 

of Cu+2, Ni +2, Pb+2 ions onto SAC. 

 

 
Fig. 8: Pseudo second order kinetic plot for 

adsorption of Cu+2, Ni +2, Pb+2 ions onto SAC. 
 

Table-1: Comparison of rate constants and difference 

of qe (calculated and experimental) for pseudo-first 

order and second-order reaction kinetics of removal of 

different metals. 
Metal ion concentration Pseudo-first order  Pseudo-second order 

 K1 (1/min) qe(cal-exp) R1
2 K2 (g/mgmin) qe(cal-exp) R2

2 

Cu+2 0.01842 4.833 0.813 9.7 0.5 0.996 

Ni+2 0.0202 2.004 0.8027 19.178 0.26 0.995 

Pb+2 0.01312 4.4895 0.769 8.47 0.4 0.962 

 

SEM analysis  

 

The surface morphology of Na-Bentonite 

clay and SAP's are shown in Fig 9. (a-c). Fig 9(a) 

shows the morphology of the ungrafted clay which has 
a completely different structure than the grafted 

polymer. Ungrafted clay shows irregularity of 

particles and rough surface, while grafted Na- 

Bentonite has microporous appearance and fine 

network structure. On the other hand, SEM 

micrographs in Fig 9(b) and 9(c) show that Na-

Bentonite clay-g-poly(acrylamide-co-acrylic acid) 

containing 35 wt % possess a loose and more porous 

morphology compared to nascent Na-Bentonite clay 

[38]. Moreover, the smaller particle size of the SAPs 

than the Na-Bentonite suggests that initially there will 

be more interstitial spaces which lead to its increased 

water absorbing capacity based on capillary action. As 

the size of the particle becomes extremely small, a 

tendency in decrease in water absorption is observed 
[12, 39]. 

 

 
(a) 

 

 
(b) 

 
(c) 

 

Fig. 9: Na bentonite clay (a), Na bentonite-g-poly (b, 

c) (AM-co-AA) SAPC. 
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Effect of Clay contents on water absorbing capacity of 

SAC 
 

Table-2 depicts the dependence of Na-

Bentonite clay contents on water absorbency for the SAC. 

It has been previously reported that amount of clay in 

SAC plays an important role in its water absorbency 

which reduces significantly with increase in clay contents 

in SAC [39-41]. These outcomes are in consistent with 

earlier study as reported by Wang et al. [10]. This 
behavior is due to the presence of more crosslinked points 

in polymeric network which in turn decreases the 

crosslinked density of the composite and leads to lower 

water absorbency. It is also suggested that –OH moieties 

on the clay surface could interact with acrylic acid and 

acrylamide, which could enhance the polymeric network, 

leading to a decreased rate of water absorbency. Similarly, 

it is assumed that an increase in the amount of clay in 

composite causes the chemical interaction among AA/ 

AM and –OH groups on the clay surface, thus leading to 

a decrease in the water absorbency of SAC [11, 42]. In 

addition, the polymerization system improves the 
grafting ratio, but also initiation of homo-polymerization 

of PAA and PAM in the presence of excess initiator 

which plays its role in decreasing the composite water 

absorbency. Higher clay contents make the SAC less 

hydrophilic, which makes it less likely to swell, and the 

interaction between clay and AA/AM gets better. 

Eventually, chemical and physical cross-links were 

found to be the most common in the polymeric network. 

This reduced the crosslink density of the composite and 

the elasticity of the polymeric chains which led to a 

decrease in the water absorbency in SAC. Such 
consistent experimental results have also been reported 

by Wu et al. [12]. They found that the composite with 

kaolinite has maximum swelling and minimum swelling 

in the composite doped with sericite. The composite 

doped with Bentonite has moderate swelling. 

 

Water absorption behavior of copolymer of 

acrylamide /acrylic acid) bentonite superabsorbent 

composites were compared. Table-3 shows a comparison 

of the water absorption behavior of the Na-Bentonite clay 

with different clay contents and a copolymer of 

acrylamide and acrylic acid. We observed that the 
copolymer of acrylamide and acrylic acid is better 

absorbent than the bentonite superabsorbent composites 

in distilled water at the right temperature and time. 

 

Table-2: The water absorption capacity of clay at various 

concentrations is affected. 
S. No Clay content (wt %) 

Na bentonite clay 

Water absorbency (g/g) 

              Qe 

1 56 110.8 

2 63 123.3 

3 68 147.1 

4 72 150.2 

5 75 85.6 

6 poly(acrylamide-co-acrylic acid) 179.5 

Influence of initiator on grafting degree 

 

The effect of amount of initiators in clay on 

how well AM/AA is grafted or water absorbency is 

shown in Fig 10. The results indicate peak water 
absorbency at 2.5 % initiator contents but it decreases 

with increase in initiator concentration. The water 

absorbency starts increasing beyond 11 % initiator 

contents.  Clay's hydroxyl groups react with potassium 

persulfate to form a free radical which then damages 

the clay structure. When these free radicals are 

copolymerized, they form poly (acrylamide-co-acrylic 

acid) branches on the clay backbone, as seen in the 

illustration. Adding an initiator could also be a reason 

for the SAC's grafting degree getting better. Clay has 

more cations like Ca2+, Fe3+, and Na+ which may be 

the reason for this observed behaviour. Besides 
carboxylates, –OH groups (phenolic, enolic, and 

alcoholic) as well as amino groups, other functional 

groups can also affect how well the graft sticks [29, 

43]. As a result, during the polymerization process, 

bentonite clay may chemically link with and enhance 

the polymer network. As a result, the grafting 

chemical process may be almost complete [44]. 

 

 
 

Fig. 10: Effect of initiators on water absorbency. 
 

Conclusion 
 

Bentonite superabsorbent composites were 

made by putting acylic acid and acrylamide on 

Bentonite and then using N,N-methylene-

bisacrylamide to crosslink it and potassium 

persulphate to start the reaction in water. Maximum 

equilibrium water absorption and grafting ratio for the 

superabsorbent composites were found for 70% clay 

contents. FTIR results show that Bentonite in the form 
of micro powder has a lot of –COO– and –OH– groups 

on its surface. These groups react with each other. 

SEM results showed that clay particles were more 

evenly distributed into the polymer matrix when they 

were viewed through the scanning electron 

microscope. TGA curves show that the clay has a big 

impact on the thermal stability of the superabsorbent 

composites made with it. When clay is added to the 
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polymer network, the thermal stability of the 

superabsorbent composites is improved. The prepared 

SAC was quite efficient in removing selected heavy 

metals from aqueous solution. Based on the results 

obtained, the current SAC can be efficiently used in 
various industries involved in the preparation and 

synthesis of water absorbing materials and heavy 

metals removal simultaneously.  
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