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Abstract 
In this study in order to increase the release ability of acrylamide hydrogels, modified acrylamide-based hydrogel nano-

composites were synthesized. The aim of this research was to evaluate the swelling ratio of hydrogel with the best clay, to 

reach the highest rate of swelling. To enhance the swelling ratio of hydrogels, the clays were applied in their structure. 

Amongst the applied clays in the structure of the hydrogels, montmorillonite was found to be more effective than kaolinite. 

Further using conventional techniques such as X-ray diffraction (XRD) and Energy Dispersive X-Ray (EDX) performed the 

characterization of the clays, while the hydrogels were characterized by Fourier Transform Infrared Spectroscopy (FTIR), 

Field Emission Scanning Electron Microscope (FESEM), and EDX. The XRD analysis of clays showed that there is a differ-

ent amount of carbon, oxygen, sodium, calcium, magnesium, aluminum, silicon, potassium and iron. The amount of oxygen 

in montmorillonite was 42.12 however, the amount of oxygen in kaolinite was 2.01.  The XRD pattern of montmorillonite 

including a peak relevant to the basal dividing of (2θ = 7.83°) 11.28 Å was verified. In the acrylamide/montmorillonite hy-

drogels, this peak was shifted to a lower point of the angle, comparing to the basal spacing of (2θ = 6.40°) 13.78 Å and (2θ = 

6.24°) 14.11 Å. Such an increase in the basal spacing oblique that the monomer was inserted into the interlayer of the clay. 
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1 Introduction1 
Recently, the structure of hydrogels has been blended 

by strengthening the nanostructures to polymerize a 

nanocomposite hydrogel in order to make changes in 

physical, mechanical and material properties (1). The 

cross-linked structures in the three-dimensional systems, 

provide the nanocomposite hydrogels which have simi-

larities with the layers in clay silicate (2). Some of the 

useful applications of hydrogels including drug delivery 

devices and wound dressing systems (3,4). The major 

concerns on the hydrogels with clay-polymer structure 

are focused on montmorillonite, laponite, and hy-

drotalcite as some improved factors. The reasons that the 

clays are highly utilized for different medical applica-

tions is that they owe unique physicochemical qualities 
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and very specific surface zone in their structure (5-8). 

Clay is an organically tailored phyllosilicate, which is 

derived from an organically occurring clay mineral. The 

clay minerals are very effective in the polymer structure, 

because they have small particle size and have intercala-

tion properties, and are hydrated layered aluminosilicate 

with reactive -OH groups on their surface. The factors 

such as pH, temperature and other environmental condi-

tions are able to impact on the hydrogels and the hydro-

gels can react to these factors as they are very powerful 

materials (8,9). By locating of hydrophilic groups such as 

amide, sulfonic acid, the hydroxyl group and carboxylic 

acid in their structure, the hydrogels start to absorb a 

large amount of water, they swell and can produce hy-

drophilic polymers (10-12). To improve the physical 

properties of hydrogels, they can be added by novel ap-

plicable arrangements (13). Due to their stability under 

violent conditions of procedure for health, they are very 

exciting by locating of metal oxides such as MgO (14-

17). The MgO nanoparticles have various biomedical 

advantages (18). The role of clays in pharmaceutical 

products is excipient and active ingredients. Amongst all 
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the clays, montmorillonite has attracted more attention 

due to having more capacity of cation exchange rather 

than the rest of pharmaceutical silicates such as kaoline, 

talc, and fibrous clay minerals (19). The composition of 

clay/polymer composites has improved mechanical prop-

erties (20). These facts of interest along with the high 

limit of interaction that is proposed by mineral particles 

have been generally initiated to clarify novel systems of 

controlled release yet sometimes it is necessary to modi-

fy polymeric material or clay minerals. Polyacrylamide is 

a kind of pH-sensitive hydrogel (21,22).  

The aim of this study is to reach to the highest swell-

ing ratio in the hydrogels containing two different clays. 

We are evaluating some characterizations and also the 

highest swelling ratio between Montmorillonite and Kao-

linite and then apply one of them in the structure of hy-

drogel. 

 

2 Experimental Methodologies 
2.1 Materials 

Acrylamide (Aam) and MgO applied in this research 

study were provided from Sigma-Aldrich Chemical 

Company. N,N’-methylene bisacrylamide (MBA) as the 

crosslinker, the activator  N,N,N’, N’-tetramethyl eth-

ylenediamine (TEMED) and the initiator ammonium 

persulfate (APS) were completely analytical grade and 

were purchased from Sigma-Aldrich Chemical Compa-

ny. Deionized water was applied during the experiments 

in the formulation of hydrogels in the swelling experi-

ments, Kaolin powder with 98% purity and montmorillo-

nite (MMT), with an average particle size of 1 μm was 

used with no further modification. All the material was 

obtained from Sigma-Aldrich Malaysia and supplemen-

tary chemicals and reagents applied were entirely analyt-

ical grade. 

 

2.2 Formulation of Acrylamide/NaCMC/MgO Nano-

composites 

Acrylamide/NaCMC/MgO nanocomposite was ac-

cumulated by mixing 0.01 g MgO nanoparticles (<50nm) 

and 0.01 g clay with the polymer matrix. First, MgO was 

weighing for 0.01 g and poured into 2 ml of distilled 

water at 80 °C under vigorous stirring.Acrylamide, am-

monium persulfate (APS), N, N, N’, N’-

tetramethylethylenediamine (TEMED), sodium carbox-

ymethylecellulose (NaCMC), N, N’-

methylenebisacrylamide (MBA), was added to the solu-

tion, after nearly 10 minutes. The whole duration of 

polymerization of nano complex took about 40 mins 

[23]. 

 

2.3 XRD analysis 

For the X-ray diffraction of Kaolinite and Montmo-

rillonite, the clays were subjected to x-beam diffraction 

(XRD) Kα at 40keV and 40mA was applied with a step. 

length of 0.05o and step time of 1s. The used diffraction 

edge (2θ) was in the range of 20 o and 80 o. An x-beam 

diffraction amount of clay was carried out at 25 oC with 

Siemens. Diffractometer D5000 X-beam diffractometer 

along with Cu (24). 

 

2.4 FTIR Analysis  

The FTIR spectrum of hydrogels was taken in the 

range of 4000-370 cm-1 as KBr pellet with the help of 

FTIR (Nicolet. 670 FTIR, USA) were analyzed. Amount 

of 4 mg of the dried specimens of hydrogels were weigh-

ing and blended with Potassium Bromide (25). 

 

2.5 Hydrogel Nano Composites Microstructure 

To consider the microstructure of hydrogels, Field 

emission scanning electron microscope (FESEM) (35VP 

Gemini Supra) was applied. This was done under vacu-

um condition and employing gold sputter coater Bio-Rad 

Polaran Division (E6700, USA). The voltage of 10 kV 

was carried out using the amplification of 3000× and 

9000×. To keep the samples pores wholesome for prepar-

ing to image, all of them were lyophilized and were 

placed in liquid (26). 

 

2.6 Swelling Studies 

Immersing the samples in distilled water conducted 

to make them ready for swelling ratio analysis. Occa-

sionally, the weight of the swelling ratio was measured 

and then computed by means of the following equation: 

 

Swelling ratio (%) = [
𝑊𝑡−𝑊0

𝑊0
] ×  100            (Equation 1) 

 

The weight of the swollen gels is designed by Wt at time 

t and W0 is the beginning weight of the samples (27). 

 

3 Results and Discussion 
3.1 Reagents 

The presence of all of the elements that constitutes 

the montmorillonite and kaolinite clay mineral may be 

observed, indicating its effective incorporation (Table 1) 

was determined by using elemental analysis, which re-

sulted in the unit cell formula. Apparently, the chemical 

compositions breakdown of clay shows the main domi-

nant elements in the clay were (O=Oxygen), 

(C=Calcium), (Na= Sodium), (Mg= Magnesium), (Fe= 

Iron), (Si=Silicon), (K=Potassium), (Al=Aluminum).  

The EDX profile of montmorillonite and kaolinite (Fig-

ure 1 (a) and (b)) shows that the percentage of Si and Al 

in the montmorillonite and kaolinite is 9.97% and 

19.90%, and 17.18% and 5.96% respectively. Whereas 

the percentages of other metals like K, Na, Ca, Mg, O 

and Fe is, 0.19%, 0, 0, 0, 2.01%, in kaolinite and 0.41%, 

0.32%, 0.49%, 0.79% and 42.12% in montmorillonite. 

The major constituents of the clay are aluminum, silicon, 

magnesium, iron, oxygen and calcium, which correspond 

to its chemical formula. 

 

Table 1: EDX analysis of Kaolinite and Montmorillonite 

Clays/ Elements C
 

O
 

N
a 

C
a 

M
g
 

A
l 

S
i 

K
 

F
e 

Kaolinite 

(weight%) 6
.5

4
 

2
.0

1
 

- - - 

1
7

.1
8
 

1
9

.9
0
 

0
.1

9
 

- 

Montmorillonite (weight%) 

6
.9

7
 

4
2

.1
2
 

0
.3

2
 

0
.4

9
 

0
.7

9
 

5
.9

6
 

9
.9

7
 

0
.4

1
 

0
.6
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The representing of O and Si components, coming 

absolutely from the clay mineral, suggests that good 

element dispersion occurred in the clay matrix (Figure 1). 

So as to consider the composition of montmorillonite and 

kaolinite, XRD test was accomplished (Figure 1). The 

crystallinity changes of samples with clays were consid-

ered to have a better understanding of hydrogel structural 

stability and network. 

The large surface area of Kaolinite and montmorillo-

nite and/or their extensive pharmaceutical application are 

the main reasons to choose them. The properties of such 

different clays are related to their composition and struc-

ture (Figure 2). The montmorillonite clays are 2:1 phyl-

losilicates stacked single sheets of tetrahedral silica on 

top of a single sheet of octahedral alumina however, 

kaolinite consists of 1:1 (28). The way that the layers are 

stacked on each other detects the differences in the kaolin 

minerals. The interlayer in montmorillonite is not only 

expansible, but it is also hydrated; That is the reason, 

they are called to as "swelling clays" (29). 

 

3.2 XRD pattern of Clays 

The X-ray diffraction performed for the clays are 

presented in Figure.3.X-ray diffraction was a useful tool 

to test the possible orientation and penetration of clays in 

the interlayer space of smectites, by revealing changes in 

the basal spacing of the clay minerals (30). The XRD 

pattern of kaolinite is presented in figure 3(a) and the 

XRD pattern of montmorillonite is presented in figure 

3(b). 

The diffraction pattern of montmorillonite including 

a peak relevant to the basal dividing of (2θ = 7.83°) 

11.28 Å was verified. In the acrylamide/montmorillonite 

hydrogels, this peak was shifted to a lower point of the 

angle, comparing to the basal spacing of (2θ = 6.40°) 

13.78 Å and (2θ = 6.24°) 14.11 Å. Such an increase in 

the basal spacing oblique that the monomer was inserted 

into the interlayer of the clay. This is due to the polymer-

ization of acrylamide monomer to polyacrylamide matrix 

that gave a contraction between layers of the montmoril-

lonite (31). A flattened conformation was adopted be-

tween the layers of the clay in the polymer. It is conclud-

ed that in composite hydrogels the clay minerals were 

intercalated but not exfoliated and authoritatively dis-

seminated in the matrix. Small molecules (kaolinite) 

were weakly bound to the clay mineral and no significant 

changes in the basal spacing of the complexes were ob-

served after desorption, whereas for promethazine im-

portant modifications in the X-ray were reported (32). 

 

 
 (a) 

 

 

 
(b) 

Figure 1: Energy Dispersive X-Ray (EDX) spectrum of clay Montmorillonite(a) and Kaolinite (b) 

. 
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(a) 

Montmorillonite structure (NA,CA)0.33(AL,MG)2(SI4O10) 

 

(b) 

Kaolinite structure Al2Si2O5(OH4) 
 

Figure 2: Chemical structure of (a) Montmorillonite and (b) Kaolinite  

 

3.3 Polymerization 

The polymerization of acrylamide hydrogels is 

happening in the presence of smaller amount of 

bisacrylamide. Bisacrylamide essentially is linked to 

two acrylamide molecules by a methylene group, 

and is applied as crosslinking agent. A second site 

to extend the chain is introduced due to polymeriza-

tion of acrylamide monomer in the head to tail order 

and producing bisacrylamide molecules into long 

chains. The polymerization of acrylamide monomer 

is free radical’s catalysis, and by the addition of 

TEMED and APS is initiated. The TEMED role in 

the matrix is catalyzer of the decomposition of per-

sulphate ion and presents free radical. Hydrogel 

composites were shaped by some interaction and 

conglomeration with acrylamide in montmorillonite 

interlayer gallery. Acrylamide/montmorillonite 

composite hydrogel and Acrylamide/ kaolinite com-

posite hydrogel were the result of free radical 

polymerization in distilled water containing of clay 

in optimized ratio of acrylamide to clay (6:1%, 

w/w), APS and TEMED were added as the initiator 

and accelerator, respectively. The content of the 

clay is very important. At lower contents of clay, the 

polymer/clay systems could have a tendency to 

produce disordered phases as nematic or isotropic, 

an increase of polymer chain length and/or organ 

clay content leads to the creation of ordered phases 

(crystal, smectic or columnar) (33). 

 

3.4 Swelling ratio study 

According to the outcomes, the specifications of 

acrylamide hydrogel were encouragingly trans-

formed by incorporating with clays. The two men-

tioned clays were applied in the hydrogels and were 

placed in distilled water to determine the swelling 

ratio (Figure 4). By comparing these samples, 

Montmorillonite had the greatest swelling ratio 

rather than kaolinite. 

In Figure 4, the swelling ratio of the hydrogel in 

distilled water is presented and by NaCMC addition, 

the quantity of swelling was found to be increased 

to a greater level. On the other hand, the presence of 

multitude carboxylic acid groups in its structure is 

very effective. The presence of hydrophilic chains 

on the polymeric chains (–COOCH3Na) and (–OH) 

and hydration of functional groups was responsible 

for the swelling of the hydrogels.  

                               

 



Journal of Environmental Treatment Techniques                                                                                                          2019, Volume 7, Issue 2, Pages: 211-219 

 215 

 

 
Kaolinite (a) 

 
Montmorillonite (b) 

Figure 3: XRD pattern of Kaolinite (a) and Montmorillonite (b) 

 

 
Figure 4: Swelling ratio of Kaolinite and Montmorillonite clays 

using in the acrylamide-based hydrogels 

 

According to our previous reports (34), by expanding 

the swelling ability of hydrogels, the drug release and 

loading components within the hydrogel network are 

enhanced owing to the aggregate permeability of hydro-

gels that give them the ability to release the trapped 

drugs easier. However, it is seen that acrylamide hydro-

gels in establishment with montmorillonite swells faster 

than the hydrogels incorporation with kaolinite. This fact 

could be explained by the presence of strongly hydro-

philic clay that attracts water at the beginning of swelling 

much faster than the kaolinite with different structure 

rather than montmorillonite (35). 

 

3.5 Characterization of Modified Acrylamide Based-

Hydrogel Nanocomposites 

3.5.1 FTIR Characterization  

The Figure 5 represents the synthesis of acrylamide-

based hydrogels obtained from the FTIR spectra. The 

peak for ester groups was found around 703. The peak of 

2368 relates to silicon capacity and the peak of 1650 cm-1 

is a result of amide-I of acrylamide units (36). The peak 

2929 cm-1 is for presence of C–N and C–H extending 

groups, separately, further affirming the trend of the 
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amide group. The extending of –OH gatherings result in 

peak 3421 cm–1. The peak at 1023 cm–1 advocated –CH–

O–CH– extending. The peak is seen at 1650 cm–1 was a 

direct result of the amide-I band of the amide group of 

polyacrylamide (>C = O stretching vibration frequency). 

The amide-I band was relocated from 1661cm−1, in the 

cross-connected polyacrylamide, to 1650cm−1.The peaks 

at 1023 cm−1 in the FTIR range is normal for skeletal 

vibration including the extending of C–O bonds in anhy-

drous glucose units. The peaks at 2929 cm–1 indicated C–

H stretching of – CH2 groups. This infers that due to the 

less steric restriction of the hydroxyl group, the hydroxyl 

group of acrylamide is the favored site for the response 

with the crosslinker and the joining of acrylamide (37).  

 

3.5.2 FESEM, EDX analysis 

The dynamic swelling behavior of hydrogels depends 

on the relative contribution of penetrant diffusion and 

relaxation of crosslinked polymer chains. It was until 

affirmation the outcome of nanoparticles on the micro-

structure of hydrogel, FESEM/EDX of the clear hydrogel 

and the nanoparticles-stacked hydrogels were considered 

as demonstrated in Figure 6. Field Emission Scanning 

Electron Microscopy (FESEM) analysis was carried out 

with minor modification. FESEM was performed in or-

der to assess the surface characterization of hydrogels 

(38). Polyacrylamide containing Kaolin and montmoril-

lonite microparticles have macro porous structure with 

average diameter of pore size less than 1 µm. MgO na-

noparticles organized the initial burst release organized 

through modification of polymeric complex and by af-

fecting the release mechanism (39,40). The FESEM im-

ages magnifications were undergone at 2.0K×. Apparent-

ly, stacking nanoparticles had changed the surface mor-

phology of the clear hydrogel. This shows the arrange-

ment of nanoparticles in the system of the clear hydrogel, 

while the clear hydrogel uncovered clear systems through 

the gel association. Also, it is clear that nanofillers pro-

duce a same type of structure once integrated into the 

blank matrix, which was more evident in the magnetic 

type of nanocomposites. Making of nanoparticles inside 

the hydrogel system brings about moving the porosity of 

hydrogels. It can be seen that the nanoparticles have 

effectively unbroken apportion through the hydrogel 

organizes as demonstrated in Figure.7. The EDX range 

moreover supports the arrangement of metal nanoparti-

cles in the hydrogels (41). 

 

 
Wavenumber(cm-1) 

Figure 5: FTIR spectra for acrylamide-based hydrogels 

 

  
Figure 6: FESEM image of MgO/Acrylamide/NaCMC 

%
T

 



Journal of Environmental Treatment Techniques                                                                                                          2019, Volume 7, Issue 2, Pages: 211-219 

 

 217 

 
Figure 7: EDX of MgO/Acrylamide/NaCMC hydrogels 

 

4 Conclusion 
The layered silicate materials such as montmorillo-

nite, have drawn a great deal of attention because of its 

ability to release drugs in a controlled mode, ultimately 

leading to high value of drug. Polyacryla-

mide/montmorillonite and polyacrylamide/kaolinite 

composites were obtained by polymerization. Network 

parameters and Swelling behavior of hydrogels were 

studied. The study results indicated that the montmoril-

lonite is the best clay to be applied in the hydrogel 

among the clays, due to its highest swelling ratio. Addi-

tion of nanoparticles changed the water-uptake in hydro-

gels by direct water adsorption (at the water interface), 

and changing the network density (by adding physical 

crosslink points to the existing chemical crosslinks). By 

adding the MgO to the monomer system the greater 

swelling capacity of the MgO hydrogels can be attributed 

to the presence of MgO nanoparticles with different sur-

face charges, size, and morphology. The MgO nanoparti-

cles caused in the dispersion of more water molecules to 

equilibrate the buildup ion osmotic pressure, which re-

sulted in swelling. As a future recommendation, it can be 

suggested to apply two clays with the highest abilities in 

the swelling and thus to reach to highest amount of re-

lease in the drug delivery systems. 
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