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Abstract - In this current study in order to study the structure of modified κ-carrageenan hydrogel nanocomposites were 
synthesized. Further using conventional techniques such as EDX and XRD performed the characterization of the clays, while 
the hydrogels were characterized by Field Emission Scanning Electron Microscope, Fourier. Transform 
InfraredSpectroscopy (FTIR) and EDX. It was found that using clay increased the swelling ratio of hydrogels. The swelling 
of montmorillonite was found to be greater when compared to Illite.  
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I. INTRODUCTION  
 
Illite is analogous to muscovite and is the most 

commonly clay mineral, often comprising more than 

50 percent of the clay- mineral group in the deep 

sea.As of late, numerous aims have been made to 

merge the structure of polymeric hydrogels by 

intensifying the nanoparticles or nanostructures to 
pick up the nanocomposite hydrogels utilizing 

changed mechanical, physical, and substance 

properties. [1] Nanocomposite hydrogels are 

combining three-dimensional systems containing the 

cross-linked polymeric lattice and a nanometric 

enhanced operators, similar to the layers of clay 

silicate. [2] Nano composite hydrogels have been 

utilized effectively in diverse useful applications for 

instance wound-dressing systems biomedical 

frameworks and drug-delivery devices [3,4] The 

fundamental considerations on the polymer–clay 
nanocomposite hydrogels have been centered around 

the utilization of laponite, montmorillonite and 

hydrotalcite as amplified factors. As clay structures 

including high particular surface zone and novel 

physicochemical qualities, they have the capacity to 

be utilized significantly for diverse medicinal 

applications [5–8]. Hydrogels are keen materials that 

are qualified of showing noteworthy volume changes 

reacting to little changes that comprise temperature, 

pH and further ecological invigorating conditions 

[8,9]. These materials can retain huge amount of 

water and ready to swell inferable from the vicinity of 
a few hydrophilic gatherings, for example, –OH,–

NH2, –CONH2, –COOH and –SO3H in their 

structures [10,11] and can frame a connected system 

of hydrophilic polymers [12]. And in addition, they 

can be enhanced by new useful arrangements as 

composites to proliferate their physical/synthetic 

properties [13]. In the vicinity of metal oxides like 

MgO are exceptionally compelling due to their 

steadiness under brutal procedure conditions and as 

obliged minerals for human wellbeing [14–17]. MgO 

nanoparticles application has attracted attention 
because of their several biomedical applications [18–

21]. It can be seen that clays are the prevalent 

ingredients exist in pharmaceutical products both as 

active substances and excipients. Smectites, 

especially montmorillonite has been more commonly 

studied because of its unique property of having 

greater cation exchange capacity in comparison to 

other pharmaceutical silicates like (fibrous clay 

minerals, kaolin and talc) [22]. Polymer/clay 

nanocomposites also have some attractive benefits 
comparing to pure polymer, like enhanced 

mechanical [23-28]. These points of interest 

alongside the great intercalation limit offered by clay 

mineral particles have been broadly initiated to 

amplify new controlled release systems, yet some of 

the time it is compulsory to apply adjusted or 

modified clay minerals and/or polymeric added 

substances [29]. κ-carrageenan has been chosen as 

polymer because its hydrogels are pH-sensitiVE [30]. 
Clay-polymer nanocomposites are a sort of crossover 

frameworks in which the clay/nanoparticles (for the 
most part montmorillonite) are diffused in a polymer 

lattice. The preferences with the relevant intercalation 

limit offered by the clay mineral have been connected 

to grow new managed discharge systems. The 

objective of this work is to evaluate the effect of Illite 

and Montmorillonite on the synthesized hydrogel and 

to characterize the MgO nanocomposite hydrogel. 

 

II. EXPERIMENTAL 

 
A. Materials 

Illite, Montmorillonite, Sodium 

carboxymethylecellulose (NaCMC), κ-carrageenan, 

MgO Nanoparticles (<50nm). 

 

B. Methodology 

Using EDX checked the powdered clays sample 

purity. Its chemical composition (Table 1) was 

determined by using elemental analysis (carried out 

using fluorescence), which resulted in the unit cell 
formula. 

Preparation of MgO/κ-carrageenan /NaCMC 

Nanocomposites: 
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MgO/ κ-carrageenan /NaCMC nanocomposite was 

accumulated by mixing MgO Nanoparticles (<50nm) 
with polymer matrix. In order to entrap MgO 

nanoparticles within the network, MgO nanoparticles 

were dispersed in distillated water. The amount of 

0.01 g of MgO and sodium carboxymethyl cellulose 

(NaCMC)was poured into 2 ml of distilled water at 
80 °C under rigorous stirring. The whole duration of 

synthesis took about 1 h [31].  

 

Clays/ Elements C O Na Ca Mg Al Si K Fe 

Illite 3.30 48.99 0.14 1.34 1.61 10.24 20.94 4.87 8.53 

Montmorillonite  6.97 42.12 0.32 0.49 0.79 5.96 9.97 0.41 0.62 
Table 1 Chemical Composition of Illite and Montmorillonite in Weight% in Oxide Equivalent.  

 

FTIR Analysis: 

To explore the structure of hydrogels, 4 mg of the 

dried specimens of hydrogels were set up and blended 

with KBr powder (proportion of 1:10). Pressure 

driven press was connected to make the example 

pellets under 500 kg/cm2 weight. Later, utilizing a 

Fourier change infrared. Spectroscopy (FTIR) 

(Nicolet. 670 FTIR, USA) the examples were 

analyzed. 16 sweeps every specimen were executed 
with a determination of 4 in the area around 370 and 

4000 cm-1 with 1.0 cm-1 interim. [31]. 

 

Hydrogel Nano Composites Microstructure: 

Field emission scanning electron microscope 

(FESEM) (35VP Gemini Supra) was connected to 

consider the micro-structural varieties in nano 

composite hydrogels. Above all of these, under 

vacuum condition and utilizing gold sputter coater 

Bio Rad Polaran Division (E6700, USA) all of the 

samples were covered. Tests were carried out using 

the voltage of 10 kVand amplification of 1000× and 
5000×. Before estimation all the samples were 

lyophilized and were placed in liquidnitrogen to keep 

the hydrogels pores wholesome for imaging. 

 

Swelling Studies: 

The swelling ratio of hydrogels was investigated by 

immersion of samples in distilled water. Periodically, 

the weight of the swelling ratio was measured and 

then calculated using the following equation: 

 

Swelling ratio  = Wt-W0(1) 

W0 

Where Wt is the heaviness of swollen gels at time t 
and W0 is the beginning weight of test. Swelling 

testing was performed till the hydrogels accomplished 

their stable condition. 

 

C. Results and Discussion 

The X-ray diffraction performed for the clays are 

shown in Fig.1. The structure of clays and 

additionally Illite and Montmorillonite were 

evaluated with x-beam diffraction (XRD).  

X-beam diffraction amounts of clay were carried out 

at room temperature with Siemens Diffraktometer 

D5000 X-beam diffractometer along with Cu. 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-between 20 and 80. 

 
Fig. 1XRD pattern of clays 

 

The Na+ montmorillonite (MMT) representative 

diffraction pattern, including a peak relevant to the 

basal dividing of 11.28 Å (2θ  = 7.83 ° ) was 

recorded. In the AM‐MMT composite hydrogels, 

this peak was moved to a lower point of angle, 

comparing to basal spacing of 13.78 Å (2θ = 6.40°) 

and 14.11 Å (2θ = 6.24°),The increase in basal 

spacing implied that the monomer was intercalated 

into the interlayer of the clay. This is because the 

polymerization of κ-carrageenan monomer to 

NaCMC matrix gave a contraction between layers of 

the MMT. The polymer between the layers of the clay 

assumedly adopted a flattened conformation. This 

suggested that in composite hydrogels the clay 

minerals were intercalated but not exfoliated and 
superiorly disseminated in κ-carrageenan matrix. The 

Illite has the I-S compositionsince the positions and 

synopses of the basal reflections in the XRD patterns 

of glycolated, air-dried and heated oriented 

specimens of the sample varysignificantly. Though, 

the powder XRD pattern of the sample exhibits, 

despite the high expandability, high structural order 

in the stacking of Illite layers. The main contribution 

to the 3D diffraction effects can be assumed to be 

provided by Illite fundamental particles that are 

separated from each other by smectite interlayers. 

 

Swelling ratio study 

Based on the results, the properties of hydrogel were 

suggestively transformed by incorporating with clays. 

Clays were applied in the hydrogels and placed in 

distilled water to determine the swelling ratio (Fig 2). 
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Amongst these samples Montmorillonite had the 

greatest swelling ratio when compared to Illite. 

 
Fig 2. Swelling ratio of Illite and Montmorillonite clays using in 

the κ-carrageenan -based hydrogels 

 

In Fig. 2, the swelling ratio of hydrogel in distilled 

water is shown. Based on EDX results of the clays, 

montmorillonite was found to have Ca when 
compared to Illite.The incorporation of Ca 

montmorillonite was to have more water, than 

expected from scattering data and stimulations. At 

rare sodium fixations, particle connections will 

guarantee a net attractive pressure and at extreme 

sodium levels van der Waals powers will do likewise 

[31]. 

 

Characterization of Modified κ-carrageenan Based-

Hydrogel Nanocomposites: 

 

FTIR Characterization 

Information about the structure of composite 

hydrogels has been given by FTIR analysis. The 

FTIR spectrum of composite hydrogel is compared in 

figure 3.The peak was found around 703 for the ester 

groups present in the hydrogel. The peak of 2368 

shows silicon capacity. The peaks shown at 3421 cm–

1 was due to the extending of –OH gatherings. The 

peak at 1023 cm–1 recommended –CH–O–CH– 

extending. The peaks at 1023 cm−1 in the FTIR range 

is normal for skeletal vibration including the 

extending of C–O bonds in anhydro glucose units.The 
peaks at 2929 cm–1 indicated C–H stretching of – CH2 

groups.  

 

 

Fig 3. FTIR spectra for κ-carrageenan -based hydrogels 

Peak number (cm-1) Assignments 

703 =C-H 

1023 C-O 

1650 C=C 

1661 C=C 

2368 Silicon capacity 

Table 2 FTIR band assignments for the composite hydrogels 

 

FESEM, EDX analysis 

It was until affirmation the outcome of nanoparticles 

on the microstructure of nanocomposites hydrogel, 

FESEM/EDX of the clear hydrogel and the 

nanoparticles-stacked hydrogels were considered as 

demonstrated in (Fig 4). FieldEmission Scanning 

Electron Microscopy (FESEM) analysis was carried 

out with minor modification. FESEM was performed 

in order to assess the surface characterization of 
hydrogels. MgO nanoparticles organized the initial 

burst release organized through modification of 

polymeric complex and by affecting the release 

mechanism. The FESEM images magnifications were 

under gone at 2.0K×. Apparently, stacking NPs had 

changed the surface morphology of clear hydrogel. 

This shows the arrangement of nanoparticles in the 

system of clear hydrogel, while the clear hydrogel 

uncovered clear systems through the gel association. 

Also, it is clear that nano fillers produce a same type 

of structure once integrated in the blank matrix, 
which was more evident in magnetic type of 

nanocomposites. Making of nanoparticles inside the 

hydrogel system brings about moving the porosity of 

hydrogels.  

 

 
Fig4. FESEM image of MgO/κ-carrageenan /NaCMC 

 

III. CONCLUSION 

 

The findings of the study indicated that the best clay 

to be applied in the hydrogel among the clays isthe 

montmorillonite, due to its swelling ratio. The high 

amount of Ca, K, and Mg interlayer cations 

comparing with montmorillonite, inhibit the entering 

of water into the hydrogel structure. Therefore, the 
Illite clays are non-expanding clays. The presence of 

Illite may cause structural modifications to the 

hydrogel in the same way. The existence of Illite will 

have a direct consequence on the hydrogel swelling, 

although the extent of Illite is too small to influence 

these properties to any abundantamount. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 8, Issue-3, Mar.-2020, http://iraj.in 

Synthesis and Characterization of Clay Based 𝛋-carrageenan Hydrogels 

 
26 

REFERENCE 
 
[1] Haraguchi, K.;.Takehisa, T. Adv Mater 2002,.14, 1120. 

[2] Schexnailder,.P.; Schmidt, G. Colloid Polym Sci 2009, 

287,.1. 

[3] Kokabi, M.;.Sirousazar, M.; Hassan,.Z. M. Eur Polym J 

2007,43,.773. 

[4] Sirousazar, M.; Kokabi,.M.; Hassan, Z. M. J.Biomater Sci 

Polym Ed 2011, 22, 1023. 

[5] Kowshik, M., Ashtaputre, S., Kharrazi, S.,. Vogel, W., 

Urban, J., Kulkarni, S. K., & Paknikar, K. M.. 

Nanotechnology (2003), 14(1), 95–100. 

[6] Ozay, O., Ekici, S., Baran, Y., Aktas, N., & Sahiner, N. 

Water Research, (2009)., 43(17), 4403–4411. 

[7] Durán, N., Marcato, P. D., Alves, O. L., Souza, G. I. H. De, 

& Esposito,.E. Journal of Nanobiotechnology, (2005).  3, 8. 

[8] Satarkar, N. S.,.& Hilt, J. Z. Journal of Controlled Release : 

Official Journal of the Controlled Release Society, (2008). 

130(3), 246–51.  

[9] Liu, T.-Y., Hu,.S.-H., Liu, K.-H., Liu, D.-M.,.& Chen, S.-Y. 

Journal of Controlled Release : Official Journal of the 

Controlled Release Society, (2008).126(3), 228–36. 

[10] Ozay, O.,.Ekici, S., Baran,Y., Aktas, N., & Sahiner, N. Water 

Research, (2009). 43(17), 4403–11. 

[11] Satarkar, N..S., & Hilt,J. Z. Journal of Controlled Release : 

Official Journal of the Controlled Release Society, (2008). 

130 (3), 246–51. 

[12] Duncan, J., Macdonald, J. F., Hanna, J. V, Shirosaki, Y., 

Hayakawa, S., Osaka, A., Gibson, I. R. Materials Science & 

Engineering. C, (2014). (34) 123–9.  

[13] Guiseley, K. B. United States Patent (1978). [191, 3–8]. 

[14] Duncan, J., Macdonald, J. F., Hanna, J. V, Shirosaki, Y., 

Hayakawa, S., Osaka, A., Gibson, I. R. Materials Science & 

Engineering. C, (2014).  (34), 123–9 

[15] Yamamoto,.O., Nakakoshi, K., Sasamoto, T.,.Nakagawa, H., 

& Miura, K.. Carbon, (2001), 39(11), 1643–1651. 

[16] Yamamoto, O. International Journal of Inorganic Materials, 

(2001). 643–646. 

[17] Roselli, M., Finamore, A., Garaguso, I., Britti, M. S., & 

Mengheri, E. American Society for Nutritional Sciences, 

(2003). 4077–4082. 

[18] Stoimenov, P. K., Klinger, R..L., Marchin, G. L., & 

Klabunde,.K. J. Langmuir, (2002), (18), 6679–6686. 

[19] Fu, G.,.Vary, P. S., & Lin, C.-T. The Journal of Physical 

Chemistry. B, (2005), 109(18), 8889–98.  

[20] Ohira, T., & Yamamoto, O. Chemical Engineering Science, 

(2012), 68(1), 355–361.  

[21] Huang, L., Li, D.-Q., Lin, Y.-J., Wei, M., Evans, D. G., & 

Duan,.X. Journal of Inorganic Biochemistry, (2005),99(5), 

986–93. 

[22] Sorby, D. LJournal of Pharmaceutical Sciences, 

(1965),.54(5), 677–683. 

[23] Chang, J.-H., An, Y. U., Cho, D., & Giannelis, E. P. Polymer, 

(2003). 44(13),.3715–3720. 

[24] Cypes,.S. H., Saltzman, W. M., & Giannelis, E. P. Journal of 

Controlled.Release : Official Journal of the Controlled 

Release Society, (2003). 90(2), 163–9. 

[25] Lee, W., & Fu, Y. Journal of Applied Polymer Science, 

(2002),(89), 3652–3660. 

[26] Kiersnowski,.A.,& Pigłowski,JEuropean Polymer Journal,. 

(2004) 40(6), 1199–1207. 

[27] Lee, W., & Chen,.Y. Journal of Applied Polymer Science, 

(2003)91, 2934–2941. 

[28] Puttipipatkhachorn,.S., Pongjanyakul,.T., & Priprem,.A. 

International Journal of Pharmaceutics, .(2005),293(1-2), 51–

62. 

[29] Aguzzi, C.,.Cerezo, P., Viseras,.C., & Caramella, C. Applied 

Clay Science, (2007) 36(1-3),.22–36. 

[30] Gavini, E.,.Mariani, A.,.Rassu, G., Bidali, S.,.Spada, G., 

Bonferoni, M. C., & Giunchedi, P. European Polymer 

Journal, (2009) 45(3), 690–699. 

[31] Hezaveh, H., & Idayu, I. J Mater Sci: Mater Med (2013) 

24:1443–1453 

 

 

 

 

 
 


