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INTRODUCCIÓN 
 
Materials design based on polymers has been examined extensively in order to overcome the limitations and to 
satisfy the current demands on the environmental impacts, cost, and emerging functions.  The incorporation of 
filler to obtain polymer-based nanocomposites (hybrids) in a useful way to modify the performances of polymers 
(or overcome the limitation of polymers), so that the addition/incorporation/dispersion of various fillers into 
polymers has been done to tune the functions such as mechanical, thermal, optical, chemical and electrical ones. 
Motivated by the successful development of nylon-montmorillonite nanocomposite (Fukushima & Inagaki, 1987; 
Usuki et al., 1993), clay minerals of various structural types (and associating morphological characteristics) have 
been used as fillers. The anisotropic shapes of fundamental particles of clay minerals, which are composed of their 
crystalline structures, as fibrous and platy nanoparticles with varied aspect ratios are expected to lead 
versatile/controlled functions of the resulting hybrid materials. The modification of the surface of clay minerals 
(both external surface of the particles and internal surface of the nanostructure such as interlayer space of layered 
clay minerals and the lumen of halloysite) has been used to tune the affinity between polymers and clay minerals 
(Phuekphong et al., 2020; Tirayaphanitchkul et al., 2021) for the controlled dispersion of the fillers in polymer 
matrices. 
 
The hybrids of layered clay minerals and water-soluble polymers have been reported and such characteristics as 
stabilities, adhesion, antibacterial, antifouling and self-healing were examined as the characteristics necessary for the 
practical applications.  These functions/characters have been designed by the structure, which is controlled by the 
choices of layered clay minerals, polymers and their composition (polymer/clay ratio) as well as the processes.  The 
hybridization of water-soluble polymers with layered clay minerals as exfoliated nanosheets (polymer-clay 
nanocomposites) has been examined to modify the functions of water-soluble polymers (Theng, 2012). On the 
other hand, water-soluble polymers are regarded as a guest species to be intercalated into the interlayer space as well 
as to connect the particles for the functional materials design in the application for gas barrier film for gasket and 
food packaging (Ebina, 2018), ion conductor (Ruiz-Hitzky, 1993), photofunctional materials, etc. (Imwiset et al., 
2022; Teepakakorn et al., 2019; Teepakakorn & Ogawa, 2022; Saengdet & Ogawa, 2022). Here, our recent studies 
on the hybrids of water-soluble polymers and layered clay minerals will be introduced. 
 
WATER RESISTANCE AND SELF-HEALING 
 
The water-resistance of PVA or PVP-hectorite hybrid films were achieved by simple mixing of the components in 
the aqueous media and subsequent casting on the glass substrate without using chemical crosslinking agent or heat 
treatment (Teepakakorn & Ogawa, 2021a, 2021b). Low water permeation was explained as a result of the torturous 
path made by the clay platelets oriented parallel to the film. PVP and PVA chains was interacted with clay surface 
via the ion-dipole interactions and hydrogen bonding. The composition/structure of polymer and clay is a key 
parameter to achieve the water-resistance. 
 
The recovery of material from being damaged by external mechanical force is one of the important characteristics 
for sustainable uses of materials. Self-healing polymer or polymer nanocomposite coating have been used as a 
protective layer of material surface in such applications as medical devices (electronic and sensing skin) and energy 
storage/conversion devices, together with anticorrosion and antifouling functions. The self-healing polymers are 
classified into nonautonomous and autonomous systems in which the damages are healed with and without the 
assistance from the external stimuli, respectively. Water-induced self-healing was found for the hybrid of PVA and 
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a synthetic hectorite (Sumecton SWF, Kunimine Ind. Co., Ltd., Japan) (Teepakakorn & Ogawa, 2021b). Self-healing 
was observed by the immersion of the engraved film (the gap was a few tens of µm) in water (R.T. and 2 °C), 
seawater, steam, acidic (HCl pH = 1) and basic aqueous solutions (NaOH pH = 14) for only 1 min. The self-healing 
in water was repeatedly seen for 10 times, confirming the acceptable stability for practical uses. 
 
THERMAL STABILITY 
 
The thermal stability is a fundamental characteristic required in a wide range of applications. TG-DTA and DSC 
were normally used for the evaluation of the thermal stability.  The composition-dependent thermal stability of 
water borne polymer-clay hybrid was investigated by examining the appearance and structural changes by the heat 
treatment. The PVP-hectorite hybrid films with varied PVP/clay weight ratio from 0.36, 1.08, 1.80 and 4.00 
exhibited the changes of appearance upon heating (Teepakakorn & Ogawa, 2021a; Teepakakorn et al., 2022). No 
significant changes of the appearance and basal spacing were observed for PVP-hectorite films with the weight ratio 
of 0.36 after the heat treatment at 340 °C suggesting the carbonization of PVP occurred for the samples with higher 
PVP contents (weight ratio of 1.08, 1.80 and 4.00). The thermal stability of PVP was improved by the confinements 
into the interlayer space of smectites where the intercalated PVP is thought to interact with the silicate layer through 
hydrogen bonding and ion-dipole interactions. 
 
CONCLUSIONS 
 
Thanks to the swelling ability and the materials’ variation, systematic structural design is possible in both 
perpendicular (interlayer expansion) and parallel (aspect ratio of platy particle) directions of the film cross-section. 
These structural design concepts have been successfully utilized to control the function (materials’ performances) 
in such application as gas barrier, self-healing, anti-corrosion etc.  Due to the eco-friendly nature of the components, 
clay-water soluble polymer hybrids are promising materials for practical uses especially in daily life products. 
 
ACKNOWLEDGEMENTS 
 
The authors are grateful for Distinguished Professor Grant (Grant number N41A640072) from the National 
Research Council of Thailand (NRCT). This paper was supported by a Moonshot project, (Grant number 
JPNP18016) from the New Energy and Industrial Technology Development Organization (NEDO), Japan. 
 
REFERENCES 
 
Ebina, T. (2018): Development of clay‐based films. Chem. Rec., 18, 1020-1032. DOI: 10.1002/tcr.201700085. 
Fukushima, Y. & Inagaki, S. (1987): Synthesis of an Intercalated Compound of Montmorillonite and 6-Polyamide. 

In “Inclusion Phenomena in Inorganic, Organic, and Organometallic Hosts”. Springer, Dordrecht, 365–374. 
Imwiset, K., Teepakakorn, A., Saengdet, P., Tirayaphanitchkul, C., Ogawa, M. (2022): Polymer–Clay Hybrids; 

General Overviews and Recent Trends. In “Concepts and Design of Materials Nanoarchitectonics”, O. Azzaroni 
& K. Ariga, eds. The Royal Society of Chemistry, 247–278.  

Phuekphong, A.F., Imwiset, K.J., Ogawa, M. (2020): Designing nanoarchitecture for environmental remediation 
based on the clay minerals as building block. J. Hazard. Mater., 399, 122888. DOI: 
10.1016/j.jhazmat.2020.122888. 

Ruiz‐Hitzky, E. (1993): Conducting polymers intercalated in layered solids. Adv. Mater., 5, 334–340. 
Saengdet, P. & Ogawa, M. (2022): Mechanochromic luminescence of a bionanocomposite hydrogel. Chem. Comm., 

58, 3278-3281. DOI: 10.1039/D1CC07249H. 
Teepakakorn, A.P. & Ogawa, M. (2021a): Composition-dependent thermal stability and water-induced self-healing 

behavior of smectite/waterborne polymer hybrid film. Langmuir, 37, 12997–12896. DOI: 
10.1021/acs.langmuir.1c01908. 

Teepakakorn, A.P. & Ogawa, M. (2021b): Self-healing polymer–clay hybrids by facile complexation of a waterborne 
polymer with a clay. Mater. Adv., 2, 3770–3776. DOI: 10.1039/D1MA00099C. 

Teepakakorn, A., Hayakawa, T., Ogawa, M. (2022): Remarkable stability of dye in polymer-clay nanocomposite film. 
Appl. Clay Sci., 218, 106405. DOI: 10.1016/j.clay.2021.106405. 

Teepakakorn, A. & Ogawa, M. (2022): Interactions of layered clay minerals with water-soluble polymers; structural 
design and functions. Appl. Clay Sci., 222, 106487. DOI: 10.1016/j.clay.2022.106487. 

Macla nº 26. 2022 • Revista de la Sociedad Española de Mineralogía 6

www.semineral.es ISSN 2659-9864



Teepakakorn, A., Yamaguchi, T., Ogawa, M. (2019): The improved stability of molecular guests by the confinement 
into nanospaces. Chem. Lett., 48, 398–409. DOI: 10.1246/cl.181026. 

Tirayaphanitchkul, C., Imwiset, K., Ogawa, M. (2021): Nanoarchitectonics through organic modification of oxide 
based layered materials; concepts, methods and functions. Bull. Chem. Soc. Jpn., 94, 678–693. DOI: 
10.1246/bcsj.20200310. 

Theng, B.K.G. (2012): Formation and Properties of Clay-Polymer Complexes. Elsevier, 528 p. 
Usuki, A., Kojima, Y., Kawasumi, M., Okada, A., Fukushima, Y., Kurauchi, T., Kamigaito, O. (1993): Synthesis of 

nylon 6-clay hybrid. J. Mater. Res., 8, 1179–1184. DOI: 10.1557/JMR.1993.1179. 

Macla nº 26. 2022 • Revista de la Sociedad Española de Mineralogía 7

www.semineral.es ISSN 2659-9864


	CONTENIDOS (1)
	0.2 Conferencia_plenaria_Makoto Ogawa SEMSEA22


