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Zinc oxide-aluminosilicate nanohybrids through a hydrothermal reaction of a colloidal suspension of exfoliated 
montmorillonite nanosheets and zinc oxide in acid solution, performed in three different routes, were synthesized. The 
products were characterized by wide angle X-ray diffraction (WAXD). In all routes, it was found that the intercalation
of zinc oxide into the host montmorillonite gallery was successfully performed so that the crystalline peaks of the 
montmorillonite and zinc oxide were suppressed from the X-ray patterns. The use of ultrasound decreased the reaction 
time.
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Introduction
There is a strong appeal to design new colorants based on inorganic materials in order to 

substitute industrial pigments based on heavy metals whose are hazardous to environment and 

health [1]. Over the past decades, aluminosilicate clay minerals have been attracting intense 

researches due to their ability to form intercalation complexes with diverse guest species. Along 

past few years, the synthesis of inorganic nanoscale materials with special morphologies has been 

getting great interest in material science [2,3] due to the intrinsic properties of nanoscale materials 

whose are mainly determined by their composition, structure, crystallinity, particle size and 

morphology [4,5]. Zinc oxide has been receiving special attention due to its wide applicability as 

luminescent and lasing materials, photo catalysts, high-frequency piezoelectric resonators and so 

on. In this context, the optimization of its band structure and its functionality through quantum 

confinement effect has been trying through synthesis of zinc oxide nanostructures. 

The characteristics required for commercial use of pigments are: color-tone and saturation, 

color covering, tinting strength, brightening and brilliance ability, no reactivity, insolubility and 

dispersability[6,7]. In addition, its ability to scatter or reflect light also contributes to their 

functionality. Thus, the present study is focused on the development of novel pigments based on 

zinc oxide- montmorillonite system. The zinc oxide- montmorillonite nanomaterial has been 

investigated in order to obtain a coloring material which could aggregate the color properties and 

the resistance of the clay. Wide-angle x-ray diffraction (WAXD) was applied as characterization 

technique to evaluate the occurrence of intercalation.
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Experimental Section
Three different routes in order to obtain compositions based on sodic montmorilonite and 

zinc oxide (montimorillonite-ZnO) were followed. In the first, the montmorilonite was left in 

contact with an excess of distilled and deionizer water under vigorous shaking, for 24 hours. After 

that, an acid solution of zinc oxide was slowly added to montmorillonite aqueous dispersion under 

vigorous agitation. In the second, the acid solution of the oxide zinc was poured to the sodium

montmorilonite aqueous dispersion and the assembly was submitted to a vigorous stirring, about 24 

hours. In the last, the montmorillonite aqueous dispersion and zinc oxide hydrochloric solution were 

mixed and left to shake in an ultrasounic system, for 30 minutes. In all cases, the resultant mixtures 

were dried in oven, at 100°C, and then grounded in mortar. The crystal structure and the occurrence 

of intercalation were investigated by assisting of wide-angle X-ray diffraction (WAXD) in the range 

of 2θ from 2 until 90º. 

Results e Discussion
The WAXD patterns of the original Na-montmorillonite, Na-montmorillonite after aqueous 

treatment, zinc oxide and three systems of montimorillonite-ZnO are presented in Figures 1 to 6. 

The WAXD of the Na-montmorillonite (Figure 1) exhibited a highly intense crystalline peak at 2θ 

equal to 27°. The last disappeared when clay was treated with distilled water (Figure 2), becaming

broad, rounded, less intense. Zinc oxide X-ray diffraction curve (Figure 3) showed a series of 

narrow and highly intense peaks indicating high crystallinity material. The three montmorillonite-

ZnO systems (Figures 4-6) presented WAXD patterns fairly similar. As can be clearly seen from the 

Figures, none of present nanohybrids showed any distinct peaks corresponding to bulk ZnO 

particles in the high angle region of 30-40º. This evidence clarifies that, in any route of reaction, the 

formation of the bulk ZnO particles on the nanohybrid surface was effectively suppressed. 
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Figure 1: XRD pattern of the  sodic montimorillonite (Brasgel PA)
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Figure 2: XRD pattern of the sodic montimorillonite after esfoliation with distilled water
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Figure 3: XRD pattern of the ZnO
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Figure 4: XRD pattern of the ZnO-montimorillonite (system 1).
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Figure 5: XRD pattern of the ZnO-montimorillonite (system 2)
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Figure 6: XRD pattern of the ZnO-montimorillonite prepared with use of ultrasound.

Conclusion
This work showed that montimorillonite-zinc oxide nanohybrids were successfully prepared. 

Under ultrasound conditions, montimorillonite-zinc oxide nanocomposite can be obtained more 

efficiently. It is our hope that this convenient and efficient synthesis route can be applied as a 

general method for the preparation of a new class of colorants for plastics that have properties 

improved both in terms of durability and beauty as the addition of improvements to the properties of 

plastics.

Acknowledgement
CNPq, IMA/UFRJ

References 
1. H.M. Smith, High Performances Pigments, Wiley-VCH, Weinheim, 2002.
2. J.H. Fendler, F.C. Meldrum, Adv. Mater. 7 (1995) 607.
3. B.B. Lakshmi, C.J. Patrissi, C.R. Martin, Chem. Mater. 9 (1997) 2544.
4. Y. Sun, Y. Xia, Science 298 (2002) 2176.



Anais do 10o Congresso Brasileiro de Polímeros – Foz do Iguaçu, PR – Outubro/2009

5. S. G. Hur, T. W. Kim, S.-J. Hwang, S.-H. Hwang, J. H. Yang, J.-H. Choy, J. Phys. Chem. B 
2006, 110, 1599

6. M. Martos, B. Julian, H. Dehouli, D. Gourier, E. Cordoncillo, P. Escribano, J. Solid State Chem. 
180 (2007) 679.

7. G. Buxbaum, Industrial Inorganic Pigments,Wiley-VCH, New York, 1997.


