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Abstract 

Photoactive nanomaterials are of considerable interest to the scientific community for many years and their 

importance increases with increasing environmental pollution. This study is focused on ZnO/clay photoactive 

nanocomposites where ZnO nanoparticles are the photoactive components and the clay serves as a cheap 

and chemically stable matrix on which the ZnO nanoparticles are anchored. Anchoring nanoparticles on the 

matrix is often used method allowing easier handling of the nanocomposite (clay particles are of micrometric 

sizes) in comparison with pure nanoparticles. Moreover, nanoparticles anchored on the matrix do not 

represent such an environmental and healts risks (due to the reduced mobility) as pure nanoparticles. Two 

clays were used in this study: kaoline KKAF and Moroccan clay ghassoul, unique mixture of stevensite and 

sepiolite, from Jebel Ghassoul deposit in Morocco. Photoactive nanocomposites were prepared from ZnCl2 

and NaOH precursors using a simple hydrothermal method. Resulting samples were dried and calcined at 

600 °C for 1 h. The precursors:clay ratios were chosen so that the nanocomposites contained 50 wt.% of 

ZnO. Nanocomposites were characterized using X-ray powder diffraction, UV-VIS diffuse reflectance 

spectroscopy, and scanning electron microscopy techniques. Photodegradation activities were evaluated by 

discoloration of acid orange 7 aqueous solutions under UV irradiation. Sizes of crystallites and band gap 

energies were determined. Mutual comparison of the properties of both nanocomposites and also the 

comparison with pure ZnO nanoparticles were carried out. 
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1. INTRODUCTION 

ZnO nanoparticles (NPs) exhibiting excellent photodegradation activity are widely studied and used 

nanomaterial. ZnO NPs are prepared using various precursors (ZnCl2+NaOH [1], Zn(NO3)2+NH3 [2], 

Zn(Ac)2+LiOH [3], etc.) either in pure form [4,5] or anchored on suitable matrix [1,6,7,8]. Because of potential 

health and environmental risks of free ZnO NPs [9] the anchoring on solid crystalline matrix is very 

reasonable way how to obtain material in which the NPs retain their photoactivity and lose the mobility. In 

addition, matrix larger than NPs allows easier handling of resulting material. Clays are very suitable for this 

purpose, especially for their low cost, wide availability, chemical stability, and surface charge which facilitates 

anchoring of the NPs. Two clays were studied in this work. The first one, kaolin, is not used as often as other 

clays (mainly smectites) in composites of NP/clay type. The second one, Moroccan clay ghassoul, is used for 

the very first time as a matrix for NPs. Ghassoul [rasul] (GHA), unique mixture of stevensite and sepiolite, 

comes from the only known deposit in the world, Jbel Ghassoul in Morocco. In Maghreb and Middle-East it 

has been used for centuries as a natural soap but for other scientists than geologists remained unknown 

until the 20th century [10]. Only in the last decade GHA attracted interest of Moroccan, Spanish and French 

materials engineers. GHA was found to be very good adsorbent of metal and organic cations [11,12] and can 

be also used for the preparation of cordierite ceramics [13]. Nanotechnology centre in Ostrava is the first 

Czech scientific institute where the use of GHA as a matrix for NPs is studied. Present work is focused on 

the comparison of ZnO/KA and ZnO/GHA photoactive nanocomposites. X-ray powder diffraction, 

photoluminiscence spectroscopy, and scanning electron microscopy techniques were used for the 

characterization. Sizes of crystallites and band gap energies were determined. Photodegradation activities of 
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nanocomposites were evaluated by discoloration of Acid Orange 7 aqueous solutions under UV irradiation. 

Nanocomposites were compared each other and also with pure ZnO NPs. 

2. MATERIALS AND METHODS 

1.1. Preparation of the samples 

ZnO NPs were prepared by mixing ZnCl2 and NaOH (Lach-Ner, Czech Republic) aqueous solutions (molar 

ratio of Zn2+ : OH− = 1 : 5) and stirring at 40 °C for 30 min. ZnO/KA and ZnO/GHA nanocomposites were 

prepared by addition of the solutions into the aqueous suspension of KA KKAF (LB MINERALS, Czech 

Republic) and GHA (Morocco), respectively, followed by stirring at 100 °C for 5 h. The precursors/clay ratio 

was chosen so that the nanocomposites contained 50 wt.% of ZnO. Resulting solid phase was washed with 

distilled water and dried at 105 °C for 24 h. According to our previous experience [14], one half of each 

sample was calcined at 600 °C for 1 h in order to increase the photoactivity. Dried and calcined samples are 

identified by numbers 1 (i.e., 105 °C) and 6 (i.e., 600 °C). 

1.2. Characterization methods 

X-ray powder diffraction (XRPD) patterns of all samples pressed in a rotational holder were recorded in 

reflection mode under CoKα irradiation (λ = 1.7889 Ǻ) using the Bruker D8 Advance diffractometer (Bruker 

AXS, Germany) equipped with a fast position sensitive detector VǺNTEC 1. Phase composition of the 

samples was evaluated using the ICDD PDF 2 Release 2014 database.  

UV-VIS diffuse reflectance spectroscopy (DRS) was used for a qualitative description of the differences in 

the band gap shift. Samples were placed in a 5.0 mm quartz cell and the spectra were registered using 

spectrophotometer CINTRA 303 (GBC Scientific Equipment, Australia) equipped with a reflectance sphere. 

Band gap energies (Eg) of the samples were evaluated using method described by Kočí et al. [15]. 

The morphology of samples was observed on a scanning electron microscope (SEM) Hitachi SU6600 

(Hitachi Ltd., Japan) using SE (secondary electrons) mode. Accelerating voltage 5 kV was used. Elemental 

composition of the samples was determined using energy dispersive X-ray spectroscopy (EDS). 

Photodegradation activity of the samples was evaluated by the discoloration of Acid Orange 7 (AO7) 

aqueous solution. In the first step, the suspension containing 0.05 g of the sample, 65 ml of demineralized 

water and 5 ml of the AO7 aqueous solution (c0 = 6.259 × 10−4 mol / dm3) was stirred in the dark for 1 h in 

order to achieve the adsorption equilibrium. In the second step, the suspension was exposed to UV 

irradiation (UVP pen ray lamp, 365 nm) for 1 h. The extent of AO7 photodegradation was evaluated by the 

change in the intensity of absorption maximum of AO7 (480 nm) using CINTRA 303 UV-VIS spectrometer.  

3. RESULTS AND DISCUSSION 

 

Composition of clays used for the preparation of nanocomposites was determined by XRPD analysis and the 

results are shown in Fig. 1. One can see that both clays contain admixtures. Dominant phase of KA, i.e., 

kaolinite (Al4Si4O10(OH)8; PDF number 75-1593), is accompanied by two other phases, muscovite 

(Al3Si3O10(OH,F)2; PDF number 7-0042) and quartz (SiO2; PDF number 85-0798); see Fig. 1a. In case of 

kaolinite only two main, the most intensive reflections are marked. Remaining unmarked reflections Fig. 1a 

belong also to kaolinite. Intensity of reflections in the XRPD pattern of GHA (Fig. 1b) is relatively low in 

comparison with KA suggesting lower crystallinity of this clay. Four phases – stevensite (Mg3Si4O10(OH)2; 

PDF number 25-1498), sepiolite (Mg4Si6O15(OH)2; PDF number 13-0595), clinoenstatite (MgSiO3; PDF 

number 84-0652), and quartz – were identified. 
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Fig. 1 XRPD patterns of pure kaolin KKAF (a) and ghassoul (b) used for the preparation of nanocomposites. 

C – clinoenstatite, K – kaolinite, M – muscovite, Q – quartz, Se – sepiolite, St – stevensite. 

 

Fig. 2 XRPD patterns of all prepared samples: (a) ZnO/GHA_6, (b) ZnO/GHA_1, (c) ZnO/KA_6, (d) 

ZnO/GHA_1, (e) ZnO_1, (f) ZnO_6. K – kaolinite, M – muscovite, Q – quartz. 

Fig. 2 show XRPD patterns of all dried and calcined samples. Presence of ZnO (PDF number 70-2551) was 

confirmed in all of them and for individual ZnO reflections also Miller indices are presented. In all samples, 

ZnO has hexagonal (wurtzite) structure which is shown in Fig. 3. Dried and calcined samples of the same 

type are mutually not very different. The only significant difference can be found in case of ZnO/KA_1 and 

ZnO/KA_6 samples: after the calcination, diffraction peaks belonging to the kaolinite completely 

disappeared. This is caused by dehydroxylation of kaolinite sheets and subsequent phase transformation of 

crystalline kaolinite into amorphous metakaolinite at temperatures higher than ~ 450 °C [16,17]. 
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Fig. 3 Hexagonal (wurtzite) structure of ZnO having lattice parameters: a = 3.24927 Å, b = 3.24927 Å, c = 

5.20544 Å, α = 90 °, β = 90 °, γ = 120 °. 

Calcined samples exhibit narrower and more intensive ZnO reflections. This can be attributed to better 

crystallinity and larger crystallite size of ZnO after the calcination. ZnO crystallite sizes (Lc) were calculated 

according to the (101) ZnO diffraction peak (2θ = 42.36 °) using formula introduced by Scherrer [18]. 

Lanthanum hexaboride (LaB6) was used as a standard and calculated Lc values are listed in Table 1. While 

for ZnO/GHA composites the Lc values are smaller than for other samples, the Lc values for ZnO/KA and 

ZnO NPs are similar. Table 1 shows that for all samples the calcination at 600 °C for 1h led to higher 

photodegradation activity. The most significant increase in photodegradation activity, more than 50 %, was 

observed in case of ZnO/KA composite. One can see that photodegradation activities of dried composites 

are lower than of dried ZnO NPs and after the calcination both ZnO/KA and ZnO/GHA composites exhibit 

higher photodegradation activity than calcined ZnO NPs. However, taking into account that composites 

contain only 50 wt.% ZnO, the photodegradation activity of composites is in fact significantly higher than of 

ZnO NPs even before the calcination. Anchoring of NPs on clay matrix prevents agglomeration of NPs and, 

therefore, larger surface of ZnO is available for the photodegradation process. KA was found to be more 

suitable matrix for ZnO NPs than GHA. Photodegradation activity of ZnO/KA_6 sample reaches 95 % while 

in case of ZnO/GHA_6 the photodegradation activity is 63 %. Table 1 also shows that Eg values are lower for 

calcined composites than for calcined ZnO NPs. ZnO/KA_6 sample exhibits the lowest Eg which is in good 

agreement with the highest photodegradation activity. 

Table 1 Photodegradation activity (PA), size of ZnO crystallites (Lc) and band gap energy (Eg) values for all 

prepared samples. 

samples PA 
(%) 

Lc 
(nm) 

Eg 
(eV) 

ZnO_1 56 26.7 3.20 

ZnO_6 60 44.2 3.18 

ZnO/KA_1 45 30.5 3.18 

ZnO/KA_6 95 46.2 3.07 

ZnO/GHA_1 42 20.8 3.25 

ZnO/GHA_6 63 23.0 3.16 

 

SEM images of ZnO/KA_6 and ZnO/GHA_6 composites show the morphology of the samples (Fig. 4). It can 

be clearly seen that ZnO has a “desert rose” crystal habit common for ZnO prepared from ZnCl2 [19]. Further 

it seems that ZnO NPs on GHA surface create rather separate islands, round and closed, while the areas of 

KA are covered by continuous layer. This could be one of the reasons causing the difference in PA.  
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Fig. 4 SEM images of (a) ZnO/KA_6 composite, and (b) ZnO/GHA_6 composite. EDS analysis of ZnO/KA_6 

(point X1) and ZnO/GHA_6 (point X2) revealed chemical composition of the samples. 

EDS and XRPD results are in good agreement. Both analyses confirmed presence of ZnO in 

nanocomposites and revealed differences between used clays. Presence of Al in ZnO/KA_6 sample 

corresponds with aluminosilicate phases in KA, while presence of Mg in ZnO/GHA_6 sample corresponds 

with magnesiumsilicate phases in GHA (compare Figs. 1 and 4).   

4. CONCLUSIONS 

Two clays, kaolin KKAF and ghassoul, mixture of stevensite and sepiolite, were studied as matrices for 

photoactive ZnO nanoparticles. It was found that ZnO/clay nanocomposites exhibit higher photodegradation 

activity than pure ZnO nanoparticles. Calcination at 600 °C for 1 h led to further increase in the 

photodegradation activity reaching 95 %, 63 %, and 60 % for ZnO/kaolin, ZnO/ghassoul, and pure ZnO 

nanoparticles, respectively. Taking into account that the same amount of pure ZnO nanoparticles and 

nanocomposites was used for the photodegradation experiments and that nanocomposites contain only 50 

wt.% of ZnO, it can be concluded that these clay-based nanocomposites exhibit significantly higher 

photodegradation activity than pure ZnO nanoparticles. Silicate nature of clay matrices allows an easy use of 

the composites in building materials (mortars, plasters) but other applications, like wastewater treatment, can 

be also considered.  
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