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Abstract 24 

In this work, a sol-gel method was used to load TiO2 nanoparticles on three clays 25 

(kaolinite, halloysite and palygorskite) with different morphologies (plates, tubes, and 26 

rods with micro tunnels), and then the photocatalytic performance of obtained 27 

clay-TiO2 composites for degradation of methyl orange was comparatively 28 

investigated. The results surprisingly show that the trend of photocatalytic 29 

performance of composites is opposite to that of special surface area of corresponding 30 

clays. By concentrated analysis of the loading status of TiO2, the lowest photocatalytic 31 

efficiency of palygorskite-TiO2 composite is mainly ascribed to the aggregation of 32 

TiO2 nanoparticles on Pal surface, not the amount of TiO2. The more disperse 33 

distributions of TiO2 on two kaolinite (001) surfaces and halloysite outer surface 34 

results in the better photocatalytic performance of kaolinite-TiO2 and halloysite-TiO2 35 

composites than that of palygorskite-TiO2 composite. The strong adsorption of 36 

sulfonate group of methyl orange on kaolinite hydroxyl surface leads to the better 37 

photocatalytic performance of kaolinite-TiO2 composite than halloysite-TiO2 38 

composite. This study can provide a direct guidance to select appropriate 39 

clay-photocatalyst composites for different practical applications. 40 

 41 

Keywords: kaolinite, halloysite, palygorskite, surface structure, loadability, 42 

photocatalysis. 43 

44 
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 45 

1. Introduction 46 

Due to multiple advantages e.g. high chemical stability, large specific surface 47 

area and abundant active sites, nano TiO2 is widely used in photocatalytic degradation 48 

of organic pollutant (Murgolo et al., 2015), purification of exhaust gas (Akhter et al., 49 

2015), reduction of heavy metal ions (Wang et al., 2017), water splitting (Singh and 50 

Dutta, 2018), antibacterial (Fagan et al., 2016), solar cells (Wang et al., 2014) and gas 51 

sensors (Zhang et al., 2010). However, two urgent problems exist during sewage 52 

treatment. One is the aggregation of TiO2 nanoparticles with high Gibbs free energy 53 

resulting in decrease of the number of active sites; the other is the trouble to separate 54 

and recover nano TiO2 in water. TiO2 nanoparticles can be loaded on some supports to 55 

improve their dispersion and recovery, such as glass fabric (Palau et al., 2012), 56 

molecular sieves (Hsien et al., 2001; Mahalakshmi et al., 2009), activated carbon 57 

(Zhang et al., 2005), graphene/carbon composite (Kim et al., 2012), carbon fiber 58 

(Meng et al., 2014) and FTO conductive glass (Oliveira et al., 2010) etc.. However, 59 

these supports are generally artificial and high-cost, limiting the practical applications 60 

of such composite photocatalysts. 61 

Natural clays have been widely used in supporting nano TiO2 for 62 

photodegradation of organic pollutants in water due to their large reserves, wide 63 

distribution and low cost. For instance, kaolinite loading TiO2 has been applied to 64 

degrade Congo red (Chong et al., 2009), red G and 4-nitrophenol (Zhang et al., 2011a), 65 

acid orange 7 (Mamulová Kutláková et al., 2011); rectorite has been adopted to 66 

support TiO2 for removal of acid red G and 4-nitrophenol (Zhang et al., 2011b); 67 

palygorskite loading TiO2 has been used to degrade methylene blue (Zhao et al., 68 

2006). The more examples have been outlined in a recently comprehensive review 69 

with respect to clays loading TiO2 towards photocatalysis (Szczepanik, 2017). 70 

Different clays possess diverse surface structures and properties which may produce 71 

different loadability of photocatalysts, and also, different clay minerals have different 72 

reserves and accessibilities which are directly related to the cost of clays and can 73 
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determine the scope of specific applications of clay-photocatalyst composites. 74 

Therefore, it is necessary to carry out comparative experiments regarding various 75 

clays loading photocatalysts, with a view to providing direct guidance for the practical 76 

applications of clay-photocatalyst composites. This is particularly important for 77 

large-scale environmental restoration using photocatalytic technology, in which the 78 

balance between photocatalytic performance and cost of catalysts is often carefully 79 

considered. However, no comparative researches about different clays loading TiO2 80 

nanoparticles by means of the same method towards photocatalytic degradation of 81 

organic pollutants in water have been found until now. Different research groups often 82 

use different load methods and evaluation criteria, so that it is difficult to directly 83 

compare these results. An additional benefit to perform such comparative researches 84 

is to provide some basic information about surface structure of clays which can be 85 

directly reflected in loading behavior of catalysts and finally photocatalytic 86 

performance of composites. 87 

In this work, the loading of nano TiO2 was carried out on three clays: kaolinite 88 

(Kaol), halloysite (Hal) and palygorskite (Pal). These three clays have typical plate, 89 

tube and rod morphologies with different specific surface area, respectively. The 90 

surface structures of clays can lead to distinct adsorption and supporting capabilities 91 

which thus are conducive to mutual comparison between clays. Generally, Pal and Hal 92 

have larger specific surface area due to their abundant pore structure, so they should 93 

support more TiO2 nanoparticles and adsorb more pollutant molecules, which would 94 

bring on better photocatalytic performance. Surprisingly, the results here show that 95 

kaolinite-TiO2 composite has the best photocatalytic activity for degradation of 96 

methyl orange (MO) dye, while kaolinite has the smallest SSA in three clays. Through 97 

comparative analysis of structures, morphologies and loadabilities of clays, the causes 98 

of difference in photocatalytic performance of clay-TiO2 (CT) composites was 99 

explained in detail. 100 

2. Experimental 101 

2.1 Materials 102 
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Raw Kaol, Hal and Pal are from Maoming in Guangdong province, Lingshou in 103 

Hebei province, and Xuyi in Jiangsu province, separately. Their major composition 104 

(wt % in oxides) were determined by X-ray fluorescence spectroscopy (XRF), as 105 

shown in Table S1. Nitric acid, isopropanol and tetrabutyl titanate are of analytical 106 

grade, purchased from Sinopharm Chemical Reagent Co., Ltd (Shanghai). 107 

2.2 Preparation 108 

Sol-gel method was used to load nano TiO2 on clay surface (Li et al., 2015; Niu 109 

et al., 2018). Briefly, 15 ml isopropanol, 5 ml nitric acid (2 mol/L) and 1ml tetrabutyl 110 

titanate were first mixed and stirred at room temperature for 1 h to transparent; next, 111 

deionized water was added to the solution to a total volume of 250 ml; then, 1 g clay 112 

was added into the solution, followed by magnetic stirring at 65 ℃ for 24 hours. After 113 

reaction, the white precipitate was separated by centrifugation at 5000 rpm for 5 min 114 

and then dried at 80 ℃ overnight. The obtained clay-TiO2 (CT) composites are 115 

denoted as KT (kaolinite-TiO2), HT (halloysite-TiO2) and PT (polykorskite-TiO2), 116 

respectively. 117 

2.3. Characterization 118 

The phases of the obtained samples were characterized by X-ray Diffraction 119 

(XRD, D8 Advance, Bruker) with Cu Kα radiation at 40 kV and 30 mA. The 120 

morphology was examined by field emission scanning electron microscope (SEM, 121 

UHR SU8220, Hitachi) and transmission electron microscope (TEM, Tecnai G2 F20, 122 

FEI). The content of TiO2 in CTs was analyzed by X-ray fluorescence spectrometer 123 

(XRF, S8 TIGER, Bruker). The specific surface area (SSA) and pore size distribution 124 

(PSD) of samples was measured by an accelerated surface area and porosimetry 125 

system (ASAP 2020 plus HD88, Micromeritics) under liquid nitrogen temperature 126 

(77.3 K). 127 

2.4 Photocatalytic measurement 128 

The photocatalytic activity of CTs was evaluated in degradation of MO dye 129 

under simulated sunlight irradiation at 25 ℃. 20 mg of samples were suspended in 20 130 
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ml of 10 mg/L MO aqueous solution. Before photodegradation tests under 131 

water-cooled xenon lamp irradiation with 500 W power, the suspension was stirred in 132 

the dark for 1 h. Then, 2 ml of suspension was taken out at 30 minute intervals, and 133 

the solid was separated from the solution by centrifugation (10000 rpm, 5 min). The 134 

remaining clear liquid was used for absorbance measurements at a wavelength of 464 135 

nm on a UV–visible spectrophotometer (T6-1650F, Beijing Persee). 136 

3. Results and discussion 137 

3.1 XRD analysis 138 

The XRD patterns of three clays before and after loading TiO2 are shown in 139 

Fig.1. In order to facilitate mutual comparison for different samples, the background 140 

of all curves has been subtracted. Kaol shows high crystallinity with the Hinckley 141 

index of 0.81 (Hinckley, 1962). Hal exhibits the typical pattern of dehydrated 142 

halloysite with (001) basal reflection at 12.1 ° (0.73 nm), which is further confirmed 143 

by (100) and (002) reflections at 19.9 and 24.7 ° (Wang et al., 2013). Both of Kaol 144 

and Hal show relatively high purity and no obvious impurity can be detected. For Pal 145 

sample, the strongest reflection at 8.39 ° corresponds to (110) plane with 1.05 nm 146 

spacing, while the reflections at 16.4, 19.8, 20.8, 21.5, 24.1 and 26.6 ° agree with 147 

(130), (040), (121), (310), (221) and (231) planes of palygorskite (PDF No. 31-0783). 148 

After loading TiO2, the XRD pattern shape and the reflection positions of clays do not 149 

change obviously. For further comparison, the patterns of all samples were 150 

normalized and overlapped (inset of Fig.1). Through local enlargement in 23-28 ° 151 

range, a new reflection at 25.28 ° are found for all CT composites, which is consistent 152 

with (101) plane of anatase TiO2, according to the previous experimental results (Li et 153 

al., 2013; Niu et al., 2018). This result clearly reveals the successful formation of CT 154 

composites by means of sol-gel method. Furthermore, it can be seen from Fig.1 that 155 

the increase of reflection at 25.28 ° caused by the TiO2 formation on Hal and Pal is 156 

more obvious than on Kal, suggesting more anatase TiO2 generated on Hal and Pal 157 

surfaces. 158 
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Fig.1. XRD patterns of Kaol, KT, Hal, HT, Pal and PT. 160 

3.2 SEM analysis 161 

The SEM comparasion of three clays before and after loading TiO2 are given in 162 

Fig.2. Before loading, Kaol shows well-shaped pseudo-hexagonal plates with the 163 

width range of 0.2-3 μm (Fig.2a1). Hal shows typical tubular structure with the length 164 

range of 500-1000 nm and the diameter range of 80-200 nm (Fig.2b1). In some Hal 165 

tubes, hollow structure can be obviously seen at the end (as marked by red dotted 166 

circle). Pal shows nano rods with the length range of 200-1500 nm and the diameter 167 

range of 15-40 nm (Fig.2c1). The surface of each kind of clay particles is rather 168 

smooth and no obvious small particles can be found. After loading TiO2, the 169 

characteristic shape of clay particles did not change significantly, indicating that the 170 

loading process does not damage clay structures, corresponding to the XRD results. 171 
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Nano particles occuring on clay surfaces indicate that the sol-gel method can be 172 

adopted to well load TiO2 on clay surfaces (Fig.a2-c2). Relatively speaking, the load 173 

of nano TiO2 on Kaol and Hal surfaces is more uniform only with occasionally large 174 

particles, while TiO2 on Pal surface shows more aggregates with the size range of 175 

30-200 nm (Fig.c2). The different forms of TiO2 existence on clays can be attributed 176 

to the distinct surface properties of each clay, which will be discussed further later. 177 

 178 

Fig.2. SEM images of (a1) Kaol, (a2) KT, (b1) Hal, (b2) HT, (c1) Pal and (c2) PT. 179 

3.3 TEM analysis 180 

TEM measurements were performed to further investigate the distribution of 181 

TiO2 on clay surface (Fig.3). The images in Fig.3a1-c1 confirm the characteristic 182 

morphologies of pseudo-hexagonal plate, tube and rod for Kaol, Hal and Pal, 183 

respectively. The inner diameter range of Hal is 12-30 nm. Pal consists of some 184 

approximately parallel strips, which can be clearly seen from the local enlargement 185 

(Fig.S1). For CT composites, more uniform distribution of TiO2 on Kaol and Hal 186 
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surfaces than that on Pal can be seen (Fig.3a2-c2), agreeing with the SEM results. 187 

Moreover, the inner surface of Hal nanotubes still remains smooth in contrast to the 188 

rough outer surface, suggesting that TiO2 nanoparticles are mainly formed on the out 189 

surface of Hal nanotubes (Fig.3d). High resolution TEM (HRTEM) results show that 190 

the size of TiO2 on Kaol surface is about 5 nm (Fig.3e), similar to those on other two 191 

clays (Fig.S2 and S3). The lattice diffraction fringe of 0.35 nm corresponds to (101) 192 

spacing of anatase TiO2, in accordance with the XRD results, which further confirm 193 

the successful load of TiO2 on clay surfaces by a facile sol-gel method. 194 

 195 

Fig.3. TEM images of (a1) Kaol, (a2) KT, (b1) Hal, (b2) HT, (c1)Pal, (c2) PT and (d) HRTEM 196 

image of a local in KT. 197 
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3.4 Specific surface area and pore size distribution 198 

The SSA and PSD of samples was obtained by measuring nitrogen 199 

absorption-desorption isotherms under low temperature (77 K) (Fig.4). The 200 

adsorption isotherm of Kaol shows typical Type II characteristic according to the 201 

IUPAC classification, and the hysteresis loop of desorption isotherm is minor, 202 

agreeing with the previous report (Yuan et al., 2013) (Fig.4a1). For Hal and Pal, their 203 

adsorption isotherms belong to Type IV, and the descending part of their hysteresis 204 

loops is near parallel to adsorption isotherms, revealing existence of slender tunnels 205 

with open ends, corresponding to the structural features of these two clays (Brigatti et 206 

al., 2013) (Fig.4b1 and c1). After loading TiO2, the quantity of N2 adsorbed on 207 

samples increases accompanied with upward movement of the isotherms and slight 208 

increment of hysteresis. The PSD curves of samples calculated by the 209 

Barrett-Joyner-Halenda (BJH) method (Fig.4a2-c2) show a main peak centered at 4 210 

nm for Kaol which may be caused by tensile strength effect (TSE) (Groen et al., 211 

2003). For Hal, a new peak at about 18 nm also occurs besides 4 nm peak, 212 

corresponding to Hal hollow nanotubes in agreement with the TEM results. For Pal, 213 

the TSE peak at about 4 nm is main as well. However, the intensity of PSD curve 214 

below 10 nm is obviously stronger than that for Kaol, the reason is that the actual 215 

PSD in Pal is just in this range and thus overlaps with original TSE peak. After 216 

loading TiO2, all PSDs in the range below 20 nm increase, possibly led by the 217 

interspace among TiO2 nanoparticles on clays. Among three raw clays, Pal has the 218 

largest SSA, reaching 129.70 m2/g which can be attributed to abundant micropores in 219 

Pal; Hal has much larger SSA (60.27 m2/g) than Kaol (18.03m2/g), because the walls 220 

of Hal tubes are usually thinner than Kaol plates resulting more interlayer surface 221 

exposed (Joussein et al., 2005). Through loading TiO2, the SSA of all three clays 222 

significantly increases, reaching 193.86, 124.33 and 63.19 m2/g for PT, HT and KT, 223 

respectively, mainly due to the newly formed surface of TiO2 nanoparticles. 224 
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 225 

Fig.4. Nitrogen absorption-desorption isotherms (a1-c1), and pore size distribution (a2-c2) for 226 

Kaol, KT, Hal, HT, Pal and PT. 227 

3.5 Photocatalytic activity 228 

The photocatalytic activity of clays before and after loading TiO2 was 229 

investigated by decolorization of MO under simulated sunlight irradiation. Three 230 

groups of independent photocatalytic experiments were performed to check the 231 

reliability of photocatalytic results (Fig.S4), in which samples from each group were 232 

re-prepared and all samples from a group were measured under the same irradiation 233 

with the multi-station reactor. Three sets of results show the similar trend and their 234 

average is shown in Fig.5a. When without samples as catalysts, the concentration of 235 

MO decreases slightly in the whole reaction period. However, the concentration of 236 

MO decreases significantly when using CT composites, indicating good 237 

photocatalytic activity induced by TiO2 nanoparticles. In all three CT composites, KT 238 

exhibits excellent photodegradability towards MO, even better than HT and PT with 239 
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larger SSA. In order to compare the photocatalytic performance of samples more 240 

clearly, the histogram of primary reaction rate constants is shown in Fig.5b. It can be 241 

easily seen that raw clays have similar and weak photocatalytic performance with 242 

comparable degradation ratios with blank solution, while KT, HT and PT have the 243 

obviously increased performance, in which KT has the highest rate constant (0.01207 244 

min-1) that is 1.7 and 3.0 times the rate constants of HT (0.00704 min-1) and PT 245 

(0.00406 min-1), respectively. This result leads to a perplexing question: Kaol, Hal and 246 

Pal are all phyllosilicate and should have loadabilities for TiO2 in keeping with their 247 

SSA values and then give a photocatalytic trend of KT<HT<PT, but the actual result 248 

is just the opposite. Why is this so? 249 

  250 

Fig.5. Photocatalytic activity of Kaol, KT, Hal, HT, Pal, PT and blank reference. (a) Degradation 251 

kinetic curve; (b) Rate constant. 252 

4 Discussion 253 

To explain the inconsistency of the trend of photocatalytic performance of CTs 254 

with the trend of SSA of corresponding clays, here the load status of TiO2 on clays is 255 

focused on and discussed in detail, which has been proved to play an important role 256 

on photocatalytic performance (Egerton and Tooley, 2004). The difference in surface 257 

structure details of clays can result in the distribution difference of TiO2 on clays and 258 

then the divergence of photocatalytic performance of CTs. 259 

Firstly, the contents of TiO2 in CTs (ωT) are compared, as given in Table 1. It can 260 

be seen that three clays have distinct loads of TiO2 with the order of Pal>Hal>Kaol, in 261 

agreement with the SSA order of clays. This result should be attributed to the number 262 

of surface active sites of clays for nucleation of TiO2. However, it exacerbates the 263 
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conflict between the trends of SSA and photocatalytic performance. PT has the most 264 

TiO2 but the worst photocatalytic performance; while KT has the least TiO2 and the 265 

best photocatalytic performance. This result suggests that the difference among 266 

photocatalytic performance of three CTs is not simply determined by the amount of 267 

TiO2 loaded on clays. 268 

Table 1: the loading state of TiO2 on KT, HT and PT 269 

Samples KT HT PT 

Loading content of TiO2 in CT composites, ωT（wt.%） 11.11 14.57 20.04 

Loading efficiency of clays for TiO2, ηload (mg/m2) 6.9 2.8 1.9 

Aggregation degree of TiO2 loaded on clays, α (mg/m2) 2.8 2.7 3.9 

 270 

Next, the amount of TiO2 loaded on per unit area of clays are calculated to 271 

evaluate the loading efficiency of clays for TiO2 (ηload). Suppose TiO2 nanoparticles 272 

uniformly cover clay surface, the ηload can be denoted as Equation 1: 273 

 (1) 274 

in which, SC is the surface area of per gram of clay (i.e. SSA), WT is the TiO2 mass 275 

loaded on per gram of clay, calculated by the content of TiO2 in CT composite, 276 

equaling ωT/(1-ωT). The ηload reflects the nucleation and attachment ability of TiO2 on 277 

clay surface in the sol-gel process. The results in Table 1 indicate that Kaol surface 278 

has the highest loading efficiency of TiO2, reaching 6.9 mg/m2, compared to Hal’s 2.8 279 

mg/m2 and Pal’s 1.9 mg/m2. Hal and Pal with larger SSAs have lower load efficiency 280 

of TiO2, due to that a large part of SSAs of Hal and Pal come from the contribution of 281 

inner surface for which it is not easy to load TiO2 nanoparticles because the precursor 282 

species of TiO2 in the sol-gel reaction are difficult to enter the holes in clays owing to 283 

space constraints. The smooth inner surface of Hal tubes in HT further confirms this 284 

point (Fig.3d). Note that although Kaol has the relatively high ηload, the absolute 285 

amount of TiO2 on Kaol is still lower than that on Hal and Pal, because less particles 286 

are included in unit mass of clay due to their larger size than Hal and Pal’s (Fig.2 and 287 
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Fig.3), resulting in less practical surface for loading TiO2 in Kaol. Similarly, the 288 

particle size of Pal is also smaller than Hal, leading to the more TiO2 on Pal. 289 

For Kaol, the loading efficiency of its two different basal surfaces can be 290 

discussed as well. When ignoring the adsorption effect of lateral surface, the total 291 

loading efficiency of Kaol (ηK) can be represented through dividing the total amount 292 

of TiO2 on basal surfaces by the area sum of basal surfaces (Equation 2): 293 

 294 

(2) 295 

where WT-K is the total mass of TiO2 on per gram of Kaol, SK is the total SSA value of 296 

Kaol, WT-OH is the mass of TiO2 on hydroxyl surface and WT-SiO is the mass of TiO2 on 297 

silicon-oxygen surface of per gram of Kaol,，approximately, WT-K=WT-OH+WT-SiO; SOH 298 

is the SSA of hydroxyl surface, SSiO is the SSA of silicon-oxygen surface, obviously, 299 

SOH=SSiO= S001 (S001 is the SSA of single (001) surface), then SK≈ SOH+SSiO=2S001. The 300 

ηOH and ηSiO are the loading efficiency of hydroxyl surface and silicon-oxygen surface, 301 

respectively. From the Equation 2, it can be clearly seen that the total loading 302 

efficiency of Kaol is approximated as the geometric mean of loading efficiency of 303 

hydroxyl surface and silicon-oxygen surface. 304 

Due to the same structure of clay layer, the silicon-oxygen surface of Kaol 305 

should have the equivalent loading state of TiO2 to the outer surface of Hal tubes. 306 

Consequently, the ηSiO of Kaol can be deduced according to the loading efficiency of 307 

outer surface of Hal. Because the inner surface of Hal tubes does not load TiO2 308 

(Fig.3d), the ηload of Hal in Table 1 can be recalculated to 5.6 mg/m2 according to half 309 

of the measured SSA, actually reflecting the loading efficiency of outer surface of Hal 310 

as well as that of silicon-oxygen surface of Kaol. Then the ηOH of Kaol obtained 311 

through Equation 2 is 8.2 mg/m2. The definite ηload values for both basal surfaces of 312 

Kaol confirm the loading of TiO2 on the silicon-oxygen surface and the hydroxyl 313 

surface, and the ηload of hydroxyl surface may be slightly higher than that of 314 

silicon-oxygen surface, as the hydroxyls are easier to condensate with hydrolyzed 315 
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products of Ti salt, e.g. Ti(OH)x to form a strong bond (Chen et al., 2003). 316 

Then, the agglomeration degree (α) of TiO2 loaded on clay surface is evaluated. 317 

The greater the agglomeration degree, the less the proportion of outer TiO2 actually 318 

undergoing photocatalytic reaction and the lower the final photocatalytic efficiency. 319 

Suppose the increase of SSA of CT is only contributed by TiO2, then α can be 320 

calculated by Equation 3: 321 

 (3) 322 

where ST is the newly formed SSA due to TiO2, SCT is the SSA of CT composites. α 323 

represents the agglomeration of TiO2 on per unit area of clay, mainly reflecting its 324 

own property and therefore having an obvious reference meaning. The results in Table 325 

1 show that the α of TiO2 on Kaol and Hal are very similar (2.8 and 2.7 mg/m2, 326 

separately), both of which are significantly lower than that of TiO2 on Pal (3.9 mg/m2). 327 

This phenomenon is consistent with the results of SEM and TEM (Fig.2 and 3). It 328 

may be for this reason that the effective surface active sites of TiO2 are reduced, so 329 

that the PT composite exhibits lower photocatalytic activity when with the higher 330 

TiO2 content. 331 

The high α of TiO2 on PT is mainly contributed to special gully structure of Pal 332 

surface. Unlike the relatively dense and uniform atom arrangement in Kaol and Hal 333 

surfaces, Pal surface is made up of 2:1 clay layer strips and gaps, constructing many 334 

steps (Fig.6). When nucleation occurs at these steps through the hydrolysis of Ti salt, 335 

not only the hydroxyl groups on the side of the step can be utilized for 336 

polycondensation, but also the bottom can be touched, facilitating the preferential 337 

nucleation. This case is very similar to the spiral dislocation nucleation during 338 

material solidification (Bauser and Strunk, 1981). Such concentrated nucleation at the 339 

steps will form the aggregation of TiO2. Kaol or Hal does not have this type of 340 

nucleation sites, so the nucleation on their surfaces is more uniform. 341 
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 342 

Fig.6 Comparison between surface structures of kaolinite, halloysite and palygorskite. 343 

The nucleation sites of TiO2 are also marked for palygorskite. 344 

Finally, the difference between photocatalytic performance of KT and HT is 345 

discussed. The α values of TiO2 in KT and HT are similar. However, the actual 346 

amount of TiO2 in HT is more than that in KT, so it is difficult to explain why KT has 347 

the better photocatalytic performance than HT, only based on the perspective of TiO2 348 

agglomeration. It is noted that the sulfonate group in MO molecule is negatively 349 

charged (Fig. 7), and the hydrogen in hydroxyl surface is electropositive which can 350 

adsorb the sulfonate group through Coulomb force or hydrogen bonding. After 351 

loading TiO2 on hydroxyl surface of Kaol, these uncovered hydroxyl will adsorb the 352 

sulfonate, facilitating the photocatalytic degradation of MO dye around TiO2. 353 

Consequently, the photocatalytic efficiency of KT composite is greatly improved. For 354 

Hal, TiO2 nanoparticles are mainly loaded on silicon-oxygen surface, the bottom 355 

oxygen in which is electronegative and thus does not have such adsorption to the 356 

sulfonate, resulting in the lower photocatalytic degradation of MO. 357 
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  358 

Fig.7 Schematic diagram of adsorption of MO on hydroxyl surface of kaolinite 359 

5 Conclusion 360 

In this work, TiO2 nanoparticles were loaded on three clays (kaolinite, halloysite 361 

and palygorskite) with distinct micro morphologies (plates, tubes, and rods with micro 362 

tunnels) by means of the sol-gel method, and the photocatalytic performance for 363 

degradation of MO dye was comparatively investigated for obtained CT composites. 364 

The results are as follows: 365 

(1) the photocatalytic performance of composites shows a different trend from 366 

special surface area of corresponding clays. 367 

(2) the amount of TiO2 loaded on clay surfaces shows a trend of Kaol<Hal<Pal, 368 

which is consistent with that of the SSA of clays with respect to the accessible active 369 

sites for TiO2 nucleation. 370 

(3) the loading efficiency of clay surfaces gives a trend of Kaol>Hal>Pal, 371 

attributing to no load in the Hal tubes and in the Pal tunnels leading to reduced 372 

available surface for loading TiO2. 373 

(4) the order of the aggregation degree of TiO2 on clay surfaces is Kaol≈Hal>Pal. 374 

The reason can be that the gully structure of Pal surface causes aggregated nucleation 375 

at the steps, compared to the relatively uniform atom arrangement in Kaol and Hal 376 

surfaces. 377 

(5) the hydroxyl surface of Kaol can adsorb the sulfonate group of MO anion, 378 

facilitating photocatalytic reaction between MO and nearby TiO2 on (001) hydroxyl 379 

surface. 380 
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Overall, the aggregation of TiO2 on Pal surface, the no-load of TiO2 in Hal tubes 381 

and the adsorption of MO on hydroxyl surface of Kaol attribute to the inconsistency 382 

of the trend of photocatalytic performance with that of SSA of clays, focally from the 383 

perspective of load status of TiO2. 384 
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