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ABSTRACT 15 

Polyamide 6 nanocomposites based on sepiolite needle-like clay were prepared via melt 16 

extrusion. Sepiolite was organomodified with trimethyl hydrogenated tallow quaternary 17 

ammonium (3MTH) by using different amounts of modifier respect to the sepiolite. The 18 

effect of modifier/sepiolite ratio on the final nanocomposite properties and the catalytic 19 

effect of the sepiolite on the polymeric matrix were evaluated. The presence of 20 

organomodified sepiolite on the polymer matrix favoured the crystallinity of the PA6. 21 

The catalytic effect of the sepiolite was reduced as the modifier amount increased. The 22 

Elastic modulus and Heat Deflection Temperature (HDT) in PA6/organosepiolite 23 

nanocomposites increased ~2.5 times respect to the neat PA6 matrix. The higher the 24 

modification grade the better the dispersion and orientation of needle-like sepiolite clay 25 

were attained. This effect supported the reinforcement efficiency of organosepiolites 26 

with high modifier content.  27 
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INTRODUCTION 31 

Polymer/clay nanocomposites are a new kind of material with remarkably improved 32 

mechanical and physical properties when compared either to the neat polymers or to 33 

conventional micro- and macro-composite materials. In fact, higher elastic modulus, 34 

barrier properties, flame retardant, high temperature durability are typical features of 35 

polymer nanocomposites [1, 2].  36 

The fundamental concept of nanocomposites is based on the high aspect ratios and large 37 

interfaces provided by the nanofillers and hence a substantial reinforcement achieved at 38 

small loadings. In recent years, various nanoparticles have been used to improve the 39 

performance of polymers, including spherical silica [3, 4], layered silicates [5, 6], 40 

fibrous silicates [7-8], carbon nanotubes [9], as well synergetic effect between them 41 

[10]. The interaction between the primary particles of fibrous silicates is weaker than in 42 

the case of layered silicates [11]; consequently a better dispersion can be obtained on 43 

polymer nanocomposites and a higher improvement of the mechanical properties can be 44 

expected.  45 

Sepiolite is a natural fibrous clay mineral with a typical molecular formula of 46 

Si12O30Mg8(OH)4(H2O)4.8H2O. Sepiolite structure is composed of blocks of two 47 

tetrahedral silica sheets sandwiching an octahedral sheet of magnesium oxide 48 

hydroxide. The blocks are not sheets but ribbons which are linked forming an open 49 

channel similar to that of zeolites. This unique needle-like structure with interior 50 

channels (0,36 nm x 1,1 nm) allows a limited penetration of organic and inorganic 51 

cations. Due to the discontinuity of the external silica sheet, a significant number of 52 

silanol (Si-OH) groups are present at the surface of the sepiolite [12].  53 

The dispersion/defibrillation of the sepiolite in the polyamide 6 matrix and the 54 

interfacial adhesion between inorganic/organic components are the main factors to 55 
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enhance the nanocomposite properties [5]. Dispersion/defibrillation here means that the 56 

contact between sepiolite nanofibres decreases and thus the inorganic/organic 57 

interactions maximized. The dispersion degree of the sepiolite must play a key role in 58 

the final properties of polymer/organoclays nanocomposites. Recently Bilotti et al. [8] 59 

calculated in PA6 the theoretical reinforcement of fibre-like against platelet-like 60 

nanoparticles. For a 5% vol of inorganic nanoparticles the elastic modulus of the 61 

nanocomposite, Ec, increased respect to the Elastic Modulus of the polymer matrix, Em, 62 

and it is expected to reach a ratio Ec/Em ~4.2 if both needle or platelet like nanoparticles 63 

are unidirectionally oriented. For randomly oriented nanoparticles the Ec/Em ratio 64 

decreased to ~2.4 and ~1.7 for platelet like and fibre-like nanoparticles respectively. 65 

Experimental results shown that 2.7% vol of needle-like sepiolite in PA6 produced a 66 

lower Ec/Em ratio ~1.6 than expected. This lower ratio could be in principle attributed to 67 

lack of inorganic/organic compatibility or to a poor dispersion. In order to improve the 68 

dispersion degree and the compatibility of the nanofiller with the polymer matrix, the 69 

sepiolite surface must be modified and appropriated processing must be required.  70 

The structure of the sepiolite presents three sorption/modification sites: (a) oxygen ions 71 

on tetrahedral sheets, (b) a small amount of cation-exchange sites, and (c) Si-OH groups 72 

along the fibre axis. Adsorption is also influenced by the size, shape, and polarity of the 73 

molecules involved. Neither large molecules nor those of low polarity can penetrate the 74 

channels, though they can be adsorbed on the external surface, which accounts for 40-75 

50 % of the total specific surface area [13]. Specific organic modifier can be introduced 76 

onto the sepiolite based on the surface reactive silanol groups, which it is a fundamental 77 

difference between sepiolite and laminar silicates as montmorillonite.  78 

The modification degree of clay could affect both the inorganic/organic compatibility 79 

and the dispersion of the sepiolite in the polymer matrix. The purpose of the present 80 
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study is to analyze the effect sepiolite modification in the mechanical properties of the 81 

nanocomposites. 82 

 83 

EXPERIMENTAL SECTION 84 

Sample preparation 85 

The materials used for the preparation of the nanocomposites were commercial PA6 86 

(Akulon F 130-C, DSM). The sepiolite clay was the product Pangel S9 (TOLSA S.A.) 87 

with a cation exchange capacity (CEC) of 30 meq/100 g. Modification of the sepiolite 88 

was made with a protonated quaternary ammonium salt, specifically trimethyl 89 

hydrogenated tallow quaternary ammonium, 3MTH, supplied by Kao Corporation S.A. 90 

Different levels of modification with a CEC modifier/sepiolite ratio of 1 (30 meq/100 91 

g), 1.33 (40 meq/100 g) and 1.66 (50 meq/100 g) have been studied and named herein 92 

3MTH-30, 3MTH-40 and 3MTH-50 respectively.  93 

Polyamide 6 nanocomposites containing 6% wt organosepiolite were fabricated via a 94 

melt-compounding approach. Both components were mixed in a corrotating twin-screw 95 

extruder (Leistritz 27 GL) with barrel temperature between 240 and 250 ºC and 200 rpm 96 

of screw speeds. PA6 granulates and organosepiolites were dried prior to blending in 97 

the extruder in a vacuum oven for 24 h at 80 ºC in order to remove moisture. To study 98 

the best processing conditions the mechanical properties of the nanocomposites 99 

obtained with different screw speed were studied, and the product processed at 200 rpm 100 

present the best results [14]. The neat PA6 was submitted to identical processing to 101 

ensure the same thermomechanical history. 102 

The extrudated material was pelletized and injection moulded into test standard 103 

dumbbell-shaped tensile and HDT specimens by using an injection moulding machine 104 
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(Margarite JSW110) after being dried at 80 ºC for 24 hours. The temperature of the 105 

cylinders was 240–250 ºC and the mould temperature was 80 ºC. 106 

Characterization 107 

The resulting sepiolite organoclays and the obtained nanocomposites were characterized 108 

by Thermogravimetric Analysis (TGA, Mettler-Toledo 851e) in nitrogen atmosphere to 109 

determine the amount of modifier in the sepiolite as well its degradation temperature. 110 

TGA was also used to determine the clay percentage in processed nanocomposites. 111 

Differential Scanning Calorimeter (DSC, Mettler Toledo DSC 821/400) and all the 112 

processed nanocomposites were performed on small discs of about 10 mg of sample 113 

under a nitrogen atmosphere, at 20°C/min as heating and cooling rates. The temperature 114 

scans ranged from 25 to 280°C, and backwards. The heat of crystallization for 100 % 115 

crystalline PA 6 was taken as 190 J/g [21]. The presence of the PA 6 structural phases 116 

in nanocomposites were analyzed by Wide Angle X-ray Diffraction (WAXD, Philips 117 

X'Pert MPD with Cu K  radiation). WAXD scans were performed on the injection-118 

moulded tensile bars with 5º to 50º 2θ range. 119 

The nanostructure of nanocomposites and the dispersion of sepiolite were attempted by 120 

Field Emission Scanning Electron Microscopy (FESEM Hitachi H-7000) and 121 

Transmission Electron Microscopy (TEM JEOL 2000FX). FESEM analysis was 122 

performed on sepiolite organoclays after gold metallization. Before observation the 123 

sample was maintained at 60 ºC for 12 hours. TEM analyses were performed on 124 

previously dispersed sepiolite organoclays that were deposited in a 200 mesh copper 125 

Holey carbon grid and then dried before observation. Nanocomposites in form of 100 126 

nm microtome sections obtained with a Reichert-Jung Ultracut E microtome were also 127 

analyzed by TEM. The samples were taken from the middle of the tensile bar. Ultrathin 128 

sections around 100 nm in thickness were cryogenically cut with a diamond knife from 129 
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the central part of the injection-moulded bars, parallel to the flow direction and 1 mm 130 

depth from the surface, in liquid nitrogen environment. 131 

The mechanical properties of the nanocomposite samples were tested using a universal 132 

testing machine MTS, model 831-59 according to UNE-EN ISO 527-1. A crosshead 133 

speed of 1 mm/min and a dynamic extensometer was used to accurately determine 134 

Young´s modulus. Heat deflection temperature (HDT) was measured in a HDT-VICAT 135 

tester microprocessor (CEAST 6911.000) according to UNE-EN ISO 75-1 using 1.8 136 

MPa load. All the samples were previously dried in an oven at 80 ºC for 24 h. 137 

 138 

RESULTS AND DISCUSSION 139 

Organosepiolites 140 

The Thermogravimetric (TG) and derivate thermogravimetric (DTG) curves of sepiolite 141 

without modifier and organosepiolites were shown in Figure 1. Different weight losses 142 

were detected. Data were summarized in Table I. The DTG revealed that the burn out of 143 

the modifier predominated in addition of the sepiolite weight losses. The first weight 144 

loss near 100 ºC was ascribed to water physically bonded to sepiolite on the external 145 

surface and in the structural channels [15]. A slight decreasing of this physically bonded 146 

water was observed with the modifier content. This fact indicates a more hydrophobic 147 

nature of the surface. However, the high specific surface area of the organosepiolite 148 

always retained water and organoclays required an oven drying before compounding. 149 

This first weight loss was previously reported by Dusquesne et al. [15] but other authors 150 

omitted their presence by using thermogravimetric curves starting from 150 ºC [16-17]. 151 

The second weight loss region ranged from ~180 ºC to 400 ºC mainly related to the 152 

modifier decomposition. Pristine sepiolite lossed at ~ 300 ºC two of the four 153 

crystallization water molecules. The elimination of the other two molecules occurred at 154 
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525 ºC. The DTG showed the removal velocity of these water molecules in the 155 

organosepiolites. Meanwhile the low temperature removal of crystallization water 156 

overlapped with the modifier elimination, the high temperature ones seemed quite 157 

similar in the different organosepiolites. Grafted sepiolite with aminopropoxyl groups 158 

increased the low temperature elimination of the 2 water molecules [15], but there was 159 

not available information related to the effect of surfactant adsorption thorough the 160 

sepiolite-surface hydroxyl groups. When the modifier content was equal to the CEC of 161 

the sepiolite a single weight loss peak with a maximum at 355 ºC was observed. This 162 

peak was slightly asymmetric with a tail at higher temperature that could be related to 163 

modifier incorporated at interfibre sites or into the zeolitic channels of the sepiolite. If 164 

the modifier exceeded the sepiolite CEC, the maximum of such peak occurred at lower 165 

temperatures and its asymmetry enhanced. This fact indicated that modifier excess 166 

adsorbed onto the modifier bonded to the sepiolite. Modifier exceeding the CEC of the 167 

sepiolite, which is not interacting directly with the sepiolite, was evidenced by the 168 

presence in DTG of a decomposition peak at ~240ºC The presence of free modifier that 169 

not interacted with sepiolite surface could be detrimental for melt compounding of the 170 

PA6 nanocomposites because the processing temperature was 240–250 ºC. The final 171 

step of the sepiolite weight losses corresponded to the removal of constitution water or 172 

hydroxyl groups around 750 ºC [18] and occurred in organosepiolites at lower 173 

temperature than in pristine sepiolite. This temperature reduction could be originated by 174 

the modifier residues 175 

FESEM micrographs showed the fibrous morphology of pristine and modified sepiolite, 176 

Figure 2. The interactions between nanofibres formed dense 10-30 m in size 177 

aggregates for the pristine sepiolite. The modification process produced a reduction in 178 

size of aggregates that showed flake type morphology. The weakening of the aggregates 179 
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after organic modification was independent of the sepiolite/modifier ratio (not shown on 180 

behalf of their similarity) and therefore mainly attributed to the organoclay processing. 181 

Moreover, many single fibres can be observed clearly in both samples but most of the 182 

fibres retain a strong interaction between them after the modification process. 183 

TEM micrographs showed the pristine sepiolite fibres having needle morphology of 184 

~30-50 nm in diameter and ~1-5 m in length, Figure 3a. These fibres formed bundles-185 

like aggregates by surface interaction between individual needle-type particles. Large 186 

fibres were observed but there were formed by connected fibres as confirmed by 187 

detailed observation of disperse single sepiolite fibres. The modified sepiolite presented 188 

also needle morphology but nanofibres became more dispersed, Figure 3b. The 189 

modified sepiolites showed similar diameter and reduced length to 300-1000 nm. The 190 

surface interaction between individual needle-type particles was also reduced. The 191 

presence of modifier in excess was confirmed by the appearance of a secondary phase 192 

irregular in shape, cloud type which was circle-marked for shake of clarity in Figure 3c. 193 

The aspect ratio of the modified sepiolites ranged in the interval of 30-200 in agreement 194 

with the aspect ratio observed by Bilotti et al [8]. 195 

Nanocomposites 196 

The TG and DTG of the PA6/organosepiolite nanocomposites showed a single peak 197 

with a maximum of the weight loss velocity, Tmax=470 ºC for the pure PA6, Figure 4. 198 

The presence of organosepiolite in PA6 matrix has shifted Tmax 5 ºC (Tmax= 465 ºC) in 199 

all nanocomposites compared with the value obtained in PA6. Tartaglione et al. found 200 

[17] that the Tmax in PP/sepiolite nanocomposites was reduced by the presence of the 201 

sepiolite but the maximum weight velocity increased considerably related to the 202 

catalytic site effect in the inner part of the zeolitic pores in agreement with previous 203 

studies [19]. The catalytic action of the sepiolite was considerably reduced when 204 
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sepiolite was modified by mercaptosilane grafting [17]. By the contrary the 205 

incorporation of octyltrimethoxysilane modified sepiolite in low density polyethylene 206 

stabilized the thermal decomposition by formation of a protective surface layer [16]. 207 

The present study revealed that in PA6/sepiolite nanocomposites the catalytic activity of 208 

the zeolitic channel was reduced probably because these zeolitic channels or the inter-209 

nanofibre space of aggregates were partially filled by the 3MTH modifier, thus an 210 

excess of modifier was slightly more effective to reduce the catalytic activity of the 211 

nanosepiolite in PA6 nanocomposites. However differences in the matrix stability and 212 

in the degree of sepiolite dispersion must be considerer to elucidate this mechanism. 213 

DSC heating and cooling curves of the nanocomposites showed the effect 214 

modifier/sepiolite ratio on the crystallization behaviour, Figure 5. The melting 215 

temperature (Tm), the crystallization temperature (Tc), ΔHc, and corresponding 216 

crystallinity (Xc) are presented in Table II. The crystallinity values were calculated on 217 

second melting scans following the procedure previously described [20]. During heating 218 

scan the presence of the organoclay introduced relatively slight differences that 219 

consisted in a reduction of the temperature for the low temperature peak with the 220 

modifier/sepiolite ratio meanwhile the maximum temperature slightly reduced for all the 221 

nanocomposites in comparison with the PA6. During cooling scans the Tc increased for 222 

all the nanocomposites indicating that the sepiolite acted as a nucleating agent for the 223 

crystallization of polyamide. Bilotti et al. [7] showed a larger increase of the Tc for 224 

polypropylene reinforced with sepiolite and proposed a second mechanism to reduce the 225 

nucleating efficiency based on the lack of dispersion for sepiolite nanofibres. The 226 

increasing of Tc was also reported by Xie et al. [21] in PA6 but without changes in the 227 

crystallinity. The sample PA6-3MTH-50 shown clearly two melting peaks at 215ºC and 228 

226 ºC corresponding to crystalline  and  polyamide phases respectively. These peaks 229 
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were also present in all nanocomposites as the asymmetry of the observed peak showed 230 

[22]. The area of the melting peak at 215ºC increased with increasing content of 231 

modifier on the sepiolite indicating an increasing amount of the -phase present in the 232 

nanocomposites. However, the degree of crystallinity of the nanocomposite polymer 233 

decreased slightly with increasing amount of modifier used for the preparation of the 234 

organosepiolite. The presence of the modifier on the sepiolite surface seems thus to 235 

limit the nucleating efficiency of the nanoparticles acting as an interphase. 236 

The phase composition of the PA6 nanocomposites was also obtained by profile 237 

analysis of the WAXD scans as illustrated in Figure 6. The peak at 7.2º 2 corresponds 238 

with the (100) crystal plane of the sepiolite and it was the only peak of the sepiolite that 239 

possessed relevance in the nanocomposites. This peak increased in intensity that could 240 

be associated with the preferential orientation of sepiolite nanofibres during the 241 

injection. Moreover this peak slightly displaced to lower 2 when compared with 242 

pristine sepiolite that could be related to and expansion effect favored by the bounded 243 

polymer due differences in thermal expansion coefficient between the inorganic 244 

particles and the organic matrix. The WAXD patterns showed the coexistence of 245 

polyamide -phase and -phase. The peak at 21.2º 2 was assigned to the (002) crystal 246 

plane of -phase.  Two peaks at 20º and 23.5º 2 were assigned respectively to the (200) 247 

and (002) crystal planes to the -phase [23-24]. The neat polyamide shown mainly 248 

crystalline -phase and the nanocomposites showed increasing of -phase. The 249 

increasing of -phase in PA6/montmorillonite nanocomposites have been reported 250 

previously [25-26]. In the present study the excess of modifier does not affect markedly 251 

the crystalline phases that were quite similar for the different nanocomposites. The 252 

nanocomposite should also exhibit a preferential orientation and -phase that it is 253 

expected to grow on the montmorillonite sheets. By the contrary the here studied neat 254 
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polyamide shown low presence of -phase. Although crystallinity was not increased 255 

with the presence of sepiolite these particles acted as nucleation sites to grow more 256 

perfect crystals. The x-ray diffraction diagram shows an intense and broader peak at 257 

25.7º 2 assigned to a combination of different polyamide  crystalline peak, (010) 258 

(110) and (210) [27-28]. The appearance of theses crystalline peaks have been reported 259 

in sepiolite/PA6 nanocomposites nor in montmorillonite/PA6 nanocomposites due 260 

probably to less confinement effect of fibrous particles against layered ones [20].  261 

Figure 7 shown TEM micrographs of nanocomposites. The nanofibres in Figure 7a 262 

showed a randomly orientation with contact between them forming bundles aggregates 263 

with lengths of 100-300 nm. Evidence of non-aligned fibres along the injection 264 

direction was observed by the presence of grey circles on the top of fibres 265 

corresponding to the local heating during microtome sample preparation in spite of the 266 

nitrogen cooling. The Figure 7b and 7c showed fibres with higher lengths of 300-800 267 

nm. The aspect ratio range of the sepiolite in the different nanocomposites slightly 268 

decreased but it kept in values of ≈100-200 nm. This fact indicated the shortening of 269 

nanofibres during the processing by breaking or by separation of connected nanofibres 270 

in the apparent large sepiolite fibres. The randomly oriented nanofibres seems to have a 271 

lower aspect ratio due in part to nanofibres cutting during ultracut microtome 272 

processing as evidence by the presence of grey circles.. Higher modifier/sepiolite degree 273 

with values of 40 and 50 meq/100 g favoured the dispersion/defibrillation behaviour 274 

and better alignment of nanofibres during the extrusion of nanocomposites. The 275 

nanofibres evolved from in part randomly oriented to unidirectionally oriented as the 276 

modifier increased because of the reduction of sepiolite-sepiolite interactions.  277 

Table III summarized mechanical properties values of nanocomposites. The sepiolite 278 

percentage in the nanocomposites was evaluated from thermal losses by 279 
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thermogravimetric analysis. In all the samples the final percentage of sepiolite was ~6 280 

% wt. For comparison, the elastic modulus and HDT values of the pure PA6 were also 281 

listed. It clearly stated that for a similar amount of sepiolite the significant improvement 282 

of both the elastic modulus and the HDT correlated with the modifier/sepiolite ratio. 283 

Such improvement was based on the dispersion and alignment of the sepiolite 284 

nanofibres in the PA6 matrix as discussed above. The presence of modifier at the 285 

surface of the nanofibre reduced the catalytic activity of the inorganic phase. In addition 286 

the presence of modifier inhibited the nucleating efficiency of the -phase that could 287 

also contributed to the overall behaviour.  288 

By comparison of the present result with the theoretical predictions of Billoti el al. [8] 289 

we have obtained with the addition of ~6 % wt of modified sepiolite in PA6 matrix a 290 

Ec/Em ratio ~2.5, meanwhile the maximum expected ratio was ~4.2 for unidirectionally 291 

oriented nanofibres and ~1.7 for randomly ones. Billoti et al [8] only found a Ec/Em ratio 292 

of 1.6 for unmodified sepiolite. These results shown clearly that the organomodification 293 

improved the defibrillation and alignment of nanofibres. 294 

Both the Elastic modulus and the HDT can be reinforced in PA6/clays nanocomposites. 295 

Previous works of PA6/montmorillonite nanocomposites for allowed obtaining a 296 

HDTc/HDTm ratio ~2 when nanoclays where modified with octadecylamine (MMT-297 

ODA) [6] and a ratio of ~1.8 when modified montmorillonite with 3MTH [29]. All 298 

these result have been enhanced in the present work with ratio up to ~2.6 by using the 299 

organomodified sepiolite indicating that. In spite of the higher aspect ratio of layered 300 

clays the organomodified sepiolite were more effective in the reinforcement of the PA6 301 

polymer matrix.  302 

 303 

 304 
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CONCLUSIONS 305 

The PA 6 nanocomposites based on sepiolite have shown different morphologies and 306 

properties according to the ratio of sepiolite/modifier. The presence of modifier on the 307 

sepiolite reduced their catalytic activity on the polymer matrix increasing the Tc of the 308 

PA6 and also acted as a nucleating agent for the crystallization of the mainly -phase of 309 

PA6. Nanocomposites with the highest amount of modifier reached the best mechanical 310 

properties as well as the greatest dispersion grade.  311 

The mechanical properties obtained present Ec/Em ratio up 2.5 that was also similar for 312 

the HDT properties. These improvements were higher than those achieved in PA 6 313 

nanocomposites if compared with layered nanoclays in spite of their lower aspect ratio. 314 

The reduction of the sepiolite-sepiolite interactions by the modifier favoured the better 315 

dispersion and alignment of nanofibres that were translated to effectiveness in the 316 

reinforcement mechanism.  317 
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TABLE CAPTIONS 399 

Table I. Thermogravimetric analysis values of pristine sepiolite and sepiolite modified 400 

with 3MTH. 401 

Table II. Crystallization data of samples from DSC scans. 402 

Table III. Mechanical properties of PA 6 nanocomposites. 403 
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FIGURE CAPTIONS 406 

 407 

Figure 1. (a) Thermogravimetric and (b) DTG curves for the controlled rate analysis of 408 

pristine sepiolite and sepiolite modified with 3MTH.  409 

Figure 2. SEM images of pristine sepiolite (a) and modified sepiolite (b). 410 

Figure 3. TEM images of pristine sepiolite (a) and modified sepiolite (b) 3MTH-30 and 411 

(c) 3MTH-50, the circle-marked areas shown the presence of excess of modifier. 412 

Figure 4. TG-DTG of PA 6 and its nanocomposites. 413 

Figure 5. DSC first heating (a), cooling (b) and second heating (c) scans of PA 6 and its 414 

nanocomposites. The curves are vertically offset for clarity. 415 

Figure 6. WAXD of sepiolite without modifier, PA 6 and its nanocomposites. 416 

Figure 7. TEM images of nanocomposites: PA 6-3MTH-30 (a) PA 6-3MTH-40 (b) and 417 

PA 6-3MTH-50 (c). 418 

 419 
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Table I. Thermogravimetric analysis values of pristine sepiolite and sepiolite modified 

with 3MTH. 

 

Organoclay 25-125 ºC 125-450 ºC 450-650 ºC 650-850 ºC 

Organic 

modifier 

%  

 
Mass 

% 

T 

(ºC) 

Mass 

% 

T 

(ºC) 

Mass 

% 

T 

(ºC) 

Mass 

% 

T 

(ºC) 
 

SEPIOLITE 4.87 77 3.72 280 2.22 524 1.87 793 - 

3MTH-30 1.34 71 6.99 340 4.90 528 5.76 733 5.95 

3MTH-40 1.41 78 8.72 332 5.96 538 5.58 738 8.74 

3MTH-50 0.74 79 
2.61 232 

6.57 539 5.58 740 11.85 
8.61 342 

Temperature values were measured on the mid-point of the curve that corresponds to the decomposition 

of the 50 wt% of the compound  

Organic modifier was evaluated between 125-650 ºC 
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Table II. Crystallization data of samples from DSC scans. 

 

Sample Tm (°C)
 

Tc (°C)
 

ΔHm (J/g) Xc (%)
 

PA 6 228 178 63.1 33.2 

PA 6-3MTH-30 226 180 59.8 33.7 

PA 6-3MTH-40 226 180 60.0 33.9 

PA 6-3MTH-50 215 226 183 55.7 31.5 

 

 



ACCEPTED MANUSCRIPT 

Table III. Mechanical properties of the nanocomposites of PA 6. 

 

Sample 
Elastic Modulus 

(MPa) 

Variation of the 

Elastic modulus  

(%) 

HDT  

(ºC) 

Variation 

of the HDT 

(%) 

% wt Sepiolite 

TGA 

PA 6 2665  180 - 49  0.1 - - 

PA 6-3MTH-30 5483  70 106 96  1 96 5.9 

PA 6-3MTH-40 6455  610 142 102 6 107 6.1 

PA 6-3MTH-50 6385  180  140 129  1 165 6.2 
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