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Introduction

Kaolinite is a 1:1 aluminosilicate composed of two layers of an alumina like tetrahedral sheet and a silica like octahedral sheet with the formula: Al 2 O 3 $2SiO 2 $2H 2 O. Kaolinite has many industrial applications because of its special characteristics: chemically inert in a wide pH range, great covering power [START_REF] Murray | Traditional and new applications for kaolin, smectite, and palygorskite: a general overview[END_REF] when used as a pigment or as a surface coating for painting applications, low thermal conductivity and a lower cost compared to some current mineral fillers used in polymers. Main uses of kaolinite are in paper and ceramic industries and few studies concern its use in polymers [2e7]. Recently, we [START_REF] Batistella | Fire retardancy of ethylene vinyl acetate/ultrafine kaolinite composites[END_REF] studied the fire retardancy of an ultrafine kaolinite in EVA composites and compared this kaolinite with aluminum trihydroxide (ATH). Results showed that EVA filled with kaolinite exhibited better performances in terms of pHRR compared to EVA/ATH composites.

Polypropylene (PP) is commonly used due to its attractive versatility in terms of properties and processability. Nevertheless, poor flame retardancy is the main drawback of PP. To reduce its flammability, several kinds of flame retardant additives such as halogenated compounds, metal hydroxides, intumescent systems [START_REF] Morice | Heat transfer study of polypropylene-based intumescent systems during combustion[END_REF][START_REF] Fina | Polypropylene-polysilsesquioxane blends[END_REF], and mineral fillers have been used [10e14]. Among these flame retardants, the use of hydrated mineral fillers presents some drawbacks because satisfactory flame retardant properties are only achieved at high loading levels (up to more than 60% wt) leading to adverse impact on processability and mechanical properties. Beyond ATH and MDH (magnesium dihydroxide), other additives have been studied in the literature [9,14e19]. Fina et al. [START_REF] Fina | Polypropylene-polysilsesquioxane blends[END_REF] reported the use of methyl-, vinyl-and phenyl polysilsesquioxanes as flame retardants for PP. They showed a decrease in the peak of heat release rate (pHRR) with relatively low concentration (10e20 wt%) of the POSS compounds. Duquesne et al. [START_REF] Duquesne | Influence of talc on the fire retardant properties of highly filled intumescent polypropylene composites[END_REF] studied the influence of talc on intumescent PP formulations and showed that composites containing talc were more thermally stable compared to neat polymer. Montezin et al. [START_REF] Montezin | Flame retardant and mechanical properties of a copolymer PP/PE containing brominated compounds/antimony trioxide blends and magnesium hydroxide or talc[END_REF] reported the use of talc and halogenated flame retardants in a PP/PE blend. They showed that the partial replacement of the halogenated flame retardant by talc leads to the same behavior in flame retardancy, reaching V-0 in UL94 test, compared to halogenated alone.

It should be noted that homogeneous dispersion of fillers in polymer matrix and good interfacial adhesion are crucial for the performances of composites. To achieve this goal, several approaches have been considered such as the chemical functionalization of fillers or the use of compatibilizers. In particular, some studies have already reported the modification of layered silicates by POSS compounds in order to improve the properties of composites. Zhao et al. [START_REF] Zhao | Effect of POSS on morphology and mechanical properties of polyamide 12/montmorillonite nanocomposites[END_REF] showed that montmorillonite (MMT) modified with aminopropylisooctyl POSS improved the mechanical behavior of polyamide 12 (PA12). Yei et al. [START_REF] Yei | Enhanced thermal properties of PS nanocomposites formed from inorganic POSS-treated montmorillonite[END_REF] also studied the influence of a surface treated MMT with the same POSS on the thermal behavior of polystyrene (PS). The authors showed an increase in onset temperature under nitrogen with functionalized MMT compared to pure polymer or composites filled with untreated MMT.

In the present study, surface modification of kaolinite with trisilanolisooctyl POSS was evaluated in terms of fire reaction of PP composites. Kaolinite performance was also compared to talc in PP. Finally, rheological measurements were carried out to assess the relation between viscosity and flame retardancy of composites.

Materials and methods

Materials

Trisilanolisooctyl POSS was used as purchased from Hybrid Plastics (Fig. 1). PP was a homopolymer supplied by Sabic (SABIC ® PP 505P, MFR 2.0 g/10 min at 230 C/2.16 kg).

Two ultrafine layered silicates with close particle size and morphology were used in this study: kaolinite (Kaol) kindly supplied by Vale (Ipixuna-Brazil) and talc (TA) kindly supplied by Imerys (Luznac-France). Commercial designation and characteristics of both fillers are shown in Table 1. Specific surface area was determined by B.E.T. (BrunauereEmmetteTeller (B.E.T) method, using N 2 as adsorbed gas at 77 K on a Beckman Coulter SA3100 instrument and average particle size (d 50 ) by laser particle-size analysis (Coulter LS230).

Surface modification of kaolinite

Surface treatment of kaolinite particles was carried out in ethanol/water mixture (96/4). 10 g of kaolinite, 0.3 g of trisilanolisooctyl POSS and 90 mL of an ethanol/water solution were introduced in a 250 ml flask fitted with a condenser. The mixture was then stirred and heated at solvent reflux for 4 h. The mixture was then centrifuged to remove the liquid phase and washed three times with ethanol. The POSS modified kaolinite was dried at 50 C for 12 h. Surface treated kaolinite is referred as Kaol-POSS.

Preparation of PP composites

Compositions were extruded using a Clextral BC21 twin-screw extruder (CLEXTRAL SAS & AFREM, Firminy, France). The rotation speed was kept at 150 rpm, temperature ranged between 160 and 200 C and polymer output was 4.5 kg/h. Square sheets specimens were prepared with dimensions of 100 Â 100 Â 4 mm 3 by injection molding using a 50 ton Krauss-Maffei equipment (Munich, Germany) and temperature range from 180 to 200 C. The formulations are showed in Table 2.

Characterization

Thermogravimetric analyses (TGA) were carried out on 10 ± 2 mg samples at 10 C/min from 20 to 800 C under nitrogen flow using a Perkin-Elmer Pyris-1 TGA. A Scanning Transmission Electron Microscopy (FEI Quanta 200 SEM) was used to study the morphology of the samples. All images were obtained under high vacuum at a voltage of 12.5 kV. The cone calorimeter experiments were carried out using a Fire Testing Technology apparatus with an irradiance of 50 kW/m 2 according to ISO 5660 standard. For each composite three samples were tested and mean values were reported. Viscosity measurements were carried out in dynamic mode at 200 C using 0.5% strain and a frequency ranging from 10 À1 to 10 2 s À1 (ARES, Rheometric Scientific) using parallel plates geometry. Shear storage modulus (G 0 ) and damping factor (tan d) were evaluated.

Results and discussion

Surface modification of kaolinite

The effect of surface treatment was evaluated by FTIR analysis and showed in Fig 2 . Kristo et al. [START_REF] Krist | FTIR spectroscopic study of intercalated kaolinite[END_REF] have reported that kaolinite has five infrared active modes in the 3800e3400 cm À1 region, centered at 3693 (y1), 3681 (y4), 3667 (y2), 3651 (y3), ascribed to the "outer hydroxyls" and 3619 (y5) cm À1 ("inner hydroxyl groups"). It should be noted that active mode at 3681 cm À1 is only observed using Raman spectroscopy. The kaolinite used in the present work displays bands at 3692, 3665, 3650, and 3617 cm À1 , in agreement with the literature. The Kaol-POSS sample shows a band centered at 2900 cm À1 characteristic of CeH bonds and indicates that the POSS was successfully grafted on the kaolinite surface (Fig. 2).

Thermal stability of POSS, Kaol and Kaol/POSS observed by TGA are shown in Fig. 3. The first stage of mass loss observed for the POSS (at approximately 140 C) may be related to the degradation of silanol groups, while the second mass loss which starts at about 320 C occurs due to the degradation of isooctyl branches and SieO cage [START_REF] Fiorio | Polymerization kinetics of polyurethanes containing trisilanolisooctyl polyhedral oligomericsilsesquioxane[END_REF]. Kaol shows a single degradation steep in mass loss between 400 and 550 C corresponding to the release of structural water (about 14%). Kaol-POSS shows a decrease in the thermal stability in comparison to Kaol. The mass loss starts at about 320 C which corresponds to the degradation of the SieO cage from the grafted POSS. The mass loss for Kaol-POSS is about 16.7%, corresponding to a grafting rate of about 5% wt., considering the mass loss of POSS and kaolinite.

Thermal stability of PP composites

TGA measurements are shown in Fig. 4 and complete results in Table 3. Thermal degradation of PP under nitrogen was well studied and consists in a single mass loss step which starts at about 310 C [24e27]. PP thermally degrades to volatile products through a radical chain process originated by carbon-carbon bond scission. The addition of Kaol or Kaol-POSS leads to a significant improvement of the thermal stability of PP composites: the initial pure PP decomposition temperature corresponding to a mass loss of 2% wt. is about 347 C whereas this temperature is shifted to 389 C for PP filled with talc (PP/TA), 400 C for PP/Kaol and 400e420 C for PP/ Kaol-POSS as a function of filler loading.

As reported in Table 3 the peak of mass loss rate is 438 C for pure PP. This temperature is shifted to about 460 C for all PP/Kaol composites (10, 20 and 30 wt%). For PP/Kaol-POSS an increase was found as a function of filler loading: from 448 to 461 C. Interestingly, a decrease was observed for PP/TA composite as a function of filler loading: from 453 to 438 C. The increase of degradation temperature has been already observed in the literature and some studies explain that some fillers could act as volatile decomposition products shields [START_REF] Davis | Thermal degradation of polypropylene[END_REF][START_REF] Liu | Investigation of the thermal decomposition of talc[END_REF]. Moreover it should be noted that PP decomposes completely at about 460 C. The amount of composite residues is about 26 wt% for PP/Kaol-30, 24 wt% for PP/Kaol-POSS-30 and 28 wt% for PP/TA-30 which corresponds closely to fillers content and seems to indicate that no char was formed. It should be noted that thermal degradation of talc is well studied in the literature and consists of a single mass loss between 600 and 1000 C corresponding to the dehydroxylation, with a mass loss of about 5% [28e30].

Cone calorimeter tests

HRR plots of PP, PP/TA, PP/Kaol and PP/Kaol-POSS composites are shown in Fig. 5 and complete results in Table 4. The behavior of PP is typical of a non-charring polymer with a high pHRR (c.a. 1000 kW/m 2 ) without formation of residue. The incorporation of kaolinite or talc showed a reduction in pHRR even for 10 wt% loading. At higher filler content, both fillers (kaolinite and talc) showed approximately the same pHRR reduction (c.a. 70e80%) with a longer time burning. The incorporation of Kaol-POSS leads to poor performances. These results are not in agreement with the thermal stability observed by TGA. Indeed, PP filled with Kaol-POSS showed the best thermal stability improvement in comparison to PP, while talc does not change the temperature of the peak of mass loss rate. It means that the fire performance in cone calorimeter test is due to other phenomena as discussed in the following. It should be noted that TGA measurements were conducted in nitrogen whereas cone calorimeter tests were carried out in air. However, it is considered that the pyrolysis in cone calorimeter is anaerobic after ignition because oxygen is consumed in the flame.

From Table 4, time to ignition obtained for PP/Kaol, PP/Kaol-POSS and PP/TA are slightly different from the value of pure PP: Kaol and Kaol-POSS tends to decrease the TTI while talc tends to increase its value. It should be noted that TTI depends on many parameters [31e33], but the identification of these parameters is not the aim of this study.

At the end of combustion, there is no residue for PP (Table 4). PP/ Kaol, PP/Kaol-POSS and PP/TA showed a different behavior: for PP/ Kaol and PP/TA composites a swelled residue was observed whereas for treated kaolinite a fine gray residue was observed (Fig. 6). Also, it is interesting to note that for samples filled with untreated kaolinite and talc, mass at the end of the test is higher than expected (considering complete degradation of polymer and water mass loss from kaolinite). As in TGA no char was observed, an explanation is that both untreated kaolinite and talc particles could form a protective surface layer that insulates the polymer and prevents its complete degradation with better results for talc. This a Theoretical mass calculated as the sum of the mass losses from the filler and the neat polymer in TGA. also explains the decrease in THR for PP/Kaol and PP/TA. The Effective Heat of Combustion (EHC) is an important parameter to understand how the flame retardant acts. Small changes were observed for different composites as a function of filler type: a small decrease was observed for Kaol or Kaol-POSS composites compared to neat PP. Addition of talc particles leads to an increasing reduction of EHC as function of loading. This decrease could be attributed to a physical effect of filler protecting the underlying polymer, i.e. a part of the polymer is not fully degraded and then the EHC is not necessarily equal to the EHC of pure PP.

TGA measurements of different sections of cone calorimeter residues from PP/TA and PP/kaol were performed. Fig. 7 shows the result of TGA at the center and at the edge of the cone calorimeter residue. For both fillers, no mass loss due to the presence of an organic part was observed for the sample extracted from the center of the residue. For the samples from the edge of the residues, significant differences were found: a mass loss of 6% wt. and 70% wt. were observed for PP/Kaol-30 and PP/TA-30 respectively. This result supports the hypothesis that the residue at the end of cone calorimeter tests is in fact undegraded polymer and filler forming a surface protective barrier.

During burning, the efficiently flame retarded composites must exhibit a residue that covers the entire sample surface without any openings. No vigorous bubbling must occur to allow the formation of a barrier layer and to avoid a fast transport of degradation products from the pyrolysis front to the gas phase. This effect was observed for PP/Kaol and PP/TA composites. On the contrary, the use of surface treated kaolinite leads to the formation of many cracks during the composites burning. Moreover, contrary to the PP/Kaol samples, the final residue was only due to the mineral filler and no swelling was observed. Then, the PP filled with modified kaolinite shows a decrease in fire performance compared to PP/ Kaol composites.

Viscosity vs. fire behavior

In the literature the filler surface treatment was shown to have different effects in composites: it improves dispersion and could act as a lubricant between filler and matrix. If the coupling agent improves dispersion, an expected result in cone calorimeter is the formation of a more effective layer which insulates the underlying material and protects it against heat. However, this lubricant effect may lead to an undesirable effect: the formation of the protective layer could be decreased due to the improved wetting of the filler by the polymer. It should be mentioned that surface treatment has an influence in viscosity of the composites and viscosity could influence fire behavior in cone calorimeter [START_REF] Batistella | Fire retardancy of ethylene vinyl acetate/ultrafine kaolinite composites[END_REF][START_REF] Kashiwagi | Relation between the viscoelastic and flammability properties of polymer nanocomposites[END_REF][START_REF] Courtat | Effect of phosphorous-modified silica on the flame retardancy of polypropylene based nanocomposites[END_REF]. Kashiwagi et al. [START_REF] Kashiwagi | Relation between the viscoelastic and flammability properties of polymer nanocomposites[END_REF] studied the influence of viscosity in PMMA and PS nanocomposites and showed a decrease in pHRR with an increase in storage modulus (G 0 ). In the previous work [START_REF] Batistella | Fire retardancy of ethylene vinyl acetate/ultrafine kaolinite composites[END_REF], the effect of various fillers on viscosity and fire behavior (pHRR) on EVA was studied. It showed that an increase in G 0 could lead to a decrease in pHRR due to limited transfer rate of combustible products to gas phase. Courtat et al. [START_REF] Courtat | Effect of phosphorous-modified silica on the flame retardancy of polypropylene based nanocomposites[END_REF] studied the effect of surface treatment of silica nanoparticles in PP composites and showed that unmodified filler led to a better fire performance in terms of pHRR. The authors attributed this result to the rheological behavior: a higher storage modulus (G 0 ) leads to a greater decrease of pHRR. To understand the relation between surface modification of kaolinite, viscosity and fire behavior, rheological measurements were conducted using the procedure yet described in the literature [START_REF] Batistella | Fire retardancy of ethylene vinyl acetate/ultrafine kaolinite composites[END_REF][START_REF] Kashiwagi | Relation between the viscoelastic and flammability properties of polymer nanocomposites[END_REF][START_REF] Courtat | Effect of phosphorous-modified silica on the flame retardancy of polypropylene based nanocomposites[END_REF]. bonding or entanglement occurs between coupling agent and matrix [36e38]. In other cases, some coupling agents could also act as wetting or dispersant agents. In PP/Kaol-POSS composites, the reduction in viscosity and modulus may be due to a lubricating effect at the particle-polymer interface [START_REF] Bigg | Rheological analysis of highly loaded polymeric composites filled with non-agglomerating spherical filler particles[END_REF] and because carbon short-chains of POSS are not long enough to entangle with PP matrix. Moreover, it seems that wetting of the filler by PP is decreased leading to an improvement of filler dispersion in the polymer matrix (Fig. 9). The combination of these factors (improved dispersion and lubricating effect) may explain the observed decrease in storage modulus. As already mentioned, Kashiwagi et al. [START_REF] Kashiwagi | Relation between the viscoelastic and flammability properties of polymer nanocomposites[END_REF] showed that an increase in viscosity favors the formation of a protective surface layer that insulates the polymer and reduces the mass transfer of volatile gases leading to a decrease in pHRR. In the above mentioned work [START_REF] Batistella | Fire retardancy of ethylene vinyl acetate/ultrafine kaolinite composites[END_REF] it was reported that an increase in melt viscosity by the addition of fillers with different surface area or aspect ratio leads to a decrease in pHRR in EVA composites. This work reported two distinct tendencies: in a first regime, normalized pHRR decreases quickly when normalized elastic modulus increases. From a threshold value (5 for normalized G 0 ) a second regime was observed: normalized pHRR remained almost constant, whatever a further increase of normalized elastic modulus.

These results suggest that the higher the elastic modulus is, the better the fire behavior is (at least up to a threshold value). As reported in the literature [START_REF] Batistella | Fire retardancy of ethylene vinyl acetate/ultrafine kaolinite composites[END_REF][START_REF] Kashiwagi | Relation between the viscoelastic and flammability properties of polymer nanocomposites[END_REF][START_REF] Courtat | Effect of phosphorous-modified silica on the flame retardancy of polypropylene based nanocomposites[END_REF] such an improvement of fire behavior can be assigned to an easier accumulation of the inert additives near the surface then limiting the heat transfer between the flame and the condensed phase. Thus, this accumulation can act as a protective layer. Moreover, an increase of viscosity can slow down the gases transfer between the composite and the flame.

In order to understand the difference of burning behavior between composites containing talc, kaolinite and grafted kaolinite, rheological properties were compared with cone calorimeter results according to the method already reported [START_REF] Batistella | Fire retardancy of ethylene vinyl acetate/ultrafine kaolinite composites[END_REF][START_REF] Kashiwagi | Relation between the viscoelastic and flammability properties of polymer nanocomposites[END_REF][START_REF] Courtat | Effect of phosphorous-modified silica on the flame retardancy of polypropylene based nanocomposites[END_REF]. The differences in terms of pHRR for surface modified kaolinite as compared to untreated kaolinite at different mass concentrations can be seen by comparing the relationship between the normalized storage modulus measured at a low frequency (0.1 rad/s) and the normalized pHRR of the different composites, as shown in Fig. 10. It should be noticed that rheological analyses were performed at 200 C, while the temperature of the condensed phase during the cone calorimeter tests were increased from ambient to polymer pyrolysis temperature (i.e. approximately 450e500 C for PP). Nevertheless we assume that the differences in viscous behavior between composites are qualitatively similar at processing temperature (200 C) and during cone calorimeter test.

As in our previous study, two distinct tendencies could be observed as a function of filler type and surface treatment. When normalized G 0 is higher than 2, normalized pHRR is stable around 0.25, regardless the filler rate. This tendency at high G 0 was called Regime 2. For example, 20 or 30 wt% of kaolinite leads to similar pHRR even if normalized G 0 is very different: 2.2 and 10 respectively. PP composites filled with at least 20 wt% kaolinite or talc are all in the Regime 2.

On the contrary, when normalized G 0 is low, pHRR is relatively high. This is the case for all PP composites filled with modified kaolinite for all loadings. This tendency at low G'value was called Regime 1 as in our previous work [START_REF] Batistella | Fire retardancy of ethylene vinyl acetate/ultrafine kaolinite composites[END_REF]. In this study, a more precise tendency was found: normalized pHRR decreases when normalized G 0 increases. It seems that surface treatment has a negative impact on fire performance of composites allowing bubbling and mass transfer of combustible gases to the flame. This behavior was also observed in recent studies in PS and PMMA nanocomposites [START_REF] Kashiwagi | Relation between the viscoelastic and flammability properties of polymer nanocomposites[END_REF] and in PP/silica composites [START_REF] Courtat | Effect of phosphorous-modified silica on the flame retardancy of polypropylene based nanocomposites[END_REF]. Kashiwagi et al. [START_REF] Kashiwagi | Relation between the viscoelastic and flammability properties of polymer nanocomposites[END_REF] proposed that there exists a threshold viscosity which permits the formation of the protective surface barrier to limit bubbling and mass transfer. Results found in this study supports that hypothesis, i.e. a more rigid composite (i.e. a higher G 0 ) could lead to an improved fire behavior by limiting the bubbling, convection into the condensed phase and pyrolysis gases transfer to the flame. When these phenomena are limited enough (i.e. when elastic modulus becomes higher than a threshold value) the pHRR is stabilized and does not decrease anymore. Moreover, during cone calorimeter test, an intense bubbling was observed for PP/Kaol-POSS composites whereas no bubbling was observed for PP/Kaol composites. Also, the observation of the residues formed with untreated and surface modified kaolinites (Fig. 6 A andB) shows that the cohesion of the residual structure decreases with the surface treatment. The decrease in viscosity may allow a more intense bubbling leading to a smashing of the protective mineral layer. Then the mass transfer to gas phase is amplified, with an increase of pHRR compared to untreated kaolinite. Indeed, in order to have a more effective physical effect, the fillers in the PP composites must form a homogeneous and cohesive layer without cracks.

Conclusions

Kaolinite was modified with trisilanolisooctyl POSS in order to improve its compatibility with PP. Results showed that the surface treatment of kaolinite leads to a better dispersion of the filler in PP. SEM images showed the presence of agglomerates ranging from a few micrometers to 50e60 mm for untreated kaolinite. Surface treatment leads to agglomerates of only a few micrometers. Furthermore, the surface modification led to a lack of interfacial cohesion between filler and polymer, leading to changes in viscosity of composites. When modified kaolinite was used, similar viscosity as pristine PP was observed which could be attributed to a sliding phenomenon between filler and matrix. Compared to talc, untreated kaolinite leads to the same increase in viscosity.

The addition of kaolinite with or without surface treatment leads to an improvement in thermal stability of PP through an increase of the onset and peak temperatures compared to composites filled with talc or neat PP. For all fillers, cone calorimeter results showed a reduction in pHRR mainly due to the formation of a protective barrier layer that insulates material and protects the non-degraded polymer. Furthermore, differences in bubbling were observed for composites. When unmodified kaolinite and talc were used, no bubbling was observed and a surface protective layer was formed before ignition whereas for composites filled with kaolinite treated with POSS, an intense bubbling was observed. Talc particles form a more efficient surface protective layer that insulates the degrading polymer and protects it against heat. This behavior was confirmed by thermal analysis of different sections of cone calorimeter residues: in the edge of samples, the polymer was protected against heat and in the center no polymer was found after cone calorimeter test.

Finally, a decrease in pHRR was observed with the increase of relative storage modulus up to a threshold value. Rheological measurements showed that the composite viscosity has a major effect in the pHRR reduction, at least up to a certain value of storage modulus. Above this threshold, pHRR decreases quickly when fillers are incorporated into PP because the increase in elasticity limits bubbling and mass transfer from pyrolysis front to the flame. Below this threshold, pHRR remains constant and independent on the further increase in elasticity. These results confirmed previous works which pointed out that a high viscosity could limit the pyrolysis gases transfer to the gas phase.
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 87 Fig. 7. TGA results of cone calorimeter residues of PP/Kaol and PP/TA composites at 30 wt%.

Fig. 8 .

 8 Fig. 8. Rheological behavior of PP composites for 30 wt% of mineral fillers.
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 9 Fig. 9. Representative SEM images of PP/Kaol-30 (A), PP/Kaol-POSS-30 (B) and PP/TA-30 (C) composites.

Fig. 10 .

 10 Fig. 10. Comparison of normalized G 0 vs. normalized PHRR.

Table 1

 1 Characteristics of fillers.

		Commercial designation	Median diameter (mm)	Specific surface area (m 2 /g)
	Kaolinite	Paralux	0.9	12
	Talc	Jetfine 0.7C	0.7	19

Table 2

 2 Formulations used in this study (wt%).

Table 3

 3 TGA results of PP composites under N 2 at 10 C/min.

		Onset temperature ( C)	Peak temperature ( C)	Residue at 800 C (%)
	PP 505P	347	438	e
	PP/Kaol-10	396	458	8.4
	PP/Kaol-20		462	16.7
	PP/Kaol-30	400	456	26
	PP/Kaol-POSS-10	405	448	7.8
	PP/Kaol-POSS-20	410	455	15.2
	PP/Kaol-POSS-30	420	461	23.7
	PP/TA-10	380	453	9.4
	PP/TA-20	389	445	18.8
	PP/TA-30	390	438	27.8

Table 4

 4 Cone

	PP 505P	1000 ± 98	44 ± 3	145	37	0	0
	PP/Kaol-10	634 ± 28	35 ± 3	144	36	9.8	8.6
	PP/Kaol-20	396 ± 20	38 ± 2	136	36	20.9	17.2
	PP/Kaol-30	348 ± 22	41 ± 2	126	35	29.4	25
	PP/Kaol-POSS-10	850 ± 32	35 ± 1	140	34	7	8
	PP/Kaol-POSS-20	650 ± 28	38 ± 2	141	34	15.8	16
	PP/Kaol-POSS-30	430 ± 22	50 ± 5	137	36	23	24
	PP/TA-10	377 ± 28	49 ± 4	128	35	19	9.6
	PP/TA-20	341 ± 20	56 ± 3	118	34	28	19.6
	PP/TA-30	295 ± 12	50 ± 3	112	33	39	28.6

calorimeter results for PP/Kaolinite and PP/Kaol-POSS composites. PHRR (kW/m 2 ) TTI (s) THR (MJ/m 2 ) EHC (kJ/g) Experimental mass residue (%) Theoretical mass residue a (%)