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Abstract: A polysilicone flame retardant (PA) was synthesized and covalently grafted onto the
surface of carbon nanotubes (CNTs) via amide linkages to obtain modified CNTs (CNTs-PA). The
grafting reaction was characterized by Fourier transform infrared (FTIR) spectroscopy, X-ray pho-
toelectron spectrometer (XPS), Transmission electron microscopy (TEM) and Thermogravimetric
analysis (TGA), and the resultant CNTs-PA was soluble and stable in polar solvents Chloroform.
Thiol-ene (TE)/CNTs-PA nanocomposites were prepared via Ultraviolet curing. The flame retar-
dancy of thiol-ene nanocomposites was improved, especially for the heat release rate. Moreover, the
results from Scanning electron microscopy (SEM) and Dynamic mechanical thermal analysis (DMTA)
showed that the CNTs-PA improved the dispersion of CNTs in thiol-ene and enhanced the interfacial
interaction between CNTs-PA and thiol-ene matrix.
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1. Introduction

Thiol-ene (TE) polymerization systems have been widely used in recent years for
their rapid polymerization, low volume shrinkage, overall uniformity and insensitivity
to oxygen inhibition as compared to traditional photopolymerized networks [1–4]. How-
ever, it demands to develop flame retardant systems to reduce the fire hazards in some
applications since the Ultraviolet (UV) cured thiol-ene products are generally flammable.
Flame retardant polymers can be prepared by the addition of flame retardant additives
to the polymer or by attaching flame retardant compounds to the polymer with chemical
bonds [5,6].

Carbon nanotubes (CNTs) have attracted great interest among researchers in both
academia and industry, due to their unique structural, mechanical, electronic, and thermal
properties [7–10]. Particularly, CNTs have been used as a candidate of flame retardant
additive in polymer matrix composites. Kashiwagi et al. [11,12] reported the systematic
study on the flammability of polymer/CNTs composites, and significant reduction in
heat release rate (HRR) was observed after CNTs were incorporated into poly (methyl
methacrylate) and polypropylene at a very low loading. However, the insolubility and the
aggregation of CNTs in polymer matrix have severely limited their applications [13–16]. To
solve these problems, various organic, inorganic, and organometallic structures have been
used for functionalizing CNTs. Among them, the long chains of flame-retardant polymer
were gaining particular interest [17–22].

Moreover, the addition of conventional flame retardants at present is at more than
10 wt%, and for some flame retardants the concentration is as high as 40 wt%. Higher con-
centrations of flame retardants not only adversely affect the material properties (especially
the mechanical properties), but also, they are not conducive to the recycling of polymers.
For example, halogen flame retardants and phosphorus flame retardants are toxic and
harmful having many adverse effects on the environment. The carbon nanotube flame
retardant has very good flame retardant effect at a low concentration (2 wt%). Further, what
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is more, it is environment-friendly, non-polluting, and at the end of life can be recycled
many times.

In this work, carbon nanotubes (CNTs) were grafted with polysilicone (PA), and
the FTIR, XPS, TEM and TGA were used to characterize the structure of modified CNTs.
It is anticipated that the covalent graft of PA onto CNTs can improve the compatibility
and dispersion of CNTs in TE matrix, and accordingly promote the flame retardancy of
TE/CNTs nanocomposites.

2. Materials and Methods
2.1. Materials

Concentrated sulphuric acid (H2SO4, 98%), nitric acid (HNO3, 65–70%), pyridine
(99.5%), phenyltriethoxysilane (PTES), tetramethylammonium hydroxide (TMAOH), N,N-
dimethylformamide (DMF, 99%) and tetrahydrofuran (THF) were all purchased from Alfa
Aesar Chemical Reagent Co., Ltd. (Tewksbury, MA, USA). Chloroform (CHCl3) and thionyl
chloride (SOCl2) were supplied by Fisher Scientific Chemical Co. (Waltham, MA, USA).
CNTs (outer diameter 10–20 nm, inner diameter 5–10 nm, length 10–30 µm) synthesized
by chemical vapor deposition were purchased from Chengdu Organic Chemistry Co.
Ltd., Chinese Academy of Science (Chengdu, Sichuan, China). Ethyl alcohol (EtOH), (3-
aminopropyl)triethoxysilane (APTES), pentaerythritol allyl ether (TAE) and 2,2-dimethoxy-
2-phenylacetophenone (DMPA) were obtained from Sigma-Aldrich Co. Ltd. (St. Louis, MO,
USA). Trimethylolpropane tris(3-mercaptopropionate) (3T) was purchased from Bruno
Bock Chemische Fabrik Gmblt & Co. (Marschacht, Germany) and used as received.

2.2. Synthesis of Polysilicone (PA)

Distilled water (25 mL), EtOH (75 mL) and TMAOH (1 mL) were mixed in a 250 mL
flask under stirring (Scheme 1). The mixture of PTES and APTES at 95:5 molar ratios
was added into the above solution, maintaining 10% weight percentage. The stirring was
stopped after 8 h, and the solution was aged at room temperature overnight. Precipitated
condensate was collected by decantation of most clear supernatant, washed by vacuum
filtration with distilled H2O/EtOH (1/3 by volume), and then washed again in pure EtOH.
The rinsed polysilicone powder (PA) was dried thoroughly under vacuum for 20 h at room
temperature [23].
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Scheme 1. Synthesis route of PA.

2.3. Functionalization of CNTs

The CNTs-COCl was synthesized as follows (Scheme 2): The mixture of CNTs, HNO3
(30 mL) and H2SO4 (90 mL) was sonicated at 50 ◦C for 2 h. After termination of reaction,
it was allowed to cool down to room temperature. The mixture was diluted with a large
amount of deionized water, followed by a vacuum-filtering through a nylon film (0.22 µm,
Sangon Biotech (Shanghai) Co., Ltd., Shanghai, China). The obtained solid CNTs-COOH, in
which polar carboxyl groups were introduced into the convex surface of CNTs, was washed
with deionize water until the aqueous layer reached neutral, and then was vacuum-dried
at 80 ◦C for 12 h. The reaction mixture of CNTs-COOH (200 mg), SOCl2 (20 mL) and DMF
(1 mL) was sonicated at 50 ◦C for 1 h, and then refluxed at 70 ◦C for 24 h. After that, the
temperature was risen to 120 ◦C and CNTs-COCl was obtained after residual SOCl2 was
removed by the reduced pressure distillation.
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The CNTs-PA was synthesized as follows: PA (400 mg) and pyridine (1 mL, as cat.)
were added into the suspension of CNTs-COCl (100 mg) and DMF (50 mL) under the
protection of nitrogen, and the mixture was reacted at 70 ◦C for 24 h. After cooling to
room temperature, the dark solution was filtered and washed to remove unreacted PA. The
target product CNTs-PA after vacuum-dryness at 80 ◦C for 24 h was obtained.

2.4. Preparation of Thiol-Ene Nanocomposites

Briefly, the TE/CNTs-PA nanocomposites were prepared as follows (Scheme 3): Pho-
toinitiator (DMPA, 1 wt%) was dissolved in thiol (3T) and mixture sonicated for 30 min.
Then, TAE (1:1, equivalent ratio to thiol), CNTs-PA (2 wt%) were added into mixture and
new slurry was mixed well using glass rod (~ 1 min). After further mixing and removal of
bubbles using a sonicator (30 min), homogenous mixtures were drawn down onto glass
substrates using drawndown bar. Films were cured using 10 passes under a Fusion UV
Curing Line system using a D bulb (400 W/cm2 with belt speed of 3 m/min and 3.1 W/cm2

irradiance). For comparison, pure TE and 2 wt% CNTs/TE (TE/CNTs) nanocomposites
were also prepared at same processing condition.
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2.5. Characterization and Measurement

FTIR spectra of the dried samples were recorded using a Broker Equinox-55 IR spec-
trometer (Digilab Inc., Hopkinton, MA, USA) at a resolution of 2 cm−1 with 20 scans. The
samples were mixed with potassium bromide and pressed to a disc, which was used to
measure. X-ray photoelectron spectroscopy (XPS) was carried out in a Thermo Scientific
ESCALAB 250Xi X-ray photoelectron spectrometer (Thermo Fisher Scientific Inc., Waltham,
MA, USA) equipped with a mono-chromatic Al Kα X-ray source (1486.6 eV). The surface
morphology of carbon nanotubes was observed by JEOL JEM-2100F (TEM, JEOL Ltd.,
Akishima-shi, Tokyo, Japan) transmission electron microscopy (TEM). Cone calorimeter
measurement was performed on an FTT cone calorimeter (Fire Testing Technology Ltd.,
East Grinstead, West Sussex, UK) according to ASTM E1354 with heat flux of 50 kW/m2.
The dimensions of each specimen were 100 × 100 × 3 mm3. Thermogravimetric analysis
(TGA) measurement was carried on a TA instrument Q5000 (TA Instrument Corp., New
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Castle, DE, USA) thermogravimetric analyzer. The sample (about 10 mg) was heated from
50 ◦C to 700 ◦C at a 10 ◦C/min heating ramp rate in nitrogen atmosphere. The samples
were coated with a conductive gold layer and examined by scanning electron microscopy
(SEM) using FEI Quanta 200 environmental (FEI company, Hillsboro, OR, USA) scanning
electron microscope. Dynamic mechanical thermal analysis (DMTA) was determined using
a Rheometric Scientific SR-5000 (Rheometric Scientific Inc., West Yorkshire, UK) dynamic
mechanical analyzer and the data were collected from −40 ◦C to 20 ◦C at a scanning
rate of 5 ◦C/min. The tensile strength and elongation at break were measured at room
temperature by a universal testing machine (DXLL-20000) (Shanghai Dejie Instrument Inc.,
Shanghai, China) with a crosshead speed of 5 mm/min. For each sample, five specimens
were measured.

3. Resultsand Discussion
3.1. Structural Characterization

In this study, CNTs-PA was synthesized by the chemical reaction between acyl chloride
group from CNTs and amino group from PA. The successful synthesis of the target product
CNTs-PA was confirmed by the solubility, FT-IR, XPS, TEM and TGA measurements.
Dispersion of pristine CNTs into organic solvent was very difficult, even after the sample
has been subjected to ultrasonication. However, the functionalized CNTs usually show a
much higher solubility or better dispersion in solvents. As shown in Figure 1, it is clear
that CNTs is insoluble in CHCl3, and there was much sedimentation of nanotubes at the
bottom of a small bottle. For comparison, the CNTs-PA is soluble in CHCl3 and forming
a stable black solution even after 1 month. This indicates that CNTs-PA possess a higher
degree of miscibility than CNTs due to the presence of PA functional groups on the surface,
as already proved above.
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As shown in Scheme 2, PA is grafted on the surface of CNTs.FTIR spectra can be used to
reveal the reaction between CNTs and PA. Figure 2 shows the FTIR spectra of pristine CNTs,
PA and CNTs-PA. Comparing with CNTs and PA, the strong peak at 1657 cm−1 in CNTs-PA
curve was observed and corresponded to the stretching vibration of the C=O group. The
signal of symmetrical Si–O–Si bonds in the PA shown in the CNTs-PA was characterized
by the stretching bands at 1107 cm−1. Moreover, the successful functionalization of PA on
the surface of CNTs provide new asymmetric stretching and symmetric stretching of –CH2–
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at 2938 and 2889 cm−1 to the CNTs-PA spectra, where there is also a weak C–N stretching
at 1385 cm−1. These FTIR results verify the existence of PA molecules grafted to the CNTs
through the amide bonds.
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XPS analysis was utilized to determine the chemical composition of the CNTs function-
alized by PA. Figure 3 showed XPS survey spectra of CNTs and CNTs-PA, and the binding
energies of the elements are summarized in Table 1. It can be obtained that CNTs exhibited
C1s and O1s peaks at 285 and 532 eV, respectively, and the pristine CNTs is composed of
carbon atoms (96.25%) and some oxygen atoms (3.75%). For comparison, there are C, O, Si,
and N atoms on the surface of CNTs-PA and the intensity of the O1s peak of CNTs-PA is
higher than that of CNTs. The atomic percentage of the silicon is 1.08% and the nitrogen
is 0.59% in CNTs-PA. The above XPS survey spectra further supported the results from
solubility measurement and infrared spectra.
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Table 1. Element composition of CNTs and CNTs-PA.

Element (At.%) CNTs CNTs-PA

C 96.25 93.65
O 3.75 4.68
Si - 1.08
N - 0.59

In order to obtain the morphology of evidence, the comparison for the microstructures
of CNTs and CNTs-PA was presented in Figure 4. Figure 4a displays a typical TEM image
of CNTs, showing very smooth and clear surface without any extra phase adhering to them.
However, the CNTs-PA shown in Figure 4b appears stained with an extra phase that is
presumed to mainly come from the grafted PA molecules. Furthermore, the increase of
tube diameters is discerned from CNTs-PMDA in Figure 4b. This indicates that PA has
been successfully grafted to the surface of CNTs.
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TGA measurement provides further evidence for the polysilicone functionalization
of CNTs.The thermal stability of pristine CNTs, PA and CNTs-PA was studied by TGA
under N2 atmosphere, as shown in Figure 5. It can be obtained that the pristine CNTs
hardly decomposes and about 96.78 wt% residues are left at 700 ◦C. In contrast, the CNTs-
PA is less thermally stable, and the amount of the CNTs residues is about 88.17 wt% at
700 ◦C. Moreover, the relative amount of grafted PA onto CNTs can be estimated by the
TGA analysis. The differences in the weight loss between CNTs, PA and CNTs-PA at
700 ◦C exhibit that the content of covalently grafted PA is 29.4 wt%.This result is consistent
with the carbon tube micrographs obtained from TEM measurement, indicating that the
morphology of carbon tube has changed after grafting reaction.

3.2. Flame Retardancy

The experimental results of cone calorimeter at a flux of 50 kW/m2 are presented
in Figure 6. The heat release rate (HRR) is a very important parameter and can be used
to express the intensity of a fire. A highly flame-retardant system normally shows a low
HRR value. It can be found that the peak of heat release rate (PHRR) for the pure TE
reaches a value of 2030.1 kW/m2, and which presents very sharp HRR curve. As is clearly
evident, the incorporation of pristine CNTs considerably reduced the PHRR of TE (around
17.5% reduction). Further reduction of PHRR from 2030.1 kW/m2 to 1432.1 kW/m2 is
observed for CNTs-PA with TE, which is reduced by 29.5%. Meanwhile, compared with
the TE/CNTs, the total heat release (THR) value of TE/CNTs-PA is decreased by 4.4%,
as shown in Figure 6. The decrease of HRR and THR indicates that the incorporation of
CNTs-PA into composites can restrict the fire development.
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3.3. Dispersionand Mechanical Properties

For evaluation of the dispersion of CNTs in polymer matrix, the SEM images of the
fracture surface of TE nanocomposites were shown in Figure 7. It could be seen that
the pristine CNTs had some aggregation in the TE matrix (Figure 7a), which was due to
the poor compatibility between CNTs and TE matrix. However, after grafted with PA,
CNTs-PA dispersed in the TE matrix homogeneously and no obvious aggregation was
observed in Figure 7b. Thus, the surface modification was an effective method to prevent
the agglomeration of CNTs in polymer matrix.
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The dynamic storage modulus (E’) and the loss tangent (tan δ) versus the temperature
of TE nanocomposites was presented in Figure 8. It can be seen that the incorporation of
CNTs decreases the E’ of the nanocomposites slightly (Figure 8a). However, after function-
alization of CNTs with PA, the E’ of the TE/CNTs-PA nanocomposites increase dramatically
to 51.3 MPa at −20 ◦C, which is 35.7% larger than the E’ of TE/CNTs. This rapid rise occurs
because CNTs-PA are more dispersed and had stronger interfacial adhesion with the TE
matrix than the CNTs. Moreover, as shown in Figure 8b, the glass transition temperature
(Tg) of the TE/CNTs and TE/CNTs-PA nanocomposites decreased slightly compared with
that of pure TE. It is well known that in polymer matrix composites, the Tg of the polymer
matrix depends on the free volume of the polymer, which is related to the affinity between
the filler and the polymer matrix. The incorporation of CNTs may interfere with the inter-
action of the TE polymer chains in composites, leading to a large free volume beyond that
of the TE matrix, and also resulting in the lower Tg of TE/CNTs composites [20,24].
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Therefore, the results from SEM images and DMTA revealed that the PA grafting
significantly improves the dispersion of CNTs in the TE matrix.

Figure 9 shows the mechanical properties of TE nanocomposites. It can be seen that
the tensile strength and elongation at break of pure TE were 37 MPa and 95%, respectively.
After adding carbon nanotubes, the tensile strength and elongation at break of TE were
increased to 41 MPa and 108%, respectively, which were higher than those of pure TE.
Furthermore, the mechanical properties of TE nanocomposite were further improved by
the addition of CNTs-PA. Compared with pure TE, the tensile strength and elongation at
break of TE/CNTs-PA were increased by 48.6% and 41.1%, respectively. The results showed
that the improvement of mechanical properties of TE nanocomposite by carbon nanotubes
is closely related to the compatibility and dispersion of carbon tubes in polymer matrix,
and CNTs-PA can effectively improve the mechanical properties of TE nanocomposite.
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4. Conclusions

In this work, a facile and efficient method was used to functionalize carbon nanotubes
(CNTs) with a polysilicone flame retardant (PA) via amide linkages. The results from
FTIR, XPS, TEM and TGA showed that PA has been covalently grafted onto the surface of
CNTs, and the resultant CNTs-PA was soluble and stable in polar solvents CHCl3. With the
incorporation of CNTs-PA in thiol-ene (TE), a significant improvement in flame retardancy
of TE nanocomposites was achieved and the reduction of PHRR from 2030.1 kW/m2 to
1432.1 kW/m2 was observed for CNTs-PA with TE. Moreover, the results from SEM and
DMTA revealed that the functionalization of CNTs with PA improved the dispersion of
CNTs in TE and the interfacial interaction between CNTs-PA and TE matrix was simultane-
ously enhanced. Furthermore, compared with pure TE, the tensile strength and elongation
at break of TE/CNTs-PA were increased by 48.6% and 41.1%, respectively.

Funding: This research was funded by the Ningbo Natural Science Foundation (2019A610032),
National Undergraduate Training Program for Innovation and Entrepreneurship (201811058002)
andChongben Foundation. This work was also supported by theOpen Fund of Shanghai Key
Laboratory of Multiphase Materials Chemical Engineering.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Acknowledgments: We gratefully acknowledge the financial support of the above funds and the
researchers of all reports cited in our paper.



Polymers 2021, 13, 3308 10 of 10

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Goetz, J.; Kwisnek, L.; Nazarenko, S. From gas barriers to high gas flux membranes: UV-cured thiol-ene networks for transport

applications. Radtech. Rep. 2014, 4, 27–32.
2. Lee, J.; Lee, Y.; Park, S.; Ha, K. Preparation and properties of thiol-ene UV cured nanocomposites with methacrylate-grafted

cellulose nanocrystals as fillers. Polym. Korea 2019, 43, 612–620. [CrossRef]
3. Wu, F.; Bao, X.; Xu, H.; Kong, D.; Wang, J. Functionalization of graphene oxide with polysilicone: Synthesis, characterization and

fire retardancy in thiol-ene systems. J. Macromolec. Sci. B 2021, 60, 339–349. [CrossRef]
4. Clark, T.; Kwisnek, L.; Hoyle, C.; Nazarenko, S. Photopolymerization of thiol-ene systems based on oligomeric thiols. J. Polym.

Sci. Polym. Chem. 2009, 47, 14–24. [CrossRef]
5. Bastürk, E.; Oktay, B.; Kahraman, M.; Apohan, N. UV cured thiol-ene flame retardant hybrid coatings. Prog. Org. Coat. 2013, 76,

936–943. [CrossRef]
6. Akmak, E.; Mülazim, Y.; Kahraman, M.; Apohan, N. Preparation and characterization of boron containing thiol-ene photocured

hybrid coatings. Prog. Org. Coat. 2012, 75, 28–32.
7. De Volder, M.; Tawfick, S.; Baughman, R. Carbon nanotubes: Present and future commercial applications. Science 2013, 339,

535–539. [CrossRef] [PubMed]
8. Yin, S.; Lu, W.; Wu, R.; Fan, W.; Guo, C.; Chen, G. Poly(3,4-ethylenedioxythiophene)/Te/single-walled carbon nanotube

composites with high thermoelectric performance promoted by electropolymerization. ACS Appl. Mater. Interfaces 2020, 12,
3547–3553. [CrossRef]

9. Wang, Z.; Yuan, L.; Shao, Q.; Huang, F.; Huang, Y. Mn3O4 nanocrystals anchored on multi-walled carbon nanotubes as
high-performance anode materials for lithium-ion batteries. Mater. Lett. 2012, 80, 110–113. [CrossRef]

10. Wang, S.; Xin, F.; Chen, Y.; Qian, L.; Chen, Y. Phosphorus-nitrogen containing polymer wrapped carbon nanotubes and their
flame-retardant effect on epoxy resin. Polym. Degrad. Stab. 2016, 129, 133–141. [CrossRef]

11. Kashiwagi, T.; Gruke, E.; Hilding, J.; Groth, K.; Harris, R.; Awad, W.; Douglas, J. Thermal degradation and flammability properties
of poly(propylene)/carbon nanotube composites. Macromol. Rapid. Commun. 2002, 23, 761–765. [CrossRef]

12. Kashiwagi, T.; Du, F.; Douglas, J.; Winey, K.; Harris, R.; Shields, J. Nanoparticle networks reduce the flammability of polymer
nanocomposites. Nat. Mater. 2005, 4, 928–933. [CrossRef] [PubMed]

13. Ma, P.; Siddiqui, N.; Marom, G.; Kim, J. Dispersion and functionalization of carbon nanotubes for polymer-based nanocomposites:
A review. Compos. Part A 2010, 41, 1345–1367. [CrossRef]

14. Wang, G.; Qu, Z.; Liu, L.; Shi, Q.; Guo, H. Study of SMA graft modified MWNT/PVC composite materials. Mater. Sci. Eng.
A-Struct. 2008, 472, 136–139. [CrossRef]

15. Qu, Z.; Wang, G. Effective chemical oxidation on the structure of multiwalled carbon nanotubes. J. Nanosci. Nanotechnol. 2012, 12,
105–111. [PubMed]

16. Shen, Z.; Bateman, S.; Wu, D.; McMahon, P.; Dell’Olio, M.; Gotama, J. The effects of carbon nanotubes on mechanical and thermal
properties of woven glass fibre reinforced polyamide-6 nanocomposites. Compos. Sci. Technol. 2009, 69, 239–244. [CrossRef]

17. Ma, H.; Tong, L.; Xu, Z.; Fang, Z. Functionalizing carbon nanotubes by grafting on intumescent flame retardant: Nanocomposite
synthesis, morphology, rheology, and flammability. Adv. Funct. Mater. 2008, 18, 414–421. [CrossRef]

18. Song, P.; Shen, Y.; Du, B.; Guo, Z.; Fang, Z. Fabrication of fullerene-decorated carbon nanotubes and their application in
flame-retarding polypropylene. Nanoscale 2009, 1, 118–121. [CrossRef]

19. Du, B.; Fang, Z. The preparation of layered double hydroxide wrapped carbon nanotubes and their application as a flame
retardant for polypropylene. Nanotechnology 2010, 21, 315603–315608. [CrossRef]

20. Liu, H.; Wang, X.; Fang, P. Functionalization of multi-walled carbon nanotubes grafted with self-generated functional groups and
their polyamide 6 composites. Carbon 2010, 48, 721–729. [CrossRef]

21. Yu, H.; Liu, J.; Wen, X.; Jiang, Z.; Wang, Y.; Wang, L.; Zheng, J.; Fu, S.; Tang, T. Charing polymer wrapped carbon nanotubes
for simultaneously improving the flame retardancy and mechanical properties of epoxy resin. Polymer 2011, 52, 4891–4898.
[CrossRef]

22. Muleja, A.; Mbianda, X.; Krause, R. Synthesis, characterization and thermal decomposition behaviour of triphenylphosphine-
linked multiwalled carbon nanotubes. Carbon 2012, 50, 2741–2751. [CrossRef]

23. Liu, S.; Lang, X.; Ye, H.; Zhang, S.; Zhao, J. Preparation and characterization of copolymerized aminopropyl/phenylsilsesquioxane
microparticles. Eur. Polym. J. 2005, 41, 996–1001. [CrossRef]

24. Meng, H.; Sui, G.; Fang, P.; Yang, R. Effects of acid- and diamine modified MWNTs on the mechanical properties and crystallization
behavior of polyamide 6. Polymer 2008, 49, 610–620. [CrossRef]

http://doi.org/10.7317/pk.2019.43.4.612
http://doi.org/10.1080/00222348.2020.1852689
http://doi.org/10.1002/pola.23089
http://doi.org/10.1016/j.porgcoat.2012.10.012
http://doi.org/10.1126/science.1222453
http://www.ncbi.nlm.nih.gov/pubmed/23372006
http://doi.org/10.1021/acsami.9b17947
http://doi.org/10.1016/j.matlet.2012.04.056
http://doi.org/10.1016/j.polymdegradstab.2016.04.011
http://doi.org/10.1002/1521-3927(20020901)23:13&lt;761::AID-MARC761&gt;3.0.CO;2-K
http://doi.org/10.1038/nmat1502
http://www.ncbi.nlm.nih.gov/pubmed/16267575
http://doi.org/10.1016/j.compositesa.2010.07.003
http://doi.org/10.1016/j.msea.2007.03.017
http://www.ncbi.nlm.nih.gov/pubmed/22523952
http://doi.org/10.1016/j.compscitech.2008.10.017
http://doi.org/10.1002/adfm.200700677
http://doi.org/10.1039/b9nr00026g
http://doi.org/10.1088/0957-4484/21/31/315603
http://doi.org/10.1016/j.carbon.2009.10.018
http://doi.org/10.1016/j.polymer.2011.08.013
http://doi.org/10.1016/j.carbon.2012.02.033
http://doi.org/10.1016/j.eurpolymj.2004.11.027
http://doi.org/10.1016/j.polymer.2007.12.001

	Introduction 
	Materials and Methods 
	Materials 
	Synthesis of Polysilicone (PA) 
	Functionalization of CNTs 
	Preparation of Thiol-Ene Nanocomposites 
	Characterization and Measurement 

	Resultsand Discussion 
	Structural Characterization 
	Flame Retardancy 
	Dispersionand Mechanical Properties 

	Conclusions 
	References

