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S1. Rubber Characterization

The FTIR spectrum of the recycled rubber sample is presented in Figure Sla. By
analyzing the results, it is most likely that the recycled rubber is composed by a mixture
of different polymeric basis, such as Natural Rubber (NR) and Styrene-Butadiene Rubber
(SBR). The spectrum shows different bands that can be attributed to: (1) stretching of N-
H (Protein of NR); (2) stretching of C-H groups from the C=C-H structural unit; (3)
asymmetric stretching of -CHs; (4) and (5) symmetric stretching of CH2 and CHs groups
in natural rubber (NR); (6) amide I: stretching of C=O of the structural group Ri-(C=0)-
NH-R; (7) amide II: in plane bending of N-H and stretching of C-N; (8) deformation of -
CHz- and rocking of -CHs; (9) asymmetric deformation of -CHs; (10) symmetric stretching
of C-O-C and twisting of -CHz-; (11) symmetric C-S-C group stretching vibrations in the
two C-S bonds; (12) 1,4 trans-butadiene units; (13) 1,2 butadiene units; (14) and (15) out of
plane bending vibration of aromatic C=C-H and C=C groups of polystyrene in SBR; and/or
(15) monosulphide bonds [1-5]. The bands numbered as 1, 6, and 7 are attributed to non-
isoprene compounds of NR, with the (6) -amide I and (7) -amide II bands being linked to
the protein content of NR [2].
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Figure S1. (a) FTIR spectrum and (b) TGA of pristine rubber.

The analysis of chemical characterizations, FTIR (Figure Sla) and elemental analysis
(Table S1), of the recycled rubber allowed the confirmation of the presence of sulfur in the
rubber in a non-negligible amount, which indicates that the rubber suffered a
vulcanization process, as expected, resulting in a very stable material.

Materials 2022, 15, 7897. https://doi.org/10.3390/ma15227897

www.mdpi.com/journal/materials



Materials 2022, 15, 7897 2 of 6
Table S1. Elemental analysis of pristine rubber.
Sample %C (W/w) %N (w/w) %H (w/w) %S (W/w)
Rubber 83.230 £ 0.736 0.582 + 0.024 8.062 + 0.109 1.160 + 0.083

Thermal characterizations were also performed in the recycled rubber. From the
results of TGA, it was possible to observe that the rubber has a good thermal stability,
Figure S1b. Until 250 °C, only a weight loss of 4.3% was detected, and is probably the
thermal degradation of remaining plasticizer portions. Two other decompositions can be
observed, which agree with the results of FTIR, as they suggest a combination of NR and
SBR. The first decomposition has an onset temperature of 346 °C, and a total weight loss
of 31.3%, which is probably the degradation of the natural rubber. The second
decomposition starts at around 400 °C and presents an onset temperature of 423 °C and
weight loss of 30.8%. This second stage can be the thermal degradation of the SBR portion
of the recycled tire rubber.

The thermal conductivity of the granular rubber packed bed (<0.8 mm of granules
size) was also assessed, and a result of 91.09 + 0.13 mW.m1.K-! (Hot Disk) was obtained.
This value is quite high, especially if compared with the ones usually obtained for
insulation materials, such as mineral wool (~34-45 mW.m1.K™), glass wool (~31-43
mW.m.K™), and expanded polystyrene (EPS) (~29-55 mW.m™.K™") [6], so the amount of
rubber used in the composites should be limited in order to control the increase of the
composites’ thermal conductivity.

S2. Fibers’” Characterization
52.1. Recycled Tire Textile Fiber

FTIR analysis was also performed in the recycled tire textile fiber, and the spectrum
is presented in Figure S2a. The spectrum shows different bands that can be attributed to:
(1) hydroxyl groups; (2) stretching vibration of hydrogen bonds in amide II and/or -NH-
stretching; (3) and (4) aliphatic C-H stretching; (5) stretching of C=O of carboxylic acid
group; (6) bending vibrations in hydrogen bonds of amide in mode I and/or -C=O
stretching; (7) bending vibrations in hydrogen bonds of amide in mode II and/or
combined N-H deformation and C-N stretching vibration modes; (8) -CHz- scissors
vibration; (9) -CHz- scissors vibration and/or para-substituted benzene ring; (10) -CHs
group deformation; (11) -CH2 wagging; (12) (C=0)-C stretching of ester group; (13) and
(14) O—CH®: stretching; (15) Para-substituted benzene ring; (16) trans O-CHo: stretching;
(17) para-substituted benzene ring and/or out of plane vibration of aromatic C-H; (18)
trans CHz rocking; (19) C=O + CCO bending and/or vibrations of adjacent two aromatic H
in p-substituted compounds; (20) interaction of polar ester groups and benzene rings
and/or bending of aromatic C-C ; (21) and (22) are assigned to the torsion in hydrogen
bonds of the mode I and mode II of amide, respectively [7-13].

After analysis of the FTIR results, it was possible to confirm the presence of two main
types of fibers: (1) a polyester fiber—poly(ethylene terephthalate) (PET) fiber, and (2) a
polyamide fiber —nylon 6,6. The bands associated with the polyester fibers in the FTIR
spectra are 1, 3, 5, 9, 11-20, while for the polyamide, the bands are 2, 4, 6-10; 21, 22. These
findings are in agreement with the literature, as PET and nylon 6,6 are the most commonly
used polymers in tires [14-16]. However, other fibers such as glass or rayon can also be
present in the textile fiber used, but in lower amounts than the ones detected by FTIR
analysis.
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Figure S2. (a) FTIR spectrum and (b) TGA of recycled tire textile fibers.

The TGA analysis (Figure S2b) of the recycled tire textile fibers also indicates a
mixture of textile fibers, as detected in FTIR, as a two-step process was observed.
However, for both fibers found in the chemical characterization (PET and Nylon 6,6),
higher onset temperatures were expected (around 400 °C [12,13,17-19]). The first
degradation step consisted in a weight loss of 11.4% with an onset temperature of 324.3
°C, and the second step showed a weight loss of 66 % and onset temperature of 377 °C,
with a maximum slope at 417 °C. It is possible that the first degradation step is related to
the other fibers present in the mixture, such as rayon fiber, that presents a thermal
degradation temperature between 250 °C and 350 °C [20], while the second step is
attributed to the degradation of both polyester and polyamide fibers.

The thermal conductivity of this fiber mat is 67.50 + 0.14 mW.m1.K-! (Hot Disk). This
result is lower than the one obtained for the rubber (91.09 + 0.13 mW.m™.K™"), but it is still
higher than common materials used for thermal insulation, as previously described.

52.2. Polyester Fiber Blanket

The polyester fiber blanket was also submitted to FTIR analysis, and the spectrum is
presented in Figure S3a. The spectrum shows different bands that can be attributed to: (1)
hydroxyl groups; (2) aromatic C-H stretching; (3) and (4) aliphatic C-H stretching; (5)
stretching of C=O of carboxylic group; (6) and (7) interplane skeletal vibrations of the
aromatic ring; (8) CH: bending; (9) para-substituted benzene ring and/or in plane
deformation of aromatic C-H and/or stretching of aromatic C-C; (10) CHz wagging; (11)
(C=0)-C stretching of ester group; (12) para-substituted benzene ring and/or or in plane
bending of aromatic C-H; (13) and (14) O—CHp: stretching; (15) para-substituted benzene
ring; (16) trans O—CH: stretching; (17) para-substituted benzene ring and/or out of plane
vibration of aromatic C-H; (18) trans CH: rocking; (19) C=O + CCO bending and/or
vibrations of adjacent two aromatic H in p-substituted compounds; (20) interaction of
polar ester groups and benzene rings and/or bending of aromatic C-C [7-10]. After
analysis of the FTIR results, it was confirmed that the polyester fiber used in this work is
a poly(ethylene terephthalate) (PET) fiber.
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Figure S3. (a) FTIR spectrum and (b) TGA of polyester fiber blanket.

The thermal stability of the polyester fibers was investigated using TGA measure-
ment, Figure S3b. The TGA data showed an onset temperature of 406 °C, and total weight
loss of 77.5%, which is in agreement with the literature data for PET samples [17-19]. The
thermal conductivity of the PET mat was also assessed, with a value of 33.90 + 0.05
mW.m1.K-1 (Hot Disk). This result is much lower than the ones obtained for the rubber
and the recycled tire rubber, however, it is still higher than the very low thermal conduc-
tivities of silica aerogels, that are typically in the order of 15 mW.m".K-%, at ambient tem-
perature, pressure and relative humidity [6].

52.3. Silica Fiber Felt

The silica fiber felt was also analyzed by FTIR, and the spectrum is presented in Fig-
ure S4a. The spectrum of this inorganic fiber shows different bands that can be attributed
to: (1) silanol groups; (2) stretching of aliphatic C-H groups; (3) asymmetric bending of C-
H groups; (4) and (5) asymmetric stretching vibration of Si-O-5i groups; and (6) Si-O sym-
metric stretching vibration [21-23]. The C-H groups are due to a thin coating of varnish
on the top of the fiber felt.

The thermal degradation of the silica fibers was assessed through thermal gravimet-
ric analysis. As observed in Figure S4b, this fiber only presented one small weight loss
(around 3.9%), with an onset temperature of 270 °C, that is attributed to the degradation
of the finishing organic coating. The silica fiber felt presented a thermal conductivity of
29.08 + 0.20 mW.m1.K-1 (Hot Disk), the lowest between the fibers used in this work, how-
ever, as already mentioned, it is still higher than the values obtained for the silica aerogels

[6].
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Figure S4. (a) FTIR spectrum and (b) TGA of silica fiber felt.
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52.4. Glass Wool

FTIR analysis was also performed for glass wool, and the spectrum is presented in
Figure S5a. The spectrum of the glass wool shows similar bands to the ones obtained for
the silica felt as expected, since both materials are mainly composed by SiOz, and these
bands can be attributed to: (1) stretching of C=C; (2) deformation vibration of C-H; (3)
symmetric deformation vibration of C-H; (4) asymmetric stretching vibration of Si-O-Si
groups; (5) in-plane stretching vibration of Si-O groups; and (6) Si-O symmetric stretching
vibration [21-24].

Regarding the thermal stability of glass wool, the weight loss of around 35% ob-
served in the TGA (Figure S5b) is probably due to the evaporation of adsorbed water and
the degradation of organic compounds added/adsorbed in the sample during the manu-
facturing process [24,25]. This also explains the C-H bonds found in the FTIR spectrum.
The thermal conductivity of the packed glass wool was also measured, and the sample
had a value of 56.71 + 0.03 mW.m".K' (Hot Disk).
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Figure S5. (a) FTIR spectrum and (b) TGA of glass wool.
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