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RACT

ypothesis: Today, the use of modern methods for producing clean and renewable
Henergy such as thermal energy is more requested. One of the most important

methods for storing thermal energy is phase change materials (PCMs), which
are used as clean and renewable materials in thermal regulating fibres for smart
textiles. Polyethylene glycol (PEG), a solid-liquid phase change material, with proper
properties, needs to be encapsulated. A single-phase combination electrospinning
composed of matrix polymer and PCM is a method of encapsulation. On the other
hand, adding metal oxide can increase the thermal conductivity of the phase change
materials. This research was conducted with the aim of producing thermal regulating
nanofibers from poly(vinyl alcohol) (PVA) and PEG polymers with titanium dioxide
nanoparticles (TiO,).
Methods: TiO, nanoparticles were added to an optimal combination solution
containing PVA and PEG and the resultant solution was electrospun by a single-phase
method and its thermal regulating performance was investigated. For this purpose,
DSC, DTG, and also FT-IR and XRD tests were used and FE-SEM, EDS and mapping
images were obtained from the nanofibers.
Findings: Based on the results of DSC test, the enthalpy of melting and crystallization
of'the produced nanofibers were higher than those of pure PEG powder. Also, according
to FE-SEM, EDS and mapping images, the presence of TiO, nanoparticles in the
mentioned nanofibres was confirmed. Based on the DTG test, the presence of TiO,
nanoparticles and PVA increased the degradation temperature of PEG in nanofibers
compared to PEG powder. The FTIR spectrum showed the presence of polymers and
TiO, nanoparticles. The XRD pattern showed a crystalline structure for nanofibres.
According to the results, the prepared nanofibres can be used as a form-stable thermo-
regulating material in various applications.
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Fig. 1. (a) FE-SEM image, (b) graphs and quantitative values of EDX, (c) mapping images of electrospun nanofibers from aqueous

solution containing PVA (10 w/v%), PEG (14 w/v%) with w/w ratio 1:1 of polymers, and 1% of polymers total weight TiO, from

1 v/v% transparent sol.
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Fig. 2. SEM image of electrospun nanofibers from aqueous so-
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1:1 w/w polymers, 1% of polymers total weight TiO, from

1 v/v% transparent sol.
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Fig. 4. XRD patterns of : (a) PEG powder , (b) PVA powder, (c) TiO, nanoparticles, and (d) electrospun nanofibers from aqueous

solution containing PVA (10 w/v%), PEG (14 w/v%) with 1:1 w/w of polymers, 1% of polymers total weight TiO, from 1 v/v%

transparent sol.
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Table 1. Nanofibers and PEG powder thermal properties.
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Sample T (°C) | T.(°C) | T.(°C) T(°C) AH_(/g) | AH_(/g)
PEG powder 58.68 66.12 27.75 24.74 218.24 -112.86
PVA/PEG/TiOZHanoﬁbers 55.41 57.82 45.04 42.50 229.66 -129.55
Heated PVA/PEG/TiO2 nanofibers 55.99 57.94 48.50 46.39 102.90 -84.41
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Fig. 5. DSC thermograms of : (a) PEG powder , (b) electrospun nanofibers from aqueous solution containing PVA (10 w/v%), PEG

(14 w/v%) with 1:1 w/w of polymers, 1% of polymers total weight TiO, from 1 v/v% transparent sol.
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Fig. 6. DSC thermogram of electrospun nanofibers from aque-
ous solution containing PVA (10 w/v%), PEG (14 w/v%) with
1:1 w/w of polymers, 1% of polymers total weight TiO, from
1 v/v% transparent sol after applying 10 thermal cycles (each

cycle equals to 5 min at 80°C and 5 min at room temperature).
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Fig. 8. DTG thermograms of: (a) PEG powder and (b) elec-
trospun nanofibers from aqueous solution containing PVA
(10 w/v%), PEG (14 w/v%) with 1:1 w/w of polymers, 1%

of polymers total weight TiO, from 1 v/v% transparent sol.
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Fig. 7. Digital camera image of PEG powder and nanofibers
including PVA, PEG and TiO,: (a) at ambient temperature
(25°C) and (b) after 5 min at 80°C.
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