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ABSTRACT

In this study, unmodified TiO2 nanoparticles (NPs) and TiO2> NPs surface modified with lauryl
gallate were incorporated into polyurethane (PU) network, based on Boltorn® aliphatic
hyperbranched polyester of the second pseudo generation (BH-20) as crosslinking agent and
polycaprolactone (PCL) as soft segment (SS). The influence of the applied TiO2 NPs on viscoelastic
properties and thermo-oxidative stability of the prepared PU/TiO2 nanocomposites (NCs) were
investigated by dynamic mechanical analysis (DMA) and thermogravimetric analysis (TGA),
respectively. DMA results revealed that addition of unmodified and modified TiO2 NPs led to the
increase of glass transition temperature of SS, decrease of the glass transition temperature of hard
segments and crosslinking density of PU network. According to the obtained results, PU/TiO2, NC
loaded with TiO2 NPs surface modified with lauryl gallate has better thermo-oxidative stability than
pure PU and PU/TiO2 NC prepared with unmodified TiO2 NPs.

INTRODUCTION

Nano-sized TiO> is one of the most versatile materials, often applied as filler for the preparation of
polymer based NCs. This metal oxide NPs have become increasingly intriguing because of their
excellent chemical and physical stability, nontoxicity, low cost, high specific surface area, high
reactivity, unique electro-chemical and photocatalytic properties, and are therefore widely used as
UV-resistant material and in the field of chemical fiber production, plastics, printing ink, coatings,
self-cleaning ceramics, antibacterial materials, foods packing material, chemical industry,
cosmetics, etc. [1]. The main goal for designing PU/TiO2 NCs is to create stable material with
excellent multiple performances, such as improved thermal, mechanical, barrier, dielectric and
antimicrobial properties compared to the pure PU matrix. Therefore, the influence of unmodified
and modified TiO2 NPs on the properties of environmentally friendly polyurethane network was
investigated in this work.

METHODS

Titanium dioxide NPs (P25, size 25 nm) were obtained from Degussa, while lauryl gallate (LG) and
acetonitrile (AN) were purchased from Sigma-Aldrich. TiO> NPs were surface modified with lauryl
gallate by adding 2 g of TiO; in 100 cm®solution of LG in AN (concentration 0.01 mol dm). After
placing the obtained mixture in ultrasonic bath for 10 min and leaving to rest overnight, TiO2> NPs
surface modified with LG (TiO.-LG) were precipitated in centrifuge, washed twice with AN and
dried till constant weight in vacuum oven at 40 °C. For the synthesis of pure PU network, based on
PCL, BH-20 and isophorone diisocyanate (IPDI), with soft segment (PCL) content of 30 wt.%,
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procedure published elsewhere was applied [2]. The stoichiometric ratio between —NCO and —OH
groups was 1.1. The synthesis of NCs was performed in the same manner, by addition of 1.0 wt.%
(based on the total weight of PCL, BH-20 and IPDI) of unmodified or modified TiO> NPs,
dispersed in small amount of THF using ultrasonic bath, during the first step of the reaction.

Density of samples, p, was determined at room temperature, using pycnometer and distilled
water. The average of three measurements was taken.

Dynamic-mechanical analysis (DMA) of samples was performed using Modular Compact
Rheometer MCR-302 (Anton Paar GmbH). Measurements were conducted in a torsion rectangular
mode from -80 °C to 180 °C, at strain amplitude of 0.1% and angular frequency of 1 Hz, within the
linear viscoelastic region. The crosslinking density of samples, v, was calculated using the
following equation:

G

RT @
where G' represents storage modulus, R is the universal gas constant and T is the absolute
temperature. The number average molecular weight of polymer chain between crosslinks, M¢, was
calculated as follows:

14

M, = £ 2)
14
Thermogravimetric analysis (TGA) of samples was done on a TA Instrument SDT 2960
simultaneous TG/DSC system, under an air atmosphere (flow 130 mL/min), from room temperature
to 700 °C, with a heating rate of 10 °C/min.

RESULTS AND DISCUSSION

The influence of TiO2 NPs on viscoelastic properties of PU network was investigated with DMA.
Temperature dependences of storage modulus, G', and tan ¢ of the pure PU and prepared NCs are
given in Figure 1.
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Figure 1. Temperature dependences of a) storage modulus, G' and b) tan ¢ of the pure PU and
prepared NCs.

Obtained results show that all samples have glass transition temperature of the soft, Tgs, and hard
segments, Tgn, due to the presence of microphase separated morphology (Table 1). However, the
incorporation of unmodified and surface modified TiO2 NPs increased Tgs, decreased TgH, and,
according to the results given in Table 1, also reduced crosslinking density and simultaneously
increased M. value. It can be concluded that the presence of TiO2 NPs resulted in enhanced
segmental mobility of PU. Unmodified TiO2 NPs have greater effect on viscoelastic properties of
PU matrix than TiO2 NPs surface modified with LG. Also, tan 6 peak corresponding to the Tqn of
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sample PU/1.0TiO. is much broader, indicating existence of higher degree of network structure
heterogeneity.

Table 1. Values of glass transition temperatures, Tqsand Tgn, determined as tan ¢ peak position,
storage modulus in the rubbery plateau (at Tqn + 60 °C), G'rp, density, p, values of the crosslinking
density, v, and number average molecular weight of polymer chain between crosslinks, Mc, of pure

PU and NCs
Sample (TgS)tan 5 (TgH)tan 5 G'rp P vx10° Mc
(°C) (°C) (MPa) (g/cm?) (molcm™®) (g mol?)
PU -55 116 1.7 1.011 £ 0.010 2.06 490
PU/1.0TiO- -50 94 4.0 1.024 £ 0.015 1.13 910
PU/1.0TiO2-LG -53 103 5.5 1.030 +£0.018 1.52 680

Thermo-oxidative stability of pure PU and prepared NCs was investigated using TGA under air
atmosphere. TG curves of the examined samples are given in Figure 2, while characteristic
temperatures of thermo-oxidative degradation Ts, T1o, Tso and Too (at 5, 10, 50 and 90% weight loss,
respectively) and temperatures at which maximum thermal degradation rate occurred are listed in
Table 2. The obtained results show that the incorporation of TiO.-LG NPs in PU network leads to
the slight increase of thermo-oxidative stability, indicating that TiO> NPs surface modified with LG
are involved in inhibition of some thermo-oxidative degradation stages of PU network. According
to the literature, during thermo-oxidative degradation oxygen can be adsorbed on the surface of
TiO2-LG, reducing in this manner the amount of oxygen that can reach PU matrix, which further
leads to the slower thermo-oxidative degradation than in the case of pure PU [3]. Thermo-oxidative
stability of pure PU is somewhat better than for PU/1.0TiO., probably due to the reduced
crosslinking density after incorporation of unmodified TiO2 NPs in PU matrix.
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Figure 2. TG curves of the pure PU and NCs, obtained at a heating rate of 10 °C/min, in air.

Table 2. Characteristic temperatures of thermal degradation Ts, T1o, Tso and Tgo (at 5, 10, 50 and
90% weight loss, respectively) and temperatures at which maximum thermal degradation rate
occurs of the pure PU and NCs, in air atmosphere

Ts T1o Ts0 Tao Tsht Tmaxt  Tmaxe  Tshz Tmaxs
(CC) () (6 (¢ (€ (6 (6 (¢ (C
PU 237 267 344 490 275 325 356 413 528
PU/1.0TiO> 233 262 342 485 268 308 368 412 523
PU/1.0TiO>-LG 246 274 347 506 279 324 375 412 524

Sample
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From differential TG (DTG) curves of pure PU and NCs, given in Figure 3, and results listed in
Table 2 it can be observed that all samples have three decomposition steps in air. The first DTG
peak (Tmaxt) IS associated to the degradation of the urethane bonds of the hard segments, which
represents the weakest link in PU [2,4]. The second and third DTG peak (Tmax2) and (Tmax3)
corresponds to the thermo-oxidative degradation of soft segments. It can be observed that
incorporation of TiO2 NPs in PU matrix led to visible splitting of the first and the second DTG
peak, which are in DTG curve for pure PU overlapped. The first and the second DTG peak each
have one shoulder, the first on its left side (Tsh) corresponding to the thermal degradation of HS,
and the second on its right side (Tsn2), assigned to the thermal degradation of PCL.
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Figure 3. DTG curves of the pure PU and NCs, determined at a heating rate of 10 °C/min, in air.

CONCLUSION

Viscoelastic properties and thermo-oxidative stability of PU matrix are changed after incorporation
of unmodified TiO2 NPs and TiO2> NPs surface modified with LG. Value of Tgs is higher, while TgH
and crosslinking density of prepared NCs are lower than for pure PU, while thermo-oxidative
stability of PU network was improved by incorporation of TiO>-LG NPs.
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