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ABSTRACT

The ternary nanocomposites based on ethylene-aigtiate copolymer (EVA, 18 % vinyl-
acetate group) without and with 1wt.% of EVAgMA (BV grafted - maleic anhydride) and 2 —
5 wt.% of nanosilica were prepared by melt mixingqaiHaake intermixer at 160 °C, roto speed
of 50 rpm for 5 minutes. The volume resistivityeldictric breakdown and dielectric loss of the
nanocomposites were measured in according to ASPBIrDD149 and D150, respectively. The
nanocomposites were tested in a hot air circulatwven at 70°C for 168 hours to investigate
thermal oxidation aging stability. The obtainedutessshowed that nanosilica decreased volume
resistivity and dielectric loss of the nanocompessibut it increased dielectric breakdown of
EVA. The dielectric constant of the EVA/EVAgMA/sik nanocomposites is lower than that of
the EVA/silica nanocomposites. The EVA/silica namoposites without and with EVAgMA
are good electrical insulation materials (volumsistvity in the range of 6- 10 Q.cm,
dielectric loss of about 10and dielectric breakdown in the range of 22.1.728//mm). The
percentage of retention in mechanical propertieh®EVA/EVAgMA/silica nanocomposites is
higher than that of EVA. FTIR analyses of the namoposites before and after thermal
oxidation aging indicated that nanosilica and EVAgMimited to degradate EVA
macromolecules.

Keywords. nanosilica, ethylene-vinyl acetate copolymer, EWIg resistivity, dielectric loss,
dielectric breakdown.

1. INTRODUCTION

Recently, polymer/silica nanocomposites have bdtacted a great deal of researchers
interest [1 - 2]. However, there are relativelyeavfstudies related to ethylene - vinyl acetate
copolymer (EVA)/nanosilica nanocomposites in soitezdtures [3 - 5]. In our previous studies
[6 - 9], EVA/silica nanocomposites prepared by melixing in Haake intermixer were
investigated and their morphology and some progeftiere characterized. The obtained results
showed that nanosilica can improve the mechaniogigsties, thermal stability and UV-thermo-
humidity complex resistance of EVA [6 - 9]. In atioin, emphatic enhancement in some
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properties of EVA/silica nanocomposites could bleiesed when using 1 - 1.5 wt.% (compared
with EVA weight) of EVAgMA [7 - 9].

In order to apply the EVA/silica nhanocomposites iiasulation materials, the electrical
properties and thermo-oxidation degradation stgbdf the nanocomposites were thoroughly
examined. The effect of nanosilica and EVAgMA oedh properties of the nanocomposites
were also investigated and discussed.

2. EXPERIMENTAL
2.1. Materials

Ethylene - vinyl acetate copolymer (EVA) contamih8 wt.% vinyl acetate, with brand
name Taisox 7350M, density of 0.983 g/cm? at 23h@ melt flow index of 2.5 g/10 min (at
190 °C / 2.16 kg) was purchased from Taiwan. EVAfgd-maleic anhydride (EVAgMA) with
MA content of 0.5 wt.% was suplied by Hanwha Compésouth Korea). Nanosilica powder,
with a content of 99.8 % Si0Othe average particle diameter of 12 nm and Spesififace area
of 175 - 225 rfig was supplied by Sigma-Aldrich Co.

2.2. Preparation of EVA/silica nanocomposites in th presence or absence of EVAgMA

EVA/silica hanocomposites containing 2, 3, 4 angt36 of nanosilica, in the presence or
absence of EVAgMA (0, 0.5, 1, 1.5 and 2 wt.%) (bistlcomparison with EVA weight) were
prepared by melt mixing in a Haake internal mixet@0°C for 5 minutes [5]. Inmediately after
melt mixing, the nanocomposites were hot-pressed bgmpressor in melting state at 160 °C
with the pressure of about 12 - 15 MPa into about 12 mm-thickness sheets. The plate
samples were kept at least 24 hours in standarditaoms before characterizations. The samples
of EVA/silica nanocomposites without and with EVAgMwere denoted as: EVAsiIX and
EVAsilXg, respectively, where X is nanosilica camteThe EVA sample containing 1 wt.%
EVAgMA was denoted as EVAg.

2.3. Characterizations and methods

Dielectric constant and dielectric loss of the ramoposites were determined by a type
TR-10C set (ANDO, Japan), according to ASTM D150frafjuencies of 1 kHz. Volume
resistivity of the nanocomposites was measured\byriethod, according to ASTM D257 using
vibrating reed electrometer TR-8401 (Takeda, Jada®) applied voltage of 100V. Dielectric
breakdown of the nanocomposites was measured iorgaoce with ASTM D149 at 25 °C,
60 % relative humidity, using AC 50 Hz voltage bg tincrement of 1 kV/second.

Thermo-oxidation aging experiment was tested foWAE and the EVA/silica
nanocomposites in a hot air circulating oven at@@or 168 hours according to TCVN 6614-1-
2:2008. Then, the samples were kept in standardittons for at least 16 hours before carrying
out mechanical property and FTIR characterizatidre thermo-oxidation aging stability of the
samples was evaluated by the percentage retemtidenssile strength and elongation at break of
the samples after aging in comparison with theaih#famples.

The nanocomposites films were analyzed by Foudriansform Infrared (FTIR) using a
spectrometer (Nicolet/Nexus 670, USA) in the ran§d000 - 400 cit with resolution of 4
cm* and 16 scans.
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The mechanical properties (tensile strength awodgation at break) of the EVA/silica
nanocomposites before and after thermo-oxidationgagrere determined by using a Zwick-I
tensile tester at room temperature with a crosskpadd of 100 mm/min, according to ASTM
D638.

3. RESULTS AND DISCUSSION
3.1. Electrical properties
3.1.1. Didlectric constant and di€lectric loss

The variation of dielectric constant of EVAsiIIX@&EVAsilXg nanocomposites as function
of nanosilica content is represented in Figuretlah be seen that nanosilica increases the
dielectric constant of EVAsIIX and EVAsilIXg nanocposites. This is simply recognized that
dielectric constant of nanosilica (3.9 - 4.5) iggkx than that of EVA (2.305) or EVAg (2.310)
[10]. Remarkably, all dielectric constant valuesEdfAsilXg nanocomposites are smaller than
those of EVAsIIX at the same nanosilica contenir(Xvt.%). This is caused by the presence of
EVAgMA facilitated the formations of hydrogen bon@sd bipolar interactions between
siloxane groups (Si—O-Si) at the surface of namasiparticles and C=0, C-O groups of
EVAgMA [7]. Therefore, in some polymer segments whdiydrogen bonds and bipolar
interactions took place, the free movements ofdlsgyments have been restricted despite the
presence of alternative electrical field. This ptraenon reduces the dielectrical permeability of
EVAsilXg nanocomposites [1, 2, 10].
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Figure 1. Dielectric constant of EVAsilX and EVAsilXg nanocpuosites.

Table 1 shows that the dielectric loss of EVAsitdnocomposites are increased with
increasing nanosilica content. The above progertiEEVASIIX are also increased in presence
of EVAgMA (EVAsilXg samples). Thanks to numerou$asbl groups on the surface of silica
nanoparticles can reduce the electrical resistarficEVA matrix leading to increase in the
dielectric loss of EVA. Nevertheless, with very dma&alues of dielectric loss, the
nanocomposites are good electrical insulation rizdséerTable 1 also indicates that EVAgMA
plays a role in decrease of the dielectric lossB@AsIIX nanocomposites. This relates to the
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formation of the hydrogen bonds and bipolar inteoacwhich decrease the mobility of dipole
moments and charge carriers in the nanocompostafoeementioned.

Table 1. Dielectric loss of EVAsIiIX and EVAsilXg nanocomptes.

Nanosilica content Dielectric loss
X (wt.%) EVAsilX EVAsilXg
0 0.0037 0.0024
2 0.0038 0.0032
3 0.0039 0.0034
4 0.0039 0.0037
5 0.0040 0.0038

3.1.2. Dielectric breakdown

As seen in Table 2, the dielectric breakdown,) (Bf EVAsiIX and EVAsilXg
nanocomposites is higher than that of neat EVA raaghes to maximum values at nanosilica
contents of 2 and 3 wt.%, respectively (with théhacement of 9.5 % and 20.8 % in
comparison with E of EVA). This is a remarkable difference betwedme tpolymer
nanocomposites and the conventional polymer cortgssontaining micro-size fillers. Roy M.,
et al. [10] have explained that nanosilica can cediefects in polymer matrix and increase the
electron scattering at interfacial sites of the atmmposites. In this study, nanosilica can
disperse regularly in the EVA matrix at the contemaller than 3 wt.%. For this reason,
EVA/silica nanocomposites exhibit dielectric breakah higher than neat EVA. However,
when nanosilica content is over than 3wt.%, thedediric breakdown of EVAsIlX, EVAsIlXg
nanocomposites tends to decrease because of tHemmggtion of silica nanoparticles.
Therefore, bigger - size silica particles dispeamnst regularly in EVA matrix and are easy to
form defects in the nanocomposites.

Table 2. Dielectric breakdown of EVAsIIX and EVAsiIXg nanooposites.

Nanosilica content Dielectric breakdown (KV/mm)
X (wt.%) EVAsilX EVAsilXg
0 22.1 22.1
2 24.4 24.5
3 23.7 26.7
4 23.5 24.2
5 22.2 22,5
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3.1.3. Volume resistivity

It is can be seen from Table 3 that volume ragigtiof EVAsIIX and EVAsilXg
nanocomposites is gradually decreased with risargsilica content up to 5wt.%. This is due to
the hydrophilic surfacial silanol groups of nanigsilcan absorb the moist directly from natural
air. The phenomenon is hardly avoided in keepind preparation of the nanocomposites.
Moreover, the increase of nanosilica content cad ® the closer connection between silica
nanoparticles whose conductivity is higher thart tifansulating polymer [2, 11]. As a result,
the electrical resistivity of EVAsiIX and EVAsilXganocomposites decreases as a function of
nanosilica content. However, the volume resistivitjues of these nanocompostes are relatively
high enough (18- 10" Q.cm) for electrical insulation materials.

Table 3. Volume resistivity of EVAsIIX and EVAsiIXg nanocoropites.

Nanosilica content Volume resistivity(Q.cm)
X (wt.%) EVAsilX EVAsilXg
0 7.62 x 16 -
2 2.85 x 16 4.10 x 16*
3 2.17 x 16 3.34x 10"
4 6.80 x 16° 2.39 x 16*
5 5.30 x 1¢° 1.93 x 16*

3.2. Thermal oxidative aging stability
3.2.1. FTIR spectra of the nanocomposies before and after thermal oxidative aging

Figure 2 displays the FTIR of EVA and EVAsiIl3, E¥i8g nanocomposites before and
after thermal oxidative aging at 70 °C for 168 lsoufor assessment of the thermal oxidative
aging stability, the carbonyl index (Cl) is evakdiby the ratio between the absortion peak area
of C=0 groups around 1737 é’n{Alm) and that of Ckgroups around 723 dﬁ1(A723) in each
FTIR spectrum. The obtained results are listedabld@ 4. It is clear that Cl values of unaged
EVA and unaged nanocomposites are relatively etpuaach other. After thermal oxidative
aging, the Cl index of EVA and the nanocompositesdases in comparison with initial values
because of the generation of new C=0 groups sudetase, lactone and acetaldehyde under
thermal oxidation [12]. However, the CI value of &6 larger than that of the EVAsII3 and the
smallest ClI value is gained for EVAsIl3g nanoconi@ss This means that the amount of C=0
groups formed in aged EVA is higher than that okedgEVASII3 or aged EVAsil3g
nanocomposites. It can be explained that silicaoparticles have acted as barriers which limit
the permeability of oxygen into the EVA matrix, WhiEVAgMA improves the interfacial
interaction between nanosilica and EVA matrix legdito reduce degradation of EVA.
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Figure 2. FTIR spectra of EVA and EVAsiIl3, EVAsiIl3g beforedhaffter thermal oxidative aging.

Table 4. Carbonyl index (Cl) of EVA and EVAsiIl3, EVAsil3g nacomposites before and after
thermal oxidative aging.

Materials Cl = A;3/A703
Unaged EVA 4.481
Aged EVA 5.119
Unaged EVAsiIl3 4.493
Aged EVAsiII3 4.698
Unaged EVAsil3g 4.488
Aged EVAsiIl3g 4.657

Table 5. The thermal oxidative aging coefficieriis va He of EVAsiIX and EVAsiIXg nanocomposites.

Nanosilica content Ho (%) He (%)
X (wt.%) EVAsilX EVAsilXg EVAsilX EVAsilXg
0 92.5 - 89.7 -
2 94.5 97.0 90.8 91.3
3 96.4 97.7 91.5 91.7
4 95.7 97.2 93.4 93.9
5 94.6 97.2 94.4 95.7
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3.2.2. Mechanical properties of the nanocomposites before and after thermal oxidative aging

The thermal oxidative aging stabilty of the namoposites is assessed in terms of the
variation coefficients of tensile strengthqHas well as elongation at breakefibf the aged
nanocomposites to the unaged nanocomposites. Shksrare represented in Table 5. It can be
seen that the retentions ofcHand K of the nanocomposites containing nanosilica and/or
EVAgMA are higher than those of neat EVA due to pinesence of nanosilica and EVAgMA.
Table 5 also demonstrates that the ddefficients of the EVA/silica nanocomposites wit or
with EVAgMA reach to highest values at 3 wt.% nalice content.

4. CONCLUSIONS

The nanocomposites without and with EVAgMA haverberepared by melt mixing with
2 — 5 wt.% nanosilica. Dielectric constant and e&ic loss of the nanocomposites increase
with increasing nanosilica content. EVAgMA can ls=d as compatibilizer for the EVA/silica
nanocomposites because of the formation of hydrdgmrds and dipole-dipole interactions
between EVAgMA and nanosilica. With very low digléz loss (around 18), relatively high
volume resistivity (5.3x 10"*- 4.1x 10" Q.cm), high electric breakdown (22.2 - 26.7 kV/mm),
the EVA/silica nanocomposites without or with EVAédMare good electrical insulation
materials. Moreover, the EVA/ EVAgMA/silica nanocpasites have better thermal oxidative
stability than EVA and EVA/silica hanocomposites.
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TOM TAT

NGHIEN CUU TINH CHAT DIEN VA PO BEN LAO HOA OXI HOA NHIET CUA VAT
LIEU NANOCOMPOZIT EVA/SILICA CO SU DUNG CHAT TUONG HGOP EVAgAM

D4 QuangTham’, Nguyén Thay Chinh, Thai Hoang
Vién Ky thudt nhiét déi, Vien HLKHCNVN, 18 Hoang Quéc Viét, Cau Gidy, Ha Ngi
"Email: doquang.tham@gmail.com

Vit liéu nanocompozit trén co s¢ etylen vinyl axetat (EVA) khong c6 va c6 1 % EVA ghép
anhydrit maleic (EVAgAM) va nanosilica (voi ham luong 2 - 5 %, sovéi khéi lugng EVA)
duogc ché tao bang phwong phap tron ndng chay trén thiét bi tron ndi Haake & 160 °C trong 5
phut véi tée do tron 50 vong/phat. Dién trd suat khéi, dién 4p danh thing va ton hao dién moi
cua vt liéu nanocompozit dugc xac dinh theo cac ti€u chudn ASTM D257, D149 va D150
tuong tmg. Két qua cho thiy vat liéu thu duoc c6 kha niang cach dién t6t (dién tro suat khdi trong
khoang 10™- 10" Q.cm, tén hao dién mdi vao c¢& 10° va dién 4p danh thing trong khoang
22,1 - 267 kV/mm). Nanosilica 1am giam dién tro suat khdi nhung lam ting dién ap danh thing
va ton hao dién moi cua EVA. DO bén ldo hoa oxi hoéa nhiét cua vat lidu nanocompozit
EVA/EVAgAM/silica 16n hon so v6i EVA. Phd hdng ngoai (chi sb cacbonyl) cia vat lidu
nanocompozit trudc va sau khi thar nghiém ldo héa oxi héa nhiét cho thdy nanosilica va
EVAgAM han ché kha ning phan hity dirt mach cua cac dai phan tir EVA.

Tir khéa: nanosilica, copolyme etylevinyl acetat, EVAgAM, dién tré suit, tén hao dién moi,
dién ap danh thung.
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