
Advances in Nanoparticles, 2020, 9, 59-80 
https://www.scirp.org/journal/anp 

ISSN Online: 2169-0529 
ISSN Print: 2169-0510 

 

DOI: 10.4236/anp.2020.93005  Aug. 31, 2020 59 Advances in Nanoparticles 
 

 
 
 

The Use of Zinc Oxide Nanoparticles in Eva to 
Obtain Food Packing Films 

Clara Teixeira de Oliveira, Jorge Pereira Chimanowsky Junior, Maria Inês Bruno Tavares 

Instituto de Macromoléculas Professora Eloisa, Universidade Federal do Rio de Janeiro, Centro de Tecnologia, Bloco J, Ilha do 
Fundão, CP, Rio de Janeiro, RJ, Brazil 

 
 
 

Abstract 
The increasing demand for new packages with increased shelf life properties 
has stimulated the increase of research in the active packaging sector. The use 
of antimicrobial agents requires an in-depth study of their properties to avoid 
loss of efficiency of the polymer processing. In this context, the objective of 
this work was to evaluate the preparation of an 18% ethylene vinyl acetate copo-
lymer (EVA) nanocomposite and zinc oxide (ZnO) as microbicidal nanopar-
ticle, prepared in a monosulfon extruder. The nanoparticle was modified with 
octadecylamine and EVA 18 nanocomposite films were prepared and com-
pared to the systems containing modified nanoparticle. These new materials 
were characterized by thermogravimetric analysis (TGA), Differential Scan-
ning Calorimetry (DSC), X-Ray Diffraction (XRD), Dynamic Mechanical 
Analysis (DMA), Time Domain Nuclear Magnetic Resonance (NMR) to in-
vestigate the effect of zinc oxide nanoparticles on thermal properties, EVA 
crystallinity and antimicrobial effect. The TGA showed a tendency of increase 
of the thermal stability in different proportions of ZnO. DSC results did not 
show significant changes in thermal parameters. The XRD analysis showed an 
increase in the degree of crystallinity of the nanocomposites in relation to the 
EVA matrix and change in the crystallinity with the increase of ZnO percen-
tages. DMA analysis indicates change in structural organization through the 
variation of storage modulus, loss, and tan delta. Time domain NMR data 
corroborate with XRD data through the change in molecular mobility. 
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1. Introduction 

Knowing that the requirements for food packaging have changed over the years 
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with a growing demand for packaging materials that are stronger, lighter and 
have certain functional properties, food needs adequate packaging to maintain 
quality and freshness during transportation and storage, as well as to prolong the 
shelf life by controlling humidity, gases and certain volatile components, such as 
flavorings [1]. 

Traditionally, the food packaging industry develops materials for preserving 
and protecting food from environmental factors starting from production site to 
the point of consumption. These traditional systems are reaching their limits re-
garding extending the shelf life of packaged foods. To provide this shelf life ex-
tension and improve quality and integrity of packaged foods, innovative con-
cepts of active packaging are being developed [2] [3]. 

The purpose of the active packaging is to extend shelf life by applying various 
strategies, such as: oxygen removal, moisture control and addition of other ac-
tive materials in its composition for food protection. These developments in ac-
tive packaging have led to advances in many industries, including late oxidation 
in sport supplements, controlled rate of respiration in vegetables and antimi-
crobial action [4]. 

Antimicrobial packaging is a form of active packaging in which the microbi-
cidal agent acts to reduce, inhibit or retard the growth of microorganisms 
present in the packaged food or in the packaging material itself. Incorporation of 
antimicrobial agents can be done via direct coating in packaging or processed 
along with polymer matrix [5] [6]. 

To develop antimicrobial packaging films, microbicidal nanoparticles are in-
corporated into the polymer matrix through two possible methods: solution or 
fusion. Zinc oxide (ZnO) is an inorganic compound widely used in everyday ap-
plications and is a material generally recognized as safe by the Food and Drug 
Administration (21CFR182.8991) and has already shown antimicrobial activity 
against foodborne pathogens [6]-[28]. 

Ethylene-co-vinyl acetate (EVA) is a copolymer with wide industrial applica-
tions due to its stable physicochemical properties, which make it distinct from 
other copolymers. This copolymer has low gas permeability and, therefore, it is 
used in the packaging industry in the form of film [29] [30]. 

Due to the increasing demand for research in the field of bactericidal and fun-
gicidal for packaging, this work aims the detailed study of polymer nanocompo-
sites containing antimicrobial agents, as is the case of zinc oxide and its well-known 
antimicrobial property. The proposal of the present work addresses the method 
of processing, which includes compatibility with the polymer matrix, types of 
pathogens affected and mechanical properties of the new packaging. 

2. Materials 

Poly(ethylene co vinyl acetate) (EVA) from Polietileno União (Brazil), EVA 
UE-1825 with mass content of 18 wt% vinyl acetate  

Nanostructured zinc oxide from Sigma Aldrich - Brazil with 15 - 25 m2/g sur-
face area. 
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3. Experimental 
3.1. Zinc Oxide Modification 

Experimental procedure started by weighting 0.8 mg of stearic acid along with 
200 ml butanol, then sonicating for 5 minutes at max power. Zinc oxide was 
added to butanol solution of stearic acid, and then magnetic stirring was applied 
for 24 h.  

Subsequently, the solution was split and poured into 5 falcon tubes and cen-
trifuged at 3500 rpm for 5 minutes. The acid supernatant was removed, and 
ethyl acetate was added to complete the tubes. All tubes were sonicated for 20 
minutes; then the tubes were centrifuged under the same conditions 3 times. The 
ethyl acetate was withdrawn from the tubes and solid was dried for 24 h. 

The oxide was transferred to an erlenmeyer flask containing 100 mL ethanol, 
then the solution was added to another solution containing 100 mL of ethanol 
and 1.2 g of octadecylamine. The erlenmeyer was kept under stirring for 1 h, 
then the solution was centrifuged under the same previously mentioned condi-
tions and there were 5 washes with ethyl acetate, then the solution was with-
drawn and divided into two falcon tubes again. After the last wash, the ethyl 
acetate was withdrawn and the modified ZnO dried in the falcon tube for at least 
24 hours. 

After the modification of the zinc oxide, three methods of characterization 
were used: Thermogravimetric analysis (TGA), X-ray diffraction (XRD) and 
Fourier Transform Infrared Spectroscopy (FTIR) 

3.2. Films Fabrication 

The polymer matrix used for antimicrobial packaging formulation was the ethy-
lene-vinyl acetate copolymer with 18% acetate (EVA 18), purchased as pellet. 
Zinc oxide was chosen as the antimicrobial agent. Nanocomposites of EVA 18 
were produced through melt mixing with 0.25% ZnO; 0.5% ZnO; 0.75% ZnO 
and 1% ZnO, being denominated E18-0.25ZnO, E18-0.5ZnO, E18-0.75ZnO and 
E18-1ZnO, respectively. 

The EVA18 copolymer was frozen in Ultrafreezer at −90˚C for grinding to 
avoid possible melting of the copolymer with the heat generated by the mill. 

The frozen EVA18 pellets were milled using a knife mill. This step guarantees 
the increase of the contact surface of EVA, which facilitates the homogeneous 
diffusion of the heat of the extruder during melting and allowing greater contact 
with the nanoparticle. 

The obtained EVA18 granules were oven dried at 40˚C for 24 hours for com-
plete removal of moisture from the material. This drying was important to avoid 
bubbles during extrusion, generating a more homogeneous material during 
processing. 

After drying, the material was processed in a single-screw extruder from AX 
Plastics, 14 mm diameter, L/D: 22, equipped with matrix for flat films. Extrusion 
conditions include temperatures of 140˚C, 150˚C and 180˚C in zones 1, 2 and 3, 
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respectively, with torque 38 Nm and residence time of 1 minute. The extruder 
was coupled to a Haake Fisons roller puller with a speed of 60 rpm. 

Rotation speed of screw was modified following the variation of zinc oxide 
amount incorporated in the nanocomposites. Increasing the amount of oxide 
increased the viscosity of the material, increasing its resistance to flow; therefore, 
the rpm of the thread was increased during extrusion. 60, 70, 80, 90 and 90 rpm 
were used for the films containing 0%; 0.25%; 0.5%; 0.75% and 1% ZnO, respec-
tively. The sample was cooled and solidified on the roll, which permitted to ob-
tain the film form. 

3.3. Characterization 

The obtained films were characterized by the techniques of: Fourier Transform 
Infrared Spectroscopy (FTIR), Thermogravimetric Analysis (TGA), X-ray Dif-
fraction (XDR), Differential Scanning Calorimetry (DSC), Time Domain Nuc-
lear Magnetic Resonance (TD-NMR) and Dynamic Mechanical Analysis (DMA). 
Using the following conditions: 

FITR: The Perkin Elmer Spectrum FTIR Version: 10.4.2 - Model: Frontier 
FT-IR/FIR United Kingdom spectrometer, was stetted the frequency range from 
4000 to 400 cm−1, using ATR mode. 

TGA: Thermogravimetric Analyzer TGA Q500 V6.7/Build Instrument 
203/Module TGA was used to the analyzed the samples in N2 atmosphere; tem-
perature range from 30˚C to 700˚C; heating rate of 10˚C/min. The error is ±2˚C. 

XDR: The samples were analyzed in X-ray diffractometer Rigaku Miniflex, 
Japan, using angle 2θ between 2˚ and 60˚; scan rate of 0.5˚/min; wavelength λ = 
0.154 nm; X-ray generation source Copper. 

DSC: Differential scanning calorimeter, Rigaku, model TAS 100 with acces-
sory, USA Thermoflex TG 8110, three heating were done in the samples. First 
heating curve from −50˚C to 220˚C, at 5˚C/min, applying 1 min isotherm at 
200˚C; in the second cycle the sample was cooled down to −50˚C; the third cycle 
was performed under the same conditions as the first cycle. The error is ±2˚C. 

TD-NMR: Were performed by determining the longitudinal relaxation time of 
the hydrogen nucleus (T1H). The samples were placed in the probe in an 18 mm 
tube. The pulse sequence used was inversion-recovery; with the described condi-
tions 90˚ pulse; temperature 30˚C ± 2˚C; 1H probe with frequency of 23 MHz; 
the range of time between pulses varied from 0.01 to 10,000 ms using a list of 
points from 100 - 5,000,000 µs. The error of the measurement is around 2%. 

DMA: Dynamic mechanical analyzer (Q-800, TA Scientific) was employed for 
performing dynamic mechanical films at a fixed frequency of 1 Hz and oscilla-
tion amplitude of 0.15 mm. The measurements were carried out by heating from 
30˚C to 170˚C under nitrogen atmosphere at a heating rate of 5˚C/min.  

4. Results and Discussion 

The EVA/ZnO systems were obtained in proportions of 0.25%; 0.5%, 0.75% and 
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1% ZnO while EVA/ZnOmod systems had 0.25% and 0.5% modified nanopar-
ticle. The films were obtained continuously and showed uniformity and absence 
of bubbles, imperfections, or faults (Figure 1). The increase of oxide proportions 
in the films caused an opacity in the materials, which could come from the mod-
ification in polymer structural organization and/or the variation of oxide disper-
sion in the polymer matrix [31] [32]. 

The efficiency of films processing was verified through TGA, DSC and XRD 
analyzes, where the samples obtained with the same percentage of ZnO were 
analyzed in different parts of the film. The different samples of each roll pre-
sented consistent results, which evidences proper film processing. 

4.1. Fourier Transform Infrared Spectroscopy 

Zinc oxide was analyzed by FTIR to confirm the success of its modification process. 
FTIR spectra of ZnO showed a few absorption peaks (Figure 2), corresponding  
 

 
Figure 1. EVA/ZnO films obtained by melting.  
 

 
Figure 2. Infrared spectra of pure oxide (ZnO), organic modifier and modified nanopar-
ticle (modified ZnO).  
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to the carboxylate impurities. The peaks observed at 1630 and 1384 cm−1 are due 
to the asymmetric and symmetrical stretching of the zinc carboxylate, respec-
tively. The carboxylate probably comes from plasma species containing reactive 
carbon during the synthesis [33].  

The chemical modification was confirmed by the presence of the octadecyla-
mine peaks relative to the -CH2 bond at wavelength 2918, 2848 and 720 cm−1, 
and the band at 1466 cm−1 related to the stretching of the C-N amide bond [34]. 

FTIR analysis of the obtained EVA/ZnO systems showed no change in the 
characteristic peaks of the EVA copolymer after zinc incorporation (Figure 3), 
indicating only a possible physical interaction between the oxide and the copo-
lymer [35] [36]. 

Through the carbonyl band it can be verified degradation reactions of poly-
mer matrix throughout processing [37]. As there is no new carbonyl band per-
taining to EVA degradation, increase of intensity and nor displacement of the 
EVA acetate band at 1744 cm−1, the analysis indicates absence of copolymer de-
gradation during processing. 

Regarding to pure EVA, the analysis of the modified nanoparticle-containing 
systems (Figure 4) also showed no change in the peak intensities for the car-
bonyl, indicating that the nanoparticle modification did not accelerate the de-
gradation process and indicates the formation only of a physical interaction in 
the systems. 

4.2. X-Rays Diffraction 

Figure 5 shows that the EVA presents two characteristic peaks centered at 21˚ 
and 23˚, corresponding to planes 110 and 200 of the orthorhombic structure of  
 

 
Figure 3. Infrared spectra of the EVA and ZnO systems in different oxide ratios.  
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Figure 4. Infrared spectra of the EVA/ZnOmod systems. In 0.25% and 0.5% modified 
zinc oxide.  

 

 
Figure 5. Diffractogram corresponding to different EVA/ZnO systems in various propor-
tions of zinc oxide.  

 
EVA [38]. Vinyl acetate incorporation controls crystallinity degree, which is 
corresponding to the long ethylene segment [39] [40] [41] [42]. Thus, the broad 
peak of EVA is due to the 18% vinyl acetate content present in this copolymer. 

The addition of zinc oxide in the EVA matrix intensifies the crystalline peak 
of the EVA/ZnO systems indicating that the oxide favors the organization of the 
system. A significant change is observed in the amorphous phase, which may in-
dicate that the zinc oxide induces crystalline packaging of polymer chains that 
consequently decreases the amorphous region.  

The variation of the nanoparticles content in the EVA/ZnO systems evidenced 
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increased crystallization of the copolymer, as shown in Figure 5, indicating that 
there was greater structural organization of EVA along oxide incorporation. 
Moreover, oxide contents above 0.5% induced a decrease of composites organi-
zation, with the appearance of peaks related to zinc oxide. In the system con-
taining 1% of ZnO it is observed a similar behavior to the pure polymer. 

When evaluating the organic modifier 0.25% ZnO composite (Figure 6), it is 
was verified the base narrowing indicating a decrease of the amorphous area 
with the presence of the modifier. This may be due to the better interaction of 
matrix-modified zinc in the amorphous area, limiting the movement of the 
chains and increasing the structural organization of the polymer. 

In the 0.5% oxide system (Figure 7), there was an inversion behavior with re-
spect to the 0.25% system, where the presence of the modifier decreased the base 
narrowing. The change on the EVA/ZnOmod. 0.5% system performance and the 
presence of oxide peaks in the diffractogram of the 0.5% EVA/ZnO system may 
indicate a border concentration, where there is variation of the matrix oxide 
dispersion. 

4.3. Thermogravimetric Analysis (TGA) 

EVA presents two thermal degradation stages as shown in Figure 8. The first 
one starts at about 300˚C with a peak at 328˚C and refers to the loss of acetic ac-
id. The second degradation stage starts at 420˚C with a peak at 447˚C, which re-
fers to the degradation of the olefin meres (C-C and C-H bonds) [38]. 

However, by observing the TGA profiles of Figure 8, it can be observed that 
in pure EVA, a slight decline immediately occurs immediately after the acetate 
loss, which indicates the onset of ethylene loss. With the addition of the nanopar-
ticles, there is a degradation stability of this portion up to 400˚C, with a tendency  
 

 
Figure 6. Diffractogram corresponding to the EVA/ZnO and EVA/ZnOmod systems 
containing 0.25% ZnO compared to the pure copolymer.  
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Figure 7. Diffractogram corresponding to the EVA/ZnO and EVA/ZnOmod systems 
containing 0.5% ZnO compared to the pure copolymer.  
 

 
Figure 8. Thermogravimetric analysis of EVA/ZnO nanocomposites in different propor-
tions containing derivative to show change in stability.  
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for increased thermal stability. This increase in thermal stability can be attri-
buted to the high thermal stability of ZnO networks and the existence of interac-
tions between nanoparticles and polymer matrix [43]. 

Systems containing modified ZnO (Figure 9) showed the same behavior of 
unmodified ZnO systems, indicating that the modification does not alter the de-
gradability of the material and the intermolecular interactions is only physical. 

4.4. Differential Scanning Calorimetry (DSC) 

Figure 10 presents the system’s first heating curve evidencing the thermal history  
 

 
Figure 9. Thermogravimetric analysis of EVA/ZnOmod nanocomposites, containing 
0.25% and 0.5% compared to EVA/ZnO systems in the same proportions and pure EVA.  
 

 
Figure 10. Differential Scanning Calorimetry analysis of the EVA/ZnO systems in dif-
ferent proportions referring to the 1st heating.  

https://doi.org/10.4236/anp.2020.93005


C. T. de Oliveira et al. 
 

 

DOI: 10.4236/anp.2020.93005 69 Advances in Nanoparticles 
 

of the material. Two populations with distinct mobility were found, both in EVA 
18, and in all EVA/ZnO systems. Comparing the pure polymer with the systems 
obtained, it was verified that in the obtained systems, crystal melting occurs with 
different enthalpy variations of pure EVA, which indicates change in structural 
organization. The EVA/ZnO systems containing 0.75% and 1% ZnO behave si-
milarly to pure polymer. 

Based on the curves obtained in Figure 11, which are relative to the cooling 
and 3rd heating, it can be observed that the profile of DSC curves does not 
change for any of the analyzed systems. This behavior indicates that the crystal-
line organization was not significantly altered by the presence of zinc oxide in 
the systems, with predominance of the oxide in the amorphous part of the ma-
trix; this occurs because the zinc oxide size is too small and it cannot interfere in 
the crystalline region. This fact also confirms that the intermolecular interac-
tions are only physical and not strong. 

The parameters related to the DSC analysis (crystallization temperature (Tc) 
and crystalline melting temperature (Tm)), obtained by third heating and cool-
ing, were not affected by the presence of nanoparticle in the system, as shown in 
the Table 1. For the calculation of the crystallinity degree of the samples, the 
ΔHm of 100% crystalline PE = 290 J/g [44] [45] the formula used was: Xc = 
(ΔHm/ΔHf 100) × 100%. 

The evaluation of the degree of crystallinity measured by DSC allowed us to 
verify that the technique was not very efficient for the evaluation of the 
EVA/ZnO and EVA/ZnOmod systems. This occurs since the crystallinity degree 
is obtained by relative measurement, through the variation of the melting en-
thalpy of the material. The XRD technique, on the other hand, had a greater sen-
sitivity to verify the crystallinity of the systems, since it is an absolute technique. 

4.5. Dynamic-Mechanical Analysis (DMA) 

The dynamic-mechanical analysis allows the separation of the elastic and viscous 
contribution in viscoelastic materials, as a function of both temperature and time. 
Regarding the pure polymer, the storage modulus decreased with the insertion  
 
Table 1. Thermal parameters obtained by DSC analysis. 

Sample Tc (˚C) 
Tm 1st heat. 

(˚C) 
Tm 3rd heat 

(˚C) 
∆Hm (J/g) 

Degree of  
crystallinity (%) 

EVA 18 72 46/86 86 64 22 

EVA18 + 0.25%ZnO 72 43/86 87 72 25 

EVA18 + 0.25%ZnOmod. 72 43/86 87 63 22 

EVA18 + 0.5%ZnO 73 43/86 87 78 27 

EVA18 + 0.5%ZnOmod. 72 44/86 87 60 21 

EVA18 + 0.75%ZnO 73 45/86 87 64 22 

EVA18 + 1%ZnO 73 44/86 87 70 25 
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Figure 11. Scan Differential Calorimetry analysis of the EVA/ZnO systems in different 
proportions, relative to the cooling (left) and third heating (right).  
 
of nanoparticle into the matrix (Figure 12). This indicates that the nanopar-
ticle/matrix interaction also promoted a modification in the structural organiza-
tion of EVA, not only due to the processing, but also due to the presence of ZnO 
in the polymer matrix. The presence of nanoparticle in the polymer matrix 
modified the chain motility, altering the mechanical relaxation and making the 
material phase response difficult. 

Figure 13 shows that increasing the ZnO concentrations to 0.75% and 1% 
further decreases the storage modulus. Such evidence indicates little adhesive-
ness of the nanoparticle in the matrix, further decreasing the response in phase. 
This process was probably caused by the change in dispersion and distribution 
of the nanoparticle, which was also observing in the XRD analysis by the ap-
pearance of ZnO, indicating an increase in the amorphous contribution. For  
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Figure 12. Storage module of EVA/ZnO systems in different proportions of ZnO.  

 

 
Figure 13. EVA/ZnOmod system storage module containing 0.25% of modified ZnO.  

 
systems containing modified nanoparticle, the addition of 0.25% modified ZnO 
further enhanced the decrease in storage modulus, suggesting that there was an 
increase in the nanoparticle-polymer interaction by improving the dispersion of 
the nanoparticle, hindering polymer-polymer. These data corroborate with the 
XRD analysis, which presented greater structural change with the addition of 
nanoparticle and absence of peaks related to pure oxide, indicating a better oxide 
dispersion. 

The EVA/ZnOmod system containing 0.5% (Figure 14) behaved inversely, 
the modification of the nanoparticle promoted an increase of the storage mod-
ulus and greater response in phase. The presence of the modifier allowed the  
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Figure 14. EVA/ZnOmod system storage module containing 0.5% of modified ZnO.  

 
addition of a higher concentration of zinc oxide, which increased rigidity of the 
system. These DMA results corroborate the XRD analysis, where the increase in 
the concentration of the modified nanoparticle led to interference in more orga-
nized regions. 

The viscous EVA component decreases with the nanoparticle incorporation 
for all hybrid systems (Figure 15) when compared to the pristine copolymer. 
The behavior indicates change in the structural organization of the polymer by 
decreasing the free volume in the amorphous area of the matrix. The DMA re-
sults corroborate the XRD data, where there was a decrease in the contribution 
of the amorphous halo in the EVA/ZnO systems, indicating the predominance 
of the oxide in the amorphous area. 

The increase in ZnO ratios to 0.75% and 1% further intensifies the loss mod-
ulus diminish, indicating a decrease in free volume by ZnO dispersion in the 
matrix. 

Regarding the pure copolymer, the systems containing modified nanoparticle 
presented variation of the loss modulus, where the EVA/ZnOmod system con-
taining 0.25% (Figure 16) showed even greater decrease of the loss modulus. 
This suggests an increase in the interactions between polymer and nanoparticle, 
making even more difficult to dissipate energy in the internal medium of the 
polymer due to decrease of the free volume. 

The system containing 0.5% modified nanoparticle also showed inverted be-
havior comparing to the 0.25% EVA/ZnOmod system (Figure 17), where the 
modification of the nanoparticle induces an increase of the loss modulus. This 
concentration allows the incorporation of more quantity of zinc oxide, as seen in 
the XRD analyzes, where the amorphous area of the XRD increases for the mod-
ified sample. 
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Figure 15. Loss module of EVA/ZnO systems in different ZnO proportions.  

 

 
Figure 16. Loss module of the EVA/ZnOmod system containing 0.25% of modified ZnO.  
 

Tan δ analysis can give precise values of glass transition (Tg). The curves 
plotted from tan δ relative to the temperature for EVA and EVA/ZnO nano-
composites are shown in Figure 18. The tan δ peak of pure EVA is about −7˚C, 
which corresponds to the Tg of the polymer. For the EVA/ZnOmod nanocom-
posites, Tg temperatures did not change significantly, however, tan δ values for 
systems containing unmodified nanoparticle are higher than pure EVA. This 
suggests that the addition of oxide limited the molecular mobility of the polymer 
chains, slightly increasing the stiffness of the system. 

https://doi.org/10.4236/anp.2020.93005


C. T. de Oliveira et al. 
 

 

DOI: 10.4236/anp.2020.93005 74 Advances in Nanoparticles 
 

 
Figure 17. Loss module of the EVA/ZnOmod system containing 0.5% of modified ZnO.  

 

 
Figure 18. Tan of the EVA/ZnO systems in different proportions of ZnO. 

 
In the system containing 0.5% of modified nanoparticle there is a slight de-

crease of Tg value, indicating an increase in the molecular mobility of the system 
because of the nanoparticle ratio and the modification. This result confirms the 
XRD analysis, where this system presents an increase of the amorphous area, al-
lowing the insertion of more oxide. 

The intensity of the tan delta also allows evaluating the relationship between 
the storage and loss modules, indicating the variation of the damping as a func-
tion of the presence of the nanoparticle. It is possible to verify that the system 
containing 0.5% of modified nanoparticle presents higher damping than the 
other systems, which agrees with the increased contribution of the amorphous 
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halo in the XRD analyzes. All systems containing nanoparticle would have lower 
impact strength than pure copolymer, indicating increased in the molecular ri-
gidity with the presence of nanoparticle. 

4.6. Time Domain Nuclear Magnetic Resonance 

The samples were evaluated focusing the domain relaxation curves and the be-
havior of relaxation time. In relation to EVA, the domain curves of the 
EVA/ZnO systems (Figure 19) presented low mobility domains, in comparison 
to domains of high molecular mobility, indicating that the addition of oxide in 
the matrix favors the absorption of moisture. In addition, there was a slight 
broadening of domain curve containing 0.25%. The presence of new domains 
and the subtle base broadening of the mobility curve indicate a change in the 
homogeneity of the material and corroborate the XRD analysis, which evidenced 
the structural change. 

The addition of 0.5% of ZnO there is a behavior inversion, in what there is less 
dispersion of the nanoparticle and the for the systems containing 0.75% and 1% 
of zinc oxide present similar behavior to the pure polymer, this behavior indi-
cates the saturation of the system due to a higher concentration of nanoparticle 
as already observed by other studies of nanocomposite systems [46] [47] [48]. 
This result agrees with the DMA analysis, where the proportion of 0.5% acted as 
a limit proportion, from which there is a behavior inversion of the EVA/ZnO 
systems in relation to the pure EVA. 

The spin-lattice relaxation time measurements (T1,1H and T1,2H) are presented 
in Table 2. 

Through the percentages of the mobile and rigid phases in EVA/ZnO systems, 
it is possible to verify if the system stiffness increases. With 0.25% nanoparticle, 
the increase in stiffness confirms the decrease in the amorphous phase indicated  
 

 
Figure 19. Domain Curves of EVA/ZnO systems in different proportions.  
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Table 2. Values of relaxation data determined from two exponential (T1,1H and T1,2H). 

Samples T1,1H (%) ± 2% T1,2H (%) ± 2% 

EVA18 0.25% ZnO 12 77 

EVA18 0.25% ZnO Mod 20 76 

EVA18 0.50% ZnO 16 76 

EVA18 0.50% ZnO Mod 22 74 

 
by XRD. In 0.5% there is a slight decrease in the rigid fraction, corroborating the 
XRD which showed an increase in the amorphous halo contribution. At higher 
nanoparticle percentages, such as 0.75% and 1%, the increase in hard T1 still oc-
curs. Increasing the amount of oxide in the systems decreased the contribution 
of mobile T1, indicating the existence of ZnO in the amorphous area of the po-
lymer. 

The spin-lattice relaxation data of the systems containing modified nanopar-
ticle, presented differences in relation to the EVA/ZnO systems with 0.25% and 
0.5%. In both systems, the nanoparticle modification led to T1.1H increase, elu-
cidating decrease of the molecular mobility of the polymer along with the in-
crease of the polymer-nanoparticle interaction and indicating greater dispersion 
of the oxide in the amorphous area of the material [47] [48] [49], where there is 
no variation of the percentage of T1,2H with nanoparticle modification. These 
data corroborate the results of DMA, where the analysis indicated that the mod-
ification induced an increase in the polymer-nanoparticle interactions. The DRX 
also rectifies this behavior, where the 0.25% modification possibly caused inter-
ference in more amorphous regions. 

Finally, for the concentration of nanoparticle in the systems, it is possible to 
verify that increasing zinc oxide proportion in nanocomposites affected the 
structural organization of the system; the 0.5% ZnO proportion was observed to 
be a borderline for nanoparticle incorporation, with changes in the structural 
characteristics of the system. The modification indicated higher nanopar-
ticle-polymer interaction, with higher contribution of the amorphous halo in the 
crystallinity of the polymer matrix, change of the system mobility and variation 
of the dynamic mechanical characteristics. 

5. Conclusion 

From the results obtained, it was possible to infer that the presence of zinc oxide 
in the EVA matrix can alter the structural organization of the polymer, resulting 
in different properties when compared to the pure polymer. The concentration of 
0.25% turned out to perform better among EVA/ZnO systems, where the amount 
of nanoparticle inserted in the matrix was enough to change the crystallinity and 
mechanical properties of the material, with subtle increase of thermal stability. 
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