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ABSTRACT: Blends of polyamide 6 and nitrile rubber (PA6/NBR) dynamically vulcanized may generate innovative products for special

purposes where both high temperature and chemical resistance are key factors. In this investigation, we show that the crystalline

nature of the PA6 can be controlled in terms of its morphological aspects (degree of crystallinity, crystal size, and structure) as a con-

sequence of the presence of NBR and processing additives. Our results indicate that this crystalline control is dependent on the plasti-

cization caused by the processing additives. Furthermore, imide-like linkage formation was favored in the presence of ethylene-co-

vinyl acetate (EVA)-g-maleic anhydride, resulting in changes in the molecular mobility of the PA6 matrix, crystallization parameters,

and viscoelastic properties when compared to the others EVA additives. VC 2017 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2017, 134, 45576.
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INTRODUCTION

Elastomer thermoplastic vulcanizates (TPVs) are blends in

which the elastomer component is dynamically vulcanized in

situ during melt mixing with the thermoplastic component at

high shear and elevated temperature. Therefore, TPVs can com-

bine the processability of thermoplastics with the elastic proper-

ties of elastomers. They offer a substantial economic advantage

with respect to fabrication of parts with great possibility of

reuse and recycling. In order to achieve this unique characteris-

tic, it is expected that the vulcanized elastomer particles have a

diameter of a few micrometers and they must be dispersed in

the thermoplastic matrix.1–4

In polymer blends with a semicrystalline matrix, the final prop-

erties are determined by several factors that influence the crys-

talline phase, such as state of dispersion of the rubber phase in

the crystalline matrix; dimension and size distribution of the

crystalline phase; internal structure of the crystallites; and adhe-

sion between the rubber particles and the crystalline matrix. It

is well established that the properties of various polymer blends

are affected by the nature of the matrix crystalline structure and

the extent of crystallinity.5,6 For instance, Joseph et al.7 investi-

gated the melting and the crystallization behavior of isotatic

polypropylene (PP)/nitrile rubber (NBR) blends. The presence

of a small percentage of NBR reduced the average spherulite

size of PP in the blend, and the blend ratio had a predominant

effect on the crystalline parameters. Compatibilized blends of

polyamide 6 (PA6) and ethylene-co-vinyl acetate copolymer

grafted with maleic anhydride (EVA-g-MA) were studied by

Bhattacharyya et al.8 The overall crystallinity of the compatibi-

lized blends decreased as compared to both uncompatibilized

blends and pure PA6, suggesting that the reduced mobility of

crystallizing chains was due to graft copolymer formation at the

interface. In the case of TPVs, Liu et al.9 studied the crystalliza-

tion behavior of PA6/ethylene–propylene–diene rubber (EPDM)

TPVs. The results showed that the EPDM did not act as a

nucleating agent in the samples that were not dynamically vul-

canized. In dynamically vulcanized samples, the EPDM rubber
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did act as a nucleating agent and the addition of chlorinated

polyethylene as compatibilizer improved the crystallization of

PA6. Zhang et al.10 showed that ultrafine fully vulcanized, car-

boxylic styrene–butadiene (CSBR) powdered rubber acted as a

nucleating agent for PA6 crystallization in PA6/CSBR TPVs. The

effect of dicumyl peroxide and MA on the crystalline beta-phase

of isotatic PP/EPDM system was studied by Tang et al.11 and

the related results showed that the beta-phase content of iPP

decreased sharply with the increase of MA content. However,

the effect of how the processing additives affect the morphologi-

cal aspects of semicrystalline TPV blends is still not completely

understood.

Thermoplastics like PA6 have high modulus, good mechanical

strength, dimensional stability at elevated temperature and

chemical resistance to many moderately polar and nonpolar

organic species. Used for special purposes, NBR has both good

oil and abrasion resistance.4,12 Blend combinations of these two

components would be expected to have excellent hot oil resis-

tance and good strength properties, particularly at elevated tem-

peratures.13,14 Thus, the effect of processing parameters and

blend composition should be taken into account to evaluate the

final properties in dynamically vulcanizated PA6/NBR blends.

Our research group has investigated dynamically vulcanizated

PA6/NBR blends prepared by masterbatch mixtures, i.e., some

additives were individually added to PA6 and NBR and the

obtained masterbatches were blended. Some previous results

indicated that processing additives, such as nonylphenol and

EVA copolymer, reduce the total processing energy and contrib-

ute to achieve a well-defined morphology.15 EVA is well-known

additive in polymer blends, acting as auxiliary process additive

as well as a compatibilizer.16,17 However, on the basis of the

published literature, there are few works devoted to investigate

the effects of the processing additives on the crystallization

behavior of PA6/NBR masterbatched blends. The aim of this

work was to investigate the effect of different EVA-based addi-

tives in the PA6 masterbatch on the crystallization behavior and

the microstructure of the thermoplastic matrix.

EXPERIMENTAL

NBR (acrylonitrile content of 28 mol %) was kindly supplied

by Petroflex Ind. Com. S.A., now Lanxess, Brazil. PA6 (Radilon

Natural S, MFI 5 19.6 g/10 min) was kindly supplied by Radici

Group, Brazil. Two different EVA copolymers, having vinyl ace-

tate content of 18 mol % (EVA18) and 33 mol % (EVA33),

were supplied by Brasken S.A., Brazil. EVA 28 mol % grafted

with MA (EVAMA 0.8 mol %) was kindly supplied by Proqui-

mil, Brazil. Phenolic resin (octylphenol–formaldehyde SP1045,

Schenectady do Brasil, Itatiba, Brazil), stannous chloride, and

Naugard 449 antioxidant (kindly supplied by Crompton Corpo-

ration do Brasil, Rio Claro, Brazil) were used to compose the

NBR vulcanization system.

Prior to all melt processing steps, PA6 was dried under vacuum

at 80 8C until it showed constant weight. Masterbatches were

prepared at 80 rpm in the internal mixing chamber of a Bra-

bender Plasticorder Rheometer (Germany) at 240 8C for PA6

masterbatches (MPA) and 40 8C for NBR masterbatches

(MNBR). PA6 was melted first for 2 min before the addition of

the different types of additives used in this study, which were

used according to the formulations given in Table I. The mixing

was then continued until a constant torque was obtained. In the

case of MNBR, 10 phr of Naugard 449 antioxidant was directly

mixed with NBR until constant torque.

Blends of PA6/NBR masterbatches were prepared at 220 8C in

the internal mixing chamber of a Brabender Plasticorder Rhe-

ometer (Germany), using a blend ratio of masterbatches fixed at

50:50. The different MPA materbatches were melted first for 2

min before the addition of MNBR. After 2 min, NBR vulcaniza-

tion system was added and the mixing was continued until a

constant torque was obtained. The final composition of the

PA6/NBR TPVs is summarized in Table II. The samples

obtained were grounded in a Seibt cutting mill and molded in a

Battenfeld Plus 35 injection machine under the following condi-

tions: mold pressure, 110 bar; temperature of injection, 240 8C;

injection pressure, 80 bar; back pressure, 50 bar. Prior to injec-

tion molding, all samples were dried under vacuum for 24 h at

100 8C.

Differential scanning calorimetry (DSC) experiments were per-

formed using a Perkin–Elmer differential scanning calorimeter

DSC 7 (Norwalk, CT., USA). Prior to analysis all samples were

dried under vacuum at 80 8C overnight. Non-isothermal analy-

ses were realized using a scan-mode method. The samples were

heated at 20 8C/min from 40 to 260 8C, held isothermally for 5

min and then cooled at 20 8C/min to 40 8C. After 1 min, the

samples were heated again using the same protocol of the first

scan. Isothermal crystallization analyses of the PA6/NBR sam-

ples were performed. Samples were heated from 40 to 260 8C at

20 8C/min, held isothermally for 5 min to complete melting,

then rapidly cooled to 200 8C, where the samples were allowed

to crystallize for 15 min.

Wide angle X-ray scattering (WAXS) was performed using a

Rigaku Miniflex diffractomer (Japan) with an incident X-ray

Table I. Masterbatches Composition of PA6

Additive

Sample PA6 (phr) Type Content (phr)

MPA 100 Naugard 449 10.0

MPA18 100 EVA18 5.0

MPA33 100 EVA33 5.0

MPAMA 100 EVAMA 5.0

Table II. Final Composition of PA6/NBR 50:50 TPVs Samples

Sample PA6 phase NBR phase

M1 MPA MNBR 1 vulcanization system
(phenolic resin 5.0 phr 1 SnCl2
0.25 phr 1 Naugard 449 5.0 phr)

M4 MPA18

M5 MPA33

M6 MPAMA
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wavelength of 1.5418 Å at a scan rate of 0.058/s. X-ray analyses

were performed at room temperature. PeakFit software was

used to deconvolute the obtained curves using a Lorentzian

algorithm.

The infrared spectra of the samples were recorded by Varian

Excalibur 3100 Fourier transform infrared (FTIR)-attenuated

total reflection. Samples were placed in direct contact with the

zinc selenite crystal. Spectra were collected with 2 cm21 spectral

resolution and twenty scans were performed for each sample.

Viscoelastic properties of the blends were analyzed with a

dynamic mechanical thermal analyzer (DMTA) Q800 TA Instru-

ments (USA) operated in single cantilever mode within the

temperature range of 250 to 80 8C (heating rate of 3 8C/min,

constant frequency of 1 Hz, and 0.025% strain amplitude). The

applied amplitude was considered in order to perform all mea-

sures within the linear viscoelastic region. Storage modulus (E0),

loss modulus (E00), and damping coefficient (tan d) data were

collected as a function of temperature for all samples. All mea-

sures represent the average of two scans.

Positron annihilation lifetime spectroscopy (PALS) facility located

at Federal University of Minas Gerais (Belo Horizonte, Brazil)

was employed to characterize the free volume parameters of the

matrix. The positron lifetime spectra were obtained using a con-

ventional Ortec “fast–fast” coincidence circuit with 280 ps of

time resolution, from the 60Co prompt curve. 22NaCl, of approxi-

mately 4 3 105 Bq activity, sandwiched between two 70.0 mm-

thick foils of Kapton, was used as the positron source. Two sam-

ples of PA6/NBR in the form of sheets with �8 3 8 mm2 area

and 1.5 mm thickness were sandwiched between the positron

source and the measurements were carried out at 21.0 8C. The

lifetime spectra were satisfactorily resolved into three components

using the POSITRON FIT EXTENDED program,18 leading to the

intensities (Ii) and lifetimes (si) of the various positron states:

subscripts 1, 2, and 3 refer to para-positronium (p-Ps), free posi-

tron, and ortho-positronium (o-Ps), respectively. The o-Ps life-

times (s3) and intensities (I3) were determined from the spectral

analysis with all s1 fixed at 120 ps. The samples were measured in

triplicate, with the mean value taken for each experiment. The

lifetimes, obtained in the experimental spectrum analysis, are

average values of the positronic species lifetimes distribution. All

samples were analyzed in triplicate.

RESULTS AND DISCUSSION

The melting behavior of the PA6/NBR blends is shown in Figure 1

and Table III summarizes the obtained crystalline parameters. The

degree of crystallinty of the samples was obtained by eq. (1):

Xc5
DHm

DH0
m � /

(1)

where DHm is the heat required for melting the sample,

DH0
m 5 230 J/g19 is the 100% crystalline heat of fusion of PA6

and / is the volume fraction of PA6.

Non-isothermal DSC curves of the blends (second heating)

showed two well separated melting peaks when compared to the

pure PA6. Pure PA6 was processed under the same processing

conditions as the MPA masterbatch as control. Several authors

have considered the lower melting process observed in DSC as

being related to the g-crystalline form of PA6. Zhang and cow-

orkers10 have described the presence of g-forms in PA6/ultra-

fine full-vulcanized rubber particles and similarly, Fornes and

Paul20 have observed the same feature in PA6/organically modi-

fied montmorillonite nanocomposites.

These two melting peaks suggest changes in crystalline thickness

and its distribution, resulting in two individual populations of

g- and a-crystalline forms. The presence of the NBR vulcanized

particles significantly affects the crystalline order of PA6. It is

expected that the elastomer particles contribute to decrease of

the intermolecular interaction of PA6 chains, resulting in a less

ordered matrix. Moreover, incorporation of EVA18 and EVA33

additives did not contribute to extend the crystalline disorder of

PA6 matrix, as can be seen in Table III. Nevertheless, it is inter-

esting to note that the value for DHm was slightly higher for

M6 than the others EVA-based blends. Roeder et al.21 have

described the formation of imide linkage at the interface

between PP-g-MA and PA6 in blends of PP/PP-g-MA/PA6. Sim-

ilar interaction was observed by Bhattacharyya et al.8 in blends

of PA6 and EVAMA. Figure 2 shows the FTIR spectra of PA6,

EVAMA, and M6 samples. The presence of the typical bands of

EVA (1734 cm21, tC@O; 1237 and 1020 cm21, tCAO;

718 cm21, gCH) were confirmed. The characteristic band

assigned to the symmetrical C@O stretching of anhydride unit

was overlapped by the carbonyl carbon of the EVA. It is possible

Figure 1. Heating scans of PA6 and PA6/NBR TPVs.

Table III. Crystallization Parameters Obtained from DSC Analysesa

Tm (8C)

Sample First peak Second peak DHm (J/g) Xc (%)

PA6 — 228.07 93.62 40.7

M1 215.16 221.25 29.30 25.8

M4 211.52 218.57 29.32 28.1

M5 213.80 220.03 26.96 25.1

M6 214.71 220.40 32.74 32.7

a The experimental errors associated with the thermal analysis experi-
ments are 6 0.5 8C, 60.81 J/g and 1.2% for Tm, DHm, and Xc,
respectively.
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to observe that the bands associated to CAO stretching of EVA

disappeared in M6 sample. However, the presence of a small

band slightly shifted to 1745 cm21 is an evidence of the imide

linkage formed between PA6 and EVAMA. Thus, it seems that

the grafting reaction of the MA groups in EVAMA onto the

PA6 matrix contributes to diminish the disordered state

achieved by the presence of NBR particles.

In order to further understand the crystallization behavior of

the PA6 matrix, isothermal crystallization-time dependence was

analyzed by the Avrami equation22

XcðtÞ512exp ½2KðTÞtn� (2)

where K(T) is a kinetic constant and n is the Avrami exponential.

The effect of the presence of additives on crystallization kinetics

can be evaluated by the time of half-crystallization, t1/2 (Figure 3).

For all samples (Table IV), the presence of EVA-based additives

retarded the crystallization. This feature was expected, since spe-

cific interactions can diminish the amount of surface area avail-

able on which PA6 crystals are able to nucleate and grow. Table IV

summarizes the crystallization parameters obtained from Avrami

equation. It can be seen that the Avrami exponent n were slightly

similar for the non-additive and additive samples with EVA18

and EVA33. However, the presence of MA significantly altered the

crystal growth dimension of PA6 and the crystallization coeffi-

cient K also was smaller for the M6 sample. It seems that the for-

mation of imide linkage contributed to maintain a higher

cohesive level of the PA6 chains that allows more controlled crys-

tal growth. The same effect was previously described by Biber

et al.23 in blends of nylon 6 and polyethylene–buthyl acrylate–MA

copolymer. It is important to note that the obtained Avrami

exponent n suggest only qualitative aspects of the crystal

nucleation-growth mechanism. In the case of PA6, several factors

as heating–cooling rate, relaxation of the crystalline regions, and

secondary crystallization under isothermal conditions may influ-

ence the obtained n values.24 Values of n> 4 for PA6 are related

to increasing rate of nucleation, which is no longer constant

throughout crystallization process.25 Therefore, the presence of

the imide linkages contributed as the main factor to this behavior.

The g-crystalline form of PA6 arises from hydrogen bonds

between parallel polymeric chains, resulting in a less stable

pseudo-hexagonal lattice.20,26,27 This type of lattice is commonly

reported for rapid cooling rate and low crystallization tempera-

ture processes.28,29 In WAXS scans [Figure 4(a)], the main crys-

talline reflection in pure PA6 corresponds to the overlapped

crystal planes of g- and a-crystals. As observed in DSC analyses,

it is evident that the presence of the NBR particles altered the

crystallinity of PA6 matrix [Figure 4(b) and Table III], resulting

in broadening of the main reflection. However, incorporation of

EVA-based additives resulted in two distinct peaks in the WAXS

curves [Figure 4(c–e)]. It seems that the presence of EVA addi-

tives contributes to increase in the molecular mobility of the

PA6 matrix during the crystal growth. This behavior is in agree-

ment with the plasticization effect of EVA previously related by

others authors.16,17 Thus, the overall degree of crystallinity of

these samples was lower when compared to the M1 samples.

Nevertheless, diffraction pattern of M6 sample are slightly dif-

ferent. As can be seen in Figure 4(e), the diffraction intensity

associated to the g-crystals is higher when compared to the a-

crystals. This feature indicates that the imide linkage contributes

directly to increase the g-crystal content and, therefore, increase

the degree of crystallization observed simultaneously by DSC

and WAXS. In order to confirm this, Table V shows the appar-

ent lateral crystal size obtained after deconvolution of WAXS

curves using the Scherrer equation30

l5
0:89k
b cos u

(3)

where k is the X-ray wavelength (1.5418 Å), b is the full width

at half maximum obtained from the WAXS peaks, and u is the

Figure 2. FTIR spectra of PA6, EVAMA, and M6 samples.

Figure 3. Fractional crystallization curves for non-additive (M1) and

additive samples (M4–M6).

Table IV. Avrami Parameters Obtained from Isothermal DSC Analyses

Avrami constants

Sample n K (T) 3 1024 s–n t1/2 (s) DHc (J/g)

M1 3.4 50.07 23.65 39.85

M4 3.5 48.15 38.35 51.05

M5 3.5 138.81 39.86 78.62

M6 4.5 14.46 40.95 75.67
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diffraction angle. The overall degree of crystallinity of the sam-

ples was obtained as follows:

Xcð%Þ5
Ac

Ac1Aa

� �
3100 (4)

where Ac and Aa are, respectively, the area under the crystal

curve and the area under the amorphous curve. Deconvolution

of the WAXS curves was obtained using a Lorentzian peak

function. Peak-fitting of polymer with multiple crystalline

forms, as polyamide and poly(ethylene terephthalate), should

result in high level of uncertainty.20,31 Since the use of initial

guess for each peak calculation would be necessary, it is reason-

able to treat the obtained values shown in Table V as approxi-

mated values.

NBR particles contributed to diminish the overall lateral crystal

size. However, the incorporation of EVA additives resulted in

Figure 4. WAXS profiles and peak-fitting of PA6 and PA6/NBR TPVs.
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large crystals with similar dimensions. This behavior may be

related to the plasticization effect, as discussed above. In the

case of EVAMA additive, the formation of the imide linkage

resulted in smaller lateral crystal size. This behavior is in agree-

ment with a higher cohesive level in PA6 matrix. Same behavior

was previously reported by Bhattacharyya et al.8 in blends of

PA6 and EVAMA. Therefore, the extension of the changes on

the crystal parameters was more significant for EVAMA addi-

tives when compared to the others EVA-based additives in PA6/

NBR blends.

PALS has been used for the characterization of systems at

molecular level. Tao32 and Eldrup et al.33 showed a preferential

localization of o-Ps into the free volume hole, based on the

spherical potential wall and the o-Ps lifetime (s3) is directly

related to the free volume radius (R). Assuming that the annihi-

lation rate of the o-Ps inside the electron layer of width DR at

the internal surface of the free volume is 2 ns21, we can use the

following equation

s35
1

2
12

R

Ro

1
1

2p
sin 2p

R

Ro

� �� �21

(5)

where Ro 5 R 1 DR is an empirical parameter equal to 1.66 Å.34

Table VI shows the values of the positron annihilation parame-

ters of TPVs samples, as calculated using eq. (5). As indicated

by WAXS and DSC, the NBR particles contribute directly to

diminish the ordered domains of PA6 matrix, resulting in

higher amorphous fraction when compared to the pure PA6. In

amorphous polymers, the o-Ps is preferentially formed and

localized into the free volume holes, while in the crystalline

phase o-Ps may be formed into interstitial free volumes at

vacancy-type defects and on the crystalline–amorphous interfa-

ces regions.35–40 Therefore, increase in s3 values corresponds to

higher segmental motion of the PA6 chains.41,42

The role of EVA additives acting as plasticizers for the PA6

matrix was confirmed by PALS. For all EVA-based samples a

significant increase of the free volume occurs. On the other

hand, the values of s3 decrease slightly for M6 sample, indicat-

ing that the presence of imide linkage in EVAMA–PA6 interface

reduces the available free volume of the matrix. PALS analyses

confirmed the microstructure parameters previously observed

by DSC and WAXS.

An interesting methodological approach to correlate the visco-

elastic contribution of the blend components to the mechanical

properties was proposed by Chang et al.43 The area under the

loss modulus (Alos) curve versus temperature in the glass transi-

tion region obtained by DMTA analyses may be directly related

to the activation enthalpy of relaxation of the molecular motion

in the amorphous phase (DHa). The proposed model may be

described by eq. (6)

Aloss5
ln E00G2ln E00R
� �

pRT 2
g

2 DHað Þ (6)

where E00G and E00R are the loss modulus in the glassy and rubbery

state, respectively, R is the gas constant, and DHa is the activa-

tion enthalpy of the glass transition process. Therefore, changes

in the activation enthalpy of the PA6 matrix caused by the pres-

ence of both NBR particles and the EVA-based additives may

indicate substantial changes in the blend microstructure. Table

VII shows the values of Tg and the DHa for the blends. When

compared to the pure PA6 (16.8 8C) and pure NBR (–17.6 8C),

the obtained values of Tg in M1 samples showed clearly the

effect of the dynamic vulcanization in the NBR particles. Thus,

the dynamic-mechanical behavior of M1 sample is in agreement

with the WAXS, PALS, and DSC results. The plasticization effect

of the EVA additives on the PA6 matrix was confirmed by the

significantly diminishing in the PA6 phase Tg. However, the

increasing value of PA6 phase Tg in M6 blend when compared

to the other EVA additives confirms the presence of the imide

linkage between MA groups of EVAMA and PA6. The values of

DHa were normalized in terms of the individual PA6 and NBR

activation enthalpies. Hence, the normalized values may be

quantitatively discussed. Normalized activation enthalpy showed

that the presence of NBR vulcanized particles and EVA additives

affect predominantly the molecular motions of the PA6 phase.

Besides, the plasticization effect of EVA additives also

Table V. Crystal Parameters Obtained from WAXS Analyses

Xc (61.0%) l (nm)

Sample Total g a g a

PA6 49.5 10.1 39.4 13.6 2.6

M1 40.3 25.1 15.2 1.4 2.6

M4 13.6 4.6 9.0 4.2 7.4

M5 15.8 6.8 9.0 4.4 7.0

M6 20.2 12.9 7.3 3.2 3.4

Table VI. PALS Parameters Obtained for PA6/NBR Samples at 21 8C

Sample s3 (ns) I3 (%)

PA6 1.55 6 0.01 20.4 6 0.2

M1 1.84 6 0.02 16.0 6 0.2

M4 1.91 6 0.01 19.9 6 0.1

M5 1.90 6 0.02 18.9 6 0.3

M6 1.88 6 0.01 17.5 6 0.3

Table VII. Analysis of DMA Curves of PA6 and PA6/NBR Blends

Tg (8C) Normalized DHa
a

Sample PA6 NBR PA6 NBR

Pure PA6 16.8 — — —

Pure NBR — 215.7 — —

M1 7.8 212.8 2.3 0.4

M4 25.6 212.7 3.1 0.7

M5 21.6 213.2 3.1 0.5

M6 9.6 217.6 5.4 0.5

a Values were normalized by the DHa obtained for pure PA6 and NBR.
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contributes to increase the mechanical damping of the blends

M4 and M5 (higher values of DHa). For the M6 sample, the

higher DHa reflects the presence of interfacial interactions that

enhance the mechanical damping when compared to the others

EVA additives. In the case of the NBR phase, small values of

DHa confirms the dynamic vulcanization of the elastomer, since

the crosslinked chains show intrinsically low level of molecular

mobility.

CONCLUSIONS

On the basis of our results, the addition of EVA-based additives

and the dynamic vulcanization of the NBR contribute directly

to the change in the crystallinity of PA6 matrix. Evidences of

this crystalline disorder were provided by the presence of NBR

vulcanized particles, resulting in less-ordered crystals. However,

EVA additives play an important role in the molecular mobility

since they act as plasticizers of PA6 matrix and decreased the

overall degree of crystallinity of the TPV. On the other hand,

EVA-g-MA shows an interesting behavior associated to the

imide linkage formation at the additive/matrix interface. WAXS,

DSC, PALS, and DMTA results show that changes in the molec-

ular mobility of PA6 matrix in PA6-EVAMA/NBR TPV contrib-

ute to form less disordered g-crystals with higher viscoelastic

damping when compared to the other EVA-based additives.

Regarding the analyses, it is very important to emphasize that

the PALS technique proved to be an interesting and effective

tool in monitoring free volume changes in PA6/NBR TPV

systems.
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