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ABSTRACT

elastomer reinforced by nanoparticles has several applications in various

industries. The addition of nanoparticles to thermoplastic elastomers will
affect the tensile strength, impact strength, fracture mechanism and thermal properties
of nanocomposites. There are different processes to fabricate these nanocomposites
such as extruder, internal mixer, and friction stir process.
Methods: PA6/NBR/clay nanocomposites were fabricated by internal mixer (IM) and
friction stir process (FSP). The mechanical properties and fracture mechanisms of
these nanocomposites were investigated by mechanical testing (tensile, impact, and
hardness) and essential work of fracture (EWF) methodology. X-ray diffraction (XRD)
and scanning electron microscopy (SEM) were used to investigate the morphology of
samples.
Findings: The results indicated that with addition of nanoclay up to 5% in an elastomer
containing internal mixer, the tensile strength increased, and beyond 5%, the tensile
strength decreased. The friction stir process sample with 7% nanoclay showed a
maximum tensile strength of 35.4 MPa. In the friction stir process sample with 7%
nanoclay, the tensile modulus and total work of fracture, respectively, increased by
75% and 56%, while in the internal mixer sample, the modulus increased by 50% and
total work of fracture decreased by 5%. With the addition of 7% nanoclay to PA6/
NBR blend, the impact strength of friction stir process and internal mixer samples
decreased by 4 and 18%, respectively. The addition of 7% nanoclay to PAG/NBR
blend with friction stir process improved the thermal behavior as the crystallization
temperature and melting temperature increased from 195.3 to 197.1°C and 221.3 to
222.5°C, respectively.

Hypothesis: Polyamide 6 (PA6)/nitrile butadiene rubber (NBR) thermoplastic
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Fig. 1. (a) Essential work of fracture standard sample for

polymers and (b) load—elongation (displacement) curve.
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PAG6 Kolon plastics (Korea) KOPA KN136 Density (g/cm?) 1.14
MEFT at 230°C, 2.16 kg (g/10 min) 3.14
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Acrylonitrile content 34 wt% 0.98
Cloisite 30B Southern clay (USA) 30B Density (g/cm?) 0.98
d-Spacing (A) 18.5
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Table 2. Dimension of slot and height of clay nanoparticles.

AS tS hS hl’l
Sample
(mm?) | (mm) | (mm) | (mm)
PA6/NBR/Clay (3%) 2.7 1 2.7 1.5
PA6/NBR/Clay (5%) 4.5 2 2.25 1.25
PAG6/NBR/Clay (7%) 6.3 2 3.15 1.75
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Table 3. Formulation of nanocomposites.

Sample | PA6 NBR Clay
code | (Wt%) | (Wt%) | (Wt %) Frocess

IMC3 67 30 3 Internal mixer
IMC5 65 30 5 Internal mixer
IMC7 63 30 7 Internal mixer
FSPC3 67 30 3 Friction stir process
FSPC5 65 30 5 Friction stir process
FSPC7 63 30 7 Friction stir process
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Table 4. X-Ray diffraction angel and d-spacing of nanoclay of nanocomposites.

Parameter IMC3 FSPC3 IMC5 FSPC5 IMC7 FSPC7
20 (°) - - 4.15 - 4.8 4.2
d-spacing (A) - - 21.26 - 18.35 21.01
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Fig. 5. (a) Impact strength, (b) tensile strength, (c) hardness, and (d) tensile modulus of IMC7 and FSPC7 samples.
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Table 5. The results of essential and non-essential work of fracture PA6/NBR, IMC7 and FSPC7 samples.

Sample w, bw, W, bwp’y W, pr,n
PA6/NBR 7.35+1.0 27.3542.1 1£0.17 10.5+1.4 6.35+0.9 16.85+1.2

IMC7 6.85+0.8 28.5+1.9 0.98+0.21 10.1£1.1 5.87+0.3 17.44+0.8

FSPC7 9.5+0.5 71.1£2.5 2.95+0.38 25.842.3 6.55+0.7 45.342.1
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Fig. 8. Transmission optical microscopy images of :(a) PA6/NBR composite, (b) IMC7, and (c) FSPC7 samples.
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Fig. 9. SEM micrographs of the fracture surface of: (a) PA6/NBR composite, (b) IMC7, and (c) FSPC7 samples.
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