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Research Subject: In recent years, the use of graphene nanoplatelets
(GnPs) in polymer nanocomposites has attracted considerable
attention. Dispersion state of GnPs in the polymer matrix has a great
importance which can affect microstructure and final properties
of nanocomposite. Therefore, in the present work, the effect of
compatibilizer on the dispersion state of GnPs and also on internal
structure, orientation, and tensile properties of polypropylene (PP)/
GnPs nanocomposite fibers was investigated.

Research Approach: PP/GnPs nanocomposite fibers containing
%0.1 and %0.5 GnPs with and without maleic anhydride-grafted
polypropylene (PP-g-MA) were melt spun. Dispersion state and
location of GnPs in the nanocomposite fibers were investigated
by transmission electron microscopy (TEM) and small angle X-ray
scattering (SAXS). Fiber orientation and crystallinity were studied
by polarized Fourier transform infrared (FTIR) spectroscopy and
differential scanning calorimetry (DSC), respectively. Moreover,
fracture behaviour of PP/GnPs nanocomposite fibers was investigated
by cross-sectional scanning electron microscopy (SEM) images of
tensile fractured samples. Using Halpin-Tsai model, experimental
tensile moduli of fibers were compared with the predicted values.
Main Results: TEM images showed that in the compatibilized PP/
MA/GnPs nanocomposite fibers, GnPs aggregates decreased and their
size also reduced, suggesting that GnPs dispersion was improved.
An increase in Lp of the compatibilized sample recorded from SAXS
analysis indicated that the more GnPs were located in the intrafibrillar
region. Based on polarized FTIR and DSC results, the orientation and
crystallinity of PP/G0.5 nanocomposite fiber were found to significantly
increase after inclusion of PP-g-MA. Moreover, reinforcing effect of
GnPs in PP/MA/GnPs nanocomposite fibers could be explained by
better GnPs dispersion and changes in the internal structure of fiber.
Furthermore, the tensile fracture behavior of PP/GnPs nanocomposite
fiber changed from ductile to brittle in the presence of PP-g-MA.
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Table 1. Sample code and formulations of monofilament fiber

Sample code PP GnPs PP-g-MA

(wt.%) (wt.%) (wt.%)
PP 100
PP/MA 99 1
PP/G0.1 99.9 0.1
PP/G0.5 99.5 0.5
PP/MA/GO.1 98.9 0.1 1
PP/MA/GO.5 98.5 0.5 1
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Figure 1. Melt flow index of PP and PP/GnPs granules with and without compatibilizer
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Figure 2. TEM images of GnPs dispersion state and aggregates in PP/G0.5 (a,b) and PP/MA/G0.5
nanocomposite fibers (c)
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Table 2. Thermal analysis data obtained from DSC for neat PP fiber and PP/GnPs nanocomposite fibers
with and without compatibilizer

Sample code Melting Crystallinity terlr\l/lpig};tire
enthalpy (%) °C)

PP (/g 41.88 163.82
PP/GO0.1 88.96 42.6 164.79
PP/GO0.5 82.41 39.62 165
PP/MA 89.04 42.6 164.86

PP/MA/GO.1 91.13 43.64 164.53
PP/MA/GO0.5 104.1 50.05 164.81
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Table 3. Structural parameters obtained from correlation functions and Lorentz-corrected curves for
neat PP fiber and PP/GnPs nanocomposite fibers with and without compatibilizer

Sample code ¢, (%) L, (&) L, (&) L (4) 1L (A)
PP 39.0 116.2 106.0 64.7 413
PP/G0.5 37.0 123.0 112.0 70.5 41.4
PP/MA/G0.5 47.3 136.1 115.0 60.9 54.0
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Figure 3. Lorentz-corrected small-angle X-ray scattering (SAXS) for neat PP fiber and PP/GnPs
nanocomposite fibers with and without compatibilizer.
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Figure 4. Scheme of intrafibrillar morphology for neat PP fiber, PP/GnPs and PP/MA/G0.5
nanocomposite fibers
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Table 4. Dichroic ratio (D) of neat PP fiber and PP/GnPs nanocomposite fibers at 973 cm™ and 998 cm™*

wavenumbers
Sample code Wavenum_ber Wavenum_ber
973 cm’! 998 cm™
PP 1.005 1.006
PP/GO0.1 1.000 1.003
PP/G0.5 1.044 1.060
PP/MA 1.031 1.026
PP/MA/GO.1 1.020 1.016
PP/MA/GO0.5 5.027 5.313
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Figure 5. Polarized FTIR spectra of neat PP fiber (A) and PP/MA/G0.5 nanocomposite fiber (B) parallel
(A0) and perpendicular (A90) to the fiber axis
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Table 5. Linear density and tensile properties of neat PP fiber and PP/GnPs nanocomposite fibers with
and without compatibilizer

Sample code Linear density Tenacity Extension Tensile modulus
(dtex) (cN/tex) (%) (cN/tex)

PP 248.95 6.76 2109.23 63.03
(1.27) (0.10) (66.15) (2.63)
PP/GO0.1 249.16 6.88 2197.66 71.04
(3.06) ((0.16 (49.83) (1.83)
PP/GO0.5 250.85 6.41 1972.33 81.43
(2.34) (0.27) (124.32) (1.12)
PP/MA/GO.1 248.21 6.57 1941.17 86.29
(1.73) (0.37) (161.48) (2.14)
PP/MA/GO.5 248.76 3.94 591.17 93.24
(1.75) (0.07) (36.18) (2.24)
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Figure 6. SEM images of cryofractured cross-section of PP/MA/G0.5 (a,b) and PP/GO0.5 (c-e)
nanocomposite fiber.
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Figure 7. SEM images of the longitudinal surface of neat PP fiber and PP/GnPs nanocomposite fibers
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Figure 8. The cross-sectional SEM images of tensile fractured of neat PP fiber and PP/GnPs
nanocomposite fiber
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Figure 9. The cross-sectional SEM images of tensile fractured of PP/MA/G0.5 nanocomposite fiber
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