R hel

of Applied Sciences
Effect of Fillers on the Mechanical Properties of Drawn Polypropylene Fibers
Conplasite (13FHO68PAG)

V. Schusser'*, Dr.-Ing. M. Sigruner?, S. Bogner?t, Prof. Dr. D. Muscat!, and Prof. Dr.-Ing. N. Strubbe!

'Rosenheim Technical University of Applied Sciences, Faculty of Engineering, Department Plastics Engineering
Hochschulstral3e 1, 83024 Rosenheim, Germany
*Corresponding author (verena.schusser@th-rosenheim.de)

The mechanical properties of polypropylene (PP) can be improved by incorporating fillers in the polymer matrix [1]. The enhancement depends on filler parameters such as
shape and aspect ratio as well as the ability to transfer forces between incorporated fillers and the polymer matrix. For this purpose, a good filler polymer adhesion is needed [2,
3]. However, mechanical properties of PP can be also increased due to specific processing methods, such as the draw down of extruded strands into filaments or fibers creating
highly orientated polymer chains and crystal modification. The crystalline structure of the polymer changes from spherulitic morphology to a fibril structure, where crystalline and
amorphous areas are connected by tie-molecules [4, 5]. Since many polymeric materials are not neat but reinforced with fillers, the following question occurs: Is it possible to
achieve high strength polymer fibers out of filler reinforced polymers?

Materials Methods
Polvmer Melting Density | Tensile Strength | Melt Flow Index » Compounding with filler loading of 0.5, 1.5, and 2.5 vol.-% and coupling agent
Y Point [°C] [g/cm?3] [MPa] [g/10 min] with dosage of 5 wt.-%
Polypropylene (PP) 165 0.905 34 1 » Fiber Draw Down Process
E/IPaI?FS wailrlde grafted 135 0.904 - 22-4 Extrusion Cooling Stretching unit
(PP-g- ) machine 7 <V,
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. . specific organic - "
Calcium Carbonate (CaCO,) 1.6 1:1 cubic P gan Water bath Roll Heating oven Roll Winding
hydrophobisation — > package 1 package 2 reel
Mica 1.5 =1:20 - 1:40 platelet no Frocess direction il L
Wollastonite 25 =]:7 needle no Fig. 1: Schematic description of the fiber draw down process
Results
Tensile Tests — Results of different coupling agents with 0.5 vol.-% and 2.5 vol.-% filler loadings Modulated Differential Scanning Calorimetry —
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Tensile Tests — Results of 0.5 vol.-% filler loading with PP-g-MAH
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The higher the draw ratio the higher the Young's Modulus.
Scanning Electron Microscopy — Results of 0.5 vol.-% filler loading with PP-g-VTES » Strain decreases due to the draw down process.
CaCO,-VTES DR 1:11 | Mica_’VT,? DR1:11 | W = S DR 1-1 — > Al_though the tensile _strength IS _mcreased, there IS no loss In
| i ( R stiffness and elongation at medium draw ratios.
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! Scanning Electron Microscopy (SEM):

. » SEM shows a good adhesion between filler and polymer at
medium draw ratios.

» CaCO, and Mica show a debonding from the polymer with
higher draw ratios.

» Wollastonite has a better filler-polymer adhesion, but the filler

Vollastonite-VTES DR T-16  —— breaks with higher draw ratios.
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Modulated Differential Scanning Calorimetry:

> 2"d melting peak at 155 °C indicates a partly “ultra-drawn” micro
fibrillar structure.

» CaCO,; may act as a nucleating agent and increases the
crystallinity of the polymer: Further tests with Wide-angle X-ray

diffraction would be necessary.
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