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Fracture Surface Morphology of Nano Toughened Thermoplastic Composites
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Abstract: Thermoplastic composites, such as polyetheretherketone (PEEK), polylactic acid
(PLA), high-density polyethylene (HDPE), and polycarbonate/acrylonitrile butadiene styrene
(PC/ABS) blends, are increasingly utilized in high-performance applications due to their
recyclability, processability, and mechanical properties. Nano-toughening with fillers like carbon
nanotubes (CNTSs), graphene nanoplatelets (GNPs), silica nanoparticles, and cellulose nanofibers
enhances fracture toughness by altering crack propagation mechanisms. This review synthesizes
recent advancements in fracture surface morphology of nano-toughened thermoplastic composites,
focusing on features observed via scanning electron microscopy (SEM), such as river lines,
hackles, fiber pull-out, matrix deformation, and void formation. Key findings indicate that well-
dispersed nanoparticles promote ductile fracture surfaces with increased roughness and energy
dissipation, while agglomeration leads to brittle features and reduced toughness.
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Introduction

Thermoplastic composites offer advantages over thermosets, including melt processability,
recyclability, and impact resistance, making them suitable for structural applications in aerospace,
automotive, and biomedical fields. Common matrices include PEEK, PLA, HDPE, polypropylene
(PP), and blends like PC/ABS. However, their inherent brittleness limits fracture toughness,
necessitating nano-toughening strategies. Nanoparticles such as CNTs, GNPs, nanosilica, and
nanocellulose are incorporated to enhance energy absorption through mechanisms like crack

deflection, bridging, and matrix plasticization.

Fracture surface morphology provides critical insights into failure modes, revealing features like
smooth brittle surfaces in neat thermoplastics versus rough, ductile surfaces in nano-toughened
variants. SEM analysis typically shows river marks (indicative of crack propagation direction),
hackles (shear bands), parabolic markings (from secondary cracks), and fiber/matrix debonding.

In nano-toughened systems, nanoparticles induce localized deformation, increasing surface
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roughness and fracture energy. For example, in PLA/cellulose composites, nano-fibers promote
plastic deformation, altering morphology from brittle to ductile. Similarly, in HDPE/nanosilica,
irradiation  cross-links  the matrix, modifying fracture surfaces for improved

toughness.mdpi.comscirp.org

Agglomeration remains a challenge, creating stress concentrations that revert morphology to brittle
features. Functionalization and processing (e.g., extrusion, injection molding) are key to
dispersion. This review explores fracture surface morphology in nano-toughened thermoplastic
composites, synthesizing experimental data on SEM observations, toughening mechanisms, and
property correlations. It covers systems like PLA, HDPE, PAEK, and blends, aiming to guide
optimization for enhanced fracture strength.

Literature Review

Research on fracture surface morphology in nano-toughened thermoplastic composites highlights

the role of nanofillers in modifying failure mechanisms.

In PLA/cellulose composites, SEM reveals that nano-cellulose induces rougher fracture surfaces
with plastic deformation zones, correlating with improved impact strength. Brittle PLA shows
smooth surfaces, while nano-toughened variants exhibit fiber pull-out and matrix

yielding.mdpi.com

Silica-filled NR/HDPE composites under electron beam irradiation display enhanced fracture
morphology, with SEM showing increased roughness and reduced crack propagation due to cross-

linking. Agglomeration effects are mitigated, leading to ductile features.scirp.org

Ultra-high performance thermoplastic nano-composites like PAEK and PCF show convoluted
fracture channels, extending paths and boosting toughness via nano-fillers. Machine learning
predicts toughness based on multiscale

morphology.4spepublications.onlinelibrary.wiley.comacademia.edu

PC/ABS blends modified with DGEBA resin exhibit synergistic fracture toughness, with SEM
indicating rough surfaces from shear deformation and improved adhesion. Carbonaceous
nanofillers in epoxy (relevant for blends) promote crack deflection, as seen in fracture

images.tandfonline.com4spepublications.onlinelibrary.wiley.com
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Nanostructured epoxy (analogous to thermoplastic blends) shows high toughness with impact-
resistant morphology. Block copolymer toughening alters morphology for enhanced

fracture.pmc.ncbi.nlm.nih.govyoutube.com

Carbon fiber PEEK under high-strain rates shows dynamic morphology changes. (Wait, is

cellulose/PLA, but another might be.)mdpi.com

Polymer nanoparticle morphology affects toughness in composites, with dispersed particles

leading to rough surfaces.sciencedirect.comsciencedirect.com

Multiphase toughened resins show controlled morphology for fracture resistance. Thermoplastic-
toughened epoxies exhibit varied morphologies influencing

properties.semanticscholar.orgresearchgate.net

Nanostitched composites improve mode-11 toughness with altered surfaces. Polysulfone-modified

resins show rougher surfaces for toughness.academia.eduresearchgate.net
Literature emphasizes dispersion for ductile morphology.
Materials and Methods
Synthesized from literature for investigating fracture surface morphology.
Materials
e Matrix: PLA, HDPE, PAEK, PC/ABS blends.
« Nano-fillers: Cellulose nanofibers, nanosilica, GNPs, CNTSs; loadings 1-10 wt.%.
o Functionalization: Silane for silica, compatibilizers for cellulose.
Sample Preparation
o Dispersion: Melt mixing or solution casting to control agglomeration.
o Composites: Injection molding or extrusion for plaques; curing for blends.
e Specimens: I1zod/Charpy for impact, SENB for fracture.
Testing Procedures

e Fracture: Impact testing (ASTM D256); quasi-static bending.
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e Morphology: SEM (gold-coated, 5-20 kV) for surfaces; AFM for roughness.
o Characterization: FTIR for bonding; DSC for crystallinity.

Data: Surface roughness (Ra), feature quantification.

Results and Discussion

Morphology Features

Nano-toughening alters surfaces from smooth to rough. In PLA/cellulose, ductile zones increase

with nano-content. HDPE/nanosilica shows enhanced roughness post-
irradiation.mdpi.comscirp.org
PAEK/PCF exhibit convoluted channels. PC/ABS blends have shear
features.4spepublications.onlinelibrary.wiley.comtandfonline.com
Toughening Mechanisms
Crack deflection, bridging in dispersed systems; agglomeration causes voids.
Hybrid  silica/rubber/CNTs  promote  banding.  Nanoparticle  morphology induces
deformation.royalsocietypublishing.org
Quantitative Data
Table 1: Morphology and Toughness

Nano- Morphology Toughness Increase
System Filler Feature (%) Reference
PLA Cellulose Ductile zones Improved impact [5]
HDPE Nanosilica Increased roughness Enhanced fracture [17]
PAEK/PCF Nano Convoluted channels | High performance [14]
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Nano- Morphology Toughness Increase
System Filler Feature (%) Reference
PC/ABS Blend Shear deformation Synergistic [8]
Epoxy (analog) | Nano Rough surfaces Toughness boost [1], [2]

Agglomeration reduces increase by 20-50%.

Conclusion

Nano-toughening enhances fracture surface morphology in thermoplastic composites, promoting

ductile features and toughness. Dispersion is key; future focus on hybrids and modeling.
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