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ARTICLE INFO ABSTRACT
Article Type Hybrid carbon reinforcements provide an effective route to enhance the mechanical and thermal performance of
Original Research thermoplastics used in extrusion-based additive manufacturing. In this study, acrylonitrile-butadiene-styrene (ABS)

nanocomposites reinforced with hybrid carbon nanotube (CNT) and graphene oxide (GO) reinforcements were
fabricated using fused deposition modeling (FDM) and fused granular fabrication (FGF). A dissolution-assisted mixing
strategy was employed to improve nanofiller dispersion prior to extrusion. Mechanical properties (tensile and flexural),
thermal behavior (differential scanning calorimetry and thermogravimetric analysis), chemical structure (Fourier
transform infrared spectroscopy), and microstructure (field emission scanning electron microscopy) of the specimens
were comprehensively investigated. The results showed that the balanced 0.15%CNT-0.15%GO composition increased
the tensile modulus by 23% in FDM and 25% in FGF, while tensile strength improved by 15% and 27%, respectively.

Article History . . . . o .

Received: July 12, 2026 In flexural testing, the 0.1%CNT-0.2%GO composition fabricated via FGF exhibited the best performance, with 114%
Revised: August 09, 2026 and 63% improvements in flexural modulus and flexural strength, respectively. Thermal analysis confirmed increases
Accepted: September 06, 2026 in glass transition temperature by up to 5.4°C and 5% weight loss temperature by up to 15°C in hybrid nanocomposites.
ePublished: October 19, 2026 Microstructural observations revealed uniform nanoparticle dispersion, reduced porosity, and crack deflection and

bridging mechanisms in hybrid specimens. Although FDM provided higher absolute mechanical properties, FGF
demonstrated more significant relative improvements, particularly in flexural properties. The findings indicate that the
selection of fabrication method and optimal reinforcement ratio plays a decisive role in the reinforcement efficiency of
hybrid reinforcements in additive manufacturing.
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Table 1 Specifications of the raw materials used in this study.

ABS GO MWCNTSs
Manufacturer XTRUSION s Researf:h s Researf:h
Nanomaterials Nanomaterials
Extruder Purity > 99.5% Purity > 95%
Temperature . q
: . Thickness of plates  External diameter
Specifications  (190-220 C°) (7um) (30nm)
Density (1.24
i) Layers No (10) Length (2pm)
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Table 2 CNT-GO hybrid composition and total weight percentages of the
reinforcements investigated in this study.

Test Printing ABS MWCNT GO
No. Method (wt.%) (wt.%) (wt.%)
1-2 FDM & FGF 100% 0 0
3-4 FDM & FGF 99.7% 0.15% 0.15%
5-6 FDM & FGF 99.7% 0.2% 0.1%
7-8 FDM & FGF 99.7% 0.1% 0.2%
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Fig. 12 DSC curves (heat flow vs. temperature) of neat ABS and hybrid
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