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3D Printable Composite Materials: A Review and Prospective

Eunyoung Oh*, Jinwoo Lee**, Jonghwan Suhr***T

ABSTRACT: The use of 3D printing for rapid tooling and manufacturing has promised to produce components with
complex geometries according to computer designs and it is emerging as the next generation key of manufacturing.
Due to the intrinsically limited mechanical/electrical properties and functionalities of printed pure polymer parts,
there is a critical need to develop 3D printable polymer composites with high performance. This article gives a review
on 3D printing techniques of polymer composite materials and the properties and performance of 3D printed

composite parts as well as their potential applications in the various fields.
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Fig. 1. (a) the structure of direct ink-writing hardware, and (b)
particles oriented by the external magnetic field [14]

Fig. 2. 3D printed object containing anisotropic platelets mag-
netically aligned in different orientations [14]
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Fig. 3. The permittivity €' of pure ABS and 70 wt% BaTiO,/ABS
composite as a function of frequency [18]

~—~
2

120

—— ABS-Cu Composite
110 |

100 |

90 |

(ppm/TC)

80 |

70

Coefficient of Thermal Expansion

60 . .
10 30 50
Copper Content (wt%)

o

z

1.0

—a&— ABS-Cu Composite
0.9 |

0.8 |

0.7

06 |

Thermal Conductivity (W/mK)

0.5

10 30 50
Copper Content (wt%)

o

Fig. 4. Effect of copper content on (a) coefficient of thermal
expansion, and (b) thermal conductivity of Cu/ABS com-
posite [19]
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Table 1. A summary of processes and materials used for 3D printing of fiber reinforced polymer composites

. ) Tensile strength improve-
Process Matrix Reinforcement Fiber content | Tensile strength ment compared to pure Ref.
(wt%) (MPa) matrix (%)
Short glass fiber 18 58.6 140 [39]
40 70 115 [25]
FDM ABS
Short carbon fiber 5 42 24 [26]
13 70.69 194 [30]
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Fig. 6. Schematic of the DDM printing system [27]
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the self-folding to a closed box
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Table 2. A summary of processes and materials used for 3D printing of polymer nanocomposites

Process Matrix Reinforcement Enhancement in properties Ref.
CNT Improved tensile strength, reduced elongation [54, 55]
Epo ltralow th 1 ivi high ion effi-
poxy Bi, .Sb, . Te,(BST) U tralow thermal conductivity and high energy conversion effi 53]
ciency
Epoxy acrylate TO, Improved tensﬂe.s.trength, modulus, flexural strength, hardness (52]
SLA and thermal stability
Acrylic ester CNT Improved radar absorption [56]
photopolymer
Photopolymer Graphene oxide Improved tensile strength, modulus and elongation [47]
PEGDA BaTiO, Improved piezoelectric coefficient (57]
PEGDA and . .
DLP PEGMEMA CNT Improved electrical conductivity [58]
TPU CNT Improved electrical conductivity [59]
lon-12/Al1
Nylon-12/ALO,/ Carbon black Improved tensile strength and impact resistance [60]
SLS Poly-styrene
TiO,
Nylon-12 Improved tensile strength and modulus, reduced elongation [61]
Graphite
TiO, [13]
Carbon nanofiber Improved tensile strength, reduced elongation ﬂ
CNT (63]
(+Carbon fiber)
ABS I il h, fl 1 h, I\ her-
Montmorillonite mprove.d.tenm e strength, flexural str.engt mo.du us and ther (51]
mal stability, reduced thermal expansion coefficient
FDM Graphene Improved tensile modulus, storage modulus and thermal stabil- (5]
nanoplateletes ity, reduced elongation
Graphene Improved electrical conductivity and thermal stability [51]
CNT Improved mechanical strength, modulus and chemical resis-
PBT (64]
(+Graphene) tance
Carbon nanofiber . .
Plystyrene /Graphite Improved electrical conductivity [65]
S.olvent—.c:.ist PLA CNT Improved electrical conductivity, mechanical strength and light (48]
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