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We propose to study the effects of microwaves on 3-D printed polymer structures with embedded carbon 

nanotubes (CNTs). Although 3-D printing is useful for prototyping, manufacturing capabilities are hindered 

by the weak weld between printed filaments, which often leads to delamination and mechanical failure. 

We aim to address this need through a novel material processing technique described in Figure 1.  

First, the polymer filament exterior is coated with CNTs by spray deposition. (Figure 1a). Second, we take 

advantage of the fact that CNTs display an extraordinary sensitivity to microwave exposure. (We have 

collaborated on this topic over the past two years.1,2) Although the polymer filament is relatively 

insensitive to microwaves, the localized heating of the CNTs will cause selective melting at the filament-

filament interface (Figure 1b) and allow for polymer diffusion and formation of a continuous polymer 

structure that is markedly different than the native, as-printed 3D structure. Preliminary data is shown in 

Figure 1c; acrylonitrile butadiene styrene (ABS) filaments were coated and then placed together to form a 

crosshatch structure followed by ~20 seconds of exposure to microwaves in a conventional microwave 

oven to form a fused structure with minimal air gap between filaments. This experiment demonstrates that 

the central concept of CNT-coatings for microwave-induced fusion is feasible.  

We intend to build upon this promising preliminary data by feeding this coated filament to a conventional 

3D printing system and exposing the as-produced structure to microwaves. Our studies will focus on 

irradiation time, power, CNT surface coverage, and the coating process itself. Our benchmark is that the 

fused filament structure will show mechanical toughness that approaches or exceeds conventional 

injection molded or machined structures. Implementation will then move toward deployment of an in-situ 

focused microwave beam to heat the filament-filament interface during the printing process itself, such 

that the microwave exposure system is integrated into the 3D printer hardware with appropriate 

electromagnetic shielding.  

The proposed technology 

has the potential to 

overcome the current 

disparity between (1) 

traditionally manufactured 

polymer parts utilizing 

injection molding, 

extrusion molding, 

machining and (2) parts 

printed with additive 

manufacturing techniques 

such as Fused Deposition 

Modeling (FDM) and 

Fused Filament 

Fabrication (FFF). 
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Figure 1 :  Schematic of the coating/microwave process for fusing 
filaments during additive manufacturing. The preliminary data (c) 
demonstrates the filament fusion that occurs during microwave 
exposure to eliminate voids and improve load transfer. 

 


