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Three-dimensional structure

The horse-shoe structure in main text was printed layer by layer by our three-dimensional (3D)
printer (Fisnar F4200n). Below we show some patterns that address 3D structure different from
layer-by-layer manufacture. Figure S1 shows a vertical line and Figure S2 shows a dome-like
suspended structure printed by highly viscous graphene oxide ink. These 3D structures show the

high viscosity and shape retaining ability of graphene oxide ink for 3D printing.
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Figure S1. (a)-(c) free standing vertical line by printable graphene oxide.
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Figure S2. Dome like suspended structure by printable graphene oxide.

Microstructure

The junctions between reduced graphene oxide (RGO) flakes provide contact resistance that
benefits to Joule heating. The following SEM images show the cross-section view of contact
between RGO flakes after high temperature Joule heating annealing. From these images, the

contacts between RGO layers are clear to form an interconnected network.



Figure S3. (a)-(c) Cross-section SEM images of 3D heaters and (d)-(f) magnified SEM images

to show the contact between RGO flakes.

EDX analysis
EDX analysis was performed for as-printed GO, RGO thermally reduced at 600 °C and RGO
after high temperature annealing by Joule heating to 2500 K. Both point and mapping analysis

show that the oxygen content decreases dramatically after the Joule heating reduction.



Figure S4: EDX point and mapping analysis of (a) As-printed GO. (b) Thermal reduction at
600°C and (c) high temperature reduction by the Joule heating at 2500 K. The cross point shows

the EDX sample point.

Comparison to traditional printed heater
Compared with the traditional printed heaters such as the 2D planar structure by using Ag (Anal.
Chem. 2014, 86, 8951 —8958), 3D printed heater based on RGO has a few advantages which are

summarized in the following table.



Table S1: Comparison between 3D printed heater based on RGO and traditional printed heater.

_ 3D printed heater Traditional printed heater

Materials Graphene oxide: Metal ink (e.g. Ag ink):
Easy to prepare, low cost, High cost, organic solvent
aqueous solvent (evaporated during printing)
3D printable 3D structure 2D planar structure only
Performance T: 300K — 3000 K T: 300K — Below melting point
(typically < 1000 K)
Heating 3 dimensional heating: Planar heating: thermal

designable thermal field  gradient in heating direction
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