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Figure S1, the photographs of the 3D printed GO/CNT with different number of layers.

Figure S2, C1S spectra of 3D printed GO/CNT.
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Figure S3, Raman Spectra of 3D printed GO/CNT before and after the nitrogen doping.

Figure S4, Galvanostatic charge-discharge curves for (a) GO/CNT 15% and (b) 3D printed 
Nitrogen doped GO/CNT 15% electrodes at different current densities. (c) Corresponding 
changes of voltage and total dissolved salt (TDS) of 20 mg 3D printed N-doped GO/CNT 
electrodes during the cycling experiments with an initial solution concentration of ~ 2500ppm 
and the current density of 100 mA g-1. (d) Influence of voltage range on salt removal capacity 
in two different voltage ranges of -1.2V to 1.2V and -1.4 V to 1.4 V with total electrodes 
masses of 20 mg and current density of 100 mA g-1.
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Table 1. Comparison of Salt Removal Capacity of a few of current study for carbon-based 
materials in MCDI systems. 

Electrode 
materials

Initial Salt
solution 

concentration

Operational 
mode

Voltage/ 
Current 
density

Salt 
Removal 
Capacity 
(mg/g)

Electrodes 
mass

Reference

Activated Carbon 1000 mg/L CC
1 V/ 1.43 
mA/cm2 15.7 650 mg 1

polyvinyl alcohol 
(PVA) on 
graphene oxide 
(GO)

750 mg/L CV 1.2 V 30 120 2

porous carbon 
nanostructures 
(MOF derived)

750 mg/L CV 1.4 V 45.62 90 3

Porous 
resorcinol-based 
mesoporous 
carbon

0.5 M CV 2.4 V 64.7 - 4

Carbon aerogel 0.5 M CV 2.4 V 43.4 - 4

Activated Luffa c
arbon 2500 mg/L CV 1.2 V 38 100 5

N-doped 3D 
printed GO/CNT

2500 mg/L CC 1.4 V/ 25 
mA/g

62 80 This 
work

Simulation:

The finite Element Modelling (FEM) of ion diffusion was performed using COMSOL 
Multiphysics. An arbitrary sample size of 3.4 mm × 3.4 mm was selected for the simulations 
and the geometry of the samples are depicted in Figures S4. For the both geometries the 
inlet’s and outlet’s concentrations (boundaries (2) and (4)) were set to 2500 ppm and 2460 
ppm, respectively. Which are similar concentrations to the experiments. Moreover, 
boundaries (1) and (3) were considered insulators which means the flux of species are zero 
through these. In addition, for the 3D printed sample, boundaries (5) – (8) as well as the 
macro-holes (domain (β)) were assumed to have the concentration of 2500 ppm which means 
they are pre-filled with the same electrolyte as inlet. Furthermore, the structure for both 
samples was considered to have the same porosity as they have been prepared with the same 
method. The micro/meso-pores in both samples were assumed to be initially filled with 2460 
ppm electrolyte.
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Figure S5, the geometries of the samples built in COMSOL Multiphysics software (a)Bulk N-
doped GO/CNT, and (b) 3D printed N-doped GO/CNT.

Table 2 summarizes the boundary conditions:

Table 2, Boundary conditions of finite element simulation for both 3D printed and bulk N-doped 
GO/CNT electrodes.

Boundary Description
(1) inlet 𝑐𝑖 = 2500 𝑝𝑝𝑚
(2) insulating ‒ 𝑛.𝐽𝑖 = 0
(3) insulating ‒ 𝑛.𝐽𝑖 = 0
(4) outlet 𝑐𝑖 = 2460 𝑝𝑝𝑚
(5)– (8) inlet concentration 𝑐𝑖 = 2500 𝑝𝑝𝑚

This simulation focuses on diffusion-controlled transport process. Therefore, Fick’s second 
law was applied on the computational domains (domain α in the 3D printed structure and the 
whole domain of the bulk sample):

∂𝑐𝑖

∂𝑡
=  𝐷0∇2𝑐𝑖

where  is the concentration of Na+,   is the diffusion coefficient of 𝑐𝑖 𝐷0 = 1.3 × 10 ‒ 9 [𝑚^2/𝑠]

Na+ at 298 K, and  is the Laplace equation for the distribution of Na+ in the electrolyte.∇2𝑐𝑖
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In addition, the Millington and Quirk model was used to correct the diffusivity in porous 
media:

𝜏𝐹,𝑖 = 𝜀 ‒ 1/3
𝑝

where  is tortuosity and  is porosity.𝜏𝐹,𝑖 𝜀𝑝
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