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ABSTRACT
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3D Printing

Dyes, heavy metals, and other pollutants in the wastewater of various industries have
caused concern among researchers and environmentalists. Researchers have proposed
multiple materials in recent years as high-performance, biocompatible adsorbents.
Today, 3D printing technology has attracted the attention of many researchers in
various fields due to its significant potential for the rapid production of structures with
complex and porous geometry compared to conventional processes. In recent years,
3D printing of polymer-based materials has been used in wastewater treatment and
dye removal processes due to its high flexibility in the design of complex structures.
Therefore, while introducing different types of 3D printers in this review, we have
tried to express the manufacturing processes' challenges and characteristics. In
addition, recent advances in the development of 3D printing structures and their
application in removing pollutants such as dyes and heavy metals from wastewater
have been studied.

Wastewater treatment

Clean water

Polluted water

Printing
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Figure 1: Publication trends in 2011 — 2021, (a) 3D printing; (b) 3D printing wastewater removal.
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Figure 2: Classification of various 3D printing methods.
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Table 1: Materials, advantages and disadvantages of 3D printing methods.

Material
Type

Thermoplastics:
Acrylates, Acrylics

L Thermoset: Epoxies

Photopolymer

Liquid Photopolymer

Liquid Photopolymer

Thermoplastics:
polycarbonate,
polyetheretherketone
, polylactic,
acrylonitrile
butadiene styrene

Solid

Epoxies Thermoset:

Thermoplastics:
- Acrylamide,
L Acrylate

-Thermoset: Epoxies

Advantages

solwela)d
saysodwo)

-Fine
resolution
-High quality

v v

-Fast printing
-Low printing
v v costs
-Superior
laying accuracy

-Layer less
-Reduce build
time between

laters

-High-speed

printing
-Wide variety
of materials and
colors

- v

- Low cost
- High speed
- Simplicity

-Variety of
materials
-Adaptation

Disadvantages

-Very limited materials
-Slow printing
-Expensive

-Build size is small
- Poorer mechanical
characteristics

-Build size is small

-Weak mechanical
properties
-Layer-by-layer finish

-Low resolution
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i -Thermoplastics: - High quality - Porous surface
(%) polycarbonate,polyether - Fine resolution - Expensive
b P etherketone, polystyrene v v - Support systems - Slow printing
Roll Powder Thermoset: are not needed - Waste generation
Power | bed polyurethane
supply—E10 — )
\
| - Low cost
Part - No geometrical
» [ | restrictions - Rough surface
m ] E Powder - V V v - Better accuracy - Need of post
; and mechanical .
L Build properties processing
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Figure 6: (a) Photographs of the synthesized Cu-BTC/ABS composites (the printed number illustrates the number of cycles), (b) Photos of the
recycling process of ABS polymer skeleton [22].
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Figure 7: (a) Elimination of different pollutant dyes from water using a MOF-MMC 3D printed device, (b) The removal efficiency of 3D-printed
adsorbent over different dyes [38,39].
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Figure 8: (a) Optical images of a cubic lattice made from titanium-
containing polymer before and after pyrolysis, (b) Photodegradation
of MO and kinetics of F5 (10 mm in diameter and 8 layers), F6 (14
mm in diameter and 4 layers) and F7 (20 mm in diameter and 4 layers)
filters [40, 41].
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Figure 9: SEM analysis of the LDPE-TiO,/CM mesh (a) before and
(b) after use [42].
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Figure 10: Schematic showing the procedure for printing ultrathin GO membranes [44].
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Figure 11: Pure water permeance of printed GO membranes as a
function of thickness and printing times; black column represents one-
time printing, red column two-time printing and blue column four-
time printing; numbers above each column are rejection of methyl
orange (MO) [44].
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Figure 15: a) Cr(V1), b) Pb(ll), removal performances of G-PDA-
BSA aerogels at various initial concentrations of the contaminants

[45].
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Table 2: Application of 3D printed adsorbents for removal of dyes and heavy metals.

Pollutants

Methylene blue Acrylonitrile butadiene styrene (ABS) / Cu-
BTC
Methylene blue Calcium alginate and gelatin (CA-GE) /Cu-

BTC

Dyes Methyl orange TiO-PLA [41]
Methyl orange GO ink with thickness of 30 nm Inkjet [44]
Crystal violet PLA-graphene oxide/ chitosan sponge FDM 054978 [30]

2+ Pb2+ Cd2+ ng+

b2+
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Printed absorbent

bionic adsorbing filter

Chitosan/ diacrylatedPluronic F-127 (DAP)
hydrogel adsorbent

3D printing method Efficiency (%0) Ref.

FDM 93.3-98.3 [37]

[39]

[47]

Chitosan /Thermoplastic polyurethane [49]
Pb, Cu Zeolite-Y [50]
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