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ABSTRACT  

3D printers are revolutionizing the manufacturing domain as production of high 
precision, defect less and functional prototypes which fit over mechanical, morphological, 
tribological, chemical and thermal aspects.3D manufactured parts are highly appreciable for 
formation of composite material for use in different engineering applications. A number of 
studies have been reported by researchers in 3D printing field for better sustainability of the 3D 
manufactured parts by addition/reinforcement of the metallic/nonmetallic particles. The 
sustainability in terms of mechanical, morphological, tribological, chemical and thermal aspect 
ishighly affected by the material issues, machining parameters and manufacturing environment. 
The present study reviewed the applicability of the 3D printing technology for better 
sustainability of 3D printed parts over material, fabrication and processing issues. 
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I. Introduction 

3D printing is a manufacturing process that produce real/physical object from a digital 
design. Additive manufacturing (AM) is one of 3D printing, which fabricates parts by depositing 
material [1-2]. 3D printing has application in recycling and waste management. Researches in the 
present promise the better applicability of the 3D printing as enhancing the sustainability of the 
parts by the different material/metals/non-metals/fibers reinforcement incorporated to the 
polymer matrix [3-4]. The product sustainability is also largely affected by the changing of the 
printing parameter, so there requirement of optimization tools and technique are raise to solve 
sustainability issues [ 5-7]. Changes in the manufacturing environment at non-optimized 
condition are highly affected the term ‘Zero waste manufacturing’ and ‘sustainability issues’. 
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Zero waste manufacturing is a challenge to the present technologist and scientist to overcome 
the issues which largely affects [5-6].In the present scenario, to solve the ‘sustainability issues’ 
and to promote the ‘zero waste manufacturing’ of 3D printing process, researchers are giving 
their best effort applying different tools, techniques, process and ideas.Some of the studies have 
been reported to solve the sustainability issues in 3D printed parts for cleaner production/zero 
waste manufacturing, as if it is require reducing material consumption, relative infill density 
could be reduced. The polymer reinforcement with metallic/non metallic material is useful due 
to increase thermal and chemical sustainability. The ABS polymer reinforcement with  25% 
graphene have better electrical and thermal conductivity, At 100% infill density the chemical 
reinforcement produced larger electrical and thermal conductivities (7.29 S-m and 17.60 W/m.k) 
as compared to mechanical reinforcement (4.85 S-m and 4.65W/m.k) [8]. In this regard, 3D 
printing is a revolutionary tool that can be helpful for cleaner production/zero waste 
manufacturing/recycling of the engineering polymer/alloys as keeping the prospective to 
overcome sustainability issues found in order of mechanical, thermal, chemical, electrical, 
morphological, rheology and tribology aspects. In the present study, the details of material, 
processing technique, tools, and optimized setup of 3D printing process have been discussed 
with application and future prospective to maintain the sustainability of final product with 
provision of cleaner production/zero waste manufacturing. 

1. 3D printing 

3D printing has emerges as prominent method to forms the object of different shapes ad 
material as required by different industry. But evaluation on the basis of sustainability indicates 
that the chemical sustainability must be improved. The common 3D printing methods used for 
productionas well as research areElectronic beam melting (EBM), Fused deposition modeling 
(FDM), Stereolithography (SLA), Selective laser sintering (SLS),Inkjet Printing,Selective laser 
melting (SLM),Digital light manufacturing (DLP), Laminated object manufacturing (LOM)and 
Electronic beam melting (EBM). 
 

 

Fig. procedure to produce prototypes by FDM, [9] 
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 For production of 1.75mm feedstock filaments of different waste powder of tungsten 
carbide (WC) and polyamide 12(PA6) combinations, waste powder of WC played an important 
to improve the young’s modulus and tensile strength whereas to control the elongation behavior 
[10]. Here it is recommended that mechanical sustainability can be enhanced of polymer matrix 
by mixing the waste powder of tungsten carbide. 

 Mechanical sustainability is the function of various relative factors of the material (e.g. 
Average molecular weight, molecular density, specific weight, specific volume, carbon chain 
arrangement, carbon chain length, orientation of bond etc.) as well as the printing variables 
(extrusion temperature, fill density, nozzle diameter, extrusion temperature , fill pattern and 
etc.).  

Table 2 Tensile sustainability of the different 3 D printed material with function of mass 

Material Average mass  

(g) 

Average maximum 
tensile stress 
(MPa) 

ABS 8.70 28.75 

HIPS (black) 8.83 19.55 

HIPS (blue) 8.0 20.02 

HIPS (white) 9.58 21.21 

HIPS (clear) 9.00 21.41 

HIPS (gray) 9.00 21.35 

Nylon 618 9.21 31.60 

Polycarbonate 11.79 49.08 

T-Glase (gray) 9.89 28.79 

T-Glase (clear) 10.44 31.56 

T-Glase (blue) 10.73 32.70 

T-Glase (green) 11.17 35.36 

T-Glase (red) 10.39 34.33 

 

Selective photo-initiated cure reaction also called “photo-polymerization” is the basic 
process of SLA printing by which layer by layer manufacturing processed to fabricate a parts of 
required dimensions. The photo-polymerization is the process by which molecules link together 
to form polymers. As the SLA is a fast processing, it is usually considered for the mass 
production [11-12]. The inkjet printing requires the stream of micro particles as binder material 
on the bed of powder material to fabricate the parts. The inkjet printing is similar to the 
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conventional 2D printing in which ink is deposited over the paper to words. Similarly inkjet 3D 
printing is deposited over the powder bed to form the 3D objects [13]. 

SLS is the variant of the additive manufacturing technique in which laser is directed on 
the sintered powder bed to form the complex geometry. SLS is low volume production 
technology which is works on the principle sintering rather than melting [14]. SLM printing is 
the subcategory of SLS printing where powder of metals/alloys is melted/fused instead of 
sintering to form the complex parts. Typically the metals/alloys material are the most commonly 
used in the SLM printing process [ 15-16]. 

EBM is the high precision additive manufacturing technique which processed under the 
vacuum environment with utilizing high power electron beam to fabricate the parts. The EBM is 
considered as a warm process which produces the parts with value of precision [17]. LOM is the 
variant of 3D printing in which layers of adhesive coated paper/metal/polymer laminates are 
glued together to machine/laser to form a part. The object made by this technique further 
modified by the machining/drilling to get the desired dimension [18-19]. 

Types of reinforcement contributed for sustainability improvement 

However the mechanical properties polymer composite material achieved by additive 
manufacturing process is quite low but uniform mixing by edge of screw extrusion can provide 
the excellent mechanical properties. The reinforcement of the fibers in production of 3D 
printing can be useful to improve the all-round material properties. The fibers used in the 3D 
printing can be broadly divided as natural vs. manmade fibers.  

3.1 Natural Fibers 

The natural fibers are excellent source of the reinforcement, when processing 
performed at low temperature condition.It creates the loss in sustainability if material 
degradation caused by high temperature [20-21] . Some of the studies highlighted that 
reinforcement of the fibers like: hemp linen, ramie, rayon, silk, wool and protein fibers increased 
the mechanical, thermal, chemical and other performance[22-23].  
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Fig, Classification of Fibers in additive manufacturing [24] 

3.2 Man-made fibers 

The Man-made fibers are broadly classified as artificial and synthetic fibers. The 
artificial fibers are the man-made polymer agent which can reinforced with the polymer for 
extraordinary sustainability improvement. Acetate, acrylic, nylon, polyester, spandex are some of 
the artificial fibers which are flames and burn quickly but provide the better flexibility as well as 
hardness by some of the fibers. Inorganic polymers are the most eligible fibers that provide 
excellent material properties. The inorganic fibers are considered under the engineering material 
which in mix to the polymer matrix for improvement in hardness, flexural resistivity, thermal 
stability, tensile improvement etc [25-26]  

ZnO Nanoparticles: 

Nanotechnology has attracted considerable attention in last few decades due highly efferent, 
cost effective device with small size. Nanoparticles of different material play an important role 
in the advancement of particular devices. ZnO nanoparticles are synthesized by different 
chemical method for its application in solar cell, detector, pharmacy industry and textile 
industry. Incorporation of ZnO in different polymer can be used for 3D printing and biosensor 
application due to biocompatibility and room temperature magnetic behavior of ZnO 
nanoparticles. ZnO grafted with polylactic acid(PLA) is promising material for 3d printing due 
to high crystalline quality, increased tensile properties and shape memory effect. 
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2. Chemical Sustainability issues of 3D printed parts 

Additive manufacturing techniques are highly criticized due to the high production cost, 
energy consumptions, high production times and larger scrap volume and from the production 
point of view it is needed to be minimized or optimized [27-28]. A commercial FDM setup 
fabricated the functional/nonfunctional prototypes by varying the levels of parameters like; slice 
orientation, infill density, number of shells and layer height etc. and mechanical 
properties/energy consumptions are function of these parameters and their levels [29]. 

Parts produced by the 3D printed are highly characterized by the visual appearance or 
chemical affinity. Usually 3D printed parts undergone through a heating process, especially in 
case of FDM where material passes through the heating nozzle underwent thermal and chemical 
changes affects final products. Heating process can be lead to the changes in thermal stability, 
color, chemical affinity, molecular weight, melt flow properties, chemical dissolutions etc. As 
study suggested that parts produced by red color material take longer time to become colorless 
as compared to blue material [30] . Another study revealed that PLA can better dissolve in 
NaOH, ABS in acetone, HIPS in limestone and PVA in water [31]. Similarly various studies 
have been reported for 3D printed parts on effects of drug release time, reduction of toxicity 
time, cell cultivation time of biomedical scaffolds, chemical treatment and various printing 
parameters like raster angle, deposition temperature and fill density [32-38] . Here Table 
suggested some of the studies related to 3D printed parts on chemical sustainability. 

Base material Additive 
materials 

Deliverables Effects on Chemical sustainability Applications prospective References 

PLA Thermo-
chromic and 

photo-
chromic 
agent (5%) 

Heating  in 
blue (30-

35oC) and red 
color (37-31 

oC) and 
sunlight  

treatment in 
yellow and 
violet color 

Heating in presence of thermo-
chromic agent, parts takes higher 

heating in red color to get colorless. 
Proven the better sustainability in red 
color. 

Aesthetic and toy 
component 
manufacturing. 

[30] 

PLA, ABS, 

PVA, Nylon, 
PC, PET, 
HIPS 

- Acetone 
Solution,  

NaOHSoluti
on and 

limestone 
solvent  

PLA, ABS, HIPS,and PVA dissolved 

inNaOH Solution, acetone, 
limestoneandwater respectively. It was 
observed that nylon is not soluble.  

Nylon is applicable to 

fabrication of chemical 
carriers. 

[33] 

TPU Drug loading Drug release 
time by in-
vitro analysis 

3D printing can fabricate the patient 
tailored tablets can contains upto 60% 

ww drugs. The 3D printed tablets 
perform faster drug release kinetics 
than injection molded one at 60% ww.  

Bio-medical application, 
the patient tailored tablets 

can be applicable for 
different diseases. 

[39] 
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PLA PDA and 
COL 

Time of 24hr 

to for cell 
cultivation 

The cell cultivation with PLA-PDA-

Col was achieved more as compared 
to PLA, PLA-PDA andPLA-COL 

which shows the better metabolic 
activity exhibited.  

Biomedical application [40] 

PVA - Dissolution 
time and 

temperature 
in water 

For the fast dissolution PVA can be 
used. This study is useful to optimized 
the temperature and time. 

support can be fabricated 
without breakage  

[41] 

ABS and PLA - Color change 
temperature 

ABS went green to yellow at 310C 
whereas  PLA went red to natural at 
430C  

The color changing 
tendency of prepared parts 

is useful in high resolution 
applications 

[42] 

ABS Nano-clay 

and dimethyl 
ketone 

Nano-clay 

content, 
immersion 

time and heat 
treatment 

Surface roughness, surface hardness 

and  UV absorbance can be tuned by 
post treatment of 3D printed. 

It has application in 

fabrication of biomedical 
component 

[35] 

ABS Cu 
deposition 

The Cu 
deposited in 

different 
chemicals 

such as 
H2SO4/H2O2

, HF,H3PO4 
and 
CH3COOH 

The electrical performance enhanced 
in chromic acid etched samples. 

Metal deposition areas [34] 

PC- polycarbonate, PET- polyethylene terephthalate, HIPS- high impact polystyrene, TPU- Thermoplastic 
polyurethane,  
 

II. CONCLUSION: 
 

The production of sustainableproducts depends on sustainable materials.  3D printing 
provided freedom to create product with variable shape and design as per requirement of 
consumer. Advanced manufacturing is depending on efficient and sustainable3D printing 
technology. The chemical suitability of 3D printed part is animportant issue from environmental 
perspective. The present review is to provide a comprehensive understanding of 3D printing 
and to discuss chemical sustainability issues for future research in the field of 3D printing. In 
addition, this review provided tensile sustainability of the different 3 D printed material with 
function of mass, role of Natural Fibers and manmade fiber as a reinforced material. The 
chemical susceptibility of different base polymer has been briefly described for3D printing 
application. 
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