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ABSTRACT: Additive Manufacturing (AM) technologies allow us to create three-dimensional objects using successive layers of 
material that are selectively laser sintered to create the object. This group of technologies has become an essential component of 
Industry 4.0, offering numerous advantages, including the reduction of material waste and the ability to customize products. The paper 
investigates the recycling of PA2200 powder waste following successful 3D printing experiments using Selective Laser Sintering 
(SLS) technology and provides a cost analysis of the associated processes. In addition, an analysis of scientific papers reporting the 
use of PA2200 - both "as new" and "recycled" - was conducted using the Web of Science database. 
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1. INTRODUCTION 
As technology advances, equipment and materials 
are constantly evolving. Advanced materials that 
cannot be processed using traditional mechanical 
technologies have led to the development of non-
conventional technologies [1, 2], such as the group 
known as additive manufacturing (AM). AM refers 
to a group of manufacturing processes and 
technologies that create parts layer by layer [3]. 
While initially used for prototyping, AM has 
become widely used for manufacturing finished 
products due to its ability to reduce material waste 
and customize products. 
Today, AM is used across various industries, 
including the electrical, food, military, and medical 
sectors. This technology allows the development of 
personalized medicine, such as intracranial 
prostheses [4], scaffolds for craniomaxillofacial 
bones [5], and orthoses [6]. Additionally, using 3D 
scanners eliminates the need for CAD modeling, 
making the process more efficient. 
There are different types of processes used in AM 
[7], including binder jetting, directed energy 
deposition, material extrusion, material jetting, 
powder bed fusion, sheet lamination, and Vat 
photopolymerization. According to the Web of 
Science database, the "Material Extrusion (MEX)" 

category has the highest number of published 
articles (18,068) between 2016 and 2022, while the 
"Sheet Lamination (SHL)" category has the lowest 
(497). 
The materials used in 3D printing technology are 
diverse, including polylactic acid (PLA), 
Acrylonitrile Butadiene Styrene (ABS), 
Thermoplastic Elastomers (TPE), polymers, 
ceramics, metals, Polycarbonate, and Polyethylene 
Terephthalate (PET). 
2. 3D PRINTING USING SELECTIVE 

LASER SINTERING AS REFLECTED IN 
WEB OF SCIENCE 

The recycling of PA2200 powder used in 
conjunction with selective laser sintering equipment 
is not well researched. The Web of Science (WoS) 
database was utilised to investigate this topic. WoS 
provides access to multiple databases for various 
academic disciplines and is the most prominent 
bibliometric database globally, followed by Scopus 
and Google Scholar (GS). 
The following keywords were employed to 
determine the evolution of publications between 
2016-2022: Additive Manufacturing; Selective 
Laser Sintering; 3D Printing; PA2200 Powder; 
Recycled PA2200 Powder. 

Figure 1 displays the number of published articles 
for the most popular categories: "Additive 

Manufacturing” and “3D Printing”. Figure 2 shows 
the category with several moderate articles, and 
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Figure 3 demonstrates the category with the fewest 
articles published in WoS. 
 

 

Figure 1. The categories with the highest number of published articles in Web of Science during 2016-2022 
 

  

Figure 2. The average number of published articles in the Web 
of Science during 2016-2022 

Figure 3. The fewest number of published articles in Web of 
Science during 2016-2022 

It is obvious that the number of publications on 
“Additive Manufacturing” and “3D Printing” has 
increased significantly every year. This trend is also 
observed for “Selective Laser Sintering”, except for 
2021 and 2022, where a slight decrease in the number 
of publications can be observed compared to the 
previous year. 
The least number of publications is related to 
“Recycled PA2200 Powder”. From the studied data, 
articles on recycled PA2200 powder were only 
published in the last two years. One possible 
explanation for this could be the evolution of printers. 
Another explanation is the understanding and 
awareness of the adverse effects of microplastic 
pollution. 

Nowadays, many printers use PLA filaments, and 
very few printers use PA2200 powder. Each of the 3D 
printing methods and the printers used has advantages 
and disadvantages, and certain printers are 
recommended for specific products. This may be a 
reason why the problem of recycling PA2200 powder 
has not received much attention. 
Table 1 presents the top three Web of Science 
categories for each keyword corresponding to the data 
from Figures 1-3. The most popular category is 
"Materials Science Multidisciplinary," followed 
closely by "Engineering Manufacturing." The first 
four keywords have the most publications in the 
"Materials Science Multidisciplinary" category, 
while "Recycled PA2200 Powder" has no 
publications, so research in this field is necessary.  
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Table 1. Web of Science categories related to key words 
 Keywords 

No. Additive 
Manufacturing 

Selective Laser 
Sintering 3D printing PA2200 Powder Recycled PA2200 

Powder 

1 Materials Science 
Multidisciplinary 

Materials Science 
Multidisciplinary 

Materials Science 
Multidisciplinary 

Materials Science 
Multidisciplinary 

Chemistry 
Multidisciplinary 

2 Engineering 
Manufacturing 

Engineering 
Manufacturing Physics Applied Engineering 

Manufacturing Optics 

3 
Metallurgy 

Metallurgical 
Engineering 

Physics Applied Engineering 
Electrical Electronic 

Engineering 
Mechanical Polymer Science 

Out of the 31 cumulative articles published from 2016 
to 2022 related to "PA2200 Powder" and "Recycled 
PA2200 Powder," 74% were published in WoS 
indexed articles in Q1-Q4 areas, and the remaining 
26% were published in WoS but without impact 
factor, as shown in Figure 4. 

 
Figure 4. The impact factor for the articles from the categories 
“PA2200 Powder” and “Recycled PA2200 Powder” from the 

period 2016-2022 

3. RESEARCH METHODOLOGY 
The paper highlights the significance of recycling 
PA2200 powder, leftover after 3D printing and 
recovered from the anti-ex vacuum cleaner using 
Selective Laser Sintering (SLS) technology, as part of 
the Powder Bed Fusion (PBF) process, with the help 
of EOS Formiga P100 equipment. 
 

3.1 Modelling 3D Objects 
All additive manufacturing (AM) techniques start 
with modelling a 3D object, slicing it into layers, and 
transferring the sliced object to machine controls. 
Then, specialized software packages are used to 
create the 3D model [8]. 
To print a 3D object using SLS technology, a CAD 
model is first generated and converted to Standard 
Tesselation Language (STL)/ Additive 
Manufacturing File Format (AMF). The STL/AMF 
file is then imported into the 3D printing software, 
where it is checked and corrected [9]. 
The STL model is sectioned (sliced) using specialized 
Scalable Link Interface (SLI) software. Figure 5 [10] 
shows the primary stages of creating 3D objects. 

 
Figure 5. The Stages of Creating 3D Objects 

Once the preparation stage is complete, the 
information is uploaded to the 3D printer (Figure 6), 
and the equipment begins to work. After obtaining the 
3D object, a final post-processing step is carried out. 
Figure 7 depicts a schematic representation of the 
printer's working process. 

 
Figure 6. EOS Formiga 

P100 equipment [11] 

 
Figure 7. SLS working model 
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3.2 Laser Sintering Method (SLS) 
Formiga P100 is a 3D printer that employs selective 
laser sintering technology. These printers work with 
materials in powder form, such as Polyamide 12 (PA 
2200, PA 3200 GF, PA 2210 FR, PA 2201, 
Alumide), PS 2500, and PrimeCast 101. Thin layers 
of powdered material are deposited in the work tray 
of the 3D printer. 
For SLS printers, deposited powder layers are 
heated by an infrared lamp. The infrared beam is 
directed onto the material until it heats just below 
the melting temperature, causing the powder grains 
to soften. Then, the laser beam intensity is adjusted 
to melt and shape the object only in the interest area. 
Once the layer is complete, the piston lowers and 
allows the deposition of a new layer of powder. This 
process is repeated until the object entire 
construction. The deposition system has a blade that 
gently presses the material to create a denser object 
after each deposited layer. 
After the 3D object is ready, it needs post-
processing. Post-processing involves removing dust 
grains leftover from deposition, removing support 
structures (mandatory for metals), and optional 
grinding or painting [10, 12]. 
Recycling PA2200 powder from printers is an 
activity that helps protect the environment. As the 
number of 3D printers sold increases, the amount of 
waste generated also increases. Therefore, recycling 
this powder can significantly reduce waste. 

3.3 PA2200 Powder Waste and Recycling 
3.3.1 The Material 

The properties of PA2200 powder (polyamide 12) in 
the virgin form are characterized by good 
mechanical, thermal, and chemical resistance 
according to PA2200 data sheet, as shown in Table 
2. The working chamber's dimensions are 250 × 200 
× 330 mm3 [13]. 

Table 2. Properties of PA2200 [13] 
Mechanical 
properties 

Tensile modulus 1650 MPa 

Tensile strength 48 MPa 

Elongation at break 18 % 
Thermal 
properties  

Melting temperature 176 oC 
Heat deflection 
temperature (1.8 MPa) 

70 oC 

Heat deflection 
temperature (1.8 MPa) 

154 oC 

Physical 
properties 

Density 930kg/m3 

This experiment studied Polyamide PA2200 
powder, produced by Electro-Optical Systems – 
EOS, Krailing, Germany [13]. Some initial results 
obtained from powder recycling were presented in 
[14]. The EOS Formiga P100 equipment was used 
to obtain these results [15]. 
To achieve satisfactory mechanical properties, 
various factors must be taken into account when 3D 
printing an object, including the thickness of the 
layer being constructed, the printing direction (PD), 
energy density, and laser beam parameters. The 
author of the paper "Rheological Properties of 
Polyamide PA 2200 in SLS Technology" [16] has 
found that layer thickness has a significant impact 
on the mechanical properties of printed models, with 
tested thicknesses ranging from 0.1-0.4mm. 
Therefore, a layer thickness of 0.1mm and an object 
orientation on the building platform of 0o are 
recommended. 
When creating 3D objects from PA2200 powder 
(Figure 8-A), unused material found in the 
equipment tank is screened and larger grains are 
discarded, resulting in what is known as 
"contaminated material" (Figure 8-B). However, if 
this powder waste (Figure 8-C) is decontaminated 
using special solutions, it can be transformed into 
raw material. KOH was used as the primary solution 
to purify the powder, along with deionised water, 
isopropyl alcohol, and hydrochloric acid [14]. 

Figure 8. PA2200 Powder A – Reference material; B – 
Contaminated material; C – Decontaminated material 

Figure 8 displays PA2200 powder A (reference 
material), B (contaminated material), and C 
(decontaminated material). Additionally, three 
samples consisting of reference material (Figure 9), 
contaminated powder (Figure 10), and purified 
powder (Figure 11) were analysed using FEI Nova 
Nano Scanning Electron Microscopy (SEM) 630 
[15, 17].  
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Figure 9. SEM image for the PA2200 reference material 

 
Figure 10. SEM image for the contaminated PA2200 powder 

 
Figure 11. SEM image for the purified PA2200 powder 

No significant differences were observed in the 
three SEM images, but it was noted that no dust 
particles were present in the decontaminated 
PA2200 powder. These results demonstrate that 
PA2200 powder can be decontaminated and 
recycled. Future research will investigate how 
PA2200 properties change after a higher number of 
KOH cycles. 
In previous research, Yao B. et al. [18] examined 
various recycling times for PA2200 powders and 
found no significant differences between virgin and 
recycled powders in terms of powder size, shape, 
and distribution during the first recycling. Broken 
powders appeared due to thermal expansion during 
the cooling process from high temperatures, 
resulting in more defects in the interface and more 
unmolten powders in SLS parts built with aged 
powders that had been recycled more frequently. 
Wegner et al. [19] also demonstrated that aged 
powders have a detrimental effect on tensile 
strength. DePalma et al. [20] presented a mixture of 
recycled and new powders, while Magi P. et al. [21] 
recycled PA2200 in combination with other 
materials such as aramid, graphite, or Thermoplastic 
Polyurethane (TPU). The various combinations 
presented showed an unexpected but positive result, 
as there were no significant differences between 
virgin, recycled and combined PA-12. 
3.3.2 Steps and Costs of Decontamination 

PA2200 is obtained from Electro Optical Systems – 
EOS GmbH [13] and is priced at 60 EUR/kg, sold in 
20 kg bags. 
The process of removing dirt, inorganic 
contaminants, and biological contaminants from one 
kg of nylon powder involves several costs including 
material consumption, energy consumption, labour 
costs, and other expenses. 
To decontaminate one kg of nylon powder, a 
solution of 5l of KOH 60% concentration (300 g 
KOH pills and 4700 ml deionized water) was 
prepared. The solution was then heated on a Selecta 
Combiplac hob (Barcelona) [22] with magnetic 
stirring at 80°C for two hours. Next, the polymer 
dispersion was washed with 5l deionized water and 
filtered five times to remove any traces of the KOH 
solution. A vacuum pump [23] was then used for 10 
minutes to reduce the separation time of the solid 
mass from the suspension. Finally, the powder was 
washed with two litres of deionized water, 100 ml 
isopropyl alcohol (VLSI degrees, BASF), and 50 ml 
1% hydrochloric acid and then introduced into a 
vacuum oven for 3 hours for drying [14]. 
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All of the above costs culminate in a total cost of 
approximately 86.16 RON, which is equivalent to 
17.80 EUR for 1 kg of decontaminated powder. The 
costs were calculated in RON and then converted to 
EUR and presented in Table 3. 

If the industry that utilizes the printed objects allows 
it, such as guitar strings, using 1 kg of 
decontaminated PA2200 at the cost of only 17.80 
EUR as opposed to the standard 60 EUR per kg can 
be considered. 

Table 3. Costs (*The costs were calculated based on 2020 prices when the materials were purchased (June 2020 EUR = 4.84 RON)) 

KOH (99,8 % 
purity) 

e-chemicals [24] 

Isopropyl alcohol 
(VLSI grade, BASF) 

from MicroChemicals 
[25] 

Hydrochloric acid 
(1N) [26] 

Deionized 
water 
[27] 

Energy 
consumption 

[15] 

Workforce 
salary [15] TOTAL  

COSTS 
Purchased 
quantity 

Used 
quantity 

Purchased 
quantity 

Used 
quantity 

Purchased 
quantity 

Used 
quantity 

Used 
quantity  

Used 
quantity 

Used 
quantity 

25 kg 300g 20 l 100 ml 1000 ml 50 ml 12 l total cost 1 hour 
1 kg 

decontaminated 
powder  

208  
RON 

2,50 
RON 

195  
RON 

 
0,98 RON 

 

29.75 
RON 

1.48 
RON 

24  
RON 

7,20  
RON 

50  
RON 

86.16 RON 
= 

17.80 EUR. 

4. CONCLUSIONS 
We have started this work due to the fact that although 
recycling is a prevalent topic of interest, there are 
limited studies on recycling powder used in 3D 
printing. This was demonstrated by a case study that 
utilized the Web of Science database. 
This paper aims to emphasize the importance of 
recycling and encourage its implementation globally. 
Plastic is the primary source of pollution on Earth, so 
even if the decontaminating and recycling of PA2200 
powder represents a small percentage of recycled 
plastic, it can still have a significant impact. 
From the real numbers obtained from the Web of 
Science database, it is evident that not many people 
are concerned about this subject. The PA2200 powder 
that is recovered and reintroduced in a new 
manufacturing cycle has modified properties due to 
the thermal process to which it was subjected during 
Selective Laser Sintering. The powder sample 
decontaminated and recycled using KOH solution, 
which comes from the same batch, showed no 
significant difference in shape or size. Further studies 
will explore recycling it several times using different 
solutions. Even though PA2200 loses some of its 
properties after several recycling times it is still 
suitable for making some products such as food 
packaging or dental floss. For these elements, the 
modified properties are not a priority. 
It is essential to note that almost anything can be 
recycled with proper care. 
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