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Abstract. In the paper, different types of polymers (rPLA, PETG, TPU) printed with a 3D printer are 

tested on textile material used for car interiors. The primary goal is to examine the possibility of 3D printing 

on textiles for the automotive industry, its adhesive and other mechanical properties. A further goal is to 

explore possibilities for new ways of designing and aesthetic efficiency of materials used in vehicles as 

well as potential ergonomically positive effects. The adhesion properties of the polymer-textile material, 

the strength printed on the surface using the tape method, the wear resistance of the polymer printed on the 

textile and the ageing of the polymer under simulated conditions are tested. The results are used to select a 

suitable polymer for the 3D printer and print it on the selected textile material for automotive industry. 

1.  Introduction 

The advent of 3D printers opens up new possibilities for the production of objects with customized 

functional and aesthetic properties that cannot be produced in any other way. 3D printing in general is 

a new field whose full potential is only just being discovered. The creation of 3D models is currently 

the main task of a 3D printer, but one of the applications is printing on textiles. With an adapted printing 

process, printing on textiles enables new aesthetic and functional properties, which further expands the 

range of applications. For many years, the textile industry lagged behind other industries and the basic 

principles of production and processing did not change too much, but today this industry is again in 

rapid development, mainly due to the connection with other industries.  

In 1980, "3D technology" practically appeared for the first time. At that time it was called "Rapid 

Prototyping (RP)", the main purpose of which was to produce prototypes faster and more economically 

in industry. The first application of this technology was recorded by Dr H. Kodama in Japan in May 

1980. The main advantage of 3D printing is the ability to create complex geometries that cannot be made 

by hand, including cavities or the internal structure of the mould, to reduce weight while maintaining 

mechanical properties, and he patented a XYZ plotter that solidified the polymer with UV light, 

controlling the light range by shading [1]. In 1984, C. Hull filed a patent for a stereo lithography device 

that added layers by solidifying the photopolymer with a laser or targeted UV light, resulting in a three-

dimensional shape. 

He defined this process as the creation of three-dimensional shapes by creating cross-sections of a 

body, i.e. by dividing it into layers. He thus created the STL format (stereolithography file format), 

                                                      
1 Corresponding author: sanja.ercegovic@ttf.unizg.hr 
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which represents the digital cutting of 3D shapes into layers, and this format is still used in 3D 

technology today. His company was granted a patent and the first commercial 3D printer SLA -1 was 

built [2, 3]. In 1988, S. Scott Crump developed and commercialised the most widely used type of 3D 

printer today - FDM (Fused Deposition Modelling), which is synonymous with additive manufacturing 

3D printing applicable in various industries and is expected to be a key technology in the coming years 

[4-6]. This type of printer works on the principle of extruding molten plastic (thermoplastic polymers), 

which solidifies by cooling, and creates 3D models by layering, just like a SLA printer [7]. 

Additive manufacturing ensures that each model can be produced on a single machine in a relatively 

short time, the model can be adapted immediately in a CAD programme, completely automating the 

whole process. For these very reasons, additive manufacturing is seen as a new industrial revolution. 

Products made in this way are lightweight and fully customised depending on their purpose [4-6]. 

Nowadays, the use of various 3D printers is widespread in various industries such as implantology, 

orthopaedics and dentistry, and more recently in textile technology for the production of personal 

protective equipment, sportswear, interior textiles for acoustic comfort as sector of technical textiles, as 

well as in the field of creative industries and design, especially in shoe design using ABS 3D-printed 

parts [6, 8, 9]. In a study, the authors state that three-dimensional printing offers the possibility to 

produce functional garments adapted to body contours by printing protective and (postural) support 

elements directly on textiles with improved comfort. They used various flexible thermoplastic 

elastomers (thermoplastic polyurethanes and thermoplastic styrene block copolymers) as suitable 

printing materials by means of FDM technology on the various knitted and woven fabrics of workwear 

and sportswear. Adhesion, abrasion and washing resistance tests are carried out for this purpose. Due to 

the polar interactions between thermoplastic polyurethane and textile substrates, excellent adhesion and 

high wash fastness are observed [9].  

As the textile industry is now the second largest polluter in the world, special attention needs to be 

paid to environmental protection through the use of 3D printing technology. One of the possibilities is 

to recycle and/or reuse recycled polymers to create a value-added product that reduces the ecological 

footprint and thus reduces waste production.  

 

In this paper, three polymers of different compositions are selected for this field: recycled polylactic 

acid (rPLA), which is derived from renewable sources such as corn starch, sugar beet and other 

compostable vegetable starch sources, is biodegradable and environmentally friendly; PETG is a 100% 

degradable thermoplastic polyethylene terephthalate (PET) copolymer, which has a lower melting 

temperature and good mechanical properties due to its lower degree of polymerisation [10]. On the other 

hand, thermoplastic polyurethane (TPU) has excellent and stable properties as a thermoplastic polymer, 

and its use can affect the durability of the properties obtained, which in turn can have an impact on 

reducing waste generation and thus environmental impact.  

 

2.  Experimental 

2.1.  Textile substrate 

In addition to the physical-mechanical (strength, abrasion and peel resistance) and thermo-psychological 

properties (comfort), textile materials in means of transport must meet many other specific properties 

(resistance to solar and UV radiation, low flammability, odour neutrality, antistatic properties) and also 

maintain the stability of dimensions and properties under external influences (temperature from -20 to 

100°C and humidity from 0-100%) throughout the life of the vehicle. Due to these high requirements, 

synthetic materials have proven to be superior to natural materials and are most commonly used in the 

automotive industry. Among the synthetic materials, polyester (PET) and polyamide (PA) are the most 

common. In today's world where cars play a very important role in people's needs, car textiles are one 

of the fastest growing sectors in the automotive industry and are playing an increasingly important role 

in every car, with design, quality, specifications and material selection being crucial for every consumer 

in choosing the right car. The research within this paper will combine two new branches of technology 

to explore new possibilities and designs that are almost non-existent in the market. In conclusion, all the 
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advantages of additive manufacturing have great potential for the development of textiles in the 

automotive industry, both aesthetically and functionally. 

For the purpose of comparison and reproducibility of the results, a type of flat fabric was selected 

for the tests. The textile sample is a composite fabric with the following basic parameters: basis weight 

of 360 g/m2, thickness of 0.31 mm and wales/courses per cm of 10/9, consisting of two main layers: a 

porous knitted fabric of PET fibres (front side) bonded to polyurethane foam on the back side, and a 

non-woven fabric of PET fibres (back side), commonly used for the interior lining of vehicles of 

different types and classes. The pronounced porosity of the knitted fabric will prove to be a key factor 

for good adhesion between textiles and polymers, which is a central problem in the application of 3D 

printing to textiles. 

2.2.  Thermoplastic polymer filaments 

In FDM printers (printer for 3D printing Creality Ender 5), 3 types of filaments (rPLA, PETG, TPU) 

from 3DJAKE [10] were used for printing in the form of wires with a diameter of 2.85 mm (rPLA) and 

1.75 mm (PETG, TPU) with different compositions and their variants are used.  

There are several types, but they require special equipment capable of printing at higher temperatures 

(>280°C) and machine parts suitable for printing such materials. Any filament for additive 

manufacturing must have some basic properties, the most important of which is thermoplastic properties. 

This refers to the ability of the material to become pliable at a certain temperature, to be molded into 

shapes and to take the form of a viscous liquid. The print thicknesses of 0.3 mm and 0.6 mm were 

assumed to be constant values and the further form of the print was adjusted to each test performed. 

 

 rPLA (Polylactic Acid, recycled-eco) 

PLA is a thermoplastic polymer derived from renewable sources such as corn starch, sugar beets and 

other sources of plant starch that can be composted. It is obtained by esterification of lactic acid. This 

polymer is most commonly used in FDM printers because it is easy to print (190°C), biodegradable, 

cheap to purchase and has satisfactory mechanical properties. It is the primary polymer used in 

compounds [10]. 

 

 PETG (Thermoplastic Polyethylene Terephthalate, 100% recyclable, glow in the 

dark)  

This polymer is produced as a copolymer of polyethylene terephthalate. PET is not suitable in this 

form for 3D printing in FDM printers, so it must be converted into a copolymer. (The "G" in the name 

refers to the glycol modification). Cyclohexanedimethanol is inserted into the molecular chain instead 

of ethyl glycol by adding 6 additional C atoms, which affects the degree of crystallisation and lowers 

the melting point.  

The resulting polymer is suitable for use in FDM printers. It requires a slightly higher printing 

temperature (240°C), but has better mechanical properties than PLA filament. PETG is 100% recyclable, 

has diverse area of application and heat resistant up to approx. 90°C [10].   

   

 TPU (Thermoplastic Polyurethane, elastic with high adhesion strength, odourless) 

The specified filament belongs to the group of elastic filaments for the FDM process. It belongs to 

the thermoplastic elastomers which are produced by stacking short and long chain diisocyanates into 

blocks. By influencing the ratio and arrangement of these two groups, it is possible to obtain an 

extremely large number of variations of this polymer.  

When printed in an FDM printer, the filament melts and takes the given shape according to the model, 

retaining all elastic properties after cooling. It is extremely strong and abrasion resistant and very 

resistant to oils and greases. Due to its extremely elastic properties, high adhesion to the printing bed 

and odourless, the TPU filament was chosen for printing on flat textiles [10]. 
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Table 1.  Parameters of 3D printing* on textile 

Parameters rPLA PETG TPU 

Layer height (mm) 0.2 0.2 0.2 

Filling (%) 20 20 20 

Speed of first layer (mm/s) 30  30 15 

Print speed (mm/s)  40 40 25 

Temperature of nozzle (°C) 205 240 245 

Temperature of substrate1 (°C) 50 60 70 

Cooling of first layer turned off turned off turned off 

Cooling during printing (%) 20 20 turned off 
1 When printing textiles, it is not necessary to heat the substrate as it acts as an insulator, but it is useful to raise the temperature 

to reduce the difference between the substrate and the nozzle. When printing the first layer, the nozzle is preferably pressed 0.5 

mm into the textile to fill the textile structure with polymer as much as possible. In this way, a better adhesion of polymers and 

textiles is ensured. It is also necessary to print the 1st layer at a reduced speed and at a slightly higher temperature to further 

increase the adhesion, as this allows the polymer to penetrate even better into the textile structure and be incorporated into the 

textile construction.     

* Printer used for 3D printing Creality Ender 5. 

2.3.  Methods of testing  

To test which polymer is more suitable for textile applications in car interiors, the tensile strength (using 

the strip method) and the adhesive strength of the polymer-textile composite were tested using the T-

peel method (using the standard Strength Tester 3000, by Mesdan Lab). The wear resistance of the 

polymer printed on the textile material (using the Martindale Abrasion Tester) and the resistance to 

ageing of the polymer under simulated conditions (Xenon arc fading lamp test) were tested; the results 

are presented in Part 3. 

3.  Results and discussion 

The mechanical properties of the samples were determined by determining the breaking force and 

breaking elongation of the material by the strip test method according to the standard HRN EN ISO 

1421:2017 using strength tester with CRE (constant rate of extension).  

 

Table 2. The results of testing the maximum force of the polymer/textile composites  

 

 

 

 

 

Legend: F [N] - Tensile breaking force; ε [%] - Elongation at break T[s] - Breaking time  

 

From the comparison of the results obtained in Table 2., it can be concluded that the strength 

increases with increasing thickness of the printed polymer layer, which is particularly visible with the 

rigid PLA and PETG polymers, while the increase in strength is somewhat lower with the TPU polymer 

and the elongation at break increases significantly, as it is a polymer with pronounced flexibility. In the 

PLA and PETG samples, the polymer layer breaks during the tensile test, which is due to the weaker 

adhesion of the polymer and the textile substrate, while in the TPU layer, the textile substrate breaks 

first during the test, which has a lower extensibility compared to the polymer. 

 

Polymer/textile (layer 

thickness, mm) 

F[N] ε [%] T[s] 

PLA (0.3) 485.4 3.50 1.1 

PLA (0.6) 824.6 2.90 1.7 

PETG (0.3) 442.5 4.10 2.5 

PETG (0.6) 659.3 4,30 2.6 

TPU (0.3) 239.4 105.10 63.1 

TPU (0.6) 270.0 386.10 231.7 
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For determination of the adhesive strength between textile and polymer composite layers, the 

specimen is placed in the lower clamp holding the textile component and the upper clamp taking the 

printed polymer. The gauge length between the clamps is set to 100 mm . While testing, the clamps are 

moving away with a crosshead movement of 100 mm/min. The tensile frame measures the maximum 

force that can be applied before destroying the specimen. This test is often used for durability assessment 

of composite material where the peeling force is used to assess the bonding system. The results and 

figures of the test carried out are shown in Table 3 and Figure 1. 

 

Table 3. The results of adhesion strength of the polymer-textile composites   

 

Legend: F [N] - Adhesion breaking force; T[s] - Breaking time  

 

    
Strip test method (before and after 

breaking) 

The peel test of PLA (red) and 

TPU (gold) polymers on textile 

Figure 1. Testing of mechanical properties: strip method test and peel test, carried out with a strength 

measuring device MesdanLab 3000 under SAI conditions. 

 

Various authors have found that the intensity of adhesion between the polymer and the textile bed 

depends on factors from three different categories - the textile properties, the process parameters for 

printing and the type of polymer printed [9, 11, 12].  

      In the case of the textile material, adhesion increases with the basis weight and thickness of the 

fabric, and in the case of the printing process parameters, printing temperatures have a strong influence. 

Higher process temperatures lead to stronger adhesion [12].  

      In our case, the results presented in Table 3 confirm the thesis of the above authors, and the higher 

adhesion is obtained for the TPU polymer, while for the PLA and PETG polymers a decrease in adhesion 

is observed with increasing polymer thickness. It is known that textile knitted fabrics have a more open 

structure than woven fabrics, which is an important prerequisite for the polymer melt to penetrate deep 

into the structure [13]. 

 

The wear resistance test was carried out using the wear method up to a specified number of cycles in 

accordance with the standard HRN EN ISO 12947-3:2008 on the Martindale abrasion tester by Mesdan 

S.p.A. After the standard specified number of wear cycles with a load of 12 kPa, the mass changes were 

observed; the results are shown in Table 4. and Figure 2. 

 

 

Polymer/textile (layer 

thickness, mm) 

F[N] T[s] 

PLA (0.3) 16.6 129.7 

PLA (0.6) 12.2 74.4 

PETG (0.3) 11.1 127.7 

PETG (0.6) 8.1 134.5 

TPU (0.3) 32.3 25.6 

TPU (0.6) 60.1 169.8 
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Table 4. The results of the wear resistance up to a specified number of cycles in accordance with the 

standard HRN EN ISO 12947-3:2008  
Polymer (layer 

thickness, mm) 

m0 [g] m5000 [g] m15000 [g] m25000 [g] m50000 [g] Δ [%] 

PLA (0.3) 0.4648 0.4646 0.4636 0.4627 0.4578 -1.51 

PLA (0.6) 0.6269 0.6266 0.6264 0.6241 0.6210 -0.94 

PETG (0.3) 0.4861 0.4860 0.4844 0.4833 0.4798 -1.30 

PETG (0.6) 0.6360 0.6360 0.6351 0.6338 0.6302 -0.91 

TPU (0.3) 0.5878 0.5875 0.5879 0.5863 0.5810 -1.16 

TPU (0.6) 0.7855 0.7852 0.7839 0.7811 0.7851 -0.05 
Legend: m0 [g] - initial mass; m5000 [g] - mass after 5000 abrasion cycles; m15000 [g] - mass after 15000 abrasion 

cycles; m25000 [g] - mass after 25000 abrasion cycles; m50000 [g] - mass after 50000 abrasion cycles; Δ [%] - 

percentage changes in mass. 

 

  
rPLA - 0.3 mm polymer thickness rPLA - 0.6 mm polymer thickness 

  
PETG - 0.3 mm polymer thickness PETG - 0.6 mm polymer thickness 

  
TPU - 0.3 mm polymer thickness TPU - 0.6 mm polymer thickness 

Figure 2. Appearance of 3D printed polymers on the textile surface, before (left figures) and 

after 50 000 cycles of the wear testing (right figures) 
 

In general, TPU materials provide excellent adhesive properties and abrasion resistance [9]. 

According to the results presented in Table 4 and Figure 2, the abrasion resistance is excellent even after 

50 000 cycles for all printed polymers, with a slight decrease in mass. The polymers are not destroyed 

after 50000 cycles, as is the case with textile beds (Figure 2). 

The tests of resistance to ageing of the polymer under simulated conditions were carried out with the 

Xenon arc exposure device type 440 (by Atlas) according to the conditions of the standard ISO 105-

BO2 + A1: 2013, with the filter changed to B04. The test conditions according to the standard are listed 

in Table 5. 
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Table 5. Testing conditions in simulated conditions according to standard ISO 105-BO2 + A1: 2013  

Total time 75 h 

Lite time 75 h 

Irradiance control - λ 300 – 400 nm  

Filter system B04 

E 42 W/m2  

CHT 32 °C 

BST 47 °C 

RH 40% 

Spray NO 

Fan speed 2000 Rpm 

 

Completion of the test in the exposure device is assessed by comparing the grey scale (not placed in 

the apparatus) with the blue wool reference illuminated together with the samples. Sunbathe until the 

blue scale rating is 3/4 according to the grey scale. If the rating is 4, 4/5 or 5, the sun exposure must be 

prolonged. Then the sun-exposed samples are compared with the sun-exposed blue scale and graded 

from 1 to 8. 

 

Table 6. Assessment of ageing resistance according to the blue wool reference in accordance with the 

standard ISO 105-BO2 + A1: 2013  
 

Polymer (layer 

thickness, mm 

Grade after 75h 

irradiation  

PLA (0.3) 7 

PLA (0.6) 7 

PETG (0.3) 6 

PETG (0.6) 6 

TPU (0.3) 7 

TPU (0.6) 7 

 

 Figure 3. Blue wool references 

 

According to the results of testing the ageing resistance of the polymers under simulated conditions, 

after 75 hours of exposure under controlled conditions, the polymers show uniform, excellent resistance 

to light exposure (Table 6 and Figure 3). The slightly lower resistance results for the PETG polymer, 

which is to be expected as it has the ability to absorb light and glow in the dark (see Figure 4). 

 

  
Figure 4. Glow in the dark of PETG polymer printed at different thicknesses (0.3, 0.6, 1.2, 1.8 and 

2.4 mm), right: after 12 hours in the dark 



PEPM-2022
IOP Conf. Series: Earth and Environmental Science 1128 (2023) 012027

IOP Publishing
doi:10.1088/1755-1315/1128/1/012027

8

 

 

 

 

 

 

4.  Conclusion  

In this study, three polymer materials with different stiffness/flexibility and composition are investigated 

for use in 3D printing processes for textile applications using FDM extrusion technology. 

The results show that TPU polymers have better adhesion properties than PLA and PETG polymers 

on the PET textile bed. This is due to the different chemical composition of PLA, PETG and TPU 

materials, with the latter having a more polar character suitable for most textile substrates. Abrasion 

resistance is excellent for all printed polymers tested, as is overall tensile strength. Light resistance under 

simulated conditions is also confirmed, especially for the printed polymers PLA and PETG. The 

properties achieved are also important in the context of sustainability, as the use of 3D printing 

technology makes the reuse of recyclable polymers acceptable, leading to a reduction in waste. 

Possible fields of application are therefore precisely fitting structures printed directly onto the textile 

for functional purposes with improved aesthetic properties (e.g. light sky in the interior of a vehicle, 

brand advertising on the seats or on other parts of the vehicle). In the field of technical textiles, flexible 

TPE elements can help improve appearance and function, as shown by 3D printed structures on interior 

textiles for acoustic comfort [9] and investigations into the practical use of TPE materials in 3D printing 

for textile applications are continuing.  

Targeted modifications of TPE printing polymers and compounds for optimal adaptation to the 

requirements of textile applications will play an important role in the future, both from an economic and 

an ecological point of view. 
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