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Fig. 2 Adhesion forces, measured for the four textile fabrics under investigation,  

measured in combination with different 3D printing polymers. 

Besides, the influence of ironing shall be examined. While our former study showed a small reduction of 
the adhesion due to ironing, this finding is different here. For CPE, ironing is supportive on samples 
WK1-3 and not disadvantageous on samples WK4. PETG in most cases fall apart from the textile 
substrates before testing; only after ironing, it shows a very low adhesion on samples WK2 and WK3. 
For PLA, ironing does not seem to make a difference, which is similar to the finding of the previous 
study. Finally, for TPU, only on the finest sample WK1 ironing does not make a significant difference, 
while on the other substrates, ironing increases the adhesion approximately by a factor of 4-17. 

Apparently, the influence of ironing is worth a deeper investigation. This is especially valid since in the 
tests depicted in Fig. 2, the distance between nozzle and printing bed was optimized manually for each 
sample without performing a full test series. This means that the impact of ironing on the adhesion may 
also depend on this distance – it can be imagined that ironing is especially supportive if the nozzle-textile 
distance was too large during printing so that the filament has not yet been pressed into the fabric with 
enough pressure, which could be finalized by ironing.  

This is why the next test series concentrated on sample WK4 which showed a strong impact of ironing 
TPU printed samples, comparing the impact of ironing for different distances between nozzle and 
printing bed. Fig. 3 depicts the results of the corresponding adhesion tests. A distance of 0.2 mm is 
automatically set by the printer for a first-layer thickness of 0.2 mm. Printing slightly below this value 
would be typical for printing on the pure glass bed. Here, however, a textile fabric of thickness 0.62 mm 
is placed on the printing bed, meaning that a distance of approx. 0.8 mm would be comparable to the 
usual distance for printing on the glass bed. As already pointed out in former publications [12], printing 
“below” the surface of the textile fabric is necessary to optimize the adhesion. 
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Fig. 3 Adhesion forces, measured for sample WK4, in dependence of the  

distance between nozzle and printing bed for raw and ironed samples. 

As Fig. 3 clearly shows, ironing cannot be used as a substitute for this first creation of a form-locking 
connection. Instead, this thermal after-treatment always increases the adhesion force, independent from 
the original printing distance. This means that, at least in this combination of TPU with relatively dense, 
inelastic polyester warp knitted fabric, the adhesion between both materials should be optimized by 
controlling the distance between nozzle and printing bed as well as by an additional thermal after-
treatment.  

To investigate the reasons for this effect more in detail, Fig. 4 depicts the back of different samples after 
the adhesion tests. 

    

    
Fig. 4 Back of different samples (cf. insets) after the adhesion test. 

0.65 mm / raw 0.65 mm / ironed 

0.35 mm / raw 0.35 mm / ironed 
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On the one hand, comparison between the samples printed at distances of 0.35 mm (optimum distance, 
cf. Fig. 3) and 0.65 mm (slightly “outside” the fabric) clearly shows that only a slight imprint of the textile 
surface is visible on the latter, while at the optimum distance, the polymer was pressed into the fabric, 
after the adhesion test clearly showing small spikes which were pulled out of the pores of the fabric. This 
finding is identical to previous experiments where different z-distances were compared by cross-
sectional images [12]. 

On the other hand, due to the colored warp knitted fabric, it is also possible to investigate the color 
transferred to the white polymer. Comparing both samples printed at the larger distance of 0.65 mm, no 
significant differences are visible, while the ironed sample may show slightly more colors. For the 
samples printed at the optimum distance of 0.35 mm, however, the ironed one is clearly more colored. 

We can thus assume that the relatively high ironing temperature – near to the melting temperature of 
polyester of typically 230-260 °C – was sufficient to start softening and slightly melting the textile 
material. In this way, a chemical bonding may have been formed during ironing, while the previous 
pressure during printing, applied by an optimized z-distance, results in a form-locking (physical) bonding. 
Apparently, here two different mechanisms interact, both able to increase the adhesion between polymer 
and textile fabric independently. 

Comparing the values in Fig. 3 with those depicted in Fig. 2 for TPU printed on sample WK4 again 
underlines the importance of optimizing the distance. While for precisely controlled distances, the forces 
between raw and ironed composites (Fig. 3) differ maximally by approx. a factor of 1.5, this difference is 
much higher for the comparison given in Fig. 2, clearly showing that it is not possible to control the 
distance well enough manually. This finding can be explained from Fig. 3, showing that a small distance 
reduction from 0.45 mm to 0.35 mm approximately triples the adhesion force.  

Generally, as this study shows, printing on textile fabrics in the optimum distance cannot be optically 
supervised as easily, as it is possible for an experienced user for printing on the common printing bed. 
Since each textile fabric behaves differently, has different mechanical properties, hairiness, surface 
structure etc., it is strongly recommended for researchers working in this field to optimize and control the 
distance carefully, to avoid conclusions of parameter modifications which may be at least partly based on 
erroneous distance variations. 

4 Conclusions 
3D printing with four different polymers was performed on four warp-knitted fabrics. We report on the first 
experiment to perform 3D printing with CPE on textile fabrics, showing that this polymer may be 
advantageous in comparison to PLA which is most often used in such studies. In addition, opposite to a 
previous study, a significant influence of a thermal after-treatment, performed by ironing, on the adhesion 
was found in most cases. Finally, the strong impact of the distance between nozzle and textile surface, 
revealed in previous studies, was underlined. 

Future investigations will concentrate on the impact of ironing on different material combinations to 
examine whether the correlation found here for TPU and relatively thin fabrics with narrow pores 
translated to other structures and materials, besides differentiating further between physical and 
chemical effects. 
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