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Abstract 

Traditional plastic packaging ending up in the environment poses a serious problem, one 

possible solution to which would be the use of biopolymer packaging materials such as PLA. 

However, it would be even better if we could recycle the used packaging PLA as printing 

filament. The popularity of 3D printing and the demand for sustainable raw materials would 

ensure a steady market for recycled PLA filaments. First, we need to know whether the raw 

material is printable and how it is affected by various printing parameters, such as printing 

temperature. The properties of the printed test specimens made from the original Ingeo 7032D 

PLA for packaging can be changed by increasing the printing temperature. The higher the 

temperature at which they are printed, the higher the degree of crystallinity of the test 

specimens. Increasing the printing temperature also affects the mechanical properties, but this 

is not only due to the increase in crystallinity, but as higher printing temperatures also improve 

the welding of the filaments, thereby improving the mechanical properties. 

 

Introduction 

One of the biggest problems of consumer society is the large amount of waste generated and 

what we do with it, or rather, what we do not do with it. The issue of responsibility goes beyond 

the average person; we also need to talk about the responsibility of companies, company 

managers, countries, and country leaders. Just as the average person can decide whether to 

throw an empty bottle in the trash or just throw it away, companies and country leaders are also 

responsible for the decisions they make that affect the environment. More studies and 

publications are coming to light in which the most polluting companies are collected, and it is 

sad that less than a hundred companies have been causing the greatest destruction to the 

environment for a little more than a century. These include large oil companies and large food 

manufacturing companies that package their products in plastic. [1-3] 

The sorting and recycling of selectively collected plastic waste could be solved, the main 

problem is the lack of proper collection, so a lot of otherwise recyclable plastic ends up in 

landfills. [4-7] Or, even worse, container ships take the garbage of richer countries to for 

example Africa, labeling the garbage as a second-hand product, and it is dumped right along 

the coast, then the lightweight plastic pieces can be washed into the sea and oceans, where 

garbage islands are formed. [8-14] 

One of the possible solutions in an engineer way to reduce the amount of waste is to make 

plastics degradable or to use biodegradable polymers. One of the most intensively researched 

biopolymers is PLA (Poly-Lactic Acid). PLA can be produced from natural materials and is a 

biodegradable polymer under industrial conditions, by composting. PLA is a thermoplastic, 

semi-crystalline polyester, the basis of its production is lactic acid fermentation. Two isomers 

occur: L-lactide and D-lactide. Commercially available PLA materials are copolymers that 

contain L-lactide (PLLA, Poly-L-Lactic Acid) and D,L-lactide (PDLLA, Poly-D,L-Lactic 
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Acid). Due to their different ratios, they have different properties, different glass transition and 

melting temperatures.  

The good mechanical properties of PLA (60 MPa tensile strength, 3 GPa modulus of elasticity) 

have also contributed to its widespread use in two areas. One of these areas is the packaging 

industry, where it is a good alternative to traditional materials. The other area is 3D printing, 

where its ease of use makes it popular not only with companies but also with average 

consumers. [15-19] 

Due to its brittleness, it has not yet become widespread in the engineering field, but many 

researchers are working to modify this. However, its popularity as a printing material could be 

exploited, and the production of printer filaments from packaging waste could be an alternative 

way of recycling it. 

Previous research [20] has shown that Natureworks Ingeo 7032D packaging-optimized PLA 

raw material is suitable for producing printing filaments. The aim of this study is to examine 

how the different printing temperatures affect the mechanical and thermal properties of the 

printed test specimen made from the original material. 

 

Experimental 

Natureworks Ingeo 7032D is a PLA used for bottle blowing, so it is suitable for replacing 

traditional PET bottles in case of storing non-carbonated beverages. 

The filament from Ingeo PLA was prepared by Collin Teach-Line E20T extruder using a Collin 

Teach-Line CSG171T extruder line. Before extrusion, PLA was drying at 60°C and 4 hours. 

The temperatures of the extruder were 190, 200, 210, 220°C (from hopper to die) and the rate 

of the screw was 40 rpm. The diameter of the filament was 1.75 mm. 

A Craftbot Plus FFF technique 3D printer was used to print test specimens. Two shapes were 

printed on the measurements, dog bone shaped specimen to tensile test and simple rectangular 

column shaped specimen for impact test. In both cases 5-5 pieces were measured in every 

setting, and the investigated cross-section was 4x10 mm. 

The printer can create different structures. For the tests, a triangular structure was selected from 

the standard settings, where a layer of printing is formed from triangular shapes (Figure 1). The 

infill density was 100%. The printing temperature was set to three different levels: 210, 220, 

and 230 °C. The tray temperature was 60 °C and the printing speed was 50 mm/s. 

 

 
Figure 1. Triangle shape printed structure of the specimens 
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DSC (Differential Scanning Calorimetry) tests were performed on the specimens by TA Q200 

heat-flux DSC instrument. The sample weights were about 5 mg. The applied gas during the 

DSC scan was nitrogen with 50 mL/min flowing rate. The temperature range was from 30°C to 

200°C and the heating rate was 20 °C/min. The DSC measurements were analyzed with the TA 

Universal Analysis software. Only the first heating was analyzed. 

The printing samples were investigated by tensile and Charpy impact tests at room temperature. 

The tensile test was performed by Instron 3366 universal testing machine with a 10 mm/min 

measuring rate. Charpy impact test was performed by Ceast Impactor II with 5 J hammer. 

 

Results and discussion 

One disadvantage of PLA, similar to PET, is that its crystallization tendency is slow, so with 

the usual processing technologies and technological settings, it is difficult to achieve the 

appropriate degree of crystallinity when using pure material and it is more often possible to 

produce a product with a larger amorphous fraction. [21-26] 

The DSC curves of samples printed at different temperatures also confirm this (Figure 2). The 

cooling conditions of the printing were too intense for PLA, preventing the crystallization 

process from being completed, resulting in cold crystallization visible at around 120 °C on all 

three samples. This means that once the glass transition temperature (around 60 °C) is exceeded, 

the macromolecules begin to move using the heating energy and can create the missing 

crystalline phases. 

 

 
Figure 2. DSC curves of printed specimens 

 

However, Figure 2 also shows that, with increasing printing temperatures, with almost the same 

melting curves, the shapes of the cold crystallizations differ, appearing smaller as the 

temperature increases, and the heat of melting values read in J/g also increase. In Figure 2 

corrected values are represented that no longer include the J/g values measured during cold 

crystallization. The enthalpy change of cold crystallization has been subtracted from the 

enthalpy change of melting. It means that higher printing temperatures result in the formation 

of more crystalline phases. This is presumably due to the fact that, under the same cooling 

conditions, the higher printing temperature allows more time for the material to cool, thus 

allowing more time to create a hierarchically built-up polymer crystal structure. 

Since the degree of crystallinity of the printed test specimen increases with rising printing 

temperature, this predicts a change in strength values. 
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Table 1 shows the mechanical properties of the examined test specimens. The results prove that 

increasing the printing temperature causes a slight increase in impact strength and tensile 

strength, while the tensile modulus decreases slightly accordingly. Due to the brittle behavior 

of PLA, increasing the printing temperature has practically no effect on tensile strain. 

However, the change in mechanical properties cannot be entirely attributed to the increase in 

crystallinity, as higher printing temperatures also improve filaments welding, which leads to an 

increase in strength values, too. 

At higher temperatures, the viscosity of the material decreases, its flowability improves, 

allowing the macromolecules of the contacting surfaces to diffuse into each other more easily. 

 

Table 1. Mechanical properties of the printed specimens 

Mechanical properties 
Printing temperature [°C] 

210 220 230 

Impact strenght, average [kJ/m2] 9,08 9,95 12,5 

Impact strenght, st. dev. [kJ/m2] 0,82 0,58 0,96 

Tensile modulus, average [MPa] 2161 2109 1881 

Tensile modulus, st. dev. [MPa] 129 90 130 

Tensile strenght, average [MPa] 28,7 30,2 33,9 

Tensile strenght, st. dev. [MPa] 2,89 1,94 3,82 

Tensile strain, average [%] 2,15 2,17 2,33 

Tensile strain, st. dev. [%] 0,2 0,07 0,33 

 

Conclusion 

The properties of printed test specimens from Ingeo 7032D packaging PLA can be changed by 

increasing the printing temperature. The higher the temperature at which they are printed, the 

higher the degree of crystallinity of the test specimens, because the material has more time to 

cool down, allowing it to form more crystalline phases.  

Increasing the printing temperature also affects the mechanical properties, with an increase in 

impact strength and tensile strength values. However, these are not only due to the increase in 

crystallinity; the higher printing temperature also improves the welding of the filaments, 

thereby improving the mechanical properties. 
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